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Fig.1  SEM image of WC particles 
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Fig.2  Schematic diagram of low temperature detonation spray rig 
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Table 1  Spray parameters of the detonation coating 

Spray parameter Value 

Oxygen flow rate/L·min

-1

 196.8 

Hydrogen flow rate/L·min

-1

 393.6 

Purge gas flow rate/L·min

-1

 300.0 

Powder flow rate/g·min

-1

 16.8 

Spray distance/mm 40.0 

Spray frequency/Hz 1.0 
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Fig.3  Sketch diagram of particle flow velocity test 
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Fig.4  Calculated temperature profile of the particles 
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Fig.5  Calculated velocity profile of the particles 
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Fig.6  Pressure test results 

 

 

 

 

 

 

 

 

 

 

� 7  ����� !"#���	 

Fig.7  Calculated Mach number at the nozzle outlet 
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Fig.8  Voltage-Time profile caused by particle flow at the nozzle 

outlet 
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Fig.9  OM image of cross-section of WC coating 
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Fig.10  XRD patterns of WC powder and coating 

 

WC>?�Ua� XRDû°� R�§#WC>?�

A��B±)Ua� XRD û°.²A{��� WC

>?tu#WC Ua) 40.2°� 44.5°³W§�1 2 ´

PN±#*Rtµ¶ �#À 2´PN±�z,� Fe

·¸�PN±�ð[ w¸|�#lmTU���

WC>?g¯§�sÔ��7��� 

��������

1) )TÝ§ýmµãäåTæ RA�£�¢

X�D#g� R� WC?«µÒ¡ 1000 m/sR.�

?«ÒD��|yîìBOÄ�()|yt¬}� 

2) Ua@ABO�xy"��ãäåTæÅÆl

mTU RBOÄÂÃC�¢x��7��� 

3) �%4��¹lmTU WC �����7º

»�¼1pq½¾¿� 

 

����    References 

[1] Feng Yan(8 9), Wang Richu(:;<), Yu Kun(= >). Rare 

Metal Materials and Engineering(��������)[J], 

2007, 36(10): 1820 

[2] Vera E E, Vite M, Lewis R et al. Wear[J], 2011, 271(9-10): 2116 

0 2 4 6 8 10

-1

0

1

2

3

4

5

 

P
r
e
s
s
u
r
e
/
M
P
a

Time/ms

 Total pressure

 Static pressure

–

-1 0 1 2 3 4 5 6 7 8

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

 

M
a

Time/ms

–

20 25 30 35 40 45 50

0

1

2

3

4

5

6

7

8

9

10

 

 

V
o
l
t
a
g
e
/
V

Time/ms

Laser 1

Laser 2

WC 

Steel 

100 µm 

20 30 40 50 60 70 80

 Coating

 Powder

 

Fe

WC

WC

WC

WC

I
n
t
e
n
s
i
t
y
/
a
.
u
.

WC

Fe

2θ/(°) 



� 6?                               @ABCDE�FG�.WC./(HI�JKLM                           �1871� 

[3] Hashemi R, Hussain G. Wear[J], 2015, 324-325: 45 

[4] Li Huanying, He Huibo, Han Wenqiang et al. International 

Journal of Precision Engineering and Manufacturing[J], 2015, 

16(4): 781 

[5] Saravanan I, Perumal A E, Issac R F et al. Materials & Design 

[J], 2016, 92(1): 23 

[6] Fei Yuhuan, Huang Chuanzhen, Liu Hanlian et al. Key Engin- 

eering Materials[J], 2016, 693: 1148  

[7] Lv Biao(N O), Wang Xiaohe(PQR), Hu Zhenfeng(STU) 

et al. Rare Metal Materials and Engineering(������

��)[J], 2017, 46(2): 555 

[8] Shen Yizhou(VWX), Tao Haijun(YZ[), Lin Yuebin(\]

^) et al. Rare Metal Materials and Engineering(����

����)[J], 2017, 46(1): 23 

[9] Zhou Kesong(_`a), Deng Chunming(bcd), Liu Min(e 

f) et al. Rare Metal Materials and Engineering(����

����)[J], 2009, 38(4): 33 

[10] Liu H W, Xu X J, Zhu M H et al. Tribology International[J], 

2011, 44(11): 1641 

[11] Wang Tiegang, Liu Yanmei, Wang Qimin et al. Current 

Applied Physics[J], 2012, 12(2): 59 

[12] Shtertser A, Muders C, Veselov S et al. Surface and Coatings 

Technology[J], 2012, 26(23): 4763 

[13] Kamal S, Jayaganthan R, Prakash S. Surface�Coatings 

Technology[J], 2009, 203(8): 1004 

[14] Heidari A, Wen J X. International Journal of Hydrogen 

Energy[J], 2014, 39(11): 6184 

[15] Wang Tiegang(:gh), Li Baisong(ijk), Yan Bing(l 

m) et al. Journal of Materials Engineering(����)[J], 

2017, 45(3): 73 

[16] Wu Hong, Lan Xiaodong, Liu Yong et al. Transaction of 

Nonferrous Metals Society of China[J], 2016, 26(6): 1629 

[17] Ulianitsky V, Batraev I, Dudina D et al. Surface & Coating 

Technology[J], 2017, 318: 244 

[18] Zhao Liying(nop ), Liu Pingan(eqr ). Journal of 

Materials Engineering(����)[J], 2016, 44(6): 50 

[19] Wang Tiegang(:gs), Song Binghong(tuv), Hua Wei- 

gang(wBs) et al. Acta Metallurgica Sinica(��xy)[J], 

2011, 47(1): 115 

[20] Yuan Jianhui, Ma Chunwei, Yang Shanglei et al. Surface & 

Coatings Technology[J], 2016, 285: 17 

[21] Bouaricha S, Legoux J G. Surface & Coatings Technology[J], 

2017, 309: 355 

[22] Han J C, Jafari M, Park C G et al. Materials Characterization 

[J], 2017, 129: 207 

[23] Zhao Liying(nop), Liu Pingan(eqr), Dai Hongchuan 

(z{| ). Journal of Chemical Engineering of Chinese 

Universities(}~�x��xy)[J], 2016, 30(2): 466 

[24] Haider A, Levenspiel O. Powder Technology[J], 1989, 58(1): 63 

[25] Carlson D J, Hoglund R F P. AIAA Journal[J], 1964, 2(11): 1980 

 

Theoretical and Experimental Study on Preparing WC Coating 

via Low-temperature Detonation Spraying 

 

Han Zhiwei, Guo Wanxiao, Li Yaning, Wang Boliang 

(Nanjing University of Science & Technology, Nanjing 210094, China) 

 

Abstract: In order to solve the decarburization problems of WC particles caused by high temperature during detonation spray process, a 

detonation spraying device with Laval nozzle was designed. Theoretical and experimental studies on preparing WC coatings via detonation 

spraying were carried out by introducing the device. Numerical calculation results based on isentropic flow indicate that the temperature of 

the carrying gas could be decreased greatly by introducing the nozzle, meanwhile, the velocity of the WC particles could also be 

accelerated up to above 1000 m/s. Some pressure sensors were used to test the pressure in the entrance and the exit of the nozzle, and the 

Mach number of the gas was calculated. Laser Extinguish method was employed in the nozzle exit to measure the average velocity of the 

particles. Both theoretical and experiment results could match each other properly. SEM, metalloscope and XRD were used to characterize 

WC particles and the coatings. The test results reveal that the Laval nozzle could avoid decarburization phenomenon of WC particles 

effectively. This paper provides a new thought to solve the decarburization problems of WC particles during detonation spraying process. 

Key words: detonation spraying; tungsten carbide; low temperature; nozzle 
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