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Effects of Deformation Rate and Temperature on Mechanical

Properties of Temper-embrittled Nickel-Chromium Steels

Tadahisa NARKAMURA, Shiro HORIE, and Akineri MATSuDA

Synopsis:

Temper embrittled nickel-chromium steels were subjected to the impact and static tensile tests and Charpy
test in the temperature range from ambient temperature down to that of liquid nitrogen, in order to investi-
gate the cffect of deformation rate on yield and tensile strengths and the variation of ductile brittle transition
temperature with carbon content and austenite grain size.

The variation of yield and tensile strengths with decrease of temperature was found to be significantly dif-

ferent between temper embrittled and unembrittled specimens.

In temper embrittled specimens, the duc-

ile-brittle transition phenomena similar to Charpy test was observed in the impact tensile tests and the
strength of the specimens intergranulally fractured in a brittle manner was constant irrespective of aus-

tenite grain size and deformation rates.

The relationship between the transition temperature and {nd-1/%(d:

less of deformation mode and rate.
than that of mild steel.

austenite grain size) was linear regard-

The slope of these lines was estimated to be 125°C/cm!/2, which is larger
This result suggests that the ductile-brittle transition phenomena of temper em-

brittled steels are significantly depend on austenite grain size.

1. #

Ni-Cr flic Rbh 2FRBEREEIC 2VWTIHEL 2 5
X<EBNTEY, ZHETICHSE L USRI T
&7, Z ORE CBR RV B i AR BRI R B W R
L5 L DT, JEHOTIRH TRAELIUE & R
DR ECT D Z & W VR CTHD. LD
T, BRI T U E BB A hL & L 2c S
P&, IRE-EREMRO BT, X B#shTw
5. BRI OB BIRE MR B L CE L
<RIREEDI, S48k, Rk, Snrsyd
RN ESCI>TEEY 5050T, ohbd iERT
EEBBEO BRI VIO BET S8 0F>Tw
2279, MR L OB RS S EETH D
s, ok ZNRHBTHOTLBIRERRME S R E 7
5 X IBEIIEESRW - DRFEO AR DRBF T
DHUER Bsvicd, STEEAERY 5. K

i

EFRUATIREHBA IR SERCESD LAERE

ST 50T, EENCIIEHELE LILOTWS. HBED
ORI — SR BV TEVWEREE TR 5
HOZEETASTEL 2 L1, DIRERBRSOMEETF
MTELILERALDDTEELRDLIAPKENTD
A5 i, SEREEBILREIORMIC, BWERRE
DOHELECTHEOHENRNLS ETHE, DTk
A2 Z DR O FEAR S E OIRIBIC &> Z T
H5THHD.

B LD IE A SIAMEIC DV T, HELERERIC
LD B EEE A T, BRI S S X OB X 02
EHEAKTR M / SO M- EBIRE o fabE s
FUCOTREEEGFE R S 2V THRE L TE.

FZTCAMETHEETRRBI LT v v v E— iy
REBIC XY, BREMLASBEFCEIAIATRMILME LT
Mot a Ni-Cr BRI oW T, BERMILEUE
F XU O BRptE - s ot 3 A EHES, FESRRT

* WE4n 51 4£ 6 B 2 AEft (Received June 2, 1976)
o WEHTYER¥FKR¥ELAGEI¥MAR (Graduate School of Science and Engineering at Nagatsuta,

Tokyo Institute of Technology, 2-12-1

Ookayama Meguro-ku Tokyo 152)

ek (BR)Emph R (Toyota Central Reseacch and Development Laboratories Inc.)

— 109 —



1178 & & £ £ 63 £ (1977) 75
Table 1. Chemical compositions of the specimens used (wt%).
Steels | C Si  Mn | P ﬁ s N G- As | Sn | Sb | Al
! b J ] . ]
SNC 22 | 0.15 0.25 0.42 0.010 | 0.007 . 3.07 0.81 ~ 0.003| 0.004 | 0.006  0.018
SNC 2 0.35 0.30 0.56 | 0.008 | 0.006: 2.75 0.81 | 0.002  0.004; 0.004 | 0.028
SNC 3 0.36 0.27 0.56 H 0.001 0.00Qi 3.15 0.79 ‘ 0.002 | 0.005 | 0.003 | 0.020
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Table 2. Heat trcatments, states and grain diameter of specimens used.
Grain JIS
Specimen | Steels Heat treatment States diameter
G.S. No
(mm)
g §§8 2% 880°C 0.Q-650°C/2h S.C Temper embrittled
C SNC 22 o °
D SNC 3 880°C 0.Q-650°C/2h W.Q Tough
E SNC 22 o o o Isothermally
F SNC 3 880°C 0.Q-650°C/2h W.Q 550°C/100h W.Q embrittled
K SNC 2| 1000°C/0.5h-900°C/0.5h 0.Q 650°C/2h S.C | Temper embrittled 0.025 8
J SNC 2| 1000°C/0.5h-900°C/0.5h 0.Q 650°C/2h W.Q { Tough ’
L SNC 2] 1150°C/0.5h-900°C-0.5h 0.Q 650°C/2h §.C | Temper embrittled 0.05 6
M SNC 2| 1150°C/0.5h-900°C-0.5h 0.Q) 650°C/2h W.Q | Tough :
N SNC 2| 1300°C/0.5h-900°C-0.5h 0.Q 650°C/2h S.C | Temper embrittled 0.95 —9
O SNC 2| 1300°C/0.5h-900°C-0.5h 0.Q 650°C/2h W.C | Tough : 4
0.Q : Oil quench, W.Q : Water quench, S,.C : Slow cool
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Fig. 1. Results of Charpy V-notch test, SNC22
steels, Eab: Energy absorbed, Lys:
Yield strength, Lmax: Maximum load,
C: Tough state, A: Temper embrittled,
E: Isothermally embrittled.
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Fig. 2. Results of Charpy V-notch test, SNC 3
steels. Eab: Energy absorbed, Lys:
Yield strength, Lmax: Maximum load,
D: Tough state, B: Temper embrittled,
F: Isothermally embrittled.
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Fig. 3. Results of Charpy V-notch test, SNC 2
steels. Eab: Energy absorbed, Lys:
Yield strength, Lmax: Maximum load,
J, M, 0: Tough state, K, L, N: Temper
embrittled, [J, K: Grain diameter of
0.025mm, M,L: 0.05mm, O, N: 0.25
mm.
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Fig. 4. Effect of temperature on the tensile pro-
perties of SNC 22 steels for static test.
e: Elongation, ¢: Reduction of area,
ogy: Yield stress, ¢p: Tensile strength,
A: Tempet embrittled, C: Tough state,

E: TIsothermally embrittled.
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Fig. 5. Effect of temperature on the tensile pro-
perties of SNC 22 steels for impact test
at 5m/s. e: Elongation, ¢: Reduction
of area, ¢y Yield stress, gp: Tensile
strength, A: temper embrittled, C:
Tough state, E: Isothermally embrittled.
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Fig. 6. Effect of temperature on the tensile pro-
perties of SNC 3 steels for static test.
e: Elongation, ¢: Reduction of area,
oy, Yield stress, ¢p: Tensile strength,
B: Temper embrittled, D: Tough state,
F: Isoshermally embrittled.
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Fig. 7. Effect of temperature on the tensile pro-
perties of SNC 3 steels for impact test
at 5m/s. &: Elongation, ¢: Reduction
of area, ogy: Yield stress, op: Tensile
strength, B: Temper embrittled, D:
Tough state, F: Isothermally embrittled.
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Fig. 8. Effect of temperature on the tensile pro-
perties of SNC 2 steels for static test.
¢: Elongation, ¢: Reduction of area,
ogy: Yield stress, gp: Tensile strength,
K, J: Grain diameter of 0.025 mm, L,
M: 0.05mm, N,0: 0.25mm, K,L, M;
Temper embrittled, [, M,0: Tough state.
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Fig. 9. Effect of temperature on the tensile pro-
perties of SNC 2 steels for impact test
at 5m/s. &: Elongation, ¢: Reduction
of area, ¢,: Yield stress, op: Tensile
strength, K, J: Grain diameter of 0.025
mm, L, M: 0.05mm, N,0: 0.25mm,
K, L, M: Temper embrittled, J, M, O:
Tough state.
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Fig. 10. Effect of temperature on the tensile pro-
perties of SNC 2 steels for impact test
at 20m/s. e: Elongation, ¢: Reduction
of area, o¢,: Yield stress, op: Tensile
strength, K, J: Grain diameter of 0.25
mm, L, M: 0.05mm, N,0: 0.25mm,
K,L,M: Temper embrittled, J, M,O:
Tough state.
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Fig. 1l. Variation of transition temperature with

grain size as functions of strain rates.
T¢: Transition temperature, d: Grain
diameter.
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Fig, 12. Effect of temperature on the strain rate
sensitivity of fiow stress of embrittled
specimens. 4dg/dln é: Strain rate sensiti-
vity, 7: Temperature, K: Grain dia-
meter of 0.025mm, L: 0.05mm, N
0.25 mm.
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Fig. 13. Effect of temperature on the strain rate

sensitivity of flow stress of unembrittled
specimens. 4de¢/4dln é: Strain rate sensiti-
vity, T: Temperature, J: Grain dia-
meter of 0.025mm, M: 0.05mm, O:

0.25 mm. Chained curve shows results
of quenched-and-tempered 0.159,C steel.
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Fig. 14. Strain rate dependence of brittle fracture
strength for embrittled specimens. o g:
Brittle fracture strength, &: Strain rate,
K: Grain diameter of 0.025mm, L:
0.05mm, N: 0.25 mm.
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BEDO FRIBRERLOVIHESRNOHMKLLDIFE
ZE1LL, IhOoRTFRERMILRKLBEE TS &
5 R E-Fe iR Sk R ER BILEE DM
MREAIR CRIBEEIT X 2TIEEAE L L 7L 5.

(2) EHESPRABROBRL LT, FEihEYZE
z 7z SNC2 @TrRElE - BLmaARHCE LW HREAER
Dotz Tisbb, HEMHTREROERTCE DK
v, vy v E—HBRTHE SN D L RRO EHE-EEE
BEESPFEL, ZoOEBBHRBHEROERILICE D
BUeERAC BB 5% BRERC X2 TRZEL LK
W FRREE B X UERES B LT, BEEEUE
THEAEEMBEIRERIC 31 2515RE S OIREKRTFEIIE
LS, BRES LEFREIRITTFELLLD.
DEFDFESVEA — A7 F 4 MEGRK R XL OEREE K
FHTH 110~118 kg/ mm? L —ETH 5. —F, Wik
BT, MBRESFIVTERBE LHEBR»H —196
COBEBIC O TRERIRERFE®REZRLTVS.

(3) EBRELIBEA-2A7F4 MEGNEOFEHIR
DR E L DIECITERBEGREERSIL, & hifbittio
LOEMDAEE 80°/cm2 L\ wH KEVWETHH, T
NETICHRE SN TV BREROERED K E W HiFEII 7
D, BERME LU 0 BB E ISR E < KET 5 .

(4)  MEACRUBO MBS S I EREE S X OF &R
FOCIE & A ERTF L v, RROFS B3 5N 3
WTHRDLNTERD, FRNABELRITHEAON
RS I~ SR OB R L B D, LREE S X O
A EICIERE LAV D EEX DN S.
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