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Synopsis :

The yield stresses of polycrystalline specimens of iron and Fe alloys (Fe-C, Fe-Ni and Fe-
Ni-C) have been investigated in the temperature range between 345°K and 77°K to
clarify the effect of nickel on the yield stress of iron. It has been found that Fe-C and Fe-
Ni alloys show stronger yield stress than that of iron at room temperature, but that this
situation is partly reversed in the temperature range below 250°K, where iron has a
higher yield stress. This fact shows that addition of carbon or nickel increases the
athermal component of yield stress of iron, and decreases the thermal component.
Furthermore, the athermal component depends on the grain size, and the thermal
component is independent of the grain size. The yield stress of Fe-3%Ni alloy is
unaffected by the addition of carbon, suggesting that the existence of nickel in matrix
seems to suppress the effect of carbon on the yield stress. The activation parameters are
obtained by means of the strain rate change method, and it has been found that, on
increasing the addition of nickel to iron, the activation energy decreases. The analysis of
the experimental results has revealed that the temperature dependence of the yield
stress can not be fully explained on the basis of the impurity hardening theory by

Fleischer or the double kink model by Arsenault.
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Synopsis :

The yield stresses ol polycrystalline specimens of iron and Fe alloys (Fe-C, Fe-Ni and Fe-Ni-C) have
been investigated in the temperature range between 345°K and 77°K to clarify the effect of nickel on
the yield stress of iron.

It has been found that Fe-C and Fe-N: alloys show stronger yield stress than thst of iron at room temper-
ature, but that this situstion is partly reversed in the temperature range below 250°K, where iron has
a higher yield stress. This fact shows that addition of carkon or nickel increases the athermal component
of yield stress of iron, and decreases the thermal compeonent. Furthermore, the athermal component
depends on the grain size, and the thermal component is independent of the grain size. The yield
stress of Fe-3%Ni alloy is unallected by the addition of carbon, suggesting that the existence of nickel
in matrix seems to suppress the effect of carbon on the yield stress.

The activation parameters are obtained by means of the strain rate change method, and it has been
found that, on increasing the addition of nickel to iron, the activation energy decreases. The analysis
of the experimental results has revealed that the temperature dependence of the yield stress can not
ke fully explained on the basis of the impurity hardening theory by Fleischer or the double kink model
by Arsenault.
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Table 1 Chemical composition of materials used (wt%)
Material si | oMo | P s | cu N | oA | e | oo
" Iron 6.0t | 0.001 ‘ 0.002 | 0.004] 0.003] tr } 0.003 | o.001| o.0021
 Fe-1.43%Ni Lol | <o ‘ <0001, 0.803 | <0.01 143 | 0.002| <0.001 ‘ 0.0017
 Fe-3% Ni 0.0z | <001 | <o.0r] 6004 | <o.m 3.00 ¢ 0.002| <0.601|  0.0019
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Fig. 1 The plot of yield stress against
temperature in Fe (a), Fe-1.43% Ni
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Fig. 2 The plot of effective stress
(r*) against temperature in Fe,
Fe-1,43%Ni and Fe-3 % Ni alloys
with different grain sizes.
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Fig. 3 The variation of activation en-
ergy with effective stress in Fe, Fe-
1.43%Ni and Fe-3 %Ni alloys.
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KBRTELCAR et biown, Ln
L7cAe Kranzlein®® 6t Ni #3%%0T25
L BTFERELEAE 01 %8y 5 L% T

W3, Heller? &4t Fe-5 %Ni 3 TSI
TS EEYBIEL, NiiiFe foREBECHE,
PECERE, THEEECLALOEER R IF ST
VEERLTED, ¥ Fe-Ni 4+ oN off
i, 4 0eL s s, Fedio N &
W — DG A &~ & b DR —BFLEE & W
bhtu 3, Lizdt-C Fedhod Ni 2 TE%S
BOTEREER XD TRV EATREIR, 3
Zo NI OFINC Y-~ Ty s Fe o L7
DEELH

Enlsic, ERbCELR H* OFL
11, SATAARAR=RACLAGCGEIY r OF
LTI T & oV, 7050 7 2V TDHIT
EEHENT TR L A5 EOMRIC Eich b,

5 8 B

3FORRKEY LB, Bigshi: Fe,

Fe-1.43%Ni s 1 0° Fe-3 %Ni &8, Bh

B LT CEE R 20~ 350pmic @& 1o R R

IEAOBEFRFE L B0, TT°K~345"K

OEEGBETHERBREY T, ELICERE

Lkt X - T Ni o¥Mma Activation para-

meter ¥ LI THIRAYFA, EBREREB X

UCFhoaBa LR RCENT 2,

(1) FechpE#HCE. H o\ Ni faiimy
5L, ERMENE LU RERRIEIIEE
BresTE e h, SKLT okl
T ieh, ThbbERAIHETILEERE
{78, 25K Sl F Bt 5,
(Fig. 1 (&}, (b), (o), Fig. 5 (a) )

(2) Fe, Fe-1.43%Ni % X 0*Fe-3 %Ni &§
FOBFEDIEH ) LREOBFRLER
Bt ut, Fhioh—o0lgcol,
Rk AR OREETIECEEY
L% ke, (Fig. 2)

(3) ABCROERMNH-»Th, Fe-LA3%N
160PKLLTF, Fe-3 %Nl it¢RBREEC
bl o TERFhE—DOBRIED H L,
Ni O X » TCORERIE I~ DR
Abhicditn, (Fig. 5 (b), (©)

(4) EREETCEC L - T & kEtE b &
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A= (H%), &5k mye s 7
FhERERR S Eaagnue (o) ot
LT—o0lfE D s, itb=sa4
— () AN OHMER AT H T
L, EHER ) fgwE) ) o
EEE ERAD T £ME I —E
DRI L, Nt ogFR1SEEEL
D—EEILE A, (Fig. 3, Fig. 4)
ARG T ORE R oY, B85
AR EE L bR S, Fleischer X REL
P MmE LR LAY o ¥ T @
EfEFE, Fe o—ffx iy TilEie

=

nTAHe, EE (C+NIREOERC L
SHE Aot CF bl
WV, FldTaAevreFaeBERALC
Ni g I 5tk v £~ (H* @
i, Fe-3 %N oFeir 31 5 @ik
(GYy o, &aH\ - izdnfeold ) Othd
LEDLEEhbiEUE-RELELEL
Lo Lichio T, BRRENORERTFEY
AiERER, AT A E
F AN L o TFEECHMT L 2 LN ECT
%5, (Fig. 6, Fig. 7 (a), (b), (c})
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