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The Fe- 18C r-9Ni a nd F'e- 19C r-9N i a ll uys ex hi b it a dec rease in s hea r modulu s be tween 76 a nd 
20 °K_ S usce ptibi li t y meas ure me nt s cu nfirm th a t a pa ra magne ti c to a ntife rromagn e ti c tra ns iti un 
occ urs a t about 40 OK in th ese a ll uys . Th e s hea r mudu lus fo r th e Fe-25C r-21 N i a ll oy d id no t d ec rease 
be tween 76 and 20 OK whi c h was c un s is te nt with th e fa c t th a t th e a ll oy rema ine d pantma"ne ti c to 
4 oK. Th e effec t of co ld-wo rk o n th e s he ar modulu s a buve and be low th e Nee lt e mpe ra ture is di~c usse d. 

Key W o rd s : Anti fe rro magne t ic , co ld -wor k , F c- N i- C r a ll oys _ Nee l te mpera ture, s hea r modulu s . 
s t a inless s tee l. 

1. Introduction 

It has been s hown that th e s hear a nd Young's 
modulus of a Fe-19C r-9Ni (weight percent) steel 
ex hibits a decrease betwee n 76 a nd 20 OK [1 1_t Re
ce ntl y, inves tiga tors [2, 3, 4 1 have re ported a para
magne ti c to antife rromag ne ti c tra ns ition in certa in 
18C r-9 i s teels a t abo ut 40 oK. S ince it is ex pec ted 
th at suc h a magne ti c tra ns ition wo uld affec t th e elast ic 
moduli, a stud y was mad e to be tte r unders tand th e 
effec t of th e transition on th e shea r modulu s of Fe
Ni-Cr alloys. Th ese a ll oys we re Fe-18C r-9N i, Fe-
19Cr-9Ni, and Fe-25C r-21Ni and co rres pond , 
res pec tively, to A.LS _L co mm e rc ial s ta inless s tee l 
grad es 303, 302, and 310_ In addition, the e ffec t of 
prior plasti c stra in at a mbi e nt te mpe ratures on th e 
change of shea r mod ulus in the te mperature range 
295 to 20 OK was docum ented_ 

Some data have been re ported co ncerning the com
bined e ffec ts of a magneti c trans ition and plas ti c 
s train on the decrease of e las ti c mod uli on cooling 
below the tran sition tem perature_ Various workers 
have noted a c hange in the Young's and shear modulus 
of materials that have been cooled at zero magneti c 
fi eld through the ferromagne tic Curie temperature 
[5- 10]. Others have noticed the effect of a param ag
ne ti c to antiferromagnetic tran sition on the e las ti c 
properties of Cr [11 , 14, 15] and Cu-Mn alloys [12 1_ 
Recently , Roberson and Lipsi tt have re ported that 
th e Young's modulus and the shear modulus behave 
differently when Cr is cooled through a nd be low the 
Neel te mperature [161. Th ey found that the flE 
(th e change in mod ulus on coo lin g through th e tran si
tion tempera ture) for th e s hear mod ulu s was less than 

"'C ryo!!t'n ic !o D i\'i ~ ioll. Na litlll<.iI Bun'au Off Sta ndard s . B.,ul de f. Colo. 
I Figures in IJnlc kd s ind i(,<Jtc t he li t erature n :ft:rt:nccs a t th e t:nd "f th is papt: r. 

for th e You ng's modulus. Several in ves tigators have 
noted that the flE effect is less for cold-worked ma
terials than annealed materials in F e-Ni-Mo [6] , Cr 
[16, 18, 19], and Ni [171-

Many have noted a change in elas ti c modulus after 
plas ti c s train at ambient te mperatures. Although 
some anomalies exist , res ults on co ppe r, [22, 23, 24, 
27- 30] aluminum , [20, 21, 25, 26] a nd s ilver [27] in
dicate th at the elas ti c mod uli are lowe red by as mu c h 
as 15 pe rcent whe n the mate ri a l is previously plas
ti cally strain ed. 

S usce ptibility meas ure me nts described in thi s paper 
show that the Fe-18Cr-9Ni a nd Fe-19Cr-9Ni alloys 
beco me a ntiferromagneti c at 43 and 39 OK, res pec
tively , and that the Fe-25Cr-21Ni allo y re mai ns para
magne ti c down to 4 oK. The magnitude of decrease 
in modulu s be tween 76 and 20 OK for the 18Cr-9Ni a nd 
19C r-9 Ni alloys was found to be inversely related to 
the amount of prior cold-work. 

2. Pro~edure and Results of Susceptibility 
Measurements 

The susceptibility samples were made from the same 
bar s toc k that was used for the modulus specimens. 
The com position, hardness, condition and grain size 
of the alloys are listed in table L The susceptibility 
was measured by the ballistic method. Values of 
susceptibility are plotted in arbitrary units; the units 
of flux change can be converted to susceptibility valu es 
through calibration of the apparatus A co ntinuous 
temperature change of the sample was achi eved by 
allowing the sample to warm from a liquid helium bath. 
The temperature gradient was less than 1 OK in the 
sample upon warming. Values of s usce pt ibility we re 
reproducible with ± 1 perce nt ; the te mpe rature was 
reproducible within ± 1 oK. 
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Table l. Identification of Alloys Tested 

Chemical Composition (weight 0/0) 
Rockwell ASTM 
Hardness Grain 

Alloy C P S Ni Cr Mo 

19Cr -9Ni O.OS O. 02 0.01 S. 7 lS.6 
(Commercial 

AISI 302) 

lSCr-9Ni O. 10 0.03 0.29 S.7 17.6 0.4 
(Commercial 

AISI 303) 

25Cr-21Ni O.OS 0.02 0.02 20.S 24.8 O. 1 
(Commercial 

AISI 310) 

Results of the susceptibility measurements for 19Cr-
9Ni, IBCr-9Ni and 25Cr-21Ni alloys are shown in 
figure 1. The annealed 19Cr-9Ni and annealed 18Cr-
9Ni were measured with a field of about 1 kG; an
nealed and 11 percent cold-drawn 25Cr-21 Ni were 
measured with a field of about 0.4 kG. The 19Cr-9Ni 
specimen, when plastically strained 14 percent, ex
hibited a partial phase transformation to body-centered 
cubic martensite. The body-centered cubic phase is 
ferromagnetic [31]. Therefore, the susceptibility 
measurements to determine the antiferromagnetic 
transition were thwarted by the stronger ferromag
netism from the martensite phase_ Although the 
18Cr-9Ni alloy has similar Cr and Ni content, the 
amount of other stabilizing elements (see table I) is 
greater, which explains the lack of detectable amounts 
of martensite formed by plastic deformation_ Since 
the susceptibility versus temperature measurements 
for the IBCr-9Ni cold-drawn specimens were ap
preciably smeared out, it was difficult to detect a dis
tinct inflection temperature. 

3. Procedure and Results of Shear Modulus 

Measurements 

The method of determining the shear modulus has 
been previously described [32]_ Briefly , the method 
consisted of applying small incremental torque loads 
to carefully machined specimens and measuring the 
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FIGURE 1. The flux change. proportional to the magnetic suscepti
bility, as a function of temperature for 19Cr-9Ni steel, l8Cr-9Ni 
steel, and 25Cr-2lNi steel. 
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angle of di s place ment using an optical lever. The 
maximum shear stress applied to all the samples was 
2900 psi. Measure ments were made at three tempera
tures: 295, 76, a nd 20 oK. Results are shown in figures 
2,3, and 4. 
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FIGU RE 2. The shear moduli af 19Cr·9Ni. 18C r·9N i, and 25C r·21Ni 
steels as a/unctioll of temperature. 
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FI GURE 3. Th e shear m.oduli af 18Cr·9Ni and 25Cr·21Ni steels at 
COll stant temperature as a func tion af prior p lastic strain. 
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FI GURE 4. The shear m.odulus of 19Cr·9N i steel at constantlempera· 
ture as a funclian of prior plastic strain . 

For anyone sample and at anyone te mperature, the 
de viation from the average value of modulus is 0.5 
percent. The maximum absolute error, i. e., the error 
that occurs e ither on repeating measure ments after 
removal and re mounting of the sample, or on measur
in g another specimen of the same alloy, is ± 2 percent. 

4. Discussion 

In figure 1 it is seen that the 19Cr-9Ni and 1BCr-9Ni 
alloys each show a peak in the susceptibility-tempera
ture curve which is characteris ti c of a material trans
forming from a paramagnetic to an antiferromagnetic 
state. These results are consistent with the modulus 
c urves of fi gure 2; the 19Cr-9Ni and 1BCr-9Ni alloys 
exhibit anomalous drops in modulus whereas the 25Cr-
21Ni alloy behaves normally down to 20 oK. The de
crease in modulus between 76 and 20 oK is due to an 
additional strain component resulting from antiferro
magnetic ordering below the Neel temperature [12,13]. 

From the 1BCr-9Ni and 19Cr-9Ni alloy shear modulus 
curves of figure 2, it is seen that (G76o - G20o)/G76o is 
inversely related to the amount of prior plastic strain: 
the tlG/G for the 1BCr-9Ni alloy is respectively 4.9, 
3.6, and 2.6 percent for annealed, 5 percent cold-drawn, 
and 13 percent cold-drawn conditions ; tlG/G for the 
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19Cr-9Ni alloy decreased from 3.6 to 1.4 percent for 
the annealed to cold-drawn conditions. This decrease 
indicates that there is less magnetostrictive effect 
at 20 OK in a cold-worked sample due to internal 
stresses from defects which influence the redistribu
tion of the domain vectors [35, 6]. 

The effect of prior plastic strain above the Neel 
temperature on the shear modulus is illustrated in 
figures 2 to 4. A decrease of the modulus values, after 
straining, has been verified. This is expected since 
many of the dislocations introduced during plastic 
straining move under very low stresses. In addition, 
vacancies created by cold-work lower the material 
density which lowers the modulus. Jongenburger 
[33] has predicted that materials with low stacking 
fault energy would exhibit greater sensitivity to cold
work than high stacking fault energy materials, since 
the stress needed to move extended dislocations should 
be less. The 18Cr-9Ni alloy is expected to have a 
lower stacking fault energy than the 25Cr-21Ni alloy 
[34]. At ambient temperatures the strain sensitivity of 
the shear modulus for the 18Cr-9Ni alloy is greater; 
however ,at 76 OK their sensitivities are approximately 
equal. The reason for this temperature trend is not 
clear. 

At 20 OK, notice that the shear modulus of the 18Cr-
9Ni alloy is essentially independent of the amount of 
prior plastic strain. Apparently the 6,£ effect and the 
defect contribution, which serves to lower the overall 
modulus, just offset each other at this temperature. 
The much greater reduction of the shear modulus 
of the 19Cr-9Ni alloy as a function of strain is un
doubtedly influenced by the partial transformation to 
the martensite (body centered cubic) phase during 
plastic deformation at room temperature. 

5. Summary 

It has been found that the elastic properties of low 
stacking fault energy austellltIc stainless steels 
undergo a transition at about 40 oK. This transition 
produces a decrease in the shear modulus values and 
is caused by a paramagnetic to antiferromagnetic 
transformation. ' The decrease of the modulus values 
between 76 and 20 OK is inversely related to the amount 
of prior cold-work at ambient temperature. The 
shear modulus at temperatures above the Neel tem
perature is influenced by previous cold-work, decreas
ing up to 10 percent for 10 to 15 percent plastic strain. 

The authors thank J. J. Gniewek for informal dis
cussions regarding the work in this paper. 
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