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ABSTRACT Rupture life is a main property for a material using at high-temperature condition. Usually, the
rupture life is gained from creep rupture test. As creep and stress relaxation are two main behaviors for a material
served in high-temperature environment, researchers are trying to work out the interrelationship through which
one of the two behaviors can be deduced from the other one. Recently, a number of researchers have taken stress
relaxation test to replace creep rupture test on studying the creep behavior, and furthermore predicting the rupture
life. Applied to evaluate the creep behavior, the stress relaxation test is proved to be superior to the traditional
creep rupture test for its short time, small at damage, abundant of information and so on. In this work, the stress
relaxation test was used to analyze the creep behavior of two HR3C heat resistant steels with different grain sizes.
Additionally, considering the change of microstructure during serve period, the aged HR3C steel was used to
compare with as-received HR3C steel for studying the aging effects on the creep behavior. Furthermore, the creep
behavior was correlated to their microstructure characteristics. The result was shown that the creep behaviors of
two HR3C heat resistant steels varied significantly in

"B K R RR R 45 H 51171087 A 51134013 #E 1) spite of their similarity in chemical composition. The
Wi S397% H 39 2014-05-02, Y EEE0R H #1: 2014-06-26 coarse grained HR3C steel had lower creep rate, larger
A w9, 1085 4E4:, Mt stress exponent, greater activation energy, and higher
DOI: 10.11900/0412.1961.2014.00225 creep resistance than that of fine grained HR3C steel for

both as-received one and aged one. The long-term aging
process damaged the microstructures of two HR3C
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steels, increased an aged HR3C steel’s creep rate, lowered stress exponent and activation energy and reduced
creep resistance. And the damaging effects on the coarse grained HR3C steel were larger than that on fine grained
HR3C steel, which means the coarse grained HR3C steel had much more stable creep resistance than that of fine
grained HR3C steel.
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Table 1 Chemical compositions of HR3C with standard and by measurement
(mass fraction / %)

Mn Si P S Cr Ni Nb
Standard  <2.00 <0.75 <0.003 <0.003 24.00~26.00 17.00~23.00 0.20~0.60
F-HR3C 130 032 0.029 0.006 2491 19.78 0.390
C-HR3C 116 039 0.014 0.003 25.22 19.96 0.305

Note: F-HR3C—fine grained HR3C steel, C-HR3C—coarse grained HR3C steel
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Fig.1 OM images of F-HR3C (a) and C-HR3C (b) steels
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Fig.2 OM images of aged F-HR3C (a) and C-HR3C (b) steels



A% I ACTA METALLURGICA SINICA

Kl 2 74 2 Ff HR3C i #N £t 750 °C, 3000 h B 5 Ab B f5 i FE 1) OM 8. SHIURAS 2L, I RGEs
PILHZAH BT B8 AR SN, B LR . SCRR[L8]4E Hi, HR3C i AN [ 775 245 (1) ZH U bt H T 97k
5 T B B Y T A5 R ) NDCEN A, RST N 0.2~0.5 pm, 5 i Ab 5 2 o7 B 435 A4 T VA ) S PR 45 —
FIMTHY, 28 750 °C, 500 h I 20U, S BT P LAGUIR MosCe AN, %6 20 nm, K 0.2~1 um, [HI N AEE
SR NbCrN AH BA A2/ 5 (1) Nb(C, NYFHEE, T df S R ST HY MagCe AHUL D& o AH. SCHR[L91A AR
I RUCERT (] FRTZE A, MsCo, NDCTN SZHTAT H H K, (HK R ELZNE, 3 4h, it &t Al i 2000 h 1], ek
BT 0.5 um ) MeC 4, S FHARHT HERIR o A, X885 AR 76 S -5 b R EATH, £ HR3C i #4411
WO ZH SR AR AR, i 6] sl PR R = AR s, 78 A S AT H R B8 AR R T B ARG T A S RO S e
AE, XA S R BRI S 2SI a4 S S5 A 3T Image Pro Plus v 5 &tk R B 45 B3R B, I R4
J& 2 Fh HR3C [ b R ~F I oK A2 A 55 (128 4k, F-HR3C 4R 1) itk R ST AR5 17 pm 7245, 1 C-HR3C 4R (1)
L RCTBE R, 2974 40 pm.

2.2 N SRER X R

250

@ )
As-received Aged
2001 —m—700°C —o— 700°C
—e—750°C —o— 750°C
—A—800°C —A— 800°C
< 150 - g o
o -y a
= TR — =
7 B P
© 100 - Do o
) \0—0:2 — o
—e—g——p
Q - \D
50 &10‘6\6 ®
AA\A~A\ A—A A N
0 1 1 1 1 1 0 1 1 1 1 1
0 20000 40000 60000 80000 0 20000 40000 60000 80000
Time/s Time/s

Kl 3 2 Fft HR3C TR #AvEM F il Nz g s it b 2k
Fig.3 Stress relaxation curves of F-HR3C (a) and C-HR3C (b) steels
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Fig.5 Comparison on creep rate of two kinds HR3C steels at as-received (a) and aged (b) states
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