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In situ Synthesis of Titanium Silicalite-1 on Monolithic Cordierite Support

ZONG Li, LIU Ying, XIN Feng
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Abstract: Titanium silicalite-1 molecular sieve (TS-1) was in situ synthesized on the surface of

honeycomb-shaped cordierite support by a hydrothermal method. XRD, FT-IR and SEM were used to

characterize the samples. The optimal process of preparing TS-1/cordierite including synthesized from

cheaper preplursor was studied. Meanwhile, the effects of crystallization period and molar ratio of H2O

and SiO2 in their mother solution on the growth of TS-1 on monolithic cordierite support were also

researched experimentally. The results show that a coating of TS-1 crystals grows successfully on the

surface of monolithic cordierite support pretreated with 37% hydrochloric acid for 6h, and the weight

of the cordierite is increased by 10%–16%.
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Table 1 Synthesis condition of TS-1/cordierite

Sample pH value n(SiO2):n(TiO2):n(TBAOH):n(TEAOH):n(H2O) t/d Calcination temperature

1 10 1: 0.01: 0.1: 0.045: 40 6 550◦C

2 9 1: 0.01: 0.1: 0.045: 40 6 550◦C

Note: n is mole value
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g 1 TS-1 9ne/ (a) 7t\e/i� (b) ( XRDg6
Fig. 1 XRD patterns of TS-1 standard sample (a)

and synthesized sample (b)

g 2 TS-1/ �JÆ�Gf (a) �A��JÆ (b) (
XRD g6
Fig. 2 XRD patterns of TS-1/ monolithic cordierite

(a) and blank cordierite (b)

g 3 TS-1/ �JÆ (a, c), A��JÆ (b) 7 TS-1 i� (d) (p	:#A,
Fig. 3 SEM photos of TS-1/cordierite (a, c), blank cordierite (b) and TS-1 powders (d)

TS-1 eqr�Wr���8md.�
�O� TEAOH ��e' � [8]. q3e<' TS-1 h�'�Xr�:�w+0+Ww'�W�7�
+W'<�=�3i'

3.1.3 FT-IR #h TS-1 #�Rf 4 �>p!5�b'S?	*
�b:i'�$eqr TS-1 zba Silicalite-1 ld-�
1220 � 1100 � 790 � 550 � 455cm−1 ' 5 �SGnp�0E/ 960cm−1 }Ql�if 4 xeG�'n�S Silicalite-1 eqr|��n�0 [10]. ��3�nKGzuO���q�kb�n�~|

f 4(a) <�' TS-1 �SW`h��SGn
N�
960cm−1 �$n'&+��e�Jt��
d|
960cm−1 '>p�$n�&+� Ti=O '�EEB
���0(zC'�$eqr`e!n�n�<uO��n`�'\k [11]. |f 4(a) 6 (b) N�CKY$��SW�-(zC�960cm−1 }'SGn�G:C�e�Cd|lQ��(z_��h�zV TS-1 �h`'l?)^�ÆS�9`��

Q5%q0^"' p<�w
.	:�� XRD 'e�	*�zu4�d.`' Ti r�k eqr�n`




1230 Æ \ N f S # 22 /
Uguina * [12] d|� 550cm−1 E/'n��$eqr-� MFI 	�'O��Bd|�n����
 1220cm−1 n\�w�n Si-O W Ti-O 8�W'\Nh�EEB�B(��k�n6eqr	�6F'�0
Æf 4(a) K<u6 �0 1100cm−1 z�w$bl�Rp'rn�f` ∗ G�
f 3 ' SEM f4h6w�[&' TS-1 �W:X���FLGa�8md.'�PD�S�a_WD�B��}_C�

�lL�C<")�0 1100cm−1 }w$rn'�~


3.1.4 BET #h0w+ TS-1 '�I
<���}P TS-1 h��̂ - BETZS?<Q�
��:i[%' TS-1eqr'/<�℄| 392.4m2/g, Sv. TS-1 eqr'/<�℄| 396.2m2/g, ℄
eqr'/<�℄X-*a

�<v�O���:iZ<u0�-�}Q'�I
+W<�w+w�v. TS-1 K"lZ'eqr

3.2 TS-1/ �I
��:i\y'8X
3.2.1 yD�p�0 TS-1:i-l`Y$����	
*:':i_Z��G%	*Y*Z�! [13−15]. Thangaraj<{{ [13] 0 TEOS'1�-l`jk?_' IPA,�-�bY$�
� TBOT '1�;F*N�
TEOS K4E%Q��jk IPA N TEOS '1��0BG�
~��-�b|�0 TEOS `jk
IPA, ÆSt}bz��p
lp��bO�bl�!.� TPAOH '
TEAOH 6 TBAOH �|S:��e�S TEOS -

g 4 e/ 1 �JÆx TS-1 ATXi� (a) 7){D( TS-1(b) (?q6g
Fig. 4 FT-IR spectra of TS-1 precursor (a) and

TS-1 (b) powders after calcination obtained from the

monolithic support

TEAOH-TBAOH6 TEOS-TPAOH1�W��GZ|�TEOS 0 TEAOH 6 TBAOH `'1�;F/0 TPAOH W�`x [16]. �b`KY$� TEOS-

TEAOH-TBAOH W�1��pGp-J�hGp-a�pR 45min ~Æ�:�
i*�p-a�1�℄�.+$=��
yY�+:�ÆSFi�W�Gy�j*`g�'��
Y�E:\���S�0��q�keqr'�n�y�iif
5(a) G�'
?F�^
|b4� TBOT 1�Fi TiO2 e<�Gp0
TBOT `jk��e�~|�Me��eC���'11_��N0 TBOT S:}_' IPA N�91�
����& [6−15] U ���1`:iR�g[&oN'gj��\G�2g\y��oN'gj�V�w+0+W<�w'{e
j2%�h�V��b'<duK

3.2.2 KD
�ul:i�j' pH VT��0GV%' TS-1 eqr'�F_90�I
w'�aOG
�< 1d. 2 '(/���j' pH V| 9 �[%'�Wh��09 (if 6G�) >p5fw�960cm−1 }SGnBG�"�4�|�z�_'��q�keqr�n
�b	*"��u TEAOH 6 TBAOH|S:��e��}C% ':i�j' pH V|
10 �h
lp� H2O/SiO2 /T�0?bgj'=uF�ak\�q��W'=ulFN� TS-1 0�I
w':_��"'�0
Æ< 2gw'�b	*6� H2O/SiO2 /#:� TS-1 eqrV#A�

g 5 TEOS 2
�q} 90min(a) 7 45min(b) �^� XRD g6
Fig. 5 XRD patterns of the product TEOS hy-

drolyzed for different time

(a) 90min; (b) 45min



6 8 w T�+ÆLX��JÆ,Xx TS-1 (��;j 1231� 2 H2O/SiO2 Æ" TS-1 �
MVSU��vm
Table 2 Effects of H2O/SiO2 molar ratio on the growth of TS-1 on the cordierite

n(SiO2):n(TiO2):n(TBAOH):n(TEAOH) n(H2O)/n(SiO2) Weight increase
pH t/d

of support/wt%

10 1: 0.01: 0.1: 0.045 30 6 14.8(caducous)

10 1: 0.01: 0.1: 0.045 40 6 16

10 1: 0.01: 0.1: 0.045 50 6 10.2

Note: n is mole value
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Table 3 Effects of crystallization period on the

growth of TS-1 on the cordierite

Crystallization Crystallization Weight increase

temperature/◦C period/d of support/wt%

170 3 9.2

170 4 10.4

170 5 14.4

170 6 15.3
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Fig. 7 XRD patterns of TS-1 molecular sieve crys-
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Table 4 Effects of different pretreatments on the growth of TS-1 on the cordierite

n(SiO2):n(TiO2):n(TBAOH): Crystallization Crystallization Weight increase of
Pretreatment BET/m2

·g−1

n(TEAOH):n(H2O) temperature/◦C period/d support/wt%

37%HCl 6h 100.15 1: 0.01: 0.10: 0.045: 40 170 5 14.4

10%HNO3 6h 50.01 1: 0.01: 0.10: 0.045: 40 170 5 13.7

Untreated 10.54 1: 0.01: 0.10: 0.045: 40 170 5 6.0

Note: n is mole value

g 8 �JÆ�.Hb�~RD( TS-1/ �JÆp	:#g5
Fig. 8 SEM photos of TS-1/cordierite with different pretreatments
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