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Abstract: Depending on the desulfurization reaction temperature, it can be divided into fly ash generated at high-

temperature furnace zone and at low-temperature flue gas zone. For simulating those two kinds of desulfurization ash, the 

ordinary fly ash mixed with different weight percentage of CaSO4·2H2O is divided into 2 groups, the first group is fol-

lowed by calcining at 900°C, another drying at 100°C. And then by the experiment of workability, strength and steel rebar 

protection, the effect of morphology and amount of gypsum on material properties and the pretreatment method are studied. 

The results show that: compared with ordinary fly ash, those two kinds of desulfurization ash can improve workability, but 

the improving ability of desulfurization ash at high-temperature furnace zone weaker than another’s, in addition, amount of 

gypsum in desulfurization ash on fluidity has a threshold; Secondly, the structure forming of the sample with 10% gypsum 

drying at 100°C are faster than that of control sample, however the structure forming is slower than the control sample 

when gypsum drying at 100°C increase to 20%. As for gypsum calcining at 900°C, the structure forming of sample with 

20 mass% gypsum are fastest, with 10 mass% gypsum follows closely next, the control sample falls behind. Thirdly, 

desulfurization ash can decrease strength, and the early strength of desulfurization ash at high-temperature furnace zone 

higher than another’s, but the development trend of later strength is in the opposite direction. Lastly, those two kinds of 

desulfurization ash are harmless for steel rebar, and the steel rebar’s passive film compactness is followed desulfurization ash 

formed at low-temperature flue gas zone>desulfurization ash formed at high-temperature furnace zone>ordinary fly ash.  
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1. INTRODUCTION 

Under the control of acid gases (SO2 and NOx) emissions, 
more and more coal fired boilers use desulphurization tech-
nology, and there will be more desulfurization ash dis-
charged, such that Shanghai generated million ton of desul-
furization ash in 2009, what’s more, every year it will keep 
more than million ton after 2010 year [1]. While the most of 
it is put in the open-air or abandoned, this will bring about 
wasting of resources and severe secondary pollution. Today 
the large number of cement-based materials is need by hu-
mans engineering activities every year, such as cement 
grouting material with more than million ton, so it helps if 
that waste can be used to the cement-based materials.  

At present most of the research in home and abroad [2-8], 
its effect on the property of cement material is studied by 
changing the quantity of desulfurization ash. But in the fact, 
the coal-quality is different between different districts, and it 
is even varied in the same power plant, thus the component 
of desulfurization ash are variations, and its quality will be-
come instability. Besides the desulfurization ash can be  
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divided into two kinds according to temperature of desul- 
phurization reaction, that is one generated at high-temperature 
furnace zone (the temperature in the inner width of furnace 
hearth will be kept at 850-1150°C) and another generated at 
low-temperature flue gas zone (the temperature in flue gas 
between 50-150°C). And different temperature make desul-
furization ash has different components and morphology, at 
high temperature, the fly ash is mixed with CaSO4, while in 
low temperature it is mixed with CaSO4·2H2O.  

Therefore it will be divided and simulated according to 
desulfurization reaction temperature, and then effects of it 
with different gypsum content and heated different tempera-
ture on cement material performance are studied for reusing 
and application of desulfurization ash.  

2. MATERIALS AND EXPERIMENTAL PROGRAM  

2.1. Materials  

The materials used in this study consisted of a Portland 
Cement grade 42.5, a chemical grade gypsum, standard sand 
furnished by Xiamen ISO Standard Sand Co., Ltd., and a 
Class II fly ash. The chemical composition of the cement and 
fly ash is shown Table 1. 

2.2. Experimental Methods  

Fluidity tests and strength tests were respectively carried 
out in accordance to GB/ T2419- 2005 “Test method for flu-
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idity of cement mortar” and GB/ T17671-1999 “method of 
testing cements- Determination of strength”. Initial hydration 
process and structure forming of Portland cement was tested 
by non-contacting electrical resistivity device. Under the 
induction electric field, the ion transmission, diffusion and 
the situation of the structure forming were tested. An anodic 
polarization test for evaluating on ability of reinforcement 
protection was done referring to JTJ270-98 “Testing code of 
Concrete for Port and Waterwog Engineering”. 

2.3. Research Approach  

Desulfurization ash has been reported that the gypsum 
content varied between 10 and 20 mass% fly ash from previ-
ous articles, therefore three mixtures containing respectively 
10, 15 and 20 mass% CaSO4·2H2O are chose in this paper. 
Simultaneously, those mixtures are divided into 2 groups; 
the first group is followed by calcining at 900°C, another 
drying at 100°C according to desulfurization reaction tem-
perature for simulating two kinds of desulfurization ash gen-
erated at high-temperature furnace zone and at low-
temperature flue gas zone. Finally the fly ash replacement of 
cement was usually 20 mass% in the actual project, so the 
control specimen is preparing by replacing 20 mass% of the 
cement by fly ash, comparison of samples are mixed with 20 
mass% desulfurization ash. The water/binder ratio by mass 
was 0.5, and all the mixes had 1part binder to 2.75 parts of 
sand by mass. 

3. RESULTS AND DISCUSSION 

3.1. Fluidity 

From Fig. (1), the fluidity of mortar containing desulfuri-
zation ash generated at low-temperature flue gas zone has a 

critical point that the its gypsum content less than 15% im-
prove the fluidity, however, increasing it further reduce the 
fluidity. As for mortar mixed desulfurization ash generated 
at high-temperature furnace zone, this point can not be 
found, and the fluidity increases with increasing gypsum up 
to 20 % (by weigh of the desulfurization ash). Those show 
that: compared to ordinary fly ash, both kinds of desulfuriza-
tion ash with gypsum content less than 20% can improve the 
fluidity. Besides it can be found that the fluidity enhance-
ment of samples with desulfurization ash generated at low-
temperature flue gas zone is higher than ones of desulfuriza-
tion ash generated at high-temperature furnace zone below 
the critical point, such as: for the gypsum content of 10 
mass%, their fluidity are respectively 230 and 212mm. 

The reason is: with an appropriate amount of Ca
2+

 and 

SO4
2-

 supplied by the dissolution of gypsum, the formation 

of ettringite slows down the hydration of C3A by creating a 

diffusion barrier around C3A grains,and then the fluidity 

increases. But if excessive gypsum is supplied, the formation 

of secondary gypsum crystals and excess ettringite will roset 

cluster and overlap one another for formateing the network 

structure, and reduce the fluidity; Secondarily, the hemihy-

drates (CaSO4·0.5H2O) is produced except for insoluble an-

hydrate when gypsum heated in the furnace, thereby the hy-

dration of gypsum hemi-hydrate take place in the sample 

containing desulfurization ash generated at high-temperature 

furnace zone and hence to a increase unit water demand of 

the cement. Besides, the gypsum dissolution rates in desulfu-

rization ash generated at high-temperature furnace zone is 

low compared to another’s, thus require more this calcined 

gypsum for the saturated concentrations of Ca
2+

and SO4
2- 

ions in liquid phase.  

3.2. The Structure Forming  

During the process of cement hydration, the forming and 

developing of structure are different according to the differ-

ent mineral component of cement. By many experiments, the 

regular trend and rule is shown on resistivity curve along 

with cement hydration, as shown in Fig. (2). It can be ob-

served from the figures that there exist some characteristic 

points in the curves of the resistivity. Initially, the curve drop 

down to a minimum point, then turn into the balance state, 

and start to rise. After the rapid rising, both curves tend to 

smooth. So according to the structure forming model of ce-

ment initial hydration can be divided in three stages (S-

model) [9], i.e. Solution-solution equilibrium phase; Struc-

ture forming phase; Structure stabilizing phase. 

Physical significance of the S-model reflects the devel-
opment of the ion transformation and diffuse, the structure 
building trough the pore forming and filling during the ce-
ment hydration. So as a structure parameter, S-model dem-

Table 1. Chemical Composition of Cementitious Material, wt. % 

 SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O Loss 

P.II 42.5 21.2 4.98 5.03 64.43 1.45 1.02 0.75 0.08 1.06 

II-fly ash 52.42 30.31 4.89 2.62 0.91 - 1.03 0.53 5.75 

 

 

Fig. (1). Effect of desulfurization ash with different desulfurization 

temperature and gypsum content on the fluidity. 
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onstrates the influences of different factors on the structure 
of cement stone. 

Fig. (3) shows the resistivity curve of specimens with an 
addition of 10-20 mass% gypsum drying at 100°C and the 
change in resistivity of specimens with an addition of 10-20 
mass% gypsum calcining at 900°C shown in Fig. (4). It can 
be seen from it that the resistivity curves of different speci-
men develop according to the S-model shown in Fig. (2). But 
there is an evidence difference on the resistivity because of 
the difference of gypsum contents and temperature. The 
structure forming of the sample with 10% gypsum drying at 
100°C are faster than that of control sample, however the 

structure forming is slower than the control sample when 
gypsum drying at 100°C increase to 20%. As for gypsum 
calcining at 900°C, the structure forming of sample with 20 
mass% gyspum are fastest, with 10 mass% gypsum follows 
closely next, the control sample falls behind. The result im-
plies that moderate gypsum can accelerate fly ash hydration 
and accelerates the initial structure formation, but the gyp-
sum overdose can retard the cement hydration. And the 
threshold limit value of gypsum calcining at 900°C is lower 
than that of drying at 100°C due that the dissolution of gyp-
sum calcining at 900°C is low compared to another’s.  

3.3. Strength 

The cubes were tested for their compressive and flexural 
strength at 7 days and 28 days. Figs. (5-6) shows the com-
pressive and flexural strength verses the gypsum content for 
both kinds of desulfurization ash that the strength decreases 
with increasing the gypsum content, and 7 days strength of 
samples with desulfurization ash generated at high-
temperature furnace zone is slightly more than that at low-
temperature flue gas zone however 28 days strength of the 
former is more than the latter. Thus it is clear that desulfuri-
zation ash can decline strength compared to ordinary fly ash, 
and the contribution of desulfurization ash generated at low-
temperature flue gas zone to lateral strength is more than one 
at high-temperature furnace zone.  

 

Fig. (2). Characteristic of hydration resistivity curve. 

 

Fig. (3). Resistivity development of specimens with gypsum drying 

at 100°C. 

 

Fig. (4). Resistivity development of specimens with gypsum calcin-

ing at 900°C. 

 

Fig. (5). Effect of desulfurization ash with different desulfurization 

temperature and gypsum content on the compressive strength. 

 

Fig. (6). Effect of desulfurization ash with different desulfurization 

temperature and gypsum content on the flexural strength. 
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As for the reason, Ca
2+

and SO4
2-

 lions increased so fast in 
liquid phase that the formation of ettringite is accelerated, 
then the diffusion processed of hydration products become 
slower and secondary gypsum crystals formed with a low-
strength state exist in harden body, and cause strength of the 
samples decrease. On the other hand, the ability of gypsum 
drying at 100°C to impede hydration products proliferation is 
stronger than the gypsum calcining at 900°C because of the 
higher solubility and dissolution rate of the gypsum drying at 
100°C so that 7 days strength of samples containing desulfu-
rization ash generated at high-temperature furnace zone is 
slightly more than ones mixed with desulfurization ash gen-
erated at low-temperature flue gas zone, while its 28 days 
strength is less than the latter because its structure is dam-
aged by the ettringite formed in later period by the lower 
solubility and dissolution rate of gypsum calcining at 900°C, 
and the long term supply of Ca

2
+and SO4

2-
 lions. 

3.4. Reinforcement Protection 

Reinforcing bar corrosion process can be considered a 
corrosion cell, and the method of anode polarization curves 
can reflect anodic reaction rate, as shown in equation (1), 
through the potential changes of the reinforcing steel during 
the polarization process applying a constant current. 

Fe - 2e
- 
= Fe

2+
               (1) 

Fig. (7) shows anodic polarization potential verses time. 
At an early stage of applied current, electric potential of the 
samples is all greatly increased because of the anodic polari-
zation of reinforced by anode current, soon after the differ-
ences is shown in the potential-time curve for different com-
ponents of the samples. 

If the reinforcing bar surface doesn’t form the passive 
film, Fe

2+
 converted by an iron atom according to equation 

(1) will bind OH
-
 ion, or will be carried far from the reinforc-

ing bar by Cl
-
ion, and the potential of reinforcing bar will 

decrease because the electrons lost by iron atom are re-
mained in the internal reinforcing bar. 

From Fig. (5), at 6 minutes the potential of each sample 
has reached 500mv, and after 15 minutes decrease in poten-
tial are all less than 50mv. Those results show each sample 
of reinforcing bar passive film is not damaged. Compact 
passive film can impede diffusion of Fe

2+
ions to the solution. 

And the higher polarization potential, metal ions need over-

come the higher energy barrier for entering the solution [10]. 
So both kinds of desulfurization ash do not harm the rein-
forcing bar, and according to anodic polarization potential 
the density of passive films formed the samples mixed desul-
furization ash generated at low-temperature flue gas zone is 
highest, followed by desulfurization ash generated at high-
temperature furnace zone, ordinary fly ash. 

4. CONCLUSIONS 

According to the temperature of desulphurization reac-
tion desulfurization ash are simulated, and then effects of it 
with different gypsum content and heated different tempera-
ture on fluidity, strength and reinforcement protection of 
cement material are studied. This article's main conclusions 
can be drawn are as follows: 

1) Fluidity. The fluidity of mortar containing desulfuriza-
tion ash generated at low-temperature flue gas zone has a 
critical point that the its gypsum content less than this point 
improve the fluidity, however, increasing it further reduce 
the fluidity. As for mortar mixed desulfurization ash gener-
ated at high-temperature furnace zone, this point can not be 
found. Both kinds of the desulfurization ash can improve the 
fluidity Compared with the ordinary fly ash, but the fluidity 
enhancement of samples with desulfurization ash generated 
at low-temperature flue gas zone is higher than another 
desulfurization ash below the critical point. 

2) The structure forming. The structure forming of the 
sample with 10% gypsum drying at 100°C are faster than 
that of control sample, however the structure forming is 
slower than the control sample when gypsum drying at 
100°C increase to 20%. As for gypsum calcining at 900°C, 
the structure forming of sample with 20 mass% gypsum are 
fastest, with 10 mass% gypsum follows closely next, the 
control sample falls behind. 

3) Strength. Desulfurization ash can decline strength 
compared to ordinary fly ash, and 7days strength of samples 
with desulfurization ash generated at high-temperature fur-
nace zone is slightly more than that at low-temperature flue 
gas zone however 28 days strength of the former is more 
than the latter.  

4) Reinforcement protection. Both kinds of desulfuriza-
tion ash do not harm the reinforcing bar, and according to 
anodic polarization potential the density of passive films 
formed the samples mixed desulfurization ash generated at 
low-temperature flue gas zone is highest, followed by desul-
furization ash generated at high-temperature furnace zone, 
ordinary fly ash. 
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