
     

  

  

  8   3  1398  

19  

  

           

  MgO-C  

  :  

 
1*

   
1

  
2

   
3

  

1                 
2          

3            

* h.rastegar@srbiau.ac.ir 

 :    :  

 :30  1397    

 :22  1398    

    

 :    

     

      

  

                                  Fe   

                  MgO-C        .        

                                  

MgO-C     .            ºC800  ºC1000  ºC1200    ºC1400     

                                  XRD 

  FESEM     .                0    6           .  

                   60  

 nm80     .                              

            ºC800                                

                        .            

                                         

                                       

     .                  Al4C3    AlN      ºC1000 

              ºC1200                     .       

ºC1200    MgAl2O4    MgO                  ºC1400              

       .      Fe                        Al   

       .                        

                                      

 -- )V-L-S ( - )V-S(   .  
  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

                             1 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html


            ...  

 

20    8     3    1398  

 

1-   

                         

            Fe         

        MgO-C 

     .               

                     

          MgO-C     .   

      ºC800 ºC1000 ºC1200  

ºC1400                   

                     

XRD    FESEM     .           

      0    6         .     

                     

          60    nm80     .

                     

                     

ºC800                          

                       

         .                 

                       

                       

           

                   .   

              Al4C3    AlN   

  ºC1000                    ºC1200 

                 .      

ºC1200    MgAl2O4    MgO             

      ºC1400                  

   .      Fe               

        Al            

 .               

                          

                          

      --  )V-L-S (   -  

)V-S(   .  

                            

                  Fe    

                   

            Fe           

          Al          

MgO-C                     

    .  

2-    

                 )     

 (                -

                     

  1     .        1         

  ) (   70       

           5/97     MgO    

   95         Al     

  7/99    Al           9     

Merck     .               

                        

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html


     

 

  8     3    1398  21  

 

                     

                    

                    .  

                         

                        

            1         .  

                      

    Al             30          .

      12   
1

      

            mm 20        MPa100 

   .            24         

ºC200                            

   3      ºC800   

ºC1000  ºC1200    ºC1400           3      

       .               

                       6    

 .  

 1-       

MgO-C  

 
   

MCG0MCG6 MC0MC6

   86 86 87 87 

 Al 5/8 5/8 6 6 

  5/5 5/5 - - 

  )PR( 7 - 7 - 

  )PRF-6(- 7 - 7 

    7/0 7/0 7/0 7/0 

  
1 age 

                     

           )XRD (     .

              CuK          

5406/1       XRD   

Philips   .    

      MgO-C   

            )FESEM (     

MIRA3 TESCAM  .  

3-     

3 -1-       

    1                

MC0  MC6     ºC800 ºC1000 

ºC1200    ºC1400            3      

   .     ºC800 

    Al                        

            

    . ºC1000 ºC1200  

ºC1400                  

            2     37       

   .    Al                

  MgO-C                     

        

   Al4C3  AlN Al2O3  MgAl2O4  

    ºC700    ºC1600   ]6[ .       

      ºC1000    Al4C3             

                        2    

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html


            ...  

 

22    8     3    1398  

 

  40        .      Al         

ºC1000          

7/38=2       .          

ºC1200               

                       

       .      MC6         

ºC1200         Al4C3               

   MC0          ºC1000    ºC1200 

  Al4C3      1       .     

                    

MgO-C            Al4C3       

.                   ºC1400    

                     

                   

   .      MC6     ºC1400     

Al4C3                     

)   2-3        (      

    ºC1400                .  

        MC0               2 

  26                        

                     

   .     MC6             

            ºC1200        

                     

            .   2 

                MCG0    MCG6 

     ºC800 ºC1000 ºC1200  

ºC1400           .          

                    

                    ºC800 

    Al        ºC1000  ºC1200    ºC1400 

                     

                     

   .  

  

 1-    X  a (MC0  b (MC6       

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html


     

 

  8     3    1398  23  

 

  
 2-    X  a (MCG0  b (MCG6       

  3    SEM       MC0    MCG0    

      ºC1400         .          

                   

                       

                      

                  

        .  

  4          MC6       

    ºC1000  ºC1200    ºC1400         .

          ºC1000 

                 

   )  4-a .(          ºC1200 

)4-b (             

                       

  .             ºC1400)       

4-c (     MC6           

                     

 Fe   .     

)MgAl2O4(  MgO               

                   

                    

 .  

  

 3-   a ( MCO  b (MCG0     ºC 1400  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html


            ...  

 

24    8     3    1398  

 

  

 4-    MC6     a (ºC 1000 b (ºC 1200  c (ºC 1400  

                       

          

   MgO                 

    .  

        Fe             

                    .

  5        MCG6         

       ºC1000  ºC1200    ºC1400      

 .        Fe        

MCG6                    

                          

        .  

3 -2 -    

     

                         

  MgO-C                  Fe   

                )MC0    MC6 (

                        

                        

                        

]18[ .         

              MgO-C 

  Al4C3  AlN  MgO                

     Fe     .    

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html


     

 

  8     3    1398  25  

 

        MgO-C           

                        

           Al             

          1-12           .  

Al4C3    AlN         1    2          

               

Al4C3           AlN    MgAl2O4      

   )  3-5( ]22-19[.  

 14Al (s,l)+3C (s)=Al4C3 (s)

 22Al (s)+N2 (g)=2AlN (s)

 3Al4C3 (s)+2N2 (g)=4AlN (s)+3C (s)

 4Al4C3 (s)+6CO(g)=2Al2O3(s)+9C(s)

 5Al2O3(s)+MgO(s)=MgAl2O4(s)

 6Al4C3 (s)= 4Al (g)+3C (s)

 72Al (g)+MgO(s)+3CO 

(g)=MgAl2O4(s)+3C(s)

 8MgO (s)+ C (s)= Mg (g)+CO (g)

 92Al (g)+Mg(g)+4CO 

(g)=MgAl2O4(s)+4C(s)

 102AlN (s)+ 3CO (g)= 2Al2O3 (s)+N2 

(g)+3C (s)

 112AlN (s)+ MgO(s)+ 3CO (g)= 

MgAl2O4 (s)+N2 (g)+3C (s)

 122Mg(g) + O2 (g) = 2MgO(s)

Al (g)         Al4C3  AlN 

             6              

         .   Al          7   

Al4C3                     

                

  6      Al       .       

     Al (g)   MgO  CO   

              MgAl2O4     

  MgO   )7.(  

        ºC1400          Al       Mg 

     .      Mg    MgO    C 

  8   .     Mg      

  8       ºC1300         9       

  -                 7       

 -        

MgAl2O4     .             ºC1300 

  MgAl2O4      

 7  9   . 

MgAl2O4     7     

   MgO                  

    MgAl2O4        9            

                       

     .        MgAl2O4      

        MgAl2O4      7      

          9                 

        Mg    Al             

  MgAl2O4      9     .       

        CO (g)  N2 (g)  

   AlN          

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html


            ...  

 

26    8     3    1398  

 

 CO (g)    AlN    10 

                    Al2O3    

            11           MgAl2O4 

   .           Al        

                        

                         

    Al              MgO-C 

                   

                     

            ]23-22[ .    

                       

  .  

        MgO           MgO 

        Mg       12    

         .           

             MgO       

                              

            MgO        .

Yamagochi    ]15[           

         CO    CO2            

MgO  Al2O3       MgO       . 

    MgO       Mg   

  MgO       .  

3 -3-     

    

                          

               

               .       

                      

                   .    

                    

:  

1-  -- )V-L-S(  

        Fe        

)L (    .               

  Mg      Al            CO     

)V (                      

)S (  .               

            Fe            

          . 

2-  -  )V -S(  

     MgO  ...   

     )S (           )V (

                     Mg  Al   

     .   

  MgO        

ºC1300                      

  Mg       .        

Al4C3    AlN              Fe      

            V-S    V-L-S      

     Al  N2    CO             

      Fe                 

    V-L-S                

V-S  . 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html


     

 

  8     3    1398  27  

 

4-    

-                        

               MgO-C 

  .  

-                       

MgO-C         

                       

     .             

  AlN Al4C3    .  

-                     

     --   

(V-L-S)  -(V-S)   .  

  

[1] M. Ewais, E, Carbon based refractories, J. 

Ceram. Soc. Japan. 112, pp. 517–532, 2004. 
[2] K. Sugita, Historical Overview of 

Refractory Technology in the Steel 

Industry, Nippon Steel Tech. Rep. 98, pp. 

8–17, 2008. 
[3] K.-S. Kwong, J. P. Bennett, Recycling 

Practices of Spent MgO-C Refractories, 

J. Miner. Mater. Charact. Eng. 01, pp. 

69–78. doi:10.4236/jmmce.2002.12005, 

2002. 
[4] A. N. Conejo, R. G. Lule, F. Lopéz, R. 

Rodriguez, Recycling MgO-C refractory 

in electric arc furnaces, Resour. Conserv. 

Recycl. 49, pp. 14–31, 2006. 
[5] S. Chatterjee, R. Eswaran, Continual 

improved performance MgO-C refractory 

for BOF, in: UNITCER 09, 2009. 
[6] S. Zhang, N. J. Marriott, W. E. Lee, 

Thermochemistry and microstructures of 

MgO-C refractories containing various 

antioxidants, J. Eur. Ceram. Soc. 21, pp. 

1037–1047, 2001. 

[7] A. P. Tassot. P, Etinne. F, Wang. J, New 

concepts for steel ladle linings, in: 

UNITCER 07, pp. 462–462, 2007. 
[8] M. Luo, Y. Li, S. Jin, S. Sang, L. Zhao, 

Q. Wang, Y. Li, Microstructure and 

mechanical properties of multi-walled 

carbon nanotubes containing Al2O3-C 

refractories with addition of 

polycarbosilane, Ceram. Int. 39, pp. 

4831–4838, 2013. 
[9] B. Liu, J.L. Sun, G. S. Tang, K. Q. Liu, 

L. Li, Y. F. Liu, Effects of nanometer 

carbon black on performance of low-

carbon MgO-C composites, J. Iron Steel 

Res. Int. 17, pp.75–78, 2010. 
[10] T. Zhu, Y. Li, S. Sang, S. Jin, Y. Li, L. 

Zhao, X. Liang, Effect of nanocarbon 

sources on microstructure and 

mechanical properties of MgO-C 

refractories, Ceram. Int. 40, pp.4333–

4340, 2014. 
[11] T. Zhu, Y. Li, S. Sang, Z. Xie, Formation 

of nanocarbon structures in MgO–C 

refractories matrix: Influence of Al and 

Si additives, Ceram. Int. 42, pp.18833–

18843, 2016. 
[12] T. Zhu, Y. Li, S. Jin, S. Sang, N. Liao, 

Catalytic formation of one-dimensional 

nanocarbon and MgO whiskers in low 

carbon MgO-C refractories, Ceram. Int. 

41, pp. 3541–3548, 2015. 
[13] B. Zhu, G. Wei, L. Xiangcheng, Z. Ma, 

Y. Wei, In- situ catalytic growth of 

MgAl2O4 spinel Whiskers in MgO-C 

refractories, Int. J. Mater. Res. 105, pp. 

593–598, 2014. 
[14] X. Zhaohui, F. Ye, In-situ formation of 

spinel fibers in MgO-C refractory 

matrixes, J. Wuhan Univ. Technol. 

Mater. Sci. Ed. 24, pp. 896–902, 2009. 
[15] A. Yamaguchi, S. Hashimoto, Growth of 

magnesia whiskers, Ceram. Int. 18, pp. 

301–305, 1992. 
[16] A. Y. S. Hoshimoto, Synthesis of 

Mg2SiO4 Whiskers by an Oxidation-

Reduction Reaction, J. Am. Ceram. Soc. 

78 (1995) 1989–1991. 
[17] S. Hoshimoto, A. Yamaguchi, Synthesis 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html


            ...  

 

28    8     3    1398  

 

of MgAl2O4 whiskers by an oxidation-

reduction reaction, J. Am. Ceram. 

Soc.pp. 491–494, 1996. 
[18] H. Rastegar, M. Bavand-vandchali, A. 

Nemati, F. Golestani-Fard, Catalytic 

graphitization behavior of phenolic resins 

by addition of in situ formed nano-Fe 

particles, Phys. E Low-Dimensional Syst. 

Nanostructures. 101, pp. 50–61, 2018. 
[19] C. Baudín, C. Alvarez, R. E. Moore, 

Influence of Chemical Reactions in 

Magnesia – Graphite Refractories: II , 

Effects of Aluminum and Graphite 

Contents in Generic Products, 48, pp. 

3539–3548, 1999. 
[20] C. O, Kubaschewski. Alcock, 

Metallurgical thermo-chemistry, 5th ed., 

Oxford Pergamon Press, 1979.  
[21] S. K. Sadrnezhaad, S. Mahshid, B. 

Hashemi, Z. A. Nemati, Oxidation 

mechanism of C in MgO-C refractory 

bricks, J. Am. Ceram. Soc. 89, pp. 1308–

1316, 2006. 
[22] S. K. Sadrnezhaad, Z. A. Nemati, S. 

Mahshid, S. Hosseini, B. Hashemi, Effect 

of Al Antioxidant on the Rate of 

Oxidation of Carbon in, 515, 2007. 
[23] J. Wei, S. Yuan, X. Ji, L. Yu, J. Tu, 

Influence of Fe2O3 on the Hydration 

Resistance of MgO-Al-C Bricks, 2, pp. 

658–661, 2013. 

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.3

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
01

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.3.2.7
http://ijcse.ir/article-1-717-fa.html
http://www.tcpdf.org

