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FACILE technology for decorating carbon xerogel (CX) with carbon nanotubes (CNTs)

to prepare carbonaceous nanohybrid (CX-CNTs) was simultaneously implemented
during carbonization of resorcinol-formaldehyde xerogel at 1123K meanwhile camphor as
carbon nanotubes source is heated at 523K. Then the prepared CX-CNTs hybrid is doped with
tetrabutyl orthotitanate as a titanium (Ti) precursor giving CX-CNTs-Ti nanohybrid used as an
efficient photocatalyst. The morphology and textural properties of the samples were investigated
using field-emission scanning electron microscope (FE-SEM), High resolution transmission
electron microscopy (TEM) and N, adsorption-desorption isotherm at 77K. The adsorption and
photocatalytic properties of these samples toward methylene blue dye (MB) were performed.
FE-SEM and TEM approved the formation of CNTs over the surface of CX and the developed
nanohybrids have mesoporous structures. The adsorption efficiency of CX-CNTs and CX-
CNTs-Ti samples was found to be 70 and 86.8% along 180 min, respectively. Under visible
irradiation, the removal efficiency of CX-CNTs and CX-CNTs-Ti is enhanced to 90 and 99%
at 60 min, respectively. Thus, CX-CNTs-Ti nanohybrid exhibited superior adsorptivity and
photoactivity for removing MB dye as a result of the presence of Ti particles over CX-CNTs
matrix. Doping CX-CNTs with Ti particles led to a decrease in the specific surface area and to
enhance in both the total pore volume and amount of wider pores. Therefore, the reported CX-
CNTs-Ti nanohybrid exhibits as an effective adsorbent and photocatalyst toward the removal

of the MB dye from their aqueous solutions.
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Introduction

Since the synthesis of carbon gels by Pekala
[1], carbon xerogel (CX) has been attracted
considerable interests due to their controllable
and tunable porosity, surface chemical properties
and the possibility of modified the shape of CX
in suitable forms, e.g. powder, monoliths, thin
films and pellets on a large-scale with low cost
production as compared to carbon aerogels and
cryogels [2-6]. CX can be synthesized from
the carbonization of organic xerogels that are
obtained by a sol-gel method. During this method,
a polycondensation reaction of certain organic

Carbon nanotubes, Nanohybrid, Titanium, Adsorption,

monomers such as resorcinol and formaldehyde
in the presence of basic or acidic inorganics
such as Na,CO, or HCI as catalysts, takes place,
followed by evaporative drying and pyrolysis in
an inert atmosphere [5, 6].

Carbon nanotubes (CNTs) which discovered
by lijima [7] have exceptional properties of
tubular structure such as aspect surface-to-
volume ratio, mechanical strength, electrical and
thermal conductivity, which undertake them in
numerous applications such as manufacture of
membranes, ceramics, electronic devices, fuel
cells, and thermal insulators [8, 9]. As well, they
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can be used as additives, catalyst supports and
adsorbents for carrying out different processes
including energy storage, catalysis and water/air
purification [10-12]. Three known methods are
employed for synthesis of CNTs which are arc
discharge, laser ablation and the chemical vapor
deposition (CVD) [8]. However, CVD process
is the most favorable method for producing high
yields of CNTs on industrial scale-up.

Of late, carbonaceous nanohybrids consisting
of carbon gels and carbon nanotubes having
a promoted synergistic effect leading to form
unique surface, thermal, mechanical and
electrical properties which make them promising
in separation, catalysis and energy storage
applications. For this purpose, recent technologies
have been carried out to incorporate commercial
CNTs into the network of organic aerogels
during sol-gel polymerization of resorcinol and
formaldehyde (RF) in an aqueous solution using
surfactants or organic solvents [13-17]. Through
another way, Fu et al. [18] synthesized CNTs on
cobalt-doped carbon aerogels either by carbon
monoxide decomposition at 1123K under flowing
of argon gas. Baumann and co-workers [19]
prepared carbon aecrogels /CNTs nanohybrids
through the CVD method. Fathy et al. [20]
synthesized carbon nanotube/carbon xerogel
hybrid (CNT/CX) during CVD of camphor
over carbonized RF xerogel loaded with nickel
catalyst at 1123K. It has been found that CNT/
CX nanohybrid possesses a superior capacitance
as compared to the individual component of CX
or CNTs.

The current study aims at preparing CX-CNTs
nanohybrids doped with titanium particles (Ti)
as photocatalyst source for determining their
adsorption and photodegradation performances
toward the removal of methylene blue (MB) dye
from aqueous solutions. The CX-CNTs sample
was prepared according to the procedure reported
elsewhere [20]. Titanium particles were doped on
CX-CNTs using tetrabutylorthotitanate (TBOT) as
titanium precursor at mass ratio of 4:1 (CX-CNTs/
TBOT) in order to hybridize the photoactivity of
Ti with the adsorption of CX-CNTs to remove
MB dye from aqueous solutions.

Materials and Methods

Materials

Resorcinol (C,H,(OH),, 99 %) was obtained
from Panreac. Formaldehyde solution (HCHO,
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36-38%), methanol (CH,OH, 99%) and tetrabutyl
orthotitanate (TBOT, Ti(OCH,CH,CH,CH,),,
97%) were purchased from Sigma-Aldrich. Acetic
acid (CH,COOH, 96 %) was obtained from EI-
Nasr Pharmaceuticals Co., Egypt. Ferric nitrate
(Fe(NO,),.9H,0) was supplied from SDFCL,
India and nickel nitrate (Ni(NO,),6H,0) was
obtained from BDH, Germany.

Preparation of Resorcinol-formaldehyde organic
xerogel

The RF xerogel was prepared by
polycondensation of resorcinol (R) with
formaldehyde (F) in molar ratio of 1:2. Briefly,
56.6 g of R was added to 113 ml of distilled water
in a glass flask. After complete dissolution, 82 ml
of F solution stabilized with 15 wt.% methanol
was introduced into the flask. After that, a
calculated amount of acetic acid as acid catalyst
was added with molar ratio R/C=500, under
stirring at 353 K. The initial pH of the sol was
adjusted to 6 by adding 0.1 M of NaOH solution.
The gelation step was allowed to proceed at 353
K during 48h. After this period, the gel was dark
red and the consistency of the material allowed
the sample to be shaped as desired (ground to
small particles ca. 0.1 mm). The RF hydrogel was
further dried within temperature scheme in an
air-oven as follows: 373 K for 90 min, 393K for
120 min and then at 423 K for 180 min to get RF
xerogel and then kept in closed glass tubes.

Preparation of carbon xerogels/carbon nanotubes
nanohybrids

Firstly, RF xerogel sample was impregnated
with about 10 wt.% of ferric nitrate and nickel
nitrate which dissolved at least amount of H O,
respectively. The impregnated RF xerogel was
dried at in an oven at 353K overnight.

Chemical vapor deposition (CVD) unit
comprising two separated chambers, fixed
on a desk, was employed for the synthesis of
carbon xerogel/carbon nanotubes nanohybrid.
A stainless steel tube (diameter=3.2 c¢cm and
length=80 cm) was placed in a horizontal position
throughout two electric furnaces. Commercial
camphor was used as hydrocarbon source since
it is inexpensive, nontoxic and commercially
available. About 3 g of camphor was put into an
alumina boat and kept inside the first furnace in
which cracking of camphor sample took place
under flowing nitrogen gas. In the 2™ unit, 0.6 g
of RF xerogel impregnated with Fe and Ni nitrates
in the 2" chamber was firstly heated upon 923K
under flowing N, gas for 60 min. Consequently,



CARBON XEROGEL/CARBON NANOTUBES NANOHYBRID... 2279

camphor was heated at 523K to get the mixture in
a gas phase, while, the temperature of 2™ furnace
was set at 1123K for growing CNTs on the surface
of pyrolyzed RF xerogel. The vapors liberated
from camphor were moved to the 2™ furnace with
high temperature by a N, gas flow. After 30 min,
the two furnace units were switched off and the
resulting product was labeled as CX-CNTs.

Preparation of Ti loaded on CX-CNTs nanohybrid

Before loading titanium particles on the
surface of CX-CNTs to prepare CX-CNTs-Ti
nanohybrid, the parent CX-CNTs was primarily
oxidized with concentrated acids (HNO,/ H,SO,=
3/1 v/v). A powder of CX-CNTs sample was
mixed with a solution of concentrated acids in a
round bottle and heated at 333 K under stirring for
4h. To remove the acidic solution, the dispersed
nanohybrid in the acidic solution was centrifuged
for 30 min (1000 rpm). Then, it was filtrated,
washed with distilled water for several times
and dried at 333K overnight. After that, TBOT
solution was used as Ti precursor at mass ratio of
4:1 (CX-CNTs to TBOT).

Firstly the CX-CNTs was dispersed in 30
mL of H O using an ultrasonic (30 min). TBOT
was dissolved in 30 mL HNO, (IM) solution
and stirred for 120 min to give transparent TiO,
sol, then 0.1M NaOH was added to adjust pH
at 3 forming a turbid TiO, colloid. TiO, colloid
was diluted by adding 200 mL H,O and then
added to the dispersed nanohybrid in a round
bottle and heated to 333K under stirring for 3h.
Then, a 0.5mL of hydrazine hydrated was added
to the mixture in order to form Ti (IV) particles
coated the nanohybrid. After cooling the reaction,
the mixture was centrifuged at 1000 rpm for 60
min to separate the nanohybrid and then washed
thoroughly with distilled water for several times
and then dried at 363 K overnight to get the final
product “CX-CNTs-Ti”.

Characterization of nanohybrids

Before and after formation of CNTs, the
surface structure and chemical compositions of
the prepared samples were described by field-
emission scanning electron microscope (SEM)
combined with energy-dispersive spectroscopy
and electron backscatter diffraction (FE-SEM,
FEI Quanta FEG-250, EDS). High resolution
transmission electron microscopy (HR-TEM,
JEM-1230, Japan) was used to determine the
morphologies of the resulting nanohybrids.

The principal porous properties of the

obtained nanohybrids were evaluated by
nitrogen adsorption analysis at 77 K during an
automated adsorption gas apparatus ((BEL-Sorp,
Microtrac Bel Crop, Japan). Prior to nitrogen
adsorption analysis, the samples were degassed
at 473K under a vacuum for several hours, and
the isotherms were measured in the relative
pressure (P/P ) range of 0.01- 0.99. Major textural
parameters such as the specific surface area, total
pore volume and pore width were estimated from
N, adsorption-desorption isotherms by applying
the Brunauer-Emmet-Teller (BET) method [21].
The BET analysis was employed for relative
pressure between 0.01 and 0.3 to deduce the total
surface area (S,,,, m*/g) and the total pore volume
(V,, ecm*/g) was calculated from the amount of
vapor adsorbed at P/P = 0.975. The pore width
(W,, A) was calculated from (4V,/S,..) x 10%. In
addition Harkins-Jura equation (t-plot) [22] was
used to determine the specific internal surface

area (S, ooe m?/g) and the specific micropore
volume (V' cm?/g) [23]. The mesopore

micro-t-plot’

volume was deduced from (V. =V

mcso—t-plot) 7P micro?

assuming that macropores are negligible.

Adsorption and photodegradation of MB dye
Methylene blue is a basic dye with heterocyclic
aromatic chemical moiety. The molecular formula
is C H CIN,S with absorption maxima at
668 nm. The dye stock solution 100 mg/L was
prepared by dissolving 0.1 g dye in 1L distilled
water. The experimental solutions were obtained
by diluting the dye stock solution to the desired

initial concentrations (10, 20 and 50 mg/L).

To assess the adsorption performance of the
prepared nanohybrids, the adsorption kinetic
experiments were carried out using 25 mL of MB
dye (10mg/L) and 10 mg of each nanohybrid at
different time intervals from 5 to 180 min at room
temperature and at pH 6.

Photodegradation experiments were performed
using 10 and 20 mg of CX-CNTs-Ti nanohybrid
with 25 mL of MB dye solution (10 and 25 mg/L)
in order to study the effects of catalyst loading
and dye concentration at constant pH 6. A 150 W
fluorescent lamp household light was used as a
visible light source. It irradiates outside at 10 cm
a distant from the solution surface. Prior to visible
irradiation, the mixture was magnetically stirred in
the darkness for 30 min in order to reach the steady
state of adsorption equilibrium on the surface of
nanohybrid. A 0.25 mL of the dye solution was
taken at certain interval time, which diluted to 5
mL by distilled water and then centrifuged at 1000
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rpm for 10 min to get a clear residual dye solution.
The residual MB concentration was estimated by
measuring their absorbance at 664 nm using a by
UV-Vis spectrophotometer (Shimadzu-PC2401).
The removal efficiency (% R) of MB dye was
calculated using the following equation:

(C,—C,) 100
Co (1)

%R =

Where C,and C, are the initial and equilibrium
liquid-phase concentrations of dye in aqueous
solution (mg/L), respectively.

Kinetic models

The kinetic tests were carried out following
the same procedure used for adsorption and
photocatalytic degradation of MB dye under dark
and visible light irradiation operations. Aliquots
samples were taken at different intervals of time
and the concentrations of MB were measured at
the same intervals. The amount of MB (q,, mg/g)
removed by the obtained nanohybrid at time t
(min), was calculated by means of the expression
below:

_(G,—C)V
t m @)

Where C, and C, are the liquid-phase
concentrations (mg/L) at an initial and pre-
determined time t (min) , respectively, V the
volume of solution (L) and m is the dry weight
of the added photocatalyst (g). In addition, the
kinetic data for MB dye adsorption and MB dye
degradation were then fitted into the pseudo—first
order, pseudo—second order and intraparticle
diffusion models.

The rate constant of adsorption was determined
from the pseudo—first order equation proposed by
Lagergren [24]:

kit
2.303 (3)

log (q,—q) =logq,—

Where qe and qt are the amounts of MB
degraded at equilibrium (mg/g) and at time t
(min), respectively and k1 is the degradation rate
constant (min —1).

The pseudo—second order equation based on
the; equilibrium adsorption is expressed as [25]:
- _ 1 4 t
q: k.q., 9. 4)

Where k, (g/mg. min) is the rate constant of
second-order degradation.
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The intraparticle diffusion model was further
used to identify the importance of diffusion during
adsorption process of MB onto the nanohybrids
under dark. The intraparticle diffusion equation
most-widely applied for adsorption system was
proposed by Weber and Morris as following [26]:

q=K,t"”+C (5)

Where &, , t'* and C, are the intraparticle
diffusion rate constant (mg/ g.min'?), square
root of the time (min)"2, and intercept at stage
i, respectively. The value of C, is related to the
thickness of boundary layer. The extrapolation
of the linear straight lines to the time axis
gives intercepts C. If C, is equal to zero, the
only controlling step is intraparticle diffusion.
However, if C, # 0, indicates that the adsorption
process is rather complex and involves more than
one diffusive resistance.

Results and Discussion

Surface and Textural features of nanohybrids

Fig.1. shows the FE-SEM photographs of
carbon xerogels before and after decoration with
carbon nanotubes as prepared by CVD of camphor
powder as carbon source over carbon xerogel
loaded with iron and nickel oxides under nitrogen
gas flowing at 1123K for 30 min. The surface of
CX composed of nanosized spherical particles
interconnected to form 3D network structure
with irregular sizes and shapes of these particles
(Fig. 1a) which is similar to that mentioned in
our previous studies [5,7]. Fig.lb displays the
growth of CNTs on the surface of carbon xerogel
as a result in CVD of camphor. As shown in Fig.
lc, the surface of CX-CNTs irregularly covered
with Ti particles. The elemental compositions of
carbon, oxygen and titanium species in CX-CNTs-
Ti nanohybrid by SEM-EDX analysis (weight
%) were 80.8, 17.6 and 1.6%, respectively, as
displayed in the inset Figure. Thus about 1.6 wt.
% of Ti particles is embedded into the matrix of
CX-CNTs was obtained.

For more examination, TEM was taken for the
CX-CNTs-Ti sample. It was shown that the CNTs
with outer diameters ranging from 24 to 46 nm
and Ti particles aggregated as black shadow over
CX and CNTs were detected.

Fig. 2 illustrates the N, adsorption-desorption
isotherms of CX-CNTs before and after doping
with titanium precursor and the pore parameters
are listed in Table 1. According to IUPAC

classification [27], N, adsorption-desorption
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isotherms of both samples are classified as Type
IIb representing mesoporous materials. This is
because of there is no plateau at high p/p, unlike
Type IV isotherm. Type IIb is well-characterized
by hysteresis loops of type H3 confirming the
presence of slit-shaped pores. Obviously the
addition of Ti particles led to a considerable
decrease in the adsorbed amount of nitrogen,
accordingly; the specific surface area is reduced
from 81 to 43 m*g. Thus the specific surface area
of CX-CNTs-Ti is lower than that of CX-CNTs
because it possesses less micropores and bigger
pore sizes. However, the total pore volume and
pore width are considerably increased from
0.126 to 0.250 cm?/g and from 6.25 to 23.5 nm
accompanying with an increase in the mesopore
volume also (cf. Table 1), respectively. The
mesopore fraction (V__/V,, %) was found to be
90.5% for CX-CNTs and 99.2% for CX-CNTs-
Ti confirming that the resultant nanohybrids are
mesoporous materials. Probably these results
caused that

Carbon nodules of
CX substrate

Eoment Weight™ atescs  Nollot s

NONE SEI 100KV X50000 100nm WD 85mm

Adsorption of MB onto carbonaceous nanohybrids

Adsorption experiments were carried out by
conducting 10 mg of sample with 25 mL of 10
mg/L of MB dye under stirring for 180 min in
order to determine the equilibrium time. Fig. 3
shows the adsorption performance of the prepared
nanohybrids. With increasing the contact time,
the removal of MB dye onto two nanohybrids is
steeply increased at the initial few minutes then
followed by a slowly increase. CX-CNTs-Ti
adsorbent exhibits higher removal efficiency for
MB dye of about 86.8% in comparison to that
adsorbed by CX-CNTs (~ 70%) at 180 min. Also,
the adsorption-desorption equilibrium time of
MB onto CX-CNTs and CX-CNTs-Ti in the dark
is established at 60 and 30 min, respectively. This
finding affirms the high adsorption efficiency of
CX-CNTs-Ti. Therefore, an enhancement in the
total pore volume and appropriate wider pores
due to doping CX-CNTs with Ti particles led to
creation of efficient adsorption sites for uptaking
MB dye from the aqueous solutions.

CX as substrate [

AR
NONE

Fig. 1. FE-SEM images for (a) CX and (b) CX-CNTs, and (¢) CX-CNTs-Ti nanohybrids (EDX analysis is shown

in the insert Figure c).
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140 4 | —=— CX-CNTs
130 ] | —®— CX-CNTs-Ti

a

Adsorbed volume (V_, cm’lg)

Fig. 2. N, adsorption-desorption isotherms of the prepared nanohybrids.

TABLE 1. Pore properties of the prepared nanohybrids.

Sample notation BET VP WP Smicro-t plot Vmicro-t-plot Vmeso-t plot Vmeso/Vl’
(m¥g) (em¥g)  (m)  (m¥g) (mVy) (emYy %
CX-CNTs 81 0.126 6.25 26.2 0.012 0.114 90.5
CX-CNTs-Ti 43 0.250 23.5 4.2 0.002 0.248 99.2
90 -
80 :
° 70 —- _ om
O
m 60+
= . —=— CX-CNTs
‘S 50 —a&— CX-CNTs-Ti
E 4
S 404
= -
o 30 -
== ]
20 -
10 —-
o T T * T 1 T T

¥ T Y T Y T y T Y T Y
[+ 20 40 60 80 100 120 140 160 180 200
Contact ime {mMin)

Fig. 3. The removal of MB by CX-CNTs and CX-CNTs-Ti adsorbents under dark condition at pH=6.
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Kinetic adsorption studies

Adsorption mechanism of MB dye onto both
nanohybrids was achieved by pseudo-first-order,
pseudo-second order and intraparticle diffusion
models at different initial concentrations of
MB dye solution onto varies masses of two
nanohybrids. In the pseudo-first-order equation
(3), the values of g,, and k, were calculated from

the intercept and slope of log (q,— g vs. t plots,
respectively as shown in Fig. 4. From pseudo-
second-order equation (4), g, and k, values were
evaluated by plotting #/g, vs. t as depicted in Fig.
5. In case of intraparticle diffusion equation (5),
values of k., and C, were calculated from the slope
and intercept of linear portion of g, — t* plot as
shown in Fig. 6.

1.4
1.2 A A
b A
1.0 .
4 M 10mg.L"'MB/10 mg CX-CNTs
0.8 4 ® 10mg.L"'MB/20 mg CX-CNTs
R | A 25mg.L"'MB/20 mg CX-CNTs
v 10m .L"'MB/10 mg CX-CNTs-Ti
0.6 " ' 10mg.L"MBlzo mg CX-CNTz—Tu
—— 0 4 T ' ' S 25mg.L'1MBl10 mg CX-CNTs-Ti
2 == < w
S 2] = = = :
k=3 T le
004 @
J [ J &
-0.2 - b o o}
-0.4 -
-0.6 -
-0.8 -
L ) i T d ) T T I T 1 & T
0 20 40 60 80 100 120 140 160 180
Contact time (min)
Fig. 4. Pseudo-first order plots of MB adsorbed by two nanohybrids.
16 | _u 10mg.L'MB/10 mg CX-CNTs
1 | —®—10mg.L"MB/20 mg CX-CNTs
14 | | —A— 25mg.L"'MB/20 mg CX-CNTs
4 | =#—10mg.L'MB/10 mg CX-CNTs-Ti
12 - | ~#—10mg.L'MB/20 mg CX-CNTs-Ti
| | —€—25mg.L"'MB/10 mg CX-CNTs-Ti
10 +
g 8-
: -4
6 -
4 ]
2
0 -
A B e B L B e B A m
0 20 40 60 80 100 120 140 160 180 200

Contact time (min)

Fig. 5. Pseudo-second order plots of MB adsorbed by two nanohybrids.
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Fig. 6. Intraparticle diffusion plots of MB adsorbed by two nanohybrids.

The applicability of such kinetic models
was selected according to the linear regression
correlation coefficient, R? value, which is listed
in Table 2. Inspection of Table 2 as well as Figs.
4 and 35, the fitting of experimental data to the
pseudo-first-order model is not so good because
it has relative low correlation coefficients (R?).
Accordingly, pseudo-first-order model cannot
describe the adsorption results of MB. Conversely,
the plots of pseudo-second-order model showed
good linear relations with excellent R? values close
to 1, affirming that the kinetic data significantly
fit with of pseudo-second-order model. Thereof,
the pseudo-second-order model is more adequate
to depict the adsorption of MB dye onto both
nanohybrids under dark operation.

Fig. 6 describes the intraparticle diffusion
plots at different initial concentrations of MB dye
solution onto varies masses of two nanohybrids.
The plots clearly show two noticeable intercepting
lines. The first is a fast increasing step at beginning,
followed by a relatively slow increasing. Thus the
adsorption of MB on the nanohybrids is a multi-
step process and the intraparticle diffusion is
not the only rate-controlling step, but that other
processes may control the rate of adsorption.

However, the photocatalytic degradation
experiments of MB using both nanohybrids under
a visible light irradiation were employed in order
to improve the removal percentage and to assess
the photocatalytic activity of both nanohybrids.

Egypt. J. Chem. 62, No. 12 (2019)

carbonaceous

Photocatalytic  activity — of
nanohybrids

However, most studies have focused on
developing of TiO, supported on carbon materials
for dye photodegradation [28-31]. For the
first time, here we studied the photocatalytic
performance of Ti particles coated the surface of

CX-CNTs nanohybrid.

The photocatalytic  activity of  both
nanohybrids was evaluated by changing the dose
of photocatalyst nanohybrids (10 and 20 mg) and
the initial concentrations of MB dye (10 and 25
mg/L) at room temperature and at the initial pH 6
of dye. As shown in Fig. 7 (a and b) when the dose
increased from 10 to 20 mg with 10 mg/L of MB
dye, the removal efficiency increased also form
70 and 88.5% at 180 min to 90 and 99% at 60 min
onto CX-CNTs and CX-CNTs-Ti respectively.
Upon increasing the initial concentration of MB
dye from 10 to 25 mg/L, the removal efficiency
reduced from 90 to 43.4% and from 99 to 92.1%
at 180 min for MB photocatalytic degradation
by those samples, respectively. These findings
confirm that the presence of titanium particles is
very effective in enhancing the photodegradation
of MB dye in aqueous solution under visible
light irradiation according to the difference
between data plotted in Figs. 3 and 4. Thus the
CX-CNTs-Ti sample exhibited higher removal
rate at earlier time of MB photodegradation.
Therefore, the photocatalyst dose and initial dye
concentration have significantly affected the
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TABLE 2. Parameters of kinetic models from adsorption of MB dye onto two nanohybrids (T= 298 K, V=25 mL

and pH =6).

Sample mass

First order kinetic

Second order kinetic

Intraparticle diffusion

Samples +C, of MB q, k, q, k, K,
dye R R’ C
(mg/g) (min™) (mg/g)  (g/mg min) (mg/g min"~)
10 mg+10mg/L 17.8 6.91x10* 0.771 17.8 0.048 1 0.152 15.8
CX-CNTs 20mg+10mg/L 2.09 2.30x10° 0.521 11.9 0.252 1 0.050 11.3
20mg+25mg/L 15.1 2.30x10° 0.922 21.3 3.46x10° 0.987 0.881 8.38
10 mg+10mg/L 3.79 2.30x10° 0.816 17.8 0.040 0.999 0.168 15.6
CX-CNTs-
T 20mg+10mg/L 1.08 0.0115 0.592 12.5 0.097 1 0.136 10.9
1
20mg+25mg/L 1.90 0.025 0.384 30.3 0.073 1 0.315 26.2
100 4 4
(@ b (O
L] ] L L] (]
0] *° % Ak A A
7 17 e 1 ]
0 o 80| ;‘ ot
o 704 ] n o 704
> . >
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o 604 ] 0 60
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Fig. 7. Removal of MB by two nanohybrids under visible light source at pH=6.

photocatalytic degradation of MB dye as shown
in photodegradation curve (Fig. 8). In conclusion,
the high performance of both photocatalyst
nanocomposites for removing MB dye from
aqueous solution in dark and visible light
irradiation is due to the synergic effect resulting
from the combination of surface functional groups
and Ti species as active sites for adsorption and
photocatalytic processes.

Conclusions

In this work, nanohybrids of CX-CNTs
and CX-CNTs-Ti particles were synthesized
successfully as evident by FE-SEM and TEM.
It has been found that the specific surface area
of CX-CNTs-Ti is lower than that of CX-CNTs
because it possesses less micropores and bigger
pore sizes. Removal of MB dye by adsorption
process is reached to 70% and 86.6% by CX-

Egypt. J. Chem. 62, No. 12 (2019)




2286

NADY A. FATHY et al.

1@

104 o 10mg.L"'MB/10 mg CX-CNTs
—8—10mg.L"MB/20 mg CX-CNTs
—A—25mg.L"'MB/20 mg CX-CNTs

0.8

- 0.6
Q
(8]

0.4

] L““\.\’—I

0.0 —r T

Conact time (min)

T ~ 1 "~ 0T~ 1T "~ T 1
80 100 120 140 160 180 200

CICqy

104

0.8

0.6

0.4+

0.2

1 (b)

1| |~#—10mg.L"MBI20 mg CX-CNTs-Ti

—=— 10mg.L"MB/10 mg CX-CNTs-Ti

—A— 25mg.L"MB/20 mg CX-CNTs-Ti

A

A

—_—

T Tt T 1 1717 1 71
20 40 60 80 100 120 140 160 180 200

Contact time (min)

Fig. 8. Photodegradation of MB by two nanohybrids under a visible light source at pH=6.

CNTs and CX-CNTs-Ti samples, respectively.
Whereas, the removal of MB dye through
photocatalytic condition using CX-CNTs and CX-
CNTs-Ti is enhanced to 90 and 99% at 60 min,
respectively. Therefore, these results confirm the
superior adsorptivity and photoactivity properties
of the obtained CX-CNTs-Ti.
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