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Abstract 

Physical and mechanical properties of the prepared light weight building bricks made from clay, cement kiln dust waste and sewage 

sludge that fired at 900, 950 and 1000 °C were evaluated and studied. Results showed that the water absorption and apparent porosity 

were diminished and decreased with the replacing of cement kiln dust waste at the expense of sewage sludge till 12 wt. % cement kiln 

dust waste content, while the bulk density, flexural and compressive strengths were improved and enhanced. Any further increase of 

cement kiln dust waste content more than 12 wt. %, both physical and mechanical characteristics were adversely affected. All these 

characteristics were more improved with the increase of firing temperature. Therefore, the optimum brick batch was that containing 12 

wt. % cement kiln dust waste at 1000 °C. 
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Introduction 

Scope of the problem 

The continuous increase in the industry of building materials is 

regarded as one of the main factor for the consumption of 

naturally occurring resources. Hence, the increasing need of 

building materials results in a global warming potential 

increment, which strongly reflects negatively on the climatic 

changes and the increase of the Earth’s surface temperature [1]. 

This is often due to the very high clinkering temperature (1450 
°C) to produce clinker which is the main component of Portland 

cement. Moreover, the fuel combustion and the calcination of 

limestone are two factors responsible for CO2 emission during 

Portland cement production [2], in addition to the emissions of 

other gasses. Also, considerable amounts of the very light weight 

cement kiln dust waste (CKDW) are produced from this industry. 

The global cement production reached to about 4.20 billion tons 

in 2019 [3], where each ton of Portland cement generates 54-200 

kg of CKDW [4]. This CKDW was removed from rotary kiln to 

avoid its undesirable increase in the resulted clinker. The 

composition of CKDW usually comprises alkali oxides as CaO, 

Na2O, and K2O and sulfate, chloride, and volatile materials [5-7]. 

The accumulation of CKDW always accompanied with several 

environmental problems, particularly its hazardous effect on the 

plant and human health [8]. The leaching of heavy metals from 

CKDW into the ground water and landfill consumption are the 

two main environmental problems caused by CKD-accumulation 
[9]. Additionally, the low specific gravity of this dust enhances the 

probability of its bearing by wind, resulting in serious problems 

for human health including respiratory symptoms, chronic 

impairment of lung function, eyes problems, skin irritation, and 

asthma [10]. As a result, the industry of building materials is now 

facing large challenges affiliating to the conservation of 

naturally-occurring resources, energy saving, and the mitigation 

of pollutants resulted from their manufacturing. So, there is a 

great desire to implement the concept of sustainable construction 

to achieve these challenges. This could be done by using of 

wastes as substituents in construction industry, which strongly 

reflected positively on the conservation of naturally-occurring 

resources and the reduction of energy. The use of supplementary 

cementitious materials as: high pulverized fly ash (HPFA), 

granulated blast-furnace slag (GBFS) and silica fume (SF), etc. 

as a partial substitution to Portland cement or generally building 

construction is regarded as one of the suggested solutions to 

mitigate the CO2 emission generated during cement industry [11]. 

The production of low energy cements, such as alkali activated 

aluminosilicate, limestone cement and magnesium silicate 

cements or generally blended cements [6, 7, 12], is another favorable 

solution for resolving the environmental problems resulted from 

traditional cement production. The replacement of cement by 

CKDW has resulted in setting times shortening, workability and 

compressive strength reduction, sulfate expansion, and corrosion 

induction [13, 14]. Therefore, several studies have recommended 

that the replacement level of Portland cement by CKDW should 

not exceed 10 wt % [14]. The high alkali contents in CKDW (3-5 

%) enhances the probability of its utilizing as an alternative 

activator in geopolymeric based materials [15-17]. Recently, 60 wt. 

% CKDW was successfully used as a good calcium source in the 

preparation of one-part geopolymer, in the presence of feldspar 

and sodium hydroxide, using vitrification process [6], and in 

another study, variety of CKDW contents from 33 - 50 wt. % 

were used in the production of sustainable pozzolanic materials 

with different whiteness and reactivity degrees [7]. Lead-bearing-

sludge (LBS) from grinding and polishing of lead glass crystals, 

and sewage sludge ash (SSA) from the incineration of sewage 

sludge are categorized as silicate-rich-wastes [18]. It was estimated 

that each person annually generates 10e15 Kg of dry mass sewage 

sludge [19]. The hazardous impact of these wastes is mainly 

originated from the considerable heavy metals content within 

their chemical compositions [20-22]. 
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These wastes can interact with alkalis to build alkali-activated 

binding materials [7, 23]. Though the fired clay-making bricks has 

a potential impact on the disposal of SSA and other industrial 

solid wastes [24-32], this industry requires high processing energy 

(900-1100 °C), having a negative impact on the environment. 

 

Objectives of the study 

The recycling of SSA in the cleaner production of building bricks 

with low processing energy requirements is the urgent need to 

mitigate the environmental pollution, and also to minimize the 

manufacturing cost of bricks. Therefore, this paper pays attention 

to the implementation of an eco-sustainable approach for the 

disposal of CKDW and SSA in the green production of low 

energy-bricks. The activation of SSA by the alkali-rich CKDW, 

often yields hardened materials at ambient temperature. The 

utilization of CKDW, instead of the high expensive chemical 

alkali-activators, strongly contributes to the minimization of both 

cost and the mitigation of CO2 emission generated from the 

production of other chemical activators. Regardless the applied 

strategy which is directly reflected on the mitigation of 

deleterious impact of CKDW and SSA on the environment, it 

results in the conservation of naturally-occurring resources that 

are usually used in brick-making. The low specific gravity of 

these wastes could benefit in the production of lightweight bricks 

that could be utilized in many applications. The physical and 

mechanical properties of the prepared bricks were investigated 

noticing that the leaching of heavy metals from CKDW and SSA 

by their conducting to acetic acid leaching test to ensure the safe 

use of the fabricated bricks on the pilot scale or even high 

construction projects. 

 

Experimental 

Raw materials  

Clay (CL), cement kiln dust waste (CKDW) and sewage sludge 

(SS) are the main raw materials used in the present work. The CL 

and CKDW samples were obtained from Tourah Cement 

Company, Giza, Egypt. The SS sample was provided from a local 

waste water Plant, Faysal, Giza, Egypt. The chemical analysis of 

the starting raw materials that was carried out by X-ray 

florescence (XRF) is shown in Table 1. 

 
Table 1: Chemical analysis of the starting raw materials. 

 

Materials oxides Clay CKDW SS 

SiO2 51.47 10.84 44.48 

Al2O3 28.78 2.26 16.50 

Fe2O3 3.99 2.53 3.23 

CaO 0.61 52.51 8.41 

MgO 1.38 0.84 2.53 

MnO 0.04 0.6 0.15 

Na2O 1.15 3.83 1.14 

K2O 1.19 1.65 0.67 

SO3 ----- 4.43 3.46 

TiO2 1.14 ----- 0.11 

P2O5 0.53 ----- 5.41 

Cl- ----- ----- 0.41 

PbO ----- 0.03 0.12 

ZnO ----- 0.05 0.11 

LOI 9.72 24.51 4.79 

Preparation of bricks  

Firstly, SS sample was let for drying in the open air for seven 

days, and then for another seven days in a suitable dryer at 105 
°C till the complete drying. The dried SS was then crushed and 

well ground. The constitution of the various prepared clay brick 

batches is shown in Table 2. One mixture was composed of 50 

wt. % CL and 50 wt. % SS, which was considered as a blank (K0) 

to which all results were compared. The SKDW was then added 

to the blank mix at the expense of SS with different rations as 0, 

4, 8, 12, 16, 20 and 24 having the symbols T0, T1, T2, T3, T4, 

T5 and T6, respectively noticing that the clay content was kept 

constant by the ratio 50 wt. %, while the two other ingredients 

were variable. 

The dry mixing was conducted using ball mill for two hours to 

reach the complete homogeneity of all brick batches.  

The water was then gradually added to the prepared powder brick 

batches inside a suitable blender and stirred well till obtaining a 

brick paste of high workability. Before casting, all molds were 

oiled with a thin film of a motor engine oil to facilitate the release 

of the samples from the molds during the de-molding process. 

Thereafter, the pastes of the brick composites were inserted into 

2.5 x 2.5 x 2.5 cm3 stainless steel lab. cube molds for physical 

properties [31, 33], or inserted into cylindrical molds of 3 cm height 

and 1 cm diameter for compressive or crushing strength [34, 35]. 

Also, five rod-shaped samples of 1x1x7 cm3 dimensions were 

cast for flexural strength (FS), where it could be carried out using 

a simple beam with three points loading system (Figure 1). After 

molding, the molds were de-molded in the next day, and the 

released fresh bricks were let to dry first in the open air and direct 

sun light for three days to get rid of the free and evaporable water 

content [33]. After that, the dried bricks were conducted to firing 

process at 900, 950 and 1000 °C. The furnace was left to cool 

gradually overnight till room temperature, and in the following 

day the fired bricks were excluded from the furnace.  

 

 
 

Fig 1: Schematic diagram of the flexural strength (B: beam or load, S: 

spam, T: thickness, W: width). 
 

Table 2: Batch ratios of the prepared bricks, wt. %. 
 

Materials mixes Clay SSA CKDW 

T0 50 50 ----- 

T1 50 46 4 

T2 50 42 8 

T3 50 38 12 

T4 50 34 16 

T5 50 30 20 

T6 50 26 24 

T7 50 22 28 
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Methods of investigation 

The fired brick samples were immersed in boiling water for 5 

hours [34]. Then, the physical properties [35, 36, 37] in terms of water 

absorption (WA, %), bulk density (g/cm3) and apparent porosity 

(AP, %) can be determined from the following relations:- 

 

W.A, % = (W1 − W2) ∕ (W3) × 100  (1) 

B.D, g/cm 3 = (W3) ∕ (W1 − W2)  (2) 

A.P, % = (W1 − W3) ∕ (W1 − W2) × 100  (3) 

 

Where, W1 is the saturated weight, W2 is the suspended or 

submerged weight and W3 is the dry weight, respectively. 

The flexural or bending strength (FS) [34, 37] of the fired units 

could be calculated from the following equations: 

 

FS = 2L (kg) x S (cm) / 2W x T (Kg/cm2)/10.2 (MPa) (4)  

 

Where, FS is the flexural strength (kg/cm2), L is the load of 

rupture, kg, S is the Span (the distance between the two lower 

beams, 5 cm), W is the width of the sample, cm and T is the 

thickness of the sample, cm. The compressive or crushing 

strength was also measured on five fired samples from each brick 

batch, and the mean value was considered [37, 38] using the 

following relation:- 

 

CS= (D) ∕ (L) × (w) = kg/cm (6) 2∕ 10.2 MPa (5) 

 

Where, CS is the compressive strength kg/cm2, D is the load kg, 

L and W are the length and width of the samples, respectively. 

The fourier transform infrared spectra (FT-IR) were performed 

by Pye-Unicum SP-1100 in the range of 4000-400 cm-1. The X-

ray diffraction analysis (XRD) was employed by a Philips X-Ray 

Diffractometer of Mod. P.W. 1390 with Ni-filtered Cu-Kα 

radiation. The particle size distribution (PSD) as well as X-ray 

fluorescence (XRF) and X-ray diffraction patterns (XRD) 

analyses were carried out in the Metals Institute, El-Tabbine, 

Cairo, Egypt. The FT-IR analysis was done in the National 

Research Centre, Dokki, Cairo, Egypt. 

 

Results and Discussion 

Characterization of raw materials 

As it is clear from Table 1, the CaO, Na2O and K2O represent ~58 

wt. % of the total oxides in CKDW. This proved that the CKDW 

having a high alkali content. The chemical analysis also proved 

that SSA is mainly composed of SiO2 and Al2O3 with also CaO, 

SO3, Fe2O3, and low ratios of heavy metals PbO, ZnO, and MnO. 

The clay sample was mainly composed of kaolinite 

(Al2O3.2SiO2.2H2O), alumina (Al2O3) and silica (SiO2). 

Fourier transform infrared (FT-IR)-spectra (Fig. 2) proved that 

the CKDW represents different transmittance bands related to 

stretching vibration of C-O at 1432 and 876 cm-1, and S-O at 1116 

cm-1 bonded within SO4
2- phase, respectively. A sharp stretching 

vibration band of OH- group within Ca (OH)2 was detected at 

3644-3640 cm-1. Another band referred to Si-O vibration was 

identified at 987 cm-1, suggesting the presence of silicate phase. 

Moreover, the disappearance of bands related to carbonyl and 

alkyl groups within organic matter at 1760-1710 and 2950-2850 

cm-1 in case of SS is an evidence for the dissociation of the 

organic matter in the sewage sludge due to the heat treatment. 

 

 
 

Fig 2: FT-IR spectra of the clay, cement kiln dust waste (CKDW) and sewage sludge (SS) samples. 

 

The XRD patterns of the used raw materials (Figure 3) showed 

the major four crystalline phases in clay sample as kaolinite 

(Al2O3.2SiO2.2H2O), montmorillonite (Al2H2O12Si4), Quartz 

(SiO2) and calcite (Ca CO3), The lime (CaO), slica (SiO2) and 

www.engineeringpaper.net


International Journal of Research in Engineering  www.engineeringpaper.net 

13 

Portlandite Ca(OH)2 are the main constituents in CKDW. In case 

of SSA, new minerals as albite NaAlSi3O8 and hematite Fe2O3 

were detected. 

 

 
 

Fig 3: XRD patterns of the clay, cement kiln dust waste (CKDW) and 

sewage sludge (SS) samples. 

 

Water absorption 

The water absorption of the prepared fired brick samples 

composed of 50 wt. % Clay (CL) and 50 wt. % sewage sludge 

(SS) which was the control (T0) in which the SS content was 

substituted with different ratios of CKDW by 0, 4, 8, 12, 16 and 

20 wt. % at the expense of SS fired at 900, 950 and 1000 °C, 

respectively is graphically represented in Figure 4. Generally, the 

water absorption of brick samples of the control (T0) decreased 

with the incorporation of CKDW only up to 12 wt. % (T3), but 

increased with further increase of CKDW (T4-T7). Moreover, the 

water absorption decreased more with firing temperature 

displaying the same trend. This means that. a positive response 

was took place with firing temperature. The decrease of water 

absorption is essentially attributed to the thermal reactions that 

happened between the constituents of clay and/or sludge with 

those of CKDW forming new phases closing up the pore structure 

of the fired bricks, in addition to the activation effect of the 

nanosilica of the CKDW [34, 37]. With any further increase of these 

waste ashes, the water absorption started to increase due to the 

spongy nature of SS which made the bricks to absorb more water 

due to the more open pore structure [39, 40]. In addition, the large 

content of nano-silica enhances the total porosity. As a result, the 

pore structure of the fired samples could be increased. With the 

increase of firing temperature, the water absorption further 

decreased.  

This is mainly contributed to the increase of thermal reaction 

between the different ingredients [36, 41-43].  

 

 
 

Fig 4: Water absorption of the various brick batches at different firing temperatures. 

 

Apparent porosity 

The apparent porosity of the prepared fired brick samples 

composed of 50 wt. % Clay (CL) and 50 wt. % sewage sludge 

(SS) which was the control (T0) in which the SS content was 

substituted with different ratios of CKDW by 0, 4, 8, 12, 16 and 

20 wt. % at the expense of SS fired at 900, 950 and 1000 °C, 

respectively is graphically represented in Figure 5. The apparent 

porosity of the brick of the blank (T0) decreased slightly with the 

addition of CKDW at the expense of sewage sludge (SS) only up 

till 12 wt. %, and then enhanced gradually up to 20 wt. % (T6). 

The decrease of the apparent porosity may be attributed to the 

thermal reactions occurring inside furnace during firing among 

the constituents of the CL/SS and those of CKDW forming new 

phases that blocked the pore system of the fired bricks. With any 

further increase of these CKDW, the apparent porosity tended to 

increase. This could be led to produce porous bricks. This results 

are similar to those of previous researches [25, 28, 30, 44]. The 

resulting porous bricks are generally preferred owing to its 

insulating properties, and it could be used to resist the high heat 

of the atmosphere [27, 45-48]. Moreover, as the firing temperature 

was increased, the apparent porosity decreased more, i.e. the 

same trend was displayed by all brick batches but with lower 

values. The optimum brick batch is that containing 12 wt.% 

CKDW. 

 

www.engineeringpaper.net


International Journal of Research in Engineering  www.engineeringpaper.net 

14 

 
 

Fig 5: Apparent porosity of the various brick batches at different firing temperatures. 

 

Bulk density 

The bulk density of the prepared fired brick samples composed 

of 50 wt. % Clay (CL) and 50 wt. % sewage sludge (SS) which 

was the control (T0) in which the SS content was substituted with 

different ratios of CKDW by 0, 4, 8, 12, 16 and 20 wt. % at the 

expense of SS fired at 900, 950 and 1000 °C, respectively is 

graphically represented in Figure 6. The bulk density of the fired 

brick samples of the blank slightly improved and enhanced with 

the addition of CKDW only up to 12 wt. % (T3). This is 

essentially contributed to the activation factor by the high alkali 

content of CKDW [25, 41-44, 47]. Moreover, the bulk density 

improved and enhanced as the firing temperature increased. This 

is mainly due to the fact that the high firing temperature gives a 

big chance for the various ingredients to react with each other’s 
[41, 47]. With any further increase of CKDW more than 12 wt. %, 

the bulk density started to decrease. This is mainly attributed to 

that the used CKDW are too light to decrease the bulk density 

compared with of sludge, in addition to that the increase of the 

alkali content reflected negatively on the bulk density, or 

generally on the physical and mechanical properties [27, 28, 43, 48]. 

Furthermore, the increment in the total porosity due to that 

replacement played a significant vital role in decreasing the 

weight of the brick samples on account of the lower specific 

gravity of CKDW compared with that of clay and/or sludge. 

Therefore, with the higher percentages of CKDW in the bricks, 

the weight of the brick will be lighter, i.e. as the contents of 

CKDW increased in the bricks, the bricks became much lighter. 

Accordingly, the higher amounts of the CKDW must be avoided. 

However, the lighter clay bricks would be desired in building 

construction due to its beneficial reduction in the weight of 

building, and also it acts as an isolating layer against heat [25, 45, 46, 

49]. 

 

 
 

Fig 6: Bulk density of the various brick batches at different firing temperatures. 

 

Flexural strength 

The flexural strength of the prepared fired brick samples 

composed of 50 wt. % Clay (CL) and 50 wt. % sewage sludge 

(SS) which was the control (T0) in which the SS content was 

substituted with different ratios of CKDW by 0, 4, 8, 12, 16 and 

20 wt. % at the expense of SS fired at 900, 950 and 1000 °C, 

respectively is graphically represented in Figure 7. As the CKDW 

content increased, the flexural strength of the fired bricks of the 

blank (T0) improved and slightly enhanced up to 12 wt. %, and 

then declined, i.e. The brick batch containing 12 wt. % CKDW 

recorded the higher values of flexural strength at all firing 

temperatures, while that containing 20 wt. % exhibited the 
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lowest, noticing that the same trend was displayed by all brick 

batches at all firing temperatures. The increase of flexural 

strength is essentially contributed to the thermal reactions that 

could be taken place between the various particles of the CL, SS 

and the nano-silica of the CKDW [25, 27, 34, 36, 43]. The decrease of 

the flexural strength is principally due to that the larger quantities 

of CKDW (16-20 wt. %) increased the apparent porosity which 

in turn decreased the bulk density of the bricks. This was 

generally reflected negatively on the mechanical properties [31, 36, 

46-49]. Furthermore, the flying of the volatile materials during 

firing, and the high quantity of silica could be led to the increase 

of the total porosity of the fired bricks, i.e. the larger quantity of 

silica is unwelcomed in brick-making [25, 31, 43, 46, 48]. Therefore, 

from an economic point of view, the production of bricks could 

be successfully achieved by using CKDW due to their contents 

of silica. 

 

 
 

Fig 7: Flexural strength of the various brick batches at different firing 

temperatures. 

 

Crushing strength 

The crushing strength of the prepared fired brick samples 

composed of 50 wt. % Clay (CL) and 50 wt. % sewage sludge 

(SS) which was the control (T0) in which the SS content was 

substituted with different ratios of CKDW by 0, 4, 8, 12, 16 and 

20 wt. % at the expense of SS fired at 900, 950 and 1000 °C, 

respectively is graphically represented in Figure 8. The crushing 

strength of the fired blank bricks increased with the incorporation 

of CKDW only up to 12 wt. %, and then decreased. The brick 

batch containing 12 wt. % CKDW achieved the highest values of 

compressive strength at all firing temperatures, while that 

containing 20 wt. % CKDW exhibited the lowest, noticing that 

the same trend was displayed by all brick batches at all firing 

temperatures [50, 51]. The increase of crushing strength is mainly 

due to the thermal reactions that happened between the different 

constituents of CL, SS and the nano-silica and other oxides of 

CKDW forming new phases corresponding to the strength 

improvements [25, 27, 34, 36, 43, 46]. The higher reactive 

aluminosilicates of the raw materials helped much for these 

thermal reactions [47]. The decrease of the crushing strength is 

essentially attributed to the fact that the larger amounts of CKDW 

decreased the bulk density of the fired bricks and decreased the 

total porosity. This in turn reflected negatively on the mechanical 

properties in general [31, 36, 44-46]. Furthermore, the flying of 

volatile materials during firing, and the high quantity of silica 

could be led to the increase of the porosity, i.e. the larger quantity 

of silica is unwanted in brick-making [31, 43, 45, 46]. Therefore, from 

an economic point of view, the production of bricks could be 

successfully achieved by using CKDW due to its activation 

response. As a result, the optimum brick batch was that 

containing not more than 12 wt. % CKDW (T3), and the larger 

quantities must be eliminated. 

 

 
 

Fig 8: Crushing strength of the various brick batches at different firing 

temperatures. 

 

General discussion 

To throw light on the behavior of samples during firing, the firing 

cycle for the green samples started with the evaporation of any 

moisture or combined water content left in the samples after 

drying and also any hygroscopic moisture that picked up from the 

atmosphere were also driven off at 300 °C. At the temperature 

range 500–600 °C, the kaolinite (Al2O3·2SiO2.H2O) was 

converted to metakaolin (Al2O3·2SiO2) as shown in Equation 6. 

At 800 °C, the organic matter existed in the raw materials were 

burned off. At 980 °C, the formed metakaolin was converted to 

mullite phase (3Al2O3·2SiO2) as shown in Equation 7. 

 

Al2O3⋅2SiO2⋅2H2O → Al2O3⋅2SiO2  (6) 

 

Al2O3⋅2SiO2 → 3Al2O3⋅2SiO2 (7) 

 

In presence of mullite, the thermal reactions could be enhanced 

and some calcium rich phases were formed [24, 37, 43, 46, 50, 51]. The 

thermal reactions enhanced in presence of CaO, SiO2, Al2O3 

besides the alkali oxides (Na2O andK2O) that were available in 

the CKDW. Mullite could be reacted with the available CaO and 

MgO to form cordierite (2MgO·2Al2O3·5SiO2) as shown in 

Equation 8.  

 

3Al2O3⋅2SiO2 + 2MgO → 2MgO⋅2Al2O3⋅5SiO2  (8) 

 

The formation of these new phases could be combined to those 

already existing in the fired samples, is an advantage for sintering 

of the fired clay bricks. Since, this could be reflected positively 

on the mechanical strength. Moreover, the collapse or the partial 

decomposition of other crystalline phases, would favor the 

abundant viscous flow phase formation, which fill the pore 

volume, involving a decrease in the apparent porosity and water 

absorption [25, 27, 36, 43, 45]. So, the bulk density, flexural and 

crushing strengths were improved. The excess of the CKDW 

increased the silica content in the brick body, which in turn 

reflected negatively on both physical and mechanical properties 

of the fired bricks. Therefore, the large replacement of the 

CKDW is undesirable [27, 47-51]. Therefore, the optimum brick 

batch is that incorporating 12 wt. % CKDW (T3) at all firing 

temperatures. 
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It is good mention that the higher firing temperature 1000 °C 

seemed to achieve the highest and best results. 

 

Conclusions 

An innovative eco-sustainable approach was performed to 

valorize cement kiln dust and sewage sludge wastes in the 

production of eco-friendly lightweight bricks. The conclusions 

from the obtained results can be represented in the following 

points:- 

 The fresh cement kiln dust acts as alkali-bearing waste with 

high efficacy in the interaction with amorphous 

aluminosilicate within sludge, yielding hardened materials. 

 The high organic content of the dry- sludge is the main 

reason that caused the reduction of the physical and 

mechanical properties. So, the firing removed at most 95 % 

of its organic matter. 

 The water absorption and apparent porosity were improved 

and then decreased with the incorporation of CKDW only up 

to 12 wt. %, but then affected adversely with any further 

increase of CKDW content. 

 The bulk density, flexural and crushing strengths of the fired 

brick samples were also improved and enhanced with the 

increase of CKDW content only till reach to 12 wt. % (T3), 

and then adversely affect with any further content. 

 The higher firing temperature served too much to increase 

the rate of thermal reactions between the different 

nanoparticles. 

 The optimum brick batch was that containing 12 wt. % 

CKDW (T3) at any firing temperature. However, the higher 

firing temperature is preferred due to its highest results.  

 

Acknowledgements 

Author wishes to express this deep thanks to NRC for helping to 

obtain materials, processing, preparing, molding and measuring 

all of the obtained data of the study. 

 

Fund 

The current study has been funded by the author. 

 

Compliance with ethical standards 

The author declared that there is no any conflict of interest 

anywhere. 

 

References 

1. Basto PA, Junior HS, Neto AAM. Characterization and 

pozzolanic properties of sewage sludge ashes (SSA) by 

electrical conductivity. Cement Concrete 

Composites,2019:104:103410. 

https://doi.org/10.1016/j.cemconcomp.2019.103410. 

2. Jamora JB, Gudia SEL, Go AW, Giduquio MB, Loreteroa 

ME. Potential CO2 reduction and cost evaluation in use and 

transport of coal ash as cement replacement: a case in the 

Philippines. Waste Management,2020:103:137-145. 

https://doi.org/10.1016/j.wasman.2019.12.026. 

3. Garside M. Global cement production, 2020, 1995-2019. 

https://www.statista.com/statistics/1087115/global-cement-

productionvolume/. 

4. Seo M, Lee SY, Lee C, Cho SS. Recycling of cement kiln 

dust as a raw material for cement. 

Environments,2019:6(10):113. https://doi:10.3390/ 

environments6100113. 

5. Kunal P, Siddique R, Rajor A. Use of cement kiln dust in 

cement concrete and its leachate characteristics. Resour. 

Conserv. Recycl,2012:61:59-68. https://doi.org/10.1016/j. 

resconrec.2012.01.006. 

6. Abdel-Gawwad HA, Khalil Kh A. Application of thermal 

treatment on cement kiln dust and feldspar to create one-part 

geopolymer cement. Construct. Build. Mater,2018:187:231-

237. https://doi.org/10.1016/j.conbuildmat.2018.07.161. 

7. Abdel-Gawwad HA, Rashad AM, Heikal M. Sustainable 

utilization of pretreated concrete waste in the production of 

one-part alkali-activated cement. J. Clean. 

Prod,2019:232:318-328. https://doi.org/10.1016/ 

j.jclepro.2019.05.356. 

8. Darweesh HHM. A Review Article on the Influence of the 

Electrostatic Precipitator Cement Kiln Dust Waste on the 

Environment and Public Health, Composite 

Materials,2017:2(1):8-14. 

http://www.sciencepublishinggroup.com/ j/cm 

9. El-Attar MM, Sadek DM, Salah AM. Recycling of high 

volumes of cement kiln dust in bricks industry. J. Clean. 

Prod,2017:143:506-515. https://doi.org/10.1016/ 

j.jclepro.2016.12.082. 

10. Sutcu M, Erdogmus E, Gencel O, Gholampour A, Atan E, 

Ozbakkaloglu T. Recycling of bottom ash and fly ash wastes 

in eco-friendly clay brick production. J Clean 

Prod,2019:233:753-764. https://doi.org/10.1016/j.jclep 

ro.2019.06.017 

11. Tosti L, van Zomeren A, Pels JR, Comans RNJ. Technical 

and environmental performance of lower carbon footprint 

cement mortars containing biomass fly ash as a secondary 

cementitious material. Resour. Conserv. 

Recycl,2018:134:25-33. https://doi.org/10.1016/ 

j.resconrec.2018.03.004. 

12. Miller SA, John VM, Pacca SA, Horvath A. Carbon dioxide 

reduction potential in the global cement industry by 2050. 

Cement Concr. Res,2018:114:115-124. https://doi.org/ 

10.1016/j.cemconres.2017.08.026. 

13. Maslehuddin M, Al-Amoudi OSB, Rahman MK, Ali MR, 

Barry MS. Properties of cement kiln dust concrete. 

Construct. Build. Mater,2009:23(6):2357-2361. https:// 

doi.org/10.1016/j.conbuildmat.2008.11.002. 

14. Kunal P, Siddique R, Rajor A. Use of cement kiln dust in 

cement concrete and its leachate characteristics. Resour. 

Conserv. Recycl,2012:61:59-68. https://doi.org/10.1016/ 

j.resconrec.2012.01.006. 

15. Kalina L, Bílek V, Kiripolský Jr T, Novotný R, Masilko J. 

Cement kiln bypass dust: an effective alkaline activator for 

pozzolanic materials. Materials,2018:11(9):1770-1778. 

https://doi.org/10.3390/ma11091770. 

16. Abo-El-Enein SA, Heikal M, Amin MS, Negm HH. 

Reactivity of dealuminated kaolin and burnt kaolin using 

cement kiln dust or hydrated lime as activators. Construct. 

Build. Mater,2013:47:1451-1460. https://doi.org/10.1016/ 

j.conbuildmat.2013.06.078. 

17. Ahmari S, Zhang L. Utilization of cement kiln dust (CKD) 

to enhance mine tailings-based geopolymer bricks. 

Construct. Build. Mater,2013:40:1002-1011. https:// 

doi.org/10.1016/j.conbuildmat.2012.11.069. 

www.engineeringpaper.net


International Journal of Research in Engineering  www.engineeringpaper.net 

17 

18. Lynn CJ, Dhir RK, Ghataora GS, West RP. Sewage sludge 

ash characteristics and potential for use in concrete. 

Construct. Build. Mater,2015:98:767-779. https://doi.org/ 

10.1016/j.conbuildmat.2015.08.122. 

19. Kwarciak-Kozłowska A. Co-composting of sewage sludge 

and wetland plant material from a constructed wetland 

treating domestic wastewater. In: Industrial and Municipal 

Sludge. Butterworth-Heinemann, 2019, 337-360.  

https://doi.org/10.1016/B978-0-12-815907-1.00015-5 

20. Wang T, Xue Y, Zhou M, Yuan Y, Zhao S, Gang T et al. 

Comparative study on the mobility and speciation of heavy 

metals in ashes from co-combustion of sewage 

sludge/dredged sludge and rice husk. 

Chemosphere,2017:169:162-170. https://doi.org/10.1016/ 

j.chemosphere.2016.11.070. 

21. Abdel-Gawwad HA, Mohammed MS, Heikal M. Ultra-

lightweight porous materials fabrication and hazardous lead-

stabilization through alkaliactivation/sintering of different 

industrial solid wastes. J. Clean. Prod,2020:244:118742. 

https://doi.org/10.1016/j.jclepro.2019.118742. 

22. Abdel-Gawwad HA, Heikal M, Mohammed MS, Abd El-

Aleem S, Hassan SH, Vasquez-Garcia SR. Sustainable 

disposal of cement kiln dust in the production of 

cementitious materials. J. Clean. Prod,2019:232:1218-1229. 

https://doi.org/10.1016/j.jclepro.2019.06.016. 

23. Chakraborty S, Jo BW, Jo JH, Baloch Z. Effectiveness of 

sewage sludge ash combined with waste pozzolanic minerals 

in developing sustainable construction material: an 

alternative approach for waste management. J. Clean. 

Prod,2017:153:253-263. https://doi.org/10.1016/ 

j.jclepro.2017.03.059. 

24. Esmeray E, Atis M. Utilization of sewage sludge, oven slag 

and fly ash in clay brick, Construct. Build. 

Mater,2019:194:110-121.  

https://doi.org/10.1016/j.conbuildmat.2018.10.231 

25. Eliche-Quesada D, Azevedo-Da Cunha R, Corpas-Iglesias 

FA. Effect of sludge from oil refining industry or sludge 

from pomace oil extraction industry addition to clay 

ceramics. Appl. Clay Sci,2015:114:202-211.  

https://doi.org/10.1016/j.clay.2015.06.009 

26. Eliche-Quesada D, Felipe-Ses E MA, Moreno-Molina AJ, 

Franco F, Infantes-Molina A. Investigation of using bottom 

or fly pine-olive pruning ash toproduce environmental 

friendly ceramic materials. Appl. Clay Sci,2017:135:333-

346. https://doi.org/10.1016/j.clay.2016.10.015 

27. Lynn CJ, Dhir RK, Ghataora GS. Sewage sludge ash 

characteristics and potential for use in bricks, tiles and glass 

ceramics. Water Sci. Technol,2016:74(1)17-29. https:// 

doi.org/10.2166/wst.2016.040. 

28. Abbas S, Saleem MA, Kazmi SM, Munir MJ. Production of 

sustainable clay bricks using waste fly ash: mechanical and 

durability properties. J. Build. Eng,2017:14:7-14. https:// 

doi.org/10.1016/j.jobe.2017.09.008 

29. Kazmi SMS, Abbas S, Munir MJ, Khitab A. Exploratory 

study on the effect of waste rice husk and sugarcane bagasse 

ashes in burnt clay bricks. J. Build. Eng,2016:7:372-378. 

https://doi.org/10.1016/j.jobe.2016.08.001 

30. Kazmi SMS, Abbas S, Saleem MA, Munir MJ, Khitab A. 

Manufacturing of sustainable clay bricks: utilization of waste 

sugarcane bagasse and rice husk ashes. Construct. Build. 

Mater,2016:120:29-41. https://doi.org/10.1016/j.conbu 

ildmat.2016.05.084 

31. Kazmi SMS, Munir MJ, Patnaikuni I, Wu Y-F, Fawad U. 

Thermal performance enhancement of eco-friendly bricks 

incorporating agro-wastes. Energy Build,2018:158:1117-

1129. https://doi.org/10.1016/j.enbuild.2017.10.056 

32. Munir MJ, Kazmi SMS, Wu YF, Hanif A, Khan MUA. 

Thermally efficient fired clay bricks incorporating waste 

marble sludge: an industrial-scale study. J. Clean. 

Prod,2018:174:1122-1135. https://doi.org/10.1016/j.jclep 

ro.2017.11.060 

33. ASTM C134-95. Standard test methods for size, dimensional 

measurements, and bulk density of refractory brick and 

insulating firebrick, 2016. https://www.astm.org/Standards/ 

C134.htm. 

34. ASTM C20-00, ASTM C20-00 Standard test methods for 

apparent porosity, water absorption, apparent specific 

gravity and bulk density of burned refractory brick and 

shapes by boiling water. In: Annual book of ASTM 

Standards, ASTM International, West Conshohocken, 2015, 

15.01 https://doi.org/10.1520/C0020 -00R15 

35. ASTM C1424-15. Standard test methods for monotonic 

compressive strength of advanced ceramics at ambient 

temperature. In: Annual book of ASTM Standards, 2015, 

15.01. ASTM International, West Conshohocken. 

https://doi.org/10.1520/C1424 -15 

36. Darweesh HHM. Ceramic Wall and Floor Tiles Containing 

Local Waste of Cement Kiln Dust - Part I: Densification 

Parameters, American Journal of Environmental 

Engineering and Science,2015:2,5:35-43. 

http://www.aascit.org/journal/ajees 

37. Darweesh HHM. Recycling of glass waste in ceramics—part 

I: physical, mechanical and thermal properties, SN Applied 

Sciences,2019:1:1274. https://doi.org/10.1007/s42452-019-

1304-8. 

38. Darweesh HHM. Gradual glass waste replacement at the 

expense of feldspar in Ceramic tiles, Journ. Build. Pathology 

and Construction, under publication, 2021. 

39. Shakir AA, Naganathan S, Mustapha KN, Properties of 

bricks made using fly ash, quarry dust and billet scale, 

Constr. Build. Mater,2013:41:131-138, doi:http:// 

dx.doi.org/ z10.1016/j. conbuildmat.2012.11.077. 

40. Sutcu M. Influence of expanded vermiculite on physical 

properties and thermal conductivity of clay bricks, Ceram. 

Int,2015:41,2:2819-2827, doi:http://dx.doi.org/10.1016/ 

j.ceramint.2014.10.102. 

41. Darweesh HHM, Awad HM, Tawfik A. Red Bricks from 

Dakhla Formation Clay-Tushka area-Incorporated with 

some Industrial Wastes or byproducts, Industrial 

Ceramics,2011:31(3):201-207. 

42. Velasco PM, Ortíz MM, Giró MM, Velasco LM. Fired clay 

bricks manufactured by adding wastes as sustainable 

construction material–a review, Constr. Build. 

Mater,2014:63:97-107. 

doi:http://dx.doi.org/10.1016/j.conbuildmat.2014.03.045. 

43. Darweesh HHM. Ceramic Wall and Floor Tiles Containing 

Local Waste of Cement Kiln Dust- Part II: Dry and Firing 

Shrinkage as well as Mechanical Properties, American 

Journal of Civil Engineering and Architecture,2016:4(2):44-

49. http://pubs.sciepub.com/ajcea/4/2/1. 

www.engineeringpaper.net


International Journal of Research in Engineering  www.engineeringpaper.net 

18 

44. Eliche-Quesada D, Felipe-Sesé MA, López-Pérez JA. 

Infantes-Molina, Characterization and evaluation of rice 

husk ash and wood ash in sustainable clay matrix bricks, 

Ceram. Int,2017:43,1:463-475. doi:http://dx.doi.org/ 

10.1016/j.ceramint.2016.09.181.  

45. Saboya Jr F, Xavier GC, Alexandre J. The use of the powder 

marble by-product to enhance the properties of brick 

ceramic, Constr. Build. Mater,2007:21,10:1950-1960. 

doi:http://dx.doi.org/10.1016/j.conbuildmat.2006.05.029. 

46. Ukwatta A, Mohajerani A, Eshtiaghi N, Setunge S. Variation 

in physical and mechanical properties of fired-clay bricks 

incorporating ETP biosolids, Journal of Cleaner 

Production,2016:119:76-85. doi:http://dx.doi.org/10.1016/ 

j.jclepro.2016.01.094. 

47. Karhu M, Lagerbom J, Solismaa S, Honkanen M, Ismailov 

A, Räisänen ML et al. Mining tailings as raw materials for 

reaction-sintered aluminosilicate ceramics: effect of 

mineralogical composition on microstructure and properties. 

Ceram Int,2019:45(4):4840-4848. https://doi.org/10.1016/j. 

ceramint.2018.11.180 

48. Ajala AJ, Badarulzaman NA, Aramjat AB. Impact of 

sintering temperatures on microstructure, porosity and 

mechanical strength of refractory brick, Mater. Sci. 

Forum,2017:888:66-70. https://doi.org/10.4028/www.scien 

tific.net/MSF.888.66 

49. Ajala AJ, Badarulzaman NA, Aramjat AB. Influence of 

sintering temperatures on physico-mechanical properties and 

microstructure of refractory fire clay bricks, Int. J. Eng. 

Technol,2017:8,6:2588-2593. https://doi.org/10.21817/ ijet/ 

2016/v8i6/160806214 

50. Coletti C, Culturone G, Maritan L, Mazzoli C. Combined 

multi-analytical approach for study of pore system in bricks: 

How much porosity is there? Mater Charact,2016:121:82-92. 

https://doi.org/10.1016/j.match ar.2016.09.024 

51. Bilgin N, Yeprem HA, Arslan S, Bilgin A, Günay E, 

Maroglu M. Use of waste marble powder in brick industry. 

Constr Build Mater,2012:29:449-457. https://doi.org/10. 

1016/j.conbu ildmat.2011.10.011 

 

www.engineeringpaper.net

