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Abstract: Phenol from the wastewater can be removed by various techniques including biodegradation, photo decomposition and 
adsorption. This paper presents review on phenol removal by adsorption by using various adsorbents. The present review aims at 
presenting the research on phenol adsorption, findings and effectiveness of the adsorbents in phenol removal. Effects of various 
parameters like adsorbent dose, pH, and particle size on rate of adsorption have been studied by various researchers. Also optimum 
values of these parameters have been reported. The investigation carried out indicates that there is wide scope for use of low cost 
adsorbents. The isotherm studies carried out by investigators are reported and it was observed that the uptake of phenol follows the 
Langmuir and/or Freundlich isotherm in most of the cases. Regeneration and reuse of the adsorbent is the key area of research. The 
development of efficient method for regeneration and recovery will make the adsorption, a more economical and attractive option for 
phenol removal. 
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1. Introduction 
 
Phenolic pollution of water bodies is a very important area of 
research, since phenolic wastewater is harmful for aquatic 
life and human being. The toxicity level for fish is around 9 
to 25 mg/l while that for human being ranges 10-24 mg/l. 
lethal blood concentration of phenol is around 150-mg/100 
ml. As it is highly harmful compound, there is a necessity for 
its removal in order to preserve the environmental quality. 
Various treatment processes used for the removal and/or 
recovery of phenols are hot gas or steam stripping, 
adsorption, ion exchange solvent extraction, oxidation, phase 
transfer catalysis and biological treatment processes. 
Adsorption by using various low cost adsorbents is very 
widely studied area of research. The present review presents 
the summary of the research carried out by the researchers by 
using various low cost adsorbents, their findings and 
effectiveness. 
 
2. Adsorption  
 
Adsorption is a low cost and important physical process for 
the treatment and renovation of waste water. It exploits the 
ability of certain solids to preferentially concentrate specific 
substance from solution onto their surfaces. In this manner, 
the component of either gases or liquid solutions can be 
separated from each other. Various non-conventional 
adsorbents like saw dust, baggase pith, rice husk ash, 
activated coconut shell powder, controlled burnt wood 
charcoal, fly ash, peat, wood, jute fibers, have been tried by 
the investigators. 
 
3. Various Adsorbents for Phenol Removal 
 
The removal of phenol by using following adsorbents by 
investigators, The review presents the summary of this 
research work. Various adsorbents used for phenol removal 
includes iron oxide nano-particles, silica gel ,activated 

alumina, polymeric resins, activated carbon, Rice husk, 
Tamarind beans, Tea waste, Ground nut shells, Peanut shells, 
Cashew seed shells, Leaf litter, Fly ash, Coconut shell 
carbon, hycinthe, Date stone activated carbon, pineapple 
peels, sawdust etc.  
 
3.1 iron oxide nano-particles 
 
Solid phase extraction of phenol by using iron oxide has been 
reported by Talvalli and Shiri [1].The optimization of the 
parameters like pH, agitation times, and amount of nano-
particles was carried out. The highest removal was observed 
in the pH range of 5 to 7. The lowest removal was observed 
at the pH value of 12. At these alkaline conditions the OH 
ions affect the phenol adsorption adversely. The equilibrium 
time required for the phenol uptake was observed to be 2 
hours. The phenol removal was very rapid for first half an 
hour and attained the equilibrium slowly in 2 hours. 0.3 
grams per litre of adsorbent for 98 % phenol removal was an 
optimum amount. The phenol uptake followed Langmuir 
isotherm according to these studies. 
 
Montiel-Palacios et. al. have reported the photo catalysis of 
phenol derivatives with iron oxide nanoparticles [2]. The 
nanoparticles were dispersed on highly ordered hexagonal 
(p6mm) mesoporous silica SBA-15.Triblock copolymer, 
Pluronic P123 was used as direct structuring agent for 
synthesizing silica mesopourous support, SBA-15. Iron oxide 
nanoparticles were prepared by calcinations on the surface 
and in the porous matrix of SBA-15 previously impregnated 
with an organic, Fe(C5H7O2)3 and two inorganic, FeCl3 and 
FeSO4, solutions. It was observed that in case of FeSO4 
precursor no greater loading of Fe was introduced after 
impregnation of SBA-15. FeCl3 provides the highest amount 
of Fe loading in mesoporous SBA-15. 
 
A review on degradation of chlorinated phenols by zero 
valent and bimettals of iron was carried out by Gunawardana 
et.al [3]. Zero valent iron (ZVI) and iron based bimetallic 
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systems have the potential to efficiently dechlorinate 
chlorinated phenols (CPs). Their review was particularly on 
the research conducted in this area over the past decade, with 
emphasis on the processes and mechanisms for the removal 
of CPs, as well as the characterization and role of the iron 
oxides formed on the zero valent iron surface. This technique 
is emerging as very effective area of research. Their study 
also revealed that bimetals prepared by physically mixing 
ZVI and catalyst or doping of the catalyst onto the ZVI 
surface can enhance the rate and efficiency of CP 
dechlorination and decrease the accumulation of less chlori-
nated intermediate compounds. Also the solution pH and 
dissolved oxygen are critical parameters that affect the 
degradation of dissolved CP by ZVI and bimetals. 
 
Babuponnusami and Muthukumar carried out research on 
removal of phenol by heterogeneous photo electro fenton-
like process using nano-zero valent iron(NZVI)[4]. Their 
study presented the removal of phenol by heterogeneous 
photo electro Fenton-like (PEF-like) system using nano-zero 
valent iron. The nano-zero valent iron was characterized 
using X-ray diffraction (XRD) and Scanning Electron 
Microscope (SEM) analysis. The research included studies 
on The effect of initial pH, initial concentration of phenol, 
NZVI dosage and initial H2O2 concentration on phenol 
removal. It was observed that The removal efficiency was 
increased with an increase in NZVI dosage and decreased 
with an increase in initial phenol concentration and initial 
pH. The analysis of kinetics showed that the removal of 
phenol by PEF-like process followed pseudo first-order 
kinetics. 
 
The research on kinetics and isotherms for Adsorption of 4-
Chloro-2-Nitrophenol by Zero Valent Iron Nanoparticles and 
Pd-Doped Zero Valent Iron Nanoparticles Surfaces was 
carried out by Adami and Fakri[5]. They invesigated the 
removal of The removal of 4-Chloro-2-nitrophenol (4C2NP) 
from aqueous solutions using zero valent iron nanoparticles 
(nZVI) and Pd-doped zero valent iron nanoparticles (Pd-
nZVI) in terms of initial pH, adsorbent dosage, contact time 
and temperature. The optimum values of these parameters 
were observed to be 5, 0.5 g/l, 10 minutes and 298 0K 
respectively. Also adsorption decreased with increase in 
temperature, indicating exothermic process. 
 
Soni et. al carried out batch and column studies on 
adsorption of o-nitrophenol onto nano iron oxide and alginate 
microspheres[6]. Nano iron oxide loaded calcium alginate 
beads were used for removal of o-nitrophenol. They 
investigated the effect of pH, adsorbent dose, contact time 
and temperature on adsorption capacity of the magnetic 
beads. The iron oxide nano particles were prepared by using 
ferrous chloride, ferric chloride and ammonia solution at 80 
degree celcius.The sodium alginate gel was used for 
preparation of magnetic beads. The maximum removal was 
obtained at pH value of 6.5, adsorbent dose of 1 gram per 
100 ml. With increase of o-nitrophenol concentration, the 
amount of adsorption also increased. It meant that the 
adsorption is highly dependent on the initial concentration of 

adsorbate. Also it was observed that the adsorption of o-
nitrophenol increased with the increase in nano iron oxide 
concentration up to 0.1 ml and then further increase in iron 
concentration results a decrease in the adsorption. The reason 
for decrease at higher doses of nanoparticle may be attributed 
to the fact that at higher concentration, beads become 
morphologically compact and consequently the diffusion of 
o-nitrophenol may be hindered. 
 
3.2 Silica Gel 
 
Laboratory Studies on possible utilization of silica gel 
sludge for the removal of phenol from aqueous solutions 
were carried out by Idris and Saed [7]. They studied the 
kinetics of phenol removal by using silica gel as an 
adsorbent. It was observed that the adsorption capacity 
increased as the pH was decreased from 6.5 to 2. The 
phenol removal was found to follow both, Langmuir and 
Freundlich isotherms. Roostaei and Tezel have carried out 
research on adsorption of phenol on silica gel, HiSiv 3000, 
activated alumina, activated carbon, Filtrasorb-400, and 
HiSiv 1000. as an adsorbent[8]. The adsorption isotherm 
model by Langmuir was best fitted for the phenol uptake. It 
was observed that HiSiv 1000 had the highest rate of 
adsorption among the adsorbents studied .So they carried out 
more detailed studies with this adsorbent. It was observed 
that the adsorption capacity of adsorbent did not change with 
the particle size but rate of adsorption decreased with 
increase in particle size. The thermal regeneration of the 
adsorbent was carried out at 360oC. It was observed that the 
adsorption capacity was unaffected after 14 regeneration 
cycles. Silica aerigel was used for synthesizing 
nanoparticles by Khanahmadzadeh et.al [9]. The effects 
of initial concentration, contact time, pH and temperature 
were studied. The studies indicated that that by increasing 
initial concentration; the adsorption efficiency is reduced, 
so the mechanism of gel filtration has happened. In this 
mechanism, the majority of the phenol is trapped. One 
hour contact time was found to be optimum. The 
adsorption increased with drop in pH. This may be due to 
the neutralizing effect of negative charges of the level of 
activated carbon and the hydrogen ions production. The 
solubility of phenol in water reduces if pH decreased. If 
pH is increased from 1 upwards phenol adsorption 
decreases slowly. For values of pH above 9, the 
adsorption decreases dramatically. This may be the fact 
that phenol-ionizing capability in pH is equal to 10.  
 
3.3 Activated Carbon  
 
The research on phenol removal by activated carbon was also 
carried by Maarof and Hameed [10]. The two adsorbents 
used in their study were the NORIT Granular Activated 
Carbon (NAC 1240) and NORIT Granular Activated Carbon 
D10 (NAC010). These adsorbents were used after proper 
washing and activation. It is observed that that for NAC 1240 
at the initial stage, concentration of phenol drops sharply in 
less than 3 hours, when almost 85% of the phenol had been 
removed, then gradually decreases until equilibrium was 
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attained at around 24 hours. For NAC D 10, however, the 
concentration drop sharply in less than 3 hours, when almost 
96% of the phenol had been removed and equilibrium was 
attained in less than 24 hours. With increase in the phenol 
concentration, increase in the adsorption of phenol is 
observed owing to increase in mass transfer driving force. It 
was observed that the values of Freundlich constants were 
greater for NAC D 10 than NAC 1240. Qadir and Rehan 
have investigated the removal of phenol by using adsorption 
[11]. The treatment of waste with active carbon is considered 
to be an effective method for the removal of phenol from 
waste solution because of its large surface area. Kulkarni et. 
al. have investigated the phenol removal from the effluent by 
using activated carbon in batch and fluidized bed 
experimentation[12]. In batch studies they studied the effects 
of various parameters like adsorbent dose, pH, and particle 
size on rate of adsorption .In case of fluidized bed, the effect 
of various parameters like concentration; fluid flow rate and 
adsorbent particle size were studied. According to the 
investigation, the percentage decrease in phenol 
concentration increases with increase in adsorbent dose. With 
a reduction in particle size, initially steep increase in 
percentage removal of phenol is observed and it becomes 
more significant for finer particles. In case of fluidized beds, 
increase in fluid flow rate gives better adsorption in case of 
activated carbon. In the this study, particle size of 0.420 mm 
was found more beneficial 
 
The effect of molecular structure on the adsorption of phenol 
was studied by Adam and Al-Dujaili [13]..The effect of the 
introduction of NH2, CH3, Cl, and NO2 groups to phenol 
molecule, the effect of substituted position in cresols and 
aminophenols, and the effect of the number of substituted 
NO2 groups in nitrophenols on adsorption were investigated. 
Electrostatic interaction and hydrogen bonding between the 
carbon surface and the solute molecules is postulated to 
explain the adsorption data. The equilibrium data for the 
adsorption of individual compounds were found to correlate 
well with the Langmuir equation for adsorption isotherms in 
the range of concentration studied. 
 
3.4 Zeolite and polymeric resins  
 
The application of zeolite for phenol removal is also widely 
discussed research area. The research on phenol removal by 
using zeolite was carried out by Saravanakumar and 
Kumar[14]. In case of pH , it was observed that the phenol 
removal was constant in the pH range of 3 to 6 and it 
decreased in the pH range of 7 to 9. The optimum pH was 
observed to be 5. The optimum contact time was 40 minutes. 
It was observed that the adsorption data fitted Langmuir and 
Freundlich equations with correlation coefficients value of 
0.9988 and 0.9440, respectively. Equilibrium data fitted well 
in a Langmuir isotherm equation, confirming the monolayer 
sorption capacity of phenol onto sodium zeolite with a 
monolayer sorption capacity of 13.051 mg/L. Polymeric 
resins were used for phenol removal by adsorption and 
ion exchange by Caetano et.al [15]. A non-functionalized 
hyper-cross-linked polymer Macronet MN200 and two ion 

exchange resins, Dowex XZ (strong anion exchange resin) 
and AuRIX 100 (weak anion exchange) were used for the 
studies. The Langmuir isotherm was followed by the 
adsorption phenomenon. The non-functionalized resin 
reported the maximum loading under acidic conditions, 
whereas both ion exchange resins reported the maximum 
removal under alkaline conditions where the phenolate may 
be removed by a combined effect of both adsorption and ion 
exchange mechanisms. The desorption studies indicated that 
the recovery close to 90 percent was obtained by 50% 
methanol solution for nonfunctional resins. The desorption 
processes were controlled by the ion exchange mechanism 
for Dowex XZ and AuRIX 100 resins. For Dowex XZ and 
AuRIX 100 resins, the desorption processes were controlled 
by the ion exchange mechanism. Under alkaline conditions 
the total recovery increased, especially for Dowex XZ resin, 
while no significant effect for the addition of Cl- under acidic 
conditions was observed. 
 
Studies on Influence of the microporosity and surface 
chemistry of polymeric resins on adsorptive properties 
toward phenol were carried out by Wu et.al [16]. The effects 
of the microporosity and chemical surface of polymeric 
adsorbents were studied. Textural parameters of four kinds of 
polymeric resins, namely AB-8, D4006, NKA-II and D16 
resin, were separately measured.To obtain the isotherms of 
phenol on the polymeric resins, static equilibrium adsorption 
experiments were carried out. Due to its strongest surface 
polarity and largest micropore volume among four kinds of 
resins, the isotherm of phenol on NKA-II was much higher 
than that on the other polymeric resins. It was suggested that 
the well-developed microporosity and the strong surface 
polarity would improve the adsorption of phenol on the 
polymeric resins.  
 
The research on adsorption of phenol, chlorophenols, and 
dihydroxybenzenes onto unfunctionalized polymeric resins at 
temperatures ranging from from 294.15 K to 318.15 K was 
reported by Wagner and  Schulz[17]. Isotherms of the 
Redlich−Peterson type with characteristic parameters for 
different polymers were fitted to the adsorption data (surface 
excess versus normalized concentration).The investigation on 
the adsorption of phenolic compounds on aqueous solution 
was carried out by Li. et.al [18]. They used water compatable 
hyper-cross linked polymeric adsorbents for the purpose. 
They obtained the equilibrium data for adsorption of various 
phenolic compounds. The adsorption capacity in hyper-cross 
linked polymeric adsorbent was observed to be twice of 
amberlyte XAD -4. The reason may be unusual micropourous 
sructure and partial polarity on the network. Adsorption 
entropy of hyper-cross linked polymeric adsorbents was 
lower than amberlyte XAD-4, requiring more orderly 
arranged adsorbate. Same can be said about high values of 
free energy.Amberlite IRA-420 was tried for phenol removal 
by Carmona et.al. for adsorption of phenol[19]. They 
reported combined ion exchange and adsorption studies for 
the phenol removal. According to their investigation, the 
higher pH values favored the removal of phenol as an 
increase of the phenolate ion concentration favors the phenol 
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removal from the liquid phase. Though the phenol removal 
occurs primarily because of physical process, the empirical 
relation based on both the mechanisms, i.e. adsorption and 
ion exchange was needed. Such model was developed which 
allowed us determine the concentration of phenolate in 
solution to as a function of the total concentration of phenol 
and the pH of the liquid solution. The result depicted that an 
alkaline pH favors the phenol removal by this type of resin, 
since phenol is highly dissociated at alkaline pH. It was 
observed that adsorption capacity does not depend on pH. 
The amount of phenol removed by molecular adsorption was 
less than that removed by ion exchange regardless of the 
liquid phase concentration. The studies on adsorption of 
phenol from aqueous solution by modified zeolite with fecl3

 

were carried out by Asagiri et.al [20]. They evaluated the 
phenol removal from a synthetic solution using modified 
zeolite (clinoptilolite) with FeCl3 as an adsorbent. The 
parameters like pH, initial concentration and contact time 
were optimized. They observed that phenol adsorption 
equilibrium was achieved within 100 min contact time and 
the optimum pH for adsorption of phenol using zeolite was 
found as 3. The adsorption data fitted well in Langhmuir 
isotherm. 
 
3.5 Nano Tio2 
 
The adsorption of 4-chloro-2-nitrophenol (4C2NP) on 
nano-TiO2 was studied by Mehrizad et.al [21]. They 
carried out the work related to the kinetic and 
thermodynamics of phenol removal. The optimization of 
the operating conditions was carried out and also kinetic 
data were evaluated by applying pseudo first order 
kinetics. The equilibrium time was observed to one hour 
for the effluent sample of 250 ml and contact time of 3 
hours. For studying the effect of adsorbent dosage, the 
adsorbent in various quantities (0.005, 0.01, 0.05 and 0.1 
g )was taken in 250 ml of the effluent. The adsorption 
capacity increased upto the increase in the adsorbent dose 
of 0.01 gram. Further increase does not have favorable 
effect on the adsorption capacity. In fact, beyond 
maximum adsorption capacity at 0.01 g resulted in a 
decline in capacity. This reduction in capacity had been 
explained as due to the overlapping of the adsorption sites 
as a result of overcrowding of adsorbent particles above 
0.01 g dose. The highest amount of 4C2NP adsorption 
was at pH 2 (86.3 mg/g). Adsorption was high for pH 
value of 6 or less but it it decreased for values higher than 
6. When the initial 4C2NP concentration increased from 2 
to 10 mg/L, the amount of 4C2NP adsorbed per unit 
weight of the nano-TiO2 increased from 6 to 86.3 mg/g. 
The increase of loading capacity of nano-TiO2 with 
increasing initial 4C2NP concentration may be due to 
higher interaction between 4C2NP and adsorbent. It was 
observed that that the adsorption follows pseudo first 
order kinetics. Negative free energy change of adsorption 
(∆G°), positive enthalpy change (∆H°) and positive 
entropy change (∆S°) indicated that the adsorption is a 
spontaneous and endothermic process. The removal of 
phenol from nonpolar salvents was tried by Davis et.al. It 

was observed that a complete monolayer was formed [22]. 
An affinity of adsorption, K, is defined in terms of an ideal 
model of adsorption at the solid/solution interface and it is 
found that in general K increases with increase in σ, the 
Hammett p-substituent constant. 
 
3.6 Activated alumina 
 
The adsorption of phenol on activated allumina was carried 
out by Hassan and Hammad [23]. Five derivatives of phenol, 
viz. m-nitrophenol, m-aminophenol, m-hydroxyphenol, m-
cresol, m-hydroxybenzoicacid and phenol were used. They 
determined the isotherms at 22 oC, 25 oC, 35 oC. The phenol 
uptake followed the Langmuir isotherm rather than 
Freundlich. Increasing temperature led to reduction in 
adsorbate without change in isotherm patterns. This means 
that the mechanism is exothermic for all Investigated 
phenols. High voltage electric pulse was applied to the 
activated alumina bed for phenol removal by Li-nan et.al 
[24]. With increase in the applied voltage, the phenol 
removal rate increased, while pH increased. The addition 
of sodium carbonate reduced the phenol removal rate 
because it was a radical scavenger. The additive of 
Fe2+could promote the phenol degradation mainly due to 
the formation of OH. The activated alumina particles 
could be polarized in the pulsed high-voltage electric 
field by applying the pulsed voltage. This induced the 
formation of local discharge and increased the phenol 
removal in the thin water film. This method can produce 
many active species, such as OH, O3, H2O2, and so on 
synchronously, which has high oxidation potential and 
can oxidize organic pollutions effectively. Though, the 
method needs energy, it has obvious advantages and 
hence can be effective for by optimizing it for higher 
efficiency. 
 
3.7 Rice husk 
 
Experiments were conducted to study the use of rice husk 
and activated carbon for phenol removal by Kermani et.al 
[25]. The rice husk ash was prepared at three different 
temperatutes i.e.300, 400 and 500 0C. The experiments were 
carried out to examine the effect of various parameters like 
initial concentration, contact time pH, adsorbent dose on the 
adsorption capacity. 5 hours contact time was reported for 10 
mg/l phenol concentration for maximum removal. Activated 
carbon followed Freundlich isotherm while rice hush ash 
followed the Langmuir isotherm. The adsorbent dose of 1 
gram per liter, initial concentration of 10 mg/l and pH values 
of 5, were the optimum parameters for phenol removal. 
 
Rice husk ash (RHA) obtained from a rice mill in Kenya was 
used as an inexpensive and effective adsorbent (and reagent) 
for the removal (and detection) of some phenolic compounds 
in water by Mbui et.al [26]. Its potential in: (i) the removal of 
phenol, 1, 3-dihydroxybenzene (resorcinol) and 2-
chlorophenol from water; and (ii) the detection of 1, 2-
dihydroxybenzene (pyrocatechol) and 1, 2, 3-
trihydroxybenzene (pyrogallol) present in an aqueous 
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medium was studied. The rice husk ash exhibited reasonable 
adsorption capacity. It followed both Freundlich isptherm 
and Langmuir isotherm. For the detection experiments, 
pyrocatechol and pyrogallol present in water formed 
coloured complexes with rice hush ash, with the rate of 
colour formation increasing with temperature, weight of rice 
husk ash. Similar experiments were carried out by Bina[27]. 
The rice hush was washed and then burnt at three different 
temperatures, 300, 400 and 500 oC. The phenol removal 
verses time curve was smooth and continuous, indicating 
monolayer adsorption of phenol. The optimum pH was found 
to be 5. The equilibrium data for RHA-300 fitted the 
Langmuir isotherm model best within the concentration range 
studied whereas equilibrium data for RHA-400, RHA-500 
and GAC could be described well by the Freundlich isotherm 
model. The research on phenol removal by using rice husk 
and rice husk ash was carried out by Mahvi 
et.al.[28].Equilibrium adsorption was higher for rice husk ash 
compared to rice husk because of higher surface area. The 
adsorption data for the uptake of phenol versus contact time 
at 150µg/L initial concentration with 5gram rice husk and 
700µg/L initial concentration with 0.12gram rice husk ash 
were carried out in pH value of 7. Rice husk ash needs only 3 
hours for equilibrium whereas rice hush needs 6 hours. 
Adsorption in both the cases followed first order kinetics. 
Also Adsorbent dosage was varied from 1g to 7g and 0.1g to 
0.5g for rice husk and its ash, respectively. The results 
showed that for removal of 500 µg/l of phenol in 100 ml of 
solution, a minimum dosage of 0.3gram of rice husk ash is 
required for 96% removal of phenol. Under the same 
circumstances, the removal by using rice hush was only 27 
%. Similar experiments were carried out with almost 
identical results by Daffalla[29]. The surface area of RH 
increased from 7.1 up to 87.1 m2 g-1 after heat treatment. 
 
Kadhim and Al-Seroury have carried out research on 
characterization the removal of phenol from aqueous solution 
in fluidized bed column by rice husk adsorbent [30].They 
found that the pretreatment of rice husk increases the specific 
surface area and changes the functional groups , therefore it 
leads to increase in the capacity of adsorption. 
 
3.8 Sawdust 
 
Jadhav and Vanjara have carried out the research on 
adsorption of phenol sawdust, polymerized saw dust and 
sawdust carbon [31]. They studied the influence of the 
parameters like concentration, agitation speed, and amount of 
adsorbent and the pH on adsorption capacity. It was 
concluded that saw dust and modified saw dust can be used 
effectively as an adsorbent for removal. 
 
3.9. Hycinthe 
 
Hycinthe as adsorbent was used for phenol removal by Uddin 
et.al [32]. They carried out the batch kinetic and isotherm 
studies under varying experimental conditions of contact 
time, phenol concentration, adsorbent dosage and pH. They 
inferred that the adsorption of phenol decreased with 

increasing pH. The results also showed that kinetic data 
followed closely to the pseudo-second-order model.  
 
3.10 Date stones  
 
Activated carbons prepared from date stones was used for 
removal of phenolic compounds from aqueous solutions by 
adsorption by Dhidan [33]. He used activated carbon 
prepared from date stones by chemical activation with ferric 
chloride (FAC) as an adsorbent to remove phenolic 
compounds such as phenol (Ph) and p-nitro phenol (PNPh) 
from aqueous solutions. He achieved the maximum phenol 
removal of 98% at pH value of 5 and 90 minutes of contact 
time.  
 
3.11 Tamarind shell activated carbon 
 
A research on mass transfer coefficients in a packed bed 
using tamarind nut shell activated carbon to remove phenol 
was done by Goud et. al. [34]. They reported work on the 
preparation and characterization of activated carbon from 
tamarind nutshell, an agricultural waste byproduct, and its 
use in a packed bed for the removal of phenol. They found 
that that the sorption of phenol is dependent on both the flow 
rate and the particle size of the adsorbent, and that the 
breakpoint time and phenol removal yield decrease with 
increasing flow rate and particle size. For mass transfer 
coefficient, experimental values were in excellent agreement 
with the predicted values from the correlation. The 
experimentation for examining the application of adsorption 
packed-bed reactor model for phenol removal was done by 
Sorour et.al[35].They conducted the experiments to 
determine the Langmuir equilibrium coefficients and to 
determine the bulk sorbate solution concentration for 
different adsorption column depths and different time as well. 
They predicted a packed bed model which was in well 
agreement with the laboratory data.  
 
3.12 Pineapple peels 
 
Pineapple peels immobilized pseudomonas aeruginosa NCIB 
950 was used for phenol removal by Agarry and Aremu [36]. 
The investigation was carried out for batch equilibrium and 
kinetic studies of simultaneous adsorption and 
biodegradation of phenol. The effects of initial phenol 
concentration, pH and adsorbent particle size on the 
simultaneous adsorption-biodegradation (SAB) of phenol 
were studied. The synthetic culture was prepared by 
transferring two loops full of microorganisms from an agar 
slant culture into 100 ml of feed medium containing 20 ml of 
mineral salt medium and 80 ml of 50 mg phenol solution in a 
250 ml Erlenmeyer conical flask followed by incubation and 
agitation. 10 ml of this primary culture was transferred to 
another 100 ml of feed medium and again incubated. This 
was secondary culture. The pineapple peels were sun dried, 
washed and activated. The batch study for 150 ml of effluent 
indicated that 48 hours contact time was sufficient for 
equilibrium. The optimum pH was reported to 7. With 
reduction in size, the adsorption increased.  
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3.13 Tea waste 
 
Bolat et. al. have reported the use of tea waste for the 
treatment of industrial wastewater[37].They used black 
turkish tea and Indian tea for the purpose. They also reused 
the tea waste for the adsorption. It was noted that metal ions 
can be efficiently absorbed by tea waste and can see 59 
percent of adsorption if the industrial waste water is treated 
with 4 grams of tea waste .Equilibrium, kinetic, and 
thermodynamic study on adsorption of phenol from aqueous 
solution on a low-cost activated carbon produced from tea 
industry waste was reported by Gundogdu et.al [38]. Their 
study indicated the maximum adsorption took place in the pH 
range of 4 to 8.The adsorption followed pseudo second order 
kinetics. It fitted in Langmuir adsorption model with 
adsorption capacity of 142.9 mg/g. it was concluded that the 
removal of phenol from aqueous solution by low-cost 
activated carbon produced from tea industry waste produced 
from tea industry wastes with a very low cost took place with 
an extremely high performance. Similar work on tea waste 
was also reported by Kazmi et.al [39].Their results showed 
that the optimum values for pH, biosorbent dose and contact 
time were 2.2 g/L and 180 minutes, respectively. Pseudo 2nd 

order kinetic and the Langmuir’s Models best described the 
kinetic and equilibrium behaviors, respectively. 
 
3.14 Tendu leaves 
 
The application of Tendu leaves, a waste from beady 
industry, for phenol removal was reported by Nagda et.al 
[40].They used raw tendu leaf refuse and chemically 
carbonized tendu leaf refuse. Adsorption equilibrium of 
tendu leaf refuse and chemically carbonized tendu leaf refuse 
was reached within 2 hr for phenol concentration 10-25 mg/l 
and 1 hr for phenol concentration 20-200 mg/l.It was 
observed that The maximum adsorption capacity of 
chemically carbonized tendu leaf refuse as per Langmuir 
model was 4 times higher than that of raw tendu leaf refuse. 
 
3.15 Flyash 
 
The studies carried out by akerman showed that the fly ash 
adsorbed 67, 20, and 22 mg/g for phenol, chlorophenol, and 
2, 4-dichlorophenol, respectively, for the highest water phase 
concentrations used[41]. Phenol displayed a much higher 
affinity for flyash than 3-chlorophenol and 2, 4-
dichlorophenol. Flyash from thermal power plants was used 
for adsorption by Sharan et.al [42]. Their study showed that, 
at a phenol concentration of 100 mg/l, the percentage 
removal of phenol was 95.69% at an optimum dosage of 7 g/l 
fly ash. The usual trend of increase in adsorption with 
concentration and adsorbent dose were observed. Adsorption 
equilibrium studies indicated that an equilibrium time of 2 h 
was necessary for the maximum removal of phenol. The 
maximum adsorption capacity (q0) and the Langmuir 
adsorption constant (KL) were evaluated and found to be 
142.86 mg/g and 0.0199 l/g, respectively. The kinetics was 
pseudo first order. Kulkarni et.al have reported the use of 
bagasse flyash as an adsorbent for removal of phenol and 

other pollutants. The contact time for phenol was 250 
minutes. The optimum pH and adsorbent dose were observed 
to be 6.5 and 3.5 mg/100 ml respectively [43]. 
 
Andini et.al tried Adsorption of chlorophenol, chloroaniline 
and methylene blue on fuel oil fly ash. The adsorption was 
highest for 2-chlorophenol, reaching about 70 mg/g, and 
quite lower in the other two cases[44].Phenol removal from 
water with modified carbons prepared from bagasse ash was 
reported by Basu et.al[45].They separated unburnt carbon 
from bagasse ash and modified it to increase its adsorptive 
capacity. The methods included (i) deashing by HCl and HF 
(ii) oxidation by H2O2 or HNO3 (iii) deashing followed by 
oxidation with H2O2 or HNO3. The modified carbons were 
characterized for composition and surface area. Adsorptive 
removal was investigated for phenol concentrations between 
10 to 2000 mg/l and carbon dosages from 0.1 to 1 gram per 
100 ml. The modified carbons showed high removal (80-
100%) for low phenol concentrations (10-100 mg per lit.) 
while a maximum removal of 60% was obtained at higher 
concentrations (1000-2000 mg /lit.). 
 
3.16 Cassava peels 
 
The removals of phenol from aqueous solution by cassava 
peel and chemically modified cassava peels were determined 
under various conditions of contact time, pH and temperature 
by Allinor and Nwachukwu [46].The influence of pH on the 
phenol adsorption by cassava peel was carried out between 
pH of 4 to 9. The phenol uptake was high for a pH value of 
9. The uptake of phenol decreases with temperature increase. 
The decrease on the uptake of phenol as temperature 
increases may be explained in terms of the increase in the 
average kinetic energy of phenolium ions. The increase in 
average kinetic energy will cause the repulsive forces 
between the phenolium ions and positively charged cassava 
peel surface. This electrostatic repulsion may cause 
desorption or make the phenol to bounce off the surface of 
the cassava peel instead of colliding and combining with it. 
At equilibrium 68.0mg/L or 85.0% and 39mg/L or 48.75% of 
phenol were removed from aqueous solution by modified and 
unmodified cassava peel, respectively. The result shows that 
at initial contact time of 20 minutes and concentration 80 
mg/L, the amount of phenol adsorbed on modified and 
unmodified cassava peel were 20mg/L or 25.0% and 3.0mg/L 
or 3.75%, respectively. 
 
4. Conclusion 
 
Adsorption for removal of heavy metal is widely studied area 
of research.. Various wastes have been effectively used for 
the phenol by investigators. Most of the adsorbents have 
shown the phenol removal efficiency above 90 percent 
except few exceptions. The key to the effectiveness of this 
method for removal of phenol is the effective method of 
regeneration of adsorbent or effective disposal of used 
adsorbent. The research is also carried out for the effective 
method of regeneration. The regeneration of adsorbent 
depends on cost of regeneration. Adsorption in fixed bed by 
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low cost adsorbent is promising alternative for phenol 
removal from wastewater. 
 
References 
 
[1] Hossein Tavallali, Mandana Shiri, “Solid Phase 

Extraction of Phenol from Wastewater by Magnetic Iron 
Oxide Nanoparticles”, International Journal of Chemtech 
Research, IV (1), pp. 311-318, 2012. 

[2] E. Montiel-Palacios, A. K. Medina-Mendoza, A. 
Sampieri, C. Angeles-Chávez, I. Hernández-Pérez, 
“Photo-Catalysis Of Phenol Derivatives With Fe2o3 
Nanoparticles Dispersed On Sba-15”, Journal Of 
Ceramic Processing Research. XX (4), pp.548~552, 
2009. 

[3] Buddhika Gunawardana, Naresh Singhal, Peter 
Swedlund, “Degradation of Chlorinated Phenols By Zero 
Valent Iron And Bimetals Of Iron: A Review”, Environ. 
Eng. Res.,XXVI(4),pp. 187-203,2011.  

[4] Arjunan Babuponnusami Karuppan Muthukumar, 
“Removal Of Phenol By Heterogenous Photo Electro 
Fenton-Like Process Using Nano-Zero Valent Iron”, 
Separation And Purification Technology, IX(8),pp. 130-
135,2012. 

[5] Saeideh Adami And Ali Fakhri, “Adsorption Of 4-
Chloro-2-Nitrophenol By Zero Valent Iron 
Nanoparticles And Pd-Doped Zero Valent Iron 
Nanoparticles Surfaces: Isotherm, Kinetic And 
Mechanism Modeling”, J Phys Chem Biophys.,III.(2) 
pp.1-5,2013. 

[6] Anjali Soni, Alka Tiwari And A. K. Bajpai, “Adsorption 
Of O-Nitrophenol Onto Nano Iron Oxide And Alginate 
Microspheres: Batch And Column Studies”, African 
Journal Of Pure And Applied Chemistry( VI(12), pp. 
161-173, 2012. 

[7] Azni Idris, Katayon Saed, “Possible Utilization Of 
Silica Gel Sludge For The Removal of Phenol From 
Aqueous Solutions: Laboratory Studies”, 
Environmentalist, XXV(4), pp. 329-334, 2003 

[8] Roostaei N, Tezel Fh, “Removal of Phenol from 
Aqueous Solutions by Adsorption”, J Environ Manage. 
,LXX(2):157-64,2004 

[9] Salah Khanahmadzadeh, Nasrin Khorshidi, Mohammad 
Rabbani, Behrouz Khezri, “Removal of Phenol In 
Aqueous Solutions By Silica Aerogel-Activated Carbon 
Nanocomposite”, J. Appl. Environ. Biol. Sci., II(7), 
pp.281-286, 2012. 

[10] Hawaiah Imam Maarof, Bassim H. Hameed, 
“Adsorption Isothermsfor Phenol Onto Activated 
Carbon”, Adnanced Journal of Chem. Engg.,IV(1), pp. 
70-76,2004. 

[11] Riaz Qadeer, Abdul Hameed Rehan “A Study Of The 
Adsorption Of Phenol By Activatedcarbon From 
Aqueous Solutions”, Turk J Chem., XXVI (357) pp. 
361-365, 2002. 

[12] Kulkarni Sunil J, Tapre Ravi W., Patil Suhas V. 
“Fluidized Bed Activated Carbon Adsorption For 
Removal Of Phenol From Wastewater”, Int. J. Res. 
Chem. Environ., II(4), pp.101-106, 2012. 

[13] Omar A.A.Adam And,Amar H.Al-Dujaili, 
“Adsorption Of Phenolics From Aqueous Solution On 
Activated Carbon:Effect Of Molecular 
Structure“,Journal Of Al-Nahrain University Science, 
XX(2), pp.7-12,2007. 

[14] K. Saravanakumar And A. Kumar,“Removal Of 
Phenol From Aqueous Solution By Adsorption Using 
Zeolite” African Journal Of Agricultural Research, 
VIII(23), pp.2965-2969, 2013. 

[15] Caetano M, Valderrama C, Farran A, Cortina Jl , “ 
Phenol Removal From Aqueous Solution By Adsorption 
And Ion Exchange Mechanisms Onto Polymeric 
Resins”, J Colloid Interface Sci. 
,CCCXXXVIII(2),pp.402-409, 2009. 

[16] Wu Y, Li Z, Xi H., “Influence Of the Microporosity and 
Surface Chemistry Of Polymeric Resins On Adsorptive 
Properties Toward Phenol”, J Hazard Mater. , CXIII(1-
3),pp.131-135,2004. 

[17] Katrin Wagner And Siegfried Schulz, “Adsorption Of 
Phenol, Chlorophenols, And Dihydroxybenzenes Onto 
Unfunctionalized Polymeric Resins At Temperatures 
From 294.15 K To 318.15 K”, J. Chem. Eng. Data, , 
XXXXVI (2), pp.322–330,2001. 

[18] Ai- Min-Li,Hai-Suo Wu, Quan Zing Zang, Gen Cheng 
Zang,Cao Long, Zeng Hao Fei,Fu Quang Liu, Jin Long 
Chen, “Thermodynamic Study Of Adsorption Of 
Phenolic Compounds From Aqueous Solution By Water 
Compitable Hypercross Linked Polymeric Adsorbent” 
Chemical Journal Of Polymeric Science”,XXII(3), pp. 
239-267,2004 

[19] Manuel Carmona, Antonio De Lucas, José L. Valverde, 
Belén Velasco, Juan F. Rodr´ Iguez, “Combined 
Adsorption And Ion Exchange Equilibrium Of Phenol 
On Amberlite Ira-420”, Chemical Engineering Journal 
,CXVII(1) .pp.155–160,2006. 

[20] Asgari G, Mohammadi As, Ebrahimi A, Hosseinzadeh 
E. “Adsorption Of Phenol From Aqueous Solution By 
Modified Zeolite With Fecl 3”. Int J Env Health Eng, 
I(7), pp. 2-6,2013. 

[21] Asgari G, Mohammadi As, Ebrahimi A, Hosseinzadeh 
E. “Adsorption of Phenol From Aqueous Solution By 
Modified Zeolite With Fecl 3”. Int J Env Health Eng, 
I(7), pp. 2-6, 2013. 

[22] Keith M. C. Davis, James A. Deuchar and Douglas A. 
Ibbitson, “Adsorption of Phenols From Non-Polar 
Solvents On To Activated Alumina”, J. Chem. Soc., 
Faraday Trans.CXX (1) pp. 417-422, 1972. 

[23] Sabeeh. J. Hassan, Wali. M. Hamad, “Adsorption Study 
of Some Derivatives of Phenols on Activated Alumina in 
Aqueous Solution”, Diyala Journal for Pure Sciences, 
VII (2), pp.77-82.2011. 

[24] Zhu Li-Nan, Ma Jun∗, Yang Shi-Dong, “Removal Of 
Phenol By Activated Alumina Bed In Pulsed High-
Voltage Electric Field”, Journal Of Environmental 
Sciences,XIX,pp. 409–415,2007. 

[25] M. Kermani,H. Pourmoghaddas, B. Bina,Z. Khazai, 
“Removal Of Phenol From Aqueous Solution By Rice 
Husk And Activated Carbom”, Pakistan Journal Of 
Biological Sciebce, IX(10),pp.1905-1910,2006. 

Paper ID: J20138 94 of 96



International Journal of Scientific Engineering and Research (IJSER) 
www.ijser.in 

ISSN (Online): 2347-3878 
Volume 1 Issue 2, October 2013 

[26] Mbui Dn, Shiundu Pm, Ndonye Rm, Kamau Gn., 
“Adsorption And Detection Of Some Phenolic 
Compounds By Rice Husk Ash Of Kenyan Origin”, J 
Environ Monit.,IV(6), pp.978-984,2002. 

[27] Bijan Bina, “Removal Of Phenol From Aqueous 
Solutions Using Rice Husk Ash And Activated Carbon”, 
Ecocity Word Summit, Proceedings, Pp.1-11, 2008. 

[28] Mahvi, A. H., A. Maleki And A. Eslami, “Potential Of 
Rice Husk And Rice Husk Ash For Phenol Removal In 
Aqueous Systems”, American Journal Of Applied 
Sciences,I(IV),pp.321-326, 2004. 

[29] Samah B. Daffalla, Hilmi Mukhtar, Maizatul S. 
Shaharun, “Effect Of Organic And Inorganic Acid 
Pretreatment On Structural Properties Of Rice Husk And 
Adsorption Mechanism Of Phenol”, International 
Journal Of Chemical And Environmental Engineering, 
III(3),pp.192-200,2012. 

[30] Al-Sultani Kadhim F. And Al-Seroury F.A. “ 
Characterization The Removal Of Phenol From Aqueous 
Solution In Fluidized Bed Column By Rice Husk 
Adsorbent”, Research Journal Of Recent Sciences, 
I(1),pp.145-151,2012. 

[31] D.N. Jadhav, A.K. Vanjara “Removal Of Phenol From 
Wastewater Using Sawdust, Polymerized Sawdust And 
Sawdust Carbon” Indian Journal Of Chemical 
Technology, I, Pp.35-41, 2004. 

[32] M. T. Uddin, M. S. Islam, And M. Z. Abedin 

“Adsorption of Phenol from Aqueous Solution by Water 
Hyacinth Ash”, Arpn Journal of Engineering and 
Applied Sciences, II (2) No. 2, pp.43-49, 2007. 

[33] Samar K. Dhidan “Removal Of Phenolic Compunds 
From Aqueous Solutions By Adsoption Onto Activted 
Carbons Prepared From Date Stones By Chemical 
Activation With Fecl3”, Journal Of Engineering, I(18), 
pp.63-67,2012. 

[34] V. V. Goud, K. Mohanty “Prediction Of Mass Transfer 
Coefficients In A Packed Bed Using Tamarind Nut Shell 
Activated Carbon To Remove Phenol”, Chemical 
Engineering & Technology, XXVIII(9),pp.991–997, 
2005. 

[35] M. T. Sorour, F. Abdelrasoul And W.A. Ibrahim 
“Application Of Adsorption Packed-Bed Reactor Model 
For Phenol Removal”, Tenth International Water 
Technology Conference, Iwtc10, Alexandria, Egypt, 
pp.131-135, 2006. 

[36] “Batch Equilibrium and Kinetic Studies of Simultaneous 
Adsorption and Biodegradation of Phenol by Pinapple 
Peels Immobilized Pseudomonas aeruginosa NCIB 950 
“Britisj Biotechnology Journal,II(1),pp.26-48, 2012. 

[37] F. Bolat, S. Govori, A. Haziri, S. Spahiu, F. Faiku, “ 
Used Tea Waste Adsorption For Removal Of Phenol 
From Synthetic And Kosovo Industrial Waste Water”, J. 
Int. Environmental Application & Science, V(1),pp.63-
67,2010. 

[38] Ali Gundogdu , Celal Duran, H. Basri Senturk,Mustafa 
Soylak , Duygu Ozdes , Huseyin Serencam , And 
Mustafa Imamoglu, “Adsorption Of Phenol From 
Aqueous Solution On A Low-Cost Activated Carbon 
Produced From Tea Industry Waste: Equilibrium, 

Kinetic, And Thermodynamic Study”, J. Chem. Eng. 
Data, CVII (10), Pp 2733–2743,2012. 

[39] Mohsin Kazmi, Anwar R. Saleemi, ,Nadeem Feroze, 
Amir Yaqoob , Syed Waqas Ahmad, “Removal Of 
Phenol From Wastewater Using Activated Waste Tea 
Leaves”,Polish Journal Of Chemical Technology,XV(2), 
pp.1–6,2013. 

[40] G. K. Nagda, A. M. Diwan, V. S. Ghole, “Potential Of 
Tendu Leaf Refuse For Phenol Removal In Aqueous 
Systems”, Applied Ecology And Environmental 
Research,V(2),pp.1-9,2007. 

[41] Aydin Akgerman * And Minoo Zardkoohi, “Adsorption 
Of Phenolic Compounds On Fly Ash”, J. Chem. Eng. 
Data, XXXXI(2),pp.185–187,1996. 

[42] Richa Sharan, Gurdeep Singh, Sunil K. Gupta, 
“Adsorption Of Phenol From Aqueous Solution Onto 
Fly Ash From A Thermal Power Plant”, Chemistry, 
Tribology, Adsorption And Surface Science, 
XXVII(3),pp.267-179,2009. 

[43] Sunil J. Kulkarni, Sonali R. Dhokpande, Dr. Jayant P. 
Kaware,“Studies On Flyash As An Adsorbent For 
Removal Of Various Pollutants From Wastewater”, 
International Journal Of Engineering Research & 
Technology (Ijert)II(5), pp.1190-1165,2013. 

[44] Andini S, Cioffi R, Colangelo F, Montagnaro F, Santoro 
L,“Adsorption Of Chlorophenol, Chloroaniline And 
Methylene Blue On Fuel Oil Fly Ash”, J Hazard Mater. 
LCVII(2-3),pp.599-604,2008. 

[45] A Kaushik, S Basu, R K Singh, V S Batra And M 
Balakrishnan, “Phenol Removal From Water With 
Modified Carbons PreparedFrom Bagasse Ash”, E-
Planet, X (2), pp. 1 – 6, 2008. 

[46] Alinnor I.J., And Nwachukwu M.A, “Adsorption Of 
Phenol On Surface – Modified Cassava Peel From Its 
Aqueous Solution”, International Journal Of 
Environmental Science, Management And Engineering 
Research,I(2) Vol. 1 (2), pp. 68-76, 2012. 

 
Author Profile 
 

Sunil J. Kulkarni has completed his Masters in 
Chemical Engineering from Tatyasaheb Kore Institute 
of Engineering and Technology, Warananagar. He is 
working as Assistant Professor in Chemical 
Engineering Department of Datta Meghe College of 

Engineering, Airoli, Navi Mumbai, India. He has published 10 
international review and research papers and presented 15 research 
papers in international conferences. His area of research includes 
adsorption, heat transfer augmentation, environmental engineering. 
He is member of many professional bodies such as ISTE(Indian 
Society of Technical Education). He is on the reviewer board of 
many international journals and reviewed many international 
papers. 

 
 Jayant Prabhakarrao Kaware, Chemical Engineer, 
pursued his education from Laxminarayan Institute of 
Technology, Rashtra Sant Tukdoji Maharaj Nagpur 
University. He was working for Shri Shivaji Education 

Society’s College of Engineering & Technology since 1987. He 
was Professor-in-charge for the Biodiesel Research Laboratory 
associated with the department of chemical engineering. He was 

Paper ID: J20138 95 of 96



International Journal of Scientific Engineering and Research (IJSER) 
www.ijser.in 

ISSN (Online): 2347-3878 
Volume 1 Issue 2, October 2013 

Member of Board of Studies for Chemical & Polymer Technology 
at Sant Gadge Baba Amravati University since 2000 and Chairman 
from 2008 till 2012. He is a Member of Academic Council since 
2005 in the University. He was a Member of Management Council 
of Sant Gadge Baba Amravati University till August, 2011. He is 
working in the various universities as Member of Research 
Recognition Committee, Board of University Teaching & Research 
since 2006. He has published more than 36 research papers. He is 
working on various policy making government bodies related to 
biodiesel. At present he is Principal at Bhonsla College of 
Engineering & Research, Akola. 

Paper ID: J20138 96 of 96




