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1. INTRODUCTION 

The aquatic environment is the biggest recipient of arsenic 

ions in both organic and inorganic forms. These inorganic 

forms: arsenite (AsO3-3) and arsenate (AsO2-4) supersedes 

other forms in the bionetwork [1], [2]. The presence of 

arsenic in drinking water constitutes a problem to humans 

and the ecosystem because it is toxic [3,5]. Carcinogens to 

humans are strongly linked to inorganic arsenic species [6]- 

[8].  

Destruction of vital organs of the human body are indications 

of arsenic toxicity [9], [10]. Bioaccumulation of arsenic 

leading to chronic health disorders have been reported [11]- 

[17]. Therefore, regulators of international and regional 

standards have reduced arsenic concentration in drinking 

water to 10 mgL-1 [18].  

Mimicking arsenite removal from waste and groundwater 

based on field parameters is needed. Many factors control 

arsenic migration in the aquatic environment [19], [11], [12]. 

Adsorbent and chemistry of solutions control the active 

removal of dissolved arsenic species at low concentrations 

[20]- [21]. 

In addition, the hydrolysis of arsenic ions and species are 

residence time and solution pH regulated [1], [22]. The 

diminution of arsenite removal from the aquatic environment 

is Cp-particle concentration, particle sizes and adsorbent 

chemistry regulated [23]. Aluminum coating on kaolinite 

reduces adsorbate adsorption [24]. Increase in arsenite 

removal as adsorbent particle concentration increases are 

linked to electrostatic coulombic interactions. However, 

increase in arsenite uptake as solid concentration is increased 

not all the time synonymous [12].  

Surface area of adsorbent control arsenic uptake [25],26]. 

Reorganization of mineral surfaces in aqueous solution is 

enhanced by residence time or ageing [27]. Adsorption is 

taken as a simple technique for treatment of water when cost 

and design simplicity are considered [8], 28]. The quantity of 
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Abstract: The presence of Zinc Oxide coating on kaolinite altered the adsorption of arsenite in aqueous solution. This 

was because Zinc Oxide coating enhanced reorganization of active sites. Batch mode systems at ambient temperature, 

was used to test the adsorption of arsenite on Zinc Oxide coated kaolinite. Mechanism of reaction indicated less than 

one proton coefficient (0.49), < 1, intraparticle diffusion that was controlled by boundary layer with slope of 

17.58(mgkg-1) (min0.5) and the intercept C was 176.86, ≠0. The mass transfer rates (i.e. 1.255^-5cm-2hr-1, 

3.829^-5cm-2hr-1) were significantly altered by the presence of Zinc Oxide coating. There was enhancement of mass 

transfer of arsenite to the external layer of the coating. The capacity of adsorption increased with increase in contact 

time, maximizing at 88% at the 24th h. The increase in adsorption capacity as arsenite concentration was increased, 

indicated that the active and reactive sites of the Zinc Oxide coated kaolinite were not yet saturated. The highest 

adsorption capacity was 3366mgkg-1 at 2g/L and was controlled by surface area, reactive sites and concentration 

gradient effect. Ageing reaction possessed different magnitude of adsorption capacity, maximizing at 980mgkg-1 at the 

720th h. This was controlled by the number of available active sites 
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adsorption is dictated by increase in arsenic concentration 

[27,14]. Four steps of mass transfer reaction mechanism have 

been linked to arsenite removal in aqueous solution: the film 

surrounding the adsorbent as recipient of adsorbate, surface 

of adsorbent as recipient of adsorbate, intraparticle diffusion 

and adsorbent sites as recipient of adsorbate. Here, 

intraparticle diffusion provided by Weber and Morris model 

predicted the reaction mechanism [29]. In aqueous solution, 

fast process of intraparticle diffusion and slow process of 

electrostatic coulombic interactions are components of 

reaction mechanism involved in arsenic uptake [30].  

In addition, solution dilution and ion exchanges control the 

removal of arsenite from the aquatic environment [11], [13]. 

The use of untreated kaolinite and clay minerals formed the 

interest of previous studies in arsenic removal [12], [31]. 

Others [32], have reported the use of low-cost adsorbents for 

arsenic removal from aqueous solution. Untreated kaolinite 

possesses the capacity to adsorb heavy metals using cation 

exchange and when ions bind directly to the adsorbent 

surface via the aluminol and silanol sites [33], [27].  

 There are conservative methods used in the treatment of 

arsenic contaminated water [34], [38]. Some successive steps 

have been identified as ways for a solid-solution system 

migration: external mass transfer, intra-particle diffusion, 

protonation and adsorption of molecules of sorbate [39]. 

Therefore, models of reaction mechanism are necessary to 

determine the reactions involved. 

Ground-breaking cost-effective techniques need be sourced 

for water treatment system designs. Recent studies reported 

the use of CuO coating supported by kaolinite to treat 

mercury ions in aqueous solution [17], [39]. Here, the study 

was aimed at providing evidence that the presence of 

synthetic and characterized Zn-Oxide (ZnO)coating altered 

arsenite adsorption on kaolinite. This is relevant in the 

treatment of arsenic contaminated water in relation to pH, 

residence time, arsenite initial concentration, dosage of 

adsorbent and prolonged contact time. 

2. MATERIALS AND METHODS   

All reagents used were of analytical purity. Synthetic 

solutions were prepared using concentrated stock solutions. 

Kaolinite was provided by Richard Baker Harrison Company 

(United Kingdom). Airtight containers were used for storage 

after nitrogen- flush process. Arsenic (III) stock solution was 

provided by Merck (Germany). the AAS standard solution of 

1000 mgL-1 Arsenic(III) was prepared from a titrisol ampule 

of arsenite in H2O using a volumetric flask. As instructed by 

Merk guidelines, the content after filling up to mark was 

stored for use. Diluting the stock solution provided the 

working solutions of different concentrations. Zinc nitrate as 

the precursor, KOH as a precipitating agent to synthesize 

ZnO nanoparticles were purchased from Sigma-Aldrich 

(Belgium). 

 

pH evaluation of RBH-kaolinite and solutions used in the 

reaction process were done using the Model 3340 Jenway ion 

meter. Na saturation method was used to evaluate the cation 

 
 

exchange capacity (CEC).Brunauer, Emmett and Teller 

(BET) method was used to determine the surface area of the 

adsorbent [40]. Here, N2 gas adsorption on the adsorbent was 

measured at the boiling point of liquid nitrogen [41].  

 JEOL JSM 5900 LV Scanning Electron Microscopy(SEM) 

with Oxford INCA Energy Dispersive Spectroscopy(EDS) 

were used to conduct spectral analysis [42]. The adsorbent 

was viewed at low vacuum control pressure and secondary 

electron images were captured. The point of zero salt effect 

(PZSE) synonymous point of zero charge (pHzpc) of the 

RBH-kaolinite was carried out using usual laboratory 

procedures [43],[44]. 1% (by mass equilibration was 

followed up with potentiometric titration of RBH-kaolinite 

suspensions. 1:1 electrolyte solutions initially adjusted to pH 

ranges near the PZSE were used as references.  

The procedure was as reported elsewhere [17] and modified 

[45]. solution of zinc nitrate (Zn(NO3)2.6H2O) of 0.2 M 

concentration and KOH of 0.4M concentration were prepared 

with double distilled water. Here, 0.20 g of RBH-kaolinite 

was mixed with 100 mL 1M Zn(NO3)2 solution and 180 mL 

of 2 M KOH solution. This was done to activate the 

RBH-kaolinite. Thereafter, the KOH activated 

RBH-kaolinite was dispersed into 150 mL of 0.2 M Zn(NO3)2 

solution. 0.4 M KOH aqueous solution of three hundred 

microliters was titrated slowly at the rate of 1 mL/h.  into the 

content under vigorous stirring at ambient temperature. This 

was done under nitrogen flow condition [46]- [47]. 

White precipitate of the reaction was washed first with 

double distilled water, centrifuged and washed with absolute 

alcohol. This was done to free the content from NO3
- ions. 

Thereafter, the solid was heated at 500oC for 3 h in air, thus 

leading to the formation of Zn-Oxide coated RBH-kaolinite. 

To determine the effect of arsenite initial concentration, the 

suspension was made unto 50mL and subsequently 

equilibrated for 24h at pH=4. As(III) solutions (10mgL-1 to 

40mgL-1) were reacted with 1% each of Zn-Oxide coated 

RBH-kaolinite suspension. A range of solid concentrations of 

Zn-Oxide coated RBH-kaolinite (2gL-1 to 10gL-1) made unto 

50mLwere reacted with solutions containing As(III) ions 

(10mgL-1 to 40mgL-1) and equilibrated for 24h at pH=4 was 

prepared. This was used to investigate particle concentration 

effect (Cp). Arsenite concentrations (10mgL-1 to 40mgL-1) 

was reacted with 1% RBH-kaolinite Zn-Oxide coated 

RBH-kaolinite at pH=4. The suspensions were made unto 

50mL and aged from 24 - 720h. This was used to investigate 

the effect of ageing. Ambient temperature was used to 

conduct all experiments in triplicates. 

To predict reaction mechanisms, the proton coefficient 

otherwise known as the proton exchange isotherm was 

derived from change of pH versus LogKd plot. This was 

based on Freundlich isotherm [11],13] as given by equations 

(1)- (2)  

 

∝ 𝑆𝑂𝐻 ↔ 𝑆𝑂− +∝ 𝐻+                                                (1)                                                                                                                                                   

 

𝑙𝑜𝑔𝐾𝑑 ↔ log(𝐾𝑃{𝑆𝑂𝐻}
∝+∝ 𝑝𝐻                                (2) 
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Here, SOH equals the mineral surface-reactive site, SO- 

equals the surface bound arsenite, logKp equals the apparent 

equilibrium-binding constant and α equals the coefficient of 

protonation. This equals the number of protons displaced 

when one mole of arsenite binds to the mineral surface [11], [ 

48].  To determine this coefficient, 1% Zn-Oxide coated 

RBH-kaolinite suspension was regulated to required pH, 

made unto 50 mL, and reacted with As(III) ion solution of 

10mgL-1. Secondly, the mass transfer rate and intraparticle 

diffusion were derived from equations (3) -(5):  

 

𝑄𝑡(𝑚𝑔𝑘𝑔−1) = [𝐶0−𝐶𝑡]
𝑣

𝑚
(3) 

 

Here, Co equals the initial arsenite concentration (mgL-1) at 

time t=0; Ct equals the concentration (mgL-1) at time t; V 

equals the total Zn-Oxide coated RBH-kaolinite suspension 

volume and m is the weight of the sorbent (kg) [11, 39]. 

Mineral surface-arsenite binding sites kinetics was controlled 

by Kf (i.e. the mass transfer constant). Here, Ct/ Co vs. time 

provided the slopes of the curves derived from equation (4) 

[11]: 

⌊

𝑑(𝐶 𝑡
𝐶0

)

𝑑𝑡
⌋ 𝑡=0≅ − 𝐾𝑓𝑆𝑠                                                      (4) 

) 

Here, Ct and C0 denote the initial concentrations of arsenite at 

time t, Ss equals the exposed external surface area of 

Zn-Oxide coated RBH kaolinite, and Kf equals the coefficient 

of mass transfer [49]. These models as reviewed previously 

[50] and derived from the Freundlich isotherm were adopted 

to describe sorption of arsenite ions [39]. To investigate the 

action of intra-particle diffusion on arsenite adsorption, the 

Weber-Morris model was used [39] as given in equation (5):  

  

𝑄𝑡 = 𝐾𝑖𝑡0.5 + 𝐶(5)                                                                                                                                                                                     

 

Here, Ki equals the intraparticle diffusion constant (mg/kg 

min) and the intercept (C) represents the effect of the layer 

boundary. Ki value is derived from slope (Ki) of the plots of 

qt vs. t0.5. A linear plot of qt versus t0.5 indicated that diffusion 

of intraparticle was involved in the process of adsorption. For 

these reaction mechanisms, 1% Zn-Oxide coated 

RBH-kaolinite was reacted with 10mgL-1 As(III) ions 

solution. The content was made unto 50mL and regulated to 

required pH, using sodium hydroxide. Amounts of As(III) 

ions remaining in solution was determined after 2ndh, 4thh, 

6thh, 8th h, 12thh, 18th h, and 24th h.  

At ambient temperature, these studies were done in 

triplicates. A 0.2 µm pore size cellulose acetate filter was 

used on the supernatant and content analysed for As(III) ions, 

using a Hitachi Atomic Absorption Spectrophotometer 

(HG-AAS). The percent of arsenite removed from solution 

was calculated from equation (6): 

(%)ofarseniteremoved = (
C0−Ce

C0
) x100(6)    

where C0 and Ce (mgL-1) are the initial and equilibrium 

concentrations of the arsenite in solution. 

                                                                                                                                  

3. RESULTS AND DISCUSSIONS 

In this study, RBH kaolinite contained 47% SiO2, Al2O3 

(38%), CEC (170 mmols/kg) and Surface Area (47 m2/g), 

This adsorbent has been characterized and summarized in 

previous studies [17,39] (Table 1) and Figs. 1-4). The 

exposed surface area for reaction was reflected by the 

adsorbent external surface area. 

Proton coefficient ((α)) was based on a theoretical framework 

given by equations (1), (2), predicted and derived from the 

plot (Figure 5), (Table 2). The value was 0.49. This pH plot 

had two linear parts maximizing at 7.98mg/kg. Intraparticle 

diffusion was based on a theoretical framework given by 

equation (5), predicted and derived from the plot (Figure 6), 

(Table 3). The intraparticle diffusion constant derived from 

the slope was 17.58 (mkg-1) min0.5 and the intercept C was 

176.86, ≠ 0. This plot consisted of two linear parts, with the 

first part representing the external mass transfer. The second 

part, reflected the diffusion of intraparticle and inner 

adsorption on the surface of the adsorbent. Here, the 

maximum adsorption capacity was 788mg/kg at the 24th h.   

The mass transfer constants (Kf) predicted from equations (3, 

4) and derived. from Figure 7 are given (Table 4). Also, this 

consisted of two linear parts. The second linear part started 

after the 6th h and the second linear part terminated at the 24th 

h. This had a statistical slope of 0.059 hr-1 and 0.018hr-1 

respectively. Figure 8 had a statistical slope of 97.07 mg/kg 

and intercept of 21.98 mg/kg (Table 5). There was increase in 

capacity of adsorption as arsenite initial concentration was 

increased. The maximum adsorption quantity of 3860 mg/kg 

occurred at 40mgL-1. Figure 9 consisted of one linear plot 

over the range of Cp investigated. There was a linear decrease 

in quantity of adsorption as particle concentration was 

increased. The highest adsorption quantity was 3366 mgkg-1 

at 0.002 kgL-1 and the lowest adsorption quantity was 

672KgL-1 at 0.01kgL-1 . 

 

TABLE 1: SUMMARY OF CHARACTERISTICS OF  

KAOLINITE [39] 
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Residence time (i.e. ageing) plot contained two linear parts 

and   increased with increase in adsorption quantity (Figure 

10). The linear fit adsorption pattern aimed 

at mimicking the adsorption pattern (Table 6) revealed an 

intercept 721.26 (mg/kg) and a slope of 0.01 (mgkg-1h-1). 

This maximized at 980mg/kg at the 720th h. Adsorption 

quantity generally increased with increase in contact time 

(Figure 11). Predicted from equation 6, the rate of removal of 

arsenite ions increased from 65% to 88% over the range of 

contact time investigated.  

 
 

Fig. 1: X-ray diffraction of kaolinite [39] 

 

 
 

Fig. 2a: EDS for kaolinite showing element peaks [39] 

 

 

Fig. 2b: SEM for kaolinite showing particle sizes[39] 

 

 
Fig. 2c: X-ray diffraction pattern of synthetic 

Zn-Oxide kaolinite 

 

 

 Components of Characterisation Values 

SiO2 (%) 47.00 

Al2O3 (%) 38.00 

Moisture content (%) 

 

1.50 

Specific gravity 2.60 

Water soluble salt (%) 0.20 

CEC (mmols/kg) 170.00 

 (<1000 nm) colloid (%) 

colloid 

 

3.00 

 
Particle size (μm)   

 

20.01±0.05 

pH ± σ  

 

6.05±0.05 

Surface Area(SSA±σ) (m2/g) 47.01± 0.24 

Point of Zero Salt Effect (PZSE) 7.0 
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Fig. 3: Particle size distribution of kaolinite [39] 

 

 

 
 

Fig. 4: Point of Zero Salt Effect of Kaolinite [39] 
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Fig. 5: Plot of Log Kd (distribution coefficient) versus 

final pH for proton coefficient 

 

 

 

TABLE 2: STATISTICAL PRESENTATION OF 

PROTON COEFFICIENT DERIVED FROM FIG. 5 

Equation Y=a+b*x   

Proton 

coefficient α 

0.49   

  Value Standard 

Error 

Log 

Kd(mg/kg) 

Intercept 4.99 5.84^-5 

Slope 0.49 1.03^-5 
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Fig. 6: Plot of Adsorption capacity versus time for 

intraparticle diffusion 

 

 

 

 

 

 

 TABLE 3: STATISTICS OF INTRAPARTICLE 

DIFFUSION DATA DERIVED FROM LINEAR FIT OF 

FIG. 6 

Equation Y=a+b*x   

  Value Standard 

Error 

Qt(mgkg-1) 

min0.5 

Intercept 176.86 0.00 

Slope 17.58 2.19^-4 
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Fig. 7: Plot of Ct/Co versus contact time for mass transfer 

rates 

 

 

 

 

TABLE 4: MASS TRANSFER RATES DERIVED 

FROM FIG. 7 

Slope I 

(hr-1) 

SlopeII 

(hr-1) 

Exposed 

Surface 

Area (cm2) 

KfI 

(cm-2hr-1) 
KfII (cm-2hr-1) 

0.059 0.018 4700 1.255^-5 3.829^-6 

 

 

 

 

 

 

 

 
Fig. 8: Plot of adsorption capacity versus initial arsenite 

concentration at pH=4 and solid concentration =0.002kgL-1 

 

 

 

 

 

 

TABLE 5: LINEAR FIT FOR FIG. 8 

Equation y = a + b*x   

    

  Value 
Standard 

Error 

Adsorption 

Capacity 

(mg/kg) 

Intercept 21.98 0.05 

Adsorption 

Capacity 
Slope 97.07 0.00 

 

 

 

 
Fig. 9: Plot of sorption capacity versus Cp at pH=4 for 

particle concentration effect 
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Fig. 10: Plot of adsorption capacity versus residence time 

–ageing for mineral system at pH=4 and 10mgL-1 arsenite 

concentration 

 

 

 

 

TABLE 6: LINEAR FIT FOR FIG. 10 

Equation y = a + b*x   

    

  Value 
Standard 

Error 

Adsorption 

Capacity 

(mg/kg) 

Intercept 969.28 2.15^-4 

Adsorption 

Capacity vs. 

Time 

(mgkg-1h-1) 

Slope 0.01 4.54^-7 

 

 

 
Fig. 11: Plot of adsorption capacity versus time at 10mgL-1 

arsenite concentration 

 

The reaction mechanism was discussed based on the 

proton coefficient, intraparticle diffusion and mass transfer 

rates. In previous studies devoid of Zn-Oxide coating, proton 

coefficient α was 1.50 [11]-[13]. Here, α for Zn-Oxide coated 

RBH-kaolinite was 0.49, less than one and slightly less than 

result of previous studies [11]. This suggested that 

protonation was controlled and attenuated by the Zn-Oxide 

coatings on kaolinite. This was an indication that protonation 

was significantly altered in the presence of Zn-Oxide coating. 

The presence of this coating could mask the acidic sites on 

the edges and planar surfaces of kaolinite. Two steps of mass 

transfer have been recognized in the reaction mechanism of 

arsenite with Zn-Oxide coated kaolinite: film diffusion and 

intraparticle diffusion.  (Figures 6 and 7; Tables 3 and 4). 

This was different from previous results where three steps 

mass transfer was revealed [11]. Although Intraparticle 

diffusion was involved in the adsorption process (Figure 6 

and Table 3), rate limiting reaction was not achieved. 

However, diffusion of intraparticle involved boundary layer 

control. In comparison with previous studies [11]-[12], the 

slope and intercept for the uncoated kaolinite were higher 

than the coated kaolinite, thus suggesting that the presence of 

Zn-Oxide coating enhanced intraparticle diffusion. When 

compared with previous studies, the mass transfer rates for 

the coated kaolinite were higher than results for the uncoated 

kaolinite [11], [13], thus suggesting the enhancement of mass 

transfer of arsenite to the external layer of the Zn-Oxide 

coated kaolinite (Figure 7).  

Arsenite adsorption depended on contact time. This was 

derived from the plot of adsorption quantity versus time 

(Figures 6 and11). The assessment was from 2 to 24h at 

ambient temperature and initial arsenite concentration of 10 

mgL-1 at pH 4. This reaction pattern increased with increase 

in contact time and began to plateau at the 12th h. Thus, there 

was evidence of gradual saturation of adsorption sites. This 

agreed with earlier report [11], [ 39]. These were for arsenite 

adsorbed on bare kaolinite and organically modified kaolinite 

respectively.  The adsorption rate was initially fast and the 

capacity of adsorption increased over time. This agreed with 

the report of other workers [21]. The initial quick adsorption 

of arsenite in the first phase may be related to larger numbers 

of active adsorption sites [11], [51].  

The investigation of different arsenite concentrations was 

necessary since contaminated aquatic systems present 

different concentrations of arsenic. Here, the increase in 

adsorption quantity as arsenite concentration was increased 

suggested that the mass transfer rate of arsenic ions between 

the solid-solution divide was not controlled by concentration 

gradient (Figure 8). This was different from cases reported 

elsewhere [52], [13]. In both cases, there were reported 

decrease in adsorption quantity for some heavy metals 

adsorbed on kaolinite and a linear decrease in adsorption 

quantity for arsenite on un- coated kaolinite. In this report, 

the constant linear plot indicated a unified increase in 

quantity of adsorption due to non-saturation of the active and 

reactive sites. 

There was systematic decrease in adsorption capacity over 

the range of Cp investigated. This was different from earlier 

report [11], for arsenite adsorbed on uncoated kaolinite. In 

that case, adsorption increased steadily with increase in 

Cp-particle concentration. Again, there was evidence that 

Zn-Oxide coating altered the adsorption pattern. Here, 

changes in adsorption pattern were more pronounced at 

different arsenite concentration (Fig. 9). This suggested that 

the presence of Zn-Oxide coatings led to strong linkages 

between adsorbate and adsorbent concentrations as the 

reaction proceeded. Again, increase in Cp suggestively led to 

low pressure at the solid-solution interface, subsequent 

decrease in surface area, reactive sites and concentration 

gradient effect.  Thus, there was decrease arsenite diffusion to 

reactive sites.  In this report, increase in adsorption quantity 

as ageing was increased, depicted a two-linear increase in 

adsorption, different from previous report [12]. In previous 

reports, increase in residence time was accompanied by a 

near flat adsorption pattern. This was linked to diffusion of 

intra-particle, controlled principally by direct bonding of 
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arsenite to mineral surface [12]. In this report, the linear 

increase in adsorption pattern was essentially controlled by 

outer-sphere water molecule bonding, hydrolysis and 

reactive support of Zn-Oxide coating. Thus, the presence of 

this coating led to increased reorganization of reactive sites.  

As pH was increased protonation and hydroxylation of a 

mineral surface controlled the adsorption process (Fig. 5). 

This was different from a previous report [12] in the absence 

of Zn-Oxide coating. In that case, there was a near flat 

increase in adsorption as pH was increased outside the point 

of zero charge. Here, surface charges on the Zn-coated 

kaolinite surface altered the role of solution pH. As pH was 

increased around the point of zero charge (pHzpc 7.0), there 

was decrease in protonation and enhancement of 

hydroxylation, thus favoring arsenite adsorption. In addition, 

the stability of ZnO is in the pH range of more than 7, and the 

optimum adsorption of arsenite was expected above pH 7 as 

reported elsewhere [53]. These results followed a similar 

pattern of enhanced adsorption as demonstrated by previous 

reports [17,39]. 

4. CONCLUSIONS 

The presence of Zn-Oxide coating on kaolinite enhanced the 

reorganization of active sites for arsenite adsorption. Here, 

synthesis of Zn-Oxide coated RBH-kaolinite was done and 

characterization conducted using usual laboratory 

techniques. Batch mode systems were used to test the 

adsorption of arsenite on Zn-Oxide coated RBH kaolinite. 

Mechanism of reaction was tested. Here, proton coefficient 

that was less than one, intraparticle diffusion that was 

controlled by boundary layer and higher mass transfer rates, 

indicated evidence of modification of adsorption due to 

Zn-Oxide coating.  There was a linear increase in adsorption 

quantity as arsenite concentration was increased, thus 

indicating that the active and reactive sites of the Zn-Oxide 

coated RBH-kaolinite were not yet saturated. The steady 

decrease in adsorption characteristics over the range of Cp 

investigated, suggested the following: (i) decrease in surface 

area, (ii) reactive sites and (iii) concentration gradient effect. 

Decrease in adsorption quantity in this situation, suggested an 

increase in particle size and aggregation of the mineral 

system as the reaction proceeded. 

Adsorption of arsenite was increased by ageing. The 

maximum adsorption of arsenite was 980mg/kg over the 

range of residence time investigated. The higher magnitude 

of adsorption pattern when compared with bare kaolinite was 

essentially controlled by hydrolysis. In addition, reactive 

support of Zn-Oxide coating contributed to these new 

features. As pH was increased, deprotonation and 

hydroxylation controlled the adsorption process. As contact 

time was increased, there was a decrease in protonation and 

enhancement in hydroxylation, thus leading to adsorption 

increase of arsenite. Here, adsorption increased from 65% to 

88% over the range of contact time investigated. These 

results, supported the need to source for different nano-sized 

coatings to treat toxic materials in the environment. In 

comparison with other findings by [52],[11], [17], and [39], 

both CuO and ZnO coatings are known to have significantly 

enhanced adsorption of contaminants in aqeous solution. 

Therefore, future work would be on testing removal of toxic 

materials using other coated clay minerals. 
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