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a b s t r a c t
The titanium was coated on graphite using the electroless method. The titanium coated graphite 
nanoparticle was modified with CNT-ABS nanocomposite by a sequence of steps, that is, sensitizing, 
activating, and coating with prior cleaning step. The titanium coated graphite with and without 
CNT-ABS nanocomposite was characterized by using X-ray diffraction, Fourier transform infra-
red spectroscopy, scanning electron microscopy, and transmission electron microscopy. The dye 
absorption efficiency is checked with and without nanocomposite of CNT-ABS. Malachite green dye 
was used as organic toxic waste. It was observed that Malachite green dye absorption efficiency of 
titanium coated graphite with CNT-ABS composite was better than without. The effect of adsorbent 
dosage (0.6 g/L), initial dye concentration (10 mg/L), pH (6), and contact time (60 min) was evalu-
ated. The equilibrium concentration and the adsorption capacity were evaluated using three different 
models namely Langmuir, Freundlich, and Tempkin isotherms. The kinetic study determined that 
Malachite green dye adsorption was in good analogy with the pseudo-first-order kinetic model.
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1. Introduction

The textile industries are the highest generators of 
liquid effluent since the huge quantity of water is used in 
the dying process [1]. Synthetic dyes are being used in a 
wide range of products such as clothes, leather accessories, 
furniture, and food industries. About 10%–15% of the dyes 
used, released through the effluent process [2]. Its presence 
in natural rivers and streams can cause harm to aquatic 
life due to its toxic nature. Many of the dyes are non-
biodegradable and also carcinogenic [3]. Presently, there 
are greater than 9,000 different dyes which are used in color 

index belonging to several chemical application classes.  
A number of these physical and chemical treatment processes 
including adsorption, precipitation, air stripping, reverse 
osmosis, flocculation, and ultrafiltration are often employed 
to remove these deadly pollutants from water. Almost all 
of these methods suffer from a number of drawbacks [4]. 
A carbon nanotube (CNT) has tunable chemical, physical, 
electrical, and structural properties, excite groundbreaking 
technologies to address the water pollution problems. CNT 
based nanotechnologies are used in many fields, such as 
catalyst, filters, sorbents, or membranes [5]. Electron–hole 
pairs that are created will react with oxygen and water 
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molecules to form superoxide anions and hydroxide radi-
cals which increase oxidizing power and thereby to be used 
in many industrial dye compounds [6–9]. CNT-ABS nano-
tubes are carbon-based nanotubes which have multi-walled 
carbon nanotubes dispersed in ABS by unique hollow tube 
structure [10]. CNTs and CNT-ABSs have been projected 
for different applications such as hydrogen storage devices, 
sensors, and many more [11]. The electroless technique is 
perhaps the most promising because it does not need exter-
nal electrical supply, in order to complete the deposition. 
The presence of a chemical reducing agent in the solution 
is used on the different substrates to generate assisted 
deposition.

Carbons materials and its modified surfaces area and 
large surface areas, extensive trials have been conducted 
on the adsorption of Malachite green dye [12]. Malachite 
green is an organic dyestuff compound (Fig. 1), is chlorite 
salt of [C6H5C(C6H4N(CH3)2)2]. It traditionally serves as a 
coloring agent for silk, linen, paper, jute, cotton, and leather 
as a coloring additive. Malachite green is known to be a 
triarylmethane colorant and is used in the dyestuff industry.

In the present paper, Malachite green dye was selected 
as the typical organic dye to investigate adsorption kinet-
ics of pollutant on the titanium coated graphite CNT-ABS 
nanocomposite and titanium coated graphite under different 
experimental conditions. The kinetic data was investigated 
on different models were adopted to fit the experimen-
tal data. This may be applicable to practical applications 
of the adsorbent during wastewater treatment.

2. Materials and methods

Malachite green dye (C23H25N2) (ARGrade 99% pure, 
Merck) and graphite (ARGrade 99% pure, Merck, Particle 
size (<50  µm)), was used without further purification, 
hydrochloric acid (HCl) (ARGrade 99% pure, Merck), Tin(II) 
chloride (SnCl2) (ARGrade 99%pure, Merck), silver nitrate 
(AgNO3) (ARGrade 99% pure, Merck), titanium chloride 
(TiCl4) (ARGrade 99% pure, Merck), sulfuric acid (H2SO4) 
(ARGrade 98% pure, Merck), sodium citrate (Na3C6H5O7) 
(ARGrade 99% pure, Merck), NaOH pellets (ARGrade 99% 
pure, Merck), and hydrazine (ARGrade 99% pure, Merck) and 
CNT (ARGrade, name NC7000TM were supplied by Nanocyl 
S.A. Sambreville, Belgium) were used in this experiment. 
The technical data sheet says CNT has an average diame-
ter of 9.5 nm, average length of 1.5 μm, and a surface area 
of 250–300 m2/g, ABS (ARGrade 99% pure, and trade name 

Sinkral®F322). The double distilled water obtained from the 
lab were used throughout this study.

2.1. Experimental

2.1.1. Electroless coating of titanium on graphite

Titanium coated on graphite using an electroless 
method. The process of coating relies on a particular order 
which follow with sensitizing, activation, coating, and dry-
ing stages are included, which is broadly divided into three 
different steps:

•	 Step 1: Sensitizing: the graphite was sensitized by treat-
ment which was carried out in 200  mL of a solution 
containing 10  g of tin(II) chloride (SnCl2) and 2  mL of 
hydrochloric acid for 15–30  mins. Then the sensitized 
graphite was rinsed in distilled water.

•	 Step 2: Activation: the obtained graphite was transferred 
to activating 200  mL solution containing 0.5  g of silver 
nitrate because to increase the activity of carbonation 
and 2 mL of hydrochloric acid and stirred for 15–30 mins. 
The activated graphite is rinsed in distilled water.

•	 Step 3: Coating: the activated graphite was transferred to 
the bath containing 5 g of titanium chloride and 5 g of 
sulfuric acid along with distilled water. Five grams of 
sodium citrate, 5 g of NaOH pellets, and 5 mL of hydra-
zine was added and mixed using mechanical stirrer 
and allowed for a day and it is filtered.

2.1.2. Preparation of titanium coated graphite-CNT 
ABS composite

The obtained titanium coated graphite was further 
divided into two equal part, in which one is used as the 
same and second half is further mixed with the CNT-ABS 
nanotubes by grinding the CNT-ABS nanotubes to fine 
powder (1 g) is weighed and mixed with 10 g of titanium 
on graphite using the stirrer by adding little of 2  mL of 
hydrochloric acid and allowed for a day so that, the com-
pounds are completely dispersed. The schematic represen-
tation of titanium coated graphite-CNT ABS composite is 
shown in flow chart of Fig. 2. The titanium coated graph-
ite without CNT-ABS and with CNT-ABS nanotubes were 
rinsed multiple times in distilled water and dried in a 
hot air oven and sent for characterization.

2.1.3. Adsorption study

The batch analysis was carried out to find out the 
adsorption of dyes onto the adsorbent in 250  mL glass 
flasks which contain a certain volume of fixed initial con-
centrations of dye solution and known amount of adsor-
bent. The flasks were kept on a magnetic stirrer at a speed 
of 500  rpm. At fixed time intervals, the sample solutions 
were filtered after attaining equilibrium using Whatman 
filter paper and residual concentrations were determined. 
The adsorbate concentrations in the initial and final solu-
tions were calculated by using UV-vis spectrophotome-
ter (Perkin-Elmer Lambda 25 spectrophotometer, USA) at 
621  nm (λmax). The amount of Malachite green adsorbed 
on titanium coated graphite CNT-ABS nanocomposite Fig. 1. Schematic structure of malachite green.
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and titanium coated graphite was calculated from the dif-
ference between the initial concentration and the equilib-
rium one. The adsorption percentage was derived from 
the difference of the concentration before adsorption (C0) 
and the concentration after adsorption (Ce).

Adsorption  % =
−( )

×
C C
C

e0

0

100 	 (1)

2.2. Characterization of the titanium coated graphite and titanium 
coated graphite CNT-ABS nanocomposite as an adsorbent

2.2.1. X-ray diffraction

It is observed that titanium coated graphite CNT-ABS 
nanocomposite shows a good crystalline phase compared 
to titanium coated graphite. Where in the above Fig. 3, tita-
nium coated graphite CNT-ABS nanocomposite pattern of 
XRD shows a well-known different characteristic diffraction 
peaks, and also it has matched well with JCPDS file of tita-
nium on graphite with CNT-ABS is 00-2088. The XRD pat-
tern (Fig. 3b) of the titanium on graphite adsorbents show 
typical pattern and is little amorphous in nature without 
clear characteristic peaks having main peaks at 2θ at 26°, 
36°, 44° and 54° were and matched well as JCPDS file of 
titanium on graphite is 29-0661.

2.2.2. SEM and TEM analysis

The SEM image (Fig. 4I (a)) of the sample titanium 
graphite with CNT-ABS were observed to be a roughly 

spherical shape. It can be seen that the particle sizes 
of samples are in the ranges from 53.0 to 78.0  nm were 
observed. Whereas, the SEM image of titanium on graph-
ite is not clear (Fig. 4I (b)) and the particle sizes were not 
clearly observed since the particle size is very small. Fig. 
4II (c–h) show the typical high-resolution TEM image of a 
coating of titanium on graphite with CNT-ABS and with-
out CNT-ABS nanocomposite. It confirms that the titanium 
on graphite nanoparticles have an irregular small spheri-
cal structure in both with and without nanocomposite, as 
it can be seen from the image. By carefully observing the 
TEM image proves it has a spherical structure [13]. The 
average diameter of the Titanium on graphite nanopar-
ticles has spherical structure with particle size about 
44–55 nm. In addition to this, no nanoparticle aggregation 
is found on the surface of the graphite since ABS polymer 
is used for the dispersibility of titanium on graphite NPs. 
Moreover, the TEM image was shown an ABS polymer 
layer surrounding around of nanoparticles that was prohib-
ited the particles agglomeration and established the effective 
surface coating. In conclusion, titanium coated on graphite 
has 44–55 nm size, and titanium graphite with CNT-ABS has 
53.0–78.0 nm which is due to the hollow structure of CNT 
and causes better adsorption.

2.2.3. FTIR analysis

Fourier transform infrared spectroscopy (FTIR) (Fig. 5) 
is used to identify the adsorbed dye on the surface of the 
adsorbent before and after the dye adsorption. There is 
no change in the FTIR spectra of titanium coated graphite 

 

STEP 1 
Sensitizing

The graphite + 200 mL (10 g (SnCl2) + 2mL of HCl) +stir 
15-30 mins. Rinsed in distilled water. 

STEP 2 
Activation

The obtained graphite + 200ml solution (0.5g of 
AgNO3+2ml HCl) + stirred 15-30 mins. Graphite is 
rinsed in distilled water.  

STEP 3 
Coating: 

Above prepared graphite + 5g of TiCl4 + 5g of H2SO4+ 
distilled water. 5g of Na3C6H5O7, 5g of NaOH pellets + 
5ml of hydrazine + stirrer and allowed for a day and it is 
filtered.  

Titanium coated graphite 
(1 g) is weighed CNT-ABS nanotubes +10 g of 
titanium on graphite + 2 ml of hydrochloric acid 
+ Stirred for a day +  rinsed with distilled water and 
dried + dried using hot air oven. 

Titanium coated CNT
 

Fig. 2. Schematic flow chart of the preparation of titanium coated graphite-CNT ABS composite.
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before and after the adsorption. Since the mass of the dye 
adsorption is in less quantity on titanium coated graphite 
and the sensitivity of the FTIR instrument is more, it will 
not be able to detect the adsorption in the FTIR. While, the 
spectra of titanium coated graphite CNT-ABS nanocompos-
ite indicate intensive bands at 3,400; 3,500; and 3,600 cm–1 
shows the presence of hydroxyl functional of CNT (surface 
adsorbed). After adsorption of titanium coated graph-
ite CNT-ABS nanocomposite bands in 1,780; 1,750 (C=O 
stretch); and 1,690 (C=C stretch) mainly due to the adsorp-
tion of malachite green dye. Since the surface area in 
more in the CNT due to hollow structure, the amount of 
adsorption is more and there is a band of malachite green 
is observed in infra-red spectra due to adsorption of mala-
chite green dye.

2.3. Effect of adsorbent dosage

The mass adsorbed was studied with the different mass 
of titanium graphite with CNT-ABS and titanium graphite 
on malachite green dye absorption, 10 mg/L dye concentra-
tion for 60  min. Fig. 6 reveals that, the effect of adsorbent 
dosage on dye removal of titanium on graphite with CNT-
ABS, and it is found 90% absorbance, whereas titanium on 
graphite shows only 36% absorbance. Because the adsorp-
tive capacity of titanium on graphite available was not fully 
utilized and the adsorption of molecules is likely to occur 
around molecules that are already present (occupied) on 
the surface. With CNT-ABS the surface area is more and 
the adsorptive capacity is more because it contains CNT, 
which contributes to more surface area.

2.4. Effect of pH

The pH of a solution is one of the important parame-
ters in the adsorption process. During this study, it reveals 
that the adsorption of dye was dependent on the pH. 
The effect of pH on adsorption of dye onto the titanium 
coated graphite and titanium coated graphite CNT-ABS 
nanocomposite was studied in the pH range 1–12 (Fig. 7) 
and the maximum dye removal capacity was observed at 
pH 6 for titanium coated graphite with CNT-ABS. Further 
increase in pH, no significant change in dye removal is 
observed. Titanium coated graphite CNT-ABS nanocom-
posite has favored in the removal of the dye malachite 
green due to the electrostatic interaction increased the 
adsorption and shows stable in the pH range 6–12 due to 
hydrogen bonding, that is, repulsion of H+ ion with the cat-
ionic dye molecules decreases the adsorption and shows 
constant adsorption. Hence, the surface will then exhibit a 
cation exchange capacity [14].

2.5. Effect of contact time

As given in Fig. 8, % of adsorption value improves 
with the increase in the contact time from 10 to 60  mins. 
The adsorption capacity of titanium coated graphite 
CNT-ABS nanocomposite increased with the increase in 
time. The subsequent constant adsorption process maybe 
because of vacant surface sites may be exhausted [15]. 
It is observed that, titanium coated graphite CNT-ABS 
nanocomposite shows far better adsorbance compared 
to titanium on graphite. Due to high interconnected pore 

 

(a) 

(b) 

Fig. 3. XRD pattern of (a) titanium coated graphite CNT-ABS nanocomposite and (b) titanium coated graphite.
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structure and less pore deformation compared to titanium 
on graphite, as time advances the surface coverage on the 
adsorbent is high, after that no adsorption takes place and 
becomes a constant. Compared to bimetallic nanoparticle 

Fe–Cu nanoparticles (dosage 10  mg/L) and Graphene 
oxide/cellulose beads (dosage 10  mg/L) with malachite 
green dye which has more contact time of 20–24 h, respec-
tively [12,16]. Our work, titanium coated graphite CNT-ABS 

 
(a) 

 
(b) 

I

II (c) (d)

(e) (f )

(g) (h)

Fig. 4. (I) SEM and (II) TEM analysis image of (c,e,g) titanium coated graphite and (d,f,h) titanium coated graphite CNT-ABS nanocomposite.
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nanocomposite shows better adsorption capacity and less 
contact time of 1 h (60 min) due to large surface of CNT.

2.6. Effect of initial concentration

The effect of the initial concentration of malachite green 
dye in the solution was investigated and shown in Fig. 9. 
The investigation was conducted with fixed adsorbent 
dosage (10  mg), at constant pH (6), contact time (60  min) 
conditions. The percentage of adsorption decrease with 
increase in initial dye concentration. The initial adsorp-
tion capacity was 94%. Here also, titanium coated graph-
ite with CNT-ABS nanocomposite shows far better adsor-
bance compared to titanium coated graphite. Because of 
the autocatalytic activity of the titanium coating on the 
graphite with CNT-ABS has more bundle walled nano-
tube, which is expected to have a greater influence on the 
adsorption of organic pollutant malachite green dye. The 
adsorption of malachite green dye depends especially on 
the CNT-ABS due to a specific interaction between the mal-
achite green dye adsorption and the functional groups of 
CNT-ABS that favorable the malachite green dye adsorp-
tion. The percentage of adsorption decrease may be due 
to adsorption sites gets saturated resulting in a decrease in 
the available surface area for the malachite green dye [17].

2.7. Zero-point charge

The evaluation of surface properties is very import-
ant for any new material before starting for adsorption 
studies. In an attempt, to study the surface charge of the 
synthesized material, pH drift method was done using 
0.01 N NaOH. In a series of solutions of NaOH added a 
small amount of nanocrystalline titanium coated graphite 
with CNT-ABS and the initial pH of each solutions was 
adjusted between 2 and 12 using 0.01 N HCl and 0.01 N 

NaOH. All these mixtures were kept shaking for 10  h to 
reach equilibrium and the final pH was noted. Zero-point 
energy of titanium coated graphite with CNT-ABS as found 
to be 6.0 (Fig. 10) which signifies that below this value the 
titanium coated graphite with CNT-ABS nanoparticle 
is positively charged might be due to protonation and 
above 6.0 has a negative charge.

2.8. Adsorption isotherm

The adsorption isotherm is important to design adsorp-
tion systems. The mechanism of adsorbent was studied by 
isotherm models. The mathematical relation between dye 
concentration and the mass of the dye adsorbed at a par-
ticular time, dosage, and pH is given by the adsorption 
isotherms. Langmuir, Freundlich’s, and Temkin models are 
amongst explaining solid–liquid sorption systems.

500 1000 1500 2000 2500 3000 3500 4000

%
 T

ra
ns

m
itt

an
ce

c)titanium coated graphite

d)titanium coated graphite CNT-ABS nanocomposite

b)titanium coated graphite CNT-ABS nanocomposite

a)titanium coated graphite

Before adsorption

After adsorption

Wavenumber (cm-1)

3600
3500

3400

3400

3500

3600

1750

1780

1690

Fig. 5. FTIR spectra before adsorption (a) titanium coated graph-
ite, (b) titanium coated graphite with CNT-ABS nanocomposite, 
(c) titanium coated graphite after adsorption, and (d) titanium 
coated graphite with CNT-ABS nanocomposite after adsorption.
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2.8.1. Langmuir isotherm

The theoretical Langmuir isotherm is valid for adsorp-
tion of a solute from a liquid solution as monolayer adsorp-
tion on a surface containing a finite number of identical 
sites. Langmuir isotherm model assumes uniform ener-
gies of adsorption onto the surface without transmigration 
of adsorbate in the plane of the surface [18]. Therefore, 
the Langmuir isotherm model was chosen for the estima-
tion of the maximum adsorption capacity corresponding 
to complete monolayer coverage on the adsorbent surface. 
The Langmuir equation is commonly expressed as follows:

C
q K q

C
q

e

e L

e=
×

+
1

max max

	 (1)

where qe is monolayer adsorption capacity (mg/g), KL is 
Langmuir isotherm constant related to the affinity of the 

binding sites and energy of adsorption (L/mg). The values 
of qe and KL can be calculated by plotting Ce/qe vs. Ce (Fig. 11).  
The essential characteristics of a Langmuir isotherm can be 
expressed in terms of a dimensionless constant separation fac-
tor or equilibrium parameter, RL, which is defined by RL = 1/
(1 + KLCe). The influence Ce of isotherm shape on “favorable” 
or “unfavorable” adsorption has been considered. The RL val-
ues indicate the type of the isotherm to be either unfavorable 
(RL > 1), linear (RL = 1), favorable (0 < RL < 1), or irreversible 
(RL = 0). In the present experiment, the results were found for 
RL between 0.999 which clearly indicate the adsorption was 
favorable with CNT-ABS and results are shown in Table 1.

2.8.2. Freundlich isotherm

The Freundlich equation was assigned for the adsorp-
tion of MG dye on the adsorbent. The Freundlich isotherm 
was expressed as:

ln ln lnq K
n

Ce F e= +
1 	 (2)

The values of KF show the Freundlich isotherm con-
stant, n is the Freundlich component. Where qe is the stan-
dard adsorption mass, Ce is the equilibrium concentra-
tion. Freundlich isotherm is an actual relation between the 
concentrations of solute on the surface of an adsorbent to 
the concentration of the solute in the liquid which is in con-
tact [19]. Fig. 12 shows Freundlich isotherm of adsorption. 
The obtained R2 values are summarised in Table 1.

2.8.3. Temkin isotherm

The Temkin isotherm accepts linear form rather than 
logarithmic form in decrease of heat of adsorption applicable 
to moderate concentration. It also assumes uniform distri-
bution of bounding energy up to some maximum bonding 
energy [20]. The Tempkin isotherm was symbolized by:

q B A B Ce T e= + ln   ln 	 (3)
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Fig. 8. Effect of contact time on malachite green dye adsorption.
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where AT is the Temkin isotherm equilibrium binding 
constant (L/g), bT is the Temkin isotherm constant, R is the 
universal gas constant (8.314  J/mol/K), T is the tempera-
ture at 298  K. B is the constant related to heat of sorption 
(J/mol). From the Temkin plot shown in Fig. 13, the following 
values were estimated: AT = 1.075 L/g, B = 25.34 J/mol which 
is an indication of the heat of sorption indicating a physi-
cal adsorption process, and the graph was carried out by 
plotting the quantity sorbed qe against lnCe.

The application of the Langmuir, Freundlich, and Temkin 
equation to the experimental data showed that the Langmuir 
model fitted well with the experimental data (R2 = 0.999) than 
Freundlich model (R2 = 0.909) and Temkin model (R2 = 0.883) 
in case of Titanium coated on a graphite with CNT-ABS. 
Without the CNT-ABS all the model were not suitable for 
adsorption process. On this basis, also one would conclude 
that it was chemisorption. All these values are summarized 
in Table 1.

2.9. Kinetic study of adsorption

The kinetics of malachite green dye adsorption is nec-
essary for choosing the optimum operating conditions, 
for the extensive batch process. The kinetic parameters, 
which are supportive for analyzing of adsorption rate, 
give information for designing and creating the adsorption 
processes. In order to enquire the mechanism of adsorp-
tion, different kinetic models have been recommended. 
Recently, adsorption mechanisms relating kinetics-based 
models have been published and calculated as per the 
literature [21]. In this study, two of the well-known mod-
els were investigated to find the best-fitted model for the 
experimental data obtained. The kinetic data were treated 
with the following pseudo-first-order rate equation.

log log q q q
k t

e t e− = −( ) 1

2 303.
	 (4)

where qt and qe are the amount adsorbed at time t and at 
equilibrium (mg/g) and k1 is the pseudo-first-order rate con-
stant for the adsorption process (1/min).

The pseudo-second-order model can be represented in 
the following form.

t
q k q q

t
t e e

= +










1 1

2
2

	 (5)

where k2 is the pseudo-second-order rate constant (g/
mg min). The plots of log(qe – qt) vs. t and the plots of t/qt vs. t 
are shown in, respectively. Kinetic constants calculated from 
the graph of the both pseudo-first-order and pseudo-second-
order plots show that pseudo-first-order is fitted better 
than pseudo-second-order and results are given in Table 2.

2.10. Mechanism of adsorption

Stronger adsorption ability is one of the characteris-
tics of polar organic dye, and it is easily adsorbing on the 
large specific surface area of CNT. Three steps are involved 
in the removal of dye by titanium coated graphite with 
CNT-ABS nanocomposite. In the first step, the malachite 
green dye molecules migrated from the bulk liquid phase 
to the outer surface of adsorbent particles. In the second 
step, the malachite green dye molecules moved within the 
pores of adsorbent particles. In the third step, the adsorp-
tion of malachite green dye molecules by titanium coated 
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Fig. 11. Langmuir isotherm.

 

Fig. 12. Freundlich isotherm.

Fig. 13. Temkin isotherm.
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graphite with CNT-ABS nanocomposite took place on the 
surface. As per the isothermal studies, it is a chemisorption 
process. In this chemisorption process, the cationic dyes 
showed a high affinity to be adsorbed on CNT; this fact 
could be attributed to the electrostatic interactions between 
π-electrons of CNT and the positively charged moieties of 
the cationic dyes. This phenomenon was referred to as π–π 
electron-donor (CNT)/acceptor (cationic dyes) interaction.) 
among the cationic dyes, MG is an ideally planar molecule 
and therefore could be easily adsorbed by π–π interactions 
[22] between the aromatic backbone of the dyes and CNT. 
Thus, titanium coated graphite with CNT-ABS nanocom-
posite was expected to play a promising role in the field of 
organic pollutant removal.

3. Regeneration and reusability

Thus, we have seen that the adsorption process is a 
simple and cheapest process. In this regard, the regenera-
tion of the material and reusability is very important aspect. 
In order to check the reusability, the synthesized titanium 

Fig. 14. Pseudo-first-order model.
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Fig. 15. Pseudo-second-order model.

Table 1
Adsorption isotherm

Titanium 
coated on a 
graphite

Langmuir model Freundlich model Tempkin model

With CNT-ABS Without CNT-ABS With CNT-ABS Without CNT-ABS With CNT-ABS Without CNT-ABS

R2 R2 R2 R2 R2 R2

0.999 0.046 0.909 0.128 0.883 0.096

Table 2
Kinetics of malachite green dye adsorption

Pseudo-first-order Pseudo-second-order

With CNT-ABS Without CNT-ABS With CNT-ABS Without CNT-ABS

R2 R2 R2 R2

0.995 0.717 0.935 0.358
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coated graphite with CNT-ABS nanomaterial was taken 
in a beaker and adsorption was allowed to take place in 
the presence of Malachite green dye and the mixture was 
stirred well for around 60 min. After the adsorption process 
is over, the spent adsorbent was filtered and was washed 
with deionized water. The filter paper was heated about 
150°C in order to remove all the adsorbed dye and also 
to restore the adsorbent sites and to reactivate the adsor-
bent. Regeneration experiment was repeated for six more 
cycles by stirring the adsorbent with Malachite green dye 
for 60  min under the similar previous condition and the 
absorbance of the compound was measured each cycle. 
The results are shown in Fig. 16. Which shows that for 
the regeneration the adsorbent efficiency has decreased to 
92% after the first recycling, may be due to the clustering 
of nanoparticles on sintering. But, for further cycles the 
% decrease in efficiency was more or less linear decreas-
ing order. Thus, this material can be efficiently reused for 
many cycles for the purification/adsorption process.

4. Conclusion

In this paper, titanium coated graphite CNT-ABS nano-
composite and titanium coated graphite was proposed and 
its dye removal ability was evaluated and compared. It was 
observed that titanium coated graphite CNT-ABS nano-
composite gives better dye adsorption efficiency and has 
advantages over titanium coated graphite. Malachite green 
dye was used as a standard toxic dye. Adsorption kinetic of 
dye was found to confirm to pseudo-first-order kinetics. It 
was found that dye adsorption onto the electroless titanium 
coated graphite with CNT-ABS nanocomposite followed 
with Langmuir isotherm. It can be decided that the elec-
troless titanium coated graphite CNT-ABS nanocomposite 
being as an adsorbent with high dye adsorption capabil-
ity could be an acceptable substitute to remove dyes from 
colored aqueous solutions.
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