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Synopsis

The influence of additions of 30 and 40 per cent of nickel on the thermal expansion in
the range from 10 to 50°, rigidity modulus at 20° and its temperature coefficient in the
range from 20 to 50° of the alloys of cobalt, iron and chromium was studied. The relations
between those properties and the concentrations of nickel-added alloys were almost similar
qualitatively to those in the case of the ternary alloys of cobalt, iron and chromium, that
is, there were two groups of alloys, one showing a positive temperature coefficient of rigidity
modulus and the other a negative. And it has been found that the content of cobalt at
the composition showing the smallest value of the coefficient of thermal expansion and the
largest positive maximum of the temperature coefficient of rigidity modulus decreases with
the increase of nickel content and finally reaches zero at the composition of invar in the
binary system of nickel and iron, while the content of chromium does not change until that
of nickel reaches about 15 per cent, then gradually decreases and becomes zero at the com-
position of about 30 per cent of nickel and the rest of iron. In the case of addition of
30 per cent of nickel, the smallest thermal expansion coefficient was 1.87 x 10, while in the
case of addition of 40 per cent, it was 0.54x107%. The largest positive values of the tem-
perature coefficient of rigidity modulus in the corresponding cases were respectively -+76.4
x1075 and +81.0x1075. The largest and smallest values of rigidity modulus in the case
of addition of 30 per cent of nickel were 7.84 x 105kg/cm? and 4.55x 10%kg/cm?, and in the
case of 40 per cent of nickel they were respectively 8.96x 10°kg/cm? and 4.69 X 105kg/cm?.

I. Introduction

One of the present authors( proposed previously a rule on the small expansibility
of invar. Deducing the rule, two of them® in 1942 invented a new elinvar-type
alloy “Co-elinvar”, an alloy of cobalt, iron and chromium. Since then, they also
studied with another author® on the influence of additions of 10 and 20 per cent
of nickel on physical properties of co-elinvar and found that the concentration

# The 815th report of the Research Institute for Iron, Steel and Other Metals. Read at the
spring and the autumn meetings of the Japan Institute of Metals, April 1 and Oct. 10, 1951
and published in the Journal of the Institute (Nippon Kinzoku Gakkai-Si), 18 (1954), 81.
(1) H. Masumoto, Sci. Rep., Tohoku Imp. Univ., 20 (1931), 101 ; Kinzoku no Kenkyt, 8 (1931),
237.

(2) H. Masumoto, and H. Saitd, Nippon Kinzoku Gakkai-Si, 6 (1942), 122; 8 (1944), 513; 16
(1952), 125; Sci. Rep., RITU, Al (1949), 17; 4 (1952), 246.

(3) H. Masumoto, H. Sait6 and T. Ko6no, Nippon Kinzoku Gakkai-Si, 17 (1953), 255; Sci. Rep.,,
RITU, A6 (1954), 529.
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range having positive value of the temperature coefficient of rigidity modulus
became wider with an addition of nickel and, therefore, there being much alloys
of elinvar-type than in the case of the ternary system, and that the change of the
coefficient to the concentration became smaller with an increase of nickel content.
Thus, the present authors studied on the influence of more addition of nickel on
the thermal expansion, rigidity modulus and its temperature coefficient of the
ternary alloys of cobalt, iron and chromium. In the following lines, the results in
the cases of the additions of 30 and 40 per cent of nickel will be described.

Il. Specimens and method of measurement

The materials used for the preparation of alloys, the methods of melting,
manufacturing and heat treatment of the specimens, and the measuring apparatuses
are the same as those in the Part I of this paper®,

The compositions of the alloys used are given in Tables I and 2.

III. Results of measurement

The results of measurement of the alloys of cobalt, iron and chromium to which
30 and 40 per cent of nickel were added, that is, of the alloys of the quaternary

Table. 1. Composition of the Co-Fe-Cr alloys with an addition of
30 per cent of nickel and the results of measurement.

Composition (%) G @ g Composition (95) G @ g
(kg/cm?) (kg/cm?)

Co |Fe | Cr |+1i| (207 |(10~50°) | (20~50")] Co | Fe | Cr ]+Ni 207 |(10~50%)| (20~50°)
x10° | x107 x 1075 x10% | x107% x 1075
1009/ 0/30| ‘616| 1058| —222| 11|79 |10|30]| '6.88| 1515 -23.2
20 80| 0(30| 606 1003| -280(15(75|10[30| 664| 1065 — 9.8
24|76 0|30| 616] 1112| —199| 19|71 |10]30| 6.69| 531 +226
30(70! 0(30| 616| 11.82| -246(25|65|10(30| 637| 490| +27.4
35(65| 0]30| 593 11.92| -253)30/60)10|30| 6411 647 +16.1
4060 0|30| 479| 1238| +10034|56|10]30| 614| 750| + 58
44 (56| 030| 537| 1054| + 87 (40[50(10[30] 632 926| - 63
50 50| 0(30| 614| 11.64| —19545|45|10|30| 635| 9.96| —141
55(45| 0 (30| 58| 11.90| —213(50(40|10(30| 659 11.39| -216
1508 | 3(3 | 575| 1083] —-25336(51(13[30| 661 810| — 03
201771 34301 5721 1059 | =283 4575 114130 698| 1370 | -29.8

25|72, 3[30| 555| 1008| —221
17169 |14 30| 604 1112| —140

32|65 3[30| 540| 825| +181
21|65 |14]30| 712| 820| + 59

37160 3[30| 455| 912| +102
0 2| 60|14 |30 | 697| 640| +145
a1 (56| 3[30 | 520 o078 | +121 30|80 14 50 6T A0 +ILS
44|53 3|30| 548| 10065| — 32 : : :
: 4145|1430 | 637| 904| - 35
10|84 6|30 698| 1552 -325|45|41|14|30| 689 908| -130
1381 6|30 667| 1256| —106)48|38|14|30] 68| 911| -168
17077 64301 657 383 | +398 33150197 30| 711| 933| - 50
20| 74| 6|30 628| 254 | +627 35|20 17|30 Ialio g%l T
21173| 6/30| 58| 187| +764 : - '
25169 6(30| 526| 363| +617[10(70 |20 |30| 7.23| 16.60| -—386
20| 65| 6|30| 539, 475| +46.6) 14 |66|20|30| 7.39| 15.39| —36.9
34 60| 6|30| 565| 614 +284]20|60]20|30| 7.8 | 1520 —37.6
38|56 6]30| 584| 877| +105)24|56)20|30| 7.36| 1401| -344
4450 630! 608| 1040| — 6830|5020 |30] 748 1157| —210
49 45| 6(30| 652| 11.02| -228(35|45[20 (30| 7.19| 1032| — 80
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Table. 2. Compositon of the Co-Fe-Cr alloys with an addition of
40 per cent of nickel and the results of measurement.

Composition (94) G a g || Composition (%) G a g
(kg/cm?) ) (kg/cm?)

Co| Fe| Cr |+Ni|. (20 |(10~50°)| (20~50%) | Co | Fe | Cr |+Ni| (20 *|(10~50°)](20~50°)
’ %105 | x1076| x1075 X105 | x1076| x10~5
0100 ol40| ‘632 ‘1361| -208| 3|89| 8|40 7.8 | 11.32| =146
4 96| 040! 640| 911! — 46| 9!83| 8|40| 649| 614 +2509
118 0l40| 58| 802| +108|11]81| 8|40| 660 469| +202
1508 | 0|40| 562| 836| +149]13|79| 8140| 628 4.03| +294
208 | 040! 48 447| +503|15|77| 8|40| 620! 421| +323
25| 75] 0]40| 469] 660| +288|17|75| 8|40| 620| 412| +369
30701 0)40| 505| 874| + 542 |72| 8|40| 548 550| +285
85165 01401 508 997 — 65} lgq|y0g0| 822 1488| -30.3
40|60 | 0|40| 552 108¢| - 81| 5|%0)10140) 8221 1488 303
451055 0140 583 1222| -—143 . . :
, . 7183)10|40| 668| 755 +16.2

65135 | 0140 | 611( 1207 -27.6
. 9|81[10|40| 715| 6.09| +235
0olos| 2)40| 797 1455 -233]11|79|10| 40| 6.02| 497| +26.8
20196 240! 809| 932| +149)13|77110|40| 719! 547| +25.0
7001 2140 672 305! +556)15|75|10|40| 7.07| 458| +233
918 | 2|40| 598 156 +637]20!70]10(40 618| 535| +21.3
1187 | 240 592| 054| +783]25(65|10|40! 640]| 7.01| + 97
13181 240 501| 104 +8L0J30|60]10!40]| 626| 900| - 2.9
15,8 2|40] 503| 137| +77.4|40|50(10|40| 614 1083| —16.9
17|81 2|40| 482 253| +554| .ol (0| 739! 967 + 96
0|9 | 4)40) 89| 1377 1831 ole7{13|40| 820| 1521| —339

3193| 4)40| 793| 970| + 7.3
718113 40| 754| 953 + 54
7089| 4l40| 726) 00| +ara | TISOII3140  TAL 9581+ 24
11185| 440 | 678 184| +504 103771181400 TECH 8861 4+ T2
1383 4/40| 677| 158! +56.6 : - :
1518 4/40| 592! 226| +623| 2(83|15|40| 819 | 1430| -342
17179| 4| 40| 574| 292! +594| 4|81|15|40| 799! 1312 -27.4
20176 | 4140| 550| 429| +398| 8|77|15| 40| 814 | 1294| —216
231 73| 4|40| 539| 598| +241)15|70|15|40| 703| 762! +10.0
26|70 4140| 532| 753] +75[20|65|15|40| 677| 809| + 43
31/65| 4/40| 575| 891| — 09| 25/.60|15|40| 687 | 831| -+ 09
36160| 4140| 592| 1009| - 7.6[30|55|15/40| 669 897| - 66
43153| 4|40| 574| 1134| —-17.2|35|50|15 40| 659| 1044| - 87
518 | 6|40| 63¢| 718! + 49 0|8 120 |40| 760 1657| —40.0
886| 6|40| 649| 522! +31.7| 5(75|20/40| 729| 1575| ~359
11183] 640! 696| 279! +415/10|70 20 |40!| 737| 1319 -293
13181] 6|40| 678] 298| +391)15|65]20|40| 68| 11.78| —195
15179 | 6|40| 654 308| +49.1|20|60|20| 40| 682| 1066| — 9.7
17|77 6| 40| GI8| 349| +45425 55|20 40| 76| 996| - 83
| 30|50 | 20 | 40 | 652 | 10.08| — 6.
0193} 740} 741 1423 210 1 35 | 45 | 20 |'40| 676 | 963| — 59

system of cobalt, iron, chromium and nickel containing 23.1 per cent and 28.6 per
cent of nickel are given in Tables 1 and 2. In the tables, G is the rigidity modulus
at 20°, « the mean linear expansion coefficient in the range from 10 to 50° and g
the mean temperature coefficiont of rigidity modulus in the range from 20 to 50°.
These results are graphically shown in Figs. 1, 2 and 4 to 7, in which the
projection planes represent the concentrations of cobalt, iron and chromium in
ternary system.
1. Linear expansion coefficient

As seen in Figs. 1 and 2, in the case of the addition of 30 per cent of nickel the
mean linear expansion coefficient in the range from 10 to 50° showed its smallest
value of 1.87x107¢ in the alloy containing 21 per cent of cobalt, 73 per cent of
iron and 6 per cent of chromium; and in the case of the addition of 40 per cent
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per cent of iron and 2 per cent
of chromium, while as the con-
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centrations of the alloys went
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3 > > = 7 away from those compositions

— o (%) mentioned above, the coeffi-
Fig. 1. Thermal expansion coefficient of Co-Fe-Cr alloys cient increased first rapidly

added with 30 per cent of nickel.

and then gradually, and became

------- ~Co (%}

one of the usual order larger
than 10x 1078,

Comparing these results with
those of the ternary alloys of
cobalt, iron and chromium pre-
viously obtained by one of the
present authors® (see Fig. 3
in Part I®) and those of the

Fig. 2. Thermal expansion coefficient of Co-Fe-Cr alloys alloys with additions of 10 and

added with 40 per cent of nickel.
50+
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Fig. 3. Relations between the
contents of Co or Cr
and Ni in the compo-
sitions at the minimum
of thermal expansion
(©) or the maximum
of the positive value
of the temperature
coefficient of rigidity
modulus( x ).

20 per cent of nickel® (Figs.
1 and 2 in Part I ), it can be seen that the figures
of the iso-thermal expansion coefficient curves are
almost similar to each other, that the change of the
expansion coefficient with the concentrations in the
range of high cobalt content becomes smaller with
the increase of nickel content, and further that the
composition of stainless-invar, 54 per cent of cobalt,
37 per cent of iron and 9 per cent of chromium,
which shows the smallest thermal expansion in the
ternary system, shifts to the side of low cobalt con-
tent with the addition of nickel. In Fig. 3, the
relations between content of cobalt or chromium and
that of nickel at the compositions showing the smal-
lest thermal expansion are shown with circles. As
seen in the figure, the content of cobalt at the com-
position of stainless-invar can almost linearly be
substituted by nickel: The content of cobalt de-
creases with the increase of nickel content and finally
reaches zero at the composition of invar in the binary
system of nickel and iron. The content of chromium
does not change until that of nickel reaches about

(4) H. Masumoto, Sci. Rep., Tohoku Imp. Univ, 23 (1934), 265; Nippon Kinzoku Gakkai-Si,

2 (1938), 141.
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15 per cent, then gradually decreases and becomes zero at the composition of about
30 per cent of nickel and the rest of iron.
2. Rigidity modulus

The relations between the rigidity modulus at 20° and the concentrations in the
case of the additions of 30 and 40 per cent of nickel to the cobalt, iron and chromi-

um alloys are shown respectively
in Figs. 4 and 5. Comparing
these results with those of the
ternally alloy®® (Fig. 6 in Part
I) and of the alloys added by 10
and 20 per cent of nickel® (Figs,
4 and 5 in Part I), it can be seen

that they are qualitatively similar

to each other. In the case of the Fig. 4. Rigidity modulus of Co-Fe-Cr alloys added
with 30 per cent of nickel.

about 83 per cent of cobalt, about [ Q

17 per cent of iron and 0 per & / m
D78\

cent of chromium to that of / 0 V? -
about 50 per cent of cobalt, about d  o\/o o\d o
41 per cent of iron and about 9 5 S oA 3 5/305 Ko
per cent of chromium. When 30 pA %0 5 P
per cent of nickel was added to Co (%)
the ternary alloy, a valley similar Fig. 5. R%gidity modulus of C_o-Fe-Cr alloys added

. with 40 per cent of nickel.
to that in the ternary system ran
from the composition of about 40 per cent of cobalt, about 60 per cent of iron and
0 per cent of chromium to that of about 10 per cent of cobalt, about 88 per cent
of iron and about 2 per cent of chrhmium, while in the case of 40 per cent addition
of nickel, a similar valley archwise ran from the composition of about 25 per cent
of cobalt, about 75 per cent of iron and 0 per cent of chromium to that of about
5 per cent of cobalt, about 95 per cent of iron and 0 per cent of chromium. Thus,
as the nickel content becomes higher, the valley shifts to the side of low cobalt
and low chromium, and simultaneously, the modulus generally becomes smaller.
But, in this case, we can not find a clear relation between contents of nickel and
other elements in the quaternary system.

The largest and smallest values of rigidity modulus in the case of 30 per cent
addition of nickel were respectively 7.84 x 10°kg/cm? in the alloy containing 20 per
cent of cobalt, 60 per cent of iron and 20 per cent of chromium and 4.55 x 10°%kg/cm?
in the alloy containing 37 per cent of cobalt, 60 per cent of iron and 3 per cent
of chromium; in the case of 40 per cent addition of nickel, they were respectively
8.96 x 10°kg/cm? in the alloy containing 0 per cent of cobalt, 96 per cent of iron
and 4 per cent of chromium and 4.69x 10°kg/cm? in the alloy containing 25 per
cent of cobalt, 75 per cent of iron and 0 per cent of chromium.

ternary alloy, there was a valley
running from the composition of 203
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3. Temperature coefficient of rigidity modulus

The temperature coefficients of rigidity modulus in the range from 20 to 50° in
two series of the alloys are
graphically shown in Figs. 6
and 7. As seen in the figures,
the coefficients were generally

AN

SN\ A 'A‘
¢SS5\l

/N
NS

> y v
' . ,_%_.. (% negative and of the usual order
e —“\<~&‘!‘;’AWW‘ Y larger than —20x 107, while as -
) NE=NVAN th ions of the all
pi P > p s e concentrations of the alloys

Co (%) approached the compositions

Fig. 6. Temperature coefficient of rigidity modulus showing the respective smallest
of Co-Fe-Cr alloys added with 30 per cent

of nickel values of thermal expansion

coefficient mentioned above, the
temperature coefficient of the
modulus diminished first gradu-
ally and then rapidly, and
changed its sign after becoming
zero at a certain concentration.
Then the coefficient, in the case
of 30 per cent of nickel, reached
the largest positive value, +76.4

Fig. 7. Temperature coefficient of rigidity modulus s .rs
of Co-Fe-Cr alloys added with 40 per cent x107, at the composition of 21

of nickel. per cent of cobalt, 73 per cent
of iron and 6 per cent of chromium; in the case of 40 per cent of nickel, the
largest positive value, +81.0x107% at the composition of 13 per cent of cobalt,
85 per cent of iron and 2 per cent of chromium. That is, the temperature coeffi-
cient of rigidity modulus showed its largest positive value almost at the composition
showing the smallest value of thermal expansion coefficient,

These results are almost similar to those of the plain ternary alloy® and
of the alloys added by 10 and 20 per cent of nickel® which were shown in Figs.
9, 7and 8 in Part 1. And it can be seen that, when nickel content increases,
the concentration range showing the positive temperature coefficient of rigidity
modulus becomes wider, and the change of the coefficient with the concentration
becomes smaller in the range of high cobalt content; resulting a noteworthy fact
for an application of co-elinvar to a practical use. Further, the composition
showing the largest positive value of the coefficient in the ternary system shifts
to the side of low cobalt content with the increase of nickel content. In Fig. 3,
the relation between content of cobalt or chromium and that of nickel at the
compositions showing the largest positive value of the coefficient is shown with
crosses. As seen in the figure, the relations are almost the same as those in the
case of thermal expansion mentioned above.

The alloys with a comparatively small temperature coefficient of rigidity
modulus are given in Table 3. In the table, the compositions in brackets show
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Table. 3. Some examples of co-elinver added with 30
and 40 per cent of nickel

Specimen Composition (9 G @ g
T — = (kg/cm?)
No. Co Fe Cr l +Ni (209 (10~50") | (20~50°)
x 10° x 1078 x 1075
316 | 44(33.8) | 53(40.8) 3% 2.3) | 30(23.1) 5.48 10.65 — 3.2
338 36(27.7) | 51(39.2) | 13(10.0) | 30(23.1) 6.61 8.10 - 0.3
343 30(23.0) | 56(43.1) | 14(10.8) | 30(23.1) 6.59 7.19 i + 4.8
344 | 41(31.5) | 45(34.6) | 14(10.8) | 30(23.1) 6.37 9.04 | — 35
347 | 33(25.3) | 50(38.5) | 17(13.1) | 30(23.1) 7.11 9.33 ~ 50
321 | 21016.1) | 73(56.2) | 6( 4.6) | 30(23.1) 5.88 1.87 +76.4
402 4( 2.8) | 96(68.6) 0o 0) | 40(28.6) 6.40 9.11 — 4,6
430 31(22.1 65(46.4) 4 2.9) 40%28.6) 5.75 8.91 — 0.9
433 5( 3.6 89(63.5) 6( 4.3) | 40(28.6) 6.34 7.18 + 4.9
448 3( 2.1) | 87(62.2) | 10( 7.1) | 40(28.6) 7.00 12.81 + 25
456 30%21.5) 60%42.8) 10( 7.1) | 40(28.6) .6.26 9.00 - 29
467 20(14.3) | 65(46.4) | 15(10.7) | 40(28.6) 6.77 8.09 + 4.3
468 25(17.9 60(42.8) | 15(10.7) | 40(28.6) 6.87 8.31 + 0.9
416 11( 7.9 87(62.1) 2( 1.4) | 40(28.6) 5.92 0.54 +78.3

those in the quaternary system of cobalt, iron, chromium, and nickel. These
alloys are the so-called co-elinvar, which are useful as the material for the
hair spring of watches and clocks, for the helical springs of seismograph and
a spring balance, and for the standard vibrator and the diaphragm capsule.

Summary

(1) The mean linear expansion coefficient in the range from 10 to 50°, in the
case of 30 per cent addition of nickel to the ternary alloy of cobalt, iron and
chromium, showed the smallest value of 1.87x107% in the alloy containing 21 per
cent of cobalt, 73 per cent of iron and 6 per cent of chromium; and in the case
of 40 per cent addition of nickel, the smallest value of 0.54x107% in the alloy
containing 11 per cent of cobalt, 87 per cent of iron and 2 per cent of chromium.
As the concentrations of the alloys went away from those mentioned above, the
coefficient became larger first rapidly and then gradually. Further, the compo-
sitions showing the smallest thermal expansion coefficient lineary shifted to the
side of low cobalt content with the addition of nickel and finally reached that of
invar in the binary system of iron and nickel, while chromium content did not
change until the nickel content became comparatively higer, and then decreased.

(2) In the space diagram showing the relation between the rigidity modulus
at 20° and the concentration of the alloys to which 30 per cent of nickel was
added, a valley existed running from the composition of about 40 per cent of
cobalt, about 60 per cent of iron and 0 per cent of chromium to that of about
10 per cent of cobalt, about 88 per cent of iron and about 2 per cent of chromium.
In the case of addition of 40 per cent of nickel, a valley ran from the composition
of about 25 per cent of cobalt, about 75 per cent of iron and O per cent of
chromium to that of about 5 per cent of cobalt, about 95 per cent of iron and
0 per cent of chromium. The largest and smallest values of rigidity modulus in
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the case of addition of 30 per cent of nickel were respectively 7.84 x10°kg/cm?
in the alloy containing 20 per cent of cobalt, 60 per cent of iron and 20 per cent
of chromium and 4.55x10°%kg/cm? in the alloy containing 37 per cent of cobalt,
60 per cent of iron and 3 per cent of chromium. In the case of 40 per cent of
nickel, they were respectively 8.96x10°%kg/cm? in the alloy containing 0 per cent
of cobalt, 96 per cent of iron and 4 per cent of chromium and 4.69x10°kg/cm?
in the alloy containing 25 per cent of cobalt, 75 per cent of iron and 0 per cent
of chromium,

(3) The mean temperature coefficient of rigidity modulus in the rang from
20 to 50° was generally negative and of the usual order, while as the concentrations
approaches the compositions showing the smallest thermal expanision coefficient,
the temperature coefficient of the modulus diminished first gradually and then
rapidly until its sign changed to positive. Thereafter, the coefficient, in the
case of 30 per cent addition of nickel, became large and reached the largest
positive value, +764x107% in the alloy containing 21 per cent of cobalt, 73
per cent of iron and 6 per cent of chromium, and in the case of 40 per cent of
nickel, the largest positive value was +81.0x107% in the alloy containing 13
per cent of cobalt, 85 per cent of iron and 2 per cent of chromium. Thus, the
compositions showing the largest positive coefficient shifted to the side of low
cobalt content with the increase of nickel content as in the case of the thermal
expansion coefficient and the concentration range of the positive coefficient
became wider, and the change in the coefficient with the concentration in the
range of high cobalt content became smaller.

(4) Co-elinvar containing nickel showed better mechanical properties than
those of the plain ternary alloy of cobalt, iron and chromium.

In conclusion, the present authors wish to express their thanks to Mr. S.
Tetsuka, Mr. M. Shinozaki and Mr. T. Koéno for their kind assistance in making
observation and preparations of the specimens. Part of the expense for the
present investigation was paid from the grant in aid for fundamental scientific
research of the Ministry of Education.



