
     

  

  

  8   2  1398  

9  

  

    ) Al2O3-WXSiY-WXBY (  

 ) Al+B2O3+Si+WO3 (    

 

    *  

        

* mkalantar@yazd.ac.ir 

 :    :  

 :4  1397    

 :1  1398    

    

 :    

   

 Al+B2O3+Si+WO3 

         

    

  

                              

                            .          

                                    

         1- Al+Si+WO3 2- Al+B2O3+WO3 3- Al+Si+B2O3+WO3 

                   .                 

                           10     

       .                          

                       .            

                                     

                  )WxBy+WSi2(               

               .  Si    

)Al+B2O3+WO3(           .         

        .  

  

1-   

               

    .        

                    

 .                 

             

                     

       .           

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                             1 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


    )  (  ...   

 

10    8     2    1398  

 

         

                  

             .     

                   

                   

                      

             .        

                     

                     

  ]2-1[ .    

                    

     .     
1

      

     Al2O3        

           

                   

        

   ]5-3[ .                 

         

           .    

                  

    W2BWB12 WB4  W2B5WB2  

WB W5Si3  WSi2      

                    

           .           

                     

]13-6[.          

  
1 Niihara 

                 

                        

        )CS(
2

   

        )SHS(
3
            

]20-14[. 

4
    

5
    )Al-Al2O3-ZrB2 (       

                

           300       

 ]21[.  )WSi2-Al2O3 (   

)Al2O3-WB(       )Al-Si-WO3( 

)Al-WO3-B2O3 (]22[  )WB2- ( 

 )Al-SiO2-WO3-B2O3 (]23[      

                    

       .  

          )      (     

                         

                     

                       

    )   (  .          

                      

         

                  

   .         

   )Al+Si+WO3+B2O3 (  

   WSi2   WB2    

  
2 Combustion Synthesis 
3 Self-propagating High temperature Synthesis 
4 Froyen 
5 Feng 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                             2 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


     

 

  8     2    1398  11  

 

Al2O3       .           

       

          

                 

    .   

2-    

            

         Al  Si 

B2O3  WO3   ) 1 .(  

 1-    .  

 

  

  

 

)°C( 

  

 

)°C(  

  

   

)KJ.mol
-1

(  

   

)gr.mol
-1

( 

  

)gr.cm
-3

(  

 

  

)nm(  

 

(%)  

  

  

Al 660  2470  -  27  7/2  300-200  9/99    

B2O3  
450  1860  50/1253-  70  5/2  400-300  9/99     

WO3  
1473  1700  70/842-  232  2/7  500-400  9/99     

Si  1414  3265  -  28  3/2  300-200  9/99     

  

                   

           ASW 

ABW  ABSW)  2(       

)-Nano shot-Ar 300   -210-PBM ( 

 10         10  

1      .       

                      

          

       )TGA(
1
 

    )DTA(
2

      

min
-1 °C. 20    °C25  1700   

  
1 Thermal Gravity Analysis Thermal Gravity Analysis 
2 Differential Thermal Analysis 

                    

504 STA                  

   .   HSC     

           ]24[        

      )XRD(
3

)     40     30 

        5/0         02/0  2 

    10  80   (         

          )SEM(
4

     

       . 

        XRD         

   .  
  

  

  

  

  
3 X Ray Diffraction 
4 Scanning electron microscope 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                             3 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


    )  (  ...   

 

12    8     2    1398  

 

  

)1386-043-00() 1180-001-00 : (Al )1465-072-01 : (WO3 )0570-013-00 : (B2O3  

)0806-04-00 : (W )0261-016-00 : (W5Si3) 1085-044-00( )0195-011-00 : (WSi2  

)0990-025-00 : (W2B )1386-043-00 : (W2B5  WB2  )0738-035-00 : (WB  

)2108-077-01 : (Si )1126-017-01() 1468-042-00) (0712-005-00( )1125-071-01 : (Al2O3  

)0776-15-00( Al6Si2O13 :) 0003-032-00 : (Al18B4O33 )0199-030-00 : (B(OH)3  

 2-                 

 .  

         

  Al B2O3  WO3  Si   Al2O3  WSi2  WB2  

ASW  79/15  -  84/67  37/16    82/29  18/70  -  

ABW  34/26  08/17  58/56  -    76/49  -  24/50  

ABSW  54/21  31/9  71/61  44/7    69/40  92/31  39/27  

  

3-    

3 -1-  ASW 

  1    2                    XRD 

  ASW      

        )W5Si3   WSi2 (    

     .  DTA              

                   

               

  1   4       3    .

       )   

°C660 (          °C1000      

                         

 ) 1 (      

  )  3 (    .          

  4                     

        .                  

             W5Si3    

  WSi2                    

   °C1100       W5Si3   

    °C1250        WSi2   . 

XRD      2          WSi2      

               

   ASW   ) 2.(  
  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                             4 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


     

 

  8     2    1398  13  

 

  
 1-  DTA  TGA   °C 1300     min-1

 °C. 20      

ASW.    

  
 2-  XRD  DTA  TGA   °C1300    min-1

 °C. 20     

 ASW.    

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                             5 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


    )  (  ...   

 

14    8     2    1398  

 

  
 3-         ASW     .  

 3-     

G
o

T   ) ( 

)kJ.mol
-1

(  

G
o

1973K    

)kJ.mol
-1

(

G
o

1773K    

)kJ.mol
-1

(

G
o

1573K    

)kJ.mol
-1

(  

G
o

1273K    

)kJ.mol
-1

(  
  

T089/0+200/850- 641/675-  180/703-  022/723-  668/750-  2Al+WO3=Al2O3+W 1 

051/0+180/231- T 085/164-  042/176-  229/178-  891/169-  5W+3Si=W5Si3 2 

057/0+060/151- T 783/60- 447/74- 465/81- 999/83- W+2Si=WSi2 3 

642/0+400/5483- T 712/4278- 572/4469- 825/4597- 900/4757-
12Al+6WO3+5Si= W5Si3+ WSi2+ 

6Al2O3 
4  

047/0+370/354- T 060/226- 105/250- 171/274- 093/310- 2Al+B2O3=Al2O3+2B 5 

001/0 -977/75- T 631/79- 662/78- 556/77- 651/75- 2W+B=W2B 6 

T002/0+422/75- 105/76- 106/75- 035/74- 307/72- W+B=WB 7  

T002/0-450/33-  396/37- 996/36- 596/36- 996/35- W+2B=WB2 8  

T344/0+297/3120- 585/2441- 385/2510- 185/2579- 385/2682-
10Al+4WO3+B2O3 =5Al2O3+2WB+ 

WB2 
9  

T085/0+820/603- 367/468-  243/490-  372/499-  937/504-  1.5 Si+WO3=1.5 SiO2+W 10  

T043/0+990/107- 786/18-  168/37-  522/50-  362/64-  1.5Si+B2O3=1.5SiO2+2B 11  

T275/0-600/67 975/474-  975/419-  975/364-  475/282-  3Al2O3+2SiO2=Al6Si2O13 12  

T46/1+762/12146- 182/9266-  182/9558-  182/9850- 182/10288-
28Al+12WO3+6B2O3+12Si = 5Al2O3 

+3Al6Si2O13+3WSi2+6WB+3WB2 
13  

T044/0-119/17  - - - - B(OH)3 = HBO2 + H2O 14  

T035/0-108/61  - - - - 2HBO2 = B2O3 +  H2O 15  

  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                             6 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


     

 

  2     2    1392  15  

 

3-2-  ABW  

 4  5         XRD 

    ABW                

                           

           .     

          °C1200 

 .                     

            .    

                         XRD 

                    

 .        6           

               

  °C1000               

      )  1    5 (          

          WO3     

)        °C1000 (    B2O3       

  )    °C1200 .( 

           Al  

         )  1  5   

9 (          °C1200            

   .                

                    

        .              

                   

)B-W(      S    

                    

     ]25[ .        

 °C1300    min
-1 °C. 20 

               

                     W2B  

WB                   

                   

                WB2    

    66/0                     

     .     

         

A18B4O33)9Al2O3.2B2O3 (      )  5 (  

      Al2O3    .

                           

°C1650)   7 (              °C1650 

                        

           WB2    WB 

    7    8      .     XRD   

  8                      

              

   .              

                       

                

         W2B                 

   WB   WB2(W2B5)    .  

             °C200       DTA 

)  4    7 (                  

B(OH)3     B2O3    .         B(OH)3 

         14    15            C°400 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                             7 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


      

 

16    2     2    1392  

 

     B2O3     ]26[ .   XRD      

    10  ) 9 ( 

      B(OH)3   

              DTA    

.         TG  

  4  7     .   

  
 4-  DTA  TGA   °C1300    min-1

 °C. 20      

ABW.  

  
 5-  XRD   DTA TGA   °C 1300    min-1

 °C. 20     

ABW.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                             8 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


     

 

  2     2    1392  17  

 

  
 6-         ABW     .  

  
 7-  DTA  TGA   °C 1650    min-1

 °C. 20      

ABW.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                             9 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


      

 

18    2     2    1392  

 

  
 8-  XRD    DTA TGA   °C 1650    min-1

 °C. 20     

 ABW.  

  
 9-  XRD       ABSW  10 .  

3 -3-  ABSW   

    XRD        ABSW    

    10    )  9 (          

                     

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                            10 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


     

 

  2     2    1392  19  

 

         B2O3              

B(OH)3       .          

                 

        )     .(

                     

                

                 

                     

       

       

  .               

              .  

       

                   

  ABSW                   

  2     .  10       DTA-

TGA                    

                 ASW 

ABW        .            

    3      11    °C1000    

      )  1    10 (    °C1100 

  °C1400              

       ) 5  11( 

           W2B 

  WB       6    7        

           )   2  3 ( 

            4      .  

                 

)°C1400 -1100 (      

  .      °C1450 

                .  

           °C1650     

        WB    WB2  

     7    8   .        

        ABW          .

1 -       ABSW) °C1700 (

        ABW   °C1650   

          ) .             

        °C1700 

 (.2 -              Si     

ABSW                

                   

           A18B4O33      

        ABW         °C1650 

  A18B4O33       XRD 

        )  8 .(        12    

 XRD         

  . WB WB2 WSi2 Al2O3  

Al6Si2O13)  (     

  .     DTA      10      

         DTA            

          

             

                 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                            11 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


      

 

20    2     2    1392  

 

    4  9    12           

13   .            XRD    DTA 

                 ASW   

ABW        ABSW       

            °C900    1300 

  1  10     

           °C1100    

1650       7    10            

       .        

                       

                   

 SiO2        

Al2O3  ) 10  12 .(  

ABSW    ABW    

                    

            °C200       

      TG     .            

                       

B(OH)3       .  

  

 10-  DTA  TGA   °C 1700    min-1
 °C. 20     

ABSW.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                            12 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


     

 

  2     2    1392  21  

 

  
 11-         ABSW     .  

  
 12-  XRD   DTA TGA   °C 1700    min-1

 °C. 20     

 ABSW. 

10
                   

        K1800          -

      )SHS (  ]27[ .

  
11

    
12

     K2000         

  
10 Merzhanov   
11 Munir 
12 Anselmi   

    SHS        ]28[.      

                   

ABSW              

          4        1     3    

    K4125       )  5 (      

     .  
 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                            13 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


      

 

22    2     2    1392  

 

 

H°298 =( H° WB2+ H° WSi2+3 H° Al2O3)–(2 H° WO3+ H° B2O3)  ) 1(                   

H°298=   

dT
WB2  

+ 
 
dT
WSi2  

+ 
3  

dT
3O2Al ) 2           (                     

 438.04T+0.034T
2
+10730000T

-1
=2387963.0       ) 3(  

  13    SEM        ABSW    

          .  

                  

               .     

EDS)   14      6 (          

                 )   A (  

              )  

B (        )  D (     .

  c13           

                 .

  d13              

                       

           .      

       FE-SEM  

nm200      ) a 15 .( b   c  

  15                

       .            

    .  

  

 13-  SEM             °C 1700  

  min-1
 °C. 20      ABSW.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                            14 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


     

 

  2     2    1392  23  

 

  

  

 14- ) ( SEM  ) ( EDS      °C1700      

°C.min-1
20      ABSW  A :  B :  C :  D :. 

  
 15-  FE-SEM         °C1700    °C.min-1

20 

     ABSW.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                            15 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


      

 

24    2     2    1392  

 

  

4-    

-           10            

       .  

-     ASW           

                  

  )°C1300–900 ( . 

-   ABW   °C1300   

                

       .     

    °C1650              

        . 

-                    

  . 

-     ABSW               

°C1700        

- min
-1 °C. 20   (Al2O3+ 

Al6Si2O13+ WSi2+WB2+WB)    

                   

          

                  

               .  

         

)°C1300-900 (     

)°C1650-1300 (.  

-              

ASW ABW  ABSW     

               K 4240  K 4070   

K4125          

                        

     .  

-                     

             

   )  A18B4O33  

 ABW (   Si   ABSW 

     .  

  

]1 [                 

1387     .  

]2 [           )    

   (     1394 

  .  

[3] K. Nihara, J. Ceram. Soc. Jpn. 99, 1991, 

Pages 974–982. 

[4] William D. Callister, David G. Rethwisch, 

“Materials science and engineering”, 9th 

edition, 2013. 

[5] S. K. Mishra, V. Gokuul, S. Paswan, 

“Alumina-titanium diboride in situ 

composite by self-propagating high-

temperature synthesis (SHS) dynamic 

compaction: Effect of compaction 

pressure during synthesis”, Materials, 

Volume 43, 2014, Pages 19–24. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                            16 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


     

 

  2     2    1392  25  

 

[6] Shigeki Otani, Yoshio Ishizawa, 

“Preparation of WB2 x single crystals by 

the floating zone method”, Journal of 

Crystal Growth, Volume 154, Issues 1–2, 

1995, Pages 81-84. 

[7] Reza Mohammadi, Andrew T. Lech, Miao 

Xie, Beth E. Weaver, Michael T. Yeung, 

Sarah H. Tolbert, and Richard B. Kaner, 

“Tungsten tetraboride, an inexpensive 

superhard material”, Proc Natl Acad Sci U 

S A, Vol 108, No. 27,2011,Pages 10958–

10962. 

[8] C. L. Yeh, J. A. Peng, “Fabrication of 

WSi2-Al2O3 and W5Si3-Al2O3  composites 

by combustion synthesis involving 

thermite reduction”, Ceramics 

International, Volume 42, Issue 12, 2016, 

Pages 14006–14010. 

[9] P. J. Meschter, D. S. Schwartz, Silicide-

matrix materials for high temperature 

applications, J. Miner. Met. Mater. Soc, 

Vol 41, 1989,Pages 52–55. 

[10] J. J. Petrovic, A. K. Vasudevan, Key 

developments in high temperature 

structural silicides, Mater. Sci. Eng. A, 

Vol 261, 1999, Pages 1–5. 

[11] S. T. Peters, “Handbook of composites”, 

second edition 1998 in California, USA. 

[12] Jonathan Salem, Greg Hilmas, William 

Fahrenholtz “Mechanical properties and 

processing of ceramic binary, ternary, and 

composite Systems” ,Ceramic Engineering 

and Science Proceedings,Volume 29, 

Issue 2, 2008. 

[13] V. I. Zmii, A. P. Patokin, V. L. Khrebtov 

and B. M. Shirokov, “Molybdenum-based 

oxidation-resistant MoSi2–Al2O3 and 

WSi2–Al2O3 coatings.”, Powder 

Metallurgy and Metal Ceramics, Vol. 47, 

No. 11-12, 2008, Pages 693-697. 

[14] J. Lapin, M. Štamborská, T. Pelachová, O. 

Bajana, “Fracture behaviour of cast in-situ 

TiAl matrix composite reinforced with 

carbide particles”, Materials Science and 

Engineering: A, Volume 721, 2018, Pages 

1-7. 

[15] Hamed Roghani, Seyed Ali Tayebifard, 

Asghar Kazemzadeh, Leila Nikzad,“ 

Phase and morphology studies of B4C-SiC 

nanocomposite powder synthesized by 

MASHS method in B2O3, Mg, C and Si 

system”, Advanced Powder Technology, 

Volume 26, Issue 4, 2015, Pages 1116–

1122. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                            17 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


      

 

26    2     2    1392  

 

[16] F. Farhadinia, A. Sedghi, and M. T. 

Nooghani, “properties of an 

Al/(Al2O3+TiB2+ZrB2) hybrid composite 

manufactured by powder metallurgy and 

hot pressing.”, Journal of Applied 

Mechanics and Technical Physics, Vol. 

58, No. 3, 2017,Pages 454–460. 

[17] A. Amiri-Moghaddam, M. Kalantar, “In-

situ synthesis of WC–X%Co composite in 

the WO3–Co3O4–C system by carbothermal 

reduction method.” Journal of the 

Australian Ceramic Society, Volume 53, 

Issue 2, 2017, Pages 839–845. 

[18] N. M. Rendtorff, G. Suárez, Y. Sakka, E. 

F. Aglietti, “Dense mullite zirconia 

composites obtained from the reaction 

sintering of milled stoichiometric alumina 

zircon mixtures by SPS” , Ceramics 

International, Volume 40, Issue 3, 2014, 

Pages 4461-4470. 

[19] S. Hasani, M. Panjepour, M. Shamanian, 

“A study of the effect of aluminum on 

MoSi2 formation by self-propagation high-

temperature synthesis”, Journal of Alloys 

and Compounds, Volume 502, Issue 1, 

2010, Pages 80–86. 

[20] Qian Zhao, Yalong Shen, Meiru Ji, Lei 

Zhang, Tingshun Jiang, Cangsheng Li, 

“Effect of carbon nanotube addition on 

friction coefficient of nanotubes/ 

hydroxyapatite composites.”, Journal of 

Industrial and Engineering Chemistry, 

Volume 20, Issue 2, 2014, Pages 544-548. 

[21] C. F. Feng and L. Froyen, “In situ P/M 

Al/(ZrB2+Al2O3) MMCs : Processing, 

Microstructure and Mechanical 

Characterization,” Acta Mater, Vol 47,No. 

18, 1999, Pages 4571–4583. 

[22] Tawat Chandee, Jessada Wannasin and 

Sutham Niyomwas, “Synthesis of WSi2 

and W2B intermetallic compound by in-

situ self-propagating high-temperature 

synthesis reaction”, Journal of the 

Ceramic Society of Japan,Vol 122 ,No. 

6,Pages 496-501, 2014. 

[23] C. L. Yeh, C. H. Kang, “Formation of 

WB2/mullite composites by reduction-

based combustion synthesis with Al and Si 

as reductants and excess B2O3 addition”, 

Ceramics International, Volume 43, Issue 

13, 2017, Pages 9968-9972. 

[24] Outokumpu HSC Chemistry® for 

windows, version HSC 4.1. Finland, 

Outokumpu Research Oy, 1999. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

                            18 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html


     

 

  2     2    1392  27  

 

[25] J. Ghorbantabar Omran, M. Sharifitabar, 

M.Shafiee Afarani, “On the self-

propagating high-temperature synthesisof 

tungsten boride containing composite 

powdersfrom WO3 B2O3 Mg system” 

Ceramics International, Vol 44,Issue 

12,2018, Pages 14355-14362. 

[26] F. Sevim, F. Demir, M. Bilen, H. Okur, 

Kinetic analysis of thermal decomposition 

of boric acid from thermogravimetric data, 

Korean J. Chem. Eng,Vol 23, 2006, Pages 

736-740. 

[27] A. G. Merzhanov, “combustion processes 

that synthesize materials”, Journal of 

Materials Processing Technology, Vol 56, 

1996, Pages 222-241. 

[28] Z. A. Munir, U. Anselmi-Tamburini, 

“Self-Propagating High-Temperature 

Synthesis of Hard Materials”, Handbook 

of Ceramic Hard Materials, 2000, Pages 

322-373. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.2

.1
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
02

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            19 / 19

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.2.1.4
http://ijcse.ir/article-1-700-fa.html
http://www.tcpdf.org

