
    

  

  

 9  4  1399  

1  

  

     -    - 

             

  :   

 1   1*  2   1  

1            
2          

* kh.aminian@yazd.ac.ir 

:      :  

 :26  1398           –     –      

                  

   .             1  4 

 5                  

    .         X     

      (SEM)        

     .      X        

        .      –   

  –     40  34     . SEM  

       –     –     

290  143   .      SEM    

   .      –     –  

        131  106  .  

 :10  1399    

    

:      

    

     

  

  

1 -   

       

         

  ]5-1[ .    

     .  

          

          

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


    -   -   ...  

 

 2   9    4    1399  

 

 ]1 2 6 .[      

      )3O2Cr(  

 )4O2CoCr (  –   

)3O2Al - 3O2Cr(   2)7O2(P2BaCr  

]1 2[ .        

        ]7[ .

        

 .          

          

       ]8 9[ . 

          

     .   

    .      

          

  .         

      .   

          

         C° 1200 

        . 

        

          

         

   .    

         

          

      .   

        

 ]10 11.[      

          .

            .

        

C° 600-500         

          .

       .    

         .   

          

         

     ]12 13[ .  

        

 )(    -  

      ]1 2 16-14 .[

          

        . 

          

  .        

 .         

         

           

  ]17 18[ .     

    .     

           

  .         

100          

    ]17 18[.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


     

 

 9    4    1399 3 

 

         

         

      .    

         

            .

           

    .  

2-    

2-1 -   

        )2SiO( 

 -  )2TiO(   98%  

       

)O2.9H3)3Cr(NO(   99%    

        .   

RMS 102  .        

2-2-    

   -     -  

  .        

    -       

            

  .        

   C° 110   .      

       .      

      10     

 C° 900         

C° 900  )     S  .(

  -         

      T    .  

     RMS 102    

1  4  5        

  .        

        45    

    C° 1130  .    

    X X'PertPro (40 kV, 30 mA)  

 CuK  ( = 1.5406A)    

      .   

(SEM)  VEGA3 TESCAN    

    .      

            

    (CIE L*a*b*)   

  Xrite sp-64   .    

3-     

1       

         

 -    -    

  .   1 ) (    

        . 

           

50  600   .     

 1 ) (   .1 ) (  

  -  ) S (   .

          

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


    -   -   ...  

 

 4   9    4    1399  

 

    .      

 S   1 )(       

      300   . 

       290  

 .       

           

  .1 ) (     

  .      

    203      

   .      

    1 )(      

200    .     

  -   ) T ( 

 1 ) (    .   

       .  

 143   .     

      200-100   

 )1   .(( )T     

        

  .         

      C° 900   

    S  T     

       .  

2      S  T   

   C° 900    .  

     S      

   )3O2(Cr   )2(SiO   .

          .

     P3221    .

        R-3C 

 .         

 .         -

       . 2 ) ( 

    T    .  

      ) (  

  .       

     P42/mnm  . 

          

   .        

    C° 700       

        ]15 16 .[ 

           

         

pH          

  ]16 .[        

  C° 900         

     .    T  

 S        .

         

         

     .     

    -  ) 1 (  .  

1(                 
cos

K
t = 

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


     

 

 9    4    1399 5 

 

  
 1 -  SEM) : (  ) ( S ) (   )(  T    

) :   (  ) ( S ) (   )(  T  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


    -   -   ...  

 

 6   9    4    1399  

 

  

      X      

   K       

   94/0        

     t    . 

   S  T   40  34 

    .      

         SEM 

        

 .  

  

  

 2 -         

 ( ) S ) ( T  

     S   T   

      .  3  

          . 

   450-550     

          

   .   T     

          

       .  

  

 3 -      T,S.  

 1       

  .L*      b* 

    a*       

         

        36/14 - a*=  

 S  26/10 -a*=    T    

S    T   .   b*  L*  

 T    S       

        T    

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


     

 

 9    4    1399 7 

 

    .     -  

    -       

           

  .         

          . 

             

         

          

         

       ]9.[  

 1-        

S  T.  

 L* a* b* 

S 31/42 36/14 - 94/17 

T 34/58 28/10 - 19/26 

3-1 -        

 ( )     T, S  

      (DLS)  

   4   .    S   

  .         

    S 271    .  

    .      

        S   

       .T  

         .

 T 472       .  

           

          

      .   

          

     DLS     .  

          

     C° 1130     

 45       . 5 

   )  (  

)  (        S   

 

  

 

  
 4 -   :      

 ( ) S ) ( T  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


    -   -   ...  

 

 8   9    4    1399  

 

 ) (        T   

 .         

   ) 5 ) .((    5 

) ( ) (        

         .    

          

          

 .        

         S  T 

       . 5 )  (  

   S  T       

       .    

S  T   131  106   .   

         

           

         

 .          

 S        .

           

.            

  

  

m2  

m2  

m2  

  
 5 -  SEM   ) (  ) (     S     ) (   

 T           ( ) S ) ( T       

.      

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


     

 

 9    4    1399 9 

 

  

 6          

      .    

S   550-450        

  .    S    T  

       S   

 T  .   T     

       650-500  

     .       

 550-500        

      600-550  

    .        

-    .       

        -    

          

      ]19[  .  

  7    ( ) S   ( ) 

T             

         .

     S     

            

   .  T       

       -     

 .  

 2       

 S  T     .     

    S 64/12-a*=     

T72/6- a*=     S     

    T     .  

 T     .  1  2   

          

       

 .     

  
 6 -       

  T, S.  

  
 7 - )   ( S ) ( T  

      ( )S   

  ( )T.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


    -   -   ...  

 

 10   9    4    1399  

 

 2-      

  T,S.   

  L* a* b* 

S 12/54 64 /12- 59/18 

T 13/62 72/6 - 16/25 

4-   

       -    

 -        

 .          

         .    

  XRD          

     .      

          

          

      .   - 

 290       -   

143    .   S  T   

40  34  .       

          

          

          

          

         

   ) ( .    

         

     .        

    .       

  

          

       .

          

       .  

  

[1] Babaei Darani, M. Khajeh Aminian, H. 

Zare, “Synthesis and characterization of 

two green nanopigments based on 

chromium oxide”, Prog. Color Colorants 

Coat, Vol. 10, pp.141-148, 2017. 

]2[   .    .    .

  ."     

  3O2Cr 4O2CoCr  

3O2Al-3O2Cr   "  

   .    12 )1397 (

281-270.  

[3] S. T. Liang, H. L. Zhang, M. T. Luo, K. 

J. Luo, P. Li, H. B. Xu, Y. Zhang, 

”Colour performance investigation of a 

Cr2O3 green pigment prepared via the 

thermal decomposition of CrOOH”, 

Ceram. Int, Vol. 40, pp.4367-4373, 2014. 

[4] H. L. Zhang, S. T. Liang, M. T. Luo, M. 

G. Ma, P. P. Fan, H. B. Xu, P. Li, Y. 

Zhang,” Preparation and color 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


     

 

 9    4    1399 11 

 

performance control of Cr2O3 green 

pigment through thermal decomposition 

of chromium hydroxide precursor”, 

Mater. Lett., Vol. 117, pp. 244-247, 

2014. 

[5] S. Sangeetha, R. Basha, K. J. Sreeram, S. 

N. Sangilimuthu, B. U. Nair, ”Functional 

pigments from chromium (III) oxide 

nanoparticles”, Dyes Pigm., Vol. 94, pp. 

548-552, 2012. 

]6[    .    .    .

"      

       

"       

.   

[7] A. K. Shanker, B. Venkateswarlu, 

”Chromium: environmental pollution, 

health effects and mode of action. Earth 

Systems Environ”, Sci, pp.650–659, 2011. 

[8] S. Ishida, et al, “Spectroscopic study of 

the chemical state and coloration of 

chromium in rutile”, Journal of the 

American Ceramic Society, Vol. 73, 11, 

pp. 3351-3355, 1990. 

]9[   .   .   . .   .

     

        

       

)1391(2 9-21.  

[10] C. Suryanarayana, ”Mechanical alloying 

and milling”, Progress in Materials 

Science, Vol. 46,pp.1– 184, 2011. 

]11[       

  1368      . 

[12] F. T. G. Vieira, et al, “The influence of 

temperature on the color of TiO2: Cr 

pigments”, Materials Research Bulletin, 

Vol. 44, 5, pp.1086-1092, 2009. 

]13[    .   .     ." 

     (  )  

 /  "      

      1395.  

]14[    .  .1388 

   . 

[15] D. Jasaitis, A. Beganskien , J. 

Senvaitien , A. Kareiva, R. 

Ramanauskas, R. Jušk nas, A. Selskis, 

"Sol-gel synthesis and characterization of 

cobalt chromium spinel CoCr2O4”, 

Chemija, Vol. 22, pp.125-130, 2011. 

[16] H.-S. Lee, B.-H. Lee, ”Synthesis of 

Sphene (CaSnSiO5)-Pink Pigments with 

CrCl3”, J. Korean Ceram, Vol. 46, 

pp.405– 412, 2011. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html


    -   -   ...  

 

 12   9    4    1399  

 

[17] C. Zanelli, G. L. Güngör, A. Kara, M. 

Blosi, D. Gardini, G. Guarini, M. Dondi, 

”Micronizing ceramic pigments for inkjet 

printing: Part II. Effect on phase 

composition and color”, Ceram. Int., Vol. 

41, pp.6507–6517, 2015. 

[18] G. L. Güngör,et al,”Micronizing ceramic 

pigments for inkjet printing: Part I. 

Grindability and particle size 

distribution”,Ceram. Int., Vol. 41, 

pp.6498–6506, 2015. 

[19] Q. Wu, F. Huang, M. Zhao, J. Xu, J. 

Zhou, Y. Wang,”Ultra-small yellow 

defective TiO2 nanoparticles for co-

catalyst free photocatalytic hydrogen 

production”, Nano Energy, Vol. 24, pp. 

63-71, 2016 

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.4

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
24

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.4.1.5
https://ijcse.ir/article-1-817-fa.html
http://www.tcpdf.org

