
Arc
hive

 of
 S

ID

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

-     4- Aging 
27 

  
  
  
  

 
 Cu1-xCoxFe2O4  

 
 1* 2  

-   

 : )4/12/89  :25/3/90( 

 

  
   

   2- - 4- A.O.2246 
 .                

 - 
 )1-0=x  (Cu1-xCoxFe2O4  . .

2 - 26 -  .
 -  

Cu0.5Co0.5Fe2O4    .2 - - 
   %100    %70    .1:1 Cu Co  

-  . XRDFT-IR  , SEM     
 

   A.O.2246Cu1-xCoxFe2O4    
  

  

1-   

      

  .        

    .        3 

(HTPB)   

   .  
4  HTPB   .    

A.O.2246   22 -   ) 4 -    6 -   

(  )2(  oC127 -123  

      

 ]1[.       

          

 .     

 ]2[.   

HTPB   

  ]6 -3[  . 

 -    

  -  1 -   14 -  91  

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

 Cu1-xCoxFe2O4     

 

 - 11491  28 

  A.O.2246          

    

 .  

-    

- -     .           

-C --   -   

       

   ]12-6[ .-            

- 2-- - -   26- 

- - - -     ]8[   .
1   

- ] 14[.   

     

           

       

  -   

] 74[. 

        

          

         

-  .-     

 

.        

   

-  .   

                                                
1-BHT  

 .     

O C-    

-    

 .   

     

-

         

  .1 

 

MgAl2O4  .    

 .   

) Zn     (

   

    .  

    

 .     

  

    

 ]13[.  

      

 .        

  . 

   

1 -  

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

    

 

 - 11491  29 

          

 .

Cu(1-x)Co(x)Fe2O4   

 .  

   

.      

  

-  ]14[.  

  

1-1-  " 2- -4- 

"  

  A.O.2246  

2-  -4-     .

       

         

 .      

] 28-15 .[    

  p-          

    ) 

   (   ) 2](2     .[

         

     .    

     

  

2- -4- 

      

AlCl3   ]15 .[

      

  26-   4- 

  

 )     AlCl3   (

   

]16[.  

      

) MTBE (

  .MTBE   

        .

   p-   MTBE   

) 3.(  
 

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.

 
2- p -]2[.  

  

CH3

OH

+

CH3

OH
(CH3)3C

+
H+

CH3 CH2C

CH3

CH3

OH
(CH3)3C C(CH3)3

CH3OHCH3 CH3C

CH3

OCH3

CH3 CH3C

CH3

OCH3

H+ +

2 CH3 CH2C

CH3

CH3 CH2C

CH3

CH3

CH2C

CH3

and CH3 CHC

CH3

CH3

CH2C

CH3  
    

 

3 - 2- -4- MTBE p-  ]20.[ 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

 Cu1-xCoxFe2O4     

 

 - 11491  30 

  : ) 

AC-10 ]17[1 Ok-80 ]18[2A-15 ]18[3 

SPc120 ]19 [ (  .p- 

MTBE UDCaT-1  

 p-      ) 45 (%

 ]20    .[     

   

     

 .MTBE 

  .  

  

  . 2-   -4- 

  p-    

% 100  % 4/63 1949   

)4] (21     .[ 

  p-    

    

  NaOH %10 HCl  %10   

 .3- 

-4-       

    

 .  

 

CH3

OH

(CH3)3COH

CH3

OH

+
C(CH3)3

CH3

OH
(CH3)3C

+
H3PO4(100%)

 
4 - p -% 100.  

  

  

  .

 ]23 22[

                                                
1-Wofatit Ok-80 
2-Amberlyst-15 
3-Lewatit SPc120 

] 26-24[TPA/ZrO2 ]27 [WOx/ZrO2 

]28 [  .  

  

  

  .     

    .  

   p -    

     

 .         

      

        .

       

       

         

 ( )        .

          

  2 -  -4 -   . 

 
2-   

2-1 -   

      

(CTAB)    ( FeCl3.6H2O)  

(CoCl2.6H2O) ) (CuCl2.2H2O   

 .  

)  -   % 98            (

)2 - 26 -   

   .  (      XRD

 radiation: 35 kV, 40 Ma)  Philips Pwlvo (Cu Ka   

IR FT-IR 8776 Shimadzu    .  

   

  

  

 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

     
 

 - 11491  31 

2-1 -   

2-1 -1- CuFe2O4   

 50       CTAB 

35   .       FeCl3 

     10    

 .32/0 CuCl2 15   

    .( )

         

-   PH 12-11    )

          .

 160       

 .        ) 

1 (   

  
1 - Cu1-xCoxFe2O4.  

X Cu1-xCoxFe2O4 CoCl2(g)  CuCl2(g)  FeCl3(g) CTAB(g) 

0  CuFe2O4 0  32/0  1  1 
25/0  Cu0.75Co0.25Fe2O4  11/0  24/0  1  1 
5/0  Cu0.5Co0.5Fe2O4  22/0  16/0  1  1 
75/0  Cu0.25Co0.75Fe2O4  33/0  079/0  1  1 
1 CoFe2O4 44/0  0 1 1 

 
 160   

  3 4 )4 ( 

 . .  

(CTAB)  

   

  

2-2- 2--4- )   

  -  - -

 25   

     .

TLC    

 

3-   

3-1-   Cu1-xCoxFe2O4    

XRD 

)  1    .  (

  

D = (K  ) /   cos                                                 ) 1(  

) 2                      (                                            1 – 2 = 

1     )k 

   D  .  

    ( )   

 Cu1-XCoxFe2O4 

2   

 

   

  .

          .22                

1  

XRD      .2  1     

 .1 

XRD

]29[.  

= 0.15406 nm, 2 = 0.00227 rad, k = 0.9 
5x-ray  (XRD) Cu1-XCoxFe2O4 )1

5/00=X ( .XRD  

) 311 (

)  ( ) 311 ( -

 2   
  

      2-   

X  Cu1-XCoxFe2O4  (deg) FWHM(deg) D (nm) 
0  CuFe2O4  4/35  24372/0  18  
5/0  Cu0.5Co0.5Fe2O4  4/35  32946/0  22  

1  CoFe2O4  2/35  32755/0  20  

  

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

 Cu1-xCoxFe2O4     

 

 - 11491  32 

  

  
  

  
  

  
5- XRD   Cu1-XCoxFe2O4.  

  

3-2- Cu1-xCoxFe2O4    

) FT-IR(  

FT-IR -

cm-1 4000-400 6 8  

cm-1 575 

   .

cm-1 575571 564 

 .

Fe3+-O2- 

       .

Fe3+-O2-    

  

  
  

 6- FT-IR  CuFe2O4.  

  

  
  

 7- FT-IR Co0.5Cu0.5Fe2O4.  
  

  
  

 8- FT-IR CoFe2O4.  

  

cm-1  639 595      

Fe(III)-O     

   .  

%
Tr

an
sm

ita
nc

e 

Wavenumbers (cm-1) 

%
Tr

an
sm

ita
nc

e 

Wavenumbers (cm-1) 

%
Tr

an
sm

ita
nc

e 

Wavenumbers (cm-1) 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

     
 

 - 11491  33 

   cm-1 639 595     

-  .

cm-1 600-550   

 ( ) Mterra O  

cm-1 450- 385    

Mocta O   ) 

 .(  

FT-IR 

       

) cm-1 400  (. 

    

-       

-   

cm-1 2923 cm-1 2845    

C-H cm-1 1120-1060 C-O  .  

  

cm-1 3435    

 ( )OH ) 

    .  (

cm-1 1600 ) 
1 .(  

 
3-3- Cu1-xCoxFe2O4   

(SEM)   

  Cu1-XCoxFe2O4   

SEM   .  

SEM Cu1-XCoxFe2O4 

)175/05/025/00=X (48 34 24 24 29 

9 13     .

        

30  .

SEM - 

                                                
1- Deformation 

2 -

 .     

      

9 13      

  

 

  
9- SEM CuFe2O4.  

  

  
 10-  SEM Cu0.75Co0.25Fe2o4.  

  

  
11- SEM .Cu0.5Co0.5Fe2O4  

                                                
2 - Development 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

 Cu1-xCoxFe2O4     

 

 - 11491  34 

  

  

12- SEM .Cu0.25Co0.75Fe2o4  

  

  
13- SEM CoFe2O4.  

  

3 -4 -   

3-4-1-   

- Cu1-XCoxFe2O4  

 FT-IR  - 

Cu1-XCoxFe2O4     .IR 

  Fe3+ Co2+       

 .IR 

     .

IR Co2+ 

7788 -    ... 

       )  .

 (Cu1-XCoxFe2O4 0=x (CuFe2O4) 1=x 

(CoFe2O4)        .

IR Co2+     
°C100  . 

      Co 

      

    1=x (CoFe2O4)     

0=x (CuFe2O4)  .  

-    

      

1=x  .

 

 .  

     

5/0=x )Cu0.5Co0.5Fe2O4 ( .-

  Cu      

Co 

]14[.  

  

3 -4 -2-   

3   

     2/0      
°C100 -  

1:2 5/6        .

0=X 5/0=X      

X   .5/0=X 

 2 -   

  
3-         

  

Cu1-XCoxFe2O4 
P-cresol 

 %    
TBC   
 % 

DTBC  
 % 

CoFe2O4 50  90  10  
Cu0.25Co0.75Fe2O4 50  80  20  
Cu0.5Co0.5Fe2O4 70  100  0  

Cu0.75Co0.25Fe2O4 30  85  15  
CuFe2O4 60  80  20  

  

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

     
 

 - 11491  35 

3 -4 -3-   

4

  

Cu0.5Co0.5Fe2O4  2/0   
°C100- 1:2 

5/6  . 

   

15/0  2- 

100   

  
4-   

 Cu0.5Co0.5Fe2O4.  

Cat  
(g) 

P-cresol  
%     

TBC   
 % 

DTBC   
 % 

1/0  50 100 0 
15/0  70 100 0 
2/0  60 100 0 

  
3 -4 -4-   

  5        

  

Cu0.5Co0.5Fe2O4 15/0 
°C100

1:2 5/6   

   

-70         

       30       

   .MTBE             

2- 100   .  

  
5-     

   

t-butylation 
agent  

P-cresol   
%    

TBC    
 %  

DTBC    
 %  

TBA  30  95  5  
MTBE  70  100  0  

  

3 -4 -5-   

6     

 5/0=X15/0   

   MTBE   

 - 1:2       .

100 

100  .20 70 

     45   100   

 . TBC  

100 

DTBC     .    

TBC 100   
  

6-           
  

DTBC    
%  

TBC    
%  

 P-cresol   
 %   

  
 (°C)  

0  100  70  100  
5  95  50  70  
5 95 20 45 
0  0  0  R.T  

  
3-4-6-         

  

  °C100      

MTBE   Cu0.5Co0.5Fe2O4  

15/0       

 .   

MTBE     .

1:1   1:2    15   

70         1:2 

   TBC        

DTBC       

1:2   

)7.(  
  
  

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

 Cu1-xCoxFe2O4     

 

 - 11491  36 

  

7- -MTBE   
   

P-cresol:MTBE  
P-cresol 

 %    
TBC   

 %  
DTBC  

 %  
1:2  70  100  0  

5/1:1  20  95  5  
1:1  15  95  5  

  

3 -5-   

     

) 6     (

]30[.  

  

  
6-   

  

         

-       

             .

  -    

       

MTBE TBA )    (  

       .

MTBE TBA      .

     

-     

MTBE TBA    

     

 .  OH   -    

 .    OH 

        

   .  -   

  

Cu0.5Co0.5Fe2O4     .

        

      

   

  .  
  

4-    

  2- -4-     

   .-

Cu1-XCoxFe2O4    

     

   

      .

Cu0.5Co0.5Fe2O4 

%100 2-         .

% 70        

 %20  .   

 

            

2-  

 
  

[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.”; Propellants, 
Explos., Pyrotech. 1998, 32, 272. 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

     
 

 - 11491  37 

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

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

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

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

1987, 70, 171.  
[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] Emil, D.; Vasile, H. “Effect of Channel Structure and Acid 

Properties of Large-Pore Zeolite in Liquid-Phase Tert-Butylation 

of  Phenol.”; J. Catal. 2003, 218, 249-357. 

[8] Karthik, M.; Vinu, A.; Tripathi, K. N. "Synthesis, Characterization 

and Catalytic Performance of Mg and Co Substituted  Mesoporous 

Aluminophosphates."; Microporous Mesoporous Mater.  2005, 70, 

207-213. 

[9]  Devassy,  M.  B.;  Shanbhag,  V.  G.;  Lefebvre,  F.;  Halligudi,  B.  S.  

“Alkylation of P-cresol with Tert-Butanol Catalyzed  by 

Heteropoly Acid  Supported on Zirconia Catalyst.”; J. Mol. Catal. 

A: Chem. 2004, 210, 125-130. 

[10] Rajasekar, K.; Pandurangan, A. "Vapor-phase Tert-butylation of 

P-hydroxytoluene over Al-MCM-41 and PWA Supported Al- 
MCM-41 Mesoporous Molecular Sieve Catalysts."; Catal. 

Commun. 2007, 8, 635–643. 

[11] Hao-Yu,  S.;  Zaher, M. A.; Judeh Chi Bun Ching “Selective 

Alkylation of Phenol with Tert-Butyl Alcohol Catalyzed by 
[bmim]PF6.”; Tetrahedron Lett. 2003, 44, 981-983.  

[12]  Ajit  B.  S.;  Nilesh  B.  S.;  Shriniwas  D.  S.  “Tert-butylation of 

Phenols Using tert-Butyl Alcohol in the Presence of FeCl3-

modified Montmorillonite K10.”; Appl. Catal., A:General 2004, 

267, 5-8,  

[13] Mathew, T.; Shylesh, S.; Devassy, B. M.; Vijayaraj, M.; 

Satyanarayana, C. V. V.; Rao, B. S.; Gopinath, C. S. “Selective 

Production of Orthoalkyl Phenols on Cu0.5Co0.5Fe2O4: A Study of 

Catalysis and Characterization.”; Appl. Catal., A: General  2004, 

273, 35–45.  

[14] Mathew, T.; Rao, B. S.; Gopinath, C. S. “Tertiary Butylation of 

Phenol on Cu xCoxFe2O4: Catalysis and Structure–Activity  
Correlation.”; J. Catal. 2004, 222, 107–116. 

]15[ 
""   

3671375.  
]16[       "      

A.O.2246 "     
  188.  

[17] Merger, F.; Nestler, G. “Alkylation of Hydroquinone with Methyl 

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

 [18] 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. 

[19] Macho, V.; Kavala, M.; Matsukova, M.; Holuik, J. “The 
Oxidative Dehydrogenation of Methylsobutyrate to 

Methylmetaacrilate.”; J. Ropu. Uhlie. 1981, 23, 26.  

[20]  Yadav,  G.  D.;  Pujari,  A.  A.;  Joshi,  A.  V.  “Alkylation  of  

Hydroquinone with Methyl-tert-butyl-ether and Tert-butanol.”; 

Green Chem. 1999,1, 269-274. 

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

1949, 71, 1966. 

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

“Immobilized Ionic Liquids as Lewis Acid Catalysts for the 

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

2000, 196, 86. 

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

Amesterdam, 1980. 

[24] Hino, M.; Arata, K. “Synthesis of Solid Superacid of Tungsten 

Oxide Supported on Zirconia and its Catalytic Action for 

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

Commun. 1988, 125.  

[25] 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.  

[26] 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. 

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

Zirconia and its Relationship to Acidic Properties.”; J. Catal. 

1997, 171, 191. 

[28] 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.  
[29] Muthurani, S.; Balaji, M.; Gautam, S.; Chae, K. H.; Song, J. H.; 

Padiyan, D. P.; Asokan, K. “Magnetic and Humidity Sensing 
Properties of Nanostructured CuxCo1 xFe2O4 Synthesized by Auto 

Combustion Technique.”; J. Nanoscience and Nanotechnology 

2011, 11, 5850-5855, . 
 [30] Mathew, T.; Vijayaraj, M.; S. Pai,  S.;  Tope,  B. B.;  Hegde,  S. G.; 

Rao,  B. S.; Gopinath, C. S. “A mechanistic Approach to Phenol  

Methylation on Cu1 xCoxFe2O4:FTIR Study.”; J. Catal. 2004, 

227, 175–185.  

www.SID.ir

www.SID.ir

