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Table 1 Chemical compositions of substrate and cladding materials
R C Al Cr Ni Nb Mo \% Fe Ti
316L 0.03 — 16~ 18 10~ 14 — 2~3 — EN —
Inconel 625 0.03 — 20.21 A 3.27 9.22 — 2.64 —
TC4 <0.10 5.50~6.70 0.04 0.01 — — 3.45~4.50 <0.25 NS

12 HRBERERE

T4 38 A O I B A N S AN AR SR T
Inconel 625 &4 ¥;, 7EE AL B Inconel 625 R4
B TC4 HrK. X535 F ISDL-3008 % 5% 4F iy A 2
RO FE 3 kW), TIFEH 65%, [F T L
99%(IFR 0 R A E RO B IR A, R
W1 75 DR R S A BT 21 | JC e b 0 5 T o
BT, O T2 B DR 5 IR 2
TR B E T 2240, WotIeE S0 3% 2.
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Table 2 Laser cladding parameters

o SEBEEAR B R R
IRE &R . e
D/mm v/(mm-s ) 0/(°) vy/(g'min’)
Inconel 625 5 5.5 75 70
TC4 2 18 75 90

1.3 MEEMEK A %

1 GAit a2 R el W = U Es ) I R0 N )
10 mm x 10 mm x 10 mm A930KE, FTEEHIE S A
PR3 Y00 T O, R EITRE TR T s 72 ok 7 vk
B ALO; WL, FEARI R & NI AT EE, 4
AHJE )4 3 mL HF + 6 mL HNO; + 91 mL H,0;
fifi i OLYMPUS-GX71 B2 bk il B WL 58 0 7 )2

)4 AH412, SR VEGA3XMU R4 B+t il
(scanning electron microscope, SEM) Wi £ {0 FE A ]
HLUES, T A HERHY (energy disperse spectrosco-
py, EDS) Fll X HFZATHAY (X-ray diffraction, XRD)
HEAT WM 5 5 R HVS-1000A/B 4 %57 4 [C A
FE SO R R A 068 2 03X, I3 A5 TR B4 0.2 mm,
S0 0.5 N, PREUNE] 2 10 s; B H] B R4
CHI600E 7 471 HiL Ak 2 I 3 T AR 3l P00 74 BR A4 5 48
JEAE 3.5% 1 NaCl #8089 sLAL 17 SR HT HT-
1000 JEE 482 P i g0 DL R NME A 7 )22 5 SR 110 B 452 2
1728, BRI PSR oy - IS5 E] S 30 min, L
BUIBL RN 6.25 Hz, L8842 5 mm, F3#h 350
r/min, FEAE 7 Oh B BB .
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K 15 TC4 25 Inconel 625 J= 1 {0 2H 21 .
TC4 MO LA /N LS TR 9 25t & o 32, H:
TR MRS B-Ti 4340 THIAE o-Ti Hefk |, X
FHLIEAERER I AL A9 57 1R B | IR PR AN hy
Y PAESE M, (EEE AR 9 B | W B4 2 5 Inconel
625 WA 21 32 22 DUAE Rl i . R ATH IR o
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Fig. 1 Microstructure of TC4 and Inconel 625 cladding Inconel 625 }578 )2
layers. (a) TC4; (b) Inconel 625
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SEM images of interfaces and its element
diffusion. (a) interface of TC4-Inconel 625; (b)
line scanning results of TC4-Inconel 625; (c)
interface of Inconel 625-316L; (d) line scanning
results of Inconel 625-316L

FEHy y-Ni. [F AT CrNi, 55 TipNi IFFEAE, iX
Je A TERO R AL R P i TR CrotR S
Ni JCER KA OB A CrNip A6 5340, IR B A

Fig. 2



%73 T, % WOL KR TC4/Inconel 625/316L 745 4185 & 4 R4 40 55 o 19
H v CrNi, £4 H2MEDS HHER (RFHH, %)
*7-Ni Table 4 EDS analysis results of point 2

5 ¢ Ti,Ni

g o o-Ti Cr Mn Si Ni Nb Mo
%( Ll 6.03 19.79 29.51 15.20 20.90 8.57
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Fig. 3 XRD images of TC4/Inconel 625/316L gradient

material
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Bl 4 TC4-Inconel 625 RE/FEE SEM B
Fig. 4 Partially SEM images of TC4-Inconel 625 fusion
interfaces. (a) TC4; (b) Inconel 625

#*3 R1MEDS &R (RFHH, %)
Table 3 EDS analysis results of point 1

Al Ti \% Ni Nb Mo

11.7 55.72 1.04 26.42 0.37 4.75
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Fig. 5 Microhardness curve of sample
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JEEEE RPN L. TEVIR S 5 B B, /N5 A9 1A e 4
ZECPGE N B, 7F 10 min 5 THE, BEIE R B
fH 290 0.35; TC4 155 7 )23 78 B 41 3 B A 5=,
5 min 22473 ARRUE B B, D Sh iR BE N, $49ME
294 0.20. FEE R BOFABERAE MBI EEE, (UL
RS WU R FE R e A TP RS e AR, S b i R
WA AL Tt S 401 1 R X 316L R MFtik
TCA I 7 )21 BE B BB A B0 i S T e i A 70T L,
316L AN ELIAR B 0.5 mg, TC4 157 )2
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Fig. 6 Coefficient of friction curve of the 316L stainless
steel and TC4 cladding layer
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Fig. 7 Wear morphology of 316L stainless steel and

TC4 cladding layer. (a) 316L stainless steel; (b)

TC4 cladding layer
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Table 5 EDS elements analysis of wear surface of 316L
stainless steel and TC4 cladding layer

2R Ti Al Cr Ni Fe 0
TCAMH)Z 36.00  3.61 1.46  3.87 —  55.06
SI6LAEER — 8.40 1.60  70.43 19.57
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Fig. 8 Open circuit potential curves of 316L stainless
steel and TC4 cladding layer. (a) 316L stainless
steel; (b) TC4 cladding layer
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Fig. 9 Equivalent circuit diagram and EIS fitting
diagram. (a) equivalent circuit diagram of TC4
cladding layer; (b) equivalent circuit diagram of
316L stainless steel; (c) EIS fitting diagram of
TC4 cladding layer; (d) EIS fitting diagram of
316L stainless steel
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Table 6 EIS fitting parameter table of 316L stainless
steel

AL A F I LA

JEMIER EZ A AT 3.2
0/(10 F-em)

Tk sPEAE AL HLH
R/(Qem’)  Ry/(Q-em’) CPE2-T CPE2-P
7.317 5616 1.0243 781.39
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Table 7 EIS fitting parameter table of TC4 cladding layer

WARBLAFI 250/ (10 F-cm”)

AR RRAE EM T RE MU R R iR R RS S
R/(Q-cm”) C,/(F-cm’) R,/(Q-cnt’) Ry/(Q-cm’) CPELT CPELP
9.18 1 5.2363x10° 36.67 965 42 9.85 02 58 690
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Fig. 10 Polarization curves of TC4 cladding layer and
substrate. (a) TC4 cladding layer; (b) 316L
stainless steel
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Table 8 Polarization parameters of TC4 cladding layer
and 316L stainless steel
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