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Effect of Grain Boundary Carbide on High Temperature Creep
Behavior of 15Cr-25Ni Steel

Junshan ZHANG, Weishing CHEN, Ziben CAO and Ryohei TANAKA

Synopsis : .

In order to clarify the strengthening mechanism due to grain boundary carbide precipitation, creep be-
havior and dislocation substructure developed during creep of 15Cr-25Ni steels with different carbon con-
tent have been studied at 850 and 950°C under stresses of 14.7-79.2 MPa. With the grain boundary car-
bide precipitation, creep resistance and rupture life increased markedly, showing significant grain boundary
precipitation strengthening by carbide. The minimum creep rate of y single phase steel was independent on
grain size, while it increased with increasing grain size in the steels with grain boundary carbide
precipitation. With grain boundary carbide precipitation, dislocation density near grain boundary in-
creased, but little difference in dislocation substructure within grains was observed in both steels. This
suggests that grain boundary carbide strongly obstructs dislocation annihilation at grain boundaries, and
therefore markedly increase the creep resistance. It is also suggested that the minimum creep rate of the
steel with the grain boundary precipitation is controlled by recovery process near the grain boundaries in-
stead of recovery at subboundaries which control the creep rate of ¥ single phase steel.

Key words : austenitic heat-resisting steel ; 15Cr-25Ni steel ; creep strength ; grain boundary carbide;

dislocation substructure.
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Table 1.
(wt%).

Chemical composition of steels used

Si Mn S P Fe

0.006 0.006 Bal.
0.013 0.007 Bal.
0.005 0.011 Bal

C Cr Ni

Cl ]0.0021 14.46 25.26 0.21 0.10
C2 [0.086 14.96 24.84 0.23 0.15
C3 [0.099 15.00 25.49 0.40 0.26
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Photo. 1.

Optical micrographs of Cl, C2 and C3 after grain boundary precipitation treat-
ment, 1 200°C X 2h, furnace cooled to 850°C, aged for 850°C X 20h and air cooled.
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Fig. 1. Relation between minimum creep rate and
applied stress of C1, C2 and C3. .

FOF c2 €3 o
g F
o Sl [ o 850°C
a oS~ K
o50F Ct oo O-~a
030} ) n
: T~
Qs ©
2'20 Y 950'C\ A
oo C2C3
10 1 L1l ! Ll L1 ) 11t
1 10 100 1000
Time to rupture (h)
Fig. 2. Relation between creep rupture life and

applied stress of C1, C2 and C3.
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Photo. 2. Optical micrograph of CZ crept at
850°C~39.2 MPa (#r=244h).
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Fig. 3. Relation between normalized creep rate
and stress of C1 and C2.
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a:d=79pm b:d=118um c¢:d=400um
Precipitation treatment : 950°C-20 h
Solution temperature a:1080°C b:1130°C c¢:1250°C

Optical micrographs of C2 with different grain size.
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Fig. 4. Grain size dependence of minimum creep
rate of Cl and C2 at 850°C-39.2MPa and
950°C-29.4 MPa.
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Photo. 4. Transmission electron micrographs near grain boundary of Cl1 (a) and C2
(b) interrupted the creep test at primary stage (¢=2.4%) at 850°C-39.2 MPa.

Photo. 5. Transmission electron micrographs near grain boundary of C1 (a) and C2
(b) interrupted the creep test at steady state stage (¢=10.5%) at 850°C-39.2 MPa.
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Photo. 6.
creep test at e=4.5% (a) and €=10.5% (b), respectively, at 850°C-39.2 MPa.
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Fig. 5. Creep rate-time curves of Cl with dif-

ferent grain size at 850°C-39.2 MPa.

BAE LTAEL L. SALEBOVE»H W 2IE, EEjln
LIAATOREEM DT, KBS ERRCHEL, &
AL ERPER L 20w L dBHLLTH
5.

COLH BHRROBEEEZERT S L, AN oxEL
B ORI XD LR TOMHERD > DG ER & A
LEIENTED., L2 CTEFEIV—TIEN >
DILDONTNPBBRBICHEES NS LIRS, &
S5, EAMORPHEEIZ>WT, 77 LA Y HTOE
CLOEENIIE CH L, BRGENOY TNy v 5] —
WKBUANEICEESND LB S Mo,
L722Ho T, KEDOL ) ITER 7 ) — TERETHT R
ELEY TV VTR ENDEE, 7)) — 7EER
TN L F) —RFE S, WEICB AN OHER-
EED) bEBEVERICEERS D LEZ NS,

EZAHT, Cl DF/Ny Y — 7TEEIRE R
LWz edhb, €87 — 7OERBREITRFRCoMN
BFTELENWZEPFRENS., COHEHEIDLIZD,
C1 OMIKH (d:59um) B X MK (243 um) D 2
) — THEE-ERMELT RO, Ik Fig 5 ORT.

Transmission electron micrographs near grain boundary interrupted the
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Fig. 6. Creep rate-time curves of C2 with dif-
ferent grain size at 850°C-39.2 MPa.
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Fig. 7. Variation in interparticle spacing of

M,3C¢ carbide, A, and fraction of grain boundary
covered by M,3Cg carbide, o, with grain size.
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