F

‘!t s =
908 {EE rounory JLIG RS

Vol.73 No.7 2024

RS EN—MHCIEHIERESREE

B SHERERIRZNY

MR, BEL?, TR, RERE, F=2E°, ArS
(1. PR T UASMMAE S TIRER, T 110870; 2. hERSFRSMHAZAT, {700 110016)

EEREN:

PR 22 (1998-) , %z, A
T, EEHRRBEIHRL
B X — 0 BB 18 A
FERESEESEHR
5N, B-mail:
cs17824946735@163.com
BHVES

WMELL, B, BIARKA,
i+ S h, =B iE: 024-
83971807, E-mail: yhyang@
imr.ac.cn

hEDES: TG132.372
NEFRIRIE: A

N ESHS : 1001-4977 (2024)
07-0908-07

BEemB:
EpEMERHT (JICKY
2020130C024 ) ; EZRREHY
E|AEIN ( Y2019-VII-0011
-0151) ; Science Center for
Gas Turbine Project ( HT-
P2022-C- IV -002-001) .
Wis R

2023-08-17 WEIHFS,
2023-10-10 WEHEITHS .

WE: LIZGH451EE NIRRT, FIHOM. SEM. EBSDEFERIAZR 7 MEE4ER1EAIH
WEDFNFZ MR, ERER, KREHETZNIER, ZGHAIESIRFABESL, MW
ALAPHAHERSR, BRRITINABEAIIRSIIERT N, FENBERNSEAEKI
% . EEMBERERD, HMILRTRS2E0.226 5% ~NFEZ0.000 512 5%, BYERH
80 pm FEZE13.5 ym, BEREHFRIBRENHS, UBEERTREK. EASHETS
BfE, RENAONRIN DT AENS, TRRERAKEBENE; HEFEEFRERIERER
KIELEF, HIP1180 T ZA M BAIZGHAS1 A S4B MHY 411 EF-EHV 430, 10T 4.7%;
WS {RKEIZEE 735.29% ., RIIEENAEERET Z/IRE, FZGHA1EEIRE T RIFN
H{E4ERE
XHEa: B

BREE; BMENE; RS, NRMEee

BRESRASHTHENAREENIMEMHSE S, ERIMESEIINX
EImER AR EEA R . AT, EIARENE e RIEE T ERS T B8O
SXMTSENNZHENRES EESSEHN T NA. flal, FISEFHRES
HEENESAIVEESESEREHR, FE— " +oEXNITKE—11E
BAECEAERITINT., BEEFNCHE. BiEFE. seEBUNREE+TD
FERBEINTY . U EEET B AET ST ZEFGE RN, SERE
ERASHIMENRE, RIBINASM2022EM0%1t, SRa S RNI0%ES .

mrrEE (AM) BARRRELAR, BATEESESSEZTHRIMRIESIS
FEAG, $F3I2IERHCENE (SLM) AN BLN THEES EESTHM
BEEHNS, TZENTHREME. ARt BEY . AEFESMEEREIHN
FHER . SLME—FTE T SREE RS EIDITENRANY, HRBEEITHIH
TBRRIEEPREE IR AR R TINR, SIABD RS TIEF A WA S, i
SCIARE TR . SIESHISESREY, CRR T ESRHIE L SEERN
REEHK. REREE. BRHEBZEHE oM, BEEREEES. TEKFEERS
7. BESEMA . KESLMEARBEEN T HR IBERIL20~50 um, E5HREHY
SEEHHNERERMY,

SR, AFSLMFESREFEEREIRERDS, SEMRIFrF=ERRN HER
b, BEEs[RETEHTIa AR, MEHE (HIP) T2, BYsSENsENES
fERiREESEEaE™. Eae?. BagY. CLAMRP IS E B & YINIAL-Cr-
Mo& & HIFLIR . MESFIRIBUWERL, NSLMESHEMHRET —MERES Tig
ERIRRIR T2, BER ZNATSMENEHERY, ZENE B SIEHRES
ELZAMERZERE T DDA EHIFLIEER . Han™HE A KIHIPEITS EGE SR
Wtk (S0, B ) MRmITRIES ML, Sn™E AT AEIR1E ALIGH3536
HRAHIPHISSHTAN RS, HRIEESELTHRER, |NTHE, UBEET




2024%F ETHIET3E

B

AL =M BB ISR E SRS S AR
R, oM T REREFHELZLHENZESHRMMNE
BN, EENZEESNREHRETZHIERMR
WAIEINSE

1 et SEE

REMHRERFERFREEBHRMBEEHED
—MIEEMTIES RS EMRIZGH451., RINESE
A ZER S » G HIIERE fr B B R RO RS
1t (SLM) T 241, iZSLMT ZXEC0o,45 e,
RARIPFBERHITHERGIE, BRI ZS80%E200
To PAEFEGRRNT 920 mm x 20 mm x 80 mm,

®1 ZGH451EERIUER S
Table 1 Chemical composition of the ZGH451 alloy

Wg /%

Ta+Mo+W ALTi  Cr c Co B Ni

15.8 6.0 80 005 80 0015 Hf
F2 SLMIZS#H
Table 2 SLM process parameters
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Fig. 1 Size of tensile specimen

2 #R51He
21 AEFRENRHFLREAIRI

A A EBTIISNERN DEREEEEISE
PR, 1BHISEES RS S ZGHISITERSE
Fa AR 2 BT 7650 C/4 hER RN,

B2 h &R ET 2B SRS BHAN O
WL, MREEEPFEAERITRINNERILE
(El2a) , EFEITHIEARIRSECRLI1E0.25%; s
SHET ZIEENEEEMILEBEEMG (E2b.

: >
~ o
= e
ot
50 pm
(a) VI (b) HIP1180 (¢) HIP1220
E2 oM
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Fig. 3 Morphologies and distribution of micropores in the ZGH451
alloys after different HIP processes
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Table 3 Holes statistics for alloys %
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0.226 5 0.0005125 0.000 642 6
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Fig. 4 Comparison of residual stress results of the alloys after
deposition and different HIP processes
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Fig. 5 SEM images of the alloys
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Fig. 6 Alloy structure morphologies and EBSD analysis
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Fig. 8 Hardnesses of the ZGH451alloys after different HIP processes
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Fig. 7 Microstructure of different alloys
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Fig. 9 High temperature tensile properties of alloys under different
processes
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Effect of Hot Isostatic Pressing on Microstructure and Properties of a Laser
Additive Manufacturing Nickel-Based Superalloy

CHEN Shuang’, YANG Yan-hong’, GUO Zhi-qiang’, LIANG Jing-jing®, LI Jin-guo’, ZHOU Yi-zhou®
(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, Liaoning, China; 2. Institute of
Metal Research, Chinese Academy of Sciences, Shenyang 110016, Liaoning, China)

Abstract:

ZGH451 alloy was used as the research object to study the microstructure and mechanical properties before
and after hot isostatic pressing by OM, SEM, EBSD and other methods. The results show that after hot
isostatic pressing treatment, the molten pool of ZGH451 alloy specimen disappears, and the microstructure
is still columnar crystal, whose grain size and direction are basically consistent with the sedimentary sample,
and there is no recrystallization and grain growth. The microscopic defects of the alloy were greatly reduced,
making the microporous volume fraction decreased sharply from 0.226 5% to 0.000 512 5%, and the
effective diameter decreased from 80 pum to 13.5 um, and the dislocation density gradually decreases with the
increasing of hot isostatic pressing treatment temperature. The residual stress changed from tensile stress to
compressive stress, and the tensile strength had not changed significantly. The Vickers hardness of ZGH451
alloy treated by HIP1180 process increased from Hv 411 to Hv 430, an increase of 4.7%. The elongation after
breaking was increased by 35.29%. The above results proved that better tensile properties of ZGH451 alloy
had been obtained after suitable hot isostatic pressing process.
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nickel-based superalloy; additive manufacturing; hot isostatic pressing; tensile properties
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