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Abstract: The Ni60 overlay was deposited on Z2CN18-10 stainless steel substrate by plasma trans-
ferred arc (PTA) method, and the microstructure, hardness and corrosion resistance of Ni60 overlay
were investigated. The results show that the overlay mainly consists of Ni-rich y solid solution (-
Ni), borides and carbides, and y-Ni and borides eutectic structure. The overlay from the top to bot-
tom shows different phase fractions, and the amount of chrysanthemum-like structure in the middle is
large. The hardness of Ni60 overlay is around 500HV, which is higher than that of Z2CN18-10 stain-
less steel. The hardness increase is attributed to the chrysanthemum-like eutectic structure. In the bo-
rate, Ni60 exhibits higher passivation ability than that in seawater, and the corrosion potential of Ni60
alloy is similar to Z2CN18-10 stainless steel. In simulated seawater, the corrosion resistance of over-
lay in the middle is more superior than that in the bottom and top. Due to the large difference of corro-
sion potential in seawater, the galvanic corrosion is prone to occur between Ni60 overlay and Z2CN18-
10 stainless steel.

Key words: PTA ; Ni60;microstructure; hardness; polarization curve

SR T HEMR OIS PRAF B T WO, BAMNR Oy PTA T 20 IR s A A 48 AL 40 F R T 46 1y — b



FA6E 5

TR Al R S BT B NGO 5 2 40 R LT IR o 1k i 107

RIFGEMARRMGEHOE W T2k, BFmT
O S 2 B 34 5] A L — U ST BB s R
B BRI AR TR /N i RRE S B T A sh b s

B4 G 4 DAL 75 (0 T 5 1 R R ok B 32 1
FHF BB A P S 4003 . A% 50 10 % vl I 35 1 9k AL
o RS 5 4 o AR AE IR AR 2o 2 b JE U PE B Co-59 4
BRI 2 57 A O M TR R Co-58 Al Co-60., X
K N 10 2 4 3 BB o T DA TG 1 B S R AR
SRR R BE R Bk 7 BT e

KT R B 8 AR 98 THE B 2 20 4 50 4F
AR, SR BBl 20 4F A4 JF B 45 B T SR AR 5
ISR AR ST, I NiCrBSi 2 HE S )2 19 41 21 J7 T i
FEMM R . Sudha 7 A HERZE DL y-Ni 3
1 ,Cr;Cy ,CryC, ,Cr, B LA M v-Ni #il Cr, B 3£ 5 S #7 H
58 AL A 5 Liyanage 281 30 &, NiCrBSi HE 48 )2 LL v-Ni
B A A R AR @ ] R Ni+=Nig BRI Ni+Ni; Si 2 g 21
A1) B Cr JEWiki (CrB, CryC, 1 Cr;C,) ; Friesel 2%
N NiCrBSi -2 Jemi i 2 i Ni L[ % 44, (Cr,
Fe, Ni) [ ¥ {4, Ni; B, Ni; Si, , 6-Ni, Si. ¢-CrB, CrB, ,
Cr; Cy s Cr Cy MR s Xu 252 3 k25 B T HE 48 NiCrBSi
Jo  HEAR RSN E Ry [ R (- ND R Ak 9 - Bk
16y 20 1% 9 CrB. Cr,Cy. B 81 BF 58 3 B,
NiCrBSi HE4R 2 20 21 5 A BT T 1 o 76 HE R 2 00 B
R AL ZURSE R nT WAy 3 AN K A XL
22 DI AS DX 22 [ 0 o 9 X3 AR T 4% DX
2 ZFRAIE 3 VA A5 203 A TA

Ni60 & #7115 NiCrBSi 2 i Jit & 4. A& T4 L
Ni60 A J57 & 4 b A B FH F W Ik 2 7K 5 Jl 7 Ry 1 53¢, K
SRR A AT B — a2 BT 1 L 3 T B — R B T
JERE Sy . HRTE AN 6T NI60 45 1 AR A I ik
PERERF 52 (0 H2 38 L AR TAETE Z2CN18-10 AN 4N
Sk b4 BT HEAR Ni60 fif i 4 . B 5T Ni60 A8 T &
4 AN [R) At T DX 3 1) 2L VR AIE B A AS [) VS A v 1 T e
P, NiCrBSi 2 G 4 7K 5 il 75 2 187 230 1 1 P 44 it
HEZZ KR

1 X

HESE LA R 200mm X 35mm X 20mm ) Z2CN18-10
BRI BB AN M A . HESR AT 1 08N BRI )
R ARV A L2 AN AN L AR TE 300 C R ORI 2h, DL
PR e A B, L NI-Cr-B-Si 2B A &
SR Ni60 VN HESE B RE AL 2 U2 AR 1, RS
L 2.,

R1 N0 SEMKRMULERI (REHHE/%)
Table 1  Composition of Ni60 alloy powder (mass fraction/ %)

Fe Cr C B Si Ni
4.49 15.72 0.82 3.08 3.82 Bal

*k2 HEIZSH
Table 2 Welding parameters used in PTA welding process

Welding parameter Value
Current/A 140-165
Voltage/V 30
Oscillation/mm 26
Welding speed/(mm * min~!) 40
Shielding gas flow rate/(L ¢ min~ ') 10
Powder feed rate/(g *« min~ 1) 28
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Fig. 1 XRD pattern of Ni60 coating
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Fig. 2 BEI morphologies of Ni60 coating (a)top layer; (b)middle layer; (¢)bottom layer

3 Ni60 % 55 FHE M5 2 A 20 EPMA 4387 () SEL; (b)BET; (¢) Nis (d) Fe; () C3 (DB; (2)Crs (h)Si
Fig. 3 EPMA maps of typical microstructures of PTAW Ni60 alloy coatings (a)SEI; (b)BEIL; (¢)Ni; (D) Fe; (e)C; (D B;(g)Cr; (h)Si
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4 MRS SR ERGL EPMA 408 () SEL (b)BEL; (o) Ni; (D) Fe; (e)C; (DB; () Crs (b Si
Fig.4 EPMA maps of the chrysanthemum-like microstructures (a)SEI; (b)BEI; (¢)Ni;(d)Fe;(e)C; (1) B;(g)Cr; (h)Si

600

550 r
500 | '\ff W‘f\-......k____
450 /
400
350 /
300
250
200 | s
150 | ) ) ) ) ) )
-1 0 1 2 3 4 5 6
Distance/mm
[E 5 HEARA 4 )2 Aoh 2

Fig. 5 Microhardness profile of the cross section
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Fig. 6 Potentiodynamic polarization curves of alloys in the borate
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Fig. 7 Potentiodynamic polarization curves of alloys in the seawater
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Table 3  Electrochemical parameters calculated from polarization curves
Experimental condition E,/V Io/(A « ecm™2) I,/(A+cm™?) E,/V
Ni60 middle (boric acid solution) —0.25736 5.3106 X107 9.9455X 107 0. 44109
Ni60 top (boric acid solution) —0.23617 1.1400 X106 1. 6900 X106 0.47012
Ni60 bottom (boric acid solution) —0.26838 5.4810X 1077 1.0374 X106 0.42680
Z2CN18-10 (boric acid solution) —0. 23859 1.2875X10°¢ 1.9250X10°°¢ 0.93749
Ni60 middle (seawater) —0.26301 4,6422X10°7 1.1754X10°°¢ 0.13102
Ni60 bottom (seawater) —0. 29845 2.7754X 1077 1.6567 X107 0.30291
Ni60 top (seawater) —0.26996 2.5313X10°°¢ — —
Z2CN18-10 (seawater) —0.12367 6.5223X10°° — —

Bl 8 Dyt 0. 5V fE HL AL 140 B i 3R J7 R ) EM-
PA 3R 2 & Cr. B A ClCh M A & 4

Vel 8 R FL L 40 RS R 3k S 622 EPMA 23 #r

Fig. 8 EPMA maps of microstructures of Ni60 coating after potentiostatic scanning corrosion
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