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Biosorption of copper (Il) ions in aqueous solution by
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ABSTRACT

A novel adsorbent starch-graft-N-methyl-N-vinylacetamide (starch-g-NMVA) was synthesized using microwave assisted
graft copolymerization. Monomers of N-methyl-N-vinylacteamide (NMVA) was grafted to potato starch using micro-
wave irradiation and potassium peroxydisulfate (KPS) as free radical initiator. The highest % grafting (%G) obtained was
10.03% under the optimum conditions of 0.55 M NMVA and 90 seconds exposure time, keeping the initiator, starch,
and microwave power fixed at 0.0014M, 0.1 g, and 1200W respectively. FTIR and SEM analyses confirmed that the
monomer was grafted successfully. The graft copolymer was investigated for its efficiency in removing Cu(Il) ions from
aqueous solutions at different concentrations. Using the Box-Behnken method the most favorable pH, adsorbent dose,
and initial Cu(Il) concentration generated for the adsorption was 5.5, 100 mg and 100 ppm, respectively. The resulting
adsorbent is able to remove 52.9% of Cu(Il) ions in an aqueous solution at these conditions. The Langmuir isotherm
best described the adsorption property of the system with a correlation coefficient (R2) of 0.9361. On the basis of this
model, the maximum adsorption capacity (Qo) of the starch-g-NMVA was calculated to be 46.9749 mg/g. This study
indicated that starch-g-NMVA is a good alternative adsorbent for the removal of Cu (II) from aqueous solution. Further
desorption and optimization studies will help us know the applicability of this adsorbent in removing metals from a
simulated wastewater setup.
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INTRODUCTION

Technological and industrial advancements have always
posed danger to the environment as it is associated to
increase in heavy metal contamination in water and other
parts of the ecosystem. Mining operations, fertilizer pro-
duction, batteries, pesticides, and paper industries may
directly or indirectly discharge heavy metal wastewaters
into the environment (Mrinalini et al, 2015). Many of
these heavy metal ions, i.e, ions of zinc, copper, nickel,
mercury, lead and chromium, are toxic and non-biode-
gradable (Zhu et al., 2012). Because of their non-bio-
degradability, heavy metals tend to accumulate in living
organisms, causing various diseases and disorders (Has-
ret et al., 2012). Copper, although an essential compound
to plants and animals, becomes toxic when biological
requirements are exceeded. Some toxic effects of copper
in the body is potentially damaging protein, lipid, and
DNA (Moroncola et al, 2016). Removal of heavy metals
like copper from waste waters is important to maintain
a suitable quality of water. Filtration, adsorption, and
chemical precipitation are some methods used in remov-
ing heavy metal ions from wastewater or aqueous solu-
tion. Adsorption technology has recently become a real
alternative to traditional wastewater treatment due to its
relative simplicity and efficiency (Paksamut et al., 2018).

This involves a mass transfer process by which a sub-
stance is transferred from the liquid phase to the sur-
face of the solid, and becomes bound by physical and/
or chemical interactions (Zhu et al., 2012). Chemical
adsorption, also called activated adsorption, results from
the chemical interaction between the adsorbent and the
adsorbate. Chemisorption occurs only as a monolayer
and substances chemisorbed on solid surface are hardly
removed because of stronger forces (Mehta et al., 2014).
High adsorption capacity can be observed from biosorb-
ent with abundant amino and carboxyl groups (Zhang
et al., 2017). The presence of functionalities such as
hydroxyl groups (-OH) on the surface of the adsorbent
allows introduction of several heavy metal groups.

The amount of adsorbed ions onto the adsorbent
could depend on the acidity of the medium (pH), ini-
tial heavy metal ion concentration, and adsorbent dose.
Other factors include temperature and contact time. The
acidity of the solution or pH is one of the most impor-
tant parameters controlling the uptake of heavy metals
from wastewater and aqueous solutions since it deter-
mines the surface charge of the adsorbent and the degree
of ionization and speciation of the adsorbent (Abdel et
al., 2011). In a study done by Tumin et al. (2002), the
uptake of copper increased significantly when the pH
was at 4 to 5 and adsorption capacity decreased slightly
in pH range of 6 to 9. Using a Box-Behnken design, it
was observed that % metal adsorption increased as the

pH of the metal-containing aqueous solution increased
from 2.5 to 5.5 (Ocreto et al., 2019).

Adsorbent dosage is another important parameter
which influences the extent of metal uptake from the
solution. Studies report that percent metal removal
increases as the adsorbent dosage increases due to the
introduction of more adsorption or binding sites and the
availability of more surface area for metal attachment
(Onundi et al., 2010). Manivannan et al. (2015) reported
that the amount of copper increased with the increase
in adsorbent dose and reached a maximum value after
a particular dose. Additionally, adsorption capacities
increased as the dosage of natural bioadsorbents and
contact time increased during Cu (II) removal (Paksamut
et al., 2018).

The use of synthetic polymer as toxic metal ion
adsorbent is a possible approach for preventing envi-
ronmental pollution and recycling metals. Synthetic
adsorbents are mostly composed of petroleum-based
polymers which are usually non-renewable and non-
biodegradable. Generally, synthetic adsorbents are dis-
carded in landfills or treated by incineration after the
adsorption process for metal ions. Natural polymer such
as starch is a more attractive raw material for indus-
trial applications because it is renewable, abundantly
available, and fully biodegradable. It also has numer-
ous hydroxyl groups that can be chemically modified
to design adsorbent materials of interest (Singh et al.,
2012).

In a study of Cankaya (2016), starch methacrylate,
prepared by esterification of primary -OH group of
starch, was grafted with N-cyclohexyl acrylamide and
methyl methacrylate monomers via free radical polym-
erization. Chemical modification of natural polymers via
grafting can be achieved through the use of microwave
radiation to generate free radical sites on the natural
polymer backbone (Mostafa et al., 2013). Fosso-Kankeu
et al. (2016) reported a 107.1 % conversion to guar gum-
graft-poly-ethyl acrylate during copolymerization of
ethylacrylate and guar gum by microwave irradiation
at 900 MW and 3 minutes exposure. Reaction variables,
such as initiators, composition of reaction mixture,
microwave power, and exposure time played a key roles
during grafting copolymerization using microwave irra-
diation (Karthika et al, 2014).

This study involves the synthesis of potato starch
grafted with N-methyl-N-vinylacetamide and its appli-
cation in the removal of copper in copper solutions.
Box-Behnken design under response surface methodol-
ogy was used to identify the optimized adsorption con-
dition (Tarangini et al., 2009). The grafted starch was
characterized and the amount of copper removed was
quantitatively analyzed using Atomic Absorption Spec-
troscopy.
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MATERIALS AND METHODS

Potato starch, N-methyl-N-vinylacetamide (NMVA,
98%), reagent grade potassium peroxydisulfate (KPS, >
999%), ethanol (> 99.5%), and copper sulfate pentahy-
drate (> 99.5%) were purchased from Sigma-Aldrich
(Singapore) and were used without any pretreatment.

NMVA grafting onto potato starch under microwave
irradiation: The grafting procedure employed in this
study was adapted from Pandey et al. (2012) with slight
modification. Potato starch (0.1g) was dissolved in 25
mL distilled water in a 150 mL open-necked flask. To
this solution, calculated amounts of KPS (0.0014M) and
NMVA (0.35 - 0.55M) were added together and the total
volume of the resulting solution was adjusted to 25 mL.
The flask was then exposed at 100% (1200 W) microwave
power for 90 and 120 seconds in a Samsung domestic
microwave oven (Samsung, MW73B, Malaysia) with a
microwave frequency of 2450 MHz. Potato starch-graft-
N-methyl-N-vinylacetamide (starch-g-NMVA) was pre-
cipitated by pouring the reaction mixture in ethanol to
dissolve homopolymers of NMVA. The mixture was cen-
trifuged and the separated copolymer was oven-dried at
50°C up to a constant mass. Grafting parameters such as
% grafting, % grafting efficiency, % conversion, and %
homopolymer were then calculated using the following
equations:

Percent grafting (%G) =% x 100 (1)
0
. . , Wi-Wo
Percent grafting efficiency (%GE) = —w X100 (2)
2
. , Wy
Percent conversion (%C) = X 100 )
2
Percent homopolymer (%6H) =100 — %GE 4)

where W is the weight of starch, W, is the weight of the
grafted starch, and W, is the weight of NMVA.

Partial characterization of starch-g-NMVA: The syn-
thesized starch graft copolymer (starch-g-NMVA) was
subjected to partial characterization using FTIR and SEM
to evaluate its physical and chemical properties. The IR
spectra of potato starch and starch-g-NMVA samples were
obtained with a Fourier Transform Infrared Spectrometer
(Perkin-Elmer, Spectrum 100, USA) and using the range
500-4000 cm™ to provide the proof of grafting. Surface
morphology of starch-g-NMVA was analyzed using a
Scanning Electron Microscope (JEOL, JSM 5300, USA).

Optimization of Cu(Il) removal: Adsorption conditions
such as initial pH (1.5 to 5.5), initial concentration of
Cu(Il) (5-100 ppm) and adsorbent dose (10-100 mg) were
optimized simultaneously. The optimization experiments
were carried out at a working volume of 25 mL, and agi-

Villocillo and Angcajas

tated in the shaker apparatus with a speed of 120 rpm at
room temperature for 240 minutes. After agitation, the
mixtures were filtered through Whatman 0.45 mm filter
paper and the amount of adsorbed metal ions was deter-
mined using the Atomic Absorption Spectrophotometer
(Perkin-Elmer, AAnalyst 400, USA). Control experiments
were carried out to show that no sorption occurs on either
glassware or filtration systems. The pH of the reaction
mixture was adjusted to the desired value using either 0.5
M hydrochloric acid or 0.5 M sodium hydroxide.

Box-Behnken design: Box-Behnken statistical experi-
ment design and the response surface methodology by
Minitab Version 17.1.0 was employed to investigate the
combined effect of pH, adsorbent dose, and initial copper
concentration. Each independent variable was studied at
three different levels: low, medium and high, coded as
-1, 0, +1, respectively. The center point of the design was
replicated three times for the estimation of error.

The experimental data were analyzed by fitting to a
second order polynomial model, which was statistically
validated by performing Analysis of Variance (ANOVA)
and lack-of-fit test to evaluate the significance of the
model.The performance of the process was evaluated by
analyzing the response (y), which is the percent removal
of copper, that depends on the input factors X, X. ..., X,
and the relationship between the response parameters is
described by

yv=f(X, X, o, Xp) + £ (5)

where f is the real response function the format of
which is unknown and is the residual factor associated
with the experiment. The surface represented by f(X, XJ.)
is called a response surface. The response can be repre-
sented graphically, either in the three-dimensional space
or as contour plots that help visualize the shape of the
response surface.

For RSM, the most commonly used second order poly-
nomial equation developed to fit the experimental data
and determine the relevant model terms can be written as:

y=Bo + Z BiX; + L BuX? + L Bi;X:X; (6)

Where B is the constant coefficient, B, is the slope or
linear effect of the input factor. B X, is the linear by lin-
ear interaction effect between X, the [, input factor and,
is the quadratic effect of input factor.

Adsorption Isotherm Study: Adsorption data was fitted
to the Langmuir and Freundlich isotherms. The Lang-
muir isotherm was expressed in the linear form as with
the equation:

C

e

1 C

. wew e, 7
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where C_ is the equilibrium concentration (mg/L) and
q, the amount adsorbed at equilibrium (mg/g). The
Langmuir constants Q_ (mg/g) represent the monolayer
adsorption capacity and b (L/mg) relates the heat of
adsorption.The essential feature of the Langmuir adsorp-
tion can be expressed by means of R, a dimensionless
constant referred to as separation factor or equilibrium
parameter for predicting whether an adsorption system
is favorable or unfavorable. R, is calculated using the
following equation:

1

R =—
T 1+be,

(8)
where C is the initial Cu(Il) concentration (mg/L). If R
values lies between 0 and 1, the adsorption is favorable.

The Freundlich isotherm describes the heterogene-
ous surface energies by multilayer adsorption and is
expressed in linear form as given:

1
Ing, =InKyp + (;) IncC, (9)

where Kf (mg/g),is roughly an indicator of the adsorp-
tion capacity and 1/n is the adsorption intensity.

RESULTS AND DISCUSSION

Starch was grafted with N-methyl-N-vinylacetamide
(NMVA) by microwave assisted method using potassium
peroxydisulfate (KPS) as a free radical initiator. Graft-
ing was carried out in aqueous medium. The microwave
energy absorbed by the water molecules resulted to die-
lectric heating of the reaction medium. Moreover, micro-
waves have lowering effect on Gibbs energy of activation
of reactions. With these effects of microwave in the reac-
tion medium, peroxydisulfate decomposed into sulfate ion
radicals quickly. The resulting sulfate ion radicals interact
with water to give free hydroxyl radicals. The primary free
radicals (sulfate ion radicals and/or the hydroxyl radicals)
combine with vinylacetamide to give monomer free radi-
cals. Since homopolymerization is reported to be faster
than graft copolymerization, the growing homopolymer
free radical abstracts hydrogen from the starch molecule
to result in a macro radical to which more NMVA moi-
eties become attached to form a chain. This chain will
grow until it combines with other chain to give the graft
copolymer (Singh et al., 2007). A proposed reaction mech-
anism of graft copolymerization involving starch (StOH)
and free radical species (R* or SO,” and OH') introduced by
Kalia et al., 2013 was shown below.

2 mw .
5,03 — 2so0;

- mw _
250; '+ H,0 — HSO; + OH*

StOH+ R® — St0°+ RH

monomer

St0"+ CHy = CHyX — StOCH,HC'X RH ™22, eraft copolymer

The resulting graft, starch-g-NMVA, was gel-like
upon adding ethanol. After drying, the graft copolymer
was hard and plastic-like. The powdered form of the
graft copolymer is shown in Figure 1.

FIGURE 1. Dried starch-g-NMVA
copolymer

B. Optimum grafting conditions

The effect of varying the concentration of the NMVA
monomer along with the effect of exposure time on
grafting parameters were studied.

B.1 Effect of monomer concentration

The effect of NMVA on grafting percentage was investi-
gated by varying its’ concentration from 0.35 to 0.55 M.
Results showed that % grafting increased with increas-
ing NMVA concentration (Table 1).

The grafting percentage (%G) indicates the increase
in weight of original starch subjected to grafting with a
monomer while grafting efficiency percentage (%GE) is
the fraction of monomer converted to graft polymer. In
general, the grafting efficiency depends on the monomer
concentration. This is true with the result obtained in this
study as presented in Table 1. The increase in monomer
concentration resulted to increase in %GE. However, the
increase in %GE obtained in this study is lower com-
pared to other studies (Nadiah et al., 2016). Low %GE
means that less monomer was used in grafting and most
was wasted in side reactions and homopolymer forma-
tion (Nadiah et al., 2016). The increase in %GE observed
is an indication that important functional groups is pre-
sent on the starch backbone and these groups will play
an important role in the adsorption process.

Percentage conversion (%C) is taken as the ratio of
the weight of the grafted copolymer to the weight of the
monomer. It is observed that % C decreased from 0.45 to
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Table 1. %Grafting and %Grafting Efficiency as a function of monomer concentration of
0.0014M potassium peroxydisulfate (KPS), starch (0.1g/25mL), at 2450 W and 90 seconds

exposure time

N-methyl-N-vinylacetamide . .

(NMV, A]y Y % Grafting | opGrafting | %Conversion | %Homopolymer
Efficiency

0.35 M 7.780.064 1.850.064 25.640.015 98.150.015

0.45 M 9.440.085 2.300.085 26.580.100 97.710.010

0.55 M 10.00.036 2.410.014 26.380.241 97.600.014

Values are average of five individual samples (n=5), expressed as mean + standard deviation.

0.55 M concentration of NMVA. This may be due to the
large ratio of NMVA to initiator KPS. In this case, KPS
is relatively deficient to the superabundant NMVA mon-
omers. Hence, though the absolute amount of grafted
copolymer increases, as evidenced by the increase in
%G, %C is observed to decrease. The same observation
was made by Liu et al. (2005).

This direct relation between the percent graft yield
and monomer concentration within the experimental
range studied can be attributed to the molecular colli-
sions triggered by the increased NMVA population in the
vicinity of starch molecules. Hence, grafting increased.
On the other hand, the percentage of homopolymer
(%H) showed a reverse trend with respect to %GE. This
behavior can be attributed to accumulation of monomer
at close proximity of the starch backbone. (Castaiieda
et al., 2012)

B.2 Effect of exposure time

To investigate the effect of time on graft copolymeriza-
tion, the reaction was carried out using the exposure
times 90 and 120 seconds. As shown in Figure 2, an
increasing trend of grafting percentage was observed
after reaction of starch with different concentrations
of NMVA (0.35 M, 0.45 M, 0.55 M) at fixed microwave
radiation exposure time of 90 seconds.

However, at longer exposure of 120 seconds, there
was a decrease in the grafting percentage. This can be
attributed to the depletion of initiator concentrations
as the reaction proceeds. Also, more homopolymers
are formed compared to the graft copolymer at higher
exposure time. When homopolymerization increases, the
viscosity of the reaction medium also increases which
creates hindrance in the movement of the free radicals

12

%o Grafting
=3

0.35

045 0.55
NMVA Concentration (V)

W0
E120s

FIGURE 2. Effect of different exposure time on % grafting. Values are average of five
individual samples (n=5), expressed as mean + standard deviation
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FIGURE 3. IR spectra of starch (blue), NMVA (red), and starch-g-NMVA (yellow)

toward active sites, resulting in less grafting percentage
(Lakshmi et al., 2011).

The highest %G which is 10.03% was obtained by
exposing a reaction mixture containing 0.55 M of
NMVA, 0.0014 M of KPS initiator and starch (0.1 g) to
1200W microwave power for 90 seconds. The starch-g-
NMVA representative sample containing the maximum
%G was characterized using FTIR and SEM analysis and
was used for the adsorption experiments.

C. Characterization of the starch-g-NMVA

Potato starch, NMVA, and starch-g-NMVA were sub-
jected to FT-IR to examine the functional groups pre-
sent. As shown in Figure 3, the IR spectrum of starch
(blue) showed a wide band at around 3300 cm™'. This can
be attributed to the O-H stretching of starch. This result
verifies the polyhydroxy nature of starch molecule. Fur-
thermore, the appearance of adsorption band at around
2934 cm™ can be attributed to the asymmetric stretching
of CH groups.

In the spectrum of NMVA (red), the peak at 1670 cm™!
confirms the carbonyl functional group in the structure
of NMVA. This carbonyl group is reported to enhance
metal adsorption (Ozturk et al., 2015). The peak at 1620
cm™ confirms the vinylic carbon present in the mono-
mer while the 1337 cm™ is for the C-N stretching of the
amide group. In the case of starch-g-NMVA spectrum, it
is observed that there is variation in the intensity of C-H
stretching vibration and shifting of peak from 2940 cm™
to 2980 cm’'. Additional peaks at 1337cm™ and 1620
cm™ indicate the added functionality of the graft copol-
ymer. However, there is a peak appearing at 1620 cm™
indicating C=C groups present. This can be due to the

impurity of the grafted copolymer. The % homopolymer
is large (97.6%) thus there are still unreacted monomer
molecules which were not removed thus accounting for
the C=C peak appearing in the spectrum of starch-g-
NMVA.

In the study of Kalia et al. (2013), the surface of the
pure starch appeared to have oval granules that have
smooth surfaces but are irregular in size and shape. The
SEM image (Figure 4) obtained after grafting of our
starch and exposure to microwaves showed aggravation
in the surface of the starch granules. Irregular rough sur-
face can be seen where the monomers of NMVA were
grafted. The microwave irradiation employed caused
the heating energy to penetrate deep inside the gran-

2Bk

RSB0

FIGURE 4. SEM micrograph of starch-g-NMVA at 500x
magnification
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Table 2. Box-Behnken results for Cu(Il) adsorption
onto starch-g-NMVA.
Biosorption
% Cu (II) Adsorbed
Run Parameters (I
Order - -
P A | C | experimental | theoretical

1 -1 0 +1 | 7.1416 5.1876

| 2 0 0 0 8.9305 10.6168
3 +1 -1 [0 24.0418 23.5302

| 4 +1 0 +1 | 32.1254 34.8879
5 0 0 0 12.2139 10.6168

| 6 0 +1 | -1 |[15.2749 17.5257

| 7 0 -1 | +1 16.8189 14.5681
8 0 -1 | -1 7.5415 6.0991

| 9 -1 0 -1 2.9289 0.1664
10 0 0 0 10.7059 10.6168
11 -1 -1 [0 6.4854 10.6902

| 12 0 +1 [ +1 | 23.5426 24.9849
13 -1 +1 [0 7.1829 7.6945

| 14 +1 +1 [0 52.5741 48.3693
15 +1 0 -1 22.0267 23.9808
P = pH(-1=1.5, 0=3.5, +1=5.5)
A = Adsorbent dose (-1=10mg, 0=55mg, +1=100mg)
C = initial Cu(ll) concentration (-1=5mg/L, 0=52.5mg/L,
+1=100mg/L)

ules causing them to bursts outside and formed indents
in the surface. The same result was observed from the
study conducted by Nadiah et al.(2016) on the effect of
microwave heating on potato and tapioca starches in
water suspension.

D. Optimization of adsorption parameters

In this study, only the parameters adsorbent dose, pH,
and initial Cu(Il) concentration and its effect on the
efficiency of Cu(ll) removal by starch-g-NMVA were
studied. Optimization of the removal of Cu(Il) ions from
aqueous solutions for three parameters were carried out
with Box-Behnken statistical design. Using the Minitab
17.1.0 software, a total of 15 experiments were gener-
ated and the theoretical percentage removal of Cu(Il)
are compared with the experimental values, as shown
in Table 2. The theoretical % removal was also gener-
ated by the Minitab software based on the experimental
results.

By applying multiple regression analysis on the design
matrix and the responses given, the following second-
order polynomial equation was established to explain
the Cu(Il) removal efficiency which can then be used
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to obtain the theoretical percentage removal by sub-
stituting the values of the parameters from the specific
runs.

% Removal = 20.14 - 9.06 [P] - 0.461 [A] + 0.067 [C] + 1.527 [P]+ 0.00289 [A]?
- 0.000296 [C2+0.0773 [P"A] +0.0135 [P'C] - 0.000118 [A'C]

(10)

Regression analysis suggests strong correlation
between theoretical and experimental percentage Cu(Il)
removal. The experimental results fit to the Box-Behnken
model; hence this model can explain the relationship of
the different parameters considered in this experiment.
With this, the Box-Behnken model was reliable enough
to be used in estimating the best parameter conditions.
Analysis of variance (ANOVA) was conducted to test the
significance of the second-order polynomial equation
for the experimental data. The F-test and p-value deter-
mines the significance of each process parameter on the
Cu(Il) adsorption onto starch-g-NMVA. A p-value of less
than 0.05 and a calculated F-value higher than the tabu-
lated F-value would indicate statistical result.

The quadratic model was highly significant, as was
evident from the low p-value of 0.004. Furthermore, the
calculated F-value (F_ = 15.95) was found to be greater
than the tabulated F-value (F . .. =F . =F, =
3.68) at 5% level, indicating that the computed Fisher’s
variance ratio at this level was large enough to justify
a high degree of the quadratic model and also to indi-
cate that the treatment combinations or runs are highly
significant, as similarly reported by others (54). Since
F_ > F_ (15.95 > 3.68), The Fisher’s F-test concluded
with 95% certainty that the regression model explained
a significant amount of the variation in the dependent
variable.

All the three parameters pH, adsorbent dose, and ini-
tial Cu(Il) concentration are significant. However in the
2-way interactions, only the interaction between pH and
adsorbent dose was significant. Thus signifies that pH
and adsorbent dose have considerable contribution in
the model. The high value of the coefficient of determi-
nation (R?= 0.9663) as determined by the Minitab soft-
ware indicates that 96% of the variability in the response
is explained by the model.Metal uptake depends on
pH and is related to both the functional groups on the
adsorbent surface and the metal chemistry in solution,
which affects the surface charge of the adsorbent and
the degree of ionization of the adsorbate (Tumin et al.,
2008). In Figure 5A, it can be observed that % removal
increased with pH. At pH 1.5, the adsorption capacity
is low due to the increase in positive charge density on
the surface sites, and thus electrostatic repulsion occurs
between the metal ions and the edge groups with posi-
tive charge on the surface. At pH 5.5, the surface charge
of the graft copolymer becomes negatively charged,
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FIGURE 5. (A) 3D surface plot and (B) contour plot exhibiting the interactive effects between pH (P)
and adsorbent dosage (A) on the % removal of Cu(Il) (%R)

which enhances Cu(Il) adsorption through electrostatic
attraction (Tumin et al., 2008).

It was observed that an increase in the removal of
Cu(I) ions is caused by an increase in initial Cu(Il) con-
centration. At lower Cu(Il) concentration, the ratio of
number of moles of metal ion to the available adsorp-
tion sites is low, and therefore the amount adsorbed per
unit adsorbent increases slowly. With increasing metal
ion concentration, there is an increase in the amount of
metal ions adsorbed due to increased driving force of
the metal ions toward the active sites on the adsorbent
(Abdel Salam et al., 2011).

The effect of adsorbent dose on the % removal of
Cu(1I) ions is shown simultaneously with pH (Figure 5) .
The % removal was observed to increase as the adsorbent
dose increased from 10 to 100 mg. At a low dose of 10
mg starch-g-NMVA, there is tight competition between
the Cu(Il) ions due to the limited number of available
binding sites; hence a low % removal was attained. An
increase in adsorbent dose to 100 mg would cause a cor-
responding increase in % removal due to more adsorp-
tion sites that are available for Cu(ll) uptake (Tumin
et al., 2008). Table 3 summarizes the best parameters
obtained from the statistical software.

E. Adsorption isotherm studies

Adsorption isotherms are critical for design purposes
since it describes how the adsorbate and the adsorbents

Table 3. Best adsorption parameter values for
maximum Cu(Il) removal.

Adsorption parameters Best values
% Removal 52.90

pH 5.5
Adsorbent dose (mg) 100

Initial Cu(I) concentration (mg/L) | 100

interact with each other. It can be made into a model
equation where it expresses the relation between the
amount of solute adsorbed and the concentration of
the solute in the fluid phase. For any adsorption opera-
tion the correlation of equilibrium data using an equa-
tion is essential. In this study, two isotherm equations
were adopted: the Freundlich isotherm equation and the
Langmuir isotherm equation.The adsorption of Cu(ll)
onto the starch-g-NMVA adsorbent fits the Langmuir
model. The plot of 1/q,against 1/C,, as shown in Figure
6, gives a straight line with r* value of 0.9381. The best
fit line obtained from plotting log qe against log Ce for
a Freundlich model (Figure 7) gives an r* value of only
0.8914.

The Langmuir equation assumes that during maxi-
mum adsorption a saturated mono-layer of adsorbate
molecules formed on the adsorbent surface, the energy
of adsorption is constant, and there is no transmigration
of adsorbate in the plane of the surface (Zenasni et al.,
2012). A large value of the Langmuir adsorption equilib-
rium constant, b implies strong bonding of Cu(Il) to the
graft copolymer. This is due to the chemical modifica-
tion by grafting N-methyl-N-vinylacetamide on starch,
thus, increasing its metal binding abilities. Additionally,
the characteristic equilibrium parameter, K, which is
found to be 0.0735, indicates favorable adsorption for
all initial concentration (C) studied as it lies between
the values of 0 and 1. The Langmuir monolayer adsorp-
tion capacity (Q ) has a value of 46.97 mg/g which is the
amount of the metal required to occupy all the available
sites per unit mass of the sample (Zenasni et al., 2012).

The ability of Freundlich model to fit the experiment
data was also examined. For this case, the plot of log q_
vs log C_(Figure 7) was employed to generate the inten-
sity of adsorption (1/n) and adsorption capacity K, which
were calculated from the slope and intercept of the plot
respectively. The Freundlich constants K, and » obtained
from this study were 0.6240 and 1.2571 respectively.
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FIGURE 7. Freundlich plot for the removal of Cu(II)

The intercept Kfvalue is an indicator of the adsorption
capacity of the adsorbent while the slope 1/n indicates
the effect of concentration on the adsorption capacity
and represents adsorption intensity. The magnitudes of
K, and n values obtained show easy separation of Cu(Il)
ions from the aqueous solution and indicate favorable

Table 4. Langmuir and Freundlich isotherm
parameters for the adsorption of Cu(II)
onto starch-g-NMVA.
Isotherm | Parameter | Value R?
K, 0.07350
Langmuir Qu 46.9749 | 0.9361
b 0.0504
K, 0.6240
Freundlich | n 1.2571 0.8914
1/n 0.7955

adsorption. As seen from Table 5, n value was found to
be good enough for separation as it is greater than 1.

Consequently, the sorption process of metal ions on
starch-g-NMVA follows the Langmuir isotherm model,
where the metal ions are taken up independently on a
single type of binding site in such a way that the uptake
of the first metal ion does not affect the sorption of the
next ion.

CONCLUSION

In this study, starch was grafted with monomers of
N-methyl-N-vinylacetamide (NMVA) using microwave
irradiation and potassium peroxydisulfate (KPS) as
radical initiator. Variation of the monomer concentra-
tion and exposure time yielded the highest % grafting
which is 10.03%. It was obtained at 0.55 M of NMVA
and 90 seconds exposure time keeping the starch, KPS,
and microwave power at 0.1g, 0.0014M, and 1200W
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respectively. The graft copolymer was also investigated
for its efficiency in removing Cu(Il) ions from aqueous
solutions at different concentrations. Using the Box-
Behnken method, the best parameter conditions of 100
mg/L initial Cu(Il) concentration, 100 mg adsorbent dose
and a pH of 5.5 were predicted to yield percent Cu(Il)
removal of 52.90%. The adsorption data were also fitted
to both Langmuir and Freundlich isotherms and it was
found out that Langmuir isotherm best described the
equilibrium data with R?= 0.9361, which signifies that a
homogeneous adsorption takes place between Cu(Il) ions
and starch-g-NMVA. Starch-graft-N-methyl-N-viny-
lacetamide was proven to be an effective adsorbent for
the removal of Cu(ll) ions from aqueous solution with an
adsorption capacity of 46.9749 mg/g.
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