
  

63 

  
  

 
 

 
 

4343   
  

9494
 

 
  

          Ti3SiC2        

  

        

     

 :     ) Ti3SiC2 (                                 

                        .    Ti3SiC2               

                                               

                   .                         

                  .                  

        Ti3SiC2    .  

 :    Ti3SiC2    

1-   

    Ti3SiC2                     312           
1

    
2

      1960                  ]1 ,2[ .       

                              

                              

                                 .

                                

                   ...        ]3 ,4[ .    

                                      

  
3

     ]5[ .            
4

 ]6[      1970 

                                

                                      

               ]7[.             

                                   

    ]8 ,9[.                           

Ti3SiC2             Ti3SiC2                  

       ]10[.                      

          ...      

                                      

Ti3SiC2          .  

                                                           
1
 Jeitschko 

2
 Nowotny 

3
 Mechanical alloying 

4
 Benjamin 

  

A
ta

z
a

d
e

h
_

n
a

v
id

@
y

a
h

o
o

.c
o

m
 

    

     

    

    .  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

3.
4.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

6-
13

 ]
 

                               1 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.3.4.7
https://jicers.ir/article-1-167-en.html


 

64 

 
 

  
  

 
 

 
 

4343   
  

9494
 

 
  

2-    Ti3SiC2      

1
     ]10 ,11[                       Ti3SiC2      

        .      Ti Si    C                          Ti3SiC2 

                .                         4 

          rpm 1440        .                        100:1 

       .         Ti3SiC2                .

               )  6/20     (  Ti3SiC2                 

                    )  1.(                    

  ) 7/12    (    Ti3SiC2                               

                            8/95      Ti3SiC2       

 ]10[.  

  
 1-  XRD             (a)    )d = 20.6 

mm ( (b)    )d = 12.7 mm) :( (Ti3SiC2 ) (TiC ) (Ti5Si3 ) (Ti ) (Si )(C ]10[.  

                                          

                              12    48             .

             Ti3SiC2  ]10[.  
2

      ]12[               Ti3SiC2                  .  

        Ti  Si    C                 rpm 250              

       .400        6     100        10        8        20                 

      20:1     .  2    XRD        Ti  Si    C                 .

      1               XRD                               

   Ti       .    1           Ti    Si                        

                                        .     4 

      TiC        Ti3SiC2             .    8            Ti3SiC2 

                         Ti3SiC2                     .  

       TiC        .  

                                                           
1
 Li 

2
 Li 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

3.
4.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

6-
13

 ]
 

                               2 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.3.4.7
https://jicers.ir/article-1-167-en.html


 

65 

 
 

  
  

 
 

 
 

4343   
  

9494
 

 
 

  
 2-    X           ]12[.  

  XRD       5/1     3     .          

 Ti3SiC2   Ti5Si3 TiSi2  TiC   .  

  

 3-    X         5/1  ]12[.  

1
      ]13[                                    Ti5Si3   

       .      SHS                   .    107       

                  C° 67                25           

       .      3Ti+SiC+C                  SHS C°20±920 

    ]14[.  

              30  60    90                SHS       C° 20±640  C° 20±400   

C° 20±260      )  4-a .(              105        SHS         

           .                            C°20±67   

   ) 4-b .(  4-b       .  I) 45-0  (     

           .    II) 105-45   (                       

               .  

  III) 120-105   (            C° 25      107                   

               .           15             .        

        Ti3SiC2    TiC                    4-b         .    

      Ti5Si3Cx    ]13[.  

                                                           
1
 Riley 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

3.
4.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

6-
13

 ]
 

                               3 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.3.4.7
https://jicers.ir/article-1-167-en.html


 

66 

 
 

  
  

 
 

 
 

4343   
  

9494
 

 
  

  

 4- a (       SHS     )   (   

b (         ]13[.  

1
     ]15[             Ti3SiC2          Ti  Si    C   

   .                                                

        .               

                      Ti3SiC2      .                     

                 .  5               

          rpm 200       .               3/2          

                    2             .              

                                                       

   .  6    XRD                                

   .                          ]16[ .      Ti    Si            

       .    TiC    Ti3SiC2            3/2         .            

                 5                                  

   .  

  
  

 5-           

  ]15[.  

 6-  XRD        

       )) (

Ti3SiC2 ) (TiC ) (Ti ) (Si )(C( ]15[  

                                                           
1
 Li 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

3.
4.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

6-
13

 ]
 

                               4 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.3.4.7
https://jicers.ir/article-1-167-en.html


 

67 

 
 

  
  

 
 

 
 

4343   
  

9494
 

 
 

3 -          Ti3SiC2      

1
     ]17 ,18[    Ti3SiC2                          3Ti/Si/2C          

  .        Ti Si C)  (      Al             Ti3SiC2       .

                                         .      

rpm300           10:1  .    3Ti/Si/2C            

                                  .   7     XRD 

                           .               2 

                          .                  

                 Ti    Si                   .      

       3  6      Ti  Si    .  

  

 7-  XRD          ]17[.  

                           

      (Ti3SiC2)    .                             TiO2      

       Ti3SiC2   TiC     .  8    XRD                   .     

              TiC    Ti3SiC2    .           TiO2             .  

Ti3SiC2  wt% 83                ]12 ,15 ,19[.  

  

 8-  XRD   ]17[.  

                                                           
1
 Liang 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

3.
4.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

6-
13

 ]
 

                               5 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.3.4.7
https://jicers.ir/article-1-167-en.html


 

68 

 
 

  
  

 
 

 
 

4343   
  

9494
 

 
  

1
    ]20[       Al          Ti3Si(Al)C2                     

    .            3Ti:Si:2C:xAl (x = 0, 0.1, 0.2, 0.3)     

Ti3SiC2               .                       

):rpm 300     :mm 10         :10:1 (    3Ti:Si:2C          10      

          TiC TiSi2    Ti3SiC2   Ti3SiC2              .               

    Al    Ti3SiC2             )             (         

 .    x=0.1      10                Ti3SiC2                  8/76   

9/85                  Al    Ti3SiC2             .          Ti3SiC2 

                          .           

                          

)MSR (                            .     1                  

           .    Ti3SiC2                            

    .   Ti-C  Ti-Si   Ti-Si-C    Ti3SiC2  .  

 1-         ]20[.  

  

4 -    

          Ti3SiC2                .              

                 ...                             ... 

     .                          Ti3SiC2          

                                              

      .  

  

[1] M. Radovic, M. W. Barsoum, MAX phases: bridging the gap between metals and ceramics, American 
Ceramics Society Bulletin, Vol. 92, No. 3, pp. 20-27, 2013. 

[2] M. W. Barsoum, M. Radovic, Elastic and mechanical properties of the MAX phases, Annual review of 
materials research, Vol. 41, pp. 195-227, 2011. 

[3] M. Xue, H. Tang, C. Li, Synthesis of Ti3SiC2 Through Pressureless Sintering, Powder Metallurgy and 
Metal Ceramics, Vol. 53, No. 7-8, pp. 392-398, 2014/11, 2014. 

[4] K. Sato, M. Mishra, H. Hirano, C. Hu, Y. Sakka, Pressureless Sintering and Reaction Mechanisms of 
Ti3SiC2 Ceramics, Journal of the American Ceramic Society, Vol. 97, No. 5, pp. 1407-1412, 2014. 

[5] H. Abderrazak, M. Abdellaoui, Synthesis and characterization of nanostructured silicon carbide, Materials 
Letters, Vol. 62, No. 23, pp. 3839-3841, 2008. 

[6] J. S. Benjamin, Dispersion strengthened superalloys by mechanical alloying, Metallurgical transactions, 
Vol. 1, No. 10, pp. 2943-2951, 1970. 

[7] J. Xue, D. Wan, S. E. Lee, J. Wang, Mechanochemical synthesis of lead zirconate titanate from mixed 
oxides, Journal of the American Ceramic Society, Vol. 82, No. 7, pp. 1687-1692, 1999. 

[8] H. Abderrazak, F. Schoenstein, M. Abdellaoui, N. Jouini, Spark plasma sintering consolidation of 
nanostructured TiC prepared by mechanical alloying, International Journal of Refractory Metals and Hard 
Materials, Vol. 29, No. 2, pp. 170-176, 2011. 

                                                           
1
 Jin 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

3.
4.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

6-
13

 ]
 

                               6 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.3.4.7
https://jicers.ir/article-1-167-en.html


 

69 

 
 

  
  

 
 

 
 

4343   
  

9494
 

 
 

[9] A. Teber, F. Schoenstein, F. Têtard, M. Abdellaoui, N. Jouini, Effect of SPS process sintering on the 
microstructure and mechanical properties of nanocrystalline TiC for tools application, International Journal 
of Refractory Metals and Hard Materials, Vol. 30, No. 1, pp. 64-70, 2012. 

[10] J. F. Li, T. Matsuki, R. Watanabe, Mechanical Alloying Assisted Synthesis of Ti3SiC2 Powder, Journal 

of the American Ceramic Society, Vol. 85, No. 4, pp. 1004-1006, 2002. 
[11] J.F. Li, T. Matsuki, R. Watanabe, Fabrication of highly dense Ti3SiC2 ceramics by pressureless sintering of 

mechanically alloyed elemental powders, Journal of materials science, Vol. 38, No. 12, pp. 2661-2666, 
2003. 

[12] S. B. Li, H. X. Zhai, Synthesis and reaction mechanism of Ti3SiC2 by mechanical alloying of elemental Ti, 
Si, and C powders, Journal of the American Ceramic Society, Vol. 88, No. 8, pp. 2092-2098, 2005. 

[13] D. P. Riley, E. H. Kisi, D. Phelan, SHS of Ti 3 SiC 2: ignition temperature depression by mechanical 
activation, Journal of the European Ceramic Society, Vol. 26, No. 6, pp. 1051-1058, 2006. 

[14] D. P. Riley, E. H. Kisi, T. C. Hansen, A. W. Hewat, Self Propagating High Temperature Synthesis of 

Ti3SiC2: I, Ultra High Speed Neutron Diffraction Study of the Reaction Mechanism, Journal of the 

American Ceramic Society, Vol. 85, No. 10, pp. 2417-2424, 2002. 
[15] J. F. Li, T. Matsuki, R. Watanabe, Combustion reaction during mechanical alloying synthesis of Ti3SiC2 

ceramics from 3Ti/Si/2C powder mixture, Journal of the American Ceramic Society, Vol. 88, No. 5, pp. 
1318-1320, 2005. 

[16] X. Yang, Z. Huang, Y. Wu, H. Ye, HREM observation of the synthesized process of nano-sized SiC by ball 
milling of Si and C mixed powders, Acta Metallurgica Sinica(China)(China), Vol. 36, No. 7, pp. 684-688, 
2000. 

[17] B. Liang, M. Wang, J. Sun, X. Li, Y. Zhao, X. Han, Synthesis of Ti 3 SiC 2 in air using mechanically 
activated 3Ti/Si/2C powder, Journal of Alloys and Compounds, Vol. 474, No. 1, pp. L18-L21, 2009. 

[18] B. Liang, M. Wang, Synthesis of Ti3SiC2 by mechanically induced self-sustaining reaction: Some 
mechanistic aspects, International Journal of Self-Propagating High-Temperature Synthesis, Vol. 21, No. 3, 
pp. 172-177, 2012. 

[19] H. Orthner, R. Tomasi, Reaction sintering of titanium carbide and titanium silicide prepared by high-energy 
milling, Materials Science and Engineering: A, Vol. 336, No. 1, pp. 202-208, 2002. 

[20] S. Jin, B. Liang, J.-F. Li, L. Ren, Effect of Al addition on phase purity of Ti 3 Si (Al) C 2 synthesized by 
mechanical alloying, Journal of materials processing technology, Vol. 182, No. 1, pp. 445-449, 2007. 

 
 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
94

.1
1.

3.
4.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

6-
13

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1394.11.3.4.7
https://jicers.ir/article-1-167-en.html
http://www.tcpdf.org

