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1. Introduction

1.1 Cement kiln dust

Cement kiln dust (CKD) is an industrial by-product formed during the manufacture of cement and is a waste
material that is traditionally destined for landfills. It is a fine powdery material similar in appearance to Portland
cement [1]. Wet-process kilns and dry-process kilns are the main two types of cement kiln processes, the first type
accept feed materials in a slurry form; and the later one accepts feed materials in a dry ground form. The exhaust
gases from cement production process are passed through dust collection system (e.g., cyclone). Part of the
collected CDK from the cyclone could be returned to the kiln. The production of one ton of cement generates
around 0.06-0.07 ton of CKD. Global cement production is expected to increase from 3.27 billion metric tons in
2010 to 4.83 billion metric tons in 2030; with approximately 220 million tons of cement dust is discarded annually
from these cement manufacturing facilities. X-ray diffraction analysis of cement kiln dust showed that the main
constituent is calcite (CaCOs), quartz (SiO2) and calcium sulfate (CaSQ4) [2]. CKD is generally non-hazardous
because of its relatively low leaching properties for heavy metals. However, its presence in open atmosphere for
a long period may have significant effects on the environment. Trace constituents include cadmium; lead,
selenium, and radionuclide are generally found at concentrations of less than 0.05 percent by weight in CKD.
However, since these constituents are potentially toxic, and its concentrations can vary between cement plants, it
is important to assess the mobility and leach ability of these traces constituents in the CKD [3].

1.1.1  Environmental problems related to CKD:

Dust emissions originate mainly from the raw mills, the kiln system, the clinker cooler, and the cement mills. A
general feature of these process steps is that hot exhaust gas or exhaust air is passing through pulverised material
resulting in an intimately dispersed mixture of gas and particulates. The nature of the particulates generated is
linked to the source material itself, that is, raw materials (partly calcined), clinker or cement. These emissions are
not only deteriorating air quality but also degrading human health. Emissions have local and global environment
impact resulting in global warming, ozone depletion, acid rain, biodiversity loss, reduced crop productivity etc.

[4]
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1.2 Flyash

Fly ash is a fine grained powder left as residue after the burning of coal during the production of electricity. It
mainly consists of silica, alumina and iron. It is finely separated residue that outcomes from the ignition of
pounded coal and is transported from the burning chamber by fume gases. Fly ash has slight cementitious value
because in moisture it reacts chemically and cementitious compounds are formed which improves its strength and
compressibility characteristics [5].

Fly ash can be tan to dark gray, depending on its chemical and mineral constituents. Tan and light colors are
typically associated with high lime content. A brownish color is typically associated with the iron content. A dark
gray to black color is typically attributed to an elevated unburned content. Fly ash color is usually very consistent
for each power plant and coal source.

Fly ash particles are generally spherical in shape and range in size from 0.5 um to 100 um. They consist mostly
of silicon dioxide (SiO.), which is present in two forms: amorphous, which is rounded and smooth, and crystalline,
which is sharp, pointed and hazardous; aluminum oxide (Al,Os) and iron oxide (Fe.O3). Fly ashes are generally
highly heterogeneous, consisting of a mixture of glassy particles with various identifiable crystalline phases such
as quartz, mullite, and various iron oxides. Total Amount of FA generated all over the world reaches 750 million
tons per year (China produced almost 77% of this amount), and according to statistics, the global average
utilization rate of FA is about 25% [6].

1.2.1 Environmental problems related to FA

Many environmental problems could be caused by FA such as; (1) FA cannot be disposed-off in the open field
because it pollutes the air, soil and ground water. (2) Transportation of FA is difficult since the lightweight
particles tend to fly causing air pollution. (3) Long inhalation causes serious respiratory problems. (4) FA has
adverse impacts on agriculture and forest fields. (5) Disposal in sea, river or ponds damages the aquatic life; fly
ash causes siltation problems. (6) Long and continuous use of fly ash as fertilizer makes hardpan underground.
(7) Requirement of huge land for making ash ponds or dikes [7].

2. Reuse of by-products

The general trend all over the world is the reuse of the various industrial wastes or by-products, particularly the
solid wastes, in useful applications in order to prevent, or at least to reduce the environmental pollution [8]. In
order to minimize the undesirable environmental impacts and to conserve materials, many researches have been
conducted to investigate the beneficial uses of CKD and FA as a raw material, fertilizer, construction material,
adsorbent and improving soil properties [9]. During the last decade extensive research has been carried out to
utilize byproducts such as CKD and FA. Broadly, utilization programs can be evaluated from two points, i.e.
mitigating environmental effects and addressing disposal problems. The chemical composition of CKD and FA
are presented on table (1) [1].

Table (1) Chemical composition of CKD and Fly-ash

Chemical CKD (wt%o) FA (wt%o)

AL,O; 3.5 25.56
SiO; 15.37 51.11
CaO 58.85 4.30

Fe 03 3.08 12.48

K20 7.00 0.70

MgO 1.55 1.45
Na.O 4.37 0.77

SOs3 5.66 0.24

Loss on ignition 23.79 0.57

The present study provides a literature review on the beneficial usage of CKD, FA and their mixture in the field
of agriculture, waste treatment, soil stabilization, concrete and cement industry.

2.1 Agriculture reuse of byproducts

Optimizing soil chemistry is a critical process in agriculture. Acid soils or soils with depletion of essential plant
nutrients can stunt seed germination and root development. These soils can also inhibit the uptake of nutrients by
the plants [10]. The byproduct is considered a good alternative for being utilized in the agriculture fields if it has
the following abilities; (i) Soil amendment to modify the pH of the soil. (ii) Soil conditioner to improve the
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physical and chemical properties of soil. (iii) Source of essential plant nutrients like P, K, Ca, Mg, Cu, Zn, Fe,
Mn, etc. [7].

2.1.1 CKD reuse in agricultural filed

The chemical and physical properties of CKD provide various advantages for agricultural applications such as:
The dust could supply plants with enough amounts of S, Mg, and K, so they use CKD instead of the chemical
fertilizer. Carroll et al., [11] found that they have the same ability to increase yields of alfalfa.

Calcium silicate and lime as constitute of CKD increased dry matter yield of sorghum in an acid soil, but it did
not show any significant effect on dry matter yield of barley when planted in sand and soil mixed with CKD [12].
CKD contained beneficial amounts of crop micro- and macro-nutrients, and provides calcium to potatoes and is
an efficient source of plant-available potassium comparable to commercial fertilizers without resulting in crop or
soil contamination with heavy metals. [13].

Due to its ability to hold water from 40 to 50% of its weight, CKD can assist in drought resistance [14]. Regarding
alkalinity, CKD can increase the pH of the soils, reduce fluctuation of pH in the soils, and as a result reduce plant
and root stress. CKD can successfully be used as a liming agent in acidic soils [15]. Bio-solids mixed with CKD
can be recycled as agricultural amendments through direct applications to crop lands, but this practice has raised
numerous environmental and health issues because of the significant concentrations of metals, organic compounds
and pathogens commonly found in these waste materials [16].

Treated bio-solids with CKD were more drastic than any of the other treatments and led to excessive removal by
leaching and/or degradation of many lipid components and a reduction in molecular diversity. Some researchers
investigated the chemical partitioning of trace metals in soils after one application of CKD and studied the effect
on soybean during one growing season, and concluded that the total concentrations of metals in the bio-solids and
the CKD, were relatively low compared to the maximum concentrations of these metals in clean sludge
recommended by the US Environmental Protection Agency [17]. Christie et al., [18] investigated the liming and
fertilizer value of alkaline-stabilized bio solids applied annually to spring barley crop. They reported that mixing
with CKD produced a similar nutrient value in alkaline bio-solids which is similar to inorganic fertilizer.

2.1.2 Reuse of FA for Agriculture

Beneficial usages of FA depend on the chemical and physical properties include;

According to Khan and Khan [19] a gradual increase in fly ash concentration in the normal field soil from 0, 10,
and 20 up to 100% v/v increased the pH, thereby improving the availability of sulfate, carbonate, bicarbonate,
chloride, P, K, Ca, Mg, Mn, Cu, Zn and B. They also found that addition of fly ash to acidic and alkaline soil
decreased the amounts of Fe, Mn, Ni, Co and Pb released from acid soil.

Fly-ash, organic and inorganic fertilizers saved N, P and K fertilizers to the range of 45.8%, 33.5% and 69.6%,
respectively, and gave higher fertilizer use efficiency than chemical fertilizers alone or combined use of organic
and chemical fertilizers in a rice—groundnut cropping system [20]. Ajaz and Tiyagi, [21] concluded that
parameters improvement took place when the soil contained 10 - 50% of FA. The fresh weight of cucumber
increased maximally by 115% at the soil mixture which contained % of FA and % of soil. Singh and Agrawal [22]
examined the effects of different concentrations of FA addition to soil on the growth of three cultivars of mung
bean. The use of fly ash had a positive influence on the mung bean growth and the crops productivity. The
researchers concluded that the differences in the effects of FA application on the growth of mung bean may
indicate a genetic base for variability.

Narayanasamy [23], investigate the use of fly ash as pesticide and found that more than 50 species of insect pests
of various major crops were susceptible to fly-ash treatment. He also found that fly-ash dusting at 40 kg ha*on
rice could control both chewing and sucking pests such as leaf folder, yellow caterpillar, spiny beetle, ear head
bug, brown bug, black bug, grasshoppers, brown plant hopper and green leafhopper. Serious polyphagous pests
of cotton such as Helicoverpa armigera and Spodoptera litura also could be controlled effectively.

2.2 CKD and Fly ash applications on Waste Treatment

In the field of waste treatment, byproducts should consider beneficial based on the following abilities: (i)
Absorptive quality, (ii) Alkaline nature, and (iii) Could be used as an alternative to other conventional waste
treatment materials.

2.2.1 Reuse of CKD for Waste Treatment

The most and popular application of CKD in wastewater treatment is for sewage sludge applications. It is used
as chemical conditioner and stabilizer. CKD is cheaper than lime and could reduce the cost of sludge stabilization.
Sludge stabilization process is the treatment of sewage to eliminate health hazards and noxious smells. In this
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process, enough lime has to be added to maintain the pH at 12 for two hours to achieve effective sterilization of
the sewage waste [24]. The sludge filter cake stabilized by CKD could be a useful fertilizer [25]. In addition,
CKD-treated sludge has a higher buffering capacity than the untreated sludge. It was concluded that alkaline
treatment of sludge is not only beneficial to stabilize sludge according to USEPA standards but is also beneficial
in terms of heavy metals immobilization and minimization of metal solubility in the treated-sludge matrix [26].
Odor has been one of the most difficult parameters to control in the processing of municipal sludge cakes. CKD
treatment process was used to reduce the sludge cake odors. Mechanisms of odor control include adsorption by
the tremendous surface area of CKD, pH increase, de-nitrification, drying the moisture of normal soil microbes,
aeration and chemical elimination of hydrogen sulfide [27]. According to Burnham et al. [28], the treatment of
municipal wastewater sludge cakes with 35% CKD alone or a small amount of quicklime with 30% CKD will
reduce the pathogenic microbial population present in the sludge to below the USEPA's standard.

Results from a modified sludge test showed that CKD treatment renders the heavy metals present in sludge
insoluble thereby minimizing their ability to enter a leachate. Cement kiln dust (CKD) was evaluated for its ability
to increase the pH of acidic processed effluent in activated sludge wastewater treatment [29].

Aboulfotoh and Dohdoh [2] studied the effect of using CKD on the thickening and dewatering performance of
sewage sludge. The results indicated that adding CKD to sewage sludge by 60% of total solid could improve the
sludge thickening, dewatering as well as stabilization. The settleability of sludge was improved as follows: the
zone settling velocity increased from 43.2 to 98.4 m/d, the SRF decreased from 5.93 (10%.m/kg) to 0.76 (10°.m/kg)
and the actual dewatering time required to achieve sludge with solid content more than 20% reduced from 5 to 2
d, while the pH value remained in the required range for stabilization.

2.2.2 Reuse of FA for Waste Treatment

Fly-ash used in waste water treatment to decrease (COD, TSS, BOD, O, G, PH) and also used as adsorption
techniques for the removal of toxic metal ions. Rani and Dahiya [30] used fly ash, brick kiln ash and commercial
activated carbon in the reduction of chemical oxygen demand (COD) from domestic wastewater. Starting with an
initial COD concentration of 1080 mg/l the maximum COD reduction achieved for fly ash was 87.8%, brick kiln
ash was 83.2% and commercial activated carbon was 99.4 %. These values were achieved when the wastewater
was treated with activated carbon for 180 min, fly ash 250 min and brick kiln ash 300 min and the adsorbent dose
was kept respectively at 40 g/l, 60 g/l and 45 g/l for activated carbon, fly ash and brick kiln ash.

Singh et al [31] studied the use of fly ash alone and in combined state in different ratios with wood ash for the
treatment of domestic laundry waste water. Effect of various parameters such as combination ratio of fly ash and
wood ash, contact time, adsorbent dosage and particle size of adsorbent have been studied. They found that TSS
(total suspended solids) is reduced from 350 ppm to 15-20 ppm, total BOD from 250ppm to 10-20 ppm and pH
dropped from highly alkaline range to 8.5-9.5 range, reduction of 80% in total soap content, FOG (fats, oils and
grease) from visible turbid level to non-turbid and clear solution.

In sewage sludge composting, lime is used to raise the pH and thereby to kill pathogens and to reduce the
availability of heavy metals enriched in sludge. Since alkaline coal fly-ash contain a large amount of CaO. Lime
could be replaced by Fly ash to decrease the operational cost [32].Unburned carbon component in fly ash plays
an important role in adsorption capacity. Adsorption techniques are useful for the removal of toxic metal ions,
organic and inorganic compounds, and dyes [33]. The technical feasibility of utilization of fly ash as a low-cost
adsorbent for various adsorption processes for removal of pollutants in air and water systems has been reviewed.
Instead of using commercial activated carbon or zeolites, a lot of researches have been conducted using fly ash
for adsorption of NOy, SOy, organic compounds, and mercury in air, and cations, anions, dyes and other organic
matters in waters [34, 35]. Organic pollutants, such as phenolic compounds, pesticides, and dyes, etc., can be
removed very effectively using fly ash as adsorbent [36]. The fly ash adsorbed 67, 20, and 22 mg/g for phenol,
[37]. Adsorbent prepared from fly ash was successfully used to remove cresol from an aqueous solution in a batch
reactor. The adsorbent was characterized, and significant removal of cresol was achieved [38]. Coal fly ash was
successfully used to remove 2, 4-dimethyl phenol from aqueous solutions [39].

Batch adsorption studies of organic pollutants containing carbosyl group on activated charcoal, fly ash and
granular charcoal are made. The adsorption capacity of activated charcoal, fly ash and granular charcoal is 39.6,
39.6 and 28.8 mg/g respectively. The experimental results obtained suggest the possible use of fly ash in water
treatment processes for the removal of organic pollutants [40].

The ability of natural rice husk and fly ash was tested in removing Cr (111) ion from aqueous solution and industrial
wastewater and found that Cr (I11) ion from industrial wastewater sample with a concentration of 50 + 2 mg/L
was removed by natural rice husk and fly ash with 92.78% and 85.24%, respectively [41]. Adsorption of mercury
(11) on coal fly ash was successful; the final concentration reached 10 mg/I [42].
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The feasibility of using fly ash as an alternative to activated carbon was examined for removal of methylene blue
from aqueous solutions [43]. The removal of some common textile dyes using the fly ash samples has been
investigated as a function of fly ash dosage, dye concentration, and contact time at ambient conditions, fly ash
achieved good removal efficiency [44].

2.3 Soil Stabilization

Soil stabilization is the permanent physical and chemical alteration of soils to enhance their physical properties.
Stabilization can be achieved with a variety of chemical additives including lime, fly ash, and Portland cement,
as well as by-products such as lime-kiln dust (LKD) and cement-kiln dust (CKD).This addition can increase the
shear strength of a soil and/or control the shrink-swell properties of a soil, thus improving the load-bearing
capacity of a sub-grade to support pavements and foundations. Stabilization can be used to treat a wide range of
sub-grade materials from expansive clays to granular materials.Benefits of the stabilization process by addition
this materils can include: Higher resistance (R) values, Reduction in plasticity, Lower permeability, Reduction of
pavement thickness. [45].

2.3.1 Reuse of CKD for Soil Stabilization

Rimal et al. [45] studied using of CKD for treatment of two natural soils using various curing periods. Extensive
laboratory tests were carried out to depict the variation of unconfined compressive strength by treating the natural
soils with CKD at various proportions. Samples were prepared for natural soils with and without CKD. Similarly,
tests were carried out in dry and immersed conditions. The sum of results highlights that significant increment in
the unconfined compressive strength is achieved when CKD is used as an additive in natural soil.

Laguros and Davidson [46] studied the CKD mechanistically functions on clay they found is similarly to cement
as it showed the presence of hydration products and a subsequent decrease in void space, which resulted in
increased strength and a reduction in the plasticity indices with curing times. CKD sharply reduced the swell
potential of the clay which was expansive in nature. The swelling of the raw clay, as determined by the ASTM-
D-4546 procedure, dropped from over 9% to 0% when treated with 25% CKD. Meanwhile, the swell potential
measured as a part of the CBR tests, dropped from nearly 9% to 0.5%. Modifications of the swelling behavior in
clay properties are important when considered for pavement applications, as reduced volumetric changes imply
more stable behavior in the sub base or elsewhere in the pavement structure. VVoids in the CKD-stabilized clay
samples, measured optically, decreased with CKD additions. The raw clay soil had 7% void space whereas the
samples with 25% CKD gave a void space between 1 and 2.3% [47]. This may explain the strength gain as a
consequence of decrease in voids. This phenomenon does not appear to be time dependent; it rather appears to be
CKD-dosage dependent. The decrease in voids may result from a combination of processes occurring
simultaneously, i.e., the hydration products developing early on, and the placement of CKD particles filling the
voids to modify the morphology of the stabilized mass. Additional characterizations (scanning electron
microscopy tests for example) of the CKD-treated clay samples would, however, be required to verify this point
[47]. According to Southgate and Mahboub [48], the CBR test also positively correlates with the modulus of
elasticity and strength of the stabilized soils. Sandy soils, which are commonly selected in the pavement layers,
the usage of CKD may provide cementitious materials when it is mixed with water in a way similar to the
mechanism by which Portland cements provide their binding characteristics. The physical and chemical
composition of the dust is very important in any application of CKD, including sand and clay stabilization [45].
Addition of 15% CKD to sandy soils for pavement subgrade applications having 5.9% (free CaO and MgQO), and
0.97% total alkalies (KO + NaO) ensured a compressive strength of 360 psi (2.5 MPa) [49]. Baghdadi and
Rahman [50] studied the effects of CKD on stabilizing siliceous dune sand in highway construction. It was
deduced that a mix proportion of 30% CKD and 70% sand gave peak performance for application as base
materials. In a somewhat similar study conducted later, Baghdadi et al. [51] reported that the use of CKD between
12 and 50% was satisfactory to stabilize dune sand. For light applications, 12 to 30% CKD was found sufficient,
and for heavily-loaded applications, about 50% CKD gave satisfactory stabilization.

Azad [52] found that an increases in the unconfined compressive strength (UCS) of soil occurred with the addition
of CKD. Furthermore, the increases in UCS were inversely proportional to the plasticity index (PI) of the untreated
soil. Significant Pl reductions occurred with CKD treatment, particularly for high PI soils. Mohamed [53]
evaluated the potential use of cement-kiln dust (CKD) for enhancing the mechanical as well as the hydraulic
properties of soils in arid lands. Various tests were conducted to determine the different physical properties of the
stabilized matrix and the optimum mixture that produces maximum internal energy and minimum hydraulic
conductivity was selected. The analysis showed that 6% by weight of CKD is the optimum mix design, which
increases the shear strength and decreases the hydraulic conductivity to less than 10 - m/s. Therefore, the treated
soil could be used as a soil-based barrier layer for containment of hazardous waste, [53]. In other words, the
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available free lime, soluble alkalies, and fineness of CKD influence the stabilization of soil, whether the
underlying stabilization process is primarily pozzolanic, or ion-exchange, or a combination of both.

2.3.2 Reuse of FA for Soil Stabilization
Recent investigations suggest that FA can find better application if combined with organic amendments such as
cow manure, press mud, paper factory sludge, farmyard manure, sewage sludge, crop residues and organic
compost for improvement of degraded/marginal soil [54]. Few beneficial combined effects of FA and organic
matter on soil have been found such as :
1- Reduced heavy-metal availability and killing pathogens in the sludge [55]
2- Improved soils through higher nutrient concentrations, better texture, lower bulk density, higher
porosity and mass moisture content and higher content of fine-grained minerals [56];
3- Enhanced the biological activity in the soil [57];
4- Reduced the leaching of major nutrients [58];
5- Beneficial for vegetation [59];
6- Co-utilization of ‘slash’ a mixture of FA, sewage sludge and lime in the ratio of 60:30:10 had beneficial
soil ameliorating effect. ‘Slash’ incorporation in soil showed positive effects on soil pH and Ca, Mg and P
content and reduction in the translocation of Ni and Cd [60] and enhanced growth and yield of corn, potatoes
and beans in pot trials. So, amendment with FA will enhance agricultural sector for crop production. Further,
organic amendment application will provided anchorage and growth of the plant on a FA dumping site [61].
The main disadvantage of using FA in soil is that the use of swine manure with FA increased the availability of
Ca and Mg balancing the ratio between monovalent and bivalent cations (Na* K*/Ca** Mg), which otherwise
proves detrimental to the soil [62].

2.3.3  Reuse of CKD-FA mixture for Soil Stabilization

Nicholson [63, 64] did investigations for a series of CKD and fly ash mixtures or producing sub-base materials
with different aggregates. CKD was used up to 16% by weight of the mixture, producing a durable mass by
reacting with water at ambient temperatures. Collins and Emery [65] demonstrated the effectiveness of
substituting CKD for lime in a number of lime-fly ash-sandy aggregate systems for sub-base construction. The
results indicated that the majority of the CKD-treated fly ash and aggregate mixtures resulted in materials which
were comparable in strength, durability, dimensional stability, and other engineering properties, to those of the
conventional lime-fly ash-aggregate mixtures.

Miller, et al. [66] have also reported the use of CKD and fly ash as the cementitious ingredients in developing
pozzolanic bases that demonstrated comparable properties to those of a stabilized base.

It was pointed out, however, that the use of any particular CKD-fly ash combination would require an appraisal
of the chemical and strength test data to establish optimum properties for a suitable mix design.

The study reveals that the action of CKD on soil is a successful technique of stabilization for problematic soils.
Shortly, it is determine that utilizing this waste is a useful suggestion which is economical and atmosphere
friendly, using this waste is a useful proposal which is economical and atmosphere friendly as well. Outcomes in
this study have been used in designing foundations on compacted stabilize clay beds.

It has been noted that with the increment in amount of CKD, Maximum dry density (MDD) increases and
Optimum moisture content (OMC) decreases. The decrement in OMC with increase in CKD amount may be
credited to the addition of material which is considered as silty to the parental material. The increase in MDD as
cement kiln dust content increases may be because of gradation of CKD and as the specific gravity of CKD is
more than the soil, so M.D.D increases. It has been noted that with the increase in Fly ash content, OMC increases
and MDD decreases, this is because the Fly ash is having the more specific surface area and thus it absorbs more
water. The existence of ash having low specific gravity may be the reason for decrease in density [67].

2.4 Concrete and cement industry.
Materials with cement like properties such as CKD and FA makes it a potential replacement for Portland cement
in utilization in concrete, flowable slurry, etc.

2.4.1 Reuse of CKD in concrete and cement industry.

Al-Harthy et al. [68] investigated the use of CKD as a substitute for Portland cement at different proportions in
concrete and mortar samples. They also concluded that substitution of cement with CKD does not produce
negative effects on strength properties of these samples when CKD was added at proper low ratios.

Research has demonstrated that CKD can act as alkaline accelerator for latent hydraulic substances including
ground granulated blast furnace slag and as alkaline activator for different aluminosilicate materials used in
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mortars and concretes [69, 70]. The solubility of Si, Ca, Al and Mg in cementitious matrices are pH dependent.
The equilibrium solubility of silica is low at pH below ~11[71]

CKD with its high alkaline soluble fraction can be added as an activator in blended cements containing fly ash
and hydraulic slags enabling them to undergo cementations reactions [72]. However, the inconsistencies in
physical and chemical properties of CKD can affect such hydration mechanisms. The resultant hydration products
and strength development are also dependent on a particular type and characteristics of CKD under consideration.
Adequate initial alkali concentration and presence of sulphates are both considered vital for the activation of slag
in CKD-slag systems. The hydration processes, hydration products, and resulting enhanced strength are
principally determined by the free CaO content of a particular CKD Pozzolanic processes involve siliceous and
aluminosilicate materials that form cementitious substances when combined with a cementitious material (such
as CKD) and water [70, 73].

Blast furnace slag possesses latent hydraulic reactivity however; its hydration in pure water is particularly slow
under normal conditions due to the development of aluminosilicate coatings on slag grains that prevent hydration
reactions from proceeding. Moreover, high glass content of blast furnace slag also requires elevated alkaline
conditions for chemical hydration. This can be readily achieved with basic reactors such as calcium hydroxide
obtained from the addition of sufficient amount of Portland cement, calcium sulphates or other calcium and alkali
rich compounds such as CKD [71, 74].

2.4.2 Reuse of FA in concrete and cement industry
Fly ash is an excellent potential raw material for the manufacture of construction material like blended cement,
fly ash bricks, mosaic tiles and hollow blocks. It also has other, high volume applications and can be used for
paving roads, building embankments, and mine fills.
Fly ash products have several advantages over conventional products. The use of cement in the manufacture of
construction products can be reduced by substitution with fly ash. While the use of cement cannot be completely
avoided, for certain products like tiles, the substitution can go up to 50 percent. These products are known to be
stronger and more cost-effective because of substantial savings on raw material. The fly ash has been utilized in
different ways as discussed in [40, 75]. Fly ash can be used in Portland cement concrete to enhance the
performance of the concrete. Portland cement is manufactured with calcium oxide (CaO), some of which is
released in a free state during hydration. As much as 20 pounds of free lime is released during hydration of 100
pounds of cement. This liberated lime forms the necessary ingredient for reaction with fly ash silicates to form
strong and durable cementing compounds, thus improves many of the properties of the concrete. Some of the
resulting benefits are: be disposed in landfills, and conservation of other natural resources and materials.
Typically, 15 to 30 % of the Portland cement is replaced with fly ash. Fly ash in concrete has significant benefits
including:

1. Increasing the life of concrete roads and structures by improving concrete durability.

2. Net reduction in energy use and greenhouse gas and other adverse air emissions when fly ash is used to

replace or displace manufactured cement [40].

2.4.3 Reuse of CKD-FA mixture in concrete and cement industry

Many factors such as the particle size, silicate content, composition and crystal structure of the silicate, degree of
hydration, calcium magnesium ratio, among others determine the rate and extent of long-term hydration reactions
of CKD-fly ash systems [76]. The effectiveness of fly ash as a binder depends on its alkalinity equivalent, which
is indicated by the amount of calcium oxide (CaO) present. It also depends on its reactive silica, carbon and iron
contents, fineness, and particle size [77]. CKD-slag systems are analogous to GU-slag systems in hydration
processes since CKD also serves to activate slag resulting in precipitation and accumulation of hydration products.
The early age hydration products are highly contingent upon inherit chemical characteristics of CKD under
consideration, however, later hydration products essentially include C-S-H gel and the stable sulphoaluminate
hydrate ettringite and are responsible for enhanced strength development [70].

Literature on use of CKD to activate fly ash is quite scarce. Babaian et al [78] investigated the reactivity of CKD-
FA systems but the main emphasis of this investigation was the effect of grinding so no meaningful conclusions
can be drawn in relation to unground binder constituents. Wang K. et al [79] investigated the effect of curing
temperature and NaOH addition on the behavior of CKD—FA systems. They found compressive strengths as low
as 2.1 MPa after 28days for binders of 50% CKD and 50% FA without using elevated curing temperatures or
NaOH addition although the strength increased to 10.1 MPa after 56 days. Maslehuddin et al., [80] investigated
concrete mixes including cement, CKD and other cement replacement materials. For their concrete mix with 70%
cement, 20% fly ash and 10% CKD, they measured 3 day compressive strength of 30.3 MPa (compared with 38.3
MPa for an equivalent mix with 100% cement). They also tested a mix made with 80% GGBS, 15% CKD and
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only 5% cement and found a moderate 3 day strength of 23.0 MPa. Chaunsali and Peethamparan [81] examined
pastes with 70% CKD (from two different sources) and 30% of either FA or GGBS cured at an elevated
temperature of 75 °C. For both fly ash and GGBS mixes, they observed higher compressive strengths at all ages
for mixes with the CKD that had the higher free lime and sulphate contents. They noted that the higher free lime
content led to greater C-A-SH gel forming during the pozzolanic reaction and that the higher sulphate content and
alumina content increased ettringite formation. They also noted that the CKD that led to greater strengths had a
smaller particle size throughout the particle size distribution range.

CKD along with fly ash were utilized as waste material blends with Portland cement. The following conclusions
can be made concerning the performance of such blends: Mortars of satisfactory mechanical strength can still be
produced using blends containing 90% Portland cement but not more than 4% fly ash as blended waste material.
Blends containing as low as 70% Portland cement can still exhibit adequate strength if only CKD is used as the
blending waste material. These blends witness various degrees of increase in their hydration requirements for
normal consistency, and more noticeably in their initial setting times.

Increasing the ratio of waste materials in the blended cement paste significantly increased the amount of water
required to produce a neat blend of normal consistency. This increase is mainly due to the presence of the dry fly
ash in the blend, which does not contribute to the hydration reactions. The increase in hydration requirement
became less significant as CKD became the dominant waste material blended, and practically diminished when
only CKD was blended with Portland cement.

Increasing the percentage of waste materials in the cement blend has also significantly increased the initial setting
time of these blends. This increase became prohibitively large for all blends containing less than 70% cement,
which is reflected on the complete loss of mechanical properties of blends containing 70% or less cement and less
than 80% CKD in the blended waste material. A large jump in setting time was observed in blends containing less
than 90% cement when fly ash exceeded 40% of waste materials blended. This figure, however, shows that the
increase in setting time for blends utilizing 90% cement gradually became insignificant as the percentage of CKD
in the blended waste material was increased [82].

2.5 Other beneficial uses of FA
Large scale use of ash as a fill material can be applied where:

o Fly ash replaces another material and is therefore in direct competition with that material.

o Fly ash itself is used by the power generating company producing the fly ash to improve the economics

of the overall disposal of surplus fly ash.

Fly ash disposal is combined with the rehabilitation and reclamation of land areas desecrated by other operations.
Fills can be constructed as structural fills where the fly ash is placed in thin lifts and compacted. Structural fly ash
fills are relatively incompressible and are suitable for the support of buildings and other structures. Non-structural
fly ash fill can be used for the development of parks, parking lots, playgrounds and other similar lightly loaded
facilities. One of the most significant characteristics of fly ash in its use as a fill material is its strength. Well-
compacted fly ash has strength comparable to or greater than soils normally used in earth fill operations. In
addition, fly ash possesses self-hardening properties which can result in the development of shear strengths. The
addition of cement can induce hardening in bituminous fly ash which may not self-harden alone. Significant
increases in shear strength can be realized in relatively short periods of time and it can be very useful in the design
of embankments [83].
Fly ash can be used for construction of road and embankment. This utilization has many advantages over
conventional methods.

e Saves top soil which otherwise is conventionally used
Avoids creation of low lying areas (by excavation of soil to be used for construction of embankments)

¢ Avoids recurring expenditure on excavation of soil from one place for construction and filling up of low
lying areas thus created.

o Does not deprive the nation of the agricultural produce that would be grown on the top soil which
otherwise would have been used for embankment construction.

o Reduces the demand of land for disposal/deposition of fly ash that otherwise would not have been used
for construction of embankment.

Fly ash products are also environment-friendly. A case in point is fly ash bricks. The manufacture of conventional
clay bricks involves the consumption of large amounts of clay. This depletes topsoil and degradation of
agricultural land. Fly ash bricks do not require clay and serve two purposes; preservation of topsoil and
constructive utilization of fly ash. Fly ash bricks are made up of fly ash, sand and cement. In these bricks fly ash
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is used as the primary filler and sand is added as secondary filler. Cement is used to binder, which helps in holding
all the raw material together. Bricks can be mainly grouped into two categories:

e Fly ash bricks using cement as a binder: Raw materials include: fly ash, cement and sand.
o Fly ash brick using lime as a binder: Raw materials include: fly ash, lime gypsum and sand.

Mosaic tile are manufactured utilizing the fly ash. The process involves preparing the mix for two layers: the
wearing layer and the base layer. The wearing layer consists N of a plastic mix of mosaic chips, cement, and fly
ash and dolomite powder. The base layer consists of a semi-dry mix of fly ash, cement and quarry dust. The tiles
are pressed in the ile-making machine and air-dried for 12 hours or more. They then undergo curing in water tanks
for 15 days. The tiles are then polished and stacked for supply [83].

Worldwide, many technologies have been developed for the production of artificial aggregates from fly ash. Only
two of them have reached the commercial status-the sintering process Lytag and the cold-bonded process
Aardelite. Aggregates from fly ash produced can be used for a variety of applications in the construction industry,
including masonry elements, precast concrete elements, and ready-mix concrete for buildings up to five floors
and bituminous concrete for road foundation.

Fly ash based composites have been developed using fly ash as filler and jute cloth as reinforcement. After
treatment, the jute cloth is passed into the matrix for lamination. The laminates are cured at specific temperature
and pressure. Numbers of laminates are used for required thickness. The technology on fly ash Polymer Composite
using Jute cloth as reinforcement for wood substitute material can be applied in many applications like door
shutters, partition panels, flooring tiles, wall paneling, ceiling, etc. With regard to wood substitute products, it
may be noted that the developed components / materials are stronger, more durable, resistant to corrosion and
above all cost effective as compared to the conventional material i.e. wood.

This technology has been developed by Regional Research Laboratory, Bhopal in collaboration with Building
Materials and Technology Promotion Council (BMTPC), New Delhi and Technology Information, Forecasting
and Assessment Council (TIFAC), New Delhi. One commercial plant has also been set up based on this
technology near Chennai [75].

Conclusion

The literature review revealed that the byproducts from cement production (CKD), as well as from the combustion
of coal (FA) have many adverse impacts on the environment and humane health. These byproducts if not disposed-
off in environmental save manner, could cause; global warming, ozone depletion, acid rain, biodiversity loss,
reduced crop productivity. On the other hand these byproducts find a numerous application in the agricultural
field, cement industries, soil stabilization, waste treatment, and in pollution control. Many researches have been
conducted to investigate these beneficial uses of CKD, FA and there mixture as a raw material, fertilizer,
construction material, adsorbent and improving soil properties. The reuse of such byproducts could achieve many
advantages such as; protect environment, protect human health, and conserve raw materials.

References

1. A. Arulrajah, A. Mohammadinia, A. D’Amico, A. Horpibulsuk, Cement kiln dust and fly ash blends as an
alternative binder for the stabilization of demolition aggregates, Construction and Building Materials, 145
(2017) 218-225, https://doi.org/10.1016/j.conbuildmat.2017.04.007

2. A.M. Aboulfotoh, A.M. Dohdoh, Enhancement of thickening and dewatering characteristics of sewage
sludge using cement Kkiln dust, Desalination and Water Treatment 81(2017), 40-46,
http://doi.org/10.5004/dwt.2017.21035

3. USDOT, U.S. Department of Transportation, User guidelines for waste and by product materials in pavement
construction. FHWA-RD-97, (1998) 148.

4. K.S.Devi, V.V. Lakshmi, A. Alakanandana, Impact of Cement Industry on Environment-An Overview, Asia
Pacific Journal of Research | (LVII) (2017) 156-161.

5. A. Dwivedi, M.J. Kumar, Fly ash —waste management and overview: A Review, Recent Research in Science
and Technology 6 (1) (2014) 30-35.

6. C.Wang,J. Li, L. Wang, X. Sun, Study on adsorption of Cr(V1) using single phase zeolites synthesized from

fly ash, Chin. J. Environ. Eng. 2 (2008) 1121-1126.

7. R. Sett, Flyash: Characteristics, Problems and Possible Utilization, Advances in Applied Science Research,
8 (3) (2017) 32-50.

ElBaz et al., J. Mater. Environ. Sci., 2019, 10(11), pp. 1062-1073 1070


https://doi.org/10.1016/j.conbuildmat.2017.04.007

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

H.H.M. Darweesh, Utilization of cement kiln by-pass dust waste as a source of CaO in ceramic industry,
Silicates Industrials 66(3/4) (2001) 47-52.

M.H. El-Awady, T.M. Sami, Removal of Heavy Metals by Cement Kiln Dust, Bulliten of Environmental
Contamination and Toxicology 59 (1997) 603-610.

USEPA, Standards for the use or disposal of sewage sludge, Final Rule 40 CFR Part 503. Federal Register
58:9387-9401(1993).

D.M. Carroll, C.J. Erickson, C.W. Whittaker, Cement kiln flue dust as soil liming amendment, Journal of
Agronomy 56 (1964) 373-376.

S. Khader, N. Abu-Rub, The potential use of cement dust as a fertilizer, Dirasat, 13(5) (1986) 51-60.

J. Lafond R.R. Simard, Effect of cement kiln dust on soil and potato crop quality, American Journal of Potato
Research 75 (1999) 83-90.

R.J. Schreiber, S.D. Smeenk, Y. Schreiber, Acceptable approaches for beneficial use of cement kiln dust,
Waste combustion in boilers and industrial furnaces specialty conference, Air and Waste Management
Association, Pittsburgh, PA, USA, 15-17 Apr, (1998) 105-118.

Pennstate, Lime kiln dust and cement kiln dust. Nontraditional Soil Amendments, The Agronomy Guide,
(2004), Crop and Soil Management Section

S. Dudka, W.P. Miller, Accumulation of potentially toxic elements in plants and their transfer to human food
chain, Journal of Environmental Science and Health-B 34(4) (1999) 681-708.

H. Dinel, T. Pare, M Schnitzer, N. Pelzer, Direct land application of cement kiln dust- and lime-sanitized
biosolids: extractability of trace metals and organic matter quality, Geoderma 96 (4) (2000) 307-320.

P. Christie, D.L. Easson, J.R. Picton, S.C.P Love, Agronomic value of alkaline-stabilized sewage biosolids
for spring barley, Journal of Agronomy 93 (2001) 144-151.

M.R. Khan, M.W. Khan, The effect of fly-ash on plant growth and yield of tomato, Environmental Pollution
2(92) (1996) 105-111. https://doi.org/10.1016/0269-7491(95)00098-4

B.N. Mittra, S. Karmakar, D.K. Swaine, Flyash — a potential source of soil amendment and component of
integrated plant nutrient supply system, International ash utilization symposium Center for Applied Energy
Research, University of Kentucky, (2003) Paper # 28.

S. Ajaz, S. Tiyag, Effect of different concentrations of fly-ash on the growth of cucumber plant, Cucumis
sativus, Archives of Agronomy and Soil Science 49 (2003) 457 — 461.

A. Singh, S.B. Agrawal, Response of mung bean cultivars to fly ash: Growth and yield, Ecotoxicology and
Environmental Safety 73(8) (2010) 1950 — 1958, https://doi.org/10.1016/j.ecoenv.2010.07.023

P. Narayanasamy, Flyash in the plant protection scenario of agriculture, Third international conference on
fIGN, utilization and disposal, Proceedings of the Il Central Board of irrigation and power. New Delhi:
government of India (2003), 71-80.

M. Zaman, J.G. Laguros, A. Sayah, Soil stabilization using cement kiln dust, Proc., 7 International
MConference on Expansive Soils, Dallas, 1 (1992) 347.

A. Corish, T.Coleman, Cement kiln dust, Concrete 29(5) (1995) 40-42.

M.K. Rahman, S. Rehman, O.S.B. Al-Amoudi, Literature Review on Cement kiln Dust usage in Soil and
Waste Stabilization and Experimental Investigation, Int. J. Recent Res. Appl. Sci. 7 (2011) 77-87.

J.C. Burnham, Reduction of odors in cement kiln dust stabilized/pasteurized municipal wastewater sludge
cake, Dept. of Microbiology, MCO, Toledo, OH, (1992) 7-13.

J.C. Burnham , N. Hatfield, G.F. Bennett, T.J Logan, Use of kiln dust with quicklime for effective municipal
sludge pasteurization and stabilization with the N-Viro Soil process, ASTM Special Technical Publication
1135(1992) 128-141.

M.L. Smith, C.E. Campbell, C. E., Effects of cement kiln dust on pH and phosphorus concentrations in an
activated sludge wastewater treatment system, Water Quality Res J Canada 35 (2) (2000) 299-311,
https://doi.org/10.2166/wqrj.2000.019

D. Rani, R.P. Dahiya, Chemical Oxygen Demand (COD) Reduction in Domestic Wastewater Treatment by
Fly Ash and Brick Kiln Ash, Water, Air and Soil Pollution 174 (1-4) (2006) 33-46,
http://doi.org/10.1007/s11270-005-9022-9

P. Singh, P. Tripathi, S. Chauhan, A. Mishra, Domestic Waste Water Treatment Using Fly Ash Alone or in
Combined Form, I0SR-JEEE 11-3 (I11) (2016) 34-39, http://doi.rog.10.9790/1676-1103033439

R.F.Jiang, C.G.Yang, D.C. Su, Coal fly ash and lime stabilized biosolids as an ameliorant for boron deficient
acidic soils, Environ Technol; 20 (1999) 645-59.

S. Wang, H. Wu, Environmental-Benign utilization of fly ash as low -cost adsorbents, Journal of Hazardous
Materials B136 (2006) 482-501, https://doi.org/10.1016/j.jhazmat.2006.01.067

ElBaz et al., J. Mater. Environ. Sci., 2019, 10(11), pp. 1062-1073 1071


https://www.sciencedirect.com/science/journal/00167061
https://www.sciencedirect.com/science/journal/00167061/96/4
https://www.researchgate.net/profile/Mujeebur_Khan?_sg%5B0%5D=Oyml2wii7jBOxjC8-1mjmZrHceCl9p_5VUknBc4bOUPryN9JRqfxgJzwqTd4Iopf7HqD2Xk.t-_z-n2b1E0i4xQWb8_1f2r30rVo9J9996p7FUrMxp-SzCx6OeOCH4oy1tMdQ33gXYEUvIEWycOi6nuaSn1shw&_sg%5B1%5D=u35uQphJHFQRemi47qeD7BMxAuGI_GwPpdevBijS5k0ipR8QG8caLTqxYo98oERqBP8GoxbQ4yrWOQrU.2nPwK-6wW7pt5xOXU_QpqZSaE1rx0z6Aa-rqlEGTly-IJgLsEFls70ORAaxV_R-APWFHiYadlFRxWCoRcY9yTg
https://www.researchgate.net/scientific-contributions/2051085467_MW_Khan?_sg%5B0%5D=Oyml2wii7jBOxjC8-1mjmZrHceCl9p_5VUknBc4bOUPryN9JRqfxgJzwqTd4Iopf7HqD2Xk.t-_z-n2b1E0i4xQWb8_1f2r30rVo9J9996p7FUrMxp-SzCx6OeOCH4oy1tMdQ33gXYEUvIEWycOi6nuaSn1shw&_sg%5B1%5D=u35uQphJHFQRemi47qeD7BMxAuGI_GwPpdevBijS5k0ipR8QG8caLTqxYo98oERqBP8GoxbQ4yrWOQrU.2nPwK-6wW7pt5xOXU_QpqZSaE1rx0z6Aa-rqlEGTly-IJgLsEFls70ORAaxV_R-APWFHiYadlFRxWCoRcY9yTg
https://doi.org/10.1016/0269-7491(95)00098-4
https://doi.org/10.1016/j.ecoenv.2010.07.023
https://doi.org/10.2166/wqrj.2000.019
http://doi.rog/
https://doi.org/10.1016/j.jhazmat.2006.01.067

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

ol.

52.

53.

o4.

55.

56.

S7.

58.

59.

S.M. Nityanand, K.M. Atul, C. Peter, Evaluation of adsorption potential of adsorbents: A case of uptake of
cationic dyes, Journal of Environmental Biology 29(1) (2008) 31-36.

C. Debabrata, R.P. Vidya, S. Anindita, S.K. Moulik, Removal of Some Common Textile Dyes from Aqueous
Solution Using Fly Ash, J. Chem. Eng. Data 55 (12) (2010) 5653-5657, https://doi.org/10.1021/je100536e
S. Jakkapong, W. Dawan, S. Supin, Utilization of Fly Ash from Power Plant for Adsorption of Hydrocarbon
Contamination in Water, Journal of Metals, Materials and Minerals 20 (1) (2010) 5-10,

M. Ahmaruzzaman, Role of Fly Ash in the Removal of Organic Pollutants from Wastewater, Energy Fuels,
23 (3) (2009), 14941511, https://doi.org/10.1021/ef8002697

E. Pehlivan, S. Cetin, Application of Fly Ash and Activated Carbon in the Removal of Cu?* and Ni* lons
from Aqueous Solutions, Energy Sources, Part A: Recovery, Utilization, and Environmental Effects 2 (30)
(2008), 1153 — 1165, https://doi.org/10.1080/15567030701258220

G.P. Dasmahapatra, T.K. Pal, A.K. Bhadra, B. Bhattacharya, Studies on separation characteristics of
hexavalent chromium from aqueous solution by fly ash, Separation science and technology 31 (14) (1996)
2001-2009.

V.P. Suhas, C. Suryakant, S.J. Kulkarni, Industrial Applications of Fly ash: A Review, IJSETR 2 (9) (2013)
1659-1663.

R. Piekos, S. Paslawska, Fluoride uptake characteristics of Fly ash, fluoride-journal 32 (1) (1999) 14-19.
A. Aydin and Minoo Zardkoohi, Adsorption of Phenolic Compounds on Fly Ash, Journal of Chemical and
Engineering Data, 41 (2) (1996) 185-187.

H. Karaca, E. Altint1g, D. Tiirker, M. Teker An evaluation of coal fly ash as an adsorbent for the removal of
methylene blue from agueous solutions: kinetic and thermodynamic studies, Journal of Dispersion Science
and Technology, (2018), 1-8, https://doi.org/10.1080/01932691.2018.1462191

H. Demiral, M.E. Yildirim, Recovery of acetic acid from waste streams by extractive distillation, Water
Science and Technology 47 (10) (2003) 183-188.

S. Rimal, R.K. Poudel, D. Gautam, Experimental study on properties of natural soils treated with cement kiln
dust, Case Studies in Construction Materials 10 (2019) e00223, https://doi.org/10.1016/j.cscm.2019.e00223
J.G. Laguros, D.T. Davidson, Effect of Chemicals on Soil-Cement Stabilization, Highway Research Board
Record No. 36. (1963).

A.l. Sayah, Stabilization of Expansive Clay Using Cement Kiln Dust, M.Sc. Thesis, Graduate School,
University of Oklahoma, Norman, Oklahoma, U.S.A. (1993).

H.E. Southgate, K.C. Mahboub, Proposed Uniform Scale for Stiffness of Unbound Pavement Materials for
Pavement Design, Journal of Transportation Engineering 120 (1994).

R. Napeierala, Stabilization of the Subsoil with the Dust from the Kilns for Portland Cement Clinker Burning
Cement-Wapno-Gips XXXVI/L, (4) (1983), 127-28.

Z.A. Baghdadi, M.A. Rahman, The Potential of Cement Kiln Dust for the Stabilization of Dune Sand in
Highway Construction, Building and Environment 25 (4) (1990) 285-289.

Z.A. Baghdadi, M.N. Fatani, N.A. Sabban,. Soil Modification by Cement Kiln Dust, ASCE Journal of
Materials in Civil Engineering 7 (4) (1995) 218-222.

G. A. Miller, S. Azad, Influence of soil type on stabilization with cement kiln dust, Construction and Building
Materials, 14 (2) (2000), 124-129, https://doi.org/10.1016/S0950-0618(00)00007-6

A.M. Mohamed, Hydro-mechanical evaluation of soil stabilized with cement-kiln dust in arid lands,
Environmental Geology, 42 (8) (2002) 910-921.

R.D. Tripathi, S.N. Singh, N. Singh, N., P. Vajpayee, A. Kumar, Reclamation of fly ash landfills by
successive plantation, soil amendments and/or through biotechnological approach, Final Technical Report.
Directorate of Environment, U.P., India (2000).

J.W.C. Wong, The production of artificial soil mix from coal fly ash and sewage sludge, Environ. Technol.
16 (1995) 741-751.

J.F. Shen, X.W. Zhou, D.S. Sun, J.G. Fang, Z.J. Liu, Z. Li, The production of artificial soil mix from coal fly
ash and sewage sludge, Environ. Geol. 53 (2008), 1777-1785, https://doi.org/10.1080/09593331608616313
J. Kumpiene, A. Lagerkvist, C. Maurice, Stabilization of Pb and Cu contaminated soil using coal fly ash and
peat, Environ. Pollut. 145 (2007), 365-373, https://doi.org/10.1016/j.envpol.2006.01.037.

K.S. Sajwan, S. Paramasivam, A.K. Alva, D.C. Adriano, P.S. Hooda, Assessing the feasibility of land
application of fly ash, sewage sludge and their mixture, Adv. Environ. Res. 8 (2003) 77-91,
https://doi.org/10.1016/S1093-0191(02)00137-5

S.K. Rautaray, B.C. Ghosh, B.N. Mittra, 2003, Effect of fly ash, organic wastes and chemical fertilizers on
yield, nutrient uptake, heavy metal content and residual fertility in a rice—-mustard cropping sequence under
acid lateritic soils, Bioresour. Technol. 90 (2003) 275-283, https://doi.org/10.1016/S0960-8524(03)00132-9

ElBaz et al., J. Mater. Environ. Sci., 2019, 10(11), pp. 1062-1073 1072


https://doi.org/10.1021/je100536e
https://doi.org/10.1021/ef8002697
https://doi.org/10.1080/15567030701258220
https://www.sciencedirect.com/science/journal/22145095
https://doi.org/10.1016/j.cscm.2019.e00223
https://doi.org/10.1080/09593331608616313
https://doi.org/10.1016/j.envpol.2006.01.037
https://doi.org/10.1016/S1093-0191(02)00137-5
https://doi.org/10.1016/S0960-8524(03)00132-9

60.
61.
62.
63.
64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

N.F.G. Rethman, W.F. Truter, Plant responses on soils ameliorated with waste products, 16th National
Meeting of ASSMR, Albuquerque, NM, USA, (2001) 425.

V.C. Pandey, N. Singh, Impact of fly ash incorporation in soil systems, Agriculture, Ecosystems and
Environment 136 (2010), 1627, https://doi.org/10.1016/j.agee.2009.11.013

L. Giardini, Aspetti agronomici della gestione dei reflui zootecnici, Rivista dilngegnaria Agraria 12(1991),
679-689.

J. P. Nicholson, Mixture for Pavement Bases and the Like, U.S. Patent #4,018,617, April 19 (1977).

J. P. Nicholson, U.S. Stabilized Mixture, Patent #4,101,332, July 18, 1978, Reissue #30,943, May 25 (1982).
R.J. Collins, J.J. Emery, Kiln Dust-Fly Ash Systems for Highway Bases and Subbases, Federal Highway
Administration Report No. FHWA/RD-82/167 (1983), Washington, DC.

C.T. Miller, D.G. Bensch, D.C. Colony, D.C., Use of Cement-Kiln Dust and Fly Ash in Pozzolanic Concrete
Base Courses, in Emulsion Mix Design, Stabilization, and Compaction, Transportation Research Record
No. 754, National Academy of Sciences, Washington, D.C., U.S.A. (1980), 36-41.

A. Tangri, Z.B. Rashid, P.S. Bhamra, Effect of Cement Kiln Dust (CKD) and Fly Ash (FA) on the
Unconfined Compressive Strength of Clayey Soi, IJRERD 2 (4) (2017) 23-27.

R.A. Taha, A.S. Alnuaimi, K.S. Al-Jabri, A.S. Al-Harthy, Evaluation of controlled low strength materials
containing industrial by-products. Build Environ 42 9 (2007), 66-72,
https://doi.org/10.1016/j.buildenv.2006.07.028

A. Buchwald, M. Schulz, Alkali-activated binders by use of industrial by-products, Cement and Concrete
Research 35 (5) (2005), 968-973, https://doi.org/10.1016/j.cemconres.2004.06.019

M.S. Konsta-Gdoutos, S.P. Shah, Hydration and properties of novel blended cements based on cement kiln
dust and blast furnace slag, Cement and Concrete Research 33 (8) 2003, 1269-1276,
https://doi.org/10.1016/S0008-8846(03)00061-9

A. Sreekrishnavilasam, S. King, M. Santagata, Characterization of fresh and landfilled cement kiln dust for
reuseinconstructionapplications, Engg. Geology85(1) (2006) 165-173, doi.org/10.1016/j.engge0.2005.09.036
T.D. Dyer, J.E. Halliday, R.K. Dhir, An investigation of the hydration chemistry of ternary blends containing
cement kiln dust, Journal of Materials Science 34 (20) (1999) 4975-4983.

K. Wang, S.P. Shah, A. Mishulovich, Effects of curing temperature and NaOH addition on hydration and
strength development of clinker free CKD-fly ash binders, Cem. Concr. Res. 34 (2004), 299 — 309,
https://doi.org/10.1016/j.cemconres.2003.08.003

M.C.G. Juenger, F. Winnefeld, J.L. Provis, J.H Ideker, Advances in alternative cementitious binders, Cement
and Concrete Research 41 (2011), 1232-1243, https://doi.org/10.1016/j.cemconres.2010.11.012

M. Ahmaruzzaman, A review on the utilization of fly ash, Progress in Energy and Combustion Science 36
(3) (2010), 327-363, https://doi.org/10.1016/j.pecs.2009.11.003

J.R. Conner, V.N. Reinhold, Chemical fixation and solidification of hazardous wastes, NY and Chapman and
Hall, London, 1990, ISBN 0-442-20511-2, 1992, http://doi.org/10.1016/0304-3894(92)87086-U

R.S. Ravindrarajah, Usage of cement kiln dust in concrete, International Journal of Cement Composites and
Lightweight Concrete, 4 (2) (1982), 95-102, https://doi.org/10.1016/0262-5075(82)90013-6

P. M. Babaian, K. Wang, A. Mishulovich, S. Bhattacharja, P.S. Surendra. Effect of Mechano-Chemical
Activation on Reactivity of Cement Kiln Dust: Fly Ash Systems, Materials Journal, 100 (2003).

K. Wang, S. Maria, K. Gdoutos, P.S. Surendra, Hydration, rheology, and strength of ordinary Portland
cement (OPC)-cement kiln dust (CKD)-slag binders, ACI Materials Journal, 99 (2) (2002) 173-179.

M. Maslehuddin, O.S.B. Al-Amoudi, M.K. Rahman, M.R. Barry, Properties of cement kiln dust concrete,
Construction and Building Materials 23 (2009) 2357-2361,
https://doi.org/10.1016/j.conbuildmat.2008.11.002

P. Chaunsali and S. Peethamparan, Influence of the composition of cement kiln dust on its interaction with
fy ash and  slag, Cement and  Concrete Research 54  (2013) 106-113,
https://doi.org/10.1016/j.cemconres.2013.09.001

M. A. Daous, Utilization of Cement Kiln Dust and Fly Ash in Cement Blends in Saudi Arabia, JKAU: Eng.
Sci. 15 (1) (2004) 33-45.

S. Dhadse, P. Kumari, L.J. Bhagia, Fly ash characterization, utilization and Government initiatives in India:
A review, Journal of Scientific & Industrial Research 67 (2008) 11-18.

(2019) ; http://www.jmaterenvironsci.com/

ElBaz et al., J. Mater. Environ. Sci., 2019, 10(11), pp. 1062-1073 1073


https://doi.org/10.1016/j.agee.2009.11.013
https://doi.org/10.1016/j.buildenv.2006.07.028
https://www.researchgate.net/profile/A_Buchwald?_sg%5B0%5D=oNqfaVnH4JMBvhJsijCuYF6GThaFAH6vTR9b6A5R8ct468_snCArC5DDSoonSfEMZG8v0SY.53li7zXkeCJivresUGZHV76bxTZNyD7tMUfdfHYhIIXSk6Lu7tFo11FwR62Rom7Wed8xlfTRxlahzYhlXdUfDw&_sg%5B1%5D=JnytqP-DbegDQ5AtjmvQy4aQM9dDJ-Rfm770Sdzz97OKkbTaMbLLnhp3sgqojh2ptwJzXTg42ymiHFSk.oz6BiMuryYzyNZgUw9_wCtEJCYclgbeFA7_R-84hTChv4iR03lIiqVMw-JwNQPb8ofautAhoAsqpflga4cLcjQ
https://www.researchgate.net/scientific-contributions/73511431_M_Schulz?_sg%5B0%5D=oNqfaVnH4JMBvhJsijCuYF6GThaFAH6vTR9b6A5R8ct468_snCArC5DDSoonSfEMZG8v0SY.53li7zXkeCJivresUGZHV76bxTZNyD7tMUfdfHYhIIXSk6Lu7tFo11FwR62Rom7Wed8xlfTRxlahzYhlXdUfDw&_sg%5B1%5D=JnytqP-DbegDQ5AtjmvQy4aQM9dDJ-Rfm770Sdzz97OKkbTaMbLLnhp3sgqojh2ptwJzXTg42ymiHFSk.oz6BiMuryYzyNZgUw9_wCtEJCYclgbeFA7_R-84hTChv4iR03lIiqVMw-JwNQPb8ofautAhoAsqpflga4cLcjQ
https://doi.org/10.1016/j.cemconres.2004.06.019
https://www.sciencedirect.com/science/article/pii/S0008884603000619
https://www.sciencedirect.com/science/article/pii/S0008884603000619
https://doi.org/10.1016/S0008-8846(03)00061-9
https://www.researchgate.net/profile/Asha_Sreekrishnavilasam?_sg%5B0%5D=WuNi5FDw0Tl3lMsh3UK9MNgoKdgHDcIItTgVKddTA4Bju9caKMGpQYeKARFpAe3XXlnlT2A.PnXQRuGTuql2Z9faH4lJD_Nk21KxpVqpC3qVZ8efmAWf6w47Q90neyy4q4PzONcXj884gidPRsX8n3FphCEFXg&_sg%5B1%5D=Gw31Prkz4OuJk1fJWJs5YfCG4N7ohoi4Qlgr1l6WNf_8rkbCoTkaUUB-lD8AgY_-88-8Bl-hXQPK1jk8.1cO5O_fCdvv8bt67r4upjP-9AbnC6vR0Fonux6PhhiYTWK295Qwr47kWBXlkHRV4-vxOZix1scpBDZ-SqrYwQw
https://www.researchgate.net/scientific-contributions/72578352_Stephanie_King?_sg%5B0%5D=WuNi5FDw0Tl3lMsh3UK9MNgoKdgHDcIItTgVKddTA4Bju9caKMGpQYeKARFpAe3XXlnlT2A.PnXQRuGTuql2Z9faH4lJD_Nk21KxpVqpC3qVZ8efmAWf6w47Q90neyy4q4PzONcXj884gidPRsX8n3FphCEFXg&_sg%5B1%5D=Gw31Prkz4OuJk1fJWJs5YfCG4N7ohoi4Qlgr1l6WNf_8rkbCoTkaUUB-lD8AgY_-88-8Bl-hXQPK1jk8.1cO5O_fCdvv8bt67r4upjP-9AbnC6vR0Fonux6PhhiYTWK295Qwr47kWBXlkHRV4-vxOZix1scpBDZ-SqrYwQw
https://www.researchgate.net/profile/Marika_Santagata?_sg%5B0%5D=WuNi5FDw0Tl3lMsh3UK9MNgoKdgHDcIItTgVKddTA4Bju9caKMGpQYeKARFpAe3XXlnlT2A.PnXQRuGTuql2Z9faH4lJD_Nk21KxpVqpC3qVZ8efmAWf6w47Q90neyy4q4PzONcXj884gidPRsX8n3FphCEFXg&_sg%5B1%5D=Gw31Prkz4OuJk1fJWJs5YfCG4N7ohoi4Qlgr1l6WNf_8rkbCoTkaUUB-lD8AgY_-88-8Bl-hXQPK1jk8.1cO5O_fCdvv8bt67r4upjP-9AbnC6vR0Fonux6PhhiYTWK295Qwr47kWBXlkHRV4-vxOZix1scpBDZ-SqrYwQw
https://www.sciencedirect.com/science/article/pii/S0013795206000780
https://www.sciencedirect.com/science/article/pii/S0013795206000780
https://doi.org/10.1016/j.enggeo.2005.09.036
https://link.springer.com/article/10.1023/A%3A1004715806829
https://link.springer.com/article/10.1023/A%3A1004715806829
https://doi.org/10.1016/j.cemconres.2003.08.003
https://www.sciencedirect.com/science/article/pii/S0008884610002553
https://doi.org/10.1016/j.cemconres.2010.11.012
https://doi.org/10.1016/j.pecs.2009.11.003
https://doi.org/10.1016/0304-3894%2892%2987086-U
https://www.sciencedirect.com/science/article/pii/0262507582900136
https://doi.org/10.1016/0262-5075(82)90013-6
https://www.sciencedirect.com/science/article/pii/S0950061808003358
https://doi.org/10.1016/j.conbuildmat.2008.11.002
https://www.sciencedirect.com/science/article/pii/S0008884613001877
https://www.sciencedirect.com/science/article/pii/S0008884613001877
https://doi.org/10.1016/j.cemconres.2013.09.001
http://www.jmaterenvironsci.com/

