.
High Energy Beam Processing ﬁﬁ&jﬁm:ﬁ

OGRS e 2 A e
Inconel 7184120 S5VEGEFSL

B K, PNAR, EEMGEE, R R, BRER
(4P HHH R F AR SRR AR E R E A TR E, KX 430074)

[#BE] # %% /= (Hot isostatic pressing, HIP ) H KL BAR R St ab B L B A2 ZH KRG ER LT £H1E
MR LA LR R B0 o R A AR SR 1R AL, A sk R IT T ik it KR AK( Selective laser melting, SLM )/
HIP £.& 8% L&A R, #1 A XRD.SEM .EBSD Aedifh ik B 242 T H AR H T &AM/ Fod RRA L Fadild bt
£E R R, AR SLM AR Inconel 718 && AR ¥ A /£ A R 5L Ao WL RS0, BB A A 98.3%. &2t K&
HIP )5 , AR TR G129 69 FUIR Fo 5L A A 42 B 269 JR 460 K A i % ( Prior particle boundary, PPB ). £.4
I L4M T, SLM I #) Inconel 718 5% AR LR Fo 2L 5008, 0, X=Y K d B ACE 45 A0 K, &% 5+ AR R AR, R AT,
S4B AL SLM & Inconel 718 Z 18 R A BT #UE, Fdm b da s S48k, B E L 4 16.7um, @6 iR

B E A 626MPa, 35 Ab i 0 A @ A S E A SLM AA HIP A2 ARGAME . ZEE + MahA )5, RE s

AR ERZHE]T 990MPa, B 2 45 A £ SLM R B4 —A il it AT 4 etk

LG T I RAR TATIE

A TACHAE  BE T AR B A T T

KGR : BOLLRBAC(SLM ) 5 #F H/E(HIP) ; Inconel 718 443 Rl ; /2127
DOI:10.16080/.issn1671-833x.2020.13.053

B K

HIfRE, ARABOARES
BEESHREREREER.ELERE
A FISER R

BEE LS LR A2 Tl 5 kR
BERAGR P K S , X HAT S 24k
H4J e N AR LB BE T 5
KA T, RS IRG S H TH
P R A IR ) SRR BT FIBT A
JEETIEERE B2 A4k
Inconel 718 54 7E 700 °CHY HA = 1)
PUHLR BE % 57 5 85 KT 240 BE, 7
1000°C AT HAT B s o A pe vk P
F AT, 3B 4 Al o 5 R Ui
A 45% ULE R o)
Iz E R

PEEHRE ( Hot isostatic pressing,
HIP ) ) FH ey it i FEAE RN Ay

FM AL AL, 3BT T AR
IR, S A0z F AR T4 H
TSR SRR ST R i B AL A 3
DLTH B 85 1 1) L B AR 0 s 58 BRI i o
¥ HIP AR S ERIER AR T2
Shh, TS 2 AR R AR O
it MAENE L AL AT, &5
WA AR B AL B R R . TR
FREEF A A 1) 2 2% AH
e XL ) RBREOR T
I, HET, — Bk AR s A
FRVE AR E, X Tt
LR E YRR T NS TE AR
L AR R A 24, T HIP

* BETE : EERHEEILI (2017-VI-0009-0080) 5 4 H BT R 22T T 4R P AT H

(2017QYTDO06 ),

20204E 55638 5513 00] - it hlE AR 53



N

TR iR G4 R E S
EXMEI T AR ML, FraEM RS
AR M B — AR, AR
38 SR LN T 4505 2
TR, SR G AR DR R, T IR
FE R I 2 R bR Rl F AR I
Mo IR 78 SR T SR AR AR B
e, AR S R AR Y L. %
JREIRRIM R S H A ETTRY
BOHRAAAE 22 5, EM BRI R Z
[ SAAER BT BZ. Y6470
R BRI i R st 2 e A b
FE B SR AF DTS M) o 24 %) 2 T o
AR RE

BBk X M4k (Selective laser
melting, SLM ) J&—Ff 3 T3 b4 i
T JEFR 0 4 JE AR R Ty ik B
SLM AR H s et Rz 2 15 4k
SIEBAR, SEG R AR, B
BRI SRS FERUE R, AT
P E Y =4 CAD R 3,
B HA G285 AR Z A,
KIEBOCVER T 5e emil, 3k 3G
GxfES . TRIEE, SLM AR HA
TR MORMRI R R
GRS W ORI RO
[E)%5, P ARAS I 2 B 1 215 5] 4
% TCHE AR T | T2 RE AR R AR
Ao B, AT AR SLM H6 A il i
HIP [l & (R AR MR, BE
AT LA IR A2 4 A 2 1 il s At [ o
WL RE O 5 T LB LOT R Y
[m]

H AT, £ X% HIP 0 5% F B4
T T2 Y R i 2 U
fig X /AR AR R Y B
388/, Scherillo 25 7 ffF5% T #14%
R Ti6A14V F1 AIST 304 13
BB FHEDN BFRasRE,
7E 1100°CF1 130MPa 1 T. 241 F,
WEFM AR Z 815 HUZ i G0 4b 15 5
T 150pm, ZEY HUZ S A KER
N HH . FeTi #HAN Ti,Ni Z54: & ) fb&
YIAH Wk A 4 R RE A B 0 R
i, 404, SLM HiARES G4 ¥

54 HisshEEEA - 20204 63 & 55 1310]

A4 U A A U R 7
SR Tz A sE . BN
HMEEGF SLM/HIP E A K T2 M 78
KEWHFFE. Qiul™ K A lH i b4 kHE
HAUE K TIOAI4V B AL R
NAEBERAT T 09T BEFEAS REH
FIH SLM B th M EZ 1, 54
T REER RS SR AR R AT, hiAh
Wy 1 T 24457 B AT SLM Al . S 4Rk,
Bt H AR B L, SLM HARTEfT
PR AU ) 0 FH LR B 22, iR
S IR MRS BoR Z — 7R
I HAT 5 A A5 0 FE N T AR vy
WA & AT — 5 A 1Y,

I, 4 3C 2k A Inconel 718
B A A B RL, 2 SLM BUE
Inconel 718 [Tl WX E A 1.2
M T A A RO SV PERE , R
[i) A 25 A AT 2 AR B

R RFiE

1 R

K FROR R P i 3 B A FR
INEIHRAERY Inconel 718 S 4K S
Horr, Sk A5 A0 28 B9 8 AR AE
SLM JE AL, # AR JUkr BRI BE 44
FEAED A TR R | FB 53 T A A A
R o 7 R RS M AR ok 2R 1T, B A T
SEER, W A HPRAE SR 29. 7um, WA
1 (a) 7R, HIPRER A T e
R BL T I G R R EOE
BERR R, DT, A R AT AER,
AR FYPRAE R 97.2um (1 (b)),
Inconel 718 &4 fb2F Mo a4 1 iR .
2 ®RERIZ

% SLM Solutions SLM125 A J&
Inconel 718 H& A , WAL
R sF A 250mm x 250mm x 250mm,
e RBOE T &8 500W, iE i

R & AR AR A
0.2% PLT, R FH 2 d i 4, i P4k
JE R 100°C, AU Rk HE 1
1) T2 280 WOt o %k 280w,
94 % S5 1000mm/s, i K 2 B
A 40um, $ 4 (8] BB A 80um, #4%
FHG R R o e, BOB s
Je R an il 2 e, e g A A R
F O ¢30mm x 60mm, B A& R sf
8mm x 25mm x 60mm. J12FPEREN
PEBUREAL B G 2 B iR R ST
M8 x 60mm, iAAF Kl 7 0] 5 BB
T X=Y AT, Inconel 718 BJE )%
FHEZS A B o LSt A B, 4
ACERRIEEUNFR 2 Fiom . R T P A,
XA AR S RTPR A HT .
EHETEHIE K UERE

[ R

(b) HIPHA S KA

E1 Inconel 7185 & MR SRE
Fig.1 Morphology of Inconel 718 powder
particles

%1 Inconel 71ISEELMILZERS ([RENEL)

Table 1 Chemical composition of Inconel 718 powder %
B | Ni Fe Cr Nb Mo Co \% Ti Al
SLM 46.7 22.5 20.6 52 32 0.1 0.1 0.9 0.5
HIP 48.4 16.7 222 6.1 3.6 1.1 0.8 0.2 0.2
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Study on Microstructure and Properties of Inconel 718 Fabricated by Selective
Laser Melting/Hot Isostatic Pressing Hybrid Forming Process

TENG Qing, SUN Shanshan, XUE Pengju, SHI Yusheng, WEI Qingsong
(State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong University of Science and
Technology, Wuhan 430074, China)

[ABSTRACT]

however, there are some problems with this technology, such as the difficulty of manufacturing capsule for complex parts and

Hot isostatic pressing (HIP) technology can be used to fabricate complex parts with high-performance,

the interface diffusion between heterogeneous capsule and powder, which will harm the performance. For this reason, a study on
the selective laser melting (SLM)/HIP hybrid forming process was investigated. XRD, SEM, EBSD and tensile test were used
to characterize the matrix / interface microstructure and tensile properties of the hybrid forming process. The results show that
there are obvious pores and micro cracks in the matrix of Inconel 718 alloy directly formed by SLM, and the density is 98.3%.
After HIP process, the Inconel 718 alloy matrix does not have obvious pores and cracks, but there is obvious prior particle
boundary (PPB). Under the hybrid process conditions, the pores and cracks of the Inconel 718 formed by SLM are reduced,
the characteristics of the melting track on the X=Y surface disappear, and the degree of anisotropy is reduced. After HIP, there
is no obvious diffusion layer between the powder particle and the SLM-formed Inconel 718, and the interface is composed
of fine grains with a thickness of about 16.7um. The 650°C high temperature strength of the interface is 626MPa. The tensile
fracture surface is flat along the SLM and HIP state bonding interface. After solid solution + aging heat treatment, the interface
bonding strength is increased to 990MPa, and the fracture is distributed in the SLM forming part. By analyzing the evolution of
microstructure and properties, the feasibility of using the hybrid forming process to prepare complex parts is verified.
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