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Abstract 

Ceramic water filters (CWFs) are point-of-use devices mostly used in developing countries as a result of their effec-
tiveness in the treatment of household water. However, there is a dearth of knowledge on the metal ions adsorption 
behavior of the filter materials. Therefore, this study investigates the adsorption behavior of the divalent metal ions 
using commercially available ceramic water filters as adsorbents, in a batch experiment and compared the data, 
to the extent of metal ion removal during filtration. The ceramic water filters were characterized with x-ray fluores-
cence spectrometer, x-ray powder diffractometer and fourier-transform infrared spectrophotometer. An adsorption 
batch experiment was conducted and filtration experiments were performed to determine the extent of divalent 
metal ions removed. The results of the study showed that divalent metal ions were adsorbed efficiently by ceramic 
water filters. The pseudo-second-order kinetic model best described the kinetic behavior of metal ion removal pro-
cess. The extent of adsorption of ceramic water filters was in the range: 7.015–335.77  mgg−1. The adsorption patterns 
fitted the Freundlich isotherm model while the entropy, enthalpy, and Gibbs free energy, indicate that the processes 
for all CWF-adsorbents are endothermic, feasible and spontaneous. The kinetic and thermodynamic behavior of CWF-
adsorbents indicate that the mechanism of the sorption process is chemisorption. There was a significant difference 
in the amount of divalent metal ions adsorbed in batch experiments compared to filtration experiments for ceramic 
water filter materials (Pot filter and candle filter). The metal ions adsorption potentials of ceramic water filters are 
found to be rate dependent; hence the rate of filtration must be of concern to manufacturers.

Keywords Ceramic water filters, Adsorption, Point-of-Use, Equilibrium time, Adsorbent dose, Isotherm, Gibbs free 
energy, Enthalpy change, Endothermic and mechanism

Introduction
Access to drinking water remains a significant chal-
lenge for millions of people around the world. The Joint 
Monitoring Report by WHO and UNICEF highlights 

that approximately 844 million individuals lack access 
to safe drinking water (WHO 2017). While efforts have 
been made to expand water supply and quality manage-
ment in most developing countries, issues such as heavy 
metal pollution from illegal mining activities, industrial 
waste disposal, pharmaceutical waste disposal and other 
sources continue to pose a significant threat to water 
quality (Shah and Joshi 2017; Whelan et al. 2022).

In addressing these challenges, point-of-use tech-
nologies, such as filters have been introduced in most 
developing countries, with ceramic water filters (CWFs) 
gaining increasing acceptance in Ghana. The treatment of 
heavy pollutants in source water requires filter materials 
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with high adsorption capacity. Hence, the adsorption 
behavior of CWFs should be very important to con-
sumers due to the rise in chemical pollutants. CWFs 
are made with natural materials such as clay, rice husk, 
sawdust (Aliyu et  al. 2019; Chaukura et  al. 2020; Netti 
et al. 2019). The raw materials for the production of the 
filter are known adsorbents for their removal of cations 
and anions (Chai et  al. 2020; Dan et  al. 2021; Gu et  al. 
2019; Meez et  al. 2021; Mohamed 2021; Nabieh et  al. 
2021; Otunola and Ololade 2020; Priya et al. 2022; Sanka 
et  al. 2020). The adsorption capacity of clay has been 
widely reported with some clay materials having capaci-
ties as much as 150  mgg−1 (Chai et  al. 2020; Kalebaila 
et al. 2018; Uddin 2017). Also, the adsorption potentials 
and capacity of biosorbents have been well documented 
(Madeła and Skuza 2021; Mohamed 2021; Naiya et  al. 
2009; Sanka et al. 2020). Studies have indicated the effec-
tiveness of CWFs in the removal of microbes and sus-
pended particles from raw water samples (Apea et  al. 
2023; Coleman et al. 2021; Ndebele et al. 2021; Shepard 
and Oyanedel-Craver 2022). Further, studies have equally 
found that the CWF materials exhibits adsorption poten-
tial as a result of their composition and their ability to 
exchange cations such as  Na+,  Ca2+ and  K+. Recent stud-
ies have highlighted the ability of the CWFs to remove 
charged ions from source water during filtration (Ajayi 
and Lamidi 2015; Bulta and Micheal 2019; Hussain and 
Al-Fatlawi 2020; Yang et  al. 2020). However, there is no 
clear explanation of the adsorption behavior of the mate-
rial. In contrast, some studies have questioned the viral 
and chemical correction ability of CWF materials (Ajayi 
and Lamidi 2015; Erhuanga et  al. 2014). This indicates 
that there is a dearth of knowledge on the adsorption 
behavior of CWF materials.

Over the years, ceramists and material scientists have 
varied the source of clay samples and also modify the 
raw materials in the production of enhanced filter mate-
rials with high adsorption capacity (Abdullayev et  al. 
2019; Ajayi and Lamidi 2015; Akosile et  al. 2020; Yang 
et  al. 2020). This suggests that the trend of pollution in 
the world today where chemical pollutants (heavy metal 
ions) abound is of concern. Therefore, this study assesses 
the extent of Cu (II) ion’s adsorption ability of pulverized 
samples of commercially available CWFs. In addition, the 
study compared the divalent metal ion adsorption behav-
ior of the filter material during filtration to those of batch 
experiments.

Materials and methods
Sampling
The surface water sampling area is located in the Tamale 
township of the Northern Region of Ghana. The water 
sampling point was selected based on the characteristic, 

composition and level of pollution. The sample was col-
lected from the Dungu dugout with physicochemical 
characteristics as shown in Table  1. The water samples 
for filtration and assessment of divalent metal ion remov-
ability analysis of the CWFs were collected mid-stream 
at depths 20–30 cm directly into sterile 25 L PET gallons 
(Karikari and Ansa-Asare 2006). The water samples were 
conveyed to C.K. Tedam University of Technology and 
Applied Sciences chemistry laboratory, Navrongo and 
allowed to settle for a day before filtering with commer-
cially available CWFs.

Ceramic water filters (CWFs) sampling
Three types of ceramic water filters were purchased from 
the Ghanaian market. The filter materials were classified 
based on their shape, size and composition. The filters 
are ball filter (BF), hollow candle filter (CF) and pot filter 
(PF) as indicated in Fig. 1a–c respectively.

Preparation of CWFs for batch adsorption experiments
The CWFs (BF, CF and PF) were separated into their 
components (Fig.  1a, b and c respectively) and pulver-
ized with a mortar and pestle. The pulverized samples 
(CWFs) were sieved usingdifferent mesh sieves of sizes 
100–500 μm and stored in clean containers for the char-
acterization and adsorption studies.

Chemicals
All chemicals used in the study, including  CuSO4.5H2O 
(99.5% assay and 249.68 mg/mol), HCl (37% assay and 
36.4  mg/mol), KCl (99.5% assay, 74.56  mg/mol and 
1,19 specific gravity), and NaOH (99.5% assay, 40  mg/
mol) were of analytical grade and purchased from Pan-
reac Quimica, Spain. The  CuSO4.5H2O stock solution 

Table 1 Physicochemical parameters, dimensions and the 
composition of CWFs studied

Parameter BF BF with AC CF PF coated with 
colloidal silver

Flow rate (L/H) 1.3 ± 0.082 1.3 ± 0.082 0.9 ± 0.065 7.5 ± 0.49

pH (PZC) 7.88 ± 0.1 9.06 ± 0.1 8.46 ± 0.1 5.67 ± 0.1

pH 7.88 ± 0.1 9.06 ± 0.1 8.45 ± 0.1 5.69 ± 0.1

EC (µS/cm) 724 ± 11.2 1130 ± 10.0 166 ± 12.1 26 ± 3.6

Mass (g) 182 ± 3.4 230 ± 2.5 310 ± 1.8 3100 ± 2.7

App. porosity 
(%)

58.55 58.55 60.61 75.00

Height (cm) 8.2 ± 2.4 8.2 ± 2.4 8.0 ± 2.5 18.8 ± 4.6

Diameter (inner) 
cm

8.9 ± 3.3 8.9 ± 3.3 5.3 ± 2.0 34.7 ± 4.3

Diameter (outer) 
cm

10.5 ± 2.4 10.5 ± 2.4 5.6 ± 1.3 39.5 ± 3.1

Flow rate (L/H) 1.3 ± 0.082 1.3 ± 0.082 0.9 ± 0.065 7.5 ± 0.49
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(1000  mg/L) was prepared by dissolving 3.2792  g 
 CuSO4.5H2O in distilled water (1000 mL). All solutions 
were freshly prepared by diluting the corresponding 
stock solutions with distilled water.

Characterization of CWF materials
The major oxide composition, functional groups, type 
of clay minerals, phases of the sintered CWF adsorbent 
and physicochemical properties of pulverized CWF 

Fig. 1 Samples of CWFs (a BF, b CF and c PFcs) used for the study
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materials were characterized with a variety of analytical 
techniques. The major and minor oxides composition of 
the CWF materials, were analyzed with x-ray fluores-
cence spectrometer (XRF), (Venta VMR). The functional 
groups of the pulverized adsorbents were analyzed with 
Fourier-transform infrared spectrophotometer (FTIR), 
(Bruker-Vertex 60). The type of clay minerals and phase 
of the sintered CWF adsorbents were determined with 
x-ray powder diffractometer (XRD), (Panalytical Empy-
rean Series 2). The physicochemical properties such 
as the color of the CWFs, pH and EC of the pulverized 
CWF materials in deionized water, mass of the bulk filter 
and dimensions of the filter were determined.

Determination of Point of Zero Charge
The point of zero charge (PZC) is the pH at which the net 
charge on the particle’s surface is equal to zero. This study 
determined the surface charge of the pulverized CWF mate-
rials with the aid of methods described by Bisaba (2015). A 
powdered sample of CWF (0.1 g) was weighed into 50 mL 
volumetric flask in replicates, followed by the addition of 
about 0.1 M HCl in specified volumes (5 mL, 10 mL, 15 mL, 
20 mL, 25 mL, and 30 mL). Also, about 30 mL of distilled 
water was added 0.1 g of CWF materials to serve as a control. 
In addition, powdered sample of CWFs (0.1 g) was weighed 
into 50  mL volumetric flask in replicates, followed by the 
addition of about 0.1 M NaOH in specified volumes (5 mL, 
10 mL, 15 mL, 20 mL, 25 mL, and 30 mL). the mixture was 
agitated with a mechanical shaker and allowed to stand for 
48 h. The method was used for all powdered CWF (BF, CF, 
PF, AC and BF with AC) samples. The pH of the mixture was 
recorded after the duration and average pH was calculated 
for each volume of the mixture.

Apparent porosity analysis of the CWF materials
Apparent porosity of the commercially available CWF 
materials were determined using the water absorption 
test (direct) method, and the determination was repeated 
five times for each CWF as described in a study by Apea 
et al. (2023).. Apparent porosity (P) was then calculated 
using the expression stated in Eq. 1.

where;  M3 is the weight of the specimen when saturated 
in water;  M1 is the weight of the dry specimen;  M2 is the 
weight of the sample underwater.

Chemical assessment of divalent metal ions uptake 
capacities of pulverized CWF materials
Determination of the effect of adsorbent dose
To assess the effect of adsorbent dose on the extent of Cu 
(II) ions adsorption. About 20 mL of the copper solution 

(1)P(%) = 100×

(

M3 −M1

M3 −M2

)

(100 mg/L) was added to 0.05 g of the pulverized adsor-
bent (AC). The mixture was agitated for ten minutes 
with a mechanical shaker at 100  rpm. At ten minutes, 
the interaction was terminated and the solid phase was 
separated from the solution using filtration method. 
The supernatant was then analyzed for its copper (II) 
ion content using a copper ion-selective electrode (ISE). 
The experiment was repeated independently for the AC 
adsorbent with varied masses of 0.10  g, 0.15  g, 0.20  g, 
0.25  g, 0.30  g, 0.35  g and 0.40  g. Also, about 20  mL of 
the copper solution (100 mg/L) was added to 0.2 g of the 
pulverized CWF-adsorbent (BF, CF, PF and BF with AC). 
The mixture was agitated for ten minutes with a mechan-
ical shaker at 100  rpm. At ten minutes, the interaction 
was terminated and the solid phase was separated from 
the solution using filtration method. The supernatant 
was then analyzed for its copper (II) ion content using a 
copper ion-selective electrode (ISE). The experiment was 
repeated independently for the AC adsorbent with varied 
masses of 0.4 g, 0.6 g, 0.8 g, 1.0 g and 1.2 g. All experi-
ments were carried out in duplicates and the average val-
ues were used to estimate the equilibrium time.

Determination of equilibrium time
The effect of time on the adsorption of Cu (II) ions by 
CWF was determined. About 0.2  g of all CWFs and 
0.05  g of AC were weighed into separate conical flasks. 
About 20  mL of the copper solution (1000  mg/L) was 
added and agitated with a mechanical shaker at 100 rpm 
for 30 min (for CF, BF and PFcs), 10 min (for BF with AC) 
and 5  min (for AC) as described by (Gupta et  al. 2018) 
with slight modifications. The equilibrium time of cop-
per (II) ions was measured by changing the time between 
the adsorbate (Cu(II) ions) and adsorbents (CWF) in the 
range of 30 to 300 min for CF, BF and PFcs, 10 to 120 min 
for BF with AC and 5 to 60 min for AC. All experiments 
were carried out in duplicates and the average values 
were used to estimate the equilibrium time.

Determination of the effect of pH on adsorption
The experiment for the effect of pH on the extent of Cu 
(II) ions adsorbed with CWF materials was conducted 
with 20  mL of Cu (II) ions solution (1000  mg/L) in a 
beaker containing 0.2  g of CWF material (powdered). 
To the mixture, 5 mL of the pH 2.0 buffer solution was 
added, followed by constant agitation for 120  min 
for PFcs, CF and BF, 40  min for AC and 90  min for BF 
with AC. The interaction was terminated by separat-
ing the solid phase (CWF material) from the solution 
phase using the filtration method. The supernatant was 
then analyzed for its copper (II) ion content using a cop-
per ion-selective electrode (ISE). The experiment was 
repeated independently for pH values 3, 4, 5, 6, 7, and 8. 
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All experiments were carried out in duplicates. The pro-
cedure was repeated independently for 0.2 g of all CWFs 
and 0.05 g of activated carbon material (AC).

Determination of the effect of temperature on adsorption
About 0.2  g of CWF was added to a beaker containing 
20 mL of Cu (II) ion solution (1000 mg/L). The temper-
ature of the mixture was maintained at 20 ℃ with the 
adjustment of the temperature of water bath and agitated 
continuously for 120 min for PFcs, CF and BF, 40 min for 
AC and 90  min for BF with AC. The mixture was then 
filtered, and the supernatant was analyzed for Cu (II) ions 
with the aid of copper ISE. The experiment was repeated 
independently for 30, 40, 50, and 60 ℃. In addition, all 
experiments were carried out in duplicates. The proce-
dure was followed for 0.2 g of all other CWFs and 0.05 g 
of AC.

Determination of the effect of initial concentration 
on adsorption
About 0.2  g of CWF was added to a beaker containing 
20 mL of Cu (II) ions solution (400 mg/L). The effect of 
the initial concentration was determined at a tempera-
ture of 27 ℃ and agitated continuously for 120  min for 
PFcs, CF and BF, 40 min for AC and 90 min for BF with 
AC. The mixture was then filtered, and the supernatant 
was analysed for Cu (II) ions with the aid of an Atomic 
Absorption Spectrophotometer (AAS). The experiment 
was repeated independently for 500, 600, 700, 800, 900 
and 1000  mg/L. All experiments were carried out in 
duplicates. The procedure was followed for 0.2  g of all 
other CWFs and 0.05 g of AC.

The extent of adsorption by CWF-adsorbent  (mgg−1) 
and percentage removal in the study was calculated using 
Eqs. (2) and (3).

where, Co (mg/L) = Initial copper concentration of Cu 
(II) ions in aqueous solution, Ce (mg/L) = Equilibrium 
concentration of Cu (II) ions in aqueous solution, V 
(l) = Volume of Cu (II) ions sample taken and m = Mass of 
adsorbent taken.

Theoretical model
Adsorption kinetics model The equations of the pseudo-
first-order (Demirbas et  al. 2005) and the pseudo-sec-
ond-order kinetic model (Edebali and Pehlivan 2014) 
were used to fit experiment data obtained from the batch 

(2)extent of adsorption, qe =
(Co − Ce)V

m

(3)%Removal =
Co − Ce

Co

× 100%

experiments. The formulas of the pseudo-first-order and 
the pseudo-second-order kinetic model are expressed as 
Eqs. (4) and (5), respectively.

where qt is the amount of Cu(II) ion adsorbed at time t, 
mg·g−1, k1 is the pseudo-first-order rate constant adsorp-
tion rate,  min−1; and k2 is the adsorption rate con-
stant in the pseudo-second-order kinetic rate constant, 
g·mg−1·min−1.

Adsorption equilibrium The isotherm models of Lang-
muir and Freundlich (Allwar et  al. 2008) were tested to 
analyze the equilibrium data. The Langmuir isotherm 
model and Freundlich isotherm model equations are 
expressed by Eqs. (6) and (7).

where qmax is the monolayer capacity of nano I-Sm, 
mg·g−1; KL is the Langmuir constant, L·mg−1; Kf is the 
Freundlich constant, µg·g−1; and n is the heterogeneity.

Adsorption thermodynamics
The thermodynamic parameters can be determined using 
the equilibrium constant and temperature (Saha and 
Chowdhury 2011). The change in the Gibbs free energy 
(∆G), enthalpy (∆H), and entropy (∆S) in the adsorption 
process was calculated using Eqs. (8) and (9).

where R is the universal gas constant, 8.314 J·mol−1·K−1; 
T is the absolute temperature, K; and Kd is the distribu-
tion coefficient of metal ions I-Sm, Kd = qe/Ceq.

Filtration experiment
The surface water filtration with commercially available 
CWFs was conducted as indicated in the setup in Fig. 2. 
Initially, the CWFs were thoroughly washed with distilled 
water which was in line with the guidelines of manufac-
turers before use. This is done to avoid possible leachates.

(4)ln(qe − qt) = lnqe − k1t

(5)
t

qt
=

1

k2q2e
+

1

qe
t

(6)
Ceq

qe
=

1

qmax
Ceq +

1

qmaxKL

(7)1nqe = 1nKf +
1

n
1nCeq

(8)�G = −RTlnKd

(9)1nKd =
∇S

R
−

�H

RT
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The filter materials were soaked in the distilled water 
overnight. Then the distilled water was allowed to perco-
late the filter until the filtrate were clear. The filters (BF, 
CF and PF) were fitted in a container and raised above a 
receptacle containing a measuring cylinder (Fig. 2). The 
surface water was allowed to percolate the CWFs into the 
measuring cylinder while samples were collected simul-
taneously at thirty minutes (30 min) intervals for divalent 
metal ions (Fe (II) and Mn (II) ions) analysis. The flow 
rate of the CWFs was determined using the relation in 
Eq. 10.

Result and discussion
Characterization
The commercially available CWFs were characterized in 
terms of their mass, height, color, pH, electrical conduc-
tivity and the composition of the major oxides, functional 
groups, type of clay minerals and phase. Table 1 presents 
information on the mass, dimensions, flow rate, pH and 
electrical conductivity of the CWFs.

Characterization of pulverized CWF materials
Table 1 shows that the pH of thepulverized commercially 
available CWF materials are 5.67, 7.88, 8.46 and 9.06 for 
PFcs, BF, CF and BF with AC, respectively.

(10)
Flow Rate(L/H) =(Volume of water (L))

/(time taken (H))

The observed pH does not vary from the pH of the 
point of zero charge (PZC) which implies that the charge 
on the surfaces of the filter materials does not change 
in water. The pH (PZC) of the CWFs was 5.67 (PFcs), 
7.88 (BF), 8.46 (CF), 8.45 (AC) and 9.06 (BF with AC) as 
observed in Table 1. This indicates that when the pulver-
ized CWF materials are kept in a solution with a pH less 
than that of the pH of the PZCs, the surface of the mate-
rials will be more positively charged and could attract 
negatively charged ions (anions) and vice versa. The 
study purposively assessed the PZC of the filter materi-
als because it is one of the factors that suggest the ability 
of the filter material to adsorb ions and the type of ions 
(anions or cations) that could be adsorbed at specified 
pH values. It could be inferred from the pH (PZC) that 
the pulverized CWF materials (BF, CF, AC and BF with 
AC) could attract cations but not as much as PF in water 
when pH ranges from 6–7. The materials showed electri-
cal conductivity (EC) in deionized water as follows; BF 
with AC (1130 µS/cm), BF (724 µS/cm), CF (166 µS/cm) 
and PF (26 µS/cm) suggesting that BF with AC has more 
ions in solution. The mass (gram) of the bulk filter mate-
rials were PF (3100), CF (310), BF with AC (230) and BF 
(182) which indicates that PF is heavier than all commer-
cially available CWFs. The apparent porosity of the filter 
materials was 58.55%, 60.61% and 75.00% for BF with AC, 
CF and PF respectively. The porosity of the filter mate-
rial indicates that PF has the highest apparent porosity. It 

Fig. 2 Schematic diagram of setup for filtration experiments: Setup for a pot filter and b candle or ball filter



Page 7 of 20Apea et al. Environmental Systems Research           (2023) 12:37  

could be inferred from Table 1 that the apparent poros-
ity of the CWFs increases as the mass of the materials 
increase. In addition, the mass of CWFs varies in the 
order: PFcs > CF > BF with AC. The dimensions of CWFs 
indicate that PFcs are large but BF and CF are small and 
potable. The flow rate of the CWFs were 0.9 L/H (CF), 1.3 
L/H (BF and BF with AC) and 7.5 L/H (PFcs).

The elemental composition of CWFs is provided in 
Table 2 as evaluated by X-ray fluorescence.

The major elements in all the CWFs are silica  (SiO2) 
and alumina  (Al2O3) followed by  Fe2O3,  K2O and CaO 
which are present in moderate concentrations (mg/
L0.075–10.69%). The rest of the oxides are present in 
small quantities (0.0079–1.29%)mg/L). The concentration 
of CaO is well known (Bonis et al. 2017) to decrease the 
red color of iron in clay material and this may explain the 
observed white to the off-white color of BF with AC and 
CF (CWFs). The quantity of alumina and silica are 10.14% 
and 45.34% for PFcs, 7.18% and 44.62% for BF with AC 
and 20.73% and 47.34% for CF (Table 2). The red color of 
PFcs could be attributed to the use of iron-rich clay for 
its production. The loss on ignition value indicates that 
the CWFs (PFcs, BF with AC and CF) has higher carbo-
naceous matter (as the result of the addition of the burn 
out material before firing) and relatively high content of 
mineral contents.

The possible minerals with their ‘d’ values of PFcs, 
BF, BF with AC, CF and AC are presented in Fig.  3a–e 
respectively. Both the quantitative and qualitative phases 
in the CWF-adsorbents have been made but their char-
acterization of XRD patterns indicates the presence of 
quartz, carbon, graphite, muscovite and wollastonite as 

the major phases. The PFcs adsorbent is made up of 49.6 
percent of quartz  (SiO2) and 50.4 percent of muscovite 
 (KAl2(Si3Al)O10(OH)2 as indicated in Fig.  3a. Also, the 
BF adsorbent is made up of 72.2% of quartz and 27.8% of 
wollastonite  (CaSiO3) as indicated in Fig. 3b. In addition, 
the combination of the BF with AC adsorbent with the 
percentage ratio of 72.7 to 27.3 respectively indicates the 
presence of 2.5% of carbon, 50.7% of graphite, 35.1% of 
quartz and 11.7% of wollastonite as indicated in Fig. 3c. 
Also, the CF adsorbent is made up of 92.1% of quartz 
and 7.7% of wollastonite as indicated in Fig. 3d. the study 
revealed that the XRD of the activated carbon in the BF 
contain 8.6% of carbon and 91.4 percent of graphite as 
indicated in Fig. 3e. Further, the occurrence of the above 
minerals, the CWF-adsorbents was confirmed by FTIR 
study to assessed the possible minerals present.Fig. 3 Pow-

der XRD patterns of a PFcs, b BF, c BF with AC, d CF and e AC

However, all CWF-adsorbents were sintered at 800 to 
950 ℃, this could contribute to the non-existence of O–H 
group around the 3000 range as observed in Fig.  4a–e. 
This observation corroborates with study by Nawang 
et al. (2019). The results of PFcs (Fig. 4a) suggest that the 
possible minerals present are feldspar (1023.47   cm−1, 
splitting bands in the region 800 -400   cm−1 including 
777.92   cm−1). The spectra of the PFcs adsorbent con-
firmed the presence of the muscovite (777.92   cm−1 and 
1023.47  cm−1) and quartz (1991.23   cm−1, 1963.88  cm−1, 
1023.47  cm−1 and 777.92  cm−1) as indicated by the XRD 
result in Fig. 3a. The results of BF (Fig. 4b) suggest that 
the possible minerals present are feldspar (1011.32  cm−1, 
splitting bands in the region 800 -400   cm−1 including 
793.55   cm−1 and 446.23   cm−1), hematite (689.07   cm−1 
and 565.95   cm−1), anhydrite (936.72   cm−1 and 
565.95   cm−1), traces of kaolinite (1011.32   cm−1, 
689.07   cm−1 and 446.23   cm−1) and traces of carbon-
ates (1981.16   cm−1, 900.07   cm−1 and 731.12   cm−1). The 
spectra of the BF adsorbent confirmed the presence of 
the wollastonite (900.07, 936.72 and 1011.32) and quartz 
(1981.16  cm−1, 1011.32  cm−1, 776.20  cm−1, 731.12  cm−1, 
689.09  cm−1, 565.93  cm−1 and 446.23  cm−1) as indicated 
by the XRD result in Fig. 3b. The results of BF with AC 
(Fig.  4c) suggest that the possible minerals present are 
feldspar (1010.84   cm−1, splitting bands in the region 
800 -400   cm−1 including 776.35   cm−1, 683.34   cm−1 and 
454.05   cm−1), hematite (683.34   cm−1 and 567.23   cm−1), 
magnesium-rich chlorite (1981.16   cm−1, 1010.84   cm−1, 
899.32  cm−1, 683.34  cm−1, 645.98  cm−1 and 567.23  cm−1), 
traces of kaolinite (1010.84   cm−1, 683.34   cm−1 and 
454.05   cm−1) and traces of carbonates (1970.88   cm−1, 
899.32  cm−1 and 726.02  cm−1). The spectra of the BF with 
AC adsorbent confirmed the presence of the wollastonite 
(899.32  cm−1, 836.42  cm−1 and 1010.84  cm−1) and quartz 
(1970.88  cm−1, 1010.84  cm−1, 776.35  cm−1, 731.12  cm−1, 

Table 2 Chemical composition of Commercially Available 
Ceramic Water Filters (CWFs) (%)

NB: n.d not detectable

Ignition Loss (I.L) is determined by burning one gram sample at 1000 ℃ till 
constant weight

Compounds wtt (%) present in Commercially Available 
CWF-Adsorbents

PFcs BF AC CF BFwith AC

SiO2 45.34 55.24 3.55 47.34 44.62

Al2O3 10.14 8.46 1.18 20.73 7.18

Fe2O3 5.13 0.48 0.39 1.12 0.39

CaO 0.075 10.69 1.63 3.23 8.54

K2O 2.57 3.28 0.82 0.46 2.64

TiO2 0.74 n.d n.d 1.29 n.d

MnO 0.031 0.020 0.0079 0.0085 0.015

MgO n.d n.d 1.82 n.d n.d

I.L 35.55 21.62 89.67 25.62 36.41

SiO2/Al2O3 molar ratio ⁓ 4 ⁓ 6 ⁓ 3 ⁓ 2 ⁓ 5
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Fig. 3 Powder XRD patterns of a PFcs, b BF, c BF with AC, d CF and e AC
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683.34  cm−1, 567.23  cm−1 and 454.05  cm−1) as indicated 
by the XRD result in Fig. 3c. The results of CF (Fig. 4d) 
suggest that the possible minerals present are feldspar 
(1079.05, splitting bands in the region 800–400   cm−1 
including 776.49   cm−1 and 539.26   cm−1), hematite 
(908.93   cm−1), smectite (3852.76   cm−1, 1079.05   cm−1, 
908.93   cm−1 and 539.26   cm−1), traces of illite 
(3852.76   cm−1, 1079.05   cm−1 and 539.26   cm−1), anhy-
drite (908.93   cm−1 and 539.26   cm−1) and traces of car-
bonates (1984.95   cm−1, 908.93   cm−1 and 776.49   cm−1). 
The spectra of the CF adsorbent confirmed the presence 
of the wollastonite (908.93  cm−1 and 1079.05   cm−1) and 
quartz (1984.95   cm−1, 1079.05   cm−1, 776.49   cm−1 and 
539.26   cm−1) as indicated by the XRD result in Fig.  3d. 

The above minerals suggested are in line with a study 
conducted by Nayak and Singh (2007). In addition, all 
CWF-adsorbent (especially, AC of Fig.  3e) showed C-H 
bond from 1923,27 to 1991.86  cm−1 and O = C = O group 
found from 2000 to 2500  cm−1.Fig. 4 FTIR patterns of a PFcs, b 

BF, c BF with AC, d CF and e AC

Characteristics of raw water
The characteristics of the raw water (Table  3) indi-
cate that the general characteristics of the Dungu 
dugout water sample fall out of the acceptable limit rec-
ommended by WHO (2011), with turbidity (1800 NTU), 

Fig. 3 continued
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concentration of iron (6.50 mg/L), concentration of man-
ganese (1.962 mg/L) and total coliform (178 cfu/mL).

These parameters were higher than the maximum 
acceptable limits recommended by WHO (2011). The 
metal ion concentration of the raw water justifies the 
treatment with the commercially available CWFs. After 
filtration with the commercially available CWFs, the 
physicochemical characteristics of the filtrates are pre-
sented in Table 4. the average values of parameters (E.C, 
pH and total hardness) of the filtrate of the CWFs are 
higher than that of the raw water sample. The elevation 
of the values of the parameters could be as a result of 
adsorption/desorption of charged species as suggested in 
a study by Apea et al., (2023). Although the values of the 
above-mentioned parameters are relatively higher com-
pared to that of the raw water sample, yet the values con-
form with that of the WHO/GWCL standards.

The average concentration of divalent ions of the fil-
trate of CWFs are presented in Table 4. The result indi-
cates that CWFs are efficient in divalent metal ions  (Fe2+ 
and  Mn2+) removal (sorption). As shown in Table  3 
concentration (mg/L) of  Fe2+ of the raw water sam-
ple was 6.50. However, PFcs reduced the concentra-
tion to 3.33  mg/L, CF also reduce the concentration to 
1.70  mg/L and BF with AC reduced the concentration 
to 0.19  mg/L. In addition, the concentration of  Mn2+ 
as indicated as 1.982 mg/L of the raw water sample was 
reduced after filtration by the CWFs (PFcs, CF and BF 
with AC) to 0.911  mg/L, 0.795  mg/L and 0.025  mg/L 
respectively. The concentration of divalent metal ions of 
filtrates of PFcs and CF were out of the specifications of 
the WHO/GWCL standards. The order of divalent sorp-
tion efficiency during filtration is BF with AC > CF > PFcs.

Adsorption behavior of pulverized commercially available 
CWFs
The effect of adsorbent dose
The effect of the mass of adsorbent on copper uptake 
capacity  (qe) was found to reduce with an increase in 
quantity of the adsorbent (CWF), this could be a result 
of the fact that the system was at equilibrium (Fig. 5a–e). 
The observation corroborated a study by (Fahmi et  al. 
2011), which indicates that the removal rate of an adsor-
bent does not increase with the continuous increase of 
the adsorbent dose. The decreased copper uptake value 
(mg Cu/g of CWF material) is due to the splitting effect 
of the flux (concentration gradient) between the CWF 
and Cu (II) ions (Nandi et  al. 2008). This implies that 
the addition of more adsorbent reduces the adsorption 
efficiency of the adsorbent per unit mass. Therefore, the 
maximum adsorption was noted at 0.05 g (AC) and 0.2 g 
(BF with AC, PFcs, BF and CF) adsorbent masses. Thus, 
0.05 g and 0.2 g were chosen as the maximum adsorbent 

dose. The equilibrium time experiment selected for the 
study was 120 min for PFcs, CF and BF, 40 min for AC 
and 90 min for BF + AC.

The kinetic behavior of Cu (II) sorption by selected CWFs
The correlation coefficients  (R2) are nearer to 1 for 
pseudo-second-order kinetics compared to pseudo-
first-order as indicated in Table  5. This implies that the 
pseudo-second-order model can better describe the 
adsorption process. This suggests that Cu (II) ions sorp-
tion by CWF-adsorbent could be chemisorption. The 
copper(II) ions stick to the surface of CWF material 
hence forming a chemical compound (usually covalent) 
bond and tend to locate available binding sites that maxi-
mize their coordination number with the adsorbent sur-
face (Atkins 1995).

The pseudo-second-order kinetic analysis reveals that 
the values of the initial adsorption rates (h) increase 
with an increase in the initial copper concentration in 
the order: AC > BF with AC > PF > BF > CF, but the rate 
constant (k) decreases with an increase in initial cop-
per concentration (Table  5). This is as a result of the 
lower competition for the available binding sites at low 
concentrations. At higher concentrations, the compe-
tition for the available binding sites is high and conse-
quently, lower sorption rates could be obtained (Wong 
et al. 2003). The extent of adsorption at equilibrium ( qe ), 
however, increases by increasing the initial copper con-
centration of copper ions and the ions could be adsorbed 
at the available binding sites. Comparing the calculated 
amount adsorbed qe(mgg−1), CWFs (BF, PFcs and CF) 
sorption capacities were in the order of PF > BF > CF. But 
the amount of Cu (II) ion adsorbed by AC was greater 
and this could be attributed to the pre-treatment of the 
composite (AC). When the composite was added to BF 
(i.e., BF with AC), it was observed that the extent of sorp-
tion of the BF with AC increased by 85.7%. This sug-
gests that AC improved the extent of sorption of CWF 
materials. The kinetic behavior of all CWFs suggested 
that the mechanism of the adsorption process could be 
chemisorption.

The effect of initial pH on copper (II) ion uptake by CWFs
The results as observed in Fig.  6 indicates that the per-
centage of the extent of adsorption of Cu (II) ions for AC 
increased from 59.5 to 96.7% for a rise in pH value from 
2 to 7 and also 64.4 to 97.3% for an increase in pH value 
from 2 to 8 for BF, BF with AC, PFcs and CF.

Further increase in pH of the solution (pH 8), resulted 
in desorption for all CWF adsorbents. The main com-
position of the filter materials (clay and combustible 
material (activated carbon)) is known for their negative 
surface charges in solution at high pH depending on the 
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Fig. 4 FTIR patterns of a PFcs, b BF, c BF with AC, d CF and e AC
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pzc (Ismadji et al. 2015; Momina and Isamil 2018). As pH 
values change, the charge on the surface of the material 
also changes, hence the adsorption of charged species.

Also, it is likely that at low pH values, where there are 
more  H+/H3O+ ions in solution, competition occurs 
between the positively charged  H+ species and the 
metal ions for the existing binding sites on the nega-
tively charged surface of the CWF materials. In a case 
where pH rises to 7 and the balance between  H+/H3O+ 
and  OH− are equal, more of the Cu (II) ions in solution 
were taken, by the extent limit on the negative CWFs 
surface. Therefore, the percentage of the Cu (II) ions 
adsorbed raised, this is observed for all CWF materials 

Fig. 4 continued

Table 3 Physicochemical characteristics of raw surface water

NB n.d = not detectable

Parameter Sample WHO standard
Dungu dam

Turbidity (NTU) 1800 ± 26.46 5

E.C. (µS/cm) 179.6 ± 3.61 1000

TDS (mg/l) 89.8 ± 4.55 1000

Fe (mg/l) 6.50 ± 0.04 0.3

Mn (mg/l) 1.982 ± 0.05 0.4

Total Hardness (mg/l) 16 ± 2.08 300

pH 6.66 ± 0.55 6.5–8.5

T. Col. (cfu/ml) 178 ± 1 0
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at a pH of 7. On the other hand, in the alkaline range, it 
is assumed that precipitation of Cu(OH)2 could occur, 
which may lead to a consistent decrease in Cu (II) ions 
but not necessarily been adsorbed by CWF materials. 
However, at low copper concentrations, Cu (II) ions are 
the main species at low pH values up to pH 7.5 and at 
high pH values, Cu(OH)2 is the main species up to pH 
12.3 (Albrecht et  al. 2011). This indicates that the opti-
mum sorption of copper ions by CWFs occurred at pH 
7.0. It could be conclusive that the amount recorded for 
adsorption in this study is solely interaction between 
copper ions and CWF materials since Cu(OH)2 is formed 
at pH > 7.5. This implies that for the pH of potable water 
which ranges from 6.5 to 8.5 (WHO/GWCL standard), 
When water samples are within the pH range, maximum 
metal removability will occur at pH of 7 and beyond pH 
of 7.5 some of the metals could change chemical form 
and leach into the filtrate of CWFs.

Effect of temperature on the sorption behavior of selected 
CWF materials
The copper (II) ions uptake by CWFs was studied as a 
function of temperature which revealed that the maxi-
mum adsorption occurred at 343 K as shown in Fig. 7.

It is observed from Fig.  7 that there was a gradual 
rise in Cu (II) ions adsorbed by CWF materials as tem-
perature increases from 273 to 343  K. The adsorption 
increased with increasing temperature with a slight 
decrease at 320 K for all CWFs, suggesting that the pro-
cess is endothermic. Therefore, higher temperatures 
might have facilitated the adsorption of Cu (II) ions by 
the CWF materials. It implies that with high tempera-
tures during filtration, metal ions could be removed by 
the CWFs. Although the filters adsorb Cu (II) ions at high 
temperatures, at room temperature, 298.15 K, the CWFs 
also have the capacity to adsorb metal ions.

The activation energy (Ea)
The activation energy of the CWF materials, Ea is defined 
as the energy that must be overcome by Cu (II) ions to 
interact with the functional groups on the surface of the 

CWFs. As indicated in Table  6, it is observed that val-
ues of  Ea are in the range of + 19.30 to + 25.21  kJ/mol, 
which indicates that the values fall in the range of + 8.4 
to + 83.7  kJ/mol (Saha and Chowdhury 2011), this 
implies, the sorption of copper ion onto CWF materials 
could be a chemisorption process. Also, it conforms to 
chemisorption compound formation since this process 
requires high activation energy. Moreover, the amount of 
energy required for the activation complex to be achieved 
for the adsorption of Cu (II) ions to occur is less than the 
amount of energy given to the system. This suggests that 
the process is favorable and feasible.

Free energy (∆G°), enthalpy (∆H°) and entropy (∆S°)
The sorption of copper on CWF materials increased 
from 283 to 343  K (Fig.  7). The adsorption process was 
endothermic. The values of the enthalpy (∆H°) and 
entropy (∆S°) changes were found to be + 48.21  kJ/
mol and + 0.433  kJ/Kmol for AC, + 114.22  kJ/mol 
and + 0.574  kJ/Kmol for BF with AC, + 115.65  kJ/
mol and + 0.576  kJ/Kmol for BF, + 101.55  kJ/mol 
and + 0.532  kJ/Kmol for PFcs and + 91.43  kJ/mol 
and + 0.502  kJ/Kmol for CF respectively as indicated 
in Table  6. The positive values of the ∆H° confirm the 
endothermic nature of the sorption and the value of 
∆S° indicate the change in the randomness of the CWF 
adsorbent-solution interface during sorption. Further-
more, the ∆H° values of the sorption between the CWF 
materials and Cu (II) ions are greater than 40 kJ/mol but 
less than 240  kJ/mol which suggests that the process is 
chemisorption.

The negative values of ∆G° indicate that the process is 
feasible and the sorption process is spontaneous. From 
Table 6 the ∆G° values ranged from -47.452 to -100.214. 
The ∆G° values up to -20  kJ/mol are consistent with 
electrostatic interactions between adsorbed site and the 
charged ions (physisorption), while ∆G° values negative 
and larger than -40  kJ/mol involved charge distribution 
or transfer from the biomass surface to the charged ions 
to form a coordinate covalent bond (chemisorption) 
(Horsfall et al. 2004; Kumar et al. 2010). The ∆G° values 

Table 4 Physicochemical characteristics of Filtrates of CWF materials

Parameter Filtrates of CWFs WHO standard

PFcs BF with AC CF

E.C. (µS/cm) 192.1 ± 2.51 437.0 ± 2.70 421.0 ± 3.61 1000

pH 7.36 ± 0.10 7.54 ± 0.075 7.65 ± 0.10 6.5–8.5

Total Hardness (mg/l) 29.0 ± 1.61 27.0 ± 1.73 36.0 ± 1.73 300

Fe (mg/l) 3.33 ± 0.058 1.70 ± 0.040 0.19 ± 0.040 0.3

Mn (mg/l) 0.911 ± 0.001 0.795 ± 0.001 0.025 ± 0.001 0.4
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Fig. 5 The extent of Cu (II) ions adsorbed by a PFcs-adsorbent, b BF-adsorbent, c BF with AC-adsorbent, d CF-adsorbent and e AC adsorbent 
against adsorbent dose
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obtained in this study for Cu (II) ions’ interaction with 
CWF adsorbent are negative and larger than -40 kJ/mol, 
which implies that the mechanism of sorption is predom-
inantly chemisorption.

Adsorption isotherms of selected CWF materials (BF, PFcs, CF, 
AC and BF with AC)
The sorption isotherm suggests how the adsorbed cop-
per (II) ions are distributed between the liquid phase 
and the CWF materials when equilibrium is established. 
The analysis of the isotherm data by fitting them to dif-
ferent isotherm models (Table 7) is an important step in 
finding a suitable model that could be used to describe 
the process. The extent of Cu (II) ions sorption of CWF 
materials was studied with the Langmuir, Temkin and 
Freundlich adsorption isotherms. The Cu (II) ions sorp-
tion isotherm of the CWF-adsorbent (AC, BF with AC, 
BF, PFcs and CF) obey the linearized Freundlich model 
 (R2 > 0.8 for all adsorbents), as shown in Table 7.

The isotherm data fits the Freundlich model well 
with  R2 values of 0.883, 0.861, 0.988, 0.866 and 0.959 
for AC, BF with AC, BF, PFcs and CF, respectively. The 
 Kf is the Freundlich isotherm constants, which indi-
cate the adsorption capacity wth values of 0.01738, 
0.05820, 0.00336, 0.00394 and 0.13113 for AC, BF with 
AC, BF, PFcs and CF respectively. This indicate that the 
adsorption capacity for the CWF-adsorbent is in the 
order CF > BF with AC > AC > PFcs > BF. In addition, the 
adsorption intensity (1/n) of the materials are 1.44691, 
1.00805, 1.46828, 1.45494 and 0.90148 for AC, BF with 
AC, BF, PFcs and CF respectively. This indicate that the 
adsorption intensity is in the order BF > PFcs > AC > BF 
with AC > CF suggesting that favorability of the adsorp-
tion process. The affinity of the CWF-adsorbent for Cu 
(II) ions is indicated by the values of n (Dada et al. 2013). 
When n = 1, the partition between the two phases is 
independent of concentration.; From Table 7, the affinity 
of the CWF-adsorbent are CF, BF with AC, AC, PFcs and 
BF, in the order of strength.

Table 5 Kinetic model parameters of the compositions of selected CWFs

Kinetic models CWF

AC BFwithAC BF PFcs CF

Pseudo first order k1(min−1) 0.015660 0.001382 0.002994 0.000691 0.000092

qe (mg/g) 0.416100 0.858000 0.530000 1.040000 0.896000

R2 0.785200 0.323000 0.408600 0.217600 0.011100

Pseudo second order k2(gmg−1  min−1) 0.000170 0.003168 0.002207 0.004489 − 0.097288

h(mgg−1  min−1) 19.20000 8.884000 0.152300 0.331200 − 4.788010

qe (mg/g) 335.7660 52.95520 8.306370 8.588930 7.015340

R2 0.848051 0.957814 0.878064 0.959352 0.974570
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Fig. 6 Effect of pH on the extent of Cu (II) ions sorption by CWFs
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Also, It could be seen from Table  7 that the isotherm 
data fit the Langmuir equation poorly  (R2 = 0.432 for AC, 
 R2 = 0.001 for BF with AC,  R2 = 0.798 for BF,  R2 = 0.390 
for PFcs and  R2 = 0.164 for CF) as compared to that of 
Freundlich and Temkin equations. However, the values of 
 As and b of the Langmuir isotherm was determined from 
the plot of  Ce/qe against  Ce and the values of  As and b 
are noted to be 223.705 and 0.00076 for AC, 1585.47 and 
3.77 ×  10–5 for BF with AC, 47.6615 and 0.00078 for BF, 
50.2982 and 0.00079 for PFcs and 307.035 and 0.00026 
for CF respectively. The values of b of the Langmuir 
isotherm of all the CWF-adsorbent were low and could 
suggest that less amount of energy is required for the 
adsorption of divalent metal ions. This corroborates the 
activation energy of the CWF-adsorbents as indicated in 
Table  6. In addition, the large adsorption capacity indi-
cated by BF wuth AC, suggest that the addition of other 
AC-adsorbent material to the BF-adsorbent increased 
the Cu (II) adsorption process of the filters.

The values of the Temkin constants A and B as stated in 
Table 7 were 191.162 l/mg and 16.7683 for AC, 138.960 l/
mg and 103.146 for BF with AC, 191.013  l/mg and 
77.9682 for BF, 0.00534  l/mg and 73.8909 for PFcs and 
0.00884 l/mg and 105.229 for CF. The correlation coeffi-
cient of 0.809 for AC, 0.790 for BF with AC, 0.997 for BF, 
0.691 for PFcs and 0.691 for CF obtained indicate that the 
sorption of Cu (II) ions fits the Temkin model. It could 
be inferred from all three isotherms that the Freundlich 
model was obeyed better than the Temkin and Langmuir 
models, as indicated in the values of the regression coeffi-
cients  (R2) for all CWF-adsorbent materials. This suggest 
that the divalent metal ions adsorption by CWF-adsor-
bents could not accrue in homogeneous monolayer but 
a heterogeneous complex way. According to the theory 
of the Freundlich isotherm model, the heterogeneous 
surface of the CWF-adsorbents could have different type 
of adsorption sites, and the affinities of these adsorption 
sites for divalent metal ions are different.

Comparative analysis of adsorption during filtration 
to batch experimental data
Comparing metal ion uptake of CWF during the filtra-
tion process and batch experiments, it could be observed 
from Fig.  8a, c, that the percentage of copper adsorbed 
by CF and PFcs at optimum conditions were appreciable 
(68.9 to 88.8%) during the batch experiment but this was 
not observed during the filtration process for Fe (II) ions 
removal, which could be as a result of insufficient contact 
time and high flow rate (7.5 L/H for PFcs). In the case 
of BF with AC, divalent metal removal during filtration 
was appreciable compared to batch experiment data as 
observed in Fig. 8b. This could be as a result of the low 
rate of flow (1.3 L/H) of water through the filter mate-
rial which translates into more contact time between the 
divalent ions in the solution and the filter material. This 
indicates that the flow rate directly affects the divalent 
metal removal efficiency of the CWF materials during 
water purification processes.. Although, it is worth not-
ing that time is of no consequence, if the mechanism of 
species removal is weak thus, flow rate is considered an 

Table 6 Thermodynamic parameters of uptake of copper ions by CWF composition

CWFs Ea (kJ/mol) ∆H° (kJ/mol) ∆S° (kJ/Kmol) ∆G°(kJ/mol)

283 K 293 K 303 K 313 K 323 K 333 K 343 K

AC  + 19.300  + 48.210  + 0.4330 − 74.251 − 78.578 − 82.905 − 87.233 − 91.559 − 95.887 − 100.214

BF with AC  + 25.510  + 114.220  + 0.5740 − 48.339 − 54.083 − 59.828 − 65.572 − 71.316 − 77.059 − 82.804

BF  + 25.240  + 115.650  + 0.5760 − 47.452 − 53.215 − 58.979 − 64.742 − 70.505 − 76.269 − 82.032

PFcs  + 23.040  + 101.550  + 0.5320 − 49.089 − 54.412 − 59.735 − 65.058 − 70.381 − 75.704 − 81.027

CF  + 22.150  + 91.430  + 0.5020 − 50.541 − 55.557 − 60.574 − 65.591 − 70.607 − 75.624 − 80.640

Table 7 Isotherms model parameters for the removal of Cu (II) 
ions from aqueous solution by CWF compositions

Isotherm models CWF

AC BF with AC BF PFcs CF

Freundlich

 1/n 1.44691 1.00805 1.46828 1.45494 0.90148

 n 0.690 0.990 0.680 0.690 1.109

  Kf (mg/g) 0.01738 0.05820 0.00336 0.00394 0.13113

  R2 0.88262 0.86132 0.98793 0.86584 0.95995

Langmuir

 b(l/mg) 0.00076 3.77 ×  10–5 0.00078 0.00079 0.00026

  As (mg/g) 223.705 1585.47 47.6615 50.2982 307.035

  R2 0.432299 0.00116 0.79761 0.39044 0.16388

Temkin

 A (l/mg) 191.162 138.960 191.013 0.00534 0.00884

 B (Kcal/mol) 0.004008 0.0247 0.0186 0.01766 0.02515

 dQ 147.753 24.1007 31.8833 33.6427 23.6235

  R2 0.80928 0.79003 0.99689 0.69123 0.69123
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important variable as a function of efficiency.(i.e., there 
exists an interaction between sorbate and sorbent).

The assessment of the differences in the amount of 
divalent metal adsorbed by the pulverized CWF mate-
rials against the CWFs during filtration is presented in 
Table 8.

Further analysis of the paired sample t-test of the 
amount of divalent metal ions adsorbed during filtra-
tion and batch experiments revealed that there is sig-
nificant difference (p ≤ 0.00) of the amount of copper 

ions adsorbed by the pulverized CWF materials during 
batched experiments as compared to the filter materials 
during filtration. This analysis was based on the mass of 
the filter as compared to mass used in the batch experi-
ments. The observation indicates that the amount of 
copper (II) ions adsorbed during batch experiment 
for all CWF materials during the batch experiment is 
greater than the amount of other metal ions (manga-
nese (II) and iron (II) ions) adsorbed during filtration 
experiments (Table 8).

0 50 100 150 200 250 300

10

20

30

40

50

60

70

80

90

Pe
rc

en
ta

ge
 o

f d
iv

al
en

t m
et

al
 io

ns
 ad

so
rb

ed
 (%

)

Time (min)

 Fe (II) ions
 Mn (II) ions
 Cu (II) ions

0 50 100 150 200 250 300
40

50

60

70

80

90

100

Pe
rc

en
ta

ge
 o

f d
iv

al
en

t m
et

al
 io

ns
 ad

so
rb

ed
 (%

)

Time (min)

 Fe (II) ions
 Mn (II) ions
 Cu (II) ions

0 50 100 150 200 250 300
20

30

40

50

60

70

80

90

100

Pe
rc

en
ta

ge
 o

f d
iv

al
en

t m
et

al
 io

ns
 ad

so
rb

ed
 (%

)

Time (min)

 Fe (II) ions
 Mn (II) ions
 Cu (II) ions

(a) (b)

(c)

Fig. 8 A plot of percentage of divalent metal ions adsorbed by a PFcs, b BF with AC and c CF material against time
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Conclusion
Within the limits of the research, from the study, it is 
evident that the commercially available CWF materi-
als proved to be effective low-cost adsorbents which 
could remove divalent metal ions in batch and filtra-
tion experiments. The adsorption behavior of the pul-
verized CWF materials indicated that the equilibrium 
time is 2 h (CF, BF and PF), 90 min (BF with AC) and 
40  min (AC). The optimum pH for maximum adsorp-
tion is 7 for all CWF materials. The values of ∆H° indi-
cated that the Cu (II) ions adsorption process of the 
CWF adsorbents are endothermic. The processes are 
best described by the Freundlich isotherm model since 
the correlation coefficient of all CWF adsorbents is 
closer to unity. Kinetics studies of the filter materials 
indicate that the adsorption of CWF adsorbents could 
be described with the pseudo-second-order model. 
Based on the kinetics and thermodynamic behavior 
of the CWF adsorbent, it could be concluded that the 
mechanism of Cu (II) ions uptake by CWF adsorbents 
is chemisorption. Comparative analysis of the mass of 
divalent metal ions (Cu (II), Fe (II) and Mn (II) ions) 
adsorbed by the CWF materials, indicates that adsorp-
tion of divalent metal ions during batch experiment 
is significant (p ≤ 0.00) as compared to the amount 
adsorbed during membrane filtration. The study noted 
that with enough contact time during filtration pro-
cesses, the CWF materials could be efficient in metal 
ion removal. This suggests that the flow rate of the sys-
tem is a function of the metal removability (KD) of the 
filter material. Therefore, CWF manufacturers should 
consider the rate of filtration as a vital parameter dur-
ing production.
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