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Abstract The present comparison study describes the effectiveness of different
carbon based adsorbents for the successful removal of Rhodamine B (RhB) from
wastewater. Selected adsorbents are rice husk (RH) and coconut husk (CH) as the
agricultural waste products and porous carbon synthesized by resorcinol formalde-
hyde polymerization via sol gel method (SC). Such porous materials were func-
tionalized using nitric acid. Morphology of the materials were examined by the
Scanning electron microscope (SEM) and the surface functionalities were deter-
mined by FT-IR spectroscopy. Adsorption of all functionalized and raw porous mate-
rials was determined by varying parameters such as pH of the medium, adsorbent
dosage, dye concentration and contact time. Generally, all the selected adsorbents
were capable of removing RhB and functionalized adsorbents were much effective
than the untreated adsorbents. Among all the adsorbents selected for the comparison,
functionalized rice husk (FRH) showed highest activity compared to other adsorbents
as it consists of both carbon and silica, while others have only carbon. Interestingly
adsorbents prepared by natural wastematerials weremore effective than the synthetic
carbon suggesting that these testedmaterials could be used in novelwater purification
systems to decontaminate waste and drinking water.
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1 Introduction

Synthetic dyes are extensively used in industrial applications including textile [24],
paper [22], food [11] and paint [1] industries. Such dyes are classified into different
groups depending on their chemical structure as azo, anthraquinone, sulphur, phthalo-
cyanine, and triarylmethane [32]. Azo dyes consisting of two nitrogen groups are
quantitatively the most important group and being the most problematic pollutant of
wastewater originated by dye discharging sources. The release of dye contaminated
wastewater to natural habitats is hazardous not only to the aquatic life disturbing
the natural equilibrium but also to the human beings causing allergies, dermatitis,
skin irritations [5, 6, 20]. Hence, the removal of dyes from effluents before they are
released to the natural water reservoirs is of great importance. Many methods have
been reported to remove such dyes fromwastewater by adsorption [18, 26, 44], photo-
catalytic degradation [7, 14, 17], electrochemical methods [42] and coagulation-
flocculation [25], of which adsorption has been found to be the most promising
method. Decoloration of wastewater by adsorption of dyes by Activated carbon has
been found to be very efficient due to its high surface area, porous structure, high
degree of surface functionality and high adsorption capacity [4, 13, 28]. However,
commercially available activated carbon is very expensive and has high regenera-
tion cost. Hence, researchers are interested in finding alternative materials which are
efficient, inexpensive and easily available [4]. Different adsorbents such as alumina
[3], silica [2, 21], zeolites [43], which have been reported as other alternatives and
naturally available waste materials like orange peel [37], rice husk [29], saw dust
[12], coir pith [31], straw [23] have been used to produce functionalized activated
carbon as potential candidates to remove dyes from wastewater. It is vital to use low
cost waste materials as adsorbents to remove dyes from contaminated water basi-
cally due to two reasons. Disposal of such waste materials generated by agriculture,
industry or any other means is problematic and regeneration of spent materials as
adsorbents is unnecessary due to the low cost and abundance. Hence, it is important
to develop an inexpensive, abundant and efficient adsorbent from waste materials for
the removal of industrial pollutants. Fromour previous studywehave shown that non-
functionalized rice husk is capable of removing methylene blue, methyl orange and
metal ions like Pb2+, Cu2+, Cd2+ and Ni2+ [41]. Continuing such interest, a compara-
tive study was carried out using nitric acid treated porous carbon originated by paddy
husk and coconut husk as the agricultural waste materials and carbon synthesized by
resorcinol–formaldehyde polymerization to remove RhB from artificial wastewater.
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2 Materials and Methods

2.1 Materials

Rhodamine B was supplied by Prym Intimates Lanka (Pvt.) Ltd., Lot 16–17.
Biyagama EPZ, Walgama, Malwana, Sri Lanka. Rice husk was collected from
Nawagamuwa area and coconut husk was collected from Kuliyapitiya area, Sri
Lanka country. Polyethylene glycol 20,000 (PEG), and Cetyl triammonium bromide
(CTAB), HCl, HNO3, NaOH, Formalin, Ethylenediamine were procured from Sisco
Research Laboratories (Pvt.) Ltd, India.

2.2 Instrumentation

Fluorescence emissionswere recorded on a Fluorescence spectrophotometer (Model:
HITACHI F-2700) and the FT-IR spectra were collected by a ABBMB3000, Canada
FTIR using ATR device. Scanning electron microscopic images were taken by
Hitachi SU6600 Analytical Variable Pressure FE-SEM.

2.3 Methods

2.3.1 Preparation of Carbonaceous Materials

RH from paddy that are harvested in Sri Lanka were employed as the raw material.
The soil and dust in the rice husks were washed with distilled water and ethanol and
dried at 80 °C. Then the purified RH was separately treated with 2 mol dm−3 HCl
acid at 60 °C for 2 h with regular stirring. Acid leached RH was rinsed with distilled
water until the pH of the filtrate reaches ~ 6 and was dried at 80 °C. Then RH was
placed in a muffle furnace and heated at 400 °C for 2 h to obtain acid leached RHA.
CH obtained from Sri Lanka was used to produce the coconut based porous carbon
adsorbent. CH was washed with distilled water and ethanol many times to remove
all the dust and solid particles followed by drying at 80 °C and a portion of it was
carbonized as mentioned above.

Hierarchically porousmonolithic carbonwas synthesized by dissolving resorcinol
(3 g) in a solvent mixture of ethanol (11.5 mL) and distilled water (9 mL) followed
by addition of 1.5 g of PEG with constant stirring at room temperature. Mixture was
stirred until all PEG dissolves and 1.5 g of CTAB was added to the mixture. Once
all the CTAB dissolves in the solvent mixture 0.1 g of ethylenediamine was added
and the mixture was stirred for 30 min. Formalin containing formaldehyde (4.5 g, 35
wt%) was quickly added to the mixture. The reaction mixture was stirred further for
10 min and the resulting homogeneous emulsion in closed vessels were transferred
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to an oven and were heated at 80 °C for 4 h. Resulting gels were dried at 50 °C for
2 days and were carbonized at 400 °C for 2 h.

All the prepared carbon based porous adsorbents were functionalized with 6 M
HNO3 acid at 60 °C for 6 h with regular stirring. After the treatment, adsorbents
were rinsed with distilled water until the pH of the washings reached ~ 6 and was
dried at 80 °C. The dried samples was sifted through sieves of 0.5 mm pore size and
stored in a desiccator until further use. Hereafter, all functionalized RH, CH and SC
adsorbents will be labeled in the text as FRH, FCH and FSC, respectively.

2.3.2 Preparation of RhB Solutions

A stock solution of 100mg/L was prepared by dissolving accurately weighed sample
of dye in a 250 mL of distilled water. The desired experimental concentrations of dye
solutions were prepared by the appropriate dilutions of the stock solution in distilled
water. The pH of each solution was adjusted by adding diluted HCl or NaOH solution
and measured with a benchtop meter.

2.3.3 Batch Study

The effect of experimental parameters of pH (2–10, step size: 2), initial dye concen-
tration (5–20 mg/L, step size: 5 mg/L), and adsorbent dosage (5–30 mg, step size:
5 mg) were studied in the batch mode for a total of 60 min. RH was incubated for 2 h
and as the equilibrium reached in 60 min, other two adsorbents were incubated only
for one hour to be consistent with RH to compare their results. pH of the medium
was not changed and kept that of distilled water for all the experiments except at the
pH optimization. In each adsorption experiment, 25 mL sample of RB solution with
known concentration was transferred to a 50 mL centrifuge tube, and known weight
of the adsorbent was added into the tube and they were shaken for 1 h at 200 rpm in
the orbital shaker. Except for the experiments of which effect of RB concentration
was supposed to determine, concentration was kept constant at 5 mg/L. Similarly,
the weight of porous carbon material was kept constant at 25 mg in all experiments,
where it was only varied at mass optimization experiment. The concentration of
RB solution was determined by using a Fluorescence spectrophotometer of which
the wavelength range was adjusted to 564–574 nm. The adsorption capacity was
calculated by using the following equation:

qt = V
Co − Ct

m

where Co and Ct were the initial concentration and the concentration at time t in
mg/L respectively, m was the mass of the adsorbent in g, and v was the volume of the
solution in L. The removal efficiency was calculated using the following equation:
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E = Co − Ct

Co
100%

2.3.4 Reusability of the Adsorbent

Functionalized adsorbent (30 mg) was dispersed in 25 mL of 5 mg/L RhB solution
was shaken for 1 h. The used adsorbent was isolated and was washed with distilled
water and ethanol until the washings had no pink colour. Washed adsorbent was used
again with the same experimental conditions. After each run the concentration of the
remaining RB in the solution was determined.

3 Results and Discussion

3.1 Material Characterization

3.1.1 Material Synthesis

Hierarchically porous carbon was synthesized by a modified procedure [19, 41].
Resorcinol and formaldehyde are the precursors of the polymerization while PEG is
the macropore directing agent and CTAB is the mesopore directing agent. Ethylene-
diamine provides the required basicity to the reaction medium acting as a catalyst for
the polymerization. In addition it act as a crosslinking agent and provides N based
functional groups to the carbon structure as well [19].

3.1.2 SEM Analysis

Scanning electron microscopic images of the adsorbents were taken in order to study
the morphology. RH has a naturally available irregular shaped macropore structure
which lead to macropore channels as shown in the Fig. 1a. CH also show irreg-
ular shaped macropores which are much oriented. Further they have formed ordered
macropore tubes as shown in the Fig. 1b. SEM images of SC (Fig. 1c) show spher-
ical, eclipse shaped, and irregular shaped macropores with a wide variation in size
are scattered in the matrix of carbon without interconnectivity. These macropores
also form macropore channels but they are disordered. The solvent to polymer ratio
affect the morphology of the macropores, the size of the macropores and the skeleton
and the interconnectivity of themacropores. The observedmacropore structure of SC
resulted due to the small ratio of solvent to polymer used in the synthesis [27].Macro-
pores are formed during the spinodal decomposition. When resorcinol is mixed with
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Fig. 1 SEM images of a RH, b CH, c SC

PEG, they form H bonds with each other. During the prepolymerization formalde-
hyde copolymerized with resorcinol and form oligomers and the solubility of the
polymer mixture in the alcoholic solution decreases separating polymer phase from
the alcoholic solvent. After prepolymerization, the solution was heated and hence the
immiscibility progress with concomitant polymerization. This is known as polymer-
ization induced phase separation. The phase separation could develop from either
spinodal decomposition or bimodal decomposition. Bimodal decomposition causes
the appearance of isolated spherical domains as resulted in this synthesis as shown in
the Fig. 1c. Bicontinuous microstructures are developed by spinodal decomposition
and such system has not developed in this work as shown by the SEM images [27].
Mesopores should be originated from the soft template method where CTAB form a
micelle structure and resorcinol interactswithCTABvia electrostatic interactions [8].
During the carbonization these CTAB molecules are burnt off resulting mesopores.
Micropores are generated during the carbonization process where small molecules
are removed from the carbon matrix and resulting small voids create micropores if
the diameter is less than 2 nm and mesopores if the diameter is greater than 2 nm.

3.1.3 FT-IR Analysis

Adsorption capacity of an adsorbent depends on the porosity of the adsorbent and the
density of the surface functional groups present. Generally, carbon based adsorbents
have functional groups based on heteroatoms such as carbon, oxygen, nitrogen and
sulfur. FT-IR analysis was performed for all the samples and the acquired FT-IR
spectra are given in the Fig. 2. FT-IR spectra of RH and FRH are given in Fig. 2a.
The band at 1095 cm−1 can be assigned to the Si–O–Si stretching, the shoulder
band around 800 cm−1 to Si–O bending and Si–OH stretching collectively and the
band at 465 cm−1 to Si–O out of plane deformation [36]. FT-IR spectra of CH and
FCH, and SC and FSC are given in Fig. 2b, c respectively. The broad peak appeared
3300–3500 cm−1 which is more apparent in the functionalized adsorbents can be
attributed to the OH stretching [39]. The wide peak at (1540–1650 cm−1) shows the
presence of asymmetric stretch of the COO− group [38] and the peak at 1046 cm−1

shows the presence of C–O–C functional group [30, 39]. The peaks correspond to
the above functional groups which are related to the COOH are high in intensity in
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Fig. 2 FT-IR Spectra of a RH and FRH, b CH and FCH, c SC and FSC

the functionalized adsorbents clearly suggest that the surface of the adsorbents have
oxidized by concentrated nitric acid treatment agreeingwith themechanismproposed
by Zhang et al. that HNO3 acid oxidize the surface of the carbon introducing COOH
groups [46].

3.1.4 Effect of pH

pH is one of the main parameter that controls the adsorption of adsorbates to adsor-
bents. The pH of the solution was adjusted by the addition of HCl and NaOH.
Variation of adsorption capacity with pH is shown in Fig. 3. The structure of RhB
changes with changes in the pH. At low pH values where the medium is highly
acidic RhB exists in the cationic and monomeric form [10, 34]. Thus, RhB molecule
can penetrate the porous structure of the adsorbents. At pH values higher than 4 the
zwitterion form exists and upon alkalization the zwitterion form predominates and
it may increase the aggregation of the RhB molecules. RhB molecules aggregated
due to the attractive electrostatic interactions between the carboxyl group and the
xanthene groups of the monomer. Hence, aggregated RhB molecules or dimers of
RhB will not easily penetrate through the porous structure of the adsorbents. At high
pH, abundantly available OH− creates a competition between the –N+ and COO–

Fig. 3 Effect of pH on adsorption of RhB on a RH and FRH, b CH and FCH, c SC and FSC
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and decreases the aggregation of RhB increasing the adsorption RhB to the adsorbate
surface [10, 34].

Nitric acid was used to functionalize the adsorbate surface. Highly concentrated
nitric acid oxidize the surface of the adsorbents FRH, FCH, and FSC introducing
–COOH and lactone groups to the adsorbent surface. In addition carbon surfaces
consist of Nitrogen based functional groups especially in synthetic carbon where
nitrogen was introduced by ethylenediamine. These functional groups get protonated
at lower pH values and get deprotonated at high pH values. However, the net charge
of the adsorbent surface and the attraction or repulsion interactions between the
adsorbent and RB cannot explain the adsorption behavior of RB with varying pH
values. Adsorption capacity of RH and FRH increases from 1.05mg/g and 2.12mg/g
respectively, at pH 2 to 3.33 mg/g and 4.70 mg/g respectively, at pH 10. RH mainly
consists of carbon and silica where silica provides additional negative charge to the
adsorbent compare with CH and SC. At acidic pH of 2, and 4 and even at pH 6 where
the cationic form of RhB is predominant, RhB molecules have interacted with the
RH and FRH surface though the charge of the adsorbent surface is not a principal
factor that determines the adsorbent adsorbate interactions. Moreover, as carbon and
silica both components of RH contain pores of different sizes, different size of RhB
asmonomers and aggregates could still get into the porous structure. Since silica tend
to dissolve at higher pH values, diameter of the pores of silica tend to increase with
the dissolution of the pore walls facilitating larger molecules to migrate through the
pores. Hence the adsorption capacity of both RH and FRH increases with increasing
pH. Adsorption capacity of FRH is higher than that of RH due to the new functional
groups introduced to the adsorbent surface such COOH, lactone as indicated by the
FT-IR spectra as given in the Fig. 2a.

Adsorption capacity of SC and FSC decreases generally with increasing pH up to
8 and increases to a maximum of 1.23 mg/g and 2.45 and mg/g respectively, at pH
10. Adsorption capacity of SC and FSC at pH 2 shows highest adsorption capacity
as the cationic RhB molecules can easily pass through the porous system and get
adsorb to the carbon surface. As the pH increases to pH 8 the monomeric cationic
RhB gradually converts to its zwitterion form and results in aggregated (dimer like)
RhB molecules. The macropores present in SC are large in size and have only few in
a given area compared with RH and CHwhere the amount of macropores is high in a
given area. Presence of mesopores and micropores does not affect the adsorption of
aggregated RhB molecules as they cannot enter such small pores. Thus, the limiting
factor is the amount of macropores and hence, when the pH increases the resulting
penetration and adsorption of aggregated RhB molecules is comparatively low. But
when the pH increases to 10 due to alkalinity the aggregation of RhB molecules is
prevented and adsorption of RhB increases. CH and FCH show a different behaviour
where the adsorption capacity decreases from pH 2–4 and then increases at pH 6 and
again decreases gradually to pH 10. It is evident that the adsorption capacity of RhB
by CH and FCH is high at pH as the cationic monomeric RhB easily adsorb to the
adsorbent surface. However, that has drastically reduced at pH 4 and again increases
to pH 6 which reduces till pH 10. pKa of RhB is 3.7 and transformation of the
cationic form to zwitterionic form starts at pH greater than the pKa [30]. As the pH
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increases from 2 to 4 the availability of OH− groups increase and may have initiated
the aggregation of RhB resulting lower adsorption capacity. When the pH increases
to pH = 6, medium is almost neutral and dimeric form of RhB molecules may exist
in addition to themonomeric RhB resulting high adsorption capacity relative to pH 4.
Meanwhile beyond pH 6 adsorption capacity again decreases which could be due to
the surface charge of thematerial. Surface becomemore negatively charged as the pH
increases and the zwitterion form and the lactone form of RhB which predominates
at high pH values would have been repelled by the surface of the adsorbent. Further
as described above as the RhB aggregates entrance of the molecules to the porous
structure become difficult resulting low adsorption capacities at high pH values.
Interestingly, the adsorption capacity of CH is higher than FCH only when the pH of
themedium is changed indicating the H+ andOH− concentrations of themedium and
hence the surface charge of the adsorbent have significant influence in adsorption.
However, the surface charge of the adsorbent has played a crucial role in adsorbing
RhB to CH being different from RH and SC. Moreover, the adsorption capacity of
RH species (RH and FRH) is higher than both CH and SC species, which could be
attributed to the presence of two different main components, carbon and silica in
the same adsorbent while others are single component adsorbents (carbon only). RH
has carbon and silica as the components and in both low and high pH silica tend to
dissolve [45]. The dissolution of the adsorbent in such conditions is a problem and
hence all the rest of studies were performed at neutral pH though the three different
adsorbents showed three different optimum pH values of maximum adsorption.

3.1.5 Effect of Adsorbent Dosage

The effect of adsorbent dosage on adsorption have been determined by adding varying
weights of adsorbents to a fixed volume and initial concentration of RhB and by
shaking for a fixed time. The efficiency of RhB removal by RH and FRH increases
with increasingmass of the adsorbent as shown in the Fig. 4a. The removal efficiency

Fig. 4 Effect of adsorbent dosage on adsorption of RhB on a RH and FRH, b CH and FCH, c SC
and FSC
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is comparatively high in FRH than RH at all the adsorbent dosages. At higher adsor-
bent weights like 20, 25, 30 mg, efficiency drastically increases in FRH compared
to RH of which efficiency is almost the same. This could be attributed to the fact
that high concentration of functional groups have been created on the adsorbent
surface during functionalization exposing enough adsorption sites to the adsorbates.
But in RH only the weight of the mass was increased and the functionalities has not
proportionally increased resulting same removal efficiencies. However, the adsorbent
capacity of both RH and FRH do not have a particular trend. The increase in adsorp-
tion capacity of FRH from 5 to 10 mg resulted due to the strong driving force and
high surface area. Adsorption capacity of FRH decreases with increasing adsorbent
dosage from 10 to 20mg because there is a less commensurate increase in adsorption
with the rise in the adsorbent dosage. On further increment of adsorbent weight from
20 to 30 mg adsorption capacity increases slowly due to the available high concen-
tration of functional groups introduced and due to the predominant adsorption, and
intraparticle diffusion taking place simultaneously [16, 33]. Above described net
behavior of removal efficiency and adsorption capacity was also observed with CH
and FCH as given in the Fig. 4b. However, in SC and FSC a different behavior was
observed as shown in the Fig. 4c. Adsorption capacity of SC increases from 5 to
10 mg but drastically decreases from 10 to 15 mg and then gradually decreases. Rise
of adsorption capacity initially of SC could be attributed to the available high surface
area and the strong driving force of RhBmolecules as described with FRH. Decrease
of adsorption capacity of SC afterwards and totally in FSC with increasing weight of
the adsorbent could be due to the agglomeration of the adsorbent particles reducing
the surface area and covering of the adsorption sites [9]. Efficiency of both FSC and
SC initially increases when weight of the adsorbent increase from 5 to 10 mg and
then decreases from 10 to 20 mg. Efficiency of SC generally remain constant after-
wards while that of FSC increases again. A clear increasing trend of efficiency with
increasing weight of both SC and FSC was not observed because the reduction in
the concentration of RhB in the solution varies which could be due to the irregularity
of the functional groups distribution on the adsorbent surface, adsorbent particles
agglomeration, disordered nature of the porous system, challenges in transport of
RhB to the adsorbate surface etc.

3.1.6 Effect of Initial Dye Concentration

The effect of variation in the initial dye concentration ofRhB (5–20mg/L)was carried
out using 30 mg of the adsorbent for 60 min. The data indicate that the adsorption
capacity decreases with increasing concentration of RhB in all adsorbents as given
in the Fig. 5. At lower concentrations, the ratios of RhB molecules to the available
adsorption sites and the surface area were low, resulting high adsorption capacity [35,
40]. But at higher concentration available adsorption sites become limited reducing
the adsorption. Adsorption capacity decreases with increasing RhB concentration
becausewith increasing concentration the amount of RhB adsorbed decreases though
the weight of the adsorbent is constant.
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Fig. 5 Effect of initial dye concentration on adsorption of RhB on a RH and FRH, b CH and FCH,
c SC and FSC

Adsorption capacity ofRH increased at higher concentrations. It is only the carbon
component get functionalized with nitric acid treatment and not the silica compo-
nent of RH normally. So introduced adsorption sites to carbon become the limiting
factor in RhB adsorption at increasing concentrations of RhB on FRH only and not
in RH. Once the RhB molecules adsorb to the surface of the FRH the surface get
crowded from the bulky RhB molecules restricting the penetration of unadsorbed
RhB molecules to the deep active sites present in the porous structure. However, in
RH as the surface is not functionalized the surface will be much available facili-
tating the penetration of RhB molecules to the porous structure of both carbon and
silica. At increasing RhB concentrations comparatively high amount of RhB get
adsorbed to the adsorbent than the lower concentrations in RH than FRH due to easy
access of the mesoporous structure of silica. So with increasing RhB concentrations
studied, adsorption capacity of FRHdecreases but that ofRH increases. This behavior
was only observed in RH/FRH adsorbent system because they are two component
systems. In single component adsorbents studied, adsorbents of which the surface
is not functionalized, CH and SC also behave in the same way that their functional-
ized counterpart, FCH and FSC. It is important to note that the micropore structure
mainly contributes to the adsorption process but the adsorbate molecule should be
small enough to reach the micropores. The molecule size of RB is about 1.8 nm and
the micropore diameter is less than 2 nm [15]. Therefore, micropore structure is not
accessible to RhB molecules and they tend to adsorb to mesopore structure. When
the porous structure of RH is considered as it has two components, carbon and silica,
micropores are present only in the carbon matrix and mesopores are present in both
components. As CH and SC are single component adsorbents the micropores and
mesorpores of carbon contribute to the adsorption process. But for a constant weight,
carbon and silica of RH contributes while only carbon is accountable for the weight
of CH and SC. So all together the porous structure naturally available and introduced
functional groups contribute to the adsorption process.
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Fig. 6 Effect of initial dye concentration on adsorption of RhB on a RH and FRH, b CH and FCH,
c SC and FSC

3.1.7 Effect of Contact Time

RH and FRH were subjected to determine the effect of time on adorption. As shown
in the Fig. 6 adsorption capacity of FRH increases with time up to 60min followed by
constant behavior after that. Behaviour of RH is similar to FRH though the adsorption
capacity is very low compared to FRH. As the equilibrium of adsorption has reached
in 60 min in FRH and RH, other porous materials were also subjected to the same
conditions for one hour. FCH andCH and FSC and SC showed fluctuating adsorption
during this time period.

3.1.8 Reusability Study

The reusability of the functionalized adsorbents (FRH, FCH and FSC) were eval-
uated by using the same amount of functionalized adsorbent for three cycles of
adsorbtion of RhB at the same experimental conditions. Adsorbent was washed with
ethanol and distilled water to remove any loosely bound RhB molecules. Figure 7
shows the reusability of the functionalized adsorbents. It could be clearly seen that
the adsorption capacity decreases with the number of the cycle used. This could

Fig. 7 Reusability of adsorbents on adsorption of RhB on a RH and FRH, b CH and FCH, c SC
and FSC
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be due to the fact that the adsorption has occur through both chemisorption and
physisorption where monolayer of RhB molecules have adsorb to the adsorbent
surface through chemisorption and subsequently monolayers of RhB molecules
adsorb onto the existing layers via physisorption. Upon washing with distilled water
and ethanol physisorbed RhB molcules have washed off. Adsorption capacity has
dramatically dropped in the second cycle of all three functionalized adsorbents.
This could be because physisorbed RhB molecules remove when the adsorbents are
washed with distilled water and ethanol and the chemisorbed molecules are not.
So the chemisorbed molecules from the first cycle remains on the adsorbent and
on subsequent cycles RhB molecules adsorb only via physisorption. Especially in
FRH and FSC the adsorption capacity at the second and third cycles is almost the
same with a slight reduction supporting the hypothesis. However, in FCH adsorption
capacity keep decreasing.

4 Conclusions

This work compared the adsorption of a dye RhB onto different carbon based adsor-
bents originated from two different waste materials, rice husk and coconut husk,
and porous carbon synthesized by resorcinol formaldehyde polymerization. All the
adsorbents were functionalized with nitric acid. Adsorption was determined as a
function of pH, amount of adsorbent dose, concentration and contact time. From
the results it has been concluded that, all the natural and synthetic adsorbents were
effective in removing RhB, while the functionalized adsorbents were much more
effective compared to the untreated adsorbents. Functionalized rice husk was much
more effective than all other adsorbents and adsorbents derived from natural waste
materials were comparatively more effective than the synthetic porous carbon.
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