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Abstract  

In this study, fly ash, cement and desulfurization wastewater of coal-fired power plant with different water quality including raw water from 
desulfurization tower are used, the effluent of the raw water after three-box treatment and the high-salt water from evaporation of the effluent 
are compared with the deionized water used in the preparation of fly ash-based products (for example, fly ash brick). Under the ratio of 
desulfurization wastewater and fly ash-cement composite powder of 0.28, two fly ash-cement ratios were used: 7:3 and 9:1, and the samples 
were cured for 28 days, the influence of cement content and different water quality on its compressive strength and flexural strength was studied. 

The results show that the compressive strength and flexural strength of the samples with fly ash-cement ratio of 7:3 are higher than 9:1, and the 
strengths of the samples using high salt water are the lowest, as consistent with the expectation. In the aspect of flexural strength, the raw water 
of two different fly ash-cement ratios is the highest, which has no obvious difference with the deionized water, and is higher than the effluent, 
and far higher than the high salt water. In the aspect of compressive strength for the fly ash-cement ratio of 7:3, the effluent is the highest, 
higher than raw water which has no obvious difference with deionized water. At the fly ash-cement ratio of 9:1, the raw water is the highest, 
higher than the effluent, the effluent is higher than the deionized water. According to the strength grade requirements of the JC239-2001“Fly 
ash brick” standard, fly ash-based products were prepared by using fly ash and desulfurization wastewater with different water quality as raw 
materials and appropriate cement dosage can meet the strength requirement of MU10 and achieve the goal of using waste (fly ash) to treat waste 
(desulfurization wastewater).
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Introduction

In order to meet the national requirements for sulfur dioxide 
(SO2) emission which requires less than 35mg/m3 of flue gas, most 
of the coal-fired power plants adopt wet desulfurization process. 
The main ionic components of desulfurization wastewater include 
Na+, Cl-, SO4

2-ions, etc. At present, after water treatment, the 
desulfurization wastewater can be discharged in accordance with 
the requirements after meeting the discharge standards. There 
are three treatment methods for desulfurization wastewater that 
do not meet discharge standards: 1) mixing with fly ash to reduces 
dust emission during fly ash transportation, and finally as landfill, 
but also increases the landfill cost due to weight gain; 2) treatment 
of flue gas by desulfurization wastewater, which may increase 
the content of chloride ions and other heavy metals in fly ash,  

 
and reduce the utilization of fly ash as a resource, especially for 
cement and concrete; 3) evaporation or crystal water treatment 
technology, which is the most safe and reliable treatment 
technology but the highest cost, produces a small amount of high-
salt water or concentrated liquid which may be considered as 
hazardous waste category. In this study, fly ash brick was prepared 
by using fly ash from coal-fired power plant and desulfurization 
wastewater of different water quality as raw materials, using 
ordinary cementitious materials (such as cement) at the fly ash 
to cement ratio of 7:3 and 9:1, respectively. The effect of different 
water quality on strength was studied by using waste (fly ash) to 
treat waste (desulfurization wastewater) to realize both wastes as 
resource [1]. 
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Experimental

Raw material 

i.	 Ordinal Portland Cement 42.5 R: purchased from Ningxia 
Building Materials Group. 

ii.	 fly ash: original fly ash obtained from Yuanyanhu power 
plant Phase II with average particle size of 90μm, see Table 1. 

iii.	 desulfurization wastewater: raw water obtained from 
Yuanyanhu power plant Phase II with its ion concentration listed 

in Table 4. 

iv.	 effluent: treated desulfurization wastewater obtained 
from Yuanyanhu power plant Phase II with its ion concentrations 
listed in Table 4. 

v.	 high salt water: 50% evaporation of the effluent water 
obtained from Yuanyanhu power plant Phase II with its ion 
concentrations listed in Table 4. 

vi.	 deionized water: provided by the laboratory at National 
Institute of Clean-and Low-carbon Energy

Table 1: particle size measurement of fly ash from Yuanyanhu power plant phase II.

Particle Size （Μm） Cumulative Volume (%) 
45μm Above Sieving Allowance GB 1596 Fineness Grade

D10 D50 D90 D97 D100 2μm 
Below

10μm 
Below

50μm 
Below

50Μm 
Above

6 90 239 316 417 3.8 17.6 36.9 63.1 37.7 III

Table 2: XRF chemical composition data of fly ash from Yuanyanhu power plant.

SiO2 Ti O2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5

49.5 1.5 24.5 8.8 0.13 2.1 7.1 1.4 2.9 0.32

Table 3: XRD mineral phase data of fly ash and bottom slag of Yuanyanhu power plant.

Sample Glass content % Mullite% Quartz% Magnetite% lime
Fly ash 65.7 12.8 20.5 0.5 0.4

Table 4: ion concentration of desulfurization wastewater from Yuanyanhu power plant phase II.

Ion Types Cation Ions Anion Ions
unit：mg/L Na+ K+ Mg2+ Ca2+ Cl- SO4

2-

Raw water 768 23 2,531 321.5 3,013 9,262
Effluent water 2,928 129 15,759 671 14,126 57,880
High salt water 6,712 246 35,710 653 31,670 114,000

Characterization of raw materials

Particle size distribution

 The particle size distribution measured by the laser particle 
size meter and the sieve allowance measured by the 45-micron 
sieve method according to GB 1596 of fly ash obtained from 
Yuanyanhu power plant are shown in Table 1 [2]. The fly ash 
meets the fineness of grade GB 1596 III ash.

Chemical composition

The chemical composition of fly ash from Yuanyanhu power 
plant was characterized by XRF. The results are shown in Table 2. 

Particle morphology 

The morphology of fly ash particles from Yuanyanhu power 
plant was characterized by SEM below, as shown in Figure 1. The 
particle shape of pulverized coal ash of Yuanyanhu power plant is 
spherical [3].

Mineral phase characterization 

Glass phase content and mineral phase composition of fly ash 
from Yuanyanhu power plant were characterized by XRD, as shown 
in Table 3. The glass phase content of fly ash is 65.7%. The main 
crystalline phase includes mullite, quartz, magnetite, and lime. 
The content of quartz is the highest. The chemical composition 
of quartz is SiO2, the chemical composition of mullite is SiO2 and 
Al2O3. In other mineral phases, fly ash contains lime. The pH value 
of fly ash is 11.51, which belongs to high alkaline aluminosilicate 
[4]. 

Characterization of desulfurization wastewater 

The ion concentration data of raw water, effluent and high 
salt wastewater from the Yuanyanhu power plant Phase II are 
listed in Table 4. The main ions in the raw water of desulfurization 
wastewater are anions, including 9,262mg/L sulfate ion and 
3,013mg/L chloride ion, while for cations, magnesium ion is 
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the highest, 2,531mg/L, sodium ion is 768mg/l, calcium ion is 
321mg/l and potassium ion is 23mg/L. The anions and anions 
of the effluent were obviously increased, while the anions and 

cations of the high salt water, except calcium ion, were doubled 
[5].

Figure 1: SEM of Fly ash from Yuanyanhu power plant.

Equipment 

The following are the sample preparation and maintenance 
equipment used in this experiment.

i.	 mixer: JJ-5, Wuxi Jianyi Instrument Machinery Co., Ltd. 

ii.	 cement concrete standard curing box: model HBY-40A, 
effective volume 0.4 m3,65 × 50 × 130cm, Wuxi Jianyi Instrument 
Machinery Co., Ltd. 

iii.	 compression and bending equipment: TYE-300D cement 
mortar bending and compression testing machine, Wuxi Jianyi 
Machinery Co., Ltd. 

Experimental procedure

According to a certain ratio of cement and fly ash mixture, 
while taking a certain amount of desulfurization wastewater 
or deionized water (water-powder ratio of 0.28) [6]. Pour the 
measured water into the mixing pot, then add the measured fly 
ash and cement powder mixture into the mixing pot, put it on 
the mixing equipment, and turn on the automatic program (slow 
stirring in 60s, fast stirring in 60s, intermittent stirring in 60s, 
fast stirring in 60s), mixing; put the well-stirred material into 
the jumping-table to test its fluidity. Complete mixing to form a 
uniform paste, when the fluidity reaches 190mm. The paste is 
poured into the sample triple mold to form the test samples. The 
formed triple mold is wrapped with the fresh-keeping plastic film, 
and put into the curing box with the temperature of 20±2C and the 
humidity above 90% to maintain, maintain for 28 days and test its 
compressive and flexural strength [7].

Sample curing

 Samples were formed in the triple mold, wrapped with fresh-
keeping plastic film, cured in the curing box with temperature of 
20±2C and humidity over 90%. After curing for 1 day, the sample 
was placed in a vessel containing distilled water and immersed 
for 28 days.

JC 239-2001 standard strength requirements for fly ash 
brick

 According to JC 239 standard 28-day compressive and flexural 
strength requirements, it has five grades: MU10, MU15, MU20, 
MU25 and MU30, see Table 5.

Experimental Results and Discussion 

Table 6 shows the experimental schemes of two fly ash-cement 
ratios using three different types of desulfurization wastewater 
with water-composite powder ratio of 0.28, and also compared 
with deionized water [8].

The average and lowest single values of flexural and compressive 
strength of deionized water for 28 days were compared under 
different desulfurization wastewater for fly ash-cement ratios 
of 9:1 and 7:3, as listed in Table 7. The number of samples for 
measuring compressive strength and flexural strength were 6 and 
3, respectively [9]. The results show that the compressive strength 
and flexural strength of fly ash-cement ratio of 7:3 are higher than 
9:1, and the strength of high salt water is the lowest, as consistent 
with the expectation. In the aspect of flexural strength, the raw 
water of two different fly ash-cement ratio is the highest, which 
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has no obvious difference with the deionized water, and is higher 
than the effluent, and far higher than the high salt water [10]. In 
the aspect of compressive strength, the fly ash-cement ratio of 
7:3, the effluent is the highest, higher than raw water which has 
no obvious difference with deionized water [11]. At the fly ash-

cement ratio of 9:1, the raw water is the highest, higher than the 
effluent, the effluent is higher than the deionized water. According 
to the above data, the use of different desulfurization wastewater 
under the appropriate fly ash-cement ratio can meet JC 239“Fly 
ash brick” MU10 strength grade requirements [12].

Table 5: 28d compressive and flexual strength requirements of JC 239-2001<fly ash brick>.

Strength Grade（Mpa） 28d Compressive Strength 28d Flexual Strength
Grade Average/Single Values Average/Single Values
MU30 ≥30.0/24.0 ≥6.2/5.0

MU25 ≥25.0/20.0 ≥5.0/4.0

MU20 ≥20.0/16.0 ≥4.0/3.2

MU15 ≥15.0/12.0 ≥3.3/2.6

MU10 ≥10.0/8.0 ≥2.5/2.0

Table 6: experimental design of fly ash-cement-different desulfurization wastewater and deionized water.

Experimental Ratio Fly Ash 42.5R Cement Water Type
Ratio 1 90% 10% Raw water
Ratio 2 70% 30% Raw water
Ratio 3 90% 10% effluent
Ratio 4 70% 30% effluent
Ratio 5 90% 10% High salt water
Ratio 6 70% 30% High salt water
Ratio 7 90% 10% Deionized water
Ratio 8 70% 30% Deionized water

Table 7: 28-day compressive and flexural strength for two fly ash-cement ratios under different desulfurization.

Water Type
9:1Ratio 7:3Ratio      

28d Flexural Strength 28d Compressive Strength 28d Flexural Strength 28d Compressive Strength

Value Average Lowest Average Lowest Average Lowest Average Lowest

Raw water 3.57 ±0.15 3.4 17.52 ±1.85 14.8 5.33 ±0.90 4.4 41.78 ±0.96 40.6

effluent 2.67 ±0.35 2.3 15.00 ±1.03 13.8 4.53 ±0.06 4.5 46.02 ±2.56 42.9

High salt water 1.73 ±0.67 1.3 5.72 ±0.40 5.3 4.07 ±0.21 3.9 32.18 ±1.77 30.2

Deionized water 3.57 ±0.42 3.1 14.05 ±1.38 11.3 5.53 ±0.85 4.9 42.80 ±2.03 39.3

Conclusion 

Under the same water-composite power ratio (0.28) at two 
different fly ash: cement ratios (7:3 and 9:1), the strength of fly ash-
based products prepared from desulfurization wastewater with 
different water quality is affected with the following conclusions:

i.	 the compressive strength and flexural strength of fly 
ash-based products increase with the increase of the amount of 
cement used; 

ii.	 under the same fly ash-cement ratio, the strength of fly 
ash-based samples using high salt water is the lowest;

iii.	 In the aspect of flexural strength, two different fly ash-
cement ratios show raw water is the highest and has no significant 
difference to deionized water, but higher than the effluent, and far 
higher than high salt water. 

iv.	 In the aspect of compressive strength, at the fly ash: 
cement ratio of 7:3, effluent is the highest, higher than raw water 
which has no significant difference to deionized water; while at the 
fly ash: cement ratio of 9:1, raw water is the highest, higher than 
effluent water which has no significant difference to deionized 
water. 

http://dx.doi.org/10.19080/JOJMS.2026.10.555800


How to cite this article:  Minsheng W, Hui L, Wenbin Z, Xia W, Lina G, Ning M, Yang D, Jinder J. The Effect of Desulfurization Wastewater with Different 
Water Quality on the Strength of Fly Ash-Based Products. JOJ Material Sci. 2026; 10(5): 555800. DOI:  10.19080/JOJMS.2026.10.555800005

Juniper Online Journal Material Science

v.	 the fly ash-based products using fly ash and 
desulfurization wastewater as raw materials can meet the MU 
10 grade strength requirements of JC 239 <fly ash brick> under 
appropriate cement dosage. For example, if the raw water and 
effluent of desulfurization wastewater are used, the ratio of fly ash 
to cement is 9:1, while the high salt water is used, the ratio of fly 
ash to cement is 7:3 to meet JC 239 MU10. 
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