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521	C70400	92.4Cu-5.5Ni-1.5Fe-0.6Mn	.	Basically,	systems	are	designed	to	insulate	large	numbers	of	wires	simultaneously.	128	Surface	Preparation	Considerations	.	Supply	reels	in	conventional	stranders	for	large-diameter	wire	are	fixed	onto	a	rotating	frame	within	the	equipment	and	revolve	about	the	axis	of	the	finished	conductor.	High-Copper
Alloys	As	stated	earlier,	the	high-copper	or	dilute	alloys	(C16200	to	C19900)	contain	94%	Cu	Wrought	Copper	and	Copper	Alloys	/	55	Table	1	Nominal	compositions,	product	forms,	and	properties	of	commonly	used	wrought	copper	and	copper	alloys	Mechanical	properties(b)	Alloy	number	(and	name)	C10100	(oxygen-free	electronic	copper)	C10200
(oxygen-free	copper)	C10300	(oxygen-free	extra-low-phosphorus	copper)	C10400,	C10500,	C10700	(oxygen-free	silver-bearing	copper)	C10800	(oxygen-free	low-phosphorus	copper)	C11000	(electrolytic	tough	pitch	copper)	C11100	(electrolytic	tough	pitch	anneal-resistant	copper)	C11300,	C11400,	C11500,	C11600	(silver-bearing	tough	pitch	copper)
C12000,	C12100	C12200	(phosphorus-deoxidized	copper,	high	residual	phosphorus)	C12500,	C12700,	C12800,	C12900,	C13000	(fire-refined	tough	pitch	with	silver)	C14200	(phosphorus-deoxidized	arsenical	copper)	C14300	C14310	C14500	(phosphorus-deoxidized	tellurium-bearing	copper)	C14700	(sulfur-bearing	copper)	C15000	(zirconium-copper)
C15100	C15500	C15710	C15720	C15735	C15760	C16200	(cadmium-copper)	C16500	C17000	(beryllium-copper)	C17200	(beryllium-copper)	C17300	(beryllium-copper)	C17400	C17500	(copper-cobalt-beryllium	alloy)	C18200,	C18400,	C18500	(chromium-copper)	C18700	(leaded	copper)	C18900	C19000	(copper-nickel-phosphorus	alloy)	C19100
(copper-nickel-phosphorustellurium	alloy)	C19200	C19400	C19500	C19700	C21000	(gilding,	95%)	C22000	(commercial	bronze,	90%)	C22600	(jewelry	bronze,	87.5%)	C23000	(red	brass,	85%)	C24000	(low	brass,	80%)	C26000	(cartridge	brass,	70%)	C26800,	C27000	(yellow	brass)	C28000	(Muntz	metal)	C31400	(leaded	commercial	bronze)	C31600
(leaded	commercial	bronze,	nickel-bearing)	C33000	(low-leaded	brass	tube)	C33200	(high-leaded	brass	tube)	C33500	(low-leaded	brass)	C34000	(medium-leaded	brass)	C34200	(high-leaded	brass)	C34900	Commercial	forms	(a)	MPa	ksi	MPa	ksi	Elongation	in	50	mm	(2	in.)	(b),	%	Machinability	rating(c),	%	F,	R,	W,	T,	P,	S	F,	R,	W,	T,	P,	S	F,	R,	T,	P,	S
221–455	221–455	221–379	32–66	32–66	32–55	69–365	69–365	69–345	10–53	10–53	10–50	55–4	55–4	50–6	20	20	20	99.95	Cu(d)	F,	R,	W,	S	221–455	32–66	69–365	10–53	55–4	20	99.95	Cu,	0.009	P	F,	R,	T,	P	221–379	32–55	69–345	10–50	50–4	20	F,	R,	W,	T,	P,	S	W	221–455	455	32–66	66	69–365	…	10–53	…	F,	R,	W,	T,	S	221–455	32–66	69–365	10–53
99.9	Cu(f)	99.90	Cu,	0.02	P	F,	T,	P	F,	R,	T,	P	221–393	221–379	32–57	32–55	69–365	69–345	10–53	10–50	55–4	45–8	20	20	99.88	Cu(g)	F,	R,	W,	S	221–462	32–67	69–365	10–53	55–4	20	99.68	Cu,	0.3	As,	0.02	P	F,	R,	T	221–379	32–55	69–345	10–50	45–8	20	99.9	Cu,	0.1	Cd	99.8	Cu,	0.2	Cd	99.5	Cu,	0.50	Te,	0.008	P	F	F	F,	R,	W,	T	221–400	221–400	221–
386	32–58	32–58	32–56	76–386	76–386	69–352	11–56	11–56	10–51	42–1	42–1	50–3	20	20	85	R,	W	R,	W	F	F	R,	W	F,	R	R	F,	R	F,	R,	W	F,	R,	W	F,	R	F,	R,	W,	T,	P,	S	R	F	F,	R	F,	W,	R,	S,	T	221–393	200–524	262–469	276–552	324–724	462–614	483–586	483–648	241–689	276–655	483–1310	469–1462	469–1479	620–793	310–793	234–593	32–57	29–76	38–68
40–80	47–105	67–89	70–85	70–94	35–100	40–95	70–190	68–212	68–200	90–115	45–115	34–86	69–379	41–496	69–455	124–496	268–689	365–586	414–565	386–552	48–476	97–490	221–1172	172–1344	172–1255	172–758	172–758	97–531	10–55	6–72	10–66	18–72	39–100	53–85	60–82	56–80	7–69	14–71	32–170	25–195	25–182	25–110	25–110	14–77	52–8
54–1.5	36–2	40–3	20–10	20–3.5	16–10	20–8	57–1	53–1.5	45–3	48–1	48–3	12–4	28–5	40–5	85	20	20	20	…	…	…	…	20	20	20	20	50	20	…	20	R	R,	W	F,	R,	W	R,	F	221–379	262–655	262–793	248–717	32–55	38–95	38–115	36–104	69–345	62–359	138–552	69–634	10–50	9–52	20–80	10–92	45–8	48–14	50–2	27–6	85	20	30	75	98.97	Cu,	1.0	Fe,	0.03	P	97.5	Cu,	2.4
Fe,	0.13	Zn,	0.03	P	97.0	Cu,	1.5	Fe,	0.6	Sn,	0.10	P,	0.80	Co	99	Cu,	0.6	Fe,	0.2	P,	0.05	Mg	95.0	Cu,	5.0	Zn	90.0	Cu,	10.0	Zn	87.5	Cu,	12.5	Zn	85.0	Cu,	15.0	Zn	80.0	Cu,	20.0	Zn	70.0	Cu,	30.0	Zn	65.0	Cu,	35.0	Zn	60.0	Cu,	40.0	Zn	89.0	Cu,	1.75	Pb,	9.25	Zn	89.0	Cu,	1.9	Pb,	1.0	Ni,	8.1	Zn	F,	T	F	F	F	F,	W	F,	R,	W,	T	F,	W	F,	W,	T,	P	F,	W	F,	R,	W,	T	F,	R,	W	F,
R,	T	F,	R	F,	R	255–531	310–524	552–669	344–517	234–441	255–496	269–669	269–724	290–862	303–896	317–883	372–510	255–414	255–462	37–77	45–76	80–97	50–75	34–64	37–72	39–97	39–105	42–125	44–130	46–128	54–74	37–60	37–67	76–510	165–503	448–655	165–503	69–400	69–427	76–427	69–434	83–448	76–448	97–427	145–379	83–379	83–
407	11–74	24–73	65–95	24–73	10–58	10–62	11–62	10–63	12–65	11–65	14–62	21–55	12–55	12–59	40–2	32–2	15–2	32–2	45–4	50–3	46–3	55–3	55–3	66–3	65–3	52–10	45–10	45–12	20	20	20	20	20	20	30	30	30	30	30	40	80	80	66.0	Cu,	0.5	Pb,	33.5	Zn	66.0	Cu,	1.6	Pb,	32.4	Zn	65.0	Cu,	0.5	Pb,	34.5	Zn	65.0	Cu,	1.0	Pb,	34.0	Zn	64.5	Cu,	2.0	Pb,	33.5	Zn	62.2	Cu,
0.35	Pb,	37.45	Zn	T	T	F	F,	R,	W,	S	F,	R	R,	W	324–517	359–517	317–510	324–607	338–586	365–469	47–75	52–75	46–74	47–88	49–85	53–68	103–414	138–414	97–414	103–414	117–427	110–379	15–60	20–60	14–60	15–60	17–62	16–55	60–7	50–7	65–8	60–7	52–5	72–18	60	80	60	70	90	50	Nominal	composition,	%	99.99	Cu	99.95	Cu	99.95	Cu,	0.003	P	99.90
Cu,	0.04	O	99.90	Cu,	0.04	O,	0.01	Cd	99.90	Cu,	0.04	O,	Ag(e)	99.6	Cu,	0.40	S	99.8	Cu,	0.15	Zr	99.82	Cu,	0.1	Zr	99.75	Cu,	0.06	P,	0.11	Mg,	Ag(h)	99.8	Cu,	0.2	Al2O3	99.6	Cu,	0.4	Al2O3	99.3	Cu,	0.7	Al2O3	98.9	Cu,	1.1	Al2O3	99.0	Cu,	1.0	Cd	98.6	Cu,	0.8	Cd,	0.6	Sn	99.5	Cu,	1.7	Be,	0.20	Co	99.5	Cu,	1.9	Be,	0.20	Co	99.5	Cu,	1.9	Be,	0.40	Pb	99.5	Cu,	0.3
Be,	0.25	Co	99.5	Cu,	2.5	Co,	0.6	Be	99.5	Cu(i)	99.0	Cu,	1.0	Pb	98.75	Cu,	0.75	Sn,	0.3	Si,	0.20	Mn	98.7	Cu,	1.1	Ni,	0.25	P	98.15	Cu,	1.1	Ni,	0.50	Te,	0.25	P	Tensile	strength	Yield	strength	55–4	1.5	in	1500	mm	(60	in.)	55–4	20	20	20	(continued)	(a)	F,	flat	products;	R,	rod;	W,	wire;	T,	tube;	P,	pipe;	S,	shapes.	506	C50710	97.7Cu-2.0Sn-0.3Ni	.	These	are
used	in	applications	where	resistance	to	thermal	softening	is	required.	If	good	control	of	thickness	across	the	width	is	maintained	at	each	rolling	operation,	the	edges	and	centers	of	the	bar	will	have	elongated	uniformly,	and	when	narrow	strips	are	slit	they	will	remain	satisfactorily	straight.	539	C86100,	C86200	64Cu-24Zn-3Fe-5Al-4Mn	.	Preparation
of	Rod.	A	disadvantage	of	coil	annealing	is	that	large	coils	of	some	alloys	in	thinner	gages	can	be	easily	damaged.	This	microporosity	is	a	consequence	of	the	solidification	process.	After	the	final	rolling	pass,	the	metal	is	spray	cooled	and	coiled.	4	Although	UNS	designations	have	been	incorporated	in	most	relevant	standards	published	by	Table	5
Standard	color-controlled	wrought	copper	alloys	UNS	number	ASTM,	American	Society	of	Mechanical	Engineers,	Society	of	Automotive	Engineers,	and	similar	organizations,	long-standing	familiar	alloys	continue	to	be	identified	by	traditional	descriptive	and/or	colloquial	names.	Synthetic	lubricants	are	becoming	more	widely	accepted.	Rotary
piercing	on	a	Mannesmann	mill	is	another	method	commonly	used	to	produce	seamless	pipe	and	tube	from	copper	and	certain	copper	alloys.	268	Recommended	Machining	Practices	.	10,	where	it	is	seen	that	the	maximum	solubility	of	zinc	in	copper	is	about	38%,	and	at	20	°C	(68	°F)	it	is	about	35%.	There	are	different	grades	of	phosphorus-
deoxidized	copper,	depending	upon	the	amount	of	residual	phosphorus.	ASM	International	wishes	to	express	its	thanks	for	the	cooperation	it	received	from	these	organizations	during	the	course	of	this	project.	Upon	solidification,	this	oxygen	has	an	effect	on	the	conductivity,	and	hence	it	must	be	contended	with.	In	the	dezincification	of	brass,
selective	removal	of	zinc	leaves	a	relatively	porous	and	weak	layer	of	copper	and	copper	oxide.	65	Classification	of	Wrought	Copper	Products	.	Table	1	provides	a	listing	of	the	largest	markets	for	copper	and	copper	alloys	in	the	United	States.	Rolling	mills	are	equipped	with	x-ray	and	beta-ray	instruments,	which	continuously	gage	the	metal	and
provide	a	continuous	readout	of	thickness.	phosphorus-deoxidized	copper,	high-residual	phosphorus	(C12200).	High-conductivity	coppers	are	covered	by	ASTM	B	5,	“Specification	for	Electrolytic	Tough	Pitch	Copper	Refinery	Shapes,”	and	ASTM	B	170,	“Specification	for	Oxygen-Free	Electrolytic	Copper—Refinery	Shapes.”	Oxygen-free	copper	employs
special	manufacturing	techniques	to	avoid	hydrogen	embrittlement	when	exposed	to	elevated	temperatures	and	reducing	atmospheres.	All	of	the	polymeric	compounds	are	applied	over	copper	conductors	by	hot	extrusion.	These	data	are	for	oxygen-free	copper,	but	quite	similar	curves	are	obtained	for	tough	pitch	copper.	284	Welding	of	High-
Conductivity	Beryllium	Copper	.	8b).	278	Arc	Welding	Processes	.	85	Selection	Criteria	.	16	Examples	of	copper	custom	shapes	84	/	Metallurgy,	Alloys,	and	Applications	•	•	•	Selection:	Nonferrous	Alloys	and	SpecialPurpose	Materials,	Vol	2,	ASM	Handbook,	ASM	International,	1990,	p	216–240	D.E.	Tyler,	Wrought	Copper	and	Copper	Alloy	Products,
Properties	and	Selection:	Nonferrous	Alloys	and	Special-Purpose	Materials,	Vol	2,	ASM	Handbook,	ASM	International,	1990,	p	241–264	Copper	and	Copper	Alloys,	Metals	Handbook	Desk	Edition,	2nd	ed.,	J.R.	Davis,	Ed.,	ASM	International,	1998,	p	506–558	D.T.	Peters	and	K.J.A.	Kundig,	Selecting	Coppers	and	Copper	Alloys,	Part	I:	Wrought	Products,
Adv.	Copper	alloys	show	excellent	hot	and	cold	ductility,	although	usually	not	to	the	same	degree	as	the	unalloyed	parent	metal.	They	are	solution	heat	treated	in	the	760	to	955	°C	(1400	to	1750	°F)	range	and	age	hardened	to	produce	the	beryllium-rich	coherent	precipitates	when	aged	in	the	260	to	565	°C	(500	to	1050	°F)	range,	with	the	specific
temperature	being	chosen	for	the	particular	alloy	and	desired	property	combination	(Fig.	18	/	Metallurgy,	Alloys,	and	Applications	Table	2	(continued)	Alloys	C19200–C19900	(high-copper	alloys)	Composition,	wt%	Copper	alloy	No.	Cu	Fe	C19200	C19210	C19220	98.5	min(t)	bal(t)	bal(t)	0.8–1.2	0.05–0.15	0.10–0.30	C19260	98.5	min(s)	C19280	C19400
C19410	C19450	C19500	C19520	C19700	Sn	Other	named	elements	Zn	Al	Pb	P	…	…	0.05–0.10	0.20	…	…	…	…	…	…	…	…	0.01–0.04	0.025–0.040	0.03–0.07	0.40–0.8	…	…	…	…	…	bal(t)	97.0	min	bal(t)	bal(t)	96.0	min(t)	96.6	min(t)	bal(t)	0.50–1.5	2.1–2.6	1.8–2.3	1.5–3.0	1.0–2.0	0.50–1.5	0.30–1.2	0.30–0.7	…	0.6–0.9	0.8–2.5	0.10–1.0	…	0.20	0.30–0.7	0.05–
0.20	0.10–0.20	…	0.20–0.02	…	0.20	…	…	…	…	0.02	…	…	…	0.03	…	…	0.02	0.01–3.5	0.05	0.005–0.015	0.015–0.15	0.015–0.050	0.005–0.05	0.01–0.35	…	0.10–0.40	C19710	bal(p)	0.05–0.40	0.20	0.20	…	0.05	0.07–1.5	C19720	bal(p)	0.05–0.50	0.20	0.20	…	0.05	0.05–0.15	C19750	bal(t)	0.35–1.2	0.05–0.40	0.20	…	0.05	0.10–0.40	C19900	bal(p)	…	…	…	…	…	…
…	…	0.005–0.015B,	0.10–0.25Ni	0.20–0.40Ti,	0.20–0.15Mg	…	…	…	…	0.30–1.3Co	…	0.01–0.20Mg,	0.05Ni,	0.05Co,	0.05Mn	0.10NiCo,	0.05Mn,	0.03–0.06Mg	0.10NiCo,	0.05Mn,	0.06–0.20Mg	0.01–0.20Mg,	0.05Ni,	0.05Co,	0.05Mn	2.9–3.4Ti	Copper-zinc	alloys	(brasses)	Composition,	wt%	Copper	alloy	No.	Previous	trade	name	Cu	Pb	Fe	Zn	Other	named
elements	C21000	C22000	C22600	C23000	C23030	C23400	C24000	C24080	C25600	C26000	C26130	C26200	C26800	C27000	C27200	C27400	C28000	Gilding,	95%	Commercial	bronze,	90%	Jewelry	bronze,	87.5%	Red	brass,	85%	…	…	Low	brass,	80%	…	…	Cartridge	brass,	70%	…	…	Yellow	brass,	66%	Yellow	brass,	65%	…	Yellow	brass,	63%	Muntz
metal,	60%	94.0–96.0(t)	89.0–91.0(t)	86.0–89.0(t)	84.0–86.0(t)	83.5–85.5(t)	81.0–84.0(t)	78.5–81.5(t)	78.0–82.0(t)	71.0–73.0(u)	68.5–71.5(u)	68.5–71.5(u)	67.0–70.0(u)	64.0–68.5(u)	63.0–68.5(u)	62.0–65.0(u)	61.0–64.0(u)	59.0–63.0(u)	0.03	0.05	0.05	0.05	0.05	0.05	0.05	0.20	0.05	0.07	0.05	0.07	0.15	0.10	0.07	0.10	0.30	0.05	0.05	0.05	0.05	0.05	0.05	0.05
…	0.05	0.05	0.05	0.05	0.05	0.07	0.07	0.05	0.07	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	…	…	…	…	0.20–0.40Si	…	…	0.10Al	…	…	0.02–0.08As	…	…	…	…	…	…	Copper-zinc-lead	alloys	(leaded	brasses)	Composition,	%	Copper	alloy	No.	C31200	C31400	C31600	C32000	C33000	C33200	C33500	C34000	C34200	Previous	trade	name	…
Leaded	commercial	bronze	Leaded	commercial	bronze	(nickel-bearing)	Leaded	red	brass	Low	leaded	brass	(tube)	High	leaded	brass	(tube)	Low	leaded	brass	Medium	leaded	brass,	64.5%	High	leaded	brass,	64.5%	Cu	87.5–90.5(v)	87.5–90.5(v)	87.5–90.5(v)	Pb	Fe	Zn	0.7–1.2	1.3–2.5	1.3–2.5	0.10	0.10	0.10	bal	bal	bal	0.10	0.07	0.07	0.15(x)	0.15(x)	0.15(x)
bal	bal	bal	bal	bal	bal	1.5–2.2	0.25–0.7(w)	1.5–2.5	0.25–0.7	0.8–1.5	1.5–2.5	83.5–86.5(v)	65.0–68.0(v)	65.0–68.0(v)	62.0–65.0(v)	62.0–65.0(v)	62.0–65.0(v)	Other	named	elements	0.25Ni	0.7Ni	0.7–1.2	Ni,	0.04–0.10P	0.25Ni	…	…	…	…	…	(continued)	incl,	including.	Tandem	drawing	machines	having	10	to	12	dies	for	each	machine	are	used	for	breakdown
of	hot-rolled	or	continuous-cast	copper	rod.	However,	a	simplified	description	of	a	possible	process	is	useful	in	pointing	out	some	factors	that	might	affect	mechanical	properties.	The		phase	is	body-centered	cubic,	like	the		phase	in	the	copper-zinc	system	(Fig.	Typical	foil	properties	are	listed	in	Table	16.	Drawn	parts	will	have	rough	surfaces	with
orange	peel	except	where	smoothed	by	ironing.	The	book	provides	a	comprehensive	visual	atlas	of	the	more	common	casting	defects	encountered	by	copper	base	foundry	personnel,	and	provides	a	tool	for	quick	identification.	According	to	Fig.	ASM	International.	3	are	more	effectively	treated	by	hydrometallurgical	processes.	Be	the	first.	This	is
reasonable	from	the	description	in	Fig.	(nn)	0.05%	Pb,	max,	for	rod	and	wire.	A	typical	plot	of	reduction	versus	tensile	properties	and	hardness	is	shown	in	Fig.	A	selenium-bismuth-containing	yellow	brass	(C89550)	has	also	been	developed	for	the	permanent	mold	casting	process.	The	phase	is	then	said	to	be	ordered	(long-range	ordered),	or	to	have
formed	a	superlattice.	At	the	take-up	end,	the	strand	passes	through	a	closing	die	to	form	the	final	bunch	configuration.	547	C92200	88Cu-6Sn-112Pb-412Zn	.	Some	of	the	anode	impurities,	such	as	arsenic	and	nickel,	are	less	noble	than	copper	and	dissolve	in	the	electrolyte,	but	they	do	not	plate	out	at	the	cathode	as	long	as	their	concentrations	are
controlled.	387	Factors	Influencing	Alloy	Selection	in	Specific	Environments	.	The	data	in	Table	3	are	consistent	with	the	data	in	Fig.	(e)	Annealed	to	meet	prescribed	nominal	average	grain	size.	257	Heat	Treating	of	Zirconium-Copper	Alloys	.	The	traditional	nickel-iron	IC	lead	frame	alloys	have	given	way,	at	least	for	plastic	dualin-line	packages,	to
the	higher	conductivity,	CuFe-Zn-P	alloy	C19400.	Permanent	joints	can	be	made	by	brazing	or	welding.	Copper	and	plain	alpha	brasses	can	be	pierced,	provided	the	lead	content	is	held	to	less	than	0.01%.	In	Fig.	Table	9	shows	that	annealing	below	approximately	600	°C	(1110	°F)	will	embrittle	the	alloy.	Although	these	problems	can	be	overcome	by
proper	foundry	practice,	use	of	cast	pure	copper	is	generally	reserved	for	applications	that	demand	the	highest	electrical	and/or	thermal	conductivities.	44	Effect	of	tempering	(for	30	min)	on	the	hardness	of	a	Cu-10.2Al	alloy.	Matsuda,	J.	With	copper,	it	is	not	so	much	the	methods	used	to	produce	tube,	but	rather	the	resulting	metallurgical	condition
that	has	the	greatest	bearing	on	properties.	After	the	metal	has	reached	the	annealing	temperature,	it	is	held	there	for	a	short	period	or	soaked	to	provide	maximum	uniformity.	Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	45	ciently	high	to	completely	suppress	any		formation	upon	rapid	cooling	from	,	giving	at	25	°C	(75	°F)	only	
(Fig.	On	encountering	the	Cu2O	particles,	the	following	reaction	occurs:	2	H		Cu2O	↔	2	Cu		H2O	(dissolved	(gas)	in	copper	lattice)	The	H2O	molecules	formed	combine	readily	into	gas	(steam)	pockets,	as	these	molecules	are	34	/	Metallurgy,	Alloys,	and	Applications	LIVE	GRAPH	Click	here	to	view	Fig.	Mater.	Beryllium-containing	alloys	can	be	heat
treated	to	approximately	110	ksi	(758	MPa).	Source:	Ref	21	LIVE	GRAPH	LIVE	GRAPH	Click	here	to	view	Click	here	to	view	Fig.	40	Microstructure	of	a	Cu-11.8Al	alloy,	homogenized	for	2	h	at	800	°C	(1470	°F),	then	cooled	rapidly	(water	quenched).	The	larger	the	contact	area,	the	smaller	the	force	that	is	applied	per	unit	of	area	and	the	smaller	the
reduction	in	thickness	that	can	be	achieved	per	pass	through	the	rolls.	Copper	and	Copper	Alloys,	Properties	and	Fig.	Starting	with	wire	rod,	these	mills	cold	draw	the	material	(with	necessary	anneals)	to	final	dimensions	through	a	series	of	dies.	Oxygen-free	coppers	(C10100	to	C10700)	are	generally	reserved	for	applications	requiring	the	highest
electrical	conductivity.	19(c).	However,	the	data	in	Table	10	show	that	the	yield	and	tensile	strength	are	greatly	enhanced	by	prior	cold	working.	(j)	Cu		sum	of	named	elements,	98.9%	min.	548	C92600	87Cu-10Sn-1Pb-2Zn	.	140	Applications	.	These	materials	are	generally	capable	of	being	shaped	to	the	required	form	and	dimensions	by	any	of	the
common	forming	or	forging	processes,	and	they	are	readily	assembled	by	any	of	the	various	joining	processes.	Suggested	piercing	temperatures	for	various	alloys	are	as	follows:	Piercing	temperature	UNS	number	C11000	C12200	C22000	C23000	C26000	C28000	C46400	°C	°F	815–870	815–870	815–870	815–870	760–790	705–760	730–790	1500–
1600	1500–1600	1500–1600	1500–1600	1400–1450	1300–1400	1350–1450	Production	of	Finished	Tubes	Cold	drawing	of	extruded	or	pierced	tube	shells	to	smaller	sizes	is	done	on	draw	blocks	for	coppers	and	on	draw	benches	for	brasses	and	other	alloys.	Their	attractive	silver	luster	is	exploited	for	decorative	hardware,	electroplated	tableware,
optical	and	photographic	equipment,	and	musical	instruments.	Again,	the	choice	of	temper	depends	on	the	application	and	the	degree	of	deformation	required	to	manufacture	the	finished	product.	559	C96600	69.5Cu-30Ni-0.5Be	.	The	capability	of	this	machine	to	handle	the	product	in	coiled	form	means	that	a	much	longer	bar	can	be	conveniently	and
economically	milled.	Hence,	understanding	the	properties	demanded	by	a	given	application	is	of	paramount	importance.	However,	the		orders	to	,	giving	a	hardness	around	90	HB.	133	Plating	in	Pyrophosphate	Baths	.	Curves	of	lesser	slope	indicate	a	low	rate	of	work	hardening	and	a	higher	capacity	for	redrawing.	free-cutting	Muntz	metal	(C37000).
The	tube	is	fed	longitudinally,	and	rotated	on	its	axis	to	distribute	the	cold	work	uniformly	around	the	circumfer-	ence.	The	beta	phase	renders	the	alloy	more	ductile	when	hot	and	less	ductile	when	cold.	However,	the	chemical	composition	of	intermetallic	compounds	can	usually	be	varied	from	the	stoichiometric	ratio	and	yet	retain	the	crystal
structure	of	the	compound.	The	degree	of	work	hardening	seen	with	cold	working	several	selected	single-phase	copper	alloys	is	illustrated	by	the	cold-rolling	curves	in	Fig.	112	Copper-Base	Contact	Materials	.	In	dealloying,	the	more	active	metal	is	selectively	removed	from	an	alloy,	leaving	behind	a	weak	deposit	of	the	more	noble	metal.	The	usual
maximum	sustained	operating	temperature	is	90	°C	(200	°F).	(b)	Includes	Ag.	(c)	Ni		Co.	(d)	In	determining	copper	min,	copper	can	be	calculated	as	Cu		Ni.	(e)	Cu		sum	of	named	elements,	99.3%	min.	An	exception	to	this	definition	occurs	in	the	case	of	some	cast	copper-lead	alloys	where	the	lead	slightly	exceeds	the	copper	content	in	certain	alloys
that	are	commonly	designated	as	copper	alloys	(e.g.,	alloy	C98840	containing	44.0–58.0	Pb).	The	effect	of	grain	size	on	the	tensile	strength	of	copper	and	brass	strip	is	shown	in	Fig.	The	Table	1	Copper	and	copper	alloy	consumption	in	the	United	States	by	functional	use	in	1997	End	use	Electrical	conductivity	Corrosion	resistance	Heat	transfer
Structural	capability	Aesthetics	Total	Millions	of	pounds	%	5023	1701	949	515	131	8319	61	20	11	6	2	100	Source:	Copper	Development	Association	Inc.	121	Shape	Memory	Alloys	.	Copper-Beryllium	Alloys	Table	3	shows	that	there	is	a	size	difference	between	beryllium	and	copper	comparable	to	that	between	copper	and	aluminum	or	tin.	The	dark
lines	are	the	metastable	precipitate.	Very	widely	used	in	marine	applications,	as	pump	and	valve	components,	fittings,	flanges,	etc.	In	this	condition	the	flow	stress	was	measured	at	25	°C	(75	°F).	LIVE	GRAPH	Traditional	materials	such	as	copper	(C11000),	cartridge	brass	(C26000),	phosphor	bronze	(C51000),	tin	brass	(C42500),	and	cobalt-modified
aluminum	brass	(C68800)	will	continue	to	be	used	for	garden-variety	connectors.	This		then	decomposes	by	a	eutectoid	reaction	to		and	;	the		then	decomposes	to	form		and	.	Because	the	reverberatory	furnace	cannot	meet	current	requirements	for	low-energy	consumption	and	environmental	standards,	more	efficient	smelting	processes	have	been
developed	since	the	1960s.	Effect	of	Temperature.	4.	gilding	10%	Zn	.	One	is	that	in	the	copper-zinc		phase,	even	rapid	cooling	from		cannot	suppress	the	ordering.	An	inhibitor	may	be	added	to	increase	the	resistance	to	dezincification.	This	results	in	a	pressure-tight	casting,	which	is	important	for	fluidhandling	applications.	The	wire	is	reduced	in
steps	of	20	to	25%	in	cross-sectional	area.	17	40	/	Metallurgy,	Alloys,	and	Applications	The	perfection	of	the	order	within	a	domain	is	referred	to	as	the	degree	of	order.	A	cold-working	step	following	solution	annealing	is	often	used	to	increase	the	age-hardening	response.	The	precipitation	sequence	during	aging	consists	of	the	formation	of	solute-rich
G-P	zones,	followed	in	sequence	by	coherent	platelets	of	the	metastable	intermediate	phases		and	.	47,	these	alloys	will	overage	as	the	structure	coarsens,	and	the	equilibrium	precipitate	forms.	Physical	Metallurgy	of	the	Cu-10Al	Alloy.	The	foundry	characteristics	of	silicon	brasses	(C87300–C87900)	include	favorably	low	melting	points	and	high
fluidity.	Alloys	C90300	and	C90500	can	be	used	for	pressure-retaining	products	at	temperatures	up	to	260	°C	(500	°F).	Copper-Zinc	Alloys	(C66300	to	C69710).	Quenched	from	800	°C	(1470	°F),	reheated	for	30	min	at	400	°C	(750	°F).	commercial	bronze,	90%	(C22000).	(jj)	The	following	additional	maximum	limits	apply:	0.02%	C,	0.015%	Si,	0.003%
S,	0.002%	Al,	0.001%	P,	0.0005%	Hg,	0.001%	Ti,	0.001%	Sb,	0.001%	As,	0.001%	Bi,	0.05%	Co,	0.10%	Mg,	and	0.005%	oxygen.	Thus,	this	copper	is	more	widely	used	for	piping	and	tubing	than	for	electrical	applications.	547	C92300	87Cu-8Sn-1Pb-4Zn	.	In	some	plants,	electrical-resistance	heating	methods	are	used	to	fully	anneal	copper	wire	as	it	70	/
Metallurgy,	Alloys,	and	Applications	exits	from	the	drawing	machines.	A	commercially	pure	high-conductivity	copper	that	has	been	produced	in	such	manner	as	to	contain	no	oxide	or	residual	deoxidants.	The	solubility	of	lead	in	solid	copper	is	extremely	small,	being	about	0.007%.	(CDA),	the	International	Copper	Association,	Ltd.	(ICA),	and	the
Canadian	Copper	&	Brass	Development	Association	(CCBDA).	Used	in	various	products	for	marine	(especially	outboard)	and	mining	equipment.	Within	their	useful	temperature	range,	which	extends	from	the	cryogenic	region	to	400	°C	(750	°F),	depending	on	composition,	no	other	engineering	materials	can	match	their	combination	of	conductivity,
strength,	and	corrosion	resistance.	high-leaded	brass	(C34200,	C35300).	In	the	fully	aged	condition	(TF00	temper),	the	high-conductivity	alloy	develops	about	60%	of	the	strength,	but	twice	the	conductivity,	of	the	high-strength	alloy.	Quenched	from	800	°C	(1470	°F),	reheated	for	30	min	at	600	°C	(1110	°F).	Leaded	(Cu-Zn-Pb)	Brasses.	Aluminum
bronzes	(95200–C95900)	are	best	known	for	their	combination	of	exceptional	corrosion	resistance;	high	mechanical	strength,	toughness,	and	wear	resistance;	and	good	casting	and	welding	characteristics.	An	alloy	containing	nominally	63%	Cu,	2.5%	Pb,	and	34.5%	Zn,	generally	available	in	flat	rolled	products,	and	used	for	engraving	and	other
operations	requiring	considerable	cutting.	Processing	steps	include	cleaning,	wiredrawing,	annealing,	coating,	stranding,	and/or	insulating	and	jacketing.	free-cutting	phosphor	bronze	B-2	(C54400).	(g)	Small	amounts	of	Cd	or	other	elements	can	be	added	by	agreement	to	improve	the	resistance	to	softening	at	elevated	temperatures.	Davis	Davis	&
Associates	Prepared	under	the	direction	of	the	ASM	International	Handbook	Committee	ASM	International	Staff	Scott	D.	As	usual,	higher	strength	and	hardness,	that	is,	harder	tempers,	are	gained	at	the	expense	of	reduced	ductility.	Figure	37	shows	that	aluminum	is	indeed	a	potent	strengthener,	and	there	are	two	common	commercial	copper-
aluminum	alloys	(5	and	8%	Al)	that	are	solid	solutions,	their	heat	treatments	involving	only	the	conventional	homogenization	LIVE	GRAPH	Click	here	to	view	of	the	as-cast	structure	and	annealing	of	the	cold-worked	structure.	Source:	Ref	13	Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	37	LIVE	GRAPH	Click	here	to	view	Fig.
Recycling	of	scrap	accounts	for	approximately	40%	of	copper	production	worldwide.	All	thickness	reduction	is	accomplished	by	cold	rolling,	and	a	variety	of	rolling	mills	are	used.	The	lines	extending	into	the				and	into	the				regions	give	the	critical	temperature	for	the		phase	in	equilibrium	with	either		or	.	14),	and	necking	occurs	at	a	higher	strain.	3
Electrical	conductivity	as	a	function	of	tensile	strength	for	(a)	annealed	and	(b)	60%	coldreduced	copper	alloy	strip	LIVE	GRAPH	Click	here	to	view	LIVE	GRAPH	Click	here	to	view	6	/	Metallurgy,	Alloys,	and	Applications	coat.	spring	bronze.	phosphorus-deoxidized	copper,	telluriumbearing	(C14500,	C14510).	chromium	copper	(C18200,	C18400).	62	/
Metallurgy,	Alloys,	and	Applications	Table	4	(continued)	Size	Yield	strength	(0.5%	extension)	UNS	No.	mm	in.	205	Forming	Limit	Analysis	.	deep-drawing	brass,	drawing	brass.	diameter	drill	penetrates	0.004	in.	Sn,	5	ppm	(0.0005%);	Pb,	5	ppm	(0.0005%);	Fe,	10	ppm	(0.0010%);	Ni,	10	ppm	(0.0010%);	S,	15	ppm	(0.0015%);	Ag,	25	ppm	(0.0025%);
oxygen,	100-650	ppm	(0.010–0.065%).	The	tolerances	for	the	diameter	of	circular	blanks	are	the	same	as	those	for	slit	metal	of	corresponding	width.	(u)	For	continuous	castings,	S	is	0.25%	max.	I.	409	Corrosion	in	Gases	.	However,	from	200	to	about	500	°C	(390–930	°F)	the	degree	of	order	depends	on	the	temperature	and	hence	affects	the	strength
measured	after	quenching.	Figure	2	compares	the	strength	and	electrical	conductivity	relationships	of	various	copper	alloys,	including	beryllium-copper	alloys	C17000,	C17200,	C17410,	and	C17510.	430	Low-Temperature	Properties	.	The	freezing	range	of	various	copper	alloys	is	discussed	in	the	section	“Control	of	Solidification”	in	this	article.	The
effect	of	grain	size	on	the	elongation	of	C26000	is	shown	in	Fig.	The	alloys	are	essentially	free-cutting	versions	of	the	tin	bronzes,	above,	and	have	similar	properties	and	uses.	8a)	contain	a	pair	of	work	rolls	of	relatively	small	diameter	(for	example,	300	mm,	or	12	in.).	Source:	Ref	14	Table	5	Mechanical	properties	typical	of	cartridge	brass	(Cu-30Zn)
and	Muntz	metal	(Cu-40Zn)	Tensile	strength	Alloy	Cartridge	brass	Muntz	metal	Yield	strength	MPa	ksi	MPa	ksi	Elongation,	%	305–895	395–510	44–130	57–74	75–450	145–380	11–65	21–55	63-3	52-10	Approximate	properties	for	specific	treatments	Tensile	strength	Alloy	Cartridge	brass	Annealed	Annealed	+	40%	cold	work	Annealed	+	70%	cold	work
Muntz	metal	Annealed	Annealed	+	40%	cold	work	Annealed	+	70%	cold	work	MPa	ksi	Elongation,	%	Hardness,	HRB	345–415	50–60	65–50	10–50	550–620	80–90	8–5	84–90	655–725	95–105	4	92–95	365–395	53–57	55–47	30–38	550–620	80–90	10–5	85–90	695–710	101–103	6–4	93	Source:	Ref	3	LIVE	GRAPH	Click	here	to	view	Table	6	Effect	of	aging	on
the	strength	of	a	Cu-10Sn	alloy	Property	Yield	strength,	MPa	(ksi)	Tensile	strength,	MPa	(ksi)	Elongation,	%	Hardness,	HB	As-cast	Cast,	then	annealed	for	10	h	at	760	°C	(1400	°F),	water	quenched,	aged	5	h	at	315	°C	(600	°F)	145	(21)	140	(20)	305	(44)	295	(43)	25	62	25	60	Source:	Ref	22	Effect	of	cooling	rate	from	500	°C	(930	°F)	on	the	hardness	at
25	°C	(75	°F)	of		brass	(Cu-47Zn).	As	was	shown	in	Fig.	238	Heat	Treating	.	When	several	such	lines	are	available,	a	variety	of	thickness	ranges	can	be	rapidly	annealed,	providing	great	flexibility	in	production	scheduling	and	enabling	fast	delivery	of	finished	strip.	Production	of	Copper	from	Sulfide	Minerals	More	than	90%	of	the	primary	copper	in
the	Western	world	is	produced	from	sulfide	miner-	als,	principally	chalcopyrite	(CuFeS2),	chalcocite	(Cu2S),	and	bornite	(Cu5FeS4	).	These	alloys	are	widely	used	for	machined	parts,	especially	those	produced	in	screw	machines.	Definitions	of	some	of	the	more	common	examples	are	given	subsequently	for	coppers,	high-copper	alloys,	and	copper-
base	alloys.	259	Heat	Treating	of	Spinodal-Hardening	Alloys	.	In	rotary	piercing,	one	end	of	a	heated	cylindrical	billet	is	fed	between	rotating	work	rolls	that	lie	in	a	horizontal	plane	and	are	inclined	at	Table	19	Typical	mechanical	properties	for	copper	alloy	tube(a)	Tensile	strength	Yield	strength(b)	Temper	MPa	ksi	MPa	ksi	Elongation(c),	%	C10200
OS050	OS025	H55	H80	220	235	275	380	32	34	40	55	69	76	220	345	10	11	32	50	45	45	25	8	C12200	OS050	OS025	H55	H80	220	235	275	380	32	34	40	55	69	76	220	345	10	11	32	50	45	45	25	8	C19200	H55(d)	290	42	205(e)	30(e)	35	C23000	OS050	OS015	H55	H80	275	305	345	485	40	44	50	70	83	125	275	400	12	18	40	58	55	45	30	8	C26000	OS050
OS025	H80	325	360	540	47	52	78	105	140	440	15	20	64	65	55	8	C33000	OS050	OS025	H80	325	360	515	47	52	75	105	140	415	15	20	60	60	50	7	C43500	OS035	H80	315	515	46	75	110	415	16	60	46	10	C44300,	C44400,	C44500	OS025	365	53	150	22	65	C46400,	C46500,	C46600,	C46700(f)	H80	605	88	455	66	18	C60800	OS025	415	60	185	27	55
C65100	OS015	H80	310	450	45	65	140	275	20	40	55	20	C65500	OS050	H80	395	640	57	93	…	…	…	…	70	22	C68700	OS025	415	60	185	27	55	C70600	OS025	H55	305	415	44	60	110	395	16	57	42	10	C71500	OS025	415	60	170	25	45	(a)	Tube	size:	25	mm	(1	in.)	outside	diameter	(OD)	by	1.65	mm	(0.065	in.)	wall.	Resistance	welding	is	also	widely	used,
particularly	in	alloys	with	lowthermal	conductivity.	Both	light	micrographs;	200	.	(b)	Minimum	elongation	in	250	mm	(10	in.).	(For	a	description	of	various	strand	constructions,	see	the	section	of	this	article	entitled	“Classification	of	Wire	and	Cable.”)	Different	degrees	of	flexibility	for	a	given	current-carrying	capacity	can	be	achieved	by	varying	the
number,	size,	and	arrangement	of	individual	wires.	Many	copper	alloys	are	used	in	wrought	forms	in	a	worked	temper,	chosen	for	the	desired	combination	of	work-hardened	strength	and	formability,	either	for	direct	use	in	service	or	for	subsequent	component	fabrication.	46	Click	here	to	view	(a)	The	copper-beryllium	phase	diagram.	It	is	useful	to
examine	the	size	difference	between	copper	and	solute	atoms	to	predict	the	extent	of	solid-solution	strengthening.	Sulfur	Fixation.	(f)	C12000,	0.008	P;	C12100,	0.008	P	and	125	g/Mg	(4	oz/ton)	Ag.	(g)	C12700,	250	g/Mg	(8	oz/ton)	Ag;	C12800,	500	g/Mg	(10	oz/ton);	C12900,	500	g/Mg	(16	oz/ton);	C13000,	780	g/Mg	(25	oz/ton).	(U.K.),	1993	3.	Standard
Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys	/	21	Table	2	(continued)	Copper-silicon	alloys	(silicon	bronzes)	Composition,	wt%	Copper	alloy	No.	Previous	trade	name	Cu(p)	(incl	Ag)	Pb	Fe	Sn	Zn	Mn	Si	Ni	(incl	Co)	Other	named	elements	C64700	C64710	C64730	C64900	C65100	C65400	C65500	C65600	C66100	…	…	…	…	Low	silicon
bronze	B	…	High	silicon	bronze	A	…	…	bal	95.0	min	93.5	min	bal	bal	bal	bal	bal	bal	0.10	…	…	0.05	0.05	0.05	0.05	0.02	0.20–0.8	0.10	…	…	0.10	0.8	…	0.8	0.50	0.25	…	…	1.0–1.5	1.2–1.6	…	1.2–1.9	…	1.5	…	0.50	0.20–0.50	0.20–0.50	0.20	1.5	0.50	1.5	1.5	1.5	…	0.10	0.10	…	0.7	…	0.50–1.3	1.5	1.5	0.40–0.8	0.50–0.9	0.50–0.9	0.8–1.2	0.8–2.0	2.7–3.4	2.8–3.8
2.8–4.0	2.8–3.5	1.6–2.2	2.9–3.5	2.9–3.5	0.10	…	…	0.6	…	…	…	…	…	0.10Al	…	0.01–0.12Cr	…	0.01Al	…	Other	copper-zinc	alloys	Composition,	wt%	Copper	alloy	No.	Previous	trade	name	C66300	C66400	C66410	C66700	C66800	C66900	C66950	C67000	C67300	C67400	C67420	C67500	C67600	C68000	C68100	C68700	C68800	C69050	C69100	C69400
C69430	C69700	C69710	…	…	…	Manganese	brass	…	…	…	Manganese	bronze	B	…	…	…	Manganese	bronze	A	…	Bronze,	low	fuming	(nickel)	Bronze,	low	fuming	Aluminum	brass,	arsenical	…	…	…	Silicon	red	brass	…	…	…	Cu(p)	(incl	Ag)	84.5–87.5	bal	bal	68.5–71.5	60.0–63.0	62.5–64.5(t)	bal	63.0–68.0	58.0–63.0	57.0–60.0	57.0–58.5	57.0–60.0	57.0–60.0
56.0–60.0	56.0–60.0	76.0–79.0	bal	70.0–75.0	81.0–84.0	80.0–83.0	80.0–83.0	75.0–80.0	75.0–80.0	Pb	Fe	Sn	Zn	Ni	(incl	Co)	Al	Mn	Si	Other	named	elements	0.05	0.015	0.015	0.07	0.50	0.05	0.01	0.20	0.40–3.0	0.50	0.25–0.8	0.20	0.50–1.0	0.05	0.05	0.07	0.05	…	0.05	0.30	0.30	0.50–1.5	0.50–1.5	1.4–2.4	1.3–1.7(gg)	1.8–2.3	0.10	0.35	0.25	0.50	2.0–4.0	0.50
0.35	0.15–0.55	0.8–2.0	0.40–1.3	0.25–1.25	0.25–1.25	0.06	0.20	…	0.25	0.20	0.20	0.20	0.20	1.5–3.0	0.05	0.05	…	0.30	…	…	0.50	0.30	0.30	0.35	0.50–1.5	0.50–1.5	0.75–1.10	0.75–1.10	…	…	…	0.10	…	…	…	…	bal	11.00–12.0	11.0–12.0	bal	bal	bal	14.0–15.0	bal	bal	bal	bal	bal	bal	bal	bal	bal	21.3–24.1(hh)	bal	bal	bal	bal	bal	bal	…	…	…	…	0.25	…	…	…	0.25	0.25
0.25	…	…	0.20–0.8	…	…	…	0.50–1.5	0.8–1.4	…	…	…	…	…	…	…	…	0.25	…	1.0–1.5	3.0–6.0	0.25	0.50–2.0	1.0–2.0	0.25	…	0.01	0.01	1.8–2.5	3.0–3.8(hh)	3.0–4.0	0.7–1.2	…	…	…	…	…	…	…	0.8–1.5	2.0–3.5	11.5–12.5	14.0–15.0	2.5–5.0	2.0–3.5	2.0–3.5	1.5–2.5	0.05–0.50	0.05–0.50	0.01–0.50	0.01–0.50	…	…	…	0.10	min	…	…	0.40	0.40	…	…	…	…	0.50–1.5	…	…	…
0.50–1.5	0.50–1.5	0.25–0.7	…	…	0.04–0.15	0.04–0.15	…	…	0.10–0.6	0.8–1.3	3.5–4.5	3.5–4.5	2.5–3.5	2.5–3.5	0.35P,	0.20Co	0.30–0.7Co(gg)	…	…	…	…	…	…	…	…	…	…	…	…	…	0.02–0.06As	0.25–0.55Co	0.01–0.20Zr	…	…	0.03–0.06As	…	0.03–0.06As	Copper-nickel	alloys	Composition,	wt%	Copper	alloy	No.	Previous	trade	name	Cu	(incl	Ag)	Pb	Fe	Zn	Ni	(incl
Co)	Sn	Mn	C70100	C70200	C70230	…	…	…	bal(p)	bal(p)	bal(p)	…	0.05	…	0.05	0.10	…	0.25	…	0.50–2.0	3.0–4.0	2.0–3.0	2.2–3.2	…	…	0.10–0.50	0.50	0.40	…	C70250	…	bal(p)	0.05	0.20	1.0	2.2–4.2	…	0.10	C70260	C70280	…	…	bal(p)	bal(p)	…	0.02	…	0.015	…	0.30	1.0–3.0	1.3–1.7	…	1.0–1.5	…	…	C70290	…	bal(p)	0.02	0.015	0.30	1.3–1.7	2.1–2.7	…	C70400
C70500	C70600	C70610	C70620	C70690	C70700	Copper-nickel,	5%	Copper-nickel,	7%	Copper-nickel,	10%	…	…	…	…	rem(p)	bal(p)	bal(p)	bal(p)	86.5(p)	bal(p)	bal(p)	0.05	0.05	0.05(ii)	0.01	0.02	0.001	…	1.0	0.20	1.0(ii)	…	0.50	0.001	…	4.8–6.2	5.8–7.8	9.0–11.0	10.0–11.0	9.0–11.0	9.0–11.0	9.5–10.5	…	…	…	…	…	…	…	0.30–0.8	0.15	1.0	0.50–1.0	1.0	0.001
0.50	1.3–1.71.0	0.10	1.0–1.8	1.0–2.0	1.0–1.8	0.005	0.05	Other	named	elements	…	…	0.10AgB,	0.40–0.8Si	0.05–0.30Mg,	0.25–1.2Si	0.20–0.7Si,	0.010P	0.02–0.04P,	0.22–0.30Si	0.02–0.04P,	0.22–0.30Si	…	…	(ii)	0.05S,	0.05C	0.05C,	0.02P,	0.02S	(jj)	…	(continued)	incl,	including.	Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys	/	19
Table	2	(continued)	Copper-zinc-lead	alloys	(leaded	brasses)	Composition,	%	Copper	alloy	No.	Previous	trade	name	C34500	C35000	C35300	C35330	C35600	C36000	C36500	C37000	C37100	C37700	C37710	C38000	C38500	…	Medium	leaded	brass,	62%	High	leaded	brass,	62%	…	Extra	high	leaded	brass	Free-cutting	brass	Leaded	Muntz	metal,
uninhibited	Free-cutting	Muntz	metal	…	Forging	brass	…	Architectural	bronze,	low	leaded	Architectural	bronze	Cu	Pb	62.0–65.0(v)	60.0–63.0(v)(y)	60.0–63.0(p)(y)	60.5–64.0(p)	60.0–63.0(p)	60.0–63.0(p)	58.0–61.0(v)	59.0–62.0(v)	58.0–62.0(v)	58.0–61.0(p)	56.5–60.0(p)	55.0–60.0(p)	55.0–59.0(p)	Fe	1.5–2.5	0.8–2.0	1.5–2.5	1.5–3.5(z)	2.0–3.0	2.5–3.7	0.25–
0.7	0.8–1.5	0.6–1.2	1.5–2.5	1.0–3.0	1.5–2.5	2.5–3.5	0.15	0.15(x)	0.15(x)	…	0.15(x)	0.35	0.15	0.15	0.15	0.30	0.30	0.35	0.35	Zn	Other	named	elements	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	…	…	…	0.02–0.25As	…	…	0.25Sn	…	…	…	…	0.50Al,	0.30Sn	…	Copper-zinc-tin	alloys	(tin	brasses)	Composition,	wt%	Copper	alloy	No.	Sn	Pb	Fe	bal(u)	94.0–
96.0(u)	94.5–96.5(u)	94.5–96.5(u)	94.0–96.0(u)	91.0–93.0(u)	89.0–92.0(u)	89.0–92.0(u)	89.0–93.0(u)	89.0–93.0(u)	88.0–91.0(u)	86.0–89.0(u)	87.0–90.0(u)	88.0–91.0(u)	84.0–87.0(u)	84.0–87.0(u)	79.0–83.0(u)	80.0–83.0(u)	70.0–73.0(v)	70.0–73.0(v)	70.0–73.0(v)	62.0–65.0(v)	59.0–62.0(v)	59.0–62.0(v)	57.0–61.0(v)	…	0.05	0.05	0.05	0.05	0.05	0.10	0.05	0.10
0.10	…	0.05	0.05	0.05	0.10	0.05	0.10	0.05	0.07	0.07	0.07	0.20	0.20	0.20	0.05	…	0.05	0.08–0.12	0.05–0.20	0.01–0.05	0.05	0.05	0.05–0.20	0.05	0.05	…	0.05	0.05	0.05–0.20	0.05	0.05	0.05	0.05	0.06	0.06	0.06	0.10	0.10	0.10	…	C47940	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	Admiralty,	arsenical	Admiralty,	antimonial	Admiralty,	phosphorized	Naval
brass,	63.5%	Naval	brass,	uninhibited	Naval	brass,	arsenical	Naval	brass	welding	and	brazing	rod	…	63.0–66.0(v)	1.0–2.0	0.10–1.0	1.2–2.0	bal	…	C48200	C48500	C48600	Naval	brass,	medium	leaded	Naval	brass,	high	leaded	…	59.0–62.0(v)	59.0–62.0(v)	59.0–62.0(v)	0.40–1.0	1.3–2.2	1.0–2.5	0.10	0.10	…	0.50–1.0	0.50–1.0	0.8–1.5	bal	bal	bal	…	…	…
0.10–0.50Ni	(including	Co)	…	…	0.02–0.25As	0.35–0.7	0.7–1.3	1.8–2.2	2.6–4.0	1.7–2.3	2.0–2.8	0.30–0.7	0.30–0.7	0.7–1.3	1.5–2.2	1.5–2.0	0.8–1.4	1.5–3.0	1.5–3.0	1.7–2.7	0.40–1.0	0.6–1.2	0.20–0.50	0.8–1.2(aa)	0.8–1.2(aa)	0.8–1.2(aa)	0.50–1.0	0.50–1.0	0.50–1.0	0.25–1.0	Zn	2.0–3.0	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal
bal	bal	bal	bal	P	Other	named	elements	Cu	C40400	C40500	C40810	C40850	C40860	C41000	C41100	C41120	C41300	C41500	C42000	C42200	C42500	C42520	C43000	C43400	C43500	C43600	C44300	C44400	C44500	C46200	C46400	C46500	C47000	Previous	trade	name	…	…	0.028–0.04	0.02–0.04	0.02–0.04	…	…	0.02–0.05	…	…	0.25	0.35	0.35	0.02–
0.04	…	…	…	…	…	…	0.02–0.10	…	…	…	…	…	…	0.11–0.20Ni	0.05–0.20Ni	0.05–0.20Ni	…	…	0.05–0.20Ni	…	…	…	…	…	0.05–0.20Ni	…	…	…	…	0.02–0.06As	0.02–0.10Sb	…	…	…	0.02–0.06As	0.01Al	Copper-tin-phosphorus	alloys	(phosphor	bronzes)	Composition,	wt%	Copper	alloy	No.	Previous	trade	name	Cu(p)	Pb	Fe	Sn	Zn	P	Other	named	elements	C50100
C50200	C50500	C50510	C50580	C50700	C50710	C50715	…	…	Phosphor	bronze,	1.25%	E	…	…	…	…	…	bal	bal	bal	bal(u)	bal	bal	bal	bal(bb)	0.05	0.05	0.05	…	0.05	0.05	…	0.02	0.05	0.10	0.10	…	0.05–0.20	0.10	…	0.05–0.15	0.50–0.8	1.0–1.5	1.0–1.7	1.0–1.5	1.0–1.7	1.5–2.0	1.7–2.3	1.7–2.3	…	…	0.30	0.10–0.25	0.30	…	…	…	0.01–0.05	0.04	0.03–0.35	0.02–
0.07	0.02–0.10	0.30	0.15	0.025–0.04	…	…	…	0.15–0.40Ni	0.05–0.20Ni	…	0.10–0.40Ni	…	(continued)	incl,	including.	Forging	dies	cost	about	one-half	as	much	Table	21	ASTM	specifications	for	copper	rod,	bar,	and	shapes	Product	ASTM(a)	Bar,	bus	bar,	rod,	shapes	Forging,	rod,	bar,	shapes	Rod	Rod,	bar,	shapes	Rod,	bar,	shapes	Rod,	bar,	shapes	Rod,
bar,	shapes	Rod,	bar	Rod,	bar	Rod,	bar	Rod,	bar	Rod,	bar,	shapes	Rod,	bar,	shapes	Rod	Rod,	bar,	shapes	Rod,	bar,	shapes	Alloy	B	187/B	187M	B	124/B	124M	B	453/B	453M	B	16/B	16M	B	301/B	301M	B	21/B	21M	B	150/B	150M	B	196/B	196M	B	441	B	411	B	151/B	151M	B	98/B	98M	B	140/B	140M	B	371	B	138/B	138M	B	139/B	139M	Copper	Copper
and	copper	alloys	Leaded	brass	Free-cutting	brass	Free-cutting	copper	Naval	brass	Aluminum	bronze	Beryllium-copper	Alloy	C17500	Copper-nickel-silicon	alloy	Nickel	silver	Copper-silicon	alloy	Leaded	red	brass	or	hardware	bronze	Copper-zinc-silicon	alloy	Manganese	bronze	Phosphor	bronze	Examples	of	copper	bar	and	rod	products
ACKNOWLEDGMENTS	This	article	was	adapted	from:	•	D.E.	Tyler	and	W.T.	Black,	Introduction	to	(a)	The	suffix	"M"	indicates	a	metric	specification.	Alloying	generally	serves	to	impart	higher	strength,	thermal	stability	(resistance	to	softening),	or	other	mechanical	attributes	while	retaining	sufficient	electrical	conductivity	for	the	intended	use.	Alloys
containing	nominally	65%	Cu,	2%	Pb,	and	33%	Zn	(C34200);	and	62%	Cu,	2%	Pb,	and	36%	Zn	(C35300),	generally	available	in	flat	products	and	rod.	(c)	Based	on	a	resistivity	value	of	0.017241		·	mm2/m	(875	·	20		·	lb/mile2),	which	is	the	resistivity	for	the	International	Annealed	Copper	Standard	(IACS)	of	electrical	conductivity.	There	are	also	control
devices	that	actuate	the	screws	in	the	roll	housings	and	automatically	open	or	close	the	gap	between	the	work	rolls	to	adjust	the	thickness	being	produced	as	required.	541	C86700	.	Rolling	also	exerts	considerable	influence	on	the	surface	quality	of	the	metal.	These	alloys	are	primarily	used	for	their	distinctive	colors	that	range	from	yellow	to	silvery
white.	0	or	via	email	at	MemberServiceCenter@asminternational.org	for	more	information.	The	sulfur	evolved	during	smelting	leaves	the	furnace	in	a	1	to	2%	SO2	gas	stream,	which	is	too	dilute	for	economic	treatment.	The	leaded	red	brasses	may	contain	up	to	7%	Pb.	The	primary	function	of	the	element	is	to	provide	pressure	tightness	by	sealing	the
interdendritic	shrinkage	pores	that	form	as	these	wide-freezingrange	alloys	solidify.	48	show	that	for	maximum	hardness	the	beryllium	content	should	be	between	1.8	and	2.0%.	Hot	forged	products,	if	they	must	be	lead-free,	should	be	made	from	duplex	alloys,	or	mostly-b-phase	compositions	such	as	alloy	C28000.	Table	3	Approximate	atom	diameter
size	difference	and	approximate	solubility	in	copper	of	several	solutes	Solute	Oxygen	Beryllium	Aluminum	Silicon	Phosphorus	Nickel	Zinc	Arsenic	Silver	Cadmium	Tin	Antimony	Gold	Bismuth	Lead	Approximate	atom	diameter	size	difference,	%	(dCu	dM)/dCu	+113	+14	–11	+9	+70	+2	–4	+2	–11	–14	–15	–12	–11	–18	–27	Approximate	solubility	in	Cu,
wt%	0	2	9	5	2	100	39	8	8	3	15	11	100	0	0	Table	4	Drawability	of	pure	copper	and	Cu-30Zn	alloy	Approximate	%	reduction	in	thickness	by	rolling	at	20	°C	(68	°F)	(temper	designation)	Highconductivity	copper	70/30	brass	LIVE	GRAPH	Click	here	to	view	Fig.	A	number	of	commercial	alloys	have	been	developed,	the	most	important	of	which	are	C72700
and	C72900.	The	yellow	and	leaded	yellow	brasses	(C85200–C85800)	span	a	broad	range	of	zinc	contents	(20–40%).	(ASME	materials	specifications	are	almost	always	identical	to	ASTM	specifications	having	the	same	numerical	designation;	for	example,	ASME	SB111	is	identical	to	ASTM	B	111.)	Certain	tube	alloys	are	covered	in	Aerospace	Material
Specifications	(AMS),	which	apply	to	materials	for	aerospace	applications.	4	/	Metallurgy,	Alloys,	and	Applications	Table	2	Electrical	conductivity	values	for	various	metals	and	alloys	Material	%IACS	Pure	silver	Pure	copper	(99.999%	Cu)	C10100	(oxygen-free	electronic,	OFE)	C10200	(oxygen-free,	OF)	C11000	(electrolytic	tough	pitch,	ETP)	C10700
(oxygen-free	with	Ag,	OFS)	C11300	(tough	pitch	with	Ag)	C10300	(OF	extra-low	P)	C12000	(phosphorus	deoxidized,	low-residual	P,	DLP)	C12900	(fire-refined	tough	pitch	with	Ag,	FRSTP)	C18700	(Cu-0.8–1.5Pb)	C14700	(Cu-0.20–0.50S)	C14500	(Cu-0.40–0.7Te)	C15000	(Cu-0.10–0.20Zr)	C15700	(dispersion-strengthened	with	Al2O3)	C10800	(oxygen-
free	low-residual	P,	OFLP)	C16200	(Cu-0.7–1.2Cd)	C12200	(phosphorus	deoxidized,	high-residual	P,	DHP)	90Ag-10Cu	C18200	(Cu-0.6–1.2Cr)	C15760	(dispersion-strengthened	with	Al2O3)	Pure	gold	Pure	aluminum	C16500	(Cu-0.02Fe-0.50–0.7Sn-0.6–1.0Cd)	Al	1100	(O)	C21000	(Gilding,	95%)	C19100	(99.5%	min	Cu+Fe-Ni-Pb-Zn-Te-P)	C19500	(96.0%
min	Cu+Fe-Sn-Zn-Pb-P-Co)	Al	2024	(O)	C50500	(Cu-1.3Sn)	C17410	(beryllium	copper,	0.3%	Be)	Al	7075	(O)	Al	6061	(T6)	C31400	(leaded	commercial	bronze)	C22600	(jewelry	bronze,	87.5%)	Pure	magnesium	C23000	(Cu-15Zn)	Al	7075	(T6)	Pure	tungsten	Zn-27Al-1.2Cu-0.015Mg	Al	5056	(O)	Pure	zinc	C26000	(Cu-30Zn)	C42500	(Cu-9.5Zn-2Sn-0.2P)
C37700	(Cu-38Zn-2Pb)	Pure	nickel	C17200	(beryllium	copper,	2%	Be)	Pure	iron	C51000	(Cu-5Sn-0.2P)	1010	steel	Carbon	steel	(0.65%	C)	C70600	(Cu-10Ni-1.4Fe)	C74500	(Cu-25Zn-10Ni)	C65500	(Cu-3Si)	C71500	(Cu-30Ni-0.5Fe)	Type	316	stainless	steel	106	103.06	101	101	101	100	100	99	98	98	96	95	93	93	93	92	90	85	85	80	78	73.4	65	60	59	56	55
50	50	48	45	45	43	42	40	38.6	37	33	30	29.7	29	28.27	28	28	27	25.2	22	17.6	15	14.5	9.5	9	9	7	4	2.5	Note:	Copper	and	copper	alloys	categorized	as	high-conductivity	materials	have	conductivities	ranging	from	~50	to		100%	IACS.	(a)	0.05%	O.	(z)	Pb	can	be	reduced	to	1.0%	by	agreement.	513	C62400	86Cu-11Al-3Fe	.	Electrical	conductivity	is	sensitive
to	temperature:	for	copper	it	drops	from	800%	IACS	at	–240	°C	(–400	°F)	to	38%	IACS	at	425	°C	(800	°F).	An	alloy	containing	nominally	60%	Cu,	0.75%	Sn,	1.75%	Pb,	and	37.5%	Zn,	generally	available	in	rod,	shapes,	and	bar.	Normally,	hard-drawn	copper	is	stranded	on	a	planetary	machine	so	that	the	strand	will	not	be	as	springy	and	will	tend	to	stay
bunched	rather	than	spring	open	when	it	is	cut	off.	Wrought	Copper	and	Copper	Alloys	/	63	Table	4	(continued)	Size	UNS	No.	C61400	C62300	C64200	C67400	C70600	C48200	C14500,	C14520	C14700	C46400	C48200	C67500	C46400,	C48200	C46400	C35000	C46400,	C48200	C48500	C75200	C65500	C28000	C28000,	C37700	C34000	C35600,
C36000	C26000,	C26130,	C26200,	C26800,	C27000,	C32000	C35000	C65100	C16500	C18200,	C18400	C22000	C16200	C31400,	C31600	C14500,	C14520,	C14700	C10100,	C10200,	C10400,	C10500,	C10600,	C10700,	C11000,	C11300,	C11400,	C11500,	C12000,	C12100,	C12900	C14500,	C14520	C14700	C18700	C16200	Yield	strength	(0.5%
extension)	mm	in.	These	materials	also	feature	good	castability,	high	machinability,	and,	compared	with	other	corrosion-resistant	alloys,	reasonable	cost.	ASTM	ASME	B	706	B	466	B	466M(a)	B	315	B	188	B	42	B	302	…	SB466	SB315	…	…	…	B	469	…	B	552	B	75	B	75M(a)	B	135	B	135M(a)	B	68	B	68M(a)	B	360	B	111,	B	395	B	111M(a)	B	395M(a)	B	359
…	SB75	…	SB135	…	…	…	SB111,	SB395	…	…	SB359	B	359M(a)	B	280	…	…	B	306	B	251	B	251M(a)	B	372	B	88	B	88M(a)	…	…	…	…	…	…	B	642	…	B	587	B	640	B	467	B	543	B	543M(a)	B	447	…	…	SB467	SB543	…	…	Rod,	Bar,	and	Shapes	For	the	copper	metals,	rod	is	defined	as	a	round,	hexagonal,	or	octagonal	product.	551	C93700	80Cu-10Sn-10Pb	.	2
100	80	Copper	Commercial	bronze	Chromium	copper,	1%	Cr	Cartridge	brass	Free-cutting	brass	Nickel	silver,	27%	Zn	Beryllium	copper,	0.65%	Be	Phosphor	bronze,	8%	Sn	Beryllium	copper,	2%	Be	0	(0)	Workability.	(d)	Annealed	to	meet	specific	mechanical	property	requirements.	Small,	decorative	pendants	and	other	items	discovered	in	the	Middle
East	have	been	dated	about	8700	B.C.	These	objects	were	hammered	to	shape	from	nuggets	of	“native	copper,”	pure	copper	found	in	conjunction	with	copper-bearing	ores.	It	then	passes	under	another	large	roller	at	the	bottom	in	the	cooling	water	tank.	Requirements	for	ingots	are	outlined	in	ASTM	B	30,	“Specification	for	Copper-Base	Alloys	in
Ingot	Form.”	Wire	Mill	Products	Wire	mills	produce	electrical	conductors.	Figure	1	shows	the	strength	and	electrical	conductivity	requirement	for	under-the-hood	applications.	The	degree	of	this	coil	set	is	dependent	on	a	number	of	factors.	From	the	viewpoint	of	fabrication	by	deformation,	the	sensitivity	of	the	elongation	to	the	grain	size,	as
illustrated	by	Fig.	Compared	with	pure	copper,	the	dilute	alloys	(C81400–C82800)	have	significantly	higher	strengths,	higher	hardness	and	wear	resistance,	higher	fatigue	resistance,	and	better	castability,	yet	they	retain	most	of	the	electrical	and	thermal	conductivity	of	pure	copper.	To	access	an	electronic	(PDF)	document	that	has	been	purchased,
the	document	will	appear	in	Content.	The	rotational	speed	of	the	arm	relative	to	the	take-up	speed	controls	the	length	of	lay	in	the	bunch.	Fabrication	of	Wire	Rod	Continuous	cast	wire	rod	is	generally	rolled	to	intermediate	before	it	is	processed	into	wire.	In	one,	known	as	a	rigid-frame	strander,	individual	supply	reels	are	mounted	in	such	a	way	that
each	wire	receives	a	full	twist	for	every	revolution	of	the	strander.	Again,	more	aggressive	fluxes	and	faster	heating	reduce	the	adverse	effects	caused	by	such	alloy	additions.	(x)	For	flat	products,	the	iron	is	0.10%	max.	An	alloy	containing	nominally	80%	Cu	and	20%	Zn	and	generally	available	in	flat	products,	rod,	and	wire.	Some	mechanical
properties	of	the		phase	are	now	examined.	Source:	Ref	15	Fig.	Commercially	pure	or	modified	copper,	either	electrolytically,	chemically,	or	fire	refined,	containing	a	controlled	amount	of	oxygen	for	the	purpose	of	obtaining	a	level	set	in	the	casting.	These	alloys	have	rather	complex	phase	transformations,	which	give	rise	to	a	variety	of
microstructures	and	hence	properties.	(bb)	Cu		Sn		Fe		P,	99.5%	min.	R.A.	Wilkens	and	E.S.	Bunn,	Copper	and	Copper	Base	Alloys,	McGraw-Hill,	New	York,	1943	4.	Alpha-beta	brasses	can	tolerate	higher	levels	of	lead	without	adversely	affecting	their	ability	to	be	pierced.	470	C17200,	C17300	.	204	Contour	Roll	Forming	.	For	most	coppers	and	copper
alloys	a	slightly	oxidizing	atmosphere	is	desirable.	Green	and	N.	45.	52	Wrought	Copper	and	Copper	Alloys	.	There	are	two	important	reasons	why	tough	pitch	copper	with	the	Cu2O	particles	is	undesirable:	such	copper	cannot	be	used	in	reducing	gases	at	elevated	temperatures,	and	fabrication,	especially	by	cold	working,	may	be	difficult.	Each	type
of	annealing	method	has	certain	advantages	and	disadvantages.	Tin	is	a	potent	solid-solution	strengthener	in	copper.	Alloys	C70600	(10%	Ni),	C72200	(16%	Ni,	plus	iron	and	chromium),	and	C71500	(30%	Ni)	are	mostly	produced	as	tubes	for	condensers	in	ships	and	seacoast	power	stations.	All	three	are	light	micrographs;	100	.	The	effect	of	these
oxide	inclusions	on	mechanical	properties	is	slight,	as	shown	in	Fig.	In	fact,	current	tin	bronzes	(C90200–C91700)	are	not	materially	different	from	those	cast	more	than	3500	years	ago	in	Europe	and	China.	539	C85400	67Cu-1Sn-3Pb-29Zn	.	Besides	strength,	grain	size	also	affects	workability,	the	control	of	directionality,	and	surface	roughness.
Admiralty	modified	by	the	addition	of	0.02	to	0.10%	of	arsenic,	antimony,	or	phosphorus	to	inhibit	dezincification.	The	high-zinc,	low-aluminum	alloys	C86400	and	C86500	have	duplex	(		)	structures.	542	C86800	.	The	slag	and	matte	are	drained	separately	from	the	furnace	through	tapholes	into	ladles.	(w)	For	tube	over	5	in.	Condition	50.8	101.6	19	19
6.4	76.2	12.7	12.7	6.35–25.4	25.4	25.4	50.8	6.35	12.7	25.4–50.8	25.4	12.7	25.4	25.4	25.4	25.4	25.4	25.4	2	4	0.750	0.750	2.5	3	0.500	0.500	0.250–1	1	1	2	0.250	0.500	1–2	1	0.500	1	1	1	1	1	1	12.7	25.4	12.7	0.500	1	0.500	MPa	ksi	Hard,	H04	As	extruded,	M30	As	extruded,	M30	Soft	anneal,	O60	Annealed,	O61	Quarter	hard,	H01,	4%	Eighth	hard,	6%
Eighth	hard,	6%	Light	annealed,	O50	Light	annealed,	O50	Soft	anneal,	O60	Light	annealed,	O50	Soft	annealed,	O60	Grain	size	0.015	mm,	OS015	Soft	annealed,	O60	Soft	annealed,	O60	Grain	size	0.035	mm,	OS035	Grain	size	0.050	mm,	OS050	Soft	annealed,	O60	As	extruded,	M30	Grain	size	0.025	mm,	OS025	Soft	annealed,	O60	Grain	size	0.050	mm,
OS050	241	241	241	234	234	228	207	207	207	207	207	193	186	172	172	172	172	152	145	138	131	131	110	35	35	35	34	34	33	30	30	30	30	30	28	27	25	25	25	25	22	21	20	19	18	16	110	103	97	97	97	83	83	76	69	16	15	14	14	14	12	12	11	10	69	69	69	48	10	10	10	7	12.7	12.7	25.4	12.7	25.4	0.500	0.500	1	0.500	1	Grain	size	0.050	mm,	OS050	Grain	size
0.035	mm,	OS035	Grain	size	0.050	mm,	OS050	Solution	heat	treated,	TB00	Grain	size	0.035,	OS035	Grain	size	0.025	mm,	OS025	Grain	size	0.050	mm,	OS050	Grain	size	0.015	mm,	OS015	As	hot	rolled,	grain	size	0.050	mm,	OS050	25.4	12.7	25.4	12.7	1	0.500	1	0.500	Grain	size	0.050	mm,	OS050	Grain	size	0.050	mm,	OS050	Grain	size	0.050	mm,
OS050	Grain	size	0.050	mm,	OS050	All	sizes	Source:	Copper	Development	Association	Inc.	Table	2	Chemical	compositions	of	wrought	coppers	and	copper	alloys	Composition	values	are	given	as	maximum	percentages,	unless	shown	as	a	range	or	minimum.	79	Rod,	Bar,	and	Shapes	.	J.C.	Harkness,	W.D.	Spiegelberg,	and	W.R.	Cribb,	Beryllium-Copper
and	Other	Beryllium-Containing	Alloys,	Properties	and	Selection:	Nonferrous	Alloys	and	Special-Purpose	Materials,	Vol	2,	ASM	Handbook,	ASM	International,	1990,	p	403–427	4.	For	example,	an	alloy	containing	10%	Zn	will	dissolve	up	to	about	9%	Sn	at	500	°C	(932	°F);	however,	the	Table	8	Effect	of	heat	treatment	on	hardness	for	a	Cu-11.8Al
(eutectoid)	alloy	and	a	Cu-10.2Al	alloy	Cu-11.8Al	Cu-10.2Al	Heat	treatment	Structure	produced	Brinell	hardness	Structure	produced	Brinell	hardness	Slowly	cooled	(furnace	cooled)	Rapidly	cooled	(water	quenched)	Rapidly	cooled,	then	tempered	30	min(a)	Pearlite	(a		Y2)	All-	martensite	a		Y2	220	150	240	Primary	a		pearlite	(a		Y2)	All-	martensite	a	
Y2	150	240	110	(a)	Cu-11.8Al	tempered	at	500	°C	(930	°F);	Cu-10.2Al,	at	350	°C	(660	°F).	8	Typical	roll	arrangements	for	precision	cold	rolling	of	copper	sheet	and	strip.	0.20	0.20	bal	…	2.0–4.0	4.5–5.5	Al,	2.5–5.5	Mn	C86100	423,	90,000	tensile	S,	CL,	PM,	I,	P	66.0–68.0(g)(p)	manganese	bronze	0.20	0.20	22.0–28.0	1.0(i)	2.0–4.0	3.0–4.9	Al,	2.5–5.0	Mn
C86200	423,	95,000	tensile	S,	C,	CL,	PM,	I,	P,	D	60.0–66.0(g)(p)	manganese	bronze,	(SAE	430	A)	0.20	0.20	22.0–28.0	1.0(i)	2.0–4.0	5.0–7.5	Al,	2.5–5.0	Mn	C86300	424,	110,000	tensile	S,	C,	CL,	PM,	I,	P	60.0–66.0(g)(p)	manganese	bronze,	(SAE	430	B)	0.50–1.5	34.0–42.0	1.0(i)	0.40–2.0	0.50–1.5	Al,	0.10–1.5	Mn	C86400	420,	60,000	tensile	S,	C,	CL,	PM,
I,	P,	D	56.0–62.0(g)(p)	0.50–1.5	manganese	bronze	1.0	0.40	36.0–42.0	1.0(i)	0.40–2.0	0.50–1.5	Al,	0.10–1.5	Mn	C86500	421,	65,000	tensile	S,	C,	CL,	PM,	I,	P	55.0–60.0(e)(m)	manganese	bronze,	(SAE	43)	1.5	0.50–1.5	30.0–38.0	1.0(i)	1.0–3.0	1.0–3.0	Al,	0.10–3.5	Mn	C86700	422,	80,000	tensile	S,	C,	CL,	PM,	I,	P	55.0–60.0(g)(p)	manganese	bronze	1.0
0.20	bal	2.5–4.0(i)	1.0–2.5	2.0	Al,	2.5–4.0	Mn	C86800	Nickel-manganese	bronze	S,	C,	CL,	PM,	I,	P	53.5–57.0(g)(p)	Copper-silicon	alloys	(silicon	bronzes	and	silicon	brasses):	Moderate	to	high-strength	alloys	with	good	corrosion	resistance	and	favorable	casting	properties.	Leaded	(Cu-Sn-P-Pb)	tin	or	phosphor	bronzes	(C53400	and	C54400)	combine
high	strength	and	fatigue	resistance	with	good	machinability,	high	wear	resistance,	and	excellent	corrosion	resistance,	especially	in	seawater.	This	alloy	was	cooled	from	the	liquid	at	different	rates,	which	affected	not	only	the	original		grain	size,	but	the	subsequent		grain	size	that	formed	upon	cooling	into	the				region.	550	C93400	.	Thus,	if	the	lead
content	of	the	copper	exceeds	this	value,	upon	heating	the	copper	to	the	hot-working	range	(500–900	°C,	or	930–1650	°F),	the	alloy	is	in	the	two-phase	region.	153	Building	Construction	.	473	C17600	.	13	Copper	tubular	products	are	typically	produced	from	shells	made	by	extruding	or	piercing	copper	billets.	hardware	bronze.	Refund	Policy	Returns
will	be	accepted	for	a	period	of	30	days	after	the	invoice	date	for	domestic	orders	and	90	days	after	the	invoice	date	for	international	orders.	Pure	copper	is	used	extensively	for	cables	and	wires,	electrical	contacts,	and	a	wide	variety	of	other	parts	that	are	required	to	pass	electrical	current.	A	commercially	pure	copper	of	any	origin	or	type	that	is
finished	by	furnace	refining	without	at	any	stage	having	been	electrolytically	refined.	However,	the	data	in	Table	5	show	that	the	Cu-40Zn	alloy	is	not	preferred	because	of	strength.	The	paper,	which	may	be	applied	in	tape	form,	is	wound	helically	around	the	conductors	using	special	machines	in	which	six	to	twelve	paper-filled	pads	are	held	in	a	cage
that	rotates	around	the	cable.	Such	descriptive	names	are	discussed	in	the	section	“Alloy	Terminology”	in	this	article.	Although	the	copper-zinc	alloys	are	stronger	than	copper,	they	work	harden	at	a	lower	rate	(Fig.	(c)	In	50	mm	(2	in.).	Finally,	the	sheet	or	strip	may	be	slit	into	narrower	widths,	leveled,	edge	rolled	or	otherwise	treated,	and	packaged
for	shipment.	To	a	certain	extent,	dimensions	and	tolerances	for	copper	tube	and	pipe	depend	on	the	type	of	service	for	which	they	are	intended.	Pure	copper	resists	attack	quite	well	under	most	corrosive	conditions.	The		alloy	is	not	suitable	for	commercial	use,	as	it	is	brittle.	7	Copper	wire	rod—the	principal	intermediate	product	for	wire
manufacture	Classification	of	Copper	Conductors	Fig.	(b)	Thin	gages.	Net	weight,	lb/1000	ft	0.638	0.658	0.569	0.584	0.598	0.502	0.516	0.532	0.452	0.457	0.467	0.396	0.408	0.414	0.350	0.359	0.368	0.304	0.319	0.325	0.275	0.283	0.288	0.243	0.250	0.257	0.216	0.223	0.226	0.186	0.197	0.201	0.174	0.178	0.155	0.158	0.137	0.140	0.122	0.097	802	821
683	676	684	537	535	547	439	424	427	342	338	337	267	266	268	205	211	212	169	169	168	134	132	134	107	106	105	80	84	84	66	67	53	53	42	42	33	21	The	Manufacture	of	Sheet	and	Strip	The	manufacture	of	sheet	and	strip	in	the	modern	brass	mill	begins	with	one	of	two	basic	casting	processes:	•	Vertical	direct-chill	(DC)	semicontinuous	casting	•
Horizontal	continuous	casting	The	vertical	DC	semicontinuous	casting	process	is	used	to	produce	slabs	of	large	cross	section,	which	are	subsequently	reheated,	hot	rolled	into	heavy	gage	strip,	and	coiled.	manganese	bronze	(A)	(C67500).	See	preferred	terms	cartridge	brass,	70%,	and	yellow	brass.	All	the	lead	is	present	as	undissolved	particles.	Net
weight,	lb/1000	ft	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	19	7	19/24	37	7	39/30	61	7	59/34	19	7	17/24	37	7	35/30	61	7	53/34	19	7	15/24	19	7	60/30	61	7	47/34	19	7	14/24	19	7	57/30	61	7	44/34	19	7	13/24	19	7	52/30	61	7	41/34	19	7	12/24	19	7	49/30	61	7	38/34	7	7	30/24	19	7	45/30	61	7	35/34	7	7	28/24	19	7
41/30	61	7	32/34	7	7	25/24	19	7	38/30	37	7	49/34	7	7	23/24	19	7	34/30	37	7	44/34	7	7	20/24	19	7	30/30	37	7	39/34	7	7	18/24	19	7	26/30	37	7	34/34	7	7	15/24	7	7	61/30	19	7	57/34	7	7	13/24	2,527	10,101	25,193	2,261	9,065	22,631	1,995	7,980	20,069	1,862	7,581	18,788	1,729	6,916	17,507	1,596	6,517	16,226	1,470	5,985	14,945	1,372	5,453	13,664
1,225	5,054	12,691	1,127	4,522	11,396	980	3,990	10,101	882	3,458	8,806	735	2,989	7,581	637	1.290	1.329	1.353	1.217	1.255	1.279	1.140	1.174	1.200	1.099	1.143	1.160	1.057	1.089	1.117	1.014	1.056	1.074	0.971	1.010	1.028	0.936	0.961	0.981	0.882	0.924	0.900	0.845	0.871	0.892	0.785	0.816	0.837	0.743	0.757	0.779	0.675	0.701	0.720	0.626	3306
3272	3239	2959	2936	2909	2611	2585	2580	2437	2455	2415	2262	2240	2251	2088	2111	2086	1906	1938	1921	1779	1766	1757	1588	1637	1631	1461	1465	1465	1270	1292	1298	1143	1120	1132	953	959	975	826	1,000,000	900,000	800,000	750,000	700,000	650,000	600,000	550,000	500,000	450,000	400,000	350,000	300,000	250,000	Conductor
size,	circular	mils	or	AWG	250,000	4/0	3/0	2/0	1/0	1	2	3	4	5	6	7	8	9	10	12	Class	of	strand	Construction	and	wire	size,	AWG	Total	number	of	wires	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	I	K	M	K	M	K	M	K	M	M	M	7	7	61/30	19	7	48/34	19	28/24	7	7	43/30	19	7	40/34	19	22/24	7	7	34/30	19	7	32/34	19	18/24	7	7	27/30	19	7	25/34	19
14/24	19	56/30	7	7	54/34	7	30/24	19	44/30	7	7	43/34	7	23/24	19	35/30	7	7	34/34	7	19/24	19	28/30	7	7	27/34	7	15/24	7	60/30	19	56/34	7	12/24	7	48/30	19	44/34	7	9/24	7	38/30	19	35/34	7	30/30	19	28/34	7	/30	7	60/34	7	19/30	7	48/34	7	37/34	7	24/34	2,499	6,384	532	2,107	5,320	418	1,666	4,256	342	1,323	3,325	266	1,064	2,646	210	836	2,107	161	665
1,666	133	532	1,323	105	420	1,064	84	336	836	63	266	665	210	532	168	420	133	336	259	168	Table	12	Characteristics	of	bunch	stranded	copper	conductors	having	uncoated	or	tinned	members	specified	in	ASTM	B	174	Conductor	size,	AWG	7	8	9	10	12	14	16	18	20	Class	of	strand	Number	and	size	of	wire,	AWG	I	I	I	I	J	K	J	K	L	J	K	L	M	J	K	L	M	J	K	L	M	J
K	L	M	52/24	41/24	33/24	26/24	65/28	104/30	41/28	65/30	104/32	26/28	41/30	65/32	104/34	16/28	26/30	41/32	65/34	10/28	16/30	26/32	41/34	7/28	10/30	16/32	26/34	Approximate	diameter,	in.	Both	oxygen-free	and	deoxidized	coppers	are	readily	weldable.	49.	Moderately	machinable.	It	was	solution	heat	treated	for	about	8	min	at	800	°C	(1470	°F),
then	water	quenched,	giving	a	hardness	of	approximately	60	HRB.	295	Oxyfuel	Gas	Welding	.	Bar	refers	to	square	or	rectangular	cross	sections,	while	shapes	can	have	oval,	half-round,	geometric,	or	custom-ordered	profiles.	34.	The	sets	are	assemblies	of	disc	knives,	cylindrical	metal	and	rubber	fillers,	and	shims.	International	Temper	Designations.
cadmium	copper	(C16200).	Drawn	wire	is	collected	on	reels	or	stem	packs,	depending	on	the	next	operation.	259	Heat	Treating	of	Aluminum	Bronzes	.	hot	working.	For	each	group	of	alloys,	specifications,	and	typical	applications	are	described,	together	with	details	of	melting	practice,	metal	treatment	and	casting	practice.	16b).	The	furnace	is	placed
over	the	hood	and	heating	is	begun.	220	Hot	Extrusion	.	Rod	and	plate	are	used	for	a	variety	of	marine	products,	including	valves,	pumps,	fittings,	and	fouling-resistant	sheathing	for	ship	hulls	and	offshore	oil/gas	platforms	(Ref	5–8).	Thus,	the	slowly	cooled	product	is	slightly	harder	than	that	Effect	of	cold	working	on	the	aging	response	of	copper-
beryllium	alloys.	This	term	is	sometimes	used,	but	not	recommended,	to	designate	a	specific	alloy.	A	more	common	practice,	especially	for	fine	magnet-wire	applications,	is	die	shaving,	where	rod	is	drawn	through	a	circular	cutting	die	made	of	steel	or	carbide	to	remove	approximately	0.13	mm	(0.005	in.)	from	the	entire	surface	of	the	rod.	Copper-zinc
alloys	containing	more	than	15%	Zn	are	susceptible	to	a	dealloying	process	called	dezincification.	Wire	rods	are	round,	hexagonal,	or	octagonal	sections	about	8	mm	(	516	in.)	in	diameter	that	are	furnished	in	coils	(Fig.	Piercing	is	the	most	severe	forming	operation	customarily	applied	to	metals.	621	vi	Metallurgy,	Alloys,	and	Applications	Introduction
and	Overview	.	A	large	size	difference	should	favor	strengthening,	but	this	usually	causes	limited	solubility.	Large	average-grain-size	ranges	are	used	for	deep	drawing	of	difficult	shapes	or	deep	drawing	parts	for	gages	1.0	mm	(0.040	in.)	and	greater.	Originally	a	term	for	copper	alloys	having	tin	as	the	only	or	principal	alloying	element.	(b)	Product
with	all	surfaces	rolled	or	drawn,	without	previously	having	been	slit,	sheared,	or	sawed.	213	Cold	Extrusion	.	A	modified	deoxidized	copper	containing	the	designated	element	(tellurium)	in	amounts	as	agreed	upon	between	the	supplier	and	the	consumer	to	improve	machinability.	order	strengthening.	These	processes	use	oxygen	enrichment	and
oxidize	more	iron	sulfide	to	generate	more	heat	and	produce	mattes	with	higher	copper	levels	(50	to	75%	Cu).	477	C19200	98.97Cu-1.0Fe-0.03P	.	This	diagram	is	used	in	discussing	the	heat	treatment	of	alloys	containing	the		phase.	These	small	ordered	regions	are	call	domains.	In	modern	usage	the	term	bronze	is	seldom	used	alone,	and	the	terms
phosphor	bronze	or	tin	bronze	are	used	for	indicating	copper-tin	alloys.	480	C19700	99.15Cu-0.6Fe-0.2P-0.05Mg	.	74	Tubular	Products	.	outside	diameter,	the	Pb	can	be	0.20%.	Alloy	selection	depends	on	whether	electrical	or	mechanical	properties	are	more	important.	The	selection	of	roll	lubricants	that	will	provide	the	protection	needed	without
staining	the	metal,	will	be	readily	removable	from	the	metal	surfaces,	and	will	not	interfere	with	the	rolling	mill	performance	is	an	important	engineering	function	that	influences	the	economic	production	of	high-quality	copper	alloy	strip.	213	Hot	Forging	.	16	it	is	obvious	that	a	wrinkling	effect	will	occur.	They	are	primarily	produced	as	strip	for
electrical	products.	516	C63800	95Cu-2.8Al-1.8Si-0.40Co	.	These	Cu-Ni-Zn	alloys	(C73500	to	C79830)	can	be	thought	of	as	nickel	brasses,	because	they	generally	contain	more	zinc	than	nickel.	462	C12500,	C12700,	C12800,	C12900,	C13000	.	10	that	the		phase	is	approximately	centered	at	copperzinc.	These	alloys	are	frequently	used	for	bearing
applications	in	the	as-cast	condition,	with	no	subsequent	heat	treatment,	so	the	initial	properties	are	dependent	upon	the	development	of		during	the	solidification	process.	In	the	other,	known	as	a	planetary	strander,	the	wire	receives	no	twist	as	the	frame	rotates.	In	automotive	under-the-hood	applications,	conventional	materials	(lower	left	curve)
have	largely	been	replaced	by	copper	alloys	with	improved	properties	(middle	and	upper	curves).	However,	upon	hot	working,	or	cold	working	and	annealing,	the	original		crystals	lose	their	identity,	and	the	lead	particles	are	found	in	the	configuration	shown	in	Fig.	Some	copper	alloys,	however,	have	limited	usefulness	in	certain	environments	because
of	hydrogen	embrittlement	or	stresscorrosion	cracking	(SCC).	Fabricating	processes	such	as	hot	rolling,	cold	rolling,	extrusion,	and	drawing	are	employed	to	convert	the	melted	and	cast	feedstock	into	mill	products.	46	Copper-Base	Leaded	Alloys	.	Materials.	Arsenic	improves	resistance	to	corrosion	and	high-temperature	oxidation,	which	are	required
for	products	such	as	heat-exchanger	tubing.	These	alloys	were	developed	to	minimize	lead	leaching	into	potable	water	and	to	replicate	the	high	machinability	and	pressure	tightness	of	leaded	brass.	495	C36500,	C36600,	C36700,	C36800	60Cu-39.4Zn-0.6Pb	.	It	involves	immersion	of	a	substrate	alloy	in	a	molten	solder	bath.	204	Specialized	Forming
Operations	.	259	Heat	Treating	of	Miscellaneous	Precipitation-Hardening	Alloys	.	Source:	Ref	24	elongation	decreases	with	increasing	tin	content.	Figure	1	shows	that	the	element	that	reduces	the	electrical	conductivity	least	is	silver;	the	addition	of	about	0.05%	reduces	the	conductivity	only	about	1%.	Such	treatment	results	in	a	product	with	uniform
spring-back.	PVC	insulation	is	normally	selected	for	applications	requiring	continuous	operation	at	temperatures	up	to	75	°C	(165	°F).	The	metallurgy	of	copper	alloys	is	suited	for	using,	singly	or	in	combination,	the	various	common	strengthening	mechanisms:	solid	solution	and	work	hardening,	as	well	as	dispersed	particle	and	precipitation
hardening.	PTFE	and	FEP	are	used	to	insulate	jet	aircraft	wire,	electronic	equipment	wire,	and	specialty	control	cables,	where	heat	resistance,	solvent	resistance,	and	high	reliability	are	important.	Solderability.	To	illustrate	the	relationship,	deep	drawing	is	considered.	Note:	an	increase	in	resistivity,	,	is	equivalent	to	a	decrease	in	electrical
conductivity,	,	because	the	electrical	conductivity	of	a	material	is	simply	the	reciprocal	of	the	resistivity,	or		1/.	Cleaning	As	noted,	following	each	anneal	or	heat	treatment	the	metal	is	cleaned.	460	C11300,	C11400,	C11500,	C11600	99.96Cu		Ag-0.4O	.	A	commercially	pure	high-conductivity	copper	containing	the	designated	element	(silver)	in	amounts
as	agreed	upon	between	the	supplier	and	the	consumer	for	the	purpose	of	raising	the	thermal	softening	temperature.	The	commonly	used	solid-solution	hardening	elements	are	zinc,	nickel,	manganese,	aluminum,	tin	and	silicon,	listed	in	approximate	order	of	increasing	effectiveness.	274	Welding	.	136	Cost	.	Although	there	are	many	other	copper-



base	alloys	of	importance,	the	alloy	systems	chosen	for	close	examination	serve	well	to	demonstrate	the	variety	of	alloys	available	and	the	principles	of	physical	metallurgy	associated	with	copper-base	alloys.	7)	or	straight	lengths.	510	C61000	92Cu-8Al	.	588	Approximate	Equivalent	Hardness	Numbers	for	Cartridge	Brass	.	This	is	electrolytic	tough
pitch	copper	that	has	been	hot	rolled.	red	brass	20%	Zn	.	337	Macroexamination	.	Copper	and	its	alloys	are	divided	into	nine	major	groups.	19(d),	the	two	domains	eventually	contact.	The	coils,	in	either	case,	then	have	their	surfaces	milled	to	remove	any	defects	from	casting	or	hot	rolling.	Chromium-Copper.	Table	4	compares	the	thermal
conductivities	of	various	metals	and	alloys.	150	Wear-Resistant	Coatings	.	This	is	why	coppers	containing	residual	silver	have	been	used	for	electrical	products	that	must	not	soften	as	a	result	of	exposure	to	soldering	temperatures.	Table	1	lists	nominal	compositions,	product	forms,	and	mechanical	property	ranges	for	wrought	coppers	and	copper
alloys.	If	the	martensite	has	a	hardness	of	approximately	70	HRB,	then	heating	around	500	°C	(930	°F)	for	30	min	will	increase	the	hardness	to	about	90.	Returns	are	made	at	the	expense	of	the	customer.	The	wrought	alloys	contain	0.2	to	2.0%	Be	and	0.3	to	2.7%	Co	(or	up	to	2.2%	Ni).	The	coiled	cast	bars	are	annealed	to	provide	a	stress-free
structure	of	maximum	ductility.	Converting	is	a	batch	operation;	initially	several	ladles	of	matte	are	charged,	the	air	turned	on,	and	the	converter	rotated	until	the	tuyeres	are	submerged.	(b)	Ear	of	chilled	test	block.	532	C82400	98Cu-1.7Be-0.3Co	.	In	approximately	four	days	a	copper	solution	containing	30	g	of	pure	copper	for	every	liter	of	water	is
produced.	The	alloys	have	the	same	atmospheric	corrosion	resistance	as	their	unleaded	counterparts.	Figure	47	illustrates	the	effect	of	aging	time	and	of	aging	temperature.	292	Welding	of	Dissimilar	Metals	.	Easy	to	cast,	pressure	tight.	Plate	is	defined	as	flat	product	that	is	more	than	4.8	mm	(0.188	in.)	thick	and	over	300	mm	(12	in.)	wide.	Solid
wire,	concentric	strand,	rope	strand,	and	bunched	strand	provide	increasing	degrees	of	flexibility;	within	the	last	three	categories,	a	larger	number	of	finer	wires	provides	greater	flexibility.	admiralty,	inhibited	(arsenical,	antimonial,	or	phosphorized)	(C44300,	C44400,	C44500,	respectively).	451	Mechanical	Properties	.	Table	17	Available	grain-size
ranges	and	recommended	applications	Average	grain	size,	mm	0.005–0.015	0.010–0.025	0.015–0.030	0.020–0.035	0.025–0.040	0.030–0.050	0.040–0.060	0.050–0.080,	0.060–0.090,	0.070–0.120	Following	a	water	quench,	which	completes	the	cooling	cycle,	the	metal	passes	through	the	cleaning	tanks.	Surrounding	the	base	is	a	trough,	which	may	be
filled	with	water,	oil,	or	some	other	material	to	seal	the	inner	hood	when	it	is	placed	over	the	metal	load	to	enclose	it	for	atmosphere	control.	The	alloys	are	soft	and	ductile	in	the	as-cast	or	solution-annealed	and	quenched	condition,	but	low-temperature	aging	(at	315	°C,	or	600	°F)	causes	a	spinodal	decomposition	that	sharply	raises	mechanical
properties.	A	term	sometimes	used,	but	not	recommended,	to	denote	extra-high-leaded	brass	and	high-leaded	brass.	6	Average	Charpy	impact	energy	at	20	°C	(68	°F)	for	electrolytic	tough	pitch	copper	of	different	oxygen	contents.	14	Schematic	diagram	of	metal	piercing.	34	Microstructure	of	a	Cu-3Pb	alloy,	showing	the	configuration	of	the	lead
particles	typical	of	leaded	copper-base	alloys.	C11000	C21000	C22000	C23000	C26000	C28000	C63800	C65500	C70600	C74500	C75200	Coppers	and	High-Copper	Alloys	Coppers	are	metals	that	have	a	designated	minimum	copper	content	of	99.3%	or	higher.	Used	for	mechanical	devices:	gears,	levers,	brackets,	and	valve	and	pump	components	for
fresh	and	seawater	service.	The	fact	that	the	metal	is	uncoiled	before	passing	through	the	furnace	removes	annealing	limitations	on	coil	length.	Used	for	bearings	and	bushings,	plumbing	fixtures,	valves,	and	fittings	for	potable	water	and	food	processing.	278	Filler	Metals	.	phosphorus-deoxidized	copper,	low-residual	phosphorus	(C12000).	A	superior
metallurgical	bond	is	obtained	with	the	use	of	a	general-purpose	solder	composed	of	tin	in	the	range	of	35	to	60%	and	the	balance	lead.	As	the	metal	comes	from	the	slitter,	both	edges	of	each	strip,	if	distorted,	will	be	distorted	in	the	same	direction.	aluminum	bronzes	(C60800–C64210).	A	common	designation	system	used	within	the	International
Organization	for	Standardization	(ISO)	is	a	compositional	system	described	in	ISO	1190	Part	1,	based	on	the	element	symbols	and	the	descending	order	of	magnitude	of	alloying	elements.	54	Designating	Copper	and	Its	Alloys	.	Although	it	is	possible	to	cold	work	copper	up	to	99%	reduction	in	area,	copper	wire	usually	is	annealed	after	90%	reduction.
G.K.	Gohn,	G.J.	Herbert,	and	J.B.	Kuhn,	The	Mechanical	Properties	of	CopperBeryllium	Alloy	Strip,	ASTM	STP	367,	American	Society	for	Testing	and	Materials,	1964	28.	G.K.	Dreher,	Met.	Please	allow	three	to	four	weeks	for	other	publishers'	books.	bronze.	Copper	alloys—Handbooks,	manuals,	etc.	(e)	Also	referred	to	as	high-strength	and	leaded	high-
strength	yellow	brasses	Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys	/	15	only	imply	specific	mechanical	properties	when	used	in	association	with	a	particular	alloy,	product	form,	and	size.	Beyond	40%	cold	work	in	these	richer	alloys,	stacking	faults,	shear	banding,	and	deformation	twinning	become	important	deformation
mechanisms	that,	beyond	90%	cold	work,	lead	to	the	“brass”	or	“alloy”	type	of	crystallographic	deformation	texture	and	accompanying	anisotropy	of	properties.	211	Forging	and	Extrusion	.	558	C95800	82Cu-4Fe-9Al-4Ni-1Mn	.	On	the	other	hand,	most	flat-rolled	products,	rod,	bar,	mechanical	wire,	forgings,	and	castings	go	through	multiple
metalworking,	machining,	finishing,	and/or	assembly	operations	before	Fig.	(1)	Stress	relief	by	thermal	treatment	should	be	carried	out	without	causing	recrystallization.	The	metal	surface	holds	lubricants	well	and	has	a	low	coefficient	of	friction	against	tool	steels,	making	it	desirable	for	press	forming	and	deep	drawing.	Then	the	furnace	is	turned	off
and	removed,	and	the	metal	cools	in	the	controlled	atmosphere	under	the	inner	hood.	They	are	widely	used	because	of	their	excellent	electrical	and	thermal	conductivities,	outstanding	resistance	to	corrosion,	ease	of	fabrication,	and	good	strength	and	fatigue	resistance.	Copper-Tin	Alloys	Examination	of	Table	3	reveals	that	tin	is	a	solute	that	has	a
large	size	difference	and	reasonably	high	solubility,	so	that	the	copper-tin	solid	solutions	should	have	quite	usable	strength.	The	oxide	film	that	forms	on	the	surface	is	very	thin	and	readily	removed	in	the	subsequent	cleaning	processes.	For	example,	in	a	eutectoid	alloy,	Fe-0.8C,	the	slowly	cooled	steel	will	have	a	hardness	(typically)	of	about	20	HRC,
whereas	the	martensite	structure	will	be	65	HRC.	Annealing	below	570	°C	(1060	°F)	should	be	avoided	along	with	cooling	too	slowly	from	the	annealing	temperature.	It	has	largely	been	Table	2	Water-velocity	guidelines	for	copper	alloy	castings	Peripheral	velocity	UNS	No.	m/s	ft/s	C83600	C87600	C90300	C92200	C95200	C86500	C95500	C95700
C95800	Brass	mills	melt	and	alloy	feedstock	to	make	strip,	sheet,	plate,	tube,	rod,	bar,	mechanical	wire,	forgings,	and	extrusions.	ETP,	electrolytic	tough	pitch	11%	Sn,	and	4%	Si.	The	relative	amount	of	solution	strengthening	obtained	from	each	element	or	particular	combination	of	elements	is	determined	by	the	ability	of	the	solute	to	interfere	with
dislocation	motion	and	is	reflected	in	the	work-hardening	rate	starting	with	the	annealed	condition,	as	illustrated	by	the	increase	in	tensile	strength	with	cold	work	shown	in	Fig.	430	High-Temperature	Properties	.	This	difficulty	is	diminished	on	slitters	equipped	with	over-arm	separators	because	strips	need	not	be	fanned	out	as	much.	Fuel-fired
burners	melt	the	charge,	driving	off	the	labile	sulfur	by	the	following	reaction:	2CuFeS2	→	Cu2S	·	2FeS(l)		12	S(g)	(Eq	1)	Little	iron	sulfide	is	oxidized,	so	that	fuel	requirements	are	high,	about	6.3	106	kJ	per	metric	tonne	(5.4	10	6	Btu	per	ton)	of	copper	concentrate.	The	faster	cooling	(chill	cast)	alloy	(a)	has	formed	considerably	finer		dendrites	than
the	sand	cast	alloy	(b).	25.4	12.7	12.7	6.35–12.7	12.7	6.35	25.4	50.8	41	25.4	…	44	12.7	12.7	9.5	25.4	25.4	12.7	25.4	12.7	12.7	12.7	25.4	All	sizes	1	0.500	0.500	0.250–0.500	0.500	0.250	1	2	1.625	1	…	1.75	0.500	0.500	0.375	1	1	0.500	1	0.500	0.500	0.500	1	Condition	MPa	ksi	25.4	1	Grain	size	0.050	mm,	OS050	221	32	12.7	0.500	Grain	size	0.050	mm,
OS050	221	32	Wrought	Copper	and	Copper	Alloys	/	61	Table	4	Copper	alloys	(rod	form)	ranked	by	0.5%	extension	yield	strength	Size	UNS	No.	C64700	C19150	C18200,	C18400	C19100	C19150	C63000	C18200,	C18400	C19100	C16500	C19100	C71500	C16200	C19100	C64200	C18200,	C18400	C65100	C18200,	C18400	C51000,	C52100	C63000
C15000	C24000	C15000	C54400	C18135	C15000	C63000	C79200	C18135	C15000	C32000	C63000	C64200	C67500	C75200	C65500	C31600	C15000	C34500	C51000	C61300	C64200	C31600	C46400	C54400	C69400	C15000	C18200,	C18400	C14700	C16500	C18200,	C18400	C31400	C61300	C62500	C64200	C65100	C65500	C65600,	C66100
C67300	C67400	C18135	C46400	C48200	C48500	C63200	C75700	C23000	C26000,	C26130,	C26200	C35000	C35600,	C36000	mm	Yield	strength	(0.5%	extension)	in.	Rod	stock	is	used	for	forging.	One	method	of	reducing	the	oxygen	content	is	to	add	to	the	molten	copper	an	element	that	has	a	greater	affinity	for	oxygen	than	for	copper.	They	have	a
faintly	different	color	than	does	bell-annealed	and	cleaned	metal,	but	the	difference	is	so	slight	that	it	is	insignificant	in	most	applications.	This	structure	was	the	most	slowly	cooled	of	the	three	sections	of	the	casting,	and	hence	the	decomposition	of		into	the	more	brittle			2	structure	was	favored.	From	these	early	beginnings,	the	high-speed	vertical
strip	annealers	were	developed	in	the	1960s.	In	the		structure,	the	equilibrium	degree	of	order	is	essentially	unity	below	about	250	°C	(480	°F),	and	approaches	zero	as	the	critical	temperature	is	approached.	Note	the	high	electrical	and	thermal	conductivity.	Examples	of	rod	and	bar	products	are	shown	in	Fig.	With	their	high	aqueous	and	atmospheric
corrosion	resistance,	the	red	brasses	are	widely	used	for	plumbing	goods,	valves,	fittings,	pump	housings	and	impellers,	water	meters,	plaques	and	statuary,	and	countless	other	products.	(c)	Heavy	gages;	hard	metal;	all	alloys.	320	Preparation	for	Plating	.	205	Springback	.	Its	principal	use	is	in	heat	exchanger	and	condenser	tubes.	The	process	takes
advantage	of	tensile	stresses	that	develop	at	the	center	of	a	billet	when	it	is	subjected	to	compressive	forces	around	its	periphery.	Note	that	the	aging	temperature,	aging	time,	and	beryllium	content	are	all	rather	flexible,	and	yet	an	approximate	maximum	hardness	of	about	40–45	HRC	can	be	attained.	2	Flow	sheet	of	copper	production	from	sulfide
minerals	(Eq	4)	The	converting	process	is	sufficiently	exothermic	that	no	additional	fuel	is	required.	Smelting	and	converting	a	typical	copper	concentrate	generates	over	0.50	metric	tonne	SO2	per	metric	tonne	concentrate	12	/	Metallurgy,	Alloys,	and	Applications	(0.55	ton	SO2	per	ton	concentrate)	and	the	resulting	SO2	emissions	must	be	controlled
to	meet	local	environmental	standards.	509	C60800	95Cu-5Al	.	Additional	strength	is	provided	by	iron,	a	grain	refiner	that	appears	as	precipitates	of	an	iron-rich	intermetallic	compound.	127	Acid	Plating	Baths	.	For	the	harder	rolled	tempers	and	lighter	gages,	the	coil	set	is	actually	controlled	in	the	final	rolling	operation,	rather	than	during	coiling,
and	is	usually	kept	to	a	minimum.	1	to	3	h	at	315	to	345	°C	(600–655	°F),	depending	upon	amount	of	cold	working	prior	to	aging	1	to	3	h	at	315	to	345	°C	(600–655	°F),	depending	upon	amount	of	cold	working	prior	to	aging	50	/	Metallurgy,	Alloys,	and	Applications	size,	and	freezing	must	be	sufficiently	rapid	so	as	not	to	allow	the	lead-rich	liquid	to
separate	under	gravity	but	instead	be	trapped	by	the		dendrites.	This	copper	is	made	by	very	carefully	controlling	deoxidation	during	refining,	so	that	both	the	residual	oxygen	content	and	the	deoxidizer	content	are	low.	It	is	sometimes	used,	but	not	recommended,	to	designate	a	specific	alloy.	169	Melting	and	Casting	.	105	Pure	Copper	P/M	Parts	.
Usually,	the		is	present	as	“needles”	emanating	from	the	boundaries,	with	a	clear	crystallographic	relation	between	the		and	the		in	which	it	has	formed.	Their	stress-corrosion	fatigue	resistance	exceeds	that	of	austenitic	stainless	steels.	This	is	accomplished	by	the	use	of	reducing	gases,	which	convert	the	dissolved	oxygen	to	gaseous	oxides	and
reduce	the	Cu2O	back	to	copper.	They	retain	the	good	corrosion	resistance	and	formability	of	copper	but	are	considerably	stronger.	Note	that	four	intermetallic	compounds	form	in	this	system.	Although	this	information	is	believed	to	be	accurate	by	ASM,	ASM	cannot	guarantee	that	favorable	results	will	be	obtained	from	the	use	of	this	publication
alone.	(f)	Tempers	of	heat-treated	materials	as	supplied	by	the	mill	resulting	from	combinations	of	cold	work	and	precipitation	heat	treatment	or	spinodal	heat	treatment.	16.	(b)	White		in	.	If	a	116	in.	Their	high	wear	resistance	and	low	friction	coefficient	against	steel	are	useful	in	bearings,	gears,	and	piston	rings.	457	C11000	99.95Cu-0.04O	.
However,	as	in	steels	(iron-carbon	alloys),	the		undergoes	a	transformation	to	another	phase	()	even	upon	the	most	rapid	cooling	practical.	tempering.	For	alloys	containing	zinc,	the	small	amount	of	oxygen	in	the	atmosphere	Support	roll	Working	roll	Strip	Working	roll	Support	roll	(b)	(a)	Fig.	REFERENCES	1.	29	that	the	46	/	Metallurgy,	Alloys,	and
Applications	LIVE	GRAPH	Click	here	to	view	Fig.	Corrosion	and	oxidation	resistance	of	these	alloys	are	as	good	or	better	than	those	of	pure	copper,	because	alloying	improves	the	chemical	and	mechanical	properties	of	their	protective	oxide	films.	Davidson,	Ed.,	Handbook	of	Precision	Engineering,	Vol	2:	Materials,	McGrawHill,	New	York,	1971	7.
High-Strength	Brasses.	solution	heat	treatment.	Tin	bronzes	are	stronger	and	more	ductile	than	red	and	semired	brasses	and	are	useable	at	higher	temperatures	than	leaded	alloys.	Coil	annealing	is	also	time	consuming.	529	C81500	99Cu-1Cr	.	Metal	that	is	finished	in	a	rolled	temper	will	normally	contain	a	light	film	of	rolling	lubricant	on	the
surfaces	to	protect	and	lubricate	it	during	coiling	and	uncoiling	and	in	transit.	12	Effect	of	zinc	content	on	the	critical	resolved	shear	stress	at	20	°C	(68	°F)	of	copper-zinc	solidsolution	alloys.	An	alloy	containing	nominally	65%	Cu,	1%	Pb,	and	34%	Zn,	generally	available	in	flat	products,	rod,	shapes,	and	wire,	and	used	where	a	compromise	between
drawing	properties	and	machinability	is	necessary.	The	hardening	is	caused	by	the	precipitation	of	this	phase	in	an	extremely	finely	dispersed	manner,	as	illustrated	in	Fig.	6)	of	pure	copper	(99.98%	Cu)	that	weigh	between	90	and	155	kg	(200	and	342	lb).	Many	varieties	of	PVC	are	made,	including	several	that	are	flame	resistant.	This	term	is	no
longer	recommended	for	usage.	73	The	Manufacture	of	Sheet	and	Strip	.	While	they	are	commercially	available	in	the	heat-treatable	(solutionized)	condition,	the	beryllium-copper	alloys	are	commonly	provided	in	the	mill-hardened	temper	with	the	optimal	strength/ductility/conductivity	combination	suitable	for	the	application.	535	C82800	96.6Cu-
2.6Be-0.5Co-0.3Si	.	288	Welding	of	Copper-Zinc-Nickel	Alloys	.	•	A.K.	Biswas	and	W.G.	Davenport,	Extractive	•	•	•	•	•	Metallurgy	of	Copper,	2nd	ed.,	Pergamon,	1980	D.P.	Cox,	Copper	Resources,	in	Encyclopedia	of	Materials	Science	and	Engineering,	Vol	2,	M.B.	Bever,	Ed.,	Pergamon	Press	and	the	MIT	Press,	1986,	p	855–859	W.G.	Davenport,
Copper	Production,	in	Encyclopedia	of	Materials	Science	and	Engineering,	Vol	2,	M.B.	Bever,	Ed.,	Pergamon	Press	and	the	MIT	Press,	1986	p	841–848	G.	As	the	furnace	and	load	thermocouples	measure	the	temperatures	and	relay	them	to	the	control	unit,	the	heat	input	is	constantly	adjusted	to	maintain	temperature	uniformity	in	the	load.	500
C43000	87Cu-10.8Zn-2.2Sn	.	By	the	use	of	such	rolling	mills,	the	thickness	from	width	edge	to	edge	across	the	600	to	915	mm	(24	to	36	in.)	metal	coils	can	be	kept	uniform	through	each	gage	reduction	by	rolling.	Only	small	decreases	are	caused	by	elements	added	in	excess	of	solubility.	A	term	sometimes	used,	but	not	recommended,	for	cartridge
brass,	70%	(C26000).	Transmission	electron	micrograph;	70,000	.	The	phosphorus-deoxidized	copper	has	an	electrical	resistivity	about	15%	higher	than	that	of	tough	pitch	copper	(15%	lower	conductivity).	Typical	products	include	large	electrical	connectors	and	water-cooled,	hot-metal	handling	equipment	such	as	blast-furnace	tuyeres.	Because	every
foot	of	a	coil	is	exposed	to	the	same	temperature	as	it	passes	through	the	stripannealing	furnaces,	grain	size	from	end	to	end	should	be	uniform.	Aluminum	bronzes	containing	less	than	about	9.5%	Al	are	hardened	through	a	combination	of	solid-solution	strengthening,	cold	work,	and	the	precipitation	of	an	iron-rich	phase.	Alloys	used	for	bearings,
worm	gears,	valve	stems	and	nuts,	impellers,	screw	conveyors,	roller	bearing	cages,	and	railway	electrification	hardware.	Figure	3	shows	typical	microstructures.	In	many	electrical	applications,	strength	is	required	and	is	obtained	by	cold	working.	Continuous	Strand	Annealing.	Each	of	these	alloys,	including	the	beryllium-coppers,	can	be
thermomechanically	processed	to	provide	unique	combinations	of	strength,	formability,	electrical	conductivity,	softening	resistance,	and	stress-relaxation	resistance.	As	the	rolls	squeeze	the	metal	to	reduce	its	thickness,	forward	and	backward	slip	between	the	rolls	and	the	metal	surfaces	takes	place.	The	vertical	rolls	are	needed	to	maintain	the
proper	width	by	rolling	edges	because	an	appreciable	spread	in	width	takes	place	during	hot	rolling.	483	C24000	80Cu-20Zn	.	504	C48200	60.5Cu-38Zn-0.8Sn-0.7Pb	.	Such	an	interface	is	called	an	antiphase	domain	boundary.	The	industrial	machinery	and	equipment	category	includes	industrial	valves	and	fittings;	industrial,	chemical,	and	marine
heat	exchangers;	and	various	other	types	of	heavy	equipment,	off-road	vehicles,	and	machine	tools.	45b)	Ear	of	sand	cast	test	block	(Fig.	D.	(Although	silver	has	a	slight	advantage	over	copper	in	this	respect,	it	is	more	expensive.)	Attaining	high	conductivity	requires	the	use	of	copper	in	the	“pure”	form,	and	therefore	in	this	article	commercially	pure
copper	is	discussed	first.	After	cleaning	in	the	appropriate	solution	the	metal	is	thoroughly	washed	in	water,	including	brushing	with	wire	or	synthetic	brushes	when	needed.	The	description	in	Fig.	554	C94500	73Cu-7Sn-20Pb	.	Now,	in	the	manufacture	of	pure	copper	from	the	ore,	these	elements	are	present	from	the	ore	itself,	and	most	are	reduced
to	acceptable	levels,	usually	by	selective	oxidation.	The	resultant	slurry	is	constantly	stirred,	allowing	the	bacteria	to	“eat”	sulfur,	arsenic,	and	other	contaminants.	15,	is	quite	important.	There	is	a	binding	energy	between	the	copper	and	the	zinc	atoms,	and	hence	a	tendency	for	the	atoms	to	take	on	preferential	positions	relative	to	each	other	in	the
lattice.	Simple	electrical	springs,	for	example,	may	be	stamped	from	hard	temper	strip,	while	complexshaped	connectors	and	lead	frames	may	require	softer	starting	material.	bal,	balance.	Copper	and	copper	alloy	tubing	can	be	made	by	the	standard	methods	of	piercing	and	tube	drawing	as	well	as	by	the	continuous	induction	welding	of	strip.	In
general,	the	rolled	foil	product	is	used	in	applications	where	flexibility	is	required.	They	are	then	cold	rolled	to	work	the	structure	sufficiently,	so	a	fully	recrystallized	wrought	grain	structure	will	develop	in	the	subsequent	anneal.	Production	of	Flat	or	Rectangular	Wire.	The	individual	wires	can	be	stranded	and	normally	are	insulated	before	being
gathered	into	cable	assemblies.	It	is	likely	that	some	zinc	oxide	remains	on	the	surface	and	acts	as	a	natural	lubricant.	Table	6	ranks	various	representative	alloy	groups	in	order	of	decreasing	solderability,	showing	the	adverse	effects	of	zinc	and	nickel.	529	C81100	.	E.M.	Wise	and	J.T.	Eash,	Trans.	Longstanding	familiar	alloys	continue	to	be	identified
by	descriptive	names	or	trade	names,	but	for	the	sake	of	clarity,	UNS	designations	are	preferred	throughout	industry	for	engineering	drawings	and	purchase	documents.	16(a).	This	leaves	a	porous	structure,	and	the	strength	is	reduced	drastically.	High-copper	alloys	are	specialty	coppers	produced	by	adding	minimal	amounts	of	hardening	agents
(such	as	chromium,	cadmium	zirconium,	or	beryllium).	Dull	knives	or	incorrect	clearance	between	knives	for	the	particular	material	being	slit	causes	distorted	or	burred	edges.	2).	ASTM	B	173	and	B	172	establish	five	classes	of	rope-lay	stranded	conductors:	classes	G	and	H,	which	have	concentric	members;	and	classes	I,	K,	and	M,	which	have
bunched	members.	Intricate	detail	and	sharp	lettering	makes	forging	the	preferred	method	of	manufacture	for	decorative	and	architectural	products,	such	as	doorplates.	A	series	of	copper-zinc	alloys	containing	approximately	55	to	63%	Cu	and	the	remainder	mostly,	if	not	all,	zinc	and	composed	of	crystals	or	grains	of	both	the	alpha	and	the	beta
phases.	(r)	Fe	shall	be	0.35%	max,	when	used	for	steel-backed	bearings.	There	are	some	applications	for	which	it	is	desirable	that	any	edge	distortions	be	in	the	same	direction	relative	to	the	part	being	produced.	122	Tungsten-Copper	P/M	Composites	.	Centrifugal	and	continuously	cast	products	find	major	application	as	bearings,	cylinders,	and	other
symmetrical	components.	Cobalt	silicide	particles	in	alloy	C63800	(Cu-2.8Al-1.8Si-0.4Co),	for	example,	provide	fine-grain	control	and	dispersion	hardening	to	give	this	alloy	high	strength	with	reasonably	good	formability.	ASTM	B	48	specifies	soft	(annealed)	square	and	rectangular	copper	wire.	13	Standard	Designations	for	Wrought	and	Cast	Copper
and	Copper	Alloys	.	Properties	of	Tube	As	with	most	wrought	products,	the	mechanical	properties	of	copper	tube	depend	on	prior	processing.	Packages	requiring	higher	strength	use	alloy	C19500,	which	contains	strength-enhancing	additions	of	tin	and	cobalt.	This	treatment	has	also	been	called	“age	hardened,”	“spinodal	hardened,”	or	“spinodally
decomposed.”	strain	hardening.	Guide	rolls	beneath	the	billet	prevent	it	from	dropping	from	between	the	work	rolls.	Although	the	Cu-8Sn	alloy	is	quite	ductile,	it	does	not	have	nearly	the	workability	of	a	Cu30Zn	solid-solution	alloy.	Also,	cast	alloys	with	tin	contents	as	low	as	8%	Sn	frequently	contain	,	a	result	of	the	fact	that	coring	allows	the	outside
of	the		dendrites	to	attain	about	13.5%	Sn.	This	composition	of		will	react	with	the	liquid	to	form	some		by	a	peritectic	reaction.	Allow	1	h	for	each	25	mm	(1	in.)	of	thickness.	Table	7	lists	some	properties	of	annealed	copper	wire	for	various	AWG	sizes.	III.	Process.,	Vol	145	(No.	2),	Feb	1994	REFERENCES	1.	The	12	hard	(H02)	coldworked	temper	in
Table	4	is	most	frequently	specified	for	screw	machine	products	because	it	combines	the	best	levels	of	strength	and	ductility	to	suit	both	machinability	and	functional	requirements.	276	Alloy	Metallurgy	and	Weldability	.	Physical	properties	of	representative	wrought	alloys	are	listed	in	Table	2.	38	Copper-rich	end	of	the	copper-aluminum	phase
diagram	LIVE	GRAPH	Click	here	to	view	LIVE	GRAPH	Click	here	to	view	Fig.	The	molten	matte	is	converted	to	blister	in	Peirce-Smith	converters	(Fig.	Tin	and	zinc	are	and	always	have	been	the	principal	alloying	elements,	but	many	others—aluminum,	nickel,	beryllium,	chromium,	cadmium,	manganese,	etc.—form	alloys	with	unique	combinations	of
mechanical	and	physical	properties	and	excellent	corrosion	and	wear	resistance.	A	large	bell	furnace	full	of	metal	may	require	from	24	to	40	h	to	complete	an	annealing	cycle;	additional	time	is	needed	for	cleaning,	done	as	a	separate	operation.	172	Fluxing	of	Copper	Alloys	.	Cold	Rolling	to	Final	Thickness	The	sequence	of	operations	for	processing
metal	from	milled	condition	to	finish	thickness	or	gage	is	designed	to	meet	specified	requirements	for	each	application.	Hardware	bronze	is	a	term	formerly	used	to	designate	any	one	of	a	broad	range	of	similar	alloys;	this	term	is	not	recommended.	Alloying	generally	serves	to	impart	higher	strength,	thermal	stability,	or	other	mechanical	attributes,
while	retaining	sufficient	electrical	conductivity	for	the	intended	use.	Some	are	produced	in	all	product	forms,	while	others	are	limited	to	one	or	two.	These	commercially	pure	coppers	were	chosen	to	illustrate	the	principles	involved	in	the	uses	of	the	pure	coppers.	(e)	As	a	rule,	the	heavy-gage,	high	copper	alloys	have	greatest	tendency	to	roll	and
burr.	stress	relief.	Lead	also	improves	machinability,	but	high	levels	of	the	element	diminish	mechanical	properties,	particularly	at	elevated	temperatures.	Overaging	is	marked	by	the	appearance	of	the	B2	ordered	equilibrium	BeCu	phase	as	particles	within	grains	and	along	grain	boundaries,	large	enough	to	be	seen	in	the	light	microscope.	Coppers
are	inherently	resistant	to	atmospheric	and	aqueous	corrosion,	and	are	relatively	insensitive	to	stresscorrosion	cracking	(SCC).	Copper	metals	used	for	electrical	conductors	fall	into	three	general	categories:	high-conductivity	coppers,	high-copper	alloys,	and	electrical	bronzes.	These	products	are	sold	to	a	wide	variety	of	industrial	users.	(a)	These	are
high	conductivity	coppers	that	have	in	the	annealed	condition	a	minimum	conductivity	of	100%	International	Annealed	Copper	Standard	(IACS).	(b)	Air	cooled.	Such	burrs	are	never	excessive	on	strip	released	for	shipment.	The	high-copper	alloys	contain	small	amounts	of	various	alloying	elements,	such	as	beryllium,	cadmium,	chromium,	and	iron,
each	having	less	than	8	at.%	solid	solubility;	these	elements	modify	one	or	more	of	the	basic	prop-	erties	of	copper.	Lead	also	plays	a	role	in	providing	lubricity	during	service	as	in	cast	copper	bearings	and	bushings.	reduced	to	low	values,	then	oxygen	will	be	present	in	the	liquid	copper.	It	is	not	readily	susceptible	to	hydrogen	embrittlement,	and	has
an	electrical	conductivity	slightly	lower	than	that	of	high-conductivity	copper.	Element	Fe	Mn	Cd	Si	Al	Sn	Zn	Cu	Sum	of	above	elements	Composition	limit,	%	max	0.75	0.75	1.50	3.00	3.50	5.00	10.50	89.00	min	99.50	min	Classification	of	Wire	and	Cable	Round	Wire.	Additional	property	data	can	be	found	in	the	article	“Properties	of	Wrought	Copper
and	Copper	Alloys”	in	this	Handbook.	This	is	similar	in	appearance	to	the	eutectoid	structure	in	ironcarbon	alloys,	where	the	morphology	is	called	pearlite,	and	this	term	is	used	here	to	describe	this	eutectoid	structure.	There	are	nine	conductor	bronzes,	designated	8.5	to	85	in	accordance	with	their	electrical	conductivities,	as	given	below:	ASTM	B
105	alloy	designation	8.5	13	15	20	30	Alternative	alloy	types	Cu-Si-Fe,	Cu-Si-Mn,	Cu-Si-Zn,	Cu-Si-Sn-Fe,	Cu-Si-Sn-Zn	Cu-Al-Sn,	Cu-Al-Si-Sn,	Cu-Si-Sn	Cu-Al-Si,	Cu-Al-Sn,	Cu-Al-Si-Sn,	Cu-Si-Sn	Cu-Sn	Cu-Sn,	Cu-Zn-Sn	(continued)	40(a)	55(a)	65(a)	80(a)	85	Cu-Sn,	Cu-Sn-Cd	Cu-Sn-Cd	Cu-Sn,	Cu-Sn-Cd	Cu-Cd	Cu-Cd	(a)	Normally	used	for	trolley-wire
applications	in	either	a	round	or	grooved	cross-sectional	configuration,	as	set	forth	in	ASTM	B	9	The	compositions	of	these	alloys	must	be	within	the	total	limits	prescribed	in	the	following	table,	and	no	alloy	may	contain	more	than	the	allowed	maximum	of	any	constituent	other	than	copper.	red	brass,	85%	(C23000).	500	C42200	87.5Cu-11.4Zn-1.1Sn	.
beta.	467	C15500	99.75Cu-0.11Mg-0.06P	.	From	antiquity	through	the	Middle	Ages	and	the	Renaissance,	copper	was	used	for	military	purposes,	artistic	applications	such	as	church	bells	and	statuary,	tools,	and	numerous	other	functional	objects.	Even	alloys	with	large	amounts	of	solution-hardening	elements—zinc,	aluminum,	tin,	and	silicon—	that
show	rapid	work	hardening	are	readily	commercially	processed	beyond	50%	cold	work	before	a	softening	anneal	is	required	to	permit	additional	processing.	45	Microstructures	(light	micrographs)	and	properties	of	a	Cu-10.5Al-1.0Fe	alloy	that	was	cooled	at	different	rates	from	the	liquid.	19	Schematic	illustration	of	a	possible	mechanism	of	the
formation	of	two	ordered	domains.	The	effect	of	such	a	treatment	on	hardness	is	shown	in	Fig.	425	SCC	Test	Methods	.	Low-nickel	alloys	(2	to	4%	Ni)	are	used	in	strip	form	for	electrical/electronic	products,	where	strength,	thermal	stability,	and	good	bend	formability	are	needed.	Source:	Ref	20.	Kinson,	Production	Editor	William	W.	(d)	Cast	high-
copper	alloys	have	designated	Cu	contents	in	excess	of	94%,	to	which	Ag	may	be	added	for	special	properties.	Oxygen	in	standardgrade	copper	reacts	with	many	impurities,	yielding	insoluble	oxides	and	thereby	greatly	reducing	the	harmful	effects.	After	removing	the	residual	sulfur	and	oxygen	in	an	anode	furnace,	copper	anodes	are	cast	and	then
refined	electrolytically	to	produce	high-purity	copper	cathode	copper	(99.95%	Cu),	which	is	suitable	for	most	uses.	Source:	Ref	28	at	11.8%	Al,	and	upon	cooling	an	alloy	of	this	composition	slowly	(e.g.,	50	°C/h,	or	90	°F/h)	after	homogenization	in	the		region	(e.g.,	1	h	at	800	°C,	or	1470	°F),	the		and	2	phases	form	in	an	alternate-layer	configuration.
14).	However,	the	toughness	for	these	heat-treated	conditions	must	be	considered.	Although	there	are	exceptions,	bronzes	are	generally	classified	by	their	major	alloying	element	or	elements.	Cast	versus	Wrought	Compositions	Compositions	of	copper	casting	alloys	(Table	1)	may	differ	from	those	of	their	wrought	counterparts	for	various	reasons.
Should	the	flow	of	lubricant	in	such	bearings	be	interrupted,	lead	exudes	from	the	alloy,	smears	over	the	surface	of	the	journal,	and	prevents	galling	and	seizing,	at	least	temporarily.	Neither	element	affects	electrical	conductivity	significantly	when	present	in	such	small	concentrations.	It	consists	of	a	refractory-lined	chamber,	typically	30	m	(100	ft)
long	by	10	m	Copper	supply	and	consumption	in	the	United	States.	Intermediate	and	fine	wires	are	drawn	on	smaller	machines	that	have	12	to	20	or	more	dies	each.	Meets	potable	water	standards.	For	assistance	with	this	option,	please	contact	the	ASM	International	Member	Service	Center.	In	bath	smelting,	moist	concentrate	is	smelted
continuously	in	a	molten	bath	of	matte	and	slag,	which	is	vigorously	stirred	by	the	injection	of	air	or	oxygenenriched	air.	(c)	Brazing	filler	metal	alloys.	Dimensional	ranges	for	flat-rolled	products	are	given	in	Table	14.	Four-high	rolling	mills	(Fig.	Coils	as	large	as	4545	kg	(10,000	lb)	can	be	produced	by	continuously	casting	wire	rod.	Each	designation
consists	of	five	numbers	following	the	prefix	letter	“C.”	In	this	system,	wrought	alloys	of	copper	are	designated	by	numbers	C1xxxx	to	C7xxxx,	and	cast	alloys	are	designated	C8xxxx	to	C9xxxx.	…	…	…	…	2.5–4.0	8.5–9.5	Al	C95200	415,	88-3-9,	aluminum	S,	C,	CL,	PM,	I,	P	86.0	min(p)	bronze	9A,	(SAE	68a)	0.10	0.05	0.50	1.0(i)	2.5–4.0	8.5–9.5	Al,	1.0	Mn,
0.05	Mg,	C95210	…	S,	C,	CL,	PM,	I,	P	86.0	min(p)	0.25	Si	…	…	…	2.5(i)	2.5–4.0	9.5–10.5	Al,	0.50	Mn	C95220	…	S,	C,	CL,	PM,	I,	P	bal(p)	…	…	…	…	0.8–1.5	9.0–11.0	Al	C95300	415,	89-1-10,	aluminum	S,	C,	CL,	PM,	I,	P	83.0	min(p)	bronze	9B,	(SAE	68b)	…	…	…	1.5(i)	3.0–5.0	10.0–11.5	Al,	0.50	Mn	C95400	415,	85-4-11,	aluminum	S,	C,	CL,	PM,	I,	P	83.0
min(d)	bronze	9C	…	…	…	1.5–2.5(i)	3.0–5.0	10.0–11.5	Al,	0.50	Mn	C95410	…	S,	C,	CL,	PM,	I,	P	83.0	min(d)	…	…	…	0.50(i)	3.0–4.3	10.5–12.0	Al,	0.50	Mn	C95420	…	S,	C,	CL,	PM,	I,	P	83.5	min(d)	…	…	…	3.0–5.5(i)	3.0–5.0	10.0–11.5	Al,	3.5	Mn	C95500	415,	81-4-4-11,	aluminum	S,	C,	CL,	PM,	I,	P	78.0	min(d)	bronze	9D	0.20	…	0.30	4.5–5.5(i)	2.0–3.5	9.7–
10.9	Al,	1.5	Mn	C95510	Nickel-aluminum	bronze	S,	C,	CL,	PM,	I,	P	78.0	min(w)	0.25	0.03	0.30	4.2–6.0(i)	4.0–5.5	10.5–11.5	Al,	1.5	Mn,	C95520	Nickel-aluminum	bronze	S,	C,	CL,	PM,	I,	P	74.5	min(d)	0.15	Si,	0.20	Co,	0.05	Cr	…	…	…	0.25(i)	…	6.0–8.0	Al,	1.8–3.2	Si	C95600	91-2-7,	aluminum-silicon	S,	C,	CL,	PM,	I,	P	88.0	min(p)	bronze	…	…	…	1.5–3.0(i)
2.0–4.0	7.0–8.5	Al,	11.0–14.0	Mn,	C95700	75-3-8-2-12,	manganeseS,	C,	CL,	PM,	I,	P	71.0	min(d)	aluminum	bronze	0.10	Si	1.0	0.05	0.50	1.5–3.0(i)	2.0–4.0	7.0–8.5	Al,	11.0–14.0	Mn,	C95710	Manganese-aluminum	S,	C,	CL,	PM,	I,	P	71.0	min(d)	bronze	0.15	Si,	0.05	P	…	0.03	…	4.0–5.0(i)(x)	3.5–4.5(x)	8.5–9.5	Al,	0.8–1.5	Mn,	C95800	415,	81-5-4-9-1,	
nickelS,	C,	CL,	PM,	I,	P	79.0	min(d)	aluminum	bronze.	Here	a	circular	blank	is	drawn	into	a	cup.	490	C33000	66Cu-33.5Zn-0.5Pb	.	The	first	family,	the	coppers,	is	essentially	commercially	pure	copper,	which	ordinarily	is	soft	and	ductile	and	contains	less	than	about	0.7%	total	impurities.	(b)	Copper	is	determined	by	the	difference	between	the	impurity
total	and	100%.	Starting	with	annealed	temper,	the	metal	will	increase	in	strength	approximately	proportionally	by	the	amount	of	reduction	by	cold	rolling.	Copper	is	easily	processible	to	more	than	95%	reduction	in	area.	(To	place	this	in	perspective,	this	is	the	range	normally	associated	with	steels.)	These	copper-beryllium	alloys	show	precipitation-
hardening	behavior	similar	to	that	observed	for	copper-aluminum	alloys.	529	C81300	.	5	Comparison	of	the	effect	of	cold	working	(by	rolling	at	25	°C,	or	75	°F)	and	subsequent	annealing	on	the	tensile	mechanical	properties	and	hardness	of	tough	pitch	copper	(0.05%	O)	and	oxygen-free,	high-conductivity	(OFHC)	copper.	(ll)	0.02%	P,	max;	0.25%	Si,
max;	0.01%	S,	max;	0.20-0.50%	Ti.	(mm)	0.005%	Pb,	max,	for	hot	rolling.	Knife	edges	must	be	sharp	and	continuously	lubricated.	Aluminum	(Cu-Al)	bronzes	(C60800	to	C64210)	are	best	known	for	their	combination	of	high	strength	and	excellent	corrosion	resistance.	However,	bronze	is	used	to	describe	many	different	copper-base	alloys,	and	an
attempt	is	sometimes	made	to	distinguish	them	(e.g.,	aluminum	bronze,	a	Cu-Al	alloy).	Third	Japan	International	SAMPE	Symposium,	(Covina,	CA),	Society	for	the	Advancement	of	Material	and	Process	Engineering,	1993	2.	Natural	rubber	was	used,	but	this	has	been	supplanted	by	synthetics	such	as	butyl	rubber	and	EPR.	498	C40800	95Cu-2Sn-3Zn	.
11	Approximate	effect	of	solute	content	on	the	critical	resolved	shear	stress	at	20	°C	(68	°F)	of	dilute	copper-base	solid	solutions.	Tensile	strength	Cu	Electrical	conductivity	Solid-solution	hardened	Dispersion	hardened	Precipitation	hardened	90	Cr	80	70	Fe-P	60	5%	Zn	1%	Sn	50	Fe-Co-P-Sn	40	15%	Zn	30	10%	Zn-	30%	Zn	2%	Sn	20	8%	Sn	5%	Sn	10
10%	Ni	Ni-Zn	30%	Ni	0	200	300	400	500	150	(1034)	200	0	(1379)	25	50	75	100	600	700	800	100	Cu	90	Cr	Mg-P	70	Fe-P	60	50	Fe-Co-P-Sn	5%	Zn	40	30	0	100	(690)	Zn-Al-Co	(a)	10	50	(345)	0.5%	Be	Ultimate	tensile	strength,	MPa	125	0.5%	Be	15%	Zn	30%	Zn	1%	Sn	5%	Sn	2%	Be	8%	Sn	Zn-Al-Co	20	Tensile	strength,	ksi	(MPa)	Fig.	14	Alloy
Designations	.	It	also	appears	that	these	alloys	would	be	precipitation	hardenable,	since		has	a	high	hardness.	13	Effect	of	cold	rolling	at	20	°C	(68	°F)	on	the	tensile	strength	and	elongation	at	fracture	of	1	mm	(0.040	in.)	thick	sheet	of	copper	and	copper-zinc	single-phase	commercial	alloys	LIVE	GRAPH	Click	here	to	view	70	0.80	mm	Metal	thickness
Elongation,	in	50	mm	(2	in.)	65	60	0.40	mm	Metal	thickness	55	50	45	0.15	mm	Metal	thickness	40	35	.01	.02	.03	.04	.05	.06	.07	.08	.09	.10	.11	.12	.13	.14	.15	Average	grain	size,	mm	Fig.	For	products	that	require	both	machining	and	cold	forming,	reduced-lead	(2%	Pb)	copper	alloys	such	as	C34500	or	C35300	should	be	considered	(Ref	4).	247
Hardening	.	Copper-Zinc-Tin	Alloys	The	solid-solution	strengthening	effect	of	zinc	on	copper	should	be	enhanced	by	substituting	some	tin	for	zinc.	Good	machinability	and	pressure	tightness.	P.W.	Taubenblat,	Copper:	Selection	of	High	Conductivity	Alloys,	Encyclopedia	of	Materials	Science	and	Engineering,	Vol	2,	M.B.	Bever,	Ed.,	Pergamon	Press	and
the	MIT	Press,	1986,	p	863–866	3.	Flat-Rolled	Products	Flat-rolled	brass	mill	products	include	sheet,	strip,	plate,	and	foil.	392	Atmospheric	Corrosion	.	The	dark	particles	are	Cu2O	inclusions.	In	this	section,	only	three	commercially	pure	copper	alloys,	which	are	widely	used	mainly	for	their	high	electrical	conductivity,	are	examined	in	some	detail:
deoxidized	copper,	oxygen-free	copper,	and	tough	pitch	copper.	They	comprise	a	large	family	of	alloys	ranging	from	ductile,	moderate-strength	grades	to	some	of	the	strongest	copper-base	compositions	available.	The	effect	is	illustrated	in	Fig.	530	C81800	97Cu-1.5Co-1Ag-0.4Be	.	Because	the	aluminum	reduces	density	in	addition	to	raising	strength,
these	bronzes	have	relatively	high	strength-to-weight	ratios.	Parts	will	have	high	strength	and	smooth	surface.	Source:	Ref	2	LIVE	GRAPH	Click	here	to	view	32	/	Metallurgy,	Alloys,	and	Applications	LIVE	GRAPH	Click	here	to	view	LIVE	GRAPH	Click	here	to	view	Fig.	(This	effect	is	called	hot	shortness.)	For	this	reason,	the	chemical	specifi-	Physical
Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	35	cation	of	lead	in	tough	pitch	copper	is	set	at	0.005%	maximum.	The	top	of	the	converter	has	a	large	mouth	for	charging	molten	matte	and	removing	slag	and	product	copper.	The		phase	is	referred	to	as	an	intermetallic	compound,	meaning	a	phase	based	on	an	approximate	stoichiometry	of
the	elements.	To	prepare	the	slab	for	hot	rolling,	the	top	or	gate	end	is	trimmed	by	sawing	and	then	it	is	conveyed	into	a	furnace	for	heating.	A	commercially	pure	copper	that	has	been	deoxidized	with	phosphorus,	leaving	a	relatively	high	residual	phosphorus	content.	Annealing	temperatures	range	from	400	to	600	°C	(750	to	1100	°F)	depending
chiefly	on	wire	diameter	and	reel	weight.	552	C93800	78Cu-7Sn-15Pb	.	C.H.	Samans,	Metallic	Materials	in	Engineering,	Macmillan	Co.,	New	York,	1963	6.	34,	an	alloy	containing	about	3%	Pb	will	have	a	particle	density	of	about	1010	particles	per	cubic	inch	of	material.	The	admiralty	brasses	(C44300,	C44400,	and	C44500)	and	naval	brasses
(C46400,	C46500,	and	C46600)	are	used	for	corrosion-resistant	mechanical	products.	If	high	heat	dissipation	is	needed,	alloy	C15100	is	recommended.	Telluriumbearing	coppers	(C14500	and	C14510)	and	sulfur-bearing	copper	(C14700)	are	free-machining,	and	are	supplied	as	rods	for	making	highconductivity	parts	by	screw	machining.	In
cementation,	copper	is	precipitated	by	contact	with	scrap	iron	to	form	an	impure	cement	copper,	which	is	smelted,	then	refined.	These	types	of	stranders	are	comprised	of	multiple	bays,	with	the	first	bay	carrying	six	reels	and	subsequent	bays	carrying	increasing	multiples	of	six.	As	noted	earlier,	the	atmosphere	in	the	furnace	must	be	slightly
oxidizing	to	prevent	zinc	fumes	from	attacking	the	furnace	steel	framework.	Library	of	Congress	Cataloging-in-Publications	Data	Copper	and	copper	alloys	/	edited	J.	The	Euctectoid	Reaction.	9	Effect	of	grain	size	on	tensile	strength	of	annealed	0.040	in.	Copper	alloys	can	be	polished	and	buffed	to	almost	any	desired	texture	and	luster.	25.	The
microstructure	remains	mostly	single-phase	,	although	some	body-centered	cubic		phase	may	appear	as	a	result	of	coring.	171	Melting	Practice	.	Brown,	Acta	Met.,	Vol	7,	1959,	p	210	16.	492	C34000	65Cu-34Zn-1Pb	.	This	allows	us	to	provide	our	members	and	customers	with	the	most	economical,	reliable	and	trackable	shipping	available	on	the
market.	(v)	Fe	content	shall	not	exceed	Ni	content.	20	Yield	strength	as	a	function	of	quenching	temperature	for		brass	(Cu-49.5Zn).	For	most	conditions,	the	use	of	a	more	aggressive	flux	achieves	the	desired	class	I	or	II	solderability,	even	for	the	alloys	more	difficult	to	solder.	Factors	Influencing	Fabrication	Characteristics	One	of	the	main	uses	of
copper	is	in	fabricating	intricate	shapes	by	deformation	(such	as	deep	drawing).	50	Fig.	303	Soldering	.	Secondary	copper	is	produced	from	recycled	scrap.	(q)	Ni		Co,	0.20%	min;	Ni		Fe		Co,	0.6%	max.	Wiredrawing,	like	any	other	coldworking	operation,	increases	tensile	strength	and	reduces	ductility	of	copper.	Alloys	for	electronic	components	used
in	the	increasingly	severe,	automotive	under-the-hood	environment,	for	example,	require	a	formidable	combination	of	properties:	high	stress-relaxation	resistance	between	135	and	200	°C	(275	and	390	°F)	to	maintain	adequate	contact	pressure;	good	electrical	conductivity	to	minimize	Joule	heating;	high	plateability	without	reacting	with	contact
coatings;	sufficient	and	consistent	deformation	characteristics;	and	economy	(Ref	1).	To	appreciate	the	fineness	of	the	distribution	of	the	lead	particles,	note	that	for	particles	similar	in	size	to	those	shown	in	Fig.	As	bearings,	they	are	wear	resistant	and	resist	pounding	well.	Their	moderate	to	high	strength	is	retained	well	at	elevated	temperatures.
However,	imbalances	among	certain	elements,	and	trace	amounts	of	certain	impurities	in	some	alloys,	will	diminish	castability	and	can	result	in	castings	of	lower	quality.	Table	8	lists	the	hardness	and	structure	for	different	heat	treatments	for	the	eutectoid	alloy.	287	Welding	of	Cadmium	and	Chromium	Coppers	.	25,	however,	it	is	difficult	in	the	Cu-
40Zn	alloy	to	completely	suppress	some		formation	even	upon	rapid	cooling.	132	Plating	in	Noncyanide	Copper	Baths	.	In	North	America	alone,	there	are	currently	more	than	275	recognized	“standard”	wrought	grades.	The	samples	were	annealed	for	30	min	at	600	°C	(1110	°F)	then	cold	rolled	at	20	°C	(68	°F)	to	a	reduction	in	thickness	of	75%.	398
Corrosion	in	Acids	.	19(b)	are	shown	two	perfectly	ordered	regions	in	the	random	arrangement.	507	C51000	94.8Cu-5Sn-0.2P	.	337	Metallography	and	Microstructures	of	Beryllium-Copper	Alloys	.	4).	Conventional	bunchers	are	used	for	stranding	small-diameter	wires	(34	AWG	up	to	10	AWG).	Corrosion	Resistance	Copper	is	a	noble	metal,	but	unlike
gold	and	other	precious	metals,	it	can	be	attacked	by	common	reagents	and	environments.	Slight	changes	in	die	design	and	operating	conditions	may	be	required	to	accommodate	different	alloys.	As	shown	in	Fig.	The	finely	Yield	strength	MPa	ksi	MPa	ksi	Elongation,	%	Hardness,	HB	620	520	415	90	75	60	275	255	295	40	37	43	15	12	8	140	140	160
Fig.	Once	these	elements	are	2.4	Ti	P	Fe	2.3	Resistivity,	μΩ	·	cm	COPPER	AND	COPPER	ALLOYS	have	a	wide	range	of	properties	that	account	for	their	extensive	use	as	engineering	materials.	524	C72500	88.2Cu-9.5Ni-2.3Sn	.	Because	the	electrical	conductivity	of	copper	is	very	impurity-sensitive,	considerable	attention	is	paid	to	the	effects	of	minor
amounts	of	other	elements	present.	Tin	Bronzes.	The	first	letter,	“C,”	indicates	a	copper	alloy.	10.	In	this	alloy	the	zinc	content	is	suffi-	44	/	Metallurgy,	Alloys,	and	Applications	LIVE	GRAPH	Click	here	to	view	Fig.	An	alloy	containing	nominally	57%	Cu,	3%	Pb,	and	40%	Zn,	generally	available	in	extruded	or	drawn	shapes	and	rod;	used	for	architectural
trim	and	for	some	mechanical	applications.	35	Copper-Tin	Alloys	.	forging	brass	(C37700).	517	C65100	98.5Cu-1.5Si	.	This	is	shown	in	the	microstructures	in	Fig.	brass.	The	primary		grain	size	can	be	reduced	by	increasing	the	nucleation	rate	from	the	liquid,	either	by	inoculation	or	by	increasing	the	cooling	rate.	0.40–0.8	0.50–1.0	0.8–1.2	Other
named	elements	0.7–1.2Cd	0.6–1.0Cd	0.20Al	0.20Al	0.20Al	0.20Al	0.20Al	0.20Al,	0.10–0.50Zr	0.20Al	0.20Al	0.6Al	…	0.005–0.015P	0.005–0.015P,	0.05–0.15Zn	0.005–0.015Te	0.01–0.40Ti	0.15–8Ti	0.03–0.06Mg,	0.08–0.20Zr	0.20–0.6Cd	0.05–0.25Zr	0.05–0.25Zr	…	0.005As,	0.005Ca,	0.05Li,	0.05P,	0.7Zn	0.05–0.50Ti,	0.05–0.50Zr	0.05–0.50Ti,	0.05–0.50Zr
0.40–0.9Mg,	0.002–0.04P	…	0.01P	0.05P,	0.01Al,	0.10–0.30Mn,	0.10Zn	0.50Mn,	0.15P	0.005–0.015P	0.8Zn,	0.015–0.35P	0.01–0.05P	0.02–0.20P,	0.02–0.15Mg	0.01–0.20P,	0.35Mn+Si	0.03–0.07P	0.01–0.03P	0.50Zn,	0.35–0.6Te,	0.15–0.35P	0.50Zn	0.15–0.35P	0.50Zn,	0.15–0.35P	(continued)	incl,	including.	The	data	in	Table	3	show	the	solubility	of	each
element	in	copper	at	room	temperature	and	the	degree	to	which	each	element	decreases	electrical	conductivity	by	indicating	the	resistivity	increase	per	1	wt%	added.	(g)	Fe		Sb		As	will	be	0.50%	max.	It	is	used	chiefly	for	hookup	wire,	communication	wire,	and	high-voltage	cable.	Small-diameter	work	rolls	are	most	desirable	for	providing	maximum
use	of	roll	force	in	reducing	metal	thickness,	but	they	lack	the	stiffness	required.	Thermal	Conductivity	Copper	and	its	alloys	are	also	good	conductors	of	heat,	making	them	ideal	for	heat-transfer	applications,	for	example,	radiators	and	heat	exchangers.	As	described	in	the	article	“Introduction	and	Overview”	in	this	Handbook,	their	high	electrical	and
thermal	conductivity,	ease	of	fabrication,	and	excellent	corrosion	resistance	under	certain	conditions	are	three	characteristics	that	make	them	attractive.	(aa)	Includes	Co.	Source:	Copper	Development	Association	Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys	/	25	Table	3	(continued)	High-leaded	tin	bronzes	Copper	alloy	No.
Cu	Sn	Pb	C93500	C93600	C93700	C93720	C93800	C93900	C94000	C94100	C94300	C94310	C94320	C94330	C94400	C94500	83.0–86.0(d)(l)	79.0–83.0(e)	78.0–82.0(l)	83.0min(l)	75.0–79.0(l)	76.5–79.5(j)	69.0–72.0(k)	72.0–79.0(k)	67.0–72.0(l)	bal(l)	bal(l)	68.5–75.5(l)	bal(l)	bal(l)	4.3–6.0	6.0–8.0	9.0–11.0	3.5–4.5	6.3–7.5	5.0–7.0	12.0–14.0	4.5–6.5	4.5–6.0
1.5–3.0	4.0–7.0	3.0–4.0	7.0–9.0	6.0–8.0	8.0–10.0	11.0–13.0	8.0–11.0	7.0–9.0	13.0–16.0	14.0–18.0	14.0–16.0	18.0–22.0	23.0–27.0	27.0–34.0	24.0–32.0	21.0–25.0	9.0–12.0	16.0–22.0	Zn	Fe	2.0	1.0	0.8	4.0	0.8	1.5	0.50	1.0	0.8	0.50	…	3.0	0.8	1.2	0.20	0.20	0.7(r)	0.7	0.15	0.40	0.25	0.25	0.15	0.50	0.35	0.7	0.15	0.15	Sb	Ni	(incl	Co)	0.30	0.55	0.50	0.50	0.8	0.50
0.50	0.8	0.8	0.50	…	0.50	0.8	0.8	1.0	1.0	0.50	0.50	1.0	0.8	0.50–1.0	1.0	1.0	0.25–1.0	…	0.50	1.0	1.0	S	0.08	0.08	0.08	…	0.08	0.08	0.08(s)	0.08(s)	0.08(s)	…	…	…	0.08	0.08	P(f)	Al	Si	0.05	0.15	0.10	0.10	0.05	1.5	0.05	0.05	0.08	0.05	…	0.10	0.50	0.05	0.005	0.005	0.005	…	0.005	0.005	0.005	0.005	0.005	…	…	…	0.005	0.005	0.005	0.005	0.005	…	0.005	0.005
0.005	0.005	0.005	…	…	…	0.005	0.005	Nickel-tin	bronzes	Copper	alloy	No.	Cu	Sn	Pb	Zn	Fe	Sb	Ni	(incl	Co)	Mn	S	P	Al	Si	C94700	C94800	C94900	85.0–90.0(k)	84.0–89.0(k)	79.0–81.0(p)	4.5–6.0	4.5–6.0	4.0–6.0	0.10(t)	0.30–1.0	4.0–6.0	1.0–2.5	1.0–2.5	4.0–6.0	0.25	0.25	0.30	0.15	0.15	0.25	4.5–6.0	4.5–6.0	4.0–6.0	0.20	0.20	0.10	0.05	0.05	0.08	0.05	0.05
0.05	0.005	0.005	0.005	0.005	0.005	0.005	Aluminum	bronzes	Copper	alloy	No.	Cu,	min	Pb	Fe	Ni	(incl	Co)	Al	Mn	Mg	Si	Zn	Sn	C95200	C95210	C95220	C95300	C95400	C95410	C95420	C95500	C95510	C95520	86.0(l)	86.0(l)	bal(a)	86.0(l)	83.0(a)	83.0(a)	83.5(a)	78.0(a)	78.0(u)	74.5(a)	…	0.05	…	…	…	…	…	…	…	0.03	2.5–4.0	2.5–4.0	2.5–4.0	0.8–1.5	3.0–5.0
3.0–5.0	3.0–4.3	3.0–5.0	2.0–3.5	4.0–5.5	…	1.0	2.5	…	1.5	1.5–2.5	0.50	3.0–5.5	4.5–5.5	4.2–6.0	8.5–9.5	8.5–9.5	9.5–10.5	9.0–11.0	10.0–11.5	10.0–11.5	10.5–12.0	10.0–11.5	9.7–10.9	10.5–11.5	…	1.0	0.50	…	0.50	0.50	0.50	3.5	1.5	1.5	…	0.05	…	…	…	…	…	…	…	…	…	0.25	…	…	…	…	…	…	…	0.15	…	0.50	…	…	…	…	…	…	0.30	0.30	…	0.10	…	…	…	…	…	…	0.20	0.25
C95600	C95700	C95710	C95720	C95800	C95810	C95820	C95900	88.0(l)	71.0(a)	71.0(a)	73.0(a)	79.0(a)	79.0(a)	77.5(a)	bal(a)	…	…	0.05	0.03	0.03	0.10	0.02	…	…	2.0–4.0	2.0–4.0	1.5–3.5	3.5–4.5(v)	3.5–4.5(v)	4.0–5.0	3.0–5.0	0.25	1.5–3.0	1.5–3.0	3.0–6.0	4.0–5.0(v)	4.0–5.0(v)	4.5–5.8	0.50	6.0–8.0	7.0–8.5	7.0–8.5	6.0–8.0	8.5–9.5	8.5–9.5	9.0–10.0	12.0–13.5
…	11.0–14.0	11.0–14.0	12.0–15.0	0.8–1.5	0.8–1.5	1.5	1.5	…	…	…	…	…	0.05	…	…	1.8–3.2	0.10	0.15	0.10	0.10	0.10	0.10	…	…	…	0.50	0.10	…	0.50	0.20	…	…	…	1.0	0.10	…	…	0.20	…	Other	named	elements	…	…	…	…	…	…	…	…	…	0.20Co,	0.05Cr	…	…	0.05P	0.20Cr	…	…	…	…	Copper-nickels	Copper	alloy	No.	Cu(a)	Pb	C96200	C96300	C96400	C96600	C97600
bal	bal	bal	bal	bal	0.01	0.01	0.01	0.01	0.01	C96800	C96900	bal	bal	0.005	0.02	C96950	bal	0.02	Fe	Ni	(incl	Co)	Mn	Si	Nb	C	Be	9.0–11.0	18.0–22.0	28.0–32.0	29.0–33.0	29.0–33.0	1.5	0.25–1.5	1.5	1.0	0.40–1.0	0.50	0.50	0.50	0.15	0.15	1.0(w)	0.50–1.5	0.50–1.5	…	…	0.10	0.15	0.15	…	…	…	…	…	0.40–0.7	1.1–1.2	0.50	0.50	9.5–10.5	14.5–15.5	0.05–0.30	0.05–
0.30	0.05	…	0.10–0.30	0.10	…	…	…	…	0.50	11.0–15.5	0.05–0.40	0.30	0.10	…	…	1.0–1.8	0.50–1.5	0.25–1.5	0.8–1.1	0.40–1.0	Other	named	elements	0.02S,	0.02P	0.02S,	0.02P	0.02S,	0.02P	…	0.15–0.35Zr,	0.15–0.35Ti	(x)	0.15Mg,	7.5–8.5Sn,	0.50Zn	5.8–8.5Sn,	0.15Mg	(continued)	incl,	including.	A	treatment	for	copperaluminum	alloy	products	consisting	of
heating	above	the	betatizing	temperature	followed	by	quenching	to	produce	a	hard	martensitic	structure.	A	term	used	to	designate	copper-tin	strip,	rod,	or	wire	in	spring	or	harder	tempers.	19,	as	it	is	expected	that	many	nuclei	exist	and	that	only	a	few	atom	exchanges	will	bring	the	domains	into	contact,	with	the	alloy	locally	completely	ordered.	118
Shape	Memory	Alloys	and	Composite	Materials	.	In	flash	smelting,	dry	concentrate	is	dispersed	in	an	oxidizing	gas	stream,	and	the	smelting	reactions	occur	very	rapidly	as	the	particles	fall	down	a	reaction	shaft	(Fig.	Edges	square	with	25%	cut	balanced	break.	Surface	Finishes.	16	/	Metallurgy,	Alloys,	and	Applications	Table	2	(continued)	Coppers
Composition,	wt%	Ag,	min	Designation	Description	Cu,	min,	(incl	Ag),	%	%	Troy	oz	C12300	C12500	…	…	…	…	99.90	99.88	…	…	C12510	…	…	99.9	C12900	FRSTP	Fire-refined	tough	pitch	with	Ag	C14180	…	C14181	Copper	No.	As	Sb	…	…	…	0.012	…	…	99.88	0.054	…	99.90	…	…	C14200	C14300	C14410	DPA	…	…	C14415	C14420	C14500(n)	C14510
C14520	…	…	…	…	DPTE	C14530	C14700	C15000	C15100	…	…	…	…	C15500	…	P	Te	…	0.003	0.015–0.040	…	…	…	…	0.003	0.03	…	16	0.012	0.003	…	0.025(j)	…	…	…	…	0.075	…	99.90	…	…	…	…	0.002	…	Phosphorus	deoxidized	arsenical	Cadmium	copper,	deoxidized	…	99.4	99.90(k)	99.90(l)	…	…	…	…	…	…	0.15–50	…	…	…	…	…	0.015–0.040	…	0.005–
0.020	…	…	…	…	…	Tellurium	bearing	Tellurium	bearing	Phosphorus	deoxidized,	tellurium	bearing	…	Sulfur	bearing	Zirconium	copper	…	99.96(l)	99.90(m)	99.90(m)	99.90(m)	99.40(m)	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	0.004–0.012	0.010–0.030	0.004–0.020	…	0.005–0.05	0.40–0.7	0.30–0.7	0.40–0.7	99.90(j)(l)	99.90(n)	99.80
99.82	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	0.001–0.010	0.002–0.005	…	…	0.003–0.023(j)	…	…	…	0.027–0.10	8–30	…	…	0.040–0.080	…	…	99.75	Other	named	elements	…	0.025Te+Se,	0.003Bi,	0.004Pb,	0.050Ni	0.025Te+Se,	0.005Bi,	0.020Pb,	0.050Ni,	0.05Fe,	0.05Sn,	0.080Zn	0.050Ni,	0.003Bi,	0.004Pb	0.02Pb,	0.01Al	0.002Cd,	0.005C,	0.002Pb,
0.002Zn	…	0.05–0.15Cd	0.05Fe,	0.05Pb,	0.10–0.20Sn	0.10–0.15Sn	0.04–0.15Sn	….	As	the	cooling	rate	increases,	the	nucleation	rate	increases,	but	the	individual		crystals	do	not	have	time	to	grow	large	before	the	temperature	is	too	low	for	significant	growth	to	continue.	11).	Foundries	account	for	about	4%	of	fabricated	mill	products,	and	powder
plants	use	less	than	1%	of	the	U.S.	supply	of	copper.	Overheating	may	lead	to	cracked	surfaces.	(2)	When	applied	to	a	Introduction	and	Overview	/	9	cold-worked	product	having	a	single	phase:	to	produce	softening	by	changes	in	phase	relationships	that	may	include	recrystallization	and	grain	growth.	A	summary	of	the	preferred	number	ranges	and
letters	allocated	by	the	CEN	numbering	system	to	the	different	copper	alloy	groups	is	shown	in	Table	5.	It	is	also	an	excellent	brazing	alloy.	115	Fabrication	and	Finishing	.	Stress-corrosion	cracking	most	commonly	occurs	in	brass	that	is	exposed	to	ammonia	or	amines.	556	C95500	81Cu-4Fe-4Ni-11Al	.	It	machines	well	and	has	reasonably	good
corrosion	resistance.	The	cooling	rates	shown	are	estimated,	ranging	from	water	quenching	to	cooling	in	still	air.	10	Production	of	Copper	.	521	C70250	95.4Cu-3.0Ni-0.6Si-0.1Mg	.	This	type	of	copper	is	used	as	the	IACS	for	electrical	conductivity.	Wires	are	passed	through	an	enamel	applicator	that	deposits	a	controlled	thickness	of	liquid	enamel
onto	the	wire.	(a)	Thin	gages;	all	alloys.	However,	the	alloys	are	subject	to	dezincification	in	stagnant,	acidic	aqueous	environments,	and	may	fail	by	SCC	in	the	presence	of	moist	ammonia,	amines,	and	mercury	compounds.	The	response	of	the	metal	to	drawing	depends	upon	a	number	of	factors,	such	as	loading	rate,	lubrication,	and	die	radius.	An
alloy	containing	nominally	65%	Cu,	0.5%	Pb,	and	34.5%	Zn,	generally	available	in	flat	products.	Supposedly	the	maximum	hardness	obtained	by	treatment	around	300	°C	(570	°F)	is	caused	by	the	formation	of	a	fine		precipitate	and	some	changes	in	the	ordered		phase.	The	more	commonly	used	silicon	bronzes	are:	•	high-silicon	bronze	A	(C65500),
nominally	containing	96%	Cu	and	3%	Si	•	low-silicon	bronze	B	(C65100),	nominally	containing	97.7%	Cu	and	1.5%	Si	spring	brass.	This	controlled	temperature	rise	also	allows	roll	lubricants	to	vaporize	and	be	carried	off	before	the	metal	gets	so	hot	that	surfaces	can	be	harmed.	The	commercial	precipitation-hardening	copper-beryllium	alloys	have
alloy	additions	other	than	beryllium.	This	designation	system	meets	the	requirements	of	the	wide	variety	of	customers	who	have	individual	needs	for	special	properties	to	ensure	fitness	for	purpose,	but	do	not	need	to	know	the	way	in	which	a	temper	was	originally	produced.	559	C96400	70Cu-30Ni	.	Stranded	wire	is	normally	used	in	electrical
applications	where	some	degree	of	flexing	is	encountered	either	in	service	or	during	installation.	In	thicker	sections,	gas	metal	arc	welding	is	preferred.	(You	must	be	logged	into	the	website	in	order	to	access	your	purchased	content).	R.	529	C81400	99Cu-0.8Cr-0.06Be	.	85	Copper	Casting	Alloy	Families	.	They	are	primarily	used	for	electrical	and
electronic	products.	Beryllium	Copper	Grades.	A	commercially	pure	highconductivity	tough	pitch	copper	containing	silver	in	amounts	agreed	upon	between	the	supplier	and	the	consumer	for	the	purpose	of	raising	the	thermal	softening	temperature.	Coil	Annealing.	496	C37700	60Cu-38Zn-2Pb	.	(b)	Composition	values	are	given	as	maximum
percentages,	unless	shown	as	a	range	or	minimum.	The	process	yields	tube	having	very	accurate	dimensions	and	better	concentricity	than	can	be	achieved	by	tube	drawing.	276	Factors	Affecting	Weldability	.	For	temper	designations,	CEN/TC	133	covering	copper	and	copper	alloys	has	agreed	to	use	a	system	similar	to	that	already	established	by
Deutsches	Institut	für	Normung	(DIN)	indicating	the	minimum	value	of	specified	properties.	Copper	alloys	containing	nickel	and	zinc,	formerly	sometimes	called	German	silver.	The	blister	copper	from	the	converter	is	transferred	by	ladle	to	the	anode	furnace,	where	the	residual	sulfur	and	oxygen	levels	in	the	copper	are	reduced	further.	Forming.	In
general,	better	surface	finishes	are	easier	to	obtain	on	smaller	products.	139	Waste	Water	Treatment	.	low-leaded	brass	(C33500).	phosphorus-deoxidized	arsenical	copper	(C14200).	However,	at	high	temperatures	the	thermal	energy,	in	the	form	of	lattice	vibrations,	is	sufficient	to	keep	the	atoms	dispersed	randomly	on	the	lattice	sites.	(b)	For
wrought	products,	those	alloys	with	designated	Cu	contents	less	than	99.3%,	but	more	than	96%	that	do	not	fall	into	any	other	copper	alloy	group.	Wire	is	taken	off	each	reel	while	it	remains	in	a	horizontal	plane,	is	threaded	along	a	tubular	barrel,	and	is	twisted	together	with	other	wires	by	a	rotating	action	of	the	barrel.	148	Equipment	.	Free-cutting
brass	rod,	which	exhibits	outstanding	machinability	and	good	corrosion	resistance,	and	brass	strip,	which	has	high	strength,	good	corrosion	resistance,	excellent	formability,	and	good	electrical	properties,	together	constitute	80%	of	the	total	tonnage	of	copper	alloys	shipped	from	U.S.	brass	mills.	(p)	Cu	+	sum	of	named	elements,	99.4%	min.	Physical
Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	53	Figure	46	shows	that	the	solubility	is	quite	limited,	so	that	the	addition	of	beryllium	for	solid-solution	strengthening	is	not	favorable.	Thickness	follows	the	range	for	sheet,	although	strip	is	furnished	in	widths	between	32	and	305	mm	(1.25	and	12	in.)	with	drawn	or	rolled	edges.	An	alloy
containing	nominally	60%	Cu,	0.6%	Pb,	and	39.4%	Zn,	generally	used	for	condenser	tube	plates.	leaded	Muntz	Metal	(C36500).	Wire	mill	products	are	destined	for	use	as	electrical	conductors.	The	main	factor	is	the	primary		grain	size,	and	the	-containing	structure.	Wires	can	be	in	the	form	of	single	filaments,	multiple	filaments,	or	cable	(a	group	of
insulated	conductors	twisted,	or	stranded,	together).	Billets	are	continuously	cast	9	m	(30	ft)	long	logs	about	200	mm	(8	in.)	in	diameter	of	pure	copper	or	of	copper	alloys.	Of	these,	C95300,	C95400,	and	C95500	can	be	quenched	and	tempered,	although	C95400,	the	most	widely	used	of	the	three,	is	usually	not	heat	treated.	Light	micrograph;	1000	.
521	C70600	90Cu-10Ni	.	A	continuously	revolving	screw	moves	the	pellets	into	the	hot	zone	where	the	polymer	softens	and	becomes	fluid.	Drawing	speeds	range	from	about	1	to	2.5	m/s	(200	to	500	ft/min).	(k)	Values	are	for	as-extruded	material.	ASM,	Vol	31,	1943,	p	675	26.	1	Effects	of	alloying	elements	on	electrical	resistivity	of	copper.
Semipermanent	joints	are	made	most	often	by	soldering,	usually	in	con-	junction	with	standard	socket-type	solder	fittings,	but	threaded	joints	also	can	be	considered	semipermanent	joints	for	pipe.	The	corrosion	resistance	of	brass	is	adequate	for	service	in	most	atmospheric	environments.	If	a	few	copper	and	zinc	atoms	swapped	positions,	the	degree
of	order	would	be	less	than	perfect	(S	between	1	and	0).	The	main	processes	used	in	the	production	of	copper	from	sulfide	ores	are	shown	in	Fig.	Electrical	engineering	in	the	modern	industrial	sense	followed	from	Michael	Faraday’s	discovery	of	electromagnetic	induction	in	1831,	Werner	von	Siemens’	invention	of	the	electric	dynamo	in	1866,	and
Thomas	Edison’s	invention	of	the	electric	light	bulb	in	1878	and	his	construction	of	the	first	electrical	power	generating	plant	in	1882.	Electrical	Bronzes.	The	recently	improved	tempers	of	alloys	C19400	and	C70250	are	candidates	for	applications	requiring	very	high	strength	in	thin	sections	(Ref	2).	This	explains	why	nickel-aluminum	bronze
(C63020)	is	sometimes	substituted	for	beryllium-copper	in	aircraft	landing-gear	bearings.	139	Deposit	Properties	.	commercial	bronze	15%	Zn	.	Polyethylene,	because	of	its	low	and	stable	dielectric	constant,	is	specified	when	better	electrical	properties	are	required.	Refinery	Shapes	Copper	is	brought	into	the	market	initially	in	the	form	of	cathodes,
which	are	the	end	result	of	the	extraction	and	electrolytic	refining	process	(see	the	article	“The	Copper	Industry:	Occurrence,	Recovery,	and	Consumption”	in	this	Handbook).	They	are	amenable	to	most	casting	methods,	including	permanent	mold	and	pressure	die	casting	processes.	Roll	Lubricants.	Tables	3	through	6	list	wrought	copper	alloys
ranked	by	their	tensile	strength,	yield	strength,	electrical	conductivity,	and	thermal	conductivity,	respectively.	An	alloy	containing	nominally	66%	Cu,	1.6%	Pb,	and	32.4%	Zn.	It	is	recommended	for	automatic	screw	machine	operations.	temper	annealing.	The	degree	of	set	will	be	lowest	when	the	largest	inside	diameter	compatible	with	the	specified
gage	and	weight	can	be	used.	Edges	square	with	slight	roll.	Requirements	for	copper	tube	and	pipe	to	be	used	in	condensers,	heat	exchangers,	economizers,	and	similar	unfired	pressure	vessels	are	given	in	the	American	Society	of	Mechanical	Engineers	(ASME)	specifications	listed	in	Table	20.	Other	alloy	types	of	major	commercial	significance
include	tin	bronzes	(phosphor	bronzes),	which	are	noted	for	their	excellent	cold-forming	behavior	and	strength;	tin	brasses,	known	for	outstanding	corrosion	resistance;	copper-nickels,	which	are	strong	and	particularly	resistant	to	seawater;	nickel	silvers,	which	combine	a	silvery	appearance	with	good	formability	and	corrosion	resistance;	beryllium-
coppers,	which	provide	outstanding	strength	when	hardened;	and	aluminum	bronzes,	which	have	high	strength	along	with	good	resistance	to	oxidation,	chemical	attack,	and	mechanical	abrasion.	(a)	Cu		sum	of	named	elements,	99.5%	min.	105	The	Powder	Processing	Route	.	As	the	thickness	is	reduced,	the	bar	length	increases	proportionately.
Production	of	Copper	Primary	copper	is	produced	from	sulfide	copper	minerals	and	oxidized	copper	minerals.	However,	note	in	Fig.	Their	chief	products	are	shaped	castings	for	many	different	industrial	and	consumer	goods,	the	most	important	of	which	are	plumbing	products	and	industrial	valves.	(u)	Cu	+	sum	of	named	elements,	99.7%	min.	It
resists	abrasion	and	solvents.	Electrical	conductivity	can	be	as	high	as	100%	IACS,	while	thermal	conductivity	can	reach	391	W/m		K	(226	Btu/ft2/ft/h/°F).	In	heat	treating,	some	precautions	should	be	taken.	(c)	White		in	.	13	that	the	20	and	30%	Zn	alloys	retain	their	superiority	as	they	are	cold	worked,	although	all	of	the	alloys	show	less	ductility	with
increasing	cold	deformation.	6.5–8.5	2.0–5.0	2.0	1.0(i)	0.25	0.25	Sb,	0.05	S,	0.30	P(j),	C93100	…	S,	C,	CL,	PM,	I,	P	bal(g)(p)	0.005	Al,	0.005	Si	6.0–8.0	1.0–4.0	1.0(i)	0.20	0.35	Sb,	0.08	S,	0.15	P(j),	C93200	315,	83-7-7-3,	bearing	S,	C,	CL,	PM,	I,	P	81.0–85.0(g)(p)	6.3–7.5	bronze,	(SAE	660)	0.005	Al,	0.005	Si	7.0–9.0	0.8	1.0(i)	0.20	0.50	Sb,	0.08	S,	0.50
P(j),	C93400	311,	84-8-8-0	S,	C,	CL,	PM,	I,	P	82.0–85.0(g)(p)	7.0–9.0	0.005	Al,	0.005	Si	8.0–10.0	2.0	1.0(i)	0.20	0.30	Sb,	0.08	S,	0.05	P(j),	C93500	326,	85-5-9-1,	(SAE	66)	S,	C,	CL,	PM,	I,	P	83.0–86.0(g)(p)	4.3–6.0	0.005	Al,	0.005	Si	6.0–8.0	11.0–13.0	1.0	1.0(i)	0.20	0.55	Sb,	0.08	S,	0.15	P(j),	C93600	…	S,	C,	CL,	PM,	I,	P	79.0–83.0(h)	0.005	Al,	0.005	Si
9.0–11.0	8.0–11.0	0.8	0.50(i)	0.7(s)	0.50	Sb,	0.08	S,	0.10	P(j),	C93700	305,	80-10-10,	bushing	and	S,	C,	CL,	PM,	I,	P	78.0–82.0(p)	bearing	bronze,	(SAE	64)	0.005	Al,	0.005	Si	3.5–4.5	7.0–9.0	4.0	0.50(i)	0.7	0.50	Sb,	0.10	P(j)	C93720	…	S,	C,	CL,	PM,	I,	P	83.0	min(p)	C93800	319,	78-7-15,	anti-acid	S,	C,	CL,	PM,	I,	P	75.0–79.0(p)	6.3–7.5	13.0–16.0	0.8	1.0(i)
0.15	0.8	Sb,	0.08	S,	0.05	P(j),	metal,	(SAE	67)	0.005	Al,	0.005	Si	5.0–7.0	14.0–18.0	1.5	0.8(i)	0.40	0.50	Sb,	0.08	S,	1.5	P(j),	C93900	79-6-15	S,	C,	CL,	PM,	I,	P	76.5–79.5(t)	0.005	Al,	0.005	Si	14.0–16.0	0.50	0.50–1.0(i)	0.25	0.50	Sb,	0.08	S(u),	0.05	P(j),	C94000	…	S,	C,	CL,	PM,	I,	P	69.0–72.0(o)	12.0–14.0	0.005	Al,	0.005	Si	4.5–6.5	18.0–22.0	1.0	1.0(i)	0.25
0.8	Sb,	0.08	S(u),	0.05	P(j),	C94100	…	S,	C,	CL,	PM,	I,	P	72.0–79.0(o)	0.005	Al,	0.005	Si	4.5–6.0	23.0–27.0	0.8	1.0(i)	0.15	0.80	Sb,	0.08	S(u),	0.08	P(j),	C94300	…	S,	C,	CL,	PM,	I,	P	67.0–72.0(p)	0.005	Al,	0.005	Si	(continued)	(a)	Casting	processes:	S,	sand;	D,	die;	C,	continuous;	I,	investment;	PM,	permanent	mold;	CL,	centrifugal;	and	P,	plaster.	The	unit
cell	could	just	as	well	have	been	drawn	with	a	copper	atom	in	the	center	and	zinc	atoms	on	the	corners.	One	of	the	advantages	of	coil	annealing	in	a	controlled	atmosphere	furnace	is	that	the	surface	of	the	metal	can	be	readily	restored	to	its	natural	color	by	appropriate	cleaning	following	the	anneal.	43	Effect	of	cooling	rate	from	900	°C	(1650	°F)	on
the	hardness	of	a	Cu-10.2Al	alloy.	Typical	uses	include	building	wire,	control	cables,	and	power	cables.	The	choice	of	alloy	and	condition	is	most	Table	3	Solubility	limits	and	electrical	resistivity	effects	of	copper	alloying	elements	Element	Solubility	at	293	K,	wt%	Resistivity	increase	per	1	wt%	addition,		·	cm	Ag	Al	As	Au	B	Be	Ca	Cd	Co	Cr	Fe	Ga	Ge	Hg
In	Ir	Mg	Mn	Ni	O	P	Pb	Pd	Pt	Rh	S	Sb	Se	Si	Sn	Te	Ti	Zn	Zr	0.1	9.4	6.5	100	0.06	0.2	…	0.5	0.2	0.03	0.14	20	11	…	3	1.5	1	24	100	0.0002	0.5	0.02	40	100	20	0.0025	2	0.002	2	1.2	0.0005	0.4	30	0.01	0.355	2.22	5.67	0.185	8.25	4.57	4.77	0.172	7.3	4.9	10.6	1.27	3.2	0.32	0.615	2	4.2	3.37	1.2	21	14.3	1.02	9.57	0.635	1.5	18.6	2.9	8.5	7	1.65	4	21.6	0.286	8	often
based	on	the	trade-off	between	strength	and	conductivity	(Fig.	Oilimpregnated	cellulose	paper	is	used	to	insulate	high-voltage	cables	for	critical	power-distribution	applications.	The	beryllium-copper	system	offers	a	series	of	wrought	and	cast	age-hard-	ening	alloys,	UNS	C17000	to	C17530	and	C82000	to	C82800.	54	Strengthening	Mechanisms	for
Wrought	Copper	Alloys	.	Thus	the	more	usable	solutes	for	solid-solution	strengthening	are	those	for	which	the	size	difference	is	modest	and	the	solubility	large.	To	overcome	the	tendency,	four-high	and	cluster	rolling	mills	are	used	for	cold	rolling	in	the	brass	mill.	Any	copper	containing	substantial	amounts	of	silver,	regardless	of	origin	or	treatment.
Joseph	R.	129	Bath	Composition	and	Operating	Variables	.	(b)	Ranges	are	from	softest	to	hardest	commercial	forms.	Stress	relieving	is	effective	only	if	the	parts	are	not	subsequently	bent	or	strained	in	service;	such	oper-	10%	Ni	30%	Ni	Ni-Zn	400	500	600	700	800	900	1000	1100	1200	Ultimate	tensile	strength,	MPa	(b)	Electrical	conductivity,	%IACS
Relationship	between	strength	and	electrical	conductivity	for	copper	and	copper	alloys	Fig.	Brasses	containing	between	32	and	39%	Zn	may	have	a	duplex			-structure,	which	makes	them	easier	to	hot	Table	5	Copper	alloys	ranked	by	electrical	conductivity	UNS	No.	work	and	machine.	A	classification	system	(i.e.,	an	alphanumeric	code)	of	tempers	can
be	found	in	the	article	“Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys”	in	this	Handbook.	As	the	diameter	of	the	circular	blank	increases,	necessary	to	form	a	longer	tube,	the	force	required	to	form	the	tube	is	greater	than	for	a	smaller-diameter	blank	(Fig.	The	light	areas	are	the	copper	dendrite	cells,	outlined	by	the	dark	Cu-
Cu2O	eutectic	network.	free-cutting	brass	(C36000).	490	C31600	89Cu-8.1Zn-1.9Pb-1Ni	.	The	products	of	this	combustion	are	then	refined,	and	all	gases	that	would	be	harmful	to	the	metal	surfaces	are	removed	by	chemical	means.	A	typical	microstructure	is	shown	in	Fig.	The	extruders	are	machines	that	convert	pellets	or	powders	of	thermoplastic
polymers	into	continuous	covers.	1	Strength	versus	electrical	conductivity	for	selected	copper	alloys.	10),	and	the	2	phase	is	similar	to	that	of	.	Source:	Ref	5,	18	Fig.	Wiredrawing.	One	important	characteristic	of	copper-zinc	alloys	containing		and		is	that	they	show	better	hot	workability	(but	not	cold	workability)	than	alloys	consisting	of	only	the	
phase.	222	Production	of	Copper	Powder	by	Electrolysis	.	An	alloy	containing	nominally	60%	Cu,	1%	Pb,	and	39%	Zn,	generally	available	as	tube.	A	more	detailed	explanation	of	the	UNS	system	can	be	found	in	the	article	“Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys”	in	this	Handbook.	5.	Table	6	Copper	alloys	ranked	by
thermal	conductivity	Brasses	The	common	brasses	(C21000	to	C28000)	are	copper	alloys	in	which	zinc	is	the	principal	alloying	element.	299	Brazing,	Soldering,	and	Adhesive	Bonding	.	This	alloy	is	essentially	the	commercial	alloy	Muntz	metal.	There	are	four	broad	categories	of	bronzes:	tin	bronzes,	leaded	and	highleaded	tin	bronzes,	nickel-tin
bronzes,	and	aluminum	bronzes.	The	theoretical	machinability	of	the	alloy	is	more	than	five	times	that	of	leaded	low-carbon	steel	(American	Iron	and	Steel	Institute	(AISI)	12L14),	which	the	brass	approaches	in	terms	of	mechanical	properties	and	far	surpasses	in	corrosion	resistance.	505	C50500	98.7Cu-1.3Sn	.	510	C61300	90Cu-7Al-2.7Fe-0.3Sn	.
295	Resistance	Welding	.	In	cluster	mills	Table	16	Typical	copper	foil	properties	Tensile	strength,	min	Temper	designation	…	Material	and	condition	Nominal	weight,	g/m2	MPa	ksi	Elongation	in	50	mm,	min,	%	Electrodeposited	153	305	and	over	153	305	610	and	over	610	and	over	All	weights	105	205	105	140	170	220	345	15	30	15	20	25	32	50	3	3	5
10	20	5	…	O61	Rolled	and	annealed	H00	H08	Light	cold	rolled	As	rolled	the	work	rolls	are	backed	up	by	a	cluster	of	backup	rolls	placed	with	respect	to	the	work	rolls	so	they	contain	the	rolling	forces	and	prevent	bending	or	springing	of	the	work	rolls.	Most	of	the	coppers	require	an	extrusion	pressure	intermediate	between	those	for	C26000	and
C36000.	Thus	the	presence	of	Cu2O	and	of	solute	atoms	in	the	lattice	has	negligible	effect	on	the	strength	properties,	but	they	have	a	potent	effect	on	the	electrical	resistivity	and	also	on	the	thermal	conductivity.	101	100	99	98	96	95	93	92	90	87	85	80	78	60	56	55	45	44	42	40	38	37	36	35	32	28	27	26	25	24	23	22	19	15	14	13	12	10	9	8	7	6	4	Thermal
conductivity	at	20	°C	(68	°F)	UNS	No.	C10100,	C10200,	C11000	C10400,	C10500,	C10700,	C11300,	C11400,	C11500,	C11600	C10300,	C12000,	C12100	C12900,	C18700	C14700	C15000	C15715	C18135	C16200	C14500	C10800	C15725	C12200	C18100,	C18200,	C18400	C15760	C16500	C19100	C21000	C17410,	C17500,	C17510,	C19150	C22000
C31400	C22600	C64700	C50700	C23000	C32000	C24000,	C31600	C28000,	C38500	C26000,	C26130,	C26200	C37000,	C37700	C26800,	C27000,	C33500,	C34000,	C34200,	C34500,	C35000,	C35300,	C35330,	C35600,	C36000,	C46400,	C48200,	C48500	C46200	C17200,	C17300	C67500	C67400	C67000,	C67600	C54400	C51000,	C61000	C61400
C61800	C52100	C62400	C65100	C61300	C62300	C62500,	C63020	C64200,	C70600,	C74500	C69710,	C75700,	C79200	C63000	C65500,	C75400	C63200,	C65600,	C66100	C75200	C71500	C69400,	C69430	W/m	·	K	Btu/ft2/ft/h/°F	391	388	226	224	386	377	374	367	365	363	360	355	349	344	339	324	322	253	251	234	208	223	218	216	212	211	210	208
205	202	199	196	187	186	146	145	135	120	189	180	173	168	164	159	156	140	123	121	119	116	109	104	100	97	95	92	90	81	71	70	69	67	111	107	106	100	99	87	69	67	64	62	59	57	55	54	47	45	40	38	36	35	33	29	26	64	62	61	58	57	50	40	39	37	36	34	33	32	31	27	26	23	22	21	20	19	17	15	Source:	Copper	Development	Association	Inc.	Physical
Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	41	LIVE	GRAPH	Flow	stress	(yield	strength)	at	0.9%	strain,	ksi	400	Critical	temperature	466	°C	300	40	200	20	100	0	200	400	Flow	stress	(yield	strength),	MPa	Click	here	to	view	60	600	Quenching	temperature,	°C	Fig.	Its	control	requires	that	the	amount	of	reduction	between	anneals	and	the
temperature	of	successive	anneals	be	carefully	controlled.	An	alloy	containing	nominally	66%	Cu,	0.5%	Pb,	and	33.5%	Zn,	and	used	where	a	combination	of	moderate	machinability,	strength,	and	ductility	is	required.	This	arrangement	allows	the	advantage	of	the	small	contact	area	of	small	work	rolls	and	the	transmittal	of	high	force	through	the	large
backup	rolls,	while	maintaining	the	rigidity	required	for	gage	control.	Major	markets	include	building	wire	and	cable,	magnet	wire,	telecommunications	wire	and	cable,	power	cable,	automotive	wire	and	cable,	and	other	wire	and	cable	products	such	as	apparatus	wire,	cord	sets,	and	electronic	wire	and	cable.	176	Deoxidation	of	Copper	Alloys	.	This
type	of	wire	sometimes	is	referred	to	as	“smooth	bunch.”	The	layers	usually	have	a	left-hand	lay.	Soloway,	and	B.	The	bars	are	then	scalped	by	milling.	The	optimal	tradeoff	is	achieved	by	precipitation	hardening,	which	is	usually	the	most	costly	because	of	either	the	alloy	additions	or	extra	processing.	In	the	as-cast	condition,	the	structure,	if	the
oxygen	content	is	below	0.39%,	will	consist	of	primary		crystals	showing	coring	and	eutectic	solid.	Coil	set,	the	curvature	that	remains	in	a	strip	when	it	is	unwound	from	a	coil,	is	an	inherent	characteristic.	Lower	Environmental	Risk.	1.5–3.8	20.0–27.0	1.0(i)	0.6	0.20	Sb,	0.05	S,	0.02	P,	C85200	400,	72-1-3-24,	high	copper	S,	C,	CL	70.0–74.0(g)(n)	0.7–
2.0	yellow	brass	0.005	Al,	0.05	Si	1.5–3.8	24.0–32.0	1.0(i)	0.7	0.35	Al,	0.05	Si	C85400	403,	67-1-3-29,	commercial	S,	C,	CL,	PM,	I,	P	65.0–70.0(g)(o)	0.50–1.5	No.	1	yellow	brass	0.20	0.20	bal	0.20(i)	0.20	0.20	Mn	C85500	60-40	yellow	brass	S,	C,	CL	59.0–63.0(g)(o)	0.80–1.5	32.0–40.0	1.0(i)	0.7	0.8	Al,	0.05Si	C85700	405.2,	63-1-1-35,	B2,	S,	C,	CL,	PM,	I,
P	58.0–64.0(g)(n)	0.50–1.5	permanent	mold	brass	1.5	1.5	31.0–41.0	0.50(i)	0.50	0.05	Sb,	0.25	Mn,	0.05	As,	C85800	405.1,	die	casting	yellow	S,	C,	CL,	PM,	I,	P,	D	57.0	min(g)(o)	brass	0.05	S,	0.01	P,	0.55	Al,	0.25	Si	Manganese	bronze	and	leaded	manganese	bronze	alloys	(high-strength	and	leaded-high-strength	yellow	brasses):	Alloys	with	high
mechanical	strength,	good	corrosion	resistance,	and	favorable	castability.	The	picture	in	Fig.	Dilute	or	high-copper	alloys	(~94%	Cu	min)	contain	small	amounts	of	various	alloying	elements,	such	as	beryllium,	cadmium,	or	chromium,	each	having	less	than	8	at.%	solubility.	T.F.	Pearson	and	W.A.	Baker,	J.	Lead	does	reduce	tensile	strength	and
ductility;	however,	the	amount	added	can	be	balanced	with	regard	to	machinability	and	strength	requirements.	These	attributes	have	contributed	toward	copper	and	its	alloys	being	the	material	of	choice	for	building	construction	(e.g.,	plumbing,	wiring,	and	roofing),	but	have	also	led	to	the	use	of	copper	in	many	demanding	engineering	applications	in
the	marine,	automotive,	chemical,	and	electronics	industries.	If	the	grain	size	becomes	approximately	the	same	as,	or	exceeds,	the	thickness	of	the	tensile	specimen	(or	the	sheet	in	the	case	of	the	data	in	Fig.	A	measure	of	drawability	of	a	metal	is	the	maximum	ratio	of	the	diameter	of	the	blank	to	that	of	the	punch	(drawing	ratio)	allowable	without
fracture	or	wrinkling.	These	major	groups	are:	•	Coppers,	which	contain	a	minimum	of	99.3%	Cu	•	High-copper	alloys,	which	contain	up	to	5%	alloying	elements	•	Copper-zinc	alloys	(brasses),	which	contain	up	to	40%	Zn	•	Copper-tin	alloys	(phosphor	bronzes),	which	contain	up	to	10%	Sn	and	0.2%	P	alloys	(aluminum	bronzes),	which	contain	up	to
10%	Al	Copper-silicon	alloys	(silicon	bronzes),	which	contain	up	to	3%	Si	Copper-nickel	alloys,	which	contain	up	to	30%	Ni	Copper-zinc-nickel	alloys	(nickel	silvers),	which	contain	up	to	27%	Zn	and	18%	Ni	Special	alloys,	which	contain	alloying	elements	to	enhance	a	specific	property	or	characteristic,	for	example,	machinability	•	Copper-aluminum	•	•
•	•	Alloys	falling	into	these	nine	groups	are	identified	by	their	Unified	Numbering	System	(UNS)	designation.	480	C21000	95Cu-5Zn	.	It	should	be	emphasized	that	these	names	should	not	be	used	whenever	an	alloy	is	cited	on	engineering	drawings	or	purchase	agreements.	Tallow	is	generally	used	as	the	lubricant,	and	the	wire	is	drawn	through
hardened	steel	or	tungsten	carbide	dies.	Ingots	are	bricks	of	pure	copper	or	copper	alloys	that	are	chill	cast	in	metallic	molds.	491	C33200	66Cu-32.4Zn-1.6Pb	.	Alloy	C17200	(Cu-1.8Be-0.4Co),	for	example,	can	be	processed	to	reach	high	strength;	that	is,	tensile	strengths	after	solutionization	(470	MPa,	or	68	ksi),	after	cold	rolling	to	the	hard	temper



(755	MPa,	or	110	ksi),	and	after	aging	(1415	MPa,	or	205	ksi).	19(a)	typifies	that	of	the	alloy	above	the	critical	temperature.	(n)	0.01–2.0%	as	any	single	or	combination	of	Ce,	La	or	other	rare	earth*	elements,	as	agreed	upon.	These	slimes	are	recovered	and	processed	for	eventual	recovery	of	selenium	and	the	precious-metal	values.	More	detailed
information	can	be	found	in	the	articles	contained	in	the	Section	“Fabrication	and	Finishing”	in	this	Handbook.	AIME,	Vol	93,	1931,	p	123	22.	this	is	because	a	greater	volume	of	metal	is	forced	into	the	same	die	opening.	leaded	naval	brass	(C48500).	(i)	Cu		sum	of	named	elements,	99.1%	min.	90	/	Metallurgy,	Alloys,	and	Applications	Table	1
(continued)	UNS	No.	Other	designations,	descriptive	names	(former	SAE	No.)	Applicable	casting	processes(a)	Composition(b),	wt%	Cu	Sn	Pb	Zn	Ni	Fe	Other	Cu-Ni-Zn	alloys	(nickel	silvers):	Moderately	strong	alloys	with	very	good	corrosion	resistance	and	a	pleasing	silver	color.	Like	most	brasses,	it	can	be	finished	to	a	high	luster	and	readily	accepts
decorative	electroplated	coatings.	An	alloy	containing	nominally	71%	Cu,	1%	Sn,	and	28%	Zn,	originally	developed	by	the	British	Admiralty	and	generally	available	in	tube,	flat	products,	and	wire.	W.K.	Honeycombe,	The	Plastic	Deformation	of	Crystals,	Edward	Arnold	Ltd.,	London,	1968	9.	Because	dilute	copper	alloys	retain	the	face-centered	cubic
(fcc)	-structure	of	copper,	their	physical	properties	are	similar	to	those	of	the	pure	metal.	Of	the	chief	customer	industries,	the	largest	is	building	construction,	which,	purchases	large	quantities	of	electrical	wire,	tubing,	and	parts	for	building	hardware	and	for	electrical,	plumbing,	heating,	and	air-conditioning	systems.	This	operation	is	accomplished
in	a	specially	designed	milling	machine	having	rolls	with	inset	blades	that	cut	or	mill	away	the	surface	layer	of	metal.	Also,	forging	dies	are	usually	a	onetime	expense	to	the	customer,	whereas	the	maintenance,	repair,	and	replacement	of	casting	dies	are	usually	the	customer’s	responsibility.	The	alloy	was	initially	quenched	from	900	°C	(1650	°F).
Flatness	tolerances	are	typically	on	the	order	of	0.12	mm/25	mm	(0.005	in./in.)	for	the	first	25	mm	and	0.075	mm/25	mm	(0.003	in./in.)	thereafter.	Used	in	valves,	fittings,	and	other	components	for	dairy	equipment	and	as	architectural	and	decorative	trim.	This	directionality	in	mechanical	properties	arises	from	the	fact	that	the	normal	random
orientation	of	the	atomic	planes	from	grain	to	grain	is	gradually	forced	into	a	pattern	conforming	to	the	constant	working	of	the	metal	in	one	direction.	354	Macroexamination	.	Refinery	shapes	are	the	products	of	primary	copper	producers.	(t)	Cu	+	sum	of	named	elements,	98.9%	min.	(cc)	Cu		sum	of	named	elements,	99.85%	min.	27b)	and	will
increase	strength.	The	total	maximum	allowable	of	65	ppm	(0.0065%)	does	not	include	oxygen.	113	Copper-Base	Brush	Materials	.	Billets	are	sawed	into	shorter	lengths	that	are	extruded	and	then	drawn	as	tube,	rod,	and	bar	stock	of	various	sizes	and	shapes.	Work	rolls	are	made	of	hardened	steel,	much	harder	than	the	copper	alloy	being	rolled.	479
C19520	97.97Cu-0.75Fe-1.25Sn-0.03P	.	When	annealing	coiled	metal,	heat	from	the	furnace	must	be	absorbed	through	the	coil	surface	and	then	penetrate	to	the	innermost	wraps,	mostly	by	conduction.	Recently	there	have	been	many	major	technical	developments	including	new	sand	binders,	the	adoption	of	metal	filtration	of	castings	and	widespread
use	of	computers	for	the	optimisation	of	feeder	design.You	currently	don’t	have	access	to	this	book,	however	you	can	purchase	separate	chapters	directly	from	the	table	of	contents	or	buy	the	full	version.Purchase	the	book	ASM	Specialty	Handbook	Copper	and	Copper	Alloys	Edited	by	J.	222	Production	of	Copper	Powder	by	the	Reduction	of	Copper
Oxide	.	Source:	Ref	27	Fig.	(h)	Includes	B		P.	(a)	Chill	cast	22	mm	(	78	i	n.)	bar.	13)	are	all	common.	513	C62300	87Cu-10Al-3Fe	.	Silver	imparts	annealing	resistance,	while	phosphorus	facilitates	welding.	Machinability,	as	measured	by	tool	wear	rates,	usually	(but	not	always)	deteriorates	in	proportion	to	the	hardness	of	the	alloy.	115	Nonstructural
Applications	of	Copper	and	Copper	Alloy	Powders	.	Copper	wire	can	be	coated	by	hot	dipping	in	a	molten	metal	bath,	electroplating,	or	cladding.	The	nature	and	occurrence	of	these	phases	are	controlled	by	composition,	cooling	rate,	and	heat	treatment.	One	is	by	openflame	annealing	of	cold-drawn	rod—that	is,	heating	to	700	°C	(1300	°F)	in	an
oxidizing	atmosphere.	159	Industrial	Machinery	and	Equipment	.	431	Fatigue	Properties	.	13	Markets	and	Applications	.	Thus,	the	oxygen	must	then	be	lowered	to	an	acceptable	level.	The	drop	in	electrical	conductivity	caused	by	additions	of	commonly	used	alloying	elements	is	illustrated	by	Fig.	The	combination	of	thermal	stability	and	high	electrical
conductivity	is	useful	in	applications	such	as	heavy-duty	electrical	connectors,	vacuum	tube	components,	and	resistance	welding	electrodes.	45	Copper-Zinc-Tin	Alloys	.	530	C82000	97Cu-2.5Co-0.5Be	.	360	Grains	.	385	Types	of	Attack	.	465	C15000	99.85Cu-0.15Zr	.	This	permits	the	operator	to	unload	the	full	reel	and	replace	it	with	an	empty	one
without	stopping	the	wiredrawing	operation.	Winter,	Copper:	Properties	•	•	•	•	and	Alloying,	Encyclopedia	of	Materials	Science	and	Engineering,	Vol	2,	M.B.	Bever,	Ed.,	Pergamon	Press	and	the	MIT	Press,	1986,	p	848–855	J.	Alloy	C94100	is	especially	good	under	boundary	lubricated	conditions.	Zinc	is	hexagonal	closepacked,	so	the	solubility	in
copper	cannot	be	complete.	When	one	reel	is	filled,	the	machine	automatically	flips	the	wire	onto	an	adjacent	empty	reel	and	simultaneously	cuts	the	wire.	Crane	and	J.	Precipitation-hardening	alloys	exhibit	increases	in	electrical	conductivity	along	with	increased	strength	during	the	aging	heat	treatment,	as	elements	are	removed	from	supersaturated
solid	solution	to	form	precipitates	of	intermetallic	compounds.	It	can	only	be	done	on	a	limited	range	of	gage,	width,	and	temper	combinations.	Although	the	solubility	of	tin	in		in	the	lower-zinc	alloys	is	sufficient	to	make	the	addition	of	tin	attractive,	the	problem	of	the	formation	of	the	brittle		phase	during	casting	limits	the	amount	of	tin	to	values	less
than	2%.	Strip	speed	through	the	furnace	is	similarly	monitored.	Copper-Base	Leaded	Alloys	It	was	pointed	out	in	the	section	“Commercially	Pure	Copper”	that	the	amount	of	lead	must	be	kept	low	to	be	able	to	hot	work	copper	(and	also	the	brasses),	because	if	the	quite	low	solubility	of	lead	in	copper	is	exceeded,	a	leadrich	liquid	film	wets	the	grain
boundaries,	reducing	the	strength.	spinodal	heat	treatment.	Ironically,	while	copper	alloys	are	among	the	most	easily	cast	engineering	materials,	unalloyed	copper	presents	a	number	of	casting	difficulties:	coarse,	often	columnar	grain	structures;	rough	surfaces;	and	a	tendency	to	form	shrinkage	cavities.	After	the	metal	is	stacked	on	the	base,
temperature-control	thermocouples	are	placed	throughout	the	load	to	continuously	measure	the	temperature.	Current	applications	include	bearings,	gears,	pole-line	hardware,	and	intricately	shaped	pump	and	valve	components.	453	C10100,	C10200	.	Winter,	Copper:	Selection	of	Wrought	Alloys,	Encyclopedia	of	Materials	Science	and	Engineering,
Vol	2,	M.B.	Bever,	Ed.,	Pergamon	Press	and	the	MIT	Press,	1986,	p	866–871	“Standard	Practice	for	Temper	Designations	for	Copper	and	Copper	Alloys—Wrought	and	Cast,”	ASTM	B	601-99a,	ASTM,	Jan	2000	Standards	Handbook:	Wrought	Copper	and	Copper	Alloy	Mill	Products,	Part	3—	Terminology,	Copper	Development	Association	Inc.,	1975	P.W.
Taubenblat,	Copper:	Selection	of	High	Conductivity	Alloys,	Encyclopedia	of	Materials	Science	and	Engineering,	Vol	2,	M.B.	Bever,	Ed.,	Pergamon	Press	and	the	MIT	Press,	1986,	p	863–866	The	Copper	Industry:	Occurrence,	Recovery,	and	Consumption	THE	COPPER	INDUSTRY	in	North	America,	broadly	speaking,	is	composed	of	two	segments:
producers	(mining,	smelting,	and	refining	companies)	and	fabricators	(wire	mills,	brass	mills,	foundries,	and	powder	plants).	Both	changes	affect	properties,	and	the	hardness	can	be	increased	considerably	by	judicious	treatment.	nickel	silver	(C73500–C79800).	Strip(a)	Flat	wire(b)	(including	square	wire)	Bar(c)	…	Strip	…	…	…	Sheet	…	Plate	…
Thickness,	in.	Their	conductivity	is	at	least	100%	IACS	(Inter-national	Annealed	Copper	Standard,	as	described	in	the	“Introduction	and	Overview”	to	this	Handbook).	When	fine	wire	is	being	produced,	it	is	necessary	to	provide	rod	of	even	better	surface	quality.	525	C74500	65Cu-25Zn-10Ni	.	They	can	be	plated,	coated	with	organic	substances,	or
chemically	colored	to	further	extend	the	variety	of	available	finishes.	(x)	Fe	content	should	not	exceed	Ni	content.	22	/	Metallurgy,	Alloys,	and	Applications	Table	2	(continued)	Copper-nickel	alloys	Composition,	wt%	Copper	alloy	No.	Previous	trade	name	Cu	(incl	Ag)	C70800	C71000	C71100	C71300	C71500	C71520	C71580	C71581	C71590	C71640
C71700	C71900	Copper-nickel,	11%	Copper-nickel,	20%	…	…	Copper-nickel,	30%	…	…	…	…	…	…	…	bal(p)	bal(p)	bal(p)	bal(p)	bal(p)	65.0	min(p)	bal(p)	bal(p)	bal	bal(p)	bal(p)	bal(p)	0.05	0.05	0.05	0.05	0.05(ii)	0.02	0.05	0.02	0.001	0.01	…	0.015	C72150	C72200	…	…	bal(p)	bal(t)	C72420	…	C72500	C72650	C72700	C72800	C72900	C72950	Pb	Fe	Other
named	elements	Zn	Ni	(incl	Co)	Sn	Mn	0.10	1.0	0.10	0.20	0.40–1.0	0.40–1.0	0.50	0.40–0.7	0.15	1.7–2.3	0.40–1.0	0.50	0.20	1.0	0.20	1.0	1.0(ii)	0.50	0.05	…	0.001	…	…	0.05	10.5–12.5	19.0–23.0	22.0–24.0	23.5–26.5	29.0–33.0	29.0–33.0	29.0–33.0	29.0–32.0	29.0–31.0	29.0–32.0	29.0–33.0	28.0–33.0	…	…	…	…	…	…	…	…	0.001	…	…	…	0.15	1.0	0.15	1.0	1.0
1.0	0.30	1.0	0.50	1.5–2.5	…	0.20–1.0	0.05	0.05(ii)	0.10	0.50–1.0	0.20	1.0(ii)	43.0–46.0	15.0–18.0	…	…	0.05	1.0	bal(u)	0.02	0.7–1.2	0.20	13.5–16.5	0.10	3.5–5.5	…	…	…	…	bal(t)	bal(u)	bal(u)	bal(u)	0.05	0.01	0.02	0.005	0.6	0.10	0.50	0.50	0.50	0.10	0.50	1.0	8.5–10.5	7.0–8.0	8.5–9.5	9.5–10.5	1.8–2.8	4.5–5.5	5.5–6.5	7.5–8.5	0.20	0.10	0.5–0.30	0.05–0.30	…	…
bal(u)	bal(u)	0.02(mm)	0.05	0.50	0.6	0.50	…	14.5–15.5	20.0–22.0	7.5–8.5	4.5–5.7	0.30	0.6	…	…	…	…	(ii)	0.05C,	0.02P,	0.02S	(kk)	(ll)	(jj)	0.03S,	0.06C	0.30–0.7Be	2.2–3.0Cr,	0.02–0.35Zr,	0.01–0.20Ti,	0.04C,	0.25Si,	0.15S,	0.02P	0.10C,	0.50Si	0.30–0.7Cr,	0.03Si,	0.03Ti	(ii)	1.0–2.0Al,	0.50Cr,	0.15Si,	0.05Mg,	0.15S,	0.01P	0.05C	…	…	0.10Nb,	0.15Mg
0.10Al,	0.001B,	0.001Bi,	0.10–0.30Nb,	0.005–0.15Mg,	0.005P,	0.0025S,	0.02Sb,	0.05Si,	0.01Ti	0.10Nb,	0.15Mg	…	Copper-nickel-zinc	alloys	(nickel	silvers)	Composition,	wt%	Copper	alloy	No.	Previous	trade	name	C73500	C74000	C74300	C74400	C74500	C75200	C75400	C75700	C76000	C76200	C76400	C76700	C77000	C77300	…	…	…	…	Nickel
silver,	65-10	Nickel	silver,	65-18	Nickel	silver,	65-15	Nickel	silver,	65-12	…	…	…	Nickel	silver,	56.5-15	Nickel	silver,	55-18	…	C77400	C78200	C79000	C79200	C79800	C79830	…	…	…	…	…	…	Cu(p)	(incl	Ag)	70.5–73.5	69.0–73.5	63.0–66.0	62.0–66.0	63.5–66.5	63.5–66.5	63.5–66.5	63.5–66.5	60.0–63.0	57.0–61.0	58.5–61.5	55.0–58.0	53.5–56.5	46.0–50.0
43.0–47.0	63.0–67.0	63.0–67.0	59.0–66.5	45.5–48.5	45.5–47.0	Pb	0.10	0.10	0.10	0.05	0.10(nn)	0.05	0.10	0.05	0.10	0.10	0.05	…	0.05	0.05	0.20	1.5–2.5	1.5–2.2	0.8–1.4	1.5–2.5	1.0–2.5	Fe	Zn	Ni	(incl	Co)	Mn	0.25	0.25	0.25	0.05	0.25	0.25	0.25	0.25	0.25	0.25	0.25	…	0.25	…	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal	16.5–19.5	9.0–11.0	7.0–9.0	2.0–
4.0	9.0–11.0	16.5–19.5	14.0–16.0	11.0–13.0	16.5–19.5	11.0–13.5	16.5–19.5	14.0–16.0	16.5–19.5.	9.0–11.0	0.50	0.50	0.50	…	0.50	0.50	0.50	0.50	0.50	0.50	0.50	0.50	0.50	…	…	0.35	0.35	0.25	0.25	0.45	bal	bal	bal	bal	bal	bal	9.0–11.0	7.0–9.0	11.0–13.0	11.0–13.0	9.0–11.0	9.0–10.5	…	0.50	0.50	0.50	1.5–2.5	0.15–0.55	Other	named	elements	…	…	…	…	…	…	…
…	…	…	…	…	…	0.01Al,	0.25P,	0.04–0.25Si	…	…	…	…	…	…	incl,	including.	113	Copper-Infiltrated	Steels	.	29	Comparison	of	the	effect	of	zinc	and	tin	on	the	hardness	of	the	binary	solid	solutions.	AIME,	Vol	197,	1953,	p	1240	15.	AIME,	Vol	200,	1954,	p	1003	17.	The	bulk	of	these	applications	are	wire	and	cable,	for	example,	telecommunications	wire	and
cable,	electronic	wire	and	cable,	building	wire,	magnet	wire,	power	cable,	and	automotive	wire	and	cable.	The	other	is	to	avoid	too	low	a	solution	temperature,	because		will	form	at	the	solution	temperature.	43).	A	chemical-composition	specification	on	electrolytic	tough	pitch	copper	is	that	lead	should	not	be	present	in	amounts	greater	than	0.005%	if
the	copper	is	to	be	hot	worked.	12).	Bending	and	rotary	swaging	of	copper	and	copper	alloy	rod,	bar,	and	shapes	are	discussed	in	the	article	“Forming”	in	this	Handbook.	For	mass-produced	screw	machine	parts	made	from	free-cutting	brass	or	one	of	the	other	leaded	copper	alloys,	high-speed	steel	is	the	standard	tool	material.	Brasses	Brasses
(C83300–C87900	and	C89320–	C89940)	are	copper	alloys	in	which	zinc	is	the	dominant	alloying	addition.	The	most	common	practice	is	to	take	concentrated	copper	sulfides	and	pass	oxygen	(usually	as	air)	through	the	molten	material,	effecting	separation	of	an	impure	copper	product	known	as	blister	copper.	Source:	Ref	7	0	(O)	11	(1/4	H)	21	(1/2	H)
37	(H)	0	(O)	11	(1/4	H)	21	(1/2	H)	37	(H)	Maximum	drawing	ratio	using	hemispherical	punch	2.20	2.17	2.12	1.72	2.17	2.12	2.07	1.80	Drawability	is	maximum	ratio	of	the	diameter	of	a	circular	blank	to	that	of	the	punch:	see	Fig.	Free-cutting	brass	(C36000)	containing	3%	Pb	is	normally	the	first	choice	for	a	copper-base	screw-machine	material.	The
metal	passes	over	a	large	roller	outside	the	furnace	at	the	top	and	does	not	touch	anything	inside	while	it	is	being	heated.	The	metal	may	be	thick,	soft,	and	ductile,	at	one	extreme	of	shearing	characteristics,	to	thin,	hard,	and	brittle,	at	the	other	extreme.	An	alloy	nominally	containing	65%	Cu,	18%	Ni,	and	17%	Zn	nickel	silver,	65-15	(C75400).
Samples	commonly	are	cut	from	each	end	of	each	coil	after	strip	or	coil	annealing,	and	the	grain	size	or	mechanical	properties	are	determined	as	a	further	control	on	the	quality	uniformity	of	the	product.	(f)	Se,	2	ppm	(0.0002%);	Bi,	1.0	ppm	(0.00010%);	group	total,	Te		Se		Bi,	3	ppm	(0.0003%).	Paper-wrapped	cables	then	are	placed	inside	special
impregnating	tanks	to	fill	the	pores	in	the	paper	with	oil	and	to	ensure	that	all	air	has	been	expelled	from	the	wrapped	cable.	Cathodes	are	thick	sheets	(Fig.	THE	REMEDY	HEREBY	PROVIDED	SHALL	BE	THE	EXCLUSIVE	AND	SOLE	REMEDY	OF	BUYER,	AND	IN	NO	EVENT	SHALL	EITHER	PARTY	BE	LIABLE	FOR	SPECIAL,	INDIRECT	OR
CONSEQUENTIAL	DAMAGES	WHETHER	OR	NOT	CAUSED	BY	OR	RESULTING	FROM	THE	NEGLIGENCE	OF	SUCH	PARTY.	505	C48500	60Cu-37.5Zn-1.8Pb-0.7Sn	.	303	Brazing	.	There	is	a	rather	high	solubility	of	aluminum	in	copper,	and	several	intermetallic	compounds	occur	for	higher	aluminum	contents,	some	of	which	have	the	same	crystal
structure	and	stoichiometry	as	ones	in	the	copper-zinc	system.	Weldability.	485	C26000	70Cu-30Zn	.	31	Commercially	Pure	Copper	.	Figure	4	compares	the	machining	characteristics	of	copper	alloys	with	those	of	an	aluminum	alloy	and	a	free-machining	steel.	Copper	and	copper	alloys	are	most	frequently	welded	using	gas	tungsten	arc	welding,
especially	for	thin	sections,	because	high	localized	heat	input	is	important	in	materials	with	high	thermal	conductivity.	Alloy	C95600	is	a	silicon-aluminum	bronze	with	reportedly	improved	machinability	and	bearing	properties.	Squeegee	rolls	are	used	to	remove	the	bulk	of	the	rinse	water,	and	drying	ovens	in	the	cleaning	lines	complete	the	job.	J.S.
Smart,	Jr.,	in	Copper,	A.	For	this	reason	it	is	used	for	all	sorts	of	drawn	parts	produced	from	brass	up	to	0.8	mm	(0.032	in.)	thick.	For	example,	in	order	to	specify	a	copper	alloy	correctly	it	is	necessary	to	indicate	(Ref	2):	•	UNS	number,	for	example,	UNS	C36000	•	Product	form	and	size,	for	example,	6.4	mm	•	(14	in.)	round	rod	Temper,	for	example,
H02,	12	hard	Properties	vary	considerably	for	different	forms	and	tempers	of	the	same	alloy	(Ref	2).	523	C71900	67.2Cu-30Ni-2.8Cr	.	242	Annealing	.	They	are	generally	nonmagnetic.	You	can	also	access	your	purchased	document	by	searching	for	it	and	clicking	on	the	"Download"	button	on	the	document's	product	detail	page.	This	sequence	can	be
quite	complex	and	dependent	upon	the	cooling	rate.	562	Beryllium	copper	nickel	72C	68.8Cu-30Ni-1.2Be	.	(l)	Cu		sum	of	named	elements,	99.0%	min.	Edge	rolling	can	produce	rolled	square	edges,	rounded	edges,	rounded	corners,	or	rolled	fullrounded	edges.	According	to	the	copper-lead	phase	diagram	(Fig.	T.	MPa	ksi	C48200	C62300	C62400
C63200	50.8	12.7	25.4	50.8	76.2	6.35	2	0.500	1	2	3	0.250	Half	hard,	H02,	15%	Half	hard,	H02,	15%	Half	hard,	H02,	10%	Light	anneal,	O50	Light	anneal,	O50	Hard,	H04,	40%	359	359	359	359	352	345	52	52	52	52	51	50	3.2	7.9	25.4	12.7	25.4	25.4	25.4	6.35	6.35	50.8	50.8	50.8	76.2	25.4	25.4	12.7	25.4	0.125	0.312	1	0.500	1	1	1	0.250	0.250	2	2	2	3	1	1
0.500	1	Hard,	H04,	50%	Hard,	H04	Quarter	hard,	H01	Half	hard,	H02,	25%	Half	hard,	H02	Half	hard,	H02,	15%	Hard,	H04	Hard,	H04,	45%	Quarter	hard,	H01,	10%	Hard,	H04,	25%	Half	hard,	H02,	15%	Half	hard,	H02,	10%	Half	hard,	10%	Half	hard,	25%	Quarter	hard,	H01,	8%	Half	hard,	H02,	25%	Half	hard,	H02,	20%	345	345	345	345	345	345	345
338	331	331	331	331	324	317	317	310	310	50	50	50	50	50	50	50	49	48	48	48	48	47	46	46	45	45	12.7	76.2	25.4	25.4	25.4	12.7	25.4	0.500	3	1	1	1	0.500	1	Hard,	H04	Half	hard,	H02,	15%	Half	hard,	H02,	20%	Quarter	hard,	H01,	10%	Half	hard,	H02	Soft	anneal,	O60	Hard,	H04,	35%	310	310	310	310	310	310	303	45	45	45	45	45	45	44	12.7–25.4	12.7
6.35	12.7	12.7	50.8	25.4	101.6	25.4	25.4	25.4	25.4	50.8	50.8	50.8	0.500–1.0	0.500	0.250	0.500	0.500	2	1	4	1	1	1	1	2	2	2	Hard,	H04,	35%	Hard,	H04,	35%	Hard,	H04,	36%	Hard,	H04,	35%	Quarter	hard,	H01,	10%	Half	hard,	H02,	15%	Hard,	H04,	29%	Solution	heat	treated	and	aged,	TF00	Soft	anneal,	O60	Hard,	H04,	35%	Quarter	hard,	H01,	10%	Half
hard,	H02,	15%	Quarter	hard,	H01,	10%	Hard,	H04,	16%	Hard,	H04,	16%	303	303	303	303	303	303	296	296	296	290	290	290	290	276	276	44	44	44	44	44	44	43	43	43	42	42	42	42	40	40	6.35–25.4	12.7	6.35	25.4	0.250–1	0.500	0.250	1	Half	hard,	20%	Half	hard,	H02,	20%	Half	hard,	H02,	20%	Eighth	hard,	H00,	6%	276	276	276	276	40	40	40	40	50.8
25.4	101.6	50.8	50.8	76.2	50.8	41	25.4	44	6.35	7.9	12.7	2	1	4	2	2	3	2	1.625	1	1.750	0.250	0.312	0.500	Quarter	hard,	H01,	8%	Hard,	H04	As	extruded,	M30	Soft	anneal,	O60	Half	hard,	H02,	15%	Half	hard,	H02	Half	hard,	H02,	15%	Hard,	H04,	25%	Half	hard,	H02,	20%	Hard,	H04,	24%	Mill	annealed	and	cold	worked,	10%	Hard,	H04	Eighth	hard,	H00
276	276	276	276	269	269	269	262	262	248	248	241	241	40	40	40	40	39	39	39	38	38	36	36	35	35	C10100,	C10200,	C10400,	C10500,	C10700,	C10800,	C11000,	C11300,	C11400,	C11500,	C11600,	C12000,	C12100	C18700	C22600	C28000	C31400	C46200	C62300	C69430	C14500,	C14520,	C18700	C46400	C61300	C62300	C62400	C32000	C46400,
C48200,	C48500	C16200	C31400,	C34200,	C35600,	C36000	C61400	C62300	C65500	C67500	C67600	C69400	C10100,	C10200,	C10300,	C10400,	C10500,	C10700,	C10800,	C11000,	C11300,	C11400,	C11500,	C11600,	C12000,	C12100,	C12900	C14500,	C14520	C14700	C18700	C35000	C35600,	C36000	C14700	C18200,	C18400	C69400	C18700
C34000	C61800	C67500	C10100,	C10200,	C10300	C10400,	C10500,	C10700,	C10800,	C11000,	C11300,	C11400,	C11500,	C11600,	C12000,	C12100	C14500,	C14520	C14700	C18700	C26000,	C26130,	C26200,	C26800,	C27000	C46400,	C48200	C12200,	C61400,	C69710	C62400	C69400	C14500,	C14520	C61800	C14700	C18700	C14700	C15000
C21000	C22000	Condition	(continued)	Source:	Copper	Development	Association	Inc.	32,	where	the	faster	cooling	has	formed	considerably	finer		dendrites.	Met.,	Vol	39,	1928,	p	67	20.	174	Degassing	of	Copper	Alloys	.	237	Sintering	Practices	for	Brass	and	Nickel	Silvers	.	The	alloys	have	excellent	weldability,	and	are	commonly	used	as	welding	filler
wire.	Source:	Ref	1	welding	equipment,	can	be	specified	in	precipitation-hardenable	chromium-coppers	such	as	C18000	and	C18100.	This	alloy	is	appreciably	harder	and	stronger	than	naval	brass	(C46400)	and	is,	therefore,	preferred	to	the	latter	for	many	structural	uses.	Because	the	metal	work	hardens,	tubes	may	be	annealed	at	intermediate	stages
when	drawing	to	small	sizes.	10	The	copper-zinc	phase	diagram.	Source:	Ref	19	solubility	at	300	°C	(572	°F)	is	only	4%.	A	tubular	buncher	has	up	to	18	wire-payoff	reels	mounted	inside	the	unit.	Because	high-copper	alloys	retain	the	face-centered	cubic		structure	of	copper,	their	physical	properties	are	similar	to	those	of	the	pure	metal.	C94700	is
heat	treatable.	vii	Metallurgy,	Alloys,	and	Applications	.	While	this	facilitates	processing,	it	also	means	that	softening	resistance	during	long-time	exposures	at	moderately	elevated	temperatures	can	be	a	concern,	especially	in	electrical	and	electronic	applications	where	resistance	(I2R)	heating	is	a	factor.	Table	5	lists	the	range	of	colors	that	can	be
obtained	with	standard	copper	alloys.	Traditional	lubricants	are	soap	and	fat	emulsions,	which	are	fed	to	all	machines	from	a	central	reservoir.	Tempering	of	the	quenched	Cu-10Al	alloy	results	in	an	increase	in	hardness	if	the	alloy	is	tempered	around	350	°C	(660	°F),	but	a	decrease	in	hardness	when	tempered	at	higher	temperatures	(Fig.	The	older
system	was	administered	by	the	Copper	Development	Association	(CDA),	and	alloys	are	still	sometimes	identified	by	their	“CDA	numbers.”	The	UNS	designations	are	simply	two-digit	extensions	of	the	CDA	numbers	to	accommodate	new	compositions.	Typical	construction	details	are	given	in	Table	12.	Cold	rolling	of	coppers	and	copper	alloys	into
sheet	and	strip	of	excellent	quality	requires	a	combination	of	skillful	workmanship,	knowledge,	and	good	rolling	mills.	strip	of	copper	and	brasses	of	designated	zinc	contents	LIVE	GRAPH	Click	here	to	view	78	/	Metallurgy,	Alloys,	and	Applications	combines	with	the	zinc	fumes	given	off	and	prevents	them	from	attacking	the	metal	parts	in	the
annealing	unit.	About	one-third	of	the	scrap	recycled	in	the	United	States	is	fed	into	the	smelting	or	refining	stream	and	quickly	loses	any	identity.	Electrolytic	tough	pitch	copper	(C11000)	is	commonly	used	for	electrical	wire	and	cable,	as	well	as	for	roofing	and	architectural	trim,	while	phosphorus-deoxidized	copper	(C12200)	is	the	standard	material
for	household	water	tube.	Brass	with	0.040	mm	average	grain	size	begins	to	show	some	roughening	of	the	surface	when	severely	stretched.	tough	pitch	copper	(C11000,	C11030,	C11100,	C11300,	C11400,	C11500,	C11600,	C12900).	Copper-alloy	strip	is	also	manufactured	in	a	range	of	tempers	from	soft	to	extra	spring.	(e)	The	following	additional
maximum	limits	apply:	Oxygen	and	trace	elements	can	vary	depending	on	the	process.	The	ordered	(superlattice)		phase	for	the	exact	composition	of	equal	numbers	of	atoms	of	copper	and	zinc	(about	49	wt%	Zn).	Figure	38	shows	the	copper-rich	portion	of	the	copper-aluminum	phase	diagram.	General	use	for	gages	under	0.3	mm	(0.012	in.)	This
grain-size	range	includes	the	largest	average	grain	that	will	produce	parts	essentially	free	of	orange	peel.	Oxidized	copper	ores	Concentrate	or	calcine	Off	gas	(to	waste	heat	boilers)	Charging	conveyor	Fuel	Slag	Converter	slag	Air	Matte	Burners	Slag	Production	of	Copper	from	Scrap	Charging	pipes	The	box	at	the	lower	left	in	Fig.	Finally,	consumer
and	general	products	include	electrical	appliances,	fasteners,	ordnance,	coinage,	and	jewelry.	Figure	19(a)	depicts	a	(110)	plane	for	a	50	at.%	Zn-Cu	alloy.	4	Microstructure	typical	of	wrought	and	then	annealed	copper-oxygen	alloys.	Shipping	fees	are	non-refundable.	24	show	that	the	amount	of		influences	the	hardness.	A	precipitation-hardening
high-copper	alloy	containing	up	to	1.2%	Cr	for	higher	strength	and	improved	thermal	softening	resistance,	but	with	an	electrical	conductivity	higher	than	80%	IACS.	Table	2	compares	properties	of	a	silver-bearing	copper	with	those	of	the	three	commercial	coppers	previously	discussed.	Several	of	the	highcopper	alloys	can	be	age	hardened.	Light
micrograph;	500	.	The	furnace	temperature	and	the	time	for	each	bar	to	pass	through	the	furnace	are	adjusted	in	order	to	allow	the	bar	to	reach	the	appropriate	temperature	throughout	its	thickness,	length,	and	width	by	the	time	it	passes	through	to	the	exit	conveyor.	After	acid	cleaning,	rinsing,	and	drying,	the	surface	is	usually	coated	with	a
detergent	solution	or	a	light	sulfur-free	oil	to	protect	it	during	handling	in	transit.	11,	which	show	the	effect	of	several	solutes	on	the	critical	resolved	shear	stress,	which	is	the	shear	stress	on	a	crystallographic	plane	in	a	certain	direction	that	causes	slip	(Ref	11).	Note	that	both	materials	retain	their	deformation	ability	quite	well	as	the	degree	of	prior
cold	work	increases.	However,	the	complex	structure	brings	about	some	unpredicted	effects	on	properties.	Alloy	C42500	is	supplied	as	strip	for	fabricating	into	electrical	connectors,	springs,	and	related	products.	The	reverberatory	furnace	(Fig.	Source:	Ref	5	Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	43	LIVE	GRAPH	Click	here
to	view	Fig.	In	this	figure,	production	rates	(determined	by	ASTM	E	618)	have	been	normalized	and	shown	as	a	“machinability	index.”	Table	6	Solder	immersion	test	ranking	of	copper	alloys	using	a	mildly	activated	rosin	flux	Solder	class	I	(best)	II	III	IV	V	(worst)	Alloys	Cu	and	very	dilute	Cu	alloys	Cu-10%Zn,	Cu-Sn,	Cu-Ni-Sn,	Cu-Al-Si	Cu-Zn-Sn	Cu-Ni
Cu-15	and	30%	Zn,	Cu-Zn-Ni	Introduction	and	Overview	/	7	beryllium	copper	(C17000,	C17200,	and	C17500).	Ingots	cast	from	oxygenfree	or	from	deoxidized	copper	will	have	on	top	a	large	“pipe,”	or	shrinkage	cavity,	and	this	portion	will	have	to	be	removed	before	hot	working	the	ingot,	contributing	to	scrap	loss.	silicon	bronze	(C64700–C66100).
The	other	characteristic	is	that	a	fine	domain	size	should	be	established,	with	many	antiphase	boundaries.	Generally,	casting	permits	greater	latitude	in	the	use	of	alloying	elements	because	the	effects	of	composition	on	hot-	or	cold-working	properties	are	not	important.	strip	of	copper	and	brasses	of	designated	zinc	contents	LIVE	GRAPH	Click	here	to
view	Fig.	Breakdown	of	rod	usually	requires	a	lubricant	concentration	of	about	7%;	drawing	of	intermediate	and	fine	wires,	concentrations	of	2	to	3%.	However,	it	should	be	recognized	that	additions	of	alloying	elements	also	degrade	electrical	and	thermal	conductivity	by	various	amounts,	depending	on	the	alloying	element	and	the	concentration	and
location	in	the	microstructure	(solid	solution,	precipitate,	dispersoid).	R.F.	Mehl	and	G.T.	Marzke,	Trans.	1	represents	the	portion	of	the	copper	supply	provided	by	scrap.	Because	of	the	low	solubility	of	lead	in	copper,	true	alloying	does	not	occur	to	any	measurable	degree.	Source:	Ref	23	Fig.	drawn	stress	relieved	(DSR).	…	0.5–1.5	Bi,	0.35–0.7	Se
C89510	SeBiLOY	I	S	86.0–88.08	4.0–6.0	0.25	4.0–6.0	1.0(f)	…	1.6–2.2	Bi,	0.8–1.1	Se	C89520	SeBiLOY	II	S	85.0–87.0	5.0–6.0	0.25	4.0–6.0	1.0(f)	0.7	0.30–0.7	Al,	0.7–1.0	Bi,	C89550	SeBiLOY	III	PM	58.0–64.0	0.5–1.5	0.20	32.0–40.0	1.0(f)	0.07–0.25	Se	Copper-tin	alloys	(tin	bronzes):	Hard,	strong	alloys	with	good	corrosion	resistance,	especially	against
seawater.	extra-high-leaded	brass	(C35600).	Unless	arrested,	dealloying	eventually	penetrates	the	metal,	weakening	it	structurally	and	allowing	liquids	or	gases	to	leak	through	the	porous	mass	in	the	remaining	structure.	The	remainder	is	consumed	directly	by	brass	mills;	by	ingot	makers,	whose	main	function	is	to	process	scrap	into	alloy	ingot	for
use	by	foundries;	by	foundries	themselves;	by	powder	plants;	and	by	others,	such	as	the	chemical,	aluminum,	and	steel	industries.	Their	corrosion	resistance	and	cost	are	somewhat	lower	than	those	of	the	semired	brasses,	but	proper-	Cast	Copper	and	Copper	Alloys	/	91	ties	are	well	suited	for	the	architectural	trim,	decorative	hardware,	and	plumbing
fixtures	for	which	these	alloys	are	commonly	used.	A	second	letter	was	introduced	to	indicate	the	material	state	(i.e.,	“W”	for	a	wrought	material,	“C”	for	castings,	and	“M”	for	master	alloys).	Dealloying	is	another	form	of	corrosion	that	affects	zinc-containing	copper	alloys.	Figure	3	shows	the	variation	of	tensile	strength	and	elongation	for	various
degrees	of	reduction	(and	the	associated	rolling	“temper”	name).	195	Effects	of	Composition,	Cold	Work,	and	Heat	Treatment	on	Formability	.	Table	17	lists	recommended	applications	of	grain	size	ranges.	Fig.	Leaded	Tin	Bronzes.	(b)	Cold-worked	tempers	to	meet	standard	requirements	based	on	temper	names	applicable	to	specific	products.	J.
Production	of	Tube	Shells	Fig.	In	the	late	1940s	continuous	strand,	or	strip	annealing,	lines	came	into	use	in	brass	mills.	473	C17500	97Cu-0.5Be-2.5Co	.	Concentric-lay	stranded	wire	and	cable	are	composed	of	a	central	wire	surrounded	by	one	or	more	layers	of	helically	laid	wires,	with	the	direction	of	lay	reversed	in	successive	layers,	and	with	the
length	of	lay	increased	for	each	successive	layer.	high-leaded	brass	(tube)	(C33200).	2,	modern	smelting	processes	fall	into	two	categories:	flash	smelting	and	bath	smelting.	Alloys	with	less	than	about	9.25%	Al	display	primarily	-phase	microstructures,	which	can	be	strengthened	via	precipitation	of	iron-	or	nickelrich	phases.	Thus	upon	forcing	these
alloys	into	a	die,	the	metal	can	be	deformed	extensively	before	the	danger	of	necking	appears,	leading	to	an	undesirable	local	dimensional	change	and	to	fracture.	Prog.,	Vol	46,	1944,	p	276	19.	How	these	mechanical	properties	are	related	to	the	ease	of	fabrication	by	cold	deformation	operations	is	addressed	next.	3	Fabrication	Characteristics	.	3
Microstructures	typical	of	as-cast	copper-oxygen	alloys.	There	are	two	basic	types	of	machines.	See	copper-nickel.	150	Applications	.	543	C87300	(formerly	C87200)	.	Upon	reheating		in	the	intermediate	temperature	range,	the	morphology	of	the		formed	will	vary	depending	upon	the	exact	heat	treatment.	Other	ASTM	specifications	for	flat-rolled
products	are	listed	in	Table	15.	(b)	Quenched	Muntz	metal.	All	orders	of	physical	products	(Books,	DVD	sets,	etc.)	include	a	shipping	charge	that	is	calculated	based	on	weight	and	your	geographic	location.	The	amount	of	cold	working	and	the	annealing	parameters	must	be	balanced	to	control	grain	size	and	crystallographic	texturing.	With	large
amounts	of	cold	reduction	prior	to	annealing,	some	coppers	and	copper	alloys	will	develop	differences	in	their	strength	and	ductility	when	these	properties	are	measured	along	the	direction	of	rolling,	compared	to	measurements	across	the	direction	of	rolling.	In	marine	service,	copper	tube	and	pipe	are	used	to	carry	potable	water,	seawater,	and	other
fluids,	but	their	chief	application	is	in	tube	bundles	for	condensers,	economizers,	and	auxiliary	heat	exchangers.	In	fact,	the	term	bronze,	together	with	a	suitable	modifying	adjective,	has	been	extended	to	apply	to	any	of	a	great	variety	of	copper	alloys.	Because	SCC	requires	both	tensile	stress	and	a	specific	chemical	species	to	be	present	at	the	same
time,	removal	of	either	the	stress	or	the	chemical	species	can	prevent	cracking.	Typical	commercial	tolerances	fall	between	0.2	and	0.4	mm	(0.008	and	0.015	in.),	depending	on	configuration,	in	forgings	weigh-	ing	less	than	about	0.9	kg	(2	lb).	These	may	be	bonded	to	the	conductor	with	adhesives	or	varnishes.	For	example,	solid-solution	elements	will
strengthen	pure	copper	but	lower	the	electrical	conductivity;	thus,	some	alloys	have	a	chemical	composition	that	strives	for	a	balance	between	these	two	effects.	(a)	Plot	of	the	diameter	of	the	impression	of	a	steel	ball	dropped	from	a	constant	height,	giving	the	impact	hardness.	248	Heat-Treating	Equipment	.	Corrosion	and	wear	resistant.	208
Bending	and	Forming	of	Tubing	.	A	thermal	treatment	of	a	solution	heat-treated	product	to	produce	property	changes	such	as	hardening,	strengthening,	and	conductivity	increase	by	spinodal	decomposition	of	a	solid	solution.	The	members	may	be	concentric	or	bunch	stranded.	Beryllium	coppers	have	highest	strength	of	all	copper	alloys	and	are	used
in	bearings,	mechanical	products,	and	nonsparking	safety	tools.	These	avoid	evolution	of	solvents,	which	is	characteristic	of	curing	conventional	enamels,	and	thus	make	it	easier	for	the	manufacturer	to	meet	Occupational	Safety	and	Health	Administration	and	Environmental	Protection	Agency	standards.	Sachs,	Z.	27	Microstructure	of	a	Cu-43Zn	alloy
after	cooling	from	700	°C	(1290	°F),	the		region.	Leaded	brasses	shear	cleanly	because	the	lead,	present	as	microscopic	globules,	lowers	the	duc-	tility	and	shear	strength.	Forging	of	copper	metals	is	performed	hot,	and	the	severe	defor-	Wrought	Copper	and	Copper	Alloys	/	83	mation	involved	produces	a	dense,	fibrous	grain	structure	that	gives	the
products	excellent	mechanical	properties.	Table	18	summarizes	the	copper	alloys	that	are	standard	tube	alloys,	and	gives	ASTM	specifications	and	typical	uses	for	each	of	the	alloys.	(d)	Heavy	gages;	soft	metal;	all	alloys.	Figure	3	shows	the	general	trade-off	between	strength	and	conductivity	for	solid-solution,	dispersion,	and	precipitation	hardening.
4	The	effect	of	cold	rolling	on	the	strength,	hardness,	and	ductility	of	annealed	copper	alloy	C26000	when	it	is	cold	rolled	in	varying	amounts	up	to	62%	reduction	in	thickness	Fig.	EHC	’93,	Copper	in	Technology	and	Energy	Efficiency,	(Potters	Bar,	Hertfordshire,	U.K.),	Copper	Development	Assn.	In	addition,	some	dissolved	hydrogen	is	released	and
also	compensates	for	contraction.	Fine	wire	is	collected	on	reels	carrying	as	little	as	4.5	kg	(10	lb);	large-diameter	wire,	on	stem	packs	carrying	up	to	450	kg	(1000	lb).	Copper—Handbooks,	manuals,	etc.	Most	wrought	alloys	are	available	in	various	coldworked	conditions,	and	the	room-temperature	strengths	and	fatigue	resistances	of	these	alloys
depend	on	the	amount	of	cold	work	as	well	as	the	alloy	content.	This	effect	is	not	as	important	as	when	the	second	element	is	in	solid	solution.	Table	3	lists	the	atom	size	difference	for	several	solutes,	along	with	the	approximate	maximum	solubility.	This	family	of	alloys,	C15715	to	C15760,	can	resist	softening	up	to	and	above	800	°C	(1472	°F).	558
C96200	90Cu-10Ni	.	478	C19400	Cu-2.35Fe-0.03P-0.12Zn	.	The	larger	black	regions	are	shrinkage	voids.	35	Effect	of	lead	content	on	the	machinability	of	yellow	brass	(Cu-33Zn).	Three	numbers	are	then	used	to	identify	the	material,	and	final	third	letter	is	used	to	identify	the	classification	of	individual	copper	material	groups	and	to	enlarge	the
capacity	of	the	designation	system.	(c)	Ear	of	sand	cast	test	block.	139	Bath	Chemistry	and	Reactions	.	Rolling	Mills.	However,	exposure	to	elevated	temperatures	readily	anneals	the	cold-worked	microstructure.	Although	lead-containing	copper	alloys	can	be	soldered	and	brazed,	they	cannot	be	welded.	35.	8.	In	addition,	the	lead	acts	as	a	lubricant,	so
that	less	energy	is	required	for	machining.	562	Engineering	Properties	and	Service	Characteristics	(continued)	C71500	70Cu-30Ni	.	451	Properties	of	Wrought	Copper	and	Copper	Alloys	.	Age-hardening	mechanisms	are	used	in	those	few	but	important	copper	systems	that	offer	a	decreasing	solubility	for	hardening	phases.	Strip	is	defined	as	any	flat
product	other	than	flat	wire.	Electrical	and	thermal	conductivity	vary	with	the	degree	of	temper,	but	the	nature	and	extent	of	the	effect	depends	strongly	on	the	type	of	alloy	and	its	metallurgical	condition.	2	that	0.05%	O	will	give	upon	solidification	primary		(almost	pure	copper)	and	a	small	amount	of	eutectic	solid	consisting	of		and	Cu2O.	Controlled
mechanical	operations	for	shaping	a	product	at	temperatures	above	the	recrystallization	temperature.	446	Density	and	Volume	Change	on	Freezing	.	49	Microstructure	of	a	Cu-2Be	alloy	solution	treated	at	800	°C	(1470	°F),	water	quenched,	then	aged	at	350	°C	(660	°F)	for	4	h.	LIVE	GRAPH	Click	here	to	view	38	/	Metallurgy,	Alloys,	and	Applications
LIVE	GRAPH	LIVE	GRAPH	Click	here	to	view	Click	here	to	view	Click	here	to	view	120	800	30%	Zn	100	700	Tensile	strength,	ksi	20%	Zn	80	10%	Zn	500	5%	Zn	60	400	Pure	Cu	300	40	Fig.	Thus,	as	the	temperature	increases,	increasing	amounts	of		and	decreasing	amounts	of		are	present	at	temperature,	giving	increasing	amounts	of		upon	cooling
rapidly	to	20	°C	(68	°F),	and	hence	a	rise	in	hardness.	Additional	information	on	the	supply	and	consumption	of	copper	can	be	found	in	statistical	data	available	from	the	Copper	Development	Association	Inc.,	the	U.S.	Geological	Survey	in	the	U.S.	Department	of	the	Interior,	and	the	Bureau	of	the	Census	in	the	U.	Designating	Copper	and	Its	Alloys	A
copper	or	copper	alloy	is	identified	by	product	form	(sheet	or	rod,	for	example),	temper,	and	composition.	However,	it	was	the	Industrial	Revolution	that	brought	about	a	tremendous	change	in	the	production	and	consumption	of	copper	and	copper	alloys.	As	shown	in	Table	1,	within	these	two	categories,	the	compositions	are	grouped	into	distinct
families	of	coppers	and	copper	alloys,	including	the	six	major	branches—coppers,	high-alloy	coppers,	brasses,	bronzes,	copper	nickels,	and	nickel	silvers.	464	C14500	99.5Cu-0.5Te	.	As	shown	in	Table	1,	many	alloys	have	lead	contents	of	5%	or	more.	The	air,	bubbling	violently	through	the	bath,	gradually	oxidizes	the	matte	in	two	stages.	The
restocking	fee	will	be	deducted	from	your	total	refund	amount.	Tyler	and	A.	476	C18700	99Cu-1Pb	.	For	decorative	parts,	standard	alloys	having	specific	colors	are	readily	available.	C83600	has	been	used	commercially	for	several	hundred	years	and	currently	accounts	for	more	tonnage	than	any	other	copper	casting	alloy.	The	frictional	forces
between	the	roll	and	metal	surfaces,	if	direct	contact	was	made,	would	tear	the	surface	of	the	metal	and	load	the	roll	surfaces	with	bits	of	the	metal.	silver-bearing	copper.	The	leaded	alloys	C84400	and	C84800	are	the	most	widely	used	members	of	this	family.	190	Forming	.	Coupled	with	the	need	to	maintain	uniformity	of	thickness	through	all
processing	stages	is	the	need	to	maintain	flatness	across	the	width	and	length	of	the	coiled	metal.	Upon	rapid	cooling,	when	a	temperature	of	about	380	°C	(715	°F)	(the	martensite	start	temperature,	M	s	)	is	reached,	these	needles	begin	to	appear	with	great	speed	in	the	;	as	cooling	toward	20	°C	(68	°F)	continues,	the	remaining		decomposes	into
these	fine	needles.	21	LIVE	GRAPH	LIVE	GRAPH	Click	here	to	view	Click	here	to	view	Increased	ductility	of		brass	(approximately	Cu-49Zn)	above	the	critical	temperature.	3	Properties	of	Importance	.	549	C92900	84Cu-10Sn-212Pb-312Ni	.	Oxygen-bearing	coppers	can	be	subject	to	gassing	and	embrittlement,	particularly	in	oxyacetylene	welding.
449	Optical	Properties	.	.	14	Temper	Designations	.	The	alloy	is	not	technically	a	bronze,	but	because	of	long	usage	the	term	“architectural	bronze”	has	been	used.	Forging	brass,	C37700,	is	by	far	the	most	commonly	used	alloy.	In	the	drawing	operation	in	Fig.	267	Type	III	(Long-Chip)	Alloys	.	10)	are	now	examined.	561	C99750	.	Stranded	wire	is
produced	by	twisting	or	braiding	several	wires	together	to	provide	a	flexible	cable.	In	addition,	some	copper	alloys	derive	their	mechanical	properties	from	controlled	grain	sizes	or	through	combinations	of	heat	treatment	and	cold	work.	The	most	common	polymers	are	polyvinyl	chloride	(PVC),	polyethylene,	ethylene	propylene	rubber	(EPR),	silicone
rubber,	polytetrafluoroethylene	(PTFE),	and	fluorinated	ethylene	propylene	(FEP).	150	Corrosion-Resistant	Coatings	.	The	weldability	varies	among	the	different	alloys	for	a	variety	of	reasons,	including	the	occurrence	of	hot	cracking	in	the	leaded	(free-machining)	alloys	and	unsound	welds	in	alloys	containing	copper	oxide.	(a)	Cu-40Zn	alloy,
quenched	into	ice	water	from	825	°C	(1520	°F).	Spinodal	Hardening.	318	Surface	Engineering	.	leaded	commercial	bronze	(C31400).	545	C87900	.	For	example,	the	solubility	of	indium	is	only	about	1	at.%.	483	C23000	85Cu-15Zn	.	26b).	Figure	13	shows	the	tensile	strength	and	elongation	at	fracture	(at	20	°C,	or	68	°F)	of	commercially	pure	copper
and	several	commercial	copper-zinc	alloys	as	a	function	of	the	amount	of	cold	rolling.	Annealing	or	stress	relieving	after	forming	alleviates	SCC	by	relieving	residual	stresses.	(e)	C11300,	250	g/Mg	(8	oz/ton)	Ag;	C11400,	310	g/Mg	(10	oz/ton);	C11500,	500	g/Mg	(16	oz/ton);	C11600,	780	g/Mg	(25	oz/ton).	Combustible	gases	are	burned	with	sufficient
air	to	oxidize	all	the	gaseous	elements.	An	alloy	containing	nominally	85%	Cu,	2%	Pb,	and	13%	Zn,	generally	available	in	rod	and	drawn	bar.	These	brass	mill	products	also	are	used	throughout	the	oil,	chemical,	and	process	industries	to	carry	diverse	fluids,	ranging	from	various	natural	and	process	waters,	to	seawater,	to	an	extremely	broad	range	of
strong	and	dilute	organic	and	inorganic	chemicals.	Drawing	speeds	are	typically	25	to	30	m/s	(5000	to	6000	ft/min)	and	may	be	even	higher.	The	curves	on	the	right-hand	side	of	Fig.	Prog.,	Vol	38,	1940,	p	789	27.	519	C69000	73.3Cu-22.7Zn-3.4Al-0.6Ni	.	Alloys	offering	exceptionally	good	thermal	stability	have	been	developed	using	powder	metallurgy
techniques	to	incorporate	dispersions	of	fine	Al2O3	particles	(3	to	12	nm	in	size)	in	a	basic	copper	matrix,	which	is	finish	processed	to	rod,	wire,	or	strip	products.	The	mined	ore,	which	contains	only	0.5	to	2.0%	Cu,	is	finely	ground,	and	then	is	concentrated	by	flotation	to	form	copper	concentrates	containing	25	to	30%	Cu.	The	concentrates	are	then
smelted	at	high	temperatures	(about	1250°C,	or	2280°F)	to	form	a	molten	mixture	of	copper	and	iron	sulfide	called	matte	containing	up	to	60%	Cu.	The	molten	matte	is	converted	to	blister	copper	(98.5%	Cu)	by	oxidizing	the	remaining	iron	and	sulfur	in	a	converter.	499	C41500	91Cu-7.2Zn-1.8Sn	.	An	alloy	containing	nominally	95%	Cu	and	5%	Zn,
generally	available	in	flat	products,	rod,	and	wire.	Lead	also	allows	the	machining	of	castings	to	be	performed	at	higher	speeds	without	the	aid	of	coolants	because	it	acts	as	a	lubricant	for	cutting-tool	edges	and	promotes	the	formation	of	small,	discontinuous	chips	that	easily	can	be	cleared.	By	contrast,	thin,	hard	phosphor	bronze	or	nickel	silver	in
narrow	widths	will	have	a	cross	section	of	rectangular	shape	with	square	cut	edges.	265	Type	II	(Short-Chip)	Alloys	.	The	grooves	in	the	tube-reducing	dies	are	tapered,	one	end	of	the	grooved	section	being	somewhat	larger	than	the	outside	diameter	of	the	tube	to	be	sized.	Tensile	strengths	are	not	specified	for	annealed	copper	wire.	The	schematic
diagram	in	(b)	shows	more	clearly	the	location	of	the	eutectic	at	almost	pure	lead	and	the	low	solubility	of	lead	in	copper.	446	Thermal	Properties	.	All	additives	to	pure	copper	reduce	its	electrical	conductivity,	depending	upon	the	element	and	amount	in	solid	solution.	Source:	Ref	3	and	tempered	much	like	steels	to	produce	tensile	strengths	higher
than	1000	MPa	(145ksi).	The	leaded	alloys	usually	do	not	have	good	hot-working	characteristics,	but	they	can	be	cold	worked	and	safely	annealed.	First	printing,	August	2001	Great	care	is	taken	in	the	compilation	and	production	of	this	book,	but	it	should	be	made	clear	that	NO	WARRANTIES,	EXPRESS	OR	IMPLIED,	INCLUDING,	WITHOUT
LIMITATION,	WARRANTIES	OF	MERCHANTABILITY	OR	FITNESS	FOR	A	PARTICULAR	PURPOSE,	ARE	GIVEN	IN	CONNECTION	WITH	THIS	PUBLICATION.	147	Performance	Criteria	.	2	The	copper-oxygen	phase	diagram.	497	C40500	95Cu-4Zn-1Sn	.	Oxygen-free	copper	(C80100)	has	the	highest	electrical	and	thermal	conductivity	among	the	cast
copper	alloys,	but	it	is	essentially	identical	to	phosphorus-deoxidized	copper	(C81200)	in	other	respects.	207	Bending	of	Rod,	Bars,	and	Shapes	.	However,	there	are	frequently	other	considerations	that	also	have	a	bearing.	The		phase	can	be	identified	by	the	presence	of	annealing	twins,	characteristic	of	the	face-centered	cubic	structure.	These	gages
may	also	adjust	back	tension	and	forward	tension	applied	by	payoff	and	recoil	arbors	to	effect	changes	in	the	thickness	of	the	rolled	metal.	Source:	Ref	16.	Excellent	heavy-duty	bearing	alloys,	but	do	not	tolerate	misalignment	or	dirty	lubricants	and	generally	should	be	used	against	hardened	steel	shafts,	with	both	shaft	and	bearing	machined	to	fine
surface	finishes.	Wire	coming	directly	from	drawing	passes	over	suitably	spaced	contact	pulleys	that	carry	the	electrical	current	necessary	to	heat	the	wire	above	its	recrystallization	temperature	in	less	than	a	second.	136	Copper	Alloy	Plating	.	Tensile	and	yield	properties	for	rod	are	listed	in	Tables	3	and	4.	The	important	advantage	of	adding	lead	is
that	the	machinability	greatly	improves.	Divided	into	four	major	sections,	this	book	describes	the	metallurgy	and	applications	of	wrought,	cast,	and	powder	metallurgy	alloys;	fabrication	and	finishing	procedures;	metallography,	microstructures,	and	phase	diagrams;	and	engineering	properties	and	service	characteristics.	508	C54400	88Cu-4Pb-4Sn-
4Zn	.	320	Cleaning	and	Finishing	Processes	.	536	C83800	83Cu-4Sn-6Pb-7Zn	.	First	OMAE	Specialty	Symposium	on	Offshore	and	Arctic	Frontiers,	(New	York,	N.Y.),	American	Society	of	Mechanical	Engineers,	1986	6.	Similar	compositions	are	commonly	die	and/or	permanent	mold	cast	in	Europe	and	the	United	Kingdom.	Tin	and	zinc	both	reduce	the
weldability	of	copper	alloys.	The	other	major	use	of	paper	insulation	is	for	flat	magnet	wire.	Thus	control	of	grain	size	before	cold	deformation	is	quite	important,	and	the	prior	annealing	processes	must	be	carefully	regulated	to	yield	a	fine	grain	size	(see	the	article	“Heat	Treating”	in	this	Handbook	for	additional	information).	If	the	alloy	is	to	be	used
in	the	as-cast	condition,	then	the	properties	can	only	be	controlled	by	the	casting	process.	51	Copper-Beryllium	Alloys	.	The	name	of	a	second	phase	in	the	internal	structure	of	certain	copper	alloys,	generally	harder	and	less	ductile	than	the	alpha	phase.	This	has	led	to	a	group	of	alloys	popular	for	making	castings	that	must	be	pressure	tight,	such	as
for	highpressure	water	valves.	Classification	of	Wrought	Copper	Products	Wrought	copper	and	copper	alloy	products	are	broadly	classified	as	refinery	shapes,	wire	mill	products,	and	brass	mill	products.	naval	brass	(C46400).	To	give	a	fine	and	uniform	distribution	of	the	lead	particles,	the	solidification	process	must	be	controlled	to	give	a	fine		grain
LIVE	GRAPH	Click	here	to	view	Schematic	illustration	of	the	amount	of	material	removed	when	a	116	in.	The	more	metal	is	cold	worked,	the	harder	and	stronger	it	becomes.	These	knife	sets	mesh	as	the	metal	passes	between	them	and	shear	it	into	a	variety	of	widths.	The	ternary	phase	diagram	(Fig.	A	further	refinement	of	this	cleaning	operation	for
rod	made	from	conventionally	cast	wirebar	involves	scalping	the	top	surface	of	cast	wirebar	and	subsequently	die	shaving	the	hot-rolled	bar.	Goler	and	G.	Muntz	metal	(C28000).	507	C51100	95.6Cu-4.2Sn-0.2P	.	gilding,	95%	(C21000).	Brown,	Trans.	All	these	factors	are	considered	when	selecting	the	grain	size	to	be	established	by	any	of	the	anneals
included	in	the	processing	of	each	coil.	Ranges	cover	standard	tempers	for	each	alloy.	An	alloy	•	•	•	•	nominally	containing	65%	Cu,	10%	Ni,	and	25%	Zn	nickel	silver,	65-18	(C75200).	Individual	chapters	cover	the	casting	of	all	types	of	non-ferrous	metals.	45a)	Ear	of	chilled	test	block	(Fig.	(h)	Fe		Sb	+	As	will	be	0.8%	max.	(The	conductivities	of
carbon	steel	and	austenitic	stainless	steel	are	about	8.5%	and	2.3%	IACS,	respectively.)	Alloy	selection	among	the	brasses	is	normally	made	on	the	basis	of	formability	(C26000	is	generally	regarded	as	having	optimal	forming	characteristics),	corrosion	resistance	(which	favors	low-zinc	alloys	that	have	more	copper-like	properties),	or	color	(which
ranges	from	reddish	pink	to	pale	yellow,	depending	on	zinc	content).	However,	coppers	are	so	ductile	that	they	frequently	can	be	drawn	to	finished	size	without	intermediate	annealing.	Source:	Ref	8–10	0	0	20	60	40	80	Reduction	in	thickness,	%	Pure	copper	.	C95700	is	a	high-strength	Mn-Ni-Fe-Al	bronze	originally	developed	as	a	marine	propeller
alloy.	Characteristics	of	tinned,	round,	solid	wire	are	given	in	Table	13.	516	C63600	95.5Cu-3.5Al-1.0Si	.	Some	data	are	given	in	Table	4.	The	rinse	water	usually	contains	a	tarnish	inhibitor,	such	as	tolutriazole	or	benzotriazole,	to	protect	the	metal.	Temperature	ratings	range	from	105	to	220	°C	(220	to	425	°F),	depending	on	enamel	composition.	Uses
include	a	variety	of	heavy-duty	mechanical	and	structural	products	including	gears,	worm	drives,	valve	guides,	and	seats.	For	each	of	the	coppers	and	copper	alloys	there	are	limits	to	the	amount	of	cold	reduction	Wrought	Copper	and	Copper	Alloys	/	77	that	is	desirable	before	annealing	the	metal	to	provide	a	recrystallized	soft	structure	for	further
cold	reduction.	5).	518	C66400	86.5Cu-1.5Fe-0.5Co-11.5Zn	.	When	additional	demands	are	placed	on	the	material—corrosion	or	oxidation	resistance,	for	example—the	combinations	become	more	complex.	Source:	Ref	18	42	/	Metallurgy,	Alloys,	and	Applications	LIVE	GRAPH	Click	here	to	view	Fig.	electrolytic	tough	pitch	(ETP)	copper	5%	Zn	.	This	is
the		phase	in	Fig.	533	C82600	97Cu-2.4Be-0.5Co	.	10	Effect	of	grain	size	on	elongation	of	annealed	0.040	in.	The	objective	of	electrorefining	is	to	remove	the	remaining	impurities	in	the	anode	copper	(principally	As,	Bi,	Ni,	Pb,	Sb,	and	Se)	and	produce	a	pure	cathode	copper	(99.95		%	Cu).	Moderate	orange	peel	may	develop	on	drawn	surfaces.	527
C77000	55Cu-27Zn-18Ni	.	The	piercing	plug	assists	in	further	opening	the	axial	hole	in	the	center	of	the	billet,	smoothes	the	wall	of	the	hole,	and	controls	the	wall	thickness	of	the	formed	tube.	Figure	21	shows	the	influence	of	cooling	rate	from	the		region	on	the	hardness.	522	Engineering	Properties	and	Service	Characteristics	(continued)	Corrosion
in	Salts	.	24	Influence	of	heat	treatment	on	the	hardness	at	20	°C	(68	°F)	of	a	Cu-40Zn	alloy.	The	material	is	presented	in	an	easy-to-review	format	suitable	for	foundry	floor	operators,	as	well	as	process	engineers,	metallurgists	and	quality	control	personnel.	589	Subject	Index	.	Domestic	shipments	typically	are	received	within	3-5	business	days;
international	shipments	take	approximately	2-4	weeks	depending	on	your	specific	location.	82	/	Metallurgy,	Alloys,	and	Applications	rial	and	simultaneously	reduces	ductility.	The	finished	strand	is	wound	onto	a	reel	that	also	remains	within	the	machine.	Using	the	UNS	system,	numbers	ranging	from	C10000	through	C79999	denote	wrought	alloys.
507	C52100	92Cu-8Sn	.	124	Copper	and	Copper	Alloy	Coatings	.	326	Plating,	Coating,	and	Coloring	Processes	.	The	electrical	resistivity	and	conductivity	of	these	hard-drawn	wires	at	20	°C	(68	°F)	are	as	follows:	Alloy	(hard	drawn)	Copper	(ASTM	B	1)	wire	with	diameter	of:	8.25	to	11.68	mm	(0.325	to	0.460	in.)	1.02	to	8.25mm	(0.0403	to	0.325	in.)
Copper	alloys	(ASTM	B	105):	C65100	C51000	C50700	C16500	C19600	C16200	Conductivity	(volume	basis),		·	lb/mile2	%IACS	Maximum	resistivity		·	mm2/m	0.017745	900.77	97.16	0.017930	910.15	96.16	0.20284	0.13263	0.057471	0.031348	0.023299	0.021552	10,169.0	6,649.0	2,917.3	1,591.3	1,182.7	1,094.0	8.5	13	30	55	74	80	Square	and
Rectangular	Wire.	Also	called	manganese	bronzes	and	high-tensile	brasses,	these	Cu-Zn-Fe-Al-Mn	alloys	(C86100–C86800)	are	among	the	strongest	(as-cast)	copper-base	materials.	Each	box	represents	the	range	of	properties	spanned	by	available	tempers	of	the	indicated	alloy.	Manganese	also	contributes	to	strength,	but	its	principal	functions	may
have	more	to	do	with	castability.	ASTM	B	3,	“Specification	for	Soft	or	Annealed	Copper	Wire,”	specifies	soft	(or	annealed)	copper	wire	with	a	maximum	volumetric	resistivity	of	0.017241			mm2/m	at	20	°C	(68	°F),	which	corresponds	to	a	maximum	weight-basis	resistivity	of	875.20			lb/mile2	when	the	density	is	8.89	g/cm3.	It	can	also	be	used	to	address
possible	causes	and	to	establish	corrective	actions.	Used	for	mechanical	products	and	pump	components	where	combination	of	strength	and	corrosion	resistance	is	important.	When	piercing	brass,	close	temperature	control	must	be	maintained	because	the	range	in	which	brass	can	be	pierced	is	narrow.	Coppers	and	High-Copper	Alloys	Cast	coppers
(C80100–C81200)	are	highpurity	metals	containing	at	least	99.3%	Cu.	(Wrought	coppers	have	a	slightly	higher	minimum	copper	content.)	Trace	amounts	of	silver	or	phosphorus	(a	deoxidizer)	may	be	present.	Lead	content	ensures	pressure	tightness.	Source:	Ref	19	Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	49	LIVE	GRAPH
Click	here	to	view	Fig.	Copper	Alloys	Copper	alloys	are	metals	with	copper	contents	less	than	about	94%,	but	not	less	than	50%,	and	having	no	other	element	specified	in	excess	of	the	copper	content.	440	Fatigue	Testing	.	V.	(s)	Fe	is	0.35%	max,	when	used	for	steel-backed	bearings.	This	publication	is	intended	for	use	by	persons	having	technical	skill,
at	their	sole	discretion	and	risk.	In	order	to	build	up	a	heavy	coating	of	enamel,	it	may	be	necessary	to	pass	wires	through	the	system	several	times.	Braze	materials	that	melt	at	higher	temperatures	may	also	cause	base-metal	erosion	or,	in	the	case	of	the	zinc	brasses,	give	rise	to	zinc	fuming,	which	degrades	the	structural	integrity	of	the	braze	joint.
Processing	operations	after	final	slitting	are	occasionally	required.	Leaded	alloys	C48200	and	C48500	are	free	machining.	Copper	can	be	hardened	by	the	various	common	methods	without	unduly	impairing	ductility	or	electrical	conductivity.	Further,	it	is	found	that	the	40%	Zn	alloy	has	better	machinability	than	the	30%	Zn	alloy,	although	the	latter	is
considered	to	have	good	machinability.	Example	1:	Effect	of	Lead	Content.	When	the	coiled	metal	is	heated,	it	expands	and	the	coil	wraps	get	tighter.	In	any	case,	it	is	difficult	to	employ	the	two	terms,	brass	and	bronze,	without	being	very	careful	to	modify	them	when	referring	to	specific	alloys.	496	C37000	60Cu-39Zn-1Pb	.	If	the	Cu-40Zn	alloy	is
cooled	rapidly	to	20	°C	(68	°F)	after	sufficient	holding	(e.g.,	30	min)	above	about	750	°C	(1380	°F),	a	structure	of	essentially	all		is	obtained.	Because	of	their	excellent	castability,	relatively	low	cost,	and	86	/	Metallurgy,	Alloys,	and	Applications	Table	1	Compositions,	uses,	and	characteristics	of	copper	alloy	castings	UNS	No.	Other	designations,
descriptive	names	(former	SAE	No.)	Applicable	casting	processes(a)	Composition(b),	wt%	Cu	Sn	Pb	Zn	Coppers:	High-purity	coppers	with	excellent	electrical	and	thermal	conductivities.	In	rod	form,	they	can	be	cold	headed	to	produce	high-	Wrought	Copper	and	Copper	Alloys	/	65	strength	fasteners	and	similar	parts.	The	eutectoid	composition	is	LIVE
GRAPH	Click	here	to	view	LIVE	GRAPH	Click	here	to	view	LIVE	GRAPH	Click	here	to	view	LIVE	GRAPH	Click	here	to	view	Fig.	1.25	to	12	in.	Consistent	Dimensions,	Close	Tolerances.	The	amount	of	cold	deformation	between	softening	anneals	is	usually	restricted	to	90%	Conductivity,	%IACS	Material	ations	reintroduce	stresses	and	resensitize	the
parts	to	SCC.	293	Safe	Welding	Practices	.	Cold	drawing	increases	the	strength	of	the	mate-	Fig.	In	Figure	24	are	shown	hardness	data	for	a	Cu-40Zn	alloy	after	reheating	for	30	min	following	initial	treatment	of	quenching	from	800	°C	(1470	°F),	giving	a	structure	similar	to	those	in	Fig.	139	Electroless	Copper	Plating	.	8	The	Copper	Industry:
Occurrence,	Recovery,	and	Consumption	.	Certain	mill	products—chiefly	wire,	cable,	and	most	tubular	products—are	used	without	further	metalworking.	The	ore	is	crushed,	ground	if	necessary,	and	leached	with	dilute	sulfuric	acid,	either	by	percolation	through	heaps	of	ore	or	by	agitation	in	tanks.	74	/	Metallurgy,	Alloys,	and	Applications	Table	11
Characteristics	of	rope-lay	stranded	copper	conductor	shaving	uncoated	or	tinned	bunched	members	specified	in	ASTM	B	172	Conductor	size,	circular	mils	or	AWG	Class	of	strand	Construction	and	wire	size,	AWG	Total	number	of	wires	Approximate	diameter,	in.	The	alloy	is	not	technically	a	bronze,	but	because	of	long	usage	the	term	“commercial
bronze”	has	been	used.	H.	(a)	All	.	The	silver-bearing	copper	is	an	interesting	example	of	the	reason	for	the	addition	of	a	specific	element.	(These	two	grades	of	copper	are	discussed	shortly.)	Figure	6	shows	that	increasing	the	amount	of	Cu2O	does	lower	the	impact	energy,	although	the	material	remains	relatively	tough.	The	molten	matte	and	slag	are
collected	in	a	hearth,	and	the	SO2-containing	gases	exit	via	an	uptake	shaft.	536	C83600	85Cu-5Sn-5Pb-5Zn	.	High-Copper	Alloys.	For	example,	free-cutting	brass,	once	known	as	CDA	Alloy	No.	360,	became	UNS	C36000.	Source:	Ref	18	The	copper-tin	alloys	containing	up	to	10%	Sn	(and	higher	)	are	used	for	bearing	applications,	which	require	high
strength	to	support	heavy	loads	and	wear	resistance.	Specifications	and	Properties.	501	C43500	81Cu-18.1Zn-0.9Sn	.	See	preferred	term	yellow	brass.	Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys	/	17	Table	2	(continued)	Alloys	C16200—C19160	(high-copper	alloys)	Composition,	wt%	Copper	alloy	No.	Previous	trade	name
Cu	(incl	Ag)	Fe	C16200	C16500	C17000	C17200	C17300	C17410	C17450	C17460	Cadmium	copper	…	Beryllium	copper	Beryllium	copper	…	…	…	…	bal(p)	bal(p)	bal(p)	bal(p)	bal(p)	bal(p)	bal(p)	bal(p)	0.02	0.02	0.20	0.20	0.20	…	0.50–0.7	…	…	…	…	0.25	0.25	C17500	C17510	C17530	C18000	C18030	C18040	Beryllium	copper	…	…	…	…	…	bal(p)	bal(p)
bal(p)	bal(p)	bal(s)	bal(n)	0.10	0.10	0.20	0.15	…	…	…	…	…	…	0.08–0.12	0.20–0.30	C18050	C18070	C18090	C18100	…	…	…	…	bal(t)	99.0(t)	96.0	min(cc)	98.7	min(p)	…	…	…	…	…	…	0.50–1.2	…	C18135	C18140	C18150	C18200	C18400	…	…	…	Chromium	copper	Chromium	copper	bal(p)	bal(p)	bal(u)	bal(p)	bal(p)	…	…	…	0.10	0.15	C18600	…	bal(p)
C18610	…	C18665	Ni	Co	Cr	Si	Be	…	…	…	…	(q)	(q)	(q)	(q)	(q)	(q)	0.35–0.6	…	…	…	…	…	…	…	…	…	…	…	…	0.20	0.20	0.20	0.20	0.20	0.20	…	…	1.60–1.79	1.80–2.00	1.80–2.00	0.15–0.50	0.15–0.50	0.15–0.50	2.4–2.7	0.30	…	…	…	…	…	…	…	0.10–0.8	0.10–0.20	0.25–0.35	0.20	0.20	0.20	0.40–0.8	…	…	0.40–0.70	0.20–0.6	0.20–0.40	…	…	…	…	…	…	…	…	…	…	…
0.30–1.2	…	…	…	…	…	0.05–0.15	0.15–0.40	0.20–1.0	0.40–1.2	…	0.02–0.07	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	0.20–0.6	0.15–0.45	0.50–1.5	0.06–1.2	0.40–1.2	…	0.005–0.05	…	0.10	0.10	…	…	…	…	…	…	…	…	0.05	…	0.25–0.8	…	0.25	0.10	0.10–1.0	…	…	…	bal(p)	0.10	…	0.25	0.25–0.8	0.10–1.0	…	…	…	…	99.0	min	…	…	…	…	…	…
…	…	C18700	C18835	C18900	…	…	…	bal(p)	99.0	min(p)	bal(p)	…	0.10	…	…	0.15–0.55	0.6–0.9	…	…	…	…	…	…	…	…	…	…	…	0.15–0.40	…	…	…	0.8–1.5	0.05	0.02	C18980	C18990	C19000	C19010	C19015	…	…	…	…	…	98.0(p)	bal(s)	bal(p)	bal(p)	bal(t)	…	…	0.10	…	…	1.0	1.8–2.2	…	…	…	…	…	0.9–1.3	0.8–1.8	0.50–2.4	…	…	…	…	…	…	0.10–0.20	…	…	…	0.50	…
…	0.15–0.35	0.10–0.40	…	…	…	…	…	0.02	…	0.05	…	…	C19020	…	bal(t)	…	0.30–0.9	0.50–3.0	…	…	…	…	…	C19025	C19030	C19100	…	…	…	bal(u)	bal(u)	bal(p)	…	0.10	0.20	0.7–1.1	1.0–1.5	…	0.8–1.2	1.5–2.0	0.9–1.3	…	…	…	…	…	…	…	…	…	…	…	…	…	0.02	0.10	C19140	C19150	C19160	…	…	…	bal(p)	bal(p)	bal(p)	0.05	0.05	0.05	0.05	0.05	0.05	0.8–1.2	0.8–1.2
0.8–1.2	…	…	…	…	…	…	…	…	…	…	…	…	(q)	(q)	(q)	Sn	…	0.50–1.0	1.0–1.4	…	1.4–2.2	1.8–2.5(r)	1.8–3.0(r)	…	…	Pb	…	…	…	0.02	0.20–0.6	…	…	...	1).	Please	use	a	shipper	that	allows	you	to	trace	the	package.	Those	remaining	pass	into	the	annealing	hoods,	where	they	expel	the	air	and	protect	the	metal	during	annealing.	For	decorative	parts,	standard
alloys	in	specific	colors	are	readily	available.	All	of	these	factors	complicate	the	flow	analysis	and	clearly	point	out	that	a	material	with	high	ductility	and	high	strength	is	required.	However,	future	vehicles	will	require	a	third	generation	of	materials	(shaded	area).	The	term	“modified	copper”	has	also	been	used	to	describe	metal	for	which	the	specified
minimum	copper	content	is	less	than	99.88%	but	not	less	than	99.3%,	silver	being	counted	as	copper.	Figure	28	illustrates	the	influence	of	cooling	rate	from		on	the	hardness.	E.W.	Thiele,	K.J.A.	Kundig,	D.W.	Murphy,	G.	In	Casting	Defects	Handbook:	Copper	&	Copper-Base	Alloys,	many	of	the	common	types	of	casting	defects	encountered	in	the
production	of	copper	base	alloy	castings	in	both	sand	and	permanent	mold	processes	are	presented.	Cast	Copper	and	Copper	Alloys	/	89	Table	1	(continued)	UNS	No.	Other	designations,	descriptive	names	(former	SAE	No.)	Applicable	casting	processes(a)	Cu-Sn-Pb	alloys	(high	leaded	tin	bronzes)	(continued)	C94310	…	S,	C,	CL,	PM,	I,	P	C94320	…	S,
C,	CL,	PM,	I,	P	C94330	…	S,	C,	CL,	PM,	I,	P	C94400	312,	81-8-11,	phosphor	S,	C,	CL,	PM,	I,	P	bronze	C94500	321,	73-7-20,	medium	S,	C,	CL,	PM,	I,	P	bronze	Composition(b),	wt%	Cu	Sn	Pb	Zn	Ni	Fe	bal(p)	bal(p)	68.5–75.5(p)	bal(p)	1.50–3.0	4.0–7.0	3.0–4.0	7.0–9.0	27.0–34.0	24.0–32.0	21.0–25.0	9.0–12.0	0.50	…	3.0	0.8	0.25–1.0(i)	…	0.50(i)	1.0(i)	0.50
0.35	0.7	0.15	bal(p)	6.0–8.0	16.0–22.0	1.2	1.0(i)	0.15	Other	0.50	Sb,	0.05	P(j)	…	0.50	Sb,	0.10	P(j)	0.08	Sb,	0.08	S,	0.50	P(j),	0.005	Al,	0.005	Si	0.80	Sb,	0.08	S,	0.05	P,	0.005	Al,	0.005	Si	Cu-Sn-Ni	alloys	(nickel-tin	bronzes):	High-strength	structural	castings.	44).	D.K.	Crampton,	Met.	It	is	important	to	realize	that	the	lead	is	very	finely	distributed.	Red
and	Leaded	Red	Brasses.	131	Plating	in	High-Efficiency	Sodium	and	Potassium	Cyanide	Baths	.	It	is	used	for	automatic	screw	machine	products	where	maximum	machinability	is	not	necessary.	299	Solid-State	Welding	.	The	converter	is	a	refractory-lined,	cylindrical	vessel,	typically	10	m	(30	ft)	in	length	and	4	m	(13	ft)	in	diameter.	Clearance	between
the	opposing	knife	edges	must	be	exact	for	the	thickness,	alloy,	and	temper	of	the	metal	to	be	slit.	Solute	elements	in	the	copper	lattice,	with	their	different	Table	1	Electrical	and	thermal	conductivity	of	copper	and	several	other	commercially	pure	metals	at	20	°C	(68	°F)	Metal	Silver	Copper	Gold	Aluminum	Magnesium	Zinc	Nickel	Cadmium	Cobalt
Iron	Steel	Platinum	Tin	Lead	Antimony	Source:	Ref	1	Relative	electrical	conductivity	(copper	100)	Relative	thermal	conductivity	(copper	100)	106	100	72	62	39	29	25	23	18	17	13–17	16	15	8	4.5	108	100	76	56	41	29	15	24	17	17	13–17	18	17	9	5	atomic	size,	cause	locally	elastically	strained	regions	and	hence	decrease	conductivity.	165	Consumer	and
General	Products	.	The	Cu-40Zn	alloy	can	be	heat	treated	at	high	temperature	so	that	it	is	all	.	It	is	true	that	strips	can	be	pulled	crooked	when	slitting	a	large	number	of	them	from	a	wide	bar,	because	the	slit	strips	are	sometimes	fanned	out	for	subsequent	coiling	using	divider	plates.	Upon	further	cooling,	this	liquid	rejects	more	copper,	which	forms
on	the	already	existing		crystals,	until	at	326	°C	(619	°F),	the	liquid,	almost	pure	lead	now,	undergoes	an	eutectic	reaction,	forming	almost	all	pure	lead.	A.	Each	increase	of	one	AWG	number	is	approximately	equivalent	to	a	20.7%	reduction	in	cross-sectional	area.	cupronickels.	135	Copper	Plating	Equipment	.	Oxygen-free	and	deoxidized	coppers	can
be	welded	without	danger	of	embrittlement.	463	C14300,	C14310	99.9Cu-0.1Cd;	99.8Cu-0.2Cd	.	A	microstructure	typical	to	that	for	the	alloy	quenched	from	the	–	region	is	shown	in	Fig.	67	Refinery	Shapes	.	(i)	This	includes	oxygen-free	copper	that	contains	P	in	an	agreed-upon	amount.	Some	compositions	are	amenable	to	permanent	mold	and	die
casting	processes.	Many	mechanical	products	are	routinely	cast	in	leaded	tin	bronzes	(C92200–C92900).	Note	that	in	the	aged	condition,	with	or	without	prior	cold	work,	the	ductility	is	quite	low.	Smelting	Processes.	183	Filtration	of	Copper	Alloys	.	This	characteristic	of	the	40%	Zn	alloy	is	believed	to	be	due	to	the	presence	of	the	brittle	,	allowing
removal	of	material	with	less	energy	consumption	and	the	development	of	a	fine	surface	finish.	148	Environmental	and	Safety	Issues	.	(l)	Includes	Cu		Ag		Sn.	(m)	Includes	Te		Sn.	(n)	Includes	oxygen-free	or	deoxidized	grades	with	deoxidizers	(such	as	phosphorus,	boron,	lithium,	or	other)	in	an	agreed-upon	amount.	admiralty	metal	(C44200).	Alloys	of
copper	exhibit	a	range	of	solderability,	dependent	upon	the	type	and	level	of	alloying	addition	and	method	of	soldering.	The	most	widely	used	yellow	brasses	are	C85200,	C85400,	and	C85700.	Note	that	zinc	has	the	best	combination	of	size	difference	and	solubility	(except	for	gold,	which	is	expensive).	Heating	for	stress	relief	also	can	change	other
properties.	121	Copper-Matrix	Composites	.	(d)	Cu	+	sum	of	named	elements,	99.5%	min.	Machinability	index	maximum	to	avoid	excessive	crystallographic	texturing,	especially	in	rolling	of	sheet	and	strip.	The	industrial	importance	of	copper	in	the	20th	and	21st	centuries	has	been	extended	by	the	ease	with	which	it	combines	with	other	metals.	The
consistent	performance	of	the	metal	in	subsequent	cold	working	is	dependent	on	grain-size	uniformity.	(r)	Includes	Co.	(s)	Cu		sum	of	named	elements,	99.9%	min.	A	brief	review	of	the	fabrication	characteristics	of	copper	and	its	alloys	is	given	subsequently.	Good	shape	contributes	to	the	production	of	flat,	straight	metal	when	slitting	to	the	final
specified	width	needed	by	the	consumer.	However,	if	the	lead	content	exceeds	approximately	0.5%,	at	25	°C	(75	°F)	the	lead	is	essentially	all	located	along	the	grain	Table	9	Effect	of	heat	treatment	on	some	mechanical	properties	of	a	Cu-9.8Al	alloy	Approximate	properties	Heat	treatment	Quenched	from	900	°C	(1650	°F)	Annealed	at	650	to	700	°C
(1200–1290	°F)	Annealed	at	less	than	570	°C	(1060	°F)	Source:	Ref	19	Hardness,	HB	Izod	impact	Elongation,	energy,	%	kgf	·	m	155	7	4	110	40	5	115	30	1.5	Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	47	Table	10	Some	mechanical	properties	of	a	Cu-1.9Be	alloy	for	four	different	treatments	0.2%	yield	strength	Tensile	strength
Treatment	Hardness	MPa	ksi	MPa	ksi	Solution	annealed	for	8	min	at	800	°C	(1470	°F),	water	quenched	Solution	annealed	for	8	min	at	800	°C	(1470	°F),	water	quenched,	then	cold	rolled	to	a	reduction	in	thickness	of	38%	Solution	annealed	treatment,	then	aged	for	3h	at	345	°C	(655	°F)	Solution	annealed	treatment,	cold	worked	38%,	then	aged	for	2
h	at	345	°C	(655	°F)	61	HRB	255	37	490	71	Elongation,	%	56	100	HRB	740	107	795	115	5	42	HRC	1160	168	1290	187	4	42	HRC	1220	177	1370	199	3	Source:	Ref	27	boundaries	as	separated	particles,	not	spread	along	the	grain	boundaries.	The	data	in	Table	6	show	that	aging	a	Cu-10Sn	alloy	for	5	h	produces	no	significant	difference	in	tensile
properties	and	hardness	from	the	as-cast	condition.	However,	berylliumcoppers	(C17000	to	C17510)	will	probably	continue	as	the	materials	of	choice	for	military	and	other	severe	duty	connectors.	But	the	precipitation	process	is	quite	slow,	so	that	the	time	for	precipitation	is	too	long	to	make	such	a	treatment	commercially	feasible.	554	C94300	70Cu-
5Sn-25Pb	.	Synthetic	rubbers	are	used	wherever	good	flexibility	must	be	maintained,	such	as	in	welding	or	mining	cable.	Corrosion	of	a	similar	nature	continues	beneath	the	primary	corrosion	layer,	resulting	in	gradual	replacement	of	sound	brass	by	weak,	porous	copper.	Effect	on	Properties.	Therefore	the	phase	boundaries	shown	in	(a)	Schematic
illustration	of	a	drawing	operation.	560	C99400	90.4Cu-2.2Ni-2.0Fe-1.2Al-1.2Si-3.0Zn	.	Tempers	for	copper	alloys	are	defined	in	ASTM	B	601,	“Standard	Practice	for	Temper	Designations	for	Copper	and	Copper	Alloys—	Wrought	and	Cast.”	As	shown	in	Table	4,	this	standard	establishes	an	alphanumeric	code	for	use	in	designating	product	tempers.
The	alloy	was	originally	slowly	cooled	from	500	°C	to	25	°C	(930–75	°F)	(giving	a	completely	ordered	structure),	reheated	for	15	min	at	temperature,	then	water	quenched.	The	combination	of	furnace	temperature	and	speed	determines	the	temperature	attained	in	the	metal,	and,	therefore,	the	grain	size.	To	effect	removal	of	these	elements	to	a
sufficiently	low	value,	however,	requires	using	excess	oxygen,	so	after	these	impurities	are	lowered	to	an	acceptable	level,	oxygen	remains	dissolved	in	the	liquid	copper	and	may	also	be	present	as	Cu2O	if	the	solubility	of	oxygen	is	exceeded	(Fig.	Some	copper	and	copper	alloys	are	also	identified	by	descriptive	names,	for	example,	Muntz	metal	(Cu-
40Zn).	This	kind	of	problem	can	be	anticipated,	and,	if	necessary,	the	bar	split	at	an	intermediate	stage	in	processing	prior	to	the	final	slitting,	so	fewer	cuts	are	made	in	this	last	operation.	(f)	For	continuous	castings,	P	will	be	1.5%,	max.	The	second	largest	category	is	electrical	and	electronic	products,	including	those	for	telecommunications,
electronics,	wiring	de-vices,	electric	motors,	and	power	utilities.	0.168	0.148	0.132	0.117	0.118	0.120	0.093	0.094	0.096	0.073	0.074	0.075	0.076	0.057	0.058	0.059	0.059	0.044	0.045	0.046	0.046	0.038	0.035	0.036	0.037	Approximate	weight,	lb/1000	ft	64.9	51.1	41.2	32.4	31.9	32.1	20.1	20.1	20.6	12.7	12.7	12.8	12.7	7.84	8.03	8.10	7.97	4.90	4.94	5.14
5.02	3.43	3.09	3.16	3.19	Approximate	diameter,	in.	19(d)	is	perfectly	ordered	(with	degree	of	order	S	1).	The	theoretical	maximum	machining	rate	for	free-cutting	brass	(C36000)	is	five	times	higher	than	that	of	leaded	low-carbon	free-machining	steel	AISI	12L14	(UNS	G12144).	nominal	diameter)	is	covered	by	Society	of	Automotive	Engineers	J528.
The	converter	can	be	rotated	about	its	axis,	and	is	fitted	on	one	side	with	a	row	of	approximately	50	tuyeres	through	which	air	is	injected.	Slitter	knife	sets	are	assembled	on	arbors.	(q)	Cu	+	sum	of	named	elements,	99.4%	min.	low-leaded	brass	(tube)	(C33000).	PVC	has	good	dielectric	strength	and	flexibility,	and	is	one	of	the	least	expensive
conventional	insulating	and	jacketing	materials.	The	brasses,	copper-zinc	alloys	that	are	essentially	noted	for	their	formability,	are	then	discussed.	551	C93500	85Cu-5Sn-9Pb-1Zn	.	However,	as	the	temperature	increases	from	500	°C	(930	°F),	30	minutes	is	sufficient	time	to	allow	the	equilibrium	amounts	and		and		to	form.	Many	of	the	applications	of
copper	and	copper	alloys	take	advantage	of	the	work-hardening	capability	of	the	material,	with	the	cold	processing	deformation	of	the	final	forming	steps	providing	the	required	strength/ductility	for	direct	use	or	for	subsequent	forming	of	stamped	components.	However,	in	this	alloy	the	annealing	and	cooling	rate	from	the	high	temperature	affect	the	
structure	and	the	ordered		structure,	which	affect	the	hardness.	427	Effect	of	Temperature	on	Properties	.	Although	copper	obeys	the	Hall-Petch	relationship	and	grain	size	can	be	readily	controlled	by	processing	parameters,	work	hardening	is	the	only	strengthening	mechanism	used	with	pure	copper.	Only	these	two	act	as	nuclei.	Parts	will	have	good
strength	and	very	smooth	surface.	561	Beryllium	copper	21C	97Cu-2Be-1Co	.	25	Microstructures	of	Cu-42Zn	alloy	quenched	from	the		region,	then	reheated	to	develop	an		precipitate	structure.	167	Preface	.	41,	43,	and	44	show	that	a	copper-aluminum	alloy	containing	approximately	10%	Al	would	have	the	highest	hardness	when	water	quenched
from	the		region,	or	when	water	quenched	and	tempered	below	approximately	400	°C	(750	°F).	520	C69400	81.5Cu-14.5Zn-4Si	.	This	fine	domain	size	is	probably	responsible	for	the	increased	hardness	as	the	cooling	rate	increases.	Also,	in	the	event	that	your	company	has	a	corporate	shipping	account	with	UPS	or	FedEx,	we	are	happy	to	use	your
account	number	for	delivery	of	your	products.	Simple	aluminum	bronzes	such	as	C95200	to	C95500	are	actually	Cu-Al-Fe	ternary	alloys.	To	avoid	this,	it	is	common	to	use	a	plate	on	the	blank	to	maintain	the	thickness	constant	and	to	force	the	blank	to	move	horizontally	(for	the	configuration	in	Fig.	540	C86400	59Cu-0.75Sn-0.75Pb-37Zn-1.25Fe-
0.75Al0.5Mn	.	A	more	detailed	description	of	the	corrosion	resistance	of	copper	can	be	found	in	the	articles	“Corrosion	Behavior”	and	“Stress-Corrosion	Cracking”	in	this	Handbook.	For	highest	strength,	however,	the	beryllium-coppers	are	the	material	of	choice.	546	Appendix	.	Source:	Ref	9	Table	18	Copper	tube	alloys	and	typical	applications	UNS
No.	Alloy	type	C10200	Oxygen-free	copper	C12200	Phosphorus	deoxidized	copper	B	68,	B	75,	B	88,	B	111,	B	188,	B	280,	B	359,	B	372,	B	395,	B	447	B	68,	B	75,	B	88,	B	111,	B	280,	B	306,	B	359,	B	360,	B	395,	B	447,	B	543	ASTM	specifications	C19200	C23000	Copper	Red	brass,	85%	B	111,	B	359,	B	395,	B	469	B	111,	B	135,	B	359,	B	395,	B	543
C26000	C33000	Cartridge	brass,	70%	Low-leaded	brass	(tube)	B	135	B	135	C36000	C43500	C44300,	C44400,	and	C44500	Free-cutting	brass	Tin	brass	Inhibited	admiralty	metal	…	…	B	111,	B	359,	B	395	C46400,	C46500,	C46600,	and	C46700	C60800	C65100	C65500	Naval	brass	Aluminum	bronze,	5%	Silicon	bronze	B	Silicon	bronze	A	B	111,	B	359,
B	395	B	315	B	315	C68700	Arsenical	aluminum	brass	B	111,	B	359,	B	395	C70600	Copper-nickel,	10%	C71500	Copper-nickel,	30%	B	111,	B	359,	B	395,	B	466,	B	467,	B	543,	B	552	B	111,	B	359,	B	395,	B	446,	B	467,	B	543,	B	552	…	Typical	uses	Bus	tube,	conductors,	wave	guides	Water	tubes;	condenser,	evaporator	and	heat-exchanger	tubes;	air
conditioning	and	refrigeration,	gas,	heater	and	oil	burner	lines;	plumbing	pipe	and	steam	tubes;	brewery	and	distillery	tubes;	gasoline,	hydraulic	and	oil	lines;	rotating	bands	Automotive	hydraulic	brake	lines;	flexible	hose	Condenser	and	heat-exchanger	tubes,	flexible	hose;	plumbing	pipe;	pump	lines	Plumbing	brass	goods	Pump	and	power	cylinders
and	liners;	plumbing	brass	goods	Screw-machine	parts;	plumbing	goods	Bourdon	tubes;	musical	instruments	Condenser,	evaporator	and	heat-exchanger	tubes;	distiller	tubes	Marine	hardware,	nuts	Condenser,	evaporator	and	heat-exchanger	tubes;	distiller	tubes	Heat-exchanger	tubes;	electrical	conduits	Chemical	equipment,	heat-exchanger	tubes;
piston	rings	Condenser,	evaporator	and	heat-exchanger	tubes;	distiller	tubes	Condenser,	evaporator	and	heat-exchanger	tubes;	salt	water	piping;	distiller	tubes	Condenser,	evaporator	and	heat-exchanger	tubes;	distiller	tubes;	salt	water	piping	Wrought	Copper	and	Copper	Alloys	/	81	Extrusion	pressure	varies	with	alloy	composition.	Electrostatic
sprayers,	fluidized	beds,	and	other	experimental	devices	are	used	to	apply	the	coatings.	In	the	first	or	slag-forming	stage,	iron	sulfide	is	oxidized	and	fluxed	with	silica	to	form	a	fluid	slag	by	the	following	reaction:	2FeS(l)		2SiO2(s)	+	3O2(g)	→	2FeO		SiO2(l)		2SO2(g)	Anodes	(99.5%	Cu)	Electrorefining	(Eq	3)	The	converter	slag	contains	some	copper	(1



to	5%	Cu),	and	is	recycled	to	the	smelting	furnace	or	treated	in	a	separate	process.	A	normal	cleaning	solution	is	dilute	sulfuric	acid,	which	dissolves	most	of	the	oxide	film	left	on	the	metal	by	annealing.	The	annealing	unit	consists	of	a	base	on	which	the	coils	are	stacked.	For	copper	alloy	C11000,	the	atmosphere	must	be	nearly	free	of	hydrogen	and
the	annealing	temperature	low	enough	to	avoid	hydrogen	embrittlement.	Type	of	press	operation	and	surface	characteristics	Shallow	forming	or	stamping.	A	copper	alloy	composed	of	copper	and	nickel	with	nickel	content	up	to	40%	and	with	small	additions	of	elements	such	as	iron	and	manganese.	The	copper	is	then	cast	into	anodes	for
electrorefining.	Structure.	precipitation	heat	treatment.	C97300	56-2-10-20-12,	12%	S,	C,	CL,	PM,	I,	P	53.0–58.0(p)	1.5–3.0	8.0–11.0	17.0–25.0	11.0–14.0(i)	1.5	0.35	Sb,	0.08	S,	0.05	P,	nickel	silver	0.005	Al,	0.50	Mn,	0.15	Si	2.5–3.5	4.5–5.5	bal	15.5–17.0(i)	1.5	0.50	Mn	C97400	59-3-5-17-16,	15%	nickel	S,	C,	CL,	PM,	I,	P	58.0–61.0(p)	silver	3.5–4.5	3.0–
5.0	3.0–9.0	19.0–21.5(i)	1.5	0.25	Sb,	0.08	S,	0.05	P,	C97600	64-4-4-8-20,	20%	nickel	S,	C,	CL,	PM,	I,	P	63.0–67.0(r)	silver,	dairy	metal	0.005	Al,	1.0	Mn,	0.15	Si	4.0–5.5	1.0–2.5	1.0–4.0	24.0–27.0(i)	1.5	0.20	Sb,	0.08	S,	0.05	P,	C97800	66-5-2-2-25,	25%	nickel	S,	C,	CL,	PM,	I,	P	64.0–67.0(z)	silver	0.005	Al,	1.0	Mn,	0.15	Si	Copper-lead	alloys	(leaded
coppers):	Ultrahigh	lead	alloys	for	special-purpose	bearings.	The	Copper	Tube	Handbook,	Copper	Development	Association	Inc.,	1995	Cast	Copper	and	Copper	Alloys	COPPER	CASTING	ALLOYS	are	primarily	selected	for	either	their	corrosion	resistance	or	their	combination	of	corrosion	resistance	and	mechanical	properties.	In	the	high-zinc	alloys,
stress-relief	heat	treatment	increases	strength	and	decreases	tensile	elongation.	low	brass,	80%	(C24000).	Coil	annealing	must	be	carefully	controlled	by	slowly	applying	heat	at	a	rate	that	will	avoid	overheating	the	surface,	while	the	temperature	of	the	inner	wraps	rises	and	equalizes	with	that	of	the	outer	wraps.	Most	copper	cathodes	are	sold	for
wire	and	cable	production.	16	per	and	zinc	atoms	are	located	at	random	on	the	lattice	sites.	However,	below	about	300	°C	(570	°F)	the	rate	of	precipitation	of		is	low,	so	that	alloys	up	to	about	10%	Sn	will	be	single-phase		after	proper	homogenization	and	cooling	to	25	°C	(75	°F).	Also,	the	clearance	between	the	die	and	the	punch	can	be	less	than	the
blank	thickness,	so	that	the	tube	height	is	increased.	Ideal	forging	characteristics	include	low	force	requirements,	little	tendency	to	crack,	and	good	surface	finishes.	All	drawing	is	performed	with	a	copious	supply	of	lubricant	to	cool	the	wire	and	prevent	rapid	die	wear.	Upon	heating	at	800	°C	(1470	°F),	the	structure	is	all	,	and	Fig.	The	lead	in
wrought	leaded	brasses	(C31200	to	C38500)	provides	high	machinability	by	acting	as	a	microscopic	chip	breaker	and	tool	lubricant.	512	C61500	90Cu-8Al-2Ni	.	414	Stress-Corrosion	Cracking	.	—	(ASM	specialty	handbook)	1.	For	example,	a	25	mm	(1	in.)	rod	of	free-cutting	brass	(UNS	C36000)	in	the	H02	temper	has	a	yield	strength	of	310	MPa	(45
ksi);	whereas	the	same	alloy	produced	as	a	25	by	150	mm	(1	by	6	in.)	bar	in	the	soft	(O60)	temper	has	a	yield	strength	of	only	138	MPa	(20	ksi).	153	Electrical	Applications	.	Production	of	Copper	from	Oxidized	Minerals	About	10%	of	primary	copper	originates	from	oxidized	copper	ores,	principally	oxides,	silicates,	and	sulfates.	The	temper	of	a
material	describes	both	its	mechanical	state	and	its	properties.	Coppers	Copper	No.	Cu	(incl	Ag),	%	min	P	Total	other	elements	99.95	99.9	99.70	99.9	…	…	…	0.045–0.065	…	0.10	…	…	C80100	C80410	C81100	C81200	High-copper	alloys	Copper	alloy	No.	Cu	(a)	Be	Co	Si	Ni	Fe	Al	Sn	Pb	Zn	Cr	C81400	C81500	C81540	C82000	C82200	C82400	C82500
C82510	C82600	C82700	C82800	bal	bal	95.1	min(b)	bal	bal	bal	bal	bal	bal	bal	bal	0.02–0.10	…	…	0.45–0.8	0.35–0.8	1.60–1.85	1.90–2.25	1.90–2.15	2.25–2.55	2.35–2.55	2.50–2.85	…	…	…	2.40–2.70(c)	0.30	0.20–0.65	0.35–0.70(c)	1.0–1.2	0.35–0.65	…	0.35–0.70(c)	…	0.15	0.40–0.8	0.15	…	…	0.20–0.35	0.20–0.35	0.20–0.35	0.15	0.20–0.35	…	…	2.0–3.0(c)
0.20	1.0–2.0	0.20	0.20	0.20	0.20	1.0–1.5	0.20	…	0.10	0.15	0.10	…	0.20	0.25	0.25	0.25	0.25	0.25	…	0.10	0.10	0.10	…	0.15	0.15	0.15	0.15	0.15	0.15	…	0.10	0.10	0.10	…	0.10	0.10	0.10	0.10	0.10	0.10	…	0.02	0.02	0.02	…	0.02	0.02	0.02	0.02	0.02	0.02	…	0.10	0.10	0.10	…	0.10	0.10	0.10	0.10	0.10	0.10	0.6–1.0	0.40–1.5	0.10–0.6	0.10	…	0.10	0.10	0.10	0.10
0.10	0.10	Red	and	leaded	red	brasses	Copper	alloy	No.	Cu(d)(e)	Sn	Pb	C83300	C83400	C83450	C83500	C83600	C83800	C83810	92.0–94.0	88.0–92.0	87.0–89.0	86.0–88.0	84.0–86.0	82.0–83.8	bal	1.0–2.0	0.20	2.0–3.5	5.5–6.5	4.0–6.0	3.3–4.2	2.0–3.5	1.0–2.0	0.50	1.5–3.0	3.5–5.5	4.0–6.0	5.0–7.0	4.0–6.0	Zn	2.0–6.0	8.0–12.0	5.5–7.5	1.0–2.5	4.0–6.0	5.0–8.0
7.5–9.5	Fe	…	0.25	0.30	0.25	0.30	0.30	0.50(g)	Sb	As	Ni	(incl	Co)	S	P(f)	Al	Si	…	0.25	0.25	0.25	0.25	0.25	…	…	…	…	…	…	(g)	(g)	…	1.0	0.8–2.0	0.50–1.0	1.0	1.0	2.0	…	0.08	0.08	0.08	0.08	0.08	…	…	0.03	0.03	0.03	0.05	0.03	…	…	0.005	0.005	0.005	0.005	0.005	0.005	…	0.005	0.005	0.005	0.005	0.005	0.10	Semi-red	and	leaded	semi-red	brasses	Copper	alloy
No.	Cu(d)(e)	Sn	Pb	Zn	Fe	Sb	Ni	(incl	Co)	S	P(f)	Al	Si	Bi	C84200	C84400	C84410	C84500	C84800	78.0–82.0	78.0–82.0	bal	77.0–79.0	75.0–77.0	4.0–6.0	2.3–3.5	3.0–4.5	2.0–4.0	2.0–3.0	2.0–3.0	6.0–8.0	7.0–9.0	6.0–7.5	5.5–7.0	10.0–16.0	7.0–10.0	7.0–11.0	10.0–14.0	13.0–17.0	0.40	0.40	0.25	0.25	0.8	1.0	1.0	1.0	1.0	0.08	0.08	…	0.08	0.08	0.05	0.02	…	0.02
0.02	0.005	0.005	0.01	0.005	0.005	0.005	0.005	0.20	0.005	0.005	…	…	0.05	…	…	(h)	(h)	0.40	0.40	0.25	0.25	Yellow	and	leaded	yellow	brasses	Copper	alloy	No.	Cu(d)	Sn	Pb	Zn	Fe	Sb	Ni	(incl	Co)	Mn	As	S	P	Al	Si	C85200	C85400	C85500	C85700	C85800	70.0–74.0(i)	65.0–70.0(j)	59.0–63.0(i)	58.0–64.0(k)	57.0	min(k)	0.7–2.0	0.50–1.5	0.20	0.50–1.5	1.5	1.5–
3.8	1.5–3.8	0.20	0.8–1.5	1.5	20.0–27.0	24.0–32.0	bal	32.0–40.0	31.0–41.0	0.6	0.7	0.20	0.7	0.50	0.20	…	…	…	0.05	1.0	1.0	0.20	1.0	0.50	…	…	0.20	…	0.25	…	…	…	…	0.05	0.05	…	…	…	0.05	0.02	…	…	…	0.01	0.005	0.35	…	0.8	0.55	0.05	0.05	…	0.05	0.25	Manganese	bronze	and	leaded	manganese	bronze	alloys	Copper	alloy	No.	Cu(d)(l)	Sn	Pb	Zn	Fe	Ni	(incl
Co)	Al	Mn	Si	C86100	C86200	C86300	C86400	C86500	C86550	C86700	C86800	66.0–68.0	60.0–66.0	60.0–66.0	56.0–62.0	55.0–60.0	57.0	min	55.0–60.0	53.5–57.0	0.20	0.20	0.20	0.50–1.5	1.0	1.0	1.5	1.0	0.20	0.20	0.20	0.50–1.5	0.40	0.50	0.50–1.5	0.20	bal	22.0–28.0	22.0–28.0	34.0–42.0	36.0–42.0	bal	30.0–38.0	bal	2.0–4.0	2.0–4.0	2.0–4.0	0.40–2.0	0.40–
2.0	0.7–2.0	1.0–3.0	1.0–2.5	…	1.0	1.0	1.0	1.0	1.0	1.0	2.5–4.0	4.5–5.5	3.0–4.9	5.0–7.5	0.50–1.5	0.50–1.5	0.50–2.5	1.0–3.0	2.0	2.5–5.0	2.5–5.0	2.5–5.0	0.10–1.5	0.10–1.5	0.10–3.0	0.10–3.5	2.5–4.0	…	…	…	…	…	0.10	…	…	(continued)	incl,	including.	A	“red”	copperlike	color	is	evident	in	alloys	containing	less	than	about	8%	Zn.	These	moderatestrength	alloys
retain	the	face-centered	cubic	()	structure	of	pure	copper.	As	the	insulated	conductor	leaves	the	extruder	it	is	water	cooled	and	taken	up	on	reels.	Silver	imparts	modest	annealing	resistance	to	copper	without	significantly	affecting	its	electrical	conductivity.	From	20	to	about	200	°C	(68–390	°F)	the	alloy	is	essentially	in	the	condition	obtained	by	slow
cooling	from	500	°C,	which	is	why	the	strength	is	about	the	same.	Heavy-duty	electromechanical	products,	such	as	circuit	breaker	components	and	resistance	Click	here	to	view	Yield	strength,	MPa	Electrical	conductivity,	%IACS	and	small	amounts	of	various	alloying	elements	such	as	beryllium,	cadmium,	chromium,	or	iron,	each	having	less	than	8
at.%	solid	solubility.	448	Magnetic	Properties	.	383	Corrosion	Behavior	.	107	Brass	and	Nickel	Silver	P/M	Parts	.	262	Machining	.	The	description	given	here	is	simplified	and	is	designed	to	illustrate	only	the	general	aspects	of	the	process.	With	a	high	atom-size	difference	combined	with	a	relatively	high	maximum	solubility	(Table	3),	it	would	be
expected	that	commercial	copperaluminum	alloys	that	are	solid	solutions	would	be	available	because	of	their	strength.	If	the	atoms	are	moved	as	indicated	in	Fig.	The	impure	anodes	are	suspended	alternately	with	pure	copper	cathodes	in	tanks	through	which	an	electrolyte	of	cop-	per	sulfate	and	free	sulfuric	acid	is	continuously	circulated.	(c)
Tempers	produced	by	controlled	amounts	of	cold	work	followed	by	a	thermal	treatment	to	produce	order	strengthening.	More	detailed	information	on	dispersionstrengthened	alloys	can	be	found	in	the	article	“Powder	Metallurgy	Copper	and	Copper	Alloys”	in	this	Handbook.	Cooling	may	be	aided	by	a	cooling	cover	containing	a	water	spray	system.
The	control	equipment	included	in	the	rolling	mill	is	a	feature	that	bears	directly	on	control	of	the	gage	from	end	to	end	of	a	coil	of	metal	during	rolling.	None	of	the	leaded	alloys	can	be	welded,	but	all	can	be	soldered	and	many	can	be	brazed,	provided	they	can	cool	without	constraint	so	as	to	avoid	hot	shortness	(brittleness).	Returns	made	after	the
specified	time	frame	will	be	charged	a	15%	restocking	fee.	The	name	of	a	phase	or	of	a	certain	range	of	copper	alloys	that	contain	one	or	more	alloying	elements	dissolved	in	copper,	the	phase	being	a	homogeneous	solid	solution.	Alloys	containing	more	than	9.5%	Al	can	be	heat	treated,	some	to	tensile	strengths	exceeding	120	ksi	(827	MPa).	Fine
Surface	Finishes.	Film-coated	wire,	usually	fine	magnet	wire,	is	composed	of	a	metallic	conductor	coated	with	a	thin,	flexible	enamel	film.	Foundries	use	prealloyed	ingot,	scrap,	and	virgin	metal	as	raw	materials.	The	mechanical	properties	of	the	highstrength	yellow	brasses	derive	primarily	from	a	high		phase	content.	C.J.	Gaffoglio,	“Concepts	in
Corrosion	and	Biofouling	Control	Using	Copper-Nickel,”	Proc.	Handbook	Committee.	(aa)	Includes	Co.	Source:	Copper	Development	Association	24	/	Metallurgy,	Alloys,	and	Applications	Table	3	(continued)	Silicon	bronzes	and	silicon	brasses	Copper	alloy	No.	C87300	C87400	C87500	C87600	C87610	C87800	Cu(a)	94.0min	79.0min(m)	79.0min
88.0min	90.0min	80.0min	Sn	Pb	Zn	Fe	Al	…	…	…	…	…	0.25	0.20	1.0	0.50	0.50	0.20	0.15	0.25	12.0–16.0	12.0–16.0	4.0–7.0	3.0–5.0	12.0–16.0	0.20	…	…	0.20	0.20	0.15	…	0.8	0.50	…	…	0.15	Other	named	elements	Si	Mn	Mg	Ni	(incl	Co)	S	3.5–4.5	2.5–4.0	3.0–5.0	3.5–5.5	3.0–5.0	3.8–4.2	0.8–1.5	…	…	0.25	0.25	0.15	…	…	…	…	…	0.01	…	…	…	…	…	0.20	…	…
…	…	…	0.05	…	…	…	…	…	0.01P,	0.05As,	0.05Sb	Copper-bismuth	and	copper-bismuth-selenium	alloys	Copper	alloy	No.	Cu	Sn	Pb	Zn	Fe	Sb	Ni	(incl	Co)	S	P	Al	Si	Bi	Se	Other	named	elements	C89320	C89325	C89510	C89520	C89831	C89833	C89835	C89837	C89550	C89844	C89940	87.0–91.0(a)	84.0–88.0(l)	86.0–88.0(a)	85.0–87.0(a)	87.0–91.0(l)	87.0–
91.0(l)	85.0–89.0(l)	84.0–88.0(a)	58.0–64.0(a)	83.0–86.0(a)	64.0–68.0(a)	5.0–7.0	9.0–11.0	4.0–6.0	5.0–6.0	2.7–3.7	4.0–6.0	6.0–7.5	3.0–4.0	0.50–1.5	3.0–5.0	3.0–5.0	0.09	0.10	0.25	0.25	0.10	0.10	0.10	0.10	0.20	0.20	0.01	1.0	1.0	4.0–6.0	4.0–6.0	2.0–4.0	2.0–4.0	2.0–4.0	6.0–10.0	32.0–40.0	7.0–10.0	3.0–5.0	0.20	0.15	0.30	0.30	0.30	0.30	0.20	0.30	0.7	0.30	0.7–
2.0	0.35	0.50	0.25	0.25	0.25	0.25	0.35	0.25	…	0.25	0.10	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	20.0–23.0	0.08	0.08	0.08	0.08	0.08	0.08	0.08	0.08	…	0.08	0.05	0.30	0.10	0.05	0.05	0.050	0.050	0.10	0.050	…	0.05	0.10–0.15	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.30–0.7	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	…	0.005
0.15	4.0–6.0	2.7–3.7	0.50–1.5	1.6–2.2	2.7–3.7	1.7–2.7	1.7–2.7	0.7–1.2	0.7–2.0	2.0–4.0	4.0–5.5	…	…	0.35–0.7	0.8–1.2	…	…	…	…	0.07–0.25	…	…	…	(n)	…	(o)	(n)	(n)	(n)	(n)	…	…	0.20Mn	Tin	bronzes	Copper	alloy	No.	C90200	C90300	C90500	C90700	C90710	C90800	C90810	C90900	C91000	C91100	C91300	C91600	C91700	Cu(d)(p)	91.0–94.0	86.0–89.0
86.0–89.0(q)	88.0–90.0	bal	85.0–89.0	bal	86.0–89.0	84.0–86.0	82.0–85.0	79.0–82.0	86.0–89.0	84.0–87.0	Sn	Pb	Zn	Fe	Sb	Ni	(incl	Co)	S	P(f)	Al	Si	6.0–8.0	7.5–9.0	9.0–11.0	10.0–12.0	10.0–12.0	11.0–13.0	11.0–13.0	12.0–14.0	14.0–16.0	15.0–17.0	18.0–20.0	9.7–10.8	11.3–12.5	0.30	0.30	0.30	0.50	0.25	0.25	0.25	0.25	0.20	0.25	0.25	0.25	0.25	0.50	3.0–5.0	1.0–
3.0	0.50	0.05	0.25	0.30	0.25	1.5	0.25	0.25	0.25	0.25	0.20	0.20	0.20	0.15	0.10	0.15	0.15	0.15	0.10	0.25	0.25	0.20	0.20	0.20	0.20	0.20	0.20	0.20	0.20	0.20	0.20	0.20	0.20	0.20	0.20	0.20	0.50	1.0	1.0	0.50	0.10	0.50	0.50	0.50	0.8	0.50	0.50	1.2–2.0	1.2–2.0	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.30	0.05–1.2	0.30
0.15–0.8	0.05	0.05	1.0	1.0	0.30	0.30	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	Leaded	tin	bronzes	Copper	alloy	No.	C92200	C92210	C92220	C92300	C92310	C92400	C92410	C92500	C92600	C92610	C92700	C92710	C92800	C92810
C92900	Cu(d)(e)	86.0–90.0	86.0–89.0	86.0–88.0(d)	85.0–89.0	bal	86.0–89.0	bal	85.0–88.0	86.0–88.5	bal	86.0–89.0	bal	78.0–82.0	78.0–82.0	82.0–86.0	Sn	Pb	5.5–6.5	4.5–5.5	5.0–6.0	7.5–9.0	7.5–9.0	9.0–11.0	6.0–8.0	10.0–12.0	9.3–10.5	9.5–10.5	9.0–11.0	9.0–11.0	15.0–17.0	12.0–14.0	9.0–11.0	1.0–2.0	1.7–2.5	1.5–2.5	0.30–1.0	0.30–1.5	1.0–2.5	2.5–3.5	1.0–1.5
0.8–1.5	0.30–1.5	1.0–2.5	4.0–6.0	4.0–6.0	4.0–6.0	2.0–3.2	Zn	Fe	Sb	Ni	(incl	Co)	S	P(f)	Al	Si	Mn	3.0–5.0	3.0–4.5	3.0–5.5	2.5–5.0	3.5–4.5	1.0–3.0	1.5–3.0	0.50	1.3–2.5	1.7–2.8	0.7	1.0	0.8	0.50	0.25	0.25	0.25	0.25	0.25	…	0.25	0.20	0.30	0.20	0.15	0.20	0.20	0.20	0.50	0.20	0.25	0.20	…	0.25	…	0.25	0.25	0.25	0.25	…	0.25	0.25	0.25	0.25	0.25	1.0	0.7–1.0	0.50–1.0
1.0	1.0	1.0	0.20	0.8–1.5	0.7	1.0	1.0	2.0	0.8	0.8–1.2	2.8–4.0	0.05	0.05	…	0.05	…	0.05	…	0.05	0.05	…	0.05	0.05	0.05	0.05	0.05	0.05	0.03	0.05	0.05	…	0.05	…	0.30	0.03	…	0.25	0.10	0.05	0.05	0.50	0.005	0.005	…	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	…	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005	0.005
0.005	0.005	0.005	…	…	…	…	0.03	…	0.05	…	…	0.03	…	…	…	…	…	High-leaded	tin	bronzes	Copper	alloy	No.	Cu	Sn	Pb	Zn	C93100	C93200	C93400	bal(d)(l)	81.0–85.0(d)(l)	82.0–85.0(d)(l)	6.5–8.5	6.3–7.5	7.0–9.0	2.0–5.0	6.0–8.0	7.0–9.0	2.0	1.0–4.0	0.8	Fe	0.25	0.20	0.20	Sb	Ni	(incl	Co)	S	P(f)	Al	Si	0.25	0.35	0.50	1.0	1.0	1.0	0.05	0.08	0.08	0.30	0.15	0.50
0.005	0.005	0.005	0.005	0.005	0.005	(continued)	incl,	including.	An	alloy	containing	nominally	77.5%	Cu,	2%	Al,	and	20.5%	Zn	with	an	inhibitor,	available	in	tube	form.	This	method	is	usable	because	of	the	greater	affinity	of	the	impurities	for	the	oxygen	dissolved	in	the	liquid	copper	than	for	the	copper	itself.	Degreasing	units	remove	roll	lubricants
from	the	metal	surfaces	before	the	metal	enters	the	furnace,	so	a	clean,	uniform	surface	is	presented	for	annealing.	A	rolling	mill	is	capable	of	applying	a	large,	but	still	limited,	force	upon	the	surfaces	of	the	metal	as	it	passes	between	the	rolls	to	reduce	its	thickness.	International	standards	and	designations	are	also	discussed	in	the	same	article.
Solvent	extraction-electrowinning	has	become	the	preferred	process.	If	high	electrical	conductivity	and	a	low	concentration	of	Cu2O	are	desired,	it	is	common	to	use	oxygen-free	electronic	copper,	previously	referred	to	as	oxygen-free,	high-conductivity	copper.	The	electrical	conductivity	is	somewhat	lower	than	that	of	electrolytic	tough	pitch	copper.
Then	the	properties	of		could	be	utilized	for	the	development	of	alloys.	102	Powder	Metallurgy	Copper	and	Copper	Alloys	.	However,	if	some	oxygen	is	present,	Cu2O	forms	during	solidification,	along	with	the	low	oxygen	content	copper	().	Refinery	shapes	include:	•	Cathodes	•	Wire	rod	•	Billets	•	Cakes	•	Ingots	Wire	Mill	Products	are	destined	for	use
as	electrical	conductors.	Coppers	C15715	through	C15760	are	dispersion-strengthened	with	aluminum	oxide	to	inhibit	softening	at	elevated	temperatures.	Also,	copper	alloys	in	cast	form	are	sometimes	classified	according	to	their	freezing	range	(that	is,	the	temperature	range	between	the	liquidus	and	solidus	temperatures).	Annealing	The	basic
purpose	of	annealing	is	recrystallization	and	softening	to	prepare	the	metal	for	further	cold	working	in	the	mill	or	by	the	consumer.	497	C38500	57Cu-40Zn-3Pb	.	They	are	also	cast	into	billets,	cakes,	or	ingots	as	pure	copper	or	alloyed	with	other	metals.	This	alloy	has	the	equivalent	strength	and	corrosion	resistance	of	naval	brass	(C46400)	plus
considerably	improved	machinability.	198	Bending	.	The	datum	at	zero	oxygen	is	for	oxygen-free	copper.	Their	usefulness	relies	on	excellent	hot	workability	and	excellent	machinability.	181	Grain	Refining	of	Copper	Alloys	.	Coppers	have	very	modest	strength	and	cannot	be	hardened	by	heat	treatment.	Controlled	atmosphere	begins	to	flow	through
the	hood,	purging	the	air.	S.	Other	elements	and	metals	are	alloyed	in	small	quantities	to	improve	certain	material	characteristics,	such	as	corrosion	resistance	or	machinability.	Under	the	UNS	system,	coppers	and	copper	alloys	are	designated	by	five-digit	numbers	preceded	by	the	letter	“C.”	The	five-digit	codes	are	based	on,	and	supersede,	an	older
three-digit	system	developed	by	the	U.S.	copper	and	brass	industry.	Cellulose	is	one	of	the	oldest	materials	for	electrical	insulation	and	is	still	used	for	certain	applications.	There	are	many	reasons	that	specifications	call	for	control	of	specific	elements	and	that	alloying	additions	are	made	to	copper.	(Note	that	these	data	are	for	a	9.8%	Al	alloy).
Continuous-cast	bars	arrive	at	this	stage	by	a	somewhat	different	processing	path.	For	the		phase	in	the	copper-zinc	system,	at	800	°C	(1472	°F)	it	is	stable	from	about	39	to	55%	Zn.	This	range	decreases	as	the	temperature	is	lowered,	being	stable	only	from	45	to	49%	Zn	at	500	°C	(932	°F).	This	gives	a	finer	structure	(Fig.	Sanders,	Manager	of
Production	Nancy	Hrivnak,	Copy	Editor	Jill	A.	Tin	has	a	greater	solidsolution	strengthening	effect	than	zinc	but	the	elongation	decreases,	so	that	copper-tin	alloys	are	not	as	readily	fabricated	as	copper-zinc	alloys.	Note	that	in	the	solid	state	the	solubility	of	oxygen	is	quite	low,	so	that	invariably	most	of	the	oxygen	is	in	the	oxide.	(n)	Cu	+	sum	of
named	elements,	99.1%	min.	A	commercially	pure	copper	electrolytically	refined	in	cathode	form.	medium-leaded	brass	(C34000).	They	are	frequently	used	for	sleeve	bearings,	thrust	washers,	cam	followers,	and	similar	parts.	(z)	Pb	and	Ag	can	be	adjusted	to	modify	the	alloy	hardness.	To	illustrate	these	alloys,	the	60Cu-40Zn	alloy	is	discussed	in
some	detail.	Copper	alloys	containing	1	to	6%	Pb	are	free-machining	grades.	Binary	copper-tin	alloys	retain	the		solid	solution	up	to	15.8%	Sn	at	520	°C	(968	°F),	and	while	the	solubility	of	tin	is	much	lower	at	room	temperature,	low-temperature	transformations	are	very	sluggish	and	can	usually	be	ignored.	Aluminum	bronzes	have	a	very	wide	range
of	applications.	Thus,	there	are	numerous	commercial	copper-base	alloys	that	are	leaded	for	machinability.	Figure	1	shows	the	effect	of	various	solutes	on	the	resistivity	of	copper.	Wherever	possible,	Casting	Alloy	Specifications	include	equivalent	specifications	for	several	countries	as	well	as	international	specifications.	540	C86500	58Cu-39Zn-1.3Fe-
1Al-0.5Mn	.	Slabs	or	bars	of	the	same	alloy	are	grouped	together	in	a	lot	and	processed	through	the	furnace	and	the	hot	mill.	453	C10400,	C10500,	C10700	.	The	next	set	of	operations	provides	the	desired	final	gage	and	temper	by	a	series	of	cold-rolling,	annealing,	and	cleaning	operations.	In	this	manner,	strands	with	up	to	127	wires	are	produced	in
one	or	72	/	Metallurgy,	Alloys,	and	Applications	Table	9	Characteristics	of	concentric-lay	stranded	copper	conductors	specified	in	ASTM	B	8	Class	AA	Conductor	size,	circular	mils	or	AWG	5,000,000	4,500,000	4,000,000	3,500,000	3,000,000	2,500,000	2,000,000	1,900,000	1,800,000	1,750,000	1,700,000	1,600,000	1,500,000	1,400,000	1,300,000
1,250,000	1,200,000	1,100,000	1,000,000	900,000	800,000	750,000	700,000	650,000	600,000	550,000	500,000	450,000	400,000	350,000	300,000	250,000	4/0	3/0	2/0	1/0	1	2	3	4	5	6	7	8	9	Nominal	weight	(a),	lb/1000	ft	15,890	14,300	12,590	11,020	9,353	7,794	6,175	5,886	5,558	6,403	5,249	4,940	4,631	4,323	4,014	3,859	3,705	3,396	3,088	2,779
2,470	2,316	2,161	2,007	1,853	1,698	1,544	1,389	1,235	1,081	926.3	771.9	653.3	518.1	410.9	326.0	258.4	204.9	162.5	128.9	102.2	81.05	64.28	50.98	40.42	Nominal	resistance(b),	/1000	ft(a)	0.002	178	0.002	420	0.002	696	0.003	082	0.003	561	0.004	278	0.005	289	0.005	568	0.005	877	0.006	045	0.006	223	0.006	612	0.007	052	0.007	556	0.008	137
0.008	463	0.008	815	0.009	617	0.010	88	0.011	75	0.013	22	0.014	10	0.015	11	0.016	27	0.017	63	0.019	23	0.021	16	0.023	51	0.026	45	0.030	22	0.035	26	0.042	31	0.049	99	0.063	04	0.079	48	0.100	2	0.126	4	0.159	4	0.201	0	0.253	4	0.319	7	0.403	1	0.508	1	0.640	7	0.808	1	Number	of	wires	Diameter	of	individual	wires(a),	mils	…	…	…	…	…	…	…	…	…	…
…	…	…	…	…	…	…	…	37	37	37	37	37	37	37	37	19	19	19	12	12	12	7	7	7	7	3	3	3	3	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	164.4	156.0	147.0	142.4	137.5	132.5	127.3	121.9	162.2	153.9	145.1	170.8	158.1	144.3	173.9	154.8	137.9	122.8	167.0	148.7	132.5	118.0	…	…	…	…	…	Class	A	Class	B	Number	of	wires	Diameter	of	individual
wires(a),	mils	169	169	169	127	127	91	91	91	91	91	91	91	61	61	61	61	61	61	61	61	61	61	61	61	37	37	37	37	19	19	19	19	7	7	7	7	7	7	7	7	…	…	…	…	…	172.0	163.2	153.8	166.0	153.7	165.7	148.2	144.5	140.6	138.7	136.7	132.6	156.6	151.5	146.0	143.1	140.3	134.3	128.0	121.5	114.5	110.9	107.1	103.2	127.3	121.9	116.2	110.3	145.1	135.7	125.7	114.6
173.9	154.8	137.9	122.8	109.3	97.4	86.7	77.2	…	…	…	…	…	Class	C	Number	of	wires	Diameter	of	individual	wires(a),	mils	217	217	217	169	169	127	127	127	127	127	127	127	91	91	91	91	91	91	61	61	61	61	61	61	61	61	37	37	37	37	37	37	19	19	19	19	19	7	7	7	7	7	7	7	7	151.8	144.0	135.8	143.9	133.2	140.3	125.5	122.3	119.1	117.4	115.7	112.2	128.4
124.0	119.5	117.2	114.8	109.9	128.0	121.5	114.5	110.9	107.1	103.2	99.2	95.0	116.2	110.3	104.0	97.3	90.0	82.2	105.5	94.0	83.7	74.5	66.4	57.4	86.7	77.2	68.8	61.2	54.5	48.6	43.2	Class	D	Number	of	wires	Diameter	of	individual	wires(a),	mils	Number	of	wires	Diameter	of	individual	wires(a),	mils	271	271	271	217	217	169	169	169	169	169	169	169	127
127	127	127	127	127	91	91	91	91	91	91	91	91	61	61	61	61	61	61	37	37	37	37	37	19	19	19	19	19	19	19	19	135.8	128.9	121.5	127.0	117.6	121.6	108.8	106.0	103.2	101.8	100.3	97.3	108.7	105.0	101.2	99.2	97.2	93.1	104.8	99.4	93.8	90.8	87.7	84.5	81.2	77.7	90.5	85.9	81.0	75.7	70.1	64.0	75.6	67.3	60.0	53.4	47.6	59.1	52.6	48.9	41.7	37.2	33.1	29.5	28.2
271	271	271	271	271	217	217	217	217	217	217	217	169	169	169	169	169	169	127	127	127	127	127	127	127	127	91	91	91	91	91	91	61	61	61	…	…	…	…	…	…	…	…	…	…	135.8	128.9	121.5	113.6	105.2	107.3	96.0	93.6	91.1	89.8	88.5	85.9	94.2	91.0	87.7	86.0	84.3	80.7	88.7	84.2	79.4	76.8	74.2	71.5	68.7	65.8	74.1	70.3	66.3	62.0	57.4	52.4	58.9	52.4	46.7	…
…	…	…	…	…	…	…	…	…	(a)	Units	used	in	ASTM	B	8	specification.	Worked	copper	can	be	recrystallized	by	annealing	at	temperatures	as	low	as	250	°C	(480	°F),	depending	on	the	prior	degree	or	cold	work	and	the	time	at	temperature.	Castings	exhibit	moderate	strength	and	very	good	aqueous	and	atmospheric	corrosion	resistance,	although
susceptibility	to	stresscorrosion	cracking	(SCC)	in	severe	environments	has	been	reported.	As	a	result,	the	alloys	have	microstructures	that	range	from	essentially	all-	to	ones	with	substantial	amounts	of	the	hard		phase.	19(b),	lead	to	the	perfectly	ordered	regions	increasing	their	size	as	shown	in	Fig.	Other	applications	include	valves,	fittings,	and
bells.	The	final	coiling	operation	takes	place	after	slitting,	and	some	measure	of	control	over	coil	set	can	be	exercised	at	this	process	stage.	The	number	of	lead	particles	in	the	volume	of	material	removed	is	about	150,000	for	an	alloy	containing	3%	Pb,	with	the	particle	size	shown	in	the	higher-magnification	photograph.	356	Solidification	Structures	of
Copper	Alloy	Ingots	.	Their	respective	works	are	acknowledged	throughout	this	Handbook.	Improved	alloys	such	as	zirconium-copper	(C15100),	Cu-Fe-P	alloy	C19700,	and	Cu-Ni-Si	alloy	C70250	will	capture	the	more	demanding	applications	(Ref	2).	Milling	or	Scalping	Along	with	continuous	casting,	an	equipment	development	that	significantly
advanced	production	is	the	high-speed	coil	milling	machine.	A	thermal	treatment	above	the	eutectoid	temperature	for	copper-aluminum	alloy	products	to	minimize	the	presence	of	the	stable	eutectoid	structure.	A	series	of	standard	cold-rolled	tempers	for	each	copper	and	copper	alloy	has	been	established.	The	cast	red	brasses	(C83300–C83810)	are
alloys	of	copper,	zinc,	tin,	and	in	some	cases,	lead.	7	Microstructure	of	a	wrought	tough	pitch	copper	sample	that	has	been	heated	in	hydrogen	(2	min	at	850	°C,	or	1560	°F)	to	form	water	vapor	pockets,	which	impair	the	mechanical	properties.	395	Corrosion	in	Soils	and	Groundwater	.	Deoxidation	of	C81200	improves	weldability.	The	distance
between	knife	edges	on	each	arbor	must	be	set	accurately	to	cut	the	specified	width	within	the	tolerance	allowed.	It	has	excellent	machinability,	approaching	that	of	free-cutting	brass.	oxygen-free,	silver-bearing	copper	(C10400,	C10500,	C10700).	0.05	C99300	Incramet	800	S,	C,	CL	bal(r)	C99350	Cu-Ni-Al-Zn	alloy	S,	C,	CL	bal(r)	…	0.02	…	13.5–16.5
0.40–1.0	0.15	7.5–9.5	14.5–16.0(i)	1.0	10.7–11.5	Al,	1.0–2.0	Co,	0.02	Si	9.5–10.5	Al,	0.25	Mn	Special	alloys:	Moderate-strength	alloys	with	good	resistance	to	dezincification	and	dealuminification.	Stranded	copper	wire	and	cable	are	made	on	machines	known	as	bunchers	or	stranders.	Quenched	from	800	°C	(1470	°F).	456	C10800	.	499	C41900
90.5Cu-4.35Zn-5.15Sn	.	15),	then	there	are	few	or	no	grain	boundaries	to	inhibit	slip	and	contribute	to	work	hardening,	and	as	the	grain	size	increases	the	metal	shows	less	elongation	at	fracture.	Copper-beryllium	casting	alloys	have	high	fluidity	and	can	reproduce	fine	details	in	master	patterns.	Low-zinc	alloys,	such	as	gilding	(C21000),	retain	the
fcc	a-structure,	while	high-zinc	brasses	(39%	Zn),	such	as	Muntz	metal	(C28000),	contain	mostly	the	hard	bodycentered	cubic	-phase.	264	Defining	Machinability	.	R.M.	Brick,	A.W.	Pense,	and	R.B.	Gordon,	Structure	and	Properties	of	Engineering	Materials,	McGraw-Hill,	New	York,	1977	25.	The	copper-tin	phase	diagram	in	Fig.	1	Introduction	and
Overview	.	427	Cracking	Mechanisms	.	17.	501	C43400	85Cu-14.3Zn-0.7Sn	.	419	Environmental	Effects	.	468	C15720	99.6Cu-0.4Al2O3	.	C36000	(61.5Cu-3Pb-35.5Zn)	requires	a	relatively	low	pressure,	whereas	C26000	(70Cu30Zn)	and	C44300	(71.5Cu-1Sn-27.5Zn-0.06As)	require	the	highest	pressure	of	all	the	brasses.	135	Characteristics	of	Copper
Plate	.	Indeed,	in	this	alloy	remarkable	precipitation	strengthening	occurs,	with	hardness	values	above	40	HRC.	Although	produced	in	all	product	forms,	brasses	are	primarily	used	as	sheet,	for	stampings	(springs,	and	components	of	electrical	switches	and	sockets,	for	example);	as	tube,	for	lamp	components,	drain	pipe,	and	plumbing	goods;	and	as
rod,	for	cold-headed	fasteners	and	forgings.	Source:	Ref	27	formed	upon	rapid	cooling.	(b)	Plot	of	the	elongation	at	fracture	in	a	tension	test.	Forgings	are	usually	more	costly	than	castings,	but	there	are	exceptions.	This	can	be	achieved	in	a	number	of	ways.	471	C17410	99.2Cu-0.3Be-0.5Co	.	Table	5	presents	the	range	of	properties	usually	available
for	the	commercial	alloy	Muntz	metal,	which	contains	40%	Zn,	and	for	commercial	cartridge	brass,	which	contains	30%	Zn.	In	the	30%	Zn	alloy	the	range	is	obtained	by	choice	of	the	amount	of	cold	work	and	of	the	annealing	treatment.	The	normally	soft,	ductile	metals	can	be	strengthened	by	cold	working.	Co	Si	2.2	2.1	As	2.0	Cr	Be	Mn	Sb	Al	Sn	Ni
Pb	1.9	1.8	1.7	1.68	1.6	Cd	Zn	Ag	0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.10	Content	of	alloying	element,	wt%	Fig.	The	structure	is	thin	needles	of	martensite,	.	Beryllium	coppers	are	relatively	expensive,	but	they	can	be	very	cost	effective	when	properly	used.	A	thermal	treatment	of	a	cold-drawn	product	to	reduce	residual	stress	variations,
thus	reducing	susceptibility	of	product	to	stress	corrosion	or	season	cracking,	without	significantly	affecting	its	tensile	strength	or	microstructure.	Note	that	the	solution	treatment	and	the	aging	treatment	are	essentially	independent	of	the	exact	alloy,	which	would	be	predicted	from	the	data	in	Fig.	C92200	may	be	used	for	pressure-retaining	parts	at
temperatures	up	to	290	°C	(550	°F),	whereas	alloy	C92300	is	limited	to	temperatures	below	260	°C	(500	°F)	as	a	precaution	against	a	form	of	embrittlement	that	can	occur	at	higher	temperatures.	Please	contact	the	ASM	International	Member	Service	Center	at	440-338-5151,	ext.	(dd)	When	the	product	is	for	subsequent	welding	applications	and	is	so
specified	by	the	purchaser,	Cr,	Cd,	Zr,	and	Zn	will	each	be	0.05%	max.	Indeed,	the	copper-tin	solid	solutions	are	considerably	stronger	than	the	copper-zinc	alloys	in	dilute	solutions	(Fig.	An	alloy	containing	nominally	61.5%	Cu,	3%	Pb,	and	35.5%	Zn,	generally	available	in	rod	and	drawn	bar	8	/	Metallurgy,	Alloys,	and	Applications	and	in	extruded
shapes.	If	the	arrangement	were	random,	S	0.	Silicon	bronzes	are	produced	in	relatively	low	volumes	for	products	such	as	hydraulic	fluid	lines,	high-strength	fasteners,	wear	plates,	and	marine	and	pole-line	hardware.	Effect	of	Impurities	on	Conductivity.	Although	some	of	the	other	elements	have	a	comparable	effect,	they	very	markedly	lower	the
electrical	conductivity	(Fig.	30	shows	that	the	solubility	of	tin	decreases	markedly	with	decreasing	temperature.	The	good	wear	resistance	of	the	alloys	makes	them	excellent	choices	for	heavy-duty	sleeve	bearings	and	machine-tool	ways.	32	Affect	of	cooling	rate	on	microstructure	of	Cu-10Sn	alloys.	A	thermal	treatment	of	a	quenchhardened	product	to
improve	ductility.	An	alloy	containing	nominally	59%	Cu,	2%	Pb,	and	39%	Zn,	generally	available	in	rod,	bar,	tube,	and	shapes	and	recommended	for	fabrication	by	hot	forging	and	hot	pressing.	Thus,	silver	is	the	most	obvious	element	to	add	to	retard	softening	of	cold-worked	copper	and	yet	retain	excellent	electrical	conductivity.	Also,	recall	that
reheating	will	influence	the	change	in	the	ordered	structure.	For	example,	a	leaded	brass	containing	60%	Cu	and	2%	Pb	is	designated	CuZn38Pb2.	37	Comparison	of	the	effect	of	aluminum,	tin,	and	zinc	as	solid-solution	strengtheners	of	copper.	The	large	horizontal	rolls	that	reduce	the	thickness	are	supplemented	by	a	pair	of	vertical	edging	rolls.	495
C36000	61.5Cu-35.5Zn-3Pb	.	Shipping	Charges	ASM	International	is	proud	to	recognize	UPS	as	our	official	courier.	Each	alloy	has	a	characteristic	temperature	range	within	which	it	is	sufficiently	plastic	for	piercing	to	take	place.	p.	545	C90300	88Cu-8Sn-4Zn	.	If	the	ratio	of	the	diameter	of	the	circular	blank	to	that	of	the	punch	increases	(b),	the
force	to	draw	the	tube	increases,	and	the	wall	of	the	tube	must	withstand	more	force.	The	eutectic	composition	is	0.39%	O.	One	type	of	deep	drawing	is	depicted	schematically	in	Fig.	engraver’s	brass.	29	shows	that	a	Cu-8Sn	alloy	is	harder	than	a	Cu30Zn	alloy.	A	temper	designation	system	for	copper	and	its	alloys	is	detailed	in	ASTM	B	601,
“Standard	Practice	for	Temper	Designations	for	Copper	and	Copper	Alloys—Wrought	and	Cast.”	Under	the	Unified	Numbering	System	(UNS),	copper	and	copper	alloys	are	designated	by	fivedigit	numbers	preceded	by	the	letter	“C.”	The	format	is	essentially	the	Copper	Development	Association‘s	former	three-digit	system	expanded	to	accommodate
new	compositions.	For	this	Cu-1.9Be	alloy,	the	optimal	aging	temperature	is	around	350	°C	(660	°F).	fire-refined	copper.	106	Bronze	P/M	Parts	.	They	are	continuously	cast	into	wire	rod	as	a	precursor	to	wire	drawing.	For	copper	and	copper	alloys	that	can	be	hot	worked,	the	quickest	and	most	economical	method	of	reduction	is	hot	rolling.	Alloy
C63800	offers	an	annealed	tensile	strength	of	570	MPa	(82	ksi)	and	rolled	temper	tensile	strengths	of	660	to	900	MPa	(96	to	130	ksi).	Uniformity	of	grain	size	is	influenced	by	the	type	of	annealing	furnaces	and	the	method	of	operation.	This	reflects	the	influ-	LIVE	GRAPH	Click	here	to	view	ence	of	the	heat	treatment	on	the	degree	of	order	and	on	the
domain	structure.	As	shown	in	Table	2,	only	silver	has	a	higher	electrical	conductivity	than	copper.	268	Selecting	Copper	Alloys	for	Machinability	.	We	are	able	to	offer	expedited	shipping	services	on	products	that	are	shipped	direct,	should	the	need	arise.	Variations	in	solderability	are	the	result	of	the	effect	of	alloying	additions	on	formation	of	the
metallurgical	bond	at	the	substrate-solder	interface.	68	Flat-Rolled	Products	.	When	direct	current	is	applied,	the	copper	in	the	anodes	is	electrochemically	dissolved	and	then	plated	as	pure	copper	on	the	cathodes.	The	presence	in	the	alloy	of	residual	phosphorus	is	beneficial	to	weldability	because	it	combines	with	absorbed	oxygen,	thereby
preventing	the	formation	of	copper	oxide	in	the	weld.	Coil	annealing	may	be	done	in	a	roller	hearth	furnace	where	the	coils	are	slowly	moved	through	the	furnace	as	they	are	gradually	heated	to	the	annealing	temperature.	425	Mitigation	of	SCC	.	493	C34900	62Cu-37.5Zn-0.3Pb	.	Lightly	cold-worked	tempers	such	as	18	hard	and	14	hard	give
improved	machinability	yet	retain	sufficient	ductility	for	forming	operations.	Wrought	Copper	and	Copper	Alloys	/	79	If	desired	for	subsequent	working,	annealed	strip	can	also	be	coated	with	a	film	of	light	nontarnishing	oil	for	protection	and	lubrication.	8	(a)	The	copper-lead	phase	diagram.	Cables	jacketed	with	EPR	and	XLPE	go	through	a
vulcanizing	chamber	prior	to	cooling	to	complete	the	cross-linking	process.	For	the	leaner	alloys	(below	12%	Zn,	or	3%	Al,	for	example),	processing	generates	dislocations	that	develop	into	entanglements	and	into	cells,	with	some	narrow	shear	band	formation	beyond	65%	cold	reduction	in	thickness.	Also	used	for	very	thin	metal	Stampings	and
shallow	drawn	parts.	Phys.,	Vol	55,	1929,	p	575	10.	(y)	The	following	additional	maximumß	impurity	limits	shall	apply:	0.10%	Al,	0.001%	B,	0.001%	Bi,	0.005–0.15%	Mg,	0.005%	P,	0.0025%	S,	0.02%	Sb,	7.5–8.5%	Sn,	0.01%	T,	and	1.0%	Zn.	(z)Cu	+	sum	of	named	elements,	99.6%	min.	Forgings	Copper-base	forgings	represent	a	relatively	small	but
important	class	of	products.	Since	the	conditions	of	product	or	material	use	are	outside	of	ASM’s	control,	ASM	assumes	no	liability	or	obligation	in	connection	with	any	use	of	this	information.	the	phase	diagram	in	Fig.	Properties.	369	Engineering	Properties	and	Service	Characteristics	.	509	C60600	95Cu-5Al	.	Figure	41	shows	the	effect	of	the
quenching	temperature	on	the	hardness	of	a	Cu-10Al	alloy.	Equipment	for	enamel	coating	of	wire	often	is	custom	built,	but	standard	lines	are	available.	Nickel	silvers	combine	good	corrosion	resistance	with	moderately	high	strength,	which	accounts	for	their	wide	use	in	food	and	beverage	handling	equipment.	41	Effect	of	quenching	temperature	on
the	hardness	of	a	Cu-10.2Al	alloy.	Source:	Ref	5	Fig.	515	C63200	82Cu-9Al-5Ni-4Fe	.	Thus,	a	heat-treating	recommendation	for	a	Cu-9Al	bronze	for	most	commercial	purposes	calls	for	annealing	at	650	°C	(1200	°F),	and	then	quench.	However,	in	the	copper-aluminum	eutectoid	alloy	here,	the	martensite	will	be	approximately	70	HRB,	and	the	pearlite
formed	after	cooling	slowly	will	be	approximately	80	HRB.	One	wrap	can	become	welded	to	the	next	because	of	the	high	temperature	and	pressure	encountered,	usually	making	the	coil	unsuitable	for	further	processing.	Below	this	range,	the	central	hole	does	not	open	up	properly	under	the	applied	peripheral	forces.	It	also	increases	corrosion
resistance,	as	the	hundreds	of	surviving	Bronze	Age	relics	dramatically	illustrate.	Brazeability.	The	main	advantage	of	continuous	cast	wire	rod	is	that	it	is	available	in	coils	whose	size	is	limited	only	by	the	capacity	of	the	coil	handling	equipment	either	in	the	rod	or	the	wire	drawing	plant.	Add	a	review	and	share	your	thoughts	with	other	readers.
Larger	quantities	are	produced	by	rolling,	smaller	quantities	by	drawing.	Sand	moulding	materials,	including	green	sand	and	chemically	bonded	sands	are	also	included.	354	Specimen	Preparation	.	In	the	copper	industry,	the	term	“temper”	refers	to	the	metallurgical	structure	and	properties	of	a	product	resulting	from	thermal	or	mechanical
processing.	Best	known	for	high	conductivity	and	corrosion	resistance,	this	large	and	diverse	group	of	materials	also	offers	a	wide	range	of	mechanical	and	physical	properties,	often	in	unique	combinations.	It	is	for	this	purpose—	ease	of	cutting	and	machinability—that	lead	is	added	to	copper	alloys.	A	thermal	treatment	to	change	the	properties	or
grain	structure	of	a	product.	Note	that	the	two	materials	are	affected	in	essentially	the	same	way.	Alloy	C83800	has	slightly	lower	strength,	but	is	essentially	similar	in	properties	and	application.	Tin,	like	arsenic,	antimony,	and	phosphorus,	reduces	susceptibility	to	dezincification.	Copper-Aluminum	Alloys	In	a	general	sense,	the	copper-aluminum
phase	diagram	is	similar	to	that	for	copper-zinc.	539	C85700,	C85800	63Cu-1Sn-1Pb-35Zn	.	A	controlled	heating;	time	at	maximum	temperature-cooling	cycle	as	needed	to	satisfy	the	property	and	grain	structure	requirements	of	the	temper.	The	data	in	Fig.	591	Alloy	Index	.	Approximately	45%	of	the	output	of	U.S.	brass	mills	is	unalloyed	copper	and
high-copper	alloys,	chiefly	in	such	forms	as	plumbing	and	air	conditioning	tube,	busbar	and	other	heavy-gage	current-carrying	flat	products,	and	roofing	sheet.	(m)	Cu		sum	of	named	elements,	99.2%	min.	Note	also	in	Fig.	Like	the	red	brasses,	the	semired	alloys	are	primarily	specified	for	plumbing	fixtures,	fittings,	and	lowpressure	valves.	235
Sintering	Practices	for	Bronze	.	Thus,	note	in	Fig.	The	earliest	artifacts	known	to	be	made	from	smelted	metal	were	also	copper.	One	method	is	to	melt	the	blister	copper	and	further	oxidize	the	molten	copper	to	remove	most	impurities	to	an	immiscible	liquid	slag	or	to	vaporize	them.	144	Controls	.	(d)	Elongation	not	specified	in	ASTM	B	3	Wrought
Copper	and	Copper	Alloys	/	71	Table	8	Tensile	properties	of	hard-drawn	copper	and	copper	alloy	round	wire	Hard-drawn	copper	wire	(ASTM	B	1)	Conductor	size,	AWG	4/0	3/0	2/0	1/0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40–44	Nominal	tensile	strength(a)	MPa	ksi	Nominal
elongation(b)	%	340	350	365	375	385	395	405	415	420	430	435	440	445	445	450	455	455	455	460	460	460	460	463	465	467	468	470	471	473	474	476	478	479	481	482	484	485	487	489	490	492	493	495	496	49.0	51.0	52.8	54.5	56.1	57.6	59	60.1	61.2	62.1	63	63.7	64.3	64.9	65.4	65.7	65.9	66.2	66.4	66.6	66.8	67.0	67.2	67.4	67.7	67.9	68.1	68.3	68.6
68.8	69.0	69.3	69.4	69.7	69.9	70.2	70.4	70.6	70.9	71.1	71.3	71.5	71.8	72.0	3.8	3.3	2.8	2.4	2.2	2.0	1.8	1.7	1.6	1.4	1.3	1.3	1.2	1.2	1.1	1.1	1.1	1.0	1.0	1.0	1.0	1.0	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	Minimum	tensile	strength	of	hard-drawn	copper	alloy	wire	(ASTM	B	105)	Nominal	breaking	strength	N	36,220	29,900	24,550	20,095
17,290	13,350	10,850	8,762	7,072	5,693	4,580	3,674	2,940	2,354	1,880	1,500	1,190	952	756	600	480	380	302	241	192	152	121	96.5	77.0	60.9	48.5	38.4	31.0	24.3	19.3	15.7	12.4	9.79	7.78	6.23	5.03	4.39	3.07	2.42–	1.00	MPa	ksi	MPa	ksi	MPa	ksi	MPa	ksi	MPa	ksi	MPa	ksi	ASTM	B	105	minimum	elongation(b),	%	…	…	…	…	672	716	741	760	774	786	795
804	812	820	826	832	836	839	843	845	847	848	849	852	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	97.5	103.8	107.5	110.2	112.2	114.0	115.3	116.6	117.8	118.9	119.8	120.6	121.2	121.7	122.2	122.5	122.8	123.0	123.2	123.5	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	707	750	776	794	808	820	829	836	847	854	860
866	870	874	877	879	881	883	884	886	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	102.5	108.8	112.5	115.2	117.2	119.0	120.3	121.6	122.8	123.9	124.8	125.6	126.2	126.7	127.2	127.5	127.8	128.0	128.2	128.5	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	510	552	586	614	638	654	665	675	683	690	698	705	710	715
720	725	730	735	740	745	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	74.0	80.0	85.0	89.0	92.5	94.8	96.5	97.9	99.0	100.1	101.2	102.2	103.0	103.7	104.4	105.2	105.9	106.6	107.3	108.0	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	524	536	547	558	568	579	590	600	610	620	630	638	647	655	662	669	676	680	683	686
…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	76.0	77.8	79.3	80.9	82.4	84.0	85.5	87.0	88.5	90.0	91.3	92.6	93.8	95.0	96.0	97.0	98.0	98.6	99.0	99.5	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	510	520	534	545	552	558	568	576	583	590	597	605	612	619	625	634	640	645	648	652	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…
…	…	…	…	…	…	…	…	74.0	75.5	77.5	79.0	80.0	81.0	82.4	83.5	84.6	85.5	86.6	87.7	88.8	89.8	90.6	92.0	92.8	93.5	94.0	94.5	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	496	507	517	527	534	542	550	558	567	575	583	591	598	605	612	617	623	627	632	636	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	72.0	73.5	75.0	76.4
77.5	78.6	79.8	81.0	82.2	83.4	84.6	85.7	86.8	87.8	88.7	89.5	90.3	91.0	91.6	92.2	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	2.2	2.0	1.8	1.6	1.5	1.4	1.3	1.3	1.2	1.2	1.2	1.1	1.1	1.1	1.0	1.0	1.0	0.9	0.9	0.9	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	C65100	lbf	8,143	6,720	5,519	4,518	3,888	3,002	2,439	1,970	1,590	1,280	1,030
826.1	660.9	529.3	423	337	268	214	170	135	108	85.5	68.0	54.2	43.2	34.1	27.3	21.7	17.3	13.7	10.9	8.64	6.96	5.47	4.35	3.53	2.79	2.20	1.75	1.40	1.13	0.898	0.691	0.543–	0.226	C51000	C50700	C16500	C19600	C16200	(a)	Tensile	strengths	cannot	always	be	met	if	wire	is	drawn	into	coils	of	less	than	480	mm	(19	in.).	(k)	Fe	+	Sb	+	As	is	0.50%	max.	Very
slow	cooling	should	induce	the	equilibrium	amount	of	order	and	allow	development	of	a	relatively	coarse	domain	size.	Butts,	Ed.,	Van	Nostrand	Reinhold	Company,	New	York,	1954	2.	488	C28000	60Cu-40Zn	.	Also,	in	steels	the	hardness	of	the	martensite	is	reduced	by	heating	the	alloy	below	the	eutectoid	temperature	to	convert	the	martensite	to	the
equilibrium	phases,	a	heat	treatment	called	tempering.	Beta	is	stable	in	binary	alloys	containing	more	than	39.5%	Zn,	but	strong		stabilizers	such	as	aluminum	promote	its	presence	at	lower	zinc	contents,	as	in	alloys	C86200	(25%	Zn,	4%	Al)	and	C86300	(26%	Zn,	6%	Al).	diameter	drill	removes	about	0.004	in.	3	Major	Groups	of	Copper	and	Copper
Alloys	.	Intermediate	machines	can	produce	wire	as	small	as	0.5	mm	(0.020	in.)	in	diameter,	and	fine	wire	machines	can	produce	wire	in	diameters	from	0.5	mm	(0.020	in.)	to	less	than	0.25	mm	(0.010	in.).	In	the	fully	aged	condition,	the	strength	of	chromium-copper	(C81500)	is	roughly	twice	that	of	pure	copper,	and	its	electrical	conductivity	remains
higher	than	80%	IACS.	high	brass.	The	copper-bismuth	and	Cu-Se-Bi	(SeBiLoy)	red	brasses	(alloys	C89510	and	C89520,	respectively)	are	low-lead	sand-cast	alloys	that	are	used	in	food	process	and	potable	water	applications	such	as	faucets	and	other	plumbing	fixtures.	Letter	symbols	for	property	designations	are	as	follows:	A	B	G	H	M	R	Y	Elongation
Spring	bending	limit	Grain	size	Hardness	(HB	for	castings,	HV	for	wrought	products)	As-manufactured,	that	is,without	specified	mechanical	properties	Tensile	strength	0.2%	proof	stress	(yield	strength)	For	example,	tensile	strength	R250	indicates	the	minimum	of	250	MPa	(36	ksi),	a	hardness	of	H090	indicates	a	value	of	90	(Vickers	for	wrought
materials	and	Brinell	for	cast),	and	Y140	indicates	a	0.2%	proof	stress	of	140	MPa	(20	ksi).	531	C82200	98Cu-1.5Ni-0.5Be	.	For	these	to	grow,	atoms	at	the	interface	must	relocate	to	extend	the	arrangement.	Nutting	and	M.A.P.	Dewey,	in	Heat	Treatment	of	Metals,	Special	Report	95,	The	Iron	and	Steel	Institute,	London,	1966	Wrought	Copper	and
Copper	Alloys	WROUGHT	COPPER	AND	COPPER	ALLOYS	comprise	one	of	the	largest	families	of	engineering	materials.	Although	the	furnace	temperature	is	high,	the	metal	is	exposed	to	it	for	only	a	few	seconds.	Major	Groups	of	Copper	and	Copper	Alloys	The	elements	most	commonly	alloyed	with	copper	are	aluminum,	nickel,	silicon,	tin,	and	zinc.
There	are	six	subcategories	of	cast	brasses:	red	and	leaded	red,	semired	and	leaded	semired,	yellow	and	leaded	yellow,	highstrength	and	leaded	high-strength	yellow	(manganese	bronzes),	silicon	brasses/silicon	bronzes,	and	copper-bismuth	(Cu-Bi)	and	copper-selenium-bismuth	(Cu-Se-Bi)	brasses.	The	phase	diagram	is	shown	in	Fig.	By	contrast,	wire
bar	is	limited	to	about	115	kg	(250	lb),	requiring	frequent	butt	welding	of	the	small	wire	coils	to	produce	larger	coil	sizes.	Semired	and	leaded	semired	brasses	(C84200–C84800)	differ	from	the	red	brasses	primarily	by	their	higher	zinc	contents,	which	range	up	to	15%.	Cutaway	view	of	a	reverberatory	furnace	for	copper	smelting	Exhaust	gas	Dry
concentrates	and	flux	Concentrate	burners	(1	to	4)	Movable	hood	cover	Uptake	O2-enriched	air	Siliceous	flux	Reaction	shaft	Flux	gun	Tuyere	pipes	Air	Pneumatic	punchers	Off-gas	Matte	Fig.	After	90%	cold	work,	the	distinct	“copper”	or	“metal”	deformation	crystallographic	texture	begins	to	develop.	The	required	atom	exchanges,	shown	by	the
arrows	in	Fig.	Strong,	Tough	Structures.	Table	8	shows	that	the	eutectoid	Cu-11.8Al	alloy	was	hardest	if	the	structure	was			2,	formed	either	by	cooling	slowly	from		or	by	tempering	the		martensite.	526	C75700	65Cu-23Zn-12Ni	.	In	some	alloys,	elements	go	into	solution	above	certain	temperatures	and	then	precipitate	out	at	lower	temperatures.
Temper,	as	applied	to	heat	treated	copper	alloys,	carries	exactly	the	opposite	meaning	than	for	heat	treated	steels	where	tempering	generally	implies	softening	(e.g.,	quenched	and	tempered	steels).	493	C35300	62Cu-36.2Zn-1.8Pb	.	Thus	in	the	as-cast	alloy,	these	lead	particles	are	trapped	between	the	primary		dendrites.	Forging	brass	also	contains
about	2%	Pb,	making	it	free	machining.	This	is	followed	by	acid	cleaning	tanks,	a	water	rinse,	a	drying	oven,	and	a	reel	for	recoiling	the	metal.	However,	increasing	aluminum	content	decreases	the	hardness	of	the		martensite	(although	it	is	not	clear	why).	This	directionality	can	affect	the	fabricability	and	final	performance	of	the	strip	or	sheet.	123
Molybdenum-CopperP/M	Composites	.	Alloy	C35330	also	contains	arsenic	to	inhibit	dezincification.	Any	copper	alloy	with	silicon	as	the	main	alloying	element,	with	or	without	additions	of	such	elements	as	zinc,	manganese,	aluminum,	iron,	or	nickel.	The	slag	is	discarded,	while	matte	is	transferred	to	the	converting	step.	6	Copper	cathodes,	as
produced	in	an	electrolytic	refinery	Cakes.	cartridge	brass,	70%	(C26000).	Their	electrical	conductivity,	while	not	extremely	high,	is	adequate	for	electromechanical	equipment	such	as	pole-line	hardware.	The	controlled	atmosphere	is	produced	in	gas-cracking	units.	It	forms	by	a	martensite	reaction	(as	in	steels),	with	the		decomposing	into	long
needles.	Polymeric	Insulation.	SELECTED	REFERENCES	•	J.	Machinability.	Both	are	light	micrographs;	100	Fig.	The	alloys	exhibit	the	good	corrosion	resistance	characteristic	of	all	copper	metals,	although	their	resistance	to	SCC	is	somewhat	lower	than	that	of	the	aluminum	bronzes.	547	C91700	8612Cu-12Sn-112Ni	.	133	Plating	in	Acid	Sulfate
Baths	.	Source:	Ref	9	600	15%	Zn	Tensile	strength,	MPa	LIVE	GRAPH	200	20	0	60	40	20	80	Reduction	in	thickness,	%	LIVE	GRAPH	Click	here	to	view	Elongation	at	fracture,	%	80	60	30%	Zn	40	20%	Zn	15%	Zn	10%	Zn	5%	Zn	Pure	Cu	20	Fig.	The	high-strength	yellow	brasses	are	mainly	used	for	gears,	bolts,	valve	stems,	bridge	trunnions,	and	other
mechanical	products	requiring	high-strength,	good	wear	resistance,	and	reasonably	good	corrosion	resistance.	Hence	the	use	of	quenching	for	hardening	in	steels.	46	Copper-Aluminum	Alloys	.	The	percent	reduction	between	ready-to-finish	and	finish	gage	is	chosen	to	provide	the	amount	of	work	hardening	needed	to	produce	the	tensile	strength
required.	An	alloy	containing	nominally	70%	Cu	and	30%	Zn,	and	generally	available	in	flat	products,	rod,	wire,	and	tube.	However,	alloys	in	which	the		phase	coexists	with	the	ductile		phase	are	useful.	The	melting	points	of	copper	and	lead	differ	greatly,	and	there	is	an	eutectic	at	99.94%	Pb.	From	326	to	955	°C	(619–1751	°F),	a	two-phase	region
exists	with	lead-rich	liquid	in	equilibrium	with	the	copper-rich,	terminal	solid	solution.	17).	In	some	instances,	multiple-draft	tandem	bull	blocks	(in	sets	of	3	or	5	passes)	are	used	instead	of	singledraft	machines.	However,	alloys	containing	greater	than	1.5%	Be	might	be	precipitation	hardenable,	since	around	800	°C	(1470	°F)	they	will	be	singlephase	
(or			),	and	at	lower	temperature,	the		(copper-beryllium)	phase	will	precipitate	from	.	(h)	260	g/Mg	(8.30	oz/ton)	Ag.	(i)	C18200,	0.9	Cr;	C18400,	0.8	Cr;	C18500,	0.7	Cr.	(j)	Values	are	for	as-hotrolled	material.	With	proper	foundry	practice,	most	copper	alloys	can	produce	pressure-tight	castings,	but	extended-freezing-range	alloys	such	as	the	hightin
bronzes	often	require	some	lead	to	seal	interconnected	microporosity.	The		is	the	white	phase,	and	the	2	is	the	dark.	ASTM	B	1,	“Specification	for	Hard-Drawn	Copper	Wire,”	specifies	hard-drawn	round	wire	that	has	been	reduced	at	least	four	AWG	numbers	(60%	reduction	in	area).	300	120	400	500	C11000	C15100	C19700	80	600	700	800	900	Third-
generation	alloys	C19400	40	C70250	C26000	C17200	C68800	C76200	40	60	80	100	120	140	Yield	strength,	ksi	Fig.	These	processes	use	much	less	energy	(typically	0.8	to	2.1	10	6	kJ	per	metric	tonne	of	copper	concentrate)	and	produce	a	strong	SO2	gas	stream	(10%	SO2)	to	reduce	Sulfide	ores	(0.5–2%	Cu)	Comminution	Flotation	Concentrates	(20–
30%	Cu)	Drying	Reverberatory	furnace	Flash	smelting	(Outokumpu)	Matte	(50–65%	Cu)	Matte	(65–75%	Cu)	Matte	(30–40%	Cu)	Converting	Blister	copper	(98.5	+	%	Cu)	Anode	refining	and	casting	Bath	smelting	(Noranda)	treatment	costs.	Copper	Rod	Alloys	for	Machined	Products,	Publication	No.	A7005-92/96,	Copper	Development	Association,	1996
Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	A	comment	about	the	use	of	the	terms	“brass”	and	“bronze”	is	in	order	here.	Lead	frame	materials	are	described	in	the	article	“Applications”	in	this	Handbook.	The	copper-zinc	solid-solution	alloys	have	the	advantage	that	they	retain	this	deformation	ease	yet	have	higher	strength	than
copper.	287	Welding	of	Copper-Zinc	Alloys	.	Tin	(Cu-Sn-P)	bronzes	(C50100	to	C52480),	also	commonly	referred	to	as	phosphor	bronzes,	have	superb	spring	qualities,	high	fatigue	resistance,	excellent	formability	and	solderability,	and	high	corrosion	resistance.	Four	basic	coatings	are	used	on	copper	conductors	for	electrical	applications:	•	Lead,	or
lead	alloy	(80Pb-20Sn),	ASTM	B	189	•	Nickel,	ASTM	B	355	•	Silver,	ASTM	B	298	•	Tin,	ASTM	B	33	Coatings	are	applied	to:	•	Retain	solderability	for	hookup-wire	applications	•	Provide	a	barrier	between	the	copper	and	insulation	materials,	such	as	rubber,	that	would	react	with	the	copper	and	adhere	to	it	(thus	making	it	difficult	to	strip	insulation
from	the	wire	to	make	an	electrical	connection)	Table	7	Sizes	of	round	wire	in	the	American	Wire	Gauge	(AWG)	system	and	the	properties	of	solid	annealed	copper	wire	(ASTM	B	3)	Annealed	copper	(ASTM	B	3)	Conductor	diameter	Conductor	size,	AWG	4/0	3/0	2/0	1/0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30
31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	mm	in.	514	C62500	82.7Cu-4.3Fe-13Al	.	Alloy	C85700	is	essentially	a	cast	version	of	the	familiar	60Cu-40Zn	Muntz	metal	(C28000).	To	avoid	damaging	the	surfaces	in	this	manner,	the	metal	and	roll	surfaces	are	flooded	with	cushioning	lubricants.	The	furnace
atmosphere	may	consist	of	hot	burned	gases	that	are	blown	against	the	strip	surfaces	to	heat	the	metal.	Alloys	in	the	ternary	Cu-Ni-Sn	system,	which	lie	in	the	range	of	Cu4Ni-4Sn	to	Cu-15Ni-8Sn,	exhibit	the	phenom-	Wrought	Copper	and	Copper	Alloys	/	67	LIVE	GRAPH	LIVE	GRAPH	Click	here	to	view	Click	here	to	view	Fig.	The	more	common
situation	is	that	annealing	is	done	in	a	well-controlled	atmosphere	and	followed	by	normal	cleaning	practices.	This	is	in	the	quenched	condition.	Temper	Designations	Copper	alloys	are	also	described	by	their	tempers,	which	are	terms	that	define	metallurgical	condition,	heat	treatment,	and/or	casting	method.	199	Drawing	and	Stretch-Forming	.	Most
copper	alloys	are	100	90	Zn	Ag	Ni	Conductivity,	%IACS	highest	purity	copper	produced	today	(99.999%	Cu)	has	been	found	to	be	103%	IACS.	Note	that	silver,	lead,	zinc,	and	cadmium	increase	the	resistivity/	decrease	the	conductivity	only	slightly,	whereas	phosphorus	has	a	potent	effect.	As	the	cooling	rate	decreases	from	rapid	cooling,	increasing
amounts	of	the	soft		and	decreasing	amounts	of	martensite	appear,	and	the	hardness	decreases	(Fig.	186	Gating	.	Table	5	Summary	of	preferred	designators	for	copper	alloys	in	the	Comité	Européen	de	Normalisation	system	Material	groups	Copper	Miscellaneous	copper	alloys	Copper-aluminum	alloys	Copper-nickel	alloys	Copper-nickel-zinc	alloys
Copper-tin	alloys	Copper-zinc	alloys,	binary	Copper-zinc-lead	alloys	Copper-zinc	alloys,	complex	Copper	material	not	standardized	by	CEN/TC	133	Number	ranges	available	for	positions	3,	4,	and	5	Final	letter,	designating	material	group	001–999	001–999	001–999	001–999	001–999	001–999	001–999	001–999	001–999	001–999	001–999	001–999	001–
999	001–999	001–999	001–999	800–999	A	B	C	D	E	F	G	H	J	K	L	M	N	P	R	Number	range	allocated	to	materials	preferred	by	CEN	001–049A	050–099B	100–149C	150–199D	200–249E	250–299F	300–349G	350–399H	400–449J	459–499K	500–549L	550–599M	600–649N	650–699P	700–749R	750–799S	800–999(a)	A-S(a)	(a)	Letter	as	appropriate	for	the
material	group	Table	6	Cross-reference	for	ISO,	British	Standard,	CEN,	and	UNS	wrought	copper	and	copper	alloy	designations	ISO	Coppers	Cu-ETP1	Cu-ETP	Cu-Ag(0.04)	Cu-Ag(0.07)	Cu-Ag(0.10)	Cu-FRHC	Cu-HCP	Cu-DLP	Cu-FRTP	CuAs	Cu-DHP	CuAsP	Cu-Ag(0.04P)	Cu-Ag(0.07P)	Cu-Ag(0.10P)	Cu-OF1	Cu-OF	Cu-OFE	Cu-OFS	Cu-PHCE	British
Standard	C100	C101	C101	…	…	C102	…	…	C104	C105	C106	C107	…	…	…	…	C103	C110	C103	…	CEN	CW003A	CW004A	CW011A	CW012A	CW013A	CW005A	CW021A	CW023A	CW006A	…	CW024A	…	CW014A	CW015A	CW016A	CW007A	CW008A	CW009A	…	CW022A	UNS	ISO	…	C11000	…	…	…	C11020	…	C12000	C12500	…	C12200	C14200	…	…	…
…	C10200	C10100	…	…	High-alloy	coppers	CuCd1	CuCdSn	CuCr1	CuCr1Zr	CuNi1Si	CuNi2Si	CuNi3Si1	CuNi4AlSi	CuNi1P	CuBe1.7	CuBe2	CuBe2CoNi	CuBe2Pb	CuNi2Be	CuCo2Be	CuCo1Ni1Be	CuZr	CuSi1	CuSi3Mn1	CuSn0.15	(continued)	Source:	Copper	Development	Association	British	Standard	CEN	UNS	C108	…	CC101	CC102	…	…	…	…	C113	…
CB101	…	…	…	C112	…	…	…	CS101	…	…	…	CW105C	CW106C	CW109C	CW111C	CW112C	…	CW108C	CW100C	CW101C	…	CW102C	CW110C	CW104C	CW103C	CW120C	CW115C	CW116C	CW117C	C16200	…	C18200	…	C19010	C70250	C70320	…	…	…	C17200	…	C17300	C17510	C17500	…	C15000	C65100	C65500	…	Standard	Designations	for
Wrought	and	Cast	Copper	and	Copper	Alloys	/	29	Table	6	(continued)	ISO	High-alloy	coppers	CuTeP	CuSP	CuPb1P	Brasses	(Cu-Zn	alloys)	CuZn5	CuZn10	CuZn15	CuZn20	CuZn28	CuZn30	CuZn33	CuZn35	CuZn36	CuZn37	CuZn40	Leaded	brasses	CuZn9Pb2	CuZn20Pb	CuZn35Pb1	CuZn35Pb2	CuZn36Pb3	CuZn36Pb2As	CuZn37Pb0.5	CuZn37Pb1
CuZn37Pb2	CuZn38Pb1	CuZn38Pb2	CuZn38Pb4	CuZn39Pb0.5	CuZn39Pb1	CuZn39Pb2	CuZn39Pb2Sn	CuZn39Pb3	CuZn39Pb3Sn	CuZn40Pb	CuZn40Pb2	CuZn40Pb2Sn	CuZn43Pb2	CuZn40Pb1Al	CuZn40Pb2Al	CuZn41Pb1Al	CuZn42PbAl	CuZn43Pb1Al	CuZn43Pb2Al	Special	copper-zinc	alloys	CuZn13AlNiSi	CuZn19Sn	CuZn23Al3Co	CuZn28Sn1Al
CuZn20Al2As	CuZn29As	CuZn30As	CuZn31Si1	CuZn32Pb2AsFeSi	CuZn36Pb2Sn1	CuZn37Pb1Sn1	CuZn38Sn1	CuZn38Sn1As	CuZn39Sn1	CuZn36Sn1Pb	CuZn39Mn1AlPbSi	CuZn37Mn3Al2PbSi	CuZn40Mn1Pb1	CuZn38Mn1Al	CuZn38AlFeNiPbSn	British	Standard	CEN	UNS	C109	C111	…	CW118C	CW114C	CW113C	C14500	C14700	C18700	CZ125
CZ101	CZ102	CZ103	…	CZ106	…	…	CZ107	CZ108	CZ109	CW500L	CW501L	CW502L	CW503L	CW504L	CW505L	CW506L	…	CW507L	CW508L	CW509L	C21000	C22000	C23000	C24000	…	C26000	C26800	C27000	C27200	C27400	C28000	…	CZ104	CZ118	CZ119	CZ124	CZ132	…	…	CZ131	CZ129	CZ128	CZ121-Pb4	CZ137	CZ129	CZ120	…	CZ121-Pb3
…	CZ123	CZ122	…	CZ130	…	…	…	…	…	CZ130	…	…	CW600N	CW601N	CW603N	CW602N	CW604N	CW605N	CW606N	CW607N	CW608N	CW609N	CW610N	CW611N	CW612N	CW613N	CW614N	CW615N	…	CW617N	CW619N	CW623N	CW616N	CW618N	CW620N	CW621N	CW622N	CW624N	C31400	…	C34000	C34200	C36000	…	C33500	C35000
C35300	C35000	C37700	…	C36500	C37100	C37700	C48500	C38500	…	…	C38010	…	…	…	…	…	…	C38000	…	CZ127	…	…	CZ111	CZ110	CZ105	CZ126	…	…	CZ134	…	CZ112	…	CZ133	…	…	CZ135	CZ136	…	…	CW700R	CW701R	CW703R	…	CW702R	…	CW707R	CW708R	CW709R	CW711R	CW714R	…	CW717R	CW719R	CW712R	CW718R	CW713R
CW720R	CW716R	CW715R	…	C43500	…	…	…	…	…	…	…	C48400	C48200	…	…	C46400	C48200	…	C67420	…	…	…	Source:	Copper	Development	Association	ISO	British	Standard	CEN	UNS	Special	copper-zinc	alloys	CuZn40Mn1Pb1AlFeSn	CuZn40Mn1Pb1FeSn	CuZn40Mn2Fe1	CuZn35Ni3Mn2AlPb	CuZn25Al5Fe2Mn2Pb	CZ114	CZ115	…	…	CZ116
CW721R	CW722R	CW723R	CW710R	CW705R	…	…	…	…	C67000	Nickel	silvers	CuNi10Zn27	CuNi10Zn28Pb1	CuNi12Zn24	CuNi12Zn25Pb1	CuNi12Zn29	CuNi12Zn30Pb1	CuNi14Zn44Pb	CuNi15Zn21	CuNi18Zn20	CuNi18Zn19Pb1	CuNi18Zn27	CuNi20Zn17	CuNi25Zn18	CuNi7Zn39Pb3Mn2	CuNi10Zn42Pb2	CuNi12Zn38Mn5Pb2	NS103	NS111	NS104
…	…	…	NS102	NS105	NS106	NS113	NS107	NS108	NS109	…	NS101	…	CW401J	…	CW403J	CW404J	CW405J	CW406J	…	…	CW409J	CW408J	CW410J	…	…	CW400J	CW402J	CW407J	C74500	…	C75700	C79200	…	C79000	…	…	C75200	C67300	C77000	…	…	…	C79830	…	Copper-tin	alloys	CuSn4	CuSn4TeP	CuSn4Pb2P	CuSn4Pb4Zn4	CuSn5	CuSn5PB1
CuSn5Te	CuSn6	CuSn8	CuSn8P	CuSn3Zn9	PB101	…	…	…	PB102	…	…	PB103	…	PB104	…	CW450K	CW457K	CW455K	CW456L	CW451K	CW458K	…	CW452K	CW453K	CW459K	CW454K	C51100	…	C53200	…	C51000	C53400	…	C51900	…	C52100	…	Copper-nickel	alloys	CuNi5Fe	CuNiSn	CuNi9Sn2	CuNi10Fe1Mn	CuNi15	CuNi20	CuNi25
CuNi30Mn1Fe	CuNi30Fe2Mn2	CuNi45	CN101	…	…	CN102	CN103	CN104	CN105	CN107	CN108	…	…	…	CW351H	CW352H	…	…	CW350H	CW354H	CW353H	…	C70400	…	C72500	C70600	C70900	C71000	C71300	C71500	C71640	…	…	CW301G	CW302G	…	…	CW303G	…	…	CW304G	…	CW305G	CW306G	CW307G	…	…	…	CW308G	…	…	…	C64200
C61400	…	C62300	…	…	…	…	C61800	…	C63000	…	…	…	…	…	Copper-aluminum	alloys	(aluminum	bronzes)	CuAl5	CA101	CuAl6Si2Fe	CA107	CuAl7Si2	…	CuAl7	CA102	CuAl7Fe3	…	CuAl8Fe3	CA106	CuAl9	CA103	CuAl9Pb	…	CuAl9Ni3Fe2	…	CuAl9Fe2Ni2Mn2	…	CuAl10Fe1	…	CuAl10Fe3Mn2	…	CuAl10Ni5Fe4	CA104	CuAl10Fe3Ni7Mn2	CA105
CuAl10Fe3Ni5Mn2	…	CuAl10Fe5Ni5Mn2	…	CuAl11Fe6Ni6	…	CuMn12Al8Fe3Ni2	…	30	/	Metallurgy,	Alloys,	and	Applications	Table	7	Cross-reference	for	ISO,	British	Standard,	CEN,	and	UNS	cast	copper	and	copper	alloy	designations	ISO	British	Standard	CEN	UNS	High-conductivity	coppers	Cu-C	G-CuSn	CuCr1-C	G-CuNiP	G-CuNi2Si	G-CuCo2Be	G-
CuBe	HCC1	…	CC1-TF	…	…	…	…	CC040A	…	CC140C	…	…	…	…	…	…	…	…	…	…	…	Brasses	(Cu-Zn	alloys)	CuZn15As-C	G-CuSn25Pb3Sn2	CuZn33Pb2-C	G-CuZn36Sn	CuZn39Pb1Al-C	CuZn39Pb1AlB-C	(fine	grained)	G-CuZn40PB	CuZn38Al-C	CuZn37Al1-C	CuZn35Pb2Al-C(As	0.15)	CuZn33Pb2Si-C	CuZn37Pb2Ni1AlFe-C	SCB6	SCB1	SCB3	SCB4	DCB3
DCB3a	PCB1	DCB1	…	DZR1	DZR2	…	CC760S	…	CC750S	…	CC754S	CC755S	…	CC767S	CC766S	CC752S	CC751S	CC753S	…	C85200	…	…	C85700	C85700	…	C85700	…	…	…	…	Special	copper-zinc	alloys	(high	tensile	brasses)	CuZn35Mn2Al1Fe1-C	HTB1	CuZn32Al2Mn2Fe1-C	HTB1	(Pb)	CuZn34Mn3Al2Fe1-C	…	CuZn25Al5Mn4Fe3-C	HTB3
CuZn37Pb2Ni1AlFe-C	…	CuZn16Si4-C	…	CC765S	CC763S	CC764S	CC762S	CC753S	CC761S	C86400	C86700	…	C86200	…	C87400	Copper-tin-phosphorus	alloys	CuSn11P-C	G-CuSn11	CuSn10-C	CuSn12-C	CuSn12Ni-C	CC481K	…	CC480K	CC483K	CC484K	…	…	…	…	C91700	PB1	CT1	…	PB2	CT2	ISO	British	Standard	CEN	UNS	Copper-tin-phosphorus
alloys	CuSn11Pb2-C	G-CuSn8Pb4Zn1	PB4	LPB1	CC482K	…	C92700	C93100	Copper-tin-lead	alloys	(leaded	bronzes)	CuSn5Pb9-C	CuSn10Pb10-C	CuSn7Pb15-C	CuSn5Pb20-C	LB4	LB2	LB1	LB5	CC494K	CC495K	CC496K	CC497L	C93500	C93700	C93800	C94300	Copper-tin-zinc-lead	alloys	(gunmetals)	G-CuSn10Zn2	G-CuSn8Zn4Pb	G-CuSn7Ni5Zn3
CuSn3Zn8Pb5-C	CuSn5Zn5Pb5-C	G-CuSn7Pb4Zn2	CuSn7Zn2Pb3-C	CuSn7Zn4Pb7-C	G1	G2	G3	LG1	LG2	LG3	LG4	…	…	…	…	CC490K	CC491K	…	CC492K	CC493L	C90200	C90300	…	C83800	C83600	C92200	…	…	Copper-nickel	alloys	CuNi30Cr2FeMnSi-C	CuNi30Fe1Mn1NbSi-C	CuNi10Fe1Mn1-C	CuNi30Fe1Mn1-C	CN1	CN2	…	…	CC382H	CC383H
CC380H	CC381H	…	…	…	…	CC330G	…	CC331G	CC332G	CC333G	…	…	CC334G	CC212E	…	…	…	C95200	…	C95500	…	…	…	…	…	Copper-aluminum	alloys	(aluminum	bronzes)	CuAl9-C	…	G-CuAl9Fe2Mn3	…	CuAl10Fe2-C	AB1	CuAl10Ni3Fe2-C	…	CuAl10Fe5Ni5-C	AB2	G-CuAl6Si2Fe	AB3	G-CuAl11Fe5Ni5Mn2	…	CuAl11Fe6Ni6-C	…	CuMn11Al8Fe3Ni3-
C	CMA1	G-CuMn13Al9Fe3Ni3	CMA2	Source:	Copper	Development	Association	REFERENCES	1.	Annealing	lines	of	this	type	are	used	for	annealing	copper	and	copper	alloy	strip	in	thicknesses	from	under	0.25	mm	to	over	3	mm	(0.010	to	over	0.125	in.).	130	Plating	in	Dilute	Cyanide	Baths	.	Now	in	steels,	martensite	is	the	hardest	structure.	In	this
type	of	batch	annealing,	bell	furnaces	capable	of	annealing	up	to	45	Mg	(100,000	lb)	of	metal	at	a	time	are	used.	These	insulated	conductors	are	used	for	electromagnetic	coils	in	electrical	devices	and	must	be	capable	of	withstanding	high	breakdown	voltages.	225	Production	of	Copper	Powder	by	Atomization	.	Cd	80	70	Ni	Sn	60	Al	Fe	50	40	30	0	Be	P
Si	0.2	0.4	0.6	0.8	1.0	Alloy	element	content,	wt%	Fig.	54	Wrought	Copper	and	Copper	Alloy	Families	.	C93800	noted	for	good	corrosion	resistance	against	concentrations	of	sulfuric	acid	below	78%.	Alloy	C67300	is	a	familiar	bearing	material	best	used	at	high	speeds	and	medium	loads.	(The	dashed	lines	indicate	that	equilibrium	is	slow	to	attain,	so
that	the	solubility	boundary	at	about	200	°C,	or	390	°F,	is	valid	at	20	°C,	or	68	°F).	As	indicated	in	Table	18,	copper	and	copper	alloy	tubing	is	available	in	seamless	and	welded	forms.	Coppernickels	are	among	the	most	corrosion	resistant	and	thermally	stable	of	all	the	copper	alloys,	and	are	virtually	immune	to	SCC.	The	roll	stand	used	for	hot	rolling
is	a	very	sturdy	mill	having	two	rolls	(two-high)	whose	direction	of	rotation	can	be	rapidly	reversed	so	the	strip	can	be	passed	back	and	forth	between	them.	532	C82500	97.2Cu-2Be-0.5Co-0.25Si	.	This	structure	then	would	decompose	very	slowly	and,	for	practical	purposes,	be	stable	at	this	temperature.	As	in	many	other	precipitation	processes,	the
equilibrium	precipitate		is	preceded	by	the	formation	of	a	metastable	phase.	183	Melt	Treatments	for	Group	I	to	III	Alloys	.	Source:	Ref	27	52	/	Metallurgy,	Alloys,	and	Applications	LIVE	GRAPH	Click	here	to	view	Fig.	Add	a	review	and	share	your	thoughts	with	other	readers.	aluminum	brass	(C68700).	These	cables	are	normally	used	to	make	large,
flexible	conductors	for	portable	service,	such	as	mining	cable	or	apparatus	cable.	Other	industries,	such	as	steel,	aluminum,	and	chemical	producers,	consume	the	remaining	3%.	123	Copper-Clad	Brazing	Sheet	.	A	term	used	to	designate	copperzinc	strip	or	wire	in	spring	or	harder	tempers.	Alloy	C37700	is	primarily	specified	for	corrosion-resistant
forgings,	such	as	valves	and	fittings,	architectural	hardware,	and	specialty	fasteners.	355	Microstructures	of	Beryllium-Copper	Alloys	.	Tube	reducing	is	an	alternative	process	for	cold	sizing	of	tube.	The	precipitates	are	disks	from	200	to	400	atoms	in	diameter,	and	approximately	50	atoms	thick,	and	very	close	together.	2	Strength	and	electrical
conductivity	relationships	in	selected	copper	alloys.	296	Electron	Beam	and	Laser	Beam	Welding	.	With	either	type	of	machine,	the	metal	is	cold	worked	by	pulling	the	tube	through	a	die	that	reduces	the	diameter.	Light	micrograph;	250	.	468	C15710	99.8Cu-0.2Al2O3	.	In	the	UNS	system,	numbers	from	C10000	through	C79999	denote	wrought
alloys,	while	cast	alloy	designations	range	from	C80000	through	C99999.	Copper	Fabricators	The	four	classes	of	copper	fabricators	together	account	for	97%	of	the	total	copper	(including	alloying	metal)	consumed	each	year	in	the	United	States	(Fig.	(t)	The	mechanical	properties	of	C94700	(heat	treated)	may	not	be	attainable	if	the	lead	content
exceeds	0.01%.	Copper	tube	and	pipe	are	used	in	food	and	beverage	industries	to	carry	process	fluids	for	beet	and	cane	sugar	refining,	for	brewing	of	beer,	and	for	many	other	food-processing	operations.	By	completing	hot	rolling	at	a	temperature	above	the	precipitation	temperature	and	quenching	in	a	high-pressure	water	spray,	solution	heat
treatment	can	be	accomplished.	by	28	ft),	billet,	rod,	or	plate—suitable	for	subsequent	hot	or	cold	processing	into	plate,	sheet,	rod,	wire,	or	tube—via	all	the	standard	rolling,	drawing,	extrusion,	forging,	machining,	and	joining	methods.	Copper	Casting	Alloy	Families	The	copper-base	casting	alloys	are	designated	in	the	Unified	Numbering	System
(UNS)	with	numbers	ranging	from	C80000	to	C99999	(see	the	article	“Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys”	in	this	Handbook).	(p)	Cu	+	sum	of	named	elements,	99.0%	min.	8),	upon	solidification	of	an	alloy	containing	from	0.5	to	3%	Pb,	just	prior	to	the	completion	of	freezing,	the	structure	will	consist	mainly	of	
crystals	with	a	small	amount	of	liquid	of	monoeutectic	composition	(36%	Pb).	Thus,	in	manufacturing	copper	tubing	and	pipe,	if	annealing	is	to	be	in	hydrogen	to	reduce	oxidation,	tough	pitch	copper	cannot	be	used.	Figure	9	shows	the	effect	of	several	solutes	on	the	recrystallization	temperature	of	copper,	and	it	is	seen	that	the	addition	of	0.05%	Ag
increases	this	temperature	from	140	to	about	340	°C	(284–645	°F).	3)	is	the	oldest	and	most	widely	used	smelting	process.	491	C33500	65Cu-34.5Zn-0.5Pb	.	Some	manufacturers	have	used	powder-coating	methods.	Annealed	alloys	may	have	inferior	machinability,	with	poor	surface	finishes,	because	of	a	tendency	for	chips	to	tear	away	from	the	work
during	cutting.	The	cathodes	are	then	converted	into	wire	rod,	billets,	cakes,	or	ingots.	Precipitation-hardenable	copper	alloy	containing	varying	amounts	of	beryllium	(nominally	2%	Be)	and	sometimes	small	amounts	of	cobalt,	nickel,	and	iron.	A	second	pair	of	rolls,	of	large	diameter	(for	example,	900	mm,	or	36	in.),	is	placed	above	and	below	the	work
rolls	in	the	stand	to	back	them	up	and	prevent	them	from	springing.	525	C75200	65Cu-18Ni-17Zn	.	Feeding	and	rotating	are	synchronized	with	die	motion	and	take	place	after	the	dies	have	completed	their	forward	stroke.	Here,	the		phase	is	considered	stable	to	20	°C	(68	°F).	alpha-beta	brass.	Forgings	are	therefore	preferred	for	thin-walled
pressure-retaining	devices,	such	as	valves	and	fittings.	The	finished	product	is	wound	onto	a	power-driven	external	reel	that	maintains	a	prescribed	amount	of	tension	on	the	stranded	wire.	Returns	must	be	undamaged	and	in	resalable	condition.	(d)	Tube	size:	4.8	mm	(0.1875	in.)	OD	by	0.76	mm	(0.030	in.)	wall.	Again,	alloys	that	consist	of	all		are	too
brittle	for	industrial	use,	but	the	lower-zinc	alloys	with	structures	of				are	usable.	538	C84800	76Cu-212Sn-612Pb-15Zn	.	Thus,	the	high-temperature,	disordered		phase	deforms	much	easier	than	the	ordered		structure.	12.7	0.500	1.3–9.5	0.050–0.375	4	0.156	3.2	0.125	9.5	0.375	9.5–12.7	0.375–0.5	25.4	1	4	0.156	6.35	0.250	12.7	0.500	12.7	0.500	25.4
1	12.7	0.500	25.4	1	19	0.750	12.7	0.500	25.4	1	25.4–50.8	1–2	12.7	0.500	12.7	0.500	50.8	2	9.5	0.375	7.9	0.312	12.7	0.500	12.7	0.500	50.8	2	16	0.625	76.2	3	19	0.750	12.7	0.500	19	0.750	25.4	1	22	0.875	25.4	1	101.6	4	38	1.5	25.4	1	12.7	0.500	25.4	1	12.7	0.500	32	1.250	25.4	1	25.4	1	12.7	0.500	12.7	0.500	25.4	1	6.35	0.250	25.4	1	19	0.750	5.2	0.204
12.7	0.500	9.5	0.375	12.7	0.500	76.2	3	12.7	0.500	6.35	0.250	25.4	1	All	sizes	19	0.750	25.4	1	25.4	1	25.4	1	25.4	1	19	0.750	12.7	0.500	50.8	2	25.4	1	25.4	1	25.4	1	25.4	1	25.4	1	7.9	0.312	25.4	1	12.7	0.500	6.35	0.250	Condition	MPa	ksi	Drawn	and	aged	TH04	Solution	heat	treated,	cold	worked	91%,	TD01	Spring,	TH04,	75%	Spring,	heat	treated,	TH04
TH04	Half	hard,	H02,	10%	Solution	heat	treated,	cold	worked	90%	&	aged,	TH01	Hard,	heat	treated,	TH04,	35%	Extra	hard,	H06,	67%	Hard,	heat	treated,	TH04,	35%	Half	hard,	H02,	20%	Hard,	H04	Hard,	heat	treated,	TH04,	30%	Hard,	H04,	15%	Solution	heat	treated,	cold	worked	60.5%,	aged,	cold	worked	6%	Extra	hard,	50%	Solution	heat	treated
and	aged,	TF00	Solution	heat	treated,	cold	worked	60.5%,	aged	at	842	°F	(450	°C)	3h,	TH01	Half	hard,	H02,	20%	Half	hard,	H02,	10%	Solution	heat	treated,	cold	worked	80%,	aged,	cold	worked	44%	Hard,	H04	Solution	heat	treated,	cold	worked	56%,	aged,	cold	worked	47%	Hard	35%	Solution	heat	treated,	cold	worked	30%	&	aged	Solution	treated,
cold	worked	61%,	aged,	cold	worked	31%	Half	hard,	H02,	10%	Hard,	H04	Solution	heat	treated,	cold	worked	40%	&	aged	Solution	treated,	cold	worked	50%,	aged,	cold	worked	34%	Solution	treated,	cold	worked	48%,	aged	&	cold	worked	47%	Solution	treated,	cold	worked	48%,	aged	&	cold	worked	52%	Hard,	H04	As	extruded,	M30	Hard,	H04,	10%
Half	hard,	H02,	20%	Half	hard,	H02,	20%	Extra	hard,	H06,	50%	Hard,	H04,	38%	Solution	treated,	cold	worked	32%,	aged	&	cold	worked	17%	Half	hard,	H02	Half	hard,	H02,	20%	Hard,	H04,	25%	Light	anneal,	O50	Hard,	H04,	38%	Half	hard,	H02,	20%	Hard,	H04,	25%	Eighth	hard,	H00,	7%	76%	reduction	after	aging	Solution	heat	treated	&	cold
worked	60.5%,	TD01	Extra	hard,	H06,	56%	Hard,	35%	Solution	heat	treated	and	aged,	TF00	Solution	heat	treated	and	aged	at	932	°F	(500	°C)	3h,	TF00	Half	hard,	H02,	37%	Hard,	H04,	25%	As	extruded,	M30	Light	anneal,	O50	Hard,	H04,	36%	Hard,	H04,	36%	Hard,	H04	621	585	531	531	517	517	517	503	503	492	483	483	474	469	469	462	462	448
448	448	446	441	434	434	434	432	427	427	427	421	421	414	414	414	414	414	414	414	414	407	400	400	400	400	400	393	393	393	393	386	386	379	379	379	379	379	379	379	379	379	379	379	379	379	365	365	365	365	365	365	365	359	359	359	359	90	85	77	77	75	75	75	73	73	71	70	70	69	68	68	67	67	65	65	65	65	64	63	63	63	63	62	62	62	61	61	60	60
60	60	60	60	60	60	59	58	58	58	58	58	57	57	57	57	56	56	55	55	55	55	55	55	55	55	55	55	55	55	55	53	53	53	53	53	53	53	52	52	52	52	Half	hard,	stress	relieved	1h	at	550	°F	(288	°C),	HR50	Solution	heat	treated,	cold	worked	40%	&	aged,	TH01	Solution	heat	treated,	cold	worked	30%	&	aged,	TH01	Half	hard,	H02,	20%	Half	hard,	H02,	20%	Half	hard,
H02,	20%	Light	annealed,	O50	Hard,	H04	Hard,	H04	Half	hard,	H02,	20%	Half	hard,	H02,	20%	Half	hard,	H02,	25%	(continued)	Source:	Copper	Development	Association	Inc.	leaded	red	brass	(C32000).	(e)	0.2%	offset.	These	miscellaneous	copper-zinc	alloys	form	a	subgroup	of	high-strength	brasses	in	which	mechanical	properties	are	enhanced	by
additions	of	manganese,	iron,	tin,	aluminum,	silicon,	and/or	cobalt.	Even	though	the	pearlite	is	harder	than	the		martensite,	the	large	amount	of	the	soft		makes	the	alloy	soft	for	this	heat	treatment.	26(c).	In	the	building	trades,	copper	tube	is	used	widely	for	heating	and	air	conditioning	systems	in	homes,	commercial	buildings,	and	industrial	plants
and	offices.	Tensile	strengths	range	between	480	and	690	MPa	(70	and	100	ksi),	depending	on	composition	and	temper.	The	immersion	test	is	one	common	method	to	evaluate	solderability.	Less	than	half	of	the	copper	input	to	brass	mills	is	refined;	the	rest	is	scrap.	A	continued	force	must	be	exerted	to	cause	the	metal	to	flow,	and	the	material	must
have	sufficient	strength	to	withstand	the	longitudinal	force	and	the	ability	to	plastically	strain	without	necking	to	prevent	thinning	of	the	wall	of	the	tube.	Here	the	effects	of	cold	working	and	of	subsequent	annealing	on	tensilemechanical	properties	and	on	hardness	show	lit-	Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	33	Fig.	(d)
C10400,	250	g/Mg	(8	oz/ton)	Ag;	C10500,	310	g/Mg	(10	oz/ton);	C10700,	780	g/Mg	(25	oz/ton).	476	C18200,	C18400,	C18500	99Cu-1Cr	.	Also,	recall	that	tough	pitch	copper	is	desirable	because	the	solidification	shrinkage	is	small,	so	that	the	ingot	solidifies	with	a	rather	flat	top.	567	Approximate	Equivalent	Hardness	Numbers	for	Wrought	Coppers	.
The	inner	hood	is	not	removed	until	the	metal	temperature	is	low	enough	that	no	discoloring	or	oxidation	of	the	metal	takes	place.	The	most	common	use	of	copper	is	in	applications	requiring	high	electrical	conductivity,	and	the	reason	that	this	element	(or	its	alloys)	is	preferred	is	illustrated	in	Table	1.	67	Wire	Mill	Products	.	(b)	0.09%	O.	Hard-drawn
copper	wire	and	hard-drawn	copper	alloy	wire	for	electrical	purposes	are	specified	in	ASTM	B	1	and	B	105,	respectively.	Also,	many	copper	ores	contain	appreciable	amounts	of	precious	metals	(Ag,	Au,	Pt,	and	so	on),	which	are	concentrated	into	the	anode	copper	during	smelting	and	are	recovered	as	valuable	by-products	in	electrorefining.	oxygen-
free	copper	(C10100,	C10200).	E.C.W.	Perryman,	Trans.	ASTM	B	174	provides	for	five	classes	(I,	J,	K,	L,	and	M);	these	conductors	are	commonly	used	in	flexible	cords,	hookup	wires,	and	special	flexible	welding	conductors.	The	magnification	is	about	100	.	Alloy	C83600	is	one	of	the	most	important	cast	alloys,	widely	used	for	plumbing	fittings	and



other	water-service	goods.	…	0.25	0.50–5.0	1.0–3.5	1.0–3.0	0.50–2.0	Al,	0.50–2.0	Si,	C99400	Nondezincification	alloy,	S,	C,	CL,	I,	P	bal(r)	NDZ	0.50	Mn	…	0.25	0.50–2.0	3.5–5.5	3.0–5.0	0.50–2.0	Al,	0.50–2.0	Si,	C99500	Cu-Ni-Al-Zn-Fe	alloy	S,	C,	CL	bal(r)	0.50	Mn	Special	alloys:	Special-purpose	alloys	with	exceptionally	high	damping	capacity.	279
Welding	of	Coppers	.	(v)	The	mechanical	properties	of	C94700	(heat	treated)	may	not	be	attainable	if	the	lead	content	exceeds	0.01%.	457	C11100	99.95Cu-0.04O-0.01Cd	.	Source:	Ref	12	Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	39	Effect	of	Beta	()	Phase	on	Structure	and	Properties	The	higher-zinc	alloys	in	which	the		phase	is
present	(Fig.	Extrusion	pressure	also	depends	on	billet	temperature,	extrusion	ratio	(the	ratio	of	the	cross-sectional	area	of	the	billet	to	that	of	the	extruded	section),	speed	of	extrusion,	and	degree	of	lubrication.	557	C95600	91Cu-2Si-7Al	.	The	strength	of	the	standard	copper	alloys	depends	on	the	temper	(annealed	grain	size	or	degree	of	cold	work)
and	the	section	thickness	of	the	mill	product.	Copper	and	copper	alloys	are	readily	cast	into	cake	(slabs	of	pure	copper,	generally	200	mm	thick	and	up	to	8.5	m	long,	or	8	in.	Source:	Ref	4	insoluble	in	the	copper.	Wrought	Copper	and	Copper	Alloys	/	75	Hot	Rolling	of	Slabs	The	rolling	of	slab	into	sheet	or	strip	products	is	performed	for	reduction	in
thickness	and/or	grain	refinement.	Compositions	for	148	cast	coppers	and	copper	alloys	are	listed	in	Table	3.	111	Copper-Lead	P/M	Parts	.	Alloy	C93200	is	considered	the	workhorse	alloy	of	the	series.	This	system	is	based	on	fixed	diameters	for	two	wire	sizes	(4/0	and	36	AWG,	respectively)	with	a	geometric	progression	of	wire	diameters	for	the	38
intermediate	gages	and	for	gages	smaller	than	36	AWG	(see	Table	7).	Tin	(Cu-Zn-Sn)	brasses	(C40400	to	C48600)	are	essentially	high-zinc	brasses	containing	tin	for	better	corrosion	resistance	and	somewhat	higher	strength.	Because	the	work	rolls	are	set	at	an	angle	to	each	other	as	well	as	to	the	billet,	the	billet	is	simultaneously	rotated	and	driven
forward	toward	the	piercing	plug,	which	is	held	in	position	between	the	work	rolls.	The	two	constituents	have	the	same	crystal	structure	but	different	lattice	parameters.	As	the	dies	are	rocked,	the	tube	is	pinched	against	the	tapered	mandrel,	which	reduces	wall	thickness	and	increases	tube	length.	Oxides	or	tarnish	films	are	easily	removed	by	mild
fluxing	or	precleaning	in	a	dilute	acid	bath.	It	is	free	of	humps,	waves,	and	buckles.	The	principal	functions	of	lead	in	copper-tin	and	Cu-Sn-Zn	alloys	are	to	improve	machinability	and	pressure	tightness.	Foil	is	primarily	used	in	the	manufacture	of	printed	circuit	boards	(see	the	article	“Applications”	in	this	Handbook).	However,	if	the	second	element
combines	with	the	copper	to	form	a	second	phase	(e.g.,	Cu2O),	then	the	presence	of	this	second	phase	usually	reduces	the	conductivity	mainly	because	there	is	less	volume	of	the	copper	to	carry	the	current.	That	is,	most	of	these	elements	have	a	greater	affinity	for	oxygen	than	for	copper,	and	hence	in	liquid	copper	will	react	with	oxygen	more	readily
than	with	copper,	forming	oxides	that	are	transferred	to	a	slag	layer	that	is	immiscible	with	the	liquid	copper.	They	can	be	readily	soldered	and	brazed,	and	many	coppers	and	copper	alloys	can	be	welded	by	various	gas,	arc,	and	resistance	methods.	In	order	of	increasing	flexibility,	the	common	forms	of	stranded	wire	are:	concentric	lay,	unilay,	rope
lay,	and	bunched.	It	is	used	in	marine	construction	where	a	strong,	hard	material	is	required.	The	sample	after	removal	is	graded	on	a	scale	of	I	to	V,	based	on	the	surface	characteristics	of	the	solder	Common	name	Color	description	Electrolytic	tough	pitch	copper	Gilding,	95%	Commercial	bronze,	90%	Red	brass,	85%	Cartridge	brass,	70%	Muntz
metal,	60%	Aluminum	bronze	High-silicon	bronze,	A	Copper-nickel,	10%	Nickel	silver,	65-10	Nickel	silver,	65-18	Soft	pink	Red-brown	Bronze-gold	Tan-gold	Green-gold	Light	brown-gold	Gold	Lavender-brown	Soft	lavender	Gray-white	Silver	Machinability	ratings	for	copper	alloys,	aluminum	alloy	2011,	and	a	free-machining	steel.	Copper	foil,	which	is
nominally	less	than	0.50	mm	(0.2	in.),	is	produced	by	rolling,	electroplating,	or	electroless	plating.	The	continuous-strip	anneal	lines	include	payoff	reels,	a	stitcher	for	joining	the	front	end	of	a	coil	to	the	trailing	end	of	the	preceding	one,	a	degreaser	for	removing	roll	lubricants,	looping	towers	for	metal	storage,	a	seven-story-high	vertical	furnace	that
includes	a	heating	zone,	a	controlled-atmosphere	cooling	zone,	and	a	water	quench	tank.	Lead	Additions.	136	Brass	Plating	.	(c)	Based	on	100%	for	C36000.	3.	this	solution	is	subsequently	electrolytically	refined.	The	electrical	conductivity	scale	established	in	1913	was	based	on	a	copper	standard	defined	as	100%,	and	the	electrical	conductivity	of	any
material	is	still	expressed	as	percent	IACS	(International	Annealed	Copper	Standard),	equal	to	100	times	the	ratio	of	the	volume	resistivity	of	the	annealed	copper	standard	(0.017241	μΩ		m)	at	20	°C	(68	°F)	to	the	value	measured	for	the	material	concerned.	With	this	brief	description	of	the		and		phases,	the	Cu-40Zn	alloy	is	considered.	142
Pretreatment	and	Post-Treatment	Processes	.	The	sustained	growth	and	development	of	the	copper	industry	can	be	attributed	in	large	part	to	the	following	technical	organizations:	the	Copper	Development	Association	Inc.	Note	that	pure	copper	has	a	recrystallization	temperature	of	140	°C	(285	°F).	This	should	contribute	to	strengthening.	AIME,	Vol
111,	1934,	p	218	23.	243	Stress	Relieving	.	It	is	the	most	commonly	used	alloy	for	automatic	screw	machine	work,	or	for	other	applications	where	material	of	maximum	machinability	is	desired.	Table	2	shows	that	this	copper	has	an	electrical	resistivity	about	the	same	as	that	of	tough	pitch	copper,	but	a	much	lower	oxygen	(and	hence	Cu2O)	content.
Both	as	polished	(not	etched);	100	tle	difference	between	tough	pitch	copper	with	about	0.05%	O	and	oxygen-free,	high-conductivity	copper	with	essentially	no	oxygen.	During	cold	working,	density	changes	only	slightly	so	that	as	the	punch	forces	the	metal	into	the	opening,	the	tube	elongates.	The	Cu-Ni-Si	alloys,	C64700	and	C70250,	age	harden	by
precipitating	the	Ni2Si	intermetallic	phase.	519	C68800	73.5Cu-22.7Zn-3.4Al-0.4Co	.	Copper	is	among	the	easiest	of	all	engineering	metals	to	solder.	A	thermal	treatment	of	a	product	to	put	alloying	elements	into	solution	in	the	base	metal	by	heating	into	the	temperature	range	of	solid	solubility,	followed	by	cooling	at	a	sufficient	rate	to	retain	them	in
a	supersaturated	solid	solution.	31	Copper-Zinc	Alloys	.	These	electrical	cables	can	operate	at	temperatures	up	to	250	°C	(480	°F).	Slitting	is	accomplished	by	opposing	rotary	discs	mounted	on	rotating	arbors.	An	alloy	nominally	containing	55%	Cu,	18%	Ni,	and	27%	Zn	phosphor	bronzes	(C50100–C52480).	5	Phase	diagrams	for	beryllium-copper
alloys.	Note	that	all	three	commercially	pure	coppers	in	Table	2	have	the	same	hardness.	197	Blanking	and	Piercing	.	Instead	of	slitting	practice,	it	is	the	maintenance	of	good	shape	during	each	of	the	rolling	operations	that	is	most	important	in	the	control	of	camber.	(l)	Cu	+	sum	of	named	elements,	99.2%	min.	low	brass	30%	Zn	.	Product
Specifications	Copper	tube	and	pipe	are	available	in	a	wide	variety	of	nominal	diameters	and	wall	thicknesses,	from	small-diameter	capillary	tube	to	300	mm	(12	in.)	nominal-diameter	pipe.	Source:	Copper	Development	Association	Inc.	A	thermal	treatment	of	a	cold-worked	product	at	a	temperature	below	its	recrystallization	temperature	causing
ordering	to	occur	to	obtain	an	increase	in	yield	strength.	The	inner	hood	or	retort	is	placed	over	the	load	and	sealed.	A	series	of	bronzes	has	been	developed	for	use	as	conductors;	these	alloys	are	covered	by	ASTM	B	105,	“Specification	for	Hard-Drawn	Copper	Alloy	Wires	for	Electric	Conductors.”	These	bronzes	are	intended	to	provide	better
corrosion	resistance	and	higher	tensile	strengths	than	standard	conductor	coppers.	502	C44300,	C44400,	C44500	71Cu-28Zn-1Sn	.	The	continuous	casting	process	uses	a	horizontal	mold	and	casts	a	thin,	rectangular	section	in	much	longer	lengths	that	are	coiled	directly	without	hot	rolling.	More	detailed	information	on	both	the	temper	and	UNS
designations	for	copper	alloys	can	be	found	in	the	article	“Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys”	in	this	Handbook.	The	structure	is	pearlite	of	alternate	plates	of		and	2.	Continuously	cast	wire	rod	meets	the	requirements	of	ASTM	B	49,	“Specification	for	Rod	Drawing	Stock	for	Electrical	Purposes.”	Continuously	cast
wire	rod	has	completely	replaced	wire	bar,	which	was	the	traditional	starting	material	for	wire	production.	A	practical	compromise	must	be	made,	and	this	leads	to	the	presence	of	some	excess	phosphorus,	which	then	after	solidification	shows	up	dissolved	in	the	solid	copper	lattice.	C71500	(70Cu-30Ni)	requires	a	very	high	extrusion	pressure.	Figure
1	is	a	simplified	flow	chart	of	the	copper	industry.	The	standard	method	for	cleaning	copper	wire	rod	is	pickling	in	hot	20%	sulfuric	acid	followed	by	rinsing	in	water.	7	0.275	76.2	25.4	12.7	12.7	101.6	19	25.4	25.4	25.4	4	12.7	7	64	25.4	25.4	50.8	19	0.500	12.7	50.8	7.9	25.4	25.4	25.4	12.7	25.4	6.35	50.8	25.4	19	25.4	19	25.4	12.7	25.4	50.8	9.5	6.35	25.4
0.500	7	7.9	12.7	50.8	12.7	12.7	76.2	25.4	25.4	15.9	19	6.35–25.4	76.2	25.4	12.7	22.2	25.4	5.2	19	50.8	50.8	31.2	6.35	7	12.7	12.7	25.4	6.35	25.4	9.5	29	7	12.7	25.4	All	sizes	All	sizes	Condition	0.250	0.275	0.500	0.500	1	Half	hard,	H02	Half	hard,	H02,	20%	Solution	heat	treated	and	cold	worked	91%,	TD01	Hard,	H04	Cold	worked	94%	As	consolidated,
M30	Solution	heat	treated	and	aged,	TF00	Quarter	hard,	H01	Quarter	hard,	H01,	10%	Hard,	H04	Solution	heat	treated,	cold	worked	40%	and	aged,	TH01	Solution	heat	treated	and	aged	at	932	°F	(500	°C),	3	h,	TF00	Solution	heat	treated	and	aged,	TF00	Hard,	H04	Half	hard,	H02,	20%	Hard,	H04	Half	hard,	H02	Half	hard,	H02,	20%	Half	hard,	H02
Quarter	hard,	H01,	10%	Half	hard,	H02,	15%	Half	hard,	H02,	20%	Hard,	H04	Hard,	H04,	36%	Soft	anneal,	O60	Hard,	H04	Half	hard,	H02,	20%	Quarter	hard,	H01,	8%	Solution	heat	treated,	cold	worked	30%	and	aged	Solution	heat	treated,	cold	worked	80%,	aged	and	cold	worked	44%	Half	hard,	H02,	25%	Hard,	H04,	25%	Solution	heat	treated,	cold
worked	56%,	aged	and	cold	worked	47%	Annealed	600	°F	(316	°C)	Hard,	H04	Hard,	H04,	38%	Quarter	hard,	H01,	8%	Cold	worked	80%	Hard,	H04,	35%	Solution	heat	treated	and	aged	Hard,	H04,	38%	Soft	anneal,	O60	Solution	heat	treated,	cold	worked	61%,	aged	and	cold	worked	31%	Solution	heat	treated,	cold	worked	50%,	aged	and	cold	worked
34%	Light	annealed,	O50	Quarter	hard,	H01,	4%	Light	annealed,	O50	Solution	heat	treated,	cold	worked	40%	and	aged	Solution	heat	treated,	cold	worked	48%,	aged	and	cold	worked	Solution	heat	treated,	cold	worked	48%,	aged	and	cold	worked	47%	Solution	heat	treated,	aged	and	cold	worked	76%,	TD01	Cold	worked	55%	Light	annealed,	O50
Solution	heat	treated,	cold	worked	30%	and	aged	Solution	heat	treated,	cold	worked	32%,	aged	and	cold	worked	17%	As	consolidated,	M30	Half	hard,	H02,	37%	Annealed	1200	°F	(649	°C),	O61	Half	hard,	H02,	25%	Quarter	hard,	H01,	10%	Half	hard,	H02,	20%	76	75	75	75	75	75	75	75	75	75	75	74	73	72	72	72	72	72	72	70	70	70	70	70	70	70	70	70	70
70	70	70	70	70	70	70	69	69	68	68	68	67	67	67	67	67	66	65	65	65	65	64	63	63	63	63	62	62	62	62	62	62	61	60	60	60	59	58	58	58	0.250	1	0.375	1.125	0.275	0.500	1	Soft	anneal,	O60	Grain	size	0.050	mm,	OS050	Extra	hard,	H06,	56%	As	consolidated,	M30	Annealed	1800	°F	(982	°C),	O61	Solution	treated	and	cold	worked	60.5%,	TD01	Soft	anneal,	O60
400	400	393	393	393	393	393	58	58	57	57	57	57	57	(continued)	Source:	Copper	Development	Association	Inc.	When	the	alloy	is	cooled	below	the	critical	temperature,	these	regions	act	as	nuclei	for	the	ordering	process.	UNS	designations	have	been	incorporated	in	most	relevant	standards	by	ASTM,	American	Society	of	Mechanical	Engineers	(ASME),
SAE,	and	similar	organizations.	123	Molybdenum-Copper	P/M	Composites	.	The	bars	will	be	damaged	and	have	to	be	scrapped	if	hot	rolling	is	attempted	at	a	temperature	that	is	too	high	or	too	low.	Table	2	Physical	properties	of	representative	wrought	copper	alloys	UNS	No.	Nominal	composition,	%	Coefficient	of	thermal	expansion,	106/°C	(106/°F),
20–300	°C	(70–570	°F)	Thermal	conductivity,	W/m	·	K,	at	20	°C	(Btu/ft2/ft/h/°F,	at	70	°F)	Electrical	conductivity,	%IACS,	at	20	°C	(70	°F)	Specific	heat,	cal/g	·	°C,	at	20	°C,	or	Btu/lb	·	°F,	at	70	°F	8.94	(0.323)	8.94	(0.323)	8.94	(0.323)	8.80	(0.318)	17.7	(9.8)	17.7	(9.8)	17.7	(9.8)	16.6	(9.2)	391	(226)	391	(226)	339	(196)	322	(186)	101	101	85	78	0.092
0.092	0.092	0.092	8.25	(0.298)	8.80	(0.318)	8.83	(0.319)	8.91	(0.322)	8.92	(0.322)	17.8	(9.9)	17.7	(9.8)	19.4	(10.7)	17.9	(9.2)	16.9	(9.4)	107	(62)	208	(120)	324	(187)	262	(150)	197	(115)	22	45	80	65	50	0.10	0.08	0.094	0.092	0.092	8.74	(0.316)	8.52	(0.308)	8.39	(0.303)	18.7	(10.4)	20.1	(11.1)	21.0	(11.6)	159	(92)	121	(70)	123	(71)	37	28	28	0.09	0.09
0.09	8.49	(0.307)	8.47	(0.306)	8.50	(0.307)	8.44	(0.305)	20.3	(11.3)	20.4	(11.3)	20.6	(11.4)	20.8	(11.5)	116	(67)	116	(67)	116	(67)	119	(69)	26	26	26	27	0.09	0.09	0.09	0.09	8.78	(0.317)	8.53	(0.308)	8.41	(0.304)	18.4	(10.2)	20.2	(11.2)	21.3	(11.8)	121	(69)	109	(64)	116	(67)	28	28	26	0.09	0.09	0.09	Density,	g/cm3	(lb/in.3)	Coppers	(C10100–C15999)
C10200	C11000	C12200	C15760	99.95	Cu	99.9	Cu	99.90	Cu,	0.02	P	Cu,	0.6	Al,	0.57	O	High-copper	alloys	(C16200–C19199)	C17200	C17410	C18100	C19400	C19500	98.1	Cu,	1.9	Be,	0.2	(Ni		Co)	min	Cu,	0.5	Co,	0.3	Be	Cu,	0.04	Mg,	0.15	Zr,	0.8	Cr	97.4	Cu,	2.4	Fe,	0.13	Zn,	0.04	P	97	Cu,	1.5	Fe,	0.6	Sn,	0.1	P,	0.8	Co	Copper-zinc	alloys	(brasses,
C21000–C28000)	C23000	C26000	C28000	85	Cu,	15	Zn	70	Cu,	30	Zn	60	Cu,	40	Zn	Copper-zinc-lead	alloys	(leaded	brasses,	C31200–C38500)	C34500	C35300	C36000	C37700	63.5	Cu,	34.5	Zn,	2	Pb	61.5	Cu,	36.5	Zn,	2.8	Pb	61.5	Cu,	35.4	Zn,	3.1	Pb	59.5	Cu,	38	Zn,	2	Pb	Copper-zinc-tin	alloys	(tin	brasses,	C40400–C48600)	C42500	C44400	C46400	88.5
Cu,	9.5	Zn,	2	Sn,	0.2	P	71	Cu,	28	Zn,	1	Sn,	0.02	Sb	min	60	Cu,	39.2	Zn,	0.8	Sn	Copper-tin-phosphorus	alloys	(phosphor	bronzes,	C50100–C54200)	C50500	C51000	C51100	98.7	Cu,	1.3	Sn	94.8	Cu,	5	Sn,	0.2	P	95.6	Cu,	4.2	Sn,	0.2	P	8.89	(0.321)	8.86	(0.320)	8.86	(0.320)	17.8	(9.9)	17.9	(9.9)	17.8	(9.9)	87	(50)	69	(40)	84	(48.4)	48	15	20	0.09	0.09	0.09
17.4	(9.6)	87	(50)	19	0.09	7.94	(0.287)	7.58	(0.274)	7.45	(0.269)	8.28	(0.299)	16.3	(9.0)	16.3	(9.0)	16.3	(9.0)	17.1	(9.5)	55	(32)	39	(22)	47	(27)	41	(23)	12	7	6	10	0.09	0.09	…	0.09	8.52	(0.308)	18.0	(10.0)	36	(21)	7	0.09	8.36	(0.302)	8.19	(0.296)	21.3	(11.8)	20.3	(11.2)	105	(61)	26	(15)	24	6	0.09	0.09	8.94	(0.323)	8.94	(0.323)	8.94	(0.323)	17.1	(9.5)	16.2
(9.0)	15.8	(8.8)	45	(26)	29	(17)	34	(20)	9	4	6.5	0.09	0.09	0.094	8.69	(0.314)	8.70	(0.314)	16.4	(9.1)	16.7	(9.3)	45	(26)	29	(17)	9	5.5	0.09	0.09	Copper-tin-lead-phosphorus	alloys	(leaded	phosphor	bronzes,	C53400–C53500)	C54400	88	Cu,	4	Sn,	4	Pb,	4	Zn,	0.5	P	max	8.88	(0.321)	Copper-aluminum	alloys	(aluminum	bronzes,	C60800–C64210)	C61300
C63000	C63020	C63800	90.3	Cu,	6.8	Al,	2.5	Fe,	0.35	Sn	82	Cu,	10	Al,	5	(Ni		Co),	3	Fe	74.5	Cu	min.,	10.5	Al,	5	Ni,	4.75	Fe	95	Cu,	2.8	Al,	1.8	Si,	0.4	Co	Copper-silicon	alloys	(silicon	bronzes,	C64700–C66100)	C65500	97	Cu,	3	Si	Other	copper-zinc	alloys	(C66400–C69710)	C67500	C69400	58.5	Cu,	39	Zn,	1.4	Fe,	1	Sn,	0.1	Mn	81.5	Cu,	14.5	Zn,	4	Si
Copper-nickel	alloys	(copper-nickels,	C70100–C72950)	C70600	C71500	C72200	88.6	Cu,	10	Ni,	1.4	Fe	69.5	Cu,	30	Ni,	0.5	Fe	82.2	Cu,	16.5	(Ni		Co),	0.8	Fe,	0.5	Cr	Copper-zinc-nickel	alloys	(nickel	silvers,	C73500–C79800)	C74500	C77000	65	Cu,	25	Zn,	10	Ni	55	Cu,	27	Zn,	18	Ni	58	/	Metallurgy,	Alloys,	and	Applications	Table	3	Copper	alloys	(rod	form)
ranked	by	tensile	strength	Size	UNS	No.	Tensile	strength	mm	in.	88	/	Metallurgy,	Alloys,	and	Applications	Table	1	(continued)	UNS	No.	Other	designations,	descriptive	names	(former	SAE	No.)	Applicable	casting	processes(a)	Composition(b),	wt%	Cu	Sn	Pb	Zn	Ni	Fe	Copper-tin	alloys	(tin	bronzes)	(continued)	C90900	199,	87-13-0-0	S,	C,	CL,	PM,	I,	P
86.0–89.0(g)(q)	12.0–14.0	0.25	0.25	0.50(i)	0.15	C91000	197,	85-14-0-1	S,	C,	CL,	PM,	I,	P	84.0–86.0(g)(q)	14.0–16.0	0.20	1.5	0.80(i)	0.10	C91100	84-16-0-0	S,	C,	CL,	PM,	I,	P	82.0–85.0(g)(q)	15.0–17.0	0.25	0.25	0.50(i)	0.25	C91300	194,	81-19	S,	C,	CL,	PM,	I,	P	79.0–82.0(g)(q)	18.0–20.0	0.25	0.25	0.50(i)	0.25	S,	C,	CL,	PM,	I,	P	86.0–89.0(g)(q)	9.7–10.8
0.25	0.25	1.2–2.0(i)	0.20	S,	C,	CL,	PM,	I,	P	84.0–87.0(g)(q)	11.3–12.5	0.25	0.25	1.20–2.0(i)	0.20	C91600	C91700	88-101/2,0-0-11/2,	205N,	nickel	gear	bronze	861/2-12-0-0-11/2,	nickel	gear	bronze	Other	0.20	Sb,	0.05	S,	0.05	P(j),	0.005	Al,	0.005	Si	0.20	Sb,	0.05	S,	0.05	P(j),	0.005	Al,	0.005	Si	0.20	Sb,	0.05	S,	1.0	P(j),	0.005	Al,	0.005	Si	0.20	Sb,	0.05	S,
1.0	P(j),	0.005	Al,	0.005	Si	0.20	Sb,	0.05	S,	0.30	P(j),	0.005	Al,	0.005	Si	0.20	Sb,	0.05	S,	0.30	P(j),	0.005	Al,	0.005	Si	Cu-Sn-Pb	alloys	(leaded	tin	bronzes):	Lead	improves	machinability	in	these	tin	bronzes,	but	does	not	materially	affect	mechanical	properties.	5	Cutaway	view	of	a	horizontal	side-blown	Peirce-Smith	converter	for	producing	blister	copper
from	matte	The	Copper	Industry:	Occurrence,	Recovery,	and	Consumption	/	13	from	recycled	scrap,	and	this	percentage	has	grown	somewhat	over	the	last	three	decades.	Product	is	supplied	in	the	annealed	condition	and	in	a	range	of	as-rolled	tempers.	3	Tensile	strength	of	single-phase	copper	alloys	as	affected	by	percentage	reduction	in	thickness
by	rolling	(temper).	Bronzes	Bronzes	are	copper	alloys	in	which	the	major	alloying	addition	is	neither	zinc	nor	nickel.	The	rolls	are	water	cooled	to	avoid	overheating,	which	would	cause	the	surfaces	to	crack	and	check.	The	increase	in	strength	and	hardness	and	decrease	in	ductility	as	a	result	of	permanent	deformation	of	the	structure	by	cold
working.	Therefore,	specific	testing	under	actual	conditions	is	recommended.	443	Properties	of	Pure	Copper	.	The	alloy	was	cooled	slowly	from	700	°C	(1290	°F),	where	it	was	mostly	,	to	20	°C	(68	°F),	then	reheated	to	temperature	for	30	min,	followed	by	rapid	cooling.	0.05Pb	…	0.003–0.023Sn	0.20–0.50S	0.10–0.20Zr	0.005Al,	0.005Mn,	0.05–0.15Zr
0.08–0.13Mg	Composition,	wt%	Copper	No.	C15715	C15715	C15720	C15725	C15760	C15815	Cu	(incl	Ag),	min	Al(o)	Fe	Pb	O(o)	Other	named	elements	99.62	99.62	99.52	99.43	98.77	97.82	0.13–0.17	0.13–0.17	0.18–0.22	0.23–0.27	0.58–0.62	0.13–0.17	0.01	0.01	0.01	0.01	0.01	0.01	0.01	0.01	0.01	0.01	0.01	0.01	0.12–0.19	0.12–0.19	0.16–0.24	0.20–0.28
0.52–0.59	0.19	…	…	…	…	…	1.2–1.8B	(continued)	incl,	including.	Temper	Terminology	This	section	describes	the	terminology	in	general	use	for	indicating	the	basic	processes	used	to	produce	the	different	tempers	in	copper	and	copper	alloy	products.	As	with	any	material,	evaluation	of	the	material	under	end-use	conditions	prior	to	specification	is
essential.	Spinodal	decomposition	is	similar	to	an	agehardening	reaction	and	involves	quenching	and	subsequent	heat	treatment,	but	instead	of	precipitates	forming	by	a	conventional	nucleation	and	growth	mechanism,	regular	variations	in	composition	occur	in	the	lattice	with	an	extremely	fine	spacing	between	them.	It	is	a	leaded	yellow	brass
containing	sufficient	beta	phase	to	provide	high-temperature	ductility.	Castings	must	be	designed	with	this	behavior	in	mind.	See	preferred	terms	leaded	commercial	bronze	and	leaded	red	brass.	(w)	When	the	product	or	casting	is	intended	for	subsequent	welding	applications,	and	so	specified	by	the	purchaser,	the	Nb	content	will	be	0.40%	max.	To
ensure	continuous	operation,	many	drawing	machines	are	equipped	with	dual	take-up	systems.	Order	Processing	Orders	that	are	placed	before	2:00	p.m.	U.S.	Eastern	Time	are	typically	shipped	the	same	day.	Now,	in	spite	of	the	fact	that	the	arrangement	in	Fig.	Cross-linked	polyethylene	(XLPE),	which	is	made	by	adding	organic	peroxides	to
polyethylene	and	then	vulcanizing	the	mixture,	yields	better	heat	resistance,	better	mechanical	properties,	better	aging	characteristics,	and	freedom	from	environmental	stress	cracking.	(kk)	The	following	maximum	limits	apply:	0.07%	C,	0.15%	Si,	0.024%	S,	0.05%	Al,	and	0.03%	P.	CEN/TC	132	describes	a	six-digit	alpha-numerical	system.	This	type
of	furnace	usually	does	not	have	a	prepared	atmosphere,	but	the	products	of	combustion	fill	the	furnace	and	reduce	the	metal	oxidation	rate.	In	all	classes	of	copper	alloys,	certain	alloy	compositions	for	wrought	products	have	counterparts	among	the	cast	alloys;	this	enables	the	designer	to	make	an	initial	alloy	selection	before	deciding	on	the
manufacturing	process.	Common	uses	include	marine	hardware,	shafts,	and	pump	and	valve	components	for	handling	seawater,	sour	mine	waters,	nonoxidizing	acids,	and	industrial	process	fluids.	Compositional	limits	have	been	established	for	both	electrorefined	and	electrowon	cathodes	by	various	international	trading	centers	and	standards
organizations	(see,	for	example,	ASTM	B	115,	“Specification	for	Electrolytic	Cathode	Copper”).	Typical	applications	of	coldworked	wrought	alloys	(cold-worked	tempers)	include	springs,	fasteners,	hardware,	small	gears,	cams,	electrical	contacts,	and	components.	In	fact,	brasses	containing	15%	or	more	of	zinc	have	surfaces	that	many	users	feel	are
better	suited	for	later	fabricating	if	the	strip	has	been	continuously	annealed.	Note	that	the	hardness	in	this	condition	is	not	significantly	different	from	that	of	the	aged	material	without	prior	cold	working.	As	with	other	metal	systems,	copper	is	intentionally	alloyed	to	improve	strength	without	unduly	degrading	ductility	or	workability.	To	keep	cost	as
low	as	possible	and	competitive,	the	reduction	in	thickness	to	final	gage	needs	to	be	accomplished	in	the	fewest	operations	compatible	with	quality	requirements.	It	too	was	developed	for	use	in	potable	water	systems.	Where	oxygenfree	or	deoxidized	copper	is	used,	impurity	levels	must	be	reduced	below	those	in	cathode	copper	to	achieve	100%	IACS.
A	commercially	pure	copper	that	has	been	deoxidized	with	phosphorus	in	such	a	manner	as	to	leave	a	very	low	residual	phosphorus	content.	550	C93200	83Cu-7Sn-7Pb-3Zn	.	Because	of	their	outstanding	ability	to	resist	corrosion,	coppers,	brasses,	some	bronzes,	and	cupronickels	are	used	for	pipes,	valves,	and	fittings	in	systems	carrying	potable
water,	process	water,	or	other	aqueous	fluids.	161	Transportation	.	548	C92500	87Cu-11Sn-1Pb-1Ni	.	527	C78200	65Cu-25Zn-8Ni-2Pb	.	Meeting	the	tensile	strength	requirement,	which	is	the	basic	mechanical	property	requirement	for	rolled	tempers,	is	accomplished	by	cold	rolling	to	the	appropriate	ready-to-finish	gage,	annealing	to	the	desired
grain	size,	and	then	rolling	to	finish	gage.	485	C26800,	C27000	65Cu-35Zn	.	Products	include	round	and	flat	wire,	stranded	wire,	and	coated	wire.	Table	19	summarizes	tensile	properties	for	the	standard	tube	alloys	in	their	most	widely	used	conditions.	Metals	&	Alloys	in	the	Unified	Numbering	System,	8th	ed.,	Society	of	Automotive	Engineers,	Inc.,
1999	(see	also	SAE	J1086	and	ASTM	E	527,	both	of	which	describe	the	UNS	system)	2.	Under	the	base	is	a	fan	for	circulating	the	hot	gases	through	the	load,	to	provide	more	uniform	and	rapid	heating.	Scrap	recycled	within	a	particular	plant	or	company	(runaround	scrap)	is	not	included	in	these	statistics.	422	Mechanical	and	Geometrical	Effects	.
Leaded	naval	brasses	(C48200	and	C48500)	are	supplied	in	rod	form	for	marine	hardware,	pump	shafts,	valve	stems,	and	corrosion-resistant	screw-machine	parts.	AIME,	Vol	203,	1955,	p	693	18.	Additional	information	on	international	designation	systems	for	coppers	and	copper	alloys	is	available	from	the	CDA.	210	Rotary	Swaging	of	Rod,	Bars,	and
Tubes	.	C84200	101,	80-5-21/2-121/2	S,	C,	CL	78.0–82.0(g)(h)	4.0–6.0	2.0–3.0	10.0–16.0	0.8(i)	0.40	0.25	Sb,	0.08	S,	0.05	P(j),	0.005	Al,	0.005	Si	C84400	123,	81-3-7-9,	valve	S,	C,	CL	78.0–82.0(g)(h)	2.3–3.5	6.0–8.0	7.0–10.0	1.0(i)	0.40	0.25	Sb,	0.08	S,	0.02	P(j),	composition,	81	metal	0.005	Al,	0.005	Si	C84410	…	S,	C,	CL	bal(g)(1)	3.0–4.5	7.0–9.0	7.0–
11.0	1.0(i)	(m)	Sb(m),	0.01	Al,	0.20	Si,	0.05	Bi	C84500	125,	78	metal	S,	C,	CL	77.0–79.0(g)(h)	2.0–4.0	6.0–7.5	10.0–14.0	1.0(i)	0.40	0.25	Sb,	0.08	S,	0.02	P(j),	0.005	Al,	0.005	Si	C84800	130,	76-3-6-15,	76	metal	S,	C,	CL	75.0–77.0(g)(h)	2.0–3.0	5.5–7.0	13.0–17.0	1.0(i)	0.40	0.25	Sb,	0.08	S,	0.02	P(j),	0.005	Al,	0.005	Si	(continued)	(a)	Casting	processes:	S,
sand;	D,	die;	C,	continuous;	I,	investment;	PM,	permanent	mold;	CL,	centrifugal;	and	P,	plaster.	They	are	amenable	to	most	foundry	processes,	including	permanent	mold	and	investment	(precision)	casting.	Less	than	half	the	copper	input	to	brass	mills	is	refined;	the	rest	is	scrap.	(hh)	Al		Zn,	25.1-27.1%.	39	Microstructure	of	a	Cu-11.8Al	alloy,
homogenized	at	800	°C	(1470	°F)	for	2	h,	then	cooled	slowly	in	the	furnace.	(m)	Fe	+	Sb	+As	is	0.8%	max.	Both	are	light	micrographs;	90	.	Annealed	tempers	such	as	O50	or	O60	refer	to	soft,	formable	structures	ordinarily	specified	for	cold-formed	rather	than	machined	products.	528	Properties	of	Cast	Copper	Alloys	.	Standard	nominal	diameters	and
cross-sectional	areas	of	solid	round	copper	wires	used	as	electrical	conductors	are	prescribed	in	ASTM	B	258,	“Specification	for	Standard	Nominal	Diameters	and	CrossSectional	Areas	of	AWG	Sizes	of	Solid	Round	Wires	Used	as	Electrical	Conductors.”	Wire	sizes	have	almost	always	been	designated	in	the	American	Wire	Gauge	(AWG)	system.
Insulation	and	Jacketing	Of	the	three	broad	categories	of	insulation—	polymeric,	enamel,	and	paper-and-oil—polymeric	insulation	is	the	most	widely	used.	Instead,	the	rod	passes	through	a	cleaning	station	as	it	exits	from	the	rolling	mill.	Small-diameter	tube	may	be	produced	by	block	or	bench	drawing	following	tube	reducing.	The	flow	of	metal	during
extrusion	depends	on	many	factors,	including	copper	content	of	the	metal,	amount	of	lubricant,	and	die	design.	Hard,	extra	hard,	and	spring	tempers	produce	maximum	strength,	but	at	the	expense	of	ductility.	555	C95300	89Cu-1Fe-10A1	.	Table	2	lists	the	chemical	compositions	for	50	wrought	coppers	and	265	wrought	copper	alloys	covered	by	UNS
designations.	0.188	0.188	(a)	Product	originally	produced	with	slit,	sheared,	or	sawed	edges,	whether	or	not	such	edges	are	subsequently	rolled	or	drawn.	During	the	solidification	of	castings,	some	constituents	in	a	given	alloy	form	crystals	at	higher	temperatures	relative	to	others,	resulting	in	treelike	structures	called	dendrites.	Figure	23	shows	a
typical	microstructure.	42.	Table	8	lists	the	mechanical	properties	of	hard-drawn	copper	wire	and	several	hard-drawn	copper	alloy	wires.	It	should	be	noted,	however,	that	the	temper	designations	Table	1	Generic	classification	of	coppers	and	copper	alloys	Generic	name	UNS	No.	Composition	Wrought	alloys	Coppers(a)	High-copper	alloys(b)	Brasses
Leaded	brasses	Tin	brasses	Phosphor	bronzes	Leaded	phosphor	bronzes	Copper-phosphorus	and	copper-silver-phosphorus	alloys(c)	Aluminum	bronzes	Silicon	bronzes	Other	copper-zinc	alloys	Copper	nickels	Nickel	silvers	C10100–C15815	C16200–C19900	C20100–C28000	C31200–C38500	C40400–C48600	C50100–C52480	C53400–C54400	C55180–
C55284	C60800–C64210	C64700–C66100	C66300–C69710	C70100–C72950	C73500–C79830	99%	Cu	96%	Cu	Cu-Zn	Cu-Zn-Pb	Cu-Zn-Sn-Pb	Cu-Sn-P	Cu-Sn-Pb-P	Cu-P-Ag	Cu-Al-Ni-Fe-Si-Sn	Cu-Si-Sn	Cu-Zn-Mn-Fe-Sn-Al-Si-Co	Cu-Ni-Fe	Cu-Ni-Zn	Cast	alloys	Coppers(a)	High-copper	alloys(d)	Red	and	leaded	red	brasses	Semi-red	and	leaded	semi-red
brasses	Yellow	and	leaded	yellow	brasses	Manganese	bronzes	and	leaded	manganese	bronzes(e)	Silicon	brasses/bronzes	Copper-bismuth	and	copper-bismuth-selenium	alloys	Tin	bronzes	Leaded	tin	bronzes	Nickel-tin	bronzes	Aluminum	bronzes	Copper	nickels	Nickel	silvers	Leaded	coppers	Special	alloys	C80100–C81200	C81400–C82800	C83300–
C83810	C84200–C84800	C85200–C85800	C86100–C86800	C87300–C87800	C89320–C89940	C90200–C91700	C92200–C94500	C94700–C94900	C95200–C95900	C96200–C96950	C97300–C97800	C98200–C98840	C99300–C99750	99%	Cu	94%	Cu	Cu-Sn-Zn-Pb	(82–94%	Cu)	Cu-Sn-Zn-Pb	(75–82%	Cu)	Cu-Zn-Pb	Cu-Zn-Mn-Fe-Pb	Cu-Zn-Si	Cu-Sn-Zn-Bi-Se
Cu-Sn-Zn	Cu-Sn-Zn-Pb	Cu-Ni-Sn-Zn-Pb	Cu-Al-Fe-Ni	Cu-Ni-Fe	Cu-Ni-Zn-Pb-Sn	Cu-Pb	Cu-Zn-Mn-Al-Fe-Co-Sn-Pb	(a)	Metals	that	have	a	designated	Cu	content	of	99.3%	or	higher.	Metal	with	uniformity	of	flatness	across	and	along	its	length	is	described	as	having	good	shape.	137	Bronze	Plating	.	A	modified	deoxidized	copper	containing	the	designated
element	(arsenic)	in	amounts	as	agreed	upon	between	the	supplier	and	the	consumer	mainly	for	the	purpose	of	increasing	corrosion	resistance.	Any	copper	alloy	with	zinc	as	the	principal	alloying	element,	with	or	without	small	quantities	of	some	other	elements.	Electrical	conductivity	of	brass	is	reasonably	high,	ranging	from	56%	IACS	for	C21000	to
28%	IACS	for	high-zinc	alloys.	Tin	broadens	the	freezing	range	far	more	than	zinc	does,	and	the	tin	bronzes	therefore	tend	to	undergo	an	extended	mushy	stage	during	solidification.	441	Structure,	Processing,	and	Property	Relationships	.	549	C92700	88Cu-10Sn-2Pb	.	The	grades	of	commercially	pure	copper	available	are	related	to	the	refining
processes	used.	Chromiumcopper	is	used	for	electromechanical	products	such	as	welding-machine	clamps,	resistance	welding	electrodes,	and	high-strength	electrical	cable	connectors.	365	Phase	Diagrams	.	135	Copper	in	Multiplate	Systems	.	Tables	6	and	7	cross	reference	some	International	Organization	for	Standardization	(ISO),	British	Standard,
Comité	Européen	de	Normalisation	(CEN),	and	near-equivalent	UNS	designations.	Each	of	the	remaining	families	contains	one	of	five	major	alloying	elements	as	its	primary	alloying	ingredient:	Family	Brasses	Phosphor	bronzes	Aluminum	bronzes	Silicon	bronzes	Copper-nickels,	nickel	silvers	Alloying	element	Zinc	Tin	Aluminum	Silicon	Nickel	Solid
solubility(a),	at.%	37	9	19	8	100	(a)	At	20	°C	(70	°F)	The	purpose	of	adding	alloying	elements	to	copper	is	to	optimize	the	strength,	ductility	(formability),	and	thermal	stability,	without	inducing	unacceptable	loss	in	fabricability,	electrical/thermal	conductivity,	or	corrosion	resistance.	Paper	layers	are	wrapped	alternately	in	opposite	directions,	free	of
twist.	Source:	Ref	3	Table	7	Mechanical	properties	of	copper-zinc	and	Cu-Zn-Sn	solid	solution	alloys,	illustrating	the	strengthening	effect	of	tin	(grain	size	0.015	mm)	Yield	strength	Tensile	strength	Alloy	MPa	ksi	MPa	ksi	Elongation,	%	Hardness,	HRF	Cu-10Zn	Cu-9.5Zn-0.5Sn	Cu-30Zn	Cu-29Zn-1Sn	105	125	205	230	15	18	30	33	275	310	395	400	40	45
57	58	44	43	48	40	65	70	86	87	Source:	Ref	3	Effect	of	cooling	rate	from	the		region	on	the	hardness	of	a	Cu-40Zn	alloy.	A	commercially	pure	high-conductivity	copper	of	any	origin	that	has	been	refined	by	electrolytic	deposition,	then	melted,	oxidized,	and	brought	to	tough	pitch	or	controlled	low	oxygen	content,	and	finally	cast	into	cakes,	billets,	wire
bars,	and	so	on,	suitable	for	hot	or	cold	working,	or	both.	Also,	the	cast	alloys	have	additions	that	act	as	grain	refiners	to	control	the	as-cast	grain	size.	Blanking	and	edge	rolling	are	two	such	operations.	Other	age-hardening	copper	alloys	include	the	chromium-coppers,	which	contain	0.4	to	1.2%	Cr	(C18100,	C18200,	and	C18400);	these	alloys
produce	arrays	of	pure	chromium	precipitates	and	dispersoid	particles	when	aged.	The	addition	of	zinc	to	copper-tin	alloys	improves	the	soundness	of	the	castings	by	affecting	the	solidification	process.	16)	into	the	die.	26	Microstructures	typical	of	Cu-40Zn	alloys	cooled	rapidly	from	the		region	to	20	°C	(68	°F).	As	they	are	cold	rolled,	they	quickly
become	too	hard	for	further	reduction	and	must	be	annealed.	4	for	C26000	(cartridge	brass).	469	C17000	98Cu-1.7Be-0.3Co	.	Strengthening	Mechanisms	for	Wrought	Copper	Alloys	Solution	Hardening.	Hot	rolling	can	be	accomplished	only	within	a	certain	temperature	range	for	each	alloy.	Even	rapid	cooling	has	not	prevented	some		from	forming.
The	immediately	adjacent	strips	will	have	edges	distorted	in	the	opposite	direction.	The	role	of	lead	is	to	seal	these	intradendritic	pores.	14	Schematic	engineering	stress–engineering	strain	curves	for	pure	copper	and	a	Cu-30Zn	solid	solution	alloy,	showing	that	the	alloy	has	a	higher	tensile	strength	and	a	lower	work-hardening	rate,	necks	at	a	higher
strain,	and	has	a	greater	fracture	strain	(elongation	at	fracture).	18)	shows	that	at	20	°C	(68	°F)	the	alloy	should	consist	of	approximately	equal	amounts	of		and	.	Lastly,	the	contributions	of	the	many	authors	who	have	written	articles	on	copper	and	copper	alloys	published	in	the	ASM	Handbook	should	also	be	recognized.	328	Fabrication	and
Finishing	(continued)	Casting	Characteristics	.	Alloys	C92600	through	C92900,	which	contain	10%	Sn,	are	slightly	stronger	and	more	corrosion	resistant	than	leaner	alloys	such	as	C92200.	Publisher:	American	Foundry	Society	Published:	2010	Pages:	88	ISBN:	978-0-87433-365-7	Electronic	Document	Download	Many	of	our	products	are	available	via
Electronic	Download.	Alloy	C86300	can	attain	tensile	strengths	exceeding	115	ksi	(793	MPa).	Special	compounding	can	provide	flame	resistance	in	XLPE.	Transportation	applications	include	road	vehicles,	railroad	equipment,	and	aircraft	parts;	automobile	radiators	and	wiring	Table	1	Recently	published	data	on	the	leading	copper	markets	in	the
United	States	Consumption	Application	Building	wire	Plumbing	and	heating	Air	conditioning	and	commercial	refrigeration	Power	utilities	Telecommunications	Automotive	(electrical)	In-plant	equipment	Electronics	Automotive	(nonelectrical)	Industrial	valves	and	fittings	Lighting	and	wiring	devices	All	others	Total	lb	106	%	1215	1147	671	16	15.1	8.8
647	544	511	500	409	276	239	231	1201	7591	8.5	7.2	6.7	6.6	5.4	3.6	3.2	3.1	15.8	100	Source:	Copper	Development	Association	Inc.	11	The	different	edge	contours	that	can	result	from	slitting,	depending	on	thickness,	temper,	and	alloy.	494	C35600	62Cu-35.5Zn-2.5Pb	.	Silicon	Brasses/Bronzes.	With	the	advent	of	continuous	processes,	electroplating
has	become	the	dominant	process,	especially	because	it	can	be	done	“on	line”	following	the	wiredrawing	operation.	Many	of	the	alloys	also	have	favorable	tribological	properties,	which	explains	their	widespread	use	for	sleeve	bearings,	wear	plates,	gears,	and	wear-prone	components.	(t)	Cu		sum	of	named	elements,	99.8%	min.	Cold	working	an
annealed	copper	to	about	90%	reduction	can	cause	a	drop	of	2	to	3%	IACS.	466	C15100	99.9Cu-0.1Zr	.	Individual	wires	are	payed	off	reels	located	alongside	the	equipment	and	are	fed	over	flyer	arms	that	rotate	about	the	take-up	reel	to	twist	the	wires.	General	requirements	for	wrought	copper	and	copper	alloy	plate,	sheet,	and	strip	are	covered	by
ASTM	B	248.	48	Effect	of	beryllium	content,	aging	temperature,	and	aging	time	on	the	precipitation	hardening	of	copper-beryllium	alloys.	The	aging	temperature	should	be	around	350	°C	(660	°F),	and	the	aging	time	can	be	between	3	and	5	h.	The	age-hardening	beryllium	coppers	can	be	further	categorized	as	high-conductivity	alloys,	such	as	C82200
(nominally	0.6%	Be),	and	high-strength	grades,	such	as	C82500	(2%	Be).	(1)	When	applied	to	a	cold-worked	product	having	a	single	phase:	to	produce	softening	by	recrystallization	or	recrystallization	and	grain	growth,	with	the	accompanying	changes	in	properties.	478	C19500	97Cu-1.5Fe-0.1P-0.8Co-0.6Sn	.	The	choice	of	temper	depends	on	the
properties	required	and	on	the	type	of	processing	to	be	done	(Ref	2).	The	insulation	provides	highly	reliable	mechanical	separation	under	conditions	of	electrical	overload.	That	is,	the	for-	LIVE	GRAPH	Click	here	to	view	Fig.	Forgings	are	typically	moderate-size	products,	such	as	valves,	fittings,	mechanical	devices,	and	architectural	hardware,	rarely
exceeding	90	kg	(200	lb).	This	product	contains	sufficient	impurities	that	it	must	be	further	refined	to	obtain	usable	industrial	copper.	Henry,	Assistant	Director	of	Reference	Publications	Bonnie	R.	82	Forgings	.	Also,	the	eutectoid	reaction	requires	considerable	time	to	initiate.	cm.	Approximately	55%	of	this	scrap	has	been	new	scrap,	such	as	turnings
from	screw-machined	rod,	as	opposed	to	old	scrap,	such	as	used	electrical	cable	or	auto	radiators.	Bearings,	rings,	and	gear	blanks	can	be	produced	by	centrifugal	and/or	continuous	casting.	Table	11	gives	the	recommended	heat	treatment	for	some	of	the	commercial	copper-beryllium	alloys.	281	Welding	of	High-Strength	Beryllium	Coppers	.	(x)	The
following	additional	maximum	impurity	limits	will	apply:	0.10%	Al,	0.001%	B,	0.001%	Bi,	0.005–0.15%	Mg,	0.005%	P,	0.0025%	S,	0.02%	Sb,	7.5–8.5%	Sn,	0.01%	Ti,	1.0%	Zn.	(y)	Cu		sum	of	named	elements,	99.6%	min.	11	shows	that	it	has	a	significant	strengthening	effect;	the	copper-tin	alloys	are	discussed	subsequently.)	The	effect	of	zinc	is	not	as
potent	as	that	of	several	of	the	other	solutes,	but	its	high	solubility	allows	LIVE	GRAPH	Click	here	to	view	Copper-Zinc	Alloys	Copper-zinc	solid-solution	alloys	are	probably	the	most	widely	used	copper-base	alloys.	1,	which	shows	the	strongly	detrimental	effects	of	phosphorus	and	iron	and	the	relatively	mild	decreases	caused	by	silver	and	zinc
additions.	Department	of	Commerce.	However,	in	most	solid	solutions	the	addition	of	only	a	very	small	amount	of	solute	reduces	the	atom	mobility	and	hence	increases	the	recrystallization	temperature.	Electrorefining.	This	liquid	will	freeze	by	forming	simultaneously	more		and	lead-rich	liquid.	543	C87600	.	These	vary	in	composition	from	80	to	90%
Cu,	10	to	20%	Zn,	and	sometimes	1	to	2%	Sn.	radiator	core	brass.	Finally,	forgings	use	significantly	less	metal	per	part	than	castings	or	screw-machine	products	because	forged	products	can	be	made	with	thinner	walls	and	lighter	sections.	Various	combinations	of	strength	and	conductivity	can	be	developed	by	appropriate	overaging	treatments.
Materials	Processing	and	Treatment	|	Casting	Metals	and	Alloys	|	Copper	Select	all	/	Deselect	allThe	Non-Ferrous	Foundryman's	Handbook	provides	a	practical	reference	book	for	all	those	concerned	with	dealing	with	aluminium,	copper	and	magnesium	casting	alloys.	Tube	reducing	may	be	used	for	all	alloys	that	can	be	drawn	on	draw	benches.
Silicon	(Cu-Si)	bronzes	(C64700	to	C66100)	resemble	the	lower-aluminum	bronzes	in	mechanical	properties,	having	nominal	tensile	strengths	up	to	about	690	MPa	(100	ksi).	To	this	day,	copper	remains	the	key	to	modern	power	generation.	546	C90500	88Cu-10Sn-2Zn	.	68	/	Metallurgy,	Alloys,	and	Applications	Fig.	11.684	10.404	9.266	8.252	7.348
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0.4096	0.3648	0.3249	0.2893	0.2576	0.2294	0.2043	0.1819	0.1620	0.1443	0.1285	0.1144	0.1019	0.0907	0.0808	0.0720	0.0641	0.0571	0.0508	0.0453	0.0403	0.0359	0.0320	0.0285	0.0253	0.0226	0.0201	0.0179	0.0159	0.0142	0.0126	0.0113	0.0100	0.0089	0.0080	0.0071	0.0063	0.0056	0.0050	0.0045	0.0040	0.0035	0.0031	0.0028	0.0025	0.0022	0.0020
0.00176	0.00157	0.00140	0.00124	0.00111	0.00099	0.00088	0.00078	0.00070	0.00062	0.00055	0.00049	Conductor	area	at	20	°C	(68	°F)	mm2	107.0	85.0	67.4	53.5	42.4	33.6	26.7	21.2	16.8	13.3	10.5	8.37	6.63	5.26	4.17	3.31	2.63	2.08	1.65	1.31	1.04	0.823	0.654	0.517	0.411	0.324	0.259	0.205	0.162	0.128	0.102	0.081	0.065	0.051	0.040	0.032	0.026
0.020	0.016	0.013	0.010	0.0081	0.0062	0.0049	0.0040	0.0032	0.0023	0.0020	0.0016	0.00125	0.00099	0.00078	0.00062	0.00050	0.00039	0.00031	0.00025	0.00019	0.00015	0.00012	circular	mils	211,600	167,800	133,100	105,600	83,690	66,360	52,620	41,740	33,090	26,240	20,820	16,510	13,090	10,380	8,230	6,530	5,180	4,110	3,260	2,580	2,050
1,620	1,290	1,020	812	640	511	404	320	253	202	159	128	100	79.2	64.0	50.4	39.7	31.4	25.0	20.2	16.0	12.2	9.61	7.84	6.25	4.48	4.00	3.10	2.46	1.96	1.54	1.23	0.980	0.774	0.608	0.490	0.384	0.302	0.240	Net	weight	(a)	kg/km	953.2	755.7	599.4	475.5	377.0	299.0	237.1	188.0	149.1	118.2	93.8	74.4	59.0	46.8	37.1	29.5	23.4	18.5	14.7	11.6	9.24	7.32	5.80
4.61	3.66	2.89	2.31	1.82	1.44	1.14	0.908	0.716	0.576	0.451	0.357	0.289	0.228	0.179	0.141	0.113	0.0912	0.0720	0.0552	0.0433	0.0353	0.0281	0.0219	0.0180	0.0140	0.0111	0.00882	0.00673	0.00554	0.00442	0.00348	0.00274	0.00220	0.00173	0.00136	0.00108	lb/1000	ft	640.5	507.8	402.8	319.5	253.3	200.9	159.3	126.3	100.2	79.44	63.03	49.98	39.62
31.43	24.9	19.8	15.7	12.4	9.87	7.81	6.21	4.92	3.90	3.10	2.46	1.94	1.55	1.22	0.970	0.765	0.610	0.481	0.387	0.303	0.240	0.194	0.153	0.120	0.0949	0.0757	0.0613	0.0484	0.0371	0.0291	0.0237	0.0189	0.0147	0.0121	0.00938	0.00745	0.00593	0.00466	0.00372	0.00297	0.00234	0.00184	0.00148	0.00116	0.000914	0.000726	Elongation(b),	%	35	35	35	35
30	30	30	30	30	30	30	30	30	25	25	25	25	25	25	25	25	25	25	25	25	25	25	20	20	20	20	20	20	15	15	15	15	15	15	15	15	15	15	15	15(d)	15(d)	15(d)	15(d)	(d)	(d)	(d)	(d)	(d)	(d)	(d)	(d)	(d)	(d)	(d)	(d)	Nominal	resistance(c),	/1000	ft	(305	m)	0.0490	0.06180	0.07792	0.09821	0.1239	0.1563	0.1971	0.2485	0.3134	0.3952	0.4981	0.6281	0.7923	0.9992	1.26	1.59	2.00
2.52	3.18	4.02	5.06	6.40	8.04	10.2	12.8	16.2	20.3	25.7	32.4	41.0	51.4	65.2	81.0	104.0	131.0	162.0	206.0	261.0	330.0	415.0	513.0	648.0	850.0	1,079.0	1,323.0	1,659.0	2,143.0	2,593.0	3,345.6	4,216.0	5,291.6	6,734.7	8,432.1	10,583	13,400	17,058	21,166	27,009	34,342	43,214	(a)	Based	on	a	density	of	8.89	g/cm3	at	20	°C	(68	°F).	(d)	Includes	P.	The
shape	of	the	slit	edge	of	strip	depends	to	a	great	extent	on	the	properties	of	the	metal	being	slit.	450	Chemical	Properties	.	An	alloy	containing	nominally	60%	Cu,	0.75%	Sn,	and	39.25%	Zn,	generally	available	in	rod,	bar,	wire,	shapes,	tube,	and	to	some	extent	in	flat	products.	Enamel	Film	Insulation.	ACKNOWLEDGMENT	This	article	was	adapted
from	C.R.	Brooks,	Copper-Base	Alloys,	Chapter	8,	Heat	Treatment,	Structure	and	Properties	of	Nonferrous	Alloys,	American	Society	for	Metals,	1982,	p	275–327.	On	soft	metal,	set	must	be	adjusted	to	avoid	wire	edges.	Terms	sometimes	used,	but	not	recommended,	to	denote	non-leaded	brasses	at	nominal	copper	content	ranging	from	65	to	70%.	2.)
The	oxide	has	a	density	of	about	6	g/cm3	compared	to	~9	g/cm3	for	pure	copper,	and	hence	when	the	copper-oxygen	liquid	freezes,	less	contraction	occurs	than	if	the	liquid	were	pure	copper.	Figure	39	shows	a	microstructure	typical	of	the	eutectoid	alloy	after	slowly	cooling	from	.	All	coppers	and	copper	alloys,	produced	with	the	good	surface
expected	of	brass	mill	sheet	and	strip,	have	their	surfaces	removed	or	scalped	by	a	machining	operation	after	breakdown	rolling	to	remove	all	surface	oxides	remaining	from	Table	13	Characteristics	of	tinned,	solid,	round	copper	wire	specified	in	ASTM	B	33,	B	246,	B	258	Soft	(annealed)	wire	Conductor	size,	AWG	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16
17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	Hard-drawn	wire	Net	weight,	lb/1000	ft	Nominal	resistance,	V/1000	ft	Minimum	elongation(a),	%	Nominal	resistance,	/1000	ft	Minimum	breaking	strength,	lbf	200.9	159.3	126.3	100.2	79.44	63.03	49.98	39.62	31.43	24.9	19.8	15.7	12.4	9.87	7.81	6.21	4.92	3.90	3.10	2.46	1.94	1.55	1.22	0.970
0.765	0.610	0.481	0.387	0.303	0.204	0.194	0.153	0.120	0.1609	0.2028	0.2557	0.3226	0.4067	0.5127	0.6465	0.8154	1.039	1.31	1.65	2.08	2.62	3.31	4.18	5.26	6.66	8.36	10.6	13.3	16.9	21.1	26.7	34.4	43.5	54.5	69.3	86.1	110.0	141.0	174.0	221.0	281.0	25	25	25	25	25	25	25	25	20	20	20	20	20	20	20	20	20	20	20	20	20	20	15	15	15	15	15	15	10	10	10	10	10
…	…	0.2680	0.3380	0.4263	0.5372	0.6776	0.8545	1.087	1.37	1.73	2.18	2.74	3.46	4.37	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	1773	1432	1152	927.3	743.1	595.1	476.1	381.0	303.0	241.0	192.0	153.0	121.0	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	(a)	In	250	mm	(10	in.)	Table	14	Flat	products	(including	rectangles	and	squares)
furnished	in	rolls	or	in	straight	lengths	Products	available	at	a	given	width	1.25	in.	Electrical	conductivity,	%IACS	at	20	°C	(68	°F)	C10100,	C10200,	C11000	C10400,	C10500,	C10700,	C11300,	C11400,	C11500,	C11600	C10300	C12000,	C12100,	C12900	C18700	C14700	C14500,	C15000,	C15715	C10800,	C18135	C16200	C15725	C12200,	C14520
C18100,	C18200,	C18400	C15760	C16500	C21000	C19100,	C19150	C17410,	C17500,	C17510	C22000	C31400	C22600	C64700	C23000	C32000	C50700	C24000,	C31600	C26000,	C26130,	C26200,	C28000,	C38500	C26800,	C27000,	C37000,	C37700	C33500,	C34000,	C34200,	C34500,	C35000,	C35300,	C35330,	C35600,	C36000,	C46400,	C48200,
C48500	C46200	C67500	C67400	C17200,	C17300,	C67000,	C67600	C54400	C51000,	C61000	C61400	C52100,	C61800	C61300,	C62300,	C62400,	C65100	C62500	C70600,	C74500	C64200,	C69710,	C75700,	C79200	C63000,	C63200,	C65500,	C75400	C65600,	C66100,	C63020,	C69400,	C75200	C71500	Source:	Copper	Development	Association	Inc.
(c)	When	bar	is	ordered,	it	is	particularly	desirable	that	the	type	of	edge	be	specified.	469	C16200	99Cu-1Cd	.	High-leaded	tin	bronzes	(C93100–C94500)	are	primarily	used	for	sleeve	bearings.	The	earliest	stages	of	cold	rolling	and	annealing	are	designed	to	achieve	the	largest	practical	reduction	in	thickness	(limits	to	the	amount	of	reduction	are
discussed	in	the	section	“Effect	on	Properties”	in	this	article).	Inst.	538	C85200	72Cu-1Sn-3Pb-24Zn	.	E.K.	Albaugh,	Copper-Nickel	Piping	Reduces	Costs,	Biofouling/Corrosion,	World	Oil,	Nov	1984	8.	Like	nickelbase	alloys,	copper-nickels	exhibit	high	oxidation	resistance	in	steam	and	moist	air.	Davis;	prepared	under	the	direction	of	the	ASM
International	Handbook	Committee.	For	most	coppers	and	copper	alloys	this	small	amount	of	surface	oxidation	is	not	detrimental	after	normal	cleaning,	and	they	are	regularly	strip	annealed	throughout	processing,	including	finish	gage.	Generally,	brass	means	copper-zinc	alloys.	Other	commonly	forged	copper	alloys	include	naval	brass	(C46400),
lead	naval	brass	(C48500),	electrolytic	tough	pitch	copper	(C11000),	tellurium-copper	(C14500),	manganese	bronze	(C67500),	and	aluminum-silicon	bronze	(C64200).	Series.	(j)	Includes	Te		Se.	(k)	Includes	Cd.	Deoxidized	with	lithium	or	other	suitable	agreed-upon	elements.	123	Multifilament	Composite	Wires	.	An	alloy	nominally	containing	65%	Cu,
12%	Ni,	and	23%	Zn	nickel	silver,	55-18	(C77000).	397	Corrosion	in	Waters	.	Tempers	based	on	grain	size	are	also	available.	23	Typical	microstructure	of	annealed	Muntz	metal	(Cu-40Zn).	This	edge-to-edge	gage	control	contributes	to	the	maintenance	of	good	shape.	492	C34200	64.5Cu-33.5Zn-2Pb	.	Thus,	Table	2	Approximate	oxygen	content	and
properties	of	three	commercially	pure	coppers	and	a	silver-bearing	copper	Oxygen	content,	wt%	Others,	wt%	Electrical	resistivity	at	20	°C	(68	°F),	m/mm2	99.0	min	(Cu		Ag)	99.90	0.04–0.05	…	58.6	226	40	0.01	0.004–0.012	P	49.3	196	40	99.99	min	0.001	max	…	58.6	226	40	99.90	…	0.03–0.05	Ag	(10–15	oz	per	ton)	58.0	226	40	Copper	content,	wt%
Tough	pitch	copper	Deoxidized	low-phosphorus	copper	Oxygen-free	electronic	copper	Silver-bearing	Source:	Ref	6	Thermal	conductivity	at	20	°C	(68	°F),	W/m	·	K	Hardness,	HRF	this	copper	can	be	used	where	extensive	cold	working	is	involved	and	can	be	heat	treated	in	reducing	gases,	whereas,	as	described	previously,	tough	pitch	copper	cannot.
33)	shows	that	the	combined	solutes	have	extensive	solubility	in	.	45c)	revolution,	the	volume	of	material	removed	by	the	drill	will	contain	about	150,000	lead	particles	(see	Fig.	The	cobalt	and	nickel	additions	form	dispersoids	of	equilibrium	(Cu,	Co,	or	Ni)Be	that	restrict	grain	growth	during	solution	annealing	in	the	two-phase	field	at	elevated
temperatures	(Fig.	This	results	in	improved	machine	surface	finishes.	Tube	size	is	reduced—outside	diameter,	inside	diameter,	wall	thickness,	and	cross-sectional	area	all	are	smaller	after	drawing.	This	ratio	of	diameters	is	called	the	drawing	ratio,	and	the	maximum	ratio	that	will	withstand	fracture	is	a	measure	of	drawability.	127	Alkaline	Plating
Baths	.	12	to	24	in.	Brasses	containing	more	than	15%	Zn	are	the	most	susceptible.	Finer	finishes	are	possible	in	many	cases,	but	this	depends	very	much	on	the	size	and	shape	of	the	product.	204	Rubber-Pad	Forming	.	For	thickness	control	during	highspeed	rolling,	continuous	measurement	of	this	dimension	is	a	necessity.	47	Age-hardening	response
of	a	Cu-1.9Be	alloy.	It	is	difficult,	however,	to	control	the	reaction	so	that	the	amount	of	phosphorus	added	is	just	sufficient	to	combine	with	the	oxygen	but	not	leave	any	unreacted	phosphorus	dissolved	in	the	copper.	Holding	below	about	850	°C	(1560	°F)	results	in	increasing	amounts	of		existing	with	the	,	and	hence	the	quenched	alloy	has	an
increasing	amount	of	the	soft		present,	decreasing	the	Brinell	hardness	to	about	120.	11),	and	Fig.	Copper-base	forgings	can	be	made	to	precise	dimensions	and	to	sections	thinner	than	3.2	mm	(0.125	in.);	however,	section	sizes	are	normally	limited	by	the	features	of	the	part	in	question.	S,	C,	CL,	PM,	I,	P	86.0–90.0(g)(h)	5.5–6.5	1.0–2.0	3.0–5.0	1.0(i)
0.25	0.25	Sb,	0.05	S,	0.05	P(j),	C92200	245,	88-6-11/2-41/2,	Navy	“M”	bronze,	0.005	Al,	0.005	Si	steam	bronze,	(SAE	622)	1.7–2.5	3.0–4.5	0.7–1.0	0.25	0.25	Sb,	0.05	S,	0.03	P,	C92210	…	…	86.0–89.0(g)(h)	4.5–5.5	0.005	Al,	0.005	Si	0.30–1.0	2.5–5.0	1.0(i)	0.25	0.25	Sb,	0.05	S,	0.05	P(j),	C92300	230,	87-8-1-4,	leaded	S,	C,	CL,	PM,	I,	P	85.0–89.0(g)(h)
7.5–9.0	“G”	bronze	0.005	Al,	0.005	Si	7.5–8.5	0.30–1.5	3.5–4.5	1.0(i)	…	0.03	Mn,	0.005	Al,	0.005	Si	C92310	…	S,	C,	CL,	PM,	I,	P	bal(g)(h)	1.0–2.5	1.0–3.0	1.0(i)	0.25	0.25	Sb,	0.05	S,	0.05	P(j),	C92400	…	S,	C,	CL,	PM,	I,	P	86.0–89.0(g)(h)	9.0–11.0	0.005	Al,	0.005	Si	6.0–8.0	2.5–3.5	1.5–3.0	0.20(i)	0.20	0.25	Sb,	0.05	Mn,	0.005	Al,	C92410	…	S,	C,	CL,	PM,	I,
P	bal(g)(h)	0.005	Si	1.0–1.5	0.50	0.8–1.5(i)	0.30	0.25	Sb,	0.05	S,	0.30	P(j),	C92500	200,	87-11-1-0-1,	(SAE	640)	S,	C,	CL,	PM,	I,	P	85.0–88.0(g)	10.0–12.0	0.005	Al,	0.005	Si	0.8–1.5	1.3–2.5	0.7(i)	0.20	0.25	Sb,	0.05	S,	0.03	P(j),	C92600	215,	87-10-1-2	S,	C,	CL,	PM,	I,	P	86.0–88.50(g)(h)	9.3–10.5	0.005	Al,	0.005	Si	9.5–10.5	0.30–1.5	1.7–2.8	1.0(i)	0.15	0.005
Al,	0.005	Si,	0.03	Mn	C92610	…	S,	C,	CL,	PM,	I,	P	bal(g)(h)	1.0–2.5	0.7	1.0(i)	0.20	0.25	Sb,	0.05	S,	0.25	P(j),	C92700	206,	88-10-2-0,	(SAE	63)	S,	C,	CL,	PM,	I,	P	86.0–89.0(g)(h)	9.0–11.0	0.005	Al,	0.005	Si	9.0–11.0	4.0–6.0	1.0	2.0(i)	0.20	0.25	Sb,	0.05	S,	0.10	P(j),	C92710	…	S,	C,	CL,	PM,	I,	P	bal(g)(h)	0.005	Al,	0.005	Si	4.0–6.0	0.8	0.80(i)	0.20	0.25	Sb,
0.05	S,	0.05	P(j),	C92800	295,	79-16-5-0	ring	metal	S,	C,	CL,	PM,	I,	P	78.0–82.0(g)(h)	15.0–17.0	0.005	Al,	0.005	Si	4.0–6.0	0.50	0.8–1.2(i)	0.50	0.25	Sb,	0.05	S,	0.05	P(j),	C92810	…	S,	C,	CL,	PM,	I,	P	78.0–82.0(g)	12.0–14.0	0.005	Al,	0.005	Si	S,	C,	CL,	PM,	I,	P	82.0–86.0(g)	9.0–11.0	2.0–3.2	0.25	2.8–4.0(i)	0.20	0.25	Sb,	0.05	S,	0.50	P(j),	C92900	84-10-
21/2-0-31/2,	leaded	nickel	tin	bronze	0.005	Al,	0.005	Si	Cu-Sn-Pb	alloys	(high	leaded	tin	bronzes):	Most	commonly	used	bearing	alloys,	found	in	bearings	operating	at	moderate	to	high	speeds,	as	in	electric	motors	and	appliances.	Temperature	tends	to	vary	in	the	coil	with	distance	from	the	heat-absorbing	surfaces.	The	structure	developed	at	lower
temperatures	depends	upon	the	heat	treatment,	as	this	controls	the	precipitation	and	formation	of	the		phase.	18	The	copper-zinc	phase	diagram	in	which	the		phase	is	stable	below	the	critical	temperature.	General	use	for	metal	under	0.25	mm	(0.010	in.)	thick	Shallow	drawn	parts,	stampings,	and	deep	drawn	parts	that	require	buffable	surfaces.	553
C93900	79Cu-6Sn-15Pb	.	The	choice	of	grade	and	temper	depends	on	the	intended	application.	560	C97800	66.5Cu-5Sn-1.5Pb-2Zn-25Ni	.	Effect	of	Alloying	and	Condition.	This	is	demonstrated	by	the	microstructures	in	Fig.	20	/	Metallurgy,	Alloys,	and	Applications	Table	2	(continued)	Copper-tin-phosphorus	alloys	(phosphor	bronzes)	Composition,
wt%	Copper	alloy	No.	Previous	trade	name	Cu(p)	Pb	Fe	C50725	C50780	C50900	C51000	C51080	C51100	C51800	C51900	C52100	C52400	C52480	…	…	…	Phosphor	bronze,	5%	A	…	…	Phosphor	bronze	…	Phosphor	bronze,	8%	C	Phosphor	bronze,	10%	D	…	94.0	min(p)	bal(p)	bal	bal	bal(p)	bal	bal	bal	bal	bal	bal	0.02	0.05	0.05	0.05	0.05	0.05	0.02	0.05
0.05	0.05	0.05	0.05–0.20	0.05–0.20	0.10	0.10	0.05–0.20	0.10	…	0.10	0.10	0.10	0.05–0.20	Sn	1.5–2.5	1.7–2.3	2.5–3.8	4.2–5.8	4.8–5.8	3.5–4.9	4.0–6.0	5.0–7.0	7.0–9.0	9.0–11.0	9.0–11.0	Zn	P	1.5–3.0	…	0.30	0.30	0.30	0.30	…	0.30	0.20	0.20	0.30	0.02–0.06	0.02–0.10	0.03–0.30	0.03–0.35	0.02–0.10	0.03–0.35	0.10–0.35	0.03–0.35	0.03–0.35	0.03–0.35	0.02–0.10
Other	named	elements	…	0.05–0.20Ni	…	…	0.05–0.20Ni	…	0.01Al	…	…	…	0.05–0.20Ni	Copper-tin-lead	phosphorus	alloys	(leaded	phosphor	bronzes)	Composition,	wt%	Copper	alloy	No.	Previous	trade	name	Cu(p)	Pb	Fe	Sn	Zn	P	C53400	C54400	Phosphor	bronze	B-1	Phosphor	bronze	B-2	bal	bal	0.8–1.2	3.5–4.5	0.10	0.10	3.5–5.8	3.5–4.5	0.30	1.5–4.5
0.03–0.35	0.01–0.50	Copper-phosphorus	and	copper-silver-phosphorus	alloys	(brazing	alloys)	Composition,	wt%	Copper	alloy	No.	C55180	C55181	C55280	C55281	C55282	C55283	C55284	Cu(cc)	Ag	P	bal	bal	bal	bal	bal	bal	bal	…	…	1.8–2.2	4.8–5.2	4.8–5.2	5.8–6.2	14.5–15.5	4.8–5.2	7.0–7.5	6.8–7.2	5.8–6.2	6.5–7.0	7.0–7.5	4.8–5.2	Copper-aluminum	alloys
(aluminum	bronzes)	Composition,	wt%	Copper	alloy	No.	Cu	(incl	Ag)	(p)	Pb	Fe	Sn	C60800	C61000	C61300	C61400	C61500	C61550	C61800	C61900	C62200	C62300	C62400	C62500	C62580	C62581	C62582	C63000	C63010	C63020	C63200	C63280	C63380	C63400	C63600	C63800	C64200	C64210	bal	bal	bal(t)	bal	bal	bal	bal	bal	bal	bal	bal	bal	bal
bal	bal	bal	78.0	min(t)	74.5	min	bal	bal	bal	bal	bal	bal	bal	bal	0.10	0.02	0.01	0.01	0.015	0.05	0.02	0.02	0.02	…	…	…	0.02	0.02	0.02	…	…	0.03	0.02	0.02	0.02	0.05	0.05	0.05	0.05	0.05	0.10	0.50	2.0–3.0	1.5–3.5	…	0.20	0.50–1.5	3.0–4.5	3.0–4.2	2.0–4.0	2.0–4.5	3.5–5.5	3.0–5.0	3.0–5.0	3.0–5.0	2.0–4.0	2.0–3.5	4.0–5.5	3.5–4.3(ee)	3.0–5.0	2.0–4.0	0.15	0.15	0.20
0.30	0.30	…	…	0.20–0.50	…	…	0.05	…	0.6	…	0.6	0.20	…	…	…	…	0.20	0.20	0.25	…	…	…	0.20	0.20	…	0.20	0.20	Zn	…	0.20	0.10(dd)	0.20	…	0.8	0.02	0.8	0.02	…	…	…	0.02	0.02	0.02	0.30	0.30	0.30	…	…	0.15	0.50	0.50	0.8	0.50	0.50	Al	Mn	Si	Ni	(incl	Co)	Other	named	elements	5.0–6.5	6.0–8.5	6.0–7.5	6.0–8.0	7.7–8.3	5.5–6.5	8.5–11.0	8.5–10.0	11.0–12.0	8.5–
10.0	10.0–11.5	12.5–13.5	12.0–13.0	13.0–14.0	14.0–15.0	9.0–11.0	9.7–10.9	10.0–11.0	8.7–9.5	8.5–9.5	7.0–8.5	2.6–3.2	3.0–4.0	2.5–3.1	6.3–7.6	6.3–7.0	…	…	0.20	1.0	…	1.0	…	…	…	0.50	0.30	2.0	…	…	…	1.5	1.5	1.5	1.2–2.0	0.6–3.5	11.0–14.0	…	…	0.10	0.10	0.10	…	0.10	0.10	…	…	…	0.10	…	0.10	0.25	0.25	…	0.04	0.04	0.04	0.25	…	…	0.10	…	0.10	0.25–0.45
0.7–1.3	1.5–2.1	1.5–2.2	1.5–2.0	…	…	0.15	…	1.8–2.2	1.5–2.5	…	…	…	1.0	…	…	…	…	…	4.0–5.5	4.5–5.5	4.2–6.0	4.0–4.8(ee)	4.0–5.5	1.5–3.0	0.15	0.15	0.20(ff)	0.25	0.25	0.02–0.35As	…	0.015P(dd)	0.015P	…	…	…	…	…	…	…	…	…	…	…	…	…	0.20Co,	0.05Cr	…	…	…	0.15As	0.15As	0.25–0.55Co	0.15As	0.15As	(continued)	incl,	including.	14	International	Alloy	and
Temper	Designations	.	C81400	70C	S,	C,	CL,	PM,	I,	P	98.5	min(d)	…	…	…	…	…	0.02–0.10	Be,	0.6–1.0	Cr	0.10	0.02	0.10	…	0.10	0.15	Si,	0.10	Al,	C81500	Chromium-copper	S,	C,	CL,	PM,	I,	P	98.0	min(d)	0.40–1.5	Cr	0.10	0.02	0.10	2.0–3.0(f)	0.15	0.40–0.8	Si,	0.10	Al,	C81540	Chromium-copper	S,	C,	CL,	PM,	I,	P	95.1	min(d)(e)	0.10–0.6	Cr	0.10	0.02	0.10
0.20	0.10	0.10	Al,	0.10	Cr,	0.15	Si,	C82000	10C	S,	C,	CL,	PM,	I,	P,	D	bal(d)	2.40–2.70	Co(f),	0.45–0.8	Be	…	…	…	1.0–2.0	…	0.35–0.80	Be,	0.30	Co	C82200	35C,	53B	S,	C,	CL,	PM,	I,	P	bal(d)	0.10	0.02	0.10	0.20	0.20	0.20–0.65	Co,	1.60–1.85	Be,	C82400	165C	S,	C,	CL,	PM,	I,	P,	D	bal(d)	0.15	Al,	0.10	Cr	0.10	0.02	0.10	0.20	0.25	1.90–2.25	Be,	0.35–0.70
Co(f),	C82500	20C	S,	C,	CL,	PM,	I,	P,	D	bal(d)	0.20–0.35	Si,	0.15	Al,	0.10	Cr	0.10	0.02	0.10	0.20	0.25	1.90–2.15	Be,	1.0–1.2	Co(f),	C82510	Increased-Co	20C	S,	C,	CL,	PM,	I,	P,	D	bal(d)	0.20–0.35	Si,	0.15	Al,	0.10	Cr	0.10	0.02	0.10	0.20	0.25	2.25–2.55	Be,	0.35–0.65	Co,	C82600	245C	S,	C,	CL,	PM,	I,	P,	D	bal(d)	0.20–0.35	Si,	0.15	Al,	0.10	Cr	0.10	0.02
0.10	1.0–1.5	0.25	2.35–2.55	Be,	0.15	Si,	C82700	Ni-Be-Cu	S,	C,	CL,	PM,	I,	P	bal(d)	0.15	Al,	0.10	Cr	0.10	0.02	0.10	0.20	0.25	2.50–2.85	Be,	0.35–0.70	Co(f),	C82800	275C	S,	C,	CL,	PM,	I,	P,	D	bal(d)	0.20–0.35	Si,	0.15	Al,	0.10	Cr	Cu-Sn-Zn	and	Cu-Sn-Zn-Pb	alloys	(red	and	leaded	red	brasses):	High-copper	brasses	with	reasonable	electrical	conductivity
and	moderate	strength.	Increased	cooling	rate	from	the		region	should	develop	a	fine	domain	size	and	perhaps	allow	less	than	the	equilibrium	amount	of	order	to	develop.	The	critical	temperature	for	the	ordering	process	is	dependent	upon	the	composition	of	the		phase,	and	this	is	the	line	shown	in	Fig.	Edges	square	with	almost	no	break.	In	order	to
provide	a	wire	of	good	surface	quality,	it	is	necessary	to	have	clean	wire	rod	with	a	smooth,	oxide-free	surface.	56	/	Metallurgy,	Alloys,	and	Applications	Table	1	(continued)	Mechanical	properties(b)	Alloy	number	(and	name)	Nominal	composition,	%	C35000	(medium-leaded	brass)	C35300	(high-leaded	brass)	C35600	(extra-high-leaded	brass)	C36000
(free-cutting	brass)	C36500	to	C36800	(leaded	Muntz	metal)(j)	C37000	(free-cutting	Muntz	metal)	C37700	(forging	brass)(k)	C38500	(architectural	bronze)(k)	C40500	C40800	C41100	C41300	C41500	C42200	C42500	C43000	C43400	C43500	C44300,	C44400,	C44500	(inhibited	admiralty)	C46400	to	C46700	(naval	brass)	C48200	(naval	brass,
medium-leaded)	C48500	(leaded	naval	brass)	C50500	(phosphor	bronze,	1.25%	E)	C51000	(phosphor	bronze,	5%	A)	C51100	C52100	(phosphor	bronze,	8%	C)	C52400	(phosphor	bronze,	10%	D)	62.5	Cu,	1.1	Pb,	36.4	Zn	62.0	Cu,	1.8	Pb,	36.2	Zn	63.0	Cu,	2.5	Pb,	34.5	Zn	61.5	Cu,	3.0	Pb,	35.5	Zn	60.0	Cu(l),	0.6	Pb,	39.4	Zn	60.0	Cu,	1.0	Pb,	39.0	Zn	59.0
Cu,	2.0	Pb,	39.0	Zn	57.0	Cu,	3.0	Pb,	40.0	Zn	95	Cu,	1	Sn,	4	Zn	95	Cu,	2	Sn,	3	Zn	91	Cu,	0.5	Sn,	8.5	Zn	90.0	Cu,	1.0	Sn,	9.0	Zn	91	Cu,	1.8	Sn,	7.2	Zn	87.5	Cu,	1.1	Sn,	11.4	Zn	88.5	Cu,	2.0	Sn,	9.5	Zn	87.0	Cu,	2.2	Sn,	10.8	Zn	85.0	Cu,	0.7	Sn,	14.3	Zn	81.0	Cu,	0.9	Sn	18.1	Zn	71.0	Cu,	28.0	Zn,	1.0	Sn	60.0	Cu,	39.25	Zn,	0.75	Sn	60.5	Cu,	0.7	Pb,	0.8	Sn,	38.0
Zn	60.0	Cu,	1.75	Pb,	37.5	Zn,	0.75	Sn	98.75	Cu,	1.25	Sn,	trace	P	95.0	Cu,	5.0	Sn,	trace	P	95.6	Cu,	4.2	Sn,	0.2	P	92.0	Cu,	8.0	Sn,	trace	P	90.0	Cu,	10.0	Sn,	trace	P	C54400	(free-cutting	phosphor	bronze)	C60800	(aluminum	bronze,	5%)	C61000	C61300	C61400	(aluminum	bronze,	D)	C61500	C61800	C61900	C62300	C62400	C62500(k)	C63000	C63200
C63600	C63800	C64200	C65100	(low-silicon	bronze,	B)	C65400	C65500	(high-silicon	bronze,	A)	C66700	(manganese	brass)	C67400	C67500	(manganese	bronze,	A)	C68700	(aluminum	brass,	arsenical)	C68800	C69000	C69400	(silicon	red	brass)	C70250	C70400	C70600	(copper-nickel,	10%)	C71000	(copper-nickel,	20%)	C71300	C71500	(copper-
nickel,	30%)	C71700	C72500	C73500	C74500	(nickel	silver,	65-10)	C75200	(nickel	silver,	65-18)	C75400	(nickel	silver,	65-15)	88.0	Cu,	4.0	Pb,	4.0	Zn,	4.0	Sn	95.0	Cu,	5.0	Al	92.0	Cu,	8.0	Al	92.65	Cu,	0.35	Sn,	7.0	Al	91.0	Cu,	7.0	Al,	2.0	Fe	90.0	Cu,	8.0	Al,	2.0	Ni	89.0	Cu,	1.0	Fe,	10.0	Al	86.5	Cu,	4.0	Fe,	9.5	Al	87.0	Cu,	3.0	Fe,	10.0	Al	86.0	Cu,	3.0	Fe,	11.0
Al	82.7	Cu,	4.3	Fe,	13.0	Al	82.0	Cu,	3.0	Fe,	10.0	Al,	5.0	Ni	82.0	Cu,	4.0	Fe,	9.0	Al,	5.0	Ni	95.5	Cu,	3.5	Al,	1.0	Si	95.0	Cu,	2.8	Al,	1.8	Si,	0.40	Co	91.2	Cu,	7.0	Al	98.5	Cu,	1.5	Si	95.44	Cu,	3	Si,	1.5	Sn,	0.06	Cr	97.0	Cu,	3.0	Si	70.0	Cu,	28.8	Zn,	1.2	Mn	58.5	Cu,	36.5	Zn,	1.2	Al,	2.8	Mn,	1.0	Sn	58.5	Cu,	1.4	Fe,	39.0	Zn,	1.0	Sn,	0.1	Mn	77.5	Cu,	20.5	Zn,	2.0	Al,
0.1	As	73.5	Cu,	22.7	Zn,	3.4	Al,	0.40	Co	73.3	Cu,	3.4	Al,	0.6	Ni,	22.7	Zn	81.5	Cu,	14.5	Zn,	4.0	Si	96.2	Cu,	3	Ni,	0.65	Si,	0.15	Mg	92.4	Cu,	1.5	Fe,	5.5	Ni,	0.6	Mn	88.7	Cu,	1.3	Fe,	10.0	Ni	79.0	Cu,	21.0	Ni	75	Cu,	25	Ni	70.0	Cu,	30.0	Ni	67.8	Cu,	0.7	Fe,	31.0	Ni,	0.5	Be	88.2	Cu,	9.5	Ni,	2.3	Sn	72.0	Cu,	10.0	Zn,	18.0	Ni	65.0	Cu,	25.0	Zn,	10.0	Ni	65.0	Cu,	17.0
Zn,	18.0	Ni	65.0	Cu,	20.0	Zn,	15.0	Ni	Commercial	forms	(a)	MPa	ksi	MPa	ksi	Elongation	in	50	mm	(2	in.)	(b),	%	Machinability	rating(c),	%	F,	R	F,	R	F	F,	R,	S	F	T	R,	S	R,	S	F	F	F,	W	F,	R,	W	F	F	F	F	F	F,	T	F,	W,	T	310–655	338–586	338–510	338–469	372	372–552	359	414	269–538	290–545	269–731	283–724	317–558	296–607	310–634	317–648	310–607
317–552	331–379	45–95	49–85	49–74	49–68	54	54–80	52	60	39–78	42–79	39–106	41–105	46–81	43–88	45–92	46–94	45–88	46–80	48–55	90–483	117–427	117–414	124–310	138	138–414	138	138	83–483	90–517	76–496	83–565	117–517	103–517	124–524	124–503	103–517	110–469	124–152	13–70	17–62	17–60	18–45	20	20–60	20	20	12–70	13–75	11–72
12–82	17–75	15–75	18–76	18–73	15–75	16–68	18–22	66–1	52–5	50–7	53–18	45	40–6	45	30	49–3	43–3	13–2	45–2	44–2	46–2	49–2	55–3	49–3	46–7	65–60	70	90	100	100	60	70	80	90	20	20	20	20	30	30	30	30	30	30	30	F,	R,	T,	S	F,	R,	S	F,	R,	S	F,	W	F,	R,	W,	T	F	F,	R,	W	F,	R,	W	379–607	386–517	379–531	276–545	324–965	317–710	379–965	455–1014	55–88
56–75	55–77	40–79	47–140	46–103	55–140	66–147	50–17	43–15	40–15	48–4	64–2	48–2	70–2	70–3	30	50	70	20	20	20	20	20	F,	R	T	R,	W	F,	R,	T,	P,	S	F,	R,	W,	T,	P,	S	F	R	F	F,	R	F,	R	F,	R	F,	R	F,	R	R,	W	F	F,	R	R,	W,	T	F	F,	R,	W,	T	F,	W	F,	R	R,	S	T	F	F	R	F	F,	T	F,	T	F,	W,	T	F	F,	R,	T	F,	R,	W	F,	R,	W,	T	F,	R,	W,	T	F,	W	F,	R,	W	F	303–517	414	483–552	483–586
524–614	483–1000	552–586	634–1048	517–676	621–724	689	621–814	621–724	414–579	565–896	517–703	276–655	276–793	386–1000	315–689	483–634	448–579	414	565–889	496–896	552–689	586–758	262–531	303–414	338–655	338–655	372–517	483–1379	379–827	345–758	338–896	386–710	365–634	44–75	60	70–80	70–85	76–89	70–145	80–85	92–
152	75–98	90–105	100	90–118	90–105	60–84	82–130	75–102	40–95	40–115	56–145	45.8–100	70–92	65–84	60	82–129	72–130	80–100	85–110	38–77	44–60	49–95	49–95	54–75	70–200	55–120	50–110	49–130	56–103	53–92	172–455	25–66	172–365	25–53	172–365	25–53	97–345	14–50	131–552	19–80	345–552	50–80	165–552	24–80	193	28	(Annealed)	131–
434	19–63	186	27	207–379	30–55	207–400	30–58	228–414	33–60	152–965	22–140	269–293	39–42.5	338–1000	49–145	241–359	35–52	276–359	40–52	379	55	345–517	50–75	310–365	45–53	…	…	372–786	54–114	241–469	35–68	103–476	15–69	130–744	20–108	145–483	21–70	83–638	12–92.5	234–379	34–55	207–414	30–60	186	27	379–786	55–114	345–
807	50–117	276–393	40–57	552–784	80–105	276–524	40–76	110–393	16–57	90–586	13–85	90–586	13–85	138–483	20–70	207–1241	30–180	152–745	22–108	103–579	15–84	124–524	18–76	172–621	25–90	124–545	18–79	50–16	55	65–25	42–35	45–32	55–1	28–23	30–1	35–22	18–14	1	20–15	25–20	64–29	36–4	32–22	55–11	40–3	63–3	60–2	28–20	33–19	55
36–2	40–2	25–20	40–3	46–2	42–10	40–3	40–3	45–15	40–4	35–1	37–1	50–1	45–3	43–2	80	20	20	30	20	30	40	…	50	50	20	30	30	40	…	60	30	20	30	30	25	30	30	…	…	30	20	20	20	20	20	20	20	20	20	20	20	20	Tensile	strength	Yield	strength	(continued)	(a)	F,	flat	products;	R,	rod;	W,	wire;	T,	tube;	P,	pipe;	S,	shapes.	Today,	copper	and	copper	alloys	remain	one
of	the	major	groups	of	commercial	metals,	ranking	third	behind	only	iron/steel	and	aluminum	in	production	and	consumption.	Cake	has	a	slablike	configuration—about	8.5	m	(28	ft)	long	and	200	mm	(8	in.)	thick.	In	one	commercial	process	reactor,	the	air	is	injected	through	tuyeres	into	a	vessel	similar	to	an	elongated	converter.	Cluster	rolling	mills
(for	example,	Sendzimir	mills)	were	designed	to	counteract	both	the	vertical	and	horizontal	elements	of	the	rolling	forces	and	thus	enable	the	use	of	minimumdiameter	work	rolls	(Fig.	22	show	that	above	the	critical	temperature,	the	ductility	and	toughness	of	the	-composition	alloys	increase	markedly.	Specific	examples	include:	•	nickel	silver,	65-10
(C74500).	More	detailed	information	on	oxide-dispersionstrengthened	copper	alloys	is	found	in	the	article	“Powder	Metallurgy	Copper	and	Copper	Alloys”	in	this	Handbook.	An	alloy	nominally	containing	65%	Cu,	15%	Ni,	and	20%	Zn	nickel	silver,	65-12	(C75700).	Source:	Ref	19	LIVE	GRAPH	Click	here	to	view	LIVE	GRAPH	Click	here	to	view	Fig.
Hydrogen	embrittlement	is	observed	when	tough	pitch	coppers,	which	are	alloys	containing	cuprous	oxide,	are	exposed	to	a	reducing	atmosphere.	They	are	readily	weldable,	and	can	be	machined	or	ground,	although	good	lubrication	and	cooling	are	essential	to	obtain	fine	surface	finishes.	Markets	and	Applications	SELECTED	REFERENCES	The	five
major	market	categories	shown	at	the	far	right	in	Fig.	To	reduce	such	residual-stress	variations,	the	metal	is	heated	to	a	temperature	below	the	recrystallization	temperature,	usually	between	200	and	350	°C	(390	and	660	°F),	and	held	there	for	0.5	to	1	h.	For	comparison,	also	shown	are	the	hardness	and	structure	for	a	10%	Al	alloy	for	similar	heat
treatments.	508	C52400	90Cu-10Sn	.	114	Copper-Base	Dispersion-Strengthened	Materials	.	Duffin,	“Comparable	Machinability	of	Brasses,	Steels	and	Aluminum	Alloys;	CDA’s	Universal	Machinability	Index,”	SAE	Technical	Paper	900365,	(Warrendale,	Pa.),	Society	of	Automotive	Engineers	Inc.,	1990	5.	No	claim	of	any	kind,	whether	as	to	products	or
information	in	this	publication,	and	whether	or	not	based	on	negligence,	shall	be	greater	in	amount	than	the	purchase	price	of	this	product	or	publication	in	respect	of	which	damages	are	claimed.	If	local	conditions	are	favorable,	it	is	also	possible	to	make	liquid	SO2	or	elemental	sulfur	from	strong	SO2	gases.	565	Specification	Cross-Reference	for
Wrought	and	Cast	Products	.	5	Alloy	Terminology	.	Two	examples	are	examined	below.	The	opening	between	work	rolls	is	set	smaller	than	the	billet,	and	the	resultant	pressure	acting	around	the	periphery	of	the	billet	opens	up	tensile	cracks,	and	then	a	rough	hole,	at	the	center	of	the	billet	just	in	front	of	the	piercing	plug.	Both	copper	producers	and
wire	mills	produce	continuously	cast	wire	rod.	These	refinery	shapes	are	further	processed	in	wire	mills	and	brass	mills.	Annealing.	Properties	vary	accordingly,	since		is	a	potent	strengthener.	The	most	commonly	used	enamels	are	based	on	polyvinyl	acetals,	polyesters,	and	epoxy	resins.	92	Applications	.	Other	applications	for	beryllium	copper	alloys
include	inlet	guide	vanes	for	helicopter	turbine	engines	(C82200),	pitot	tube	housings	for	high-speed	aircraft,	golf	club	heads	(C82500),	and	components	of	undersea-cable	repeater	housings.	The	smelting	reaction	for	these	processes	can	be	represented	by	the	following	reaction:	2CuFeS2		2		SiO2	+	(1	+	3)	O2	→	Cu2S		2(1	)FeS		2		FeO		SiO2		(1	
2)SO2	(Eq	2)	where		is	the	fraction	of	FeS	reacted	(typically,	in	the	range		0.5	to	0.9).	Cast	Copper	and	Copper	Alloys	/	87	Table	1	(continued)	UNS	No.	Other	designations,	descriptive	names	(former	SAE	No.)	Applicable	casting	processes(a)	Composition(b),	wt%	Cu	Sn	Pb	Zn	Ni	Fe	Other	Copper-zinc	and	Cu-Zn-Pb	alloys	(yellow	and	leaded	yellow
brasses):	Low-cost,	low-to-moderate	strength,	general-purpose	casting	alloys	with	good	machinability,	adequate	corrosion	resistance	for	many	water-service	applications	including	marine	hardware	and	automotive	cooling	systems.	288	Welding	of	Aluminum	Bronzes	.	26a).	Concurrently,	wall	thickness	is	reduced	by	drawing	over	a	plug	or	mandrel	that
may	be	either	fixed	or	floating.	(u)	Cu		sum	of	named	elements,	99.8%	min.	187	Feeding	.	Although	the	internal	residual	stresses	left	in	the	strip,	from	edge	to	edge	and	along	the	length,	from	this	severe	working	are	relatively	uniform,	small	variations	sometimes	exist	that	can	cause	a	difference	in	spring-back	during	subsequent	forming	operations.	In
the	automotive	and	aerospace	industries,	copper	tube	is	used	for	hydraulic	lines,	heat	exchangers	(such	as	automotive	radiators),	air	conditioning	systems,	and	various	formed	or	machined	fittings.	The	basic	problem	is	to	reduce	the	thickness	as	much	as	possible	in	each	rolling	operation	while	maintaining	uniformity	of	thickness	across	the	width	and
length	of	a	coil	that	is	60	to	180	m	(200	to	600	ft)	long	at	the	first	rolling	pass	and	could	be	7500	m	(25,000	ft)	long	if	rolled	to	0.1	mm	(0.004	in.)	finish	gage.	(b)	Pseudobinary	composition	for	C17510,	a	high-conductivity	alloy	enon	known	as	spinodal	decomposition.	The	metal	is	first	flattened	and	then	cut	to	length	on	a	flying	shear.	The	drawing
machine	operates	continuously;	the	operator	merely	welds	the	end	of	each	rod	coil	to	the	start	of	the	next	coil.	A	thermal	treatment	of	a	solution	heat-treated	product	to	produce	property	changes	such	as	hardening,	strengthening,	and	conductivity	increase	by	precipitation	of	constituents	from	the	supersaturated	solid	solution.	If	the	rate	of	cooling
from	the		region	is	quite	slow	(several	hours	to	20	°C,	or	68	°F),	then		nucleates	at	a	high	temperature	where	the	nucleation	rate	is	low,	and	the		crystals	grow	relatively	large	as	few	crystals	nucleate.	19(a)	was	achieved	by	placing	the	closed	and	open	circles	randomly	on	the	array,	small	regions	can	be	found	that	have	the	ordered	structure.	ksi	524
760	760	517	517	517	517	517	517	517	517	510	503	496	496	496	496	496	496	483	483	483	483	483	483	483	483	483	483	483	483	483	483	483	483	483	476	476	469	469	469	462	462	462	462	462	455	448	448	448	448	441	434	434	434	434	427	427	427	427	427	427	421	414	414	414	407	400	400	400	3	1	0.500	0.500	4	0.750	1	1	1	0.156	0.500	0.275
2.500	1	1	2	0.750	12.7	0.500	2	0.312	1	1	1	0.500	1	0.250	2	1	0.750	1	0.750	1	0.500	1	2	0.375	0.250	1	12.7	0.275	0.312	0.500	2	0.500	0.500	3	1	1	0.625	0.750	0.250–1	3	1	0.500	0.875	1	0.204	0.750	2	2	1.250	Annealed	1800	°F	(982	°C)	TB00	TD04	Half	hard,	H02,	20%	Half	hard,	H02,	20%	Hard,	H04,	35%	As	extruded,	M30	As	extruded,	M30	MPa	60	/
Metallurgy,	Alloys,	and	Applications	Table	3	(continued)	Size	Tensile	strength	UNS	No.	mm	in.	300	.	In	this	case,	the	formability	may	be	decreased.	The	alloys	find	numerous	uses	as	specialty	bearings,	pistons,	nozzles,	shifter	forks,	feed	mechanisms,	mechanical	actuators,	and	machinery	components.	copper-nickel	(C70100–C72950).	Source:	Ref	19
upon	cooling	rapidly	little		forms.	Their	high	conductivity	enables	high	production	speed,	while	their	good	corrosion/oxidation	resistance	promotes	long	die	life.	In	recent	years,	well	over	half	the	copper	consumed	in	the	United	States	has	been	derived	Matte	Fig.	30	The	copper-tin	phase	diagram.	These	are	manufactured	to	the	latest	revisions	of	ASTM
B	33,	which	covers	soft	or	annealed	tinned-copper	wires,	and	B	246,	which	covers	hard-drawn	or	medium-hard-drawn	tinned-copper	wires.	Alloy	C68800	in	strip	form	is	a	common	electrical	connector	material.	33	Isotherm	at	500	°C	(932	°F)	for	the	copper-rich	corner	of	the	Cu-Zn-Sn	phase	diagram.	This	is	a	nonequilibrium	phase,	not	shown	on	the
phase	diagram.	Instead,	the		phase	has	excellent	hot	workability,	and	thus	the	40%	Zn	alloy	is	frequently	chosen	to	fabricate	objects	by	hot	working.	Further,	for	all	alloys,	the	grain	size	of	the	hot-rolled	product	is	determined	by	the	temperature	at	the	last	rolling	pass.	Widely	used	for	gears,	wormwheels,	bearings,	marine	fittings,	piston	rings,	and
pump	components.	C32000	C46400,	C48200	C75200	C10100,	C10200,	C10300,	C10400,	C10500,	C10700,	C10800,	C11000,	C11300,	C11400,	C11500,	C11600,	C12000,	C12100	C18200,	C18400	C18700	C21000	C26000,	C26130,	C26200,	C26800,	C27000	C31400	C34000	C35000	C35600,	C36000	C28000	C14500,	C14520,	C18700	C28000,	C37700
C31400	C34000	C35600,	C36000	C10100,	C10200,	C10300,	C10400,	C10500,	C10700,	C10800,	C11000,	C11300,	C11400,	C11500,	C11600,	C12000,	C12100,	C12900	C14500,	C14520	C18700	25.4	50.8	12.7	6.35	1	2	0.500	0.250	Half	hard,	H02,	25%	Soft	anneal,	O60	Grain	size	0.035	mm,	OS035	Hard,	H04,	40%	386	386	386	379	56	56	56	55	101.6
3.2	7.9	25.4	4.0	0.125	0.312	1	Solution	heat	treated	and	aged,	TF00	Hard,	H04,	50%	Hard,	H04	Eighth	hard,	H00,	6%	379	379	379	379	55	55	55	55	12.7	25.4	12.7	50.8	25.4	6.35	25.4	25.4	25.4	25.4	25.4	0.500	1	0.500	2	1	0.250	1	1	1	1	1	Half	hard,	H02,	25%	Quarter	hard,	H01,	10%	Grain	size	0.015	mm,	OS015	Half	hard,	H02,	15%	Soft	anneal,	O60
Hard,	H04,	45%	As	extruded,	M30	Half	hard,	H02,	20%	Grain	size	0.025	mm,	OS025	Soft	anneal	O60	Hard,	H04,	35%	379	379	379	379	372	365	358	358	345	338	331	55	55	55	55	54	53	52	52	50	49	48	12.7–25.4	25.4	12.7	25.4	0.500–1	1	0.500	1	Hard,	H04,	35%	Hard,	H04,	35%	Hard,	H04,	35%	Grain	size	0.050	mm,	OS050	331	331	331	331	48	48	48
48	12.7	6.35	12.7	64	25.4	50.8	0.500	0.250	0.500	2.500	1	2	Grain	size	0.050	mm,	OS015	Hard,	H04,	36%	Hard,	H04,	35%	Annealed,	O61	Hard,	H04,	29%	Hard,	H04,	16%	331	331	331	324	317	310	48	48	48	47	46	45	Hard,	H04	TB00	TB00	Eighth	hard,	H00	Half	hard,	H02,	20%	Half	hard,	H02,	20%	Half	hard,	H02,	20%	Half	hard,	H02,	20%	Half	hard,
H02,	15%	Hard,	H04,	25%	Half	hard,	H02,	20%	Mill	annealed	and	cold	worked	10%	Hard,	H04,	24%	Grain	size	0.050	mm,	OS050	Grain	size	0.035	mm	TD04	Grain	size	0.050,	OS050	Grain	size	0.035	mm,	OS035	Eighth	hard,	H00,	6%	Grain	size	0.050	mm,	OS050	Grain	size	0.025	mm,	OS025	Grain	size	0.050	mm	,	OS050	Grain	size	0.015	mm,	OS015
As	hot	rolled,	M20	310	310	310	310	296	296	296	290	290	290	290	283	276	276	276	276	276	276	262	255	248	241	228	221	45	45	45	45	43	43	43	42	42	42	42	41	40	40	40	40	40	40	38	37	36	35	33	32	C26000,	C26130,	C26200,	C26800,	C27000	C35000	C14700	C70600	C14700	C10100,	C10200,	C10400,	C10500,	C10700,	C10800,	C11000,	C11300,
C11400,	C11500,	C11600,	C12000,	C12100	C12200	C17500,	C17510	C18200,	C18400	C22000	C14500,	C14520	C14700	C18700	C14500,	C14520	C14700	C18700	C15000	C14700	C16500	C22000	C19150	C32000	C65100	C14500,	C14520,	C14700	C31400,	C31600	C16200	C14500,	C14520,	C14700	C10100,	C10200,	C10400,	C10500,	C10700,
C11000,	C11300,	C11400,	C11500,	C11600,	C12000,	C12100,	C12900	C10100,	C10200,	C10400,	C10500,	C10700,	C11000,	C11300,	C11400,	C11500,	C11600,	C12000,	C12100,	C12900,	C14500,	C14520,	C18700	C14700	Source:	Copper	Development	Association	Inc.	526	C75400	65Cu-20Zn-15Ni	.	The		phase	is	body-centered	cubic,	and,	in	spite	of



the	approximate	stoichiometry,	at	temperatures	above	about	470	°C	(880	°F)	the	cop-	Fig.	(e)	Includes	Ag.	(f)	Ni	+	Co.	(g)	In	determining	copper	min,	copper	can	be	calculated	as	Cu	+	Ni.	(h)	Cu	+	sum	of	named	elements,	99.3%	min.	313	Adhesive	Bonding	.	This	“slowfail”	feature	is	one	of	the	principal	advantages	that	leaded-bronze	sleeve	bearings
hold	over	rolling-element	bearings.	Many	contain	some	cobalt,	which	forms	an	insoluble	beryllium-	cobalt	compound	that	inhibits	grain	growth	during	solution	annealing.	cold	work.	An	alloy	containing	nominally	87.5%	Cu	and	12.5%	Zn,	having	a	rich	golden	color.	Figure	4	shows	the	variation	in	tensile	properties	with	cold	working	of	an	annealed	Cu-
30Zn	alloy	(C26000).	Nothing	contained	in	this	book	shall	be	construed	as	a	grant	of	any	right	of	manufacture,	sale,	use,	or	reproduction,	in	connection	with	any	method,	process,	apparatus,	product,	composition,	or	system,	whether	or	not	covered	by	letters	patent,	copyright,	or	trademark,	and	nothing	contained	in	this	book	shall	be	construed	as	a
defense	against	any	alleged	infringement	of	letters	patent,	copyright,	or	trademark,	or	as	a	defense	against	liability	for	such	infringement.	Alloys	with	more	than	about	8.5%	Al	can	contain	mixtures	of	several	phases	in	the	as-cast	condition.	183	Production	of	Copper	Alloy	Castings	.	The	strain	hardening	produced	leads	to	particularly	good	mechanical
properties,	and	no	distortion	occurs	during	the	heat	treatment.	For	annealed	tempers	and	the	lightly	cold-rolled	tempers	such	as	quarter	hard	and	half	hard,	coil	set	may	be	established	during	final	coiling.	The	rather	rare	exception	is	when	an	abnormally	high	annealing	temperature	is	required	that	causes	excessive	oxidation	or	dezincification	of	a
high-zinc	brass.	The	metal	is	rapidly	and	uniformly	raised	to	the	annealing	temperature	as	it	passes	through	the	heating	zone	of	the	furnace,	and	is	then	cooled	rapidly	by	cold	burned	gases	as	it	passes	through	the	cooling	zone,	still	protected	from	excessive	oxidation.	Any	disturbance	of	the	periodicity	of	the	copper	lattice	will	scatter	electrons	and
hence	decrease	the	electrical	conductivity.	Source:	Ref	19	Table	11	Recommended	heat	treatments	for	some	commercial	cast	and	wrought	copper-beryllium	alloys	Alloy	designation	Chemical	composition,	wt%	Solution	treatment(a)	Aging	treatment	for	maximum	hardness	Cast	alloys	C82400	C82500	C82600	C82800	98Cu-1.7Be-0.3Co	97.2Cu-2Be-
0.5Co-0.25Si	97Cu-2.4Be-0.5Co	96.6Cu-2.6Be-0.5Co-0.3Si	800–815	°C	(1470	–1500	°F)	790–800	°C	(1455–1470	°F)	790–800	°C	(1455–1470	°F)	790–800	°C	(1455–1470	°F)	3	h	at	345	°C	(655	°F)	3	h	at	345	°C	(655	°F)	3	h	at	345	°C	(655	°F)	3	h	at	345	°C	(655	°F)	98Cu-1.7Be-0.3Co	775–800	°C	(1425–1470	°F)	Cu-1.9Be-0.3Co	760–790	°C	(1400–1455
°F)	Wrought	alloys	C17000	C17200	(a)	Time	depends	upon	thickness	of	part.	19(a)	would	change	with	time,	as	the	lattice	thermal	vibrations	would	allow	atoms	to	move	from	one	lattice	site	to	another.	385	Nature	of	the	Protective	Oxide	Film	.	Conventional	hot-rolled	rod	must	be	cleaned	in	a	separate	operation,	but	with	the	advent	of	continuous
casting,	which	provides	better	surface	quality,	a	separate	cleaning	operation	is	not	required.	Then	the	wire	travels	through	a	series	of	ovens	to	cure	the	coating,	and	finished	wire	is	collected	on	spools.	36	Fig.	515	C63000	82Cu-10Al-5Ni-3Fe	.	Heating	above	about	850	°C	(1560	°F)	results	in	a	structure	that	is	all	,	and	hence	upon	quenching,	an	all-
martensite	structure	is	formed,	with	a	hardness	of	about	250	HB.	363	Ingot	Defects	.	The	initial	rolling	of	slabs	is	for	grain	refinement	as	well	as	to	begin	reduction	in	thickness.	Slitting,	Cutting,	and	Leveling	Following	the	final	rolling	or	the	final	annealing	and	cleaning,	the	strip	or	sheet	product	is	slit	to	its	final	width.	In	the	final	rolling	operations,
where	the	strip	is	brought	to	finish	gage,	the	cold	reductions	are	designed	to	meet	the	specified	property	(temper)	requirement.	446	Atomic	and	Electron	Structures	.	They	are	used	where	easy	stamping	and	machining	are	desired,	as	for	instance,	in	clock	and	watch	backs	and	gears	and	for	engraving.	Brass	mills	melt	and	alloy	feedstock	to	make
sheet,	strip,	plate,	foil,	tube,	pipe,	rod,	bar,	mechanical	wire,	forgings,	and	extrusions.	Wire	Coating.	481	v	C90700	89Cu-11Sn	.	It	is	capable	of	being	formed	readily	when	in	the	soft	(annealed)	condition	and	heat	treated	to	hardnesses	and	strengths	approaching	those	of	high-strength	steels.	Details	of	concentriclay	constructions	are	given	in	Table	9.
Copper	alloys	with	tin	as	the	principal	alloying	element,	deoxidized	with	phosphorus.	C.S.	Barrett,	Trans.	A	high-copper	alloy	containing	up	to	1.2%	Cd	for	improved	resistance	to	thermal	softening	and	increased	wear	resistance.	Silicon	brasses	have	been	considered	as	possible	lead-free	replacements	for	common	plumbing	brasses,	but	limited
machinability	restricts	their	wide-spread	acceptance.	cathode	copper.	In	tube	reducing,	semicircular	grooved	dies	are	rolled	or	rocked	back	and	forth	along	the	tube	while	a	tapered	mandrel	inside	the	tube	controls	the	inside	diameter	and	wall	thickness.	Chemical	properties	such	as	corrosion	resistance	and	plateability	are	not	strongly	affected	by
temper,	although	residual	cold-work-induced	tensile	stresses	render	some	copper	alloys	more	susceptible	to	stress-corrosion	cracking	than	would	be	the	case	when	the	metals	are	in	the	annealed	state.	This	would	occur	mainly	by	vacancy	movement,	but	the	vacancies	are	not	shown	in	the	figure	and	they	are	neglected	for	simplicity	in	the	following
description.	ASM	International	does	receive	a	discount	from	UPS	because	of	the	volume	of	shipping	we	do	and	this	discount	is	passed	along	to	you	directly.	McLean,	Mechanical	Properties	of	Metals,	John	Wiley	&	Sons,	New	York,	1962	11.	The	copper-oxygen	phase	diagram	is	shown	in	Fig.	Increasing	zinc	content	produces	stronger	and	“springier”
alloys,	at	the	expense	of	a	moderate	decrease	in	corrosion	resistance.	36	/	Metallurgy,	Alloys,	and	Applications	the	strengthening	to	be	significant	at	contents	in	the	30%	range	(Fig.	229	Production	of	Copper	Powder	by	Hydrometallurgical	Processing	.	(b)	Elongation	in	250	mm	(10	in.)	•	Prevent	oxidation	of	the	copper	during	hightemperature	service
Tin-lead	alloy	coatings	and	pure	tin	coatings	are	the	most	common;	nickel	and	silver	are	used	for	specialty	and	high-temperature	applications.	Again,	it	is	necessary	to	remember	that	even	very	rapid	cooling	cannot	suppress	the	ordering;	it	just	develops	a	very	fine	domain	size.	Properties	and	tolerances	are	generally	the	same	as	those	for	similar	slit-
edge	products.	(aa)	For	tubular	products,	the	minimum	Sn	content	can	be	0.9%.	Crane	and	A.	The	higher	reheating	temperature	gives	a	coarser	structure	and	hence	a	softer	material.	(a)	Binary	composition	for	high-strength	alloys	such	as	C17200.	Effect	of	Composition.	Also	referred	to	as	cupronickels.	The	other	impurities,	such	as	silver,	lead,	and
selenium,	are	virtually	insoluble	in	the	electrolyte	and	fall	as	slimes	to	the	bottom	of	the	tank.	(h)	Tempers	of	fully	finished	tubing	that	has	been	drawn	or	annealed	to	produce	specified	mechanical	properties	or	that	has	been	annealed	to	produce	a	prescribed	nominal	average	grain	size	are	commonly	identified	by	the	appropriate	H,	O,	or	OS	temper
designation	28	/	Metallurgy,	Alloys,	and	Applications	International	Alloy	and	Temper	Designations	International	Alloy	Designations.	These	were	excavated	in	Anatolia	(now	Turkey)	and	have	been	dated	as	early	as	7000	B.C.	The	discovery	of	a	copper-tin	alloy	and	its	uses	led	to	the	Bronze	Age,	which	began	in	the	Middle	East	before	3000	B.C.	More
recent	discoveries	in	Thailand,	however,	indicate	that	bronze	technology	was	known	in	the	Far	East	as	early	as	4500	B.C.	The	Bronze	Age	ended	about	1200	B.C.,	after	which	iron	technology	(the	Iron	Age)	became	common.	Tubular	Products	Tube	and	pipe	made	of	copper	or	copper	alloys	are	used	extensively	for	carrying	potable	water	in	buildings
and	homes.	(i)	Including	Co.	(j)	For	continuous	castings,	P	is	1.5%	max.	However,	at	sufficiently	high	tempering	temperatures	(i.e.,	above	about	400	°C,	or	750	°F),	the	tempering	time	is	sufficient	to	allow	coarsening	of	the	2,	and	the	hardness	decreases.	Source:	Ref	3	mation	of	the	less-dense	oxide	compensates	partially	for	the	volume	decrease	when
the	solid	copper	forms	from	the	liquid.	537	C84400	81Cu-3Sn-7Pb-9Zn	.	545	C87500,	C87800	82Cu-4Si-14Zn	.	Construction	details	are	shown	in	Tables	10	and	11.	Sizes	range	between	960	and	1240	mm	long	by	767	to	925	mm	wide	and	4	to	16	mm	thick	(roughly	3	ft	by	4	ft	by	14	in.).	Unavoidable	small	variations	in	thickness	at	both	ready-to-finish
and	finish	gages	and	in	grain	size	from	the	ready-to-finish	anneal	require	that	the	tensile	strength	requirement	be	given	as	a	range,	rather	than	a	single	value.	414	Corrosion	Testing	.	1,	this	should	lead	to	a	significant	reduction	in	the	electrical	conductivity,	and	this	is	substantiated	by	the	values	in	Table	2.	International	SI	units	are	used	throughout,
but	in	almost	all	cases	conversions	to	the	more	familiar	Metric	and	Imperial	units	are	given.	50.	(a)	Furnace	cooled.	The	process	by	which	the	ordered	structure	forms	from	the	disordered	lattice	can	be	quite	complex	and	in	some	alloys	is	not	well	understood.	449	Nuclear	Properties	.	Coppers	and	certain	brasses,	bronzes,	and	cupronickels	are	used
extensively	for	automobile	radiators,	heat	exchangers,	home	heating	systems,	panels	for	absorbing	solar	energy,	and	various	other	applications	requiring	rapid	conduction	of	heat	across	or	along	a	metal	section.	211	Forming	of	Wire	.	Alloys	not	falling	into	one	of	these	six	branches	are	classified	as	“other	copper-zinc	alloys”	(wrought	compositions)	or
“special	alloys”	(cast	compositions).	Alloys	containing	such	high	percentages	of	lead	are	not	suited	to	hot	working,	but	they	offer	several	advantages	as	castings.	(ff)	Not	including	Co.	(gg)	Fe		Co,	1.8-2.3%.	Unlike	sand	casting,	forging	produces	neither	hazardous	fumes	nor	residues	that	require	expensive	clean	up	or	special	disposal.	(g)	Tempers	to
meet	standard	requirements	based	on	cold	rolling	or	cold	drawing.	(r)	Cu	+	sum	of	named	elements,	99.7%	min.	Copper	alloys	make	up	the	remaining	55%.	100	C36000	80	C34000	60	Aluminum	alloy	C46400	2011-T3	Leaded	steel	12L14	40	20	0	Workpiece	material	Alloy	Terminology	Fig.	The	rod	is	reduced	in	diameter	from	8.3	mm	(0.325	in.)	to
about	2	mm	(0.08	in.)	by	drawing	it	through	dies	at	speeds	up	to	25	m/s	(5000	ft/min).	1	emerging	as	finished	products.	276	Arc	Welding	.	In	phosphor	bronzes	tensile	elongation	is	increased	and	strength	slightly	decreased.	203	Spinning	.	The	terms	“commercial	bronze,	95%”	and	“gilding	metal”	are	not	recommended.	Used	for	electrical	hardware,
including	cable	connectors	1.0–2.0	2.0–6.0	…	…	…	C83300	131,	contact	metal	S,	C,	CL	92.0–94.0(g)(h)	1.0–2.0	C83400	407.5,	commercial	bronze	S,	C,	CL	88.0–92.0(g)(h)	0.20	0.50	8.0–12.0	1.0	0.25	0.25	Sb,	0.08	S,	0.03	P,	90/10,	gilding	metal	0.005	Si,	0.005	Al	C83450	Nickel-bearing	leaded	S,	C,	CL	87.0–89.0(g)(h)	2.0–3.5	1.5–3.0	5.5–7.5	0.8–2.0(i)
0.30	0.25	Sb,	0.08	S,	0.03	P(j),	red	brass	0.005	Al,	0.005	Si	C83500	Leaded	nickel-bearing	S,	C,	CL	86.0–88.0(g)(h)	5.5–6.5	3.5–5.5	1.0–2.5	0.50–1.0(i)	0.25	0.25	Sb,	0.08	S,	0.03	P(j),	tin	bronze	0.005	Al,	0.005	Si	Cu-Sn-Zn	and	Cu-Sn-Zn-Pb	alloys	(red	and	leaded	red	brasses):	Good	corrosion	resistance,	excellent	castability,	and	moderate	strength.	408
Corrosion	in	Organic	Compounds	.	It	has	very	high	resistance	to	hydrogen	embrittlement.	Alloys	have	relatively	low	strength	and	poor	impact	properties	and	generally	require	reinforcement.	Anneals	are	usually	designed	to	produce	a	chosen	grain	size	for	a	specified	tensile	strength,	which	in	annealed	copper	and	copper	alloys	is	largely	dependent	on
grain	size,	with	few	exceptions.	2.	The		solubility	boundary	at	300	°C	(572	°F)	is	also	shown.	Both	hot-reduced	and	cold-reduced	milled	bars	are	typically	in	the	thickness	range	of	7.5	to	10	mm	(0.300	to	0.400	in.).	Wrought	Copper	and	Copper	Alloy	Families	The	most	common	way	to	catalog	copper	and	copper	alloys	is	to	divide	them	into	six	families:
coppers,	high-copper	(or	dilute)	alloys,	brasses,	bronzes,	copper-nickels,	and	nickel	silvers.	15,	and	a	variety	of	specialty	shapes	are	shown	in	Fig.	Eventually,	the	cooling	rate	becomes	sufficient	to	suppress	the	formation	of		altogether,	giving	a	structure	entirely	of	highly	unstable		at	20	°C	(68	°F).	Where	economically	feasible,	however,	the	high-
strength	brasses	have	increasingly	been	replaced	by	the	more	corrosion-resistant	and	equally	strong	aluminum	bronzes.	One	element	commonly	used	is	phosphorus.	The	effect	of	the	cooling	rate	is	shown	in	Fig.	446	Electrical	Properties	.	Thus,	the	Cu-10Al	alloy	is	hardest	with	the	least	amount	of	soft	,	and	the	maximum	amount	of	.	Tolerances	are
slightly	wider	in	heavier	forgings,	but	dimensions	can	be	held	as	tight	as	0.025	mm	(0.001	in.)	in	special	cases.	251	Heat	Treating	of	Beryllium-Copper	Alloys	.	0.6–2.0	21.0–27.0	0.50	0.50	0.7	0.10	P,	0.50	Sb	C98200	Leaded	copper,	25%	S,	C	bal(d)	SAE	49	0.50	26.0–33.0	0.50	0.50	0.7	1.5	Ag,	0.10	P,	0.50	Sb	C98400	Leaded	copper,	30%	S,	C	bal(d)
C98600	Leaded	copper,	35%	S,	C	60.0–70.0	0.50	30.0–40.0	…	…	0.35	1.5	Ag	SAE	480	0.25	37.5–42.5(aa)	0.10	…	0.35	5.5	Ag(aa),	0.02	P	C98800	Leaded	copper,	40%	S,	C	56.5–62.5(e)	SAE	481	C98820	Leaded	copper,	42%	S,	C	bal	1.0–5.0	40.0–44.0	…	…	0.35	…	SAE	484	C98840	Leaded	copper,	50%	S,	C	bal	1.0–5.0	44.0–58.0	…	…	0.35	…	SAE	485
Special	alloys:	Alloys	specifically	designed	for	glassmaking	molds,	but	also	used	for	marine	hardware.	(aa)	Pb	and	Ag	can	be	adjusted	to	modify	the	alloy	hardness.	18	can	be	used.	A	copper	that	in	the	annealed	condition,	has	a	minimum	electrical	conductivity	of	100%	IACS.	(h)	Tempers	of	fully	finished	tubing	that	has	been	drawn	or	annealed	to
produce	specified	mechanical	properties	or	that	has	been	annealed	to	produce	a	prescribed	nominal	average	grain	size	are	commonly	identified	by	the	appropriate	H,	O,	or	OS	temper	designation	Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys	/	27	Table	4	(continued)	Temper	name	or	material	condition	Temper	designation
Annealed	tempers(d)	O30	O31	O40	O50	O60	O61	O65	O68	O70	O80	O81	O82	Hot	extruded	and	annealed	Extruded	and	precipitation	heat	treated	Hot	pierced	and	annealed	Light	annealed	Soft	annealed	Annealed	Drawing	annealed	Deep-drawing	annealed	Dead-soft	annealed	Annealed	to	temper,	1/8	hard	Annealed	to	temper,	1/4	hard	Annealed	to
temper,	1/2	hard	Annealed	tempers(e)	OS005	OS010	OS015	OS025	OS035	OS045	OS050	OS060	OS065	OS070	OS100	OS120	OS150	OS200	Average	grain	size,	0.005	mm	Average	grain	size,	0.010	mm	Average	grain	size,	0.015	mm	Average	grain	size,	0.025	mm	Average	grain	size,	0.035	mm	Average	grain	size,	0.045	mm	Average	grain	size,	0.050
mm	Average	grain	size,	0.060	mm	Average	grain	size,	0.065	mm	Average	grain	size,	0.070	mm	Average	grain	size,	0.100	mm	Average	grain	size,	0.120	mm	Average	grain	size,	0.150	mm	Average	grain	size,	0.200	mm	Solution-treated	temper	TB00	Solution-treated	and	cold-worked	tempers	TD00	TD01	TD02	TD03	TD04	Mill-hardened	tempers(f)	TM08
XHMS	Quench-hardened	tempers	TQ00	TQ30	TQ50	TQ55	TQ75	Quench	hardened	Quench	hardened	and	tempered	Quench	hardened	and	temper	annealed	Quench	hardened	and	temper	annealed,	cold	drawn	and	stress	relieved	Interrupted	quench	hardened	Precipitation-hardened	or	spinodal-heat-treated,	cold-worked,	and	thermal-stress-relieved
tempers	TR01	TR02	TR04	TL01	and	stress	relieved	TL02	and	stress	relieved	TL04	and	stress	relieved	Solution-treated,	cold-worked,	and	spinodal-heat-treated	tempers(g)	TS00	TS01	TS02	TS03	TS04	TS06	TS08	TS10	TS12	TS13	TS14	1/8	hard	and	spinodal	hardened	hard	and	spinodal	hardened	1/2	hard	and	spinodal	hardened	3/4	hard	and	spinodal
hardened	Hard	and	spinodal	hardened	Extra	hard	and	spinodal	hardened	Spring	and	spinodal	hardened	Extra	spring	and	spinodal	hardened	Special	spring	and	spinodal	hardened	Ultra	spring	and	spinodal	hardened	Super	spring	and	spinodal	hardened	1/4	Solution-treated	and	spinodal-heat-treated	temper	Solution	heat	treated	TX00	Spinodal
hardened	Tempers	of	welded	tubing(h)	TB00	cold	worked	to	1/8	hard	TB00	cold	worked	to	1/4	hard	TB00	cold	worked	to	1/2	hard	TB00	cold	worked	to	3/4	hard	TB00	cold	worked	to	full	hard	Solution-treated	and	precipitation-hardened	temper	TF00	TB00	and	precipitation	hardened	TF01	TB00	and	precipitation-hardened	plate–low	hardness	TF02
TB00	and	precipitation-hardened	plate–high	hardness	Cold-worked	and	precipitation-hardened	tempers	TH01	TD01	and	precipitation	hardened	TH02	TD02	and	precipitation	hardened	TH03	TD03	and	precipitation	hardened	TH04	TD04	and	precipitation	hardened	Precipitation-hardened	or	spinodal-heat-treated	and	cold-worked	tempers	TL00	TF00
cold	worked	to	1/8	hard	TL01	TF00	cold	worked	to	1/4	hard	TL02	TF00	cold	worked	to	1/2	hard	TL04	TF00	cold	worked	to	full	hard	TL08	TF00	cold	worked	to	spring	TL10	TF00	cold	worked	to	extra	spring	Mill-hardened	tempers(f)	TM00	TM01	TM02	TM03	TM04	TM06	Temper	name	or	material	condition	Temper	designation	AM	1/4	HM	1/2	HM	3/4
HM	HM	XHM	WH00	WH01	WH02	WH03	WH04	WH06	WH55	WH58	WH80	WM00	WM01	WM02	WM03	WM04	WM06	WM08	WM10	WM15	WM20	WM21	WM22	WM50	WO50	WO60	WO61	WR00	WR01	WR02	WR03	WR04	WR06	Welded	and	drawn	to	1/8	hard	Welded	and	drawn	to	1/4	hard	Welded	and	drawn	to	1/2	hard	Welded	and	drawn	to	3/4	hard
Welded	and	drawn	to	full	hard	Welded	and	drawn	to	extra	hard	Welded	and	cold	reduced	or	light	drawn	Welded	and	cold	reduced	or	light	drawn–general	purpose	Welded	and	reduced	or	hard	drawn	As	welded	from	H00	(1/8-hard)	strip	As	welded	from	H01	(1/4-hard)	strip	As	welded	from	H02	(1/2-hard)	strip	As	welded	from	H03	(3/4-hard)	strip	As
welded	from	H04	(full-hard)	strip	As	welded	from	H06	(extra-hard)	strip	As	welded	from	H08	(spring)	strip	As	welded	from	H10	(extra-spring)	strip	WM50	and	stress	relieved	WM00	and	stress	relieved	WM01	and	stress	relieved	WM02	and	stress	relieved	As	welded	from	annealed	strip	Welded	and	light	annealed	Welded	and	soft	annealed	Welded	and
annealed	WM00;	drawn	and	stress	relieved	WM01;	drawn	and	stress	relieved	WM02;	drawn	and	stress	relieved	WM03;	drawn	and	stress	relieved	WM04;	drawn	and	stress	relieved	WM06;	drawn	and	stress	relieved	(a)	Cold-worked	tempers	to	meet	standard	requirements	based	on	cold	rolling	or	cold	drawing.	High	strength	and	toughness	from	low	to
elevated	temperatures.	Soldering	involving	slower	heating	than	in	the	immersion	test	amplifies	the	alloy	effects	noted	in	Table	6	or	requires	more	severe	fluxes	to	remove	oxides.	Source:	Ref	19	Fig.	If	the	alloy	is	cooled	slowly	from	800	°C	(1470	°F),	the	phase	diagram	(Fig.	(p)	Cu		sum	of	named	elements,	99.5%	min.	Work	hardening	is	the	principal
hardening	mechanism	applied	to	most	copper	alloys,	the	degree	of	which	depends	on	the	type	and	amount	of	alloying	element	and	whether	the	alloying	element	remains	in	solid	solution	or	forms	a	dispersoid	or	precipitate	phase.	An	alloy	containing	nominally	90%	Cu	and	10%	Zn,	generally	available	in	flat	products,	wire,	rod,	and	tube.	31
Microstructure	of	a	Cu-10Sn	alloy	in	the	as-cast	condition	showing	the	presence	of	the		phase.	493	C35000	62.5Cu-36.4Zn-1.1Pb	.	Conductivity,	%IACS	deoxidized	and	thus	are	not	subject	to	hydrogen	embrittlement.	Effect	of	Grain	Size	and	Cold	Working.	However,	copper	is	face-centered	cubic,	a	close-packed	structure,	and	the	atom	size	difference
is	only	about	4%,	so	extensive	solubility	is	expected.	The	minimum	size	of	the	work	rolls	is	limited	by	the	forces	in	rolling,	which	tend	to	bow	them	backward	or	forward	during	rolling.	22	Fig.	Temperature	control	is	an	important	factor	in	hot	rolling.	9.	557	C95700	75Cu-3Fe-8Al-2Ni-12Mn	.	This	is	generally	achieved	by	converting	the	SO2	to	sulfuric
acid	in	a	contact	acid	plant,	as	long	as	the	SO2	concentration	exceeds	4%	and	a	viable	market	for	acid	exists.	In	this	temperature	range,	the	structure	is	approximately	equal	amounts	of		and	.	The	plane	shown	is	a	(110)	type	(see	Fig.	Precipitation	Hardening.	Recent	interest	in	applications	for	these	highcopper	alloys	has	focused	on
electrical/electronic	connectors	and	integrated-circuit	(IC)	lead	frames.	Higher	zinc	also	lightens	alloy	color.	This	10%	Al	alloy	is	now	examined	in	some	detail.	419	Metallurgical	Effects	.	Source:	Ref	26	LIVE	GRAPH	Fig.	524	C72200	83Cu-16.5Ni-0.5Cr	.	In	the	well-equipped	brass	mill,	large	groups	of	such	annealing	units	may	be	connected	to	a
central	process-control	computer.	555	C95400	(85Cu-4Fe-11Al)	and	C95410	.	The	crystal	structure	is	shown	in	Fig.	The	outer	layer	usually	has	a	left-hand	lay.	(o)	All	aluminum	present	as	Al2O3;	0.04%	oxygen	present	as	Cu2O	with	a	negligible	amount	in	solid	solution	with	copper.	42	Microstructure	of	a	Cu-10.2Al	alloy	quenched	from	750	°C	(1380
°F),	giving	a	structure	of		and	.	This	arrangement	avoids	any	possibility	of	surface	damage	to	the	hot	metal,	which	was	common	in	the	earlier	horizontal-strip	anneal	furnaces.	Also,	this		is	difficult	to	redissolve	by	resolution	annealing.	264	Machinability	of	Copper	Alloys	.	The	recrystallization	temperature	for	these	alloys	is	in	the	range	of	500	°C	(930
°F)	and	above.	110	Copper-Nickel	P/M	Parts	.	Detachable	joints	are	almost	always	some	form	of	mechanical	joint—flared	joints,	flange-and-gasket	joints,	and	joints	made	using	any	of	a	wide	variety	of	specially	designed	compression	fittings	(Fig.	The	phases	established	at	500	°C	(932	°F)	are	essentially	those	at	lower	temperatures,	unless	extremely
long	annealing	times	are	employed.	Some	high-copper	alloys	also	contain	up	to	2%	of	nickel,	cobalt,	and	tin.	150	Wear-Resistant	and	Corrosion-Resistant	Copper	Alloy	Coatings	.	Cost	Considerations.	28	Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	.	Because	this	system	is	unwieldy	when	used	to	describe	complex	alloys,	a	European
numbering	system	has	been	formulated	by	the	Comité	Européen	de	Normalisation	(CEN).	A	certain	amount	of	edge	distortion	cannot	be	avoided	when	slitting	thick,	soft	metals	(Fig.	70-30	brass.	The	clearance	between	mandrel	and	die	determines	the	wall	thickness	of	the	extruded	tube	shell.	C.J.	Smithells,	Metals	Reference	Book,	Vol	2,	Butterworths,
London,	1962	14.	294	Other	Non-Arc	Fusion	Welding	Processes	.	Lead	does	not	have	an	adverse	effect	on	strength	unless	present	in	high	concentrations,	but	it	does	reduce	ductility.	Khan,	“New	Connector	Materials	for	the	Automobile,”	Proc.	electrolytic	tough	pitch	copper	(C11000).	Copper-Bismuth	and	Cu-Se-Bi	Brasses.	This	hardness	change
reflects	the	influence	of	the	very	hard	2	on	the	hardness	of	the	structure.	489	C31400	89Cu-9.1Zn-1.9Pb	.	560	C97600	64Cu-4Sn-4Pb-8Zn-20Ni	.	522	C71000	80Cu-20Ni	.	Bunch	stranded	wire	is	composed	of	any	number	of	wires	twisted	together	in	the	same	direction	without	regard	to	geometric	arrangement	of	the	individual	strands.	…	0.20	0.25	…
0.20	3.5–4.5	Si,	0.80–1.5	Mn	C87300	95-1-4,	silicon	bronze	S,	C,	CL,	PM,	I,	P	94.0	min(d)	…	1.0	12.0–16.0	…	…	0.80	Al,	2.5–4.0	Si	C87400	500	S,	CL,	PM,	I,	P,	D	79.0	min(d)	…	0.50	12.0–16.0	…	…	0.50	Al,	3.0–5.0	Si	C87500	500	S,	CL,	PM,	I,	P,	D	79.0	min(d)	…	0.50	4.0–7.0	…	0.20	3.5–5.5	Si,	0.25	Mn	C87600	500,	low	zinc	silicon	brass	S,	CL,	PM,	I,	P,
D	88.0	min(d)	…	0.20	3.0–5.0	…	0.20	3.0–5.0	Si,	0.25	Mn	C87610	…	S,	CL,	PM,	I,	P,	D	90.0	min(d)	0.25	0.15	12.0–16.0	0.20(i)	0.15	0.15	Al,	3.8–4.2	Si,	0.15	Mn,	C87800	500,	die	cast	silicon	brass	S,	CL,	PM,	I,	P,	D	80.0	min(d)	0.01	Mg,	0.05	S,	0.01	P,	0.05	As,	0.05	Sb	Copper-bismuth	and	Cu-Bi-Se	brasses:	Good	lubricity	and	machinability	with	very	low
lead.	The	resulting	copper-containing	organic	phase	is	then	stripped	to	give	a	pure	and	more	concentrated	aqueous	copper	solution	for	electrowinning.	High-speed	steel	suffices	for	all	but	the	hardest	alloys.	5b).	A	term	sometimes	used,	but	not	recommended,	to	indicate	specific	alloys	used	as	anodes	for	brass	plating.	J.L.	Manzolillo,	E.W.	Thiele	Jr.,
and	A.H.	Tuthill,	CA-706	Copper-Nickel	Alloy	Hulls:	The	Copper	Mariner’s	Experience	and	Economics,	Society	of	Naval	Architects	and	Marine	Engineers	Transactions,	Vol	84,	1976	9.	Example	2:	Effect	of	Silver	Additions.	It	passes	through	the	machine	center	and	individual	wires	are	laid	over	it.	267	Additional	Factors	Affecting	Machinability	.	R.H.
Heyer,	Engineering	Physical	Metallurgy,	Van	Nostrand	Reinhold	Company,	New	York,	1939	21.	Special	cleaning	methods	that	remove	surface	metal	are	then	required	to	correct	this	condition.	4	Slag	Matte	Settler	Air	Slag	Cutaway	view	of	an	oxygen-enriched	flash-smelting	furnace	Air	Fig.	An	alloy	containing	nominally	89%	Cu,	1.75%	Pb,	and	9.25%
Zn,	generally	available	in	rod,	shapes,	and	bar,	and	used	extensively	for	hardware.	Seamless	copper	tube	for	automotive	applications	(18	to	34	in.	554	C95200	88Cu-3Fe-9Al	.	These	two	parameters	are	controlled	to	provide	annealed	strip	products	at	finish	gage	that	have	the	formability	needed	in	the	severe	forming	and	deep	drawing	commonly	done
in	commercial	production	of	copper,	brass,	and	other	copper	alloy	hardware	and	cylindrical	tubular	products.	However,	as	the	temperature	is	lowered	below	the	critical	temperature,	the	lattice	vibrations	no	longer	are	sufficiently	strong	to	overcome	the	attraction	between	the	copper	and	the	zinc	atoms,	and	if	the	atoms	become	arranged	as	they	are
in	Fig.	Rapid	cooling	from		might	be	expected	to	suppress	the	eutectoid	reaction	and	to	leave	retained		at	20	°C	(68	°F).	15	as	dies	for	pressure	die	casting	(a	competing	process).	anneal	(annealing).	C83600	115,	85-5-5-5,	composition	S,	C,	CL	84.0–86.0(g)(h)	4.0–6.0	4.0–6.0	4.0–6.0	1.0(i)	0.30	0.25	Sb,	0.08	S,	0.05	P(j),	bronze,	ounce	metal,	0.005	Al,
0.005	Si	(SAE	40)	C83800	120,	83-4-6-7,	commercial	S,	C,	CL	82.0–83.8(g)(h)	3.3–4.2	5.0–7.0	5.0–8.0	1.0(i)	0.30	0.25	Sb,	0.08	S,	0.03	P(j),	red	brass,	hydraulic	bronze	0.005	Al,	0.005	Si	C83810	Nickel-bearing	leaded	S,	C,	CL	bal(g)(h)	2.0–3.5	4.0–6.0	7.5–9.5	2.0(i)	0.50(k)	Sb(k),	As(k),	0.005	Al,	0.10	Si	red	brass	Cu-Sn-Zn-Pb	alloys	(leaded	semired
brasses):	General-purpose	alloys	for	plumbing	and	hardware	goods.	(Compare	step	3	with	step	4.)	As	the	metal	is	drawn	into	the	die,	the	thickness	does	not	change	and	plastic	strain	occurs	only	tangentially	and	longitudinally	(plain	strain).	Alloys	C92200	(Navy	“M”	bronze,	steam	bronze)	and	C92300	(Navy	“G”	bronze)	are	specified	for	corrosion-
resistant	valves,	fittings,	and	other	pressure-retaining	products.	The	alloys	described	in	Tables	2	and	3	are	listed	in	CDA	Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys,	1999	edition.	Rolling	temperatures	and	the	percent	of	reduction	per	pass	are	designed	to	suit	each	alloy.	234	Sintering	Principles	.	For	C70690,	Co	will	be
0.02%	max.	Alloy	C93600	has	improved	machining	and	antiseizing	properties.	Dispersion	strengthening	is	used	in	copper	alloys	for	hardening,	controlling	grain	size,	and	providing	softening	resistance,	as	exemplified	by	iron	particles	in	copper-iron	alloys,	C19200	or	C19400,	and	in	aluminum	bronzes,	C61300	or	C63380.	Paper-and-Oil	Insulation.	Two
molten	layers	are	formed	in	the	furnace:	an	upper	layer	slag	of	iron	silicate	with	little	copper	(	0.5%	Cu),	and	a	lower	layer	of	matte	(30	to	40%	Cu).	Selected	pressure	fittings	for	copper	tubular	products.	The	alloys	were	solution	annealed	at	800	°C	(1470	°F)	for	10	min,	water	quenched,	then	reduced	in	thickness	about	40%	by	rolling,	then	aged	for	3
h.	249	Protective	Atmospheres	.	In	solvent	extraction	special	organic	reagents	are	used	to	selectively	extract	copper	from	solution.	high-conductivity	copper.	Along	with	recycled	and	rerefined	scrap,	they	are	the	starting	materials	for	the	production	of	wrought	(wire	mill	and	brass	mill)	products,	foundry	products,	and	powder	products	(foundry	and
powder	products	are	described	elsewhere	in	this	Handbook).	478	C19210	99.87Cu-0.1Fe-0.03P	.	Fabrication	Characteristics	As	stated	previously,	ease	of	fabrication	is	one	of	the	properties	of	importance	for	copper	and	copper	alloys.	Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys	/	23	Table	3	Chemical	compositions	of	cast
coppers	and	copper	alloys	Composition	values	are	given	as	maximum	percentages,	unless	shown	as	a	range	or	minimum.	The	three	basic	product	forms	are	differentiated	from	wire	in	that	they	are	sold	in	straight	lengths,	whereas	wire	is	sold	in	coils.	An	alloy	containing	nominally	85%	Cu	and	15%	Zn,	and	generally	available	in	flat	products,	rod,	wire,
and	tube.	A	treatment	of	a	product	to	reduce	residual	stresses.	Figure	31	shows	an	ascast	microstructure	of	a	copper-tin	alloy.	alpha.	Whether	applied	by	processing	to	shape	and	thickness,	as	a	rolled	strip	or	drawn	wire,	or	by	forming	into	the	finish	component,	as	an	electrical	connector,	the	amount	of	work	hardening	applied	is	limited	by	the	amount
of	ductility	required	by	the	application.	The	hardness	is	almost	unaffected,	and	the	structure	with	the	coarser	primary		grain	size	has	the	least	ductility.	561	C99500	.	Copper-base	forgings	can	be	expected	to	have	surface	finishes	as	fine	as	at	least	32	m	(125	in.).	This	produces	a	metal	surface	uniform	in	color	and	free	from	detrimental	oxides.	195
Formability	of	Copper	Alloys	versus	Other	Metals	.	Electrowinning	is	similar	to	electrorefining,	except	that	an	inert	anode	is	used	and	more	energy	is	required.	337	Microexamination	.	Under	these	conditions,	most	copper	alloys	are	easily	solderable	using	mildly	activated	rosin	fluxes.	Since	many	objects	manufactured	from	copper-base	alloys	are
machined,	this	is	an	important	consideration.	Leaded	brasses	are	produced	primarily	as	rod,	bar,	shapes,	and	mechanical	tubing.	This	is	an	inverse	series	in	Wrought	Copper	and	Copper	Alloys	/	69	which	a	higher	number	denotes	a	smaller	wire	diameter.	Between	these	fall	all	the	variations	that	are	characteristic	of	the	gage,	alloy,	and	temper
required	for	the	final	application.	(See	the	phase	diagram	in	Fig.	These	defects	are	categorized	by	type	with	possible	causes	and,	in	some	cases,	prevention	techniques.	It	is	used	mainly	for	communication	wire,	control	cable,	building	wire,	and	low-voltage	power	cables.	Phosphorus-deoxidized,	lowresidual	phosphorus	contains	from	0.01	to	0.04%	P.
Stress-relief	heat	treatments	are	sometimes	required	after	the	harder	rolling	tempers	such	as	extra	hard,	spring,	and	extra	spring.	1	constitute	the	chief	customer	industries	of	the	copper	fabricators.	Additional	benefits	include	biofouling	resistance—important	in	marine	applications—and	a	spectrum	of	attractive	colors.	In	the	range	of	interest,	the
alloys	undergo	an	eutectic	reaction,	forming	upon	cooling	the	copper-rich	terminal	solid	solution	()	and	the	oxide	Cu2O.	All	of	the	great	civilizations	of	the	past,	including	the	Sumerian,	Egyptian,	Greek,	Roman,	and	Chinese,	used	copper	and	copper	alloys	(principally	bronze	and	later	brass)	for	both	decorative	and	utilitarian	purposes.	Subsequent
processing	(that	is,	cold	working	and	annealing)	to	meet	specified	properties	is	dependent	on	this	grain	size.	Table	4	shows	the	drawing	ratio	for	pure	copper	and	for	a	Cu-30Zn	alloy	(cartridge	brass)	for	various	amounts	of	prior	work.	Variations	may	contain	small	amounts	of	tin.	If	these	alloys	are	solution	annealed,	then	cold	worked	prior	to	aging	in
the	range	300	to	385	°C	(570–725	°F),	the	precipitation	process	will	occur	before	recrystallization	(and	hence	softening)	can	occur.	Various	types	are	available	in	flat	products,	rod,	tube,	wire,	and	shapes,	the	most	common	ones	containing	nominally	1.25%	to	10%	Sn.	Specific	examples	include	(see	also	free-cutting	phosphor	bronze	B-2):	•	•	•	•
phosphor	bronze,	1.25%	E	(C50500)	phosphor	bronze,	5%	A	(C51000)	phosphor	bronze,	8%	C	(C52100)	phosphor	bronze,	10%	D	(C52400)	platers’	brass.	If	the	test	ingot	shows	little	shrinkage	of	the	surface	upon	freezing,	then	the	copper	is	called	tough	pitch.	The	final	structure	is	illustrated	in	Fig.	(b)	Copper-rich	end	of	the	copper-beryllium	diagram
LIVE	GRAPH	Click	here	to	view	Physical	Metallurgy:	Heat	Treatment,	Structure,	and	Properties	/	51	divided	lead	makes	the	alloy	relatively	brittle	and	weak	on	a	microscopic	scale,	as	the	lead	particles	are	weak,	and	the	cutting	tool	more	easily	fractures	the	matrix	material	separating	the	weak	lead	particles.	The	workhorse	alloy	is	C83600,	which	is
also	known	as	85-5-5-5	(85Cu-5Sn-5Pb-5Zn),	ounce	metal,	and	composition	metal.	As	little	as	1%	Pb	is	usually	sufficient,	although	more	may	be	present	if	it	is	needed	to	improve	machinability	or	bearing	properties.	This	eliminates	shallow	discontinuities.	There	is	no	waste,	and	all	unused	metal	is	recycled	to	make	new	alloy.	The	end	products	of	copper
producers,	the	most	important	of	which	are	refined	copper	cathode	and	wire	rod,	are	sold	almost	entirely	to	copper	fabricators.	Even	with	the	best	slitter	setup,	the	cross	section	of	a	narrow	strip	will	tend	to	have	a	“loaf”	shape.	This	treatment	has	also	been	called	“age	hardened”	and	“precipitation	hardened.”	quench	hardening.	Copper	and	most
copper	alloys	that	either	do	not	contain	zinc	or	are	low	in	zinc	content	generally	are	not	susceptible	to	SCC.	However,	note	that	the	particular	choice	of	the	original	domain	nucleus	leads	to	a	mismatch	at	the	interface	of	the	two	domains.	289	Welding	of	Silicon	Bronzes	.	(aa)	Includes	Co.	Source:	Copper	Development	Association	26	/	Metallurgy,
Alloys,	and	Applications	Table	3	(continued)	Nickel	silvers	Copper	alloy	No.	Cu	Sn	C97300	C97400	C97600	C97800	53.0–58.0(l)	58.0–61.0(l)	63.0–67.0(q)	64.0–67.0(y)	1.5–3.0	2.5–3.5	3.5–4.5	4.0–5.5	Pb	8.0–11.0	4.5–5.5	3.0–5.0	1.0–2.5	Zn	Fe	Sb	Ni	(incl	Co)	S	P	Al	Mn	Si	17.0–25.0	bal	3.0–9.0	1.0–4.0	1.5	1.5	1.5	1.5	0.35	…	0.25	0.20	11.0–14.0	15.5–17.0
19.0–21.5	24.0–27.0	0.08	…	0.08	0.08	0.05	…	0.05	0.05	0.005	…	0.005	0.005	0.50	0.50	1.0	1.0	0.15	…	0.15	0.15	Copper-lead	alloys	Copper	alloy	No.	Cu	C98200	C98400	C98600	C98800	C98820	C98840	Sn	bal(a)	bal(a)	60.0–70.0	56.5–62.5(b)	bal	bal	Pb	0.6–2.0	0.50	0.50	0.25	1.0–5.0	1.0–5.0	Ag	21.0–27.0	26.0–33.0	30.0–40.0	37.5–42.5(z)	40.0–44.0
44.0–58.0	…	1.5	1.5	5.5(z)	…	…	Zn	P	Fe	NI	Sb	0.50	0.50	…	0.10	…	…	0.10	0.10	…	0.02	…	…	0.7	0.7	0.35	0.35	0.35	0.35	0.50	0.50	…	…	…	…	0.50	0.50	…	…	…	…	Special	alloys	Copper	alloy	No.	Other	designations	Cu(q)	Sn	Pb	Ni	Fe	Al	Co	Si	Mn	Other	named	elements	C99300	C99350	C99400	C99500	C99600	C99700	C99750	Incramet	800	…	…	…
Incramute	1	…	…	bal	bal	bal	bal	bal	54.0	min	55.0–61.0	0.05	…	…	…	0.10	1.0	0.50–2.5	0.02	0.15	0.25	0.25	0.02	2.0	…	13.5–16.5	14.5–16.0(aa)	1.0–3.5	3.5–5.5	0.20	4.0–6.0	5.0	0.40–1.0	1.0	1.0–3.0	3.0–5.0	0.20	1.0	1.0	10.7–11.5	9.5–10.5	0.50–2.0	0.50–2.0	1.0–2.8	0.50–3.0	0.25–3.0	1.0–2.0	…	…	…	0.20	…	…	0.02	…	0.50–2.0	0.50–2.0	0.10	…	…	…	0.25
0.50	0.50	39.0–45.0	11.0–15.0	17.0–23.0	…	7.5–9.5Zn	0.50–5.0Zn	0.50–2.0Zn	0.20Zn,	0.05C	19.0–25.0Zn	17.0–23.0Zn	incl,	including.	The	alloys	display	a	wide	range	of	properties,	but	they	are	best	known	for	their	combination	of	high	strength	and	moderately	high	corrosion	resistance.	Source:	Ref	25	48	/	Metallurgy,	Alloys,	and	Applications	LIVE
GRAPH	Click	here	to	view	Fig.	J.H.	Mendenhall,	Ed.,	Understanding	Copper	Alloys,	Olin	Corporation,	East	Alton,	IL,	1977	13.	Forging	also	generates	less	runaround	scrap,	thereby	reducing	energy	consumption.	High-aluminum	alloys	(9	to	11%	Al),	such	as	C63000	and	C63020,	can	be	quenched	Fig.	All	items	are	shipped	using	UPS	Ground	Service	for
domestic	service	and	UPS	International	for	all	other	shipments.	Copper	is	hot	worked	over	the	temperature	range	750	to	875	°C	(1400	to	1600	°F),	annealed	between	cold	working	steps	over	the	temperature	range	375	to	650	°C	(700	to	1200	°F),	and	is	thermally	stress	relieved	usually	between	200	and	350	°C	(390	and	660	°F).	The	increase	is	due	to
the	formation	of	a	fine	dispersion	of	the	hard	2	in	the	softer	.	(a)	Four-high	mill.	Other	uses	include	corrosion-resistant	bellows,	diaphragms,	and	spring	washers.	C.J.	Gaffoglio,	Copper-Nickel	Sheathing	Improving	Jacket	Performance,	Offshore,	Nov	1985	7.	In	the	40%	Zn	alloy,	the	range	is	achieved	by	cold	working	and	by	annealing.	Therefore,	this
eutectoid	reaction	is	examined	briefly,	followed	by	a	discussion	of	a	specific	commercial	alloy	(Cu-10Al)	whose	composition	allows	,	,	and	2	to	be	present.	Coppers	Wrought	coppers	(C10100	to	C15999)	must	contain	at	least	99.3%	Cu,	but	may	include	residual	deoxidizers	or	minor	alloying	elements.	131	Plating	in	Rochelle	Cyanide	Baths	.	127	Copper
Plating	.	410	SCC	of	Copper	Alloys	in	Specific	Environments	.	*ASM	International	definition:	one	of	the	group	of	chemically	similar	metals	with	atomic	numbers	57	through	71,	commonly	referred	to	as	lanthanides.	An	alloy	containing	nominally	65%	Cu	and	35%	Zn,	and	generally	available	in	flat	products,	wire,	and	rod.	24	in.	The	core	wire	in	the
center	of	the	strand	is	payed	off	externally.	An	alloy	containing	nominally	58.5%	Cu,	1%	Sn,	1.4%	Fe,	0.1%	Mn,	and	39%	Zn,	generally	available	in	rod,	flat	products,	shapes,	and	wire.	Wrought	Copper	and	Copper	Alloys	/	59	Table	3	(continued)	Size	UNS	No.	C15760	C17200,	C17300	C17500,	C17510	C46400,	C48200,	C48500	C51000	C54400	C62300
C64200	C67300	C67600	C71500	C18200,	C18400	C16200	C15715	C15760	C18200,	C18400	C28000	C67500	C79200	C18135	C18200,	C18400	C23000	C26000,	C26130,	C26200	C32000	C34500	C35000	C46200	C46400	C48200	C51000	C61000	C65100	C67400	C69710	C75200	C46400,	C48200,	C48500	C18135	C15000	C35600,	C36000	C54400
C15000	C15715	C22600	C31600	C46400,	C48200	C15715	C16500	C18200,	C18400	C31600	C67500	C15000	C46400	C48200	C48200	C18135	C15000	C15715	C46400,	C48200	C18135	C15000	C15725	C31400	C15715	C16200	C35000	C34200,	C35300,	C35330,	C35600,	C36000	C46400	C65500	C14700	C15715	C18200,	C18400	C46400,	C48200,
C48500	Tensile	strength	mm	in.	446	Crystal	Structure	.	This	gives	a	rather	coarse	structure,	typified	by	Fig.	cartridge	brass	Fig.	All	copper	alloys	are	machinable	in	the	sense	that	they	can	be	cut	with	standard	machine	tooling.	ASTM	B	8	establishes	five	classes	of	concentric-lay	stranded	wire	and	cable,	from	AA	(the	coarsest)	to	D	(the	finest).	These
changes	are	an	advantage	in	the	case	of	difficult-to-form	parts	requiring	maximum	strength.	In	this	application,	magnet-wire	strip	(with	a	width-to-thickness	ratio	greater	than	50	to	1)	is	helically	wrapped	with	one	or	more	layers	of	overlapping	tapes.	See	phosphor	bronzes	yellow	brass	(C26800,	C27000).	Apparently,	the	hard		phase	is	important	in
the	wear	resistance,	and	the	solid-solution	strengthening	allows	the	development	of	strength.	silver-bearing	tough	pitch	copper	(C11300,	C11400,	C11500,	C11600).	Furnace	instrumentation	continuously	records	the	furnace	temperature	and	controls	the	heat	input.	Often	some		is	observed	to	have	formed	in	the		grain	boundaries,	and	the	morphology
will	vary	somewhat	depending	upon	the	exact	cooling	rate.	242	Homogenizing	.	Note	also	that	these	curves	cover	the	range	up	to	only	0.1	wt%,	showing	that	the	impurity	levels	of	importance	are	quite	low.	Zinc	reduces	corrosion	resistance	(and	cost)	somewhat	compared	with	red	brasses,	but	it	has	little	effect	on	strength.	475	C18100	99Cu-0.8Cr-
0.16Zr-0.04Mg	.	40.	385	Effects	of	Alloy	Compositions	.	The	effects	of	alloying	on	brazing	are	similar	to	those	for	soldering,	but	because	brazing	is	carried	out	at	a	higher	temperature	than	soldering,	the	presence	of	reactive	alloying	elements	intensifies	the	problem	of	detrimental	oxide	formation.	Met.,	Vol	67,	1941,	p	231	24.	After	extensive	plastic
deformation	and	annealing,	the	eutectic	structure	loses	its	identity,	and	the	oxides	may	appear	as	elongated	inclusions,	as	shown	in	Fig.	At	the	end	of	the	chamber,	molten	compound	is	forced	out	Wrought	Copper	and	Copper	Alloys	/	73	through	a	small	die	over	the	moving	conductor,	which	also	passes	through	the	die	opening.	Following	hot	rolling
the	DC	cast	bars	are	coil	milled,	and	after	careful	surface	inspection	are	ready	to	be	applied	on	orders	for	processing	to	final	gage,	temper,	and	width.	10	Copper	Fabricators	.	Its	formation	lowers	the	beryllium	content	of	the	,	and	the	hardening	response	is	reduced.	As	the	temperature	decreases,	the	vibrations	are	reduced,	and	a	temperature	is
reached	(called	the	critical	temperature)	below	which	this	preferential	siting	occurs.	Good	deep	drawing	quality	for	0.4	to	0.5	mm	(0.015	to	0.020	in.)	gage	range	Drawn	parts	from	0.4	to	0.635	mm	(0.015	to	0.025	in.)	thick	brass	requiring	relatively	good	surface,	or	stamped	parts	requiring	no	polishing	or	buffing	Commonly	used	grain-size	range	for
general	applications	for	deep	and	shallow	drawings	of	parts	from	brass	in	0.5	to	1.0	mm	(0.020	to	0.040	in.)	gages.	9	Effect	of	solute	content	on	the	recrystallization	temperature	of	pure	copper.	17,	the	configuration	will	be	stable.	Two	characteristics	can	be	established	here.	Khan,	“High	Conductivity	Copper	Alloys:	Tailoring	Performance	to
Application,”	Proc.	(c)	The	following	additional	maximum	limits	apply:	Bi,	1	ppm	(0.0001%);	Cd,	1	ppm	(0.001%);	Fe,	10	ppm	(0.0010%);	Pb,	5	ppm	(0.0005%);	Mn,	0.5	ppm	(0.00005%);	Hg,	1	ppm	(0.0001%);	Ni,	10	ppm	(0.0010%);	oxygen,	5	ppm	(0.0005%);	Se,	3	ppm	(0.0003%);	Ag,	25	ppm	(0.0025%);	S,	15	ppm	(0.0015%);	Sn,	2	ppm	(0.0002%);	Zn,
1	ppm	(0.0001%).	C.R.	Brooks,	Plastic	Deformation	and	Annealing,	Chapter	1,	Heat	Treatment,	Structure	and	Properties	of	Nonferrous	Alloys,	American	Society	for	Metals,	1982,	p	1–73	12.	The	hardening	that	occurs	when	copper	and	copper	alloys	are	cold	rolled	allows	each	of	them	to	be	produced	with	a	range	of	strengths	or	tempers	that	are
suitable	for	a	variety	of	applications.	26	for	a	Cu-42Zn	alloy.	The	editor	also	extends	his	appreciation	to	these	organizations	as	well	as	the	hard	working	and	cooperative	ASM	Editorial	and	Library	staffs.	For	product	at	finish	gage	the	rinse	tank	has	a	detergent	solution	added	that	further	protects	the	metal	when	dried	and	also	lubricates	it	slightly	to
reduce	the	danger	of	friction	scratches	during	coiling	and	uncoiling.	441	Fatigue	Data	.	Tube	shells	are	produced	either	by	starting	with	a	hollow	billet	or	by	a	two-step	operation	in	which	a	solid	billet	is	first	pierced	and	then	extruded.	Flat-rolled	coppers	are	used	in	the	manufacture	of	products	ranging	from	roofing	sheet	to	coinage	and	electrical
components.	Copper-Nickel	Alloys	The	copper-nickel	alloys	(C70100	to	C72950)	inhabit	the	copper-rich	end	of	the	binary	copper-nickel	system	that	also	includes	the	Monel	(67Ni-30Cu)	alloys,	and	their	properties	are	similar	to	nickel-rich	alloys.	Strength	generally	inversely	proportional	to	conductivities.	Plastic	injection	molds,	a	common	application,
are	a	good	example.	Note	that	alloys	with	aluminum	contents	above	about	8%	are	subject	to	the	formation	of		at	high	temperature,	which,	upon	slow	cooling,	undergoes	a	eutectoid	reaction	to		and	2.	12	Burr	up/burr	down	relationship	in	slitting	setup.	Figure	20	shows	that	the	strength	of	the	ordered		can	be	increased	by	aging	in	the	intermediate
temperature	range	(200–500	°C,	or	390–930	°F)	below	the	critical	temperature.	335	Metallography	and	Microstructures	of	Copper	and	Copper	Alloys	.	More	detailed	information	on	the	forging	characteristics	of	forging	alloys	can	be	found	in	the	article	“Forging	and	Extrusion”	in	this	Handbook.	The	end	products	of	copper	fabricators	can	be	generally
described	as	mill	products	and	foundry	products,	and	they	consist	of	wire	and	cable,	sheet,	strip,	plate,	foil,	rod,	bar	mechanical	wire,	tubing,	forgings,	extrusions,	castings,	and	powder	metallurgy	(P/M)	shapes.	Named	after	George	Muntz,	who	patented	a	process	for	the	manufacture	of	60Cu40Zn	brass	in	1832.	tin	bronze.	However,	where	extensive
plastic	deformation	is	required	in	fabrication,	a	copper	containing	lower	oxygen	may	have	to	be	used.	These	materials	are	processed	pyrometallurgically	and/or	hydrometallurgically	to	produce	a	high-purity	electrorefined	or	electrowon	copper	containing	less	than	40	parts	per	million	(ppm)	impurities,	which	is	suitable	for	all	electrical,	electronic,	and
mechanical	uses.	The	wider	the	metal	to	be	rolled,	the	longer	the	rolls,	and	the	greater	the	tendency	for	the	rolls	to	bend	or	spring.	231	Production	of	Copper	Alloy	Powders	.	The	samples	were	initially	heat	treated	to	give	a	primary		and			2	eutectoid	structure,	heated	at	indicated	temperatures	for	30	min,	then	quenched.	Other	ASTM	for	rod,	bar,	and
shapes	are	listed	in	Table	21.	Used	where	good	combination	of	strength	and	conductivity	is	needed,	as	in	resistance	welding	electrodes,	switch	blades	and	components,	dies,	clutch	rings,	brake	drums,	as	well	as	bearings	and	bushings.	Figure	7	is	a	microstructure	showing	void	formation	due	to	heating	in	hydrogen.	6	Temper	Terminology	.	(b)	0.5%
extension	under	load.	General	requirements	for	wrought	copper	and	copper	alloy	rod,	bar,	shaped,	and	forgings	are	outlined	in	ASTM	B	249.	Can	be	machined,	but	with	the	exception	of	C86400	and	C86700,	are	less	readily	machined	than	leaded	compositions.	500	C42500	88.5Cu-9.5Zn-2Sn	.	For	the	domains	to	grow	further	requires	the	atoms	in	the
disordered	material	right	at	the	domain-disordered	lattice	(or	)	interface	to	continue	to	rearrange	in	order	to	propagate	the	correct	arrangement.	(f)	Tube	size:	9.5	mm	(0.375	in.)	OD	by	2.5	mm	(0.097	in.)	wall	an	angle	to	the	axis	of	the	billet	(Fig.	354	Health	and	Safety	.	This	also	affects	both	the	physical	and	the	mechanical	properties	attained	in
subsequent	processing.	The	reason	for	this	can	be	seen	by	examining	the	copper-lead	phase	diagram	shown	in	Fig.	thermal	treatment.	Reheating	for	30	min	at	a	higher	temperature,	600	°C	(1110	°F),	gives	a	coarser		structure,	shown	in	Fig.	167	Introduction	and	Overview	COPPER	was	first	used	by	man	more	than	10,000	years	ago.	Their	most
important	characteristic	is	superior	electrical	conductivity.	If	the	tolerance	on	length	cannot	be	achieved	on	the	automatic	cutting	lines,	the	cut	lengths	are	resheared	by	hand.	440	Alloy	Metallurgy	and	General	Mechanical	Properties	.	Scott,	Jr.,	Director	of	Technical	Publications	®	ASM	International	Materials	Park,	OH	44073-0002
www.asminternational.org	®	Copyright	©	2001	by	ASM	International®	All	rights	reserved	No	part	of	this	book	may	be	reproduced,	stored	in	a	retrieval	system,	or	transmitted,	in	any	form	or	by	any	means,	electronic,	mechanical,	photocopying,	recording,	or	otherwise,	without	the	written	permission	of	the	copyright	owner.	27(a).	However,	note	that
the	phase	boundaries	are	shown	dashed,	indicating	considerable	experimental	uncertainty	in	their	location.	(ii)	The	following	additional	maximum	limits	apply:	When	the	product	is	for	subsequent	welding	applications	and	is	so	specified	by	the	purchaser,	0.50%	Zn,	0.02%	P,	0.02%	Pb,	0.02%	S	(0.008%	S	for	C71110),	and	0.05%	C.	However,	copper
has	a	rather	low	recrystallization	temperature	(e.g.,	140	°C,	or	284	°F),	and	it	is	desirable	to	alloy	it	with	an	element	that	will	raise	the	recrystallization	temperature	and	yet	retain	usable	electrical	conductivity.	291	Welding	of	Copper-Nickel	Alloys	.	Cadmium	also	imparts	wear	resistance,	a	useful	property	for	sliding	electrical	contacts.	C96200	90-10
copper-nickel	S,	C,	CL,	PM,	I,	P	bal(d)	…	0.01	…	9.0–11.0(i)	1.0–1.8	1.5	Mn,	0.50	Si,	0.5–1.0	Nb,	0.10	C,	0.02	S,	0.02	P	…	0.01	…	18.0–22.0(i)	0.50–1.5	0.25–1.5	Mn,	0.50	Si,	C96300	80-20	copper-nickel	S,	C,	CL,	PM,	I,	P	bal(d)	0.50–1.5	Nb,	0.15	C,	0.02	S,	0.02	P	…	0.01	…	28.0–32.0(i)	0.25–1.5	1.5	Mn,	0.50	Si,	0.50–1.5	Nb,	C96400	70-30	copper-nickel
S,	C,	CL,	PM,	I,	P	bal(d)	0.15	C,	0.02	S,	0.02	P	…	0.01	…	29.0–33.0(i)	0.8–1.1	1.0	Mn,	0.15	Si,	0.40–0.7	Be	C96600	717C,	Be-Cu-Ni	S,	C,	CL,	PM,	I,	P	bal(d)	…	0.01	…	29.0–33.0(i)	0.40–0.70	0.40–0.70	Mn,	0.15	Si,	C96700	Be-Zr-Ti-Cu-Ni	S,	C,	CL,	PM,	I,	P	bal(d)	1.1–1.2	Be,	0.15–0.35	Zr,	0.15–0.35	Ti	…	0.005	…	9.5–10.5(i)	0.50	0.05–0.30	Mn,	0.05	Si,
C96800	Spinodal	alloy	S,	C,	CL,	PM,	I,	P	bal(d)	0.10–0.30	Nb(y)	C96900	Spinodal	alloy	S,	C,	CL,	PM,	I,	P	bal(d)	7.5–8.5	0.02	0.50	14.5–15.5(i)	0.50	0.05–0.30	Mn,	0.10	Nb,	0.15	Mg	(continued)	(a)	Casting	processes:	S,	sand;	D,	die;	C,	continuous;	I,	investment;	PM,	permanent	mold;	CL,	centrifugal;	and	P,	plaster.	However,	the	actual	degree	of	order	in
an	alloy	may	be	influenced	by	the	heat	treatment.	As	discussed	earlier,	one	advantage	of	touch	pitch	copper	is	that	it	solidifies	with	a	flat	top	on	the	ingot,	so	that	the	entire	ingot	can	be	hot	worked.	134	Wastewater	Control	and	Treatment	.	156	Electronic	Equipment	.	R.M.	Brick,	D.L.	Martin,	and	R.P.	Angier,	Trans.	(ee)	Fe	content	shall	not	exceed	Ni
content.	Depending	on	size	and	quantity,	flat	or	rectangular	wire	is	drawn	on	bull	block	machines	or	Turk’s-head	machines,	or	is	rolled	on	tandem	rolling	mills	with	horizontal	and	vertical	rolls.	It	is	widely	used	for	stamping	and	light	drawing	operations.	They	may	be	used	by	mills	for	alloying	with	other	metals	or	used	by	foundries	for	casting.	The
wide	temperature	range	between	the	liquidus	and	solidus	makes	these	alloys	very	susceptible	to	coring.	(y)	Cu,	61.0%	min	for	rod.	Although	electrowon	cathode	copper	is	generally	not	as	pure	as	electrorefined	copper,	it	is	still	suitable	for	many	applications.	TA480.C7	C714	2001	620.1’82—dc21	2001022956	ISBN:	0-87170-726-8	SAN:	204-7586	ASM
International®	Materials	Park,	OH	44073-0002	www.asminternational.org	Printed	in	the	United	States	of	America	Preface	Recognizing	the	industrial	importance	of	this	metal,	ASM	International	has	devoted	the	eighth	volume	of	the	ASM	Specialty	Handbook	series	to	the	engineering	aspects	of	copper	and	copper	alloys.	15	Influence	of	initial	grain
size	and	sheet	thickness	on	the	elongation	at	fracture	for	the	commercial	alloy	cartridge	brass	(Cu-30Zn).	Controlled	mechanical	operations	for	changing	the	form	or	cross	section	of	a	product	and	for	producing	a	strain-hardened	product	at	temperatures	below	the	recrystallization	temperature.	Note	that	even	in	the	initial,	annealed	condition	the
copper-zinc	alloys	containing	20	and	30%	Zn	show	a	greater	elongation	than	pure	copper	and	the	alloys	with	less	zinc.	Note	that	the	elongation	at	fracture	indicates	considerable	toughness,	but	upon	impact	loading,	the	alloy	is	considerably	more	brittle	than	for	the	other	two	heat	treatments	listed.	Camber,	that	is,	departure	from	edgewise
straightness,	has	often	been	attributed	incorrectly	to	poor	slitting	practice.	Therefore,	in	this	article,	these	terms	are	not	employed	extensively.	253	Heat	Treating	of	Chromium-Copper	Alloys	.	Copper	is	mankind’s	oldest	metal,	dating	back	some	10,000	years.	Although	several	excellent	texts	have	been	published	on	copper	during	the	past	25	years,
none	can	match	the	breadth	of	coverage	offered	in	this	Handbook.	200	.	Some	alloys,	such	as	the	phosphor	bronzes,	the	high-zinc-content	nickel	silvers,	and	the	aluminum-containing	high-zinc	brasses	work	harden	rapidly.	265	Metallography,	Microstructures,	and	Phase	Diagrams	.	(v)	Cu		sum	of	named	elements,	99.6%	min.	Matte	Converting.
architectural	bronze	(C38500).	Certain	types	of	parts,	most	notably	plumbing	fittings	and	valves,	are	produced	by	hot	forging	simply	because	no	other	fabrication	process	can	produce	the	required	shapes	and	properties	as	economically.	Sheets	are	flat-rolled	Table	10	Characteristics	of	rope-lay	stranded	copper	conductors	having	uncoated	or	tinned
concentric	members	specified	in	ASTM	B	173	Class	G	Conductor	sizes,	circular	mils	or	AWG	5,000,000	4,500,000	4,000,000	3,500,000	3,000,000	2,500,000	2,000,000	1,900,000	1,800,000	1,750,000	1,700,000	1,600,000	1,500,000	1,400,000	1,300,000	1,250,000	1,200,000	1,100,000	1,000,000	900,000	800,000	750,000	700,000	650,000	600,000
550,000	500,000	450,000	400,000	350,000	300,000	250,000	4/0	3/0	2/0	1/0	1	2	3	4	5	6	7	8	9	10	12	14	Diameter	of	individual	wires(a),	mils	65.7	62.3	58.7	55.0	50.9	59.6	53.3	52.0	50.6	49.9	49.2	47.7	59.3	57.3	55.2	54.1	53.0	50.8	48.4	45.9	43.3	41.9	40.5	39.0	37.5	35.9	43.9	41.7	39.3	36.8	34.0	31.1	39.9	35.5	31.6	28.2	25.1	36.8	37.8	29.2	26.0	23.1
20.6	18.4	15.3	14.6	11.5	9.2	Class	H	Number	of	ropes	Number	of	wires	each	rope	Net	weight(a),	lb/1000	ft	Diameter	of	individual	wires(a),	mil	Number	of	ropess	Number	of	wires	each	rope	Net	weight(a),	lb/1000	ft	61	61	61	61	61	37	37	37	37	37	37	37	61	61	61	61	61	61	61	61	61	61	61	61	61	61	37	37	37	37	37	37	19	19	19	19	19	7	7	7	7	7	7	7	7	7	7	7
19	19	19	19	19	19	19	19	19	19	19	19	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	16,052	14,434	12,814	11,249	9,635	8,012	6,408	6,099	5,775	5,617	5,460	5,132	4,772	4,456	4,135	3,972	3,814	3,502	3,179	2,859	2,544	2,383	2,226	2,064	1,908	1,749	1,579	1,425	1,265	1,109	947.1	792.4	666.6	527.7	418.1	333.0	263.8	206.9
164.4	130.3	103.3	81.52	64.83	51.72	40.59	32.57	20.20	12.93	53.8	51.0	48.1	45.0	41.7	46.4	41.5	40.5	39.4	38.9	38.3	37.2	46.2	44.6	43.0	42.2	41.3	39.6	37.7	35.8	33.7	32.7	31.6	30.4	29.2	28.0	34.2	32.5	30.6	28.6	26.5	24.2	28.6	25.5	22.7	20.7	18.0	22.3	19.9	17.7	15.8	14.0	12.5	11.1	9.9	…	…	…	91	91	91	91	91	61	61	61	61	61	61	61	37	37	37	37	37	37	37
37	37	37	37	37	37	37	61	61	61	61	61	61	37	37	37	37	37	19	19	19	19	19	19	19	19	…	…	…	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	19	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	…	…	…	15,057	14,429	12,835	11,234	9,647	8,006	6,405	6,100	5,773	5,627	5,455	5,146	4,815	4,487	4,171	4,017	3,847	3,537	3,206	2,891	2,562
2,412	2,252	2,085	1,923	1,768	1,587	1,433	1,271	1,110	953.0	794.8	670.1	532.7	422.2	334.3	265.4	208.2	165.8	131.2	104.5	82.06	65.42	51.59	41.04	…	…	…	(a)	Units	used	in	ASTM	B	173	products	up	to	and	including	approximately	4.8	mm	(0.188	in.)	thick	and	over	500	mm	(20	in.)	wide.	Information	on	other	properties	of	tube	alloys	can	be	found	in
the	data	compilations	for	the	individual	alloys;	see	the	article	“Properties	of	Wrought	Coppers	and	Copper	Alloys”	in	this	Handbook.	In	the	molten	state,	it	will	readily	react	with	essentially	all	of	the	dissolved	oxygen	to	form	phosphorus	oxide,	which	will	pass	into	the	immiscible	slag.	This	is	observed	particularly	in	single-phase	metals	such	as	pure
copper,	coppernickels,	and	low-zinc	brasses.	(2)	Stress	relief	by	mechanical	treatment	should	be	carried	out	without	causing	a	significant	change	in	size.	Both	strength	and	conductivity	are	prerequisites	for	electrical	connector	alloys.	28	Fig.	250	LIVE	GRAPH	Click	here	to	view	Fig.	Those	elements	that	show	strong	strengthening	of	copper	generally
have	low	solubility.	The	alloy	is	not	technically	a	bronze,	but	because	of	long	usage	the	term	“leaded	commercial	bronze”	has	been	used.	Condition	MPa	ksi	C17200,	C17300	9.5	9.5–25.4	76	0.375	0.375–1	3	C63020	25.4	25.4	76.2	9.5	9.5–25.4	9.5	TH04	TH04	TH04	TF00	TQ30,	quenched	and	tempered	TQ30,	quenched	and	tempered	TH04	TD04	TD04
TH04	TF00	Half	hard,	H02,	10%	Half	hard,	H02,	10%	TD04	Half	hard,	H02,	10%	Extra	hard,	50%	Half	hard,	H02,	10%	Light	anneal,	O50	Spring,	TH04,	75%,	heat	treated	Light	anneal,	O50	Light	anneal,	O50	Hard,	H04,	15%	Drawn	and	aged	TH04	TH04	As	extruded,	M30	As	extruded,	M30	Eighth	hard,	H00,	7%	Half	hard,	H02,	15%	Half	hard,	H02,
15%	Half	hard,	H02,	10%	Spring,	TH04,	60%	Hard,	H04,	10%	Half	hard,	H02,	15%	Light	anneal,	O50	Hard,	H04,	36%	Hard,	H04	Half	hard,	HR02,	stress	relieved	1	h	at	550	°F	(288	°C)	Cold	worked	74%	TH04	As	extruded,	M30	Light	anneal,	O50	Extra	hard,	H06,	50%	Hard,	H04	Soft	anneal,	O60	Annealed	at	600	°F	(316	°C)	Half	hard,	H02,	15%
Solution	heat	treated,	cold	worked	90%	and	aged,	TD01	Hard,	H04	Hard,	H04,	25%	Half	hard,	H02,	15%	Soft	anneal,	O60	Hard,	H04	Annealed	at	1200	°F	(649	°C)	Hard,	TH04,	35%,	heat	treated	Half	hard,	H02,	20%	Cold	worked	14%	Half	hard,	H02,	15%	Hard,	H04	Hard,	H04,	25%	As	consolidated,	M30	Hard,	TH04,	35%,	heat	treated	Hard,	H04
Half	hard,	H02,	20%	Half	hard,	H02,	20%	Hard,	H04,	25%	Hard,	H04	Half	hard,	H02	Soft	anneal,	O60	Hard,	H04	Hard	and	precipitation	heat	treated,	TH04	Hard,	TH04,	30%,	heat	treated	Half	hard,	H02,	20%	Extra	hard,	H06,	67%	Solution	heat	treated,	cold	worked	50%,	aged	and	cold	worked	6%	Solution	heat	treated,	cold	worked	60.5%	and	aged
at	842	°F	(450	°C)	Quarter	hard,	H01,	10%	1485	1413	1380	1310	1000	965	896	862	827	827	825	814	793	760	772	745	724	724	717	710	703	703	703	690	690	690	690	690	676	655	655	648	641	634	634	634	634	634	621	621	621	621	621	621	621	614	600	593	586	586	586	586	586	579	579	579	572	565	565	565	552	552	552	552	552	552	552	552	552
552	538	538	538	531	531	531	531	215	205	200	190	145	140	130	125	120	120	120	118	115	110	112	108	105	105	104	103	102	102	102	100	100	100	100	100	98	95	95	94	93	92	92	92	92	92	90	90	90	90	90	90	90	89	87	86	85	85	85	85	85	84	84	84	83	82	82	82	80	80	80	80	80	80	80	80	80	80	78	78	78	77	77	77	77	C17500,	C17510	C17200,	C17300
C17410	C17500,	C17510	C63000	C17200,	C17300	C63000	C65500	C62400	C63200	C19100	C63200	C64200	C64700	C18000	C19150	C62500	C63000	C69400	C62300	C62400	C19100	C64200	C62300	C64200	C65500	C65600	C67400	C15760	C19150	C62400	C64200	C65100	C66100	C69400	C15760	C62300	C18200,	C18400	C61400	C61300
C61800	C69400	C69430	C15760	C19100	C67500	C15760	C61800	C61400	C61300	C15760	C19100	C24000	C46400	C52100	C61300	C61400	C61800	C69400	C75700	C18150	C19100	C65500	C16500	C18200,	C18400	C67500	All	sizes	All	sizes	25.4	50.8	25.4–76.2	76.2	25.4	25.4	25.4	3.2	50.8	76.2	19	12.7	25.4	1.3–9.5	1	1	3	0.375	0.375–1	0.375	1	2	1–
3	3	1	1	1	0.125	2	3	0.750	0.500	1	0.05–0.375	All	sizes	101.6	19	12.7	25.4	50.8–76.2	9.5	38	50.8	12.7	25.4	25.4	19	7	9.5–12.7	101.6	19	25.4	25.4	12.7	7	76.2	4	25.4	12.7	25.4	25.4	25.4	7	3.2	25.4	12.7	50.8	25.4	25.4	13.7	12.7	7.9	6.35	12.7	50.8	50.8	76.2	50.8	25.4	25.4	25.4	25.4	12.7	13	12.7	25.4	4	0.750	0.500	1	2–3	0.375	1.500	2	0.500	1	1	0.750	0.275
0.375–0.500	4	0.750	1	1	0.500	0.275	3	0.156	1	0.500	1	1	1	0.275	0.250	1	0.500	2	1	1	0.540	0.500	0.312	0.250	0.500	2	2	3	2	1	1	1	1	0.500	0.500	0.500	1	(continued)	Source:	Copper	Development	Association	Inc.	In	plants	where	batch	annealing	is	practiced,	drawn	wire	is	treated	either	in	a	continuous	tunnel	furnace,	where	reels	travel	through	a
neutral	or	slightly	reducing	atmosphere	and	are	annealed	during	transit,	or	in	batch	bell	furnaces	under	a	similar	protective	atmosphere.	Even	those	alloys	that	are	commercially	age	hardenable	are	often	provided	in	the	mill-hardened	tempers;	that	is,	they	have	been	processed	with	cold	work	preceding	and/or	following	an	age-hardening	heat
treatment.	Properties	of	Importance	Along	with	strength,	fatigue	resistance,	and	ability	to	take	a	good	finish,	the	primary	selection	criteria	for	copper	and	copper	alloys	are:	•	•	•	•	•	Electrical	conductivity	Thermal	conductivity	Corrosion	resistance	Color	Ease	of	fabrication	(See	the	section	“Fabrication	Characteristics”	in	this	article	for	details.)
Electrical	Conductivity	As	shown	in	Table	1,	a	little	more	than	60%	of	all	copper	and	copper	alloys	consumed	in	the	United	States	are	used	because	of	electrical	conductivity.	The	cooling	rate	also	affects	the	decomposition	of	the	.	Although		slightly	impairs	room-temperature	ductility,	it	also	markedly	improves	ductility	at	temperatures	approaching	the
solidus.	Alloys	containing	nominally	2%	Be	(the	“gold”	alloys,	C17000	to	C17300)	can	be	age	64	/	Metallurgy,	Alloys,	and	Applications	hardened	to	an	ultimate	tensile	strength	(UTS)	exceeding	1380	MPa	(200	ksi),	while	the	lowerberyllium	“red”	alloys,	C17410	to	C17510,	aren’t	as	strong	(UTS	around	830	MPa,	or	120	ksi),	but	have	high	conductivity.
This	publication	is	updated	periodically	with	new	alloys	being	added	and	alloys	that	are	no	longer	produced	being	deleted.	The	Copper	Industry:	Occurrence,	Recovery,	and	Consumption	/	11	(30	ft)	wide,	into	which	copper	concentrates	and	silica	flux	are	charged.	For	small,	portable,	flexible	cables,	individual	wires	are	usually	30	to	34	AWG,	and	there
may	be	as	many	as	150	wires	in	each	cable.	An	alloy	containing	nominally	60%	Cu	and	40%	Zn,	and	generally	available	in	flat	products,	rod,	wire,	and	tube.	The	oxygen	content	is	about	0.05%,	nearly	all	present	in	the	solidified	copper	as	Cu2O	(about	0.5%	Cu2O	present).	Arsenic,	cadmium,	and	zirconium-coppers	(C14200,	C14300,	and	C15000,
respectively)	have	similar	properties.	There	is	a	cumulative	effect	when	more	than	one	element	is	added.	Wrought	Copper	and	Copper	Alloys	/	57	Table	1	(continued)	Mechanical	properties(b)	Alloy	number	(and	name)	C75700	(nickel	silver,	65-12)	C76200	C77000	(nickel	silver,	55-18)	C72200	C78200	(leaded	nickel	silver,	65-8-2)	Nominal
composition,	%	Commercial	forms	(a)	MPa	ksi	MPa	ksi	Elongation	in	50	mm	(2	in.)	(b),	%	Machinability	rating(c),	%	F,	W	F,	T	F,	R,	W	F,	T	F	359–641	393–841	414–1000	317–483	365–627	52–93	57–122	60–145	46–70	53–91	124–545	145–758	186–621	124–455	159–524	18–79	21–110	27–90	18–66	23–76	48–2	50–1	40–2	46–6	40–3	20	…	30	…	60	65.0	Cu,
23.0	Zn,	12.0	Ni	59.0	Cu,	29.0	Zn,	12.0	Ni	55.0	Cu,	27.0	Zn,	18.0	Ni	82.0	Cu,	16.0	Ni,	0.5	Cr,	0.8	Fe,	0.5	Mn	65.0	Cu,	2.0	Pb,	25.0	Zn,	8.0	Ni	Tensile	strength	Yield	strength	(a)	F,	flat	products;	R,	rod;	W,	wire;	T,	tube;	P,	pipe;	S,	shapes.	A	term	used	to	indicate	strip	brass	or	suitable	characteristics	for	forming	radiator	cores.	The	type	of
microstructures	obtained	for	such	heat	treatments	is	illustrated	in	Fig.	195	General	Considerations	.	More	commonly,	coil	annealing	is	done	in	bell	furnaces	where	a	controlled	atmosphere	can	be	maintained.	355	Microexamination	.	1	Effect	of	alloying	elements	on	the	conductivity	of	oxygen-free	high-conductivity	copper	LIVE	GRAPH	Click	here	to
view	Introduction	and	Overview	/	5	Table	4	Thermal	conductivity	values	for	various	metals	and	alloys	Thermal	conductivity,	W/m	·	K	Pure	silver	Pure	copper	C10100	(oxygen-free	electronic,	OFE)	C11000	(electrolytic	tough	pitch,	ETP)	C10400	(oxygen-free	with	Ag)	C12200	(Cu-0.02P)	C18100	(Cu-0.04Mg-0.15Zr-0.8Cr)	Pure	gold	Pure	aluminum	Al
1100	(O)	C17410	(beryllium	copper,	0.3%	Be)	Al	2024	(O)	Al	6061	(O)	Al	6061	(T6)	Pure	tungsten	Pure	magnesium	Al	2024	(T6)	Al	7075	(T6)	C26000	(Cu-30Zn)	Al	5056	(O)	Pure	zinc	C51100	(Cu-4.2Sn-0.2P)	Pure	nickel	Pure	iron	Pure	cobalt	Pure	tin	C61300	(Cu-6.8Al-2.5Fe-0.35Sn)	1020	carbon	steel	C74500	(Cu-25Zn-10Ni)	Pure	lead	C71500	(Cu-
30Ni-0.5Fe)	Type	410	stainless	steel	Pure	carbon	Pure	zirconium	Type	316	stainless	steel	Pure	titanium	Material	428	398	391	391	388	339	324	317.9	247	222	208	193	180	167	160	155	151	130	121	117	113	84	82.9	80.4	69.04	62.8	55	51.9	45	33.6	29	28.7	23.9	21.1	16.2	11.4	Color	Copper	and	certain	copper	alloys	are	used	for	decorative	purposes
alone,	or	when	a	particular	color	and	finish	is	combined	with	a	desirable	mechanical	or	physical	property	of	the	alloy.	The	light	areas	are	primary	,	and	the	dark	background	consists	of	unresolved	decomposition	products	of	,	which	are	either		martensite	or		and	2,	depending	on	the	cooling	rate.	184	Casting	Process	Selection	.	When	used	for	high-
strength	bearings,	alloys	C86300	and	C86400	require	hardened	shafts.	Note	from	the	phase	diagram	shown	in	Fig.	219	Coining	.	218	Cold	Heading	.	Commercial	alloys	represent	the	entire	range	of	available	solid-solution	compositions	of	each	element	up	to	35%	Zn,	and	up	to	(and	even	beyond)	50%	Ni,	50%	Mn,	9%	Al,	66	/	Metallurgy,	Alloys,	and
Applications	LIVE	GRAPH	Click	here	to	view	Fig.	Rope-lay	stranded	wire	and	cable	are	composed	of	a	stranded	member	(or	members)	as	a	central	core,	around	which	are	laid	one	or	more	helical	layers	of	similar	stranded	members.	It	must	be	borne	in	mind	that	the	properties	of	these	copper-aluminum	alloys	that	involve	primary		depend	quite
sensitively	upon	the	primary		grain	size	and	shape.	The	small	spaces	between	the	dendrites	can	interconnect	to	form	micropores.	jewelry	bronze,	87.5%	(C22600).	Commercially	Pure	Copper	There	are	several	grades	of	commercially	pure	copper,	the	variety	reflecting	mainly	the	need	for	high-electrical	conductivity	but	with	other	properties.	Note	in
the	figure	that	the	finer	the	primary		structure,	the	greater	the	tensile	strength.	411	Protective	Coatings	.	For	a	30%	Zn	alloy,	the	solubility	at	300	°C	(572	°F)	is	only	about	%.	The	share	of	metal	consumed	by	wire	rod	mills	has	grown	sharply	over	the	last	35	years	to	the	current	level	of	51.5%;	consumption	by	brass	mills	has	dropped	to	41.5%.
Comments,	criticisms,	and	suggestions	are	invited,	and	should	be	forwarded	to	ASM	International.	C99600	Incramute	1	S,	C,	CL	bal(r)	C99700	C99750	White	manganese	brass	Cu-Zn-Mn	S,	CL,	PM,	I,	P,	D	S,	PM,	I,	P,	D	54.0	min(r)	55.0–61.0(r)	0.10	0.02	0.20	0.20	0.20	1.0	0.50–2.5	2.0	…	19.0–25.0	17.0–23.0	4.0–6.0	5.0	1.0	1.0	1.0–2.8	Al,	0.20	Co,	0.10
Si,	39.0–45.0Mn,	0.05	C	0.50–3.0	Al,	11.0–15.0	Mn	0.25–3.0	Al,	17.0–23.0	Mn	(a)	Casting	processes:	S,	sand;	D,	die;	C,	continuous;	I,	investment;	PM,	permanent	mold;	CL,	centrifugal;	and	P,	plaster.	This	feature	is	put	to	use	in	alloy	C85800	(40%	Zn),	which	is	suitable	for	both	permanent	mold	casting	and	pressure	die	casting	because	it	can
accommodate	the	high	shrinkage	strains	that	arise	in	rigid	molds.	(q)	Cu	+	sum	of	named	elements,	99.7%	min.	404	Corrosion	in	Alkalis	.	Tin	brasses	have	good	hot	forgeability	and	reasonably	good	cold	formability.	518	C65400	95.4Cu-3.0Si-1.5Sn-0.1Cr	.	(Note	in	Table	3	that	tin	is	an	attractive	possibility,	and	Fig.	Copper	and	copper	alloys	owe	their
excellent	fabricability	to	the	face-centered	cubic	crystal	structure	and	the	twelve	available	dislocation	slip	systems.	of	this	material	in	one	(a)	(b)	(c)	Tensile	strength	Specimen	Chill	cast	22	mm	(	78	in.)	bar	(Fig.	540	C86300	64Cu-26Zn-3Fe-3Al-4Mn	.	38)	will	increase	the	hardness.	Unilay	stranded	wire	is	composed	of	a	central	core	surrounded	by
more	than	one	layer	of	heli-	cally	laid	wires,	all	layers	having	a	common	lay	length	and	direction.	W.R.	Opie,	P.W.	Taubenblat,	and	Y.T.	Hsu,	in	Copper	and	Its	Alloys,	The	Institute	of	Metals,	1970	5.	83	Cast	Copper	and	Copper	Alloys	.	These	are	given	below:	AMS	specifications	4555	4558	4625	4640	4665	Product	Seamless	brass	tube,	light	annealed
Seamless	brass	tube,	drawn	Phosphor	bronze,	hard	temper	Aluminum	bronze	Seamless	silicon	bronze	tube,	annealed	Copper	alloy	C26000,	C33000	C33200	C51000	C63000	C65500	Table	20	ASTM	and	ASME	specifications	for	copper	tube	and	pipe	Tubular	product	Seamless	pipe	and	tube	Seamless	copper	alloy	(C69100)	pipe	and	tube	Seamless	pipe
and	tube,	copper-nickel	alloy(a)	Seamless	pipe	and	tube,	copper-silicon	alloy	Seamless	pipe	and	tube,	for	electrical	conductors	Seamless	pipe,	standard	sizes	Seamless	pipe,	threadless	Seamless	tube	Seamless	copper	alloy	tubes	(C19200	and	C70600),	for	pressure	applications	Seamless	copper-nickel	tubes,	for	desalting	plants	Seamless	tube(a)
Seamless	tube,	brass(a)	Seamless	tube,	bright	annealed(a)	Seamless	tube,	capillary,	hard	drawn	Seamless	tube,	condenser	and	heat	exchanger(a)	Seamless	tube,	condenser	and	heat	exchanger,	with	integral	fins(a)	Seamless	tube,	for	air	conditioning	and	refrigeration	service	Seamless	tube,	drainage	Seamless	tube,	general	requirements(a)	Seamless
tube,	rectangular	waveguide	Seamless	tube,	water(a)	Welded	pipe	and	tube	Hard	temper	welded	copper	tube	(C21000),	for	general	plumbing	and	fluid	conveyance	Welded	brass	tube,	for	general	application	Welded	copper	tube,	for	air	conditioning-refrigeration	Welded	pipe	and	tube,	copper-nickel	alloy	Welded	tube,	C10800	and	12000(a)	Welded
tube,	all	other	coppers	(a)	Suffix	“M”	indicates	a	metric	specification.	(y)	The	following	additional	maximum	impurity	limits	shall	apply:	0.10%	Al,	0.001%	B,	0.001%	Bi,	0.005–0.15%	Mg,	0.005%	P,	0.0025%	S,	0.02%	Sb,	7.5–8.5%	Sn,	0.01%	T,	and	1.0%	Zn.	(z)Cu	+	sum	of	named	elements,	99.6%	min.	Solid	and	stranded	wires	are	available	with	tin
coatings.	Figure	10	shows	that	the		phase	undergoes	a	eutectoid	reaction	at	250	°C	(482	°F),	forming		and	.	One	is	to	avoid	using	too	high	a	solution	temperature,	as	partial	melting	may	occur,	and	upon	cooling	the		phase	will	form,	which	is	difficult	to	dissolve	upon	subsequent	solution	annealing.	(l)	Rod,	61.0	Cu	min.	(s)	For	continuous	castings,	S	will
be	0.25%	max.	453	C10300	.	482	C22600	87.5Cu-12.5Zn	.	469	C15735	99.3Cu-0.7Al2O3	.	Reheating	for	30	min	in	the	lower	temperature	range,	20	to	500	°C	(68–930	°F),	was	not	sufficient	to	significantly	affect	the	originally	slowly	cooled	structure,	and	the	hardness	remains	constant.	10	separating	the		and	the		(the	ordered	structure)	region.	This	is
the	major	effect	of	impurities.	0.30	0.50	0.50(i)	0.20	0.20	Sb,	0.05	S,	0.05	P(j),	C90200	242,	93-7-0-0	S,	C,	CL,	PM,	I,	P	91.0–94.0(g)(q)	6.0–8.0	0.005	Al,	0.005	Si	0.30	3.0–5.0	1.0(i)	0.20	0.20	Sb,	0.05	S,	0.05	P(j),	C90300	225,	88-8-0-4,	Navy	“G”	S,	C,	CL,	PM,	I,	P	86.0–89.0(g)(q)	7.5–9.0	bronze,	(SAE	620)	0.005	Al,	0.005	Si	0.30	1.0–3.0	1.0(i)	0.20	0.20
Sb,	0.05	S,	0.05	P(j),	C90500	210,	88-10-0-2,	gun	metal,	S,	C,	CL,	PM,	I,	P	86.0–89.0(g)(r)	9.0–11.0	(SAE	62)	0.005	Al,	0.005	Si	0.50	0.50	0.50(i)	0.15	0.20	Sb,	0.05	S,	0.30	P(j),	C90700	205,	89-11,	(SAE	65)	S,	C,	CL,	PM,	I,	P	88.0–90.0(g)(q)	10.0–12.0	0.005	Al,	0.005	Si	10.0–12.0	0.25	0.05	0.10(i)	0.10	0.20	Sb,	0.05	S,	0.05–1.2	P(j),	C90710	…	S,	C,	CL,
PM,	I,	P	bal(g)(q)	0.005	Al,	0.005	Si	0.25	0.25	0.50(i)	0.15	0.20	Sb,	0.05	S,	0.30	P(j),	C90800	…	S,	C,	CL,	PM,	I,	P	85.0–89.0(g)(q)	11.0–13.0	0.005	Al,	0.005	Si	11.0–13.0	0.25	0.30	0.50(i)	0.15	0.20	Sb,	0.05	S,	0.15–0.8	P(j),	C90810	…	S,	C,	CL,	PM,	I,	P	bal(g)(q)	0.005	Al,	0.005	Si	(continued)	(a)	Casting	processes:	S,	sand;	D,	die;	C,	continuous;	I,
investment;	PM,	permanent	mold;	CL,	centrifugal;	and	P,	plaster.	288	Welding	of	Phosphor	Bronzes	.	A	modest	lead	content	(2%	Pb)	makes	the	alloy	free-cutting.	The	user	recognizes	that	the	edges	of	every	other	coil	will	be	opposite	and	arranges	to	uncoil	either	over	or	under	the	coil	so	the	edge	condition	entering	the	press	is	always	the	same	(Fig.
498	C41100	91Cu-8.5Zn-0.5Sn	.	Figure	25	shows	two	examples.	The	cartridge	brass	(C26000)	used	in	common	electrical	hardware	has	a	conductivity	of	28%	IACS.	Leaded	tin	bronze	bearings	resist	pounding,	but	should	be	used	against	hardened	journals	(300	to	400	HB	min),	and	only	in	applications	where	reliable	lubrication	is	assured.	See	text	for
details.	Changes	in	thermal	conductivity	generally	follow	those	in	electrical	conductivity	in	accordance	with	the	Wiedemann-Franz	relationship,	which	states	that	thermal	conductivity	is	proportional	to	the	product	of	electrical	conductivity	and	temperature.	(k)	Cu		sum	of	named	elements,	98.7%	min.	N.	Table	15	ASTM	specifications	for	copper	and
copper	alloy	flat-rolled	products	Specification	B	36	B	96	and	B	96M	(metric)	B	103	B	121	B	122	B	152	and	B	152M	(metric)	B	169	and	B	169M	(metric)	B	194	B	291	B	422	B	465	B	534	B	591	B	592	B	694	B	740	Product	description	Brass	plate,	sheet,	strip,	and	rolled	bar	Copper-silicon	alloy	plate,	sheet,	strip,	and	rolled	bar	for	general	purposes
Phosphor	bronze	plate,	sheet,	strip,	and	rolled	bar	Leaded	brass	plate,	sheet,	strip,	and	rolled	bar	Copper-nickel-tin	alloy,	copper-nickel-zinc	alloy	(nickel	silver),	and	copper-nickel	alloy	plate,	sheet,	strip,	and	rolled	bar	Copper	sheet,	strip,	plate,	and	rolled	bar	Aluminum	bronze	plate,	sheet,	strip,	and	rolled	bar	Copper-beryllium	alloy	plate,	sheet,
strip,	and	rolled	bar	Copper-zinc-manganese	alloy	(manganese	brass)	sheet	and	strip	Copper-aluminum-silicon-cobalt	alloy,	copper-nickel-aluminum-silicon	alloy,	copper-nickel-aluminum-magnesium	alloy	sheet	and	strip	Copper-iron	alloy	plate,	sheet,	strip,	and	rolled	bar	Copper-cobalt-beryllium	alloy,	copper-nickel-beryllium	alloy	plate,	sheet,	strip,
and	rolled	bar	Copper-zinc-tin	alloy	plate,	sheet,	strip,	and	rolled	bar	Copper-zinc-aluminum-cobalt	or	nickel-alloy	plate,	sheet,	strip,	and	rolled	bar	Copper,	copper	alloy,	and	copper-clad	stainless	steel	sheet	and	strip	for	electrical	cable	shielding	Copper-nickel-tin	spinodal	alloy	strip	76	/	Metallurgy,	Alloys,	and	Applications	casting	or	hot	rolling.	36).
One	of	the	newest	developments	in	hydrometallurgy	is	referred	to	as	“bioleaching.”	In	this	emerging	process,	the	copper	concentrate	is	transported	to	a	drum	containing	thermophillic	bacteria	and	slightly	acidic	warm	water.	221	Powder	Metallurgy	Processing	.	Coppers	Composition,	wt%	Copper	No.	Designation	Description	C10100	C10200(a)
C10300	C10400(a)	C10500(a)	C10700	C10800	C10920	C10930	C10940	C11000(a)	C11010(a)	C11020(a)	C11030(a)	C11040(a)	C11100(a)	OFE	OF	OFXLP	OFS	OFS	OFS	OFLP	…	…	…	ETP	RHC	FRHC	CRTP	…	…	C11300(a)	C11400(a)	C11500(a)	C11600(a)	C11700	C12000	STP	STP	STP	STP	…	DLP	C12100	C12200(a)	…	DHP	Oxygen-free	electronic
Oxygen	free	…	Oxygen-free	with	Ag	Oxygen-free	with	Ag	Oxygen-free	with	Ag	…	…	…	…	Electrolytic	tough	pitch	Remelted	high	conductivity	Fire-refined	high	conductivity	Chemically	refined	tough	pitch	…	Electrolytic	tough	pitch,	anneal	resistant	Tough	pitch	with	Ag	Tough	pitch	with	Ag	Tough	pitch	with	Ag	Tough	pitch	with	Ag	…	Phosphorus
deoxidized,	low	residual	phosphorus	…	Phosphorus	deoxidized,	high	residual	phosphorus	…	…	C12210	C12220	…	…	Cu,	min,	(incl	Ag),	%	Ag,	min	%	Troy	oz	As	Sb	P	Te	Other	named	elements	99.99(b)	99.95	99.95(d)	99.95	99.95	99.95	99.95(d)	99.90	99.90	99.90	99.90	99.90	99.90	99.90	99.90	99.90	…	…	…	0.027	0.034	0.085	…	…	0.044	0.085	…	…	…
…	…	…	…	…	…	8	10	25	…	…	13	25	…	…	…	…	…	…	0.0005	…	…	…	…	…	…	…	…	…	…	…	…	…	0.0005	…	0.0004	…	…	…	…	…	…	…	…	…	…	…	…	…	0.0004	…	0.0003	…	0.001–0.005	…	…	…	0.005–0.012	…	…	…	…	…	…	…	…	…	0.0002	…	…	…	…	…	…	…	…	…	…	…	…	…	0.0002	…	99.90	99.90	99.90	99.90	99.9(h)	99.90	0.027	0.034	0.054	0.085	…	…	8	10	16	25
…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	…	0.04	0.004–0.012	…	…	…	…	…	…	0.004–0.02B	…	99.90	…	0.014	99.9	4	…	…	…	…	…	0.005–0.012	…	…	0.015–0.040	…	…	…	…	…	…	…	…	0.015–0.025	0.040–0.065	…	…	…	…	99.90	99.9	…	…	(c)	0.0010O	…	…	…	…	…	0.02O	0.02O	0.02O	(e)	(e)	(e)	(e)	(f)	(g)	(e)	(e)	(e)	(e)	(continued)	incl,	including.	535	C83300



.	134	Plating	in	Fluoborate	Baths	.	C94700	88-5-0-2-5	S,	C,	CL,	PM,	I,	P	85.0–90.0(o)	4.5–6.0	0.10(v)	1.0–2.5	4.5–6.0(i)	0.25	0.15	Sb,	0.20	Mn,	0.05	S,	0.05	P,	0.005	Al,	0.005	Si	4.5–6.0	0.30–1.0	1.0–2.5	4.5–6.0(i)	0.25	0.15	Sb,	0.20	Mn,	0.05	S,	C94800	87-5-1-2-5,	leaded	S,	C,	CL,	PM,	I,	P	84.0–89.0(o)	nickel-tin	bronze	0.05	P,	0.005	Al,	0.005	Si	4.0–6.0
4.0–6.0	4.0–6.0(i)	0.30	0.25	Sb,	0.10	Mn,	0.08	S,	C94900	leaded	nickel-tin	bronze	S,	C,	CL,	PM,	I,	P	79.0–81.0(p)	4.0–6.0(i)	0.05	P,	0.005	Al,	0.005	Si	Cu-Al-Fe	and	Cu-Al-Fe-Ni	alloys	(aluminum	bronzes):	The	aluminum	bronzes	are	characterized	by	high	strength	and	excellent	corrosion	resistance.	The	conductivity	of	copper	is	independent	of	its	crystal
orientation	and	does	not	vary	significantly	with	grain	size.	511	C61400	91Cu-7Al-2Fe	.	Because	forgings	tend	to	be	somewhat	more	costly	than	comparably	sized	castings,	forged	products	are	usually	reserved	for	applications	in	which	special	qualities	are	needed.	Bronzes	Under	the	UNS	system,	the	term	bronze	(C90200–C95900)	applies	to	a	broad
class	of	alloys	in	which	the	principal	alloying	element	is	neither	zinc	nor	nickel.	Powder	plants	produce	powder	and	flake	for	further	fabrication	into	powder	metallurgy	parts,	chiefly	small	sintered	porous	bronze	bearings.	Davis,	J.R.	(Joseph	R.)	II.	When	all	the	iron	has	been	removed,	the	remaining	copper	sulfide	is	further	oxidized	to	blister	copper	by
the	following	reaction:	Cathodes	(99.99	+	%	Cu)	Cu2S(l)	+	O2(g)	→	2Cu(l)		SO2(g)	Melting	Continuous	casting	Open-mold	casting	Fabrication	and	use	Fig.	559	C97300	56Cu-2Sn-10Pb-20Zn-12Ni	.	Arrows	indicate	direction	of	motion.	In	extrusion,	the	die	is	located	at	one	end	of	the	container	section	of	an	extrusion	press;	the	metal	to	be	extruded	is
driven	through	the	die	by	a	ram,	which	enters	the	container	from	the	end	opposite	the	die.	Further,	a	polishing	stone	continuously	dresses	the	rolls	as	they	operate.	0.10	Si	propeller	bronze	…	0.10	0.50	4.0–5.0(i)(x)	3.5–4.5(x)	8.5–9.5	Al,	0.8–1.5	Mn,	C95810	Nickel-aluminum	bronze	S,	C,	CL,	PM,	I,	P	79.0	min(d)	0.05	Mg,	0.10	Si	…	…	…	0.50(i)	3.0–5.0
12.0–13.5	Al,	1.5	Mn	C95900	…	S,	C,	CL,	PM,	I,	P	bal(d)	Cu-Ni-Fe	alloys	(copper-nickels):	Excellent	corrosion	resistance,	especially	against	seawater.	Single-die	machines	called	bull	blocks	are	used	for	drawing	special	heavy	sections	such	as	trolley	wire.	The	nickel-tin	bronzes	C94700	and	C94800	combine	strength	(585	MPa,	or	85	ksi,	tensile
strength)	and	toughness	with	good	bearing	properties	and	high	corrosion	resistance.	C80100	Oxygen-free	copper	S,	C,	CL,	PM,	I,	P	99.95(c)	…	…	…	…	…	…	C81100	High-conductivity	copper	S,	C,	CL,	PM,	I,	P	99.70(c)	…	…	…	C81200	High-conductivity	copper	S,	C,	CL,	PM,	I,	P	99.9(c)	Ni	Fe	…	…	…	…	…	…	Other	…	…	0.045–0.065P	High-copper	alloys:
Relatively	high-strength	coppers	with	good	electrical	and	thermal	conductivity.	Davis	Davis	&	Associates	Chagrin	Falls,	Ohio	vii	Contents	Nonstructural	Applications	of	Copper	and	Copper	Alloy	Powders	.	The	alloy	was	held	for	15	min	at	500	°C	(930	°F),	then	cooled	in	different	media.	232	Powder	Pressing	.	269	Nontraditional	Machining	Methods	.
Alloy	C84400	is	the	most	popular	plumbing	alloy	in	U.S.	Markets.	However,	in	the	copper-aluminum	alloy	here,	heating	the		martensite	below	the	eutectoid	temperature	(565	°C,	or	1049	°F,	as	shown	in	Fig.	518	C65500	97Cu-3Si	.	Brass	Mill	Products.	Copper	alloys	with	aluminum	as	the	principal	alloying	element,	normally	in	the	range	of	3	to	15%
with	or	without	the	additions	of	other	elements.	Blanking	of	squares	or	rectangles	is	generally	done	by	cutting	to	length.	However,	aggressive	fluxes	are	not	used	for	electronic	applications.	The	blank	is	forced	into	a	die	by	a	punch,	and	in	the	case	shown,	the	clearance	between	the	die	and	punch	is	the	same	as	the	thickness	of	the	blank.	The	atoms
are	placed	randomly	in	the	schematic	drawing.	171	iii	Type	I	(Free-Cutting)	Alloys	.	harnesses	are	the	most	important	products	in	this	category.	These	economical	alloys	have	properties	somewhat	better	than	those	of	the	straight	copper-zinc	brasses.	If,	instead	of	quenching	from	the		region,	the	Cu-10Al	alloy	is	cooled	slowly	(e.g.,	furnace	cooled),	a
large	amount	(about	50%	by	a	mass	balance	calculation)	or	primary		will	form,	and	the	rest	of	the	structure	will	be	the	eutectoid	pearlite.	(c)	Including	Ag,	%	min.	Nickel	Silvers.	The	bronzes—copper-tin	and	copper-aluminum	alloys—are	described	next,	and	finally	the	age-hardening	copper-beryllium	alloys	are	addressed.	Reheating	for	30	min	at	400
°C	(750	°F)	gives	a	fine		precipitate	on	the		grain	boundaries,	and	a	fine	intercrystalline	precipitate	of		(Fig.	Advantages	and	Disadvantages.	Polyimide	coatings	are	used	where	fire	resistance	is	of	prime	importance,	such	as	in	wiring	harnesses	for	manned	space	vehicles.	Also,	if	the	alloy	is	not	cooled	sufficiently	rapidly	from	the	solution	temperature,
then	some		may	form	during	cooling.	Extrusion	of	copper	and	copper	alloy	tube	shells	is	done	by	heating	a	billet	of	material	above	the	recrystallization	temperature,	and	then	forcing	material	through	an	orifice	in	a	die	and	over	a	mandrel	held	in	position	with	the	die	orifice.	544	C87610,	Silicon	Bronze	.	Lead	is	commonly	added	to	many	cast	copper
alloys.	(o)	Bi:Se	2:1.	It	is	used	for	costume	jewelry,	slide	fasteners,	and	as	a	base	for	gold-filled	articles.	Continuing	developments	in	superconductors,	electric	vehicles,	solar	heating,	and	large-scale	desalination	of	water	should	ensure	that	copper	remains	an	essential	material	in	the	future.	Their	mechanical	properties	fall	between	those	of	yellow
brasses	and	fully		alloys	such	as	C86200	and	C86300.	(aa)	Includes	Co.	Source:	Copper	Development	Association	Table	4	ASTM	B	601	temper	designation	codes	for	copper	and	copper	alloys	Temper	name	or	material	condition	Temper	designation	Cold-worked	tempers(a)	H00	H01	H02	H03	H04	H06	H08	H10	H12	H13	H14	hard	1/4	hard	1/2	hard	3/4
hard	Hard	Extra	hard	Spring	Extra	spring	Special	spring	Ultra	spring	Super	spring	Cold	worked	tempers(b)	H50	H52	H55	H58	H60	H63	H64	H66	H70	H80	H85	H86	H90	Extruded	and	drawn	Pierced	and	drawn	Light	drawn;	light	cold	rolled	Drawn	general	purpose	Cold	heading;	forming	Rivet	Screw	Bolt	Bending	Hard	drawn	Medium-hard-drawn
electrical	wire	Hard-drawn	electrical	wire	As	finned	Cold	worked	and	stress-relieved	tempers	HR01	HR02	HR04	H01	and	stress	relieved	H02	and	stress	relieved	H04	and	stress	relieved	1/8	Temper	designation	Temper	name	or	material	condition	Cold	worked	and	stress-relieved	tempers	HR06	HR08	HR10	HR20	HR50	H06	and	stress	relieved	H08	and
stress	relieved	H10	and	stress	relieved	As	finned	Drawn	and	stress	relieved	Cold	rolled	and	order-strengthened	temper(c)	HT04	HT08	H04	and	order	heat	treated	H08	and	order	heat	treated	As-manufactured	tempers	M01	M02	M03	M04	M05	M06	M07	M10	M11	M20	M25	M30	M40	M45	As-sand	cast	As-centrifugal	cast	As-plaster	case	As-pressure
die	cast	As-permanent	mold	cast	As-investment	cast	As-continuous	cast	As-hot	forged	and	air	cooled	As-forged	and	quenched	As-hot	rolled	As-hot	rolled	and	rerolled	As-hot	extruded	As-hot	pierced	As-hot	pierced	and	rerolled	Annealed	tempers(d)	O10	O11	O20	O25	Cast	and	annealed	(homogenized)	As-cast	and	precipitation	heat	treated	Hot	forged
and	annealed	Hot	rolled	and	annealed	(continued)	(a)	Cold-worked	tempers	to	meet	standard	requirements	based	on	cold	rolling	or	cold	drawing.	(b)	Uncoated	wire	two	passes	through	the	machine,	depending	on	its	capacity	for	stranding	individual	wires.	Tin-Coated	Wire.	112	Copper-Base	Friction	Materials	.	The	clear,	white	regions	are	the	,	and	the
dark	and	gray	regions	showing	annealing	twins	are	.	561	C99700	56.5Cu-5Ni-1Al-1.5Pb-12Mn-24Zn	.	Source:	Ref	17	Fig.	See	the	article	“Applications”	in	this	Handbook	for	additional	information	on	markets	for	wire	and	cable.	For	example,	each	of	the	domains	depicted	in	Fig.	However,	even	low	tin	contents	measurably	strengthen	the	copper-zinc
binary	alloys,	as	shown	by	the	data	in	Table	7.	201	Coining	.	The	insulating	compound	is	loaded	into	a	hopper	that	feeds	into	a	long,	heated	chamber.	Tempers	describing	these	metallurgical	conditions	are	also	listed	in	Table	4.	If	only	pure	copper	remains,	shrinkage	during	solidification	leaves	a	depression	on	the	surface	of	a	test	ingot.	Butts,	Ed.,
Copper,	Van	Nostrand	Reinhold	Company,	New	York,	1954	8.	Continuous	or	semicontinuous	casting	is	used	to	produce	cast	cake	for	conversion	into	plate,	sheet,	strip,	and	foil	by	hot	or	cold	rolling.	Carbide	tooling	can	be	used	but	is	rarely	necessary,	and	while	grinding	may	be	required	for	a	few	alloys	in	very	hard	tempers,	these	are	not	conditions	to
be	expected	in	high-speed	production.	360	Dendrites	.	465	C14700	99.6Cu-0.4S	.	(b)	Cluster	mill	Fig.	Thus,	control	of	the	water	quenching	must	be	maintained.	The	liquid	wets	the	a	grain	boundaries	and	forms	a	film	on	them,	and	upon	hot	working,	the	alloy	disintegrates.	80	/	Metallurgy,	Alloys,	and	Applications	Joints	Joints	in	copper	tube	and	pipe
are	made	in	various	ways.	407	iv	C22000	90Cu-10Zn	.	Specifications	for	copper	and	copper	alloy	forging	alloys	include	ASTM	B	124	(see	Table	21),	B	283	(die	forgings—hot	pressed),	and	B	570	(beryllium-copper	forgings	and	extrusions).	An	alloy	containing	nominally	88%	Cu,	4%	Sn,	4%	Zn,	and	4%	Pb,	generally	available	in	rod	and	flat	products.
Yellow	brasses	have	a	pleasing	light	color	and	can	be	polished	to	a	high	luster.	(o)	Cu	+	sum	of	named	elements,	98.7%	min.	Copper	alloys	are	said	to	have	a	harder	temper	if	they	have	been	cold	worked,	heat	treated,	or	both,	and	a	softer	temper	when	they	are	in	the	as-hot-formed	condition	or	when	the	effects	of	cold	work	and/or	heat	treatment	have
been	removed	by	annealing.	Copper	is	recovered	from	the	resulting	solution	by	either	cementation	or	solvent	extraction-electrowinning.	With	the	high	scrap	value	of	turnings,	and	no	need	for	expensive	electroplating,	the	total	cost	of	brass	screw-machine	products	can	be	significantly	lower	than	that	of	leaded-steel	parts.	49	and	50	(as	discussed
previously).	The	standard	dimensions	and	tolerances	for	several	kinds	of	copper	tube	and	pipe	are	given	in	the	ASTM	specifications	listed	in	Table	20,	along	with	other	requirements	for	the	tubular	products.	The	applied	force	is	spread	across	the	contact	area	of	the	rolls	on	the	metal.	Thus,	the	cutting	edge	of	the	drill	encounters	a	large	number	of	lead
particles	during	the	one	revolution.	The	microstructure	would	be	similar	to	that	in	Fig.	Joseph	and	K.J.A.	Kundig,	Copper:	Its	Trade,	Manufacture,	Use,	and	Environmental	Status,	International	Copper	Association,	Ltd.,	and	ASM	International,	1999	J.G.	Peacey,	Copper	Metallurgy,	McGrawHill	Encyclopedia	of	Science	and	Technology,	Vol	2,	7th	ed.,
1992,	p	420–423	E.G.	West,	Copper	and	its	Alloys,	Ellis	Horwood	Limited,	1982	Standard	Designations	for	Wrought	and	Cast	Copper	and	Copper	Alloys	STANDARD	DESIGNATION	SYSTEMS	for	copper	and	copper	alloys	described	in	this	article	include:	•	The	Unified	Numbering	System	(UNS)	alloy	•	•	designation	system	for	wrought	and	cast	copper
and	copper	alloy	products	Temper	designations	for	wrought	and	cast	copper	and	copper	alloy	products	International	alloy	and	temper	designation	systems	Alloy	Designations	In	North	America,	the	accepted	designations	for	copper	and	copper	alloys	are	now	part	of	the	Unified	Numbering	System	(UNS)	for	Metals	and	Alloys	(Ref	1),	which	is	managed
jointly	by	American	Society	for	Testing	and	Materials	(ASTM)	and	the	Society	of	Automotive	Engineers	(SAE)	International.	It	is	not	susceptible	to	hydrogen	embrittlement,	but	is	of	relatively	low	electrical	conductivity	due	to	the	amount	of	phosphorus	present.	If	oxygen-bearing	copper	is	heated	above	approximately	400	°C	(750	°F)	in	a
hydrogencontaining	atmosphere	(or	in	some	cases	other	reducing	gases),	the	hydrogen	dissolves	readily	in	the	copper	and	then	diffuses	rapidly.	When	circular	blanks	are	required,	they	are	die	cut	on	a	press.	Rolls	of	small	diameter	will	have	a	small	contact	area,	and	greater	force	per	unit	of	area.	(w)	Cu	+	sum	of	named	elements,	99.8%	min.	With	the
richer	solid-solution	alloys	that	lower	the	stacking-fault	energy,	planar	slip	is	the	dominant	dislocation	mechanism,	with	associated	higher	work	hardening.	favorable	combination	of	strength	and	corrosion	resistance,	brasses	are	by	far	the	most	commonly	cast	copper	alloys.	502	C46400,	C46500,	C46600,	C46700	60Cu-39.2Zn-0.8Sn	.	It	has	a
hexagonal	crystal	structure	and	is	ordered.
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