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Abstract: A precision additive manufacturing method based on laser powder bed fusion (LPBF) is applicable to the forming
of various precise and complex structures, and has attracted increasing attention in the field of nuclear energy additive manu-
facturing. Inconel 625, as a nickel-based alloy with excellent high-temperature properties, holds significant application pros-
pects in nuclear heat exchange equipment. In this study, LPBF forming process parameters were investigated for Inconel 625
nickel-based alloy. Thirty sets of process parameters were designed with laser power (250-500 W) and scanning speed (800-

1,200 mm/s) as variables, and the optimal process window was screened through Archimedes density measurements and me-
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tallographic characterization. Subsequently, solution heat treatments at 1,090 - 1,180 °C (held for 1 h) were performed on
the as-deposited specimens, and the microstructure, room-temperature tensile properties, impact properties, and physical
properties (coefficient of thermal expansion and thermal conductivity) of the heat-treated specimens were systematically
characterized. The results show that at a laser power of 350 W and a scanning speed of 1,100 mm/s, the relative density of
the specimens reaches 99.96% with an average grain size of 76.5 pm, exhibiting a uniform and dense microstructure. After
solution treatment at 1,120 °C, the room-temperature ultimate tensile strength of specimens in the X, Y, and Z directions all
exceed 885 MPa, the yield strength exceeds 543 MPa, and the elongation after fracture exceeds 39.3%. The impact absorbed
energy differs significantly among the three directions. When the solution treatment temperature exceeds 1,120 °C, the yield
strength of the alloy decreases notably, while the anisotropy is markedly improved. In the temperature range of 250-350 °C,
the instantaneous coefficient of thermal expansion is approximately 14x10%/K, and the thermal conductivity gradually in-
creases with rising temperature; both values show minor differences from those of wrought Inconel 625. The research find-
ings can provide effective support for the manufacturing and performance evaluation of nuclear heat exchange equipment.
Keywords: laser powder bed fusion (LPBF); Inconel 625 nickel-based alloy; process parameter optimization; solution treat-
ment; mechanical properties
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Table 1 Main parameters of the medium-sized LPBF metal 3D printer
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Fig.1 SEM characterization of Inconel 625 powder
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Table 2 Chemical composition of Inconel 625 powder (wt. %)

Ni Fe Mn C Si Cr Cu
61.35 3.05 <0.005 0.06 0.091 21.68 0.01

Al Ti Nb+Ta Mo P S
0.38 0.31 3.78 9.21 <0.005 <0.002

#&3 Inconel625 #RIFESEL

Table 3 Characteristic parameters of Inconel 625 powder
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Table 4 Experimental process parameters for LPBF of Inconel 625

G HOLIIRIwW R/ (mm-s™)
1~5 250 800/900/1 000/1 100/1 200
6~10 300 800/900/1 000/1 100/1 200
11~15 350 800/900/1 000/1 100/1 200
16~20 400 800/900/1 000/1 100/1 200
21~25 450 800/900/1 000/1 100/1 200
26~30 500 800/900/1 000/1 100/1 200
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Fig.2 As-built Inconel 625 specimens

0 B RS SR W E 3 R, sk K o X g
R B FE AR R (R B 5 >99.75%) » FH T
BB KT 99.75% AR X 107 19 P0G RE 2 %% v
B, JR B4 G oW A SURAE 25 it — 2D it

5 FH 44 U B X DU RS Inconel 625 30FE 9 1
WA H e T RAE . Kl 4R35 53 Inconel 625 1Y
mmRL AT B ARG BE KA F5 LS 25 i 41k
FE o B WOCTEE I IR VR i3 T ) AR
R S i ., A R 5 2 AR RS0, T

800

900

1000

1100

1200

250 350 450 500

3 AREIEZSH T Inconel 625 W ZE
Fig.3 Relative density of Inconel 625 under different process

parameters
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Fig. 5 Defect distribution of Inconel 625 under different process parameters
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Fig.7 Microstructure and grain size of specimens after heat treatment
A RE L AR A AE A Y, 2 BH LPBF A JE Inconel 625
B SRR B AR IR E 49 R 1150 °C. SRR RSFF
1 120 °CHI11 150 CCHALBEFE 5y (1) 357 ok R4
WIZM 65.6 um F164.3 um, 2275008

et WA T, A BSR4 1) R
FA Ao BRG] 8 B o AL BRI FE I T
1 120 °CH, BREEECE /D s B IR BE AR S T iy, ik
BB SR IR S DR PR R T R B A A
12 SR TR RHFL BRE L R R A, 3R 434
/NAELBRY TR R .

S AN 77 18] (X Y 2) 3R 0 28 38 T 2 P BE
AT T, Gn sl 9 Biros o Bl TR T L RE Y
et Al i B A A A i 85 1T #E 1150 °C
KU BRI, XY Z = A7 1 ) R B o
FINE A 2 H(E 22 S B/, & 1 R LR 58 20k,
U Sk 2 52 2554k, 7TIA A 1 150 °C A Inconel

(a)l 090 °C
100 um
| e—
(b)1 120 °C
+ 100 pm
| —
(©)1150°C
100 pm
—
(d)1 180 °C
8
100 um
| —

8 AEFIAHEAT THRES 6
Fig. 8 Defect distribution of specimens after heat treatment under

optical microscopy
625 (58 AR IR . MAAEIRE M 1 120 °C
FEHEE] 1 150 °CHE, Ji AR 58 B KR T R 29 150 MPa,
JE PR IR B o0 Sk A KB T 8 AL B, /N
JE A A PRGH R D 2 b AL R VR RV [R]B Laves
AH A 1, PR S A e B A 3 B IX ) f 25 T
R, TE 1 150~1 180 °CIX [A] PN, SFE (15 J3 J JE {1
Wi Tk AR A A A I 55, R RAE T 1 150 °CF
Laves Jfi t: 4 J& R fL 5 4 B A |1, DURLS A9
5L 8 RELR I 235 40 50 4 720 R Al &y, ST A AT AT
EIsm VR AR A N 1 3945 2 7053 M T R, k2242 Tt
TR RE A & A D12 35 50 ) ok KA, o iR JBE Y AE Ak B
M5/, R B R JC A S ke B . 28 A oW B e 5
O SR EB MR AR AL BRIV B 72K B2 1120 °CH R



112

43K

2026 4F

[
1000 987 975.3 e
I 887 885 14 JRiE 883 %;%E% 60
800 49_3r sk | S22k | 932 s44F 1 200 peg3
s 1393 393 4052
% 600 5553 586* ;?_
M 9373 543 -B\R—
% 400." 4093 408 3 o = 20@
200
¢ 1090°C 1090°C 1120°C 1120°C 1150°C 1150°C 1180°C 1180°C 0
1h 1h lh 1h 1h 1h 1h 1h
XY V4 XY V4 XY VA XY V4
9 Inconel 625 =R fR{ERE
Fig. 9 Room-temperature tensile properties of Inconel 625
i 1 h AR A FEE AL 14.5 onr
2.3 7]"7,"*4;'1: fﬁ&%ﬁ'ﬁﬁ'ﬁiﬂﬂﬁt 14.0 - ——
XA BRE AN ] B 18] (XY Z2) IR & R s
i M REHEAT T I, 45 4L I RE It = WK BT 1 £
. E) L
{45 AP 10 BT/ 0 K18 (X, Y) A EL 1o (Z) =0
+=
R E 2R, XIE N T BRI BIE R Sk = 125¢
2 R 105 S K T 10 o b B ol
SRR BE 7 )2 1] 555 S PR B o )R SRR A
115 1 1 ! L Il | |

ARE /D s T B Il A oh i R RS TR B D) 5 2
JEIE M S, B A% IR B o ey, b
s

250

200

KV,/J

100 -

0 1 1 1 1 ! ! 1 ! !
X-1 X2 X-3 Y-1 Y2 Y3 Z-1 Z-2 Z-3

E10 #HAEA Inconel 6255 & EiRPH ML R
Fig. 10 Room-temperature impact properties of heat-treated Inconel

625 alloy
X AL B 1 Inconel 625 F48E X 75 AR FE T i
T LRI, 2657 200 mN, FHE % 5 °C/min , 45
RAE 1R 3 AR BRI 2 ik R BN
11.8x10°/K , ££ 250~350 °C X [A] P , 4R B ek £& g

100 150 200 250 300 350 400
HREE/PC
E 11 #4025 Inconel 625 HIZFERK R4

Fig. 11 Thermal expansion coefficient of Inconel 625 after heat

0 50

treatment

ik R E N —8, 2070 14x107/K.

X P4k BE Inconel 625 A4 X 7 [a] 4341 A 1A
R T SR E K, 150 2 18 1T W hse b B, B
AFE AN 2 YOO AME , 25 R E 12 s . Rl
il T MR R AR B TG K [Rl  BE

15+ —=— LPBF
—o— (B

14+
= 13+
& 12F
i

11F

10+

9 1 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400

IRE/,C
E 12 #AIES Inconel 625 IS R &L

Fig. 12 Thermal conductivity of Inconel 625 after heat treatment



557 3]

Beeh L 5 OB AR ANE il (LPBF ) Inconel 625 #2354 4 iUE T2 5 ERERT 5T 113

LPBF Inconel 625 [ Z& i ik 22 BRI 3 R 50 S s
Inconel 625 25 58/, J PR (A A0 RS , 3444 il i
FEA Y R L R A SR it 2 T S oW AR
2 554k, THOML I I AN S AR R R LR I Ak R
B SR B RN

3 #Hig

(1)LPBF J#§iJ¥ Inconel 625 & 45 (116 43 Bt fi 2
55 O AR AR DDA G < AT R I
AT s b v E AR 12, iR AT BUTR EURC
AL B TR e A T IR LB AR R AR I
REFLTRIBRRG o SO 26 5 4 B B DT e T 4E
SE T 1A, PR 2R e o [ B 52 B0 00 361, Pl 3R AT 4 30
I .

(2) [ #hAh B BE v 5 T LPBF i J¥ Inconel
625 1) AR TS« AR T 55 il e 28 30 38 Ao AR A 2 2
TREE, 1A e BE 2 By a1 5 38 B 08 2o 2
EEASIREE , ARE T8 AL, A i SRR L (S
IR i D) 440 5t 5 A s 55 R Laves AH (8138 17 K& R
B o et B Ak S B 5 A 1 i R e 5 A
HE R AL 22 ] OIS L 1120 °CAR T 1 h Al {4
PEFR bR A,

(3) LPBF Ji{J& Inconel 625 14 il ) 14 76 /K -
] (X Y) FEE 0] (Z2) AR R B 2 5. K71
SLLCUT 2 (8] PR B 2E , 30 5 10 SO0 B i
FEAF: B T FE 20 I S AR TR PRI v I
X — 4% ] SRR ARG R T 5 IR A b v T

(4) 43057 B AL )5 , LPBF % JE Inconel 625
ML R B R R B GRE S &2 REBUN, R
BH IR X 5 1 v 7 B IR it 2 U Tt
J2 S T S AOULARAALE A [ I 1 A 8 s Ak, L2004
PEPERE ATl 2 A R AR A 1 R TR

SE 3Lk
(17 B, DR% N06625 4 4 750°C K 1 B 44 5 1 21
AUSVERE[T]. & b, 2025,50(06) : 102-106.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

OU X Z, MA T J. Microstructure and properties of
N06625 alloy after long—term aging at 750°C[J]. Heat
Treatment of Metals,2025,50(06) : 102-106.

FERRY AR, AT 55 A% ] GH3625 & A
4 215 PR RE (V] & Jm b B8, 2025, 50 (11) -
146-153.

WANG S Z,L1Y,RONG R P, et al. Microstructure and
mechanical properties of GH3625 alloy bars for nuclear
power [J]. Heat Treatment of Metals, 2025, 50 (11) :
146-153.

DebRoy T, Wei H, Zuback J, et al. Additive manufactur-
ing of metallic components - Process, structure and
properties [ J]. Progress in Materials Science, 2018, 92:
112-224.

W75 00 . OG5 XIE L Inconel 625 A 4 I BLFF TE
AT KA BT 25 (D] T M AR Tl R,
2020.

CHEN X J. Analysis of Defect Formation and Heat
Treatment Process for Inconel 625 Alloy Fabricated by
Selective Laser Melting [ D ]. Guangzhou: Guangdong
University of Technology,2020.

2274 . Inconel 625 8L R A & e KO T 25 I
PERERITFELD ], MR /RIE - MR AR B TR 27, 2018,

LI L. Study on Selective Laser Melting Process and
Properties of Inconel 625 Nickel-Based Superalloy[ D ].
Harbin: Harbin University of Science and Technology,
2018.

FESCHE B 225K, W R &, A5 T BUR A R i 2 41
1) INCONEL625 5 4 O A A PRI b T2k [,
4x JE Bk #2024, 49 (03) : 83-90.DU W X, CAO L
C,SHEN F L, et al. Process optimization of laser pow-
der bed fusion for IN625 alloy based on densification
and microstructure[ J ]. Heat Treatment of Metals 2024,
49(03) : 83-90.

Tian Z, Zhang C, Wang D, et al. A Review on Laser
Powder Bed Fusion of Inconel 625 Nickel-Based Alloy
[J].Applied Sciences, 2019, 10(1):81.

Marchese G, Lorusso M, Parizia S, et al. Influence of
heat treatments on microstructure evolution and me-
chanical properties of Inconel 625 processed by laser
powder bed fusion [J].Materials Science and Engineer-
ing A, 2018, 729:64-75.

i Mk - http : //www.71dhj.com



