
Arc
hive

 of
 S

ID

1-                                                                                                                                                          E-mail: reza_fareghi@yahoo.com  
2-                                                                                                                                     5- Hydroxy Terminated Polybutadiene  
3-                                                                                                                                                                                             6- Aging  

4-   

 

  
  
  
  

-  
  

  
1* 2 3 4  

 -  
 ) :13/7/90  :9/11/90(  

  

 
  

   . 
. 2- - 4- 

 A.O.2246  . 
 

 . -   
2- -26-  - -. 

  - ) -4-  (   )2-  
-(   7/91%- 2/73%. 

  
 : A.O.2246- . 

  

  

1-  

     

         

   

   .            

     

]1 .[ 5(HTPB) 

        

  .
6      ]2 .[

-   

- 2- 15- 91  

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

 -  

 

- 21591  18 

      

     HTPB    .

  A.O.2246    22-    )4- 

6- (  oC127-123    

     

   ]1[.     

HTPB     

  ]6-3[ . 

          

   -    

       

 ] 64[.  - 

  2 -    -  - 26 -  -   

 -  .    

)AlCl3FeCl3 ZnCl2](7[  

)H3PO4H2SO4HF HClO4(]98[ 

]10[]11[]12[   

 ]13[  ]14[  ]15 [

]16 [ .  

     

 .   

    

    

  

    -   

 .   

      oC100         

]17[ .  

  

  

  

    

       

]1918.[  
1  - 

SO3H   1 - )4 -   (    

([PyN(CH2)4SO3H][HSO4])      

 -79 % 92 %2 -    -

 - ]20 .[  
2   

1 - )4 -  (

 - 80 %  90% 

]21 .[ - 

  

          .

       

  .  

1-1- A.O.2246  

1951A.O.2246

2 -  -  
3 ]22 .[  

       

    .  4    

1957  96 % -

   99 %  ]23 .[  

19545  -    2 -

 - ]24[     

)55(%    

  

.  

  
  

                                                 
1- Liu 
2- Kondamudi 
3- Davis 
4- Salivan 
5- Palman 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

   

  

- 21591   

  

CH3

OH

CH3

OH

+
C(CH3)3

CH3

OH
(CH3)3C+CH3 CH2C

CH3

CH3

OH
(CH3)3C C(CH3)3

+ + Others

30-38% 40-45% 2-5%

Cat.

  
                 1- -]2[.  

  
1 2 -  

 -  KSF  

    

     

]25 .[    A.O.2246  1977

   )  

 (      
2 ]26 .[  

oC 140 -30 .  

 2 -  -

     

]26 .[      

    

    

  .2 -  -

    

     ]26 .[  

 

 .1979     

A.O.2246    

2 - -    

]27 .[     

                                                 
1-Bigi 
2-Gurovich 

)( 

.  

1 -2 - "2 -  -4 - 

"  

A.O.2246  2- 

-4-  .      

]41-28 .[   

-   

     

 )1](2 .[    

   .

      

   

 . 

2- -4 - 

 - 

 AlCl3 ]25 .[

 

26- -4-   

) 

AlCl3 (

 ]28[.  

      

)MTBE (

  .MTBE   

     .  

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

 -  

 

- 21591   

 -  MTBE   

 .  

      

): AC-10 ]29[1Ok-80A-15 2]30[ 

SPc1203]31[ (  .4

-    MTBE    

UDCaT-1 ]32.[      

-      

)45 (%  .        

 

.  

   

 .   5 

1949 2- - 4- 

-  100 % 

4/63%)  2] (33  .[   

         

-    

NaOH10 %HCl10 %     

 .3- -4-     

     

 .  

 

 

 
2 - -100.% 

  

                                                 
1-Wofatit Ok-80 
2-Amberlyst-15 
3-LewatitSPc120 
4-Yadav 
5-Hart 

   

      .  

   ]35 34[  

]38-36[TPA/ZrO2 ]39 [WOx/ZrO2 

]40 [  .  

  

        

  .    

          .  

        6 -    

       

 .             

    

    .

    

     

    

) (  .  

    

:  

-        
oC75 . 

-      

   

-. 

-   

. 

-  . 

-  . 

                                                 
6-Conversion 
 
 
 

CH3

OH

(CH3)3COH

CH3

OH

+
C(CH3)3

CH3

OH
(CH3)3C

+
H3PO4(100%)

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

   
  

- 21591   

  

   2 -  -4 -   

 .    

    .    

      

    

     .  

 
2-   

2-1-   

  ) -  

98  (% ) -

   98%14 -            

 -  ( .  

FT-IR Perkin Elmer 1710  NMR NMR     

300-500 MHz)( )  D2O TMS) ((  

    .     

Digital Melting Point IA 8103  

TLC    

(GC)  HP 5890 

  oC130     5/1   

.  

2-2 -   

]41[ .     

NMR IR ]41 .[  

)3 (. 

 
2-3- 2- -4- )(  

1        -    

[Ph3P(CH2)4SO3H][PTSA] 

[Ph3P(CH2)4SO3H][HSO4]  . 

 10      

     (GC) 

 . 

CH3

SO3

P
HSO4

IL-1: triphenyl(butyl-4-sulphonyl)phosphonium toluensulfonate
IL-2: triphenyl(butyl-4-sulphonyl)phosphonium sulfonate

P

IL-1 IL-2

HO3S
HO3S

  
   3 - . 

 
 )2 -     -    

oC 53 -50 ( .  

  

1:5 26 -  -  -  

)oC 71 -69(       

2 -  - .  
oC60     

 .   

.  

 

3-    

3-1-   

)1 (     

 -    oC90

 -1:1   12 

 .  

 -   

.    

    

   

 .  

  

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

 -  

 

- 21591   

  

  
  

  
  

  
 -  

 %  
 -  

 %  
TBC 

%   
DTBC  

1  IL-1 [Ph3P(CH2)4SO3H][CH3PhSO3]  5/0  :1  3/30  100    
2  IL-1 [Ph3P(CH2)4SO3H][CH3PhSO3]  1  :1  5/35  100    
3  IL-1 [Ph3P(CH2)4SO3H][CH3PhSO3]  5/1  :1  1/30  100    
4  IL-2 [Ph3P(CH2)4SO3H][HSO4]  5/0  :1  9/60 8/82 2/17 
5  IL-2 [Ph3P(CH2)4SO3H][HSO4]  1  :1  3/56 3/76 7/23 
6  IL-2 [Ph3P(CH2)4SO3H][HSO4]  5/1  :1  1/55 73  27 

  

                                             2- -.  

  
  

MTBE -   
 %  

-   
 %  

TBC 
 %  

DTBC  
1  5/0  :1  9/60 8/82 2/17 
2  1  :1  6/63 3/85 7/14 
3  5/1  :1  4/78 4/88 6/11 
4  75/1  :1  9/83 8/80 2/19 

  

 -  

  

     

 .    

   HSO4
-   

CH3PhSO3
- . 

[Ph3P(CH2)4SO3H][HSO4] 

[Ph3P(CH2)4SO3H][CH3PhSO3]  .

[Ph3P(CH2)4SO3H][HSO4]  .

 .

2 -  - 

)14()2 (

 

[Ph3P(CH2)4SO3H][HSO4] .  
3-2- - 

  

)2 (      

(MTBE) -

[Ph3P(CH2)4SO3H][HSO4]    

- 5/0  :1  oC90   12   

 .     

MTBE  - 5/1 :1   

2- - )23 .( 

     

26- - -

  .  

3-3-   

)3 ( -    

[Ph3P(CH2)4SO3H][HSO4] 

5/0  :1  - MTBE    -  

5/1 :1 12 . 

-   oC70    oC90    
oC90  .    

oC90     
oC90     

 .  
oC100   

1 - -.  

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

   

- 21591   

oC120)  (   

  .  

  
3-    -    

.  

  (oC)  
 %  

-   
 %  

TBC 
 %  

DTBC  

1  70  2/63 5/86 5/13 

2  90  4/78 6/88 4/11 

3  100  7/80 8/83 2/16 

4  120  2/73 4/75 6/24 
  

3-4-   

)4 ( -

   5/0  :1 [Ph3P(CH2)4SO3H][HSO4]  

 -    5/1  :1 MTBE     -    
oC90 .     

. 7    

   

.  
  

4-     -     

.  

  )(  
 %  

-   
 %  

TBC 
 %  

DTBC  
1  4  4/5 100  
2  7  2/73 7/91 3/8 
3  10  6/75 4/89 6/10 
4  12  4/78 6/88 4/11 

  

3-5-   

  [Ph3P(CH2)4SO3H][HSO4] 

 10       

.    

    

 .     

      

 .    

 .

 .   

)5 (. 
 

           5- [Ph3P(CH2)4SO3H][HSO4] .  

  
  

-  
%  

TBC 
%  

DTBC  
0  2/73 7/91 3/8 
1  8/69 3/89 7/10 
2  3/68 7/88 3/11 

  

3-6-   

)4 ( - 

.   
  

C

CH3

H3C O

CH3

CH3

cat- H+

- CH3OH

+ H+
C

H3C

H3C

H3C

methyl-tert-buthyl ether (MTBE) tert-butyl carbocation

C

H3C

H3C

H3C

CH3

OH

p-cresol

cat- H+

- H+

CH3

OH

(H3C)3C

TBC

C

H3C

H3C

H3C

CH3

OH

(H3C)3C

TBC

cat- H+

- H+

CH3

OH

(H3C)3C

2,6-DTBC

(1)

(2)

(3)

C CH2

H3C

H3C

Isobutylene

c(ch3)3

  
  

4- 
.  

  

 -   

      .

- 71/0-  26   

24/0- ]41 .[     

   .  

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

 -  
 

- 21591   

     

   

 .   

   

–   

 .      

 

     

        

C- .   

   

  

 .    

      26-       

-   .  

  
4-    

  2- - 4-     

 .  

  

      

-   

 .   

)- 4- ( 

.  

 2- -  7/91%      

-   2/73%        

        

    . 

    

 - .   

2- -         

A.O.2246     .             

O-  .

    

.    

   -  .   

      

    

   .     

- 

. 
 

  
[1] Gurvich, Y. A.; Grinberg, A. A. “Method of Producing 2,2'-

Methylenebis(4,6-dialkylphenols).”; US Patent 4,087,469, 1978. 

[2] Takeshita, A.; Masaki, S.; Fujii, T.; Tokumaru, T.; Muyakami, A. 

“Method for Producing Hydroxy-Containing Alkylated Aromatic   

Compounds.”; US Patent 4,912,264, 1990. 

[3] Lokander, M.; Stenberg, B.; Sarden, R. “A Novel Method for 

Determination of the Concentration of Active Antioxidant in 

Stored HTPB-Based Composite Propellants.”; Propellant, 

Explos., Pyrotech.1998, 32, 272-273. 

[4] Gonzalez, V. “Thermo-Oxidation of Elastomers by Differential 

Scanning Calorimetry.”; Rubber Chem. Technol.1981, 54, 134-

135. 

[5] Beck, W. H. “Pyrolysis Studies of Polymeric Materials Used as 

Binders in Composite Propellants: A review.”; Combus. Flame 

1987, 70, 171-172. 

[6] Chhabra, J. S.; Athar, J.; Agranal, J. P.; Singh, H. “Comparative 

Study of Various Antioxidants for HTPB Prepolymer.”; Rubber 

and Composite Processing and Applications 1993, 20, 305. 

[7] Kirk, R. D.; Othmer D. F. “Kirk-Othmer Encyclopedia of Chemical 

Technology.”; 3rd ed., Wiley Interscience, New York 1978, 2, 

668-669. 

[8] Carlton, A. A.; “Alkylation of Phenol with t-Butyl Alcohol in the 

Presence of PerchloricAcid.”; J. Org. Chem.1948, 13 , 120–128. 
]9 [  . .  ."    

    )4-  -2-    (  
(A.O.2246)."        1387  .  

[10] Harmer, M.A.; Sen, Q. “Mechanisms of Catalyst Deactivation.”; 

Appl. Catal. A. 2001, 221, 45–62. 

[11] Selvaraj, M.; Kawi, S. “Tert-Butylation of p-Cresol with t-Butyl Alcohol Over 

Mesoporous Materials.”; Micropor. Mesopor. Mater. 2007, 98, 143–149. 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

   

- 21591   

[12] Zhang, K.; Zhang, H.; Xiang, G.; Xu, D.; Liu, S.; Li, H. 

“Alkylation of Phenol with Tert-butyl Alcohol Catalyzed by 

Large Pore Zeolites.”; J. Appl. Catal. A  2001, 207, 183–190. 
]13 [ "    A.O.2246  

 -      
  "    

  1389.  

[14] Yadav, G. D.; Thorat, T. S. “Kinetics of Alkylation of p-Cresol 

with Isobutylene Catalyzed by Sulfated Zirconia.”; Ind. Eng. 

Chem. Res. 1996, 35, 721–731.  

[15] UshaNandhini, K.; Arabindoo, B.; Palanichamy, M.; Murugesan, 

V. “t-Butylation of Phenol Over Mesoporous Alumino phosphate 

and Heteropolyacid Supported Alumino phosphate Molecular 

Sieves.”; J. Mol. Catal. A. 2004, 223, 201–210.   

[16] Sato, T.; Sekiguchi, G.; Adschiri, T.; Arai, K. “Non-Catalytic and 

Selective Alkylation of Phenol with Propan-2-ol in Supercritical 

Water.”; Chem. Commun. 2001, 17, 1566–1568.  

[17] Gu, Y.; Shi, F.; Deng,Y. “Bronsted Acidic Ionic Liquids: A Green, 

Efficient and Reusable Catalyst System and Reaction Medium for 

Fischer Esterification.”; J. Mol. Catal.A.2005, 234, 107-110.  

[18] Gui, J.; Ban, H.; Cong, X.; Zhang, X.; Hu, Z.; Sun, Z. “Selective 

Alkylation of Phenol with Tert-Butyl Alcohol Catalyzed by Brönsted 

Acidic Imidazolium Salts.”; J. Mol. Catal. A. 2005, 225, 27–31.  

[19] Liu, S.; Xie, C.; Yu, S.; Liu, F.; Ji, K. “Esterification of -Pinene 

and Acetic Acid Using Acidic Ionic Liquids as Catalysts.”; Catal. 

Commun. 2008, 9, 1634–1638.  

[20] Liu, X.; Zhou, J.; Guo, X.; Lin, M.; Ma, X.; Song, C.; Wang, C. 

“SO3H-Functionalized Ionic Liquids for Selective Alkylation of 

p-Cresol with Tert-Butanol.”; Ind. Eng. Chem. Res. 2008, 47, 

5298–5303. 

[21] Kondamudia, K.; Elavarasana, P.; Dysonb, P. J.; Upadhyayulaa,  

S. “Alkylation of p-Cresol with Tert-Butyl Alcohol Using Benign 

Bronsted Acidic Ionic Liquid Catalyst.”, J. Mol. Catal. A. 2010, 

321, 34–41. 

[22] Davis, A. R.; Sallivan, F. A. V. “2,2 -Alkyene Bis-4, 6-

Dialkylphenols as Rubber Stabilizer.”; US Patent 2,538,355, 

1951. 

[23] Sallivan, F. A. V.; Conn, G. “Process for Preparing Methylene 

Bisphenols.”; US Patent 2,796,445, 1957. 

[24] Pullman, J. C.; Conn, G. “Stabilization of  Polyethylene.”; US 

Patent 2,675,366, 1954. 

[25] Bigi, F.; Confort, M. L.; Maggi, R.; Satrori, G. “Trialkylamine 

Controlled Phenol-Formaldehyde.”; US Patent 2,796,445, 1957.  

[26] Gurvich, Y. A.; Grinberg. A. A.; Liakumovich, A. G.; Michurov, 

J. I.; Starikova, O. F. “ Production of 2,2 -Methylenebis(4,6-

Dialkyl-Phenols).”; US Patent 1,475,973, 1977. 

[27] Gahill, P. J.; Decesosa, P. “Synthesis of Bisdialkylphenols”.; US 

Patent 4,025,249, 1979. 
]28[       

"   "  
3671375.  

[29] Merger, F.; Nestler, G. “Alkylationof Hydroquinone with Methyl 

Tert-butylether and Tert-butanol.”; Ger. Patent 2,740,590, 1979. 

[31] Santacesaria, E.; Silvani, R.; Wilkinson, P.; Carra, S. “Alkylation 

of p-cresol with Isobutene Catalyzed by Cation-Exchange Resins: 

a Kinetic Study.”; Ind. Eng. Chem. Res. 1988, 27, 541- 548. 

[32] Macho, V.; Kavala, M.; Matsukova, M.; Holuik, J. “The Oxidative 

Dehydrogenation of Methyl isobutyrate to Methyl metacrylate.”; 

J. Ropu. Uhlie. 1981, 23, 26-29. 

[33] Yadav, G. D.; Pujari A. A.; Joshi, A. V. “Alkylation of p-Cresol 

with Methyl Tert-Butyl Ether (MTBE) Over a Novel Solid Acid 

Catalyst UDCaT-1.”; Green Chem.1999, 1, 269-274.  

[34] Hart, H.; Haglund, E. A. “o-t-Butylphenol.”; J. Am. Chem. Soc. 

1949, 71, 1966-1967. 

[35] Decastro, C.; Sauvage, E.; Valkenberg, M. H.; Hoelderich, W. F.  

“Immobilised Ionic Liquids as Lewis Acid Catalysts for the 

Alkylation of Aromatic Compounds with Dodecene.”; J. Catal. 

2000, 196, 86-94.  

[36] Ono, Y.;Imelik, B. “Catalysis by Zeolites.”, Elsevier, Amesterdam, 

1980. 

[37] Hino, M.; Arata, K. “Synthesis of Solid Super Acid of Tungsten 

Oxide Supported on Zirconia and its Catalytic Action for 

Reactions of Butane and Pentane.”; J. Chem. Soc., Chem. 

Commun. 1988, 18, 1259-1260.  

[38] Iglesia, E.; Soled, S. L.; Karmer, G. M. “Isomerization of Alkanes 

on Sulfated Zirconia: Promotion by Pt and by Adamantyl Hydride 

Transfer Species.”; J. Catal. 1993, 144, 238-253.  

[39] Kuba, S.; Lukinskas, P.; Grasselli, R. K.; Gates, B. S. “Structure 

and Properties of Tungstated Zirconia Catalysts for Alkane 

Conversion.”; J. Catal. 2003, 216, 353-361.  

[40] Boyse, R. A.; Ko, E. I. “Crystallization Behavior of Tungstate on 

Zirconia and Its Relationship to Acidic Properties.”; J. 

Catal.1997, 171, 191. 

[41] Sarish, S.; Devassy, B. M.; Halligudi, S. B. "Tert-Butylation of p-

Cresol over WOx/ZrO2 Solid Acid Catalysts."; J. Mol. Catal. A. 

2005, 235, 44-45.  

[42] Kondamudi, K.; Elavarasan, P.; Dyson, P. J.; Upadhyayula, S.  

“Alkylation of p-Cresol with Tert-butyl Alcohol Using Benign 

Bronsted Acidic Ionic Liquid Catalyst.”; J. Mol. Catal. A. 2010, 
321, 34-41.  

[43] Cole, A. C.;  Jensen, J. L.;  Ntai, I.;  Tran, T.; Weaver, K. J.; Forbes, D. C.; 

Davis, J. H. "Novel Brønsted Acidic Ionic Liquids and Their Use as 

Dual Solvent-Catalysts."; J. Am. Chem. Soc. 2002, 124, 5962-5963.  
 

www.SID.ir

www.sid.ir

