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Abstract − A Dawson-type heteropolyacid, H6P2W18O62, was successfully prepared and characterized in this work, and the

catalytic properties of H6P2W18O62 were compared with those of Keggin-type heteropolyacid, H3PW12O40. The single or the

mixed catalyst of H6P2W18O62 and H3PW12O40 was applied to the vapor-phase MTBE(methyl tert-butyl ether) synthesis from

TBA(tert-butyl alcohol) and methanol. TBA dehydration was independently carried out in order to ensure the reaction char-

acteristics of MTBE synthesis. It was found that H3PW12O40 retained the higher acid strength than H6P2W18O62, and H3PW12O40

was more efficient than H6P2W18O62 in the TBA dehydration. It was also observed that the Dawson-type heteropolyacid was

much more efficient than the Keggin-type heteropolyacid in the MTBE synthesis. The mechanical mixture of H3PW12O40 and

H6P2W18O62 didn’t show a synergy effect in the catalytic reactions, but only showed the independent catalytic functions of each

component itself. 

Key words: MTBE(Methyl Tert-Butyl Ether), TBA(Tert-Butyl Alcohol), Methanol, 12-Tungstophosphoricacid, 18-Tungsto-

phosphoricacid, Dawson Heteropolyacid
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1.� �

����� ����	
 ��
 �� ����� ����� ��

1 : 12� Keggin� ����	
 ��� ��� ! ����	
 ��

" #$ %&'� ()* Keggin� ����	
 ��" %�+ ,-

./ 0�1[1-4], ,� 23�� $ 44 5678, ,9 :;5<=

>. ?@A BCD. ����� ����� �� 2 : 18� Dawson�

����	
� ��EF, GH<I JE�K>. LM H6P2W18O62*

,�&NO PQR�&S TU<* MTBE(methyl tert-butyl ether) VW

�X"Y Keggin� ����	
 ��� H3PW12O40G> Z[$ ��

\W] G,* ^�� GH<H _. Dawson� ����	
� ��

EF" %$ #�, `a b��H _* :c,>[5-7].

BC� ()" ��� Dawson� ����	
� dFWeDf Keggin

� ����	
� gheDO ij$ 9gI7] �kH _* ^��

GH<H _*l[8], Dawson� ��� �m� [H3N(CH2)6NH3]6P2W18

O623H2O� 3n�� )U* o 7-8 Å� 9g7] �kH _* ^��

pq�H _>[9]. r$ Dawson� ����	
 ��� K6P2Mo18O6210

H2O" %$ Ts t ,�&Q� 
5 u[��X" %$ ()� GH

[10]<* v wx"Y* Dawson� ��" %$ ()� ,9 JE yz

" {.DH _* :c,�  Dawson� ��" %$ x|"Y� ()
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* }~ ��$ :�,>. Keggin� ����	
� ,V�(dimer)" �

��* Dawson� ����	
 ��� ,��I ��Y Z� I��

�� Keggin� ��" %$ ,�� {C, r$ ���>[11-13].

� ()"Y* %��� Dawson� ����	
 ��� H6P2W18O62

� TU�K�1, ? LW] �m� ��� )W� Keggin� ����

	
� H3PW12O40 ��� Y� ���K>. r$ ,D ��� y�

�f �V ��z� I:�� ��<* MTBE VW�X" �F�+ ,

D ��� �XW] ���K>. MTBE VW�X] �� �X��

TBA(tert-butyl alcohol)� PQR] jF�+ )U� :,$ 2m ���

�	
� �� �XLW] ���K>. r$ TBA u[�X] ���

�� [��+ ,D ��� MTBE VW�X LW] �b�K>.

2.� �

2-1.����

Dawson� ����	
 ��� H6P2W18O62* ��" GH� �s

" �� TU<=>[14-17]. 150 ml� �" 150 g� Na2WO42H2O�

�� ��$ [F " 85%� H3PO4(d=1.70) 125 ml� ¡��K>. ,

¢ F � £¤f ($ ¥¦£] A§|1 ,¨ (©��� ��] �

K>. bª<* �� «] G¬­ �� 30 ml� �] ¡���Y o 2

J® 8¯ °$ ��] �H ±�$ F ]  ² ¨ 5J® 8¯ F 

] �³ ��J´>. ,¨ �W� ¥¦£� F ] bªJµ ¶8� �

�, ·W¸ ¢¹� �³$ ¨ ,� º»�" ¼½J¾ ¨ +OJ´>.

,¿a �W� Nae ¶8f Àf �£] Á=>. ,� :Â"Y B�

Ã� �" F�J¾ ¨ bª] Ä� ¶8, ·Å ¢¹� z© �³$

¨ >J ¼½J­H +OJµ Æ¶8�K>. ,^] >J :Â"Y B

�Ã� �" F�J¾ ¨ "�Ç ÈÉ] $ >» Êf «� �] ¡�

$ ¨ bª] Jµ ËI ÈÉ�� ÌÍ 
��(crude acid)� Î=>.

,� >J �" F�Jµ Ì� Ï5 8¯� $ >» "�Ç ÈÉ ¨

Ð+ "�Ç� ÑqG|H 80oC� �³��I"Y ÒÓJ¾ >» º

»�� ¼½J¾ ¨ +O�H Æ¶8�+ H�:� H6P2W18O62� Î

=>. r$ H6P2W18O62 ��� LW] �� Ô��I �� ��$ �

�� )W� Keggin� ����	
� H3PW12O40 ��� ��" GH

� �s" �� TU�K>[18].

2-2.����

TU� ����	
 ��� �W+& t )U� p}GI �� FT-

IR(Nicolet, Impact 410) 'Õ] [��K�1, �X�¨� ¶8W Ö5

� p}GI �� XRD(Jeol, JDX-5P) 'Õ] [��K>. r$ TU�

��� 
LW] ���I �� acetonitrile] ��" ×ØJ¾ ¨ TPD

ÙÚÛÜ] Î=>. TU� Dawson� �� t �V��� �:] ��

�I �� ,�� GH[19]"Y� Êf �s�� STM(Topometrix Dis-

coverer) ,9� 'Õ] [��K>.

2-3.	
��

TU� Dawson� H6P2W18O62 ��� Keggin� H3PW12O40 ���

jF�+ (© ÝÞß H8à �XI"Y TBA� PQR�&S MTBE

I: VW�X] [��K>. jF� ��� 150oC"Y 1J® �á �

â	$ ¨ �X�] I5Jµ �XI� ¯ã�H ä�I�� å�(5 cc/

min)� æ	�Y �X] ç��K>. �Xf 60oC"Y [�<=�1

�X, 8::�" ¯è$ ¨ 'Õ] �K>. �Xçé" _.Y ��

(0.1 g)� y� ��� jF�ÌA �f �V ��� jF�+ �� �

�mD� �XLW] ���K>. r$ TBA u[�X] ����� [

��+ TBA� �X�� �* MTBE VW�X" %$ ��D� �X

W] �b�K>. ·W�� 'Õf ê[� Ië�� z
�K>.

3.�� 	 
�

3-1. IR ����

TU� ����	
 ��D, ?D� Lì�� ����	»,Â )

U� ��H _*�� p}GI �� IR 'Õ] [��K�1 ? ¶O

* Fig. 1O Ê>. H3PW12O40� �Wi�* ?D, �k* Lì��

����	»,Â )U� Keggin )U� ��í��î p [ _>.

Keggin� 12-����	»,Â� Lì�� IR ¶Vf 600-1,200 cm−1

ïð"Y 4�� ñ� ò`� A§ó>. Fig. 1"Y ô [ _* 2� Ê

, H3PW12O40� õZ 1,080 cm−1" P-O ¶V,, 982 cm−1" W=O ¶

V, A§A1, 893 cm−1" W-O-W(corner-sharing) ¶V,, 812 cm−1"

W-O-W(edge-sharing) ¶V, A§A ��� ö TU<=»] ���K

>[20]. Dawson� )U� �k* H6P2W18O62� ����	»,Â �

W+& ðJ IR 'Õ] Ä� 600-1,200 cm−1 ïð"Y A§A* 4��

ñ� ¶V ò`� ��<=>. H6P2W18O62 ��� õZ 1,090 cm−1"

P-O ¶V,, 960 cm−1" W=O ¶V, A§A1, 916 cm−1 " W-O-

W(corner-sharing) ¶V,, 781 cm−1" W-O-W(edge-sharing) ¶V, A

§A Dawson� �� ðJ ö TU<=»] p [ _=>. ,@$ IR

'Õ¶O* ��� ÷ø� ö �ù�K>[21].

3-2. XRD �� 
 �� ��

����	
 ��� 3n�� �³� 2n)U LW] A§| ñ* X-

� úû 'Õ ¶O* Fig. 2� Ê>. H3PW12O40 ��* ¶8W, Z[

�1 ���� Keggin� LW ò`� G+ñH _>. Dawson� H6P2

W18O62 ��� õZ"¯ ¶8 ò`� ± �I* �A Lì�� ¶8

W] �k* ^�� A§AH _>.

TU� ����	
 ��� �:] üýGI �� :Â"Y STM

,9�� 'Õ�K>. ,9� 'Õ] �� ����	
 [F ] TU

$ ¨ ,� ?þ�,Û �� �" bØJ´�1 Pt/Ir ÿ�] jF�+

�8����"Y ,9�� Î=>. STM ,9� 'Õ"Y Keggin�

����	
� H3PW12O40 ��* Ó)7 �«� )�] �k1 y�

'÷�� `I* 11.7 Å�11.7 Å� ^�� A§A ,�� STM 'Õ

()[22] ¶O� ö �ù�K>. Dawson� ����	
� )U*

Keggin� ����	
� ,V� ��,1, Keggin� ����	
�

)U� ��� ô ¢ 2�� ����� �Æ�1 ? ñ�" 18�� �

Fig. 1. IR spectra of H3PW12O40 and H6P2W18O62.
���� �38� �2� 2000� 4�
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���(W, Mo, V, Nb v)� 62�� 
�� �Æ$>. Fig. 3f XRD ÷

ø� 23�� Îf Dawson� ����	»,Â� [P2W18O62]
6−� )

U� G+ñH _>. Dawson� )U* D3 %�� prolate spheroidal )

U� ��>. 2�� Keggin� »,Â� [PW9O34]
9−, ñÖ" �Æ�* 6

�� W-O-W �� ¶VO (¶� )U� ��>. ����� Dawson

� ����	
 ��* ��7 �«] ��>. Fig. 4* :Â"Y Îf

H6P2W18O62 ��� STM ,9�� ,D y� '÷�* ��7 �«]

�k1 ö 8	� 2n� �³] G,H _»] p [ _>. ,9� '

Õ ¶O y� '÷�� `I* 10.7 Å�14.4 Å� XRD ÷ø t ,9�

�jI"Y z
� Dawson� ����	
� van der Waals ~õ[22]

O ö �ù�K>.

3-3. MTBE �� 
 TBA  ��	
 ��

MTBE* ����� ,�&NO PQR] 1 : 1� �XJµ TU�>

[23-25]. ?@A ,�&N 7
� T$� ��� ��+ � ()"Y*

Y� >� )U� Keggin t Dawson� ����	
 ��� ,F�+

TBA� PQR�&S MTBE� VW�* �X[26]] Hq�+ G�>.

�� ��� �XW ��� �� ��$ �X U
�"Y �XW ()

� [��K>.

��:"Y� �XI)� üýG� Z� TBA� 
�� :"Y u[

<. ,�&NO �] �W�1, ,¢ ·W� ,�&N, >J PQR

O �X�+ MTBE� ·W�>. ����� �ÙN, ��� ����

	
f °$ 
LW] �kH _I ¢�" � ()"¯ �ÙN, ��

� ����	
] jF�K>. {�J®" �� H6P2W18O62 ���

%��� �X LWf Fig. 5� Ê>. ��� Â5$ U
�"Y Dawson

� ����	
 ��* TBA� PQR�&S MTBE� VW�* �X

" %� Z[$ ��\W] G,* ^�� A§A Dawson� ����

	
 ��* TBA u[�Xf �� Ether �W�X"¯ «�$ \W]

G,* ^] p [ _>. +I"Y MTBE [�(yield)f 7
� TBA

� ê[" %� ·W� MTBE� ê[� 8��+ jF�K>.

)U� :,$ ����	
� ���XW] üýGI �� ��$

�X U
�"Y �Xçé] [��K�1, ? ¶O* Table 1O Ê>.

TBA� PQR�&S MTBE� VW�* �X] �� �� ����	


� H3PW12O40 t H6P2W18O62f �� H3PW12O40� H6P2W18O62

� Iz��� �V$ ��� jF�K>. +I"Y ô [ _* 2�

Fig. 2. XRD patterns of H3PW12O40 and H6P2W18O62.

Fig. 3. Polyhedral representation of Dawson-type heteropolyanion
(P2W18O62)

6−.

Fig. 4. STM image of H6P2W18O62 on graphite surface.

Fig. 5. TBA conversion and MTBE yield over H6P2W18O62 in the vapor-
phase MTBE synthesis from TBA and MeOH with respect to W/
F(g-cat-h/total feed mole); reaction temperature=60oC, catalyst
weight=0.1 g, MeOH : TBA : N2=5 : 5 : 90(mol%).
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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Ê, Keggin� H3PW12O40 ��* TBA���X(u[�X)" _.Y

Dawson� H6P2W18O62 ��G> Z[$ ^�� A§��1, �V ��

* TBA ���" _.Y �� )W ��� �®� LW ] GK>. �

A}� ether� �W�* �X" _.Y H6P2W18O62 ��* H3PW12O40

��G> Z[$ \W] G,* ^�� A§��A, �V��* ether

�W �X"Y¯ ðJ �� ��D� �®�� LW] GK>. ¶��

�� Dawson� ����	
 ��* ether�W(MTBE VW) �X" _

.Y Keggin� ��G> ���,1, Keggin� ��* u[�X" _

.Y Dawson� ��G> ����] p [ _>.

:,$ )U� �k* Keggin t Dawson� ��� �k* :I�

���X LWf ����� [�� TBA u[�X] Ä� >J $�

��<=>. Table 2"Y ô [ _* 2� Ê, ����� [�� TBA

u[�X"Y¯ Keggin� ��� \W, �� Z[$ ^�� A§��

1, Dawson� ����	
� «, b��[� TBA u[�XWf �

��K>. r$ ,�&NO PQR�&S MTBE� VW�* �X" _

.Y Dawson� ��* I�� GH[5-7]� Ê, Keggin� ��G> Z

[$ \W] GK�1, �V�� õZ"* � �� ��� �®�� �

X LW] G+ TBA� PQR�&S MTBE� VW�* �X"Y�

��$ õ�] A§|=>.

3-4. ��	
�� ��

:I� ���X LW"Y ô [ _* 2� Ê, )U� :,$ �

m� ����	
� Iz� �V ��* �V" �� :�EF] �

� G,�  ��1 �� ��mD� �®� ���X LW] GK>.

,* Iz�� ����	
 �� �V�* �V" �� :�EF !

, �V�� )W�H _* �� ��m� LW] ����� ?%�

i��H _»] �9$>. ,@$ LWf Fig. 6" A§" 2� Ê,

H3PW12O40� H6P2W18O62� �� �V�" %$ STM ,9� 'Õ

¶O� ,�� [ _>. Fig. 6"Y ô [ _* 2� Ê, “B” ã÷�

Êf ��7 �«� '÷�* Dawson� ��,1, “A” ã÷� Êf

Ó)7 �«� '÷�* Keggin� ��� ,D '÷�� `I* ��

��m� `I� ö �ù$>. Keggin t Dawson� �� �V�� �

³f y� ��m�� )W� �³G> 8	� 8¯� o�1, 56m

� �³#Y* �Z d$%$ ^�� A§�>. r$ Fig. 6� ,9�*

� ��m, �J" #&<* �& ïð� %��� ,9�� ',1,

.( ïð"Y* Keggin� '÷�)	 �f Dawson� '÷�)	 X

*<. �³<* LW] GK>. ,âÜ �� �V�� d$%$ �V

�³ LW ¢�" ���X"Y �V" �� :��O� Î] [ !=

+ ^�� ,y�>. ,@$ H3PW12O40-H6P2W18O62 �� �V��

d$%� �³f ,D '÷�� `I� ��� Y� >ÇH r$ '÷

�� »,Â ��[� Y� >ÇI ¢�" I��* ^�� G�>. 

���X ¶O"Y A§ó 2� Ê, TBA u[�X t MTBE �W

�X" %$ Keggin t Dawson� ��� :�� �XLW] ,��I

�� ,D �� ��D, �k* 
gI� TPD 'Õ] Ä� Uj�K

>. ��� ³� á8W, -f ����	
� 
LW] 'Õ�I �

� ����	
� ³'� Â¯ ,�"Y uØ�H r$ ����	


� ��'  }k
 .`¹� ×Ø �/$ eIW �å� acetonitrile�

�0�+ TPD çé] [��K>. Fig. 7"Y ô [ _* 2� Ê,

H6P2W18O62� õZ acetonitrile� B% uØ ò`� 307oC"Y A§A

A H3PW12O40� õZ"* 392oC"Y B%� uØ ò`� A§1]

p [ _>. ,* H3PW12O40 ��� H6P2W18O62 ��G> 
� g

I� °í] �9�* ^��, Table 2" A§" 2� Ê, TBA u[

�X"Y H3PW12O40 ��� � 2 \W] G,* ¶O� �ù$>. 

Table 1. TBA conversion and MTBE yield over heteropolyacids in the
MTBE synthesis from TBA and MeOH

Catalyst TBA conversion(%) MTBE yield(%)

H3PW12O40

H6P2W18O62

H6P2W18O62/H3PW12O40=2

90.8
86.8
87.1

36.7
42.9
42.1

Experimental condition; Reaction temperature=60oC, W/F=57.0 g-cat-h/
total feed  mole, Catalyst weight=0.1 g, MeOH : TBA : N2=5 : 5 : 90 mole%

Table 2. TBA conversion over heteropolyacids in the TBA dehydration

Catalyst TBA conversion(%)

H3PW12O40

H6P2W18O62

H6P2W18O62/H3PW12O40=2
H6P2W18O62/H3PW12O40=1

97.5
94.2
96.5
97.0

Experimental condition; Reaction temperature=60oC, Catalyst weight=0.1 g,
W/F=57.0 g-cat-h/TBA feed mole

Fig. 6. STM image of the mixed catalyst of H3PW12O40 and H6P2 W18O62.

Fig. 7. Acetonitrile-TPD spectra over H3PW12O40 and H6P2W18O62; heat-
ing rate=10oC/min, helium carrier=30 cc/min.
���� �38� �2� 2000� 4�



��
��� �� ��� �� MTBE �� 159

is-

J.

.:
,�&NO PQR�&S MTBE� VW�* �Ä�� �X"Y

Dawson� ��� Keggin� ��G> Z[$ \W] G,* ^f

Dawson� ��� �XU
�"Y i($ � : LW] G,I ¢�

� ^�� GH<H _>[5-7]. TBA� PQR�&S MTBE� VW�

* �X"Y Z� TBA� u[" �� ,�&NO �, �W<1, ,

¿a �W� ,�&NO 7
<* PQR, >J �X�+ MTBE� T

U�>. ,�&N �W�X"Y Keggin� ��� \W, �3 Z[�

A (©�� MTBE �W�X"Y* Dawson� ��� �3 Z[$ ^

f �� MTBE VW] �� TBA u[� ��<.4 �A Dawson�

�� ðJ Keggin� �� 5�  f TBA u[ /6] �kH _]

'  }k
 ether �W �X" �Z 78$ \W] G,I ¢�� ^

�� ,y�>. r$ TBA u[ ¨ Dawson� ��G>* 5�� 

Keggin� �� ðJ ¨©�* MTBE VW�X"Y «�$ \W] G

,* ,i* �8Ã� �� �Æ� �� ��D, G> F,�a � 

:] �W9I ¢�� ^�� ,y�>.

Fig. 8f TBA� PQR�&S MTBE� VW�* �X" jF�

H6P2W18O62� �X�¨ XRD LW ¶O,>. �X�" Dawson� ��

* i($ � : )U� �kH _�A �X ¨ iI�] TÌ$ ¨"

* �X�� ¶8)U� ?%� i��H _* ^�� A§A Dawson

� ��* �X¨"¯ )U� á8W] ?%� i��H _»] p [

_>.

4. � �

� ()"Y* Dawson� ����	
 ��� H6P2W18O62� TU

�K�1 �m� ��� )W� Keggin� ����	
 ���

H3PW12O40O ? LW] Y� ���K>. r$ ,D ��� y� �

f �V ��z� ,F�+ TBA� PQR�&S MTBE� VW�*

�X] [��K>. ,� í: ,D ��� MTBE VW�X LW] �

b�I �� TBA u[�X] ����� [��K>. H3PW12O40*

H6P2W18O62G> °$ 
gI� �kH _* ^�� A§��1 TBA

u[�X" G> ����� EF�K>. Dawson� ��* Keggin�

��G> MTBE VW�X" _.Y �3 ���� ��� EF�K�

A, Keggin t Dawson� ��� Iz� �V ��* �V" �� :

��O� G,� 5�K�1, �V ��"Y �� ��mf ����

�� EF] �* ^�� A§�>.
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