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Fig.1  Capillary microfluidic device: (a) overall device schematic 

and (b) partial enlargement 
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Table 1  20 kinds of broth composition 

Molar ratio of urea/Zr 
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)/ 
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0.30 0.50 0.70 0.90 1.14 

0.0184 1# 5# 9# 13# 17# 

0.0200 2# 6# 10# 14# 18# 

0.0216 3# 7# 11# 15# 19# 

0.0240 4# 8# 12# 16# 20# 
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Fig.2  Stability test of broth 
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Fig.3  The pH test of broth 

 

qæ 4çè>bÚc}"v»¼]¯I 10 mL/h]^±

30 mL/h2"wvEF�AB=@"´{|EF7)·

EF�ABL=@>~�SÏ»¼�]¯]^"hv�

���w=�"v���2.=x"v�$��ay@

��v��"û��ay@AB�EF>��ûæ 4

bÚc}"IwvEF±{|EF�©^¬"EFAB

��z@"I 500 µm{z| 160 µmgh"~�I'

$%©^¬}~lwvEFN=�»¼������

HMTA7 UreaçX>{|EF±)·EF�©^¬E

FAB��ð{"5��)·X��WX>��"{|

EF9)·EF�wvEF
e��
�jk�¥"{

|EF7)·EF�AB=���9wvEFe�> 

��������������	���

³�»¼]¯Ï 10 mL/h"»¼½�Ï 54 mPa·s"

���E]1���¾¿ABÏ 247 µm><=v�]

¯"I 30 µL/minÝÊ]Æ| 70 µL/min"�ºYhE

FAB�UV"·Sqæ 5çè> 

vv�]¯]^2"�a�wvEF�{|EF

7)·EF�AB�e%]Æ>~�I'»¼�]¯ 

 

 

 

 

 

 

 

 

 

 

� 4  ��b�qaUnoXrs 

Fig.4  Influence of the silicone oil flow rate on microsphere size 
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Fig.5  Influence of the broth flow rate on microspheres size 
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Fig.6  Influence of the silicone oil viscosity on microspheres size 
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Fig.7  Influence of the throat size on microspheres size 
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Fig.8  SEM images of sintered microsphere (a) and microsphere section (b) 
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Fig.9  XRD pattern of sintered microspheres 
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Preparation of Small-Sized ZrO

2

 Microspheres by Capillary Microfluidic Device 

Assisted Internal Gelation Process 

 

Xu Rui, Ma Jingtao, Hao Shaochang, Zhao Xingyu, Li Ziqiang, Deng Changsheng, Liu Bing 

(State Key Laboratory of New Ceramics and Fine Processing, Tsinghua University, Beijing 100084, China) 

 

Abstract: We find a broth formulation that is stable at room temperature (25 L) for 15 h without solidifying and is benificial for forming 

gel microspheres. Using a capillary microfluidic device assisted internal gelation process, small-sized (<120 µm) ZrO

2

 ceramic 

microspheres were prepared. The factors affecting the size of ZrO

2

 microspheres were analyzed. The results show that under the same 

conditions, the larger the flow rate or viscosity of the silicone oil, the smaller the size of the ZrO

2

 microspheres. The larger the flow rate of 

the broth or the larger the throat size of the capillary microfluidic device, the larger the size of the ZrO

2

 microspheres; the CV value of the 

ZrO

2

 ceramic microspheres is less than 5% by image recognition, indicating that the ZrO

2

 ceramic microspheres prepared by the method 

are uniform in size and monodispersed; the ZrO

2

 ceramic microspheres are dense and show a cubic phase by SEM and XRD.  

Key words: internal gelation process; capillary microfluidic device; room temperature broth; small-sized ZrO

2

 microspheres 
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