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Table 1 Chemical composition of the investigated material (/%)

C Cr Fe Ti Nb Al Si

Mn S P Cu Mg Zr Ni

0.048 1533 6.96 2.58 0.99 0.74 0.10

0.05  0.0010

0.0040 <0.07 0.0043 0.050 Bal.
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Table 2 Room temperature tensile properties of the
investigated material
Yield strength/  Tensile strength/  Elongation/  Reduction
MPa MPa % of area/%
634 1090 18.8 18.5

fs HER: 2016-11-05

ML 73 st 56 1 A5 IR IRRE ) H 10 mm>8
mm>6 mm K, SR A LS R 400 AT TR
FEYABHE R R I BEAT AT, WG /E, £ 15
g CuCl,+#100 mL HCI+100 mL C,HsOH & H 1= 1
30~60 s, Hilf3HIRMEEAHAL MR RH 20%

TEH BN GHE, 2, 1963 44, 181, BIEER, bl RN R R A 5 TR 548, kst 100083, E-mail: zengyanping@mater.ustb.edu.cn



511

H RS AE: GHAL45 548 ki itk Ret 7

* 3317 -

H,S0,+80%CH30H 7 AT ik 1 B i He ik A7 FL i 4
Fe(HfFFLE A 20 V, B (8] 20 s), 28 )5 K L 7E 150 mL
H3PO4+10 mL H,S0,+15 g CrOz & W i3k AT fL iR 4= il
(AN S V, BFECY 3 s), 615 T WaHT 4
OR7W S S o i A T € DM ~ 3 e S i EA A
K ZEISS SUPRA 55 %37 /& 5 73 v 7 15 1 i W 2
W A . I Photoshop A4 3K FH 8k 25 25
SE R S kRS, A Image-Pro Plus 3%
R RGEDN 2 e oK NERLE RS, 255 F)
FH Photoshop #1 Image-Pro Plus %4l & i e v A A4
(17 35 R~ RO AR 49 5

2 HER50H

2.1 GH4145 & & W At EE

GH4145 &N st Zean & 1 frow, Zih
LN RN R Fy kst il 2%, RIS R R B R,
NFASHEE 1 BB BEE RIS M R, B R R
WA, HEANRSILES 2 BYB. IRV N SN 364.7
MPa, 2000 h J& 2 N /124 327.3 MPa, MU TR T
37.4 MPa, XFEHH GH4145 44 EA BIFHIPUN I
st Bt o
2.2 GHA4145 & &N ORI A EH B H/MELEN

221 S£HAR

R ARSI IREG BT 5 GHA145 &4 1 4 A 2H 414 /&
2 Fimme ATLLE M, W6 AT G & 445 i 45 h i 4L
L YA R L T e IR 40 A [ SR 2 4 (B
—UERWINAFTE, SRR/ E], fEES R A 2
BERIR /N 2 Fhdhbn, Kbk m-FIRSF208 326
um, /N ERRL IR P38 RS20 28 pm. BT RA bR G )
KRS SR ARMAKR, MRS EEHEKKR, K1
JFHERE 49 pm, B4 4 001 35 dobi R A0
ORI 118 pum K H| 1385 1) 160 um. /MRS &
R K 9K S0 75 2 i 7 B B ae (BP AT RE) ol kL),
o T RER R, SR AE L B . A T RN S SR A
DN iR TN R Y AA R /(LR E W SRV s LA \Y N
KLk 22 B R HAKK .

222 yHR{LAE

WiSCRRIRIE, GH4145 & & Mt A =2 5!
SERALH A BRAL B, B 3a TRt TR Sy bR
GEPITHAHKIES . fTUUE W, B yumiAE s, 7R
i T I AF AE 5 I 22 20 A B K SR B A P o 0 i e 4k,
VAR N — B AL ) E 4T EDS (energy  dispersive
spectrometry) BE 1 73 #r, 45 R R il 2 i A rik

PId & dh ) — R BiAe 4, et Nb A0 Ti & 3 I
TR ILE 4), VX SRR E Nby Ti i
MC ARtk 4t

WEAh, R st A ARy A AR B TR AN
JR~F A R [ (L 1] 3a T 5a), BRE A6 T 5 N BT
ASETT T y R RSF IR, HAP 3 RS20 97.5 nm;
TEIX LS 7Ty hH 2 18] LA S AE & 53R & P9 B Ak 40 J
3T T ALERTE ) p R RS EUN, 1T BF 3 RT 4
4 39.6 nm; JEEH KIEHIRSFZh 20.7 nm.

B RO AR R RS by MRS AT 51— K
Feo INERIE — KERIE — 37 T — Bk Bk )\ A1,
XFT A Bk 2 TG B AN A A, BT TS
T Re Y2 G p AR EZR R, NI yHE 2
BRI, HEHEELE, BEE pyMHIKKR, #rENA R
BT R, MHER—EEE, y ke NERTE AR

400

380
g 360
= 340 .
2 00 Mo g Fu T
c‘g 300
£280
5 260
§ 240
220
200
0

400 800 1200 1600 2000
Time/h

1 566 ‘CF GHA4145 & 41 R Ay il th 28
Fig.1 Relationship of remaining stress of the investigated

material vs relaxation time at 566 C
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Fig.2 Optical microstructures of the investigated material

idal secondary ' 40 2aese

- Dipesd spherical
) seondary Y

. ok
5 Aggregated spherical [
y secondary y’ )

3 MR IIRIG T ST GHA145 & &AL T H AR
Fig.3 Precipitates in the investigated material before (a) and

after (b) stress-relaxation test at 566 C
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Fig.4 EDS spectra of the carbides in GH4145 alloy: (a) matrix,
(b) intergranular carbide, and (c) primary intragranular

carbide
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Fig.5 Dispersed precipitates in the investigated material

before (a) and after (b) stress-relaxation test at 566 ‘C
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Table 3 Average size of ' precipitates in the investigated
material before and after stress-relaxation test at

566 C (nm)
Precipitate Before test ~ After test
Cuboidal secondary y’ 97.5 104.3
Dispersed spherical secondary y’ 39.6 44.4
Aggregated spherical secondary y’ 20.7 215
Spherical tertiary y' - 17.1

F 4 GH4145 &M MK RIENHIKEEE
Table 4 Brinell hardness of the investigated alloy before
and after stress-relaxation test at 566 ‘C (MPa)

Hardness, HBW 5/750 Before test After test
Value 3000 3460
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Stress Relaxation Behavior of GH4145 Alloy

Zeng Yanping®, Yao Dazhi', Cai Wenhe?, Wang Zhichun?, Dong Shuqing?, Li Weili®, Zhao Weidong?
(1. University of Science and Technology Beijing, Beijing 100083, China)
(2. North China Electric Power Research Institute Co. Ltd, Beijing 100045, China)

Abstract: Stress relaxation behavior of GH4145 alloy at 566 <€ was investigated. The results show that the alloy has good resistance to

stress relaxation. Before the stress relaxation test, the GH4145 alloy is composed of equiaxed grains in a wide size range. After the stress

relaxation test, the small particles grow obviously and thus the average particle size increases. Although the average grain size of the alloy

obviously increases, the coarsening rate of secondary y' phase is very slow. The hardness of the alloy is increased by the increase of the

volume fraction of cuboidal secondary y' particles with larger size and the precipitation of spherical tertiary y’ particles with smaller size.
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