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Abstract: Heavy metal contamination in the environment is unavoidable issue.
Heavy metals directly influence human being lives since they concentrate in the
food cycle, even in low amounts. Some heavy metals pollute the water resources,
in dangerous limits for human life. The current study suggested the cement kiln
dust (CKD) as a low-cost and effective adsorbent to remove heavy metals ions from
solutions. Therefore, the study investigated the copper, lead and cadmium removal
from aqueous solution by cement kiln dust (CKD) as industrial by-product. The
laboratory experiment included two factors. The first factor consists of three differ-
ent diameter particles i.e., 50,100, and 150 pm. While the second factor included
three concentrations of each of copper, cadmium, and lead ions namely 50,100, and
200 mg. L1. The cement kiln dust was identified by X-ray diffraction analysis (XRD)
to determine its chemical characteristics. Also, pH and EC were measured for the
cement kiln dust solution. Before the study starting, the initial concentration of the
copper, cadmium, and lead were measured in the CKD power. The study was con-
ducted at temperature of 25 C°. The removal efficiency was calculated at two dif-
ferent time of shaking, namely 1 and 2 hours. The obtained results indicated that
CKD can be used as a low cost and effective sorbent for copper, cadmium, and lead
ions from polluted water. Moreover, the results show that the high pH and high
surface area for the cement kiln dust have the main effect of making the CKD effi-

cient adsorbent material.
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1. Introduction
Over the past years, the rapid development of industrialization and expansion

of the agricultural areas has significantly increased the production of different
kinds of pollutants. Heavy metals pollution is an unavoidable issue that has dev-
astating impacts on humanity life. Due to the critical role of water to living organ-
isms and it's a crucial role as driving force behind economic growth. Nowadays,
water pollution is considered as one of the most intrinsic global concerns facing

both developed and developing countries, affecting extensively environmental

health that directly linked to people life all over the world [1]. Currently, the researchers in the field of water

conservation are principally focused on the quantity of water. However, the water quality that conveyed to the

consumers during the water deficiency could threaten the human life if the safety measures were not taken into

. Journal of Life Science and Applied Research, Vol. 4, No. 1, June. 2023.

https://www jlsar.com


https://orcid.org/0000-0001-6564-8949
https://orcid.org/0000-0001-6564-8949
https://orcid.org/0000-0002-9335-1146
https://orcid.org/0000-0002-9335-1146
https://orcid.org/0000-0003-3045-8381
https://orcid.org/0000-0003-3045-8381
mailto:muneer84@uoanbar.edu.iq
10.59807/jlsar.v4i1.64
https://www.jlsar.com/index.php/journal/article/view/64
https://www.jlsar.com/index.php/journal/article/view/64
https://www.jlsar.com/index.php/journal/article/view/64
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.59807/jlsar.v4i1.64&domain=pdf&date_stamp=2023-06-30

Mansoor, et.al, 2023 46 of 52

account [2]. Continuous population growth, put the freshwater resources under pressure as a result of the in-
creased demand for food [3]. Since the agriculture sector is the largest consumer of water which consume up to
70%. Therefore, remediation of polluted water will provide the agricultural with alternative source of water to
be used instead of freshwater to achieve the sustainability in this resource. From many source, a large number
of heavy metals such as Fe, Pb, Cd, Cr, Ni, Zn, Hg, Mn, and Cu have entered the environment [4]. This has led
to serious degradation of the ecological environment owing to heavy metals direct influence people’s lives since
they concentrate in the food chain, even in small quantity [5].

Recent studies pointed that the heavy metals lead to number of disorders, including prostate cancer, pan-
creatic cancer, and lung cancer [5]. Several techniques employed for removing heavy metal from the aquatic
ecosystems have been evolved during recent decades [6]. Generally, Adsorption, is a simple method with good
efficiency compared to other methods [7]. Various adsorbents types, for physical and chemical adsorption of
heavy metal have been investigated, namely clay, inorganic polymers, zeolites and activated carbon [4]. Cement
kiln dust (CKD) is by-product of cement production.

The Environmental Protection Agency (EPA) has classified cement kiln dust as a "special waste" and has
granted it a temporary exemption from federal hazardous waste regulations outlined in Subtitle C of the Re-
source Conservation and Recovery Act (RCRA) [8]. Nowadays, recycling of industrial by-product has been
widely used in alleviation of the environmental issues in sustainable and economic strategies by solving an
environmental problem [9]. Due to the gap in the previous literature about adsorption efficiency based on the
diameters particles of cement kiln dust. Therefore, this study was conducted to investigate the adsorption effi-

ciency of three different diameters particles of Cement kiln dust.

2. Materials and Methods

The cement kiln dust was collected from Lafarge cement plant, Sulaymaniyah, north of Iraq, with particle
size distribution illustrated in Table 1. Based on its composition, the cement kiln dust is classified as a heteroge-
neous one,[10]. Chemical composition of this material is summarized in Table 2. A two factorial laboratory ex-
periment for the removal of lead, cadmium and copper from simulated polluted water were conducted using
the by-product cement kiln dust (CKD) as an adsorbent. To simulate the Cu, Cd, and pb contamination in the
water, 1000 mg. L of each of PbCL2, CdClz, and CuSOs 5H20 was prepared as standard solution. The first factor
included three concentrations prepared from each standard solution, namely 50, 100, and 200 mg. L. While the
second factor consist of the diameter of cement kiln dust particles, namely. 50, 100, and 125 um.

The cement kiln dust characteristics was tested using XRD test which showed that the CKD have a crystal-
line phase as illustrated in Table 1. This test was carried out in the laboratories of Ministry of Sciences and
Technology/ Nano Materials Research Department laboratory, Iraq. The pH and Electrical conductivity (EC)
for the cement kiln dust under study were determined from the 1:1 soil-water suspensions by using a pH
(WTW,inoLab 720, Germany) and EC meter (Benchtop EC/TDS/Salinity Meter With ATC- HI2300) respec-
tively.

Removal efficiency of pollutants: The obtained data was examined to determine the performance of the
system. The efficiency of treatment was determined according to the removal percentage of each parameter
using the following formula:

Removal efficiency = ﬂ * 100

15

where Pi and Pf are the initial and final pollutant concentration [11].
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Table 1. Some chemical characteristics of the considered cement kiln dust.

Parameters Values Units
pH 11.92

EC 15 dS.m™

Cadmium (Cd) <0.00020 mg. L1

Lead (pb) 0.038 mg. L1

Copper (Cu) 0.00412 mg. L1
AlLOs 4.19 %
SiO: 18.9 %
CaO 58.67 %
K20 2.37 %
Na:20 1.1 %
CL 0.39 %
Fe20s 3.25 %
MgO 1.87 %
S0s 4.32 %

3. Results and Discussion

Efficiency of cement kiln dust in removing copper from polluted water: The cement kiln dust efficiency in

removing the copper element from the simulate polluted water is presented in Table2. According to current

study results, the removing efficiency had inversely proportional to the particle diameter and positively with

shaking time. In this context, the smallest cement kiln dust (50 um) particles show the best removal amount up

t049.99 mg. L which is equivalent to 99.98 % of removal compare to the initial concentration (50 mg. L) under

effect of 2 hours of shaking, followed by 49.98 mg. L for the same particle diameter and 1 hour of shaking. The

removal efficiency of cement kiln dust can be attributed to the high surface area of its fine particles. In addition

to, the high pH of cement kiln dust aqueous solution which is closed to 12 Table 1. Plays a crucial role in increas-

ing Cu removal polluted water. The current study findings accord with [12] who reported that the pH has sig-

nificant role in heavy metals removal and suggested that the removal efficiency increased with pH increases.

Table 2. Removal amount and percentage of copper removal efficiency

Initial concentration Diameter Shaking time Final concentration Removal amount Percentage of removal
(mg. L) (um) (hour) (mg. L1 (mg. L) (%)

50 50 1 0.02 49.98 99.96

2 0.01 49.99 99.98

100 1 0.05 49.95 99.90

2 0.03 49.97 99.94

150 1 0.08 49.92 99.84

2 0.06 49.94 99.88

100 50 1 1.15 98.85 98.85

2 0.90 99.10 99.10

100 1 1.40 98.60 98.60

2 1.35 98.65 98.65

150 1 1.90 98.10 98.10

2 1.85 98.15 98.15

200 50 1 3.50 196.50 98.25
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2 3.46 196.54 98.27
100 1 4.93 195.07 97.53
2 4.88 195.12 97.56
150 1 5.48 194.52 97.26
2 5.45 194.55 97.27

The cement kiln dust removal efficiency slightly differs under effect of increasing the copper concentration.
This finding refers to high efficiency of cement kiln dust in removing copper from contaminated water under
relatively high concertation. For instance, the 50 um diameter particles keep achieving the highest removal
amount by giving 99.10 and 196.54 mg. L-* under effect of concentration 100 and 200 mg. L* which is equivalent
t0 99.10 and 98.27 % respectively, even though the diameter of 100 and 150 um did not significantly differ from
the diameter 50 um in removing the copper from the contaminated water. The high removal efficiency of dif-
ferent cement kiln dust diameter particles could attribute to high pH solutions, calcium carbonate and calcium
oxide contents, high surface area, oxides content, and reducing metal solubility owed to enhanced sorption
and/or precipitation [13].

Efficiency of cement kiln dust in removing cadmium from polluted water: The cement kiln dust efficiency
in removing the cadmium element from the polluted water is presented in Table 3. Same trend of copper re-
moving was observed in cadmium removing in terms of particles diameter and time shaking. However, the
cadmium removal amount and percentage of removal were less compare to copper removal efficiency. In this
regards, the small size particles of cement kiln dust (50 um) show the best removing amount reached 49.85 mg.
L compare to the initial concentration which is 50 mg. L' under effect of 2 hours of shaking. In general, over all
treatments the 2 hours shaking time superior to 1 hour shaking time. The reduction of cadmium removal amount
compared to copper probably due to the solution temperature as mentioned by previous studies, where the
cadmium removal increased with solution temperature increasing [14]. Thus, under current study the solution
temperature was 25C° hence the cadmium removal was slightly reduced compared to copper because cadmium
adsorption more dependent on solution temperature [14].

In addition to, under high pH condition the competitiveness of Cd(II) for binding site increases which could
contribute to slightly adsorption reduction [14]. Same pattern was observed at 100 and 150 um diameter parti-
cles, where the highest removal amount was 49.73 and 49.25 mg. L for 100 and 150 um diameter particles
respectively under effect of 2 hours shaking and 50 um diameter particle. Increasing the concentration from 50
mg. L1to 100 and 200 mg. L slightly effects on cadmium removal under effect of 100 and 150pum diameter
particles. For the concentration 100 mg. ' and 100 um diameter particle the highest removal amount reached
97.82 for two hour shaking while the highest removal amount for 100 mg. L' and 150 ym diameter particle
reached 96 mg. L. In general, the cadmium removal amount decreased with increasing cadmium concentration.
The reduction could result from cement kiln dust saturation as a result to concentration increasing. In spite of
this, according to current study results the cement kiln dust still efficient in removing heavy metals from pol-
luted.

Table 3. Removal amount and percentage of cadmium removal efficiency

Initial concentration Diameter Shakingtime final concentration Removal amount Percentage of removal

(mg. L) (um) (hour) (mg. L) (mg. L) (%)
50 50 1 0.23 49.77 99.54
2 0.15 49.85 99.70
100 1 0.35 49.65 99.30
2 0.27 49.73 99.46
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150 1 0.88 49.12 98.24

2 0.75 49.25 98.50

100 50 1 2.26 97.74 97.74
2 2.18 97.82 97.82

100 1 3.60 96.20 96.40

2 3.80 96.40 96.20

150 1 4.10 95.90 95.90

2 4.00 96.00 96.00

200 50 1 5.70 194.30 97.15
2 5.10 194.90 97.45

100 1 7.90 192.10 96.05

2 7.50 192.50 96.25

150 1 8.60 191.40 95.70

2 8.45 191.55 95.77

Efficiency of cement kiln dust in removing lead from polluted water: The lead removing efficiency by ce-
ment kiln dust from the simulate polluted water is presented in Table 4. The observed results show that the
removing efficiency effected by the particles diameter, where the removing amount increased with decreasing
the particles diameter under effect of 2 hours shaking time. In this context, the highest recorded removing
amount was 48.50 mg. L' with removing percentage of removal up to 97 % under effect of 2 hours of shaking
time and 50 ym diameter particles. For lead removing amount by CKD, the obtained results show it depends
on shaking time and solution temperature that might reflect the retention mechanisms [12] Same pattern was
observed at 100 and 150 ym diameter particles, where the highest removal amount was 47.70 and 46.16 mg. L-
1 for 100 and 150 um diameter particles respectively under effect of 2 hors shaking and 50 um diameter parti-
cle. Increasing the concentration from 50 mg. I to 100 and 200 mg. L' notably effects on lead removal under
effect of 100 and 150 um diameter particles compared to copper and cadmium. Regarding the concentration of
100 mg. L' and 100 um diameter particle, the highest removal amount reached 93.78 for two hour shaking while
the highest removal amount for 100 mg. L' and 150 um diameter particle reached 91.6 mg. L. In general, the
lead removal amount was less compared to copper and cadmium overall treatments. Notwithstanding, accord-
ing to current study results the cement kiln dust still efficient in removing copper, lead and cadmium from
polluted water. The high efficiency of CKD can attribute to increasing pH solutions, high content of oxides,
silica, aluminum and iron oxides, high surface area, and reducing metal solubility owed to enhanced sorption

and/or precipitation [15].

Table 4. Removal amount and percentage of lead removal efficiency.

Initial concentration Diameter Shakingtime final concentration Removal amount Percentage of removal

(mg. L) (um) (hour) (mg. L) (mg. L) (%)

50 50 1 1.80 48.20 96.40

2 1.50 48.50 97.00

100 1 2.50 47.50 95.00

2 2.30 47.70 95.40

150 1 3.90 46.10 92.20

2 3.84 46.16 92.32

100 50 1 4.80 95.20 95.20

2 4.60 95.40 95.40

Journal of Life Science and Applied Research, Vol. 4, No. 1, June 2023 E-ISSN: 2959-8036



Mansoor, et.al, 2023 50 of 52

100 1 7.30 92.70 92.70

2 6.22 93.78 93.78

150 1 8.66 91.34 91.34

2 8.40 91.60 91.60

200 50 1 11.82 188.18 94.09
2 10.90 189.10 94.55

100 1 14.46 185.54 92.77

2 12.50 187.50 93.75

150 1 17.97 182.03 91.01

2 16.90 183.10 91.55

4.Conclusion

Overall treatments of study the results pointed out that the potential of CKD for removing copper, lead and
cadmium from Simulated Polluted Water. The obtained results show that the 2 hours shaking superior to 1 hour
overall treatments under study in removing the heavy metals under study. Also, the evidence show that the
cement kiln dust pH, plays a significant role in increasing the efficiency of the cement kiln dust in removing
copper, lead and cadmium from simulated polluted water. Moreover, the high surface area of the cement kiln
dust exhibits considerable role in increasing its efficiency to remove the considered elements. The removal effi-
ciency of the cement kiln dust in removing the considered heavy metals takes the order of copper > cad-
mium>lead. In general, the current study results show the possibility exploiting the cement kiln dust as sustain-
able adsorbent material.
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