e

Expansion Properties of Low-expansion Fe-Ni-Co Alloys

Pa.
nsion aocial by tue of the fact
that it can be prepared with a yopo cocefficient of oxpassion at atmos-
pherie tempeenture. his fact g thut there is little voom for
in the expansion propertics of the 1o cyvprnsien nickel

sleele. The inference is irue, however, only vo for as the exprnsion at

and ucar af is conerrned; b nse the exponsivity
of invar starlts to increase rapidly on heating above 160° C. and soon
reachios the value of ¢ (m; LF. Guillaume? met this situadion by "-‘('1'(‘-‘\>mg
the nirkel content above that of invar. By that expediont, alloys baving
Tow expansivity under ]1,?-!;(1 were obtained, but not wit!

inmint num

out a 1.—:1‘g0. increase in minimum expansivity.  The increase
expansivity with increasing nickel content severely Jimits the technical

\\npp“("tﬁﬁns of these alioys at high temperatures.

Prospects of improving the expansion characteristics of the nickel

steels is offered by alloying.  Search for an adviitageous ulloying addi-
tion by analogy with other alloy sysiems, however, is not productive

beecause the low-expansion charaeteristic is unigue with that system.
The rule of mixtures usually gives a fair value »f the expapsivity of
other solid-solution alloys, but in the iron-nickel systems gives a value
of 18 X 107° per deg. C. whereas the actual valueis 1 X 10-% per deg. C.
Apparently suitable additions are net to he deduced fromn such ingen-
uous considerations.

Mﬁggggy;g,‘iir-n"_of the fact that the temperature range of low expansivity
in nickel steels is terminated with loss of magnetism affords a more
promising basis for the selection of an advantageous element. One may
expect from that faet that additions of nonmagnetic elements to the
iron-nickel alloys are detrimental to the low-cxpansion characteristic.

Indeed, carbon, mangunese, silicon, copper and chromium are detri-
wenial to the expunsion properties and no element

iz reported  te  be Dbenmeficial. From the same viewpoint, the
addition of 2 msgnetic metal offers prospeets of ymprovement. As
two of the thrce ferromagnetic elements are already present in the

* Metallurgical Bogioeer, Westinghouse Flectric and Manufactt
U, 8. Bureau of Stendards Cirevlar 38 gives an excellent review of the history
and propertics of the low expansion 1 ickel steels,
506
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inthe Ovmamsion propertios,
The introd wetion of cobalt into the irom-nickel alloys Taes com-
tions not :m(-f in the fmpler systom, Investigalion of tiese com-
P iliat a cortain imindoann content of nickel is required

cesywrsion chaieleri e over a favorable {en e

imge when eebalt is in considenble cuantity.  With
e knowledge of the limiting nickel confent, a sevies of ¢
prepared with a high costent nickel contont nnd cobalt varis !\5 tudy
of the :m pre ies of this group of alloys wmwi ihie geveral
o fTe >f mb and pennitted an explicit statement of the problem of
c.-;ummm com M) R oven in the folle \\IH“‘ seefion,
seetuns ave develed to the experimental solution of the

the refation of the expansien prop-

oy

and to the deternnination o
ertios to composition.

The apparatus used for measuring expansion makes use of the differ-
L’ldxl expangion between the test spechnen and a fused silica tube.
nl length changes ave ncasured by means of a dial indicator

sitive to 0.0001 in.  The test mcethod has already heen dcsux.ﬂ::ed“
except for one himprovement.  This was the substitution of a pin beuring
a‘l:\ni..bme\ centaet end of the mechanical length-change indicstor for the
previc 13 ball-and-socket contact between the lever arm and the silica
rod which transmits motion of {he upper end of the specimen to the
nsd‘if-:sf.or lhe readings of the ‘('1'1g_;t}.}—chaz‘;gc indicator were con-
verted into true unit expansion by the relation:

M

where £ is the true unit expansion between 0° C. and the temmperature
beervation 7. x s the correzponding inerement in dial reading,
fength of the specimen, A a correction {or transverse expansion
of the specinsen having the ‘\':ﬂuc €.93 and N a correction for the expan-
sion of the silica {ube having the value 0.53 X 107% per degree Centigrade.
The alloys tested were prepared by melting 13-1b. charges of electro-
vtic iron and pickel with other elements in a high-frequency induction
The charges were melted in mugnesia-lined graphite crucibles

and protected from excessive oxidation by a top on the ft riace. Man-
and silicon were added Ju\t before pouring.  Ingots 2 in. square

=

were poured in cast iron molds and forged usually to 3\ -in. round bars.
These bars were rolled or swaged to 34-in. dia. and were tested

aiter armeahng.

* 1.8, Patent 1630K14,
5 H. Reoid: Trans. Amer, See. Steel Trean (106280 13, 829



The Hient (‘\p-nwinn chav cleristics of (he Fe-Ni-Co alloys
are brought ont clearly by a wnq:!(‘*‘w expension enrve of an alloy having
o

insuffcient nickeol uwu(’ut to depress the gammun (o alpha (Ard) trans-
formation of iran, below atmaespheric ures. Such o curve, faken
through a eon of heading fram ddanir tomnen ture, ahout

1. Ttis evident
3 peraiure,
e expansivily (#lepe of
sicel. On the

S180° O {o 780° CLoand cooling

is yn(n in Fig

naated on the initial cool
after which the alloy bas approximaic ]} the =

O e e ety e e ;

o first br‘ ting Acy starts at about

' A00% CLoand progresses gradually

10 com won at The

allay,  ow in the auslenitic stute,

é has a very high ('\""'t"n\'lh’ which

i it retains oncooling untit it reaches

f*z 7 inflection temperature {approxi-
z
2

mately 160° ), below which its
expansivity rapidly diminishes to

S HEATING a low value while the alloy is still
e COCLING -4

in the sustenitic stale. At 100°
500 802°C. .
s AT Sarls ana ne
C. Ar; starts and the
expuansion ringe ends.
1o S It s i 1_ ol iz‘;t to recagnize
1S ) . . 4\ X130 4
This curve . showshoth the low expsn- here that the expansion on cooling

sivity eharacteristic of these alloys and the {ram 780° i O{i“ C‘ is reversible;
A transfornations of iron.

Fig. 1. --CoNrinvoyu
oF AN r-N1-Co A1LnoY
-180° C. to 780° C.

7. e., if cooling is stopped above
100° C. and the specimen is g in heated, the expansion curve of cooling
will be retraced. If, however, the coo]mtr is stopped below 100° C., the
expansion curve of cooling is not reproduced on heafing agsing in other
words, the expansion is irreversible. Evidently, then, it iz esgsential
to depress Arg below atmosplierie temperature in order to enable prac-
tical utilization of the low and reversible expansivity available on cooling
hetween the inflection temperature and Ar;; 460° C, and 100° C.
this case.

The alloys of immediate concern were preps
of 32 per cent. nickel #nd 1 per cent. manganese ¢ mlm.,,’ta
of cobalt, the remainder of the charge !cmé irou. T'h(-i* compositions
are given in Table 1, together with all the compositions considered.  Onily
one of these alloys, No. 1782, showed Ar; on cor»I to liquid-air tem-
perature; then it started at —130° C. (Fig. 2). Cons quomb the expa
slon properties of this group can be investigated at normal -(mpamturee
with assurance of freedom from complications introduced by the irr
versible trapsformation of iron,

I
g
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neion crves of men s of the »onp e crerned sre given o in

3nd 40 These curves were all faken on e fing. Same sheervas

tims were tnken on alzo, Lt are not plotted. The chiscrvations
on ¢ealing nsaally fell elose (o these on heating, otherwize the enrves on
Leating were not accepied as voelinble,  These corves are ted from

(
the Girves were tuken from idaair fompera

)7 L Lo well above the inflection temperture, in nost cases
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ng s oin Fig. o with

&l‘ll W alT‘x"h m_ﬂ,x:zlt

100

NOLIQUID ATR TO LOCATE COM-

Fig. ® EXPANSION €U VES OF ALLOYS ON COOLING
HERIC TEMPERATURE.

MENCFMENT QF AR; WHEN BLLOW ATMO

NICKEL CONTENT 227
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z
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g2 066
s 073

SEL AND
RIC

32 PER CENT. NIC?
RELOW  &TMOZ

$1ON CURVES OF ALLOYS CONTAINING
cORALT. ARy IIAS BEEN DE

of low expansivity. Of two alloys having nearly the swme expansivity
in the low range, Nos. 1794 und 1088, thut having a substantial cobalt

;—.
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centeni, No, bxs o pouch dooper In
the e way, of two '!Hm'% the =nme e of low cxpmsivily,
Nos. 1704 and 2058 {he one basing a Stalt coutent, Noo 2034,

has miveh the lower (‘\1‘ mssivity aver that en
The foi comparison js interest ot not +1s0,
yoonly s of alloys. To furnish a 1wre

the offec

of cohalt, it

F16. 4 —ExrpsN210N CURY £8 G 32 YFR CLNT, NXICKEL aND 11 70

and a value representative of the expansivity bicdow the infleetion tem-
perature.  The inficcti temperature n‘_xay he conveniently, though
arbitrarily, evaluated by the temperature of intersection of two straight
lines, one drawn tangent to the curve at the point of minimum slope
and the other at the point where the slope of the curve first reuches a
value of about 16 X 10 € per deg. C. The slope of the line first men-
tioned evidently gives the value of the mindmuwm expansivity, a signifi-
cant and useful prc-'mrty of the alloy. For scme purposes, however, a
mean value of the expansivity is more useful.  For this the slope of the
i ht line conne <*1 pg the origin and the expansion value at the inflec-
taken and ident th
just described of the :111()}‘3 containing 32 per cent.
the top of Table 2, ‘ the same data on cobalt-

emper ature is

! 3
nirkel are azsvm 1 at



2;;1\'(‘ .(‘:il

vatiies of the expransion ¢ feristios of (Jloyvs with and wi lm el

which may be compared casilys Froam examdintion of the talmlnted

3

dota, it s yea Hly sppecent hat the inflection 4

closely in alloys havig the saore conteng wf nickel phus cobadt whether

‘;1':<:1':mn:r:s c*.".>1‘r('.~'13n: 3

the cobalt content is or Jow.  Nceards the cvpasion chi re-
teristios are ted nickel phis cobalt en nt in Fig. 6.
Referring 1o the 1iflection e plott s proenerty
neainst nickel plus i y ifed e e the obscrvations fop
both colalt-coniaining and cebalt-free g Tall ¢lose 1o a £ nooth curve,
S
4
z
5
n
z3
x
u

ECT OF COF ALT IN LOWERING EXPANSKIV-
EION

F16. 5. -EXPANRION CURVES SHOWING EF
[TY WHEN INFLECTION TEMPE 4TURE I$ UNCHANGED XD IN RAISING INFLE

TEMPERATURE FOR A GIVEN MINIMUM EXNPANSIVITY.

This permits the stutament of a general rule; namely, that cehalt has
quantitatively the same effect on the
Accordingly, cobalt must  eonsidered as a
{han as an z}_d(:lmon agent to I}m Jow-cxpansion

t may now he stated that eomparison of alloys on the basis of nickel
plus cobalt content is e¢ ,u;\"xlcm to comparison on the hasis of eqgual
temperature ranges of low expsnsion, That statewent infers tha
the temperature range of low expansivity is the sane for a given inflection
temperature whether the cebalt content be low or high, which is sup-
poried by Fig. 5. This is the most satisfuetory basis of comparizon for,
atter all, the merit of 1'] e O =az‘(~c(mt-sminz alloys depe zd‘ on the degree
to which their expansivity is lower than that of cobalt-free alloys having
the same iﬁ-mpf-rmzre range of low expansivity. (A.<.>n:<ﬂuu<‘mly the
difference between the curves of ecither minhmum or mean expansivity
of the cobalt-iree und cobalt-containing steels iz a divect weasure of the

inprovement conferred by the substitution of cobalt for nickel.
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the conditions The iufection tomper ture  aries linearly
“Th nickel ol it eodent, hopee tho o <t da Hkewize,
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qnstants when i‘:(t inflection "\'(;]]3131"1:&‘““‘9 comes hetween 350°
10° to (rw(c C.  For the simplest cure, cobalt zero, the constant 4
atated from the of the curves.

A Ay

wlhiere 4, is the value for the minimum expsnsivity «, and 4. the
for the mean cxpunsivity as. The corresponding values of B are given
by the value of the inflection temperature «t which the liuvear )
of the curves for zero cobalt alloys extended have zero expunsivity,
whenee: By == 262° €. and By = 232° C.
Having obtained and evaluated an cquation for expansivity in terms
f inficction temperiiure of Fe-Ni slloys, the next step is fo introduce
telm.- to express the cfects of other components of the complex alleys
It has already Leen shown that the sffeet of cobalt also can be casily
ting the ploited welues for

and this may be verified by connec
wo alloys the e colalt content, 16 1o 17 per cent., bt different
nickel confents by a line, the broken Jincof Fig. 180 This line hus
practically the same slope as the curve for the wlloy of zero cebal content,
consequently the intercept of the linear portion of the curve, which deter-
mines the value of the constant B, is in this case chu g *d by the ac ‘}dmon
1
3k

ficeted in the value of B only.

e and carbon zlo ure ref

T]ze fcrc-going :195111}‘;;;1#.}(@ afferds a wsefulbasis for expressing the
merit of an alloy from its expansion characteristics alone.  Trans-
posing equation 7:

2o
CI m

D
2
<o
foV)
(1§

——
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the formulation of conver iont 3 ethonndienl for expen:ion

ion.  These relations take the fon

A — By 4 CY 4+ D.Z - EOF) 9a)
A B:+ (Y 1 DL - EW) {0b)

prope rties 48

where €, D and E are constants and Y, 7, and W are the cobalt, man-
gancse and earbon confonts Lf\pt( tively I pereentages of total weight
of alloy. Putting ¥, Z, and i equal to zero, By and B have the vabes
already given for pmc Fe-Ni alloys.  Considering the other constants
one at a time, it is evident that (heir valnes are given by the slopes of the
corrcrspcmding curves of Figs, 18 and 20, Evaluating these slopes

¢y Ca 1.00
Dy P 30
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apply te any coin : & falls helwoen
3 .;0 und )00 600° C. and Ary below atinespherie tempirature.
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