
IJSRD - International Journal for Scientific Research & Development| Vol. 7, Issue 02, 2019 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1723 

Utilization of Phosphogypsum in Cement Concrete Pavement: A Review 

Purnima Tripathi1 Bilal Siddiqui2  
1M. Tech Scholar 2Assistant Professor 

1,2Department of Civil Engineering 
1,2BBDU, Lucknow, India

Abstract— Use of industrial by-products as construction 

material can help to achieve sustainability in this industry. 

The rapid increase in construction activities leads to massive 

shortage of conventional construction materials such as 

cement, fine aggregate and coarse aggregate. 

Phosphogypsum is a solid by-product material resulting from 

the production of phosphoric acid, a major constituent of 

many fertilizers. It has been estimated that more than 800 

m1lhon ton of phosphogypsum are stockpiled in the U.S. The 

current production rare exceed 60 million tons per year, with 

less than 11.2 percent being recycled at the present time. 

Alternatively, disposal of these materials in the form of 

landfill also need huge land area although environmental 

hazard concern from these activities has been raised by 

researches. The material has therefore, tried to incorporate in 

cement manufacturing considering its sustainable use. 

Phosphogypsum could be used as a substitute of natural 

gypsum in the production of Portland cement to control the 

hydration reaction rate of cement. develop phosphogypsum 

as a road base material are presented. The research program 

included physical and chemical characterization of the 

phosphogypsum. mineralogical analysis moisture-density 

relation unconfined compressive Strength testing freeze-thaw 

and wet-dry durability tests and expansion testing. The result 

shows that the strength of concrete increased as percentage of 

phophogypsum replacement increased up to certain 

percentage.    
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I. INTRODUCTION 

Concrete as is well known heterogeneous mix of cement, 

water and aggregates. The admixtures may be added in 

concrete in order to enhance some of the properties desired 

specially. In its simplest form, concrete is a mixture of paste 

and aggregates. The growth in infrastructure sector leads to 

scarcity of cement because of which the cost of cement 

increased incrementally. In India, demand for cement is more. 

Due to this construction cost of the structure increases. The 

phosphogypsum is an industrial waste by-product produced 

in various industries like fertilizer industry, phosphate ore and 

phosphoric chemical industry. Among them Over 6 million 

tons of PG is produced per annum in India. Which causes 

various environmental and storage problems. In today’s 

world, there is an ever-increasing demand for construction 

due to population expansion and shortage of building 

materials. The growth in infrastructure sector led to scarcity 

of cement because of which the cost of cement increased 

incrementally. In India, the cost of cement during 1995 was 

around Rs. 1.25/kg and in now day 2014 the price increased 

approximately six times and increasing day to day. Demand 

of cement is more. Due to this construction cost of the 

structure increases. In order to overcome the scarcity of 

cement and decrease the cost of concrete under these 

circumstances the use of solid wastes, agricultural wastes, 

and industrial by-products like fly ash, blast furnace slag, 

silica fume, rise husk, phosphogypsum, etc. came into use. 

Utilization of industrial waste such as phosphogypsum not 

only solves environmental problems but also provides a new 

resource for construction industry. 

This paper tries to focus on the use of 

phosphogypsum in partial replacement of cement in concrete. 

The use of above mentioned waste products with concrete in 

partial amounts replacing cement paved a role for 

1) Modifying the properties of the concrete, 

2) Controlling the concrete production cost,  

3) To overcome the scarcity of cement,  

4) The advantageous disposal of industrial wastes,  

5) Solve the problem of environmental pollution.  

The production of phosphoric acid from natural 

phosphate rock by means of the wet process give rise to an 

industrial by product named phosphogypsum. 

Phosphogypsum refers to the calcium sulphate hydrate 

formed as a by-product of the production of fertilizer from 

phosphate rock. Phosphoric acid is produced by reacting 

phosphate ore (apatite) with sulphuric acid according to the 

following reaction, where X may include OH, F, Cl, or Br. 

Ca5 (PO4)3X + 5H2SO4 + 2H2O =3H3PO4 + 5CaSO4. 

2H2O + HX 

Treated phosphogypsum can be used as an 

ingredient of plaster. The most important and motivating use 

of phosphogypsum could be in the construction industry. In 

the manufacturing process of cement, phosphogypsum could 

be used as a replacement of natural gypsum which plays the 

role of a set retarder or to reduce the clinkerization 

temperature. Study also conducted with weathered (stored in 

open air) phosphogypsum as a set retarder in Portland 

cement. 

Chemical constituents Percentage% 

CaO 31.2 

SiO2 3.92 

SO3 42.3 

R2O3 3.6 

MgO 0.49 

Phosphate, Fluoride 18.49 

Table 1: Chemical composition of phosphogypsum 

Colour Grey 

Specific gravity 2.3 - 2.6 

Dry bulk density 1470 -1670 kg/m3 

Moisture content 25 -30 % 

Table 2: Physical properties of phosphogypsum 

II. LITERATURE REVIEW 

T. Siva Sankar Reddy: This paper deals with the experimental 

investigation on compressive tensile and flexural strength 

characteristics of partially cement replaced phosphogypsum 

concrete using 0%, 10%, 20% replacement with different 
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water binder ratio 0.40, 0.45, 0.50. The strength 

characteristics are studied by casting and testing a cube for 7, 

28 days. It is shown that the part of Portland cement can be 

replaced with phosphogypsum to develop well and harden 

concrete to achieve economy. Experimental investigation 

shows that on replacement of cement by phosphogypsum by 

10% gives compressive strength 49.3 N/mm2 at 28th day of 

curing. Author found that the compressive strength at 7th day 

increased significantly around 20% at water binder ratio 0.5 

and marginally around 10% increase of the water binder ratio. 

The split tensile strength at 28th day increased marginally 

around 3 to 10 % at different water binder ratio.  

S. S. Bhadauria, Rajiv Gandhi, Rajesh B. Thakare: 

The mixture in which cement replaced with 5% 

phosphogypsum having almost same standards or normal 

consistency than that of plain cement. The author had cast 

specimen with concrete mixes mentioned and cured for 28 

days in the laboratory on completion of curing period and 

specimen were taken out and tested for compressive strength. 

Concrete mix For M20 grade compressive strength was 

19.00N/mm² at 28th day of curing for 5% replacement and 

for 15% replacement it was 14.00N/mm².for mix design M25 

for 5% replacement compressive strength was found 

26.40N/mm2 at 28th day of curing while for 20% 

replacement compressive strength was 13.00N/mm2.Hence 

there is constant increase in compressive strength of concrete 

containing five percent of phosphogypsum as compared to 

conventional concrete. Further increase in phosphogypsum 

content causes decrease in compressive strength, but rate is 

slow as compared with previous mix.  

Mahesh a. Bagade, s. R. Satone (July, 2012): 

Cement replaced with phosphogypsum concrete using 10% 

,15%, 20% with replace water binder ratio of 0.40. The part 

ordinary Portland cement can be replaced with 

phosphogypsum to develop good and hardened concrete to 

achieve economy.  Phosphogypsum in ordinary Portland 

cement mixes considerably retards setting time but does not 

contribute to produce unsound cement paste. The 

compressive strength of phosphogypsum cement concrete 

with 5% and 10% are improve it indicates phosphogypsum 

concrete used in mass concrete work.  

S. Deepak, c. Ramesh (March, 2016): In this paper 

the effect of replacing 10%, 20%, replacement of cement by 

phosphogypsum at two different water cement ratio (0.4 and 

0.5) on strength characteristic namely split tensile strength 

and flexural test of beam goes increasing 28 days.  

Koduru. Srinivasalu (march 2017): This paper deals 

with experimental investigation on durability characteristic of 

hardened concrete, compressive strength. The study aims to 

determine the optimum amount of phosphogypsum can give 

maximum strength of concrete. The experiment consists of 

testing concrete using 0%, 2.5%, 5%, 7.5%, 10% replacement 

of phosphogypsum for M20, M25, M30 grade of concrete. It 

is observed that cement can be replaced by phosphogypsum 

to develop too good and hardened concrete to achieve 

economy. 

In recent years, a great deal of researchers devoted 

themselves to the utilization of PG and have gained positive 

results. Sunil Kumar utilized PG as raw material for 

manufacturing of hollow blocks. Shen et al. prepared a new 

type of lime– fly ash–phosphogypsum binder to improve the 

performances of lime–fly ash binder, the PG content was 18–

23%. In the study of Degirmenci (2012), the utilization of PG 

was divided into two aspects, one was used as raw material 

directly, the other was calcined. PG can be used for preparing 

binder, building block, and so on, however, the report of 

utilization of PG for manufacturing non-autoclaved aerated 

concrete is little known.  

Roy, Kalvakaalava and Seals (1996) were studied 

micro structural and phase characteristics of phosphogypsum 

cement mixtures. The effect of tricalcium aluminate (C3A) 

content of the stabilizing cement (with two different C3A 

percentage), curing time (7, 28, 45 and 90 days), proportion 

of phosphogypsum (5% to 60%), grain size, impurities in 

phosphogypsum on microstructure (SEM) and phase 

properties of mix was studied. Derivative Thermo 

gravitimetric Analysis (DTA) was used in this study for 

hydrated products of these mixes. The study was concluded 

the addition of phosphogypsum to Portland cement produced 

large amount of ettringite. Phosphogypsum increased the 

degree of hydration of cement in the mixtures in the long 

term. The amount of carbonation in phosphogypsum based 

mixture was found relatively low. 

Yun Yan (2013) In order to make clear the role of 

phosphogypsum in cement– PG–slag–lime system, the 

following scheme was established: kept the proportion of 

cement–slag–lime invariant, added phosphogypsum whose 

content was 0–50% multiply by the total amount of cement, 

slag and lime, at the same time, the ratio of water to raw 

materials was also consistent. Effect of phosphogypsum 

content on compressive strength increases with 

phosphogypsum content increasing from 0% to 10%, 

however, which decreases when phosphogypsum content 

exceeds 10%. This shows that a part of phosphogypsum plays 

the role of activator in the system, besides, redundant 

phosphogypsum plays the role of filler. When 

phosphogypsum content exceeds 10%, the compressive 

strength goes down due to the relative volume of binder 

reduce with phosphogypsum content increasing.  

Lin Yang, Zhihua Hu (2013) Phosphogypsum (PG) 

was used as raw material for the preparation of non-

autoclaved aerated concrete, a series of technological 

parameters, such as water to solid ratio (W/S), quick lime 

content, steam temperature, and chemical activators, were 

investigated based on the density and compressive strength of 

specimens in this paper and the performances of products 

were also tested. The optimal mix proportion for preparing 

PG non-autoclaved aerated concrete (about 700 kg/m3) is as 

follows: cement 15%, Ground Granulated Blast Furnace Slag 

(GGBFS) 30%, PG 55%, quick lime 7%, Na2SO4 1.6%, 

aluminium powder 0.074%, W/S 0.45. The best steam 

temperature used for curing the specimens is 90 C. The 

compressive strength, frost-resistance and thermal 

conductivity of products meet the requirements of Chinese 

autoclaved aerated concrete blocks standard; however, the 

shrinking of non-autoclaved aerated concrete is still a 

challenge and the durability also must be observed in the next 

work. The results also show that phosphogypsum not only 

plays the role of filler but also plays the role of activator.  

Ong, Metcalf, Seals and Taha (2014) studied 

unconfined compressive strength of various cement stabilized 

Phosphogypsum (CSPG) and it was shown that the mix 
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behaves like cement-stabilized soil. The strength and its 

relation between parameters were studied for different curing 

conditions. It was concluded phosphogypsum could be 

stabilized with cement to produce an adequate material for 

road base construction to the requirement of the local codes.  

Ouyang, Nanni and Chang (2010) studied sulphate 

attack resistance of Portland cement mixture containing 

phosphogypsum and conventional aggregate. A wide range 

of SO3 and C3A contents were investigated with respect to 

linear expansion and compressive strength development for 

specimen submerged in fresh and seawater. The cement 

contents were varied between 10% - 30% by weight, whereas 

phosphogypsum varied from 0 – 50%, lime rock aggregate 

was used. The results indicated that, the optimum C3A 

content, which corresponds to minimum expansion, is about 

1.1% for Portland cement having C3A content less than 7%. 

And phosphogypsum contents directly proportional to 

expansion in cement mixes. Seawater immersion decreases 

the strength development rate of cylinders and increases 

linear expansion of bars.  

Zong Shou Lin (2009) investigated a cementitious 

material by utilizing two industrial wastes, phosphogypsum 

(PG) and steel slag (SS), combined with another industrial 

by-product ground granulated blast-furnace slag (GGBFS) 

and limestone (LS). The 28days compressive strength of a 

mixture of 45% PG, 10% SS, 35% GGBFS and 10% LS 

exceeded 40 MPa. XRD and SEM analyses showed that the 

main hydration products were ettringite and C–S–H gel. Part 

of PG reacted with GGBFS and SS to form ettringite, the 

residual PG was wrapped by hydration products. SS in the 

cement acted as an alkalinity activator. Over dosage of SS 

may cause unsoundness.  

Chang, Chin and Ho (2006) have published state of 

art report on phosphogypsum for secondary road 

construction. It was concluded phosphogypsum when 

subjected to compaction could be transformed into a solid of 

valuable strength. It could be used very effectively as binder 

to stabilized soil, replace shell or clay in secondary road and 

aggregate and water. A base course was built by spreading 5 

inch of loose phosphogypsum on existing soil, over which the 

concrete was laid. This pavement was tested for abrasion, 

durability, shrinkage, compensation, onsite deflection and 

radiation monitoring. The project demonstrated that PG based 

RCC was suitable for construction of parking facilities. PG 

without was detrimental to strength contributed to good mix 

and surface finish because of fine grinding.  

In the study of Smadi et al. (2003) the setting times 

increased with using PG for calcined and unclaimed samples. 

Heat treatment of PG has resulted in the highest improvement 

in latter’s flexural strengths and the lowest improvement in 

compressive strengths. Also, the curing method was found to 

greatly affect the strengths. The samples, which were cured 

in damp room, showed lower strength as compared to those 

cured in air.  

III.  CONCLUSION 

From the review of literature on utilization of SCBA in 

concrete, the following conclusion can be drawn- 

1) By replacement cement in concrete by phosphogypsum, 

reduces the consumption of cement. 

2) The laboratory results indicate that portland cement 

stabilized phosphogypsum mixtures can be successfully 

used as road base and subbase materials. 

3) In some of the cases it is observed that, setting time of 

cement is increased due to use of phosphogypsum. 

4) Based on experimental investigation to addition 

phosphogypsum in concrete affects durability strength 

characteristic of concrete. 

5) The type and amount of Portland cement will 

significantly influence the performance of stabilized 

phosphogypsum mixtures.  

6) Moisture content and compactive effort have a 

significant influence on the dry density and compressive 

strength of stabilized phosphogypsum mixtures. 

7) The results indicate that use of raw phosphogypsum is suitable for 

concreting work. Because of its fine gradation, 

phosphogypsum provides additional workability, 

compactability and surface finish ability of the mix. In 

addition, it also contributes to strength and economy of the 

construction works. 

8) Phosphogypsum’s presence in the cement has increased 

its initial  strength  rapidly. 

9) Heated phosphogypsum used as a binder, improved the 

compressive and flexure strength of the material. 
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