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¼ 1  ½¾¿@GH$T LPCVD-ZrCVWcÀTÁÂ¼ 

Fig.1  Schematic of LPCVD-ZrC preparation by in-situ halogenation reaction 
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¼ 2  ZrCVWCDno»AIYZcÃJ 

Fig.2  Deposition rate of ZrC coatings versus total flow rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¼ 3  ZrCVWc XRD¼Ä`Å�SÆ�JÇ»AIYZÃJ 

Fig.3  XRD patterns (a) and texture coefficients (b) of ZrC 

coatings deposited at different total flow rates 
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¼ 4  §zAIYZM ZrC VW!c ZrªCªO È·c½ÉÊ

°` C/Zr� 

Fig.4  Zr, C and O atomic concentrations (a) and C/Zr ratio (b) of 

the ZrC coatings deposited at different total flow rates 
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 5  ������� ZrC������� 

Fig.5  Surface morphologies of ZrC coatings deposited at different total flow rates: (a~c) 200 mL/min; (d~f) 400 mL/min; (g~i) 600 

mL/min; (j~l) 800 mL/min; (m~o) 1000 mL/min 
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 6  ������� ZrC���+��� 

Fig.6  Cross-section morphologies of ZrC coatings deposited at different total flow rate: (a) 200 mL/min; (b) 600 mL/min; 

(c) 1000 mL/min 

 

��������

1) ?Æ	
��@��J����D¾!@�"

�ª�& 800 mL/min��#�$G 3.37×10

-3

 g·cm

-2

·h

-1

: 

2) J�*� C/Zr =>?	
���@��AB

�� 0.85CD9EF 1.49: 

a b c 



�594�                                           �������	
                                           � 49� 

3) &	
��G 200 mL/min��J�jk)*

�{���X�UVlmnopqr�uvX� %&

400~800 mL/min ��ZrC X
å(200)XQopqr 

{�ts��Q
� wx�J��&'ù()%&�

�*F 1000 mL/min��	
�������G+��

��M]�]d�&'�íîmn� ZrCJ�: 

 

����    References 

[1] Naslain R. Compos Sci Technol[J], 2004, 64: 155 

[2] Ma X, Chen S A, Mei M et al. Ceram Int[J], 2017, 43: 3501 

[3] Ma X, Chen S A, Mei M et al. Mater Sci Eng A-Struct[J], 2016, 

666: 238 

[4] Xie W J, Qiu H P, Chen M W et al. Solid State Phenom[J], 

2018, 281:408 

[5] Li Jinping(,�-), Meng Songhe(./0), Han Jiecai(12

3) et al. Rare Metal Mat Eng(�������	
)[J], 2008, 

37(6): 980 

[6] Yu Yiping, Wang Song, Li Wei et al. Rare Metal Materials 

Engineering[J], 2017, 46(1): 63 

[7] Ma Xin(� �), Hu Haifeng(456), Qiu Haipeng(758). 

Rare Metal Mat Eng(�������	
)[J], 2018, 47(S2): 58 

[8] Stanley R L, Elizabeth J O, Michael C H et al. J Eur Ceram 

Soc[J], 2002, 22(2): 2757 

[9] Zhao D, Zhang C R, Hu H F et al. Ceram Int[J], 2011, 37: 2089 

[10] Li Y, Chen S A, Ma X et al. Ceram Int[J], 2016, 42: 5171 

[11] Yutai K, Gokul V, Takashi N et al. J Nucl Mater[J], 2013, 441: 

718 

[12] Kim D, Ko M J, Park J Y et al. J Nucl Mater[J], 2014, 451: 97 

[13] Reynolds G H. J Nucl Mater[J], 1975, 56: 239 

[14] Ogawa T, Ikawa K, Iwamoto K. J Mater Sci[J], 1979, 14: 125 

[15] Porter I E, Knight T W, Dulude M C et al. Nucl Eng Des[J], 

2013, 259: 180 

[16] Jun G K, Si J P, Ji Y P et al. Ceram Int[J], 2015, 41: 211 

[17] Wang S L, Li K Z, Li H J et al. Mater Lett[J], 2013, 107: 99 

[18] Wagner P, Wahman L A, White R W et al. J Nucl Mater[J], 

1976, 62: 221 

[19] Sun W, Xiong X, Huang B Y et al. Carbon[J], 2009, 47: 3365 

[20] Zhao H S, Liu B, Zhang K H et al. Nucl Eng Des[J], 2012, 

251: 443 

[21] Liu C, Liu B, Shao Y L et al. J Am Ceram Soc[J], 2007, 

90(11): 3690 

[22] Ikawa K, Iwamoto K, Ogawa T. J Ceram Soc Jpn[J], 1973, 

81(10): 403 

[23] Ueta S, Aihara J, Yasuda A et al. J Nucl Mater[J], 2008, 376: 146 

[24] Korotkov R Y, Ricou P, Farran A J E. Thin Solid Films[J], 

2006, 502: 79 

 

Effect of Total Flow Rate on Microstructure and Growth Mechanism 

of ZrC Coating Prepared by LPCVD 

 

Ma Xin

1,2

, He Xinbo

3

, Liang Yanyuan

1,2

, Qiu Haipeng

1,2

 

(1. AVIC Composite Technology Center, AVIC Manufacturing Technology Institute, Beijing 100024, China) 

(2. AVIC Composite Co., Ltd, Beijing 101300, China) 

(3. University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: Zirconium carbide (ZrC) coatings were deposited on graphite substrate at 1200 °C by low pressure chemical vapor deposition 

(LPCVD) using the Zr-Br

2

-C

3

H

6

-H

2

-Ar system. The effects of total flow rate on the microstructure and growth mechanism of ZrC coatings 

were investigated. The results show that as the total flow increases, the deposition rate increases firstly and then decreases slowly, and the 

deposition rate reaches the maximum of 3.37×10

-3

 g·cm

-2

·h

-1

 at the total flow rate of 800 mL/min. Meanwhile, the preferential orientation 

of ZrC coatings changes evidently, and the (200) plane is the preferential orientation of ZrC coatings at the total flow rate of 600~800 

mL/min. XPS results show that the C/Zr ratio of ZrC coatings increases from 0.85 to 1.49. At the total flow rate is 200 mL/min, the ZrC 

coatings are dense and composed of equiaxed gains. As the total flow rate increases from 400 to 800 mL/min, the ZrC coatings are 

well-faceted pyramidal-shaped crystals. When the total flow rate is 1000 mL/min, the ZrC coatings own loose complex island-like gains. 

The variation of ZrC coatings is mainly attributed to the boundary layer with increasing the total flow rate. 

Key words: ZrC coating; total flow rate; low pressure chemical vapor deposition; microstructure; growth mechanism 
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