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Wear and Corrosion Behaviour of Ni-WC Coatings in Sulfuretted Hydrogen Medium

WANG Yanan, LIU Tao, GUO Zhangwei, CHEN Haiyan, GUO Na, ZHAO Qianyu, PAN Shuai
(College of Ocean Science and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: To improve the abrasion and corrosion resistance of deep-sea oil drilling tools, in this study, Ni-based coating
containing different content of WC particles were coated on the stainless steel by plasma transferred arc (PTA). The abrasion
and corrosion behaviors of the coating were studied in the saturated sulfuretted hydrogen medium. The morphology and
composition of the coating were characterized by X-ray diffraction, scanning electron microscopy with an energy dispersive
spectrometer, X-ray photoelectron spectroscopy. Micro-hardness test, friction and wear test were taken to value the hardness
and wear resistance. Corrosion resistance and pitting distribution of the coating were studied by the potentiodynamic
polarization and 3D optical profilometer. Results show that the Ni-WC coating, which is prepared by PTA process, is consisted
of WC, W2C, Ni and NisFe. However, the volume fraction of WC has a great influence on the abrasion and corrosion
resistance of the coating. When the volume fraction of WC is 60%, Ni-60% WC coating exhibites higher wear and corrosion
resistance in H2S medium compared with the other groups (Ni alloy coating and Ni-30% WC). Therefore, it introduces a new
perspective and an option for abrasion and corrosion control in deep-sea oil drilling environment.
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Fig.2 Cross section morphologies of Ni-30% WC and Ni-60%
WC coatings

DEIIX Mg, XEHTEEGRZEDAFME
1) %5 BE 2 S 3 L, E S B U B Ao AR v AR ok
B, IXEE— R Tl iR J2 i B i ol B 11
AHE . B2, WC MTTBBSHRIRZ-54
T AL T T DR RE L KR RS — AT S B R
HWCH, I T WC LR R 500

3 AR Y AR BE A A AN E] 4 s, WC Y
WERE 22 1980 HV, 33X J& Ni JEAHM B 1 I A5 LA
Fo Ni-60%WC B EE R T Ni-30%WC, XJ&H
FUCTERRAL Y RIS ELIR WY Ni ik [ A 0 1
SRR . WIERIRE A E R, HoR
WC TENEEBI DI BOE = 1) WC Fil WaC i 5T AH
GYAE G X AR 2 250 um.,

5 o0 3 Mk ZRmE M XRD ElE . Ni £k
JZ ) EEY M JE y-Ni Al NisFeo % (Cr) Ml
(B) JLE EEIE AL CrB., Cr EMHTE p-Ni tHh . 5
Ni HR B, Ni-WC RJZH I W il WaC
(R, X 20 Ni-WC I8 )2 1Y S0 W00 132 i 3%

100jum .

(a) Ni based alloy

K3 3 FhiRJE AR ORI R

Fig.3 Surface microstructure of three coatings

800
—=—Ni

—o—Ni-30% WC
—A— Ni-60% WC

Coating

700

600 |

500

Substrate

Microhardness / HV

400

300

200 1 1 1 1
0 200 400 600 800 1000

Distance from the surface / um

B4 NiZE&4. Ni-30% WC 1 Ni-60% WC 32 4 fi (i
Fig.4 Microhardness of Ni-based, Ni-30% WC, and Ni-60% WC
coatings

PR S5 A 0 R BETHRR T, MY CrBa2
FERR T2 55 N AT LA A R U, WA T Cr Al
B VI CrBo Wokiif o § HUS N UTIETE i CraBa.
E Ni-60% WC IR JZ T AFTE CraBa U AT LA 3 H
JEE b IR B L4 Ni-30% WC IR J2H Ni B4
SRR 70%, 1 Ni-60% WC 2T
N 40%, Ni TR GG, NisFe IJE S
%, Ni-30% WC )21 Ni Fll NisFe AYIE{E b Ni-
60% WC )2 5.



EWAH, %: Ni-WC IRIZLEMIA HoS W P BRI A T 67

%4l
A—y-Ni v—CrB
o—Cr *®NijFe
b v-wC A-WC
o o —Cr,B, 3
2 | Ni-60% WC
2
5 2
=)
s g
z 4 X
= 8 A\
ij Ni-30% WC v v* M AYY 4 V)|
o n . ¢
Ni-based r N v A
e
8

10 20 30 40 50 60 70 0

20/ (°)

5 Ni#EA4. Ni-30% WC Fl Ni-60% WC ¥%)2#) XRD i
Fig.5 XRD patterns of Ni-based, Ni-30% WC and Ni-60% WC

coatings

2.2 EEEERIRN

JEEAEE IR B (w) A VDI BEHEE T (Fr) STt fin i) 12
[ 47 (Fn) Z IR EU(ER, & 6 4 3 FiR)27Emifb
FA AT B A (COF) . Ni BIRJZ W)
COF i 0.35, SRJG7E 0.3~0.35 Z [A]1245fk . Ni-
30% WC ¥ )2 COF #4/n% 0.3, SRJ57F 0.2~0.25
Z a4k . Ni-60% WC )2 COF #m3 0.3, 4%
JE G FREF] 0.2 HAE 0.2~0.25 Z[a)7284k, T
K B, Ni S0R)Z2EA KM COF {H. HEEH
HLEL 5 Ni-WC R ZEBBLEIAR, J5&EERN
WC JI0RJ5 748 Sy B RS 5 . X T Ni-30% WC Al
Ni-60% WC 122, COF {H g2 i FHi kA
it st 2, PrAAAR TR SElids . COF (E3g .

5T, 3 FiRZ0 COF TR, X
PAPR A B ORI RIE A WC
BRANEIST, JF HARAE R R AR A X s gl R

0.50

Ni

Ni-30% WC

Friction coefficient,
=3
W
(=}

Ni-60% WC

0.10 1 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000 8000

Sliding time / s
6 3 i) A BEHE R R 18] A9 22 1k
Fig.6 Variation between friction coefficient of three coatings and

sliding time

BRI 22 B) 2 Ao TR ARCE ) B PR TR AN, 3
HEAHFBORZNEMAZE, WCERFIR)ZR
T30 3 A IR R R e DA S R et 4 . AR LB
B, COF MVEEm, BHaE K, A K
JA& S S Y S AR B TR AR
(AT, COF Wi/l , X2 AIRZFRE L EJE 1)
BC A A BT AT AR o R i 48 s 0 42 i T R
K, BEEEBERVER], f COF 8 hnif& i
AR, BERAS NERAS .

Bl 7 fEk 2 R, WM WC 5, SRR

l><lA0
1262.00

946.50 —8691.09 nm I

63100,
315.50

15723.5nm

(a) Ni based alloy

16115.1 nm

l><lA0

—3568.11 nm I

(b) Ni-30%WC coating

1743.7 nm

I><1.0

1262.00 414694 nm l

946.50
2 , 631.00
236.62 31550 Mm

(¢) Ni-60%WC coating

Ni-30% WC

Ni-60% WC

Depth / 10° nm
|
W

Ni-based

710 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900

Width / pm
(d) Cross section view

7 3 FIRIZAE HS VAT TESBUR 09 3D BEROR 5L T
IR

Fig.7 3D profiles of wear tracks and cross section depth for three

coatings after tribological test in a sulfuretted hydrogen medium



68

b B xR T LT IR

2019 4¢

HNEEE T IR 2 BT EEE . Ni-60%WC iR)Z2HA
AR COF R, A BF 58 B R TRk 1
BRZERER, K 7 B8 T EYRM 3D RIEA.

Ni B iR)2 ER IR R K. &K, Ni-60%WC
WIZEARIRMEBIR, XRU] Ni 5400t
AT W ORISR B fb oy [ 1445 31 T 155

%2 WoR T RGBSR AY 2D BOE A Y EE
R, s (1) fios:

W=V/(LxS) (1)

Horpr WZEEUR, VO RESE, mm’; L2
Bfr, Ny SEWIIEE, m,

Ni-WC 1B ZBEHERILT 0.281x10° mm’ N \m™,
T Ni-WC IRJZ MBS PERE A e . AR, f
W5, SEVEASTERE 1. PURBUR Y R L K
TR Z W OB AR 2 i e AT A S B b g e Tl
RO A B TR M R
SR, BT AE B EBALE, WZ MR R AL
FRIPSE AR . WC ARFR A BO it s 1 B A AR K

®2 IMWAARBNERERERER

Table 2 Wear volume and wear rate of three tested coatings

Coating Ni Ni_vsg% Ni-vg((;%
Average width of wear scar/um ~ 11.029  2.065 1.378
Average depth of wear scar/um ~ 303.01  136.04 54.23
Wear volume/10° mm’ 3.334 0.281 0.075
Wear rate/10°(mm’ N™"-m™") 1.667 0.141 0.038
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Fig.8 SEM images and EDS analysis of three coatings after tribilogical test in a sulfuretted hydrogen medium
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Fig.9 Open circuit potential (Eoc) of the Ni-based, Ni-30% WC,
and Ni-60% WC coatings in a sulfuretted hydrogen medium

-1.5
2.0
-25

-3.0

Log/(A-cm™)
AL
wn = W

T

|
Sty
(=]
T

L —a—Ni
—e—Ni-30% WC
—4—Ni-60% WC

| |
SN
(=T
T

_65 1 1 1 1 1 1 1
-12 -1.0 -08 —0.6 -04 -02 0 02 04 006
Potential / V
B 10 3 FHERIZAEMLFT HaoS S B0 A Bl e ik AL i 2k
Fig.10 Potentiodynamic polarization curves of three coatings in a
sulfuretted hydrogen medium

K3 3MEBEHS BRETHBRURLLEER

Table 3 Corresponding electrochemical parameters of three coatings in a sulfuretted hydrogen medium

Sample Ecom'V fcorr / Arcm’? Rp/Q ba/(V-dec™) be /(V-dec™) C. Rate / (mm-y™")
Ni —0.6684 1.601 x10°¢ 4112 0.038 0.033 1.860 x 10?
Ni-30% WC —0.7472 2.610 x10°° 2191 0.033 0.035 8.324 x 107
Ni-60% WC —0.6601 1.542 x10°¢ 5965 0.047 0.022 1.791 x 10?
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