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ABSTRACT

This paper gives data on the linear thermal expansion of some industrial copper-
nickel, copper-nickel-aluminum, copper-nickel-tin, and miscellaneous copper
alloys (copper-tin, copper-lead-antimony, copper-manganese-aluminum, copper-
nickel-iron, copper-nickel-zine, copper-nickel-tin-lead, copper-nickel-zinc-iron,
copper-tin-zine-lead, copper-zine-aluminum-iron-manganese) for various temper-
ature ranges between 20° and 900° C. The addition of 3 percent of nickel or
the combined addition of 4.5 percent of nickel and 5 percent of aluminum to copper
was found to have little effect on the linear thermal expansion. The effect of
various treatments on these copper-nickel and copper-nickel-aluminum alloys
was also small. The coefficients of expansion of two copper-nickel-tin alloys
containing 20 and 29 percent of nickel were appreciably less than the coefficients
of expansion of copper for temperature ranges between 20° and 600° C. Three
copper alloys containing more than 28 percent of nickel showed the smallest
coefficients of expansion of the miscellaneous alloys. The coefficients of expan-
sion of the copper alloys reported in this paper were found to be between
14.9X 10-% and 20.4 X 10-% per degree centigrade for the range from 20° to 100° C.
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I. INTRODUCTION

Data obtained between 1916 and 1943 on the linear thermal
expansion of some industrial copper-nickel, copper-nickel-aluminum,
copper-nickel-tin, and miscellaneous copper alloys, are presented
in this paper. Coefficients of expansion during the heating and
cooling of the samples are given for various temperature ranges be-
tween 20° and 900° C.

II. ALLOYS INVESTIGATED

The samples of copper alloys were obtained from the American
Brass Co., Waterbury, Conn., American Manganese Bronze Co.,
Holmesburg, Philadelphia, Pa., Aterite Co., Inc., New York, N. Y.,
Bunting Brass & Bronze Co., Toledo, Ohio, Crane Co., Chicago,
IIl, Curtis Bay Copper & Iron Works, South Baltimore, Md.,
National Bureau of Standards, Scovill Mfg. Co., Waterbury, Conn.,
Stewart Mfg. Corp., Chicago, Ill., and the U. S. Shipping Board.
The length of each sample used in the determinations of linear thermal
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expansion was 300 mm (11.8 in.). The cross sections of the samples,
their treatments, and chemical compositions are given in table 1.
Most of the values for chemical composition were furnished by the
manufacturers.

III. APPARATUS

The types of precision micrometric thermal-expansion apparatus
described by Souder and Hidnert [1] ! were used for the determina-
tions of the linear thermal expansion of the copper alloys.

IV. RESULTS AND DISCUSSION

Expansion curves on heating and on cooling were plotted from the
observations made on the samples of copper-nickel, copper-nickel-
aluminum, copper-nickel-tin, and miscellancous copper alloys at
various temperatures between 20° and 900° C. Coeflicients of
expansion and coefficients of contraction were obtained from these
curves and are given in table 1. This table also shows, for most of
the samples, the permanent changes in length that occurred as a
result of the heating and cooling in the thermal-expansion tests.

The data on samples 1493 and 1493(a), and samples 1494 and
1494 (a) indicate that the coefficients of expansion on a second heat-
ing are nearly the same as the coefficients of contraction during the
previous cooling. From these data and previous experience it is
believed that similar results will be obtained for most of the other
copper alloys on a second heating. The coeflicients obtained during
the first cooling from the maximum temperature to 20° C may there-
fore be used for repeated heating and cooling through this tempera-
ture range. However, if an alloy is repeatedly heated to only a
moderate temperature, the coefficients of expansion during the first
heating should be used.

Most of the coefficients of expansion of the samples of copper-nickel
alloys and copper-nickel-aluminum alloys are in close agreement with
the coefficients of expansion ? of copper reported by Hidnert [5] and
Esser and Eusterbrock [6]. The average deviation of the coefficients
of expansion from the corresponding coefficients of expansion of copper
is +0.2X107% These results indicate that the addition of 3 percent
of nickel or the combined addition of 4.5 percent of nickel and 5 per-
cent of aluminum to copper has little effect on the linear thermal ex-
pansion between 20° and 800° C. The linear thermal expansion is
affected only slightly by the treatments of the copper-nickel and
copper-nickel-aluminum alloys, even though the mechanical proper-
ties of these alloys differed significantly.

Johansson [7], Krupkowski [8], and Aoyama and Ito [9] determined
coefficients of linear thermal expansion of copper-nickel alloys for
several temperature ranges between —253° and -+444° C. They
found that the addition of nickel lowered the coeflicients of expansion.
For the range 18° to 444° C., Krupkowski [8] reported that the co-
efficient of expansion decreased slowly from 18.1>107° per degree
centigrade for 0 percent of nickel to 15.1X107° per degree centigrade
for 100-percent nickel. This corresponds to an average decrease of
0.03<107° in the coefficient of expansion of copper-nickel alloys for
a change of 1 percent of nickel for the temperature range indicated.

1 Figures in brackets indicate the literature references at the end of this paper.
3 Given for reference, in last line of table 1.



TaBLE 1.—Coeflicients of linear expansion of some industrial copper alloys

a7
$ 723 Average coefficients of expansicn =
Chemical composition per degree centigrade %J:o
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C ial Hg-
Sample | Commercial name { ELtesLmen® 20° 0|20° £0|20° t0/20° t0|20° £0[20° £0[20° t0|20° to|20° to| , 2
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A. COPPER-NICKEL ALLOYS
% % | % | % % | % | % | % | % X10-6| X106/ XX10-8( X 106/ X106/ X 10 6| X 108/ X109,
1489______ Tempaloy 836_______ T R e IR (U8 . il RURE e 0.61) Cast at 1,200° C, and ma- 16.6] 17.1] 17.8] 17.8] 182 187 19.21 19.5
Stned to )6 tnoh in IR fhepil siral a1 ol sz of 0.0 S R IR0
StEr x 4 e o ] [ § i
311 S [ T o MG D o 1. it L s K v R S BN g i1 el e .61| Castat 1,200° C, annealed at
850° th for 3th01ﬁrsé
quenched in water, hea
freatod at 450° O for 3 ||,15:8] 108 111 1.0 180 186 10.8 104} 4
hours, cooled slowly in air, g % : Lo Belrtriete! (oot Sy X i e
and machined to 3§ inch
in diameter.
DL e MR Lo [¢ MECRRRR. L A b b PO RN (i S P b ter | e o 86| 546 inch diameter rod an-
nealed at 850° and 16602671 17.2] -~ 17, 8]+ 17.8] 1821 nilSe Ol We 8 ey e
quenched.
1it SR U f SUERIEGETRE o A R ) D S| oty SR ot v 1A 69| Drawn from 3§ to 346 inch |f 16.9| 17.0| 17.7| 18.0] 18.3| 18.7| 19.1| 19.9
{nvdiameter. . " o5 TINERRTEE oD 8 LI ot I Bl Gy -4 BRSNS *18.3| *18.6| *18.7|.

See footnotes at end of table.
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TaBLE 1.—Coeflicients of linear expansion of some industrial copper alloys—Continued

Rornioal o A verage coefficients of expansion s ﬁ)’g
Chemical composition per degree centigrade 2 8
~q
e £5a
Sample | Commercial name dreatment 20° t0[20° t0[20° t0[20° t0|20° t0]20° t0[20° t0|20° t0|20° to| - & &
Cu | Ni|Al| Sn| Zn |[Fe|Mn| Pb | Si 100° | 200° | 300° | 400° | 500° | 600° | 700° | 800° ! 900° ggsé
C C C C C C C C C |E£8
8O
]
B. COPPER-NICKEL-ALUMINUM ALLOYS
B | D% D| % |%| % | %)% X10-8) X108 X106 | X109 XX10-8| X108 [X10-8 X108 [ X102 | o
149Y... o Tempaloy 841.______ 89.67| 4.47|5.04| - __|--____ el Poa it I°, i) 0.82| Cast at 1,200° C, and ma- 0
chined to 34 inch in diam- 16.4| 16.8| 17.4| 17.8/ 18.3| 18.8| 19.1f 19.5______ }_0 01
eter. b st i T P b E L0 I R S *19, 21 *19: 6l 3
2402 ] OBt Ce i 89.67| 4.47(5.04]- |- ST Sl s .82| Same treatment as sample |f 16.7( *17.1| 17.5( 18.1| 18.6] 19.5 19.2| 19.1f______ —.02
1490. L Gntet b e B aly 6061 e 50 | B e T 19,0} ¥19:41 0 Y ¥
140855 o8 Les 0 (Pl SR Y 89.67| 4.47/5.04]---—-|-—_.-- oea] [ FeRoH [ECA . 82| Hot rolled at 750° C from 114
to 34 inch in diameter, an-
nealed at 800° C, quenched
in water, drawn to ¢ inch
in diameter, annealed, |\ 17.0] 16.8/ 17.2| 17.8/ 18.3| 19.0[ 19.5(._____|.____. 05
drawn to ¢ inch in diam- |(*16.6| *17.1| *17.5| *17.9| *18.2[--.... agi Fo 17 AT S0 (e +.
eter, annealed, drawn to
3¢ inch in diameter, an-
nealed at 850° C for 3 hours
and quenched.
1403 :(a).|ots s Lo 89.67| 4.47]5.04]+-aunf-ceua i SN . 82| Same treatment as samg)le 1 16.8] 17.0] 17.4 17.9| 183 185 187 190.1 .
1493, then heated to 700° C r.m 5| *17.0| *17.4| *17.9 *10'4 —.03
and slowly cooled. g ¥ } x] Eineatal Bl e Lzt Sl e
1494 o DHEs donosiihi oyt 89.67| 4.47|5.04( .| _____ L) (OB ETERY, 82| Same treatment as sample
1493, then heat treated at 16.81- AT 0f - 17. 41 17:00. 18.3f. 19, 1] " 19,7} ‘19081 oo } +.03
450° C for 3 hours and |[*16.6| *17.0| *17.5 *17.9f______[._____ *19.0( *19.4(______ :
slowly cooled in air.
O B 89.67) 4.47/5.04| | e R B S i ontes o bos || 166 16.9 17.3 1.9 18.2 18.7| 19.00 19.3 . L -0t
C and slowly cooled. LOE S SE S b e B | PR SRR 19,3} *19:5] 220
C. COPPER-NICKEL-TIN ALLOYS
1187°2_223 Adnic (admiralty | 69.57/28.70(____| 0.91|______ ] [ e ----| Rod1 %o inchesin diameter, | ¢ 15.2( ©15.4| 016.8|- o o_|-ccooo|ocoooofooooos| oo -+0. 00
nickel). extruded from 13§ inches
in diameter and finished
hard, with a ¥é-inch
draught after annealing.
i {0t S RO SR O O [0 R R i 1) S (SRR Lint]unbaslsidu ----| Bar ¥4-by Y4-inch cross sec- |._..._ (0 SECETE 16401 500 I8 oo dlR o po i S R
tion, cast.
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D. MISCELLANEOUS COPPER ALLOYS

45 Red brass.-—...._.. 84.96|_.|-...| 5.02) 518 .| ___. CT T P A, e

1L Ut (S S S T S PR 84.93| .- GG (RIS ISR 0.22] 9.4 |- ----| Cold-drawn wire 1 mm in 018.1
diameter, baked in air at *17 4
140° C for 18 hours. B

J444R | Bronwe’ - .ooioo..o 84.84|_ ____ g4 OBl c s et 0 e e 0.21|____| Outside section (cross sec-
tion, circular segment |(d18.0!
with %42-inch rise) of 76 [(*17.7
inch diameter, cast rod.

JOBSM TS TR a s Ll qas- Bkl e 8 b (69, B ) el 4 |____| Bar %4-by Y%-inch cross sec- |-
tion, cast.

2078- .0 Manganese bronze._| 66.2 | () (4.8 | (f) [¢22.9 [2.6 |3.5 | (f) |....| Rod 3¢ inch in diameter, | 18.7
machined from 13§ inch

. diameter casting.

897b______ Hytensl bronze...... 63-68| - - - - 3-6 [10.50| (i) |2-4 |2.5-5/10.20|____| Extruded rod, 36 inch {18,5

diameter. *20. 4

897 (a) b__|.____ Q05 A% A 6368 ... 3-6 | 1.50| (i) 2.4 [2.5-5/i.20 [.___| Same treatment as sample
897, then heated to 300° C || 14 ¢
and cooled, and aged at |rsjg o
room temperature for 21 5

years.
{342 T ‘Wrought Aterite..._| 65 |11 |-...|..__- 22 5 |1 540085 o ----| Cold-rolled and cold-drawn [k16.5
p rod, ¥4 inch in diameter.
dpogee. Everbrites- 2 st (70 b 6 RS R 4,909 Jos ----| Bar 1/2 by 7/16-inch cross [-.-.--
section, cast.
934! _____| Stewart bearing | 64 |.____ o] Sl HRS A e 34 |[..__.| Rod 3 inch in diameter, [ ¥20.1
metal. machined from sand cast-
mg,
2RO Aterife:. . 3 FUiuEs 68, 0D{13: 18] - ==L oo 821.45|1.72|_____ 0.05/____| Rod 1 inch in diameter,
treatment not known.
@Rt Al (s [RIRRas ] Pl R AR il SR o] D SN N G il s,
498 ... Nickel silver ceea| (D) [825.5 [0.22] .15 | (f) |-...| Tube 3fe-inch outside
’ diameter.
GRS Aterite No. 9.___._.. U R TR g o ARTO0 e ----| Bar 14-by }-inch cross sec-
tion, cast.
621o___... Aterite No. 4________ 48.80(31.26|----|---—- 8.938.830.16 | 2.230.66| Bar 34-by 34-inch cross sec-
tion, cast.
.......... D N i e R e i aniscoman il VA RTBE TR XN RS 1506 18.01 10l 1081 .
aThe values indicated by asterisks were determined from the curves on cooling the i Maximum.
samples from the maximum temperature tc 26° C. iRemainder.
bDetermined from the expansion curve on heating and the contraction curve (or final kComputed from a second-degree equation derived from the observations.
observation) on coolm%. The plus sign indicates an increase in length and the minus 1Antimony 2 percent. After heating the sample to 500° C and cooling to 20° C incident
sign a decrease 1n length. to the thermal-expansion determinations, several small globules (probably lead) were
cReported by Hidnert and Sweeney [2] to the American Physical Society. found on the surface of the sample.
dReported by Hidnert [3] to the American Physical Society. mDuplicate of sample 280.
eReported on page 159 of publication by Thomas [4]. $ nHeating coil of oil bath burned out before observation could be taken at 300° C.
fNot detected. oCarbon 0.41 percent. (Apgarent total contents of elements 101.3 percent.)
&By difference. pAdded for comparison with the copper alloys.

hChemical composition within range specified by Federal Specification QQB721a,
Class B, or Navy Specification 46B15, Class B.
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The coefficients of expansion of the copper-nickel alloys of the present
investigation are in good agreement with comparable coefficients of
expansion obtained by these observers.

The coefficients of expansion of the two copper-nickel-tin alloys
containing 20 and 29 percent of nickel are appreciably less than the
coefficients of expansion of copper for temperature ranges between
20° and 600° C. For the range 20° to 900° C the coefficient of expan-
sion of the copper-nickel-tin alloy containing 20 percent of nickel is
about 16 percent higher than the coefficient of expansion of copper.

The substitution of 5 percent of zinc and 5 percent of lead for 10
percent of tin in the bronze containing 15 percent of tin caused slight
changes in the coefficients of expansion. The three miscellaneous
alloys (samples 1026, 682, and 621) containing more than 28 percent
of nickel show the smallest coefficients of expansion of this group in
table 1. The coefficients of expansion (or contraction) of samples
1073, 897, 897(a), and 934, which do not contain nickel, are the
largest of the alloys investigated. The coefficients of the latter four
samples exceed the coefficients of expansion of copper, and the co-
efficients of expansion of the former three alloys are less than the
coefficients of expansion of copper. The coefficients of expansion of
samples 683, 280, and 281 are larger than the corresponding coefficients
Ofl expansion reported by Cook [10] for annealed copper-nickel-zine
alloys.

D};ta on the linear thermal expansion of other copper alloys investi-
gated at the National Bureau of Standards have been published in
previous papers [5, 11, 12, 13, 14].
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