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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-zinc, copper-nickel-tin-Iead, copper-nickel-zinc-iron, 
copper-tin-zinc-Iead, copper-zinc-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 10-6 and 20AX 10-6 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 200 and 900 0 C. 

II. ALLOYS INVESTIGATED 

The samples of copper alloys were obtained from the American 
Brass Co., Waterbury, Conn., American 11anganese Bronze Co., 
Holmesburg, Philadelphia, Pa., Aterite Co., Inc., New York, N. Y., 
Bunting Brass & Bronze Co., Toledo, Ohio, Crane Co., Chicago, 
Ill., 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] 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 miscellaneous copper alloys at 
various temperatures between 20° and 900° C. Coefficients 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 coefficients 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 2 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 ±0.2X10-6• 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 coefficients of expansion. 
For the range 18° to 444° C., Krupkowski [8] reported that the co
efficient of expansion decreased slowly from 18.1 X 10- 6 per degree 
centigrade for 0 percent of nickel to 15.1 X 10- 6 per degree centigrade 
for 100-percent nickel. This corresponds to an average decrease of 
0.03 X 10-6 in the coefficient of expansion of copper-nickel alloys for 
a change of 1 percent of nickel for the temperature range indicated. 

1 Fi~ures in brackets indicate the literature references at the end of this paper. 
• 01 ven for reference, in last line of table 1. 



TABLE 1.-Coefficients of linear expansion of some industrial copper alloys 

I Chemical com position A verage coeffici ents of expansicn a. 
per degree centigrade 

-
Sample Commercial name Treatment ~~~~~~~~~~~ ~~~~~~~ 

Ou Ni Al Sn Zn Fe Mn Pb Si 1000 2000 3000 4000 SOOo 6000 7000 8000 9000 

C C C C C COO 0 

A. COPPER·NICKEL ALLOYS 

% % % % % % % % % X I0- 6 X I0-6 X lO-6 X lO-' X lO -<I XlO - ' XlO-' XlO -6 X lO-6 
1489 . . . .. . 'l'empaloy 836 ... . ... 96.06 3.02 0. 12 0. 61 Cast at 1,2000 C, and rna· 

} 16.6 17. I 17.5 17. 8 18. 2 18.7 19.2 19.5 --- - - -chined to ~~ inch in diam· ' 17. 0 '17.3 '17.7 '17.9 '19.0 '19. 4 eter. 
1490 .. .... . . . . . do ..... ...•• .. ... 96.06 3.02 ---- ----- - -- --- .12 ----- -- - -- . 61 Cast a t 1,2000 C, annealed at 

850 0 C for 3 hours, 
quenched in water, heat 15. 6 16.5 17.1 17. 6 18. 0 18.6 19.3 19.4 -- ----t reated at 4500 C for 3 ' 17.2 *17.2 ' 17. 6 '17.9 ' 18. 9 '19. 1 bours, cooled slowl y in a ir, 
and machined to 78 incb 
in diameter. 

1396 .. ... . . .... do ...... ....... .. 96.00 3.14 - -- - ----- ------ -- -- ----- - - - -- . 86 ~1 6 inch diameter rod an· 
} 16. 6 nealed at 8500 0 and 16.7 17.2 17.3 17. 8 18.2 18. 9 19. 3 - - -- - -

quenched . 
1395 . . .. . . . . . .. do . . ... . . ... . ... . 95.71 3.22 . 69 Drawn from 78 to H 6 inch C~~~ 17. 0 17.7 18.0 18.3 18. 7 19. 1 19.9 

in diameter. '17. 1 '17. 5 '17.8 '18. 3 ' 18.6 '18.7 

See footnotes at end of table. 
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Sample Commercial name 

149L ____ Tempaloy 84L ______ 

1492 ______ _ ____ do _______ _______ _ 

1493 ______ _ ___ _ do _______ ________ 

1493 (a) ___ _ _ _ _ .do __ __ __ __ ____ __ _ 

1494 ______ _____ do ____ _________ __ 

1494 (a) ___ ____ _ do _______ ________ 

1187 _____ .1 Adnie (admiralty 
nickel). 

1085 ______ 1 _________ _ 

TABLE I.-Coefficients of linear expansion of some industrial copper alloys-Continued 

Average coefficients of expansion. Ohemical composition per degree centigrade 
-----------------------------------

Treatment ~~~~~~~~~~~~~~~~~~ 
On Ni Al Sn Zn Fe Mn Pb Si 1000 2000 3000 4000 5000 GOOo 7000 8000 900· 

o 0 0 0 0 0 0 C 0 

B. OOPPER·NIOKEL·ALUMINUM ALLOYS 

% % % % % % % % % XlO~ XlO~ XlO~ XlO~ XlO~ X10~ X10~ X 10"" X 10"" 
89.67 4.47 5.04 ---- . -- --- 0.82 Oast. at 1,2000

• 0, and ma- } 16.4 16.8 17.4 17.8 18.3 18. 8 19.1 19.5 
~r~~ed to 'Ii mch 1D diam- *16.8 17. 0 ______ *18. a '19.2 '19.6 

89.67 4.47 5.04 __________ .82 Same treatment as sample { 16.7 *17.1 17.5 18.1 18.6 19.5 19.2 19.1 
1490. '16.8 '17.1 '17. 6 *17.9 '19.0 *19.4 

S9.67 4.47 5.04 __________ . S2 Hot rolled at 750· 0 from 1>2 
to ~4 inch in diameter, an-
nealed at 8000 0, quenched 
in water, drawn to % inch 
in diameter, annealed, 17.0 lR. S 17.2 17.8 18.3 19.0 19.5 -- - -.- - -----
drawn to >~ inch in diam- '16.6 '17.1 '17.5 ' 17.9 'IS. 2 ------ 'IS. 7 
eter, annealerl, drawn to 
% inch in diameter, an-
nealed at 8500 0 for 3 hours 
and quenched. 

89.67 4.47 5.04 ----- ------ ---- - ---- -.--- . S2 Same treatment as sample 
} 16. S 17.0 17.4 17.9 18.3 18. 5 18.7 19. 1 1493, tbeu beated to 700· 0 ------

and slowly cooled. '16.5 '17.0 '17.4 '17.9 '19.4 
S9.67 4.47 5.04 .82 Same treatment as sample 

1493, then beat treated at } 16.8 17.0 17.4 17.9 18.3 19.1 19.7 19.8 
4500 0 for 3 hours and '16.6 '17.0 '17.5 *17.9 '19.0 *19.4 
slowly cooled in air. 

89.67 4.47 5.04 .82 Same treatment as sample 
} 16.6 16.9 17.3 17.9 18.2 18. 7 19.0 19.3 1494, then beated to SOOO *16.4 *17.1 *17.5 *17.9 *19.1 *19. 5 o and slowly cooled. 

O. OOPPER-NWKEL-TIN ALLOYS 

.0-0 -" bOOl 
§Jon 
~« 

.S~.c 
.0'" 

~1i!:§ 
.a~8 
0 

% 
}-o.( 

00 o 

~ 
<::> 

~ 
"" <::> ....... 
~ 
~ 
Co 
~ 

~ c:. } -.( 2 ;:::.-. 

} + . ( 

} - . ( 

} +.( 

} -.( 

~ 
"... 

~ 
~ 
~ 
~. 

~ .,.... 
b:1 
.e 

13 'i: 

~ 
<::> ........ 
V:l 
§ 

69.57128.701 ___ .1 0.91 , ______ , ____ , _____ , _____ , ___ _ Rod 1 ')i 0 inches in diameter, 
extruded from 1 % inches 
in diameter and finished 
hard, with a !-i a-inch 
draught after annealing. 

015.21 015.41 016.31 _____ .1 _____ .1 ______ 1.. ___ .1 _____ .1 _____ .1 +0.00 ~ 
68 120 _ ___ ,12 Bar rI-by rI-inch cross sec

tion, cast. 

~ 
16.21 _____ .1 16. 91 ______ 1 lS.11 ______ I ______ 1 22.9 , ______ _ 



D. MISCELLANEOUS COPPER ALLOYS 

~!~~~ ~ ~~ ~~ 1-~~~-~~~~~ ~ ~ ~~~~~~ ~~ S4. 961 ___ __ 1 ____ 15. 021 5.151 ____ 1 _____ 1 4. S7
1 
___ _ 

S4.93 _____ 5.5 ___________ 0.22 9.4 ________ _ 

1444A __ ..I Bronze ______ ______ J 84. sJ ___ .l._..I14. 951 _____ .1 ___ -1 ____ -1 0.21, ___ _ 

1084 _____ _ 71 IS 6 4 

1073 ___ ___ 1 Manganesebronze __ 1 66.21 (t) 14.8 I (t) 1"22.912.613. 5 I (t) 

8:7b ___ ~ __ 1 Rytensl bronze _____ _ 16~68 I -----I:~6Ii~. 501 (;) 12-412.5-51:°. 20,- -- -
S 7 (a) _______ do _______________ 6368_____ 6 .50 () 2.4 2.5-5 .20 , ___ _ 

683 ______ .1 Wrought Aterite ___ .1 65 III ____ , _____ , 22 11.510.5 

1026 ______ 1 Everbrite __________ .1 64.9 128.5 1 ___ -1 _____ 1 ______ 14.9 1.9 

9341 ______ 1 Stewart bearing I 64 
metal. 

280_ __ __ __ Aterite ______________ 1 63.60113. lsl ____ I ____ _ 1<21. 4511. 721 ____ .1 0. 05, ___ _ 

_____ , ____ 1 ___ _ _ 1 ______ 1 ____ 1 _____ 134 

:~~~--~~: :: I -~i~:~-~;;~;;:~: : ::: : 1-;~: ~- I - ~;:;I:::: 1- (;;-I:;~·-~-I~: ;;I -:~; -1-(;;-1 :::: 
682 _______ Aterite No. 9 ________ 55 32 

621° __ ___ .1 Aterite No. C _____ .1 4S. 801'31. 261 ____ 1 _____ 18. 931S' 83

1

'0.16 I 2.2310. 66 

Copper [5, 6]. _______ 1100 _____________________________ , _____ , ___ _ 

C t d {d17. S d IS. 1 dIS.5 d1S.9 d19.3 d20.0 d20.6 ------ ----- - }+o 05 
as ro -------------------- *17.7 '18.0 '18.2 '18.6 ___ ___ ' 19.4 '19.S ______ ______ . 

C~~~~t;~ b~:d \nmili:rt }:18. 1 ----- - ------ ------ ------ ------ ------ ------ ------ } +- 01 
1400 C for IS bours_ 17.4 -- ---- ---- -- --- --- ------ ------ ------ ---- -- ------

tion, circular segment d18.0 d]8.2 d18.6 d18.S d19.3 d19.8 ------ --- --- -- ---- } _ 02 
Outside section (cross sec- } 

with %2-incb rise) of ~ '17.7 'lS.2 'lS.7 '19.1 '19.6 '20.0 .______ ______ ______ . 
inch diameter, cast rod. 

Bar J4-by J4-inch cross sec
tion, cast. 

Rod % inch in diameter, 
machined from 1% inch 
diameter casting_ 

Extruded rod, % inch 
diameter_ 

Same treatment as sample 
S97, then heated to 3000 C 
and cooled, and aged at 
room temperature for 21 
years. 

lS.7 

{ 18. 5 

}'::' : '19, 0 

k16.5 

16.4, __ ___ _ 17.0, _____ _ lS.5, ______ , _____ _ 24.6, ______ _ 

19.8 20.81 ______ 1 __ ___ .1 _ _ ____ 1 ____ __ 1 _____ -1- __ __ _ - . 00 

,~7. 01 ,17.01------1----- -\--- ---1-- -- --1------1------1} - 13 0.6 21. 5 ________________ __ _______ ___________ , . 

,20.61 ,21. 31------1------1------1------1------1------1} -.00 20.3 21. 3 _____________________ __________ ____ _ 

k17, 01 k17. 4, ______ , ______ , __ __ _ _ 19.1 19.7, ____ __ , ______ _ Cold-rolled and cold-drawn 
rod, " inch in diameter_ 

Bar 1/2 by 7/16-inch cross 1 ______ 1 _____ -' 15. sl 16.21 ______ 1 __ ____ 1 l s.ol __ ____ I ______ 1 + .01 
section, cast. 

Rod % inch in diameter, k 20.1 k20.0 20.01 k 19. 91 "19, S, ____ __ , ______ , ______ , ______ , ______ _ 
machined from sand cast
ing. 

Rod " inch in diameter, {17. 2 17.5 ,IS. 0 --- --- ------ ------ ------ ------ ------ } _ 00 treatmeut not known. ____ _ ______ IS. 1 ______ ______ __ ___ _ ____ __ _____ _ ____ __ . 

Tube ')is-inch 
diameter. 

Bar l~-by ,,-inch 
tiOll, cast. 

Bar %-by %-inch 
tion, cast. 

--------- {,iU ,gJ} (0) ____________ -- __________ ------ - - ---- -.00 

outside { 17.4 ______ 17.S 18.3 lS.9 ---- -- ---- -- ------ -- ----} _ 04 _____ *17.4 ______ *19. 1 *19.7 ______ ______ ______ __ ____ . 
cross sec- '14.9 k15.4 k 16. 0 ______ 17.31______ 18.3 l S.6 19.2 ______ _ 

cross sec- 15.4 16,1 16.6 11.1 17.6 IS,2 lS.9, ______ , ______ _ 

_ ______ 1 16. 8117. 31 17.71 17.91 18.31 IS. 61 19.01 19.41 19.8, ______ _ 

-The values indicated by asterisks were determined from the curves on cooling the 
samples from the maxip:lUID temperature tc ~OO C. 

bDetermined from the expansion curve on heating and the contraction curve (or fiual 
observation) on cooling. The plus sigu indicates an increase in length and the minus 
sign a decrease III length. 

iMaximUffi. 
iRemainder. 
kComputed from a second-degree equation derived from the observations. 

• Reported by Rldnert and Sweeney [2] to the American Physical Society_ 
dRcported by Ridnert [3] to the American Physlcal Society. 
'Reported on page 159 of publication by Thomas [4], 
tN at detected. 
<By diiIerence. 
hChemical composition within range specified by Federal SpecificatIOn Q,QB721a, 

Class B, or Navy SpeCification 46B15, Class B . 

IAntimony 2 percent. After heating the sample to 5000 C and cooling to 2Uo 0 incident 
to the thermal-expansion determinations, several small globules (probably lead) were 
found on the surface of the sample . 

mDuplicate of sample 280, 
nReat ing coil of oil bath burned out before observation could be taken at 3000 O. 
0Carbon 0.41 percent. (Apparent total contents of elements 101.3 percent.) 
.Added for comparison with the copper alloys. 
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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 
of expansion reported by Cook [10] for annealed copper-nickel-7.inc 
alloys. 

Data 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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