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Abstract:- The present study used Jackfruit seeds (JS) as a novel
adsorbent in adsorption of Cr*" ions from an aqueous solution. A
modified Jackfruit seeds (MJS) adsorbent was prepared by
chemical treatmentof unmodified Jackfruit seeds (UJS) with
hydrochloric acid. Both UJS and MJS were characterized by FT-
IR which showed increased in the number of negatively charged
functional groups responsible for Cr** ions adsorption.
Adsorption parameters (pH, contact time, adsorbent dose and
initial concentration) greatly influenced the adsorption process.
The Langmuir adsorption model was best fitted with
experimental value with R”>0.99, which assumed monolayer
coverage of adsorbed Cr'* ions with a maximum adsorption
capacity of 16.18 mg g™ (MJS) and 10.34 mg g (UJS). The time
data fitted well in pseudo-second order kinetic model with
R>>0.99 with rate constant (k;) and calculated q. higher in MJS
compared to UJS. From the results of the study, JS adsorbent
proved to be a cheap, alternative, effective and environmentally
friendly adsorbent for Cr’* ions adsorption from aqueous
solution.

Keywords: Cr**, Adsorption,Artocarpus heterophyllus L. seeds,
Isotherm, Kinetic

[. INTRODUCTION

Presence of chromium and its chemical forms beyond
permissible levels is toxic to the environment [1]. Cr’*, an
industrial waste from dyes and pigments manufacturing [2],
wood preservation [3] and leather-tanning [4]enters to the
water bodies making water unsafe for consumption to both
aquatic organisms and human beings. Although, it is less
toxic, when oxidized to Cr®" in body tissues by oxidants, it
becomes mutagenic and carcinogenic to living organisms
[5,6] causing serious health effects in human beings such as
lung cancer, liver and kidney damages, skin irritation and
stomach  injuries  [8].According to  United states
Environmental Protection Agency (US EPA)drinking water
standards, the maximum permissible limit of total chromium
content in drinking water is 0.1 mg/L [7].Many physio-
chemical technologiesincluding ion exchange [8,9]chemical
precipitation [10]membrane filtration [11] and electrodialysis
[12] have been conventionally used in the removal of Cr*‘ions
from water. These methods have however remained
expensive, low removal efficiency, ineffective in the removal
of Cr’" ions at trace concentrations ranging 1-100 mg/L[4]and
production of chemical sludge [13]. Coming up with a novel,

cost effective, easy in design and operation and
environmentally friendly technique that suit the needs of
communities is paramount. Adsorption has increased research
interest and the most versatile technique because of its
effectiveness, simplicity and economical in water purification
[11]. The use of biomass from agricultural wastes such as
Jackfruit seeds [14], Watermelon peels [15], orange and
banana peels [16], banana peels [17] amongst others in heavy
metals removalhas increased research interest because of their
availability in large quantities [18].This provides an
alternative method for water purification.

Application of these biowastes in their raw forms in drinking
water treatment have been reported to have a low adsorption
capacity in metal ions uptake [14]. They have also caused
leaching of organic matter containing tannin compounds and
other colouring agents which affecting taste and colour of the
treated water and an increasedchemical oxygen demand
(COD)[19,24].Chemical treatment has reported to solve the
above challenge. Studies have been carried out on the use of
modified biowastes in the removal of Cr’" ions from
wastewater. Dos Santos and co-workers treated sugarcane
bagasse with sodium hydroxide and citric acid improved
uptake of Cr’" ions to maximum adsorption capacity of 58.00
mg g from 20.34 mg g in raw adsorbent [20]. In another
study, removal of Cr’" ions by activated charcoal increased
from 7.51 mg g to 9.99 mg g as the temperature increased
to 37.5 °C from 10 °C [21]. Atieh and co-researchers on
adsorption of the metal ions using Nitric acid modified carbon
nanotubes reported that the adsorption process fitted
Freundlich isotherm model with an adsorption capacity of 0.5
mg g for modified adsorbent compared to 0.3718 mg g for
acid treated adsorbent [22].

Chemical modification of biowastes using mineral acids have
been reported to enhance the number of negatively charged
adsorbent sites enhancing adsorption capacity [19]. The
proposed mechanism of HCI acid modification of cellulose is
as represented in the scheme below [26]:

www.rsisinternational.org

Page 38



OH
.‘. E 0 HO +
HO OH O
OH

n

Huang and co-authors used nitric acid as a modifying agent
for lignite and they noticed an increase in hydroxyl, carbonyl,
and carboxyl polar oxygen containing functional groups
which increased negatively charged functionality properties
which enhanced metal ion adsorption performance [23].In a
different study, activated carbon surface modification
hydrochloric acid increased the number of oxygen complexes
which improved the adsorption of Cr®" ions [25]. The present
work involved chemically modifying Jackfruit seeds with
hydrochloric acid for the biosorption of Cr’* ions from
aqueous solution. The effect of pH, contact time, adsorbent
dose and initial Cr’'ions concentration was investigated.
Isotherm and kinetic models were employed for the
determination of adsorption capacity and kinetic parameters
respectively.

II. MATERIALS AND METHODS
2.1 Materials

All the chemicals and reagents used were of analytical grade.
Chromium Nitrate, Cr (NO;); . 9H,O, Sodium Acetate
(C,H30,Na), Hydrochloric acid (HCI) and Sodium hydroxide
(NaOH) were commercially purchased from Sigma Aldrich
(Kobian, Nairobi Kenya). Jackfruits Artocarpus heterophyllus
L.were collected from City Park market, Nairobi, Kenya.

2.2 Adsorbate preparation

A 1000 mg L' stock solution of Cr** ions was prepared in
C,H;0,Na buffer solution to maintain a constant ionic
strength. Distilled water was used in all the subsequent
experiments. Working solutions were obtained through
dilution with distilled water. Fresh dilutions were prepared
and used for each batch experiment. 1.0x10" mol dm of HCI
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2.3 Adsorbent preparation

Jackfruits were cut open and seeds sample were washed with
distilled water, oven dried at 105°C for 24 hours, were
grounded and sieved through a fine-mesh sieve (150 to 250
mm) and kept in an air tied bottle labeled as unmodified
Jackfruit seeds (UJS) awaiting subsequent experiments.
Chemical modification was performed as described by *” with
slight adjustments. 5 g of UJS was shaken with 100 mL of 0.5
M HCI at 300 rpm for four hours. The mixture was then
filtered in sintered glass crucible and vacuo dried at a room
temperature. The dried adsorbent was stored in airtight bottle
labelled as modified Jackfruit seeds (MJS).

2.4 Instrumentation

FT-IR (IRTracer-100, SHIMADZU made in Japan) model
was used to determine the functional groups present in both
UJS and MJS. Lab-line mechanical reciprocating shaker
model SSL, (Harrogate, UK) was used for batch experiments.
pH meter (HANNA model) was used to adjust pH of Cr’*
solution. AAS (AA-6200, SHIMADZU) model was used to
determine the Cr’" ions content in the supernatant solution.

2.5 FTIR Analysis

FTIR spectra was adjusted to % Transmission mode and were
recorded at a mid-range of 4000-500 cm’ at a room
temperature with a resolution of 10 scans per every single
spectrum.

2.6 Adsorption experiments

Batch adsorption experiments were performed at 25+1°C on a
mechanical shaker at 150 rpm using 100 mL screw plastic
bottles. Various influencing adsorption parameters such as pH,

or NaOH solutions were used to adjust the pH of working contact time, adsorbent dosage and initial Cr’" ions
Cr*“solutions. concentrationwere varied.
www.rsisinternational.org Page 39



2.6.1 Effect of pH

The influence of changing pH on Cr’" ions uptake by UJS and
MIJS were studied by putting 0.02 £ 0.0005g of each of the
adsorbent into 100 mL screw plastic bottles containing 10 mL
of 20 mg L™ of Cr’" ions adjusted to pH range (2.0-7.0) by
1.0x10" mol dm™® of HCl or NaOH. The mixture was
agitated, filtered and the concentration of Cr’'ionsin the
supernatant metal solution was determined by AAS.

2.6.2 Effect of contact time

Effect of contact time on the adsorption of Cr’* ions were
studied through mixing 10 mL of 20 mg L™ of Cr’" ions at
optimal pH with 0.02 = 0.0005 g of each of UJS and MJS
adsorbent. The respective mixtures were allowed to
equilibrate after agitating at different time intervals (0-150
minutes). The solid material was filtered off through suction
and the concentration of Cr’" ions in the filtrate determined.

2.6.3 Effect of adsorbent dose

The effect of UJS and MJS dose on Cr’* jons uptake on 10
mL of 20 mg L' metal solution was demonstrated by batch
technique of varied dosages (0.01-0.03 £ 0.0005 g). Optimum
conditions of pH = 5 and contact time = 60 minutes (UJS); 40
minutes (MJS) were used. The mixtures were equilibrated,
filtered and amount of residual Cr’" ions analysed.

2.6.4 Effect of Cr’" ions concentration

The initial Cr’* ions concentration effect was carried out using
10 mL of various optimal metal ion concentrations (5-200 mg
L") mixed with optimal dose of 0.02 + 0.0005 g of each of
UJS and MJS. The mixtures were then agitated for 60 minutes
(UJS); 40 minutes (MJS). Filtration was done and Cr*" ions
concentration in the supernatant solution was determined.

2.7 Data evaluation

The amount of Cr’* ions adsorbed at equilibrium was
calculated by equation 1:

Ci - Ce
Je = M V(D)

Where q.is the amount of metal ions adsorbed at equilibrium,
C; is initial adsorbate concentration and C,is adsorbate final
concentration at equilibrium (mg/L), V is the total volume of
the solution and M is the adsorbent dosage mass[14].

2.8 Adsorption isotherm models

To determine adsorption capacity of UJS and MIJS on
adsorption of Cr’* ions, concentration equilibrium data was
fitted into Langmuir and Freundlich isotherm models.
Langmuir isotherm models describes a monolayer interaction
which is chemisorption in nature [39]. Its linearized is given
by the equation 2:

C. C. 1

G Q' Qb @
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Where C,is the concentration of Cr’* ions at equilibrium (mg
L"), Q, is the amount of Cr’" ions adsorbed per unit weight of
the adsorbent (mg g™) at equilibrium, constants Q,, and b are
the adsorption capacity (mg g"') and b is the energy of the

adsorption (L mg™) respectively. A plot of s—eagainst Cegives

a linear plot used to obtain Q,, and b. Freundlich isotherm
model describes a multilayer adsorption and an exclusively
physisorption process. Its linearized equation is given by the
equation 3:

Ing. =InKg + %ln Ce 3)

Whereq,is the amount of Cr’* ions adsorbed (mg/L) at
equilibrium, C,is the concentration of Cr** ions at equilibrium
(mg/L). Kr and n is adsorption capacity and adsorption
intensity constant respectively. A plot of Ing, against Inc,
gives a straight line and is used to determine K and n from
the intercept and slope.

2.9 Adsorption Kinetic models

To determine adsorption rate and mechanisms, the kinetic
time data was fitted into pseudo-first-order and pseudo-
second-order kinetic models. Linearized kinetic rate equation
for pseudo-first-order model can be written a given by
equation 4:

In(qe —q¢) =Inqe —k; t 4)

Wherek, is the rate constant, q, is the adsorption capacity at
equilibrium and q.is the adsorption capacity at time (t). A
linear plot of In (q.-q;) against time (t) results in a straight
line with -k, as the slope and the In g.as the intercept and can
be used to obtain k;and ¢, calculated value. Linearized
kinetic rate equation for pseudo-second-order model can be
written a given by equation 5:

t_ 1 +t (5)
9 k:qi qe

where k,is the rate constant. Linear plot of t/q (against time
() yields a linear line with */, q, s the slope and / kzqezas the
intercept used to calculate g, (calculated) value and k.

III. RESULTS AND DISCUSSIONS
3.1 FTIR Analysis

FTIR spectrum of unmodified and modified Jackfruit seeds
adsorbent is presented by figure 1:
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Fig-1: FTIR spectrum of unmodified Jackfruit seeds (UJS) and modified
Jackfruit seeds (MJS)

Chemical treatment of UJS indicated only shifting and
increased intensity of the functional groups. The band
occurring at 3345 cm™ (UJS) and 3287 cm™ (MJS) is ascribed
to hydroxyl groups (-OH) stretching vibrations of alcoholic
and carboxylic acid groups [40]. MIJS showed an increased
broadness of the peak indicating increased carboxylic and
alcoholic —OH groups [27]. A weak peak at 2910 cm™ (UJS)
and 2924 cm' (MJS) is attributed to symmetric and
asymmetric sp’ —CH stretching vibrations [41]. The difference
in adsorption bands at 1785 c¢m™ and 1762 cm™ associated
with carbonyl groups (-C=0) in UJS and MIS is due to
structural changes that occur as a result of acid treatment [15].
Peaks at 1200 — 1000 cm™ could be attributed by C-O
stretching vibrations of carboxylic acid and alcoholic groups
respectively [14]. Hydroxyl (-OH) groups, carbonyl (-C=0)
groups and carboxylic (-COQO") groups in UJS are important
adsorption sites for Cr’" ions removal. The intensities of the
peaks after acid treatment is increased due to an increase in
negatively charged adsorbent sites. Therefore, the adsorption
capacity is expected to be high in MJS than UJS.

Optimization
Effect of pH

The effect of pH on the adsorption of Cr’* was investigated by
varying pH (2-7) and results presented by figure 2 below:
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Fig-2: Effect of pH on adsorption of Cr** ions on UJS and MJS
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pH is crucial in determining the adsorbent surface charge and
the chemistry of the metal ions in the solution [14]. The
results in figure 2 show an increased adsorption capacity of
Cr’* ions with increase in pH to optimal value of 5. Low
adsorption capacity at lower pH’s may be due to protonation
of UJS and MIJS surfaces due to increased H;O" ions in the
metal solution. This makes the adsorbent less available for
Cr’" ions adsorption [28]. Low Adsorption capacity at pH>5
may be due to precipitation of Cr’* ions by excess of hydroxyl
groups in the metal solution. This reduces the number of Cr**
ions in the solution to be complexed by the adsorption sites
[22]. This is in agreement with Cr’" speciation with pH
diagram [3, 20,29].

Fraction (%)

RV T
. /Cr(OH) 4

At pH<3.6, Cr'’'ions exist, at pH>4 and <6.5, Cr(OH)*"and
Cr(OH)*"ions exist. However, atpH between 7-12, neutral Cr
(OH); species exist andthis lowers the amount of Cr’" in metal
solution as well as adsorption affinity decreasing the
adsorption capacity [31]. The results agree with those reported
by [29].

Effect of contact time

Studies of contact time were conducted by varying time at
intervals of 20 minutes and results are presented by the figure
3 below:
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Fig-3: Effect of contact time on adsorption of Cr*" ions on UJS and MJS
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Figure 3 shows Cr’* ions adsorption on the UJS and MJS as a
function of contact time. The results showed a rapid
adsorption of Cr’* ions within the first 60 minutes for the raw
Jackfruit seeds adsorbents and 40 minutes for the modified
Jackfruit seeds adsorbent beyond which a steady state is
observed. Rapid adsorption was expected as more number of
binding sites are initially available for adsorption of Cr’" ions
which are eventually used up leading to a steady state [32].
Results show greater removal capacity by acid modified
adsorbent than raw adsorbent. This can be attributed to
enhanced surface polarity after acid modification. The study
compare with those reported by [22, 35, 37].

Effect of adsorbent dose

The adsorption capacity for Cr’" ions as a function of
adsorbent dose is shown by the figure 4:
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Fig-4: Effect of adsorbent dose on adsorption of Cr** ions on UJS and MJS

The results in the figure 4 above showed an increased
adsorption capacity (0.01-0.02 g) beyond this optimum dose
limit (0.02 g) no significant increase is observed. Increasing
adsorbent dose increases the adsorbing groups available on
the adsorbent surface and this provides adsorption sites for
Cr’" ions uptake increasing adsorption capacity [33]. A
plateau beyond optimal dose may be attributed to overlapping
or aggregation of adsorption sites that results in the increase
of diffusion path length and decreases the total adsorbent

surface area which is available to the metal ions®*. The study
compare with those reported by [36].

Effect of initial concentration

The influence of initial concentration on Cr’* jons via
unmodified and modified Jackfruit seeds was probed by
varying the concentration from 5-200 mg L™ while keeping
other parameters constant. The results are presented by the
figure 5:
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Fig-5: Effect of initial concentration on adsorption of Cr** ions on UJS and
MIS

It was observed that adsorption capacity increased with
increase in concentration to an optimal concentration of 20
mg L' beyond which a steady state was observed. The
phenomenon is explained by the fact that at low
concentrations, all metal ions are almost adsorbed by the
available active sites but further increased concentration leads
to saturation of the binding sites making more Cr’" ions left in
the solution [14, 15]. The results agree with those reported by
[38].

Adsorption capacity

The adsorption capacity of Cr’* ions onto UJS and MJS was
analyzed using Langmuir and Freundlich isotherm models and
results are tabulated by the table 1:

Table 1: Langmuir and Freundlich constants for Cr** ions adsorption using UJS and MJS adsorbents

Ads Langmuir Isotherm Freundlich Isotherm

Qn (mg/g) b (I/g) R2 K (mg/g) n R? Best model
uJs 10.34 0.4115 0.9985 5.74 7.8989 0.8599 Langmuir
MJS 16.18 0.2876 0.9996 691 4.9975 0.9170 Langmuir

Langmuir isotherm plots showed a better correlation with the
experimental data than Freundlich isotherm plots as shown by
the figure (6). Correlation coefficient (R?) values were >0.99
for Langmuir and this showed that adsorption of Cr*" ions on
UJS and MIS adsorbents was well explained by Langmuir
isotherm which assumes a monolayer adsorption and a

chemisorption process [35]. The values of b of 0.4115 and
0.2876 for UJS and MIJS indicated favorability of the
adsorption process. Adsorption capacities of UJS were low
than those of MJS. This was due to the effect of acid
modification. These results compare with those reported by
[14, 28, 34, 42].
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Fig-6: Langmuir (A) and Freundlich (B) Isotherm plots for UJS and MJS

A comparable adsorption capacity of the UJS and MJS adsorbents with other low-cost adsorbents for Cr** ions removals is shown

in table 2:

Table 2. Adsorption capacity of different adsorbent materials for the adsorption of Cr** ions

Adsorbent Qn (mg/g) b (I/g) R’ Reference
Rubber tire (Activated carbon) 12.08 0.17 0.9900 [35]
Olive wastes (Activated carbon) 12.46 0.08 0.9900 [43]
Water hyacinth 6.61 0.05 0.9570 [44]
Modified rice husk 4.74 0.01 0.9900 [45]
Sorghum straw 9.35 0.12 0.9600 [46]
Corn stalk 7.30 0.64 0.9931 [47]
Chinese reed 1.85 0.20 0.9841 [48]
Sphagnum moss peat 7.55 0.30 0.9980 [49]
Rhodococcus opacus bacteria 1.40 1.08 0.9292 [50]

ulJS 10.34 0.41 0.9985 This study

MIJS 16.18 0.29 0.9996 This study

Adsorption kinetics

The adsorption kinetics of Cr*" ions onto UJS and MJS was analyzed using pseudo-first-order and pseudo-second-order and

results are presented by the table 3:

Table 3:Pseudo-first-order and Pseudo-second-order constants for Cr** ions adsorption using UJS and MJS adsorbents

Pseudo-first-order Pseudo-second-order
Ads
Qe €Xp qe, cal Ky R? ge, cal K, R? Best model
(mg g’ (mg ") (mgg' min™) (mg ") (mgg' min™)
uJsS 14.63 8.19 2.68x107 0.7930 14.45 4.92x107 0.9975 Pseudo-second-order
MJS 17.36 3.21 2.06x107 0.5978 17.27 6.77x107 0.9993 Pseudo-second-order

Pseudo-second-order kinetic plots showed better linearity of
experimental time data compared to pseudo-first-order plots
(figure 7). Kinetic data shows R”values are 0.7930 and 0.5978
for pseudo-first-order model and 0.9975 and 0.9993 for
pseudo-second-order model for UJS and MJS respectively.
Pseudo-second-order R? values are in agreement with R*>0.99
for both UJS and MJS. Also, experimental q. values are closer
to calculated q. values as compared to those in pseudo-first-

order. These results revealed that pseudo-second-order best
fitted in explaining the adsorption of Cr’" ions using UJS and
MJS. The modelassumes chemisorption as the rate
determining step that controlled the adsorption process
[15,42]. MIS recorded higher values of calculated q. and k,
compared to UJS. The results compare with those reported by
[20,42,49,50].
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Fig-7: Pseudo-first-order (A) and Pseudo-
IV. CONCLUSION

In the present work, unmodified Jackfruit seeds adsorbent
(UJS) was chemically treated with hydrochloric acid. FT-IR
analysis showed more intense peaks which indicated an
increase in the number of functional groups in modified
Jackfruit seeds (MJS) for Cr’* ions adsorption. The adsorption
process was greatly influenced by adsorption parameters of
pH, contact time, adsorbent dose and initial concentration.
The equilibrium and kinetic studies of adsorption Cr’" ions
onto UJS and MJS was studied. The concentration data were
analyzed by Langmuir and Freundlich isotherm models and it
was found that adsorption of Cr’* jons was well described by
Langmuir isotherm model which implied chemical interaction
between Cr’" ions and adsorbent sites. Time data was
analyzed by pseudo-first-order and pseudo-second-order
kinetic models. Pseudo-second-order fitted well in describing
adsorption of Cr’* jons and that chemisorption was the rate-
determining step.
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