
 

 

29

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

      

     

     

S-Ahmadi@merc.ac.ir 

:                .      

                   .             

                                   . 

                                      

                             .     

                             

                 .  

  

1-   

            )AAS (           1964-1960      .     

                                    

   .                                    

CO2               ]1 .[                      

                                  

                                  .          

                                       

  ]123[. 

2-       

2-1-   

                  SiO2  Al2O3                      

       .          °C800                     

              .                       

                              )AAS (  

      ]4[ .                           

      .            C
/S    2/0    2     A

/S     1/0     6/0   

   AAS     ]4[ .C S    A              CaO SiO2    Al2O3 

 .  

2-2-    

                                   SiO2    Ca
+2   

         .      pH      10     .             

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             1 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

30

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

                ]4 .[                    

            .       pH                    

                                      .  

                                  

   ]4[.  

                                   

                                        

                  ]4[ .              

%10-2          ]4 .[                         

 .              .  

                          AAS       

   .                                        

                   .             

           .                                   

]5 .[                                       

          .              
+

Na  

         SiO2
-2

/HSiO3
-1    SiO3

-2
/HSiO3

-1      1 : 50    1 : 10      . 

                      Na
+1        

-
OH    

-
HCO3 

 .                         AAS         

                       .              

                                        

  .                            ]5[ .     

                                   .  

                                      

   ]6[.  

2-3-    

                                

       .                            

                   ]7[.  

                                

                                         

   ]7[.                                  

   ]89[ .                %5/0    .          

                      .            

            ]4.[  

2-4-    

   AAS           .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             2 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

31

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

2-5-      

          .    %2           .           

    250    700 m
2
/kg ]4[.                        )W

/b ( 

3/0     ]10.[                           ]12  

11[                             .            AAS    

          pH             .           1 : 3]5 [ 

1 : 2]38[       .                      ]13[. 

             .  

3-           

3-1-    

    (curing)                   AAS         

                   AAS            35    45 %       

           .                           

                       

                 ]310.[  

F.Collins                                             

 °C23      3    14     .                             

            50 %  °C23           

)1 (                   3    14                   2 

  25       .               AAS                 

                     (opc)   .        

     AAS   ]1415.[  

  
 1-         AASC ]15[  

3-2-    

                                7   28        

 ]16[ .             .               

.        70%      AAS      opc   .               

33 % 50 %   AAS3/2  3   opc ]16[.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             3 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

32

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

4-            

4-1-         

              C3S C2S C3A    C4AF            S  C  A    F    

    SiO2 CaO Al2O3    Fe2O3      .                   

        C-S-H             (C3S)   ( -C2S)                 

        .      H    H2O   .        Ca
/Si     

C-S-H    2-5/1          7/1  ]17[ .               

          C-S-H       Ca
/Si          .      

        Al    Mg     (Mg6Al2CO3(OH)16.4H2O)             

 ((C, M)4AH13)    ]17[.              

C-S-H           ]17[.  

4-2-            

      
-

OH                       )13pH> (  

Ca-O,Si-O,Al-O        .          

Ca
+2

,[H2SiO4]
-2

,[H3SiO4]
-
 [H4AlO4]

-  .                

  AAS        .                             

            .              .         

                                   

 .                                    

             .              AAS       

                              NaOH      

  .     Al   Ca
/Si  ]18[.  

4-3-             

                                    

     .    r<10 nm   AAS            

  .                               .  

                   

               .          AAS          

        ]4.[                           

AAS                                     .   

                     AAS                 .  

  AAS              .C-S-H            Ca
/Si          

                      ]10[. Bakharev      

      AAS    OPC        6      °C70              1    12   

                ]5[           2    3      . 

           AAS     OPC .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             4 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

33

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

(b)(a)  
 2-        C 70   6   

          .(a AAS  OPC (b ]5[  

(a) (b) 
 3-       C 70   6   

        12  .AAS (a   OPC (b ]5[  

4-4-        

4-4-1-        

                         .         

                                    

           .                   

  ]19[.  

                C.Shi      3          )1 (   

    pH=3    5  pH=3  ]21[.  

 1-           ]21 [  

   
   

pc ASC LFA 

  100  -  -  

    -  5/72  -  

   -  5/7  -  

   -  -  80  

    -  -  20  

  40  40  40  

        LFA                            ASC    PC    

                             

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             5 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

34

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

                ]21.[  

    pc                     50-60          C-S-H       
C

/S=1/5-1/8  20    25 %(Ca(OH)2   15    20 %     .        ASC 

  C-S-H     C
/S       . Ca(OH)2    pH    12              

pH=11    .  pH C-S-H Ca
+2    .        

                                   

       ]21[.  

    Ca(OH)2             Ca    C-S-H           C
/S       pc 

                .                      

LFA              .        5=pH                  

3=pH ]21[.  

                         5=pH    pc  mm9     ASC    LFA 

  mm6      .                            . 

          pH        3                    60 

  mm15      pc    mm5               .           

           Ca                         Si       

SiO2.nH2O                ]21[ .    2      pH3    5    

Ca                Si  Al   .     Ca
/Si   Ca

/Al           

                     .         2     Ca  Si    Al   

       pH=3      ]21[.  

             pH                      .  

pH    5    3    Ca    Si    Al                  .    Ca
/Si      

    .     Ca   Si   pH   ]21[.  

      Al2O3-H2O  Al      pH                          

      pH=3      pH=5        Al               Ca
/Al    

        ]21[ .                            

                                   

]19[.  

 2-         ]21 [  

(mg/l)   

 pH3 

(mg/l)   

 pH=5 

(mg/l)   

 pH3 
  %  

Al Si Ca Al Si Ca Al Si Ca AlO3  SiO2 CaO

  

5/67  3/46  7570  28/0  4/17  125  25/0  75/4  124  2/4  6/21  8/62  Pc 

114  4/87  1160  26/0  7/15  4/41  87/3  8/23  8/60  2/9  2/36  1/32  ASC 

200  101  4480  11/0  9/12  4/52  63/3  6/16  4/44  3/20  5/37  7/17  LFA 

Ca
/Al  

Ca
/Si  

Ca
/Al  

Ca
/Si 

Ca
/Al  

Ca
/Si  

Ca
/Al  

Ca
/Si    

212  3/57  857  52/2  913  14/9  3/76  39/2  Pc 

3/19  65/4  299  92/0  7/29  9/0  8/17  73/0  ASC 

2/42  5/15  870  42/1  1/23  94/0  4/4  39/0  LFA 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

35

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

4-4-2-       

                                    

           .                              

       .                          

                               .  

                             )         

    (              .         pH         

                 ]20[.             

  2        .                        

                                         

            .              )HAC (         

  )AAS (       ]20[.  

   AAS                                    

   :                                 

         OH
-               .             Cl

-    OH
- 

          .             Cl
-    OH

-           

                     .                      

     .                 .           AAS    

     ]20[. 

4-4-3-      

      )  CO2       (C-S-H                    C-S-H    

        Si        Al        .                     

                   .            HCO3
-    CO2   

     .                             ) 

    (        pH      ]21[. 

    AAS      CO2          C-S-H                 C-S-H    

            .         Ca                     

  CaCO3       .                  .  HCO3
- 

  CO2
-                         .     AAS        opc   

     ]21[.  

4-4-4-       

                     : 1-         . 2-    

 .3-      .4-       .  

4-4-4-1-      

                                .     

                                          

                     ]3[ .             

      ]3[.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

36

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

4-4-4-2-       

                NaOH   Na2SiO3.nH2O+NaOH             

    .      NaCO3      ]3[.  

                .                    )     3   (

                                  .

                                      .

                                    . 

                                      

                ]3[.  

4-4-4-3-        

                   AAS      ]3[ .          

            )             (         

    ]13[ .                          

  .  

4-4-4-4-        

             )pc (  )AC(     ) SC (          

              )3 (      10 %) pc (        

    .     20 %               30% )pc( 

                  .       AC    SC    10   

30 %                                  .

   pc   10 %   ]23[.  

 3-        AAS ]23 [ 

  (Mpa)  

  

28   3   1   

Na2SiO3(%)SC(%)AC(%) PC(%)(%) 
 

  

  96,31  75,06  53,38  10  0  0  10  80  1T 

  83,06  63,56  48,88  10  0  0  20  70  2T 

   46,75  24,75  21,00  10  0  0  30  60  3T  

  82,37  50,38  27,00  0  0  0  100  0  4T 

  94,88  81,69  44,63  10  0  0  0  90  5T 

  73,25  49,75  26,87  10  0  10  0  80  6T 

  73,06  47,63  27,19  10  0  20  0  70  7T 

  66,25  42,36  25,75  10  0  30  0  60  8T  

  60,94  42,94  33,06  0  0  100  0  0  9T 

  75,56  50,19  23,38  10  10  0  0  80  10T  

   12,38  0,39  0,28  10  20  0  0  70  11T

   4,81  0,10  0,15  10  30  0  0  60  12T

  95,56  71,25  42,25  0  100  0  0  0  13T

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

37

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

4-4-5-       

                                  .     

                opc  .T.Bakharev               

AAS                     ]21[ .     

              .                        

  )    SiO2    Na2O (                          

MS=1     ]21[.               6/1    1/2           

 opc ]14.[  

              .  AAS        6 %        

             opc   .      6 %      AFt    AFm          

                                   ]13.[   

                  :1-         2-         

  ]1324.[  

                               opc         

AAS        .          .                  

   AAS         ]19[.  

                                            .

                           .Shi           

     OPC      5  1200nm  .         

                nm10            nm200]21[ .   4      

IUPAC      AAS  OPC    .  

 4-       IUPAC   AAS ]OPC25[  

 )nm 25-25/1(   (%) )nm 500-25(  (%) 

 AASP OPCP AASP OPCP 

3 74 36,4 16,6 56,7 

7 76 35,2 14,9 59,6 

28 82 32,7 10,4 62,2 

56 81,3 24,7 12,5 69 

 4      AAS  OPC    3  7  28  56  

 ]25[.  

              AAS  74    82 %       OPC  7/24    4/36 %    .

                   AAS                AAS      

 ]25[ .  

                                     

       .                       .  

rs                  meniscus          .  meniscus    

           .           rs                         

    .            rs       .            rs 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

38

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

    meniscus         ]25[.  

    AAS          OPC        .             

      meniscus       OPC ]25[.  

  
 4-      AAS  OPC ]25 [  

5-       

                                    

                                      

    .  

                    AAS               Cr
+6 Pb

+2 

Cd
+2  Zn

+2      :      SiO2  Al2O3  .        

                              SiO4  

AlO4      .                         SiO4  

AlO4               –SiO4-AlO4-SiO4-Sio4-    SiO
4
-AlO4-SiO4-    

–SiO4-AlO4-                    Al
+3   Si

+4      

        ]27[.  

                                  

   .                                     

       AAS        ]28[.          pH           

            .       pH>12              

     ]28[ .     AAS      pH                          

7/13-12   .                C-S-H             

         AAS    ]27[ .        AAS              

                              Al
/Si      Ca

/Si   

]27[ .                                    .

)          Cr
+6    Cr

+3 .(                      

 ]28[.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html


 

 

39

 
 

 
 /

 
19

 
 

2
0

 
 

 
 

8
8

 

  

1. Della M. Roy, Weimin Jiang "Chloride diffusion in ordinary, blended,and alkali activated cement 
pastes and its relation to other properties" Cement & Concrete Research 30 (2000) 1879-1884. 

2. Ellis Gartner "Industrially interesting approches to low CO2 cements Cement & Concrete 
Research 34(2004)1489-1498. 

3. A. Fernandez-Jimenez, J. G. Palomo ,F. Puertas "Alkali activated slag mortars Mechanical 
strengh behaviour" Cement & Concrete Research29 (1999) 1313-1321. 

4. "Special inorganic cements" Ivan Older 1930. 
5. T. Bakharev, J. G. Sanjayan, Y. Cheng "Effect of elevated temperature curing on properties 

of alkali activated slag concrete" Cement & Concrete Research 29(1999)1619-1625. 
6. M. Palacios, F. Puertas "Effect of superplasticizer and shirinkage reducing admixture on alkali 

activated slag pastes and mortars" Cement & Concrete Research 35(2005)1358-1367. 
7. A. R. Brough, M. Holloway, J. Sykes, A. Atkinson "Sodium silicate-based alkali activated 

slag mortars.Part II The retarding effect of additions of sodium chloride or malic acid" 
Cement & Concrete Research 30(2000)1375-1379. 

8. Frank Collins, J. G. Sanjayan "Effects of ultra fine materials on workability and strengh of 
concrete contaning alkali activated slag as the binder" Cement & Concrete Research 29 
(1999) 459-462. 

9. Frank Collins, J. G. Sanjayan "Cracking tendency of alkali activated slag concrete sujected 
to restrined shirinkage" Cement & Concrete Research 309(2000)791-798. 

10. Frank Collins, J. G. Sanjayan "Strengh and shirinkage properties of alkali activated slag 
concrete containing porous coarse aggregate" Cement & Concrete Research 29 (1999) 
607-610. 

11. T. Bakharev, J. G. Sanjayan, Y. Cheng "Resistance of alkali activated slag concrete to 
carbonation" Cement & Concrete Research 31 (2001) 1277-1283. 

12. Vladmir Zivica "Effect of type and dosage of alkaline activator and temprature on the 
properties of alkali activated slag mixtures" Construction & Building Materials 
2006.www.elsevier.com. 

13. T. Bakharev, J. G. Sanjayan, Y. Cheng "Effect of admixtures on properties of alkali 
activated slag concrete" Cement & Concrete Research 30 (2000) 1367-1374. 

14. Frank Collins, J. G. Sanjayan "Workability and mechanical properties of alkali activated 
slag concrete" Cement & Concrete Research 29 (1999) 455-458. 

15. J. I. Escalante Garcia, A.V.Gorokhovsky "Effect of geothermal waste on strengh and 
microstructure of alkali activated slag cement mortars." Cement & Concrete Research 33 
(2003) 1567-1574. 

16. Li. Yongde, Sun Yao "Preliminary study on combined alkali activated slag paste materials". 
Cement & Concrete Research 30 (2000) 963-966. 

17. Frank Collins, J. G. Sanjayan "Strengh and shirinkage properties of alkali activated slag 
concrete placed in to large column" Cement & Concrete Research 29 (1999) 659-666. 

18. I. Lecomte. C. Henrist, M. Liegeois "Micro structural comparison between geopolymers, 
alkali activated slag cement and Portland cement" Journal of the European Ceramic 
Society 26 (2006) 3789-3797. 

19. J. Schneider M. A. Cincitto, H. Panepucci "29Si and 27Al high resolution NMR 
characterization of calcium silicate hydrate phases in activated blast furnance slag pastes" 
Cement & Concrete Research 31 (2001) 993- 1001. 

20. F. Puertas, A. Fernandez-Jimene "Pore solution in alkali activated slag cement 
pastes.Relation to the compositionand structure of calsium silicate hydrate" Cement & 
Concrete Research 34 (2004) 139-148. 

21. Caijun Shi, J. A. Stegemann "Acid corrosion resistance of different cementing materials" 
Cement & Concrete Research 30 (2000) 803-808. 

22. Wieslaw Kurdowski "The protective layer and decalcification of C-S-H in the mechanism of 
chloride corrosion of cement paste" Cement & Concrete Research 34 (2004) 01555-1559. 

23. Wang Fu-sheng, Sun Rui-lian "Study on modification of high strengh slag cement material" 
Cement & Concrete Research 35 (2005) 1344-1348. 

24. T. Bakharev, J. G. Sanjayan, Y. Cheng "Alkali activation of Australian slag cements 
"Cement & Concrete Research 29 (1999) 113-120. 

25. Frank Collins, J. G. Sanjayan "Effect of pore size distribution on drying shirinkage of alkali 
activated slag concrete" Cement & Concrete Research 30 (2000) 01401-1406. 

26. A. R. Brough, A. Atkinson "Automated identification of the aggregate- paste interfacial 
transition zone in mortars of silica sand with Portland or alkali activated slag cement paste" 
Cement & Concrete Research 30 (2000) 849-854. 

27. Z. Yunsheng, Sun Wei, Chen Lin "Synthesis and heavy metal immobilization behaviors of 
slag based geopolymer" Cement & Concrete Research 2006. 

28. Jan Deja "Immobilization of Cr+6, Cd+2, Zn+2 and Pb+2 in alkaliactivated slag binders" 
Cement & Concrete Research 329 (2002) 1971-1979. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
88

.5
.3

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1388.5.3.1.2
http://jicers.ir/article-1-356-en.html
http://www.tcpdf.org

