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3. Results and discussion

3.1. Structure and chemical properties of catalyst
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3.2. Catalytic reaction

x
x

x

1800 1600 1400 1200 1000 800 600 1650 1600 1550 1500 1450 1400

 
Tr

an
sm

itt
an

ce

(3)

(2)

(1)

Wavenumber (cm 1)

1032
(a)

(6)

(5)

(4)

(3)

(2)

 

A
bs

or
ba

nc
e

(1)

Wavenumber (cm 1)

144514891531 1545(b)

Fig. 4.

Fig. 5. x
x



FANG Lin et al. / Chinese Journal of Catalysis 34 (2013) 932–941

x

4. Conclusions
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[22,23] [24]

. Xing [25] SBA-15 ,
CMK-3 , 

,
. Nakajima [26]

(2 m2/g) , CMK-3-SO3H
1000 m2/g, 1.0 mmol/g,

. CMK-3-SO3H
, ,

.
, Fang [6] SBA-15
, ,

- ,
.  
,

, ,
SBA-15 ,

, ,
. ,

,
, , ,

; ,
,

.
[27].  [21]

, 
90%

[28];  , 
[29], 150 °C

.   
CMK-5 [30], Al

SBA-15 , Al
,

,
, ,

( ) .  

2.   

2.1.   
(TEOS, Sigma-Aldrich) , 

P123 (Mw  5800, Sigma-Aldrich) , 
SBA-15[6].  1 g

SBA-15[31] 0.12 g AlCl3 25 ml (
) ( Si/Al = 20), 14 

h, , 80 °C , 
550 °C 6 h, Al-SBA-15 ( Si/Al = 
19.2).   

1 g 0.5~5 g (> 98.0%, 
), ;  80 °C 1 

h , 80 °C 1 h
.  N2 , 550 °C 6 h, 

SC-x, x
(%).  SC-x , /

1/20 (g/ml) (50%SO3/H2SO4, 
), 80 °C 12 h.  , 80 °C

, BaCl2( 99.0%, )
SO4

2 ;  SC-x-SO3H.   
SC-x SC-x-SO3H / 1/20 (g/ml), 15%

HF ( 40%, ) , , 
, , C-x C-x-SO3H.  

- [6].   
2.2.   

X (XRD) Bruke D8 
ADVANCE X , Cu-K
(  = 0.15406 nm).  
Quantachrome Autosorb3-B

, 196 °C.  , 120 °C
6 h.  Hitachi S-4800

(SEM)
.  (FT-IR) Nicolet

Nexus 670 , KBr .  
150 °C 5 h, 110 °C

0.5 h;  150 °C FT-IR .  
Mettler-Toledo TG/DTA 851e

(TG) (DTA).   
100 ml 60 ml NaCl , 

(0.15±0.01) g, 12 h, .  
, NaOH

, .   
2.3.   

( ) 100 ml , 
0.04 mol ( ), 0.048 mol ( , , 3-

, 1,4- ; ,
TCI), 40 mg , 5 ml (
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99.5%, ).  , 
90 °C 1 h, 

, .  
Agilent 6890/5973N - (GC-MS)

.  14-B
, DB-WAX (  0.25 mm  30 m).   

3.   

3.1.   
1 SC-x-SO3H

, 80 °C
.  , 65%;  

51% , 0.84 mmol/g.  , 
52% 0.71 mmol/g, 

x = 44 .  , 
, .  1(a)

XRD , 
CMK-3 .   

1 XRD .  , Al
, SC-x

.  
, [100] , 

.  , 
C-x CMK-5
, [110] [100] [30].  550 °C

, Al , 
, 

.  , , [100]
, , (

C-34 C-44).  , XRD
, 

SC-x-SO3H ( 1(b)).   
2 SC-x -
, 2.  , 

, SBA-15
761 cm3/g SC-34-SO3H 472 cm3/g, 8.1 nm

3.6 nm, 2/3, SC-x-SO3H (x < 44)
V , 

.  SC-34-SO3H
, , 

[6].  

.  , p/p0 = 0.65~0.70 p/p0 = 
0.5 , ,

.  , 
( 27%), .  
x > 50 , IV I , 

SC-51-SO3H 318 cm3/g, 
48%, - 45%C/CS-SO3H (x 
= 44) 272 cm3/g[6],  .   

SC-34 SC-44 , C-34 C-44
IV , p/p0 = 0.35 , 

.  , 
, 

FDU-15 [23].  , 
C-x , CMK-5

, :  

;  , SBA-15
Al [30](

2(b)).  2 , 
, , 

.   
3 C-44-SO3H SEM .  , 

CMK-5 :  
, 2 nm,  < 4 nm, 

, , 
.   

4(a) SC-34 C-34 FT-IR .  
, SC-34-SO3H 1000~1300 cm 1

Si O .  , 
C-34-SO3H C-34, 1032 cm 1

, S=O , 
SO3H .  , 

C-34-SO3H 1210 cm 1

, COOH C=O , 

 

[24,26].   
FT-IR

[31].  
150 °C , 110 °C , 

150 °C
[6].  4(b) SC-x-SO3H

FT-IR .  , 1531~1545, 1489 1445 cm 1
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, B
B / L L / Si OH.  

, 1531~1545 cm 1

;  51% .  
, B , 

(
2), .   

3.2.   

, 5
.  , 

, 
;  x < 35, .  x = 35 , 

0.70 mmol/g, 
x = 50 0.84 mmol/g.  , 

100 m2/g.  , x = 50 , 
-  (82 

mol%), - 63 mol%.  [6], 
, SBA-15

, , 
x = 35 .  , 

SBA-15 , , 
;  -

, , 
/ .   

, SC-x-SO3H
, 3, SC-34-SO3H

.  
, , 

90% , 
SC-34-SO3H ( 1, 3, 
5 7).  , 
5% ( 2, 4, 6 8).  3-

, .  
, ;  , C=O

, , 
, 

( 9~12).  , , 
5 h , 56% ( 5

11).  SC-34-SO3H , 
( 5), 91%.  

2 , 
, 

.  , 
, 

( 11 12), 
, .  

, SC-34-SO3H

.   
, SC-34-SO3H , 

, 
.  , 6

, 5%.  SBA-15
Al ,

,
.   

4.   

SBA-15 550 °C , 
- , 

, 0.84 mmol/g.  
, -

CMK-5

B , ( )
, , 

.   
 


