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Â 1  ��ÃÄ PVP{|ABJ PS>J TEMÅ_ 

Fig.1  TEM images of PS spheres prepared with different PVP contents: (a) 0.2 g, (b) 0.5 g, (c) 0.8 g, (d) 1.2 g, and (e) 1.5 g 
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Â 2  R^_] PS>TU�56ÃÄ��ABJ PS?@J SEMÅ_ 

Fig.2  SEM images of PS templates prepared by immersing silicon substrate in PS spheres emulsion for different time: (a) 5 s, (b) 10 s,  

(c) 30 s, and (d) 3 min 

 

 

 

 

 

 

 

 

 

 

Â 3  PS>TUÀ^_�JUNÆ�ÇaWÈÉÂ 

Fig.3  Schematic diagram of liquid meniscus formed by 

immersing silicon substrate into PS spheres emulsion:  

(a) before silicon substrate immersion and (b) left view 

of silicon substrate immersing in PS spheres emulsion 
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Â 4  cNÊË?(ÈÉÂ 

Fig.4  Schematic diagram of colloid arrangement model:      

(a) square arrangement and (b) hexagonal arrangement 

 

�UV+�±â-� PS çè��¤���WC

SrFe

12

O

19

�)efh��:<Åó�,_`��¯�

�ß PS��È¸st SrFe

12

O

19

*+#·�Ã�st×

Ó¯°� SrFe

12

O

19

*+� � U SrFe

12

O

19

�)e

fC PS çè¬�5"�¡ PS çèC SrFe

12

O

19

�)

efh���Åó� U SrFe

12

O

19

�)efC PSç

è¬5"����<Û�#¹ 5Ãgh/-h�mne

�¹ 2b�PSçèC SrFe

12

O

19

�)efh��µ¶Å

ó�²,900 Ä�¯�UV�×ÓSrFe

12

O

19

*+�SEM

h«#$¹ 5�ç�µ¶��Åó½×Ó SrFe

12

O

19

*+

�|7�-Þ�¾¿#Á PSçèC�)efh�� 5 

s Åâã¹ 5a öïî�SrFe

12

O

19

*+²�7ÀØ��1

à��×Ó¯°�çè¬ SrFe

12

O

19

5"&Ç�*«§¯

°¤³�µ��# ¹ 5b��º7�Á��ÅóÃ 10 s

Å�UV7���§×Ó SrFe

12

O

19

*+�Óø³����

Ó»� 200 nm�ô(����§&'()�»� 100 

nm#��ÅóÃ 30 sÅ�SrFe

12

O

19

��³�Cª«¬�

·Ó�Ì"Ø�ÀÇ¡¤|p���§� SrFe

12

O

19

�B

��³E� 200 nm��»Ã 100 nm# 

��$%��ÅóÃ 5 sÅ�SrFe

12

O

19

�)ef

q���ê PSçèh�Óø�¡C 900 Ä�¯ 2 hÒ

r PS�³���à��� 2�dò��/Òà��

×Ó¯°²�|p#¡Á�³��Åóm 10 s Å�þ

�efð��t±â PSçèh�Ï×Óøh�900 Ä

�¯��Á PS ���³����ð��%Ú PS ��

óøÑ�²��.��¯|p� SrFe

12

O

19

K M��

²È¸|p×Ó¯°# ¹ 1a �¹ 2b �ç�PS �©

»� 300 nm�¡×Ó*+�Ó»� 200 nm��%¹ 1a

�¹ 2bh� PS������$% SrFe

12

O

19

C|p�

�h�SrFe

12

O

19

�)efC_`�|p�òó°!

SrFe

12

O

19

�)gf���$xyz� Fe

3+

1Sr

2+

� 

}Ñ�K p�xyz"~�§p�C�¯��h�x

yz"~�³�#$�/Ò.�|p� SrFe

12

O

19

ÝL

Ï2�òó�B
��¯��h�PS �C³�%9�

�h��öÝ�òóðÀ�#Û#�¹ 5bh*+�Ó

»&�%¹ 1ah� PS�#��ÅóÃ 30 sÅ�$%

��Åó&³�efµ�'��� PSçèh�Óø�

¡�ðC PSçè¬|p±â�×âef�,.��¯

��PS���Å� M� SrFe

12

O

19

Ý\()ýª«#

ö�� ¹ 5dh²�6�t SrFe

12

O

19

*+h|p��

�×Ó¯°�¡�Ó»Ï�¡µ���×Ó¯°# 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Â 5  PS?@] SrFe

12

O

19

efNbc�56ÃÄ��ABJ SrFe

12

O

19

FGOPJ SEMÅ_2� EDSÌÍ 

Fig.5  SEM images and EDS analysis of SrFe
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Preparation of Porous SrFe

12

O

19

 Thin Films Using PS Template Assistant 

 

Zhao Yanqiu, Han Xuhao, Bian Lupeng, Qin Xiaoning, Sun Jibing 

(Key Laboratory for New Type of Functional Materials in Hebei Province, Hebei University of Technology, Tianjin 300130, China) 

 

Abstract: Ordered porous strontium ferrite (SrFe

12

O

19

) thin films were prepared by a dip-drawing method using polystyrene (PS) spheres 

template. The PS template was orderly assembled on clean silicon substrate through PS sphere emulsion, which was synthesized by 

microemulsion polymerization. The porous SrFe

12

O

19

 thin films were fabricated by filling the interspaces among adjacent PS spheres in 

the PS template with the SrFe

12

O

19

 precursor sol prepared by sol-gel method, and then removing the PS spheres by heating at 900 °C for 2 

h. The effects of PVP content on the microstructure of PS spheres and the drawing time on the microstructure of PS template and the 

porous SrFe

12

O

19

 thin films were investigated. Then the formation mechanism of porous SrFe

12

O

19

 thin films was discussed, and the 

corresponding model was established. The results show that PS spheres with uniform particle size can be obtained by adding 0.2 g of PVP, 

and the interspaces between the microspheres are obvious; the single layer ordered PS template can be obtained by immersing the silicon 

substrate in the PS sphere emulsion for 10 s. The pure SrFe

12

O

19

 porous thin film with honeycomb structure and a pore diameter of about 

200 nm can be prepared by immersing PS template in the SrFe

12

O

19

 precursor sol for 10 s, and it shows the excellent hard magnetic 

properties: saturation magnetization of 27.9 (A·m

2

)·kg

-1

, remanence of 15.5 (A·m

2

)·kg

-1

 and coercivity of 2.08×10

5

 A/m. 

Key words: magnetic material; strontium ferrite; porous film; dip-drawing method; PS template 
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