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Abstract 
Phosphogypsum (PG), the by-product of phosphoric acid industry, consists 

of CaSO4.2H2O and contains some impurities such as P2O5, F and organic 

substances that seriously restrict the industrial use of phosphogypsum in 

cement industry as a retarder. This research project aims to investigate the 

thermal purification and utilization of phosphogypsum waste for Portland 

cement production. In this study, the effects of raw phosphogypsum and 

treated phosphogypsum on the hydration of Portland cement were 

investigated by measuring setting time, strengths of pastes, heat of 

hydration, chemical analysis as well as the microstructural observation of 

the raw and treated products. Phosphogypsum can be treated as normal 

natural gypsum to obtain hemi hydrate gypsum by deacidificaton with slake 

lime water, but good-quality binding materials were not obtained in this 

case. Thermal treatment of phosphogypsum up to a temperature of six 

hundred degrees centigrade provides for the decomposition and elimination 

of binding obstruction admixtures present in the phosphogypsum. Based on 

the experimental results, the sulphite content of the treated phosphogypsum 

obtained was 42.42%, which translates to a purity of 91.20 %. The clinker 

parameter obtained is good for high quality Portland cement, and the free 

lime content of 1.35 % indicated that there was proper reaction of lime with 

the oxides to form the mineral compounds as shown in table 3.1 and 3.2. 

The Setting time was found to be higher in the treated condition than the 

untreated condition. The pH analysis of the untreated phosphogypsum 
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saturated solution samples showed an increase in pH value from acidic to 

neutral due to the thermal treatment temperature. Such a course of pH value 

change can be explained by the decomposition of the heated product at 

different temperatures. It was concluded that thermal purification and 

utilization of phosphogypsum waste for Portland cement production 

significantly removed the impurities present successfully, thereby making it 

serve as a replacement for natural gypsum in Portland cement production 

 

Keywords: Portland Cement, Compressive strength, Phosphogypsum, 

Bentonite Clay, Setting Time, Clinker. 

 

Introduction 
According to Edwards 2011, Cement 

is the second most used material in the 

world after water and it is seldom used 

on its own, but rather to bind sand and 

gravel (aggregates) together. During 

the production of cement, gypsum is 

added to retard the setting time for 

easy workability. Gypsum is vital in 

controlling the rate of hardening of the 

cement. During the cement 

manufacturing process, upon the 

cooling of clinker, a small amount of 

gypsum is introduced during the final 

grinding process to control the setting 

of cement (Deborah   et   al., 2009). 

Phosphogypsum (PG) is usually not 

used in the construction industry, but 

is stored indefinitely because 

through   the   wet   process, some 

impurities naturally present in the 

phosphate rock becomes concentrated 

becomes concentrated in 

phosphogypsum which includes 

fluoride, sulfate, phosphates, organic 

matter, heavy metals and residual 

acidity (Smadi et al., 1999; Al-

Hwaiti et al., 2013). These impurities 

seriously restrict the industrial use of 

phosphogypsum in cement industry as 

a retarder (Yang et al., 2009; Parreira 

et al., 2003). Dumping of 

phosphogypsum into open land could 

have environmental and health 

concerns because the hazardous 

materials present in phosphogypsum 

waste piles are constantly leached out 

by the atmospheric precipitation into 

the environment and pollute the soil. 

In consequence, it could contaminate 

soil and or groundwater. 

Phosphogypsum discovered takes 

longer time to set due to the 

phosphoric acid that retards the 

hydration process and decreases the 

compressive strength on immersion in 

water. This may affect work that 



 

31  africanscholarpublications@gmail.com                                                                               

 2020 

 

needed immediate setting for further workability (Yang et al., 2009).  

The material has therefore, been tried to incorporate in cement manufacturing 

considering its sustainable use. The use of phosphogypsum as a raw material 

for the purpose of manufacturing cement has been the subject of numerous 

investigations (Altum et al., 2004). Phosphogypsum could be used as a 

substitute of natural gypsum in the production of Portland cement to control the 

hydration rate of reaction in ordinary Portland 

cement   (Van   der   Merwe   and   Strydom, 2004). The installation of 

phosphoric acid factories in countries that do not have natural gypsum available, 

the progressive exhaustion of gypsum quarries and the fight against pollution 

of watercourses has lent renewed interest to these investigations. 

It has long been known that phosphogypsum cannot be used in its raw state, and 

that it must first be subjected to a purification process for the purpose of 

removing those elements which interfere with its setting or adversely affect the 

properties of the cement obtained (J.H Potgieter, 2003). High temperature 

reactions of phosphogypsum containing calcium oxide with bentonite clay can 

give dicalcium silicates and tricalcium silicates with distinguished binding 

properties and this provides for the decontamination and elimination of 

obstruction admixtures (Mockovciakova A, 2009). Currently, comprehensive 

utilization of phosphogypsum resource is the best way to solve the problem of 

phosphogypsum pollution, and the use of phosphogypsum binder preparation is 

the main direction of resource reutilization. 

 

MATERIALS AND METHODS 

Materials 

The limestone and bentonite clay was obtained from Iwa/Oyo in Kogi State, the 

clinker samples were collected from one of the indigenous cement plant in 

Nigeria, while the Phosphogypsum was obtained from Dakar, Senegal packed 

in plastic bags.  

 

Preparation of Sample 

The clay and PG waste samples were pulverized, homogenized and sieved into 

particles sizes ranged between (0.25 - 0.01mm) using an automatic vibratory 

screen. The laboratory cements were made by milling varying quantities of 

clinker, limestone and a quantity of phosphogypsum with the aid of a laboratory 

cement ball mill, till the desired particle size and blain were attained. The 
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cement blend was sieved through 1mm mesh. The samples were then stored in 

polyethylene bags to prevent hydration. 

 

Methodology 

A high temperature furnace (Naberthern 3000) was used to heat the 

phosphogypsum and kaolin mixture at varying temperatures (up to 10000C), at 

a heating rate of 10°C/min for one hour. X-ray fluorescence (XRF) and X-ray 

diffractometer (XRD) analyses were performed on the samples using ARL 9900 

XRF spectrometer (USA), operating mode: U=50kV, I=50mA). Scanning 

Electron Microscope SEM /EDS analysis was also carried out to determine the 

microstructural composition of the samples. Measurements of flexural and 

compressive strength were conducted by using conventional resistance 

measurement instruments according to the NIS 444-1. This thermodynamic heat 

of hydration (HOH) was then determined by mixing 60g of cement sample and 

24 ml of distilled water by hand for 4 minutes and then filled into 3 glass 

specimen tubes/vials and sealed with wax and corked, prior to the determination 

of the thermodynamic heat of hydration. 

 

RESULTS AND DISCUSSION OF RESULTS 

Sulphite Content of the Gypsum Sample 

The mean sulphite content of the treated phosphogypsum was 42.42%, which 

translates to a purity of 91.20 %. The sulphite content of gypsum is related 

directly to its purity; high sulphite content shows high purity. The purity of the 

phosphogypsum is determined by multiplying the percentage sulphite content 

by 2.15. 

 

XRF Analysis of the Clinker and Clay Sample 

Table 3.2 shows the bentonite clay compositions as well as the parent clinker 

sample compositions, which was characterized in terms of chemical and 

mineralogical properties. 

  

Table 3.1: XRF Analysis of the Clinker Chemical Composition. 

Chemical Composition Bentonite Clay 

Chemical Content % Content Clay Composition 

SiO2 21.09±0.06 62.58 

Al2O3 5.50±0.02 17.11 
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Fe2O3 3.65±0.02 13.17 

CaO 65.17±0.04 0.36 

SO3 0.63±0.01 - 

K20 - 0.28 

Free lime 1.35±0.01 - 

LOI 1.19±0.02 - 

  

Table 3.2: XRF Analysis of the Clinker Mineral Composition. 

Mineral Composition 

Mineral Content % Content 

C3S 62.78 

C2S 13.19 

C3A 8.41 

C4AF 11.11 

Litre Weight (g/L) 1260±0.58 

 

Table 3.1 and 3.2 indicated that the clinker is good for high quality Portland 

cement. The free lime content of 1.35 % indicates that there was proper reaction 

of lime with the oxides to form the mineral compounds.  

The silica content of the clay was 67.82%, The clay composition was more of a 

bentonite material as it had higher silica to alumina ratio (> 1:1).  

The results of the PG samples are compared with extreme amounts of different 

elements in a general phosphogypsum sample as shown in figure 3.3 (Singh, 

2000; Sfar Felfoul et al., 2002; Singh, 2002). 

 

Table 3.3: Main Chemical Components of the raw and treated PG 

Constituents (wt. %) Raw PG Treated PG Phosphogypsum 

Min - Max 

CaO 44.90 45.32 28 - 45 

SO3 41.64 43.46 39 - 47 

SiO2 4.15 5.76 0.5 – 6.0 

P205 1.05 0.38 0.05 – 1.4 

K20 1.02 0.67 0.01 – 0.08 

Al2O3 0.65 0.80 0.02 – 0.85 

MgO 0.37 0.00 0.05 – 0.40 
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F 2.22 1.05 ≤ 1.5 

IS: 12679-1989 

 

The chemical composition of the raw and treated PG is shown in table 3.3, it 

can be seen that the treated PG complies with the requirements given in IS: 

12679-1989, specification for gypsum use in plaster, concrete, blocks and 

boards. The analytical results showed a better removal of P2O5 and fluorine than 

that obtained by raw PG (Van Der Merwe and Strydom, 2004).  

 

Microstructural and Chemical Analysis (SEM/EDS) 

         
  

     (a) 

   
    (b)    

Figure 3.1: SEM analysis of (a) Raw Phosphogypsum (b) heated 

Phosphogypsum 

 

The SEM-EDS analysis of the raw phosphogypsum sample showed the 

presence of agglomerates in tabular form and other in hexagonal form as shown 
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in figure 3.1 The treated PG samples fill and intertwine with each other to form 

a more compact structure. 

 

X-Ray Diffraction Pattern of the Samples 

X-Ray Diffraction Pattern of the Clinker Sample 

The clinker sample was analyzed through X-ray diffraction (XRD) to determine 

their crystalline composition (Waseda et al., 2011). 

  

    

 
In figure 3.2 the peaks of the clinker sample can be clearly observed and this 

shows the liquid phases of the X-ray diffraction pattern analysis; alite 
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(tricalcium silicate) C3S, belite (dicalcium silicate) CsS, tricalciumaluminate 

C3A, and tetracalcium aluminoferrite C4AF. 

 

X-Ray Diffraction Pattern of the Clinker Sample 

      
  (a)       

 
   (b) 

Figure 3.2: XRD Analysis of (a) Raw Phosphogypsum (b) Heated 

Phosphogypsum 
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The peaks of the raw phosphogypsum in Figure 3.2(a) were identified to be 

mainly gypsum (CaSO4.2H2O), which crystallizes in the monoclinic system as 

space group with the coexistence of other impurities phases. The XRD pattern 

of the treated phosphogypsum in figure 3.2(b) shows new silica and alumina 

rich products such as amorphous calcium silicate hydrates (C-S-H) and calcium 

aluminate hydrates (C-A-H), including crystalline phases of phosphogypsum 

dihydrate gypsum crystals. 

 

The physical analysis of the Portland cement sample produced is presented in 

table 3.5. 

Table 3.5: Physical Analysis of the Portland cement Produced 

Product Blaine (cm2/g) SO3 LOI Normal Consistency 

PGC1 4720 2.63 7.20 27.0 

PGC2 4850 2.67 7.01 27.5 

PGC3 4900 2.59 6.89 28.0 

PGC4 4655 2.61 6.66 28.0 

PGC5 4510 2.69 7.11 28.0 

PGC6 4550 2.63 6.85 28.0 

PGC7 4830 2.25 7.17 28.0 

PGC8 4790 2.61 7.08 28.0 

PGC9 4825 2.94 6.93 28.0 

  

Table 3.5 shows the various temperatures at which each of the PG products are 

heated in the furnace and also the physical analysis of the Portland cement 

produce. The Consistency of cement paste was estimated before testing the 

setting time and compressive strength analysis as well as the thermodynamic 

heat of hydration of the Portland cement produced.  

 

Conclusion 

Good quality binding materials were not obtained due to the obstruction 

admixtures present in the phosphogypsum when treated with lime water in order 

to obtain hemi hydrate gypsum, but thermal treatment of phosphogypsum to 

temperatures above six hundred degrees centigrade provides for the 

decomposition and removal of the admixtures which may obstruct the strength 

development of the Portland and also cause prolonged delay in the setting time 

Portland cement produced. 
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The laboratory tests performed in this study indicated that phosphogypsum 

could serve as a replacement of natural gypsum as a set retarder. The clinker 

parameter obtained is good for high quality Portland cement, and the free lime 

content of 1.35 % indicated that there was proper reaction of lime with the 

oxides to form the mineral compounds as shown in table 3.1 and 3.2. The 

sulphite content of the heated phosphogypsum was 42.42%, which translates to 

a purity of 91.20 %. pH analysis of the phosphogypsum saturated solution 

samples showed an increase in pH value, as a result of the heated product. The 

phosphorous content reduced appreciably from 1.05 to 0.38 for the raw and 

treated PG respectively. The compressive strength was found to be higher in the 

treated condition than the untreated condition.  

Conclusively, thermal purification and utilization of phosphogypsum waste for 

Portland cement production significantly removed the impurities present 

successfully, thereby making it serve as a replacement for natural gypsum in 

Portland cement production.  
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