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Abstract 
With the development of the phosphate chemical industry, the emission of 
phosphogypsum as a by-product is increasing. The accumulation of phosphogypsum has 
caused a large amount of waste of land resources and environmental pollution problems. 
In order to solve these problems and realize the utilization of phosphogypsum as 
building materials, this article uses phosphogypsum as the main raw material to prepare 
phosphogypsum-based wall materials. By washing the phosphogypsum in different 
times, the influence of the washing process on the pH value and physical properties of 
the phosphogypsum-based wall material was explored. The experimental results show 
that with the increase of washing times, the pH value of phosphogypsum is close to 
neutral and tends to be stable, and the bulk density, setting time and mechanical 
properties gradually increase. Comprehensive performance and water consumption, the 
overall performance of phosphogypsum after washing 4 times is the best. At this time, 
the pH value of phosphogypsum is 6.82, the bulk density is 1.34 g/cm3, the compressive 
strength is 3.99 MPa, and the flexural strength is 1.65 MPa. It can be used as a raw 
material for building gypsum. 

Keywords 
Phosphogypsum; Water Washing; pH Value; Physical Properties. 

 

1. Introduction 

Phosphogypsum is a by-product produced in the process of preparing phosphoric acid (wet-process 
acid production) in the phosphorus chemical industry[1]. The main component is dihydrate gypsum 
(CaSO4·2H2O). It also contains a certain amount of impurities, such as soluble phosphorus, fluorine, 
alkali metal salts, silica sand and Organic matter, etc. The accumulation of phosphogypsum in China 
ranks first in the world, and the annual emissions are still developing on an upward trend. The current 
treatment method is mainly stacked and buried, which leads to the occupation of a lot of land, wastes 
a lot of resources, and causes environmental pollution[2]. Therefore, the resource utilization of 
phosphogypsum is very important. The impurities in phosphogypsum seriously affect its pH value[3], 
physical properties and environmental friendliness, and the removed phosphogypsum can be used in 
building materials, agriculture, chemical industry and so on. It has very important practical 
significance for the protection of environment and cultivated land, the conservation of resources and 
the sustainable development of phosphating industry[4]. This paper takes the phosphogypsum from 
the tailings yard of Sinochem Fuling Co., Ltd. in Fuling District, Chongqing City as the main raw 
material, and obtains the phosphogypsum-based wall material after multiple washing treatments, and 
explores the influence of the washing process on its pH value and performance. 
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2. Experimental Materials and Methods 

2.1 Experimental Materials 

The phosphogypsum used in this experiment comes from the tailings pond of Sinochem Chongqing 
Fuling Chemical Co., Ltd. The chemical composition and mineral composition are shown in Table 1 
and Figure 1. 

 

Table 1. Chemical composition of phosphogypsum 

SiO2 Al2O3 Fe2O3 CaO MgO K2O SO3 CO3 BaO P2O5 F 

4.78 0.47 0.18 29.04 0.11 0.14 42.48 21.55 0.11 0.95 - 
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Figure 1. Phosphogypsum mineral composition 

2.2 Laboratory Equipment 

The equipment and instruments used in this experiment mainly include 101 digital display blast 
drying oven, AL204-IC electronic balance, pHSJ-5 pH meter, RWD100 overhead stirrer, agate mortar, 
QM-3SP0.4/2/4 Intelligent planetary ball mill, Vicat meter, compressive strength testing machine, 
bending tensile strength testing machine, etc. 

2.3 Experimental Methods 

First take 10g of phosphogypsum raw material into 200mL of deionized water, fully stir and dissolve 
and then stand still, filter out the aqueous solution containing soluble impurities, and repeat the above 
steps, perform multiple washings until the pH of the raw material solution is neutral or becoming 
steady[5]. The washed phosphogypsum is dried to constant weight at 40°C, and then ball-milled with 
a planetary ball mill, and then sieved to obtain phosphogypsum powder with a fineness of 0.2mm 
(screening material≤10%). According to GB/T 23456-2018[6], the content of attached water, crystal 
water and calcium sulfate dihydrate in phosphogypsum was tested. The phosphogypsum was heat-
treated at 170°C to obtain the phosphogypsum, and the setting time and mechanical properties of the 
phosphogypsum under different washing times were tested according to GB/T 9776-2008[7]. 
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3. Results and Discussion 

3.1 The Effect of Washing Process on the Ph of Phosphogypsum Wall Material 

3.1.1 Data and Analysis of Attached Water 

Place 200g of phosphogypsum raw material in a drying oven at 40°C and dry it to a constant weight, 
and measure its mass loss. The results are shown in Figure 2 below: 
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Figure 2. Measurement data of water attached to phosphogypsum raw materials 

 

It can be seen from Figure 2 that the phosphogypsum raw material is in a constant weight state after 
being dried for 2.5 hours. The mass fraction of attached water calculated according to the relevant 
formula is 19.32%, which meets the requirements of the secondary index of gypsum building 
materials (attached water ≤ 20%). 

3.1.2 Data and Analysis of Crystal Water 

Take 100g of phosphogypsum raw material without attached water and place it in a 230°C drying 
oven to dry to constant weight, and measure its mass loss. The result is shown in Figure 3 below: 
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Figure 3. Measurement data of crystal water of phosphogypsum raw material (unit: g) 
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It can be seen from Figure 3 that the phosphogypsum raw material is in a constant weight state when 
it is dried for 4 hours. According to the relevant formula, the mass fraction of crystal water is 17.95%, 
and the content of calcium sulfate dihydrate is 85.77%, which meets the secondary index of gypsum 
building materials (Calcium sulfate dihydrate ≥80%)requirements. 

3.1.3 The Influence of Water Washing Process on the Ph Value of Phosphorous Building Gypsum 

The pH value of phosphogypsum under different washing times was measured, and the results are 
shown in Figure 4 below: 
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Figure 4. The pH value of phosphogypsum under different washing times 

 

It can be seen from Figure 4 that the number of washing times has a significant effect on the pH value 
of phosphogypsum. The original pH value of phosphogypsum is 6.11. After 4 washings, the pH value 
of phosphogypsum reaches 6.82, and the pH is close to neutral and tends to be stable. 

3.2 Influence of Washing Process on Setting Time of Phosphogypsum Wall Material 

The setting time of phosphorous building gypsum after 0 times, 2 times, 4 times and 6 times of 
washing was measured[8], and the results are shown in Table 2 below: 

 

Table 2. Setting time of samples with different washing times 

Washing times 0 times 2 times 4 times 6 times 

Initial setting time 2'43'' 6'25'' 11'25'' 12'17'' 

Final setting time 12'14'' 18'13'' 24'53'' 25'30'' 

 

It can be seen from Table 2 that the initial setting and final setting time of phosphorous building 
gypsum increase with the increase of washing times. After washing twice, the setting time of 
phosphorous building gypsum meets the requirements of building gypsum(Initial setting time≥3min, 
final setting time≤30min). Mainly because of the presence of soluble phosphorus (H3PO4, H2PO4-and 
HPO4

2-) and soluble fluorine (NaF) impurities in phosphogypsum. They have the effect of 
accelerating coagulation, which will shorten the initial setting and final setting time of phosphorous 
building gypsum. With the increase of washing times, soluble phosphorus and soluble fluorine 



International Core Journal of Engineering Volume 8 Issue 2, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202202_8(2).0042

 

339 

impurities can be effectively removed, thereby prolonging the setting time of phosphorous building 
gypsum. 

3.3 The Effect of Washing Process on the Bulk Density of Phosphogypsum Wall Materials 

The phosphorus building gypsum after 0 times, 2 times, 4 times and 6 times of water washing was 
made into a sample with a specification of 40mm×40mm×160mm, and its bulk density was measured 
after 2 hours of molding, as shown in Table 3: 

 

Table 3. Bulk density of samples with different times of washing 

Washing times 0 times 2 times 4 times 6 times 

Bulk density (g/cm³) 1.23 1.32 1.34 1.34 

 

It can be seen from Table 3 that the volume density of the sample gradually increases with the increase 
of the number of washings. After washing 4 times, the body density tends to be constant, reaching 
1.34g/cm3. The main reason is that the organic impurities distributed on the surface of the 
phosphorous building gypsum crystals increase the amount of water required for gypsum cementation, 
weaken the bond between the dihydrate gypsum crystals, make the hardened body structure loose, 
and affect the strength of the sample. As the number of washings increases, organic impurities are 
gradually removed, and the hardened phosphogypsum structure gradually becomes denser. 

3.4 The Influence of Water Washing Process on the Mechanical Properties of Phosphorous 
Building Gypsum 

The 2h mechanical properties of phosphorous building gypsum under different washing times were 
measured[9], and the results are shown in Figure 5: 
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Figure 5. Mechanical properties of samples under different washing times 

 

It can be seen from Figure 5 that due to the presence of soluble phosphorus and soluble fluorine 
impurities, the strength of phosphogypsum will be significantly reduced. With the increase of washing 
times, the flexural strength and compressive strength of the phosphogypsum test block will increase 
significantly. After washing 6 times, the 2h flexural strength increased by 96.12% to 1.67MPa, and 
the 2h compressive strength increased by 60.58% to 4.04MPa, meeting the mechanical properties 
requirements of building gypsum(Flexural strength≥1.6MPa, compressive strength≥ 3.0MPa). 
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4. Conclusion 

Experimental results show that the presence of a large amount of soluble phosphorus, soluble fluorine 
impurities and organic impurities in phosphogypsum will significantly affect the pH value, setting 
time, bulk density and mechanical properties of phosphogypsum. With the increase of washing times, 
the pH value of phosphogypsum is close to neutral and tends to be stable, and the volume density, 
setting time and mechanical properties gradually increase. Comprehensive performance and water 
consumption, the overall performance of phosphogypsum after washing 4 times is the best. At this 
time, the pH value of phosphogypsum is 6.82, the bulk density is 1.34 g/cm3, the compressive 
strength is 3.99 MPa, and the flexural strength is 1.65 MPa. It can be used as a raw material for 
building gypsum. 
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