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Effects of Ni Content and Grain Size on the Martensitic Trans-
formation and Deformation Behavior in 18Cr-8Ni Stainless Steels

Synopsis:

Masakuni FUJIKURA and Tetsuo KATO

The effects of Ni content and grain size on the athermal and deformation-induced martensitic trans-
formations in 18-8 austenitic stainless steels have been examined. Furthermore, their deformation characte-
ristics, especially 0.29%, proof stress (0.2PS) and flow stress at sub-zero temperatures have also been examined
in terms of austenite stability. The results are as follow:

(1) Ms and Md temperatures are depressed with increasing Ni content. Ms temperatures of commercial
alloys are about 130K lower than those of high-purity alloys with low interstitials. The effect of grain size

on Md is larger than that of Ms.

(2) The amount of athermal martensite formed at 77°K is analysed according to Magee’s equation.
There seems a good agreement between observed and calculated values when grain size is 115u. In case of
smaller grain size with 36 g, however, calculated values are larger than observed ones. This disagreement
may comes from the differences of Ms and the nucleation frequency at Ms.

(3). The content of deformation-induced o' and &'

temperature.

martensite depends on Ni content and tensile

(4) The change of transformation mode from y-—e'—a' to y—o' is observed with increasing Ni content
and tensile temperature, which can be understood in terms of stacking fault energy and chemical driving

force (AGT™«').
(5) Inverse dependence on temperature of 0.2%,
temperature dependence of 0.2PS of untransformed

proof stress (0.2PS) does not occur in this study. The
stable austenite is about 2.7 times larger than that of

of 0.2PS of unstable austenite in which martensitic transformation intervenes before yielding of austenite.
(6) The flow stress of unstable austenite e.g. 18Cr-9Ni alloys at 93K does not follow the simple law of

mixture of austenite and martensite.
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Table 1. Chemical compositions of materials

used (wt 9,).

C I Si Mn ' Ni Cr N
0.05 ... 17.8  lo.019
NO'061.0~1.30.9~1.3Var1able 018.3| ~0.032

P<0.021, S0.017, Cu0.04/0.09, Mo=0.10
IE TSP EOBEIC DO\ LIk L. REBRTITX
HIZ, Ni BXOBERVIEELZZ 2T, F—2F+4 b
DL EFANCZE L LOBEERT LA T 5 &
KR OYIRERAEDS OF s X O < vy
YA NEREE OBARE ERMIC DWW T I L.
2. R B A &
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AR Z Ullis%, 1100°C Iz 9h {EEKEG LM &
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W4t 7NV A Sy —b, Fyv— FAE— F 50mm/ min,
JuA~Ny RZ2E—F Imm/ min, (O-FLHE 4.8x
10-4s-1) Tf7in o7z,
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Fig. 1. Effect of Ni content on the Ms temperature
of Fe-18Cr-Ni alloys, (the impurity levels
are shown in the above figure and Ms

temperature for high-purity alloys are
mean value from previous works).
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Fig. 2. Effect of Ni and austenite grain size on
the martensite content after quenching
to 77K of Fe-18Cr-Ni alloys.
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Fig. 3. Effect of austenite grain size on the mar-
tensite content after quenching to 77K of
Fe-18Cr-9.7Ni alloy.

LEz b5,

Fig. 2 iz Fe-18Cr-Ni % 77K (—196°C) ZHEA
NEBED o < vF ¥4 bEE Ni &, IO
WEOBEL L L. Ni 828 1% T TR~ Ni
BCTHLHEEIO LD o BEILWOTHREO Ms 523
RO Ms iz BREWZ EPRETEFERTHD &
EZzbhb.

Fig. 3 iz Fe-18Cr-9.7Ni %z 77K wWEANTHE
D o BrEEGNEOBGEEY GurNer 519 ORIERR
Lz L L. RIIkEGERRAZ W, HHwv T
VHA b o BN SEMBPCENTAZ L2 LD LT
w5,

3.2 AHRLFYYA PERICEITIER

2T HA PERED » 7 = X A ROFEGRF BT 50
ZEV3 %\ M9, Z5FED Kinetics (BT 5 W IIEIR <
WF A MERBRRLE L2bORIEEAETH DT
LARATF Y LAOBHIw VT ¥4 MERBIRET 5
HOEFEHLDTAI.

MaGee? <5 ¥ 4 FOZREHBOHESRE L
T, WRNERE LT

1— f=exp[KV (04Gy7™e'/dt) Ms—Tg)1--- (1)

f = F a4 FOFER

Vi wvF oy A FEOEEEEE (cm?)

T, : BEANEE (K)

AGyT7a!  BAAREY DA ~AFF4 b(r) &
2794 ba)OBEHR= IV F—2% (cal/
cms3)

K : ¥ (cal-1)

722 LK< v w34 hofotes dN »baERE)
FoMLyd (AGy ") DB BT D LIE L, dN=

—Kd(4GyT™e"y SHESLT 5 & LTCEESNETHS -

AT, EBRTx 57 Fe-18Cr-Nigjp < v 7
A4 MEREdhEE R (2) RITHEOTHEIT L. T OER,

(2)h T 1E, Wb 5 Partitioning %hE®, Auto-
catalytic $HRZEETH &L, SIEKFLEWDZ LD
FUELE LTV R SIEIBT—EE L, VOHEELT
Patt 520 OF — 2 DEHNLETHS ¥V =10"1cm?
RV BEANRE —196°C k% 4Gy D
HEWCEEEOB S5 2 — & — AWK THE L
7z
AGVT”D"=(EAG;'T"""‘xi+549uﬁ“'-xixi)/v

S L,

AG;7~e! : Fer», Niz2, Cr2 D fee fg& bee FHE D
BT ¥ —3% (cal/ mol)

AQ ;77 : Fe-Cr, Fe-Ni, Cr-Ni %42 55440 fcc
k& bee FEEOMEAER 5 x — % — D
(cal/ mol)

xiy Xj 1 FAHITCRD TN GHR

v BABAELVY D OKFE (cm?/ mol)

UL, BBy G, Si, Mn, N Zow
ik Fe 2 thHOETTED 2 0HED r AL o HF
TOWSENVEE T X VF —35 4°G, 77« (=467~ +
AQpei?0") BNV . 4°Ge e, AGy T WIS
DO{f, 4°Gsi7 72" {3 FRIEDBERG 520D {H, A°CGyn ™" 13
BreeDIS 520 DA V7.

K O, FEHEEHR N0 T SCHUMANN G 3 93(T75 D
7z Fe-Cr-Ni D 5 b, (LSRN AFER D LA 15T
&, oy —al MOERETR S MEE 7TIK (-
196°C) It AN B GO T VT34 RS E Ms §
AW TEE TR K & Ms L OEHR%E Fig. 41
Lod. Mix K 2 Ms oiEMBAGRSAFEL, Ms
PBEWEEKOEDIEKRT S EHnE LT

KIRBRo X 5ic< vy 44 bEOKOMSG LT
HIER B ) DRSS IC DI PIT B LAFUE LB OEE T

~ 15 I I t

§ Average volume V : 167%m3

2 Quench.Temp.Tq: 77 K

S 10

3 5 -
S °

S © 5 o~

T ©

59 =1

S x °

- N

€ x o L%

100 150 200 250 300
Ms Temperature { °K)

Fig. 4. The relationship between calculated pro-
portional constant £ and Ms temperature.
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Fig. 5. Effect of grain size on the amount of mar—
tensite after quenching to 77K of Fe-18Cr-
Ni alloys.

HD. LhrLroed—a BB 503 r>BEXG o
WOZRERFTIRS F — 2 F 54 PR F L LXHOEE,
TEXM CAFSFEmET) ovvsr 94 MR $
XETHEIELDTEETHY, SFiEw s 94

PORAERAE & UTBIE?), ZOmENLIES HHT
HLEVhRTWSED. Macee ORITIIFEBXIGT %1
F— (LT SFE Lpgd) BEEIh TRy, B2
DK OFHEIC V2 ScHUMANN 59 O fEEtb o (i
pid Gr & Ni 2[R IC 2 b Lo TH D, ScHrAMM
Lok 7z Fe-Cr-Ni &4 SFE B4 % g mlas
C&os, Fig. 4T Ms HOBEHE X SFE 53k
V. Fhbb, wF A4 b EED BT L BIERE) S
DG DB TEI L, SFE k5T 5. Lizpiow,
SFE D523 /5 I Magee o Kir 828 |, K13
ERTIEAR L SFE W3 kET B85 x -4 —Ch B L
Exbhb.

Fig. 512 L0 & 512 LTsked 7z K o ffid v Fe-
18Cr-Ni §§j% 77K (—196°C) iz i A h 7= B4 DHE T
zghka'E&NM%)a®%%éb%?-%ﬁﬂﬁ
2T, fEARNAS 36p DFE D Ms 513 Fig. 1 OEf
WO Ms g Ni 8 OBRR» Sk, £/ Fig.
225, Ms 528 77K L% Ni 813 36p OBE4x
10.3%, 1154 OBFH1E 10.9% <H o, zo Ni Bo
% Fig. 1 505 Ms Sicifiid 52 20K 02235 5.
PEDT, FEERKLAS 15y @ Ms Hik 36 OIRIRIC <
B[~ Ni T4 Ms 558 20K Bk LTwrss
VA MESEFE L. DEDXSiC o odkic s+

40
-
&
~
TR 20 ..o'.
W 3 e
2 E 0 _._!_gf..os
_ -700
- Q
3 = (o)
t & o500 [l
> Oou
23 | P~
'€ 300 |

5 7 9 n 13
Ni (%)
Fig. 6. Effect of Ni content on the SFE and

4Gr™a' at Ms temperature of Fe-18Cr-
Ni alloys.
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Fig. 7. Effect of Ni content on the Md temper-
ature of Fe-18Cr-Ni alloys.
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Fig. 8. Effect of Ni content and tensile temper-
ature on the volume fraction of deformation-
induced martensite of Fe-18Cr-Ni alloys
after straining to 209;.
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Fig. 9. Effect of Ni content on the volume fraction
of deformation-induced ¢' martensite of Fe-

18Cr-Ni alloys after tensile straining to 209
at 293, 173 and 93K.
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Fig. 10. Effect of Ni content on the SFE and
AGT™a' at Md temperature of Fe-18Cr-
Ni alloys, (Md temperature were obta-
ined by tensile straining to 209).
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Fig. 11. Effect of Ni content and temperature on

the stacking fault energy of Fe-18Cr-Ni
alloys.
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Fig. 12. Schematic diagram of phase components
of Fe-18Cr-Ni alloys after tensile strain-
ing to 209,.
BT 5.
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Fig. 13. Effect of Ni content and grain size on
the volume fraction of deformation-in-
duced martensite of Fe-18Cr-Ni alloys
after tensile straining to 59, at 93K.
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Fig. 14. Effect of Ni content and tensile temper-

ature on the 0.29, proof stress of Fe-18
Cr~Ni alloys.
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Fig. 16. Stress-strain curves and deformation-
induced martensite by tensile strain at
93K of unstable Fe-18Cr-9Ni & stable
Fe-18Cr-18Ni alloy.
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