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ABSTRACT 

In the present world the threat of heavy metal pollution is a worldwide grave concern due to its 

toxicity, bioaccumulation, and non-degradability. Therefore, this research work was aimed at to 

prepare the nanomaterial of starch and to assess its adsorption efficiency for the efficient 

removal of nickel metal ions from aqueous solution. Effect of various environmental parameters 

like contact time, initial metal concentration, adsorbent dose, and pH of solution were studied for 

the adsorption of nickel ions using batch adsorption technique. The experimental results 

concluded that better adsorption efficiency was obtained at 120 minutes of contact time and it 

was also observed that adsorption depends upon concentration of metal ions and adsorbent dose. 

The maximum removal of nickel ions onto the surface of starch nanomaterial were observed at 

pH 6 with maximum removal of 89.167%. The Langmuir adsorption isotherm model was found 

to be the best fit model in the present study. 
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INTRODUCTION 

The increased flow of toxic metals through the 

soils, water, air and their unavoidable transfer to 

the human food resources remains an essential 

environmental issue which results into known 

and unknown health risks
1
. One of the serious 

and growing environmental pollutions is the 

water pollution. Of all the forms of water 

pollution, heavy metal pollution is most 

dangerous because the pollutant present in water 

is in the mobilized form
2
. Large scale 

contamination of water by the heavy metals is a 

global concern due to their toxic effects and 

bioaccumulation.
3,4

  Every year millions of tons 

of new trace metals are produced from 

anthropogenic activities and subsequently 

redistributed in. Due to the increasing economic 

pressure and industrialization, the menace of 

heavy metal pollution is gradually becoming a 

reality in developing countries, thus requires the 

monitoring of exposure levels and remedial 

measures before it is too late
1
. 

It is well known that heavy metals affect the 

functioning of essential enzymes even at very 

low concentrations
5
. Wastewaters containing Ni 

(II) as pollutant are common as it is used in a 

number of industries including batteries 

manufacturing, electroplating, metal finishing, 

mining, and forging
6
. The higher concentration 

of Ni (II) in drinking water may cause severe 

damage to kidneys, lungs, gastrointestinal 

distress, e.g., nausea, diarrhea, vomiting, 

pulmonary fibrosis, renal edema, and skin 

dermatitis
7
. The permissible limit of nickel in 

drinking water is 0.02 mg/l as per the Bureau of 

Indian Standards (BIS). But due to the 

unsustainable growth of industries and other 

anthropogenic activities the concentration of Ni 

(II) in water bodies is increasing alarmingly. 

Therefore, it becomes neceesary to reduce the 

concentration of nickel in drinking water and 

waste waters. 

A variety of physical, chemical and biological 

processes have been used for the treatment of 

heavy metals, including ion-exchange, 

precipitation, adsorption,  biosorption, reverse 

osmosis and filtration
8-11

. Of these mentioned 

techniques adsorption appears to be a promising 

process in view of its efficiency and the ease 

with which it can be applied in the treatment of 

drinking and waste water containing heavy *Author for correspondence 
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metals
12

. Other treatment processes may have 

some disadvantages such as high consumption of 

reagent and energy, incomplete metal removal, 

low selectivity, high operational cost and 

problem in disposing the secondary waste 

generated during the treatment process
13

.  

Therefore, this situation has incited the 

exploration of low cost adsorbent to be used as 

replacement ofconventional methods. One of the 

best ways of applying the adsorption technique is 

the use of biomaterial as adsorbent for the 

effective removalof heavy metals
14

. This 

technique is known as biosorption. It has many 

advantages overconventional methods. It is 

verycheap, advanced and highly efficient 

technology for the removal of metal ions from 

diluted solutions.  Majority of biosorbents are 

easily available in the universe without huge 

investment. Additionally, biosorption yieldsno 

secondary chemical sludge and biosorbents 

canbe easily regenerated which in turn helps in 

metalion recovery
15

. 
Recently, nanoscale starch has attracted great 
interest due to its small particle size, high 
surface/volume ratio, dense structure, 
biocompatibility and biodegradability

16
, high 

bonding strength
17

 and other qualities. The 
superior performance of starch nanoparticles 
(SNPs) relative to micron-sized starch granules is 
attributed to these properties. The present study 
was aimed at to evaluate the efficiency of 
prepared starch nanomaterial in the removal of 
Ni (II) from the aqueous solution by adopting 
batch adsorption process. The effects of process 
parameters such as the initial Ni (II) 
concentration, pH level, adsorbent dose, and 
adsorption time on Ni (II) uptake were 
investigated. The Langmuir and Freundlich 
models are commonly used to describe 
adsorption equilibrium data and were applied to 
the experimental results of the present study. 

MATERIAL AND METHODS 

Extraction of starch from potatoes 

Starch was extracted from potatoes by 

adopting the method used by Altemimi with 

minor changes. The potatoes bought from the 

market were peeled off in the laboratory. The 

peeled potatoes were grated with grater. The 

grated potatoes were transferred into a beaker 

were thoroughly soaked in distilled water. 

After that the water was drained out into 

another beaker. This process was repeated until 

all grated potato was squeezed off. Then the 

drained turbid water was kept for 

sedimentation for about 2hrs, a white layer was 

visible at the bottom of the beaker. After that 

the starch was washed by double distilled 

water to remove the impurities. This process 

was continued till the impurities were removed 

from it and a clear white layer of starch was 

obtained. The wet starch was then dried in an 

oven for about 10 hours.at 50 
˚
C. 

Preparation of starch nanomaterial 

Starch nanomaterial was prepared by acid 

hydrolysis method (Angellier et al., 2004) with 

slight modifications. Starch powder 

(14.69%w/v) was dispersed in 150ml of acid 

solution of 3.16M sulphuric acid and was kept 

under continuous stirring at a speed of 400 rpm 

for 5 days at 40 ˚C. After 5 days’ time period 

homogenous suspension of starch and acid 

solution was washed with distilled water with 

10 minutes time interval by successive 

centrifugation (Centrifuge Labtech AVI-558) 

at the speed of 5000 rpm, until neutrality. The 

suspension was then allowed for 

ultrasonication treatment with Ultra Sonicator 

for 40 minutes in order to prevent 

agglomeration of particles.  

Preparation of metal stock solution 

All the chemicals used in this study were of 

analytical grade. Nickel stock solution was 

prepared by dissolving nickel sulphate 

hexahydrate salt into double distilled water. 

Working solution was prepared from by derail 

dilution of stock solution. 

Characterization of adsorbent 

The crystallinity, morphology, Particle size, and 

surface functional groups of the adsorbent was 

analyzed by using powdered XRD (Rigaku; 

MiniFlex300/600), Scanning Electron 

Microscopy (Carl Zeiss Ultra Plus), 

Transmission Electron Microscopy (JEOL JEM-

1230), Particle size analysis (Shimadzu, SALD-

2300) and Fourier Transform Infrared 

Spectrometer (PerkinElmer, Spectrum Two). 

RESULTS AND DISCUSSION 

XRD 

An x-ray diffraction pattern of potato starch 

before and after acid hydrolysis with sulphuric 

acid is shown in Fig. 1. The diffraction peak 

values exhibited by starch and acid hydrolyzed 

starch    are    at    (2θ)   of 17.34˚, 19.80˚, 22.35˚,  
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24.19˚, 26.51˚ and 17.42˚, 19.89˚, 22.44˚, 

24.36˚, 26.66˚, respectively. It is observed that 

there is a slight increase in the peak values 

from starch to acid hydrolyzed starch which 

describes slight transformation of crystalline 

nature of starch to amorphous nature in the 

acid hydrolyzed starch. It may be attributed to 

prolonged ultrasonication which resulted in a 

serious disruption of the crystalline structure of 

clustered amylopectin, apparently leading to 

nanoparticles with low crystallinity or more 

amorphous character
18

  

 

Fig. 1 : XRD spectra of starch and acid hydrolyzed starch 

Particle size analysis 

Particle size of starch and the prepared starch 

nanomaterial was determined by Laser 

Diffraction Particle Size Analyzer (Shimadzu 

SALD- 2300). The particle size analysis shows 

that the extracted starch has an average diameter 

of 80.977µm. As reflected by Fig. 2, the particle 

size of extracted starch was ranging from 

56.162µm for 25.00 percentile, 80.977μm for 

50.00 percentile and 113.219 μm for 75.00 

percentile in diameter. 

From the Fig. 3 it is shown that the particle size 
of acid hydrolyzed starch has been drastically 
reduced to the nanometric level. It may be 
attributed to the combining effect of acid 
hydrolysis and ultrasonication that acted upon the 
amorphous and crystalline regions of starch 
molecules.  It can be revealed from the figure 
that the particle size of the starch was reduced to 
71 nm for 25.00 percentile, 85 nm for 50.00 
percentile and 103 nm for 75.00 percentile in dia 
meter. Thus the average diameter of the prepared 
starch nanomaterial was found to be 85 nm. 

 

Fig. 2 : Particle size analyzer image of extracted starch 
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Fig. 3 : Particle size analyzer image of acid hydrolyzed starch 

SEM 

SEM micrographs of the adsorbent prior to the 

adsorption process are shown in Fig. 4. The 

acquired surface morphology of the adsorbent 

appears to be lamellar. With the ultrasonication 

treatment the surface of the starch granules 

appears to be gradually broken down and eroded 

with the release of nanometric particles
18

. 

 

Fig. 4 : SEM image of starch nanomaterial 

Fourier transformation infra red studies 
The FT-IR spectra of potato starch before 

and after acid hydrolysis are depicted in  

Fig. 5. The results revealed that there is no 

change in chemical structure of starches 

between before and after acid hydrolysis. 

Based on FT-IR spectra, there are several 

vibration peaks. All the spectra exhibited 

strong broad band of O-H stretching 

vibration of hydroxyl group in the glucose 

units  at 3400 cm
-1

, the peaks at  2922.24 cm
-

1
 revealed the C-H stretching while the peaks 

at 1639.19 cm
-1

 is due to alkenes C=C  

stretch. The peaks at 1450.23 cm
-1

& 1368.58 

cm
-1

 revealed the Alkane -C-H bending, 

while the peaks at 1155.52 cm
-1

, and 1024.10 

cm
-1

 correspond to the stretching of C-O-C 

linkages in the glucosidic rings
19

. 

Median D 0.085 Mean V 0.085 

Modal D 0.080 Std Dev 0.110 

25.00%D(μm) 50.00%D(μm) 75.00%D(μm) 0.00%D(μm) 0.00%D(μm) 0.00%D(μm) 

0.071 0.085 0.103 0.000 0.000 0.000 

 Particle Diameter (µm) 

N
o
r
m

a
li

ze
d

 P
a
r
ti

cl
e 

A
m

o
u

n
t 

 

(C
u

m
/D

if
f)

 



ISSN  0973 – 6921 ; E – ISSN 2319 – 5983                                                     J. Environ. Res. Develop. 

Journal of Environmental Research And Development         Vol. 13 No. 03, January-March 2019 

230 
 

 

Fig. 5 : FT-IR spectra of starch and acid hydrolyzed starch 

Effect of contact time 

In the experimental study 100ml distilled water 

was taken into the series of conical flasks. The 

required metal concentration and adsorbent 

dose was added to these flasks. During the 

experiment, solutions were kept on varying 

contact time between 30 to 150 min, the other 

parameters like concentration, adsorbent dose 

were kept constant and at neutral pH. The 

solutions were allowed to agitate on the shaker 

at the room temperature in order to get enough 

time for adsorption.  

It was observed from atomic absorption 

spectrophotometer (AAS) analysis that the 

adsorption rate was high during initial stages and 

reached to the maximum at 120 minutes of 

contact time. The efficiency of removal of nickel 

was about 73.854% at 120 minutes, after that it 

shows almost constant removal percent. It can be 

proposed that with the increase in contact time, 

the metal ions were getting adequate time to 

adsorb on the adsorption sites and at the same 

time it can be attributed to the large available 

adsorption sites. But further increase has not 

shown any impact on uptake of metal ions from 

the solution. This can be seen because the 

adsorption sites available were already occupied 

by the metal ions and thus increase in contact 

time beyond the equilibrium has shown no 

impact. (Fig. 6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 : Effect of contact time on adsorption of Ni (II) ions 
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Effect of concentration 

Working solutions of varying concentration 

were prepared in series of conical flasks. During 

the experiment contact time, adsorbent dosage 

and pH of 7 were kept constant and the metal 

concentration was varied in the range of 4ppm 

to 12 ppm. The solutions containing metal ions 

and adsorbent were shaken on rotatory shaker 

for about 120 minutes of contact time. During 

the study it was observed that the removal 

efficiency of metal ions increases during the 

initial stage of metal concentration. The 

removal efficiency has increased linearly when 

the concentration was gradually increased from 

4ppm to 10ppm; thereafter the removal 

efficiency was slowing down. Fig. 7 shows that 

removal of Ni (II) ions has increased from 

62.083% to 75.50% from 4ppm to 10pmm 

respectively. Then there was a decline in the 

removal efficiency beyond 10ppm. The rapid 

increase in the uptake of Ni metal ions can be 

attributed to the interactions between metal ions 

and active adsorption sites. This is because the 

higher the concentration of Ni ions in the 

solution and the more ions are occupying the 

vacant adsorption sites of the adsorbent. After a 

certain metal ion concentration, the ratio of 

metal ions and adsorption sites is greatly 

affected which causes reduction in removal 

percentage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 :  Effect of metal ion concentration on adsorption of Ni (II) ions 

Effect of adsorbent dose   

Based on the batch studies experiment, the 

study has revealed a significant effect of 

adsorbent dosage upon the metal ion uptake. In 

the current study adsorbent dosage was kept 

varying from 60mg to 140mg while all other 

parameters like contact time, metal 

concentration, and pH were kept constant as 

optimized above. After shaken for a given time 

period the solutions were allowed to filter.The 

remaining metal concentration in the filtrate 

was analyzed by atomic absorption 

spectrophotometer. The results as shown in 

Fig. 8 revealed that the adsorbent dose is 

having profound effect on the removal of metal 

ions from the solution. It is observed from the 

acquired data that the maximum removal 

percentage has occurred at 120mg of adsorbent 

dose and declined after 120mg of adsorbent 

dose. It means the equilibrium has reached at 

120mg of adsorbent dose. It is suggested that 

with increase in adsorbent dose the adsorptions 

sites also increases which enhances the metal 

ion uptake from the solution as the number of 

binding sites also increases. Thus there is 

increase in removal efficiency with increase in 

adsorbent dose but this is true to a particular 

dosage value because the more increase in 

adsorbent dosage could led to decrease in 

effective surface area. 
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Fig. 8 : Effect of adsorbent dose on adsorption of Ni (II) ions 

Effect of pH  

The pH of a solution is having a strong effect 

upon metal uptake and removal percentage from 

the solution. To determine the effect of pH upon 

the metal uptake 100ml distilled water was 

taken in a series of conical flasks. The pH of 

solutions was adjusted between 2-9 by adding 

0.1M HCl and 0.01M NaOH. Keeping other 

parameters constant like contact time, metal 

concentration, and adsorbent dose; the pH of 

solutions was adjusted at 2, 4, 6, 7, and 9 and 

the solutions were shaken on the rotator for the 

optimized contact time. The concentration in the 

filtrate was determined by AAS. It is seen from 

the Fig. 9 that there is gradual increase in 

removal percentage with the increase in pH 

from 2-6 with maximum removal at pH 6. With 

further increase in pH removal percentage was 

reducing. It is suggested that at low pH the H
+
 

ions are in higher concentration which surround 

the adsorbent sites, thus preventing the metal 

ions from approaching to binding sites of the 

adsorbent. So, the optimized value for the 

efficient removal of metals from solution is pH 

6. At the same time with further increase in pH 

from 7 onwards it leads to the formation of 

precipitates which reduces the removal 

efficiency of adsorbent that is why the graph 

shows a drastic decline in removal beyond         

pH 7. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9 : Effect of pH on adsorption of Ni (II) ions 
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Adsorption Isotherm 

The adsorption isotherm of starch nanomaterial 

for Ni (II) was investigated by altering the 

concentrations in the range of 4–12 mg/L at 25 

˚C±𝟐˚C and at neutral pH of 7. The adsorption 

capacity of starch nanomaterial for Ni (II) ions 

reaches a maximum at an initial concentration 

of 10 mg/L.It is well known that many 

isotherm models have been applied to analyze 

the adsorption behavior between the adsorbent 

and targeted heavy metals. Therefore, two 

commonly used models namely Langmuir and 

Freundlich isotherm models were adopted in 

the current study to analyze the adsorption 

process.    

The Langmuir isotherm equation  

qe =
Qo KL Ce 

1+𝐾𝐿𝐶𝑒
                                                (1) 

 

To use should be derived into linear 
1

    qe
=

1

Qo
+

1

KLQo Ce
                                       (2)                                     

The Freundlich model equation is given below 

qe = KFCe
1
                                                      (3) 

The above equation can be rewritten in 

logarithmic form as: 

Log qe= Log Kf + 1/n Log Ce                        (4)                     

The experimental data was simulated by the 

above Langmuir and Freundlich models. The 

relative adsorption isotherm parameters 

calculated from the two models are given in 

Table 1. The results as shown in Fig. 10 and Fig. 

11 indicated that the adsorption of Ni ions 

increases with the increasing metal concentr-

ation. This behavior could be explained by very 

strong surface interaction between metal ions and 

adsorbent
20,22-24

. The determination parameter R
2
 

for Langmuir model for the nickel (0.958) is 

higher than that of Freundlich model (0.939), 

indicating that the adsorption isotherm of nickel 

ion by the starch nanomaterial used as adsorbent 

fitted better by Langmuir model. Therefore, it 

indicated that Ni (II) ion adsorption on the 

prepared adsorbent was monolayer coverage. 

This is in agreement with the work 
21,25,26

. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 : Langmuir adsorption isotherm  

 

 

 

 

 

 

 

 

 

 

Fig. 11 : Freundlich adsorption isotherm 
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Table 1 : Isotherm constants for Nickel 

Metal ion Freundlich Isotherm Langmuir Isotherm 

 Nickel 

KF 

(mg/g) 
1/n R

2
 

qm 

(mg/g) 

KL 

(L/mg) 
R

2
 

 

1.0707 

 

1.877 

 

 

R² = 0.939 

 

4.199 

 

3.937 

 

R² = 0.958 

CONCLUSION 

The starch nanomaterial was successfully 

prepared and characterized by the above 

mentioned techniques. The current study 

revealed the fact that starch nanomaterial can 

be a promising material to be transformed into 

biosorbent for the removal of nickel from 

aqueous solution. Moreover, the advantage of 

using starch nanomaterial as biosorbent is that 

it is renewable, biodegradable, and low cost 

adsorbent. The best optimized conditions for 

the removal of nickel ions were achieved at pH 

6, initial metal concentration 10mg/L, contact 

time of 120 minutes, and with adsorbent 

dosage of 120mg. Under these best adsorption 

conditions 89.167% of nickel was removed 

from aqueous solution. The Langmuir 

adsorption isotherm model was found to be the 

best fit model in the present work.  Thus we 

can conclude from the findings of this study 

that starch nanomaterial is an efficient 

adsorbent and could be used for the removal of 

heavy metals from waste water, but removal 

efficiency depends upon several factors like 

contact time, initial concentration, adsorbent 

dose, and solution pH. 
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