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ABSTRACT

This research focus onto batch adsorption of nickel ions (Ni(II)) onto husk of Oryza sativa (HOS)
from aqueous solution at room temperature. Several techniques such as Fourier transform infrared,
scanning electron microscopy and energy dispersive X-ray were employed to confirm adsorption
of Ni(Il) onto HOS. The effect of operational parameters such as contact time, amount of adsor-
bent, initial concentration of metal ions, temperature and pH on the percentage removal of Ni(II)
was evaluated. The removal of Ni(II) was 62.32% under optimum amount of adsorbent (0.3 g) at
room temperature. Adsorption kinetics study has exhibited that experimental data fitted-well to
pseudo-second-order kinetic model. Linear and nonlinear forms of Langmuir, Freundlich and
Dubinin-Radushkevivh isotherms were used to analyse experimental data and results showed
that adsorption data fitted well to nonlinear and linear form of adsorption isotherms. Adsorption
thermodynamic study has indicated that adsorption of Ni(II) onto HOS was an endothermic and
spontaneous process.
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1. Introduction (Hg), nickle (Ni), cadmium (Cd), arsenic (As), chromium
(Cr), thallium (T1), lead (Pb) copper (Cu), cobalt (Co), iron
(Fe), magnesium (Mg), manganese (Mn), molybdenum (Mo),
selenium (Se), zinc (Zn) and aluminum (Al) in ground
water are of major concerns for its hazardous effect on the

There is an essential requirement to provide safe drink-
ing water to its people for all properly functioning societies.
Contamination of water with toxic metals such as mercury
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environment [1]. Heavy metal pollution in water is very high
in areas where mining, smelters, metal processing refiner-
ies, wood preservation and paper processing facilities are
located. Human exposure to heavy metals as well as pub-
lic concern for the associated health risks have both risen
dramatically as a result of an exponential increase of their
use in these various applications.

Nickel (Ni(II)) is one of the toxic heavy metals in waste-
water, which has been supported significant observations
because of its carcinogenicity, toxicity, and cumulative adverse
properties. Ni(II) pollution which stem from metal smelt-
ing, mining, metal processing, and battery manufacturing
[2,3], is concentrated and cumulated in living organisms.
High concentration of Ni(II) in human beings would lead
to serious results having headache, heart damage and even
cancer [4]. Thus, it is important to eliminate Ni(I) from the
water and wastewater for protecting the public safe and the
environment. Recently, many methods have been applied in
the removal of Ni(Il), such as adsorption [5], chemical pre-
cipitation [6], ultra-filtration [7], membrane filtration [8], ion
exchange [9] and so on. However, most of the methods also
have issues, namely high cost, ineffectiveness at low concen-
tration and inapplicability for different types of pollutants.
Of all the methods, adsorption is one of the most effective,
economic and convenient technology [10].

Several investigators carried out the scavenging of Ni(II)
from aqueous media. The use of agro-waste for the remedi-
ation of wastewater is growing nowadays. There are a num-
ber of agro-wastes which were successfully used for removal
of Ni(II) from aqueous medium. Moringa oleifera seeds [11],
sawdust [12-14], fruit peelings [15,16], sugarcane bagasse
[17], acacia bark [18], ground nut shell [19], Rhizoclonium
tortuosum (RT) [20], ultrasonic-modified jujube seeds (UM]JS)
[21], coconut husk [22], leaf powder [23] were reported in lit-
erature and proved to be an efficient adsorbents for Ni(II)
because of functional groups present on them. Modified
sand [24] and clay [25] were used as an adsorbents for Ni(II)
adsorption from wastewater. Bentonite and zeolite [26,27],
montmorillonite [28], laterite [29] and clinoptilolite [30] were
some of the natural clays used as adsorbent. Moreover, Cassia
fistula seed based adsorbent was also used for removal of
Ni(II) form aqueous solution [31]. Activated carbon has been
proved as an excellent adsorbent for heavy metals but it is
expansive. Therefore, a lot of work has been done for the
preparation of activated carbon from various agro-wastes
[32-34]. Its applications for Ni(Il) remediation from aque-
ous media has been reported in literature. Scavenging of
Ni ions by multi-walled carbon nanotubes were carried out
and reported by various researchers [35-37].

Our previous work have reported the use of different
plant leaves [38-41] and anion exchange membrane (AEMs)
[42-47] for removal of dyes from aqueous at room tempera-
ture. This work will use husk of Oryza sativa (HOS) as an
effective adsorbent for the removal of Ni(Il) from aqueous
solutions at room temperature. As Pakistan includes in the
big producer of rice (5.2 million tons annually) and its husk
which forms 20%—-23% of the whole rice grain is supposed
as undesirable waste material that actually poses a disposal
issue for mill owners [48,49]. Its basic composition is pro-
teins, cellulose, hemicellulose and lignin, having hydroxyl
and carboxyl functional groups available to interact with

cations [50,51]. Due to these properties, HOS will be used
as an adsorbent for removal of Ni(Il) from aqueous solu-
tion. Therefore, we report batch adsorptive removal of Ni(II)
by HOS from aqueous solution in detail at room tempera-
ture. The influence of operating parameters such as contact
time, amount of adsorbent, initial concentration of metal
ions, temperature and pH onto percentage removal of Ni(II)
was evaluated in detail. Experimental data for adsorption
of Ni(Il) onto HOS was subjected to several adsorption
kinetic models, linear and nonlinear forms of isotherms and
thermodynamics.

2. Experimental section
2.1. Adsorbent

All experimental work was conducted from the same
batch of rice to eliminate any effect of seasonal variation in
the rice sample. The husk of basmati rice (botanical name:
Oryza sativa) was obtained from a rice mill, Punjab and
Pakistan. The required samples were thoroughly washed
with water to remove dust particles and were oven dried at
80°C till constant weight was obtained. The dried husk was
stored in a pre-cleaned airtight container and was used with-
out any physical or chemical pre-treatment. The chemical
analysis of husk samples of basmati rice was carried out by
employing neutron activation analysis (NAA) and atomic
adsorption spectrometry (AAS) for their trace metal contents
and obtained results have been reported elsewhere [52].
The results showed that the amount of metals such as Na,
K, Pb and Fe were present in pg/g of sample. Silica contents
were found to be 18.27 (0.62%) of HOS. The trace amount
of elements present in HOS were analysed by adopting
standard procedure such as AAS and NAA. The adsorp-
tion capacities of different adsorbents for Ni(II) are given in
Table 1.

2.2. Reagents

The temperature of solutions was maintained by dipping
the culture tube in water bath of Gallen kamp thermo stirrer
(UK) for thermodynamic studies. The precision of tempera-
ture in water bath was +0.1°C. All the reagents used were
of analytical grade and used without further modifications.
Deionized water was used throughout this work.

2.3. Adsorption experiment

A known amount of HOS was taken into a 25 cm?®
secured cap culture tube and a fixed amount of stock radio-
tracer with known amount of nickel concentration solution
was added. Subsequently, the contents were equilibrated
on a wrist-action mechanical shaker (Vibromatic, USA) at
a rate of 500 rpm for specific time. Then it was centrifuged
at 5,000 rpm for phase separation and the supernatant solu-
tion was withdrawn for activity measurement. The radio-
activity of solutions before (A) and after (A) equilibrium
was measured with a Nal well type scintillation counter
(Canberra Inc.,, Germany) coupled with a counter-scaler
(Nuclear Chicago). A volume of 1.0 cm® was usually used
to measure the activity. All experiments were conducted
at ambient temperature. The percentage removal of nickel
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Table 1
Adsorption capacities of Ni(II) for different adsorbents

Adsorbents Capacity  References
(mg/g)

EDTA modified silica gel 19.62 [53]

DTPA modified silica gel 16.97 [53]

Arca shell 3.538 [54]
Modified riverbed sand 0.13 [55]
Saccharum bengalense 0.319 [56]

Mod. Ceiba pentandra hulls 10.55 [57]

Holly sawdust 7.87 [12]

AC sugarcane bagasse pith 2.206 [58]

Palm shell AC 0.607 [33]

Waste tea leaves 0.934 [59]

Rice husk ash 0.0813 [60]
Modified coconut husk 9.206 [22]

Rice husk 0.18 [61]
Sawdust 0.11 [14]
Mosambi fruit peelings 23.92 [15]
Lignocellulose/montmorillonite ~ 81.34 [62]
Microalga Rhizoclonium hookeri 65.81 [63]

Husk of Oryza sativa 62.501 Present study

ions from aqueous solution was measured by employing
the following relation:

_A
i f
100 1

i

% adsorption =

where A, and A, are initial and final adsorption of metal ions
(counts/min) into the solution respectively.
2.4. Characterization

2.4.1. Morphology

Morphology of HOS was investigated by field emis-
sion scanning electron microscope (FE-SEM, Sirion200, FEI
Company, USA).

2.4.2. Energy dispersive X-ray (EDX) analysis

The adsorption of Ni(II) onto HOS was confirmed by
energy dispersive X-ray (EDX) analysis.

2.4.3. Fourier transform infrared (FTIR) analysis

Fourier transform infrared (FTIR) analysis was carried
out by using the technique attenuated total reflectance with
FTIR spectrometer (Vector 22, Bruker) having resolution
of 2 cm™ and a total spectral range of 4,000-400 cm™.

3. Results and discussion

3.1. Characterization of adsorbent

The HOS used was characterized for various physico-
chemical properties such as moisture and ash contents,

porosity, bulk density, pH_, and Brunauer-Emmett-Teller sur-
face area by using standard procedures and determined
values were reported to be 2.61%, 20.11%, 70.66% and 0.305 g/
cm?, 5.84 and 1.03 m?/g, respectively and is reported [64].
The elemental analysis of basmati HOS samples was also
carried out employing NAA and AAS for their trace metal
contents and results have been reported elsewhere [52].

3.2. Scanning electron microscopy (SEM) and EDX test

Morphology of HOS was illustrated by employing scan-
ning electron microscopy (SEM) in detail. Fig. 1 represents
the SEM micrographs of HOS before and after adsorption
of Ni(II). It is clear that the surface of HOS was irregular and
rough with many loops and humps. The pores can be classi-
fied according to their sizes as primary micropores 0.8 nm,
secondary micropores 0.8-2 nm, mesopores 2-50 nm and
macropores 50 nm with width sizes. The determined pore
size present on the surface of HOS was in a range of 100-
180 nm confirming macro-porous structure of adsorbents.
As shown in Fig. 1 that after adsorption of Ni(Il), the sur-
face morphology of the adsorbent was changed. The pores
and groves were filled which were present before metal
ions adsorption and decrease in surface heterogeneity was
observed resulting into the smooth surface. Ionic radii of
nickel is 0.074 nm, which is much smaller than the pore size
present on HOS, (100-180 nm), enabling adsorption of Ni(II)
through pore diffusion.

The presence of energy peak decided the adsorption of
Ni(II) which was illustrated by EDX analysis of HOS and
shown in Fig. 2. The peaks for nickel energy lines were
present in the range of 0.70 to 8.10 keV by EDX pattern.
It showed the successful adsorption of Ni(II) onto HOS.

3.3. Fourier transform infrared

The adsorption of Ni(II) onto HOS was also proved by
FTIR analysis of virgin and Ni(Il) loaded HOS samples.
Fig. 3a depicts the FTIR spectrum of virgin HOS. The peaks
at 1,737.8; 1,435.6 and 1,365.4 cm™ are attributed with C=0
stretching, OH bending of the adsorbed H,0O and aliphatic
C-H bending respectively [65]. The peaks at 1,217.0; 1,365.4;
1,737.8 and 1,027.4 cm™ are due to carboxyl group on HOS
whereas the peaks at 1,208-1,230 cm™; 1,367-1,371 cm™; 1,740
and 1029 cm™ for carboxyl group [66,67]. The characteristic
absorption band at 3,400-3,200 cm™ is assigned for surface
O-H stretching whereas aliphatic C-H stretching had a broad
band at 2,921-2,851 cm™. Moreover, the peak at 10,74.0 cm™
corresponds to anti-symmetric stretching vibration of Si-O,
whereas at 476.2 cm™ representing the bending vibration of
Si—O-Si bond [66,68,69].

After adsorption of Ni(II) onto HOS, the changes in the
intensities or positions of functional groups were import-
ant to look into FTIR spectrum, which were associated for
adsorption of Ni(II). Fig. 3b depicts FTIR spectrum of Ni(II)
loaded HOS. For Ni(Il) loaded HOS, the peaks shifted to
2,910.1; 1,734.7; 1,646.8 and 1,372.8 cm™, whereas the inten-
sities of 1,734.7; 1,216.3 and 1,027.7 cm™ were observed after
adsorption of Ni(Il) onto HOS. It showed the successful
adsorption of Ni(II) onto HOS.
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Fig. 2. Energy dispersive X-ray image of Ni(II) loaded husk of
Oryza sativa.

3.4. Effect of operational parameters

The effect of contacts time, mass of adsorbent, initial
concentration of metal ions, temperature and pH onto per-
centage removal has been evaluated in detail. These are as
follows:

3.4.1. Effect of contact time

The effect of contact time onto the percentage removal
of Ni(Il) was investigated by keeping amount of HOS,
concentration of Ni(II), shaking speed and temperature
constant and attained results are shown in Fig. 4. It can be
seen that the percentage removal of Ni(Il) is found to be
increased from 42.99% to 62.32% with contact time from
aqueous solution. It was fast in start and then there was
no large change into the percentage removal of Ni(I),
after this equilibrium was established and no further large
enhancement into the removal was observed with contact

&
=
S
[<F]
[ *]
=
= 4000 3000 3000 1000
by —
E 105
= 100
Il 90
80
70
4000 3000 7000 1000

Wavenumber (cm™?)

Fig. 3. FTIR spectrum of (a) virgin RH and (b) Ni(II) loaded husk
of Oryza sativa.

time. It was rapid in the beginning because of presence of
several empty sites onto HOS and interaction was devel-
oped between Ni(Il) and adsorption sites. The adsorption
slowed down when all the surface sites were occupied due
to movement of metal ions deep into interior pores of HOS.
Another reason could be that several vacant sites supported
rapid adsorption and when these sites were occupied than
there was a competition for lesser remaining sites for the
metals ions to be adsorbed which slowed down the rate of
adsorption until equilibrium was established. The equili-
bration time for Ni(II) was 15 min which is much less than
reported equilibrium time 50 and 250 min for Ni(Il) by
Ceiba pentandra Hulls in literature for Ni(II) [57].

3.4.2. Effect of amount of adsorbent

The influence of amount of HOS onto the percentage
removal of Ni(ll) was studied keeping contact time, initial
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Fig. 4. Effect of contact time onto adsorption of Ni(Il) onto husk
of Oryza sativa, initial concentration of metal ion = 20.26 mg/L,
amount of adsorbent = 0.3 g, volume of adsorbate = 10 mL,
temperature = RT.

concentration of metal ions, temperature and shaking speed
constant. The attained results are represented in Fig. 5.
The percentage removal of Ni(Il) is found to be enhanced
from 41.80% to 64.20% with increasing mass of HOS from
0.05 to 0.75 g. The percentage removal of Ni(II) was increased
up to 0.3 g and further increase in amount of HOS has no
major effect onto the percentage removal. Similar results
were reported in literature [20,39,48].

3.4.3. Effect of initial concentration

The effect of initial concentration of metal ion onto the
percentage removal was evaluated keeping other endow-
ments constant. Fig. 6 represents the effect of initial con-
centration onto the removal of Ni(II) by HOS from aqueous
solution. It has been observed that the percentage removal
of Ni(Il) is found to be decreased from 61% to 31% with
enhancing initial concentration of Ni(Il) into aqueous solu-
tion. The same trend was observed for adsorption of methyl
orange onto microwave assisted sawdust from aqueous
solution [70]. Some of the metal ions were left unabsorbed
at higher initial concentration of metal ions because of sat-
uration of adsorption sites. At low concentration of metal
ions more binding sites were available. The number of ions
competing for present binding sites onto HOS was enhanced
with increasing the concentration of metal of ions. Similar
results was reported in our previous work [41,47].

3.4.4. Effect of temperature

The influence of temperature onto the percentage removal
of Ni(II) was evaluated keeping contact time, amount of
HOS, concentration of Ni(Il) and shaking speed constant
and attained results are denoted in Fig. 7. There was an
increase into adsorption of metal ions for all adsorbate—
adsorbent systems with a rise in temperature which indi-
cates higher adsorption at elevated temperatures. It can be
seen that the percentage removal of Ni(II) from aqueous
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Fig. 6. Effect of initial concentration onto adsorption of Ni(II),
contact time = 15 min, amount of adsorbent = 0.3 g, volume
of adsorbate = 10 mL, Temperature = RT.

solution is found to be enhanced from 59.4% to 65% with
rise in temperature. The increase in adsorption of Ni(II) by
increasing temperature may be either due to acceleration
of some originally slow adsorption steps or to the creation
of some new active sites on the surface of the adsorbent.
Similar results was reported in our previous work [38,39].

3.4.5. Effect of pH

The pH of adsorption medium is an important param-
eter which governs metal ions adsorption on different
adsorbents. The pH effect on heavy metals adsorption
from aqueous media had been reported by many workers
[71-74]. 1t is well known fact that pH of adsorbing solution
affects the metal ions solubility and chemical speciation and
counter ions concentration on the functional groups of the
adsorbents. It is fact that in aqueous media the metal species
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Fig. 7. Effect of temperature onto adsorption of Ni(Il), contact
time = 15 min, initial concentration of metal ions = 20 mg/L,
amount of adsorbent = 0.3 g, volume of adsorbate = 10 mL.

are present as M, M(OH)**, M(OH),""? etc. The pH not
only influences the metal ions speciation but also charges on
the sorption sites of adsorbent [73,75,76]. It is very import-
ant to consider the metal solution chemistry and functional
groups ionic states on the adsorbent in different pH solu-
tions. More concentration of H' ions in the medium is pres-
ent at low pH resulting in the protonation of adsorbent.
Thus, H* ions occupy the adsorption sites before the attack
of metal ions on them and as a result forming adsorbent as
positively charged species [77]. The positive character will
decrease with rise in the pH. Fig. 8 shows the pH effect on
the adsorption of nickel (Ni*) ions. The variation in adsorp-
tion of Ni* with change in solution pH revealed that more
adsorption occurred as pH increase. As the pH of the sys-
tem increased, the negatively charged sites were increased
which favors the metal ions adsorption due to electrostatic
attraction. The maximum removal of Ni** occurred at pH 10.

3.5. Adsorption kinetics
3.5.1. Pseudo-first-order model

The linearized form of the Lagergren pseudo-first-order
rate equation is given as [46]:

k.t

1

2.303

log (9, —9,) =loggq, - 2)

where g, and g, represents the amount of the adsorbed Ni(II)
at equilibrium and time ¢ respectively and k, (/min) is the rate
constant of pseudo-first-order model. The plot of log(q,-4,)
vs. t for adsorption of Ni(II) onto HOS is depicted in Fig. 9.
The values of k, and q, were calculated from slop and inter-
cept and are given in Table 2. The plot are linear, however
the linearity of these curves does not necessarily assure the
mechanism due to the inherent disadvantage of correctly
estimating equilibrium adsorption capacity [78]. The value
of correlation coefficient (R? = 0.765) was less than unity
for adsorption of Ni(Il) onto HOS. Further, the difference
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Fig. 9. Pseudo-first-order kinetics for adsorption of Ni(II) onto
husk of Oryza sativa.

between experimental adsorption capacity (4,,,,) and cal-
culated adsorption capacity values (g, ) is very large for
adsorption of Ni(II) onto HOS. Hence adsorption of Ni(II)
onto HOS does not obey pseudo-first-order kinetics.

3.5.2. Pseudo-second-order model

The linearized form of pseudo-second kinetic model is
shown as [47]

T
= + — 3
9 ka a, ©)

where k, (g/mg min) is the rate constant of pseudo-second-
order model. The plot of t/g, vs. t for adsorption of Ni(II)
onto HOS is represented in Fig. 10. The adsorption capacity
(g,) can be calculated from slope of plot of t/g, vs. t and is
represented in Table 2. This is in good agreement with the
experimental value (0.42 mg/g) for adsorption of Ni(II) onto
HOS. Further, the value of correlation coefficient is close to
unity (R* = 0.999) which denotes that the experimental data
fitted well to pseudo-second-order kinetics.
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Table 2
Pseudo-first-order, pseudo-second-order and Elovich model
rate constants. (7,: mg/g; k,: (min™); k,: g/mg min; a: mg/g min;

B: g/mg)

Pseudo-first order Pseudo-second-order Elovich model

Dyonp 0.41 q, 0.41 A 5,6471.5
Tecal 0.042 k, 8.51 B 662.25
k, x 107 3.9 - _ _ _
R2 0765 R2 0.999 R2  0.643
80
60 -
40
g
N
20
0-
) ) L] ) 1 L L
0 5 0 15 20 25 30

Time (min)

Fig. 10. Pseudo-second-order kinetics for adsorption of Ni(II)
onto husk of Oryza sativa.

3.5.3. Elovich model

The most interesting model to explain the activated
chemisorption is the Elovich equation [45].

q, :%ln(aﬁ)+%lnt 4)

where a (mg/g min) and B (g/mg) are constant of Elovich
model. The endowment a is considered as initial adsorption
rate (mg/g min) and f is related to the extent of surface cov-
erage and activation energy for the chemisorption. Fig. 11
shows the graphical representation of Elovich model for
adsorption of Ni(II) onto HOS. The values of a and 3 were
determined from intercept and slope of plot and attained
results are given in Table 2. The value of correlation coeffi-
cient (R?=0.643) was lower than that of pseudo-second-order
model.

3.5.4. Liquid film diffusion model
The liquid film model is represented as [45].

ln(l - ‘LJ =Kt ®)
q('
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Fig. 11. Elovich model for adsorption of Ni(Il) onto husk of
Oryza sativa.
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Fig. 12. Liquid film diffusion model for adsorption of Ni(II)
onto husk of Oryza sativa.

where K, is liquid film diffusion rate constant. Fig. 12 rep-
resents the plot of In(1-4,/g,) vs. t is a straight line for liquid
film model. The value of K,, was measured from slope of
plot and is shown in Table 3. The value of correlation coeffi-
cient (R? = 0.765) is lower than pseudo-second-order model.
The inability of the plot to pass through the origin indicates
that it was not only the rate determining but there also
involves other mechanisms. It exhibits that liquid film dif-
fusion model cannot be sufficient to explain the experimental
data and other models are also required.

3.5.5. Modified Freundlich Equation

The modified Freundlich equation was originally devel-
oped by Kuo and Lotse [47].

q, =kCyt'"" (6)
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Table 3

Liquid film diffusion model, modified Freundlich equation
and Bangham equation rate constant (K (min™); K: L/g min;
ky mL/g/L)

Liquid film diffusion ~Modified Freunlich =~ Bangham
model equation equation

K, 0.089 M 28.10 k, 0.18
Cy 2.28 K 1,076.70 A 0.036
R? 0.765 R? 0.786 R? 0.787

where C, is the initial concentration (mg/L) of metal ions,
k is apparent adsorption rate constant (L/g min), and m is the
Kuo-Lotse constant. The values of k and m were employed
to evaluate the influence of Ni(II) surface loading and ionic
strength on the adsorption process. The linear form of
modified Freundlich equation is given as:

1
Ing, :ln(kC0)+%lnt @)

Fig. 13 shows the graphical representation of modified
Freundlich equation. The values of m and k were measured
from slope and intercept of plot of Int vs. Ing, and are repre-
sented in Table 3. Further, the value of correlation coefficient
(R =0.786) is lower than pseudo-second-order kinetic model.

3.5.6. Bangham Equation

Bangham equation [47] is represented as

loglog(CE;szlog[z I;‘E)ngvj+alogt (8)
0 t :

Fig. 14 shows the plot of log log (C,/C, — g,m) vs. logt for
adsorption of Ni(II) onto HOS. The values of o and m were
calculated from slope and intercept and are represented
in Table 3. The double logarithmic plot did not give linear
curves for Ni(II) adsorption onto HOS indicating that the
diffusion of adsorbate into pores of the adsorbent is not the
only rate controlling step [79,80]. It may be that both HOS
and pore diffusion were crucial to different extent in the
adsorption of Ni(II).

3.6. Adsorption isotherms

Proper quantification of adsorption method is needed for
application of adsorption process on the commercial level.
Adsorption equilibrium is essential for the analysis and
design of adsorption process it gives fundamental data of
physicochemical method for investigating the applicability
of the process as a unit operation. To obtain it, experimen-
tal data was studied employing Langmuir, Freundlich and
Dubinin-Radushkevich (D-R) adsorption isotherms.

3.6.1. Langmuir sorption isotherm

The Langmuir isotherm has been used by many workers
for adsorption analysis of several systems [81]. Langmuir
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Fig. 13. Modified Freundlich equation plot between Int vs.
Ing, for adsorption of Ni(II) onto husk of Oryza sativa.
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Fig. 14. Bangham equation plot between logt vs. log log(C /C;-nq,)
for adsorption of Ni(II) onto husk of Oryza sativa.

model considers homogeneity of the adsorbing surface and no
interactions between adsorbed species containing uniform
energies of adsorption onto surface and no trans-migration
of adsorbate species in plane of the surface. The difference
in adsorption capacities of two adsorbents for same adsor-
bate is believed to be high because of physicochemical prop-
erties of them or the chemistry of solution having adsorbing
species.
Langmuir adsorption isotherm may be shown as:

QWZK CL’
s =T ©)
1+K,C,

The above nonlinear Langmuir isotherm can be linear-
ized as:

(10)
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where C , is the amount adsorbed per unit mass onto
adsorbent at equilibrium (mol/g), and C, is the metal ions
concentration of solution (mol/L) at equilibrium. The con-
stant Q is monolayer adsorption capacity (mol/g) and K|
(L/mol) is related to energy of adsorption. Generally Q and
K, are functions of pH, ionic media and ionic strength. The
value of Q for Ni(II) was computed by nonlinear and linear
forms of Langmuir isotherm. Wavemetrices IGOR Pro 6.1.2
software was employed for the determination of isotherm
endowments while employing non-linear equations. The
non-linear form of Langmuir isotherm model for adsorption
of Ni(Il) onto HOS is represented in Fig. 15 and obtained
constants are given in Table 4. Similarly, the linearized form
of Langmuir isotherm model for adsorption of Ni(II) onto
HOS is shown in Fig. 16 and obtained parameters are given
shown in Table 5. To compare the application of different
forms of the used models, the regression coefficient ‘R*
and Chi-square test “x* were employed as calculating tools
for the best-fit of adsorption isotherm equations which may
be measured by the following equations:

Z (Cads cal C"ads exp )2

R*= (11)
Z(Cads/cal adsexp z( ads,cal ads exp)2
2

Cc.-C
x2=27( s ~Cus) (12)

Cads,m
where C . is calculated adsorption at time t (mol/g),
Casexp 1S average of C 4, o (mol/g), C, s exp is experimental

adsorptlon at time ¢ mol/Pg) and C,, , is calculated equilib-
rium capacity from the model (mol/g) The computed value
of “R¥ for linear equations is represented in Table 5 and
Chi-square ‘x*¥ for nonlinear equation is given in Table 4.
The similarity of data attained from a non-linear model is
generally confirmed by comparison with the experimental
data, x? would be a smaller number and vice versa, whereas
for linear models, maximum value of ‘R¥ is supposed to be
more favorable.

A crucial characteristic of a Langmuir isotherm can be
represented in terms of a dimensionless constant ‘separation
factor’ parameter, ‘R’ that is employed to determine if an
adsorption system is “favorable” or “unfavorable” and can
be shown as follows:

161
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Fig. 15. Nonlinear plots of Langmuir, Freundlich and D-R
isotherms for adsorption of Ni(II) onto husk of Oryza sativa.
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Fig. 16. Linear form of Langmuir isotherm for adsorption of
Ni(II) onto husk of Oryza sativa.

1

R, = [1+KC)) (13)

where K| is the Langmuir adsorption equilibrium constant
(L/mol). The value of R, represents adsorption process to be
either unfavorable (R, > 1), linear (R, = 1), favorable (0 <R, <1)
or irreversible (R, = 0).

Table 4
Langmuir, Freundlich and Dubinin-Radushkevivh isotherms parameters by nonlinear method (Q,: mol/g; K.: mol/g; B: mol*/J%
K;: L/mol)
Isotherms Parameters x>
O Qm KL
Langmuir isotherm 1.82x10° 3,678 464100
K, N
F dlich Isoth F
reundiich Isotherm (4106 +1.310) x 10 2.088 + 0.181 9.85 x 1012
C B

m

(6.097 +0.841) x 10
E=10.086+0.77

D-R Isotherm

(4.915+£0.377) x 1073 7.4 %1012
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Langmuir, Freundlich and Dubinin-Radushkevivh isotherms parameters by linear method (Q, : mol/g; K.: mol/g; 3: mol*/J?)

Isotherms Parameters R?
Quz KL

Langmuir isotherm 2.02 %107 3,014 0.9851
R, =0.163-0.778
K N

F dlich Isoth F

reundiich lsotherm 1.064 x 10 + 7.120 x 10 1,675+ 0.147 0.935

C, B

D-R Isotherm (9.00 +£0.185) x 10 (5.773 £0.397) x 10 0.959
E=9.28 +0.640

The values of R, for adsorption of Ni(Il)) was measured
from Langmuir constant K, and initial concentrations of
metal ion and results are summarized in Table 5 which estab-
lished that adsorption of Ni(II) onto HOS was favorable
representing by the fractional values of R, between one
and zero.

3.6.2. Freundlich isotherm model

Freundlich isotherm was given by Herbert F. Freundlich
which is given as follows:
Cads = Kfce”n (14)

The linearized form of Freundlich isotherm is repre-
sented as:

logC,,, =logK, +1logCe (15)
n

where K, and n are Freundlich constants representing
adsorption capacity and adsorption intensity respectively.
The good fit of adsorption data to Freundlich isotherm
shows that there is almost no limit to the quantity adsorbed
and multilayer adsorption will happen. The linear form of
Freundlich adsorption isotherm for adsorption of Ni(I) onto
HOS is depicted in Fig. 17 and calculated endowments are
shown in Table 5. The nonlinear form of Freundlich iso-
therm was also applied on experimental data and obtained
values of K, and n are given in Table 4. The value of n pro-
claims the heterogeneous surface of the HOS. The values
of ‘n’ ranges from 2-10 representing good adsorption,
1-2 moderate adsorption and less than one shows poor
adsorption [82].

3.6.3. D-R model

The nonlinear form of D-R equation can be expressed as:

C,q =C, exp(-pe?) (16)

where C, (mol/g) is the maximum amount of metal ions that
can be adsorbed onto HOS under optimized experimental
conditions, B is a constant related to adsorption energy and ¢
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Fig. 17. Linar form of Freundlich isotherm for adsorption of
Ni(II) onto husk of Oryza sativa.

(Polyanyi potential) = RTln[l + SJ where R is the universal
gas constant (kJ/mol K), T is the absolute temperature (K) and
C, is the equilibrium concentration of metal ions in solution
(mol/g). The linearized form of D-R isotherm:
lncads = anm - BSZ (17)

From B value, the mean adsorption energy (E) can be
computed as [83]:

E-—1 (18)

R

which is the mean free energy of transfer of one mole of
solute from infinity to the surface of adsorbent.

The plots of straight line were attained by employing
linear form of D-R isotherm of Eq. (17) and are shown in
Fig. 18. The values of C, and {3 were measured from inter-
cepts and slopes of plot of InC , vs. &2 employing a least
square fit program and are represented in Table 5. The
D-R constants (C,) for adsorption of Ni(Il) onto HOS was
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Fig. 18. Linar form of Dubinin Radushkevich (D-R) isotherm
for adsorption of Ni(II) onto husk of Oryza sativa.

(9.00 + 0.185) x 10~ mol/g calculated from intercept of straight
lines employing least square fit program.

The value of B (5.773 + 0.397) x 10° was employed
for calculating adsorption free energy (E) and measured E
values for Ni(II) adsorption onto HOS was 9.28 + 0.640 kJ/
mol. The chemisorption phenomenon is operative for Ni(II)
adsorption onto HOS.

Computer program Wavemetrices Igor Pro 6.2.1.2 was
employed to measure D-R constants for nonlinear form
using the plot of C_,_ vs. C, and are given in the Table 4 along
with their respective (x?) values which can be employed
as best fitting tool in nonlinear method. The values of ‘'C,’
and ‘B’ along with measured adsorption free energy are
also given in Table 4. The nonlinear plots for adsorption of
Ni(II) onto HOS are given in Fig. 15. Low numerical values
of “x¥ for nonlinear and high values of ‘R¥ for linear plots
represents that experimental data followed well.

3.7. Adsorption thermodynamics

Thermodynamic investigations evaluate the feasibility
and spontaneity of adsorption process. The endowments
such as change in Gibb’s free energy (AG®), enthalpy (AH®)
and entropy (AS°) were calculated from below relations:

InK :AS _AH (19)
¢ R RT
C
K =—2 20
=T (20)
AG®° = AH°-TAS° (21)

where K, C, C, R, and T are equilibrium constant, amount
of Ni(II) (mol/L) adsorbed onto adsorbent per litre (L) of solu-
tion at equilibrium, equilibrium concentration (mol/L) of
Ni(Il) in solution, general gas constant (8.31 J/mol K) and
absolute temperature (K) respectively. Similarly AG®, AH®

and AS° are change in Gibb’s free energy (KJ/mol), enthalpy

(KJ/mol) and entropy (J/mol K) respectively. Fig. 19 rep-
resents the plot of InK_vs. 1/T for adsorption of Ni(II) onto
HOS. The values of adsorption enthalpy (AH®) and entropy
(AS°) for adsorption of Ni(Il) onto HOS were calculated
from slope and intercept of Fig. 19 and obtained results are
given in Table 6. Similarly, the values of Gibb’s free energy
(AG®) for adsorption of Ni(II) onto HOS were also mea-
sured from Eq. (21) and are shown in Table 6. The values
of Gibb’s free energy (AG®) declines with rise in tempera-
ture representing the decrease in feasibility of adsorption at
higher temperature. Moreover, the negative values of AG®
for the adsorption of Ni(II) indicate that adsorption of Ni(II)
is spontaneous in nature. The positive value of enthalpy
(AH®) depicts that adsorption of Ni(II) onto HOS is an endo-
thermic process. Similarly, the positive value of entropy
(AS°) shows the enhancement in randomness at adsorbent-
adsorbate interface during the adsorption Ni(II) onto HOS.

3.8. Applicability of procedure

The applicability of the developed procedure on real
samples was checked by the removal of nickel ions from
ordinary tap water sample using optimized conditions for
adsorption. The removal efficiency of nickel ions were chec-
ked by spiking the sample with known amount of metal
ions. Adsorption of Ni(II) ions from tap water sample were
carried out in series of steps for achievement of maximum
removal efficiency. HOS removed 83.9% of nickel ions, from
spiked tap water sample in a single step whereas this per-
centage was increased up to 88.65%, by shaking the aliquot
with the same weight of fresh adsorbent.

3.9. Recovery of adsorbed metal ions

The recovery of adsorbed metals and regeneration of the
adsorbent are important aspects of wastewater treatment.
Attempts were made to desorb the loaded metal ions from
the HOS surface by using various desorbing media. For this
purpose mineral acids such as hydrochloric, sulphuric, and
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Fig. 19. Plot of 1/T vs. InK_ for adsorption of Ni(I) onto husk of
Oryza sativa.
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Table 6
Thermodynamic parameters for adsorption of Ni(II) onto HOS
AG (KJ/mol)
AH (KJ/mol) AS (J/mol) 283 K 293 K 303K 313K 333K
4.10 17.44 —4.90 -5.10 -5.30 -5.50 -5.80

nitric acid solutions of different molarities were used by
employing batch mode. For regeneration of nickel ions, fixed
amount of metal loaded adsorbent was shaked with varied
volumes and concentrations of HCl, H,SO,, and HNO, for
specific time. Maximum recovery of adsorbed nickel onto
HOS was attained with 0.1 mol/L HNO, solution.

4. Conclusions

Herein, batch adsorption of Ni(II) onto HOS from aqu-
eous solution was evaluated at room temperature. The
removal of Ni(Il) was quantitative within a short contact
time of 15 min without any prior chemical treatment or time
consuming adjustments. The initial metal ions concentration
for nickel was 3.4 x 10 mol/L. There was rapid increase in
percent adsorption with initial time which slowed down
as reaction proceeds until equilibrium was attained. The
percentage of nickel ions increased from 42.99% to 62.32%.
Adsorption kinetics studies showed that experimental data
fitted well to pseudo-second-order kinetics. Adsorption iso-
therm analysis showed that experimental data fitted well to
Langmuir isotherm model. Similarly thermodynamic study
exhibited that adsorption of Ni(Il) onto HOS was endother-
mic and spontaneous process. It indicated that HOS could
be used as an excellent adsorbent for removal of Ni(Il) from
aqueous solution.
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