%48 4 %74
2019 4 7 H

mAERMBIS IR
RARE METAL MATERIALS AND ENGINEERING July 2019

Vol.48, No.7

FIIF PS #&2#R#% % FL SrFe ;0,9 BIRHIAR

R, $hipg, AHM, RBRT, %K
G AL T KA b4 B A Sh e A R T 5280 =, R 300130)

B OE: DRRNBRSEEHAREIR G (PS) HREBRGIE T 47 2 LA MMk E K (StFen010) HME. BRILBES
BRI PS BR, IR BIR kA e L S AR e IR 1 B PS BRI - VR U 4% StFernOqo BT YR AV
PR B2 PR BUEAE SrFe 2010 BTSRRI 78 PS BEAR B, 76 900 CIR¥R 2 h Z:Bk PS BRJE M43 £ L SrFei2010
WL, AT T R ORI e (PVP) (& X PS BRIWESN . BB X PS BIAR A K& £ 4L SrFei2010 MBI
TSRS, FEXt 2 L StFenOno FER A BIMLELHEAT T 108, BN TAEN AR AL . 255K M. N 0.2 g 19 PVP ] 13
FIRIARIY S PS BR, HAMERZ 2= BRH0 s Kok v 7E PS BRFLIE T 10 s vl #3255 )5 19 PS BiA: 4 PS BB
StFe 2010 BT WA RS 2955 10 s AT 8 4t FLAR 20 200 nm B 500k 22 FLEE M4 SrFe 000 MITEE,  HLLBL AR R/
TETEYEfE . MORIREAL SR O 27.9 (A-m®) kg™, TN 15.5 (A-m®) kg, FimiJih 2.08X10° A/m.

KB MAYEMRL: BEREA: AL, $RRIRETE: PSR

PEEDES: TG148 XERFRIRAD: A

XEHS: 1002-185X(2019)07-2344-08

TR, WA AL BE AR KR TP
T DA S AR B R VE Sl e e wR ok . i T A A A
R A B G2 KRG & ) ek A
e rE Pk L AR AL SR S50 R PERE, AR ke &
T v R R SR A O TR N B R T T G
PR DL i 2 Bk S B 1) 7 VA eI
PP RO DO EN ., R SR DORE LR R -
BRI b, IR i T L R R AR 2D
BRUL S AR B (08 S A Al A AR S v ol 4 rh A9 31
IR, LR IR -EE T, A B AT AR R
TR RIE I EW, T 00 oo & I i 2R
B SO IRRR B, A3 3 R B IR REIRS, R i B
N R4S B8 508 G A, IX R 7k ) 3 AR A2
AT DLRRAR N A2k S it A (R Mot B2, AT A7 25 e 4
A B AT s 2% g 11012 Masoudpanah B 57 20 10 i
TVE e v 7 S I - IR B T VA E i B T K S5
) AR AR R A, IR BB ST T R[] Fe¥™/Sr™ g
IREG VW pH AE DA AT A5 TR 1 8 ) 4Rk A A
JEPERER M, RILYR A Fe® /St (R EE /R EL 10,
PREGUL L 800 C IRy 3R A H R AR B8 Bk A IR 25
PRI, ORI R Ak 55 B IR 1) 267.5 emu/em’®, Wi
7174 341 A/m.

IR SCHR[2~97 ) % 1R B s 30 1 o AL B o 17 7

KFs HEA: 2018-07-15

BUE I oAU R A e 2 b, 2 LR ER AR
MR, RS R EOR LA A R RN, BRE
B i Cln e A 0 1 SRR )L 23 B e B 1 i
BEAUYL A TRMALEIIE) 246, BRI
SOt rERe, bodn, o TR A IR 45 R B R A
(6 7 B LA B G AL 48 . 22 LR o 4% 7 vk
T PR IR L e A o A AR UV L R B AR
RIS, X Ty A 1 4 LAk B ) TR VA PO R
DURUER & th i oLl A MLk O I 3R
L RAEE) AR REAR, L UORE i K A 1 7e B A
BB R, 5 i T T A Ak T Y T AR £ 13 30 Bl K
LBk, IMAF 2] 2 LA . & N RY/E, Liu
S NP2 R B -2k 4 T 241 Zn0 WL, JRR
LTI XS VA8 ) A 52 LA R AR A Y VR PR35 I )0
R 2 LA R MIR R . Si4h, Sk, ik
PREOLYTTE I A U i A% LAt B o) o5 B
FHEL, BRI det o . R, W AEROGE B A
IV A P . AT & SCR[6-9,22] 1 2256
U IR LR BUE B % T RK LI BIR (PS B0
DA K 2 FLAER SR (StFe 2090 W, B SHFT T 5
LTS B (PVP) & 50X PS BRGOWIESL . BRIt
[0 PS B TE 3 LL K 22 AL A8 Bk S A AR T 300
S, IR T TR L] P E o

E€MB: WK ARFEES (51671078, 5127107205 EK HRFFAFFIEEIH (51301056); Wb BRI IEGIH (E2015202008)
TEBE N BHRK, %, 1993 44, Wit, JdbTIkR%:, K 300130, HLil: 022-60204555, E-mail: ZhaoyqHebut@163.com



27

BAHEAKAT: T PS BRI 2 5L StFe 010 W IR ST

- 2345 -

1 % Iy
1.1 %7l SrFe,0,, EiERYHI &

(1) ER—, HTELBUER B S % SRR LM ER (PS
BO B BE 11 mL K LMK (10 g) BT 60 mL
R A W 2F VR 0.1 mol/L (1) NaOH ¥ i Al ¢
BT KV 4 K 80 mL B 1K, R (0.2~1.5
g) LM Leli] (PVP), LK Uk 58 B I 2K 24
FREEE T 250 mL BT B . A8 SRR AR
PR, A I LA 300 r/min (EEESERE . KB T
WmE] 70 °CJa, A1 I 20 mL 51 & 7R 6 R AT (KPS )
(0.15 g), 15 min Wi MM5EEE, [HiLRMN 24 h, 53]
PS ERFLIK, JBCE LR 3 = R Ar %

(2) ], HIRPRBEEG% PS B <100>
B 3 0 I . RN EE L 0.1 mol/L 1) HC1 M
JoK LB AEYE 10 min, 2B TG0 3 X,
BCE T AR TS . IR, KPR
PS BRFLIEAEME T B pe s EiRE 2 b, {EH B dlh AL
kT B A1 R NS PS BRILI M, B E
A (5. 104 30, 180's), FFLA 7 cm/min (485738 5
T E ) PR, SR RE A RON TR T, fE 50 C
T4 30 min 5 £ 4 1) PSRRI HE CRA7 45

(3) R, FIW IR -BEI A £ SrFei;040 I IR A
VIR BN 8 (Fe(NOs);-9H,0) AT 4R (Sr(NO5),)
Fo I — B EIR B (Fe?'/Sr*'=8) Wil T2 3 1K+,
A 2 mL & BRI — @ mEMFTER, f CHO//
(Sr*™+Fe*")=2.0, i I AR T W pH N 7, 1
3T IR AR o AR 5 K ST SR A e 22— LR
IHE 70 °C W 10 min 753 21 5T KA -

(4) SN, HIhrE LS £ 2 £l SrFei,049 ¥
e B D IR % 1) PSRRI DK AR IR R 5
—EME (5. 104 30 s), FLHET 120 CTIEHM
R 2 he R KR AR PS BICE T
BELpef, BL10 °C/min BN 500 C, /i 3 h
Ja B 2=, BJE L 10 C/min #URTHE S 900 C,
{2 h, A 2 W G158 2 5L SrFe 2019 WEBAE o
1.2 SrFe;;04 KR BIHI &

Sh Sk HEATF S, A8 S T - B e V23 1l 4% StFe 2,010 47 K
W52 L SrFe 201 o VI i £ v 0 20 8 = e 45 1) i SR A
I, AERE S B PE2s EAE 90 C R B 25 K 58
EEAFRNRER, WREIRBCE A TR TR 180 C g
24 h G 13 BT HR, TR E T4 B, BL1o C
/min M 500 C, LR 3 h JGHCH, EFAH
AH, G LI 10 °C/min R THE S 900 C, {Rild 2
h, AR ZERGFAE] SrFe,0,0 K3 AR FE Mo

1.3 w52

AR AR A I H A H 2% Dmax 2500 Pe Y X 52k
R CHIG I3 8°/min) FITEE I R FH /N £ AT 5t
A FH 48 [ A1 5 58 AXS R 7] D8 Discover 2 X i 4
RIS CHHEE 1.2°/min) () Cu #8 X SFEATH
(XRD) J7vE4r ke S AR5 K. AT FEL 2 A 1)
Tecnai G* F20 %1% 4t 7 BB (TEM) KSRk 2
IR ES S RS FIH H AR H A2 Hitachi 2 7] 1)
S-4800 U4 Hi T AL (SEM) WKL o IO O T
$i; FIA LakeShore 7407 BU4R S FF Sl s 1T (VSM)
) 0 SR o ARSI TR g PR R, I R KRG A
1592 kA/m, Horr, SRR 10 2R 100 508 AR i 1) 2 1
Py R 3% 5

2 HZRSUE

2.1 PVP ZEXI#&H PS Bk 5R 8IS M

i REAIG Hh 1) P Bl RO LR ER (PS BB 3
W TR (KPS) &5l KRR LK K ERE
RAERR IS, 2R OM AR BRI, B SRR K
A NI, AR IR AR AN, N T ERA R E
R, A 1 kL 2 ) 2% 768 28 45 T2 1T (1 3 5 11
IR o 5 2 0 B AR R AR R R N 45 R AR S 1)
kL HEAT, NN PVP JG, PVP LRI 2 2R A0
GHGE] G AR S5 R, A8 A3 NIE R IR KL 5 56 T J )
R 2 [AIASBEAH BB, ik #40H] PS Bk
KEWER o 5 —J51, PVP a] fHLAS PS BR8] (1) [ 58,
AL PS BRI A) M 73 SRV . (H PVP VS I A 2%
S PS BRI WM 5 A BB . B 1 AR
RGP0 B IR [ PVP 55 5 BT 4 10 PS BRI
TEM i h. M 1 aTLUEH, HAFE PVP & &l
1) PS BRRLARHARIYA), /il Raf, 1M HREH PVP
S 02 gWinE 1.5 g i, PS BRKLAZH 300 nm
BTk /N AR 170 nm. X2 T PVP ARS8 E 4y
TRIGEER, WRHEE %, REREURINAE PS BREKIH
AR L A L0k, PVP R R 26 1 (14 F AT 19
T BUBURL 2 8] 1) S AR 039K, DT sk 2 Ak 35K £ 41 2R
MG KO PARAE R EMABER G, PVP &
TE R AR G5, T IR b 7 2 Bl L P B D) 43 1, B
# PVP W& RN, WM AETOR L 1K) PVP
18T, AT R DA B R 5 L S 0 R gk
AR TR A5 53 TR T 00 /N (R 5 T I L PR RS
FEM AR, PVP s 147 B4R F 88 5 3, 0 A0
A PR BE D 386 I, A 20> T ROR I OB, A
WA PS BRORARIR/N, I HRLAR A A% X Hh
B AT LURIL, PVP &N 0.2 g Il #% 1) PS Bkl



« 2346 -

Mty @A RS TR

48 %

K1 #shn AR PVP i il 45 1 PS BRIK) TEM 5
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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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
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PS sphere
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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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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;»0;9 porous films prepared by immersing PS template in SrFe;,0;9 precursor sol for
different time: (a) 5 s; (b) 10 s; (c) EDS result of area A in Fig.5b; (d) 30 s
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Fig.6 XRD patterns of SrFe;20;9 porous thin film prepared by
the dip-drawing method (a) and SrFe;;0,9 powder
prepared by the sol-gel method (b)
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Fig.7 Hysteresis loops of the SrFe ;20,9 porous film and powder

corresponding to Fig.6
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Preparation of Porous SrFe;;0;9 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;,019) 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 >0, thin films were fabricated by filling the interspaces among adjacent PS spheres in
the PS template with the SrFe;,0,9 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;20;9 thin films were investigated. Then the formation mechanism of porous SrFe;»O;9 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 2019 porous thin film with honeycomb structure and a pore diameter of about
200 nm can be prepared by immersing PS template in the SrFe;20;9 precursor sol for 10 s, and it shows the excellent hard magnetic
properties: saturation magnetization of 27.9 (A'm”)-kg”, remanence of 15.5 (A'm*)kg” and coercivity of 2.08x10° A/m.

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