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ABSTRACT 
 
Dry and ponded ash samples from the Shentou power station located in Shuozhou, 
China, were characterized chemically and physically, and the chemical composition is 
approximately: 4% CaO, 47% SiO2, 37% Al2O3, 5% Fe2O3 and 2% SO3 (by weight). 
Consequently, this coal ash is a class F fly ash with low amounts of calcium oxide 
(below 10 wt. %), but with an exceptionally high content of alumina. However, due to its 
coarse and irregular particles, this ash would not perform well as a pozzolanic material, 
but would be an excellent raw material for the production of alite/calcium sulfoaluminate 
(CSA) clinkers. Portland/CSA hybrid clinkers have been successfully produced from this 
ponded ash when mixed with hydrated lime, gypsum, fluorite and bauxite. The raw 
mixture was fired at 1250-1275 °C for 60 or 120 minutes and consisted of alite (C3S), 
belite (C2S), ferrite or brownmillerite (C4AF), calcium sulfoaluminate or ye’elimite 
(C4A3Ś), and smaller amounts of anhydrite (CŚ), tricalcium aluminate (C3A), periclase 
(MgO) and free lime (CaO). 
 
1. Introduction 
 
The Environmental and Coal Technologies group, located at the Center for Applied 
Energy Research at the University of Kentucky, has characterized the ponded and dry 
Shentou ash, originating from the 4 x 500-MW Shentou Second Power Plant located in 
Shuozhou City in the Shanxi Province, China1, for potential reuses depending on its 
chemical composition, particle shape, particle size distribution and other parameters. 
 
2. Characterization of Shentou ash 
 
The average chemical composition of Shentou ash is: 47.26% SiO2, 37.10% Al2O3, 
4.76% Fe2O3, 4.26% CaO, 1.13% TiO2 and 2.08% SO3. Due to the low calcium oxide 
content (below 10% by weight), and the total content of (SiO2+Al2O3+Fe2O3) being 
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above 70% by weight, this fly ash is class F.2 When compared with the chemistry of an 
American class F fly ash, the Kingston ash from Roane County in Tennessee (USA), 
Shentou coal ash contained more Al2O3 and less Fe2O3. Regarding trace elements 
concentrations, Shentou ash contained 100 times less arsenic, 3 times more 
molybdenum, 10 times more rubidium and 3 times more zirconium compared to 
Kingston ash. 
 
Based on powder X-ray diffraction (XRD) analyses, ponded Shentou ash contained 
amorphous materials, quartz, mullite, and gypsum. Dry Shentou ash had similar 
mineralogical composition but did not contain any gypsum. Ponded Shentou ash was 
not easily classified and most of the ash particles (82 wt%) were between 75 and 300 
microns (µm), which may be due to the agglomeration of particles via solution and 
precipitation of gypsum in the pond. Dry Shentou ash particles were mostly under 150 
µm (89%), but the ash was still considerably coarse. Particles from both the ponded and 
dry Shentou ash are angular, whereas American Kingston ash particles usually have a 
more spherical morphology. Nevertheless, the Shentou ash has a consistent chemical 
composition that can produce a high quality alite/calcium sulfoaluminate (CSA) clinker.  
 
3. Production of alite-CSA clinkers with Shentou ash as raw material 
 
Alite-calcium sulfoaluminate (A/CSA) cement is a hybrid of Portland and CSA cements, 
composed mainly of alite (C3S) and calcium sulfoaluminate (C4A3Ś, ye’elimite). Both 
clinker phases have recognized advantages in their respective cement composition, as 
they are mainly responsible for strength development; alite provides most of the 
strength in Ordinary Portland cement (OPC), while CSA affects principally the early 
strength in CSA cement. Details regarding the production of this kind of cement, and the 
parameters LAD, RSA, RSF, SEC and QLP (Appendix 1) can be found elsewhere.3 
 
Production of alite/CSA hybrid cement requires raw materials rich in silica, calcium, 
alumina and sulfate, and thus hydrated lime, flue gas desulfurization (FGD) gypsum, 
bauxite and Shentou ash were utilized as raw materials, as shown in Table 1. Fluorite, a 
reagent chemical, was added as a flux and mineralizer. The theoretical clinker 
composition resulting from this formulation is: 61.3 wt% C3S, 6.1 wt% C4AF, 30.2 wt% 
C4A3Ś and 0.5 wt% anhydrite (CŚ), and the parameters LAD, RSA, RSF, SEC and QLP 
are equal to 1.01, 1.66, 4.92, 0.38 and 0.12, respectively. 
 
 
Table 1: Composition #1 of alite-calcium sulfoaluminate (A/CSA) clinkers as determined by X-ray fluorescence 

% by wt. CaO SiO2 Al2O3 Fe2O3 SO3 LOI MgO K2O Na2O P2O5 TiO2 Sum 
Hydrated Lime 65.5 65.27 1.96 1.56 0.42 0.07 29.83 2.11 0.07 0.11 0.01 0.07 101.48
FGD Gypsum 6.3 32.31 1.03 0.22 0.08 45.86 20.78 0.17 0.03 0.02 0.01 0.08 100.59
Fluorite 0.7 Considered pure CaF2 (reagent chemical) 100.00
Shentou ash (A3) 22.5 3.94 47.18 39.11 4.33 1.61 0.00 0.62 0.49 0.05 0.14 1.18 98.65 
Bauxite 5 0.16 6.64 58.54 6.28 0.24 27.60 0.20 0.01 0.01 0.22 2.18 102.07
Ideal clinker 100 45.68 12.30 12.77 1.57 3.31 22.23 1.54 0.16 0.09 0.05 0.43 100.81

 



Composition #1 (Table 1) was pelletized and fired under different temperature regimes. 
The samples were fired at 5 °C/min with a dwell time of 30 minutes at 800 °C, and then 
from 800 °C to 1250 or 1275 °C at 2.5 °C/min with a dwell time of 60 or 120 minutes. 
XRD data of resulting clinkers are presented in Figure 1. 

 
Figure 1: X-ray diffractograms of composition #1 (Table 1) fired under different firing regimes. 

 
Samples A and C from Figure 1 were fired for 60 minutes at 1250°C and 1275°C, 
respectively. Both contained noticeable amounts of uncombined free lime as CaO, 
which is an undesirable component as its presence in cements results by expanding it 
after setting. Some tricalcium aluminate (C3A), produced from the decomposition of 
calcium sulfoaluminate (C4A3Ś), was present in samples B and C due to the long dwell 
time for sample B, and the high firing temperature of 1275 °C for sample C. 
 
Subsequently, composition #1 was modified to contain excesses of gypsum 
(composition #2, 7 wt.% of CŚ) and fluoride (composition #3, QLP = 0.17), as shown in 
Table 2. Samples from compositions #2 and #3 were fired to 1250 °C for 60 minutes, 
and XRD data of the resulting clinkers are presented in Figure 2. Both compositions 
contain high amounts of uncombined free lime. 
 
For further analysis, the composition #3 clinker was reground and refired at 1250 °C for 
60 minutes, and an XRD analysis is shown in Figure 2. This sample shows more 
defined C3S and C4A3Ś peaks and no evidence of free lime. 
 



 

Table 2: Chemical/mineral content and parametric values for compositions #1, #2 and #3, with their theoretical clinker 
compositions 

Composition #1 Composition #2 Composition #3 

% by wt.     % by wt. % by wt.  

HL 65.5 LAD 1.01 C3S 62 HL 61.52 LAD 1.00 C3S 57 HL 65.30 LAD 1.00 C3S 61 
Gyp 6.3 RSA 1.66 C2S - Gyp 12.0 RSA 1.66 C2S - Gyp 6.28 RSA 1.66 C2S - 
F 0.7 RSF 4.92 C4A3Ś 30 F 0.66 RSF 4.90 C4A3Ś 28 F 1.0 RSF 4.92 C4A3Ś 30 
Sa 22.5 SEC 0.38 C4AF 6 Sa 21.13 SEC 1.34 C4AF 6 Sa 22.43 SEC 0.07 C4AF 6 
B 5.0 QLP 0.12 CŚ 0.5 B 4.70 QLP 0.11 CŚ 7 B 4.98 QLP 0.17 CŚ 0.5 

HL = Hydrated Lime, Gyp = FGD Gypsum, F = Fluorite, Sa = Shentou ash, B = Bauxite 

 
 

 
 
Figure 2: X-ray diffractograms of compositions #2 and #3 fired at 1250 °C for 60 minutes 

   
Conclusions 
 
Shentou coal ash, a class F fly ash from Shanxi Province, China, has been physically 
and chemically characterized. Based on the high concentrations of alumina and silica in 
the ash and the phases identified by XRD, the clinker may be utilized as raw material for 
the production of alite/CSA clinkers. Additional Rietveld analyses will be performed to 
quantify the clinker compositions. 
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