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Effect of Carbide Precipitation Formed on Dislocations along Grain

Boundaries on High Temperature Creep Resistance of a Ni-30Cr Alloy

Yoshihiro KONDO, Atsushi ISHIZAKI and Jirou NAMEKATA

Synopsis :

The high temperature creep resistance of as solution treated specimen of a Ni-30Cr alloy containing
0.04wt% carbon has been investigated by comparing with that of the specimen aged at 900°C for 1000 h,
focusing on the difference in carbide morphology. Minimum creep rate of as solution treated specimen was

two orders of magnitude less than that of the aged one under higher stress levels.

In as solution treated

specimen crept under higher stress levels, most of grain boundaries were covered with intergranular car-
bides and the region consisting of fine carbides precipitated on dislocations were formed along grain

boundaries.

Corresponding to the formation of this region, the marked reduction in minimum creep rate

occurred. Carbide precipitation on dislocation during creep was attributed to the formation of the region
with high dislocation density along the grain boundaries due to the high area fraction in grain boundaries

covered by carbides.
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Table 1. Chemical composition of a Ni-30Cr alloy
studied (wt% ).
C Si Mn Ni Cr Fe N

0.036 0.16 0.01 70.57 28.83 0.39 0.009

a : Solution treated b : Aged

Photo. 1. Optical microstructures of solution

treated and aged alloys.
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a:Ingrain b : In the vicinity of intergranular carbides
Photo. 2. Transmission electron micrographs of
as aged alloy.
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Fig. 1. Creep curves of solution treated and aged
alloys at 900°C-10 kgf/mm?.
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Fig. 2. Stress-time to rupture curves of solution
treated and aged alloys at 900°C.
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Fig. 3. Creep rate-time curves of solution treated
and aged alloys at 900°C-3 and 10 kgf/mm?.
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Fig. 4. Stress-minimum creep rate curves of
solution treated and aged alloys at 900°C.
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a: Solution treated b : Aged
Photo. 3. Optical microstructures of solution
treated and aged alloys crept at 900°C-10 kgf/ mm?.

Wr L 7- BA LA R OB s o GEEHLRR % Photo. 3 127K
¥. EEALH (Photo. 3a) ik &k A 13 A2 HcHl 72
AL CTHICEbLN TS, —F, E&# (Photo. 3b)
DESBR LA L ZRRORIEHTEDRL TV
A, RADORFHERIEB (M ICHAE N, 25
T, Pl S S M SRLFICHTID L35S, WA
Wb @ s, 7V - THEELERTSEL I LKL
729712 2 ¢, $ERAWICE S (KRR ZW
FROXBIIBWTH MpCs LRIES NIz, DE,
RALIE MpsCs & 3 5) RRABBEE LIS OFEY
WX DHIE L, MysCe 12 & AR FAT iR & % 5T
i 5. BBk ORERIH O 2 ) — TRBEEE A
M23Ce DR T BR DL % Fig. 5 WOiR$. BEBELH
D MysCo IZ X DR RIBERIIE AW T 0.9 T
H0, BEHMICH~H0.2E. MUSoRELAHE
T AR REEE o (050=1) OWINI X5 RN
) —THEE € DBIERTR: 0/ me=1—0( o
CETHSRIRICHTI L v ERE L B E OB/
) — TEE)D 2, BELH R ORI O R ER
¥ ZNEHAT B L, FEBEM OB FEBERIERIM
HRBWI LB ) - THREORIERH 1/3
THhots. 2D DS, MyCe & BHRFATHIGRIL
Bowmzzrcil, Beitio s ) — 7EisEIe Rl
TREMICHN2HU LB oo 2 L 3BHATE

&

900°C

8
I

Solution
treatment

N
a 8 7
T ] L

Area fraction in grain boundary (%)
3
I

)]
«
—

Q

~
w

-
w

10 7 100 3 1000
Time to rupture (h)

Fig. 5. Changes in area fraction in grain boundary
of carbide with time to rupture of solution treated
and aged alloys at 900°C.

a:In grain b : In the vicinity of intergranular carbides
Photo. 4. Transmission electron micrographs of
aged alloy crept at 900°C-10 kgf/mm?.
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a:In grain b : In the vicinity of intergranular carbides
Photo. 5. Transmission electron micrographs of
solution treated alloy crept at 900°C-10 kgf/mm?.

a:In grain b : In the vicinity of intergranular carbides
Photo. 6. Transmission electron micrographs of
aged alloy crept at 900°C-3 kgf/mm?.
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a:In grain b : In the vicinity of intergranular carbides
Photo. 7. Transmission electron micrographs of
solution treated alloy crept at 900°C-3 kgf/mm?2.
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a : Solution treated b : Aged

Photo. 8. Optical microstructures of solution
treated and aged alloys crept at 900°C-3 kgf/mm?.
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Fig. 6. Creep rate-time curves of solution treated
alloy conducted stress reduction test from 10 to 3

kgf/mm? when creep rate reached minimum at
900°C-10 kgf/mm?.
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Fig. 7. A plot of minimum creep rate after stress
reduction test from 10 to 3kgf/mm? on a stress-
minimum creep rate curve of solution treated alloy
at 900°C under constant stress.
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Fig. 8. Schematic representations of mi-
crostructural change until high density car-
bides precipitation on dislocations along
grain boundaries during high temperature

creep.



1194 &k r W FE 76 &

(1990) % 7 &

EMiC R,

5)1)RU4)0ER LY, KioHEICEBM O 2
1) — TSI IS IE~NET Lok, BEBbd cik
KR ICB T HEEE R MysCe DEEM EHHICL S
AL cE v &, RUEE LM OB FREEER )
BRI MR T LA kit b L Hfifm s
5.

6)@ims ) — THICE L RREE BT ABERE
% My3Cs DERHL EATHIIE, MgsCe 12 X &R FRAT HITR1L
ENEML, RFECH> THEEEEVENFEEYETS
SERATB L -2 b L EENCHET b0 L RSN
5.

X [ 73

1) Fokie, 3+ B, ZEHME, FEER, BHPFHE:
24% 123 oY, 22 (1981), p. 189

2) ek, mdEHE, B#IER, SHIER, #tE 6
23R 123 BEFZEH, 23 (1982), p. 263

3) HEREE, BE %, HbDAF: FiE 123 BHEHRE,
25 (1984), p. 15

4) HEERME, ZRFE, A W MY B RERI123E
BrgcsRe, 28 (1987), p. 65

5) FEEME TREE BT W ME B SRi@ 75
(1989), p. 825 :

6) KHEEH, /ME W, FH &, ILIAEKER: 46k 123
ZRfsedis, 22 (1981), p. 367

7) KBEHE, M @, FH Of, dEEA, KEES:
4R 123 BEIZRHS, 22 (1981), p. 215

8) WEFME, BIIEE: &L 8, 58 (1972), p. 107

9) Friiede: WETEAFE /L (1986), p. 20

10) T. MATSuo, M. TAKEYAMA, M. KikucHI and R. TANAKA:
TMS-AIME Technical Paper (1986), F-86-10

11) T. MaTsuo, M. UEki, M. TAKEYAMA and R. TANAKA: J.
Mater. Sci., 22 (1987), p. 262 .

12) & %, ik, w2 F B B, HPRFE
Sk LR, 73 (1987), p. 183

13) EMERE, WM &, MR, e F HPRF
g LM, 67 (1981), S 423

14) BEERE, B F# HPRE BEREERALAH, 22
(1983), p. 24

15) A. M. ELBatancy, (2R 2, it B 3k 123 T
e 30 (1989), p. 41

16) AHEE—, FHFA, BE F FHih T FR123F
Wreees, 30 (1989), p. 159

— 154 —



