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1- heater, 2- evaporation chamber, 3- tube heater, 

4- stainless steel pipe, 5- recycling chamber 
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Fig.1  Schematic diagram of the experimental apparatus 
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Fig.2  Mean temperature region microstructure 

(1- columnar zone, 2- fine-grained zone) 
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Fig.3  Transition layer line scan results 
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Fig.4  Schematic diagram of temperature and coating thickness 

 

S�&���¹¡TS���õQhU i Spq�


ç¡� 

( )

( )

2

2

Nb tube tube NbNb

π

i i

M R R d Lρ= � �

         

�1�

 

5& d

Nb

=(d

i1

+d

i2

)/2-d

i1

Ô d

i2

*o¡U i Ss¾V1

�pq��hAL�1#U iSpqW
ç¡� 

total Nb

1

=

i

M M

∑

                           �2� 

5&�ρ

Nb

¡��Ë��g/cm

3

-R

tube

¡]ýþP���

mm-L

i

¡U iS�Ó�h 

XY� 4 �¬äÝ#¦T$z{�%cZ1�p

q��[z{���µm/h��*\�2õQÝ#¦P

ðcÂÃ��
ç�]âøÉ+� 

NbF

5

(g)+H

2

(g)=Nb(s)+5HF(g)              �3� 

MF�%õç�>,ÂÃ��
çõQÉ+^_

� NbF

5

Ô H

2

�`aç�]�@Û��x��`aç

õQ:C$�ç1ZY
�+�b��� 5�h�F�

z{@Û&c�VPð¯°¦���ç�Æz{@d

LX��Pð�MFef[10]&¤#æ�Pðz{@

Û�VPð����çg4�Pð@d��yh7

10%�]��ÜÝ���¯°ij�Ý#¦,F¯°

àFkø����h[�=x�êM¬Bcz{ô�

��*\�7� 6��h 

20lm 70nN�sop$%qr��æstÍÎ�

uvw¡�HI&�¼Y��áz{��MÕ%¬ü>

��O�¡

[10]

� 

 

 

 

 

 

 

 

 

 

 

~ 5  NbF

5

�*�<�O�) 

Fig.5  Changes in concentration of gas and NbF
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Fig.6  Temperature of deposition chamber on each point 
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Fig.7  Calculated and experimental results 
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Abstract: Dense niobium coating was prepared by atmospheric pressure chemical vapor deposition (CVD) at 1150 °C, and the deposition 

rate reached 250 µm/h. The post-deposition coating thickness was analyzed along the gas flow direction, and the mole percentage of NbF

5

, 

H

2

, HF and Ar at different positions were determined. Finally we obtained a growth kinetics equation by data fitting, which agrees well 

with the experimental results. Further analysis of the kinetic equations reveals that the byproduct HF has a great impact on deposition rate 

while Ar almost has no effect. 

Key words: niobium coating; chemical vapor deposition; growth kinetics; byproducts 
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