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Abstract

The aim of this study was to find out an available and low cost material to reach the permissible levels of
the heavy metals Mn?*, Fe2* and pb?*) in the contaminated water (ground and industrial waste water) taken from
Kaha, El-Qulayoubia Governorate using multi walled carbon nanotubes ( MWCNTS) prepared from chemical
vapor deposition  (CVD) and ferric oxide nanoparticle(Fe2O3) with potassium permanganate(KMnOa). Also, it
involved the characterization of MWCNTs and Fe;O3 nanoparticle and determine the optimal conditions for the
treatment. The effects of MWCNTS, Fe.Os nanoparticle and KMnO, on removal of manganese , iron and lead
from contaminated water was the main target of this investigation. In this work the highest initial Mn?* , Fe?* and
pb?* ion concentrations (Co) were found to be 3.42 , 4.2 and 23 mg/L, respectively, were treated with multiwall
carbon nanotubes ,ferric oxide and potassium permanganate. MWCNTs was of 20-30 nm outer diameter, 5-10
nm internal diameter, surface area of 207.13 m?/g, carbon content 90.05%, oxygen content 6.9% and purity above
87%,while, Ferric oxide particle size averaged  5-10 nm, ferric content 44.64%, oxygen content 41.67% and
carbon content 10.97%.

The optimum conditions for removing Mn?* and Fe?* ion from the contaminated water with
MWCNTSs/KMnQO4, were a pH of 7.5, volume KMnQ4 0.25 mL, adsorbent weight of 0.05 g and a contact time of
90 min. The optimum conditions for removing Pb?* ion with Fe,Os/KMnO, were a pH at 6.7, adsorbent weight

0.06 g, volume of KMnO4 1.25 mL and a contact time of 120 min.
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Introduction

Heavy metals are natural components of the
Earth’s crust. The metal ion enter our bodies via air,
drinking water and food. Some heavy metals e.g.
manganese, iron and zinc are essential to maintain the
metabolism of the human body but at higher
concentrations may cause poisoning, leading to
desfunction of the reproductive system, liver, kidney
and central nervous system (Brent, 2006). Heavy
metals such as lead, arsenic, cadmium and mercury
are introduced to the environment by different human
activities and deposit slowly in the surrounding water
and soil (Gupta et al., 2015).

Carbon nanotubes (CNTSs) are materials related
to both graphite and fullerenes. Multiwall Carbon
Nano Tubes (MWCNTS) have unique properties, such
as high thermal and electrical conductivity, high
strength, and special adsorption properties. The
removal of inorganic and organic pollutants from
waste water by CNTs has been studied by several
investigations (lijima, 1991).

Wang et al. (2007) studied the adsorption of Pb
(1) using acidified MWCNTs and found that the
exogenous functional groups on MWCNTSs play an
important role in Pb (11) adsorption through forming
chemical complex adsorption, which accounts for
75.3% of all the Pb (I1) adsorption capacity.

The maximum iron and manganese contents
varied from 30 to 50 and 1.5 to 4.5 mg/L, respectively.
Under the best conditions, simple coagulation
(flocculation) was allowed to obtain iron removal
yields of 18 to 75%. Manganese was eliminated
between 8 and 24%. Pre-oxidation with 2.5 mg/L
potassium permanganate allowed attaining about 99%
elimination of iron at pH 6.5 and about 95% of
manganese at a pH of 85 in underground water
(Roccaro et al. 2007).

The removal of lead (Pb?? from polluted water
by modification Carbon Nano Tubes (M-CNTSs) was
maximum under fixed conditions of pH,(7.0), contact
time (2 h) and agitation speed at 150 rpm. By using
M-CNTs, the removal reached up to 100% by adding
10 mg of the adsorbent, while, by using R-CNTs (no
modification), the maximum removal percentage of
lead was 100% after adding 80 mg of adsorbent (Atieh
et al. 2010) .

Nassar (2012) studied the removal of Pb?* ion
from aqueous solution by Fes;O, nanoadsorbent. The
maximum adsorption capacity of Ph?* was found to be
36 mg/g under contact time of 30 min.

Ganesan et al. (2013) applied a batch adsorption
process to investigate the removal of manganese from
aqueous solution by oxidized Multi Walled Carbon
NanoTubes (MWCNTS) and found that the removal
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percentage of Mn?* ion reached 96.82% and
equilibrium was achived within 354 min.

Elsehly et al. (2015) studied the removal
efficiency of (Fe?*) ion by oxidized MWCNTSs (O-
CNTs) and found that the removal efficiency of iron
could reach 52% for initial concentration of 50 mg/L.

Abd-Elhakeem et al. (2015) studied the effect
of chitosan nanoparticles on removal of heavy metal
ions Mn?*, Fe?*, Zn?* and Cu?* and found that the
optimum conditions were 2 g¢/L dose of the
nanoparticles, contact time 30 min and pH value at 7
for initial concentration of 20 mg/L of each metal ion.
Also the removal percentages were 80.8% for Mn?*,
99.94% for Fe?*, 90.49% for Zn?* and 95.93 % for
Cu? ions.

Materials and Methods

Ground water samples were obtained from Kaha
City, in El-Kalyoubia Governorate during the period
extending from 2/2016 to 6/2017.

The industrial waste water samples were
obtained from Kaha Company of the Chemical
Industries, Battery Department during the period
extending from 6/2016 to 6/2017. These samples were
collected and kept in polyethylene plastic bottles
(4°C).

All the reagents used for analyses and the other
chemicals used in this study were obtained, from El-
Gomhorya and Sigma Chemical Companies.

Multi Wall Carbon Nanotubes (MWCNTS) and
ferric oxide nanoparticles were obtained from Since
Technology Center of Excellence. Activation of
MWCNTs with nitric acid and sulfuric acid was
carried out according to the methods described by
Chiang et al.( 2011).

Characterization of the nano-adsorbents:
Scanning electron microscopy (SEM) was used
to investigate the surface morphology, it revealed the
uniformity of dispersion of the nanoparticles
(Goldstein et al., 2003). Transmission electron
microscopy (TEM) the average size and diameter of
the nanoparticles (MWCNTSs)were obtained from the
TEM image. TEM was performed by dipping holey
carbon and grid into a colloidal suspension of the
MWCNTSs. TEM was employed to abserve the loading
state of the Nano composites and the surface CNTs
coated or embedded with nanoparticles (Cowley,
1988). Fourier transform infrared spectroscopy
(FTIR) can provide information on the surface
functional groups according to Lix et al. (2003). X-
ray diffraction spectroscopy (XRD) was used to
calculate the average crystallite size (D) by Scherrer s,
equation (Scherrer etal., 1918). Energy dispersive X-
ray (EDX) was used to confirm the percentage,and the
atomic ratio of components on the surface of the Nano
composite,(  Amais ,2007).  Thermogravimetric
analysis (TGA) curve was used to measure the

degradation temperature of CNTs. Higer degradation
temperature are always associated with purer, less
defective and highly crystalline CNTs (Sivaramet al.,
2004). The common method used to measure the
surface area of the used solid adsorbents was the
Brunauer-EmmettTeller (BET) method (Brunauer,
1938).

Batch model adsorption experiment:

Factors affecting the adsorption process such as,
pH, adsorbent weight, suitable volume of KMnQ4 and
contact time were studied. In all cases, both the ground
water and industrial waste water were mixed
individually with 0.05 g of the nano adsorbents was
added to 0.05 L of the sample each. The bottles were
shaken using a thermo stated shaker at a speed of 210
rpm at room temperature. The pH of each sample was
at the range 2-8 using 0.1 M HCI or 0.1 M NaOH.
After equilibrium times of 15, 30, 45, 60, 75, 90 and
120 min the adsorbent was filtered and the filtrates
were analyzed for Mn?* and Fe?* or Pb?* using Atomic
Absorption Spectrophotometer, type (Thermo-S4AA
system-Englend).

Statistical analysis:

All results were statistically evaluated by one-
way analysis of variance (ANOVA) and using the
statistical software SPSS 22.0 (SPSS Ltd., Surrey,
UK). Ratio values were not arcsine transformed
before statistical analysis. Data were treated as
complete randomized design according to Steel et al.
(1997). Multiple comparisons were carried out
applying LSD.

Results and Discussion

Physicochemical properties and initial
concentrations levels of manganese, irons and lead
under investigation before treatment:

The obtained results are presented in Table (1).
The initial concentrations of the studied heavy metals
in the ground water were higher than the permissible
levels reported by the Egyptian Environmental Affairs
Agency [according to resolution No. (458/2007)],
where the permissible limits of Mn2*, and Fe?* were
0.4 and 0.3 mg/L, respectively, while, the values of the
initial concentrations of the above mentioned metals
in Kaha City were found to be 3.42 and 4.2 mg/L,
respectively. Also, the higher turbidity, electrical
conductivity, total hardness (Ca + Mg) were 9.28
NTU, 1295 p-siemens and 648 mg/L respectively. On
the othe hand, the lead ion concentration (23 mg/L)
was higher than the permissible level according to the
Egyptian Environmental Affairs Agency (EEAA),
Laws48/1982,9/1989 or 4/1994 which is 0.05,1 or
0.05 mg /L respectively. These results are in
agreement with those reported by Badawy et al.(
2011).
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Table 1. Physicochemical properties and concentration levels of Mn?*, Fe?* and Pb?* under investigation before

treatment.
Parameter Value Permissible level according to resolution No.
(458/2007 ) and law4/1994
pH 7.7 6.5-8.5
Turbidity 9.28* 1NTU
Electrical conductivity (EC) 1295 * up to 1000 uSiemens
Total soluble salts (TSS) 986 1000 mg/L
Total hardness (Ca + Mg ) 648* 500 mg/L
Cl 122.7 250 mg/L
S04 160.5 250 mg/L
Mn?* 3.42* 0.4 mg/L
Fe? 4.2% 0.3mg/L
Pb% 23 0.5 mg/L

*: mean value more than permissible level

Characterization of MWCNTS, ferric oxide nano
particles (Fe203N.P.)

Defect and binding regions could in the SEM
images (Fig. 1a, b). The sidewalls of the MWCNTSs
are considerably defected. The destructive effect is

relative to oxidation agent to the outer layers of the
walls of CNTs which have been linked with function
group such as OH or COOH. These results are in
agreement with those reported by Shoushan et al.
(1999).

(b)

Fig. (1): SEM images (a and b) of MWCNTSs

Also, TEM microscopic investigation showed a
typical oxidized multi walled carbon nano tubes (O-
CNTSs) . Fig. 2 with inner tube diameter of about 5-10

nm, outer tube diameter of about 20-30 nm and length
up to 5 pum.

Fig. (: TEM image of oxidized MWCNTSs (O-NTs)

FTIR spectra of functionalized CNTs are shown in
Fig. (3), the peaks which are identified at 1632.72 cm’
1,2921.52 and 3437.48 cm™ are due to the carbonyl
group (C=0), carbon hydrogen bond (C-H) and

hydroxyl group (OH), respectively. The obtained data
are similar to those reported by Martinez et al.( 2003)
and Chiang et al.( 2011).
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Fig. (3): Fourier transformed infrared (FTIR) spectra of (O-MWCTSs)

Fig. (4) Shows X-ray diffraction pattern of
oxidized MWCNTSs. The pattern shows crystalline
intense peak at 2 6 = 24.6°, compared to the normal
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graphite at 2 0 = 26.5°. These results are in agreement
with those reported by Zhang et al. (2002) and
Hyung and Kim (2008).
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Fig. (4): X-ray diffraction (XRD) pattern of oxidized MWCNTs

Atomic ratio and percentage of the components in the
MWCNTSs, were estimated and it was found that the
oxygen content increased after oxidizing MWCNTSs
by about 6.9%. Carbon content reached 90.05% and
other components contents reached 3%. From Fig. 5
the TGA curve show that the MWCNTs was
decomposed at 650°C at a small rate indicating
highest resistance to decomposition and result residue

Tabo T T abe

SR

indicated the pure crystalline CNTs of about 87%. The
obtained data show that the external and interal
diameters of MWCNTs were20-30 and 5-10 nm
whereas the length was 5 um and more and the
specific surface area was 207.13 m?/g. These results
are in agreement with those reported by Elsehly et al.
(2015).
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Fig. (5): TGA image of (O-MWCNTS)

Fig. (6) Shows images of SEM and TEM for ferric
oxide nanoparticles which reveals the morphology of
surface and a particle size average range of 5-10 nm.
Fig. (7) Shows the XRD pattern for the ferric oxide
nanoparticles and reveals that the main diffraction

peaks of Fe,Os; adsorbent at 2 6 was 36.7°. EDX
spectrum of ferric oxide reveals the presence of Fe, O,
C and Na elements which were 44.64, 41.67, 10.97
and 2.72%, respectively. These results are in
agreement with those reported by Li et al. (2012).
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Fig. (6): SEM and TEM image of ferric oxide nano particles (Fe2O3 N.P.)
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Fig. (7): X-ray diffraction pattern of the Ferric oxide nano particles (Fe2O3 N.P.)

Preliminary treatments of the ground water and
industrial waste water:

This experiments, the used adsorbent mass was
0.05 g, contact time was 90 min, volume of the solute
50 mL, volume of KMnO, was 0.25 mL and pH 7.5
with each substance of the following adsorbents
MWCNTSs, Ferric oxide nanoparticles (Fe;Os), only
and KMnO, with both of all these materials. Data
presented in Table (2) indicate that the multi wall
carbon nanotube (MWCNTS) with potassium
permanganate (KMnQO4) was the best adsorbent where
it resulted in the highest total removal percentage of
both the metal ions i.e. Mn?* and Fe?*, which were the
same i.e. 100%. The ferric oxide nanoparticles with

potassium permanganate (KMnQ4) was found to be
the second best adsorbent. The removal percentage for
Mn?* and Fe?* ions were found to be 91.23, 100%,
respectively. On the other hand, the adsorbents multi
wall carbon nanotube (MWCNTS), ferric oxide
nanoparticle (NP) and potassium permanganate
(KMnOg4) were found to be of low efficiency for
removal of Mn?* ion only which were 12.28, 31.87
and 12.28%, respectively. Despite of this materials
succeeded in the removal of Fe?* ion, by 97.12, 100
and 98.81%, respectively. These results are in
agreements with those reported with Ganesan et al.
(2013) and Elsehly et al. (2015).

Table 2. Effects of the studied adsorbents on the investigated ground water.

Metal Co Adsorbent
ion (mg/L) MCNTs NP KMnO4 CNTs/ KMnQO4 NP/ KMnO4
3.00 2.33 3.00 c 0.3
e a4 Ce 10260 001 +0.58% 0+0 £0.06°
' ge 0.42 1.09 0.42 3.42 3.12
R% 12.28 31.87 12.28 100 91.23
L.S.D. for treatment 0.67
0.12 0.05
- s Ce +0.00A 0+0° +0.01€ 0+0° 0+0°
' ge 4.08 4.20 4.15 4.20 4.20
R% 97.12 100.00 98.81 100.00 100.00

L.S.D. for treatment 0.01

Co : Initial concentration of the solute.
Qe : Adsorbed amount at equilibrium.

Ce: Equilibrium concentration of the solute
R%: Removal percentage.

A, B & C: There is no significant difference (P>0.05) between any two means, within the same row have the same

superscript letter.
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Table (3) shows that the removal percentages of lead
ion (Pb?") in waste water taken from Kaha Company
of the Chemical Industries by using the Ferric oxide
(NP), MWCNTs only and with potassium
permanganate (KMnOg). Ferric oxide nanoparticles
(Fe203) as adsorbent with KMnO,4 was found to be
more efficient than both of ferric oxide (NP) and

concentration the heavy metal (Pb?") ion, and the
removal percentages were 99.61, 91.30 and 97.61%,
respectively. The multi wall carbon nanotubes
(MWCNTSs) with potassium permanganate (KMnQOg)
was found to be the second best adsorbent, where it
caused removal percentage of (Pb?*) ion by about
99.22%.

MWCNTs  without (KMnOs) in  reducing
Table 3. Effects of the studied adsorbents on the industrial waste water taken from Kaha Company of the Chemical
Industries.
Metal Co Adsorbent S
ion (mg/L) Fe203 (NP) MWCNTSs NP/KMnQOg4 KMnO4
Ce 2.00+0.064 0.55+0.028 0.09+0.01° 0.18+0.05¢
Pb?* 23.00 ge 21.00 22.45 22.91 22.82
R% 91.30 97.61 99.61 99.22

L.S.D. for treatment 0.13

Co: Initial concentration of the solute.
ge : Adsorbed amount at equilibrium.

Ce: Equilibrium concentration of the solute.
R%: Removal percentage.

A, B & C: There is no significant difference (P>0.05) between any two means, within the same row have the same

superscript letter.

Treatment of some metals and heavy metal ion by
using absorbents under investigation:

Table (4) shows the adsorption behavior both of
Mn?* and Fe?* onto MWCNTSs/ KMnOys, at different
pH values 5.5, 6.0, 7.0, 7.5, 8.0, or 8.5 with using 0.05
g adsorbent plus 0.5 mL of MWCNTs/KMnOs under
fixed shaking time (90 min). It could be observed that

the most suitable pH value was found to be 7.5 which
give the highest removal percentages of both Mn?* and
Fe?* (100%). The charge of MWCNTSs surface
becomes more negative with the increase of pH, which
causes electrostatic interactions. These results are in
agreement with those reported by Danka and Jan
(2009).

Table 4. Effect of the pH on removal percentages of Mn?* and Fe?* ions the ground water by using

MWCNTSs/KMnOa.
Metal Co pH
ion (mg/L) 5.5 6.0 7.0 7.5 8.0 8.5

Ce 0.50£0.10"  0.20+0.06" 0.01+0.00°¢ 0+0° 0+0¢ 0+0°

Mn?* 3.42 ge 2.92 3.22 3.407 3.42 3.42 3.42
R% 85.38 94.15 99.62 100.00 100.00  100.00

L.S.D. for pH value 0.15

Ce 0.30+0.06%  0.20+0.06" 0.01+0.01B 0+08 0+08 0+08

Fe?* 4.2 ge 3.90 4.00 4.19 4.20 4.20 4.20
R% 92.86 95.24 99.76 100.00 100.00  100.00

L.S.D. for pH value 0.10
Co: Initial concentration of the solute. Ce: Equilibrium concentration of the solute.
ge: Adsorbed amount at equilibrium. R%: Removal percentage.
A, B & C: There is no significant difference (P>0.05) between any two means, within the same row have the same superscript

letter.

Table (5) shows the adsorption behavior of lead
(I1) onto Fe203/KMnOsy, at different pH values i.e.4.0,
5.3, 6.0, 6.7, 7.0 and 7.5 with using 0.05 g adsorbent
mass of ferric oxide plus 1 mL volume of KMnO4
under fixed shaking time (120 min). The lead (II)
adsorption capacity and removal percentage increased

with increasing the pH value. The metal removal
percentage varied from 84.17 to 99.65% with a change
in pH values from 4 to 7. These results are in
agreement with those which obtained by Imtiaz and
Rafique (2011) and Ratoi et al.( 2008).
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Table 5. Effect of the pH on the removal percentage of Pb?* ion of industrial waste water with Ferric oxide
nanoparticle.

Metal Co pH
ion (mg/L) 4.0 5.3 6.0 6.7 7.0 7.5
Ce 3.64 2.44 0.82 0.36 0.08 0.00
Pp2* 23 +0.068 +0.35¢ +0.02P +0.01PE +0.01PE +0.00F
ge 19.36 20.56 22.18 22.64 22.92 23.00
R% 84.17 89.39 96.43 98.43 99.65 100.00

L.S.D. for pH 0.72
CO: Initial concentration of the solute. Ce: Equilibrium concentration of the solute.
ge: Adsorbed amount at equilibrium. R%: Removal percentage.
A, B & C: There is no significant difference (P>0.05) between any two means, within the same row have the same superscript
letter.

Table (6) shows the effect of KMnO4 (0.1 M)
addition on the studied metal ions (Mn?* and Fe?*) of
ground water by using 0.05 g adsorbent (MWCNTS),
shaking time 90 min and fixed pH value 7.5. In this
study the volumes of KMnO4 used were in the range
of 0, 0.25, 0.30, 0.35, 0.040, and 0.50 mL. The results
show that the percentages of adsorbed ions Mn?* and
Fe?* onto MWCNTSs increased with increasing the
volume of the applied KMnOs. The maximum
percentages of removal (R%) of Mn?* ion were found

to be 12.28, 99.94, 99.98, 100, 100, 100%,
respectively, while the corresponding was for Fe?*
removal were found to be 98.81, 99.95, 99.99, 100,
100, 100%, respectively. It could be concluded the
optimum volume of KMnO, is 0.25 or 0.35 mL which
is approximately caused the same, highest removal of
both Mn?* and Fe?* ions, 99.94, 100% and 99.95,
100%, respectively. These results are in agreement
with those reported by Odell (2010).

Table 6. Effect of volume of the added, KMnOQ4 on the removal percentages of Mn?* and Fe?* ions of the ground
water with MWCNTS adsorbent.

Metal Co KMnO4 (mL)
ion (mg/L) 0 0.25 0.30 0.35 0.40 0.50
Ce 3.00+0.26% 0+08 0+08 0+08 0+08 0+08
Mn? 3.42 qge 0.42 3.42 3.42 3.42 3.42 3.42
R% 12.28 99.94 99.98 100.00 100.00 100.00
L.S.D. for KMNO;4 (0.33)
Ce 0.05+0.014 0+08 0+08 0+0B 0+08 0+08
Fe?* 4.2 qge 4.15 4.20 4.20 4.20 4.20 4.20
R% 98.81 99.95 99.99 100.00 100.00 100.00

L.S.D. for KMNO;4 (volume) 0.01
Co: Initial concentration of the solute. Ce : Equilibrium concentration of the solute.
ge : Adsorbed amount at equilibrium. R%: Removal percentage.
A, B & C: There is no significant difference (P>0.05) between any two means, within the same row have the same superscript

letter.

Table (7) shows the effect of addition of different
volumes of KMnO4 (0.1 M) i.e. 0, 0.25, 0.35,0. 5, 0.6,
0.751 and 1.25 mL on the removal percentage of the
studied metal ion (Pb?*) from industrial waste water

by used 0.05 g ferric oxide nanoparticle with a shaking
time of 90 min and fixed pH value of 7.0. The
maximum percentage of removal of Pb?* ion was
99.52%.

Table 7. Effect of volume of the added, KMnQ,4 on the removal percentage of Pb?* ion of industrial waste water

with Fe,O3 as adsorbent.

Metal Co KMnO4 (mL)

ion (mg/L) 0.00 0.25 0.35 0.50 0.60 0.75 1.00 1.25
Ce 2.00 0.50 0.23 0.18 0.16 0.14 0.11 0.09

Pp2* 93 +0.10"  #0.01® +0.01¢ +0.04° +0.01° +0.00° +0.01° +0.01¢
ge 21.00 22.50 22.77 22.82 22.84  22.86 22.89 2291
R%  91.30 97.83 99.00 99.22 99.30 99.39 99.52 99.61

L.S.D. for treatment 0.12

Co: Initial concentration of the solute.
Qe: Adsorbed amount at equilibrium.

Ce: Equilibrium concentration of the solute.
R%: Removal percentage.

A, B & C: There is no significant difference (P>0.05) between any two means, within the same row have the same superscript

letter.
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Table (8) shows the relationship between the
percentages of removal of Mn?* and Fe?* from the
ground water against different weights i.e. 0.01, 0.02,
0.04, 0.05 and 0.06 g, of MWCNT; with KMnO,
under fixed pH value of 7.5, shaking time of 90 min
and volume of KMnO,0.25 mL. It could be noticed
that increasing the amount of sorbent (MWCNTS)
increased the percentage of removal of both Mn?*and
Fe?*. The adsorbent weights 0.04 and 0.05 g were
approximately of the same effect on the maximum
percentage of removal of Mn?* and Fe?* (99.91, 100%
and 99.81, 100%), respectively. These results are in a

good agreement with those obtained by Pandian et al.
(2010).

The removal percentage of lead (1) ion from the
industrial wastewater under different adsorbent
weights (0.01, 0.02, 0.04, .0.05 and 0.06 g) by Fe;Os
nanoparticle and the obtained results are presented in
Table (8). Which revealed that the highest removal
percentages of Pb?* ion in the present study was
99.61% at 0.06 g ferric oxide. It was noted that ferric
oxide (NP) are good adsorbent for removal Pbh?* ion
by 99.57% at 0.05 g. These results are in agreement
with those reported by Imtiaz and Rafique (2011).

Table 8. Effect of the adsorbent weight (MWCNTS) and Fe,Os3 on the removal percentages of Mn?*, Fe?* and Pb?*

ions of contaminated water.

Metal Co Adsorbent weight (g)
ion (mg/L) 0.01 0.02 0.04 0.05 0.06
MWCNTSs
1.67 1.52 0.003
- " ce 022" +008°  x000¢  O*0° 0+0°
' qe 1.75 1.90 3.417 3.42 3.42
R% 51.27 55.56 99.91 100 100.00
L.S.D. for adsorbent weight 0.29
0.20 0.14 0.01 R R
e s ce £006° 1001~ z001° %0 00
' ge 4.00 4.06 4.19 4.20 4.20
R% 95.24 96.67 99.81 100.00 100.00
L.S.D. for adsorbent weight 0.07
Fe203
Ce 2.15 1.86 1.05 0.10 0.09
pp2 23 +0.03% +0.14®  +0.01° +0.04° +0.02°
qge 20.85 21.14 21.95 22.90 22.91
R% 90.65 91.91 95.43 99.57 99.61
L.S.D. for 0.20

CO: Initial concentration of the solute.
ge: Adsorbed amount at equilibrium.

Ce: Equilibrium concentration of the solute.
R%: Removal percentage.

A, B & C: There is no significant difference (P>0.05) between any two means, within the same row have the same superscript

letter.

The time- profile at different periods from 15 to
90 min for adsorption of Mn?* and Fe?* ions onto
MWCNTSs at room temperature are presented in Table
(9). From the obtained results, the highest adsorption
capacity of Fe?* occurred at 45 min of contact time and

90 min for Mn?* ion. The maximum percentages of
removal (R %) of these metal ions were 100, 99.81
respectively. These results are in a good agreement
with those obtained by Ganesan et al. (2013).

Table 9. Effect of the contact time on the removal percentages of Mn?* and Fe?* ions of ground water.

Metal Co Contact time (min)
ions  (mg/l) 15 30 45 60 75 90
Ce 1.06+0.04* 0.54+0.018 0.29+0.01° 0.12+0.02° 0.01+0.00F 0.007+0.00F
Mnz  3.42 ge 2.36 2.88 3.13 3.30 3.41 3.413
R% 68.91 84.21 91.52 96.49 99.71 99.81
L.S.D. for time(0.06)
Ce  0.40+0.06 0.01+0.00°8 0+08 0+08 008 0+08
Fe?* 4.2 ge 3.80 4.19 4.20 4.20 4.20 4.20
R% 90.48 99.98 100.00 100.00 100.00 100.00

L.S.D. for time 0.07

CO: Initial concentration of the solute.
ge: Adsorbed amount at equilibrium.

Ce: Equilibrium concentration of the solute.
R%: Removal percentage.

A, B & C: There is no significant difference (P>0.05) between any two means, within the same row have the same superscript

letter.
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Table (10), reveals that the removal percentage of
(Pb?*) ion increased rapidly with increasing time. The
highest capacity of pb?*adsorption occurred at 120
min of contact time where the maximum percentage
of removal of Pb?* was found to be 99.61%. This could

be due to the small size of ferric oxide (NP), which
was favorable for the diffusion of PbZ* ion onto the
active sites of the solid surface. These results are in
agreement with those obtained by Zuolian et al.
(2012).

Table 10. Effect of the contact time on the removal percentage of Pb?* ion of industrial waste water by using

ferric oxide as adsorbent.

Metal Co Contact time (min)
ion (mg/L) 15 30 45 60 75 90 120
Ferric oxide
Ce 0.31 0.25 0.21 0.19 0.16 0.13 0.09
Ph2* 23 +0.014 +0.022  +0.01¢  +0.01°®  +0.01PF  +0.01FF  +0.01F
ge 22.69 22.75 22.79 22.81 22.84 22.87 22.91
R% 98.65 98.91 99.09 99.17 99.30 99.43 99.61

L.S.D. for time 0.03

Co: Initial concentration of the solute.
ge: Adsorbed amount at equilibrium.

Ce : Equilibrium concentration of the solute.
R%: Removal percentage.

A, B & C: There is no significant difference (P>0.05) between any two means, within the same row have the same superscript

letter.
Conclusion

From this study, MWCNTSs which was prepared
CVD with KMnO4 was the best adsorbent from were
efficient and economically were it resulted in highest
total removal percentage of metal ions Mn?* and Fe 2
which were 100 %. The optimum condition to
removing Mn*2 and Fe*? ion from contaminated water
with MWCNTS/KMnOs, pH at 7.5, volume KMnO,
0.25 ml, sorbent mass 0.05 g, and contact time 90
min . Ferric oxide nanoparticle (Fe203) with KMnO4
was found more efficient; removal percentage  of
Pb?* ion were 99.61 %. The optimum condition to
removing Pb?* ion with Fe,03/KMnO,, pH at 6.7
volume KMnO4 1.25 ml, sorbent mass 0.06 g, and
contact time 120 min.
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