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A Study on Temperature and Strain Rate Dependences of Yield

Stress at Low Temperatures in Pure Iron and Fe-Cr Allqys

Kazuyoshi NISHINO and Hireo Honma

Synopsis
Temperature and strain rate dependences of yield stress in purified pure iron and Fe-Cr alloys, were
" studied mainly by compression tests in the ranges of —196~300°C of temperature and 10—5~10-2sec—1
of strain rate.
Relations between temperature (T), strain rate (&) and frictional stress (g;), were established in the
following manner :

t=o oxs( ——E2)

- This is applicable when o¢; is in the range of 5~28 kg/mm?2. Activation energy E is hardly dependent
on temperature, stress and chromium concentration, being about 15 kcal/mol. Strain rate exponent \n,
however, increases with increasing chromium content. It may be said that solid solutioning of .chro-
mium affects mainly n» and C in the above equation, and further, that stress is chiefly attributable to
entropy term rather than to enthalpy.

Softening effect by solid solutioning is presumed to be mainly due to the increase of the strain rate

exponent with increasing chromium concentration, in other words, to the increase of activation volume.
(Received Aug. 6, 1970)
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Table 1. Chemical compositions of pure iron and Fe-Cr alloy's.

Composition (wt%) R Heat treatment
Alloy Grain size | 5, hydrogen
C N Si Mn Cr . ('mm) . | atmosphere
Pure iron 0-001 <0001 0-02 0-25 0-00 0-8~16 805°C < 600 hr
Fe- 3Cr 0-001 <0001 0-02 0-18 2-94 0-8~1-4 800°C x 700 hr
Fe- 8 Cr 0-004 0-004 0-03 0-15 7°62 0°3~0"7 | 1200°Cx800 hr
Fe-13 Cr 0-002 0°002 0-03 0-21 12-47 0:8~2-0 | 1200°Cx800 hr
Fe-20 Cr 0-002 0-003 0-03 0-15 19-43 0-8~2-0 | 1200°Cx800 hr
Fe-30 Cr 0-002 - 0-003 0-03 0-18 29-30 0:8~2:'0 | 1200°Cx1000L~
P:0°002—0.003 wt% S :0°009~0'010 wt%
BOFEB L BERD D LR LTRAK. 100 o=
HBUIFIR D 3 XOEMZERIC X o7’ T LITRER i e S
BEAEE DT Vb ICIE— M ERIRE(EOZE  ® 80 e
Wi 2HEE OBEPELTHD L b, £EL 5 (3 i
THEHEIC X o7z s 0 o Pure iron
£ ¢ Fe-3Cr alloy
Y - & 40 ® Fe~8Cr ]
2. £ B A & 5 x Fe—13Cr
B3R b B L UEMRRICIT L N -RT 225 kX & 20 g I
422 b o WERRR B L, BB —196~300°C, . U

ZSEEE 10-3~10-2sec~! OFEFTITA 27, EMITI W
LCHRBE S OBEE 2 Dl < § B7cdic hifke ¥ 7
FooRRAT L. ERERSR VEE 8 mm, X 8 mm,
SBEVHBRAIIER 6mm, ¥ —UREE 0mm THD
7z

B158 b b X CUESRABR O R D7zeb, 900°C £TE »
H— AR PR RN X A S EIER T o7, T
HD, LrbEREL, BEE £3%BNTEDR.
HERIZ FAV 72 Fe-Cr 4413 Table 11279 X 5 ichligk
FEDTOREATH S WIhdEELERF LEETEHE
O K R T RERERAANEA LI R 35 X O D3
Hbairsot. DWCRBRAIKMI L, 13% Cr T
DIEEEEESXEEZRT 800°C, 1hr OEESIEITE
WERICHE L7z BIRESEE3 Y Vv MofiHE ST 5%
Feibic 850°C, 30min MEAL, DV THEZEDE E4f

B UEASH L. BERRIC I 5 LR FTHT

HmBEe AL Rony, bdTiHEHLMEHST 5o
Fo. T B SEBREIC X D NEREE MAS
& ZAHBERIBEMEOLBIER TS, b BHA
1L UgaIns T S e o7z, 7275 L, Fe-8Cr A4 iikE
RANEADI A — A 7 F A4 MEFRA TR Shicicd LB S P%
MEAFHENRE LT Shinr 2. o/t
HHiEs & bodd HME T LAl DRI DX Rt & L
MBEEC XY B DIDT — 5 287

-200 -100 0 100
Temperature (°C)

Fig. 1. Reduction in area versus temperature in
pure iron and Fe-Cr alloys at tensile
strain rate of 1-5x10-% sec—!.
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Fig, 2. Fracture (of) and twining (o) stresses
versus chromium content in Fe-Cr alloys.
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Fig. 3. Compressive yield stress versus temperature
in pure iron at various strain rates.
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Fig. 4. Compressive yield stress versus temperature
in Fe-13 Cr alloy at varicus strain rates.
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Fig. 5. Compressive yield stress versus temperature
in Fe-30 Cr alloy at various strain rates.
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Fig. 7. Compressive yield stress versus temperature
in pure iron and Fe-Cr alloys at strain
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Fig. 8. Compressive flow stresses at various strain
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Fig. 11. Vickers hardness versus temperature in
pure iron and Fe-Cr alloys.
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Stress ranges showing the linearity:
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Fig. 20. Stress-temperature exponent versus solute

concentration in various iron alloys.
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Fig. 21. Activation volume versus frictional stress
in pure iron, mild steel and Fe-Cr alloys
at strain rate of 1°5X10-4sec-1.
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