5547 % 55 3 ) J k5 B3 Vol. 47 No. 3
2026 4F- 3 A CORROSION &. PROTECTION March 2026
<$<><><><><><><>o% l)Ol: 10.11973/f5yfh230572
{ RIEHR

bovococood

Inconel 625 5% TIP-TIGC 1B ETZ NAHLERE

ik H,ERRE,SRE.FBK &
CEINHE TR BB 5 TR 2EBE, 22 M 730050)

#m E. RA TIP-TIGOA T 4 TTHFH AL 3161 REMAM & @347 Inconel 625 4L A & 4%
B, RBURERR TR E AL E 3R AITE T AR, @A EGR IR TR ERR
DIFLEMBERNGCTENAFE M H T REFELILANK, RASHIHRENEI T RELZLT
S AR Sk 09 AR AR A8 AT d AP K I | 4 KRR R IR X ) AR, SR i 600 'C =LA E

JRARR I, At d T ML (SEM) X H LT HN(XRD) & 2 42T 5, & %o1F & 3 1R R B iR AR

5 R AT 6 ARt

LREP . HIFEERA 150 AVFEREA 2 mm/s E L% EZ A 3.13 m/min

BF LR IE R B X AR 4 A b AR AL 3161 AT 69 A5 5% E Ao b 5 AP K R 5 5] 4 633.50 MPa e
55.90 %% » T 3 IF R B X AR 5 H] A 751.90 MPa v 50.20 % 5 1 548 5k 3 13 0k B 09 AR . (219.60 HV) &
K FEM (174,30 HV) k2, % R (155.10 HV) 572 600 ‘C =LA 3P B4k, KAt eh T34
JEkik 3k 17.75 mm/ a, HEIFA B X A0 T ¥ i dkik R4 3.35 mm/a, 29 h A4 eg 1/5,

s4iA . TIP-TIG 42 ;3% T ¥ 548 ; Inconel 625 A4 AL IE 3h s LA L2 5 A Ak s A AdobE

FESES: TGL78 XERERERE: A

Bt BAR Tl B 2 e A A R B 7
FEB| A T IR R AR 358 15 Y [m) BT, Ay IO X6} 4 BRAS A AR
FEBRIR X H g 1E U4 v AR T T AR TR Y
TF75-5 R Bk REVE AT 0 & A% . K R AEAE
S —FhE T T E A AR R R
RARADEHA RIS, M TORIR &, Sk
K HAERE AR R RGBT SR,
SRS AR

H i K PHRE G I A H R e b )iz o T A it g
S FREEN T OCRERER A = U IR ER . AR X
PR RR A IR R A R A7 T S itk A/ | R S 0 56 ]
B » HANREFAE 600 “C LA RFEs g Pk MELLTG 2 T
— K PHRES AL L R GEXT 600~900 °C i il fiff e
I BT 2K BRI T & BRCR e — D4

A s CEAR U A AR L R Rk e
TR ZE YRR AR AT e PR A A 28 RS, AR
— X R A RE A Y B AR R A kL. TR P b
X JCHEH A PG F & 03 s i, &k
Wi A BUASE AL O PR 406 T 7 A A OB R (H

Y5 H#A:2023-09-13
BEEE  FREZEQ970—) , RIZZ T, WF5E U7 ) S Sk
b 4 K B AR 45, 13993132239, 2890768649(@qq. com

XEHS: 1005-748X(2026)03-0001-08

AL 5 B A AR SR 0 Dl 7 RS AT SR
e K B R G R A R R ™
Tl DR OHL At B A RRE B T ok P 15 T 8 A 2 08 R R
fiff PR 1) S SR AR AR

Inconel 625(E36) & 4 H & I 5 Bl , 4
SR S T BT 6 Tl BE T 28 L (H R B B A
KHBR ] T HAE TR RN . e e+
ARAE Ry —Fh B ARG HLRE A 8l Fe bt R i T R i
s N — R T A U T . MR R
RESCHIRZ 5 HAM BRI MR & 456, b i R
R AR 22—, T EE R A RS A
WL BHFE IR TIP-TIG (UL R fFR T A, T
J& Inconel 625 A4:7E 3161 ANFEMEAF (LR &R
316L JEAD) b IR T A0 5% . ol i 1E 38 i 6 £ 1k
T 238 RGN AR 2 0 B 2L 12
PERE S SEAL 9 3 16 ot 5, DAY Sy AR K PR R
FEI A FE R G e R 1 0 FH B R B 5 4
ARIHE,
1 i I
1.1 RIEH

ARG 2k ] 3161 AN EE AR N B b, RSF 2
250 mmX 200 mmX 10 mm, EEAL 22 s a0 1 fr

e 1 e



K EL%% . Inconel 625 &4 TIP-TIG #IEEE T & LA 4 e

TR HERLFT F 22 S ERNICrMo-3 (Inconel 625) &
4L HAR 1.0 mmu AR AR 2 iR, BRI

Jitie AR AR A R AT AT AL B LB AL B
525, W5 AN B RO vE R TS B IS s

F1 316L RENULFRS

Tab. 1 Chemical composition of 316L stainless steel

JLER C Si Mn Cr Ni

Cu N Mo P S Fe

Fias/ % 0.017 0.38 1.06 16.09 10.05

0.51 0.045 2.06 0.044 0.005 K

%2 ERNiCrMo-3 §&LZEmM 4
Tab.2 Chemical composition of ERNiCrMo-3 alloy

JLER C Si Mn Cr Ni

Cu Fe Mo Nb-+Ta S P

FUEAE/ % 0.005 0.08 0.03 22.15 64.58

0.001 0.09 9.11 3.69 0.001 0.001

1.2 BEIZ

TT BAZL T ES BRI Z R [y S
RO T VIR o GR 22 v X BE SR Y
Wi F A JLARTIEEAR s B o3 B R BRI 10 A . SR
IEASIRE LA T 22280 7E il 5L 1, 5 £
LERULORES 70 A RAR , PEHURHE LR (AD (1K 22 8
JEB) IR (C) il N R AN R BE
3K SR Ly (3 IEASRMATIAIR BT P F K
TN 3 s

*3 EXHBWERAER

Tab, 3 Factors and levels of orthogonal test

KF JEHEHLIR (A / LT (B / K (O)/
o A (memin" 1) (mes™ D)

1 150 2.47 1.60

2 160 2.80 2.00

3 170 3.13 2.40
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Fig.1 Weld morphology at welding current of 120 A (a) and at
wire feed rate of 2.14 m/min (b)
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Fig. 2 Cross-sectional morphology of overlay coating
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Fig.3 Schematic diagram of dilution rate calculation
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Tab. 4 Orthogonal test results

s A RES B c SR WREE%

1 1 1 1 1 19.89

2 1 2 2 2 21.90

3 1 3 3
-+ 2 3 1
5 2 1 2
6 2 2 3
7 3 2 1
8 3 3 2
9 3 1 3

K 53.11 84.06 90.35 T74.17
K. 87.43 68.37 84.51 101.75
K;  101.49 90.41 67.98 66.91
R 48.39 22.03 22.37 34.84

Fig. 4 Surface morphology of the overlay coating under optimal

process parameter conditions
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Fig.5 Microstructure of the longitudinal section of the welded joint: (a) bond area; (b) substrate; (c) heat-affected zone;

(d) center of overlay coating; (e) surface of overlay coating
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Fig.6 Microstructure of the cross section of the welded joint: (a) center of overlay coating; (b) edge of overlay coating
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Fig. 7 Stress-strain curves of base material and overlay

coating sample
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Fig.8 Microhardness distribution curve of the welded joint
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Fig. 9 Corrosion rates of base material and overlay coating sample

after corrosion in ternary chloride molten salt at 600 ‘C for 50 h
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Fig.10 XRD patterns of overlay coating sample (a) and base material (b) after corrosion in ternary chloride molten salt at 600 C
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Fig.11 Surface SEM morphology (a—d) and EDS scanning results (e—h) of base material after corrosion in

ternary chloride molten salt at 600 ‘C
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Fig.12 Surface SEM morphology (a—d) and EDS scanning results (e—h) of overlay coating sample after corrosion in

ternary chloride molten salt at 600 ‘C
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Process, Microstructure and Properties of Inconel 625 Alloy TIP-TIG Weld-Overlay Coating

ZHANG Zhen, WANG Xiaojun, MA Jiguo, CHEN Long
(School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Inconel 625 nickel-based alloy was cladded on the surface of 316L stainless steel substrate using TIP-TIG
(hereinafter referred to as TT) welding technology. Three key welding process parameters, namely welding current, welding
speed, and wire feed speed, were selected. Overlay welding experiments were carried out via orthogonal experimental design,
and the optimal welding process parameters were determined and optimized using weld dilution rate as the core evaluation
criterion. The microstructure characteristics of the welded joint under the optimal process were observed and analyzed by
optical metallographic microscope. Mechanical properties were tested through tensile tests and Vickers hardness tests.
Furthermore. the corrosion resistance of the overlay coating and the base material was systematically evaluated by ternary
chloride molten salt corrosion tests at 600 °C, combined with characterization methods such as scanning electron microscopy
(SEM) and X-ray diffractometry (XRD). The results show that the overlay coating exhibited the best comprehensive
performance when the welding current was 150 A, welding speed was 2 mm/s, and wire feed speed was 3. 13 m/min. The
tensile strength and elongation after fracture of the 3161 base material were 633. 50 MPa and 55. 90% . respectively, while
those of the overlay coating were 751. 90 MPa and 50. 20%, respectively. The overlay coating of the welded joint exhibited the
maximum harolness of 219. 60 HV, the substrate ranked second with 174, 30 HV, and the heat-affected aone had the minimum
hardness of 155. 10 HV. After corrosion in ternary chloride molten salt at 600 ‘C, the average corrosion rate of the substrate
was 17. 75 mm/a, whereas that of the overlay coating was only 3. 35 mm/a, which was about one-fifth of that of the base
material.

Key words: TIP-TIG welding; overlay welding process parameter; Inconel 625 alloy; chloride molten salt; microstructure;

mechanical property; corrosion resistance
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