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Reve..e Coppel's

Revero produoes several types of copper for
industrial and engineering ~ppncaUons. All
twas oonfaln aver 99% pure oopper. but the
preilepCtl of other 01 me 8 in SIJ1G1l conuo.J!ecl
quailti~ make's each twa esp.ecially,auHablo
for spe(:ifi.c applications.

adveutlages
WhUe the physical properties of each type of
copper vary, the basic qualities of copper reo
mcdD. Electrolyl1e tough pfich anil phosphorized
typet!l aJ:B the most widely used.

One of copper's most lmponaut qualities is its
etbllily to' re&1s1 corrosion. Sloniftcantly, copper
withStands almospheric c'Oi'roalon as satisfac
torily ClA any avuilable c:ommerc:1al meltal. More
over. copper is substantially immune to the
chemical aUacks of a lafl;Jo n.umber and variety
of Industrial chemlcals. COPPO,to ~o, has high
elect cal and the mal condtlCt!.vily. Copper is
unsWpQ8SIld for i16 hot and' ,Cold working prop
erties.

All th~ coppers, except the leaded coppers.. are
unusually plastic: thr-ol)qb a wide ranqe of tem
perature. It Is commercial practice to hot roll
copper throuqh a temper-atlll'e range of 12006

to l&SO·F. as this fa the ranqe of maximum pldS
UcJty. And copper, except tlut lectde.d cop~r8,

may h~ If t wOJ'ked b~ any -of the comme.rcial
fqbrkalhrq ethods.

For cold working, the coppers pQssess almost
unliJnited capaci,ly. It is COttllnOllprat:Uce. in the
tnanufacture of cel'tain produc;t8, fa achieve re
ductions of 90% wi-thout interm.adiate anneal
ing.

Copper may .be easily QrClWJl.i stamped and
folmed. It iB ea Uy soldered artd po' hed.It is
annealed at tempera-buell be:tWeen 450 0 and
1500~F.dependinq upon the PtQperties requit d.
Most coppers can be welded hy gas, earbon ~c
or metal arc methods.

The table eft riqbt git"es a ettddr quide to the
Reve e tamrl¥ of coppers.

Copper is readily worked. Here, coppersmiths beat out
boltom of brew kettle from large copper sheets.

Copper transmits heat rapidly and uniformly, resists
corrosion, defies rust, is easily worked

Copper is favored Jor bus bar and other electrical uses
because of its high electrical conductivity.



ulloy Denne Electrolytic Phospho~ed Oxygen.free Silver-bearing ArsenicoJ Fr,ee-cutting
Tough Pitch (Deoxidized) High Con- Phosphorized Copper

ductivity

Revere allev numbBt' 100 101 J03 lOB 106 '204

,!gppor
99.9 99.9 99'.96 99.9 99.45 99.75

eom.position :sv:.~iC .. .. .. 8·30 0>:. per ton .. ..
..

'0.025
,. .. 0.35 ..

h05phor .. .. .. 0.025 Te 0.25

electrical equip.. in lube (orm:
,

for special chaw- electrlca.'I C01;n- Cledain condenser ScreW Tno.chine pa.rts
ment and con- water o.nd lafrlg.. ing and sta.m.ping mutators and heat exchange
duelors: bUB bara, oraBon servico appIicotions electrical equipment
cOI1\mutatorB, etc. lor sealing to glass a.utomotive radi-

hGla.t exchange (electronic tubes) o.toza welding torch tips
QrchifectutaI equipment
produds: roofinq, eleclTical equip- whore retention in.tedoY vacuum
guHers, ote. oil burnors, etc. ment at high of alren(flh and tube parts

typical uses temperatures in nloderately e10-
process equip .. in sheal and piale: presence of ~~;e:B~~:aQratures
rnent: kettles, welded can .. roducing gases
vats. dlsUllery struction
equipment

{orginga.

pri"linllrollm I

hi\lh electrical daoxidized high electrical 8 10 30 o~, sliver 5pGcio.l 1'esi9'to nee similar to oxygen-
conductivity conductivity per ton added to to cartain corro- free copper (103) but

higher fonning resistant to em- incrGlase onnool- sive medic with £ree-cutting
high thermal and bendinq britUinq gase5 ot ing (softening] properties
conductivity qualitiesthon high temperatures ternperature low electrical

electrolytic copper c ondu<::ti9ity high electrical

gl)r\era' properties
excollent working (100) excellent {or deep resists softening conductivity
ability drawing, provides at temperatures

profEl't1'ed for superior gloss-to- from 500 to 700·F higl> thermal
oopper-smithing metol seal conductivity
and welding (due high conductl.vHy
to reststance to
ernbrittleffient at
hi\lh temperotures

Jcold.worklnq exceUonl eXCDUant exceJJ.en.' .~C':'H.ftl I excellent good
hot-working excenont cxcol1ant exceltont eX<loUent excellent good

working tnlc~ining fair poor poor faix poor ex.cellent
deoxidized coppor go.tiI. corbon axc, carbon, metal a.rc deoxidized coppor gas, metal arc, I not recommendedproperties ~ we dmg'" preferred lllotaL arc preferred carbon arc

aoldering ~cellent oxcellenl eKcellent excellent oxceUent good
Ioolishin.a ,""cellont oxoellent excellent Qxcellent excelIent exce~lent

densilll:. 'Jb per cu. in. O.3~ 0.3113 I;L3a~ I 11.322 0-323 O.3~3

YOU.Il!l". :=,;1..5 of.d......
li'm,v.-.....OOO .....11t.wll U'.D J6.0 16.0 UUI 16.0 16.0

rn~1llnopoinl. OF lee] 1981 I-lilill 1981 1976 1981

average coefficient of
,thenna.l expa.nsion. Pal'

O.OOOIli09GOF (68 to 570°F) 0.0000098 0.0000098 0,0000098 0.0000098 0.0000098

eloclrlcal co~duct'ivity.
,

% lACS at 68·(" 100 min 75 to 90 1100 min 100 ",in 45 98

!..h.rmal conduclivHy,

I I
Btu. per sq ft, per ft. per

1175 to 205 102hr, per OF. at 58·I" 227 227 227 227

liard 8C1fl hard 50tl hGNI sofl IIC1'J'cl lIofl hem:l $OJt bWQ soff

tensile strength) {rheet
•

so 30 55 30 50 32 52 33 0- .. .. 32
psi (000 omitted) ~~~~0 45 32

5ii -- .. .. .. ..
:ii

53
., n 35 37 .. .. .. 60 .. ..

olongation. [sheet. 5 40 5 40 5 40 5 40 .. .. . .
%in2'n. rod. 20 50 I 0- 0- .. .. .. . . 7 40

.tube 0 .. ., 5 45 .. . . .. 4 42 .. ..
yield snength, Isheet. 42 7.S 42 75 48 8 48 I 7 .. ..

49
..

0..5,% extension. oI,rod • 42 10
48

.. .. I .. .. 7
psi (000 omitted> rtube 0 .. .. 8 0- .. .. . , 48 8 .. . .
Rockwell !sheet. OOB 4DF' 50B 4r;1F IiOB 4DF SSE! 40(" .. ..

4arhardness rod. 4SB 25("
:ior

.. .. .. .. 48B
,tube 0 .. .. 96I" .. .. , . 95F 2SF .. . .

sheot. strip BIOI :ell Bl0] BII BIOI .. B101 .. .. ..
8152 .. I BI52 .. BI52 0- :B1S2 " .. .. . . ..

ASTM lUll BI~3 I 912 BU~i3 B12 Bl93 I 1149 B187 .. .. .. ..
specifi· rod 1349 131.B7 B124 B48 BIl~ B187 8133 B4ii ., ..
cation's Bl'lU rHO .. .. 2124 El4B .. .. " d ..

~

B13 B188 BI3 B75 Bl3 Bill B13
i ~M ~~~

1313 B75 .. ..
tube Bill .. 842 B88 B68 B188 B186 B42 .. .. ..

., .. 11611 BU~ B7S .. , . .. " .. .. --
for iurlher dara. see page 6 page 9 ! page 9 page II page 8 ....

Jj. by Eus.ion methods: conductivity of lhe coppers makes rosistance welding (spot and seam) impractical. Coppers, however, may be resistance
bra>:ed by a patented method .

• basi5 of ratinq: hard. on final orea roduc:tion of 2S %; solt. on final grain size of 0.035 ffiTn. (all tGats on rod under I-inch diClmeter.)
• bClSis of rating.:, hald. on ma.terial provioua.ly rolled 4 B & S numbers hard (37.S SC: area. rod uction): soli. on final gro.in siZQ of 0.035 nUn. (all

tests conducted on 0.040 in. stock.)
o basis of rating~ hcud. on motoriol pre .... lously extruded and cold drawn to 0.150 in. o.d. by 0.049 in. woll; soH. on so.me materia.l after l.hour

anneal ot 12QO°F.
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alloy no. 100 • tough pitch
copper 99.90% minimum

fOrm.s available: sheet. strip. pla,te. rod, bus bar, tube. forgings

typical uses • Electrolytic Copper is recommended for elec
trical equipment and conductors (bus bars. commutators, etc.);
architectural producls (roofing, gutters. etc.l: process equipment
~ketlles, vals, distillery equipmenl); forgings, printing roBs.

geJleral properties 0 Revere Electrolytic Copper combines
high electrical conductivity and high thermal conductivity with
excellent working ability. It has excellent corrosion resistance
and is immune to the chemical attack of a [arge number ,of
industrial chemicals.

cold wer~ng

Rockwell F hardness. elongation of
Electrolytic Copper strip previously
annecrled to grain si~e of 0.045 rom

I

I
ROC~ wELL "r'--.....

/'"
/

I I

1/
I'...

I........ r.....
.......r- ELONCATION

I--

I I
10 20 30 40 50 bO

PERCENT REDUCTION BY COLD WORK

sheet

3D

40
1.5

40F

solt 0

50

S
42

50B

hard.

lensHe s\ropglh. ,psi (000 omitted)

elongation. % in 2 in.
yield strength. 0.5% extension. psi (000 omitted]
Rockwell hardness

physical' properties (sheet qnd strip)

density. Ib per Cll in.
average coefficient of thermal expansion. per ·'F.

(68 to 570 a FJ
electrical conductivity. % lACS. at S8 a F
thermal conductivity. Btu per sg fl. per ft. per hr.

pet OF. al &8°F

0.322

0.0000098
100 min

227 rod eeld

10 20 30 40 50 bO
PERCENT REDUCTION BY COLD WORK

Rockw&ll F hardness, elongallon of
Electrolytic Copper rod previously an
nealed to grain si2e of 0.030 mm.

-

ROCKWlll "f"

--~1/ .....

/ I 1

i I I

"-

" I

" IlONCATI'ON

1--1-.1

~
N

."

~J 100

zj 90
QSl
<= 80

~: 70
g; bO
~'"
Z~ 50

u~ 40
flS I 30
Q.,::j

~1O
g '0

'" 0

,a based 011 material previo\lsly rolled four BOoS numbers hard (37.5% area reduction)
o bttSed o.n qrall, size of 0.035 mm.

All tests conducted on 0.040 in. slock.

ASTM specifications • 'Sheet: B152. Rod: B124. B133

worlCing properties. Cold-working, hoi-working, soldering.
polishing-excellent. Machining-fair. Welding-deoxidized
copper preferred.

6
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alloy no. 105
silver 8 to 3D oz. per ton copper 99.9% min.

forms available: sheet. strip. roel tube

generul properties • Revere Silver - bearing
Copper contains from 8 to 30 ounces of silver per
top to resist softening at temperatures from 500°
to 70QoF QUld possesses high conductivity.

typical uses. Recommended for products that
are subjected to high temperatures because the
silver content raises annealing temperature.

alloy no. 106
copper 99.45% arsenic 0.35% phosphor 0.025%

available in tube form only

generul properties e Revere Arsenical Phos
phorized Copper has low electrical conductivity
and is resistant to certain corrosive media.

typical uses • This copper is recommended for
certain condenser and heat exchanger applica
tions.

physical properties (strip)

tensile strenglh, psi (DO 0 omitted)
elongation, 5% in.2 in.
yield strength, 0.5 % extension.

psi (000 omitted)
Rockwell hardness

hard.

52
5

48
55B

saitO

33
40

7
4.0F

physical properties (tube)

tensile strength, psi (000 omltled)
e[onqaUon, % in 2 in.
yield strength. 0.5 % extension.

psi (000 omitted)
Rockwell hardness

hard.

SO
4

48
9SF

soliD

37
42

B
28F

density. Ib per cu in.
averaqe coefficient of thermal e1<pclDsion.

per OF, (68 to 570°F)
elE/clYical conducllvity. % IACS, at 6aoF
thermal conducUvily, Blu per sq fl. per ft,

per hr, per OF, at GSoF

0.322

0.0000098
100 min

227

density. lb per cu in.
average coefficient of thermal e1<pansion.

per OF (S8 to 570"F)
electrical conductivily. % lACS. at 68"F
thermal conductivity. Btu per sq 11. per II,

per hr. per OF. at 68"F

0.323

0.0000096
45

102

Iii based on ma1erlal previously rolled lour B&S numbe.. hard
(31.5% aretr reduction)

o based on grllin she of 0.03S mm.
All tests conducted On 0.040 in. stock.

working properties. Cold working, hot work
ing, soldering, polishing-excellent. Machining
-fair. Welding-not recommended.

ASTM specifications
sheet: BlO L B152
rod:. B49. B133, B187
lube: B13, B188

8

• based on material J;lreviously extruded and cold drawn to ~.750

in. od by 0.049 in. wall.
o based on material alter a I-hour anneal at UOO·F.

working properties • Cold-working, hot-work
ing, soldering, polishing-excellent. Machining
-fair. Welding-see page 54.

ASTM specifications
tube: B13, B42, B75
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tensile strength. yield strength (0.5%)
of Electrol)'tic Copper strij:> previously
cold rolled 50% from grain size ot
0.045 mm.
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Rockwell F hardnoss, elongation 01
Electrolylic Copper strip previously
cold rolled 50% from grain si"e of
0.045 mm.
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tensile strength, yield slrengili (0.5 %)
of Electrolytic Copper strip previously
annealed to grain si"e of 0.045 mm.
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of Electrolytic Copper rod prav[ously
cold worked SO% from grain size of
0.030 'mm.
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Electrolytic Copper rod previously
cold worked 50% from grain si~e of
0.030 mm.
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tensile strength, yield strength (D.5%)
ot Electrolytic Copper rod previously
annealed to grain size of 0.030 'mm.
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the charts at small scale on these pages are intended to indicate range of properties and not to presep.1 exact dater.
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I Revel'e Bl'asses

ehuGcteristic:s
The Rever~ brasses merit special attention; they
offer a combination 01 unusual properties for the
production of a wide varfety of stamped, drawn and
spun articles. Moreover, the ultimate cost ill often
lower than with other materials because. even thouCjJh
th miticd per·pound price may appear hi9h. the lin.
Ishlng costs are usually lawer-especiaUy where
buffed or plated surfaces are required.

high ductility • High ductilIty and malleClbllity of
the copper-zlnc aUOYJI (brgsses) effect savings in
Iim.& cmd cost becau~deepet draws in one operation
are pouible: a smaller nwnbet of operations are
required to finish a piece to siZe and dimension. Be
cause of the low work.hardening rate. a combination
of forming procell8es is nequently possible in mak·
ing intricate shapes. wlthout the need for intermedi·
ate annealing.

tow llllllealinv • 11 annealing is required the tern·
peratures are low. usually nol over 1100 F. This
means lower f el cost.

"wing • Rapid drawinq speeds are per·
mlssible. This is particularly desirable for repeU110n
press work or in other Operati,oDS where part~ are
produced in large quantities. Power consumption is
relatively low.

nOMoalbag of dies • Some metals or alloys foul
the dies qWckly. Brasses do not. Qnly a minimum of
die redressing. is therefore ne,ded.

high lciap value • SC.rap nq:tmally results from
prdc1\c;al1y anf stamping O't fol'.Jtlml1 .operation. Sig
nificant ¥, the scrap l'olkile v(dae of the brasses, CIS

well OJ5 of .copper and other Clopper-base alloys. is
high. Th1s reduces the overall' cost of finished parts.

good platiDg base. Many products require plat
ing for both protection and appearance. To prevent
"spotUnq out", under·plat" are necessary. One
method ia to under,pla\e e' brass with copper. U
chrome Is to be the finished j;lldte. it is customary to
under~platewith ntcbl.B~ 'p ales well and pol~

lshea eaaily. Moreover. nemly~ ;t1latings are more'
or less porous. so the brasses, with ex.cellent corro
sion resistance. have man? arked advantaqes
when used CIS the base melal for plated finishes.

pleasing color. Today, more than ever. color Is
an importcmt design factor. And brasses oHer a wide
ranqe of warm ·colors • • • from the almost copper
color of thole low in zinc tlttouqh the gold tODes to

10

alloys of copper and zinc

the characterlstic yellow brass coloI' of those con
taining larger amounts of zinc. Alloys contaiDlnq
about 15% zinc: G1tt noted for their r1c:h, QOldett color
and are irequently usea to imltate QOlcL

composition

Brasses are essentially alloys of copper d zinc.
Within the commerclal range of copper-zinc alloys.
the zinc content is completely soluble in the copper in
all proportions.

brasse.s fol' co wCRking. Alloys of copper and
~lnc containlng up to 36% of zinc are known as alpha
brasses. They have unusually good cold.-working
properties and general resistance to corrosion.

As zinc Is added to copper, alloys are produced with
Increasingly higher tenaile strength but with lowered
electrical and therm<;rl conductivity. Alloys having
a composition range of 85 to 70 % CO'Pper possess the
best combincrlion of strength and ductl1lty and are
used wi~el'Y' fOll the maJlufqcture of articles requiring
~xtreme cold-wo..1d.nq.

brasses 101' hot-wol'king • As tJie zinc content is
increased beyond QPproximately 35-%. Q aecond cop
per-Me soUd ~lutlon, ncher in zinc than the alpha
soUd solution. fa fOrMed. This second phase is known
as bela and alloys of copper and Zinc c:ontCIining
J,0m 36 to 45% of zinc are known CI8 alpba-bela
hrasses. Alloys COXltalDlnq 45% of zinc are richer in
bela than. those containi~36% zlnc. The amount of
zinc content has a diStinct eHect 0)\ the hot-w.Dl'kinq
c: araotedsUca of the uilxture: the be!Jl' -qq.atiUes (:D'8

obtained when ~e quantity of zinc 1& about '0%.
Alpha-bela brass. are characterized by their good
hot-worklnq propertiea. Excellent ho ·working prop
erties combined with high str.englh are found in
alloys having 36 to 40% zinc content. In these mix·
tures. the beta constitutent is &Hective In hardening
and strenqthel:1inq the alloy.

temper

Temper is produced In brass by cold.worktn9 opera·
tions. Unlike many of the ferrous metms, it is not
possible to harden or increase the temper of the
brasses of the alpha type by means of quenc:hing or
special heat t1'eabnent.

The degree of h~ess or temper of alloys in sheet.
roU or strip form is desIgnated In the m1ll by stating



copper
, I 1', I I • -:

1 Oxy,gen~ll"ee Copper '

typical. uses • Especially suited for dmwing and
stamping. Also for sealing to glass such as lamp
bu1bs, electrOnic tubes and the-like.

alloy no. 103
copper 99.9%

forms available: sheet, strip, rod. tube

general properties • Revere Oxygen-free Cop
per has properties similar to ElectrolyHc Copper.
It hos high electrical conductivity, is exeellent for
deep drawing, and resists embrittling gases at
higb temperatures.

allo,Y no. 101
phosphorus Q.025% copper 99.9%

forms available: sheet, ship, roeL tube

9'eneral properties • Revere Phosphor.deoxid
ized Copper has higher forming and bending
qualities than Electrolytic Copper. Moreover, it is
generally preferred for 'welding applications be
cause at welding temperatures it resists embrittle
ment by reducing gases.

typical uses • 'Fhis copper, in tube form, is rec
ommended for water and refrigeration service,
heat exchange,r eqUipment and oil burners. In
sheet and plate form, it is recommended for
welded constructions. physical properties (str~p) hard '. soft 0

• , based on material previously extruded and cold drawn to 0.750
in. od by 0.049 in. wall

o based OIl mgterial alln ,a I-hour anneal al 1200 0 P

working, properties. Cold working, hot work
ing, soldering. polishing-excellent. Machining
-fair. Welding-see page 54.

ASTM ~pecificcJt.ions

sheet, strip: BIOI, IHSZ
rod: B12, B124, B133
t~he: BI3., B42, B68, B75, B88, BIll

III based On m.alerial previously rolled Jour B&S num.bers hard
(37.5% alea reduetlon)

o based on grain size 01 0.035 rom.
All lests conducted on 0.040 in. stock.

working properties • Cold working, hot work·
ing, soldering, polishing-excellent. Machining
-fair. Welding-see page .54.

0.323

227

0.OCl0098
100 min

50 32
5 40

48 8
SOB 40F

lenJll1e strength. psi (000 omilled)
e!onqatlon. % in 2 in.
yIeld strenglh. 0.5 % extension.

psi (000 omllled·)
Rockwell hardness

densHy. lb per cu in.
average coefficient of thermal elCPanslon.

per OF (68 to 570·F)
electrical conductivity. % IACS. at S8°F
thermal cond uctlvity. Btu per sq 14. per fl.

per hr, per OF, at 168°F.

ASTM specifications
sheet, strip: BWl, B152
fod: B12, B133, B49, B187, Bl24
hille: B13, BI H, :668, B188, B75

175.205

0.323

0.0000098
15-90

hard. soft 0

59 35
5 45

48 8
9Sf' :lOF

tensile strength. psi (000 omitted)
elongalion. % in 2. in.
Yield strength. 0.5% extension.

psi (000 omitted)
Rockwell hardness

physical properties (tube)

density. Ib per cu in.
average coelficlen1 of thermal expansion.

per of (68 to 570°F)
electrical conducllvlly. % JACS, al S8°1'
thermal cor-ductivily, Blu per sq ft. per ft.

per hr. per of. ttl S8°F

Revere Copper and Brass Incorporated 9



brass

alloy name Commel'cial
Bl'onze95%
(Gilding)

Revere alloy number 110

fcopper 95.0
zinc: 5.0

cornposition1lead ..
nielC:Gl ..

jlJn ..
je'W'olry, omblems.
plaquoa:, <::oins, ruse
caps. prinlers

as bQ.6e for a:rticles
to hm gold plated or

typical useS highly polished

~
compared to cQPper,
this alloy has higher
tensilo strength. oqua.'
ductility. lowor

gene:ral proporties thermal properties

qolden color

rOld_worldng eXOII1l4i i
hot-worlcing excollent

working moc~lning poor
properties weldIng gOB. ceubon an.,

metal arc
looldoring oxcollont
polishing excellent

deJUiIy. Ih P<t¥ CU in 0.320

You~8modulus o£ elasticity,
15prl ~ .000 coml!ted) - -

I'\ll1Ung poInt, OF 1949

Q.vUQ,O_ ooomc.lent of thonna.1
.OOOlllOO~p'Clft3lon. par OF (OO 10 5:I:O°Fi

eUi~iricQi, c:r9nductivity. ~)
57.0lACS ...lalFi'

therllla.l conduc1ivHy-8Iu
per sq ft, pel' ft, per hr, par OFt

139 eat 68°F

hard soft

tensile etzength, {Sheel • 55 :17
psi (000 omitted) rod 0 .. ..

tube .. ..

elongotion.!sheet. 5 45
~~ in 2 in.• rod 0 .. ..

\Iube . , ..

yield strength 0.5 % (shoot. 52 8
Gxto"fi.io.f\ und4t' loa.d. \ rod 0 .. ..
D.t (000 orniliAldj hi"'" .. "

Rockwell {Sheet • 60B 50F
hardncss rod 0 .. ..

l"~o .. ..
ASTM [shoel, strip B36
specifications rod B134

itubo ..

lor lurther dolo. see

.015 slight forming operation

.025 drawing work such as hub caps

.035 good drawing and polishing as for
headlight reflectors

•05.0 heayy drawing and spinning; is more
diffi~lt 1(1,) polish

.100 severe draws on heavy material

rom recommended for

commonly used grain sizes

qree of softness of brqss ,can ~ost accurat.ely be
expressed In terms of actual ~erage qrcdn sme
measured On the surface of the metal at high maq·
nification der it has been specially t>repared to
make tile struclq:Je visible. At this magnificaUon
(us ally 15 dlameters) the diameter of the aver·
aile individual qrain is actually measured.

Annealed brass Is furnished 'n grain sizes rang
ing from .010 to .150 mm. average diameter. The
surface quality of a finished piece of drawn brass
is directly affected by the initial graln size ot the
material. Brasses with smaller qrain s~e (.015 to
.035 mm.) are not so ductile CIS those with larqer
grain size-but are utilized for applications where
cold-working is not too severe and where. after
such cold-working, a high polish is desired. Such
hrasses possess excellent f3urfaces and 'require a
minimum of polishing after cold-work to obtain
high lustre.

For heavier and more severe cold-working; opera
tions, brasses having grain sizes of .030 to .oso
mm. are used. These permit more severe opera
tions but reguire more care after working to pro.
duce a polished surfaes. Above grQin f3ize of .OSO
mm.• even light workIng produces a roughened
surface: as the grain size increases to .100 mm. it
becomes incre.asingly difficult to finish the surface
satisfactorily. M9St deep drawing. brass is fur·
nlshed with a grain she of .035 to .050 mm.

IZ



brasses

the number of Brown & Sharpe q«uc;res which the
metal Is to be reduced by cold rolling, without any
intermediate annealinc;r. The amount of cold-work1nq
obtained by these reducUons is also qulte c;reneraUy
referred to as Ji4 hard. 'h hard, etc.. as stated in the
table belo\'l1:

ral10d &beet and ..trip

IOl1ilper

\~ hll!d
!1 hard
hard
ItXtrahard
~rlnq

.xlra .prln",

nOll'llnal reducllon penleDlaqe o(
B&S qau90 no. redw:t1on I"CIJlPtOX.1

1 10.9
2 ~O~

.. 37.1
6 SO.II
B 6D.5

10 68.'7

It is Been that a reduction in c;ruuqe of 2 B&S numbers
produces a temper known as 112 hcmL ThIs alBo desig
nates a definite reduction in the thickness of the
metaL Sprmq tetnper, for example, corresponds to a
r:educUon in q(IUqe of 8 Brown & Sharpe qq11Qe num
hers add a eduction in thieknen of 60.5%.

The actual reaultiDq hardness depends not only on
the reduction or amoqnt of cold.workinllJ to which
the metal has been subjected, but also on he inItial
qraln size and the composition 01' mixtures of the
alloy. Therefore "numberll hard" orp~ such as
!4 hard. 'h hard. etc.. are only approximate deslgna·
tions of t1'Ue physlc:a1 propertIes.

annealing
If cOllper or bralilS is cold-worked-to increase the
hardness-the only method by which it can be
softened is by annealing. This may be done by heat
ing to between 600° and 1200°F. The precise temper
ature range depends upon the alloy and the amount
the metal has been cold·worked prior to the anneal
ing operation and the finished hardness desired.
Low annealing temperatures soften the metal least:
high annealinq temperatures soften It most.

Grain size is em important indication of the temper
and worlrlnq J;lroperties. Durinq anneallno the grains
increase in size as described below.

gl'a-n size
All tnet~ are Cl'ystalUne and in mill terminology
the crystak are referred to as "grains". The grain
size is important in specific:ationa as it ha a definite
e{Wel In forming; and subsequent operations. The de-

Revere Copper and Brass Incorporated U
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leaded brass I

alloy name Leaded Brass Engrllvers Or Free-cutting Forging Rod Architectural I

Heavy Leaded Rod Bronze
Brass --

Rovere alloy number 224 235 240 280 2S3

(coppor liG,tl 64.0 61.5 00.0 56.5
Izinc 32.9 32.0 35.5 38.0 4'.25

composition< leo.d 0.6 2.0 3.0 2.0 2.25
!nic:lcel .. .. ..
[tin " .. .. "

screw JTl.ochino parts on graving plates deep chilling hot foro.in{Js handrails, doooro. ..
turning~ free cutting tive moldings, grilles

olQctric:o.l fuso pads machined pcuis for screw rna.chine hardware
parts :re901"ing door parts

plumbing instruments plumbing goods
(pro£&S.9iono.l and misc:ella.neous archi-

pipo, pump liners scientific) te(;tural trim.
typical uses

indusuiai exl.rudedname plates, keys.
tock ports, tu mblers

I
shapos (hing.. , lock
bodios. automotive

geors parts]

watch pa.rts _J.'L
tree .machining &eo machining and excellent m o.chin w oxtromoly plastlc 'hol, 9'X"CQUont forging and
combined witb good blanIc:inq a'bilit.y combined combining; good free rnachininq
m.odera.te c:old- with good mochan· corrosion rosiato.nc8 pro~rtiea:

forming ability LCQl and corrosion with 0;,<coLIont
resi!ltonce proporties mechanical prope:r-

general properties U...

, eold .. workinq lair poor poor fair vory poor
Ihot-worldJ'l{J poor poor qood oxcelI'ent Q'xcallent

worlc:ing machining good QxcoUent ezcellont good good

prop.r1i ""1welding non·loaded brass non-leaded bra'5s non ... leaded brQ.S!'I non.loaded brass poor
prefened preferred preferred pxofouad

sQldering oxcollc.nt exc.oUcnt lI00,d aood ...."oU..,,,1
PQ·lll!J'iiliv OKC1!Il<!'''1 O1C.Cell'H\1 ~I~I """",11_l o,,,,ollenl

do=iIV, Ib~ ell I". 0.301" D.:l06 0.301 0.3O!l 0,30$

y ~unq's modulus of elasticity,
15 15 15ps, (000,000 omi\tsd) 15 IS

melting poini, or 1715 16lJO l61S2 1643 16~3

ovorago coefficient of thermal
expansion, per OF (68 lo 510°f J .0000113 .0000111 .0000113 ,0000115

Iie~i~~kJooFdUCtiVilY~
(d
1<

26.8 26.8 28.6 28.6 ..
thermal co'ncluctivity, Btu, eper sq ft, por ft, per hI',
per "F, al68°F ~ GIl 13 1J ..

hard soil hard solt hald s~1l hard soil' hard soil,
tensile strength Ishee I • I 80 50

50
..

Ii
.. " ..

psi (000 omnt.dil:::~e 0 .. .. 65 .. 55 .. 65
75 SO .. , " " .. .. ., ..

elongation {sheiet • " .. 5 55
50

.. .. ..
~~ in 2 in~ '~~~bQ 0 " 15 .. 45 .. 15

10 50 .. .. .. . , , . .. ..
yield s.henglh O.S~, rsh~et_, .. ij~ 19 .. ..

I
.. ..

exterunon under load rod 0 .. .. .. IS .. 20 .. 35
psi (000 o'Tlilled] \tube 52 15 .. " .. .. .. ., ..

Rockwenj"heel • " .. 80B 65F .. .. .. ..
hardness ~~t. 0 .. " 72B 65F .. 40B , . 8513

7813 20B ,. .. .. " .. ..
ASTM; fsheet, slrip ..

Bis Bi24
..

specificCltions l:~t sii5
..

I
. , " ..

[or further dala sec p"W,;Z4

• IJard. based on sheet and abip proviously -t"oiled 4 B & S numbers hard {37.S ~~ Q-t"oa reduclion) i soJt~ basod on soH sheet and strip with yr~in size of
0.035 'Tlm. All test. ~onducled on 0.040-inch slock. .

o hard, b-osod on rod with final reduction of 25 '}~; solt. based on finol {Jt"oin siza o£ 0.035 :rnrn. All tests conductad on rod under] inch in dia.motor.
*" propar·tiQs given are for extnl,ded condition only.
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brasses

Commercial Red-Brass 85% Red-Brass 80% Seventy-Thirty Yellow Brass Muntz Metal
Bronze 90% (Rich Low Brass) ICartridge Brass) IYellow Metal)

]20 13() 140 160 170 180
90.0 e6.0 80.0 70,0 00.0 50.0
10.0 15.0 20.0 30..0 34.0 40.0

" " .. .. ., ..
" .. .. " .. .... " .. .. .. ..

costume jewelry, com- iowo)ry, hodges, na.me jewelry, thermostat for CG.Jb'idgo cases and for deep drawinq. I shoot form. for ship
pac'ts'. lipstick cases platcs,· tago, dials. bellows, doop drown am'ITlunHion corn .. stamping, spinning, sheathinq, condense

hardware, etched parts- o.rUdea ponanbJ, otchinQI rolling·-for heod9. perforated.
fOk'"qings, screws, practically all fabn- metal, archite.ctural
weothersbippinq, automobile ra.dia.tors cotina processe9 worll::
stampod hardware

tube and pipe for oil pins. rivets, oyolota, condenser fu beB
and utility fiolds and auto Iad~Qtor COJOS.
plumbing hea.ting units, lamp valvo sterns .

.bodies ana. tofloctor"3~ bra:tinq rods
oartridge casos and

--e-
clips, .l.~ttl~al IJOoOkots,
<ltQ'I'm "h.apell, <>te.

excellent cold-working higher strenath and similar 10 85% Red- hest combination of 9:.lc(tllmht oohl ..wortci.nq hiah strength com·
proporties ductility than oopper Bross ductility and sb:"ngth properUes combinod biJ'lcd with low

of any bross with good corrosion duotllily
very ductile excellent corrosion J:'oa:istC1nce

resistanoe oftort 8x.coed- excolleni cold-worldJl~ I
ing thQ.t of coppor properties mechanical propertios

and COrTOSlon resistanco
mora 8ucc8Bs£uI at olmos! tho so.m 0 a.s

I high tomperature than
I

D"ep Drawing and
higher :r.ino QUays CartTidgQ BraBS

excellent exoellont oxcellent excellent exoellont fau
olitcc]].ent good good good poor oxcGllenl
poor

xor

I
poor fair fa.ir good

qQ9, co.z:bon arC t
f:,. f:,. f:,. f:,.

metal arc
excQIIent ""cellent "xcellenl ex.ceUQot Qxcollent "x.G~.u.C)nt

ucell"l\t .....~lanl ajltoo:U.n.t _cll'llent o~lonl I>>«rGI1<m1

D.JII3 0.316 '0'.313 fl.:iQg 0.306 0.303

15 15 15 ]5 15 15

19U 1870 1833 1151 1'100 1001

I I
.0000101 .0000104 .0000106 .00001l! .00OCHl4 .0000116

43.6 34.7 32 27.3 1 27.0 28.6

lOB 87 Bl 70 67 73- hmd I sole h"rg ·oU hInd "lift hard ~c lIem! $oll hard ~!l

60 3B 65 40 75

I

43 84

I

49 80 48 B5 52
60 38 51 40 65 ~;j 15 50 60 50 15 55
. , .. all 40 89 43 90 ot~ .. ., 90 !!a

5 40 5
I

46 5 50 5 55 1 60 5 50
20 55 23 55 20 60 25 60 25 66 20 50.. .. 5 40 5 45 5 65 .. .. 5 45

62 1(1 65 10 60 12 66

I

16 60 I' IB GO 17
55 10 52 10 55 J2 55 18 45 18 55 17., .. 50 10 55 12 65 15 .. " 60 17

7013 50F 7SB 53F 8SB 60F BSB 3013 8513 70F 8513 3013
6013 SOF 1513 65F 7513 65F B2B 2513 1013 2013 8013 3813
.. .. BOB 55F' S5B 60F' 9013 3013 .. . . B8B 3013

1336 1336 1336 1319 1336 1343
13130 I 13134 " 13134 Bl34

13m, B135
" B-43 .. BISS ,.

paqe 16 page 18 page 20 paqe22 page 22

• hard~ hosed on shee~ o.:nd strip pl"l)viouBly rolled 4 B & S numbars hard (37.5 % area ::reduction); solt, basad on soH shool an.d strip with gTain Bi26 CI£
0.036 m=. AlIt.ala conductod on 0.040·inoh stock.

o hard~ based On rod with final rQducHon of as %; solt, basod on final grain sizQ o£ 0.035 rnm. All legis conductad On. rod under 1 inch in dia.met~T.

b. far weldi:ng-gQ.l3, oaX"bon a.:rc, Inotal arc, spot a.nd aea.m welding for thin qa.uge.

Revere Copper and Brass Incorporated 13



brasses

..... sirnilc;u (0 Naval Bro.ss but more '!iIuito.ble to sho.£ting---duo to materially highor' {atiguo endurance limit.
6 lOf weidinq-gas, carbon arc, metal OtC, spot and seam walding for thin qaugo.

~
special

tin brass ,brass
Chain Bronze Admiralty Roman Naval BrQ:ss Free-cutting Manganese Aluminum

Metal Bronze A Naval Brass Bronze Brass
(Revalon) ...

-
340 35f:l 3BO 3S6 389 454 435

;..
81.0 11.0 60.0 60,0 60.0 58.0 16.0
11.75 28.0 39.25 39.0 31.25 39.6 22.0

,. As 0.05 .. 0.25 1.15 Fe 1.4 AI 2.25
.. .. Mn 0.5 Max. A.0.05

i.~ i:o 0.15 0.76 0.15 l.O ..

sash chain a.nd condonser o.nd heal propeller Qnd tube sheets !n heat screw machine forgings condenser and h.Q Q I
athol' sin\ilar exchanger plates pump eho.fts. Q;xchangeJs and produc:Ls exc:hQl'\ge:r b,lbo9
chail'\9 end tubas pieton l'ods steam condensers marino hardware condeneer plOito~

!steo.m power pla.nt
steam po ...,er plant many marine uscs hot-wor}ced fOl'qinqs valve stCnlS equipment
equipment forgings

cool $Creens chemical andbolts
chemical and procoa.5 eq'Jlpm.en.t
process equipmeni

tnQrina uses
marine uses
automobile aedals

~

strongth a.nd excellent corrosion ntanu£acturing resistance to salt similar fo Fl'ee- high strength
I

exccUont corroBion
'ductility combined :resistance eorn.- procoss qives .fino. wo.ler corrosion cutting Rod (240) cornbtned with r,esistoncc com-

hined with str-ongth unifoun grain- bu t with incroClsod excollon t weo.r bined wijth 'Good
and ductility structure so.tilJfa.ctory lor strength and corro- resistance attenglh and

modolofo cold- aicn resistance ductility
high resistance to worldnq operations
fatigue and salt bettor than
wator conosion Admiralty (358j

fat: rcsistQnce fo
velocHy type
of faHura,

ll'ood good fau to.ir poor poor good
fair pOOr Gxcellant excellent good ezeelltlnt £o.ir
poor fair good good excollon.t good poor
.. qos. carbon arc 6. 6. non ..10oded brass 6. ..

preforred

-r excollent good excellont excellent good excelle.nl excellont
excoUant good excellent excellont excg.llftn:t """..II~nl '.
o.(m 0.308 0.304 0.304 0,305 0,3011 0.301.

15 15 15 15 15 IS : 15

1886 1715 1640 1610 r~o 1.6a1l 111()

!

,OOOOI~4 ·QOOO112 ,0000119 .OOOO1l9 ,0000119 .0000118 ,0000108

3Q.~ 2>1.7 2S.1 25,8 25.8 23.6 22.6

f'!?'. SI I
Il~ 1{} 68 68 58 58

hard soli hard soli hard solt hard soil hard solt har·d solt hard rolr

67 15 8S 50 82 60
90 58 I 90 58 .,.

65
.. . .

,. ,.
100

.. 80 58 .. , . 90 ..
" ,. 50 .. .. .. ., " .. " n llll 50

5 45 5 , 55
45

5 40 5 35 .. , . ..
I .. .. 20 20 45 ., ., 10 35 ..

I .. .. 3 5~ .,
"

.. " ,. .. .. " 10 SO

60 12
I

70 IS .. 10 20 10 20 .. ,. . .
.. .. .. is 55 22 55 20 . , .. 55 21 ..
.. .. 80 .. " . , .

" .. .. .. .. 60 , 20
.

BOB 60F 90B 2513 ..
50B

!lOB 46B 90B 4Sn ,. ,. ..
" ..

96B
8013 8013 SOB " ., 8513 6513 I .. .... " 50F .. .. .. .. " , . .. , . 8613 10F

.. 13111
821: BI24

8111 ..
8124', '8133

.... .. 821,8124 821.. BIB .. .. .. .. Bin

page 28
,

page 26 page 28 page ;16
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general properties 0 Revere Commercial Bronze. 90%. has
high ductility. Compared to copper, it has higher tensile strength
but lower thermal properties.

cold Wi king

ROC~WEll 'J" I.--

."
v- I

1/
J

,

II I ,

I-~ ElONCATlON

"'k
~

sheet

10 20 30 40 50 60
PERCENT REDUCTION BY COLD WORK

50ft 0bard.

typical uses 0 Commercial Bronze, 90%. is used for costume
jewelry. compacts and lipstick cases. Also recommended for
forgings, screws, weather stripping and standard hardware.

physical properties (sheet and strip)

also known as government gilding metal

alloy no. 120
copper 90.0% zinc 10.0%

forms available: sheet strip. plate. rod. lube. forgings

lensile strength. psi (000 omitted)

elongation. % in 2 in.

yield strength. 0.5% extension psi (000 omitted)

Roclcwell bardness

60

5

52

70B

38

40

10

50r

Rockwell F bOldness. elongation of
Commercial Bronze strip previously
annealed to a grain size of 0.070 mm.

densHy. Ib per cu in.

average cc>ef1icienl 01 thermal expansion. per OF.

(G8 to 57nOF)

electrical conductivity. % lACS. at GaoF

thermal conductivity. Btu per sq It. per ft. per hr. per
per OF. at GaoF

0.318

0.0000101

43.6

108
rod co d WGl'kiDg

• hased on material previously rolled four B&S numbers hard (37.5% cuea reductlon\
o based on grain size 01 0.035 mm.

All tests conducted on 0.040 in. slock.

Rockwell r hardness. elongallon 01
Commercial Bronze rod previously an
nealed to a grain size of 0.050 rom.

,I

ROCKWEll "'F"

I.......

"
[/

1/
I

I\...
f'....

"-
1"":",-- ElONGAllQN

I

N ...
Z·_.!two
z~
0 090_..
'<= 80
I!>~z c 70

~~ bO

Z~ 50

~~ 40
ffi J: 30

o.~ 20

g 10

'" a
10 20 30 40 50 60

PERCENT REDUCTION BY COLD WORK

polishing
Machining

ASTM specifications 0 Sheet: B36, B130.

working properties 0 Cold working, soldering.
-excellent. Hot working-excellent if lead free.
-poor. Welding-see page 56.
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brasses
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lensile slrenglb. yield strength (0.5%)
of Commercial Bronze strip previously
annealed to a grain size of 0.070 mm.

Rockwell F hardness. elongation of
Commercial Bronze slrip previously
cold rolled 50% from molerial having
o grain size 01 0.070 mm.

ten!lUe strenglb, yield strenglh (0.5%)
of Commercial Bronze strip previously
cold rolled! 50% Irom ~oterial having
a grain size of 0.070 mm.
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teJlsile strength. yield strength (0.5%)
of Commercial Bronze rod preViously I

annealed to a grain size of 0;050 inrn.

Rockwell f hardness. elongation of
Commercial Bronze rod previously
cold worked 37% lrom malerial hav
ing a grain size 01 0.050 mm.

lel'lsU'e strength. yield slrength of
Commercial llronze rod prevlQusly
cold worked 37% lrom "lrlaterial !lav
ing a grain size 01 0.050 inirt.
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also known as Rich Low Brass sheet cold working
QUoy no. 130

forms available: sheet. strip. plate. rod. wire. tube. pipe and
lockseam tubing

general properties. Revere Red-Brass, 85%. has higher
strength and greater ductility than copper. Gnd its excellent cor·
rosion resistance often exceeds that of. copper, as in salt water.

typical uses • Red-Brass, 85%. is recommended for jewelry,
name plates, badges, tags, dials, hardware, etched parts. For
tubing and pipe for oil and utility fields and plumbing. Also for
automobile radiators, bellows and flexible tubing.

physical properties (sheet ond strip)

WCKWELl "f"

t- I-- I
,

V
1/

:1
,

i\ ,

I'...

'" -'-':L9NGAlIOI'l--

N

£;] 100

z,T 90
0 0

~: 80

~-: 70
g~ bO
w'"
f-::rJ 50zz
~:il 40
ffi~ 30
11. -'

;;j 20
~

g 10
'" 0

10 20 30 40 50 bO
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zinc 15.0%copper 85.0%

tensile strength, psi (ODD omllled)

elongation. % in 2 in.

yield strength. 0.5% extension. p~i {DOD omilledl

Rockwell hardness

65

5

55

75B

40

45

10

60F

Rockwell F hardness. elongation
01 Red-Brass strip previously annealed
10 a grain size of 0.070 mm.

density. Ib per cu in.

average coefficient 01 thermal expansion per OF.

(68 10 570°FI

'elecl1ical conductivity. % lACS, at 6SoF

thermal conductivity, Blu per sq ft. per It. per hr.
per OF, 01 68°F

0.316

0.0000104

34.7

87 rod co d WOJ'king

10 20 30 40 50 bO
PERCENT REDUCTIQN BY COLD WORK

Rockwell r hardness. elongation
of Red·Brass rod praviously annealed
to a grain size of 0.055 rom.
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AST,M specifications. Sheet: B36. Tube: B43.

• based on malerial previQusly rolled tour B&S numbers hard (37.5% area reduotion)
o based on qrain si;le 01 0.035 mm.

all tesls conducted on 0.040 in. stock.

working propefties. Cold working, soldering, polishing-
exceUent. Hot working-good if lead free. Machining-fair.
Welding-see page 56.
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brasses

annealing
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tensile slrenqth, yield, strenqth (0.5%)
of Red-Brass sttip previously annealed
to a grain size of 0.070 mm.

Rockwell F hardness. elongatlon of
Red-Brass strip previously cold rolled
50% Irom material having a grain size
of 0.070 mm.

lensile strenqth, yield strength (0.5%)
of Red-Brass strip previously cold
rolled 50% from material having a
grain size 6f 0.070 mm.
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tensile strenqth, yield strength (0.5%)
of Red·Br~ss rod previously annealed
to a grain size of 0.055 mID.

Rockwell F hardness. elongation of
Red-Brass rod previously cold worked
37% from material having a grain size
of 0.055 m.m.

tensile sll'ength, yield strength (0.5%)
of Red-Brass red previously cold
worked 37% from material having a
grain size of 0.055 ;wm.

..-.. Ihe Chatls at small scale on these pages are intended 10 inditale range o( properties and nol 10 present exact dat"
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also known as Cartricfqe Brass sheet eold wOI'king

general properties • Revere Seventy-Thirty Brass has the
best combinaHon of duc'tility and strength of all the brasses and
accordingly has superior cold working properties.

typical uses. Seventy-Thirty Brass is recommended for car
tridge cases, ammunition components and tor any difficult deep
drawing, stamping or spinning job.

aUoy no. 160
copper 70.0% zinc 30.0%

forms aVdilable: sheet. strip, tube. rod. rectangular bar and
lockseam tubing
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PERCENT REDUCTION BY COLD WORKsoltOhard.physical properties (sheet and strip)

tensile slrenqth. ,psi (000 omitted)

elonqation, % in 2 in.

yield strength. 0.5% extension psi (000 omilled)

:l'lockwell hardness

84

5

65

85B

49

S5

15

30B

Rockwell B hardness. elongation
of 70-30 Brass strip previously an
nealed to a grain .size of 0.070 mm..

density. Ib per cu ·in.

average coefficient of thermal expansion per OF.
(68 to 570°F)

electrical conductivity. % lACS. at 68°F

l)lermal conductivity. Btu per sq ft, per ft. per hr.
p~r OF, at 68 D F

0.308

0.0000 III

27.3

70 rod cold wo:r g

Rockwell B hardness. elongation
of 70-30 Brass rod previously annealed
to a grain size of 0.045 mm.
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working properties. Cold working, soldering. polishing
excellent. Hot working-good if lead free. Machining-fair.
Welding-see page 56.

AS'l'M specifications" Sheet: BIB. Tube: B 135. Rod: B134.

• pasel! on material previouslY rolled lour B&S numbers hard (37.5% area reduction)
o based on grain size 01 ·0.035 mm.

all tesls conducted on Q.D4D in. stock.
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brasses

annealing
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Rockwell F hardness. elongation
of 70·30 Brass strip previously cold
rolled 50% from material having a
grain size of 0.070 mm.
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tensile strength, yield strength (0.5%)
01 70·30 iIlrass strip previously an
nealed to a grain size of 0.070 mm.
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tensile strength, yield strength (0.5%)
01 70·30 Brass strip previously cold
rolled 50% from malerial having a
grain size of 0.070 mm.
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grain size of 0.045 rnm.
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• based on material previously rolled four B&S numbers hard (37.5% area reduclion)
based oa qyain size of 0.035 mm.
all tests conducted on 0.040 ,in. stocle.

co .. working

Rockwell B hardness. elongallon
of Yellow Brass strip previously an
nealed to a grain size of 0.070 mm.
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sheet

26.4

69

0.300
0.0000114

80 48
.., 60

60 15
85B 70F

hard '. solt 0
tensile strongth. psi (060 omitledl
elongation. % in 2 in.
yield strength. 0.5% extension. psi (000 omilledl
Rockwell hardness

physical properties (sheet, strip)

density. Ib per cu In.
average coefficient of ,thermal expansion. per' or

(68 10 570°F)
olectrical conduclivily. % IACS. a.t 68°r
thermal conductivity. Blu per sq It. per It. per hr.

per or. at 68°F

working prop~rties. Cold working, sold.ering. polishing-excellent. Ma
chining-fair. Welding-see page 56.

ASTM specifications • Sheet: B36. Rod: B134.

alloy ltO~ no
copper 66.0% ~inc 34.0%

available in sheet, ~trip, rod, wire, and lockseam tubing
general proper.ties • Revere Yellow Bross possesses excellent cold-working
properties with gOOo. corrosion resistance. Mechanicol properties and corrosion
resistance ore similar to tl'lose of alloys no. 160 and no. 165.

typical uses • Yellow Brass is recommended for pins. rivets. eyelets. auto
radiator cor'es, heating units, lamp bodies and reflectors, electrical sockets. and
drawn shapes. Also for deep drawing. stamping. spinning, etching and rolling
for practicol!y all fabricating processes.

forms available: sheet. rod. tube. forgings, extruded shapes

generul :properties • Revere Muntz Metal possesses high strength and low
ductility. It has reasonably good resistance to corrosion.

typicaJ uses • Muntz Melal is recommended for ship sheathing, condenser
tubes and sheets. perforated metal. architectural work. valve stems and brazing
rods.

zinc 40.0%

'10 20 30 40 50 60
PERCENT REDUCllON BY COLO WORK

cold working
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solt 0
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28.6

0.303

85
5
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858

hard_

also known as Yellow Metal

alloy no. 180
copper 60.0%

physical properties '(sheet, strip)

tensile strength. psi (000 omitledJ
elong.otioD, ~.~ in 2, in.
yield slreng.th. D.5% extension. psi (000 omitled)
Rockwell hardness

density, Ih per eu in.
average coelficienlof thermal expansion. per or

(68 10 570°F)
electrical conductivity. % lACS. at 6'8°r
Ihermal conductivity. Btu per sq 11, per ft, per hr.

per OF. at 68°F

• based on material previousty rolled four B&S numbers hard (37.5% area reduction)
o based on grain size 01 0.035 mm.

all lests conducted on 0.040 in. slock.

Rockwell B hardness. elongation
of Muntz Metal strip previously em
nealed to a grain sfze of 0_045rnm.

working properties. Hot working, soldering. polishing-excellent. Cold
working-fair. Machining--good. Welding-see page 56.

ASTM specifications • Sheet: B43. Tube: Blli. B135.
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brasses

Gil ealing

!ENIILE \TRENCTH -'~
y .,.-

,....- ,....-
_.

,/ -:-1
V" V YIELD SIRENCIH

V
V

I'

300 500 700 qOO 1100 1300
ANNEALING TEMP 0 F (I HOUR AT TEMP.)

Rockwell F hardness, elongation
01 YelloW' Brass strip previously cold
rolled 50% Irom material having a
grain size of 0.070 mm.

tensile strength. yield strength (0.5%)
of Yellow Brass strip previously cold
rolled 50% from material having a
grain size of 0.070 mm.
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Rockwell B hardness, elongation
of Muntz Metal strip previously cold
rolled 50% from material having a
grain size of 0.045 mm.
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of Muntz Metal strip previously Gold
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the charts at small scale on these pages are intended to indicate range of proper.\ies and not to present exact data.
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alloy no. 240

copper 61.5% zinc 35.5% lead 3.0%

I'od
cold wOl'king

forms available: rod, forgings, extruded shapes

general properties • Revere Free-cutting Rod combine
machinClibiliity with good mechanical and corrosion resist
ance properties.

typical use$ • f'I'ee-CuUing Rod is recommended for
deep drilHng, turning and free cutting for screw machine
pan$,

Rockwell B htJrrdness. elongation
of Free-Cutting Brass rod previously
annealed 10 (l grain size 01 0.025 mm.
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so

50

65F

solt 0

0.307

65

15

721'1

hard.

elongation. % in 2 in.

yield slrenglh. 0.5% extension psi

(000 omitted)

density, Ib per eu in..

tensile slrenqth. psi (000 o!J1iltedl

Rockwell 11ardness

physical propel'ties (rod)

average coolliciont of thermal expansion. per
OF. (68 to' 570 OF)

electrical conducllvity. % lACS. 68°F

Ihermal conduclivily. Btu per sq fl. per ft, per
hr. per °F. @ 68° F

0.00001I3

28.6

73

• based on final reduction of 25% (reduction area)
o based on final grain size of 0.035 mm.

all lests conducted ,on rod under I in. in diameter
aDnea.liag

Rockwell B hardness. elongalion
of tree-Culting Brass rod previously
told worked 30% from malerial hov,
ing a grain size of 0.025 mm,
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working properties • Cold working - poor. Hot work
ing. soldering - good. Machining, polishing - excellent.
Welding - see page 56.

ASTM specifications. Rod: BI6.,
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brasses

10 20 30 40 50 60
PERCENT REDUCTION BY COLD WORK

other Revere Free-cutting Rod

The table below giving the Iielative properties of Revere
Free·cutting Rod alloys facilitates selection. When the
proper alloy is doubtful, consult Revere for specific recom
mendations.

Obviously, the first requirement of free-cutting rod or bee
turning rod is machinability. However, in selecting a
leaded brass, thought must also be given to the influence
of the lead on subsequent operations and on the service
life of the fabricated pdrt.

No single rod meets all requirements. Revere, therefore,
fabricates a number of free-cutting rods in which the
proper alloy and correct temper are combined to pennit
maximum machine speeds. Of these, alloy 240 (described
at left) is most widely used in automatic screw machine
work.

Brass is a pleferred material for screw mQchine parls. It is
speedily machined; rust-proof, cOHosion-resistant; finishes
with smooth smface excellent for plating; its physical
properties meet most needs; its scrap y.alue is high. Brass,
regardless of initial cost, is often the most economic;al
material.
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.. performance
~ ..
~~ designation

free peening and
I'l machining upselling

spinninq

283 extruded shapes good lair lair

280 forging rod saiisfactory satisfaclory satis[aelory

'"
~ spaded low.Q 250 leaded brass lair good ' good
'tl

"'tl
ri"eling andII 247 sati,sfactory I' satisfaclory satisfq:ctory,g turning rod

I

240
free cutting good fair- lair-

brass rod poor poor

252 deep drilling rod I excellent poor ~or
,

227 leaded high salisfttctory good qoodbra•• (alpha)

---
"'d_ ~ 388 common naval lair lair fair
.. U'"

bras.

U 8
'I 389 free culling

- ,Q naval brass satisfactory poor poor

Alloys 250, 240, 247 and 252 are suitable for "automatic
work." Their machinability increases and their cold-work
ing propelties decrease in order given. No. 250 is recom
mended when little machining but cold upsetling is re
quired. No. 247, good all-around mixture, is suitable for
peens, bends, riveting, etc. No. 240 is for high speed auto
matic machines. No. 227. highest in cost, for valve seats
and parts requiring dense material.

Leaded Naval Brasses are variations of Roman Bronze and
Naval Brass-dependinq on amounts of impurities. Recom
mended for applicGItiQns where both strength and corro
sion resistance me required. No. 388 is stronger and
harder than No. 389, but wearing and machining proper
ties are not as good.

perJormance of Revere free-culling' rods
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tGnsile strength, yield strength (0.5%)
of free-Cutling Brass rod previously
cold worked 30% from material hav
ing a grain sIze of 0.025 mm.

tensile strength. yield strength (0,5 %1
of Free-Cutting Brass rod previously
annectled to a groin size of 0.025 mm.
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general properties • Excellent corrosion resistance. particularly in saline
waters. Dezincificatian is inhibited by the arsenic addition. The combination of
strength and ductility lends added value to this alloy.

typical uses • Admiralty Metal is recommended for condonser and heat
exchanger plates and tubes. steam power plant equipment. chemical and
process equipment, marine uses and automohile aerials.

aUoy no. 358
copper 71.0% zinc 28.0% arsenic 0.05%

forms available: sheet, strip, plate. tube

0.0000112
24..7

cold working

ROCKWEll "0"

~1-""'""
1/

~

\ ~

K. I

/ ~

II I'.. ELONGATION

~
"-

10 20 30 40 50 bO
PERCENT REDUCTION BY COLD WORK

sheet

50
55
18
25B

soft 0

tin 1.0%

0.300

64

85
5

10
90B

hard-

density, Ib per cu in.
average coefficient o~ thermal expansion. per or

(68 to 570°F)
electrical conductivity. % lACS. at 60°F
thermal conductivity. Btu per sq ft, per /t. per hr.

per OF. 01 160°F

physical propel'ties (sheet, strip)

tensile strength. psi (000 omitted}
elongation. % in 2 in.
yield strength. 0.5% exlension. psi (000 omitted)
RocJ(well hardness

• ba~od on materiql previously rolled four BaS numbers hard (37.5% orea reduction)
D basod on grain size of O.03S mm. all lesls conductod on 0.040 in. stock.

working properties. Cold working-good. Hal working-poor. Machin
ing-fair. Soldering. polishin~exceJlent. Welding-see page 56.

ASTM specifications. Sheet: B171. Tube: BIll.

Rockwell B hardness, elongalion
of Admiralty metal strip previously
annealed to a grain size of 0,000 mrn.

general properties • Revere Naval Brass has good resistance to salt water
corrosiol'l. It will withstand moderate cold working.

typical uses • Naval Brass is recommended for tube sheets in heat ex·
changC!rs and steam condensers. Also for hot forgings.

alloy no. 386
copper 60.0% zinc 39.0% lead 0.25% max. tin 0.75%

forms availab're: sheet, strip, plate, rod, forgings, tube. extruded
shapes

sheet cold working

10 20 30 40 50 bO
PERCENT REDUCTION BY COLD WORK
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ROCKWEll ..~..
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v
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1/
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,...;;~ ~ONC":T10N

N-o

:z 1100

~j90
Og
t= - 80
-«:
l.!l.,g 70
z"0'''. bO
-I":"
w'" 50
~t?,

~~ 40

~~ 30
w
0. ~ 20

~ 10
v
~ 0

58
40
20
458

soflD

O.OOOOllS
25.8

0.304

90
5

10
90B

hard.

densHy. lb per cu in.
average coefficient of Ihermal expansion, per OF

(60 10 570°F)
eleclIical conductivity. % lACS. at ssor
thermal conductivity. Btu per sq fl. per ft. per hr.

per OF. 01 60°}"

physiccal properties (sheet, strip)

lensile strength. psi (000 omilled)
elongation, % in 2 in.
yield strength. 0.5% extension. psi (OOO omitted)
Rockwell hardness

• based on malerial previously rolled four B&S numbers hard (37.5% caea reduction}
D based on grain size 01 0.035 mm. all tosts conducted on 0.040 in. stock.

Rockwell B hardness. elongation
of Governmenl Naval Brass strip pre
Viously annealed to a grain size of
0,000 mm.

working properties. Hot working, soldering, polishing-excellent. Cold
working fair. Machining-good, Welding-see page S6.

ASTM specifications • Sheet: B171. Rod B21. B124.
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brasses
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tanslla strength, yield strength (0.5%)
of Admiralty metal strip previously
annealed to a grain size 01 0.080 mm.

Rockwell B hardness. elongation
of Admiralty metal strip previously
cold rolled 50% from material having
a grain size of O.OBO nun.

tensile strength, yield strength (0.5%)
of Admiralty metal slrip previously
cold rolled 50')'0 from malerial having
a groin size of O.OBO nun.
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10nsl1e strength. yield strength (0.5%)
of Government Naval Brass Slrip pre.
viously annealed 10 a grain size of
0.080 mm.

Rockwell B hardness, eJongalion
of Government Naval Brass strip previ
ously cold rolled 50% from material
having a grain 'size of 0.080 mm.

tensile strength. yield strength (0.5%)
of Government Naval Bross strip pre
viously cold rolled 50% from material
having a grain size of 0.080 mm.

'-.... the charts at small sc"a[e on these pages are intended 10 indicate Tange of properties and not to presenl exact data.
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working properties • Cold working-lair. Hot working. soldering. polish·
ing-€xceJlent. Machining-good. Welding-see page ~6.

ASTM specifications • Rod: BZ!, B124.

alloy no. 380
copper 60.0% zinc 39.25% tin 0.75%

forms available: sheet, plate, rod, tube and forgings
general properties • Revere Roman Bronze achieves a fine. uniform grain
structure in manulacturing process. It is resistant 10 fatigue, saH water corrosion
ond corrosion fatigue. This alloy is similar 10 Naval Brass but is more suitable
lor shafting because of a materially higher endurance fatigue limit.

typical uses • Roman Bronze is recommended, for propeller and pump
shalts, piston rods and many marine uses.

Rockwell B hardness. elongation
01 Roman Bronze rod preViously an
nealed to a grain size of 0.025 mm.

cod working
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PERCENl REDUCTION BY COLD WORK

rod

60
45
22
SOB

saitO

70

0.304

0.0000119
26.1

82
20
55
80B

hard.physical propel:ties (rod)

tensile strengln, psi (000 omittedI
elongation, % in 2 in.
yield strength. 0.5% extension, psi (000 omitted)
'Rockwellihardness

density. lb per cu in.
average coefficient of thermal expansion, per °F

(6B to 570°F)
electrical conductivity, % lACS. at SBoF
thermal conducllvlly, Btu per sq ft, per ft, per hr.

per OF, at 6BoF

• based on fulal reduction 01 25% (reduct:on area)
o based on final grain size 0'1 0.035 mm.

alllests conducted on rod under 1 in. in diameter

alloy no. 454
copper 58.0% zinc 39.75% iron 0.75%
manqanese 0.50% tin 1.0%

forms available: sheet, plate, rod, forgings, extruded shapes

general properties • Flevere Manganese Bronze has the highest mechanical
properties 01, all the brasses together with good abrasion and corrosion reo
sistance.

typicul uses • Pump rods, valve sterns, dies. marine hardware. bolts. slotted
or perforated screens.
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rod

6S
35
27
65B

soflO

5B

O.aOOOllS
23.6

0.302

90
10
SS
85B

hard_physical properties (rod~

density, Ib per cu In.
average coefficient oE thermal expansion. per OF

(68 to S70°FI
eleclrica~ conductivity, % lACS, at 6BoF
thermal conductiVity. Btu per sq It, per 1t. per hr.

per OF. at 68°f

lensile strength. psi (000 omltled)
elongation. % in 2 in.
yield st,englh. 0.5% extension. psi (000 omilled)
Rockwell hardness

• based on linal reduction of 25% (reduct:on area)
o based on final grain size 01 D.035 mm.

all tests conducted on rod under 1 in. in diameter

working properties. Hot working. soldering. polishing----€xcellenl. Cold
working-poor. Machining-good. Welding-see page 56.

ASTM specifications • Rod: B124. BI3B.

RockweU B hardness, elongation
01 Manganese Bronze Rod previously
extruded
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tensile strength. yield sl1eogth (0.5%)
of Roman Brooze rod previously an
nealed to a grain size of 0.025 mm.

Rockwell B hardness. elongation
of Roman Bronze rod previously cold
worked 28% from material having a
grain size of 0,025 mm.

tensile slrenqth, yield slrenglh (0.5%)
of Roman Bronze rod previously cold
worked 28% from malerial having a
groin size 01 0.025 mm.
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tensile slrenqth. yield strength (0.5%)
of Manganese Bronze rod previously
extruded.

Rockwell B hardness, elongation
01 Manganese Bronze rod previously
cold worked 30%.

tensile streng-lh, yield strength (0.-5%)
01 Manganese Bronze Ind p.reviously
cold worked 30% .

.----+ .ho cho.l:~ al small scale on 1hese pages are lnlended to indicate range of propeJ:ties and not to present exact data.
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silicon bronze

alloy name Herculoy Herc;uloy

Revere alloy num.ber 418 419

rpper 96.5 97.75
~herrUcal ~i~d Bt 3,0 Bi Z".O
composition ~j.cl«31 .. ..

lin .ii.s O.ZB

tanks-pres8ure, vas.. cold worlcing-cold
sols stOQI11 pressure headed bolts, nuts,
"01 to oxceed 125 Iba. screws, la.g,
va.ts-baskots- bolts-hydraulic

typical uaos marino construction pressure
wcathoIslrips, £olg- line,--cahle cIampa
ing.c. condu.its cotter pins -
hydraulic pressure Ilinos -

corrosion ro$islonce tensile properties
of copper comparable to 70-30

bra.ss. corrosion re~

mechanical prop- sisto.nee ain'lilar to
crtioa of m.Jld aleel that of coppor; weld·

gancral properties ing properties only
slightly inferior to
418; non-magnetic

working proporties
,

I. cold-worlcing 1. good 1. excellent
2. hot-worldng 2_ oxcollont 2. QxcoUenl
3. ma.chining 3. falr 3. fa.ir
4. welding 4_ qas, car.bon arc. 4. gas. carbon arc,

m.&tal Qt'C~spot metal arc---spot
and Boam for thin and seam for thin
qauge gauge

S. soldering' 6. oJCcollent :~ ~.ellent6. po!khl".. 6. fair -phya~cal propcrtioG
n",."density Ib po,r eu in, 0.308

Youug·s modulus o£
el~~l~~~(' psi, (000,000

I.~~ '..,.,
melting point OF 111S0 J990
coeHiciont of thormal
QefQnalQt\ por of.

,OOOQUlO .00CJ0CS9( t~ 57O"F)

Qleclrioal conductivity.
% lACS 0.1 68°F 8.1 11.0

lhv>m41 c!)"d oGlivi'ty
Btll per 5CJi ttl per ft l par
hJ", POl OF at 68°F &1 31

-

bard sol' 1I'l1'!! .ffoJJ

ton.ailo atrength in{"hciet 100 60 90 49
85 65 70 451000 lb por sq in. f~bc .. .. 95 48

elongation 'nh(r~l 5 55 10 55
30 65 20

~~~, in 2 in. t~:bQ .. .. 5

yield strength I
0.5 % extonsion I sheot .. ..

50underloqd rod .. .. IS
,1000 Ih tube .. .. .. .,
p<I% ..... I.""

R""kwel1 {"heet 951'1 501'1 851'1 65F
hardnos6 no. ~~~o 901'1 501'1 9BB 60F.. .. aOE! tiOF

IDl;..,l B!l6 lJ97 B97

ASTM J d

B9T

B9a " ~~J'speoifications ro
S1114 --

Reve..e B ..onze Alloys

The bronzes ahown in 1ms. section cue not the only
bronze alloys fabridot,ed by Revere---n01' do they
£'Over Uie full range of alloys deslgJiated as
"l>roJU'&,U 'T'he te.rm "bronze" is so generally vsed
th~when tt brom:e is reqlJ,bed, complete alloy
sPecifi~ibD sl!.o' d he qiveu. Generally, :bl'onzes
are engi "ng alloys wlth l)igher mec:haniccd
pr.operties than cop~er·Wlc and copper-lead
lo'!(S. Beoc:lU$8 of superior fatigue resistanae. hey
(U'e used, in operations requiring resistante to al·
tematinq .ciDd cyclic stresses.
lllilico.n Inonzes (lforculoT 416. 419. 420. 4:ll) • Gold n
col07. Iferculoy altoYlr POIlJl6U slren!lth C'OmpClfcble 10 that 01

low and msdlum carbon slel!tla. CorrOlloCl ralllttlnco I. aimllUl'
to Ihat of copjlor. They are non·mQnolie. hot·work nlluilly.
Succe"'hally vtel.d.d by atty of the commercial prO~eDeI (see
POlie 54). 1f.slcu10Y. Wholl wor.luIrdened to gi.1re maximum

1s1llllle IlfeJlll1h cm.cl hcndll... C*n be hoal·troJlGlod ro r-eUeve
iDlllrnal s~withOilI~Uka ot sllenqth or hlUdDoss lrtId
wllh lncreaBe ID olas&: 1Iml! and yield Ilronqlh.

He,cu10l" '4 t8 tuld 4<20', wUh lIIgber lI1l1cOil conlltnt, havo 9realer

lonlue lItrllnlJlh a«d- hardnou than 419 and 4211 ..-ltd i'O~

welded lcQib, .c:b.Ilmlj:QL DqJlipmen.l. ele. Herc\11oy 419 ad 421.
with )awm IllDiiIfD Btren91h. arD mOr'o d.u.!lllle and bal/It U\l.

nmaUy. ltood co:! .wi,i\Dlr aad. hol,wDrll'1 iii pl'Clpartio.; VloCt ~or
coldJ.lloa:c14ld >boltl. llUts. letow., )w, bol'lII. ore. hller mritlld for

inlrl~c:t'lG~ga Ihan '18 lind (20.

altlm~iuD IIInnllu • Bevere Aluminum BroD11lS Gre ~

copper alloys vith. to 7.7$% ul num. Develon. A1uminum

Brll'&&, allay (:15', also htdoDIJs to lhJa 9l0gp. Tbey POI~I

ljIIoQ!er te.lllqce to lea t;J 0:1 D10<yolod tomllOfaturlts theln

othor COp~r·bcnlo QI~ ExpolOd surIaCOil 01 alu:mmum
btomos develop an O'ldc111 Wm IIlghly r.ealatanl to mlJreJlal
acids. Aluminum brOMOS do nol paueSB good relllllcmce 10
slroDq aJlcJilies.

WIO ;fu aiUmklum brenl" are ullolld whoro both hIgh lenlilo
WOAt;Jth and 900d carroid01\ talam:ro ImI IlCIllded: 'RiIvD
slem&. prapoUor h1a:il.O pCl,l;I15, bolls. Also where hlqh 6lfMl,qIb

aud 90iQd ;Re~ce> are requiredl .Udo 10VOtl, bushings.

tin 1IIto1llll~' • Roy~... Ph~o:r Bronzes cmt true I!n bJo_\!1
ocmklllliNt·1V~ to 10~ tim Il,ade A. .'i%t vnrdo C. 8%1 9rado
D. 10% t -.mlte.Eo "wr 4~_ They havo hlqh '!lInsUD properties.
oXilollool @idWlorlWJg pl'O);Hir~ unutruiJl ?iItI[lilao"", to faUljJul'.
low QOotilc:lonl oj frIdlQD, m.cl corraslon ftllllSlcmcil ll,ImIIar 10
Ihell 01 llOPPOJ. PltollPhQrClil Is \$lid em deDZldant 10 plDY&Dt

fQ~n. 01 oxido flbu al qraiD bcNndcmes. T:hUB lIleBoit aUOVI

~ bll IIMd alm~m elrbn!flh and faUque resIlIJa:n«.

Grado A (5%) and C (8~~prlnqllt dloplucl911ll11 boIlows.
Lock walhers; ClQllm pllUl} fuse dips, c:lulc:h diliCll: perforated
aheels. Serew JiuzdllIl-e IlocJr. bluIMilgl. ole. Grudll D (10%)
Exira sprb1q qu.cllU'lu and VlOUl' ....IIICIl!lClI. Grade £ (ulllte.r 4'%1

-Jle4VT bCP'. 'mtd pllli.. lor levera compr~on. ."eCllt aDd
"orroalou. for bridgo cmd ~an.ioJ1 ptali!ts.
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bronze alloys

aluminllm bronze tin bronze

Herculoy Herculoy Aluminum Aluminum Phosphor, Phosphor, BeariD9 Ibonze
Bmgze, 5% SiliC'OD Brou:&Ct gnuic "A" gIade "e"

420 421 429 436 SOB 315 325
913.Z5 9B.25 95.0 91.0 95.0 92.0 90.0 copper

Si 3.0 Si 1.5 At 5.0 AI 7.0 P 0.05 P 0'.05 9.5 zinc.. .. Si 2.0 .. .. . .
.i.o .. .. .. .. ·8.0

..
nlin. min. 0.25 .. .. 5~O 0.90 ti"

sirnllClJ" to 418 similar to 419

I
condenaer tubes bolts, nuts, geo.rs~ diaphragrna. bel- sprinq£l. perforated bushing matorial fOf

pinions, ~al've lows, lock wQshcns. shoals, bellows, lighlloo.ds
hiqh 9be,ngth bushings colter pins, .fuse cotter pins, fuso woa.thQ.r!lhip appli.
forgings clips, clu Ich discs, clips. bushings CQtions

valve bodies springs. scraw ma-
tie bolls and stQms c:h'ine siock lock wa,shers fusc: clips

hardware bushings n\or-ine hOTdware,
suoker rods lamp conneclions

"hnllar 1010 ~J8 sImilar 10 4111 high physicot unusually hiqh high lensile corrosion and high physicfil
properties tensile strength slrepg-th £l;1tique resistanco ,p'roporties

excellent conosion high resistance
high

.resistant tohigh resistonco
to acids resistance to corrosion o.nd friction cOQ{ncionl atrno6phoric corrosion

£a.tigue low a.nd tarnish
moet resistant of rBodily hot forged,

low frictionthe bronzoB to H2S rolled. ond extruded low friction co- high iensile
efficient: high streng-th coofficiont

frae rndchinihg imrnu%).ity lo
seQson cracking"

I. good I. exaolloni I. good I. poor l. excellent I. ox.callent L oxoeUont
2. Qxcollent 2. exoollent

I
2. good 2. excel1ent 2. poor 2. poor 2. excellent iflQod- £rco

3. lair 3. fair 3. fail 3. ej(coLlent 3. fair 3, fair 3. fair
4. gGU, carbon Qrc, 4. gas, cnr,bon arc, 4. qas, carbo!"!. are, 4. gos, carbon arc. 4. gaB" car'bo n ore. 4. (fa.s. ca.rbon at'c. 4. cras, carbon arc.

metal arc--spot rnota:l arc---apot I metal a.rc meto.l cue n1.Q'tal arc-spot motol Q%C~9pot metal arc
and 800m for and SGem lor , ond seam for and 9aa.m for
thin qa~~e thin gaugo I thin go.uge thin gauge

5. ~xcQJlonl 5. exoell'enl 5. good S. fo.ir 5. Gxcellent 5. excellent '5. oxcollcnt
6. good 6, fair 6. good 6. excellent 6, QXCQllent 6. mccollent 6. oxcellent

0.308 0.316 0.295 0.278 0.320 O.:llU I 0.315

15.0 1,,, n I'H; 16_6 IS.O 15.0- 111.0

1818 liMO 19l5O 1814 1922 !B7S 18S0

.000DlOO .0000099 .0000059 .0000092 .0000099 .0000101 .0000102

I 6.5 11.6 17.7 7.0 18.4 13.0 I 39,,0
I

~'- 19 31 48 22 47 36 100

.b.Gtd 8011 hareT sott hard solt hard II soft hard soft hard solt liard soft

100 (ll) 90 40 .. 80 45 85 55 65 45
85 65 70 45 85 6'5' 95 85 .. .. .. .. . ... 95 48 70 5() ,. .. . . .. .. .. .. ..

S 55 10 55 64 .. 5 SO 10 60 5 42
20 65 20 60 20 60 25 35 .. .. .. .. .. ..
.. .. Il 40 :lS 60 " -- .. " .. .. .. ..

1

.. .. .. .. 70 IS . . I , . 51 10

..
" 5() is 55 20 53 43 .. ,. .. .. ".. .. .. .. .. .. .. .. .. .. . . .. . .

95B SOB 90B 65F .. 72F 85B 2SB 90B 40B 76B

~
55F

90B SOB 8SB BOF 40B 82B 75B
I

BSB .. I " .. .. ..
" .. 90B SOF 80B SSF .. . . .. .. . . ..

B96 BaT .. .. SlO3 BI03 'Fe.sts on 3':?i5 con~

1197 .. . -- -- .. d\lcted on 0.040 in.
Rtocl~. Basis of rating;

a9B BaB BI.Z4. .. .. .. hard on motoria.l prc-
Bl24 B12~ .. " .. viously rolled 6 B &S

nos. Grain at roady
.. .. BllI .. .. "

la finish .000·.150 nun.
I soN annoaled 01

page 32 page 34 page 34 1300c F far ono hour.
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alloy copper silicon tin manganese

alloy no. 418

sheet cold working

forms available: sheet, strip, plate, rod, wire. tube, forgings

qenerul properties. Revere Herculoy has excellent me

chanical properties. The strength of Herculoy is comparable to

that of low and medium carbon steel. Its resistance to corrosion

is similar to that of copper. These alloys are non-magnetic and

gold colored.

typical uses • Herculoy is recommended for tanks, pressure

vessels (unfired pressure vessels codes), vats. baskets, hard

WGIre, bolts, screws, lag screws, cotter pins, washers. turn

buckles. marine construc.tion, shafting, plates. screens, filters.

ducts, weatherstrips, springs, forging. eleclrical conduit.
1'lockwell F hardness. elongation 01
0118 Herculoy strip previously annealed
to a grain size of 0,080 mm.
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o 10, 20 30 40 50 60
PERCENT REDUCTION BY COLD WORK

0.25%
0.5%3.0%

1.5%
96.50%
98.25%

418
421

• based on matorial previously rolled four B&S numbers hard (37.5,% area reduction)

• based on a final reduction o[ areO of 25<}~

o based on a grain size of 0,.035 rom.

,ill lests conducted on 0.040 in.•trip or rod under 1 in. in diameter

working properties _ Gold·working, soldering - exceUent.

Hot-wQ]Jcing~good. Machining, polishing-fair. Welding-see

page 54.

<HB (sheet) 421 (rod)

!lard. soil 0 hard· soft!

100 60 10 45

5 55 20 60

- - 50 15
95B SOB B5B 60F

0.30B 0.316

coldwor . g

I I

I

I

, I~O;:KW[U. '8"

1- _i-"'" I
/ ,

"/ I'

I .......

II ~

I l""- I-.. I
,~

....... r-.... ElONCATiON

I II r ,.-

rod

."
D

:i~
- '"
N'"
?: ~ 100

Z'li 90
Q ~BO
'I- ..

<:-< 70<.!l",
~ ~ 60

u:l ~ 50

~ ~ 40

~ ~ 30
~::M::

~ ~ 20

'" '10

o 10 20 30 40 50 60
PERCENT REDUCTION BY COlD WORK

alloy no. 421

H.O

31

0.,0000099

B.l

27

0.0000100

density, lb. per cu in.
average coeffiCient of thermal

expansion. per DF.
(6B 10 570 DFJ

electrical conductivity. % lACS.
at 68 D F

the,mal conductivity, B,tu per sq
ft, per It. per hr. per D F, at
6B D F

physiccd properties

tensile slreng,th. psi (000 omitted)
cloRqa1ion, ~{. in 2 in.

yield strength. 0.5% extension.
psi (000 omilled)

Rockwell' hardness

ASTM specifications _ Sheet: B-9S, B97. Rod: B9B. B124.

Rockwell B hardness. elongation of
118 Herculoy strip previously an
nealed 10 I:l groin size of 0.080 mm.
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t~nsilestrenqth. apparent elastic limit
of 418 Merculoy strip previously an
nealed to a grain siz.e of O.OBO nun.

Rockwell F hardness. elongation 01
418 Herculoy strip preViousll' rolled
67% from material having a g]oin
siz/il of 0.080 mm.

tensile sl1enqth. apparent elastic limil
of 418 Herculoy strip previously roUed
67% from material having a grain size
of 0.080 mm.

mnnealiDg

130+-+-+-+-1-++-+-+--+-+-+---1

:r: 120-1--1-+-+-+-+-+-+-1--+-+-+-1
~ 110-

~ 100

~ 901
t,==I=~=!::=l-+++++-j--H

~ BOI,,"--+--I---+--+~

ffi 701~+--+-f--+-!--\-!-+-+-I----I'--l-I

~ 601-b.-I--4...,.t.:::*,,~~---,+--1--l--If-W

~ 50,+-+-+-l--4-H~"k-+-+-+---I-I
:::J 1_-1--+-I--I--l-~~+-+=I===1I=:\=o""2 'lOot

o 30+--+-+++-+--+~hl--I-+--+-I
o
5! 20'/-'--+-+-il--I-+-+-+~:=f--+--+-l

~ -

o 300 500 700 900 ilOa 1300
ANNEALING TEMP. ° F. (I HOUR AT TEMP.)

II 1

,

ROCKWILL "B"

'I
I

1 1\
I \' t..-- l,..-

1\."""
1/ '") ,

HONeA.IION ",,1/

I
I

..,
z1
- 0
N :;;100
zS!

90
~.;g 80

~ ~ 70

~ ~ bO
9 2; 50
w"

""I- J: 40
z-'
w ;rl 30
u~
ffi (1 20
0. 0

« to

o 300 500 700 900 1100 1300
ANNEALING TEMP.o,F. [I HOUR AT TEMP.)

130 +--+-++-+-I--I----1-I-+-+-+--1

o120+-+-++++-+-+-+-+-+--+---1
~ 1I0lti ---I-t--+-+-+-+---I-f-+-+--l-~

~ 1001+-+-+-j'--i-++--+-f-+--+--+----j
;§ 90,t---+-+-+-f---t---i-Jr-I-+--:bo--q.--1

5t 801+--+-+-+-+4~:=:';;:::':':'~+-+-~
ffi 70, t--+-t-i--+--+----,j.....,:'1-+-+---,I=+---,
0..

V1 60t,-j-t--+-::7"'9--+---+--jbol-+O="iI==1
c5 50i-+:7-''''-f--t---:;;>'''''''''=t-+-+4-l----1-l
2 40t""+--t---7o£-f~f-.j,-+---fe.4-+---l--l

o 30+....+-7F-I-1--+-+-+---1--l-+-+-I
Q

E

10 20 30 40 50 60
P~RCENf REDUCl'ION BY COLD WORK

tensile slrength. yield strength (0.5%)
of 421 Herculoy rod previously an
nealed to a grain size of 0.115 mm.

Rockwell Il hardness. 'elong-allon of
421 Herculoy rod previously cold
work~d 50% from material having a
grain size of 0.115 '=.

tensile strength. yield strength (10.5%)
of 421 Herculoy rod previously cold
worked 50% from malerial having a
grain siZe of O.llS film.

~ the charts at smaU aize on lhasa pages are intended to ind'icale range of rproperties Clnd not to present exact data.
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• based on material previously rolled iour B&S numbers hard (37.S% area reducHon)o based on linal qtain size of 0.03S mm.
all tc>sls conaucled on '0.040 in.•tock.

Phosphor Bra,nze. grade A",
" ,

working properties • Q>ld-working. soldering, polishing-exceHen1. Hot.
working-poor. Machining-lair. Welding-see page 57,

4STM specification!! _ Sheet: B103.

cold wOl'king

I
I

, I

I ROCKWELL "&"'---/' /.

,/

I

,'\./ ,

I

il "-
II I' I

:--... El >N'1"O~- ~
Rockwell JI hardness. elongation
of grade A Phosphor Bronze strip pre·
viously annealed to a grain size of
0.070 mm.

"'-0
Z]IOO

Zi 90

82 80
-«=
1.!lJ: 70
ZC
0'-, bO
-1::-::'
... ", 50
I-~

~~40

~~ 30
w
"- =120

riO
u
o 0
.. 10 ZO 30 40 50 bO

PERCENT REDUCl'lON BY COLD WORK

sheet

45
SO
IS
251!

soil 0

tin 5.0%

0.302

0.0000099
18.4

47

80
5

70
85B

hard.

density. lli per cu in.
overage coeHiclent oltbermal expansion. per OF,

(6e.5700p)
electrical conductivity. % lACS, at 6eor
thennrd condudlvity. Btu per sq It, per It, per hr,

per OF. at 6eoF

tensile strength. psi (000 ·omUted)
elonqaHon.. ~'o in 2 ina
yield strength. 0.5% extension. lOon omiited)
Rockwell hardness

physical properties (sheet)

general properties • Revere Phosphor BroWle, grade A. possesses high
tensile strength. high resistance to corrosion and fatigue and has a low friction
coefficient. It is also highly resistant to season cracking.

typical uses • Revere Phosphor Bronze. grade A, is used lor springs. dio·
phragms. bellows. lock washers. coller pins. fuse clips. clutch discs .. screw
machine stock. perforated sheels. elc.

alloy no. 308
copper 95.0% phosphorus 0.05%

available in sheet, strip and fod

- - -

Aluminum Bronze

alloy no. 436 Aluminum Silicon Bronze
rod cold working

working properties. Cold-working-poor. Hot-working. machining. pol.
ishing-excellent, Soldering-fair. Welding-see page 52.

JlSTM specificntions • Rod: B150,

general properties • Unosually high slrength. ,excellent corrosion resistance.
free machining, good wear resistance. low coeHicient of Irictiop with steels,
",(cellent forging.

t.ypical uses • Revere Aluminum Bronze is exce'llent for bolts. nuts, tie rods.
gears. pinions, thrust screws, bushings. sliding parts. forged valv·e bodies. valve
stems. compression fittings, sucker mds. aulomobHe synchronizer cones, g.ear
followers.

10 20 30 40 50 60
PERCENT REDUClIONBY COLD WORK
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Rockwell B hardness. elongation
of Aluminum Silicon Bronze rod previ·
ously annealed to a grain size 01 0.030
mm,

90
35
43

7'511

solt 0

0.279

22

0.00001l92
7.0

100
25
53
92B

hard'.

silicon 2.0 %

based On a final area reduction of 25%.
LJ os extruaed4
- all lesl. conducted on rod under I in. in diamete'

density. Ib per cu In.
average coefficient ollhermal expansion. per or,

(Se-5700F)
electrical conduclivtly. % lACS. at GBof
thermal conductivity, Btu por sq ft. per ft. per hr.

per OF. at 'G8°F

pbysico.l p~operties (rod)

copper 91.0% aluminum 7.0%

forms available: rod and forgings

tensile strength, psi (000 omitted)
elongalion. 2% in 2 in.
yield strength, 0.5 % extension, psi (000 omittedl
Rockwell 'hardness
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bronze

annealing
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tensile strength, yield strength (0.5%)
01 grade A Phosphor Bronze strip pre·
viously annealed to a grain size of
0.070 mm.
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Rockwell B hardness. elongation
of grade A Phosphor Bronze strip pre·
viously cold rolled 50% from material
having a grain size of 0.070 mm,
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viously cold rolled 50% from material
having a gTOin size of 0.010 rom.

annealin

YI
~ Tl".lSllf ~lR("'crH

./
./

"V

I,
>IILO STrl~lH, !

~ I-"

l,...- .......

I-~

300 500 700 900 1100 1300
ANNEALING- TEMP. 0 F. /I HOUR. AT, TEM~.I

laO 500 700 900 1100 1100
ANNEALING THAP. 0 F. (I HOUR AT TEMP.!

130,

J: 120
u 110
~
Ul 100
~. <10
=>o 80
III

~ 70

~ 60

'"~ 50

5 40
Q. 30
o
g 20
- 10

o
10 20 30 40 50 60

PERCENT REDUCTION BY COLD WORK

."

:i]
~~
~ ~ 100

6.;G 90
i=.~ 80
~::.! 70

6 ~ 60
..... 0
w ex 50

~ ~ -40
w::l
~ ~ 30
Q..~ 20

0: 10

o

-

'-""-I "".. f"',.

RO(~WHl "8" r"'--"""
I""'- r.......

I,

,

V" I'
IlONCAIiON I-'

,...
k"

I""'T 1

150

J: 140
u 130
~
UJ 120
c<:
~ 110
0100
'"<:r: 9,0
UJ
Q. 80

'"Cl 70
Z
=> 60o
Q. 50
o
o 40
o
- 30

/'-
"'" \.

I HN911 Il~ NOH

I "-
..... ,

I "",
! ........

"',, i'.
'I" YIELD ~li~!NL.T ~ i'..

~

I---
I

'.,tensile slrenqth. yield strength (0.5%)
of Aluminum Silicon Bronze rod previ
ously annealed to a groin size of 0.030
mm.

Rockwell B hardness. elongation
01 Aluminum Silicon Bronze rod previ.
ously cold worked 40% from material
having a grain size of 0.030 mm.

tensile strength. yield strength (0.5%)
of Aluminum Silicon Bronze rod previ·
ously cold worked 40% froD). material
having a grain size of 0.030 mm.

~ the charts a-I small scale on these paq8s are iDleDded 10 indlcate ranq9 01 properties and not 10 present exact data.
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Revel'e Nickel Alloys

Alloys are of two basic types~ the copper-nickel
zinc alloys Jmown as the Nickel Silvers; and the
copper-nickel alloys or Cupro-Nlckels.

Nickel Silvers
Nickel is addecllo the copper.zinc primarily for its
influence on color. When the nickel content is high.
the color is sUver-while; as the nickel content is
reduced, the l:i:olQfQEl<;omes slightly warmer. The
addition 01 niokel wao impl'o~e$ mechcmlcai prop
ertieJl and gre~ Ul<::reaS&a reGiatance to c:or.ro
1rion and tarnish.

The Nickel Sil'f'ki alloys ccm be divided into two
qeneral types: sfnqht-phase ~ftucture alloys COn
tain approximately 65% copper and 5 to 20%
nickel. They POSSfill excellent cold-working and
only fair hot-working properhes. They are most
irequently used in appUc-atlODS requiring ductility
in the cold condition-jor articles \0 be plated.
such as tableware and hollow ware. Lead is fre
quenUt added to improve machining, bLanking
and shearing. In \his group are alloys 533. $35, 545,
548,575.

Two.phase alpha-be'a, structure alloys conlains 55
to 60% copper ciA.d varying amounts of rPckel.
They are readily hot wOl'ked: can be fabricated
into dWicult. intricate shapes such as plumbing
fixtures. arch1tedural shapes, etc. Lead may be
added to improve. machining. Alloy 555, at this
group. is used extensively as sprlng material
due to higher tensile properties combined with
higher modulus of elaslicUy than found in any
other nickel silvera.

Cupro-Nicke1s
These alloys, single-phase $Olutions of copper and
nickel, e:tre- available 1n two types: 80% copper
and 20% Dickel and 70% copper and 30% nickel.
Tnese alloys Jill the demand tot condenser tubell
and plates ca:pa:1)l~ of resisting the eroslve-cor
roBive attack of high' velocity sedl water used as
coolant 1n Navy. ,urla;C8 condenselB. Tensile
properties are simUar to those 01 70-30 Brass. They
are the most ~l5kmt of the copper·base alloys
to failure by stress-corrosion r;md corrosion fatigue.
The 70·30 Cupro-l'{ic::ke] is the supariOl' condenser
tube alloy and 1& widely used where conditions
are most severe. The 80-20 Cl.lpro-Nickella for less
severe condlUons. In rod fonn, the Cupro-Nickels
are Wl8d for bolts, nuts. screws and s1mJlar parts
manufactured by cold-heading. In strip form. they
are used in ammunition components.

Nickel silver provides an ideal base for plated
tableware and hollow ware.

Leaded nickel silver is used extensively for key
blanks.

Condenser tubes 01 cupro-nickel are highly re·
sistant /0 both erosive and corrosive attacle.
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nickel alloys

alloy nante

Revere alloy
number

[
copper
zinc

composition Ilea.d
nicknl

""

t,ypical \lSO,!!I

general properties

18%
Nickel Silver
Deep Drawing

633

66.5
~6.5

18.0

rnCl'lne and Quto
molivo trim,
hardwQf.,e, arch'i
tectural pa.nels
and extruded
shapes, Ughting.

i olocbjoQl and
plumbinlJ fix
tUl'os. cq.mol'a,
pa.rts, various
equipxnent in tho
process industries
slide faslen"Ts,
tabloware.
ja,we'lry, BtQ.mp
ing:. etching

high physical
pro,poTties

high r08istance to
corroaion an.d
tarni:Jh
m(1l1oable and
ductile
color: silveJ'~

blue.. whiio

180/"
Nickel Silver

I Spring Stock

555

55.0
27.0

ie.o

springs. nUIr:h:u~

and c"l!JlOMOtiv6
trim. hardware
architectural
pano~s o.nd

I
extrudod Bhapcs
lightinq, oloctri"
cal (1nd plumb
inq fixluros.
VCUiOUB equip
ment in tho-

prOCOS9 ind.UBtd8SItablewQro,
j'9wolry. stamp ..
ing, etching

high phy..:l.c!ol
properties

high resistopco to
corrosion and
tarnish
high fatigu"
strength
color: blu,c~whito

15%
Nickel
Silver

635
66.0
19.0

15.0

nDUDW w~@

panel sheet to
match oornpli
monto,ry trilT\

hi'll.. ph,"l....:l
properties

I high resistanoe to
cono~ion a.nd

, tarnish
mal.!aabl. and
ductile
color: white

10%
Nickel
Silver

545

166,0
24.0

10.0

t-".~p.i1ruIL"1J
jawel'ry
holl'ow'W'Qro
(dish..a and
hays)

starnpings
embos8i'n<;fs

dccoratiVQ
trim

deep drawihg

color: yollow ..
while

S%
Nickel
Silver

648
62.0
33.0

'S,O

i i'illilpcn.nge
jowehy

for color

docorative
trim

du"lilily

doop drawinq

color: ,yellow.
I white

Nickel
Silver
(teade-d)

575

66.0
20.0

2.0
12.0

products
requiring
machincibi.lity

lock washors
colter pin!J
fqse clips

good lIIGohln.
ability

proier no):\
l'oaded for

i bending: and
I dIawinu

color: white

CJlpro
Nickel
30%

510

70.0

30.0

condenser tubes
and pl'ates, tanks.
vats. -vcsaels
procoss oquip~

ment

automoUvo parts
nut9, bolts I

9crOWD. nlet.org.
refrigefctor
pump valves

high strenqlh and
physico..!
prope.rt'idS
nigh dUclility

resistant to corro ...
I sian and erosion

colo'r: whitc
Bilvor

'

coW 'wcnkl~!I'
hOf wOTking

k' ) machininlJ
;r~rp~~f~B welding

aoldorinq
,polishing

.~I nl.
lai.r
fClil
t;

excollent
excellent

good
fair
fair
t;

oxcellent
excollent

good

I
fair
fair
t;

~xcollent

6xcelJc'nt

QxceJ]on{
fair
faiJ'
t;

excellent
oxcellent

oxcel1ent
fair
(air
C.

excellont
excellent

poor
fair
excellent
non-leaded
prof.
excollen1
excellent

(lXCeUent
fair
fcUr
g09, metal arc.
resistance
oxcollont
OO"d

density, lb pOl' ell in.

Young·., InoduluB of
n1aolicily. psi (000.000
o:rni'uod)

0.31'6

18.0

2030

0.314

18,0

1930

0.314

18.0

0.313

17.0

I BOO

0.308

16.0

0.314

11.0

i900

0.323

overaqe coefficionl 01
thar.IDal e~I?"~nBion.por
OF 0041 to awn .0000082

tho;nnc.1 cO!'l'!l.ucl!"lt,.
Blu, p ..r "q n. pot fl,
por hT, p"T OF al 68°F 19

.0000083

5.6

18

.0000083

6.3

1

20

.0000083

8.4 12.0

34

.0000083

7.4

23

.0000089

4.7

11

hard

I.onsilo sITength{Sh..ot •
pai (000 rod CJ
o-milled) lube

soIl

58

nard

lOS

lIard

84

sol!

55

Itar'd

86

solt

55

hard

85

soil

55 78

soil

55

Jlard

78
15
80

soft

54
54
SO

yi..ld str"nlJlh i'Sh..OI.
O':S'7ll extension rod 10
~Dd ..r load lub.
lOO!1 p."

olonqation
-;; in 2in.

Rockwell
hardness

ASTM
apecifications

jshnel.
<rod'D
ltube

(sh....I.
'rQg 0
(!u:b".

5

78

OBB

EI22

35 5

90

95S

BI22

35

28

5

75

BBB

40

20

5

75

8511

BI22

40

20

5

68

8SB

60

20

36B

5

75

8.ilB

40

18

:ISH

5
15
5

75
72

81iB
BOB
825

Ul~

ElIl

35
4S
48,

16
18

.roB
35B
35E

tor twilJ4tr dal'a. ser page :JS page :18 page 40 page 40

• basis of rating: h(lrd~ Qn matorial proviously rollod 4 B & S t'~umbcrs hard (37.5 % a.tCQ roduction); so(t" on final grain size of 0.035 rnm. (an tEtsts
conducted on 0.040 alock.)

o bQ.tW,; Q£ yoting: bard. ort final area red'uction of 25~~; soil. 0(\ final grai.n size of 0.035 n\m. (all tests conducted on rod under i-inch diarnotot".)
b.. oas. carbon arc, mota'l arc. spot and seam welding for t.hin gaugo.
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- -

Nic~el 'Silver (d,eep drawi~'g)
.' ~ •• .,' I. ,.

• based on material previously rolled tour B&S numbers hard (37 .5~'O area reduchoJ'l)o based on grain size of 0'.035 mm.
all tests conducted on 0.040 in. ~lock.

working properties 0 Cold-working. soldering, polishing - excellent. Hot
working. machining-Ioir. Welding-see page 56.

ASTM ,pecifi~ations G Sheet: B122.
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PERCENT REDUCTION 'BY COLD WORK

Rockwell B hardness, elongation
of 1S% Nickel Silver strip preViously
annealed to a grain size of 0.070 mm.
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sheet

58
35
22
458

solto

.000082
6.0

19

84
S

78
SSB

hard_

tensile strength. psi (000 omWed)
elongation. % in Z in.
yield strength. 0.5% extension psL (000 omWed)
Rockwell hardness
density, Ib per cu in.
average l:oellicienl of thermal ~xpansion per or.

(6S-5700f)
elec,trical tonduc(ivil'y. % lACS. at 6Soy
thermaL conductivity, Btu per sq ft. per It. per hr.

per of". at GSoy

physical propeJ'ties (sheet, strip)

alloy no. S33
copper 65.5% nickel 18.0% zinc 1.6.5%

forms available: sheet. strip, lockseam tubing
general properties • Revere Nickel Silver hqs high resistance to corrosion
and tamish, It is also malleable and ductile.

typical uses • Nickel Silver is recommended lor marine and automotive
lrim. hardware; architectural panels and extruded shapes; lighting. electrical
and plumbing fixtures; various equipment of, the process industries: tableware.
jewelry, slamping gnd etching.

, ,III 1,1' I ! 1111' , I, 'II
Nic:l-Eel Sil'ver lsprilig' stock') '(

, ,"
~ . ~~

alloy no. ssS
also known as 18% nickel silver

copper 55.0'% nickel 18.0% zinc 27.0%

forms crvai[able: strip, lockseam tubing
general pl'operties • Revere Nickel Silver (spring stock) possesses high
phySical properties. high resistance to corrosion and tarnish and high fatigue
strength.

typical uses • Nickel Silver (spring stock) is recommended especially for
spiings; also for marine and automotive trim. hardware; architectural panels
and extruded shapes; lighting. electrical and plumbing lixtures; various equip
meht of the process industries: tableware. jewelry, stamping and etching.

cold WOI'kUt

I I II
,

I

I II

RCCKWEll "B'~l-I-

l.--!--.-
/'

I ,

II ,
I

,

I I

"\

"' I

......... ELONGATION I'
"-l.

10 20 30 40 50 60
PERCENT REDUCTION BY COLD WORK

sheet

soft 0
IDS
3'5
28
55B

0'.314

.000083
5,6

IS

105
5

90
S5B

hard-

density. Ib per Cll in.
average coefficient of thermal expansion per OF.

(6S·570°l')
electrical conductivit'y. % lACS, al 6BoF
thermal conductivity. Btu per sq fl. per It, per hr.

per OF, at 68°F

physica.l properties (sheet, strip)
t!lnSne strength. psi (000 omill~d)

elongation, % in 2 in.
yield strength. 0.5% extension psi (000 omitted)
Rockwell hen-dness

_, based on material previously rolled lour BlIiS numbers hard 137.5% area redueHonio based on grain size of 0.035 rom.
all tests conducted on 0.040 in. stocl<.

working properties. Cold·working. soldering. polishing-excellent. Hot·
working, machining-Jair. Welding-see page 56.

ASTM specificQtions • Sheet, B122.

Rockwell B hardness. elongation
of 18 % (spring stock) Nickel Silver
strip previously annealed to a grain
"ize of O.OSO mm.
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working properties. Cold.working·-·poor. Hot·working-fair. Machining.
polishing. soldering-excellent. Welding-non-Ieaded preferred.

• based on malerial previously rolled B&S numbers hard (37.~% area reduction)
o based on qrain size of 0.035 mm.

all tests conducted on 0.040 in. slook.
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Rockwell B hardness. elonga!io!1
of leaded Nickel Silver strip preViously
anRealed 10 a grain size of 0.060 mm.
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'PERCENT RiEDUCTION BY COLD WORK

sheet

55
4'0
18
3SB

soliD

zinc 20.0%

23

0.314

.0000B3
7.4

7S
5

75
SZI!

hard.

nickel 12.0%

physical properties

density.• Ib per cu in.
average coefficient of thermal expansion per of.

(6B-5700F) .
ele.ctricgl CO!1ductivily. % lACS. at SSoF
lhermal conduclivity. Btu per sq ft. per /I, per hr.

per or. at SSoF

tenalle strength. psi (000 'omitted)
elongalion. % in.Z in.
yield s,trength. 0.5% extension psi (-000 omitted)
Rockwell hardness

g~neralproperties • Revere Leaded Nickel Silver has good machinability,
=---bul the non-leaded is preferred for bending and drawing. The color is white.

typical uses • Leaded Nickel Silver is recommended for keys, lock washers.
cotter pins. fuse clips and products thaI require machinability.

alloy no. 575
copper 66.0% lead 2.0%

available in strip form only

• based on malerial previously rolled four B&S numbers hgrd (37.5% \Irea reduction)
o based on gl'ain size 01 0.035 mm.

all tests conducted on 0.040 in. slocle.

alloy no. S10
copper 70.Q% nickel 30.0%

forms available: sheet. strip. plate, rod. tube
·general properties • Revere Cupro·NickeL 30%. possesses many desirable
qualities. Its mechanical properties make il strong enough lor many applications
where fer·rous alloys may be used. lis ductility oHers excellent cold-working
qualities. Its' chemical composition malees for resistance to many cor.rosive and
erosive agents, and the while-silver color is very attractive.
This alloy may be dxawn, stamped, cold forged and otherwise submitled to
severe drawing and bendin(j operations. II can also be hot forged and readily
welded. brazed or soldered.

typical uses • Revere Cupro-Nickel is used. for tubes and plates in condens·
ers of modern ships and power plants. Also lor tanks. vats·. vessels and general
induslrial an<;l chemical uses. Used for automobile paris, meter par,ts. refrigerator
POJts. pump valves.

f:old working
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Rockwell B hardness. elongation
of 70-30 Cupro-Nickel strip previously
annealed to a grain size of 0.0-'10 mm
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PERCENT REDUCTIO~ IBY COLD WORK

sheet

54
35
IS
40B

soft 0

0.000089
4.7

0.323

17

78
5

75
858

hard.

density, Ib per cu in.
average coeHlcient of thermal expansion per OF.

(68-57o°F)
eleclrical conductivity. % lACS. at 68°F
thermal conductiVity, Btu per sq It. per ft. per hr.

per OF. at 6Bof

tensile strength, psi (000 omitled)
elongalion, % in 2 in.
yield strength. 0.5 % extension psi (QOO omittedl
Rockwell hardness

pbysical prQperti~!l (sheet, strip)

working properties. Cold working. soldering excellent. Mot-working.
machining-fair. Polishing-good. Welding-see page 53.

ASTM $pecificatioDs • Sheet: B122. Tube: BlIl.
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nickel alloys
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lensUe slrenqth. yield slrenqth (0.5%)
of leaded Nickel Silver strip previously
annealed 10 a grain size 01 0.060 mm.

Rockwell B hardness. elonqalion
01 leaded Nickel Silver strip pre
viously cold rolled 50% !rom material
having a grain size of 0.060 mm.

lonsile slrenqtll. yield! slrenqth (0.5%)
of leaded Nickel Silver strip pre·
viously cold rolled 50% !rom material
having a grain size 01 0.060 mm.
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tensile slrenqth. yield strenqth (0.5%)
of ';1(J·30 Cupro-Nickel strip previously
annealed to a grain size of 0.070 mm.

Rockwell B hardness. elonqation
of 70-30 Cupro·Nickel strip previously
cold rolled 50% from material having,
a grain size 01 0.070 mm.

tensile strenqth. yield strenqlh (0.5 %)
01 70-3i Cupro-Nickel strip previously
cold rolled 50% from material having
a grain size of 0.070 mm.

-+ the charts on thele paqel at small scale aro intended to indicate raDqe 01 properties and not to present exact data.
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,slleet, stzill, roD

bright dipped
tin·dip coated
lead-dip coated
embossed
crimped

The term "plate" is used to designate
flat metal in gauges 1-'2 in. and thicker.

Revere has been producing non
ferrous plate since Paul Revere
roIIe~ the copper plates from
which the boilers of Robert Ful
ton's steamship "Claremont"
were fashioned. Revere plates
are dense in structure, free from
blow holes and surfac~ imper
fections-characterized by flat
ness, accuracy of gauge, ma
chinability and resistance to
corrosion. They are used in
marine and stationary conden
sers, heat exchangers, feed
water heaters, oil coolers and
similar equipment.
Extreme Care is ,taken in the
manufacture and firnshinq of
Revere plate. Surfaces of all
"cakes" are thorouqhly inspec
ted for cracks, inclusions and
other defects. Subsequently,
after milling and after ihe roll
ing operations, further rigid in
spections are made.
Revere supplies plate, either
hot or cold rolled, in squares.
rectangles, circles, half-circles.
segments or special pattems
up to 120 in. wide and a maxi
mum finished weight of 11.000
lbs. Cold rolled plate can be fur
nished suitable for poiishing.
Principal Revere plate alloys
are: Muntz Metal. Roman
Bronze, Naval Brass, Admiralty
metaL Cupro·Nicket Herculoy,
Manganese Bronze and Copper.

plate

lacquered
nickel plated
tin plated
chromium

plated
lead plated
polished (one or both sides)

Typical Revere sheet products
for special uses include En
gravers' Sheet Copper. Etching
Brass, Fire Extinguisher Copper,
Dairy Copper, Crimped Copper
-and many alloy mateliials, in
sheet form, for specialized appli
cations.

Special finishes may be avail
able for Same alloys and prod
ucts. Very often products can be
improved and costs reduced
simply by using special finishes
such as:

Revere sheet. st.rip and roll is
supplied in copper ond in prac
tically all the alloys listed in
this catalog. Widths, gauges,
lengths and tempers are avail
able in a wide variety of com
binations, depending upon the
alloy and the required charac
teristics.

Thus Revere products-in their'
wide selection of alloy and form
-offer a wealth of efficient ma
terials for redesigning present
products and fashioning new
ones.

Revere is prepared to supply its
products of copper. brass.
bronze. nickel-silver and cupro
nickel alloys - also numerous
special alloys-in most com
mercial forms. These forms-de
scribed in this section-include
sheet, strip and roll ... plate ...
rod and wire ... shafting and
piston rod •.. extruded shapes
••• pipe (SPS), copper water
tube ... seamless tubes elec-
tric welded steel tube lock-
seam tube ... condenser tube
'••• die-pressed forgings ..• com
mutator segments.

Today Revere products-versa
tire, ductile, easily worked, cor·
rosion-resistant. long·lived.
readily finished and we.lded
are playing highly important
roles in myriad applications:
bolts and bellows .•• compacts
and commutators ... door
chimes and dynamos .•• har
monicQs and hinges . . • keys
and kitchen utensils ..• radia
tors and radar ... toys and tele
phones ... watches and window
frames.

wide range of available
manufactured forms
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special forms:

Revere Piston Rod is available
in Roman Bronze and Naval
Bwss. The Naval Brass may be
CommerciaL Leaded or Free
cutting.

The cornman shafting mixtures
are: Roman Bronze, Naval
Brass. Herculoy, Aluminum Sili
con Bronze. ~anganese Bronze
and Cupro-Nickel. Both Piston
Rod and Shafting are funda
mentally alike in that they have
a uniform dense structure.

With piston rod. s~raightness

must be oombined with an extra
smooth surface since the rod
must pass through a stuffing
box. This surface is obtained by
means of a special grinding op·
eration which eHminates any
minute surface imperfections
and assures great accuracy in
dimension.

sJaahillg,
piston 6011

Shafting {od must be specially
straightened to ensure that the
rod will run true with no whip.
Revere rod meets this require.
ment and is also provided with
a good surklce.

the ma:ltimurn lengths furnished
in both Shafting and Piston Rod
vary with the diameter and al
loy involved. Piston Rod is gen
erally furnished in exact or mul
tiple lengths.

I:

roel, wi,e

Re,vere rod and Wire are sup
plied in all standard shapes:
round, square, hexagonal, rect
angular, ovaL half ovaL etc.
Standard shapes are generally
available in copper and in most
of fhe alloys described. Special
shapes, depending upon the de
sign of the section, are made of
copper and a more limited num
ber of the alloys. Certain alloys
can be supplied with tinned or
plated finish.

The basie operations for produc
ing rod are either hot rollinq or
extruding. Finishing operations
in the cold condition, such as
drawing, are usually required.
The physical properties of fin
ished tad vary according to the
alloy and process by which ~t

is made. Generally, it is easier
to develop higher physical
properties in smaller sized rods.
To - insure uniform physical
properties in the larger sizes,
Revere wds are rolled from cast
billets which are selected to
give a teduction in cross sec
tional areo of approximately
60% to 70%.

Wire and small size rod are or
dinarily available in coils, but
may be cut to straight, random
or specified lengths. Special
shapes may be obtained for the
fewelry or novelty trade.



typical extrudable Revere alloys

Alloys containing 56% to 60% copper are best suited to
the extrusion process. As the copper content is increased
or as other Inetals are added, the plasticity 01. the pre
heated billets is decreased. Extrusion. therefore. requires
greater pressure and the shapes must be confined to rela
tively compact sections.

Revere Extruded Copper Shapes are used in the electrical
and allied industries. Copper is extrudable only in slightly
heavier sections :than ordinary b,rass as copper reqUires
higher temperatures and greater pressures for extrusion.

eJCImtled sIJOI'f!S
Extruded shapes are made by forcing metal,
previously heated to a semi-plastic state, through
a die of the profile desifed. The shapingl of this
die offers wide opportunity for developing unique
shapes and contours, It is obvious that the forms
so produced must be, constant in cross section:
that is, all grooves a_nd slots must parallel the
axis of extrusion and oj, the bar.
The extrusion process is e:dremely versatile. It
prod~ces cross sections of unusual form. These
shapes when cut into shQrtle:ngths can, in a great
many cases, take the place of simple forgings.
sand or die castings-at a considerable saving in
tooL metal and finishing costs. As an important
st'ep in the complete fabricating of many products
the extrusion process offers possibilities so numer
ous that they appear limited only by the inge
nuity of the user.

speed production-lower costs
extruded shapes are daily proving their worth
by their ability to reduce manufacturing costs
materially. Extruding is. in eHect. pre-machining
in our plant while the metal is in a plastic condi
tion. This so-called pre-machining means fewer
operations and less scrap in the customer's plant.
Revere Extruded Shapes are well on their way
to becoming your finished part-at a reduced
cost.

readily machined
Revere Extruded Shapes are readily machined
into a wide variety of products. Hinge butts qre
,an excellent example of the facility with which
Revere Extruded Shapes may be transformed into
clean c~t. finished products. With special holders
or €hucks. Odd-shaped sections may be fed. in
long lengths into turret lathes or screw machines
where they are turned or drilled as readily as
concentric rods. Due to their pre.shaped cross
section. they eliminate many subsequent milling
or brQaching operations. This resuUs in savings
in time. labor. and scrap.
Revere Extruded Shapes cut into shor,t "slugs"
are a means of cutting down the flash and ex
cessive metal flow in the production of hot forged
or hot pressed parts.

n].loy

brass and bronze

Architeclural Bronze
(contains lead)

BrGliil. le(lded or nQl10lecded
plain extruded
extruded and drawn

Navallbass
plain extruded )
extruded and draw" I

Free-cull[ng Rod

plain extruded 1
eXlruded and drawn f

Manqanese Dronze
plain extruded I
extruded and drawn f

Michigan Cut-Fast Bronze
plain extruded 1
extruded and drawn (

nickel

NIckel ~l\ver. l~%

plain extruded

copper

Copper
plain extruded 1,
extruded and 1draw fl
eXlruded and 2 draws

uses, limitations

arcbilOChital liinl'~: !h!e,hotds. window
hames. pilasten, handrails. etc.

die pressed lorqlngs
stock for machininq operations

compact simplo shapes only: meels
naval and government specifications

leaded rod particulCirly adaptable lor
industrial shapeB made by manufacturers
of screw machine products

compact. simple shapes only

compact. simple shapes only

exlrudable only In sections lhlcker than
Architeclural Bronze

extrudable in simple. compact shapes with
thick walls

production limits
The overall size limit of Revere Extruded Shapes
depends 011 the alloy and cross section; eight
inches may be taken as a maximum when all
conditions are favorable. The minimum thickness
and the standard tolerances depend on the a]loy,
overan size. and intricacy of each particular
section.
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After extrusion. Revere Extruded Shapes are carefully
straightened and inspected. If increased tempers or doser
toleranc'es (Ire required, the metal is given subsequent
draws.

Revere oHers the cooperation of its engineering depart
ment in estimating cost 01 extruded shapes and in de
'termininq suitability 01 these shapes tor various purposes.



at left

typical extruded shapes
secHOD 01:

I. copper relay or circuit
breaker

2. special part

3. ornamental tray handle

4. typical brass unit

5. brass circuit breaker

6. embossing' die body

7. finger in automatic gear
shift mechanism

B. serrated brass rod for insert:J
In plaatlcs

9. typical brass unit

to. aluminum belt moulding

II. apecial comb

~ 12. furniture trim

13. lock bolt

14. lock tumbler

, 15. forging lor faucel handle

16. olbowbody

17. padlock body

18. wire connector pari

19. typical lee

20. double dovelaillor locking
two paris

21. lock lumbler

22. wr·light gaskel seal

23. heavy copper electrical unit

24. night latch

25. heavy copper electrical unit

26. loom pari

27. vacuum filtor in paper mak-
ingmachine

~ 28. typical copper unit

29. heavy copper electrical unit

30. manganese bronze electrical
unit

31. rod wlth six lugs machinod
in screw mexchine

32. typical parting slrip for mel·
alwindow

33. copper switch blade

34. extrusion (formerly made
Irom casting)

35. typical brass unit

36. wire connector

37. needle valve

3B. Duted knob base (hole is
punched)

39. extruded and drawn naval
braas unil

40. brass unit 10 replace die·caat
pari

(f" 45



Die-pzessed FOXgiDgS
Revere Non-Ferrous Forgings can both improve you.r
product, and cut your manufacturing costs. Product
improvement is clue to the fact that these forgings have
increased strength-weight ratios, ClInd hence weight re
duction may be possible. Complicated parts previously
built up of several pieces may be produced in a single
piece, for greater strength. better appearance. and less
,cost. ~evere Forgings are accurate in dimensions. so
that machining is reduced considerably, and along with
it, machine time, SCl'Op and rejects. Thus these, forgings
cali solve many production problems. open bottlenecks,
and in addition reduce your costs.

Increased Strength • In non-ferrous die·pressed forging, the heated
metal is placed hetween dies. and tremendous pressure forces the
metal into the desired form. This produces a fine. close grain structure.
greatly increasing tensile strength.

"Twice Wrouqht" • Revere Forgings a,e forged ,from Revere Ex
lmded material. Thus the metal has attained the greatest possibl e
density through being worked twice under the tremendous pressures
employed in each operation. The result is Ute highest tensile strength,
tough.ness and fatigue resistance possibly obtainable in the metal or
alloy. A few alloys are heat-trealable if. desired.

Better Appearance • Surtoces ore good. Small design d~tails such
as trade-marks. model numbers and names can be held sharp and

true.

Non-Porous • Being uniform in density and without blow-holes. or
similar defects. Revere Forgings are impervious to oils. other liquids.
and gases. Hence they are widely used in chemical plants. oil lines.
refrigeration and other gas apparatus.

Speedy Machining • The denseness and uniformity of the metal
makes possible higher machining speeds. The absence of sand inclu.
sions makes lools give longer runs before regrinding.

Plating • Any oj the following, finishes may be applied 10 Rev,eu,
Copper and Copper Alloy Forgings with excellent results: pickling.
bright dip, satin. dip, bright polish, lead dip. cadmium plate, nickel
plate. copper plate, chromium plate. silver plate, gold plale. For high·
quality plating it is necessary to give the surface a preliminary polish.
'but the cost .of thiS is low because of the relatively smooth surface 01
the forging.

Dimensions • M<Dlimum and minimum dimensions and tolerances de·

pend on the alloy and the design of the part. Revere cqn now produce
larger forgings than ever befote. up to 30" in the largest dimensiOn in
some cases.

Long Experience • Revere, a pioneer in die-pressing hot non-fenous

metals into high-quality forgings. has since 1922 been developing

machines and metals for this purpose. Today the Revere forging tech·

niques produce exceptional results. Most of, the alloys Revere forges

are produced in Revere's own mills. under close laboratory con,tro!.
and the forgings themselves are constantly inspected for size. strength

and uniformity.

Custom·Made • Every Revere Forging necessarily ill custom·made to

your design. Revere Technical Advisors work closely with you 10
obtain the information needed by our die-makers. and to see you

obtain the l.t,l1l benefits of the forging process.

Quantities _ Large orders are· not necessary. Dies 'lor small lots may

be made os cheaply in many cases as patterns for castings. and
naturally subsequent orders still further reduce the cosl.

Non-ferrous forgings are available in: Copper, Regular Brass. Naval
Brass, Bronze, Mognesium Bronze. Aluminum Silicon Bronze. Herculoy.
Nickel Silver. Aluminum Alloys. Magnesium Alloys.

Uses: FOr plumbing goods. hardware, pressure liltings. valves. engine

parts, electrical eqUipment. automotive paits, welding nozzles, con·

tacts. wing nuts. anchor bolls, bushings. refrigerdtion equipment. pump
parts. housinga, in general, highl y stressed parts.
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SwilclJ Copper hee-cult."ng COPlJer Bod

flatness tolerances • measured aCross bar width.

Revere Switch Copper is, procluGed by €I special proc·
ess from Electrolytic Copper and meets ASTM speci·
fications for purity and electrical conductivity (98.0%
min.). It offers important. new economies in the manu
facture of switches knife-blade fuses, switchboards
and simHar products. requiring flat copper conductors
with a minimum of contact losses.

This, new form eliminates hand selection. sand blast
ing, wire brushing and other operations imperative
with regular commercial bar. These economies more
than offset ,the ,slight premium in priGe. With these
expensive opem'tions, no longer req,ttired. it is only
necessary to cut to length. drill Gnd assemble.

Revere Switch Copper has a mirror-Hke finish. Its
superior poHsh reduces losses at contacts. Edges are
fuB rounded unless otherwise specified.

convexity

concavity, per side:
widths \lp to 2 in.
widths 2 in. and over

none

.001 in. max

.002 in. max

Revere Free-cutting Copper Rod is made of oxygen
free copper with a small o:mount of tellurium added.
The tellurium content and special processing in the
Revere mills combine to give remarkable qualities of
machinability plus high electrical and heat conduc
tivity. Thus this rod is ideal for many parts of eleclrical
equipment. especially such items.as contact pins, bolts
and studs. It is also of prime interest to make"rs of
vacuum ,tubes. Other important applications: wel.ding
tips. switch gear. relays, precision electrical equip
ment and parts that must be soft-soldered.

In machinability, this material is rated in excess 01
70% of Free-cutting Brass. Close tolerances are easily
held. Threads are sharp and clean. Machinin9 speeds
may be from two to five times those used with Electro
lytic Copper. The metaL when supplied ~n the proper
temper, can be either cold upset or hot forgec!l.

Electr!cal conductivity of this material is 90% mmi·
mum. Heat conductivity is approximately the same as
lhat of Electrolytic Copper. Available in round, square
and hexagon. in sizes up to 2 inch. Also in special
extruded shapes. This rod. however, does not make a
vacuum tight sea] with glass.

RockweU test is to be used for acceptance or rejlection.
If bending or other unusual requirements make cus
tomary temper unsuitable. special temper can be fur·
nished upon request.

camber (depth 01 lenqfhwise arc)

physical properties

tensile strenqth. psi
elonqalion. % in 2 in.
Rockwon B hardness

'/'9 in. mox in B ft

36.000 min.
15 min
35 to 65

properties

density. lb per cu in.
melting poinl. OF
coefficient thermal expansion. per Of. 01 6So F

electrical conductivity, % lACS (an'nealed)
thermal conductivity. Btu. per sq fl. per fl. por hr.

per Of. ai 6So F

tensile strength. psi (000 omitted)
elonqation. % in 2 in.
Rockwell B hardness

F hardness (soil)

0.323
19S0

0.000010

90

32 to SO
101020
20 to 45
40 max
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condeDser tabes

The basic requirements of any condenser tube are corrosion
resistance Clnd erosion resistance. It is likewise important to
consider the economic advantage of selecting the alloy most
suited to meet operating conditions.

The life expectancy of an engineering tube depends upon the
method of manufacture as welll as the type of alloy used.
Mechanical defects-surface imperfections. internal inclusions.
CJas cavi,ties. contraction cavities-are possible focal points for
future corrosion and zones of weakness that lead to failure.

In Revere Condenser Tubes-made by the extrusion process~

~here is complete assurance of uniformly sound metal. The ex
trusion method removes possibility of mefallurgical flaws where
they are most likely to occur: in tne outer skin and inner core.
For the outer skin and the inner core of the billet are eliminated.

The extruded tube, priGr to any finishing operation. is a sound.
clean. dense piece of metal with an excellent surface. In addi
Ition to Ithe increqse in quality made possible by the extrusion
process, the secondary processing imparts to the finished tubes
characteristics equally desirable.

extrusion process safeguards

• Use of solid cylindrical castings-decidedly less liable to in
ternal casting defects than tubular castings.

• The solid casting is cut into short billets about ten inches in
length and seven inches in diameter. After sawing and prior to
extrusion, each cut surface is carefully inspected for possible
flaws and casting defects.

• In solid cylindrical bmet. iflternal casting defects (such as
porosity) lend. if present. to concentrate in center of casting. In
the extrusion process. the first opel"ation consists of pushing out
centrar plug of metal from the billet. Should the casting contain
minor internal defects not detectable by visual inspection of the
cut surfaces. ,the removal of this center wC[mld tend to reject such
imperfections.

• A 1650-ton hydrauliC press extrudes the tube from the billet,
leaving behind a skin of metal, the "shell", In this shell. ~ll sub·
surface imperfections or inclusions that may have been present
in the original casting are retained.

3

Billet fs placed in container.

Billet is held in place by .ram
while mandre110rces out cen
ter portion 01 billet-which
contains possible casting de·
fects.

Ham advances and forces
metal in billet to flow be
tween mandrel and die. The
rough surface skin of billel is
not pushed out and remains
in containers.

Extrusion is completed; the
remaining short buft end of
the billet is sheared off ftom
the extruded tube.



80-20 Cupro Nickel • Similar to 70·30 in character. but less costly
and somewhat less resistant to corrosive aUack.

Munt! Metal • G0l1erally used ill fre3h Wtl:er steam power plant it!
stallations where corrosive aUack is mild.

manufactured forms

8S-Hi Brass {Red·Brass} • Widely used in many industries-due to its
natural resistance to dezincificalion. Recommended for general piping
purposes for excellent service at moderate cost.

Revolon (aluminum brass) • The addition of aluminum makes this
alloy supedor for many applications - particularly where waler
velocities are high or where saline conditions exis!. Revalon, careluily
produced by Ihe Revere extrusion prooess, forms a tenacious, sel/·
healing film which renders the tube highly resistant to impingement
aUack.

Admiralty • Standard for many years, When properly fabricated by
Revere extrusion process. Admiralty Metal tubes gives good service
for long periods in a majority of applications. Arsenic is used as esse\]·
tial minor constituent for the purpose of inhibiting dezincilication.

70·30 Cupro Nickel • Withstands highest operating temperatures and
is not subject to dezincification. Forms tenacious protective surface film
which resists impingement attack and erosion. Especially recom·
mended for oil renning and marine service, also !Topical waters.

Revere condenser tube alloys
Revere has developed several special alloy tubes to
meet the severe operating conditions of modern use. No
expense has been spared in equipping its mills to pro
duce a quality tube of the highest attainable degree of
mechanical perfection.

As ecrch condenser and each heat exchanger presents
an individual combination of conditions, no blanket
recommendations are possible. Likewise it is not pos
sible to develop cr single alloy that can be recommended
to give complete satisfaction under all operating condi
tions. Consequently Revere Condenser Tubes are fabri·
cated in a number of highly successful alloys-each
with its own characteristics and abilities to resist a
definite combination of conditions that cause failure.
Many related factors affect the life of the condenser
tube and have an important bearing in determining the
alloy which promises the longest possible life and the
most satisfactory, trouble-free performance.

In selecting a condenser tube alloy, the follOWing im
portant factors should be considered: chemical compo
sition of cooling water; conditions affecting condenser
design and operation (such as velocity of cooling water
in tubes); possibility of air entrainment; presence or
absence of suspended solids; operating temperature.

To hondle practically all conditions, or combination of
conditions, Revere Condenser Tubes are 'available in
eight alloys:

Arsenical Copper • Arsenic conteI'll: 0.30%, Suitable for fresh water
service where corrosive conditions are mild. Oifers good thermal COl)·
ductivity and improved resistance to specla! corrosive conditions.
Popular in lannin9 and sugar industries.

Copper • The standard of the refrigeration industry and for transfer
ring steam heat to water or air fot heating pllrpoSeS. !t has excellenl
corrOsion resistance to fresh water and highest thermal Conduclivity.
It may be soldered and brazed into tube sheets with maximum facility.



so

B,oss aad COJlper Pig

Revele Red-Brass or Copper pipe is especially recem
mended for corrosive water conditions. In many
cases, installations made 25 or more years ago have
required neither attention nor repair. This pipe gives
excellent service in many industrial applications;
also for general plumbing and drainage lines.

Red-Brass (85% copper) • For extremely corrosive
waters. Furnished in standard pipe sizes; for use with
either threaded or silver-brazed fittings. Readily
threaded, easily worked.

Copper (99.9% pure copper) • Being pure copper, it
is used for industrial piping required to withstand
severe service. Made in standard pipe sizes, in regu
lar or extra strong waH thickness. Special sizes made
to other dimensions and gauges.

Copper Wale' lib
A cold-drawn, seamless tube: 99.9% pure deoxidized
copper. Possesses gun-barrel finish inside, free from
flaws and blemishes. Joints are made with soldered
or compression fittings. Type K: for underground
services, general plumbing and heating purposes;
gas, steam, on lines. Type L: for general plumbing
and heating purposes. Type M: for general plumbing
and heating purposes with soldered fittings-not for
underground service. Types K and L, % to l2-in.,
nominal size; M, 2V2 to 12-in.

DRYSEAL Copper Tube • A seneral utility tube in
50ft temper only, dehydrated and sealed ... for re
frigeration, automotive, air conditioning cmd air con
trol systems ... furnished regularly in 50-ft. coils in
VB to %-in. OD with .035-in. wall.

Other Copper Tube. Type U: approved by Under
writers for oil burner use. Type B: for industrial.
marine, steam nealing and other uses where OD of
SPS pipe is necessary . . . can be used with SPS
brazed fittings ... unsuitable for threading.

Seamless Tube

Revere seamless tube, for cutting, forming and ma
chining, is ovailable in copper and the following
alloys;

Red-Brass • Golden color when polished. Resistant
to corrosive waters and atmospheres. Not free cutting.
When soft, well adapted for bending, flaring, expand
ing. Uses: water lines, in cooling equipment. capil
lary and instrument tubes, electrical conduit. radia
tor cores.

70-30 Brass • Excellent ductility permits easy flar
ing, bending, expanding. Not free-cutting but readily
machined when hard drawn. Uses: electrical {ixtIDes,
cylinder liners for pumps, air and hydrauliC cylin
ders, plumbing goods, musical instruments, flashlight
tubes.

Leaded. Brass • For opercrtions requiring goed ma
chinability. Lead content produces greatly improved
cutting qualities. Physical properties s'milar to 70-30
Brass, but ductility is lower. Not suited for severe
bending and forming. Limited cold-working readily
performed. Specific recommendations difficult-due
to variation in fabricating methods. Trial before se
lecHon should be made. Uses: screw machine parts,
railroad equipment, small rifles, telephones, small
valve parts, roller bearing cages, bushings', etc.

Muntz Metal. Higher zinc content than 7-0-30 Brass
-consequently less ductility. Not adaptable to severe
bending or cold-working. Excellent for hot-working.

Capillary. Made of 85-15 Red·Brass or Copper.
Common ranges (0.26 to .040-in, ID) suitable for
bulb and bellows assembly, measuring and control
instruments, oil and gasoline gauges, recording ther
mometers. Meets. rigid standards for metering de
vices. Inside diameter held to extremely close toler
ances with uniform end-to-end bore. Chemically
clean and free from all oxides, chips, grease, draw
ing compounds or other foreign matter. Substan
tially free from ordinary stress-corrosion cracking.



Welded SIeel2'l e Loclcseam abe

Revere Welded Steel Tube is produced by continu
ous electric resistance welding of flat rolled steel.
Its use permits many products to be fabricated at
reduced cost and with decided improvement in ap
pearance.
The material selected is free from surface defects and
possesses superior finish. Prior to forming and weld
ing. the strip is carefully inspected to insure good
surface for both inside and outside wall. Gauge tol
erances are close on the steel strip; there is little vari
ation in thickness across the width of the strip. The
finished tube, therefore, has greater uniformity of wall
thickness and concentricity of inside and outside
diameters. This feature is especially important where
practically perfect balance at high speeds must be
combined with light weight, high strength and low
cost.
High standards of concentricity also permit press or
force fittings of associated parts without further ma
chining. Revere Welded steel tube can be produced
in special shapes at slight extra cost.

5 superiorities:
precision made. produced by continuous electric
resisfance welding of hot or cold rolled strip steel.
Constant laboratory supervision maintains precision
rnanufaclure.
dependable. straight. accurate, true to gauge. Uni
formity of wall thickness. Ideal for torque tubes. ro
tating parts. conveyor rolls, etc.
smooth, high quality finish • a controlled finish
specially suitable for plating. lacquering. painting
or other coqting processes. Excellent surface for slid
in91 parts.
special shgpes • the use of specic::d shapes often
achieves improved product styling and reduces cost.
Additional economies may be aHected by fabricating
tube to individual specifieations.
economical • structural stability, uniform temper
and correct analysis all make for economies. Costly
operations in forming. machining and finishing are
eliminated.

For many years Revere has been a leading manufac
turer of double Lockseam Tube, especially in the
extensively used light gauges. The use of rolled strip
in production of this tube assures uniform wa:l thick
ness, a particularly important feature in light gauges.

Lockseam Tube is used in many industries where
low cost without sacrifice of quality is essential. Typi
cal applications include radiator tubing. overilow
tubing and exhaust pipe in the automotive field. han
dle bars in the casket industry, and fancy pattern
tubes for lamps and fixtures.

Revere Lockseam Tube, plain or plated, is supplied
in many Revere alloys; aluminum and zinc; also in
tinned, plated or plain steel. Many shapes are avail
able in several sizes and gauges.
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Dlelhods 01 joining by welding

pressul'e processes

soldering and b..l'aaing Pl'0cesses

Elevere weldable aJloys and fhe various types 01
Elevere welding rod-with their perlinent characfer·
Istics. limitations, and the weldIng methods appli
cable to each--are dIscussed mthIs secUon:

Soft soldera and low-temperature brazing alloys are
widely and s\1ccegsfully used in joining copper and
the copper-base alloys. Gas torches are usually em·
played for manual brazing. but for production itelDB
dip-brazing in a salt bath pennlts qreater ooQfrol with
fewer reJections.

paqeS5

paqe57

pu."e54

paqeS1

paqe56

paqe53

page 54

ferrous metals bronZe welding;

welding rOds

coppers

phosphor bronzes

brasses

welding of:

eupro-nickels

sl1lcon broID:e (Her<ruloy)

The "lempobrazmg" process (resistance, Briggs
U. S. patent 2.223,312) is used to braze relatively light
gauges of cold rolled copper without material loss of
metal temper. The btductlon dnd fumace brazin~

processes are not generally employed to' Join coppe,.
base aUoys, but instead.. may employ these alloys to
iQin other base metals.

Resistance welding (spot and seam) is practical on
certain alloy compositions. The applicability is gov
erned by fhe conductivity an4 a1U'face preparation.
In general, higher heats are employed for shorter
periods of time. foUowed by a quicker. but lighter
push.up than would be the case for the same thick
ness of BteeL Equipment capacity and control me.
therefo:re, bnportant.

no -Pl'essUI'e fusion methoc1s

All three of the commonly employed manual
methods-gas. melal mc abd carbon arc are In gen
eral use. The gaa method; because of the variety of
llame atmospheres obtainable, finds wIdest use. lis
disadvantages are cost. and in some casel. the warp
age attendant willi high conduction losses Into the
metal adjacent to the weld. Coaled metal arc elec
trodes are not available itt all the commonly em
ployed weldinq rod alloys. In addition, the heat de
veloped by the use of such electrodes (and such base
metals as may be emplOyed as electrodes,) withIn
the well deUned optimum current range is often In
adequate to compensate for conduction and other
losses. and to obtain proper luslon. As' a result. pre
heating is often necessary--especlally when 101nlng
base metals with medium-to-hiqh thermal conduc
tivities.

The carbon cue method has the flexibillty of the
Q'a5 method In Independence of heat and filler metai
sources-but Is superior to the <;Iaa method in maxi
mum lemperat1,ire and rate of heat develOpDGnL

Automatic processes. such QS carbpn art: and sub
merged arc. are applkable in lolntnq certain alloys_
These proceS888 produce ES¢onomles and improve
ment of weld ~wiiy where repetitive work j'i$Ulles
their use.

• All of the common welding processes l are em-
ployed in joining copper and the copper-base

alloys as a group-but IOI1i methods are not practical
for anyone metaL The choice of Jolninq method de
pends on a consideration of the corromon problem,
the size and cle$i9J1 of the weldment avaUable weld
ing and jigqinq equipment. and the chcDact~rlstlas

of the various methods (lS they may have relation
to the metallurgical and R ysleol properties oj the
metal or Cilloy to be loin~.

Often. where there is CI choice b-etween methods
of joining. different fabriccttora may employ different
methods to accomplish the same end. SlmUarty. one
method may be employed by cUfferent fabricators
with varyinq deqrees of Buccess.
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joining by welding

welding file cupzo-nickels

The composition and physical characteristics at this
class of alloys. especially the 70/30 composition,
make them particularly well suited to joining by tbe
various welding processes.

metal <irt welding:

The availability of coated electrodes makes this the
preferred method for manual welding. The technique,
electrode diameter selections and joint designs em
ployed in welding mild steel may be foUowed. with
minor changes, in the use of these electrodes. Appli
cable specification requirements on welded joint
properties can be consistently met only in the flat
position.

submerged arc process:

Special granular material permits adaptation of
equipment regularly employed for welding steel to
the welding of cupro-nickels-when repetitive work
justifies setting-up procedure details. A d·c source of
current. however. is desirable.

oxy-acetylene method:

Shop use of this method is usuaHy confined 10 weld
ing of the very light gauges. Widest application is in
field work where considerable position welding is in·
valved in the instaHation or repair of piping. Special
fluxes and a very slighlJiy reducing flame are recom
mended to prevent any oxidation that might result
.firom variations in the regulation of the flame atmos·
phere characteristics.

soldering ana low-t.emperature brazing:

While an these processes are applicable, use has
been generally confined to t.he lower flow point
"sBver braZing" alloys. Difficulties with intergranular
penetration have been encountered on work·hard
ened material in which a stress gradient was set up
on forming-when the Silver Copper eutectic compo
sition alloy (72/28. flow pOint 1435°F) was used.

resistance welding:

The low conductivity of cupro-nickel makes it one of
the most readily welded by this method.

evexe Coppex and Brass IDcorporated h



methods of joining by welding (continued)
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welding Silicoll Bronze

(Berculoy)

Herculoy, Revere's Silicon Bronze, is one of the more
weldable copper-base alloys. With a thermal con
ductivity roughly only 10% of that of copper and
comparable to that of mild steel, high thermal losses
by conduction are not encountered. 'Ji'hus, all the com
mon wethods of welding find use:

carbon arc welding: Welds of code quality are read·
ily produced manually in both sheet and plate. The
high rate of heat input is attendant with rapid cooling
of the weld through a "hot short" range which char
acterizes this group of alloys. As a result. no diffi
culties are encountered in the flat position welding of
thicknesses up to 3/16 inch in one layer or thick·
nesses over 3/rs inch in layers of approximately 1/8

inch thick. Welding in other positions is possihle. but
not practical. Clamping fixtures in which a copper
back-up bar is incorporated are recommended for
the one-layer welds in light metal as a method of sup
porting and chilling the molten weld metaL and pre
serving the set·up alignment of metal edges.

With suitable heads and clamping fixtures, this
method is also well adapted to automatic welding in
the fabrication of range boilers and welded tubing.

gas weiding: While more expensive, the oxy-acety
lene method yields strong, sound welds of code
quality. The lower rate of input is aUendant with
slower cooling. For this reason. use is usually limited
10 joints which may be run as "free seams". Stresses
ar~ing from contraction of the weld in cooling may
cause cracking in the "hot short" range if the pro
cedure details are not carefully controlled, or if pro
vision cannot be mode for contraction (as in "closed·
structure" welds).

metal arc welding: Coated electrodes are available
lout the weld properties obtainable dQ not approach
lhose yielded by either the carbon arc or gas meth
ods. Metal transfer through the arc is globular with
bare electrodes and maintenance of a comparatively
large weld pool is necessary. For these reasons, the

process is little used to weld Hercuioy sheet and
plate.

submerged arc welding: This process has not been
widely employed to date. Preliminary reports. how
ever, show promise.

resistance welding: Herculoy, because of its chemical
and physical properties, is readily resistance welded
in the lighter gauges. l1n addition to the equipment
factors mentioned in the introduction, special clean
ing-to remove an invisible refractory oxide film
existing on metal cleaned by mdinary pickleS-iS
necessary.

Orders for material intended for fabrication by resist·
ance welding should be so marked. If manufacturing
pmcesses result in oxidation or other forms of con
tamination. it may be necessary to clean the metal
by pickling or abrasive methods just priOr to welding.

welding the coppers

choice of copper: Deoxidized Copper is to be recom·
mended for all weldments where joining proc~sses

involving the temperature ranges of low tempergture
brazing and fusion welding are employed. The resid
ual deoxidant in the base melal serves to protect
the copper from oxidation; this oxidation might be
followed by "embrittlement" if a flame containing
hydrogen is employed to reheat ,the copper. While
oxygen-free High Conductivity Copper dOes not orig
inally contain any oxygen, it is not protected against
extensive internal oxidation. Electrolytic Tough Pitch
Copper contains oxygen which renders it readily
susceptible to "embriltlement" by hydrogen-contdin
ing flame gases.

choice of method: The choice of method is dependent
upon the type of joining medium employed; the lat
ter is. in tum, dictated by the corrosion problem in
volved. The coppers with suitable joining mediums
and methods are summCIIized briefly in the order of
preference from the joining standpoint:
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copper joining mediums and methods

joining metal
non.coppor malt1l. in

plale melal ~Ior joining method

Phosphor Deoxidized SUicon Deoxidized
Copper (may be Copper.
employed in the fab. Phosphor Deoxidized oxy.acety!eoerkalion of unfired Copper (neutral flame)pressure vessels; LoW' • Qnd high tc.m-
case no. 934-special perature !lrc1l1fi\l
ruling; ASME unfired mloy.
pressure vessel codel

Silicon .Ilrom.e • carbon arc
rHorCl11or:1

~arbon arc (long ai~)Phosphor Brome
CAQled capp.r or
coal'od alloy }ell;- metal arc
trodes

Oxygen-free High Low • IIl1d bl'lb lem- oxy-acelylene
Conductivity Copper peraturEI' buuLn\l (neutral flame)
(or Phosphor Deoxi- aJlO1'!;
dized High Conduc- Silicon Bronzo

carbon arclivily Copper) IHeJcuJoyl

PholJPhor Brunn carbon arc (long arc)

Coa1&d coppeJ or
"ootod Qllcy aIltC- metal arc
lrodea

oxy-acelylene
Deoxidized Copper (neutral flame)

Low IllIllperulure oxy-acetylene
~

Tough Pilch Copper
bra:ID'l alloy•• (neutral flame)
Pbolq'hor B_~nI.O carbon arc (long arc)

oxy-acetylene
Hiqh I mperature (strongly oxidizing

I'bradnq all 0),. flame)

CocI01i COppor or
molal arc

~a1.edolloy eloelrodeB

• preferred

fusion welding of copper
oxy-acetylene method: This method is rated first
despite the higher costs involved: a copper filler
metal may be used to produce an all-copper weld
ment to satis~y the most exacting corrosion-resisling
requirements. Plate thicknesses of 1/4 inch and over
are preferably double welded in the vertical position
by two operators utilizing a double-V or X-type joint.
This procedure. which places emphasis on opE'lrator
skill. most efficiently employs the heat of the two
torches, the heat requirements' for welding copper
being substantially higher than that for the same
thickness of steel. It also lends itself ideally to "hot
peening" of short increments of the weld during exe
cution; this is desirable on joints which cannot be run
as "free seams" to offset the stresses developed as
the result of shrinkage of the weld metaL and neces·
sary when phosphor deoxidized filler rods are em
ployed to develop the strength of soft copper plate.

Welds may also be executed by On,6 operator assistE!d
by a preheater where thicknesses of i!4·inch and over

joining by welding

are involved. Such welding, which may be done
either in the flat or near-vertical positions, usual y re
quires chipping out and welding of the reverse side
to insure complete penetralion.

carbon arc method: the high rate of heat input pos
sible with this methodl is utilized to establish a sharp
temperature gradient which, in conjunction with high
rates of progression 00 to 20 inches per minule) pro
duces the minimum heat effect on the adjacent base
metal. A copper backing bar is usually employed to
support the overheated molten filler metal.

The carbon arc method is applicable to the welding
of Tough Pitch Copper only with the fluid phosphor
bFOnze filler rods which permit of the attainment of
the higher rates of progression necessary to reduce
the thne-temperature heat effects on the oxygen-bear
ing base metal. Generally, the method may be em
ployed for thicknesses which can be welded in one
layer and without any preheat-approximately %
inch maxim\1m. Strengthwise, satisfactory joints are
produced with phosphor bronze filler metal. but the
ductility of the joint is erratic due to unsoundness.

Less fluid Herculoy welding rod may be employed
at lower welding speeds and with a shorter arc to
produce sound ductile welds in deoxidized copper.
Loyer welding is pOSSible, as is preheating. but care
has to be exercised to feed properly the shrink of
cmters when welding is stopped.

The carbon arc method with suitable heads may be
Qutomatically employed to weld copper. This method
eliminates the variations in the correlation of pro
cedure details (due to the human element). Vf.ire feed
ing devices permit continuous welding. EliminaHon
of "start and stop" points involved in manual welding
precludes cracking at such points due to the "hot
shortness" of the filler m.etals.

metal arc method: The current carrying capacity of
the coated copper or bronze electrodes available are
such that a preheat is necessary for the medium and
heavier plate gauges. When employed for multi-layer
welding, the preheat effect may be conserved by
completing the weld in sections. Joints executed with
the copper electrodes are satisfactory strengthwise
but ductility values, obtained in the usual manner on
welds in the "as-welded" condition, do not approach
.those of gas welds either in value or consistency. The
n~cessiiy 'of a preheat for certain thicknesses may
r~sul~ in "embrittlement" of the base metal adjacent
to th~ weld.
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methods of joining by welding (continued)

low temperature brazing of copper

In addition to soldering, low-temperature brazing is
widely and successfully employed both to join cop
per to copper, and copper to dissimilar metals. Prep
aredion of the capillary type joints necessary for
"silver brazing" may involve "thin edging" ot light
gauge sheet, or grinding and machining for piate
edges and other type sections. Joint desigtl1s for braz
ing with brass or "bronze" alloys are often the same
as those for fusion welded joints. Their higher melting
points (l600° to ]650°F.) necessitates the use of an
oxidizingJ oxy-acetylepe flame when joining Tough
Pitch Copper if "hydrogen embritllement" is to be
avoided with surety.

Cold rolled sheet copper may be "silverbrazed" by a
resistance-pressure method, with litlle annearing ef
fect. Strip brazing metal is automatically fed into a
lap joint which is rapidly heated and chilled ~n a
seam welder.

Salt baths which exclude the atmosphere are ideal
sources of heat for the execution of the multiplicity of
joints involved on production items such as unit
heaters. Capillary joint conditions and preplace€l
rings of silver braZing type alloys permit execution of
all the joints involved at one time-with the elimina
tion of the defects attendant with manual one-al-cr
time execution.

welding the brasses
The addition of zinc to copper reduces the thermal
conductivity and melting point of the fesultant alloy.
thereby facilitating welding. While there are a great
number of modified alloy compositions to adapt them
to special applications, selection for welding is
usuaUy confined ,to a few specifiC aBoys; Muntz
metaL Naval Brass, Manganese Bronze, and. in the
fubing or special application field. Red Brass and
Gommerciol Bronze. In general, leaded alloys are 10
be aVOided because of the effect of lead on the
quality of the weld and the properties of the base
metal at elevated tempeHltures.

oxy-acetylene welding: This method permits use of
standard bra~ng, or so-called "bronze welding"
alloys with a modified nominal 60 copper. 40 'Zinc
composition. It produces fusion welds in the alpha
beta brasses (essentially the same in composition as
the base metal) and "brazes" or "bronze welds" in
the alpha brasses of lower zinc content. Where simi
larity of analysis is essential in the alpha brasses, or
i!n tlie color match of .,architectural bI0nzes", strips
of filler metal may be cut from the base metal.
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carbon arc welding: 'This method may be employed
for joints positioned for flat welding. Backing is neces
sary to support the filler metal which is very fluid
under the intense heat of the arc. Zinc-free fiUer
metals such as Herculoy (silicon bronze) and Phos
phor Bronze (tin bronze), on which the arc is struck
and maintained, ate the most readily employed.
Brass tiller rods of the "low fuming" bronze welding
alloy type have been employed with success. Volu
minous fumes are, however, developed with this type
rod; they must be exhausted to provide the operator
with g.ood vision and to protect his health.

Where corrosion is a factor, pre-heating is desirable
to reduce temperature and resultant stress gradients;
stress relieving may also be necessary. Pre-heating
reduces the heat requirements of the arc; its use is
desirable with both the less fluid silicon bronze and
"low fuming" bron2e filler rods.

metal arc method: The copper-zinc alloys may be
welded with a number of the coated non-ferrous elec
trodes available: Aluminum Bronze and Phosphor
Bronze. A preheat may be considered to be generally
necessary-with the exact t.emperature depending
upon the thennal conductivity and the mass of the
base metal involved, as well as current carrying
capacity and! size of the electrode suitable, for the
application.

resistance welding: The brasses with more than 15 or
20% zinc are of sufticiently low conductivity that spot
or seam welding of the lighter gauges is practical.
Best results are obtained with the lower conductivity
high zinc alloys, or special "silicon" brasses. As in
the case of Herculoy (silicon bronze). cleaning is
especially important.

soldering and low-temperature brazing: Both proc
esses are Widely employed! and are a;pplicable with
the usual precautions to the type ioints c0111IDonly
employed for each. ]he stipulation with respect to
lead content for fusion welding obviously does not
apply to soft soldering.

welding phosphor bronze

Th.e wroug'h! "phosphor" or tin bronzes are often used
in the cold worked condition for their resilient proper
ties or spring qual'ities. These properties are destroyed
or diminished in fusion welding and low temperature
braZing. Both carbon and metal arc fusion methods
havfil been employed successfully in the fabrication
of process anc;l other equipment
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bronze welding

01 lerrous metals

The use of copper and copper-base alloy we~cling rods

in the welding of wrought copper and copper-base

alloys is an important engineering application. Their

us-e in reclaiming worn and bIoken machine parts, as

weH as in buiFding up wear-resistant overlays on new

parts of cast malleable and wrought irons. cast steel

and cast bronzes constitute equaUy important appli

cations.

Widest advantage is taken of the low melting points

(l600-1650°F.) and properties of the brass or "bronze

welding" alloys to repair. without fusion, broken cast

and malleable iron machinery parts-in the QulQmo

tive, marine, electrkal, factory-, fa-rm, mine and railway

fields. The high pre-heats and post-heating necessary

in straight fusion welding of cast iron may be elimi

nated in some cases, aIld reduced in others. This, in

conjunction with the low melting points of the bronze

welding alloys, not only redUces labor and fuel CQsts,

but the broken part is put back into productive use in

considerably less time.

Special properties of certmn alloys make them ideal

for the compensation of wear on moving parts, and for

building up overlays on surfaces subjected to sliding

friction.

Other rods such as HerculQY find wide use in building

up overlays by mt methods on cast and wrought steel

parts (such as locomotive driVing-boxes) where resis

tance to impact loading is important but the wear
problem is not severe.

The phosphor bronzes are employed in both the repair

and welded installation of bronze castings of the "Gun
Metal" type.

joining by welding
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REVERE SHEET COPPER REVERE NICKEL SILVER ALI.OYS

REVERE CUPRO-NICKEL JiLLOYS'
Sheels. Strips. Rolls. Circles. Hall Circles. Ovals. Se<fments and
Pallerns
In all tempers and finishes

Cupro-Nickel. 20%

Cupro-Nickel. 30 %

Roofing Sheets, soft and cold rolled
Plain
Crimped

Lead Coaled Sheets ("Leadtex"), soft and cold rolled

Sheels for Industrial Uses. alilempers
Plain
Polished
Tinned

Fire Extinqulsher Sheets (spedal temper and finish)
Dairy Sheels (specially rolled and heavily tinned)
Circles. Half Cirel es and Ovals
Segments and Patlerns
Anodes. Flat and Oval. also Anode Hooks
Coppersmith Sheels

Shee". Strips. Rolls, Circles.
Patterns
In all tempers and linisnes

Nick&1 Silver. 5%
Nickel SlIver, 08%
Nickel Silver. 10%

Hall Ci;cles, Ovals, Segments qnd

Nickel Silver. 12%
NicKel Silver. 15%
Nickel Silver, 18%

REVERE BRASS ALLOYS

REVERE COPPER IN ROLLS

Cartridge 'Brass
Spinning Brass
2 and 1 Mixture
Yellow Bra!!s (High)
Drawing Brass
Leaded Hig,h Brass
Muntz Metal
Naval Brass

REVERE FLAT COP,PER STRIPS
Exact or random lengths
Strips for Eaves Troughs or GUllers and Conductor Pipes or

Downspouts
Lead Coated Slrips ("Leadtex").
Strips for Industrial Uses. all tempers

Plain
Polished
Tinned
Embossed

Rolls tor Rooting rInd Sheet Melal Work
1lo11s for Industrial t1ses
Alltemperl; and finishes. for spinning. stamping. punching

Sheels. Strips. Rolls. Circles. Hall Circles. Ovals. Segmenls and
Patterns
In all tempers and finishes

Gilding Bron;<e (95·5)
Commercial Brom:e (90-10)

Chain Bron;<e
Rich Low Brass (85·15)
Low Brass (80-20)

SjJring Brass
Admirally Metal
Seventy·Thirty Brass

REVERE SHEETS AND PLATES
Squares. Reclatlgtes. Circles. Half Cucles. Segments and Patterns
For Tanks, Condenser Plates (Heads). Strue/ural. Archifec:lural.
lHrcrafl. Marine. and Transportation Applications

Muntz Malal Cupro.Nickel
Naval Brass Silicon Bronze
Roman Bronze (Herculoy)
r-ianganese Bron;<e Magnesium
Admiral1y Melal

REVERE ROD
Free-culling Brass Rod. Free·cutling Copper Rod
Brass (not Free·Culling). Red-Brass. Commercial Bronze. Copper.
Roman Bronze. Naval Brass. Muntz Motal. Mangoneso Bronze, Sili.
con Brol'l;<e (Herculoy). Aluminum-Silicon lkon;<e. Cup.o-Nickel.
MagnesIum. Aluminum and Special Alloys.
Also furnished Hnned. Or plain extruded for forging

Round HaU Round
Hexagon Oval
Pentagon Half Oval
Octagon Rectangular
Decagon Triangular
Square Irr,egular Shapes
Quarter Round

REVERE SHAFTING AND PISTON RODS
Turned. Specially Slraightoned. also Polished

Roman Bron;<e Silicon Bronze (Herculoy)
Naval Brass Cupro-Ni<;kel

REVERE WELDING RODS
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REVERE BRONZE ALLO'YS
Sheels. Strips. RoUs. Circles. Hall Circles. Ovals. Bellments and
Pall'erns
In all tempers ana fillishes

Silicon Bron;<e (H~rculoy)

Phosphor Bronze
Manganese Bronze

July 1. 1940:

furnished Cut to Length or in Coils
Plain or tjnned

Revere 45'6 (Low Fuming)
Elealrolylic Copper
Revere :Bronze 380

Manganese Bronze
Hercu'loy (Silicon

Bronzo)

Phosphor Bronze.
A and D Grades

Bross (Brazing Rod)
Silicon Deoxidized Copper
Phos-phar Deoxidized COppei



9 condensed list 0·1
Revere products

REVERE WIRE REVERE COPPER WATER TUBE

REVERE EXTRUDEb SHAPES

REVERE bRAWN COPPER BAR

Oval
Triangular
Quarter Round
Special Shapes
Hot Rolled Rods
Commutator ears
Commutator Segments

LOCKSEAM TUBES AND ROLLED SHAPES

Red·Brass
"70 and 30" Brass
"85 and IS" Brass
"2 and I" Brass
Muntz Melal
Silicon Bronze. (Herculoy)

Plain or !inned
Type "K' l For underground ("K" only) and gen·
Type "L" feral plumbing purposes and heating.
Type "M" Also gas. steam and oHlines.
Type "U"-For oil burner use (manufacturing and

installation).

REVERE PIP.E. (Standard Pipe Size)
Red.Brass. Copper, Magnesium. Aluminum

Tinned. polished. plated (nickel or cbromium)
Regular Pipe Sizes (standard weight)
txtra Strong Pipe Sizes (extra heavy weight)

Outside diameters from. 5/S " to 2" with wall thicknesses from No.8
to No. 19 Stubs' Gauge

Cupra-Nickel. 30%
Cupro·Nicke!. 20%
Aluminum Brass

(Revalonl
Admiralty
Arsenical Brass
Arsenical Copper

REVERE. CONDENSER TUBES

For Aircralt. Architectural. Industrial and Mechanical Uses
Brass Specia.! Alloys
Architectural Bronze Magnesium
Nickel Silver Aluminum
Copper

Also specially prepared Switch Copper for Bus Bars. Switches and
Geneml Electrical Purposes

In all tempers and iioishes
R.ectangular
Round
Square
Hexagon
Pentagon
Octagon
Half Round

Brass. Red-Brass. Commercial Bronze a.nd Silicon Bronze (Herculoy)

Tn Coils or cut to length. tinned or plain

Round Half Oval
Square Oval
Hexagon Quarter Round
Octagon Fla.t Wire
Half Round Triangular

Special Shapes

REVERE SEAMLESS TUBES
Copper. Brass. Red-Brass. Commercial Bronze. Admiralty. Roman
Bronze. Naval Bmss. Silicon Bronze (Horculoy). Cupro-Nickel. Mag
nesium. Aluminum

DIE.PRESSED FORGINGS

REVERE SPECIAL PRODUCTS

Cupro-Nickel
Zinc
Aluminum

Plain or linned
,Copper
Brass
Bronze
Nickel Silver

Revere Lockseam Tubes-All sues and shapes for Aircraft Tubes.
Automotive Radiators. Radiator OverOow Tubes. Lamp and Fixture
Tubes. Casket and Grave Vault Handle Tubes and other General
Uses

furnished plain also partially or completely machined as desIred
Brass Silicon Bronze (Herculoy)
Bronze Aluminum Branze
Copper Aluminum.Silicon Bronze
Nickel Silver Magnesium
Cupro-Nickel Aluminum

Acid Dipped
Specicil Annealed
Sealed Ends
Irregular Shapes
Electro·Tin Plated
Hot Dip Tinned
Polished
Plated (Nickel or

Chromium)
Telescoped
Triangular
Half Round
Oval

exact Or random IODglhs. and aUIn straight hmglhs or coils. in
lempers

Hexagon
Octagon
Lip-Tubes
Reeded
Fluted
Rectangular
Square
Round O. D. with

Specied Shaped 1. D.
Special Shaped O. D. with

Round 1. D.
Coppersmith Tubing
Capillary Tubing

REVERE COPPER REFRIGERATION TUDE
Dehydrated. Seamless. Dead Soft. Sealed Ends

In straight lenglns or in long coils
Revere. "Dryseal" Copper Tube

(in wmppedcoils of 25 ft.. 50 ft. and 100 It.)

Printing lioHers
Singe Plates
Soldering Coppers
Special Sl.ampings
Copper Clad Stainless Sleel

Cooking Utensils

Eyelets and Screw SheHs
Terrazzo· Strip
Welded Steel Tube
Giitware and Novelties

July 1. 1946
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