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Fig.1 Schematic diagram of LSF technology
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Element C Cr Co W Mo Fe Ni
Mass
) 0.05~0.15 20.50~23.00 0.50~2.50 0.20~1.00 8.00~10.00 17.00~20.00 Bal.
Fraction/%
Element Al Ti B Mn Si P S Cu
Mass
<0.50 <0.15 <0.010 <1.00 <1.00 <0.025 <0.015 <0.50
Fraction/%
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Tab. 2 Summary of room temperature tensile test results of the

SLM and SLM+HIP Hastelloy X specimens

Sample SLM (room temperature)
location c0.2/MPa or/MPa 8s/%
Centre 816 936 35
815 937 36
Corner 812 926 34
813 923 35
Hot forged 379 767 44

XU MG R GH3536 & ek, 1%
PERER) % 17 S PR H B AR . i T O AR IR
BT 10 S TR R B f D 45° 38 90° 2 [, 3 80w



KL AE B N AF AR 22 57, IXPP & R VEAE ORISR S s i e (B 2600 HET s (79I 5K K
ah R DUE, JF @ i TZSHCRH R, FOORIPTIAA GH3536 & & HIBLHIERERIFE R A %
EAT DL I )5 AL BE R A o (30167185087) - ZhangOVj@ . At ACPHIREER RACEA B A, TR

xof DU AR SRS B ) GH3536 SR tERe B, A HY A0 SRR B 4 1 U 18 0 F i & < 1 58 AL T
P AR JE IR B2 v T2 ELIARE, B3 GH3536 & EE ISR T E: Hik, 5
WA T B A . XRFDUKFRBERFAEEZ S KT IR, 0 B R R I 5 i hr 9 R SE
FAANC A . DL, S AR AR SR RN S B A iR eAh, XL @Y LPBF GH3536 &4
PERERIZE 7 . XiaoPO%EXT LSF GH3536 &K BHATIAEEAAERS S A B )5, MR T && N KT
AN BT A BOE AR AL PR REREAT T ELAL, &SRR MEEECF M SRR RS ZE R, I HEER TR
B, KPR DS EL Py v o S /N B AR SS GHB536 & e i /1 S PR RE S ) A VEAFAIE -

750
ol @ B (b)
O | ———
= = "
2 ( 41) L
2 400 2 ‘,W|| "
7 N 7 ‘r H |
— H25°C kil
—yare | ’
200
—— H-500°C
— V-500°C
0 65l . - " i
0 5 10 15 20 25 30 35 40 45 24 25 26
Strain (%) Strain (%)

Kl 26 LSF GH3536 7EAN AL 13 I8 A7- A8 i 2k (a) LSF GH3536 19 LR R A7 R A% 1 £ (b) 45 v iR B s (120

Fig.26 The stress-strain curve of the LSF GH3536 at different temperature (a) Engineering stress-strain curve of LSF GH3536, (b)
serrated tensile flow

WEFARW], SBEBEMRERE (HIP) ME0L  FREZRCEKRIL, 7 1177°C/1h/AC+745°C/6h/AC
RGN GH3536 G4, HIRESAPT MR, Hi7  F4T, dTAHEEEE, §eERFREREAA
A TG T ZHI% M GH3536 <. [N, MEHIIE KRR T, A2 TR (K27, SECOPHTR
B ERTE, oMM sE 7 H Stk fadixeest T EEREXT LPBF GH3536 & 4 hifhPERE 52,
)5, GH3536 & &REWETHER N HRGRIE, BEE R KILEA BEIRE R TR, /N R AR R L B B
Ther, SRDEEIA N LAk, BERIR MasCe AHTE PEATIRSS, USRS, W& A AL
ArcRL A B A i SR T Y, A RGR A T AR B AEOSS  WpRR >, BrRisREEIZEI I (& 28). BICR M
XIGLORE 5L T B A 5 R EF R TZX LPBF RIS GH3536 &R I H m R IKBIFIE, H
GH3536 &<aHIffftEge I m, SRER, KEE  WRITAENR: 2REHELHE, 5%
ALBEMIAER LS, GH3536 AN EIMRIGHER, AR, TOERREY RGN, &
BERAT ARAE SoRL R 2 50 0 A, TIHEE T &< ih AEmESEEARE, Ser2tks—ERIt, I
fitkRe. Xia!®i@id 0 LPBF GH3536 & &7 =MA  HOFEDFE L.
(b) 44f

42+

40
38F
36
34F
32
30F
28

26+
i 1 i 1 24 L 1 i 1 ' i 1 1
0 10 20 30 40 AB HT1 HT2 HT3
Strain (%) Samp|e
P 27 SLM GH3536 (5 12V BE (a)FF i i AR - BiAR #2 (b) AN R AR B 264 N TR GH3536 fifi < 2(190)

Fig.27 Room temperature mechanical properties of GH3536 prepared by SLM (a) engineering stress-strain curves of samples (b) the

Stress (MPa)
Elongation (%)

elongation of the as-deposited GH3536 under different heat treatments



HREAINTE :

WotHM i GH3536 il & 40t 7l it

900

e RS BRI e WA R 70

750 60
= 600 50 =
z 40 3%
&< 450 W
= 30 =
=300 \c
20 5

150 10

0
ST1100 STI180 STI1220

EFab R T Z
(a) ik

280 25

. 0 i ARGER Y mm Ui R wm S SR

240 .

200 S
=160 15 =
= W
=120 0=
"~ g0t =

5
40
ot
ST1100 ST1180 ST1220
EFa T2
(b) 900 C

28 AN [ [ It B R i e (190

Fig. 28Tensile properties of samples at different solution temperatures. (a) room temperature tensile;(b)900 °C high temperature tensile

5.2 RIGIHF=ERE

BRPLAHVERESL, AR H7 ANE RE t 2 PRAL T2 454
MEHPEZAER, KL G T EH &1 GH3536 &4
T H R R AT B S R AR R AR RE . N TR
B G RIE I GH3536 A& 5165 L 2HI& 1
DR it AP ] 9 25 AL A ) iR AP RE (815°0),
2 HODEHAT TR, 25 RWR 3 Pros (Beah 17
AR 80°C, FEdh 2 MITIIEE )Y 120°C). #FHL
KW, FESL 1 7E 815°C/85MPa-125MPa 614 T HIREA
T T RELEM, QN HR AR 6-12 15,
T A 285 e AL A T U AR A R P B . SRR 2
FEAFFar ke al 1AK, (EAReE T A . I,
fE 815°CHAMF T, WOLHMHE MY GH3536 &< &
N ECEVARS GH3536 &< VLI B SR K I AR ok
B LA AR AR B

#* 3 GH3536 &< i e I Atk Ae (192
Table 3 Creep properties of GH3536 alloy at high temperature

Specimen  Stress/MPa Btrienalle(/l}rllg Elongation/%  Shrinkage/%
125 272 57 64
Bar 105 60.5 44 52
85 219.5 26 38
125 167 5.0 12
Sample 1 105 757 4.7 11
85 2580 3.7 4.8
125 39 6.7 10.5
Sample 2 105 118 6.0 7.8
85 456 / /
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Fig.34 Results of fatigue testing as-built and post-processed

specimens in LCF and HCF conditions
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Enrique Keshavarzkermani A,

A Review of Research and Development in GH3536 Superalloy by Laser Additive
Manufacturing

Hao Mingsong'?, Zhou Lin?, Wang Guan?, Wang Kai!", Liang Jingjing?, Li Jinguo®™
(1. The State Key Laboratory of Electromagnetic Processing of Materials, Northeastern University, Shenyang 110167, China)
(2. Shi-Changxu Innovation Center for Advanced Materials, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China)
Abstract: Laser additive manufacturing, as an advanced digital forming technology, is widely used in the research of high temperature alloy
preparation.GH3536, as a solid solution strengthened nickel-based high temperature alloy, is suitable for the preparation of components for
combustion chambers of aero-engines due to its excellent mechanical properties. The control of metallurgical defects, microstructure modulation
and mechanical property strengthening mechanism of laser additive manufacturing of GH3536 alloy are reviewed. The current research status and

progress of laser additive manufacturing of GH3536 alloy are analyzed, and the research on the influence mechanism of its tensile and creep
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properties and other research is expected. It is hoped to provide reference for the research and development of laser additive manufacturing of

GH3536 alloy.

Key words: Laser additive manufacturing, GH3536, Metallurgical defects, Microstructure, Mechanical property
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