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Abstract-SiO2 sol was prepared by using Silicic acid with Tetrahydrofuran in the ratio of 1:2 along with 

Isopropanol solution and mixed with Coccinia indica bark activated carbon (AC) prepared using acid impregnation 

method. The grain size of the particles was calculated by X-ray diffraction, SEM and EDAX analysis reported the 

surface morphology and chemical composition. The crystal structure and elemental composition was analyzed by 

Fourier transform spectroscopy, band gap was calculated using UV–Visible spectroscopy. The photocatalytic 

experiments were performed with aqueous solution of Rhodamine B for 2h irradiation, direct photolysis of AC–SiO2 

contributed 85% decomposition in solar radiation for the optimized concentration of Rhodamine B dye.  
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1. INTRODUCTION 

The development of better catalysts for water 

treatment is a significant contribution of Nano science. 

Among the advanced oxidation processes, 

photocatalysis-using semiconductors has become a 

leading technology in the field of environmental 

cleaning. Silica is suitable in many areas like ceramics, 

glass industries, photovoltaic cells [1, 2]. SiO2 exhibits 

measurable activities for catalytic and photocatalytic 

reactions [3, 4]. Bi-metal and tri-metal doped SiO2 has 

become of interest in promoting photocatalytic reactions 

under UV- light irradiation [5, 6]. Now-a-days, the sol-

gel technique is the most commonly employed for the 

synthesis of silica as well as metal doped SiO2 core-

shell matrices [7]. It involves simultaneous hydrolysis 

and condensation of alkoxides, so that silica with 

several characteristics can be produced [8, 9]. Various 

supported materials have been proposed for degradation 

of several dye molecules [10-12]. Activated carbon 

(AC) is excellent adsorbent of countless pollutants. It is 

very promising as it is able to adsorb the dye molecules 

and then release them onto the surface of the catalysts. 

The intermediates produced during degradation can be 

adsorbed by AC and then oxidized [13, 14]. Their 

industrial applications involve the adsorptive removal of 

odour, colour, taste and other undesirable organics from 

industrial wastewater [15].In the present paper, the 

possibility of utilization of the AC-SiO2 nanocomposite 

for the photocatalytic removal of Rhodamine B dye 

from an aqueous medium has been investigated. The 

equilibrium study has been observed to study the effects 

of various process parameters such as PH, contact time 

and sorbent dosage on the photocatalytic process. 

Equilibrium data have been fit into various adsorption 

isotherms in order to select an appropriate isotherm 

model. 

 

2. EXPERIMENTAL DETAILS 

2.1. Biomass preparation   

Coccinia indica bark was washed with tap 

water, then rinsed with double-de-ionized water and 

dried first in the sun light for 7 days. Resulting dried 

bark   was cut into small pieces and used for further 

studies.      

 2.2. Impregnation using sulfuric acid (H2SO4)  

In  a  5L  trough  500 g  of Coccinia indica 

bark was contacted  500 ml sulphuric  acid  during  a  

fixed  period  of impregnation  time,  temp  (16].  The 

impregnated samples were recovered by filtration and 

dried at room temperature for 2 days. They were 

calcined in a muffle furnace for 3 h. Later the activated 

carbon was rinsed with double-ionized water until pH 6, 

dried in hot air oven for 4 h, and used for further 

studies. 

2.3. Preparation of carbon - SiO2 nanocomposite 

Silicic acid with Tetrahydrofuran in the ratio of 

1:2 was used for the preparation of SiO2 sol. 

Isopropanol solution was added to the above mixture 

with continuous stirring for 2h and irradiated in 

microwave oven for 30 min. The prepared gel was 

mixed well with weighed amount of prepared activated 

carbon with continuous stirring for 1h. The reaction 

products were filtered, washed with deionized water and 

dried in hot air oven at 80
o
C. 
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The cationic dye, Rhodamine B was purchased 

from Sigma-Aldrich. All the above reagents were 

analytical grade without any additional purification. 

Deionized water was used throughout the reactions and 

synthesis process. Besides, all the experimental tests 

were performed at room temperature. 

                                        

 

 

 

 

 

 

 

 

Fig.1. Structure of Rhodamine B (Mol.F  

C28H31ClN2O3) 

 

2.4. Characterization 

The prepared AC-SiO2 nanocomposites was 

characterized for the crystalline structure using D8 

Advance X-ray diffraction meter (Bruker AXS, 

Germany) at room temperature, operating at 30 kV and 

30 mA, using CuKα radiation (λ = 0.15406 nm). The 

crystal size was calculated by Scherrer’s formula. 

Surface morphology was studied by using SEM-EDS 

(Model JSM 6390LV, JOEL, USA), UV–Vis diffuse 

reflectance spectra was recorded with a Carry 5000 UV-

Vis-NIR spectrophotometer (Varian, USA) and FTIR 

spectra were measured on an AVATAR 370-IR 

spectrometer (Thermo Nicolet, USA) with a wave 

number range of 4000 to 400 cm
−1

.  

 

2.5. Photocatalytic activity  

The photocatalytic activity of the AC- SiO2 

was studied under solar irradiation. In a typical 

experiment, aqueous suspensions of Rhodamine B dye 

solutions (20, 40, 60, 80 mg/L) and 0.1 g of the AC - 

photo catalysts were placed in reaction bottles. Prior to 

irradiation, the suspension was stirred magnetically to 

ensure an adsorption/desorption equilibrium. At regular 

intervals of given irradiation time the suspension were 

withdrawn, filtered and measured 

spectrophotometrically (554 nm). The effect of catalyst 

load was studied using (50 to 300mg) of the adsorbent 

and pH study was carried out from 2 -12 for all the four 

concentrations of the dye.  

 

3.  RESULTS AND DISCUSSION 

3.1. Characterization of the photocatalyst  

The ultraviolet-visible spectrum shows strong 

absorption bands in the visible spectral region with a 

maximum at 554 nm. The ultraviolet-visible spectrum 

of Methylene blue dye shows strong absorption bands in 

the visible spectral region with a maximum at 662 nm. 

The SEM images of AC- SiO2 show that the 

nanoparticles possess an almost spherical shape with 

homogenous distribution of Si particles throughout the 

amorphous carbon. AC- SiO2 shows an average particle 

size of 35 - 40 nm [2a]. Additionally, the AC- SiO2 

agglomerates   possess   a rough and porous   surface, 

resulting in an   increased surface area, which suggests 

that this nanocomposite could be chemically reactive, 

therefore suitable for photocatalytic applications. EDX 

analysis confirms the presence of Si, C and O in Ac-

SiO2  with peaks for the elements Si, O and C appearing 

at 1.7 keV, 0.5 keV and 0.3 keVs,. TEM image of the 

sample [2b] demonstrates that the sample is entirely 

amorphous Furthermore, the mesoporous SiO2 has a 

three dimensionally interconnected and disordered 

globular-like mesopore structure and the size of 

mesopore is almost homogeneous. The FTIR spectrum 

[2 c] reports absorption peak near 1100 cm
−1

, which 

corresponds to the Si–O–Si stretching vibrations. The 

broad band around 3403 cm
−1

 is attributed to O–H 

stretching and the peak near 1630 cm
−1 

to O–H bending 

which is related to physically absorbed moisture. It is 

considered that the dopant Si enhanced the water 

absorption and the more OH were formed. Thereby, the 

photo-catalytic activity of AC - SiO2was increased [17]. 

The XRD results show broad peak at 2θ = 48.0, 54.0 

and 62.0 corresponding to the (200), (211) and (204) 

crystal planes reflection of anatase. [18, 19], The XRD 

of the modified sample shows hump at 2 theta range 

(40-50) deg., this means that the composite is highly 

disordered and amorphous in nature. 

3.2. Photocatalytic studies 

3.2.1. Initial dye concentration  

Fig. 3a. shows the effect of initial dye 

concentration on photo degradation by the AC-SiO2 

nanocomposite.. The results show that the 

decomposition of Rhodamine B decreased with 

increasing initial dye concentrations of the dye from 20 

to 80 mg/L .It may be concluded that the disappearance 

of Rhodamine B molecules may be due to their 

photocatalysis instead of only due to their adsorption. 

AC modified nanocomposites  with high surface area 

work well as an effective sorbent to concentrate the  

molecules around the loaded AC-SiO2 nanocomposite 

and then provide high dye concentrations for 

photocatalytic reactions [20, 21]. However, at high 

concentration of Rhodamine B, lower adsorption 

efficiency was reported due to saturation of active sites 

on the adsorbent’s surface [22, 23]. This shows that as 
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the initial concentration of the dye increases, the 

requirement of catalyst surface needed for the 

decomposition also increases. Since irradiation time and 

amount of catalyst are constant, the –OH radical formed 

on the surface of AC-SiO2 is also constant and hence the 

relative number of free radicals attacking the dye 

molecules decreases with increasing catalyst load [24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. ( a) SEM  (b) TEM (c) FTIR  (d) XRD image of AC- SiO2 carbon 

3.2.2. Effect of contact time 

The photocatalytic percent degradation of 

Rhodamine against the irradiation time is shown in Fig. 

4b. The concentration of Rhodamine B decreases 

exponentially with the time (2h) for the samples. When 

time increases more and more light energy falls on the 

catalyst surfaces which increases the formation of photo 

excited species and enhances the photocatalytic activity. 

Moreover the higher surface area and small particle size 

of the modified catalyst also contribute to the higher 

activity.  

 

3.2.3. Effect of catalyst amount 

Studies report two hour irradiation to a 50 ml 

aqueous solution of Rhodamine B (20,40,60 and 80 

mg/L)  with a catalyst of amount from 50m to 300mg. 

Results show that the percent degradation of the 

modified catalysts increase with increase in the amount 

of catalyst and reaches a maximum of 300mg. This 

shows that the active site provided for the adsorption of 

substrate on the catalyst surface is limited to catalyst 

amount of 3g/L. The increase in the degradation 

efficiency of the dye (95%) with an increase in the 

catalyst amount may be due to an increase in the active 

sites available on the catalyst surface for the reaction, 

which in turn increases the rate of radical formation. 

With a higher catalyst loading the deactivation of 

activated molecules by collision with ground state 

molecules may dominate the reaction, thus reducing the 

rate of reaction [25]. 

 

3.2.4. Effect of pH 

Rhodamine B displays a general trend of 

slightly increased adsorption on Ac-SiO2 with the 

increase of solution pH values [Fig.3D.] At pH higher 

than 2 the adsorption amount of Rhodamine B slightly 

increased with the increase of solution pH values. In 

addition, at low pH there was competition for the 

surface sited of activated carbon between protonation 

(H
+
 adsorption on the carbon surface) and adsorption of 

Rhodamine B. When pH of solution increases with 

increasing amount of adsorbed because the increase of 

solution pH values, the electrical repulsion force 
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become weaker and the Rhodamine B may be 

transported to the surface of the Ac-SiO2 and become 

attached on the surface due to the action of other factors 

such as less competition from protonation. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Adsorption and photocatalytic oxidation effects of (a) contact time, (b) concentration (c) dose (d) pH 

for RB adsorption onto Ac-SiO2 nanocomposite 

3.3. Adsorption Kinetics study  

Many attempts have been made to formulate a 

general expression describing the kinetics of sorption on 

solid surfaces for liquid– solid phase sorption systems. 

Lagergren first represented the pseudo-first order 

equation for the adsorption of oxalic acid and malonic 

acid onto charcoal. The Lagergren kinetic model has 

been used to investigate the mechanism of sorption and 

potential rate controlling steps such as mass transport 

and chemical reaction processes  

 

3.3.1. Pseudo-first order equation 

The pseudo-first order equation of Lagergren is 

generally expressed as follows: 

 

log(qe – qt) = (log qe – (Kad/2.303) x t   

   (1) 

 

where qe is the amount of dye adsorbed (mg/g) at 

equilibrium; qt is the amount of dye adsorbed (mg/g) at 

time, (t), Kad is the rate constant of adsorption, (1/min) 

and t is agitation time (min.) 

Linear plots of log (qe-qt) Vs t show the 

applicability of the above model [Fig.4a]. The Kad 

values have been calculated from the slope of the linear 

plots and are represented in Table 1 for different 

concentrations of the dyes studied. The rate constants 

observed are comparable with the values reported 

earlier [26]. Diffusive transport through the internal 

pores of the nanocomposites and/or along the pore–wall 

surface (intraparticle diffusion) adsorption or 

attachment of the solute particle at a suitable site on the 

nanoparticle surface one or more of the above steps may 

be the rate controlling factor. 

3.3.2. Pseudo-second-order model  

The pseudo-second-order model is represented 

by the following differential equation: 

   

 

dqt/dt = k2 (qe-qt)
2
     (2) 

 

where qe = Amount of dye adsorbed (mg/g at 

equilibrium),qt = amount of dye adsorbed (mg/g at time 

t) k
2
 is the equilibrium rate constant of pseudo-second 

order (g/mg/min) adsorption. Integrating the above 

equation for the boundary condition t = 0 tot and qt = 0 

to q, gives:  

 

t/q = 1/k2qe
2
 +1/qe . t   (3) 

 

The slope and intercept of plot of t/q versus t were used 

to calculate the second-order rate constant k
2
 (Fig.4b, 

Table 1). The correlation coefficients of all examined 

data were found very high which showed that the model 

can be applied for the entire adsorption process. From 

the figure it can be concluded that pseudo-second-order 
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model was the best fit for the experimental data at 

different initial Rhodamine B concentrations and 

suggested that the adsorption of Rhodamine B may be 

due to electrostatic attraction between the charged 

surface and charged dyes molecules and may be 

inclined physisorption to a lesser extent and more 

towards chemisorption with increase in irradiation time 

[27]. 

 

3.3.3. Adsorption equilibrium study  

The experiment equilibrium adsorption data 

were analyzed using Langmuir and Freundlich 

adsorption isotherm The adsorption isotherms 

demonstrate the specific relation between the adsorption 

capacity of an adsorbent and the concentration of 

adsorbate at a constant temperature. 

 

3.3.3.1. Langmuir and Freundlich isotherms 

Langmuir isotherm can be expressed as 

qe = {(Q0 x b x Ce) / 

(1 + (b x Ce)}  

  

 (4) 

where Q0 is the maximum adsorption capacity 

per adsorbent mass (mg g-1) and b is a constant related 

to the adsorption energy (L mg
-1

). The Freundlich 

adsorption equation model is expressed by 

 

qe =  Kf Ce 
1n    

(5) 

 

where Kf and 1/n are the Freundlich constants, and Kf 

represents the relative adsorption capacity of the 

adsorbent and n represents the adsorption dependence 

on equilibrium concentration of Rhodamine B. The 

slopes of the linear form of Langmuir and Freundlich 

plots [Fig.4c and 4d] were used to determine the 

adsorption constants tabulated in        Table 1. In the 

present investigation, the value of RL was less than one 

which showed that the adsorption process was favorable 

[28]. The regression coefficients show that the 

adsorption data has a better fit to Langmuir than to the 

Freundlich isotherm which may be due to the monolayer 

coverage of the dye on the Ac-SiO2 nanocomposite. 

However, as the process is multistage process the data 

fit well into both the isotherm models 

3.3.3.2. Elovich equation.  

The simple Elovich model equation is 

generally expressed by the following equation 

qt =  α + β lnt  

   

  

 (6) 

The slope and intercept of plot of qt vs. ln t were used to 

calculate the values of the constants ‘a’ and ‘b’ as 

shown in (Fig. 5a.) and the constants are tabulated in 

Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Adsorption isotherm models (a) Pseudo first order; (b) Pseudo 2
nd

 order; (c) Langmuir; (d) Freundlich 

 

3.3.3.3. Fractional power model 

 The fractional power model is a modified form 

of the Freundlich equation and can be expressed as:   

 

lnqt   = ln a + b ln t   (7) 

where qt the amount of the dyes sorbed by the adsorbent 

at time‘t’ and ‘a’ and ‘b’ are constants with b < 1. The 

function ‘a’ ‘b’ is also a constant, being the specific 

sorption rate at unit time, i.e., when t = 1. The plot of lnt 

vs lnqt showed the linear relationship and the computed 
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constants ‘a’ and ‘b’ from the intercepts and slopes of the plots are presented in Fig. 5b. Table 2]. 

Table .1. Pseudo first order, second order, Langmuir and Freundlich constants for Rhodamine B dye onto 

AC-SiO2 nanocomposite 

 

Conc 

(ppm) 

Pseudo first 

order 
Pseudo second order Freundlich Langmuir 

Kad 

(min
-1

) 
K2 h R

2
 R

2
 Kf n Qo b R

2
 

20 3.98 259.7451 3.447087 0.9997 0.9045 0.7355 1.5883 

133.3 169 0.9991 
40 2.30 1278.088 4.418913 0.9991 0.8936 0.4899 1.1291 

60 2.56 2657.642 4.359198 0.9986 0.9081 0.9741 1.3226 

80 1.93 4512.516 4.420866 0.9978 0.9177 1.7608 1.4605 

 

3.3.3.4. Harkin’s–Jura adsorption isotherm.  

This can be expressed as  

1/qe
2
 = (B/A)  -  (1/A) log Ce       (8) 

Where B and A are the isotherm constants. The Harkins–Jura adsorption isotherm accounts to multilayer adsorption 

and can be explained with the existence of a heterogeneous pore distribution. 1/qe
2
 was plotted Vs. log Ce [Fig.5c. 

Table 2.] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. Adsorption isotherm models (a)  Elovich  (b) Fractional power model   (c) Harkins-Jura  (d) Tempkin 

isotherm 

3.3.3.5. Tempkin model 

The Tempkin isotherm equation is given as 

 qe = RT/b ln (KTCe)                 (9)                           

or 

qe = B ln KT + B lnCe    

  (10) 

where A = KT; B = RT/b, T is the absolute temperature 

in K, R is Universal gas constant, 8.314 J/mol/ K, KT 

the equilibrium binding constant (l/mg) and B is related 

to the heat of adsorption [29]. A plot of qe vs ln Ce at 

studied temperature is given in Fig.5d. The constants 

obtained for Tempkin isotherm are shown in Table 2. 

The Tempkin constant B shows that the heat of 

adsorption decreases with the increase in temperature, 

indicating exothermic adsorption [30]. A uniform 

distribution of binding sites on the nanocomposite 

surface was also confirmed by the Tempkin isotherm. 

 

Table.2. Elovich, Fractional power model, Harkins-Jura plot and Tempkin model constants for Rhodamine B 

adsorption onto AC-SiO2 nanocomposite 

a b 

c d 
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Model Constants 

Elovich 

Conc (ppm)   R
2
 

20 6.7886 0.3635 0.9403 

40 10.632 1.2149 0.9646 

60 14.124 1.9957 0.9434 

80 16.088 2.9421 0.9507 

Fractional Power 

Conc (ppm) a b R
2
 

20 6.897783 0.0444 0.9429 

40 11.25261 0.0796 0.9705 

60 15.29766 0.0916 0.9513 

80 18.10159 0.1079 0.9611 

Harkin's Jura 
R

2 
 A B 

0.9991 133.333 169.027 

Tempkin 
a b p 

0.14498 14.65 170.2526 

 

4. CONCLUSION  

Synthesis of AC- SiO2 nanocomposite sphere 

has been achieved by a simple and cost effective 

microwave assisted sol-gel method. The presence of AC 

in the SiO2 has been revealed by SEM with EDX, -

TEM, UV-Vis, XRD and FTIR analysis. The results 

confirmed the formation of AC-SiO2. With an average 

particle size of 40 nm. The decrease in the particle size 

is related with the observed increase of the surface area. 

EDX and XRD reveal the presence of Si, O and C in the 

AC-SiO2. TEM and SEM images reported 

nanocomposite spheres without aggregation. UV-vis 

showed the decrease in the direct band gap energy of the 

composite. The enhanced photocatalytic activity of AC-

SiO2 may be due to increased surface area, decreasing 

band gap energy and reduction in the recombination of 

electron-hole pairs along with increase of •OH radicals.  
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