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. Theoretical Analysis of Grain Boundary Carbide Precipitation
’ in Stainless Steels
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Synopsis :

It has been well-known that grain boundary carbide precipitation in ferritic stainless steels is faster than
that in austenitic ones. However, there were few theoretical studies for this problem compared with that
of austenitic ones. The aim of this study is to formulate the thermodynamic data such as activities of Cr
and as the formation energies of carbides from many references and to compose a carbide precipitation
model based on local equilibrium and diffusion control.

Amounts and compositions of precipitated carbides and Cr contents near grain boundaries were cal-
culated from model and were in good agreement with the experimental data. TTS(Time-Temperature—
Sensitization) diagrams were evaluated by calculating Cr content near the grain boundaries and the

amounts of total precipitates. The sensitization of a 0.01%C ferritic stainless steel became 10% times

as rapid as that of a 0.03%C austenitic ones.
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Fig. 1. Cr activity coefficient in austenitic

phase.
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Fig. 2. Cr activity coefficient in ferritic
phase.
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Fig. 3. Carbon activity coefficient in Fe-Cr-Ni
austenitic phase.
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Fig. 4. Comparison between the calculated carbon
solubilities and data according to other investiga-
tions for 18-8 stainless steel.

Table 1. Comparison between the calculated car-
bon solubilities and data according to other inves-
tigations for typical stainless steels. (wt%)

Austenitic Ferritic
Temp- | 19Cr-8Ni 25Cr-20Ni | 18Cr 26Cr
cal. cal. | data3® cal. cal. data V)

873 0.0004 | 0.0005
973 0.0027 | 0.0025

0.7x107%| 1.0x10°®

0.9%X10~4|1.0x10°*

1073 0.013 0. 009 0.01 | 0.8x1073|0.7x103
1173 0. 043 0. 025 0.02 0. 0042 0. 0035 0. 002

1273 0. 12 0. 058 0.04 0.017 0.013 0.013
1373 0. 27 0.12 0.09 0. 055 0.038 0. 045
1473 0. 55 0.21 0.15 0.095
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o Cr & (FBRBEEK LI>TRERB) &L, K 0.15
EF5B. Xée, dXc WHIREHELICE B D W AD Cr
BELIRAEHELTHEBLE CETH S, W%, I=
10-5(mol fraction)? & L 18.7Cr-0.01CD 7 - 51 ' &
25 v UAgHE 17.7Cr-9.4Ni-0.03C DA — 25 F+ 4
FRAFV VA cOWT,. TTS (Time-Tempera-
ture-Sensitization) B XFTET5 & Fig. 11tk h
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Fig. 11. Calculated TTS diagrams for 18.7Cr-
0.01C ferritic stainless steel and 17.7Cr-9.4Ni-
0.03C austenitic stainless steel.

[I=(0.15— X¢,) 4Xc=10-5(mol fraction)?]

Licn. 17.7Cr-9.4Ni-0.03C 3745 SUS 304L 4
WERCITIBITER TTS WML —HTH0T 18.7Cr-
001CD7 =54 FREAT V VARSI OWT H+HE%G
BEFRELTHERTESRTHAD. 72514 FEDH
A, CoOBEEBMENC & & Cr OIKEFREA K E T
b TTS s L ERfleBB LTk b, K
CHToHEELTS 10854 8%, 7251 F RTHRIE
CHE2OL DT e R ABAREBFIET E VR
MR XY XSEBTES.
6. %5 )

754 FRATV VA ET S RIS Y
BRI {5 2T EHRR, ATV v RA#EFO
Cr, Fe, C OEEWETHMEIEL, BEEH O
5 ZBANEL, F—RTFFA VR, 7254 FPRVWTH
b EHATE DRI = 7 A% BT P4 - DhEsEnE
DEB/DD LCH L., TORBRIKRDI O >CELD
BhB.

1) a ffh, 7 #ifo Cr, Fe, C OERER K D
WTC, RD X5 AL Bk.

7&:=exp[(3250/T —1.95+1.24X¢,) (1—Xgp) 2]

78, =exp[(3250/T —2.57+1.24Xc;) Xor?]
7&=exp[(13440/T —6.277) +(—21 600/ T + 11.7)Xs]
75.=exp[(2330/T—1.111+ (Xo:+0.3) X1
F

I

=1
7 =exp[ (5 100/T —1.845) + (4.89—17 687/T) Xy
+ (—0.86+7660/T) X1
2) BALOFR=F L¥—12WT, KD X 5K
8.
4°G$7%s1— 4°G%° % 1= —26 000

<

J/mol

4°G9* % 23— 4°G%° %6 j2s= —4 000— 10T J/mol

3) ZhLDOEBERHWT, #—AFF4 FERB X
P77 =254 VRAT vV VAEDO CoBBRBIZ W TEHEA
Lick s, FHEELRVW—FKELRL. ThicXd
HEHYEIR Bl D C OE BB D\ TOHEE 24T 0 7.

4 KRO R BPTRE - ISEEe T g
DR DEHE L. R EO R X OHTH K
OB ORHFAE I V-TRLERAELIR S —F% L
7o TOEREFIALT, A—AFFM FPEBIO7 =
74 PRAT VY VASROREHOFHE, KL oM
B, RHD Cr BEOREL(LE—RIRD, FO—
WERAR L.

5) FRNABARZHCHEELT, KAD CrijgE
ERALOVTHED 2 ODEREHE LIIEK () %%
EL, L I ofixfEsHkc Xy, TTS ihifeR
B, A—=RATFTFA4VYRET7 = T4 RO HRI & B
Bt L., 2ORE, 72514 VRAT VL AT A —
AT FA PRCHEL, TTS hfEs 105 £% 3 mErERHE
CBEIL T Z &bt
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