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Effects of Spraying Distance on Erosion Wear Behavior of WC-12Co
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Abstract: In order to improve the erosion resistance of coatings. WC-12Co composite coatings were prepared on Q235 steel
by atmospheric plasma spraying (APS) method. The microstructure, mechanical properties and erosion resistance of the
coatings under different spraying distance were studied. The results show that the spraying distance has an obvious influence
on coating preformance. When the spraying distance is 130 mm, the particle velocity and temperature matches well, and the
quality and erosion resistance of the coatings are better than others. The corrosion resistance of the coatings sprayed by 120
mm and 140 mm is poor . The wear mass loss of the coating is the largest when the diameter of sand is 30 mesh. When the
velocity of sand is 15.68 m/s, the wear mass loss of the coatings is larger than that of 13.33 m/s.The wear loss firstly increases,
then decreases with the growth of the erosion angle, and attains the maximum value when the erosion angle is 60°.
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Fig.1 Microstructure of WC-12Co powder
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Table 1 Parameters of grit-blasting and spraying

Process Parameters Values
Air pressure / MPa 0.4
Grit-blasting Blasting distance / mm 200
Blasting angle / (°) 90
Current / A 350
Gun traverse speed / (mm-s™) 60
APS Powder feeder rate / (g'min™") 60
Argon volume flow / (L-h™") 2 500
Hydrogen volume flow / (L-h™") 100




55 6 3] BAEE, A5 BHREEEXAER TR WC-12Co W20 rh il AR Ay 5 113

SEONRMA BB AT FRZA B A2 7 () DH-2080 #1445 £
TWERARGE, BIHIEBINE NN 6 mm.

1.2 REHSHERE

K LED-1430VP i H 5% (SEM) MELR)2
BHEIES . K D&Advance RS 5H0NE 152
WA ST, RS Y Cu fl, &
JE40kV, BHUR 30 mA, FHHEE 2°/min, FI4
TEH 20°~80°, Kk 0.02°, WRJZEBSHINE R
H OXFORD-2000 #IHEE{X . Spray Watch 2i A
TR AEZR M 2R G0 1 D 4 55 2 - S b R A TR T
(AL R . FL BRI R RO B v . R
F HXD-1000TB 2 [G A 2 {SO6] 7 J2 0 ket B2 K 490
PEHEATINGE , SR S pIPER R 0.5 kg #ifir .
JEPIECRTHEITanK (1):

0.113H-D'/?

Kic= —— 2 1
T +c 2Dy M

K, HONRZERAER, GPa; D NZERE
JEXTALZE, um; Cp R DU AR ZEf S 28 80K
ZAH, umo WRIZMEE G ORI E R GB/T 9793-
2012 FRufERETT, R E-7 Bk ia 2 ik ke 5 i s
) Q235 HIXHH ARG RE, 22 3 h [EMb)G, @it Jifig
MR IGHLIN S IR )2 S5 AR . wh il 45 i 6
SR A RS R R e i B PO AL T, i
BORTEE By, o SHOWTES N 2 Fik 2
Fis, WRIEBRAKEN], K2R Mk, M

®2 DR EEUFRS

Table 2 Chemical composition of sand

Element (0] Al Si Ca Fe

Mass fraction / %  48.99 8.92 27.51 2.14 4.94

[# 2 550 um (30 H) ¥R ASHOIIE S
Fig.2 Micro structure of sand of 550 um (30 mesh)
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Fig.3 XRD patterns of WC-12Co coatings under different
spraying distance
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Table 3 Microstructural characteristics and mechanical properties
of coatings under different spraying distance

Spraying distance / mm 110 120 130 140
él:CD gig‘cp/fzk height ratioof )0 337 901 094
Porosity / % 391 1173 4.04 733
Microhardness / HV 5 1118 907 1309 1234
Thick of coating / um 275 458 361 220
Bonding strength / MPa 22.65 2032 26.16 1238

Fracture toughness / (MPa-m'?) 438  2.87  9.03 1.23
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Fig.5 SEM images of indentation crack propagation of coatings under different spraying distance
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Fig.6 Wear mass loss under different spraying distance

J1, FEENNZSBETREBHAEE, RZED
TR B ) DL R A i R R . MR R
120 mm B, B TFIRZALBREKR, WIZMBR™
&, FMHWC WD, R CosWC 34
2%, MITIEARER 2 B T B o

& 7 AR VD RE AR T U )2 A o e s 5 it
it [ AR AR 2, SR IBERIEES Y 130 mm
IR Z, wiihff 900, VHRIEE H 13.33 m/s,
WAt 3 B [R VDR B AR TR VR )2 o ik S 5 ) X
Fo, 0~12 min B, 270 pm(50 H) vk i 45 &
AR, 12 min UG 550 um(30 H) YRR & s
K, 20 min i 270 pm(50 H) 5 212 um(70 H) 7
Rrp BT . T IRZ IR A LB R R
FIHRZENHE, 78 0~12 min I 270 pm(50 H)
PRI BEARAT B i, il A 3T R T AL AL B R
AR HEMRIZRIE LS, i 3% 8
ZZo 1M 550 pm(30 H) VR REAS R E2 IR 8K BN
AE, 502 A I o i b 2 A 1 el A
K, MITREARTF A PR i il 4 2

1.0

@ 550 pm (30 mesh)
08 0270 pum (50 mesh)
g m 212 um (70 mesh)
;:__p
= 0.6
]
S
§ 04
¥
g 02
o
" " 1 n 1 " 1 " 1 "
0 4 8 12 16 20 24

Time / min
&7 OR[E TR AR T U2 B i s b ek

Fig.7 Wear mass loss of coatings with different sand diameter
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Fig.8 Wear mass loss of coatings with different sand velocity
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Fig.9 Wear mass loss of coatings with different erosion angles
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Fig.11 Surface morphologies of coatings under different spraying distance
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Fig.12 Erosion-corrosion SEM morphologies of coatings under different spraying distance
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Fig.13 Erosion-corrosion SEM morphologies of coatings under different impact angles
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Fig.14 EDS spectrum and elemental mapping images of coatings



120 b B xR T LT IR

2017 4¢

(1) 7E B TR WC-12Co0 1R 2, WO
BN 2 A S5 S ) SR RS AR . 25
B FLAAN RIS U B VR SR L Z 124k, W
BN 130 mm B R 2R R A, BRI E R
120 mm 5 140 mm R ZRER 2,

(2) w3 AT I TR ROk fi o A o S
DOBUm TR B BRR], BT RAF A6 A0 A P AR
BRAIERZF S R EERNE, mHEAEN
W% g% I 5 R 008 R TAE 48 i 1 - R 5 R 1 T
A, REERZPIh R T .

(3) iR E 0~4 min P, 3432 i g
A, 8 min LUR B EZSIEK , RIEPI
TS RE ) R B IR B LB R A
Ik B AR . WURIE RN 130 mm AR )2
PO AR i S P g T 4. 550 pm(30 H)
YRR 2 i R A K, 270 pm(50 H) 5
212 um(70 H) VR w5 A —5 s
PRI R, AR WK

(4) 7w A R 60°H MRS i f K, 90°k
Z, /NAEE 30°nbih BB i B /N s E/ N BE 300
T, SOWDTHI . AL AR TE FSOULIE 55 1 7% 2 vl
TREESRRRIE , IR 2 B B A BT B8P ok 5 4
REJT s TERFBE 90°m}, JE57 R P A FERHE, IR
R B P E T vh ik B R

SE K

[1] ZEMH, M3, b, Ay B IR 45 s ik WC-

Co WRJZAL R AERERIE D). T E KM TIL, 2016, 29(4):
111-117.
AN LT, SUN C Q, GAO Y. Effects of arc voltage on micro-
structure and properties of WC-Co coatings prepared by low
power plasma spraying[J]. China Surface Engineering, 2016,
29(4): 111-117 (in Chinese).

[2] XBESE, FRT, THIBE WC-17Co MyAR RS AR I PR
HirEVERERIFZN S HT[I]. RIEHR, 2016, 45(6): 76-81.
LIU Y K, WANG Z P, DING K Y. Effect of particle size on
the in-flight characteristics and the WC-17Co coating proper-
ties[J]. Surface Technology, 2016, 45(6): 76-81 (in Chinese).

[3] whaksify, FIEA 1T, 45 WU e85 B TSR T
D B ARSI ZE (], BUBTRFLA, 2012, 4(2): 35-43.
HAN Z H, WANG H J, BAT Y, et al. The study of heat pro-

cess and molten state of sprayed particles in plasma jet[J].

[4]

[5]

(6]

[7]

[8]

(91

[10]

[11]

Thermal Spray Technology, 2012, 4(2): 35-43 (in Chinese).
SCHE, XU AR, 55 BEETRARXT ALO5-3TiO, i+
AL K R A MERE RS R[], Hp R TE TR, 2012, 25(4):
49-55.

WEN K, LIU M, YU Z M. Influence of the type of nozzle on
particle flattening and coating[J]. China Surface Engineering,
2012, 25(4): 49-55 (in Chinese).

SCRE. KA TR TR T 5% ZERERTSED]. &K
b R, 2012: 31-50.

WEN K. The study of particle and coating properties by at-
mospheric plasma spraying[D]. Changsha: China South Uni-
versity, 2012: 31-50 (in Chinese).

BONACHE V, SALVADOR M D, GARCIA J C, et al.
Study of erosion behaviour of conventional and nanostruc-
tured WC-12Co coatings sprayed by atmospheric plasmal[J].
Key Engineering Materials, 2010, 867(423): 35-40.

B, L, . B SR TS HVOF Wik WC-Co
WRIE R e B AR ST (D). ATRL TR, 2005(4): 50-54.
WANG H J, CAI J, HAN Z H. Study on erosion wear of
WC-Co coatings prepared by supersonic plasma spray and
HVOF spray[J]. Journal of Materials Engineering, 2005(4):
50-54 (in Chinese).

ZEIH, XUBH, BT, 5. HVOF #4Bt WC-Co-Cr IRJZ7EAR
[RIZCA N AR s A7 A (0], R 1 TR, 2011, 24(6):
11-18.

LIY,LIUY, DUAN D L. Slurry erosion behavior of HVOF
sprayed WC-Co-Cr coatings at different impingement
angle[J]. China Surface Engineering, 2011, 24(6): 11-18 (in
Chinese).

IR, JH 0, e BH, 4. 455 TR WC-Co HIRLALZUR
WERE[T). #ia 4B AT RS T A2, 2007, 36(2): 731-734.

FUY Q, ZHOU F, GAO Y, et al. Microstructure and hard-
ness properties of low power plasma sprayed WC-Co germet
coatings[J]. Rare Metal Materials and Engineering, 2007,
36(2): 731-734 (in Chinese).

JAHE, 22 R4, 250K, S5, M5 I 2 6 3 A e iR
WC10Co4Cr I JZUARRI A B Tl FE s 1 453 1A RE F) B2 1],
MAB LM EERES T, 2013, 18(2): 217-223.

ZHOU W X, L1Y X, LI S L, et al. Effect of spray distance
on deposition efficiency and abrasive wear properties of
WC10Co04Cr coating sprayed by high velocity oxygen fuel
spray[J]. Rare Metal Materials and Engineering, 2013, 18(2):
217-223 (in Chinese).

AR, MRS, B S5 TR WC-12Co/NiCrAl &2
BURZ W B R (D], P B SR I TR, 2014, 27(1): 33-
39.

GUO HF, TIAN Z J, HUANG Y H. Tribological properties
of WC-12Co/NiCrAl composite coating prepared by plasma
sprayig[J]. China Surface Engineering, 2014, 27(1): 33-39



% 6 3] PAEG, S BHRIEBAEE TR WC-12Co WRIZHUrh R R Ay S 121

(in Chinese). Surface Engineering, 2012, 28(4): 237-243.

[12] FENG W R, ZHOU H. Spraying distance dependence of mi- [17] LIUY, HANG Z, CHEN H, et al. Erosion-corrosion prop-
crohardness on HVOF WC-Co coatings[J]. Advanced Mater- erty of CeO,-modified HVOF WC-Co coating[J]. Journal of
ials Research, 2011, 1335(291): 113-116. Thermal Spray Technology, 2016, 25(4): 815-822.

[13] WANGL J, CHEN H, LIU Y, et al. Effects of Cr on micro- [18] WANG G, XING C, TAOF, et al. Enhancement in the cor-
structure and hardness of HVOF-sprayed WC-Co coating[J]. rosion resistance of WC coatings by adding a Fe-based alloy
Advanced Materials Research, 2011, 1380(317): 301-306. in simulated seawater[J]. Surface & Coatings Technology,

[14] S, AR, 04K, 45, Wi i se i e [0]. 22 M BT 2016, 305(15): 62-66.

FeefEdR, 2005, 31(1): 21-25. [19] GENG Z, LI S, Duan D L. Wear behavior of WC-Co HVOF
MA Y, REN J, L1 Y D, et al. Development of research on coatings at different temperatures in air and argon[J]. Wear,
erosion of materials[J]. Journal of Lanzhou University of 2015, 330-331: 348-353.

Technology, 2005, 31(1): 21-25 (in Chinese). [20] SURESH BABU P, BIKRAMIIT B, SUNDARARAJAN G.

[15] ROY M. Solid particle erosion behavior of WC coating ob- The influence of erodent hardness on the erosion behavior of
tained by electrospark technique and detonation spraying[J]. detonation sprayed WC-12Co coatings[J]. Wear, 2011,
Tribology Transactions, 2014, 57(6): 1028-1036. 270(11-12): 903-913.

[16] SANTANA Y Y, LA B S, BENCOMO A, et al. Influence of [21] KONG D J, SHENG T Y. Wear behaviors of HVOF sprayed
mechanical properties of tungsten carbide-cobalt thermal WC-12Co coatings by laser remelting under lubricated con-
spray coatings on their solid particle erosion behaviour[J]. dition[J]. Optics & Laser Technology, 2017, 89: 86-91.

= N
SRR £ 3CF)

o AT ¢
ITSC 2018 EfRABA KRS ERGSIGAEEER =2 51T

2 [ 4 2 45 HBER 22> ( ASM Internatinal-TSS ) , [EIBRAREAFSE AT iiw FIEE K44 25-DVS KX
£ EIMH ITSC 2018 [E FRABIR RS RE ST 2018 4E 5 7 7—10 HAESEE K 22 22617, [RIIIZE I
2018 MLz HURFHRIEFE S22
WICHEAR FREAE . BEAJEIMT & . TR TR AR Tk SR )Z (55 AeroMat i EE
EELEWHT4 ) o 1HE S www.asminternational.org/itsc, TEZEIRAS., WIFRASHEIEHE . 20174F 12 A
31 HZH (PDF #5:0) , ##c#ubk Hi: 2018 4F 2 H 28 H. i3Ci® (H¥ECHE ) |, IH4RMA M
H RV ER L EAE R .
SF b SR A B RRE - S RHT R el A A HE 3R 5 % B ITSC2018 Fl1 Orelikon Metco R4 %l A A k445 %%
BIPKATE 2018 4F 4 286 R SCRE I N %L
KA. 440-338-5422; E-mail: christina.sandoval@asminternational.org

(R TG  HIERR)


www.asminternational.org/itsc
 christina.sandoval@asminternational.org

