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Nickel has been recognized as an essential element in proper growth and development of plants and has wide range of
physiological and morphological functions. But high concentrations of Nickel affect to the metabolic activity of plants.
Therefore, it is essential to remove Ni(II) from water bodies. Cow-dung (CD) has been reported to be an adsorbent due to
nitrogen containing functional groups that are capable of complexing various metal ions. The purpose of this work was to
adsorb Ni(II) from an aqueous solution using CD. The bacterial contamination associated with CD has been overcome by
sterilizing it by gamma irradiation dose of 4 kGy forming y-CD. FTIR, SEM-EDX, XRD, and TGA-DTA techniques are
used to characterize y-CD. At solution pH of 5.0, adsorption capacity of is found to be 23.88 mg/g demonstrating monolayer
adsorption. Equilibrium kinetics for adsorption is explained by pseudo-secondorder model. Intraparticle diffusion model was
studied to know that diffusion is not a rate limiting step. The thermodynamic parameters like AG, AS and AH are computed
by van’t Hoff equation. The negative values of AG and AH specifies spontaneity as well as exothermic behavior of the
adsorption process. Column studies are also performed to check its applicability for larger volumes of sample.
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Introduction

These days, anthropogenic heavy metal pollution
of wastewater is an issue that needs to be resolved.
Various heavy metals such as chromium, nickel,
cadmium are considered as very toxic pollutants.
Their toxicity can cause multiple organ damage even
at low concentrations'. Various techniques such as
chemical precipitation?, ion exchange?®, reverse
osmosis* and electro-floatation® were wused for
removal of these toxic pollutants, but all these
techniques have some drawbacks like production of
toxic sludge, high energy and low efficacy.
Biosorption is interesting process because of its low
cost and high efficacy®.

Any material which is contaminated with the
biological substances refers as biowastes. Various
biowaste materials are present in nature such as waste
dried activated sludge biomass’, natural sugarcane

bagasse® and brewery sludge® but cow dung (CD) has
ample amount of lignin, cellulose and hemicellulose.
There are different minerals like nitrogen as well as
phosphorus with some trace elements like sulphur,
iron, magnesium, cobalt, copper etc'’. One of such
metal is Ni(ID'. On one hand, Ni(Il) has been

recognized as a vital element for numerous important
biological processes like strong growth of plants,
animals, and soil microbes, while excess amount
uplifts flora and fauna'?. According to the guidelines
given by WHO, the maximum allowable
concentration of Ni(Il) ions in drinking water should
be 0.02 ppm!. Hence from aqueous bodies, it is
compulsory to confiscate Ni(II).

CD has been proven to be the cheapest and easily
available biosorbent in nature!. CD has been reported
to be adsorbent due to nitrogen containing functional
groups that are capable of complexing various metal
ions as well as dyes'>. However, its application as an
adsorbent could not be exploited due to a large
concentration of micro-organisms present in it. In
order to overcome this problem of microbial
contamination associated with this excellent
adsorbent, this paper reports sterilization of
cow dung by irradiation with gamma radiations
leading to sterilization. After gamma sterilization, the
number of bacterial count present in the CD was
tremendously decreased as we increase the gamma
dose making the material suitable for nickel removal
from aqueous media.
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Experimental Section

Loba Chemical Pvt. Ltd., Mumbai, India supplied
Nickel sulphate pentahydrate, Dimethyl glyoxime
(DMG), liquid bromine and liquor ammonia.
Whatmann filter paper no. 1 was purchased from
Hi-Media Pvt. Ltd. For all reagents preparations,
Millipore water (conductivity <1 pus) was used.

From a nearby cow shade, CD cake was obtained.
It was dried under sunlight for 7 days. After complete
drying, the CD cake was crushed finely. This crushed
CD was washed many times with hot double distilled
water until it lost its original smell, color and led to
neutral pH. Lastly, the material was oven dried at
50°C. The dried CD was run through 500 pm
diameter sieve. The finely powdered CD was gamma
sterilized under various doses. The results obtained
shows that the microbial count was tremendously
decreased at 4 kGy dose. The y-CD was stored in
airtight container and used as per requirement.

Gamma sterilization of CD was carried out by
using GC-1200 (BRIT, India), an indigenous source
of gamma radiation operating at 4.219 kGy h™ dose
rate. Thermal stability of y-CD was analyzed by using
DTG-60 simultaneous TG / DTA equipment
(Shimazdu) in nitrogen medium. Bruker-Alpha-
spectrometer was employed to record FTIR spectrain
range from 500-4000 cm™. From FT-IR spectra the
functional and structural aspects of y-CD could be
described. X-ray diffractometer instrument make
Righaku-Minifex 300 was used to record X-ray
diffractogram. Surface characteristic properties were
scanned using TESCAN VEGA 3 SBH. For elemental
analysis, Oxford INCA Energy 250 EDS system was
employed based on EDX spectrum. pH meter from
Equiptronics with model number EQ-615 was
employed to adjust pH of the solution. For uniform
mixing of solutions, mechanical shaker REMI
RS-12R DX (REMI, India) was used.

Batch adsorption trials were conducted to assess
the adsorption efficiency. At pH 5, 25 mL of
100 mg L™ adsorbate solution was used. 100 mg y-CD
was equilibrated and stirred for contact time of 60
min. After 60 min of adsorption period, by using filter
paper (Whatmann filter paper no. 1), supernatant
liquid was filtered. From supernatant, 1 mL adsorbed
Ni(II) solution was taken into volumetric flask of
25mL. Later 1 mL liquor ammonia and 1 mL bromine
water were added and made up the volume with
double distilled water up to the mark. The Ni(Il)
estimation was carried out by using dimethylglyoxime

reagent spectrophotometrically. Maximum adsorption
efficiency was projected by using following formula
given below.

Co—-Ce)V
q = (1)

Percent removal was determined as follows.

(Co-Ce)

% Removal = o

x 100 i (2)

Results and Discussion
Characterization of y-CD

To ascertain the thermal stabilities of materials
along with their compositional qualities, TGA and
DTA measurements are largely utilized. Change in a
mass shows degradation of material. The sample
illustrates reduction in weight into three stages as
shown in (Fig. 1a). The initial weight loss up to 100°C
assures loss of moisture. Remarkable and rapid weight
loss was shown from temperature range of 250°C and
400°C which was the next deprivation step. The second
degradation approximately 48% shows the pyrolysis
was primarily responsible for losses of organic
materials like cellulose and hemicellulose. The third
degradation found in between 350°C-900°C which
shows 25.97% weight loss. This decrease can be
explained by thermal decomposition of aromatic
compounds, including lignin and some extractives. The
total weight loss from was found to be 86.84%. The
DTG curve’s trend is in line while TGA curve has been
shown in (Fig. 1b). The moisture loss is accompanied
by endothermic peak while thermal degradation of y-
CD was accompanied by exothermic peak in DTA
curvels,

FTIR spectrum (Fig. 1c) of y-CD provides clear
indication of presence of functional groups. There are
various peaks present in FTIR spectrum of CD
corresponding to the existence of various adsorptive
functional groups, which confirms functionality of
v-CD as an adsorbent (Fig. 1c). O-H stretching, N-H
stretching and C-H stretching vibrations were
represented by the peaks at 3225 cm™, 3450 cm™ and
2900 cm’, respectively!. Stretching of C=0O is
indicated by the noticeable double peak at 1725 cm™.
N-H bending causes the significant peak at 1650 cm™,
C-N stretching causes the peak at 1180 cm™.

X-ray diffractogram of y-CD (Fig. 1d) shows
substantial amount of cellulose, which contributes the
existence of peaks between 17° and 23°. However, the
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Fig. 1 — (a) TGA curve (b) DTA curve (c) FTIR spectrum (d) XRD plot (¢) SEM images at different resolutions (f) EDX spectrum of y-CD

complex nature of this biomaterial can be revealed
from the complex XRD pattern®.

Relative proportions and elemental contributions in
v-CD have been illustrated with the help of EDX
spectrum (Fig. 1d). The primary C and Ca peaks can
be seen along with other elemental peaks such as N,
O, Si, Mg, Al, P, S, K.

Lignin and cellulose are the main and primary
components of CD. SEM images validate fibrous
structure of y-CD. The surface of y-CD was found to
be rough, dense and porous containing rod-like
granules which are linked by tissues having a
threadlike appearance. y-CD has many micro, macro
and tiny apertures which ensures high surface area®.
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Gamma sterilization of cow-dung

CD is mainly embracing lignin, cellulose and
fibrous materials?. There are ample of minerals and
minimal amounts of sulphur, iron, magnesium,
copper, cobalt as well as manganese. However, the
usage of CD in water treatment is not recommended
due to microbial contamination associated with it. In
order to overcome this problem, the CD was
irradiated with gamma radiations from *Co source?.
Various gamma doses ranging from 1 kGy to 8 kGy
were given to 2.0 g CD samples taken in zip bags.
From each sample, 0.1 g of CD was re-suspended in 9
mL of saline water and then onto nutrient agar plate
0.1 mL of sample was spread. The nutrient agar plates
were diluted 1000 times. The sample was incubated
for 48 h. The number of colonies in agar plates were
calculated as per g of sample taken. Fig. 2 shows
decrease in microbial activity with increase in gamma
dose. The bacterial count was found to be negligible
above gamma dose of 4 kGy and above. So, 4 kGy
dose was selected as optimum dose for further studies.
The CD sterilized by giving this dose has been
nominated as y-CD and used in all adsorption
experiments.

Batch adsorption experiments

Effect on pH

Study of pH effect is the key factor to assess the
adsorption efficiency of an adsorbent from aqueous
medium. pH dependency of metal adsorption is
related to ionic state of functional groups which are
present on adsorbent?’. They strongly affect surface
charge as well as degree of utilization.
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Fig. 2 — Sterilization of cow-dung by gamma irradiation

The initial concentration of Ni(Il) was subjected to
pH alteration from 2.0 to 9.0 utilizing dilute solutions
of 0.1 M sodium hydroxide (NaOH) and 0.1 M
hydrochloric acid (HCI). 100 mg of y-CD adsorbent
was added to 25 mL of adsorbate solutions followed
by 60 min of stirring. The results shown in Fig. 3a
depicted that Ni(Il) ions elimination did not
significantly alter over entire pH range. At pH 5.0, the
percentage removal was about 76.25%. Hence. pH 5.0
was taken into consideration for rest studies.

Effect on dose

Effect on adsorbent dose is the key parameter to
observe smallest quantity that demonstrates the
maximum adsorption??2. Dose was varied from 25 to
500 mg for 60 min. It was detected that with the
increase of adsorbent dose, the adsorption efficiency
also increases and finally it reaches to the saturation
point at 100 mg dose (Fig. 3b). Hence, 100 mg dose
was designated for future studies.

Effect on contact time

To study the impact of contact time, fixed amount
of y-CD at specific concentration of each solution, the
exposure duration for which the adsorbent is in
contact with the adsorbate was changed between
5 min to 120 min. The findings shows that adsorption
effectiveness increased as contact duration rose to
60 min with equilibrium adsorption capacity (Fig. 3c).

Effect on concentration

Initial concentration has a substantial impact on the
adsorption process which effectively push the
molecule of solute against the obstacle to mass
transfer between the solid and liquid phase?. To study
the concentration effect, various concentrations of
Ni(Il) were varied from 25-500 mg L™ for all the
solutions in order to explore influence of early
concentrations of adsorbate at optimal pH, contact
time, and adsorbent dose on removal capability of
adsorbent. Hence for further studies, 100 mg L
concentration was selected. (Fig. 3d).

Adsorption isotherms

To model the adsorption studies, Langmuir and
Freundlich isotherm models were employed for better
understanding of the interactions between the
adsorbate and adsorbents'®. For better adsorbent
selectivity and performance of an adsorption system,
adsorption isotherms were used*. By equilibrating
25 mL of different concentrations ranging from 25 to
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Fig. 3 — Effect of (a) initial solution pH (b) adsorbent dose (c) adsorption time (d) initial concentration of Ni(II) ions (general conditions:
pH = 5, adsorbent dose = 100 mg, adsorption time = 60 min, concentration = 100 mg L")

500 mg L ™' keeping pH 5.0 with dose of 100 mg for
period 60 min, the data were measured. If there is
monolayer adsorption on the homogeneous surface of
adsorbent, then Langmuir isotherm model fits well. In
this case there is negligible lateral interactions?. The
linear and non-linear forms of Langmuir isotherm
model are stated in Eqgs (3) and (4), respectively.

Lo 14 L - (3)

qe am*xKy qm
.4

Amax X KX Ce
1+ K xCe

The maximum adsorption capacity ¢,... (mg/g) was
found from the slope as well as intercept of the plot of
C, against ¢.. Adsorption capacity (¢.) of 23.88 mg g
shows adsorption behaviour of adsorbent towards
Ni(Il). Figs 4 (a) and (b) illustrate linear and non-
linear plots for Langmuir model.

Freundlich isotherm model is used to study
simultaneous solute adsorption on non-uniform
surfaces which explains exponential distribution with
adsorption energy?'. The linear as well as non-linear
forms of Freundlich adsorption model are expressed

Qe =

in Egs (5) and (6), respectively.

logq. = logK; + %logCe
6))
1/n

qe = K x C, - (6)

Where K denotes efficiency of adsorption and
n shows the intensity of adsorption. The values of Kr
(mg g'/ng L") and non-linear graph was attained
from slope as well as intercept of the plot between g,
versus C, respectively. Figs 4 (¢) and (d) show linear
and non-linear plots, respectively, for Freundlich
model.

From the wvalues of regression coefficients
(Table 1) and the plot of experimental g, values of
both the isotherms against C,, the Langmuir
adsorption isotherm model emerged as best fit model.
This shows monolayer adsorption of Ni (II) on y-CD
surface.

Kinetics of adsorption
Adsorption kinetics is one of the most vital
parameters to study and evaluate the time dependency
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model
Table 1 — Isotherm parameters

Isotherm Parameters CD sample
Langmuir am(mg gt 23.88

K 7.036

R’ 0.998
Freundlich Ky (mg'"/g/L) 0.222

n 2.797

R’ 0.910

that controls the process of adsorption??, In this study,
and pseudo-second
kinetics??” model were employed to understand
adsorption between solid and liquids. Kinetic study
was carried by using 25 mL of 100 mg L
concentration of Ni (II) solution keeping pH 5.0 with
v-CD dose 100 mg.

The pseudo-first-order kinetics is expressed as
follows.

pseudo-first  order?® order

fey
2.303

log(qe — q¢) = logqe — G5 Xt - (7

The nonlinear
expressed as follows.

pseudo-first-order kinetics s

qe = qe (1 — ek - (8)
Where ¢, and ¢, denotes the amount of Ni (II)
adsorbed in time (t) with first order rate constant
denoted by k; (min"). The graph was plotted in
between log (¢.-q;) and time t gives pseudo-first order
rate constant with regression coefficient value of
0.838. Linear as well as non-linear plots?® for pseudo-
first-order kinetics was shown in Figs 5 (a) and (b).
The linear equation for pseudo-second order
kinetics is expressed as follows.
t__1 41
A Kexa? ' ge

. (9)

The non-linear pseudo-second order kinetics equation
is expressed as follows.
KX qe2 Xt
=14 K, x qe xt

.. (10)

Where k, is pseudo-second order rate constant
expressed in g mg' min”. The graph was plotted
between log t/q, and ¢ gives pseudo-second order rate
constant.

The value of regression coefficient was found to be
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0.999 for pseudo-second order rate kinetics. Hence
pseudo-second order kinetics model was the best
fitted model. Figs 5 (c) and (d) show linear and non-
linear plots of pseudo-second order kinetics.

In adsorption process, the intraparticle diffusion?? is
rate determining step or not was established by using
Weber-Morris equation® which is given by the
following equation.
qe = Kine X Y2+ C (1)

Graph between ¢, and ¢ did not pass through the
origin. Hence this indicates that, the diffusion was not a
rate limiting step. (Fig. Se and Table 2). As the value of
C is non-zero, it can be predicted that the adsorption
process is not only controlled by diffusion.

1/2

Thermodynamics of adsorption

Table 2 — Kinetics data

Rate model Parameters CD sample
Experimental e 23.88
Pseudo-first order K;(min™) 0.033

R? 0.838
Pseudo-second order K, (g mg" min™) 0.007

R? 0.999
Intraparticle diffusion Kin (mg g min™) 8.146

R’ 0.897

Thermodynamics establishes spontaneity as well as
feasibility of process. To evaluate the Gibb’s free
energy change at varying temperature ranges van’t
Hoff plot was studied3’. Temperature effect on
adsorption efficiency was studied by varying
temperature from 303, 313, 323 and 333K, with
25 mL of adsorbate solutions with concentration of
100 mg L' and dose of 100 mg for Ni(I) ions



BAMBAL et al.: SEQUESTRATION OF Ni(Il) IONS FROM WATER BODIES

(Fig. 6). From van’t Hoff plot, thermodynamic
parameters were calculated (Table 3). The change in
the Gibb’s free energy® (AG°®) was premeditated by
the following equation as-

AG°® = —RTInK -(12)

van’t Hoff equation is given by

Ink = & 4% .. (13)
R RT

Exothermic nature of adsorption process®* is
indicated by negative enthalpy change while changes
in decrease in arbitrariness of Ni(Il) ions is shown by
negative entropy change, as it passes from solution to
adsorbed state. The adsorption of Ni(Il) ions on y-CD

Table 3 — Thermodynamics of adsorption

AG (kJ mol™) AH AS
303K 313K 323K 333K (kImol") (Jmol'K™)
11775 -11.574  -10.955 -8.663 -41.567  -96.933

5 -
-
4.5 A °
a4 ® -
c 3.5

25 4

2

0.00295  0.003

0.00335

0.0[;305 0.0;)31 0.0(;315 0.0;)32 0.0(;325 0.0;)33
YT

Fig. 6 — van’t Hoff plot of y-CD adsorbent
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adsorbent was found to be spontaneous with negative
Gibb’s free energy as shown in Fig. 6. Similar results
have been reported for the adsorption of cationic
dyes®=¢. This shows that the adsorption process is
completely enthalpy driven in nature’”*®. The
biopolymeric materials generally have found to show
similar behaviour as reported in the literature®.

Column study

Continuous flow analysis thoroughly investigates
the concentration difference, leading to a more
effective use of the adsorbent potential and enhanced
effluent efficiency®. For evaluation of dynamic
characteristics of fixed-bed column, the shape of the
breakthrough curve and the value of breakthrough
volume are generally considered as key parameters®.
In this study, the breakthrough curve is plotted as
Cy/C, versus volume of Ni(Il) solution (Fig. 7). This
study was conducted by utilizing a glass column
having a core diameter of 1 cm and a length of 20 cm.
1 g of y-CD adsorbent up to a bed height of roughly
10 cm, the column was packed. A known
concentration of 100 mg L' was allowed to
percolated through the column. Using a same flow
rate of 10 mL min™ as the feed stream, the treated
solution was then collected from the bottom of the
column and concentration of solution was estimated
by using UV-visible spectrophotometer. The column
study was repeated until the feed concentration of
adsorbate was attained by the concentration of treated
solution. As time goes on, these adsorption regions
move forward until it reaches the bed exit. In
accordance with following equation, breakthrough

capacity was calculated?!.

Exhaustion volume

Breakthrough volume

100 200 300 400

500 600 700 800 900

Volume of Ni(ll) solution (mL)

Fig. 7 — Fixed bed column studies using 100 mg L' Ni(II) concentration with adsorbent dose 100 mg
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Fig. 8 — (a) Effect of diverse ions on adsorption efficiency and (b) efficiency of regenerated material
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The exhausted capacity for current work was
calculated as 27.5 mg/g for Ni (II). Hence it can be
said that, y-CD can be used as an adsorbent for
removal of Ni (II) from water media.

Study of diverse ion

In actual water samples, numerous ions are present
which can contest with nickel for the available
adsorption sites. To study effect of diverse ions, 100
mg L™ of anions namely chloride, sulphate, nitrate
and phosphate as well as cations such as Cu(Il),
Fe(Il), Fe(Il), Zn(Ill) and Co(Ill) ions were
individually selected. 100 mg of adsorbent at pH 5.0,
was equilibrated with 100 mg dose and 100 mg L™
solution. It has been observed from Fig. 8a, that
phosphate anion and Cu(Il) cation affects removal of
Ni (I) solution to the greater extent. This can be
attributed to higher charge density of phosphate and
almost equal ionic radius of copper ions that compete
with the nickel ions for the adsorbent surface*.

Regeneration study and reusability of adsorbent

Material regeneration is very important parameter to
study the potent practical application of adsorbent™.
Reagents used for regeneration are sodium chloride,
sodium hydroxide, sodium sulphate and sodium
carbonate etc.”. From all these reagents, sodium
chloride produces best results. For every desorption
study, 0.5 M NaCl solution was used. It was found that
Ni(I) adsorbed on adsorbent was desorbed very easily.
The efficiency of adsorption was reach up to 85% after

Table 4 — Comparison of y-CD with reported literature

Adsorbent pH Maximum References

adsorption
efficiency
(mg/g)
Acid treated Lantana camara fruit 5.0 5.29 44
Waste powdered activated sludge 5.0 13.5 45
biomass
H. fusiformis biochar 55 12.13 46
Natural sugarcane bagasse 5.0 1.2 47
Brewery sludge 5.0 7.87 48
vy-CD 5.0 23.88 Present
study

first cycle and it remains almost constant for next four
cycles. As the number of regeneration cycles increases

the adsorption efficiency goes on decreases (Fig. 8b).
Comparison with reported literature

Recent literature reports various biomaterials for
the removal of Ni(Il) ions from water bodies. The
main parameter of their relative evaluation is their
adsorption capacities. When they are compared on
the basis of their efficiencies, it was observed that
the y-CD has better adsorption capacity as
compared to most of them. Table 4 is self-
explanatory comparison of this material with those
reported in literature.

Application to real water samples

The applicability of y-sterilized biowaste for Ni(II)
removal was verified through testing using samples
collected from MIDC industrial region of city.
100 mg L™ Ni(Il) solution was prepared and spiked
into real water samples. y-sterilized biowaste dose of
100 mg was added into each sample and kept at
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Table 5 — Field sample study

Sample name  Initial Ni(I) Final Ni(II) Adsorption
concentration ~ concentration (%)

MIDC 8.31 0.93 89

industry

Siyaram 6.22 0.89 86

industry

stirring at room temperature for 60 min. The results
obtained have been shown in Table 5 illustrating the
adsorption efficiency of y-sterilized biowaste.
Conclusion

v-Sterilised cow dung was prepared and
successfully used for Ni (II) removal. At pH 5.0,
adsorbent dose 100 mg, contact time of 60 min and
concentration 100 mg L™ the adsorption capacity was
calculated and found to be 23.88 mg/g.
The adsorption isotherm was explained best by
Langmuir isotherm and equilibrium kinetics was by
pseudo second order model. The material was further
used for study of diverse ions, regeneration
and reusability. It could be concluded that as the
adsorbent used is biowaste, the total cost involved in
synthesis and pretreatment is completely eliminated.
As a result, it is economically viable material. The
only limitation is sterilization required before
introducing it into water body. This aspect will affect
the scaling-up process.
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