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Abstract
Removal of arsenic(III) from aqueous solution has been studied using activated carbon produced from Dialium guineense 
seed shell by impregnation of carbonized sample with zinc chloride and thermal activation. The zinc chloride activated 
sample was selected because it produced the highest iodine number, mg/g (962.52) compared to the raw sample (601.57), 
phosphoric acid and nitric acid impregnated samples (802.10, 868.95). Proximate analysis of raw D. guineense seed shell 
revealed low ash content of 1.70% and moderate fixed carbon of 32.97%. The prepared adsorbent was characterized 
using Brunaeur–Emmett–Teller surface area, SEM and FTIR analyses. The surface area of the zinc chloride activated 
adsorbent was 533.94 m2/g and its micropore volume 0.475 cm3/g, with a porous structure that is well organized. Batch 
adsorption experiments were done by changing the following parameters: adsorbent dose, pH, contact time, initial metal 
ion concentration and temperature. Adsorption increased as each parameter was varied but decreased with increase in 
initial arsenic(III) concentration. The Freundlich model presented better fit with  R2 of 0.998 compared to the Freundlich 
isotherm (0.991) and Tempkin isotherm (0.984). The positive value of ∆H° 51.68 kJ/mol showed the endothermic nature 
of adsorption. The study demonstrated the potential of D. guineense seed shell as low cost adsorbent for removing 
arsenic(III) from polluted water.
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1 Introduction

Arsenic is a steel-gray, brittle, toxic, non-degradable 
heavy metal, exists in nature in different oxidation states, 
the most frequent oxidation states are − III (arsines), zero 
(arsenic), + III (arsenite), and + V (arsenate). The mostly 
available forms of As in water are the inorganic species 
arsenate [As(V)] and arsenite [As(III)]. The As(V) species 
occurs as oxyanions  (H2AsO4

− and  HAsO4
2−) at neu-

tral pH, while the arsenic(III) species is neutral  H3AsO3 
[1–3]. As(III) is more toxic and more difficult to remove 
by physico-chemical treatment than As(V) [4]. The pres-
ence of arsenic in water is due to many anthropogenic 
activities such as natural weathering processes, geo-
chemical reactions, combustion of fossil fuels, volcanic 
eruptions, gold mining, leaching of arsenic compounds, 

smelting of metal ores, desiccants, wood preserva-
tives and pesticides [5]. Prolonged exposure to arsenic 
causes skin cancer [6], lung, bladder and kidney cancer 
[7], hypertension, diabetes mellitus, hepatomegaly and 
injury to central nervous system, muscular weakness 
and neurological disorder [8]. As far back as 1860, arse-
nic compounds were used extensively as pesticides to 
destroy rodents, insects and fungi, due to their toxicity. 
The toxicity was said to arise from the ability of arsenic 
to react with sulphydryl (–SH) group of enzyme thereby 
preventing the action of thiol (R-SH) groups responsi-
ble for enzyme activity [9]. The arsenic concentration 
of 0.01 mg/l has been set by World Health Organization 
(WHO) as the upper permissible limit in areas where less 
water is consumed whereas in tropical areas it could rise 
up to 0.05 mg/l. Concentrations higher than the upper 
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permissible limit can cause its deposition in human 
body [10]. The adulteration of ground water by arsenic 
has been reported from many countries of the world. 
For instance, Egbinola and Amanambu [11], has reported 
that arsenic contamination in ground/drinking water 
ranged from 0.0 to 0.14 mg/l in samples collected at the 
end of rainy season in Ibadan, Nigeria. The concentration 
range is more than the WHO permissible limit for arsenic. 
Therefore, removal of arsenic from drinking water has 
drawn attention and proved to be a major concern in 
many water utilities in Nigeria.

To treat arsenic in water bodies’ coagulation and pre-
cipitation, cation exchange, adsorption, lime softening, 
and reverse osmosis have been applied. Adsorption is 
often used because it is very simple and cost effective [12]. 
Numerous adsorbents have been used for the sequestra-
tion of heavy metals from polluted water such as activated 
carbon, agricultural biomass materials, nanoparticles, acti-
vated alumina, sandy soils, hydrous zirconium oxide, lan-
thanum-loaded-silica gel, hematite, goethite, magnetite, 
feldspar, clays and metal-loaded coral limestone [13–18]. 
Most of these adsorbents are expensive and difficult to 
regenerate. Consequently, there is need to develop low 
cost adsorbents which are locally available and environ-
mentally friendly. The aim of this study was to prepare acti-
vated carbon adsorbent from raw Dialium guineense seed 
shell (RDGSS), an agricultural byproduct also known as 
tamarind seed shell, and to study its potential for remov-
ing arsenic(III) from aqueous solution. The objectives of 
the work were to prepare and characterize activated car-
bon adsorbent from D. guineense seed shell, investigate 
the effect of contact time, adsorbent dose, initial concen-
tration of the adsorbate, temperature and pH of adsorp-
tion, and study the kinetic, isotherms and thermodynamic 
of the adsorption.

2  Materials and methods

2.1  Adsorbate preparation

A stock solution of As(III) (1000 mg/l) was prepared by 
dissolving 1.320 g arsenic trioxide in de-ionized water 
containing 25 ml 1 M sodium hydroxide diluted to 1 l [5]. 
The mixture was then diluted to 100 ml with de-ionized 
water. 2 drops of phenolphthalein was added to the solu-
tion after which it was titrated with 1 M HCl until it became 
neutral. The neutral solution was transferred into a 1000 ml 
volumetric flask and made up to mark using de-ionized 
water. Standard arsenic(III) solutions were prepared by 
serial dilution of stock solution with de-ionized water. All 
chemicals were of analytical grade.

2.2  Adsorbent preparation

Dialium guineense seed shells were collected from Ogige 
market in Nsukka, Nigeria and crushed into a mixture of 
various granular sizes. The crushed material was sieved using 
0.6 mm sieve to produce nearly uniform sized mixture which 
was stored in plastic bottle for carbonization. Carbonization 
of the sieved material was carried out in a muffle furnace 
(Vectsar model LF 3 UK) at 250 °C for 30 min. 120 g of the 
carbonized sample was subsequently separated into three 
portions (A, B and C) and soaked in (40%) phosphoric acid, 
zinc chloride and nitric acid, respectively at the ratio of 1:1 
for 24 h. Each sample was filtered and the residue was placed 
in the muffle furnace by use of a crucible. The samples were 
heated to activation temperature of 400 °C for 30 min. Car-
bonized samples were washed with de-ionized water till 
a neutral pH was obtained after which they were dried at 
110 °C for 6 h and then stored in a desiccator.

2.3  Adsorbent characterization

2.3.1  Fourier transform infrared analysis

The prepared adsorbent samples were examined using Fou-
rier transform infrared (FTIR) spectrophotometer (Model Agi-
lent Technologies) with range 650–4000 cm−1. FTIR spectra 
were recorded using FTIR spectrophotometer.

2.3.2  Scanning electron microscopy

The textural and surface morphology of the adsorbents were 
studied by scanning electron microscopy (SEM).

2.4  Proximate analyses

Proximate analyses of activated carbon are those proper-
ties which are classified as moisture content, volatile matter, 
ash content and fixed carbon. The proximate analyses of D. 
guineense seed shell were determined by standard methods 
adapted from the work of Billy et al. [19] and Menkiti et al. 
[20] for moisture and ash contents respectively. The deter-
mination of volatile matter was carried out by placing 3.0 g 
of dried raw D. guineense seed shell (RDGSS) sample in a pre-
weighed crucible, heated in a muffle furnace (Vectar model 
LF 3 UK) at 400 °C for 45 min. The percent volatile matter was 
calculated using Eq. (1).

The fixed carbon content was obtained by difference:
(1)

% Volatile matter =
Loss inweight of dried RDGSS

Weight of RDGSS before heating to 400 ◦C
× 100

(2)
% Fixed carbon = 100− (moisture + ash + volatilematter) %
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2.5  Iodine number

The iodine number was determined by method of Budinova 
et al. [21]. 0.5 g of each sample was put into a 250 ml conical 
flask and then 10 ml of 5% HCl and 100 ml of 0.1 N iodine 
solutions were added into the conical flask. The mixture was 
stirred for 15 min after which it was filtered. 50 ml of the 
filtrate was titrated against 0.1 N sodium thiosulphate solu-
tion using starch indicator. Iodine number was evaluated 
using Eq. 3.

where V1 , volume of iodine solution to be titrated; V2 , vol-
ume of thiosulphate spent on titration of iodine with acti-
vated carbon; V3 , volume of thiosulphate spent on titration 
of iodine without activated carbon; N, normality of iodine 
solution and m , mass of sample.

2.6  Pore size and surface area of activated carbons

The pore size and surface area of different activated carbon 
(AC) samples were measured by  N2 adsorption at 77 K using 
Quantachrome Instruments, Version 11.03.

2.7  Adsorption study

Batch adsorption was carried out according to method of 
Budinova et al. [21]. The experiment involved mixing 25 ml 
of As(III) solution of the desired concentration with a known 
dose of AC at specific pH and 30 °C. To study the effect of 
contact time, 0.1 g adsorbent was mixed with 25 ml of As(III) 
solution 100 mg/l concentration and pH of 6.0, in 100 ml 
beaker for varying contact time of 5–90 min. For the effect 
of initial As(III) concentration study, 0.1 g of adsorbent was 
mixed with 25 ml of As(III) solution of varying concentra-
tions (50–200 mg/l), pH 6.0 and contact time 25 min. To 
study the effect of pH, 0.1 g adsorbent was mixed with 25 ml 
of As(III) solution 100 mg/l and varying pH of 2.5–10.0. For 
the effect of adsorbent dose, varying dose (0.05–0.25 g) of 
adsorbent was mixed with 25 ml of As(III) solution 100 mg/l 
concentration and pH 6.0. Each sample was agitated for a 
period of time at constant speed using magnetic stirrer (78 
HW model). The sample was filtered and the concentration 
of As(III) in the filtrate determined by Atomic Absorption 
Spectrophotometer (Agilent FS 240 AA USA). The percent-
age removal of As(III) was calculated using the following 
relationship:

(3)I =
V1(V3 − V2)127N

V3m

(4)%As(III) Removal =
Co − Ce

Co
× 100

where Co and Ce are the initial and final (equilibrium) con-
centrations of As(III) (mg/l), respectively. The amount of 
adsorption at any time, qe(mg/g), was calculated by:

V is the volume of the test solution (l) and W is the mass 
of adsorbent used (g).

3  Results and discussion

3.1  Results of adsorbent characterization

The FTIR analysis of the raw and activated carbon pro-
duced adsorbents is shown in Fig. 1. The FTIR helps to 
relate the functional groups available on the adsorbent 
which could interact efficiently with heavy metal ions 
in solution, predicting to a reasonable extent the effec-
tiveness of the adsorbent. The spectrum of the raw bio-
mass showed the presence of –OH groups by bands at 
3295 cm−1. The aliphatic organic  CH3 stretching was indi-
cated by absorptions at 2922 and 2851 cm−1 [22]. Promi-
nent C=O stretching vibrations were observed at 1606 
and 1520 cm−1 while the C=C of alkenes at 1438 cm−1. 
The primary alcoholic C–O stretching was indicated by 
the band at 1032 cm−1 [14]. The FTIR spectrum of the 
activated carbon showed significant band changes from 
the raw biosorbent and the disappearance of most of the 
organic bands which indicate the successful production of 
activated carbon from the biosorbent.

The scanning electron micrographs of raw D. guineense 
seed shell and zinc chloride activated D. guineense 
seed shell are shown in Fig. 2. The surface of the raw D. 
guineense seed shell exhibited many large sheets of lay-
ers within and had almost no porous structure. This is as a 
result of agglomeration and migration of inorganic matter 
to the surface causing pore blockage. Scanning electron 
micrograph of the zinc chloride activated D. guineense 
seed shell showed a well developed and organized porous 
structure compared to raw D. guineense seed shell. Acti-
vation process does not only result to creation of pores 
but leads to substantial removal of inorganic material 
and some other impurities which could inhibit good pore 
structure development [23].

Table  1 gives the proximate properties of raw D. 
guineense seed shell. The possession of low ash content 
(1.70%) and a fixed carbon content of 32.97% makes D. 
guineense seed shell suitable as activated carbon precur-
sor. The ash content of D. guineense as obtained in this 
work (1.70%) is much lower than the ash content obtained 
for sugar cane bagasse (27.93%) and corn husk (28.81%) 
reported in an investigation by Guan et al. [24].

(5)qe =
(Co − Ce)V

W
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Table  2 presents the iodine number of the studied 
materials namely raw D. guineense seed shell, carbonized 
D. guineense seed shell, zinc chloride activated D. guineense 

seed shell, phosphoric acid activated D. guineense seed 
shell and nitric acid activated D. guineense seed shell. 
The amount of iodine removed by activated carbon is an 

Fig. 1  FTIR spectra of a raw 
D. guineense seed shell, b zinc 
chloride activated D. guineense 
seed shell

Fig. 2  Scanning electron 
micrographs of a raw D. 
guineense seed shell, b zinc 
chloride activated D. guineense 
seed shell
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indication of its ability to adsorb low molecular weight 
compounds. Carbons that can remove a high percentage 
of iodine normally have high surface area [25]. When the 
amount of iodine adsorbed is high it suggests that the sur-
face area and the mesoporous structure will be large. Zinc 
chloride activated D. guineense seed shell was selected for 
adsorption study among the others because it produced 
the highest iodine number (962.52 mg/g).

The BET surface area and micropore volume of zinc chlo-
ride activated D. guineense seed shell were 533.943 m2/g 
and 0.475 cm3/g, respectively. Surface areas of commercial 
activated carbon are in the range of 400–500 m2/g while 
micropore volumes of agro waste activated carbons are 
reported to be between 0.1 and 0.6 cm3/g [25].

3.2  Influence of adsorption variables

Figure 3a–e show the effect of adsorption parameters on 
the adsorption of arsenic(III) on zinc chloride activated 
D. guineense seed shell. The amount of solute (Ce) that 
remains in the effluent decreases with increase of time 
(Fig. 3a), adsorbent dose (Fig. 3b), temperature (Fig. 3d) 
and pH (Fig. 3e) whereas it increases with increase in initial 
metal concentration (Fig. 3c). Each curve gave a charac-
teristic sigmoid shape with varying degree of steepness 
and breakthrough for As(III) removal. The percent removal 
of As(III) initially increased rapidly (5–20 min) and then 
slowed down gradually when equilibrium was approached 
(Fig. 3a). This can be explained by the strong attraction 

forces between the positive sites of cationic As(III) and the 
anionic sites of the activated carbon.

The effect of adsorbent dose was studied at 30 °C by 
studying the sorbent amount from (0.05–0.25 g)/25 ml. 
Figure 3b shows that there was slight increase in arsenic(III) 
removal initially from 0.05 g (78%) to 0.15 g (79%) before a 
rapid rise was recorded. The reason may be due to increas-
ing availability of surface active sites resulting from the 
increased dose of adsorbent [26].

The percent removal of arsenic(III) was found to 
decrease as initial arsenic concentration increased (Fig. 3c). 
It can be explained that the active sites on the adsorbent 
for adsorbate removal decreases when As(III) concentra-
tion increases. Hence, there was lack of available active 
sites required for the high concentration of As(III). Similar 
results were reported [27–30].

Influence of temperature on equilibrium sorption 
capacity of adsorbent for arsenic was investigated at 
the temperature range of 30–75 °C at an initial arsenic 
concentration of 100 mg/l (Fig. 3d). The rate of reaction 
between adsorbent and adsorbate in water is influenced 
by temperature. The rate at which adsorbate molecules 
diffuse increases rapidly across the external boundary 
layer and inside the pores of adsorbent as temperature 
increased but tended to decrease at 60 °C. The reason 
for the decrease may be due to the destruction of active 
sites in the activated carbon as temperature increased. At 
higher temperatures, the mobility of metal ions increases 
and the adsorption is endothermic [31].

The arsenic removal increased with increase in pH 
(Fig. 3e). The concentration of As(III) adsorbed at low pH 
was relatively low, due to the protonation of most donat-
ing groups, especially OH groups of the adsorbent. The 
reaction of the adsorbent and the metal cation involved 
the lone pair electrons of the oxygen and the metal cation 
vacant orbitals. The concentration of  H+ was very high at 
low pH when compared to the metal cation allowing the 
oxygen lone pair to preferentially coordinate with the  H+. 
Also the smaller size of the  H+ facilitated the interactions. 
At high pH (more than 4)  H+ available allowed for depro-
tonation. There was an increase of negative charges on the 
adsorbent surface. Therefore the oxygen lone pair reaction 
with the metal cation dominated [32].

3.3  Adsorption kinetics results

Figure 3a, b show the pseudo-first order and pseudo-
second order plots of the adsorption of As(III) onto zinc 
chloride activated D. guineense seed shell. Plotting ln(qe-
qt) versus time produced a curve showing that the integral 
uptake of As(III) was fast around the first 20 min then the 
adsorption remained steady. The  R2 value for the pseudo-
first order plot was found to be 0.45344. However the 

Table 1  Properties of raw D. 
guineense seed shell

Property (wt %) Value

Moisture content 6.00
Ash content 1.70
Volatile matter 59.33
Fixed carbon 32.97

Table 2  Iodine number of raw D. guineense seed shell, carbonized 
D. guineense seed shell, zinc chloride activated D. guineense seed 
shell, phosphoric acid activated D. guineense seed shell and nitric 
acid activated D. guineense seed shell

Material Iodine 
number 
(mg/g)

Raw Dialium guineense seed shell 521.37
Carbonized Dialium guineense seed shell 601.57
Zinc chloride activated Dialium guineense seed shell 962.52
Phosphoric acid activated Dialium guineense seed 

shell
802.10

Nitric acid activated Dialium guineense seed shell 868.95
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graph of t/qt versus time (t) gave a straight line with  R2 
value of 0.9999 indicating that the adsorption of As(III) fol-
lowed the pseudo-second order model.

3.4  Adsorption isotherm results

Adsorption isotherm explains the interaction of the adsorb-
ate molecules between the liquid and the solid phase at 
constant temperature. The correlation between the equi-
librium of arsenic(III) adsorbed and the solute concentra-
tion was studied using Freundlich, Langmuir and Tempkin 

which are frequently used adsorption isotherms. The studies 
were done at adsorbent dose of 0.1 g in 25 ml, temperature 
30 °C, time of 25 min, and at pH 6 and initial concentration 
of 50–200 mg/l. The linearized form of the Freundlich, Lang-
muir and Tempkin are presented.

3.4.1  Freundlich model (linear)

The Freundlich isotherm is described by Eq. 6.

(6)ln qe = ln Kf + 1∕(n ln Ce)
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Fig. 3  Effect of a contact time (min), b adsorbent dose (g), c initial As(III) concentration (mg/l), d temperature (°C), e pH on  % As(III) removal 
by zinc chloride activated D. guineense seed shell
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where Freundlich constants  Kf and 1/n are the adsorp-
tion capacity and adsorption intensity respectively given 
in Table 3. The values were derived from the linear plot 
of lnqe versus lnCe and shown in Fig. 4a. “The degree of 
non-linearity between solution concentration and adsorp-
tion is n dependent as follows: if the value of n is equal to 
unity the adsorption is linear; if the value is below unity, 
this implies that the adsorption process is chemical; if the 
value is above unity, adsorption is a favourable physical 
process” [33]. In the present investigation the calculated 
value of 1/n was 0.447 indicating that it is valid for the 
active adsorption sites.

3.4.2  Langmuir model (linear)

The Langmuir isotherm which is based on a surface with 
homogeneous binding sites, equivalent sorption ener-
gies and no interactions between adsorbed molecules is 
expressed by Eq. 7.

where Ce is the equilibrium concentration of arsenic(III) 
(mg/l), qe is the quantity of arsenic(III) adsorbed onto the 
adsorbent at equilibrium (mg/g), qmax is the maximum 

(7)
Ce

qe
=

Ce

qmax

+
1

qmaxKL

monolayer adsorption capacity of adsorbent (mg/g) and 
KL is the Langmuir adsorption constant (L/mg). The gragh 
of  Ce/qe against  Ce gave a characteristic shape with a slope 
and intercept of 1/qmax and 1/qmaxKL respectively (Fig. 5b). 
 KL is an important tool in the calculation of the dimension-
less equilibrium parameters  (RL) that explains favourability 
of the adsorption process. The adsorption is (1) unfavour-
able when  RL > 1 (2) linear when  RL = 1 (3) favourable when 
0 < RL < 1 and (4) irreversible when  RL = 0 [34].  RL is calcu-
lated using Eq. 8.

3.4.3  Tempkin model (linear)

The Tempkin isotherm is based on linear decrease of heat 
of adsorption while ignoring extremely low and very high 
concentration. It is expressed by Eq. 9.

where  qe is the amount of adsorbate adsorbed at equilib-
rium (mg/g);  Ce is concentration of adsorbate in solution 
at equilibrium (mg/l). B is a constant related to the heat of 
adsorption and it is defined by the expression B = RT/b, b 
is the Tempkin constant in (J/mol), T is the absolute tem-
perature (K), R is the gas constant (8.314 J/mol K), and A 
is the Tempkin isotherm constant (l/g). From the graph of 
 qe versus  lnCe (Fig. 5c), B and A can be calculated from the 
slopes (B) and intercepts (BlnA) respectively.

The Freundlich model (Fig. 5a) presented better fit with 
regression coefficient  (R2) of 0.998 compared to the Lang-
muir isotherm (Fig. 5b) having  R2 of 0.991 and Tempkin 
(Fig. 5c) isotherm having  R2 of 0.984. Thus the adsorption 
of As(III) onto zinc chloride activated D. guineense seed 
shell (ZDGSS) was not onto a uniform site only rather a 

(8)RL =
1

(1 + KLC0)

(9)qe = B lnA + B lnCe

Table 3  Isotherm constants for the adsorption of As(III) on zinc 
chloride activated D. guineense seed shell

Freundlich model Langmuir model Tempkin model

Kf (mg/g) = 6.740 qmax (mg/g) = 48.077 B = 9.717
1/n = 0.447 KL (l/mg) = 0.069 A = 0.860
R2 = 0.998 R2 = 0.991 R2 = 0.984

RL = 0.127

Fig. 4  a Pseudo first order, b 
pseudo second order plots of 
the adsorption of As(III) onto 
zinc chloride activated D. 
guineense seed shell
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multilayer adsorption occurred. However monolayer 
adsorption also played a very important role in the As(III) 
uptake onto ZDGSS  (R2 for Langmuir is 0.991). The maxi-
mum monolayer adsorption capacity for the uptake of 
As(III) onto ZDGSS was obtained to be 48.077 mg/g. Cal-
culated  RL value was less than 1 while the value of n was 
greater than 1 (Table 3) hence adsorption was favourable 
physical process.

3.5  Thermodynamic studies

The relationship between equilibrium constant K° and 
temperature is plotted in Fig. 6. Thermodynamic equilib-
rium parameters such as change in free energy (∆G°, kJ/
mol), enthalpy (∆H°, kJ/mol) and entropy ( ΔS◦ , J/mol K) 
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were determined using the following Eqs. (10), (11) and 
(12).

where  qe and  Ce are the amount of arsenic(III) ion adsorbed 
per unit mass of adsorbent and concentration of arsenic(III) 
ion in aqueous phase at temperature T (K). R is the gas 
constant (8.314 J/mol K). The ΔH◦ and ΔS◦ values (Table 4) 
were obtained from the slope and intercept of Vant Hoff’s 
plots of ln K◦ vs 1∕T  as shown in Fig. 6.

The positive and lower value of ∆H° (51.68 kJ/mol ˂ 
80.00 kJ/mol) shows the endothermic nature of adsorption 
and the possibility of physical adsorption [35]. The change 
in entropy (∆S°) was positive, suggesting that the entropy 
increased during the adsorption showing the increased 
disorder at the solid solution interphase. The negative 
values of ∆G° demonstrated that the adsorption process 
was spontaneous and the decrease of ∆G° values with the 

(10)ΔG◦ = −RT ln K◦

(11)ln K◦ =
ΔS◦

R
−

ΔH◦

RT

(12)K◦ =
qe

Ce

increase of temperature indicated that the adsorption 
was more feasible at higher temperature. A comparison of 
adsorption capacities of different adsorbents for adsorp-
tion of As(III) was made and presented in Table 5. The zinc 
chloride activated D. guineense seed shell exhibited higher 
sorption capacity than most other sorbents.

4  Conclusions

In this work four activated carbons were prepared from 
D. guineense seed shell. The zinc chloride activated 
D. guineense seed shell gave the highest iodine value 
(962.52  mg/g) than the raw material and the other 
three activated carbons and was used successfully as 
adsorbing agent for the removal of As(III) from water. 
Contact time, adsorbent dose, temperature, initial As(III) 
concentration and pH, influenced the adsorption. The 
maximum adsorption of As(III) occurred at alkaline, 
as adsorption increased with pH. Removal efficiency 
increased with decreasing As(III) concentrations and 
increasing adsorbent dose. The Freundlich, Langmuir 
and Tempkin isotherm models were used to correlate 
the adsorption equilibrium of As(III) onto zinc chloride 
activated D. guineense seed shell. The data were in good 
agreement with both Freundlich  (R2 = 0.998) and Lang-
muir  (R2 = 0.991) isotherms, than the Tempkin isotherm 
 (R2 = 0.971), the Freundlich model having a better corre-
lation. Since D. guineense seed shell, an agricultural solid 
waste is locally available; its use as adsorbent is expected 
to be economical for industrial wastewater treatment. 
The results obtained from this project could be useful 
in the development of a treatment plant for arsenic pol-
luted water.

Table 4  Thermodynamic parameters for adsorption of As(III) on 
zinc chloride activated Dialium guineense seed shell

Temperature (K) − ∆G° (kJ/mol)

303 179.88
318 254.16
333 314.55
348 344.37

∆H° (kJ/mol) ∆S° (J/mol K)

51.68 192.55

Table 5  Comparison of 
adsorption capacities of 
different adsorbents for 
adsorption of As(III)

Adsorbent qmax (mg/g) Reference

Iron impregnated used tea activated carbon 6.83 [36]
Scoria 0.19 [37]
Acidithiobacillus ferrooxidans
 BY-3 0.28 [38]
 Chitosan-coated biosorbent 56.50 [39]
 Polymer/inorganic fibrous sorbent 2.90 [40]
 Zirconium polyacrylamide hybrid material 41.49 [5]
 Functionalized diatom silica shells 49.21 [1]
 Zinc chloride activated Dialium guineense seed shell 47.08 This study
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