50 % 4510
2021 4 10 A

WEEREMBEIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.10
October 2021

SEZFEHAIEXIEWX Inconel 718 & HFHY
fufl )N FLBR SR B R L {0 {4 B

x| &k, IR, RREZ, xFR, %

#, 2EK

(FEMZERY BEN LR S EOREREGEF LR E, IV ®E 330063)

B OE: RABOCERIBUEARGE T mEUEE Inconel 718 &4 ilME, IR T LESH (BokThE, AMEE) &
BB BUE BRI S, AT U FLRR R I BT R R, 0 BT AT T RN FLBR SR AR AE SR N BB M RE AR AL, R EE
BTSN A FEE A& R . ZRRY]: LEZESHHBRE 7RO S AR EE KB, R
OB TI R L IREARE LA PR T IV B, RIS, BURZREG, ATh AN SR R OO, R
L7 B “#ufe @ B, LD, BUEE ST R (R B0 D)3/ s 1 R R O 2 A R
LB BN, EAARH ) B0 T B BURIB LN LR o BRI S R R W], OB KIE LR Inconel 718 & & HI5R
JEFF AN £ B S0 JEE R 3R 27 SR S R A B, BN FLBRSBRBE TSR . SR AN RST e S xr fif k RE 7 A2 52
A, SIDA F Kb 2R Al DK IE$& st 3 X B 40 % Inconel 718 & 4 1) 2 GURE B Je i i g, (H 98 M 5 25 PR A1
FKHEIR: WORIEXIEM: Inconel 718 A 4x: WUNLER: RifhikRE

hEEHES. TG146.1°5; TG665

XA FRIREG: A

XEHHES: 1002-185X(2021)10-3684-09

Inconel 718 & & fEMT T MU R A% HE . A1 il A3 K
BN, B R AL AR B R AR 2 A
TR R B, SR A G5 1) ) 22 A O DA 58 B
R TR, ok X 454k C(selective laser melting,
SLM) 1B NI i H AR ) — i, 3 LA 43 21 5%
FEWSL, O A A A 4 aa 4T, e
BB 40 S E 43 28

& SLM HARB AL, B SLM R i
TIAFAE — S AR TR S PR 6 P R R Vi &, 3l SLM
B0 136 ) 2 1 v S T3 S P BN AL B B B, il
KFEAE SLM BB IR 12 Y. oA 2t i s g
ANFLIGUR I, R 22 273 5t FL IS BI Bf THE AT B 58 JEE I 1 FF
9t Gong ZEMUHE SR L, SLM il p s 2 1 Bl i
NS AR S & S R B RTE RS, BTt
R 5 1 1T A Bk B E I P S L SR BRI . Zhang
SR, AE SLM Bk iR R b A R I FLER,
FHIN N A R 3L T2 o il B (R 5 2 st P 5 9
SRR B it H T T AR 1R T AL B » Vilaro 30047 7K R
TSI U FL B T8 BB DR, A S b 2L BT B 14 T AR
R 4 B AR R AN 58 A s A i i) o AR, IR E IR
53T T 4 R Tk [ Tk R AL A T T AL R AT R A

%5 HEA: 2020-10-19

Bauereir™ 45 5@ iof A A0 A B B R AL, T K R ALY
RN, REFEmIK . B4 EILLRTIRS
ST N IE R PR T AR R Lu SN A b i R
BT SLM Bk f2, W5 213 704 K 1 s AL A FLER
TR SEE 2 SR . UL ESCERER I, SLM 1 FEH LR
(T AT AN B I R 2 B, L8 2 B T S H 2
MIE AL PLECR I, A5G I 58 K 2 5 o 78 XS FLER T B
BUER (738 o MOSCRRIRTE SR, AR R HUE B4 K440 Al
T AT DL G K R ST FL B R 6 (T 5, (H 2 B A4S
ANBEE A T BRI /INFL B BB , B R 22 $0 ol R BB A R
P EBATIAFLE B 2 B/ RN RS AL B . ST, Ak
HT, RN BGREBERE (BUEERT 99%) %
PRI INFL B BRI 0T S BT A ) 7 2 1 R R i (1 D%
Wi % SLM FAR AN FLBS AR M RE G dx — i A,

W TN FLBR SR B AEAE 26 1 T SLM 346 T 44 K} 7 %
PERE 738 A R, 0 7E 52 bR 224 TR B FH w0 384 4 o) it
BAREG L EREBRSE L.

ALE R AR LZZH S T Inconel 718 & 4
BRI XIEL ST, BT BB T2 S50 %
FESUE FERIE T, B 7 FLBR SR B IR B B, %
FEAFEFE T /N FLBR R B A7 7 26 A T (R A 1 B AR 4L

HEWE: ExAREIFES (51865036) ; VLIHA HAREFH 4 (20192ACBL21050, 20202BABL204039) ; ®R&4in TR# 5EARE

7 2 i AR S = TR AR (EG201903173)

fEZET: XA, %, 1981 &4, it, FlIEWR, MEMZSKFREEIN TR SHREPE 2RI, 17 M5 330063, H

ifi: 0791-83863028, E-mail: fencheng999@163.com



XTF RS 5 B FEWOEE X K Inconel 718 & 4 Hh A A/ INFLB R b R A 1 + 3685 -

%10 ¥
1 X I

AR S5 DSBS 1 i B A VA ) & I ER T Inconel
718 &M A AR, G KRR 15~50 pm,
HAEMB R 1R, SLIHT, B ARMEHER T4
HOBEAT ML AL B, TR FE SR 120 °C, LRI 5]  4 h,
P2 Bk R R B K 4y, 3R R R IR B 1

FTE ¥ #5722 0 0 e 14 6 4R I 4y A BR 4
S310 Bk KIS I M & RSt . LIRS HE
BEHARSHW T TIEEHKBIE R A 250 mm (X)
x250 mm (Y) <400 mm (Z), LB R N IPG 4T
WOk R, KIHZE P=500 W, K 1=1060~1080 nm,
BRY JE VG LY 0.02~0.1 mm, 3 HE JF Ve =7 m/s,
TAES & 2 <100 pg/g, THAGEEFE 20~200 C 2 [H] .

# 1 Inconel 718 &M KRB LFE RS

Table 1 Chemical composition of Inconel 718 superalloy powder (/%)

Cr Fe Mo Ti C Co Al Nb

Mg Cu B Mn Si S P Ni

19.39 18.63 3.12 1.04 0.04 0.04 0.54 5.05

<0.002 0.02

<<0.004 0.02 0.09 0.002 0.006 Bal.
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Fig.1 Scanning paths during SLM

2 SLM &I Inconel 718 & FTEMFESH
Table 2 Parameters of SLM additive manufactured Inconel

718 superalloy

Parameter Value
200, 250, 300, 350, 400
600, 900, 1200, 1500, 1800

Laser power/W
Scanning speed/mm s

Spot diameter/mm 0.1
Layer thickness/mm 0.05

Overlap ratio/% 50
Preheating temperature/°C 200
Working oxygen content/Lg g™ <100

*3 AEBEBEERHFHENENBRESHMBEENELER
Table 3 Relative density measurement results of samples

fabricated under different parameters

Sample Laser Scanning speed/ . :
No. power/W mm -s'P Relative density/%
1 400 600 98.85
2 300 1500 99.26
3 200 600 99.62
4 400 1500 99.84
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Fig.2 Shape and geometric dimension of tensile sample
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Fig.3 Change tendency of relative density of samples with

scanning speed under different laser powers
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Fig.4 Porosity morphologies of samples with different laser
scanning speeds and a constant laser power of 400 W:
(@) v=600 mm/s, (b) v=900 mm/s, (c) v=1200 mml/s,
(d) v=1500 mm/s, and (e) v=1800 mm/s
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Fig.5 Sketch of formation of porosity under Key-hole model:
(a) due to the collapse of key-hole and (b) due to the

overflow of gas pore
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Fig.6 Porosity morphologies of samples with different laser
powers and a constant laser scanning speed of 1800 mm/s:
(3) P=200 W, (b) P=250 W, (c) P=300 W, (d) P=350 W,
and (e) P=400 W
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Fig.7 Microstructures of as-deposited samples with different
relative densities: (a) 98.85%, (b) 99.26%, (c) 99.62%,
and (d) 99.84%
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Fig.8 Microstructures of samples with different relative densities
after SIDA heat treatment: (a) 98.85%, (b) 99.26%,
(c) 99.62%, and (d) 99.84%
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Fig.9 Microhardness of as-deposited and SIDA heat treated

samples with different relative densities
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Fig.10  Ultimate tensile strength (a) and elongation (b) of
as-deposited and SIDA heat treated samples with

different relative densities

ANHE ) B A s B R B, B R B R R R .
K H Image-Pro-Plus B {4 X A [7] #5025 BE AL 1 8 5k
S M B AT FLBR BB RSP i b, Siih 45 R
Bl 12 Fios o R I BE A 350% FE R 3G 0K, L BR Bk B 11
P RAT I A R R E N, R A
99.629%Mf B EHIA B ) 47 um, TR/, RS
ATLAE W, R FLBR B B I RS 2008 110 um, 53
B FE 2N 98.85% I A 1) FL B B [ ~F 35 RS K d KA
Peil, X ATRERE RO AR . R R R
3R A

Bl 13 AN 14 5 58 AS R 805 BE DA AS F0 SIDA
A A T R P e 2 0 BT 1 % R O P

B 13 %R 1 22 WL T 1 H T DA 2, Bl A £
RSG5 UL T 2 T L B SR e 1 50 A
i[RI B 13a (15 BOK B T OB F
TEFLBRERRE PN A RS R, FLFR Bk B A7 e R
ST AR AL T HA2E A0, AT, FLBR R BE (1 47 75
et 72 MRAOE N, M e R R, R
BBk s (1) RST SR ARt 22 820 SLM 3% Inconel 718
HaR R ERE, W 13b il LUE H, KRS RE
ARG T BOA R R RN . 5 5 T LR SR
FHEG, RIE G BRI G TR, DR i 28 B b LEAS U i 58
B 5 EIERIRR, B &6 BIRA 2 51 R 80 FE
(YRR B o, (ER: 7E 52 3R I A o B B oK SR 5 8 A

100 um

K11 3508 Dy 98.85% 0 v A W K 2 1) 48K 1 L B W 3
Fig.11 Porosity morphologies of longitudinal section of samples

fracture with a relative density of 98.85%
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Fig.12 Statistical results of porosity size in samples with different relative densities: (a) 98.85%, (b) 99.26%, (c) 99.62%, and (d) 99.84%
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Fig.14 Fracture morphologies of SIDA heat treated samples with
different relative densities: (a) 98.85%, (b) 99.26%,
(c) 99.62%, and (d) 99.84%
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Micro-porosity and Tensile Property of High Relative Density Inconel 718 Superalloy
Fabricated by Selective Laser Melting

Liu Fencheng, Hu Wenwei, Jia Jiongyu, Liu Fenggang, Xu Yang, Wang Zhitai
(National Defense Key Disciplines Laboratory of Light Alloy Processing Science and Technology, Nanchang Hangkong University,
Nanchang 330063, China)

Abstract: Inconel 718 alloy samples with different relative densities were prepared by selective laser melting technology. The influence of
processing parameters including laser power and scanning speed on the relative density of alloy samples was studied. The formation causes
of micro pore defects and its effect on the tensile property were analyzed. The mechanical properties of alloys with different relative
densities by SIDA heat treatment were studied. The results show that the interaction mode between laser and powder is determined by
processing parameters. The “key-hole” mode occurs under the condition of high laser power and low scanning speed, which results in more
pores and the decrease of density. When the power decreases or the scanning speed increases, the “key-hole” mode would change to the
“heat conduction” mode, and the pores would decrease, the relative density would increase. However, when the laser power is too small or
the scanning speed is too large, the unfused pore defects would occur, which would greatly reduce the relative density of the sample.
Tensile test results show that the strength of the selective laser melted Inconel 718 alloy sample does not increase in a strictly monotonic
manner with increasing the relative density. The morphology, quantity and size of the micro pore defects also has an effect on the tensile
properties of the samples. In addition, SIDA heat treatment can greatly improve the microhardness and tensile strength of selective laser
melting formed Inconel 718 alloy, but the plasticity significantly reduces.

Key words: laser selective melting; Inconel 718 superalloy; micro-porosity; tensile property
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