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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 

0 5 10 15 20

0

20

40

60

80

100

 

 

 17#

 18#

V
i
s
c
o

s
i
t
y
/
m

P
a
·
s
 

Time/h



¦574¦                                           °±&²³´0@µ                                           � 49� 

 

 

 

 

 

 

 

 

 

 

� 3  YZ pH®¯ 

Fig.3  The pH test of broth 
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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 

��������

1) º�YZ[B�\j�klmnop��

qr���E<120 µmJ� ZrO

2

tuBC	½¾¿�

wÀÁÂ+�� 15 hTÃ�ÄÅCSÆ��Ç²$ 

2) %ÈÉÊË&'�ÌÍ+	
��(ÎÏWX

��	ZrO

2

BC����Ð��(��ÎÏYZ[

B�\j�������	ZrO

2

BC����$ 

3) hiYZ[B�\j�klmnopqr

� ZrO

2

tuBC��vw	�G=Æ$ 

4) ZrO

2

tuBC��	Ñ±²&$ 

 

180 200 220 240

0

100

200

300

400

500

 

M
i
c
r
o

s
p
h

e
r
e
s
 
S

i
z
e
/
µ

m

Throat Size/µm

 Gel microsphere 

 Drying microsphere 

 Sintered microsphere

20 40 60 80

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

 Sintered microsphere

(
4
2
0
)

(
3
3
1
)

(
4
0
0
)

(
2
2
2
)

(
3
1
1
)

(
2
2
0
)

(
2
0
0
)

Zr

0.85

Y

0.15

O

1.93

(PDF#30-1468)

(
1
1
1
)

2θ/(°) 



¦576¦                                           °±&²³´0@µ                                           � 49� 

����    References 

[1] Yoon S, Noh T, Kim W et al. Ceramics International[J], 2013, 

39(8): 9247 

[2] Koo H W, Park H J, Choi G M et al. ISIJ International[J], 

2007, 47(5): 689 

[3] Radford K C, Bratton R J. Journal of Materials Science[J], 

1979, 14(1): 59 

[4] Bellido J D A, Assaf E M. Applied Catalysis A: General[J], 

2009, 352(1-2): 179 

[5] Takeguchi T, Furukawa S N, Inoue M et al. Applied Catalysis 

A: General[J], 2003, 240(1-2): 223 

[6] Wang J B, Tai Y L, Dow W P et al. Applied Catalysis A: 

General[J], 2001, 218(1-2): 69 

[7] Tao S, Irvine J T S. Journal of Solid State Chemistry[J], 2002, 

165(1): 12 

[8] Minh N Q. Journal of the American Ceramic Society[J], 1993, 

76(3): 563 

[9] Lion S S, Worrell W L. Applied Physics A[J], 1989, 49(1): 25 

[10] Swider K E, Worrell W L. Journal of the Electrochemical 

Society[J], 1996, 143(11): 3706 

[11] Tsukuma K, Yamashita I, Kusunose T. Journal of the 

American Ceramic Society[J], 2008, 91(3): 813 

[12] Assanis D N, Wiese K, Schwarz E et al. SAE Technical Paper 

[R]. Detroit: The Engineering Society for Advancing Mobility 

Land Sea Air and Space, 1991 

[13] Levy A, Macadam S. Surface and Coatings Technology[J], 

1987, 30(1): 51 

[14] Hejwowski T, Wero»ski A. Vacuum[J], 2002, 65(3-4): 427 

[15] Yang Junjiao(¼½¾ ), Zuo Yumin(¿ÀÁ ). Chemical 

Journal of Chinese Universities(Â¥�ÃR��Ä )[J], 

2000(12): 1852 

[16] Lin Zhenhan(ÅÆÇ), Wu Liang(È É), Lin Gang(Å Ê) et 

al. Chinese Journal of Rare Metals(°±&² )[J], 2003, 

27(1): 144 

[17] Wang G, Ma J, Gao Y et al. Journal of Sol-Gel Science and 

Technology[J], 2016, 78(3): 673 

[18] Gao Y, Ma J, Zhao X et al. Journal of the American Ceramic 

Society[J], 2015, 98(9): 2732 

[19] Zhao Jing(Ë Ì), Liu Zhaomiao(ÍËÎ). The 23rd Annual 

Academic Meeting of Beijing Mechanics Association(67Ï

�Ð�Ñ��Ò�2�Ð)[C]. Beijing: Beijing Mechanics 

Association, 2017: 21 

[20] Takeuchi S, Garstecki P, Weibel D B et al. Advanced 

Materials[J], 2005, 17(8): 1067 

[21] Chen Qi, Zhao Huizhong, Zhao Pengda et al. Bulletin of the 

Chinese Ceramic Society[J], 2018, 37(8): 2497 

 

 

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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