
� 48�    � 7�                               ��������	                                Vol.48,   No.7 

2019�      7�                      RARE METAL MATERIALS AND ENGINEERING                     July    2019 

 

�����2018-07-15 

���	����	
��
�51671078, 51271072�����	
����
���51301056������	
��
���E2015202008� 


��
�������1993��������� !��"# 300130�$%&022-60204555�E-mail: ZhaoyqHebut@163.com 

 

�� PS ������ SrFe

12

O

19

	
��
 

 

���������	
���
���� 

(��� !� ���'()*+,-./01�"# 300130) 

 

�  ��23456789:;<=�PS�>?@ABCDEFGHIJKLMN�SrFe

12

O

19

�OPQRSTU:V

7VWJ PS>�XY34567DEZ[\]^_�@`aW PS?@�89bc-dc7AB SrFe

12

O

19

efNbc�

gh9345678 SrFe

12

O

19

efNbcij PS ?@Jkl�] 900 mno 2 h pq PS >rsAtFG SrFe

12

O

19

OPQ-.uvC:<=wxyz�PVP�J{|} PS >S~a��56��} PS ?@2�FG SrFe

12

O

19

OPS~

a�J����}FG SrFe

12

O

19

OPJaW����C�����C��J?(QH���&�� 0.2 g J PVP �t

�����J PS>��S>��kl���R^_] PS>TU�56 10 s�t� ¡DEJ PS?@�¢ PS?@]

SrFe

12

O

19

efNbc�56 10 s��AB£G�¤ 200 nmJ¥¦§FGHIJ¨ SrFe

12

O

19

�OP�©�ª£«¬J

­®¯*&°±®²³´µ 27.9 (A·m

2

)·kg

-1

�¶®µ 15.5 (A·m

2

)·kg

-1

�·¸¹µ 2.08º10

5

 A/mQ 

����®¯+,�KLMN�FGOP�34567�PS?@ 

�������TG148        ������A        �����1002-185X(2019)07-2344-08 

 

��������	
���
�������

������������ !"#$%&'()*

+,-.��/012��3456�178�9:

;<�����=/��>?@�A�BC����

	.DE�FGHIJ��KLMN�OP�Q   

R

[1, 2]

#ST�UV&'()*+�JW-XYZ[\

W

[3]

1]^�_`aW

[4]

19:bc`dW��ef-

gfW

[5]

>#Bh�ef-gfW$%Bij�klm

n���o�pqrBC&'()*+UVhstO

P�KL

[6-9]

#Cef-gfWh�uvw�	xyz

Ce{h|p}~���5e{h��������

~�K��E�st.�E�gf�gf�����

K�st���~�(9����JW���?��

������'()3)����E� ¡-¢£¤

.HI�FGDE

[10-12]

#Masoudpanah¥¦§

[6-9]

��

¨©[\ef-gf�JWCª«¬~p�­®¯°

�±c&'()*+�²³´¥¦�µ¶ Fe

3+

/Sr

2+

·

¸¹1eº pH »��xyz�¼�"½&'()*

+�A�¾¿��ÀÁÂL Fe

3+

/Sr

2+

�·¸¹Ã 101

�¯�EÃ 800 ÄÅÆs�±c&'()*+Ç~

�AÈÉ�BÊ	�9�E�t 267.5 emu/cm

3

�ËÌ

ÍÃ 341 A/m# 

¬ÎÏÐ[2~9]UV�Ñ�ÒD�
Ó*+#¡C

ÒD�
Ó*+���ÔÕÖ¬�×Ó*+ØÙCÚ

Û�Ü�h�C4��
¬ÝÑ-Þ��KL�ßS

à�Láâãlä9{�åæçè

[13]

1³w����

éê

[14]

1§ëì��§í

[15]

>îÖï�ÝðñÀ7?

6�_:�A�¹ã�$%Bòóôõ�¯°ö,-

�_�÷ø��_§÷

[16]

>#×Ó*+�UVJW�

�-ùú�ûüW

[17]

1f)3)çèW

[18]

��çè 

W

[19]

>��ýJW��þ��$ÞÍ`�W

[20]

���

`dW

[21]

UV7�
���-���âST�-��

�	1�(9ªîlÃçè�B
��
)��tç

è�ø�È��������e{e��JW���

�ß� ¡st×Ó¯°*+#�Ú�����Liu

>Ú

[22]

rL¤�-��WUV�×Ó ZnO *+�²�

À�
)eº��E��çèCeºh���Åó½

-�×Ó¯°�¾¿�2#�ï��� Z!W1]

^�_`aW19:bc`dW>B"*+UV�


c¹�#�JW$Vi±1ôõ%��C&2'()

*À&+�-��#q¥¦¯~ÏÐ[6-9,22]�,-�

./rL¤�-��WUV����	çèâPSçèî

��×Ó&'()âSrFe

12

O

19

î*+�Þ0¥¦��

�	1234âPVPî5"½ PS��6|71��Å

ó½ PS çè|7��×Ó&'()*+�6|7�

¾¿�²89�*+�|p�U���A# 



� 7�                                ���»&¼9 PS?@ABFG SrFe

12

O

19

OPJuv                         ½2345½ 

��������

������� SrFe

12

O

19

���	
 

(1) mn:�L�;º�~WUV���	�âPS

�î;ºX"< 11 mL��	±)â10 gî�% 60 mL

=|³º>?h�@
L 0.1 mol/L� NaOHeº	�

w�ABC 4
#� 80 mL�w�A�:<"â0.2~1.5 

gî��	1234âPVPî���BCDE���	

±)©�% 250 mL �FG�Hh#CIbJ(�K

LM�AN���²� 300 r/min�©OPQ#ANR

�t 70 Ä���OS� 20 mLM�{�TzUâKPSî

(0.15 g)�15 min )S�DE�V��K 24 h�st

PS�;º�W�C�XhDYKZVL# 

(2) mn��L¤���WUV PS çèX<100>

±3ª«³´L[416[�10.l mol/L� HCleº1


A��\]^B 10 min��L�w�A^B 3 
�

W�%_`ah_`�VL#B
��mn:ös�

PS�;ºC�ÍPQê¬PQ 2 h�rLbU�+��

ª«���O��c- PS�;º��Xh�d�:<

Åóâ51101301180 sî��� 7 cm/min�¤�OE

��5¬¤�ª«���ª«W�_`ah�C 50 Ä

_` 30 min��UV+� PSçè<7KZVL# 

(3) mne�Lef-gfWUV SrFe

12

O

19

�
)

efX�fz'âFe(NO

3

)

3

·9H

2

Oî	fz&âSr(NO

3

)

2

î

gh:<·¸¹âFe

3+

/Sr

2+

=8îe�%�w�Ah�

�� 2 mL ���	:<"�xyz�r C

6

H

8

O

7

/ 

(Sr

2+

+Fe

3+

)=2.0�S�iAjkeº� pH »Ã 7�U

s�
)eº#l��#�
)eº©meG�Hh�

��m 70 Ä�K 10 minst�
)ef# 

(4) mnn�L¤���WUV×Ó SrFe

12

O

19

*

+X�mn�hUV� PS çèC�
)efh��

:<Åóâ5110130 sî�opq�% 120 Ä_`a

h_` 2 h#M:m��-ef� PSçè�%ar�

sth�� 10 Ä/min O0��m 500 Ä�K� 3 h

�<71òu�È�� 10 Ä/minO0R�m 900 Ä�

K� 2 h�òumv��st×Ó SrFe

12

O

19

*+wx# 

���  SrFe

12

O

19

�
�	
�

Ã½¹¥¦�rLef-gfWUV SrFe

12

O

19

yz#

�×Ó SrFe

12

O

19

*+UVh�mneös��
)e

f�C�ÍPQê¬C 90 Äæ{���me{|�D

Est}gf�}gfW�C_`ah, 180 Ä_`

24 h�st_gf�_gf�%ar�sth�� 10 Ä

/min O0��m 500 Ä�K� 3 h �<7�Còbh

u~�È��� 10 Ä/minO0R�m 900 Ä�K� 2 

h�òumv��st SrFe

12

O

19

yzwx# 

�����������

yz�/�L�q�: Dmax 2500 Pc� X!�

�!�â��OE 8°/minî	*+�/ÂL���!, 

rL����� AXS-��� D8 Discover� X!�

�!�â��OE 1.2°/minî� Cu � X !��!

âXRDîJW³�wx�c¯°��L FEI ���

Tecnai G

2

 F20��!�����âTEMî�����

	���|7�����L�q�� Hitachi ���

S-4800��������âSEMî6�wx��6|

7��L LakeShore 7407���wx���âVSMî

�*+wx���wx���A��/È2��Ã

1592 kA/m�Bh�*+wx�ñ��yzwx�ñ�

���%�/��J5# 

������	
�

�����PVP���	
� PS�������

gh/-h�mn:UV���	�âPS�î;

º#�TzUâKPSîðM���	±)� �~�

K p¡f�Á��	±)¢£tf¡�¤�f¡�

 �KÅ�Òrf¡¥sµ;<�Ã�Þ¦�t;<

§¨�¡fh�f©ÖóðÞ¦ª¯|p¦�;<�

f©##����	±)� ��~�KðC;<�

f©h«¬��� PVP��PVPCeºh*­§c®

ª¯�|p°§¯°�rs±|p�f©��|p�

f©ÖóµAc®p²³2�«¡Nt´U PS �³

2�lL#�:J��PVP�sµ PS�Öó�¶��

�r PS ���£³£Ceºh#· PVP �¼�"ð

¾¿ PS ��³£��È¸st�|7#¹ 1 Ãgh

/-h�mn:¼�µ¶ PVP 5"öUV� PS ��

TEM h«# ¹ 1 ��º7�Lµ¶ PVP 5"UV

� PS �©»Ñ����³£�@+�¡¤¼q PVP

5"$ 0.2 g½�m 1.5 gÅ�PS��©»$ 300 nm

¾¿À�m 170 nm#��$% PVP ÃÁw��.³

�ñ�Ø�{�ÂÃAÍ��AÄÂÃC PS �ñ�

��Bñ�A�B
�PVP�rÅ©ñ���Æ½��

/ÒÅ©Öó��lLÍ½2� ¡ÀÇ���¶�

ÀÈ#��	±)C� �;º�~��h�PVPð

|p°§¯°�|p�©�ðÉBPQÊË³£�¼

q PVP ¼�"�½��ÂÃC��ñ�� PVP Ì"

Ý½�� ¡����©��;ºÍ��ñ�ÎÍ�

-�%©�É³£pÏ�Ð��ºS�¶Å;º��

EÝð½2�PVP�òóÑslL½�

[23]

�ºSc®

ÒÓ�sÍ½��-¢ÀÇ�����
|Ô�rs

UV� PS �©»À��²¤©»³�¥Õ#½¹6

�¹ 1���À�PVP5"Ã 0.2 gÅUV� PS�Ö 



½2346½                                      ¾D
¿+,À�Á                                              � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 
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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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