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º £

�&ê ¶VV� 
Ú� ÒÏ>º :� �Ò¾¢�Þ~ .ªê> Ö;z B� �;öB «¶ ßWö 'Ëj �~º Fe/

Ba ³êjf >w�*ö &� 'Ëj ²ª� >wV¢ �Ï~� �V~&
. >wb�º Fe(NO3)3Á9H2Of Ba(NO3)2 �

Ò� KOH¢ ÒÏ~&b�, >wV�º 35 cm3 ²ª� >wV¢, &� 
Ú�º molten salt bath¢ �Ï~&b�, �WB

«¶~ ç(phase)" ;çf XRD 5 SEMj ÒÏ~� &V~&
. .ªê> Ö;z»b� BaOÁ6Fe2O3¢ �W~º ãÖ,

BaOÁ6Fe2O3~ �W>wf j·�' z�>w ã�¢ V�º ©� {�>îb�, :� �Ò¾¢�Þ~ '; �W ³êj

º 2ßFe/Baß7~ º*&
. >w�* G�öBº 5ª �Ú~ �� �* Úö ¢;� �V~ Ö;� <ºÚæ�, >w�

*� Ã&~�ê z �ç~ Ö; WË� ¢Ú¾æ prj {�� > ®î
. �º .ªê> ��öB~ �� &>ª�, z

�Ö� 5 î>>wö V�>º ©b� 
Ö 
f >w�*b�ê BaOÁ6Fe2O3¢ �W� > ®r� �«Nb��, � .

ªê> Ö;z �; BBö �³ �;~ ê«� Ïª® &Ë~
º ©j r > ®î
.

Abstract − Barium hexaferrite, which have been used as the magnetic material for high density recording media, could be

prepared from aqueous suspensions containing ferric nitrate, barium nitrate and potassium hydroxide by supercritical water

crystallization method. In this process, the effect of the Fe/Ba and the reaction time on the size, morphology and phase of prod-

uct were investigated with batch reactor of 35 cm3 heated in molten salt bath. The morphology and the phase of the fine par-

ticle produced were observed by a scanning electron microscope(SEM) and X-ray diffraction(XRD). In this experiments, we

could identify that BaOÁ6Fe2O3 is produced through the path of nonstoichiometric reaction and the optimum molar ratio of Fe/

Ba is from 2 to 7. The crystallinity of BaOÁ6Fe2O3 obtained at a short reaction time(<5 min) was very good and then the

growth of particles were not observed in spite of the reaction time increase. These are due to the rapid hydrolysis, fast chem-

ical bonding and dyhydration reaction under supercritical water condition. Also, it is thought that supercritical water crystal-

lization process could be developed as a continuous process as the fact that barium hexaferrite could be successfully synthesized at

a very short reaction time under supercritical water condition is identified. 
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1.B �

 

:� �Ò¾¢�Þ(barium hexaferrite)º ª¶�� BaFe12O19��,

���� BaOÁ6Fe2O3�� G'~ Ö; ��� M;(magnetoplum-

bite)~ ¾¢�Þ��, z�'b� 
Ö n;~� Ò¾� ¶W pigment

�
 �R ¶zN� ¸�, �¶K� ��, 6� &Ï� &Z~æ� J

Ñÿn '�¶Cb� ÒÏ>Úz
. 6� :� �Ò¾¢�Þº

SFD(Switching Field Distribution)8� 
Ö §�, ÚÖzW, Ú¦�

W� Ö>� ßûj &æ� ®j ö jî¢ ¶z Ï�»� V6ö >

ç�V r^ö «¶ �V& 0.03-1µm ;ê� 
Ö ·b� 6çj

(aspect ratio) 6� 3-10;ê~ �Ïb� B� &Ë~� >ç¶WV�


Ú�B~ �Ï� &Ë�, N^& �&ê ¶WV� 
Ú�B "Ï

Ajz
[1]. 

:� �Ò¾¢�Þ¢ B�~º �;b�º '�¶C B�¢ *�

Ò¾� �;� melt coprecipitation �;j 
 > ®b�, �&ê V

�Òò B�¢ *� �;b�º >�»(hydrothermal method)[2, 3]"†E-mail: sdopark@sun330.kier.re.kr
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glass-crystallization �j 
 > ®
. ��¾ �
 �;
f �º �

� çÏz>Ú ®b¾ sol-gel», .ªê> Ö;z(SCWC) � ­­

B� �;
f jç �� BB�êö ®
. �VB >�»f glass-

crystallizationö j� Ï[, ªê, Ö ^¿ � º&'� ¾Ò";j

jº� ~æ pº jv' �B� �;�ÚB Ëê V&& >� ®º

�;�
. ��¾ >�»f 5-25�*~ Z >w �*j jº� ~�,

*� bî(precursor)� FeOOH¾ α-Fe2O3f ?f slurry ;�~ >

wbj ÒÏ� ãÖ, ³ê Ö; �ê� Ï� ";� ¶Ò�, z×�

Fe(NO3)3f ?f homogeneous ;�~ >Ï�j ÒÏ� ãÖöº 7

* �Wbî� α-Fe2O3& �WB
º 6� �6b� æ'>� ®
.

�º :� �Ò¾¢�Þ¢ áV *�Bº º&'� ê¾Ò �;� j

º~
º ©j ~�~º ©b��, �"ö ��� ^B6j �j~V

*� Nê 5 {K �~ æ>¢ �.~� Ï
~ &ê¾ F*N �j

£² æz�B 2b��, >w �*j �»�B ö.æ¢ .£� >

®º î�Ú Bv~ .ªê> Ö;z(supercritical water crystallization)

�;[4] BBö &�� Îjæ� ®
. �VB .ªê>¦ Nêf {

K� ªê6(Tc=374.3oC, Pc=221 bar) �ç� ç�~ bj ~�~º

©b�� ��� .ªê>º Nêf {K~ 'f æzöê &êf 6

ê& �² æ~�, ZVb~ Ï�êf F*ç>(dielectric constant)&


Ö Ô
º ßW r^ö hydrolysis¾ dehydration >w~ ��j �

.~º 
î(medium)�� 6Ò wÏ>� ®
.

V¢B � ��öBº �³� .ªê> Ö;z �; BBö �B

²ª� >wV¢ �Ï� .ªê > ��~öB 7º >wæ>�, Fe/

Ba ³êj 5 >w �* �~ æzö V¢ �W>º :� �Ò¾¢

�Þ «¶~ ßWj �V~�¶ ~&
.

2.
 þ

.ªê>¢ >w 
Ú� ~� :� �Ò¾¢�Þ¢ B�~º 
þ

j >¯~V *� ²ª� 
þË~~ BÛê¢ Fig. 1ö ê�~&
.


þË~º �{ >wV, &��(molten salt bath), ï'�(water bath)

� �² �ª� > ®
. 

�{ >wVº SUS316 Òî� Ú¦ Ïïf 35 cm3��, >wV

Ú¦~ Nê¢ G;~V *~� K-; �*&¢ J~~&�, {Kf

NOSHOK(Germany) {Kê 5 pressure transducer(9368612, XPRO Co.)

¢ �Ï, ç^ �j~� G;~&
. &��º >wV Ú¦~ Nê 5

{Kj /³® çß�ÊV *~� ÒÏ>º ©b�, KNO3f

Ca(NO3)2Á4H2O¢ 1 : 1~ jN� b�~� Ï[�Vb�, &�� N

êº PID(�', DX9) Nê �.V� �.~&
. �Þ >wV n~

öò>Ï�j �¢ çb� Fæ~V *~� *ÿV¢ ÒÏ~� >w

V¢ 250 rpmb� v>�Vb�, ï'>�º âr bj ÒÏ~&
.

�£b�º barium nitrate[Ba(NO3)2, Junsei, 98.5%], ferric nitrate

[Fe(NO3)3Á9H2O, Showa, 98%], potassium hydroxide(KOH, {Ö,

85%)¢ ÒÏ~&�, öò >Ï�f ferric nitrate~ ³ê¢ 0.05 M� �

;~�, barium nitrate¢ Fe/Ba j& 0.5, 2, 7, 12& >ê� Ã~>¢

�Ï~� �B ÒÏ~&
. r¢Ò Öj(R, [OH−]/total [NO3
− ])º 4�

�;~&b� �VB, Fe/Ba ³êj 5 r¢Ò Öj Rf � (1), (2)

f ?� �*B
.

(1)

(2)


þO»f ÖF, 
þNê 5 {K ��ö çw~º .ªê>~ &

ê�¦V êÖB ·~ öò >Ï�j "«� ê >wV¢ &ö�Î


. &öB >wV¢ >wNê� Fæ>� ®º &��ö IÚ ¢;

� �*ÿn >w�Î
. >wNêræ ê�~º �º ï� 3ª �ò

~ �*� ²º>�, �*ö V� >wV Ú~ ßN ³êº expo-

nential �> ;�¢ �&
. � 
þöB ÒÏB >w�*f >wV

¢ molten salt bathö �" �6¦V >w� «ÖF rræ~ �*

b� ;~~&b� �º >wNêræ ê�~º ßN�* �
 
f

>w�*j �V~V *�öB &
. >w�*� 1ª¢ r~ >wV

Ú~ Nêº 330oC&
. >w «Ö êöº �³® ï'�ö >wV

¢ "«~� z �ç >w� ê¯>æ pê� ~&b� >w� «ò

B ê >wV Ú~ �WB «¶º Ã~>� 3² ^¿~�, �ÚB 
�

öêR� 2² >^~� �>w~ Ba¢ B�� ê ��VöB(100oC)

12�* &ï ���
. ��B «¶~ �Wf X-ray diffractometer

(Rigaku, 30 kV-25 mA, CuKα radiation)¢ ÒÏ~� {�~&b�,

SEM(Philips, XL-30) G;f �ï~ �ò¢ ethanolö ªÖ�Î ê

glass holderö ê�� ê ion coater¢ �Ï~� Au coating� ê 1-2

ò VN� «¶~ �V 5 ;çj &V~&
.

3.Ö" 5 �V

3-1.Ë~ ßW 
þ


þf 400oCöB >¯~&b�, 
þ {Kj Fæ~V *~� 


þ��ö �º ³ê� B�B Ba(NO3)2 >Ï�, Fe(NO3)3 >Ï� 5

KOH >Ï�j '' 8 mlO(total 24 ml) >wVö "«~� 
þNê

ö ê�~² � ê, ¢;�* >w�Î ê >wj «Ö~� Ë~ßW

5 
þ~ Ò*Wj �V~&
. Fig. 2º Fe/Ba ³êj& 2� ãÖ,

60ª* 3² 
þ� Ö"ö &� SEM Òêb�B Fig. 2öB " >

®��, (a), (b), (c)~ ãÖf ?� «¶ Wª, �V 5 ;� G�ö

B N�6j BÒ� > ìÚ Ë~ßW 5 Ò*W 
þöBº ò��

ò� Ö"¢ ¾æÚ� ®î
.

3-2. Fe/Ba ³êj 5 >w�*ö V� �Wb~ æz

>��W»�¾ .ªê> Ö;z»" ?f �ç �;öB Baf Fe

�¦V BaOÁ6Fe2O3¢ �W~º >w�f ¢>'b� � (3)" ?

� ¾æÞ
.

(3)

��¾, &¦ª~ �;öB Baf Fe¢ ·�j� "«~º ãÖ, BaOÁ

Fe Ba molar ratio⁄
Fe NO3( )3[ ]
Ba NO3( )2[ ]

-----------------------------=

R
KOH[ ]

2 Ba NO3( )2[ ] 3 Fe NO3( )3[ ]+
----------------------------------------------------------------------=

Ba OH( )2 12Fe OH( )3+ BaO 6Fe2O3 19H2O+⋅↔
Fig. 1. Batch experimental apparatus.

1. Reactor 4. T, P indicator
2. Molten salt bath 5. Shaker
3. Water bath 6. Mover
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6Fe2O3º �W>æ p� α-Fe2O3 �¢ç� �W>�, "ï~ Ba¢

"«~�¢ BaOÁ6Fe2O3& �W>º j·�' z� >wb� rJ

^ ®
. ��� *çf ç&'b� �� &>ª� 5 î> >w ³

ê¢ &æº Fe Wª� α-Fe2O3� �WB ê, α-Fe2O3~ ��öB¦

V Ï� 7~ Ba Wª" >w~V r^b�, >wNê, {K ��ö

B Ba Wª~ Ï�êf &7� &ê¢ &æ� ®º ©b� rJ^

®
. V¢B, � ��öBº Ba¢ "ï(excess)b� "«~� Fe/Ba

³êjö V� �Wb~ Wª æz¢ �V~&
. 
þÖ", Fe/Ba ³

êj& 0.5� ãÖ >w�*� ã"�ö V¢ �Wbf BaOÁ6Fe2O3

�BaOÁ2Fe2O3�BaOÁ6Fe2O3~ Wª æz& ¾æÒb�, Fe/Ba ³

êj& 12� ãÖöº α-Fe2O3�α-Fe2O3, BaOÁ2Fe2O3�α-Fe2O3~

Wª æz& ¾æÎj {�~&
. ��¾, Fe/Ba ³êj& 2f 7�

ãÖöº �*~ æzö &êì� BaOÁ6Fe2O3 �¢ç~ �Wbj

áj > ®î
. V¢B çV 
þÖ"öB " > ®��, �Wbf

>w �*" Fe/Ba ³êj Îv~ 'Ëj Aº ©b� ¾æÒb�,


þÖ" 7 ß® Fe/Ba ³êj& 0.5f 12� ãÖ Â]� ç~ *

~j " > ®îbæ� ÖF Fe/Ba ³êj& 0.5 5 12¢ r �*

ö V� �Wb~ æzö &~� �V~�¶ ~&
.

Fe/Ba ³êj& 0.5� ãÖ, �*ö V� >w �Wb~ Wª æz

¢ ¾æÚ� ®º Fig. 3öB " > ®��, >w �*� 1ª� ãÖ,

�Wbf BaOÁ6Fe2O3~ peak¢ ¾æÚ� ®b¾, j*� Ö;� <

ºÚæV �*~ Z;; ç�f FÒ� ç�� �Ò~�, �*� Ã

&�ö V¢ Ï�ÁÒÖ;~ ";j �~º ÿn BaOÁ2Fe2O3f BaOÁ

xFe2O3(2<x<6)~ b�b� �Ò~�, Ïª� �*� ã"� êöº


� n;� ç�~ BaOÁ6Fe2O3¢ �W~� ï;ö ê�~² B
.

��� Ö"º Fe/Ba ³êj& 0.5� ãÖ Ba Wªf z� ·�jö

j~� &�® � ³ê¢ <V r^ö Fe Wª" FÒ~�¾ 6º

z× � �ÿê¢ ¾æÚV r^ö, >w .V n;� ç�~ BaOÁ

6Fe2O3¢ ;W~&
&, Ba Wªj z× ô� �F~º & n;ç�

~ BaOÁ2Fe2O3f BaOÁxFe2O3(2<x<6)~ ç�¢ �~�, �«'b

� &Ë n;� ç�� BaOÁ6Fe2O3¢ �W~º ©b� 6�B
.

Fig. 4º Fe/Ba ³êj& 12�, z� ·�j(stochiometric)� "«

� ãÖ~ >w �Wb æz¢ ¾æÚ� ®
. Fe/Ba ³êj& 12�

ãÖº Fe/Ba ³êj& 0.5� ãÖfº ç�~², Fe~ >wW� z

× Ö>~² ¾æ¾V r^ö, >w �*� 
f 1ª~ ãÖöº �

� Fe Wª~ >wö ~~� �7� ®º Ba Wª� ��>Ú ®º

BaOÁyFe2O3(y<2)f α-Fe2O3¢ �W~æò, �*� ã"�ö V¢,

Fig. 2. SEM micrographs of products at Fe/Ba molar ratio of 2 and
reaction time of 60 min.

Fig. 3. XRD patterns of products at Fe/Ba molar ratio of 0.5 with var-
ious reaction time.

Fig. 4. XRD patterns of products at Fe/Ba molar ratio of 12 with var-
ious reaction time.
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Ö;~ Ï�ÁÒÖ; >wj �~�B BaOÁyFe2O3ö ��>º

Fe2O3 Wª~ jN� z× ¸jæ�, Ïª� �*� æÂ êöº �

«'b� α-Fe2O3 �¢çj �W~² B
.

>�, Fe/Ba ³êj& 2f 7� ãÖöº 
f >w�*ö Z;;~

BaOÁ6Fe2O3¢ �W� ê, �*� Ã&�ö V¢ Wª~ æz ì�

Ö;î� Ö>~² ¾æÎb��, � 
þÖ" 2ßFe/Baß7~ ³êj

º*öBº .ªê> Ö;z»j �Ï�b�� 
Ö 
f >w�*b

�ê BaOÁ6Fe2O3¢ �W� > ®rj {�~&b�, ��� ��

>w ³ê¢ �Ï~º ãÖ, �³ �;j ê«�b��, �ÖWj Ë

ç�Êº ©� Ïª® &Ë~
� 6�B
.

>��W(hydrothermal process)~ ãÖ BaOÁ6Fe2O3~ �Wö &

� �� &æ >wz
î¾� B�>Ú ®b¾, � 
þ~ Ö"º

Ataie �[5]~ z
î¾" FÒ� z
î¾b� �C� > ®
. Ataie

�[5]f BaOÁ6Fe2O3~ �W >wj � (4)f ?f ^ &æ �ê~

>wb� �C~&
.

(4)

��¾, �
f Fe/Ba~ ³êj& 8�, 220oCöB~ 
þòj >¯

� Ö"��, 
� ��¶
~ 
þÖ"öBº 
þ��ö V¢ BaOÁ

4.5Fe2O3, 5BaOÁ4Fe2O3 � 7* �Wb~ �Ò �¦ö &� ¢~

& ��>î
[2, 6]. ��� 7*�Wb~ ;Wf Fe/Ba~ ³êjö

V� Fe 5 Ba Wª~ �ÿêf 
þ Nêö V� α-Fe2O3f Ba

Wª~ Ö� 5 î>>w ³ê N�ö V�~º ©b� 6�>�,

BaOÁxFe2O3(x<6)~ 7*�Wbj �ö BaOÁ6Fe2O3¢ �W~º

z
î¾f � (5)f ?� J«� > ®
.

(5)

3-3.:� �Ò¾¢�Þ~ ;çö &� Fe/Ba ³êj 5 >w�*

~ 'Ë

Fig. 5º Fe/Ba ³êjö V� �WB BaOÁ6Fe2O3~ SEM Òê

��, Fe/Ba ³êj& 0.5� ãÖ �WB BaOÁ6Fe2O3~ ãÖ¢ �

�~� jv~V *~� 360ª~ >w �*ö �WB Ö"¢ >�~

&
. Fig. 5öB " > ®�� �WB BaOÁ6Fe2O3~ «¶ �Vº

Fe/Ba ³êj& '' 0.5, 2, 7� ãÖ £ 0.5µm, 1µm, 5µm�, Ba

³ê& Ã&�ö V¢ 6²�j ¾æÚ� ®
. ��� *çf Ba ³

ê& Ã&�ö V¢ Ba Wª~ �ÿê& Ã&~V r^ö, Fe Wª

� α-Fe2O3~ j*� Ö;j �W~V *, 6º Ö;� WË~V *

ö Ba Wª"~ b� 5 î> ";j �öB j" �^� BaOÁ

6Fe2O3¢ �W~V r^� ©b� 6�B
. 6�, Arai �[4]~ "Ë

ö ~~� BaOÁ6Fe2O3º Fe(OH)3 6º α-Fe2O3f (BaOH+)~ >

wö ~~� �WB
� ~&bæ�, Fe~ jN� ·jæ� Fe(OH)3
6º α-Fe2O3¢ �W~º� ²Î>º (OH−) �N~ ·� ·jöö

V¢, Ï�7ö Îj®º (OH−) �N~ ³ê& ç&'b� Ã&>�,

V¢B (BaOH+)f~ �Ò ï;� (BaOH+)~ ;W >w ãb� �

ÿ�ö V¢ �
 ôf >~ BaOÁ6Fe2O3¢ �W~V r^ö, ç&

'b� «¶~ �V& ·jæº ©b� �C� >ê ®
. ���

Arai �[4]~ "Ëf ¢>'b� C* r�N ³êj R8� Ã&~�

«¶~ �V& ·jæ�, �Wb~ ·� Ã&�
º *ç" ¢~~�

®
.

Fig. 6f Fe/Ba ³êj& 2� ãÖ, �*~ ã"ö V� «¶ �V

¢ jv~V *� SEM Òêj ��� ®
. >w �*� 1ª� ã

Ö, G' 6;~ Ö;� j*® <ºÚææ pf ç�~ «¶ ;�¢

��� ®b�, 5ª� ã"� rræ Ö;f /Ï® WË�
. ��

¾, �êöº >w �*� Ã&~z¢ê Ö;f z �ç WË~æ p

b�, Ö;~ Wçf Ëç>� ®rj " > ®
. ��� *çf Fe/

Ba~ ³êj& 7� ãÖöê ÿ¢~² ¾æ¾� ®b�, ¢>'b�

>��W»öBº �>~ ¸f {Ö ê>f &ê æzö ~� «¶

~ Ï�ÁÒCÂ r^(Ostwald ripening)�¢� J«~� ®
. ��

¾, 6 
� ��¶
f Ï�ÁÒCÂf Ï�K� � '�öB ¢Ú

¾V r^ö &ê& ·f .ªê '�öBº ¢Ú¾V Ú[
º �

F� ��� J«ö ¦;'� «Ëj �«~� ®b�, ßN ";ö

®Ú, jv' Ôf NêöB �WB ·f Ö;�*& w÷� > ®º

�² �*� WË� ê, .ªê> ��öB w÷~� Ö; «¶¢ �

W~�, z �ç~ Ö;WËf ��Úææ p� >Nj Ã&�Ò >

®
� "Ë~� ®
. ��� v &æ í.Ö ~Òö &� Ö"º

Ëê, �³� Ë~¢ Û~� öò bî" �>~ ç7 b�ö ~�

2Fe OH( )3 α-Fe2O3 3H2O+→
α-Fe2O3 xBa OH( )2+ BaO xFe2O3 H2O+⋅→
BaO xFe2O3⋅ 6 x–( )α-Fe2O3+ BaO 6Fe2O3⋅→

2Fe OH( )3 α-Fe2O3 3H2O+→
α-Fe2O3 xBa OH( )2+ BaO xFe2O3 H2O+⋅→
BaO xFe2O3⋅ 6 x–( )α-Fe2O3+ BaO 6Fe2O3⋅→

Fig. 5. SEM micrographs products at reaction time of 360 min with
various Fe/Ba molar ratio.
(a) Fe/Ba=0.5, (b) Fe/Ba=2, (c) Fe/Ba=7
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ßN �*~ �²z 
þj Û~� �«>Ú î ©b� 6�B
.

4.Ö �

Molten salt bath¢ �Ï� ²ª� >wV¢ �Ï~� .ªê> Ö

;z»ö ~� BaOÁ6Fe2O3 �W ";öB, öò bî~ ³ê 5 >

w �*~ æzö V� �Wb~ Wª 5 ;ç~ æzö &~� �

V~&
. 
þÖ", .ªê> Ö;z �;öBê BaOÁ6Fe2O3~ �
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Fig. 6. SEM micrographs of products at Fe/Ba molar ratio of 2 with
various reaction time.
(a) 1 min, (b) 5 min, (c) 60 min, (d) 360 min


