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Abstract

Currently, one of the most important environmental pollutants is industrial effluents with heavy metals. Arsenic is one of these toxic metals
that lead to many problems like keratosis and hypertension, osteoporosis and bone fragility, increase in disorders incidence and skin cancer.
Thus, the removal of arsenic from the industrial effluent seems essential. The purpose of the study was to absorb arsenic by activated carbon
obtained from chestnut shell, walnut shell, pistachio and coconut. For this purpose, the adsorbents were first prepared and used with 2.5 to
20 g /1 concentrations to remove arsenic from the solution. The results of pH experiments showed that the absorption values for activated
carbon adsorbents obtained from chestnut shell, coconut shell, pistachio-nut shell and walnut shell had the maximum absorption value at pH
6, 6, 6 and 7, respectively. The results of the electron microscope image showed that the activated carbon obtained from the chestnut shell
had suitable pores as adsorbent sites for metal cations. Moreover, the results of the infrared spectroscopy indicated the presence of effective

functional groups in the absorption of metal cations like arsenic.
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INTRODUCTION

Heavy metal contamination is currently an environmental
problem at global scale. Heavy metals are of the most
common materials used in industry as raw materials, and the
effluent of many industries has these types of contaminants.
The rapid industrialization and the excessive use of fertilizers
and pesticides have resulted in an increase in the entry of
heavy metals into the environment. Arsenic has a great role
in the contamination of surface waters [ At low
concentrations —0.013 to 0.02 g/l — it leads to many problems
like keratosis and hypertension, osteoporosis and bone
fragility, increase in disorders incidence and skin cancer I,
The allowable limit of its pollutants in discharge to surface
waters as well as agricultural uses and irrigation is determined
as 0.01 mg/1 B,

Among the effective ways for the removal of heavy metals is
adsorption process by activated carbon 3!, Activated carbon
is a kind of strong adsorbent with great adsorption that is
highly porous with a high internal surface and mechanical
strength [0, Its most significant feature is the selective
removal of contaminants that is used for recycling in some
cases 7. Metal cations bind to activated carbon functional
groups like carboxylic (COOH) and hydroxyl (OH) and
release H* 391, Pistachio and walnut shells contain aldehyde
and ketone polar groups (a combination of alcohol and
acetone), acid, tannin, lignin, and other phenolic compounds

where these groups can transfer cations in these absorbents
[10. 11 Studies show that carboxyl groups at the absorbent
surface of pistachio and walnut shells lead to absorption of
arsenic from the aqueous environment !'?l, Moreover, the
results of the studies of chrome and copper removal by walnut
shell and copper and zinc by activated carbon of chestnut
shell '3 4 where the shells of chestnut, walnut, pistachio and
coconut have good capability in removal of heavy metals.
The purpose of the study was to compare the kinetics of the
adsorption of the absorbents of activated carbon (AC), walnut
shell (AH), pistachio-nut shell (SD), and coconut (SH) in
removal of arsenic heavy metal from aqueous environment.
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METHOD

Preparing activated carbon from chestnut shell

At first, 5 grams of chestnut shell is washed with 0.05, 0.10,
0.15, and 0.20 KOH solutions, respectively and placed in the
oven under vacuum at a temperature of up 400 to degrees
after smoothing and drying the chestnut shell to prepare the
activated carbon. Then, poly-acrylonitrile polymer is bound
on the active Carbon formed by 0.15 washing. For this
purpose, 5 ml of poly-acrylonitrile is added to a container
containing half a gram of activated Carbon, and then start the
reaction starts using ceric ammonium nitrate primer. In the
final stage, solvent nitrile groups were converted to
amidoxime group using hydroxyalamine in DMF. This
change in functional group was done to absorb the metal ions
more.

Batch experiments
Batch experiments were done to determine pH, equilibrium
time, and the absorbents capacity.

Determining the optimal pH

One gram per liter of the activated absorbent was poured in a
100 ml Erlenmeyer flask. Then arsenic metal solution at a
concentration of 10 mg/l was added to each of the flasks and
various pHs were examined. The solutions were placed on a
shaker for 12 hours at a speed of 150 rpm and controlled
temperature and pH measurement was done pH meter device
(PTR 79). The experiment was repeated for AH, SH, and SD
absorbents [15-16],

Measuring specific surface area

Methylene blue absorption was used to measure the absorbent
specific surface area. In this method, first 1, 5, 10, 15, and 20
mg/l concentrations of methylene blue were prepared to
develop calibration diagram and their concentration was
measured and recorded at maximum wavelength of 660 nm.

Then 0.1 g of the absorbent was poured into 17.8 mg/l
solution of methylene blue and was placed on the shaker at a
speed of 150 rpm. After 60 minutes, the remaining solution
was poured into special containers and was placed in a
centrifuge at a rate of 3600 rpm for 10 minutes for
sedimentation.

Then the solutions were removed from the device ad their
final concentration was measured and the absorbent specific
surface area was measured. The specific surface areas of SD,
AC, AH, and SH were, respectively, 10.48, 12.65, 9.59 and
11.73 m¥/g [17: 181,

ResuLTs AnD Discussion

Determining the optimal absorption pH

In the adsorption process, solution pH has a significant role
in the removal of heavy metals "), Figure (1) shows the effect
of pH on arsenic absorption efficiency. The maximum
absorption at pH of 6 was 0.78 mg/g for activated carbon,
7.57 mg/g for coconut shell and 5.60 mg/g for pistachio-nut

shell, respectively, and walnut shell at pH 7 showed the
absorption of 5.26. The intensity of arsenic absorption for
activated carbon and coconut shell adsorbents increased from
pH 2 to pH 6 with an almost constant slope and decreased
slightly from pH 6 on. For pistachio-nut shell absorbent, the
absorption intensity was relatively high from pH 2 to pH 4,
but from pH 4 to pH 6 it increased with more slope, from pH
6 onwards the absorption intensity first decreased slightly and
then remained almost constant. For walnut shell absorbent,
the absorption intensity increased from pH 2 to pH 6 with low
slope but with higher slope from pH 6 to pH 7.
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Figure 1: The effect of pH on the adsorption of nickel
by AC, SH, SD, and AH absorbents

Infrared spectrum

The infrared spectrum of the active carbon in KBr solvent is
shown in Figure (2). The wavelengths 1168, 1427, 1583, and
1650, respectively, show the presence of carboxylic acid,
phenolic, amidoxime and laktan. The presence of these
functional groups beside the high specific surface area of
activated carbon is the main reason for the high absorption of
metal cations by activated carbon.
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Figure 2: FT-IR spectrum of active carbon in KBr
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SEM spectrum

Figure (3) indicates a scanning electron microscope (SEM)
image of activated carbon in Figure (4). The figure shows the
very porous properties of activated carbon. The porous
surface of activated carbon is its strong point in arsenic
absorption. Micro and meso pores in activated carbon act as
absorption sites for metal absorption and other contaminants
in water. The concentration of these pores can increase by
thermal and chemical activation.

Figure 3: SEM image of activated carbon

CONCLUSION

The results showed that maximum arsenic absorption by
activated carbon obtained from coconut shell, pistachio-nut
shell, walnut shell, and chestnut shell was at 0.15 mg/l
concentration. For the activated carbon, coconut shell, and
pistachio-nut shell, the maximum absorption value was at pH
6 and for walnut shell at pH 7. The results of SEM image
indicated that the activated carbon obtained from chestnut
shell had suitable pores with high frequency as sites of
adsorption of metal cations. Moreover, the results of the
infrared spectroscopy indicated the presence of influential
functional groups factors in the absorption of metal cations
like arsenic. Arsenic adsorption rate by the absorbents of
activated carbon obtained from chestnut shell, coconut shell,
pistachio-nut shell, and walnut shell was as AC> SH> SD>
AH.
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