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ABSTRACT  

 

Many arid and semi-arid regions have a problem of swelling soil 

which is one of the problematic soils that face many geotechnical 

engineers in the field (others include collapsible soil, soft clay, etc.). 

Swelling soil is known to cause severe damage to structures that are 

founded on it as a result; some houses and roads were destroyed. The 

presence of montmorillonite clay in these soils imparts them high swell–

shrink potentials. 

To overcome this problem there are two solutions one is replace the 

swelling soil by good quality granular material. The second is stabilizing 

the subgrade clayey soil by using various industrial wastes. The volume 

of by-product materials generated from industries such as 

Phosphogypsum, cement  dust, and other mining and heavy industries are 

increasing, the cost of removal of wastes is continuing to rise day-by-day 

in our society. 

Phosphogypsum (PG) is a solid waste generated from natural 

phosphate rock in phosphoric acid fertilizer production (H3PO4), 

composed of calcium sulfate contaminated by other impurities; it is 

produced in large quantities worldwide. Theses wastes pollute the 

environment.  Most phosphogypsum is stockpiled while lesser quantities 

are recycled or dumped into water. On the other hand cement kiln dust 

(CKD) is fine dust results from cement plants, the disposal of this fine 

dust becomes an environmental danger; Theses waste pollutes the soil, 

air and water. Now-a-days easily available industrial by-products are 

used for the enrichment of soil properties and become economically 

sound and environmentally friendly. 

In this research i have targeted to use Phosphogypsum (PG), 

cement kiln dust (CKD) and NaCl for swelling soil improvement by 

mixing them mixing them with bentonite in three groups (A, B, C). 
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This study carried out to check the improvement of the properties of 

swelling soil with phosphogypsum in various percentages i have tried to 

use the small ratio of PG (i.e., 0.6, 1.2, 1.8, 2.4 and 3%) with in various 

small ratio of CKD (i.e., 0.6, 1.2, 1.8, 2.4 and 3%) and chemical additives 

like NaCl. 

After treatment of soil the properties of the mixture samples were 

investigated, the natural soil properties were used as control points for 

comparison purposes. Since the swelling soil has the same property of 

bentonite, I used bentonite as a substitute of the swelling soil. 

In this regard important chemical analysis determined for all 

samples, and engineering tests like free swell test determined for all 

samples, Atterberg‟s limit test were conducted on some samples. 

Analytical technique x-ray diffraction (XRD) used to identify 

composition of bentonite and the reaction Products of the clay fraction of 

some test bentonite mixed with various amount of PG, CKD and NaCl. 

This pure clay test soil was used to ease identification of the reaction 

products. 

Some good results were obtained to use PG, CKD and NaCl for 

improvements of the properties of swelling soil by mixing them with 

bentonite, and I obtained good results as follows: 

For all additives used in the tests, the free swelling of bentonite 

generally decreased when the additive percentages increased and change 

its chemical and mechanical properties as pH increase due to cations 

exchange reactions occurred between the soil and additives, But all the 

mixtures cannot have the same type of influence over the swelling soil, 

The swelling rate of bentonite decreases strongly with increasing the 

percentages of NaCl and It is also observed that group B (PG + NaCl + 

B) has more effective additive than the others.  
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All the examined samples consisted mainly of SiO2, Al2O3 and 

Fe2O3 (R2O3) and CaO in a descending order of abundance. A minor to 

trace amounts of MgO were also detected of the treated samples 

indicated the presence of kaolinite clay. Low loss on ignition (LOI) as in 

appendix and alkalinity (high pH) improve the swelling properties and 

reduce the plasticity index (PI). 

Liquid limit, plasticity index of bentonite for some mixtures is also 

decreased with the increase of percentages of the chemical wastes and 

NaCl, while the plastic limit for these mixtures is decrease but slightly 

increased for few samples when the concentration of the chemical wastes 

and NaCl percentages increased.  

The results from XRD analyses of the bentonite and some mixtures 

showed that large amounts of montmorillonite were approximately 

transformed to other phases during the reaction that are (a non-swelling 

clay mineral commonly Kaolinite and Microcline). 

The aim of this study is to treatment of swelling soil using wastes 

and to determine the rate of change in swelling behavior of swelling soil 

when exposed to chemical wastes .This achieves the double objective of 

reducing the problems of this type of soil by improvement its 

characteristics, and also of providing a use for the additives (wastes), thus 

eliminating the economic and environmental cost involved in managing 

them. 

Key Words: Swelling soil; waste Phosphogypsum; waste cement kiln dust; 

NaCl; soil improvement; free swell; liquid limit; plastic limit; plasticity 

index; x- ray diffraction. 
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