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SEIR AR FH H TIE R A F A S5 & 1) GH3536
BESRAG SR, WERSWME 1 Fin. BRI
PERLF (<18s/50g) , S4B <300 pg/g, KHHEK
S B S R TES A & 1a T, K2 50k KB
ST AL LG JE BERTE » A7 A5 A T3] AN K00 TR A A [ «
KOG R BE AL HELOS (H375 1) 5k A ki 42 2 &
1b iR, B AR AR B A 15~53 pum, P3R5y 33.56
um, FRRYERMERT A SLM BB T8 . AUCKH
BRI %k SLM-100, ERA R HET R4, %
JERBN A HOERS . e K DI 500 WL 0
WK 1064 nm. YEBEE AR 100 pm. 5 K IE R SF R 150
mmx150 mmx200 mm, i KHIE R E R 20 kg AKX
W T ESHUEBOE % % 160, 180, 200, 220 W,
I 800, 1000, 1200, 1400 mm/s, JZJ54 30
pm, FIHEEEE A 60 um, 4 SRR E e i 670Kl 2
FiR o

#1 GH3536 REFESEMRUENS
Table 1 Chemical composition of 316L stainless steel powder
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Fig.1 SEM image of GH3536 nickel-based superalloy powder (a)

and particle size distribution (b)
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Fig.2 Schematic diagram of scanning strategy of SLM
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Fig.3 Fitting curve of density and energy density of SLM
processed GH3536 samples
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Fig.4 Optical micrographs of SLM processed GH3536 samples:

(a, b) cross section and (c, d) longitudinal section

gity BRI, SAEIA LG, R AR 2
S HRLS B T A b, SR 2 [HI I T
BN AL A TR SR 0 ) 2 PE R LRI 5
w71, A4 Hall-Petch G 2 ml 41,

_L
o, =0,+Kd ? (2)

b, o, WIEIRGRIE, o0 A1 K ARERMEIME RS, K
FRALGh SN SR BE S W I FR B R, d kLK. AR
PALAS PR, TR HERR IR A, dn A B T S
AR BIEMER, NIET TR, JA SR
AR S B e R SE R, W RA SR B
AR A I ) dloRc A B A Ak, BRI PERESRAS T R 4FI1
VERL .

SLM  JJ it 2 rv A v (10 ek J8E Aofs 3 R A R (1 ¥4 200
MR, HEMEERE A KR S AIE R, R T I
P, SRR AT B T, KA R S ECH BB R
Kl 6 SLM JlJE rp it [ 4L o 2 18, HE WA, SLM
156 ] B b R v R T A RN A K S AR R DA G, 4
i3 7 20 B AATE AL T B0 AN AR A,
GH3536 R Ry rERe, FLEUMELFAHE,
I I 4 JR A R A1 B 28 R RN Kl X T RE R
B H OB R B R . fEREIERTR, SR
KT v LTV P B I, RV R R ) X
7 T AR POY T 9  THT Ah d ol E E  Ie) f 4)
KFHABTT Mo &, SR d oy m A KB, B
DAREER I b AR AR, K2 HOFR A R R
T A I BB R R T ) A K T T ) B gy
e, BT R AR KA B T I, K 2 B0 S Y



98

bl

SO OB L GH3536 Bk i A S IO 4 SURN G AR )

* 3185 -

[ Aspect ratio a

Xon=1.828 x,,=7.0989

(=]
T

Frequency/%
wW W
S S

2 4 6 8 10 12 14 16 18 20
[ Aspect ratio b

m=2.831 x,,.=20.075

Frequency/%

2 4 6 8 10 12 14 16 18 20
Aspect Ratio

5 SLM HiJb GH3536 i Ff ok % Lk 43 i [
Fig.5 Distribution of grain length and diameter ratio of SLM
processed GH3536 samples: (a) cross section and

(b) longitudinal section
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Fig.6 Schematic diagram of solidification heat transfer in SLM
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Fig.7 Orientation distribution diagram (IPF) of SLM processed

GH3536 samples: (a) cross section and (b) longitudinal

section
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Fig.8 Inverse pole figure of SLM processed GH3536 samples:

(a) cross section and (b) longitudinal section
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Microstructure and Crystal Orientation of Nickel-based Superalloy GH3536 by
Selective Laser Melting

Zong Xuewen'?, Liu Wenjie', Zhang Shuzhe %>, Chen Zhen?, Yang Yumeng®
(1. School of Mechanical Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)
(2. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
(3. AVIC Optoelectronic Technology Co., Ltd, Luoyang 471023, China)

Abstract: High density GH3536 Ni-based superalloy block specimens were prepared by selective laser melting (SLM), and the
microstructure and crystal orientation of GH3536 alloy were analyzed. The results show that with the increase of laser energy density, the
density of the formed sample increases at first and then decreases. When the laser energy density is 180~230 J-m™, the density reaches
above 99.55%. The structure has obvious anisotropy, the microstructure perpendicular to the construction direction presents a checkerboard
morphology, and most of the grains are equiaxed (the length-diameter ratio is 1.83) and are refined (dmean=11.23 pm). In particular, the
grain size in the lap area of molten pool is relatively finer (less than 5 um). Parallel to the construction direction is the fish scale
morphology, most of which are columnar crystals (the length-diameter ratio is 2.83), with a larger grain diameter (dmean=25.96 pm).
Simultaneously, SLM processed GH3536 Ni-based superalloy has obvious preferential orientation. On the cross section, the grain has a
strong <100> orientation, which is cubic texture {100}<001> when it is perpendicular to or parallel to the construction direction. In
addition, grain growth in SLM solidification has a significant effect on the evolution of crystal orientation in grains, the crystal orientation
in the deformed grain of the longitudinal section does not change obviously, while the crystal orientation in the deformed grain of the
longitudinal section changes obviously, which is due to the extremely high temperature gradient and rapid cooling rate (10° K/s) of SLM.

Key words: selective laser melting (SLM); GH3536 nickel base superalloy; density; microstructure; crystal orientation
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