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3.1.3. ICP AES

3.1.4. SEM
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3.1.5. 27Al and 29Si MAS NMR

3.2. Catalytic activity of Al–TS 1

3.2.1. Epoxidation of 1 hexene
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3.2.2. Ammoximation of cyclohexanone catalyzed by Al TS 1

3.2.2.1. Initial activity

3.2.2.2. Reusability of Al TS 1 for ammoximation of
cyclohexanone
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3.2.2.3. Dissolution rule of Si and Ti

4. Conclusions
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(TEOS, AR, )
(TBOT, AR, ) , 

, 170 °C 48 h, 
Al-TS-1 .  

TEOS:TBOT:AIP:TPAOH:H2O = 1:0.0167: 
(0.001~0.0167):0.18:18.   

TS-1 ,  AIP , 
Al-TS-1.   

Bruker D8 ADVANCE X (XRD)
(Cu K , 2  = 5o~35o) ;  
Shimadzu UV-2550 - (UV-Vis) (BaSO4

, 190~500 nm) Ti ;  
(MAS-NMR) Si Al ;  

Thermo IR ISIntrepid (ICP)
Ti ;  Hitachi S-4800

(SEM) .   
2.2.   

50 ml , 
, 60 °C 2 h.  :  0.05 g
10 mmol ( ) 10 mmol H2O2 (~30 

wt% ) 10 ml ( ).  Agilent GC7890A
(30 m × 320 m × 0.25 m DB-WAX

) , ( )
, .  

H2O2 0.05 mol/L Ce(SO4)2

.  
2.3.   

100 mL 0.45 g , 30 mmol
(AR) 51 mmol NH3·H2O (AR, 25%) 10 ml

( (AR) 85 wt%)
33 mmol H2O2 (~30 wt% )

90 min 75 °C
Agilent GC7890A

3.   

3.1.  Al-TS-1  
3.1.1.  XRD  

1 Al/Si Al-TS-1 (Si/Ti = 60)
XRD .  , Al-TS-1 MFI

, , Al TS-1

MFI [14].   
3.1.2.  UV-Vis  

2 Al/Si Al-TS-1 (Si/Ti = 60)
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Ti(IV) ;   = 260 nm
;   = 330 nm

[22].  2 , Al-TS-1
210 nm , 

Ti(IV) , [11,15].  Al/Si > 0.005 , 
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Al-TS-1 TS-1 , 
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3.1.3.  ICP  
3 Si/Ti = 60, Al/Si

Al-TS-1 ICP Ti/Si Al/Si .  
, Al/Si  0.005 , Al-TS-1 Ti/Si
TS-1 , Al Ti ;  
Al/Si > 0.005 , Ti/Si Al
, Al Ti .  Al/Si

, Al Al-TS-1
.  Al Ti MFI .  
Al , Al Ti , 

Ti [11,15], Ti/Si , 
UV-Vis .   
3.1.4.  SEM  

4 Al/Si Al-TS-1 (Si/Ti = 60)
SEM .  , Al-TS-1 , 

TS-1 , 
Al .  , 

Al , Al-TS-1
, Al .  

Melero [14] Serrano [23] Al-TS-1
Al .   

3.1.5.  27Al 29Si MAS NMR  
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Al,  = 0

Al [15].  , Al-TS-1
Al .  Al Ti

 

[11,15], ICP .  5(b) Al/Si
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Al-TS-1 (Si/Ti = 60) TS-1 29Si MAS NMR .  
,  = –104.0 Q3 Si , 

T ,  = –115.0 Q4 Si
T .  , Al-TS-1 TS-1 Si

Q4 , Al Si
.  Q3 , Al Ti

Al-TS-1 Ti TS-1
.   

3.2.  Al-TS-1  
3.2.1.   

6 Al/Si Al-TS-1 (Si/Ti = 60)
.  , 

, 
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1, 2- .  
[16,24].   
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Al , Al
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Ti .  [19]

TS-1 Al
, , , 

.  , Al
Ti Al-TS-1 , Al

Ti , [9,15] .  
Thangaraj [9] , Al-TS-1 Al H2O2

, Ti .  
Si/Ti = 24, Si/Al = 45 , Al , Ti

, Ti .  
Ovejero [15] , Al/Ti = 0.7 , Al-TS-1

, Al-TS-1
.  5(b) , Al

Al-TS-1 TS-1 , 
.  , Al

Al-TS-1 Ti .   
Al-TS-1 , 

, Al
, .  

, Al-TS-1 Ti

, [9] .   
3.2.2.   
3.2.2.1.  Al-TS-1  

7 Al/Si Al-TS-1 (Si/Ti = 60)
.  , Al

.  
, Al TS-1 Ti

, Al-TS-1
.  Al Brönsted , 
NH3

[19], 
.   

3.2.2.2.  Al-TS-1  
8 Si/Al = 100, Si/Ti = 60 Al-TS-1

.  , Al-TS-1 TS-1 (Si/Ti 
= 60) .  8 , 

.  550 °C , 
.   

Al-TS-1
, Al-TS-1 TS-1

XRD ICP , 9 1 .   
9(a) (b) Al-TS-1 TS-1
XRD .  , Al-TS-1 TS-1

MFI .  1 , TS-1 , 
Si/Ti 51.1 52.1.  

Si Ti , Si/Ti
 

[25,26].  , Al-TS-1 , Si/Ti 59.9
59.4.  Al-TS-1 Ti

.  , Si/Al 86.3 81.6, Al-TS-1
Si Al

.  , Al-TS-1 , 
, Al Si Ti

Si , 
Ti .   

3.2.2.3.  Si Ti  
Al-TS-1 , 

NaOH TS-1, ZSM-5 Al-TS-1[27], 
ICP Si/Ti Si/Al

, 2.  , NaOH , TS-1
Si/Ti 54.9 52.3, ZSM-5 Si/Al 55.8 52.1.  

, ZSM-5 Si TS-1
.  , Al-TS-1 Si/Ti , 

Si/Al 55.9 52.1, Si ZSM-5
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Brönsted ;  , 
Ti Al .  

, Al-TS-1 TS-1 Ti
Si .  

.   
 


