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Abstract

Chloroform is one of the Volatile Organic Compounds
(VOCs). Chloroform is the most commonly exist
compound of the tri-halo methane (THM); THMs are
Halogen-substituted single-carbon compounds with the
general formula CHX;. The adsorption of chloroform
(CHCIl3) from aqueous solution was investigated in series
of batch experiment. Two type of adsorbents of zero
valent iron were prepared as NZVI and NZVI/ZSM via the
reduction method by using sodium boro- hydride as
reducing agent. The prepared adsorbent were
characterized by the field emission scanning electron
microscopy (FESEM), Fourier transform infrared
spectroscopy (FTIR), Brunner —Emmett —Teller (BET), and
X-ray powder diffraction (XRD). The BET surface areas of
the adsorbents were 254.33, 41, and 116.52 m?2/g for
ZSM, NzVI, and NZVI/ZSM, respectively. The adsorption
isotherm studies were conducted at various initial
concentrations of CHCl; (10-40) mg/L. Langmuir and
Freundlich adsorption isotherm models were employed to
fit the adsorption characteristic of the adsorbent. The

Introduction

It is well known that trace amounts of chloroform are
contained in tap water and ground water. Production of
chloroform in tap water is caused by reaction between residual
chlorine and organic compounds [1]. Also, chloroform has
been used in a wide range of industrial processes and to
produce industrial products, for example, lubricants, cleaning
solvents, paper bleaching, intermediates for pharmaceuticals,
herbicides and fungicides [2]. Unfortunately, emissions of this
compound are harmful to the environment, and in particular it
is an important contributor to the destruction of the ozone
layer [3]. Also it is toxic or carcinogenic and thus represents a
direct health risk such as liver and kidney cancer, nervous
system and reproductive effects [4-6]. Several treatment
methods have been proposed for the removal of hydrocarbons
especially the Low molecular weight hydrocarbons as
chloroform.

removal efficiency of CHCl; via the NzVI/ZSM from
aqueous solution was found to be 19.92 mg/g, which
conducted from the Langmuir slope. In addition the
adsorption reached equilibrium within 90 min at optimum
pH value of 9. It was found that Freundlich isotherm
characterized the adsorption process better than that of
Langmuir for NZVI/ZSM as indicated by higher correlation
coefficient value. Hence, the adsorption of CHCl; onto
NZVI/ZSM can consider as a multilayer adsorption rather
than a monolayer adsorption and the prepared
adsorbents were found to be effect in the removal of
CHCl; from aqueous solution.

Previously, the treatment of hydrocarbons on activated
carbon, oxidation [7], coagulation— flocculation [8] lon
chromatography [9], Nano Chromatography and Capillary
Electrophoresis [10], stripping [11] and biological treatment
[12] were investigated. The removal can be performed with
adsorption method using different adsorbents with high
adsorption efficiency such as Nano adsorbents [13-23]. Zeolite
is a type of crystalline material, containing silicon, aluminum
and oxygen atoms. Zeolite can be used as catalyst as well as
adsorbent material because of its high surface area and high
chemical stability. By reducing the particle size, the diffusion
path length decreases and hence active sites are readily
accessible [22,23]. In chemistry, ZSM-5 is used to separate
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molecules [24]. Its well- defined pore structure and adjustable
acidity make them attractive in numerous reactions [25].

Utilization of zero-valent iron (e.g. NZVI) in the remediation
application was started in the last decade [26-41]. Previously
the researchers presented rapid de-halogenation of Carbon
Tetrachloride (CT) and chloroform using iron particles. The aim
of this study was the preparation and the characterization of
the new modified adsorbents as (NZVI/ZSM) in the removal of
chloroform from aqueous solution by the adsorption
technique. The analysis of equilibrium data (adsorption) by
model fittings is an important step to evaluate the suitable
model for describing the adsorption process and the effected
parameters such as contact time, initial concentration,
temperature and the pH effect. Two isotherm models as
Langmuir and Freuindlch were used to describe the
equilibrium adsorption data for chloroform adsorption. On the
other hand, the kinetic data was analyzed via the pseudo-fist-
order and pseud-second — order models.

Materials and Methodology

Materials

Chloroform (CHCl3) was obtained from sigma Aldrich,
Sodium borohydride (NaBH,) of purity 98.5% and iron (lll)
chloride hex hydrate (FeClz-6H,0) of purity 99.0% are obtained
from Merck. Zeolite (ZSM-5) is purchased from Merck and the
ZSM-5 with ratio of silica/Alumina (Si/Al =30) is supplied by
Zeolyst International. Sodium hydroxide (NaOH) and
hydrochloric acid (HCI) are obtained from Sigma-Aldrich, while
analytical grade absolute ethanol and acetone are obtained
from Merck and used directly without purification.

Adsorbent preparation and characterization

The ZSM-5, the commercial sample is subjected to a
calcination treatment performed at 300°C for 1 h under static
air environment [41], then, the impregnation of nano zero
valent iron was carried out by the redaction method as sodium
boro hydride reducing agent. On the other hand, the
characterization of the prepared adsorbents were determined
via the Fourier Transform Infra-Red (FTIR), N2- Physisorption
was used to evaluate the porosity and the surface area and the
Bruner-Emmett-Teller (BET) equation was employed to
calculate the specific surface area. The X-ray diffraction (XRD)
and the Field Emission Scanning Electron Microscopy (FESEM).

The adsorption studies and the related

parameters

The adsorptions of the Chloroform (CHCl3) onto the
adsorbents are conducted in batch mode. The required
amount of adsorbent is added into the (CHCl3) solution (of
certain concentration) in the 250 mL conical flasks. The flasks
are placed on the orbital shaker operating at 150 rpm in room
temperature (27 + 22C). The initial and final concentrations of
CHCl3 are determined by using UV spectrometer (Genesys 10S
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UV-VIS spectrophotometer). Detailed analysis by using UV
spectrometer.

Contact time

Equilibrium time of adsorption was determined by using 0.1
g of adsorbent in 100 mL of 20 mg/L of the Chloroform (CHCl3)
solutions. The mixture was equilibrated by shaking thoroughly
at 150 rpm in orbital shaker. Samples are taken out at different
time intervals viz. 2, 4, 8, 15, 30, 60, 90, 120 and 180 min at pH
value of 7, in room temperature (27 + 29C). At the end of the
shaking period, the solution was sampled by a syringe. The
samples were then centrifuged and the supplements are kept
for further analysis. The equilibrium time was an important
factor to set the adsorption time for each adsorbent.

Initial concentration

The effect of initial concentration of the (CHCl3) on the
adsorption performance is carried out through as a series of
adsorption experiments with different initial concentrations
ranging from 10 to 40 mg/L. The experiments are performed
by using 100 mL from the (CHCl3) solution. The adsorbent
dosage is 0.1 g/L. The samples used to determine the
adsorption performance are available after the batch mixture
is stirred for a suitable equilibrium time (60 or 90 min).

Temperature

To study the temperature effect, the experiment is
operating and the experimental were carried out in
temperature range from 30-50°C.

pH

Different pH values are considered: 2, 4, 7 and 9. The pH of
the solution is measured by the pH meter. The pH-meter is
calibrated by using a pH buffer of 4.0, 7.0, and 10 to ensure
the accuracy of the pH measurement. The initial pH of the
solution is adjusted by using 1M HCl or 1M NaOH. Then, the
adsorption performance is performed.

Adsorption isotherm

The isotherm studies are conducted by series of batch
adsorptions. The initial pollutant concentration is ranging from
10 to 40 mg/L. Two models that are commonly used to
simulate the adsorption isotherms are Langmuir and
Freundlich isotherms models. The well-known expression of
the Langmuir model is given in Equation 1.1:

KLqmaXCe
9= T+xC, (1.1)

Where ge is the equilibrium pollutant concentration on the
adsorbent (mg/g), Ce is the equilibrium pollutant
concentration in the solution (mg/L), gmax is the monolayer
capacity of the adsorbent (mg/g) and KL is the Langmuir
adsorption constant (L/mg) which is related to the adsorption
energy. On the other hand, the Freundlich Equation can be
written as Equation 1.2:
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q,=K.c,'/" (1.2)

Where g is the equilibrium pollutant concentration on
adsorbent (mg/g), Ce is the equilibrium pollutants
concentration in solution (mg/L) and KF (mg/L) 1/n/ (g/mg)
1/n and n are the Freundlich constants characteristic of the
system, indicators of adsorption capacity and adsorption
intensity, respectively.

Kinetic studies of CHCl3 adsorption

The kinetic studies are conducted by series of batch
adsorptions running at initial pollutant concentration of 20
mg/L. The procedures of kinetic adsorption tests are identical
to those of batch equilibration tests. However, the aqueous
samples are taken at various time intervals. The first order rate
expression based on adsorbent capacity is generally expressed
as in Equation 1.3:

d

T=kiq,—q (1.3)

Integration of Equation 3.5 with the boundary conditions:
t=0, g=0, and at t=t, g=q, gives Equation 1.4:
L,(q,—q) = Lnq, — kqt (1.4)

Pseudo second order model is derived on the basis of the
sorption capacity of the adsorbent phase, expressed as in
Equation 1.5:

d 2
L =ky(qe—q)

Integration of Equation 3.8 with the boundary conditions t =
0,q=0,andatt=t,q=

(1.5)

g, resulted gives Equation 1.6:

1 _1
a,-49 4,

+kyt (1.6)

The linear form of Equation 3.8 can be written as Equation
1.7:

t_t 1
¢ q, + Ky, (1.7)

Result and Discussion

The adsorbent characterization The XRD

analysis

The XRD pattern of the ZSM-5 is illustrated in Figure 1a. The
main peaks appear at 28 of 7.92°, 8.76°, 15.84°, 23.6°, 37.48°,
45.39° and 54.94° in the detection of (10 1), (200), (202), (3
32),(280), (08 4)and (1 0 8), respectively, indicating the
crystallization of ZSM-5. The XRD diffractions of NZVI/ZSM
were illustrated in Figure 1b. The presence of Zero Valent Iron
is indicated by a distinct peak at 20 of 44.45" with detection (1
1 1), which is related to -Fe (NZVI) as observed in the
diffractogram of NZVI/ZSM. It appears that the ZeroValent Iron
is successfully loaded into the supports.

© Copyright iMedPub
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Figure 1: The XRD diffractogram of (a) ZSM, and (b) of NZVI/
ZSM.
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N2-Physisorption analysis of adsorbents nano
zero valent iron (NZVI)

Parameters such as BET surface area pore volume and pore
size of adsorbents are summarized in Table 1.

Table 1: BET surface area (SBET), pore volume and pore size of
the prepared adsorbents.

Adsorbent BET m2/g BJH BJH
adsorption adsorption
Pore volume Pore size A
cm3/g

NzVI 40.65 0.165 152.70

ZSM 254.33 0.095 63.28

NzVI/ZSM 116.52 0.055 91.22

The surface areas of NzVI are found to be 40.65 m%/g
Meanwhile, their pore sizes is 152.70A. It is clear that the
surface area and the pore size of NZVI obtained by this study is
larger than that reported previously [42], which may be
attributed to different experimental conditions. Therefore, the
surface area of the adsorbent is dependent on the particle
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size, morphology, surface texturing and porosity of the
prepared adsorbent. On the other hand, the N2 adsorption-
desorption isotherms for unsupported adsorbents (type |
isotherm) depend on (IUPAC) classification at 77K illustrated in
Figure 2.
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-
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Figure 2: N2 adsorption/desorption equilibrium isotherms
at 77 K for NzVI.

&

FTIR Analysis

Nano zero valent iron (nzvi)

Figure 3 shows broad peaks at around 3200-3600 cm™ in
both spectra. These peaks are related to the OH vibration
stretching band as presented in Figure 3 clearly. These -OH
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groups may come from the moisture water. The peak at a
wavenumber of 1653 cm™! observed may correspond to the
bending modes of OH group [43]. As shown in peak at 1427
cmis related to the Fe-O stretching vibration, peak at 1328
cm is related to the Fe-O bending out of the structure and
peak at 710 cm! is related to is attributed to the NZVI (Fe0) as
reported by the previous studies [44,45].

( M
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. ] L/ F;}\‘
Y 244
,% 22 4 /'/’ OH | Fe-0
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2 ol / e
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18 4 /
16 /\OH/
14
4000 3000 2000 1000 o
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Figure 3: FTIR spectrum of NZVI.
& J

The FTIR spectra of NZVI/ZSM are shown in Figure 4. The
broad spectrum of adsorption bands at wavenumbers of 3800
cm® and 3400 cm™ are related to the intermolecular OH (Si-
OH-Si and Al-OH- cm™ [46]. Also, they are related to H-O-H
stretching. The band at wavenumbers of 1648 cm™! and 1661
cm® can be attributed to O—H bending [47].
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Figure 4: FTIR spectrum of ZSM-5.
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FESEM-EDX for ZSM and NzZVI/ZSM

The SEM micrograph for ZSM-5 is illustrated in Figure 5
showing the surface morphology of ZSM-5. Irregular crystallite

particles are observed, similar to those reported by others
[48,49].
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Figure 5: SEM micrograph for ZSM-5.
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The EDX spectra, Figure 6 for ZSM-5 appears that the peak

of the value 1.8 KeV was related to the Si, while peak in the KeV, was related to the O atom.

value of 1.6KeV was related to Al and peak in the value of 0.6

s

-

gj Sum Spectrum
o)
1 Al
e , . ' - . ey R O et ST
0 2 4 6 g 10 12 14 16 18 20
Full Scale 4176 cts Cursor: 0.281 (262 cts) keV

Figure 6: The EDX spectra of ZSM-5

~

Table 2: The EDX analysis of ZSM, and NZVI/ZSM.

Adsorbents Element% Weight% Atomic weight %
o 60.86 73.15
Si 37.21 2547
Al 1.93 1.38
o 75.63 85.69
Si 18.55 11.97
Al 1.29 0.87
Fe 4.53 1.47

The EDX analysis as shown in Table 2 appears the weight

of silicon, aluminium and oxygen percentage. As appear in

and the atomic weight for the elements in ZSM-5 of the entity Table 2, the weight and the atomic weight for silicon,

© Copyright iMedPub
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aluminum and oxygen percentage in the ZSM-5 surface. The
percentage of Si atoms in the ZSM-5 at the atomic value of
25.47% with the weight value of 37. 20%, the O atoms in the
ZSM-5 at the atomic value of 73.15% with the weight value of
60.86% and the Al atoms in the ZSM-5 at the atomic value of
1.37% with the weight value of 1.93%, respectively.

The mapping distributions (from EDX analysis) for oxygen,
aluminium, silicon and mixture of the three elements on the
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surface of ZSM-5 are presented in Figure 7a-d respectively. It is
obvious that the oxygen distribution on the surface is
homogeneous as shown in Figure 7a. But, the amount of
aluminium (see Figure 7b seems to be less in the structure of
ZSM-5 as compared to that of Si as shown in Figure 7c. On
other the hand, Figure 7d shows the distribution for the three
elements on the surface of ZSM-5.

-

surface.

.

Figure 7: EDX mapping distribution for (a) oxygen, (b) aluminum, (c) silicon and (d) mixture for three elements for ZSM-5

J

Adsorption study

The adsorption properties of NZVI/ZSM was evaluated in
sorption of CHCl3 on the other hand, CHCl3 consider as low
solubility in water, Cs of Chloroform is 68.67 mmole/dm3 of
Chloroform Thus, CHCI; stock solution prepared via the
dissolving in in alcohol as 2- propanol instead of distilled water.

Adsorption isotherm of CHCl; onto nzvi/zsm

Adsorption isotherm studies are performed by batch
adsorption of CHCl3 at various initial concentrations ranging
from 10-40 mg/L. Triplicate the data collection to evaluate the

vertical error bars and the average deviation on the data
points. The Langmuir and Freundlich constants of adsorption
of CHCl; onto NZVI/ZSM are 0.0368 L/mg and 1.1123 g/L
respectively. The maximum adsorption capacities of CHCl;
onto NZVI/ZSM and determined by the Langmuir isotherm are
19.92 mg/g. In general, Freundlich isotherm can better
characterize the adsorption process for NZVI/ZSM. The surface
heterogeneities of NZVI/ZSM are prevalent because 1/n~1.0
[50]. Hence, the adsorption of CHCl3 onto NZVI/ZSM can be
considered as multilayer adsorption. The Langmuir and
Freundlich isotherm models for adsorption of CHCl; onto
NZVI/ZSM was presented in Figure 8a and 8b respectively.

This article is available from: http://www.imedpub.com/applied-science-research-and-review/
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The parameters corresponding to the fitting of these results
to the Langmuir and Freundlich isotherm models are
summarized in Table 3. The maximum adsorption uptakes

values of the prepared adsorbents are comparable with some
other adsorbent as shown in the Table 3.

Table 3: Isotherm parameters of CHCl3 adsorption onto NZVI/ZSM with comparsion by uptake value from the literatures.

Absorbents Langmuir Freundlich Reference
KL L/mg gmax, mg/g R2 KF 1/N R2

NZVI/ZSM 0.0368 19.92 0.9786 1.1123 0.67 0.9872 This study

Activated carbon SKD515 5.47 9.69 0.9960 12.15 0.78 0.9500 [4]

Nano-TiO, - 57.6 - - - - [3]

Rectorite/ 0.7 6.3 - 2.3 0.7 - [9]

Chitosan, nanocomposite

Kinetic studies of CHCI; onto NZVI/ZSM

This experiment was carried out at the variation of time of
contact (0 to 180 min). Generally, adsorption increases during
the first hour and it decays thereafter. The kinetic experiments
are similar to the batch equilibrium tests; however, the
samples are taken at certain time instant within 180 min. The
kinetic studies are conducted by a series of batch adsorptions
at initial CHCl3 concentration of 20 mg/L. Linear plot of both

first and second order kinetic models are illustrated in Figure
9a and b while the kinetic parameters calculated were
summarized in Table 4. Linear regression of both models
provided the correlation coefficient value of 0.9439 for
pseudo-first order and value of 0.9944 for pseudo second
order for NZVI/ZSM. In Table 4 the ge experimental data of
pseudo-second order near to the calculate value of the g, Cal
by the slope of this model. As result, the pseudo second order
model is more suitable to be applied in this study (higher R2).

Table 4: Kinetic parameters of the adsorption of CHCI3 onto NZVI/ZSM were collected in this study

Adsorbent k', min-1 ge, Cal mg/g R2 k2, g/mg min Je» Cal| R2 ge mglg
mglg
NZVI/ZSM 0.030 7.75 0.9439 0.11 12.53 0.9944 12.08

© Copyright iMedPub
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Effect of temperature

The effects of temperature on the adsorption equilibrium of
CHCIl3 onto NZVI/ZSM was presented in Figure 10. Generally,
the adsorption of CHCl; increases as the temperature
increases from 30°C to 50°C. As result, the uptake of NZVI/ZSM
with a value of 15.499 mg/g and removal of 78.56% at 50°C.

( 7

Remoual¥
b
e

2 B 2 ®

o

Temperature, "C

Figure 10: Effect of adsorption temperature on CHCl;
adsorption onto NZVI/ZSM removal.
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Effect of pH of CHCI; adsorption on to
NZVI/ZSM

Affected factor on the adsorption of CHCl; is the pH of the
solution. It is generally expected that adsorption increases as
pH increases. As shown in Figure 4, the removal of CHCl;
increases significantly as pH increases from 2 to 9. In this
study, the removal rate of CHCl; is the highest as pH=9. Initial
pH of the solution was adjusted by using 1M HCl or 1M NaOH.

The effects of the pH solution of the adsorptions of CHCl3
onto NZVI/ZSM is shown in Figure 11. Here, the removal of
CHCl3 increases significantly as pH increases from 2 to 9. In this
study, the highest CHCI; removal is attained when pH=9 with

CHCl3 removal as high of 50.37% for NZVI/ZSM at CHCl3 initial
concentration of 20 mg/L.

( 7

Figure 11: Effect of adsorption pH onto CHCl3 adsorption
onto NZVI/ZSM removal.

. /

Conclusion

In this study, the preparation and characterization of
NZVI/ZSM was determined via the adsorption studies in batch
mode. The evaluation of the adsorption performance of the
prepared adsorbents were proven via the isotherm studies by
Langmuir and Freundlich models, Freundlich isotherm can
better characterize the adsorption process of CHCl; onto NZVI/
ZSM. Hence, the adsorption of CHCl; onto NZVI/ZSM can be
considered as multilayer adsorption. On the other hand, the
kinetic studies by pseudo first and second order model were
carried out for the adsorption of CHCl; onto NZVI/ZSM. The
pseudo first order and the pseudo second order kinetic models
are examined. It seems that the pseudo second order kinetic
model fits well with the experimental data. The effect of the

8 This article is available from: http://www.imedpub.com/applied-science-research-and-review/
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increased with

increased temperature and pH to 9. From the all above, the
ZSM-5 as supporting materials is perfect in stabilizing the NZVI;
increase theadsorption efficiency at value of 19.92 mg/g and
this adsorbent is comparable with other adsorbents from the
literature. These new adsorbents prevent the agglomeration of
the Nano zero valent iron (NZVI) and could be employed as
efficient applicable and suitable adsorbents for the removal of
CHCI;5 from aqueous solutions.
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