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Sintering of MnZn ferrite in high static magnetic field
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Abstract: The mixtures of Fe,03, MnO and ZnO were sintered without or with 8 T static magnetic field, respectively.
The sintered MnZn ferrite (MZF) samples in these two cases were characterized by XRD, SEM, VSM and etc. The
results show that compared with MZF sintered without magnetic field, (511) plane of MZF sintered in 8 T static magnetic
field is strongly oriented along the magnetic field direction. The oriented crystal texture appears in the sample sintered in
8 T static magnetic field, whose density is enhanced remarkably. The magnetic properties are increased. Especially, its
relative magnetic permeability along the magnetic field direction is evaluated by about 130%. For MZF sintered in 8 T
static magnetic field, the saturation magnetization along the magnetic field direction is increased by 7.56% compared
with that along the vertical magnetic field direction, while its residual magnetization is reduced by 48.19%.

Key words: MnZn ferrite; high static magnetic field; sintering; orientation

MnZn BREEE BB Z MR R B EORA T A 00 MnZn BRER, kL 1 PR OL I I 55
At T MBI . m B RBUFERIRE  TREL, A ENE, PRI, JEPEREIE AN R AE
SEPELF S IE, e R SR AR B M D TARRI SRR & ek, 5 A H % A
AEFR AR MnZn BRAUVRI XSS PE BRI T2 L BHIOAE ORI 1 2 SRR RL . TR (9 22 R U0 MnZn £k
RO G R, ARG G HIGHAR(TE) AR A 2 AR R, PR ALR
EAIEIPRS di e S e A Tk ROCTRE B IR R

EE&TE: BxAKRREEEE I H (50404018); 4= FE LT 424 008 SO ¥ B 10 H (200235); R ITRIZR G oK £ 1008 4 28 B 301 H (0252nm048);
[ TR 2 4 B B 10 H (051C14065)

IgfS BHA: 2007-07-02; f&IT HHER: 2007-12-02

BITES: N, EFsTA; BiG: 021-56333843; E-mail: 05810015@shu.edu.cn



484 PR R AR

2008 43 A

B IR E R AR IR, BEYER R AR
(L2 B WD, I — KRB 72 F08 T.2.
Wakesi it Horh 2 —. FrisRinse s st 2 m kY
e &5 1R 5| N A 3% R A A b 4 0 R (S A 5
4 N o P R G 2 N R ) ot R R E R 1SS TP
SN WA TG 4 & BRI AT T IR 2 I, e,
TUSREKAWA “5UFT0 &I RidAREBE mke 45 Pt
SCEARE, (ERE R MO IR, A
Hm B MHIER- . A0, X TRy hbedh
MnZn BREARRETER R, Tl Y A0 R W SCR R IE

ARk, B SHARMNKRE, AT 2K
N TR B2 () b 3 (0~20 T)o AESREEIZ Y, MOGIPHI
ASATOWFFCRIN, ARERREED) A Sk s 7K YR}
B BRAETT DAFESR G TR, IXRWARE ) ik E Y
FSGAAIORERE . DR, R SR 1 B 25 (1
TVER, AP A e R A S 2 R i gt s
YER, AT & PR REAREE (R BT A kL. DRI, ARSCAE
FARVE T SRR 0 4 MnZn BREAATNALZL . S5RIFD
PERESZ I .

1 SLI§

11 SREiR#&

1) XMT BRI A 2) Bl 3) A&
S T PR iR 0 17 o Hh b AR A3t A H D ]
ARV 2% (Oxford Instrument Co. Ltd. ) 407, 5k
Y Mg s B N s B 1 s

Ar gas L [ ___Thermocouple

__Temperature
. controller

oooo
L X

__— Heater

| Heat

| —Alumina tube
_-Sample

.. _—Sample block

— Superconductive coil

— Water cooling pipe

D R R S PR Ty S T D S o ]
T vy v w -

1 SiBEY T leah Sk Eon R
Fig.1 Sketch map of sintering device in high static magnetic

field

1.2 eEFERYH &

PR JT BE SR AT LK R R L 43 0 52.8:24.2:23.0
] Fe;03+ MnO il ZnO R &) HIE 30 mmx5 mmx
5mm FJEIR, FEJIA 60 kN,

13 BRHEITZ

Fe,O3+ MnO Fl ZnO B GV EIRIET A 8 T
SRR RS T 2EWE 2 Bior. fE 1250 CIRid4s
WA 20 min ARG PEAA, BESA R RS 1.

1250

1200

T

1150

1100

ALY

400

Temperature/'C

200

0 5 10 15 20 25
Time/h
2 TolinMn 8 T sl T RS W IR be 4t & h £
Fig.2 Sintering temperature curve of mixture without or with

high static magnetic field of § T

1.4 H&EgE

1) A D/max—11B %! X HH£& A7 AR RS T
B 20475 2) A TXA-840A HLFHRETFIHESOHAFE
BT IES0 M 3) AU IDM—13 RYYRENFE S g it o5
RFEHATREVERE X HTs 4) R A GRS LCR X
D FRLE 1) VR i 5

2 HRSNH

2.1 XRD ##f

Teh3n A8 T utfilidsy T e &5 AF (1) XRD 73 M 45
Ay tE 3 FE 4 Fros.

FRPESCHR[ 7], AR IR ) BE A O

I(hki)
D I(hk)
M Chkl) = ToD
D" To(hkl)

R M) B B IChkD)RT To(hkD) 53 5 R Be 4R

(1)




18 A5 3 W

AN]SR TR MnZn SRR

485

@ G
Side
(440)
(11
(220)
400)
22&
(M | @2 ) (533
1- ] J‘ 1 J 1 lc |J]l i LL i
0 20 30 40 50 60 70 80
20/(%)

(b)

._.._MJ N XUL s

0 20 30 40

20(°

50
)

60

70

3 LR FHest MnZn BT XRD 1%
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Table 1 Lattice constants of MnZn ferrite sintered without or

with 8 T static magnetic field

Magnetic a/nm o field: (a) Side; (b) Top
flux density/T (3 1 1) (5 1 1) (440) ave
0 0.84809 0.84838 0.86214  0.852 87
8 0.84902 0.84812 0.86335 0.85350
22 SEM ##f

T(a)F1 & 8(a)iR W], Jolids Flesht) MnZn 2k
AMTAT T35 77 17 A W R I 238, 1T 8 T ot
W37 T e 1) MnZn A8 MAAT T 0435 77 ) L 2
P2 . JFH, 8 T smlidds FHe4hiit) MnZn 24
PRALI DR, LR AR B A B KRR S = (B 7(b)
FE 8(b))-

2.3 VSM 9
ToHE3H AN 8 T wibidids FHE4E ) MnZn B EEARREYE
el 2 Fial.

R 2 TR 8 T 5itihss T e4s MnZn BRAE A HIRETE RE

Table 2 Magnetic properties of MnZn ferrite sintered without /7 I {2 el AN
or with 8 T high magnetic field & 8 8T smfiilsy FEess MnZn B4 K1) SEM 14
Magnetic o/ o,/ H! Fig.8 SEM images of MnZn ferrite sintered with 8 T static
flux density /T (A'm*kg') (Amkg') (A'm*kg') magnetic field: (a) Side; (b) Top
0 76.09 2.06 0
g /B w3 0.83 0 H2 W, 8 T A FRELEN Mnzn B

LB 7701 123 0 VRN REAL SR SEAT TR, JR AR TR A 500 S W) M A1




18 A5 3 W

AN]SR TR MnZn SRR 487

XT 8 T sikfiidsn N4 MnZn BEUE, TATHEATT
1) FA) R A it P A T TR 7 7 1) PR VR A 5 PR
15 7.56%; PAT 7 5 1A (KI5t P R T LR
7 1) (R R A R E AT 48.19% 0 BRI, 71537 h
Fe4i MnZn BREARI, HLHATEREIS B M.

24 WSRO

K ARG A, IR R 8 T #ikI%
R4 MnZn PREE AL T R AT 45 R,
Totbs 1~ hest MnZn SRR AN G350 3 921.4,
i 8 T skids Fheds MnZn BkAEARMIAINTHE S 2N
9 006.5, BRICHLA N K4 MnZn BRAEARIG AR RE 5%
FEHZ) 130%. Rk, 58S T et MnZn B4 40T
DRTE TR N PR A

3 #ETE

Tolish e MnZn 2R84, BT IR 24 MnO .
ZnO 1 Fe,05 $4— LR A Bl ey, Bred,
%% MnO. ZnO 1 Fe,O 7EH A s A A e N, 73 ) A
Jif% MnFe,O4 FIl ZnFe,04. — H MnO. ZnO Fll Fe,0; #F
$fulE i MnFe,O4 1 ZnFe,04, MnO. ZnO #1 Fe,0,
(R i A T o 5 282 S N I 32 438 MinO '\ ZnO A1
Fe,Os [n) A2 i IR AR A8 AR 2 4k 4 BT 1 AR 282, kA4
JZG R, HEIAHAE K MnFe,0, Il ZnFe, 04, [
s 3 1 5 ELAH [ 95 1 e MinZn K544

TEWE Flesi iy R IR, B 8(b) TR iR 56 45
FRW, IR B Wt s, LI, R
Wim B SPGB Ak . EIRRLIA BN LA A
RE J2: o 1 37 Ao TR R 37 e R 0E T R T RS, R
MnO. ZnO Bi#E Fe O N4, AT IE H PR 1) 303
o SCHR[4, 911 HERI LA AR BE S5k R AR
W R IR b S IR B BB .

Ak, SOLIN ZESIFg . ifhididz ] LA HLAT
B 1) S DR R K 2 o A v R A 2 (i e K
(1) SR A AT WE3 77 R FHF MnZn BREEAMACR T
BREGYEREYEM R, R, (EREI Y RRLE, Wit Al
#3 MnZn BRI AE FAT TR 7 A TR A .
X FR LA S MnZn BRI RETE BESE 5 .

4 it

1) MG FResE MnZn BREAE AT HERE(S 1) 5

WG J7 ) R AR B S . JF BRI R A 1
MnZn FEEAAIE R B H 2, [, SR
FRREAS 3 T4 5.

2) SR N B4 MnZn BREAR IREVERE LA,
SREESA T e 1) MnZn B LA m I R RE AR
FEFATEAIG 1) Fo) AR AL B B, AR 3 R e = 4
130%, KW SERL7 T heds MnZn B ARG F) T3
g PERE

3) X FiRkEs N Begs ) MnZn SR, TATHEY
J5 ) b (R R R AN s A T L 7 1) LR A
TRIESE ) 7.56%, I FI A MY 5 T FEAIC 48.19%

REFERENCES

(11 FRR=%, skl TR EEXT Ml % MnZn ZRUARTEREM
SI[I]. T RHBCR A4, 2005, 34(6): 836-838.

JING Yu-lan, ZHANG Huai-wu. Effects of anneal temperature
on properties of high permeability MnZn ferrite[J]. Journal of
UEST of China, 2005, 34(6): 836—838.

[2] HANDLEY R C. BURE A BHR AN M. dbxt: 6
Tk AL, 2002.

HANDLEY R C. Modern magnetic materials principles and
applications[M]. Beijing: Chemical Industry Press, 2002.

31  BWUH, Akt MR e AER BRI 2 b i T[], AR
R, 2002, 16(2): 19-21.

YANG Si-xin, HUANG lJi-hua. Application of magnetic field
sintering in preparation of materials[J]. Materials Review, 2002,
16(2): 19-21.

[4] TSUREKAWA S, HARADA K, SASAKI T, MATSUZAKI T,
WATANABE T. Magnetic sintering of ferromagnetic metal
powder compacts[J]. Mater Trans, JIM, 2000, 41(8): 991-999.

[5] MOGI I. Magneto-electrochemical processing of material[J].
CAMP-ISIJ, 1998, 11: 124-129.

[6] ASAI S. Now, how interesting magnetization force is[J].
CAMP-ISIJ, 1997, 10: 817-911.

[71 MATSUSHIMA H, NOHIRA T, MOGI I, ITO Y. Effects of
magnetic fields on iron electrodeposition[J]. Surface and
Coatings Technology, 2004, 179: 245-251.

[8]  HeaRfe. witkfE MnZn PREAEMRHRIH] % LHLEBTFI[D]. 5
DL AR RN, 2004,

NIE Jian-hua. Study on preparation and mechanism of high
properties MnZn ferrites|D]. Wuhan: Huazhong University of
Science and Technology, 2004.

[91 MOLODV D A, GOTTSTEIN G HERINGHAUS F,
SHVINDLERMAN L S. Motion of planar grain boundaries in
bismuth bicrystals driven by a magnetic field[J]. Scripta Mater,
1997, 37 (8): 1207-1213.

[10] MOLODV D A, GOTTSTEIN G HERINGHAUS F,
SHVINDLERMAN L S. True absolute grain boundary mobility:


http://e24.cnki.net/KNS50/Navi/Bridge.aspx?LinkType=BaseLink&DBCode=cjfd&TableName=cjfdbaseinfo&Field=BaseID&Value=CLDB&NaviLink=%e6%9d%90%e6%96%99%e5%af%bc%e6%8a%a5

488 T EA G R AR 2008 43 H
Motion of specific planar boundaries in Bi-bicrystals under field[J]. Nature, 1991, 25: 4232-4234.
magnetic driving forces[J]. Acta Matter, 1998, 46(16): [15] SUGIYAMA J, CHANZY H, MARET G Orientation of
5627-5632. cellulose microcrystals by strong magnetic fields[J].
[11] MA'Y W, XU A X, LI X H, ZHANG X P, AWAII S, Macromolecules, 1992, 25: 4232—4234.
WATANABE K. Enhanced critical current density MgB, [16] LEES M R, BOURGAULT D, BRAITHWAITE D, RANGO P D,
superconductor synthesized in high magnetic fields[J]. Jpn J LEJAY P, SULPICE A, TOURNIER R. Transport properties of
Appl Phys, 2006, 45(19): 493—496. magnetically textured YBa,Cu;0;-4[J]. Physica C, 1992, 191:
[12] SOLIN S A, GARCIA N, VIERA S, HORTAL M. Field-induced 414-418.

[13]

[14]

orientation of nonlevitated microcrystals of superconducting
YBa,Cu30;-,[J]. Phys Rev Lett, 1988, 60(8): 744—747.
MORIKAWA H, SASSA K, ASAI S. Control of precipitating
phase alignment and crystal orientation by imposition of a high
magnetic field[J]. Mater Trans, JIM, 1998, 39(8): 814—818.

De RANGO P, LEES M, LEJAY P, SULPICE A, TOURNIER R,
INGOLD M, GERMI P, PERNET M. Texturing of magnetic

materials at high temperature by solidification in a magnetic

[17]

[18]

LEES M R, RANGO P D, BOURGAULT D, BARBUT I M,
BRAITHWAITE D, LEJAY P, SULPICE A, TOURNIER R.
Bulk textured rare earth-Ba,Cu;O7—4e1, prepared by solidification
in a magnetic field[J]. Supercond Sci Technol, 1992, 5: 362-367.
TOKUNAGA R K, WATANABE S I. The effect of high
magnetic field on the crystal growth of benzophenone[J]. Chem
Lett, 1996, 8: 607—608.

(4WiE

o)



