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Table 1 Composition, structure,
hardness and corrosion rates of

as plated coatings

M icrohardness Corrosion rates

No. Composition Structure / GPa T —— 2 l

N : .

1 10. 8;% p Amorphous 4.9918 7.55%x 10 3
Nr4.99% W- : B

2 1'4‘ 41%01) Crystalline 4.9035 7.77%x 10" 3
Nr7.69% W- B

3 S gp ~ Amorphous  6.0803 6.02x 1073

4 Nf;?é;[?/pzyf)w- Amorphous 6.5707 4.2x10° 3
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Fig. 1 Dependence of microhardness of

coatings on heat temperature
1 —Nr10. 19% W-7.27% P; 2 —Nr7.69% W-7.76% P;
3—N14.99% W-4.41% P; 4 —Nr10.83% P
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Fig. 2 Dependence of corrosion rates
of coatings in 10% H2S04 solution
on heat temperature

1 —Nr10.83%P; 2 —Nr4.99% W-4.41% P;
3—Nr7.69% W-7.76% P; 4 —N1r10.19% W-7.27% P
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Table 2 Dependence of erosion corrosion
rate on composition of

alloy coatings

Erosiomr corrosion rates

Composition PYI—— 20t 1)

Nr10.83%P 1.548
Nr4.99% W-4. 41% P 1. 580
Nt 7.69% W-7. 76% P 1.280
Nr10. 19% W-7.27% P 0.916

Test media: 10% HySO4+ 15% AL, O3( 400 Hm)
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Fig. 3 Morphologies of surfaces of alloy coatings subjected to erosion corrosion
(a) —N110.83%P; (b) —Nr4.99% W-4.41%P; (¢) —Nt7.69% W-7.76% P; (d) —Nr10. 19% W-7.27% P
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Fig. 4 Dependence of erosion corrosion

rates of coatings in

10% H2S04+ 15% Al03( 400 Hm)
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Table 3 Peak identification ( Immersion
test 200h in 10% H»S0O4 solution)

Speire Pk Bonding Chemical w! %
on heat temperature energy/ eV state
1 —Nt4.99% W-4. 41% P; 2 —Nr10. 83% P; Nigp 1 856.3 +2 26.6
2 2.6 73. 4
3 —Ni7. 69% W-7. 76% P; 4 —Ni 10. 19% W-7.27% P - 0 .
By, 1 132. 4 +5 33, 3
pH B, Worrgs ReT LA NeW-P & &85 )= 2 129. 6 0 67.7
2 T B0 0 Bl Ak B d Ni( OH )2, WO5 Al War 1 350, 37.3 +6 57.7
2 31.3, 33.4 0 42.3
(a) {c)
I"\
\
1
\
// \)’A‘
f A\
/ i F \\\v’ A
LN AN
(d) (e)
i’
/
/ /
=y /4
=~/ /
/ — |
f 7 \“\\ \
(/ o~ ,/ // - N ’/’ N
858 836 854 852 136 134 132 130 128 40 38 36 34 32 30 28

Bonding energy, E/eV

& 5

BEA NT7.69% W-7.76% P 5% 2 1) XPS 4 #7 K

Fig. 5 High resolution XPS spectra of Nr7. 69% W-7. 76P as plated coatings
(a), (b), (¢) —Immersion test 200 h in 10% H,SOy solution;

(d), (e), (f) —Erosion-corrosion test 2h in 10% H,;SO4+ 15% Al,03(400 Hm)
(a), (d) =Ni; (b), (e) —P; (o), (f) =W
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Table 4 Peak identification (Erosion
corrosion test 2h in

10%H,S04+ 15% AL03) (400 Hm)

Bonding Chemical

opecina  Deake energy/ eV state wi
Nig, 1 855. 8 +2 11.7
2 853. 1 0 88.3

Py, 1 132.7 + 5 10. 3
2 129.9 0 89.7

W 1 359, 38.5 +6 38. 8
2 30.8, 33.7 0 61.2
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Table 5 Dependence of erosioncorrosion rates

(mg*cm™ **h™ ') of material on test media

10%H2S04+  10%HCl+  10% NaOH+ 3% NaCl+

M eterial

15% AL0;  15%AL0;  15%Al0;  15%AL03
Nt
10. 83% P 1.548 1. 842 0. 552 0.921
Nt7. 69% W-
7.76%P 1.280 1.710 0. 136 0. 505
1Cr18Ni9Ti 3.717 4.102 0. 562 2.173

3 %t
(1) B NEW-P & & B0 il JE bk
Ret TAESAS NEP &4 M1 1Cr18Ni9T i K

H

i) 5 e 1 i

(2) EHAE NEW-P &4 E& W 880,
AR T3 = 2 A« I ek b AR 4T e ) 5 el
PERE .

(3) EFHE NrW-P &4 1F 400 CLL R8¢
R () A sk R0 48 J2 et ) g e e 52 T
AR, R IEIE L .

REFERENCES

1 Zheng Yugui( 8 E5%), Yao Zhiming( Zkifi%4) and
Ke Wei( f1]
(FRRNE S TFE), 1992, 10(3): 21.

2 Koiwa Ichiro, Usuda M asahiko and Osaka Tetsuya. J
Electrochem Soc, 1988, 135(5): 1222.

3 Gao Husheng( & #'42), Wang Jingang( £ 4:Kl),
Fan Yuguang ( # £ %) et al. Corrosion Science and
Protection T echnique( J& TR 5T HR) , 1994,
6(1): 96.

4  He Zhaoji( fif 2 5L) . Mechanical Behaviours of M etals
(& )8 19 J1% YL i) . Beijing: Metallurgical Industry
Press, 1985: 214- 218.

5 Gao Chenghui( =¥ ) . The Chinese Journal of
Nonferrous Metals ( # [E & 4 J& 2% 4R), 1996, 6
(Suppl. ): 348.

6 Liu Shulan( X3 %), Yang Xiumin( #75%) and
Wang Baoyu( T ff £). In: Proceedings of the 3rd

ff5) . Meterials Science and Engineering

National Conference on Surface Engineering ( 2 — i
S EFR M TR RS RICEE) . Xiamen, 1996: 121-
124.

7 Sadeghi M, Longfield P D and Beer C F. Trans Inst
Metal Fin, 1983, 61: 141.

8 Liu Jiajun( ¥ %i&) . Material’ s Wear Principle and
its Wearability( 4 %} B 4% i 38 & L ifi B %) . Bei
jing: Tsinghua University Press, 1993: 214- 215.



s 384 ¢ HhEA AR R 1998 £ 9 H

EFFECT OF COMPOSITION AND STRUCTURE IN
ELECTROLESS Ni W-P ALLOY COATINGS
ON EROSION- CORROSION RESISTANCE

Song Jinfu, Guo Kaiming and Zhao Zihui
Department of Materials, Fuzhou University, Fuzhou 350002, P. R. China

ABSTRACT The microhardness, corrosion and erosion-corrosion resistance of electroless Nt W-P alloy coatings with
different composition and structure in flowing suspension of solid particles in corrosive media were investigated, and the
components of the surface film were analysed by XPS. The results show that increasing tungsten content can raise micro-
hardness, corrosion and erosionr corrosion resistance of electroless Nt W-P alloy coatings. The surface film made of
Ni(OH) ;, WO3, Niz( POy), possesses well repair ability, which makes electroless N W-P alloy coatings possess excellent
erosiomr corrosion resistance. Heat treatment below 400 C raises the microhardness, but weakens the corrosion resistance,

however it slightly raises erosion corrosion resistance.

Key words electroless Nt W-P alloy coatings composition structure erosiorr corrosion
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