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Purpose

How Polish ashes, obtained from three 
different burning methods, act during alkali 
activation process ?

What is optimal type and amount of activator 
to obtain best pastes properties such as:

mechanical strength and setting time ?



Materials Composition

Chemical composition of materials used (%)

 A B C 

Specific surface   
Blain'e  [ m 2/ kg]  

270  317  935  

LOI  

1080 oC / 1h  
1.9 5.61  6.53  

SiO2 52 .15  49 .46  40 .55  
Fe2O3 6.28  6.47  10 .55  

Al2O3 25 .22  23 .86  20 .30  

TiO2 1.14  1.14  0.92  
CaO 4.20  4.85  10.75  

MgO 2.53  2.52  1.98  
SO3 0.34  0.53  5.05  

Ǵ 93 .76  94 .44  96 .14  

 



Materials - XRD
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XRD pattern of ashes used . Q - Quartz, M - Mulite,
H - Hematite, A - Anhidrite, C - Calcite, Mu - Muscovite .



Materials - SEM

   
A B C 
 

Differences in microstructure among used materials.

A - ashes from hard coal combustion pulverized - fuel boiler, 

B - ash from co -combustion, C - fluidized bed furnace.



Materials - activators

Sodium water glass: 

SiO2 + Na 2O = 43.6% d = 1.52 g/dm 3

Molar module = 2.03

Potassium water glass: 

SiO2 = 26.6%, K 2O = 12.7% 

SiO2 + K 2O = 39.3% 

Molar module 3.28, d = 1.39 g/dm 3

NaOH solution (10M) 



Materials

Compositions of binders, water/binder ratio, setting time, and
compressive strength after 28 days of hardening . A, B, C
denote type of ash used . S, P, N denote type of activator used
(S - Sodium water glass, P - Potassium water glass, N -
NaOH solution) .

 

Ash  w/b  
Activator 

type  

Denotation 

of sample  

Activator 

[%]  

Initial 
setting 

time [h]  

Final 
setting 

time [h]  

Compressive 
strength 

[MPa]  

1  20  26  53  11.7  

2  10  12  27  10.4  
3  5 2 7 1.2  

S 

4  1 7 19  0.5  

5  20  23  46.5  2.2  

6  10  7 16  2.0  

7  5 2 3 3.4  
P 

8  1 8 46  1.3  

9  20  >168  >168  0.6  

10  10  >168  >168  0.7  
11  5 >168  >168  0.3  

A 0.3  

N 

12  1 >168  >168  0.4  



Materials

Compositions of binders, water/binder ratio, setting time, and
compressive strength after 28 days of hardening . A, B, C
denote type of ash used . S, P, N denote type of activator used
(S - Sodium water glass, P - Potassium water glass, N -
NaOH solution) .

 

Ash  w/b  
Activator 

type  

Denotation 

of sample  

Activator 

[%]  

Initial 
setting 

time [h]  

Final 
setting 

time [h]  

Compressive 
strength 

[MPa]  

13  20  8.5  17  6.1  

14  10  3 5.5  2.0  
15  5 9 17  0.4  

S 

16  1 8 13  0.6  

17  20  8 17  1.5  

18  10  3 5 1.5  

19  5 3.5  5 0.7  
P 

20  1 44  70  0.4  

21  20  >168  >168  0.3  

22  10  >168  >168  0.3  
23  5 35  70  0.3  

B 0.4  

N 

24  1 >168  >168  0.2  



Materials

Compositions of binders, water/binder ratio, setting time, and
compressive strength after 28 days of hardening . A, B, C
denote type of ash used . S, P, N denote type of activator used
(S - Sodium water glass, P - Potassium water glass, N -
NaOH solution) .

 

Ash  w/b  
Activator 

type  

Denotation 

of sample  

Activator 

[%]  

Initial 
setting 

time [h]  

Final 
setting 

time [h]  

Compressive 
strength 

[MPa]  

25  20  3 5 1.0  

26  10  6 57  0.4  
27  5 14  8 0.5  

S 

28  1 >168  >168  0.4  

29  20  3 5.5  0.9  

30  10  3.5  5.5  0.8  

31  5 6 10. 5 0.3  
P 

32  1 >168  >168  0.5  

33  20  >168  >168  1.0  

34  10  >168  >168  0.3  
35  5 14  17.5  1.7  

C 0.8  

N 

36  1 14  43  0.4  



Results - mechanical strength

Results of mechanical testing. Samples after 28 
days of hardening S - Sodium water glass, P - Potassium water 

glass, N - NaOH solution).
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Results - XRD

XRD pattern of samples hardened for 28 days. Mu - Muscovite, Q - Quartz,

C - Calcite, H - Hematite, M - Mulite.
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Results - SEM

  
Sample No. 1. Ash A + sodium 

water glass. There are visible 
cracks.  

Sample No. 5. Ash A + potassium 

water glass. There are no visible 
cracks.  

 



Results - SEM

  
Sample No. 9. Ash A + NaOH 

solution. There are no visible 
cracks.  

Sample No. 13. Ash B + Sodium 

water glass. There are visible 
crecks.  

 


