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Table1 Analyzed and nominal chemical composition of GH3230 alloy powder (/%)

Element Cr W Mo Fe Si Ti La Mn B C Ni
Analyzed 22 14 2.0 0.5 <0.03 0.01 0.005 0.3 0.01 0.15 Bal.
Nominal 20~24 13~15 1~3 <3 0.25~0.75 0.2~0.5 <0.01 0.005~0.05 0.3~1.0 <0.015 0.15~0.5 Bal.
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Fig.1 GH3230 rod-shaped specimen deposited by selective laser melting technique (a) and schematic diagram of cutting metallographic

samples by wire (b)
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Fig.2 Part drawing of high temperature tensile specimen
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Fig.3 X-ray diffraction patterns of GH3230 superalloy in

deposition and solid solution treatment state
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Fig.4 Thermodynamic equilibrium phase diagram of GH3230

alloy obtained by calculation with JMatPro software
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Fig.5 SEM images of typical microstructure of GH3230 superalloy deposited by selective laser melting technique: (a) longitudinal

section and (b) cross section
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Fig.6 SEM images of typical microstructure of GH3230 superalloy deposited by selective laser melting technique after solid solution

treatment: (a) longitudinal section and (b) cross section
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Fig.8 Tensile strength and yield strength of GH3230 superalloy
in deposition state and solid solution treatment state

(tensile test temperature: 1000 ‘C)



57

REMEE: PAEFNT IR X POt GH3230 iR & & B U milf R 77 2 E L RE I R R

©2659 -

SO\ KRR ) 1R 0L 56 P R0 e P o P A T TR A AR
Ao BT EEAF R A, R T AN AT R G
FEE VA RS, AR EERAC. MR KOR, % bR
DA 35 25 6 RE L, 5 B30PT s 5 BE % Jee R o 320 A L B A1

B9 M PTRAZS K [ 9% 45 GH3230 & 417 1000 C &
oy A B8 2 T B 45 DA v 0 G I ) S Ao e I ke
M4z . Wi 9 fizx, UIARAS GH3230 & 49\ M 4k
161 R W THT UL 40 26 43 39 N 47 5% F1 47.5%, K% 1) 23 5l hy
4%7F1 5.5%, M) E MR LK T i 12 5, B
W T US4 SR EL A AR T3 9 5. AL, AR S GH3230
AEAETH B ERLEEZERTENEE. FNK
FET, WO XA A0 A5 2 AR & B B B
PE, AR R0 5 SRR T (D AR
AT, FERCTT IR AR AR TR, AR RS B 2 B i R
(P BELAS AR AR AR TR 1, BRIk rESh I b, MRLE
BRI BT R J7, R R I H H R ) 58 4F
(10 J2E {1 56 K T THTUSCAR 2% . a0 9 o, [ 45 GH3230
B 4 10 G 1) S A 22 K% W THT UAC 4 26 43 il K B 60.5% A
60%, #5735~ 6.5%F1 8.5%. SUTAAMEL, dhiA
{18 SaE e 5 i W TR WS4 22 30 A S 5 i v o R I () S AP 6 I
W T W A A R R A /N R, B SRR AR L, ok
S JE A 28340 7 W7 T UAC 406 38 B AAAE S 3 7 o [V A PR
fEPTRZS GH3230 Mg m i R R A g5t~ . &4, (A
A AL FH B T DO A A e R e R PR g [ B
ARLy, VBRI L) 4 A B AR A SR 7 AR R AR

Signal A= SE1 Dato 9 Jan 2021
Mag= 18X Time :132540

200pm EHT =2000 kv Signal A= SE1 Dato 20 Mar 2021
i WD =125 mm Mag= 19X Time 1132015

MR REME: S, AL ERRRAR T EVAE, /N T &
MW AR, [, WPERS TR EE, e8I
PR =, EEAHEERES, & EIREr
B A AL D s AT FLAE I, A &M T AR
M B, AR 4 Re 08 R FF R A28 P . [B1A
WEERJS,  EARUR/N TSR A, (IR i 4 E A
SURFEMARATAE TS 75 9 1) B A8 [ 110 5 fof 2 I e
T4 2R ATIAFAE 22 57 o

Kl 10 A [E ¥4 GH3230 A 4:7E 1000 °C & il Fir A
BRI A T (R A T 1 SEM TSR o O 1 i RE e 7

70 70
651 Elongation Longitudinal ] 65
60} Shrinkage on cross section 60 <
551 55
° 50F Longitudinal 150 .g
S 45} 1458
'5 40 r 1 40 %
S 35} 135 8
230F 130©
2 25} 1258
W0t 120 &,
15t . H 15_54;’
10 Transverse ransverse 110-2
NN m 15 &
0 A - > : - . 0]
s deposited As deposited Solid solution Solid solution

B9 PR K EEA GH3230 i & 4 M RE {28 K 07 ik i 45
A (Rl iR 2 1000 C)H

Fig.9 Elongation and shrinkage on cross section of GH3230
superalloy in deposition state and solid solution state

(tensile test temperature: 1000 C)
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Fig.10 Longitudinal (a, b) and transverse (c, d) tensile fracture SEM morphologies of solid solution treated GH3230 superalloy
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Effect of Heat Treatment on Microstructure and High Temperature Tensile
Mechanical Properties of Selective-Laser-Melted GH3230 Superalloy

Song Zhikun®, Liu Yuanfu®?, Chen Degiang?, Li Wei', Sun Guangbao®, Yu Hongyao®, Wang Rui®, Zhang Lele®
(1. Beijing Jiaotong University, Beijing 100044, China)
(2. Henan University of Science and Technology, Luoyang 471023, China)
(3. Beijing Key Laboratory of Superalloy New Materials, Beijing 100081, China)

Abstract: In order to effectively improve the comprehensive high temperature mechanical properties of GH3230 superalloy, the GH3230
sample was formed by selective laser melting technology, and the solid solution treatment was carried out according to the designed heat
treatment system. The microstructure of the alloy before and after solution treatment was analyzed, the high temperature tensile
mechanical properties of the alloy were tested, the influence of the morphology and distribution of precipitated carbides on the high
temperature tensile mechanical properties was studied, and the mechanism of high temperature tensile fracture was discussed. The results
show that the microstructure of GH3230 superalloy by selective laser melting is composed of single y solid solution columnar crystals with
the same growth direction as the material stacking direction. After solution treatment, MsC type fine carbide particles with chain
distribution are precipitated along the grain boundary of y solid solution columnar grains, and MgC type ultrafine carbide particles with
dispersion distribution are precipitated inside the columnar grains. The columnar grains become coarser, and the grain orientation
difference decreases, showing a trend of equiaxed grain transformation. The degree of anisotropy of high temperature tensile mechanical
properties is weakened. Because the microstructure is still columnar grain with directional solidification characteristics, the mechanical
properties of high temperature tensile in different directions are still different. Both longitudinal and transverse high temperature tensile
fracture mechanisms are intergranular ductile fracture.

Key words: selective laser melting; GH3230; microstructure; strength; plasticity
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