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Abstract

�e current study focuses on using carbonized rice husk, an agricultural waste, as an e�cient adsorbent to remove phenolic
chemicals from pharmaceutical wastewater using batch adsorption method. �e e�ect of time, dosage, temperature, concen-
tration and the pH of the e�uent and how they a�ect the adsorption rate was studied. Adsorption kinetic, thermodynamics
and isotherm studies were performed for better understanding of the behaviour and sorption potentials of the carbonized
rice husk. �e applicability of the kinetic model was best described by the pseudo-second-order kinetic model. Adsorption
of phenol on adsorbents was found to increase by decreasing phenol e�uent concentration, increasing pH up to 5, and in-
creasing e�uent temperature up to 35 oC. �e adsorption behavior of the Phenol was studied using Freundlich, Temkin,
and Langmuir adsorption isotherm models. From the study, the Langmuir isotherm with the correlation coe�cient value of
0.987 was the highest amongst the entire isotherm considered which showed that the adsorption of phenol onto RH was bet-
ter described by the Langmuir model. �e present �ndings suggest that Rice Husk (RH) is environmentally friendly, e�-
cient, and low-cost biosorbent that is useful for the removal of Phenol from wastewater.
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Introduction

Industries  frequently  release  their  waste  into  the
environment without properly treating it, which poses seri-
ous  environmental  risks  in  many  developing  nations.  Ac-
cording to  [1],  these  untreated industrial  pollutants  have  a
negative  e�ect  on  water  quality,  disrupt  ecosystems,  and
have  complex  impacts  on  �owing  water  systems.  Pharma-
ceutical  waste  disposal  seems  to  be  mostly  unregulated;
some waste is thrown directly into sewers or lagoons with-
out  any  treatment,  eventually  in�ltrating  into  surface  and
ground waters [1]. Organic pollutant-�lled wastewater has a
high  suspended  solids  content,  which  prevents  photosyn-
thetic organisms from getting light.  �e riverbed is  altered
when  these  materials  settle,  rendering  it  an  undesirable
home  for  a  variety  of  invertebrates  [2].

According to Polat et al. (2006), phenol is a major
contaminant present in wastewater from a variety of indus-
tries,  including  pulp  and  paper,  gas  and  coke  production,
tanning,  textiles,  plastics,  rubber,  medicines,  metals,  and
petroleum  re�neries.  Serious  environmental  and  health
problems have been brought about by the uncontrolled re-
lease of phenol into the environment [3]. �e United States
Environmental Protection Agency (USEPA) states that less
than  1.0  µg/l  of  phenol  is  permitted  in  surface  water  [3].
Due to its  irritating,  poisonous,  and carcinogenic qualities,
phenol  is  dangerous  even  at  low  doses.  It  can  impair  the
eyes,  skin,  respiratory,  and gastrointestinal  systems and,  in
certain situations,  cause gene alterations (Damjanovi et  al.,
2010).  According to  USEPA,  phenol  is  the  11th  of  the  126
priority  pollutants  (Caturla  et  al.,  1988).  �us,  it  is  critical
to  treat  phenol  in  industrial  wastewater,  especially  from
pharmaceutical  sources,  before  discharging  it  into  water
bodies.  A variety  of  techniques,  such as  coagulation,  �ltra-
tion  combined  with  coagulation,  precipitation,  ozonation,
ion exchange, reverse osmosis, and advanced oxidation pro-
cesses,  have  been  developed  to  remove  phenolic  chemicals
from  pharmaceutical  e�uents  (Girish  et  al.,  2012).  �ese
techniques, nevertheless, can be costly and intricate. Adsorp-
tion with activated carbon is the most popular and success-
ful treatment solution for phenolic wastewater among those
that  are  available.  Adsorption  is  the  process  by  which
atoms,  ions,  or  molecules  from  a  gas,  liquid,  or  dissolved
solid accumulate on the surface of a material, forming a lay-

er known as the adsorbate. �is phenomenon is purely sur-
face-based, meaning that the adsorbate adheres only to the
surface  of  the  adsorbent  and  does  not  in�ltrate  the  mate-
rial's interior. Unlike absorption, where the substance is tak-
en up into the bulk of the material, adsorption involves the
attraction of particles to the surface without any signi�cant
penetration  into  the  bulk  structure  [4].  Similar  to  surface
tension, adsorption arises from surface energy. In a bulk ma-
terial,  the  atoms are  surrounded by other  atoms,  satisfying
all their bonding requirements—whether ionic, covalent, or
metallic.  However,  surface  atoms  of  the  adsorbent  are  not
fully surrounded, leaving them available to interact with ad-
sorbates. �e type of bonding that occurs during adsorption
depends  on  the  speci�c  nature  of  the  interacting  species,
but  it  is  generally  classi�ed  into  two  types:  physisorption,
which involves weak van der Waals forces, and chemisorp-
tion, which involves stronger covalent bonding. Adsorption
can  also  result  from  electrostatic  attraction.  �e  nature  of
the adsorption process can in�uence the structure of the ad-
sorbed  species  [5].  For  instance,  polymer  physisorption
from  solution  can  cause  the  polymer  to  adopt  �attened  or
compressed structures  on the  surface  [6].  Any carbon-rich
substance can be used to make activated carbon, and the �-
nal product's characteristics will depend on the initial mate-
rial  used.  Numerous  substances,  including  zeolites,  silica
gel, and activated alumina, have been investigated as possi-
ble adsorbents for the removal of phenol in wastewater treat-
ment.  But  these  materials  are  less  commercially  viable  be-
cause they are expensive and non-renewable [7]. As a result
of this, there has become an increase in research on the pro-
duction of activated carbon for wastewater treatment appli-
cations using locally accessible agricultural products (Girish
et al., 2013). Mohd Din et al. (2009) assert that biomass de-
rived  from  these  agricultural  resources  is  widely  available,
inexpensive, and renewable. Banana peel [8], palm seed coat
[9],  oil  palm  empty  fruit  bunch  [10],  black  stone  cherries
[11], vetiver roots [12], sugarcane bagasse (Karunarathne et
al., 2013), and Lu�a cylindrical [13] are just a few of the agri-
cultural materials that have been tested as adsorbents for re-
moving phenolic compounds from wastewater. �ese mate-
rials provide an agricultural waste management option and
an  alternative  to  conventional  sources.  (Mohd  Din  et  al.,
2009).

Rice husk (RH) is  one of the primary agricultural
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wastes produced in rice-cultivating countries. Despite its nu-
merous  applications,  its  economic  bene�ts  and  contribu-
tions have not been su�ciently highlighted [14,15].  Global
production of RH is very signi�cant and falls in the range of
tens of millions of tonnes per annum [16]. Typically, about
50% of  the  husk  produced  in  a  rice  mill  is  burnt  onsite  to
produce  steam for  driving  mechanical  milling  machineries
[17].  However,  the  combustion  of  these  solid  wastes  emits
suspended  solid  which  o�en  exceed  the  permissible  limits
stipulated by United State environmental protection agency
(USEPA).  Apart  from  its  partly  uses  in  silica-based  indus-
tries,  building materials  or as fertilizer,  much has not been
explored  on  its  application  as  a  potential  adsorbent  for
phenol  removal.

In this study, rice husk was subjected to chemical
and thermal processes to generate an adsorbent. We looked
at  these  modi�ed  materials'  ability  to  extract  phenol  from
pharmaceutical e�uent. Batch experiments were used to in-
vestigate the impacts of these factors,  including pH, adsor-
bent  dosage,  initial  phenol  concentration  and  adsorption
temperature. Optimal experimental conditions were identi-
�ed, and thermodynamic studies were conducted to unders-
tand  the  nature  of  the  adsorption  process.  �ree  potential
mechanisms  have  been  identi�ed  in  the  literature  for
phenol adsorption: electron donor-acceptor complex forma-
tion,  π-π  dispersion  interaction,  and  hydrogen  bonding
(Moreno-Castilla, 2004). Di�erent kinetic models (pseudo--
�rst-order, pseudo-second-order, and Elovich) and adsorp-
tion  isotherms  (Langmuir,  Temkin,  and  Freundlich)  were
assessed to discover which models best explained the experi-
mental results to comprehend these processes and the inter-
actions between the adsorbent and the adsorbate.

Materials and Method

�e e�uent samples used for this study were col-
lected from the wastewater unit of the pharmaceutical indus-
try in Awka, Anambra State Nigeria. �e pH value was de-
termined on site and the wastewater was preserved in a re-
frigerator maintained at 40C, at this temperature, bacteria
are inactive and biodegradation is inhibited [18]. �e othor
phosphoric  acid  and sodium hydroxide  used  in  this  re-
search work was of analytical grade and was purchased at
Head bridge Onitsha, Anambra, Nigeria.

Adsorbent

�e rice husk (RH) utilized in this study was col-
lected as waste from Achalla in the Anambra State, Nigeria,
local government area. It was then sieved using a mechani-
cal shaker to get rid of extraneous items and dirt. A�er be-
ing oven-dried for an hour at 105°C in order to eliminate ex-
cess  remaining moisture,  it  was packed away in an airtight
container for subsequent use, this process was in agreement
with [13] in their research work titled “Characterization of
adsorbent developed from rice husk: E�ect of surface func-
tional group on phenol adsorption”. �e process of washing
and drying of the rice husk was carried out at Chemical En-
gineering  Laboratory  Nnamdi  Azikiwe  University  Awka
Nigeria.

�ermal Activation of RH

�e  dried  rice  husk  measuring  200g  was  car-
bonized at a temperature of 4000C in a mu�e furnace. �is
carbonization process was in agreement with [19] in their re-
search work titled “Interaction of cement model systems
with superplasticizers investigated by atomic force micros-
copy, zeta potential,  and adsorption measurements”.  �e
thermal activation process was done in order to open pore
spaces for e�ective adsorption process. And it was carried
out at Scienti�c Equipment Development Institute (SEDI)
Enugu, Nigeria.

Chemical Activation of RH

According  to  [34],  200g  of  carbonized  rice  husk
(RH) was combined in a 1:1 volumetric ratio with 3 molar
concentrations  of  othor-phosphoric  acid  (3M H3PO4)  to
chemically activate the adsorbent. It was thoroughly com-
bined with the chemical overnight, and when the slurry was
produced, su�cient distilled water was used to wash it until
the sample's pH was 7. A�er being dried in an oven for six
hours at 105°C to eliminate extra moisture, it was stored
pending additional research. �e processes involved in the
Chemical Activation of RH were carried out at the Chemi-
cal Engineering Laboratory of Nnamdi Azikiwe University
Awka.

Batch Adsorption Studies Chemical

�e  e�ects  of  adsorbent  dose,  contact  time,  pH,
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pharmaceutical e�uent temperature, and initial phenol con-
centration on phenol uptake were examined in a number of
batch  tests.  Wastewater  with  di�erent  concentrations  of
phenol was generated from the stock solution for these in-
vestigations, labeled, and stored in separate glass-stoppered
conical  �asks.  Subsequently,  suitable  doses  of  adsorbent
were added to the wastewater which had a consistent parti-
cle size of 150μm. Using a magnetic stirrer, the system was
stirred at  a  constant  rate  at  various  temperatures  and con-
tact times while it is placed on top of hot plate. A�er allow-

ing the suspension to cool, Whatman No. 1 �lter paper was
used to �lter it. �e �ltrate was analyzed to evaluate the con-
centration  of  phenols  in  the  treated  wastewater  by  using  a
UV spectrophotometer. �e absorbance of the supernatants
was  determined  by  UV-VIS  spectrophotometer  at  270nm
wavelength. �e amount of phenol adsorbed at equilibrium
(qe) and at a time, t (qt) was calculated using Eqs. 1 and 2 re-
spectively. �e percentage removal of phenol from the phar-
maceutical e�uent was calculated using Eq. 3. (Akpomie et
al., 2012).

where  qe  is  the  equilibrium adsorption capacity
per gram of dry weight of the adsorbent, (mg/g): qt is the ad-
sorption capacity at time, t (mg/g): C0 is the initial concen-
tration of phenol in the solution (mg/l); Ce is the final or
equilibrium concentration of phenol in the solution (mg/l);
Ct is the amount of phenol adsorbed at time, t (mg/l); V is

the volume of the solution (1); and W is the dry weight of
adsorbent (g).

Results and Discussion

�e results  obtained  from the  above  studies  have
been discussed with credible explanations as follows:

Table 1: Characterization result of RH

Adsorbents Moisture content (%) Surface area (cm
2

)

RH 2.3 94.8

Scanning Electron Microscopy Result

Plates 1-2 display the SEM micrographs for the ab-
sorbent.  Scanning  electron  microscopy  (SEM)  was  utilized
to  determine  the  surface  morphologies  of  the  used  and
unused  RH.  �e  unused  RH's  SEM  pictures  showed  un-
even, hexagon-shaped edges, well-formed �akes, and coarse-

ly  packed  structures.  Before  adsorption,  the  surface  of  the
RH had large, well-developed pores. �is could be because
of  the  impact  of  impregnation  with  the  orthophosphoric
acid during the adsorbents'  chemical activation. It was also
important for the adsorbents' pores to form during the ther-
mal  and  chemical  activation  processes,  as  this  increased
their surface area and pore volume. However, the well-devel-
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oped pores on the prepared chemically activated RH adsor-
bent could be the main factor that led to the high phenol up-
take in this study.

Additionally,  there  was  a  signi�cant  decrease  in
the  interstitial  spaces  in  plate  2's  used  RH.  �is  might  be
due to some of the empty areas in the unused adsorbents be-
ing �lled with adsorbed phenol. It is evident from the SEM

images  of  plates  1  and  2  that  the  adsorbents'  porosity  in-
creased by both chemical-based and heat activation. Chemi-
cal  activation produces a structural  defect in the adsorbent
as  a  result  of  reactions  that  expand the  pore  spaces  within
the  adsorbents.  �is  increased  pore  volumes  and  surface
area of  the adsorbent  and positively  impact  the adsorption
rates.

Plate 1: SEM of RH before adsorption

Plate 2: SEM of RH a�er adsorption

Fourier Transform Infrared Result

�e FTIR technique is a useful tool for determin-
ing the distinctive functional groups that are essential to the
adsorption of aromatic compounds [13]. �e vibrational fre-
quency variations in the functional groups of the adsorbents
were  ascertained  by  analyzing  the  FTIR  spectra  of  RH  be-
fore  and  a�er  phenol  sorption.  Figures  1  and  2  depict  the
FTIR  spectroscopic  analysis  of  the  RH  adsorbent  both  be-
fore and a�er adsorption. Four main adsorption bands were
evident in the RH picture at 2900–3500 cm-1,  1700–2400

cm-1, 1300–1750 cm-1, and 500–1000 cm-1. For the unused
RH, a broad band with two maximum peaks could be seen
at 3235.3 and 2322.1. The band was observed to move to
3753.4 and 3652.8cm-1 upon phenol adsorption. It should be
mentioned that the hydrogen-bonded OH group of alcohols
and phenols has been identi�ed as the source of the bands
in the 3000–3650 cm-1 range. (Lua and Yang 2003). Si-O or
C-O stretching in alcohol, ether, or hydroxyl groups may be
the cause of the sharp adsorption band at 1148.0 cm-1 [20].

At 2900-3500cm-1, 1700-2400cm-1, 1300-1750, and
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500-1000cm-1, there were four main adsorption bands visi-
ble in the RH image. For the unused RH, a broad band with
two maximum peaks at 3235.3 and 2322.1 was observed. Fol-
lowing phenol adsorption, the band was observed to move
to  3753.4  and  3652.8  cm-1.  Note  that  the  bands  in  the

3000–3650 cm-1 range have been identi�ed as belonging to
the OH group of alcohols and phenols that are hydrogen
bonded (Yang and Lua 2003). �e sharp adsorption band at
1148.0cm-1 may be ascribed to either Si-O or C-O stretching
in alcohol, ether or hydroxyl groups [20].

Figure 1: FTIR spectra of RH before adsorption

Figure 2: FTIR spectra of RH a�er adsorption

In�uence of Adsorbent Dosage and Contact Time

�e in�uence of adsorbent dosage on the adsorp-
tive uptake of phenol onto RH adsorbent was studied at the
optimum conditions of 35oC, 35mg/l, and pH of 5 for e�u-
ent  temperature,  concentration,  and  pH,  respectively.  �e

result was presented in Figure 1, which showed that the re-
moval of phenol increased with an increase in the adsorbent
dosage;  from  Figure  1,  the  maximum  percentage  removals
of phenol was 84.99%. Generally, an increase in percentage
removal e�ciency with an increase in dosage was expected



7

JScholar Publishers J Chem Eng Catal 2024 | Vol 3: 103

because as the adsorbent dose increased, the number of ac-
tive sites for binding phenol molecules on the adsorbent in-
creased and more phenol was attached to the adsorbent sur-
face [21]. However, a�er a certain adsorbent dosage, the ad-
sorption capacity remains constant. �is constant is general-
ly  due to  the  presence of  a  large  number of  accessible  sur-
faces–active  groups  compared  to  the  adsorbate  amount.
�is  is  in  agreement  with  [21].

Additionally,  the  results  of  many  batch  experi-

ments demonstrated that, for all adsorbent combinations, a
longer contact  duration increases the percentage of  phenol
removed. At �rst, RH quickly absorbed the phenol. Howev-
er, following the initial 35 minutes, the phenol removal e�-
ciency  was  shown  to  hold  steady  for  the  next  55  minutes
(Figure 1). �ere may have been more adsorption sites avail-
able  early  in  the  adsorption  process,  which  would  explain
the  �rst  fast  phase.  Similar  results  have  been  identi�ed  by
[22] in earlier investigations.

Figure 3: In�uence of Adsorbent (RH) Dosage and Contact Time

In�uence  of  E�uent  Temperature  on  Phenol  Ad-
sorptive  Rate

�e e�ect of temperature on the adsorptive uptake
of phenol onto RH adsorbent was examined while maintain-
ing the other in�uencing parameters at an e�uent pH of 5,
an adsorbent dosage of 1g, and an e�uent concentration of
35 mg/l. Figure 2 illustrates that the percentage of phenol ad-
sorbed  dropped  at  higher  e�uent  temperatures,  with  the
maximum adsorption rate occurring at an e�uent tempera-
ture of 35oC. �is decline in adsorption at higher tempera-
tures may be partially attributed to the weakening of adsorp-
tive forces between the active sites of  the adsorbent and
phenol, and partly due to the enhancement of the thermal
energies of the adsorbate, thus making the attractive forces
between the adsorbent and phenol insu�cient to retain the

adsorbed molecules at the binding site. [23]. An increase in
phenol's adsorption capacity as temperature drops indicates
that the process is exothermic; in this instance, the adsor-
bate and adsorbent have signi�cantly lower favorable inter-
molecular interactions as temperature increases than the ad-
sorbate and solvent. Similar �ndings were reported by [19],
who found that phenol uptake was an exothermic process
that was favored at lower temperatures.

�e forces keeping the phenol to the surface of the
adsorbents  were  physical,  or  physicosorption,  because  the
adsorption  process  was  exothermic.  �e  van  der  Waals
forces  between  the  non-reacting  molecules  were  the  cause
of  this.  At  reduced  temperatures,  the  phenol  stabilization
reached its peak because the molecules were more �rmly at-
tached to the adsorbent's surface [22].
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Figure 4: In�uence of E�uent Temperature on RH

In�uence  of  pharmaceutical  e�uent  pH on Phenol
Adsorptive Rate

Under  ideal  circumstances,  e�uent  temperature
of 35°C, adsorbent dose of 1 g for all adsorbents, and e�u-
ent concentration of 35 mg/l—the impact of e�uent pH on
the adsorptive uptake of phenol onto RH adsorbent was in-
vestigated.  the  outcome  is  given  in  Figure  3.  �e  plot  de-
monstrated  that  phenol  adsorption  increased  in  tandem
with a solution's pH rise from 3 to 5, but that uptake steadi-
ly declined with a subsequent pH increase from 6 to 10.

At  a  pH  of  3,  RH's  phenol  adsorption  e�ciency
was  81%  during  the  ideal  35-minute  contact  time  (Figure
3). At pH 5, the uptake e�ciency increased to 91%; howev-

er, at pH 6 and pH 10, it fell to 74.16% and 69.63%, respec-
tively. �e ionic state of these functional groups, as well as
the phenol chemistry in the solution, can all have an impact
on how pH-dependent phenol adsorption is. Consequently,
the  increased  solubility  of  phenol  in  the  aqueous  solution
and the availability of OH- ions on the adsorbent, which re-
stricts the di�usion of phenolate ions, were the causes of the
reduction in phenol adsorption at higher pH values. When
phenol is  adsorbed at  a pH greater than 5,  it  indicates that
the positively charged phenol ions bind through electrostat-
ic attraction to negatively charged functional groups on the
surface of the RH. �is is because at a pH of 5 more functio-
nal  groups  carrying  negative  charges  would  be  exposed  at
the carbon surface [24].

Figure 5: In�uence of e�uent pH on phenol uptake by RH
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In�uence of  E�uent  Concentration on Phenol  Ad-
sorptive Rate

�e impact of  e�uent phenol concentration on a
�xed amount  of  adsorbent  dosage  was  studied  under  ideal
conditions, which included an e�uent pH of 5, an e�uent
temperature of 35 °C, an adsorbent dosage of 1.0 g, and an

optimal contact time of 35 minutes. �e result is shown in
Figure 4. �e plot in Figure 4 for RH demonstrated that an
increase  in  e�uent  phenol  concentration  from  25  mg/l  to
45  mg/l  resulted  in  a  corresponding  decline  in  phenol  up-
take e�ciency.  �is is  because there are not enough active
sites available as e�uent phenol concentration rises.

Figure 6: In�uence of e�uent concentration on phenol uptake by RH

Equilibrium Studies

�ere are several isotherm equations available for
analyzing  experimental  sorption  equilibrium  parameters,

the most common being the Langmuir and Freundlich mod-
els.

�e Langmuir Isotherm

Where  Ce  is  the  concentration  of  adsorbate  at

equilibrium (mgg−1), KL is Langmuir constant related to ad-
sorption capacity (mgg−1), which can be correlated with the
variation of the suitable area and porosity of the adsorbent
which implies that large surface area and pore volume will
result in higher adsorption capacity, qm is the maximum ad-
sorption capacity for a complete monolayer coverage.

�e Freundlich Isotherm

�e Freundlich is applicable to adsorption process-
es that occur on heterogenous surfaces [27]. It also gives an
expression which de�nes the surface heterogeneity and the
exponential  distribution  of  active  sites  and  their  energies
[27].  �e  linear  and  non  lineear  form  of  the  Freundlich
isotherm  are  as  follows;
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Where KF is adsorption capacity (l/mg) and 1/n is
adsorption intensity; it also indicates the relative distribu-
tion of the energy and the heterogeneity of the adsorbate
sites. �e values of n in the range of 2-10 represent good ad-
sorption, 1-2 moderate adsorptions and less than 1 repre-
sents poor adsorption characteristics [28].

Temkin Isotherm

One of  the  earliest  isotherms to  be  described,  the
Temkin isotherm suggests that the interactions between the
adsorbent and adsorbate causes the heat of adsorption to de-
crease linearly with increasing coverage. According to [29],
the nonlinear and linearized forms of the Temkin isotherm
have  typically  been  utilized  in  the  forms  shown  in  Eqs.  8
and 9, respectively.

Where: KT (lg−1) is the Temkin isotherm constant,
bT (Jmol−1) is a constant related to the heat of sorption and R
(8.314Jmol−1K−1) is the gas constant.

For  Langmuir  isotherm,  the  constant  K  is  related
to  the  a�nity  between  the  adsorbent  and  adsorbate  (vija-
yaraphavan  et  al.,  2005).  A  low  value  of  kL  indicates
favourable adsorption. �e low values of kL found for the
adsorbent, as shown in Table 2, suggest that the phenol ad-
sorption on RH was favorable. �e Langmuir isotherm gave
a satisfactory �t to the experimental data, according to the
analysis of the result based on the R2 value. An important
property  of  the  Langmuir  isotherm can be  expressed in
terms of a dimensionless constant equilibrium parameter,
RL. �e isotherm's shape is shown by the RL values. Table 2
illustrates  the  value  of  the  RL  achieved  at  various  RH
dosages. �e value, which ranges from 0 to 1, indicates that
the adsorption procedure was e�ective. �e strength of ad-
sorption during the adsorption process is determined by the

value of 1/n for the Freundlich isotherm. It is a parameter
for heterogeneity. �e anticipated heterogeneity increases
with decreasing value of 1/n. Furthermore, the adsorption
can be classi�ed as linear (n = 1), chemical (n < l) based on
the value of the parameter n. Table 2 demonstrates that the
value of n for RH is tiny and less than 1, suggesting that the
adsorption process was chemical  in nature.  Additionally,
239.56 is the value of the Freundlich constant (KF), which is
used as a proxy for adsorption capacity. �e correlation co-
e�cient (R 2) values were used to assess the applicability of
the isotherm equations to describe the adsorption process.
�e Langmuir isotherm gave the highest correlation coe�-
cient value among all the isotherms considered in this study
(Table 2). �is indicated that the Langmuir model was bet-
ter and able to describe the adsorption of phenol onto RH
than the other two models.  Consequently,  this suggested
that adsorption occurred as the monolayer phenol adsorbed
onto the homogenous adsorbent surface.

Table 2: Linear equilibrium isotherm parameters for phenols adsorption onto adsorbent

Adsorption Isotherm RH

Langmuir q
m
(mg/g) 66.5

K
L
(l/mg) 1.29

R
L
(l/mg) 0.96

R
2 0.9872
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Freundlich n
F 0.69

Kf(l/mg) 239.56

R
2

0.9811

Temkin B
T 43.682

A
T
(l/g) 8.620

R
2

0.9165

Kinetic Studies

Adsorption mechanisms are evaluated by applying
the major adsorption kinetic models. In this research work,
three kinetic models (pseudo-�rst order, pseudo-second or-
der,  and  Elovich  model)  were  applied  to  the  experimental

data to investigate the kinetics of sorption of phenol on RH.
First  and  second  order  assumed  the  adsorption  process  to
be  pseudo-chemical  in  nature,  while  Elovich  model  is  ap-
plied  to  explain  whether  adsorption  is  physical  adsorption
or  chemisorption  [9].  �e linear  form of  Lagergren's  �rst-
order rate equation is as follows (Lagergren, 1898).

where  qe  is  the  amount  of  phenol  adsorbed  onto
the  adsorbent  at  equilibrium  (mg/g),  qt  is  the  amount  of
phenol  adsorbed  onto  the  adsorbent  at  any  time  t  (mg/g),

and  Kp1  (min-1)  is  the  rate  constant  of  the  pseudo--
first-order  adsorption  which  can  be  calculated  from the
slope of the linear plot of ln(qe − qt) vs. t The linearized
form of the pseudo-second-order model is given as

where the slope and intercept of the plot of t/qt ver-
sus  t  can  be  used  to  experimentally  calculate  the  equilibri-
um adsorption capacity (qe) and the second order constants
k2 (g/mg h). �e constants and R 2 values derived from the
linear plots for the pseudo-�rst order, pseudo-second order,
and Elovich kinetic models, respectively, ompilwere ced in
Table  3  after  taking  into  account  linear  kinetic  models
based on the R2 analysis.  In comparison to the pseudo--
first-order and Elovich kinetic models,  it  was discovered
that the R2 value for the pseudo-second-order kinetic model
was comparatively high. The high R2 value for the pseu-

do-second-order  model  indicated  that  the  kinetic  model
may be used to explain the phenol uptake adsorption pro-
cess on the RH adsorbent.

�ermodynamic Studies

�e  thermodynamic  parameters  related  to
changes  in  adsorption  standard  free  energy  (∆G),  the
change  in  enthalpy  of  reaction  (∆H),  and  the  standard
change  in  entropy  of  adsorbate–adsorbent  reaction  (∆S),
can be calculated by using the Van’t Ho�’s equations as stat-
ed below (Yao et al., 2010)
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Where R is the gas constant (8.314J/mol K), Kb is
the  Langmuir  isotherm  constant  at  di�erent  temperature
(L/mg), and T is the absolute temperature in Kelvin. �e val-
ues  of  (∆H)  and  (∆S)  can  be  determined  from  the  slopes
and the intercepts of the linear graph of ln(Kb) versus 1/T.
From Table 4, the value of the ∆G became increasingly nega-
tive with an increase in temperature from 298k to 313k for

RH  adsorbent  but  decreased  negatively  with  a  further  in-
crease  in  temperature  from  323k  to  333k.  �is  indicated
that the adsorption processes were feasible and spontaneous
[30]. �e ∆G value for RH adsorbent at a particular temper-
ature  was  close  indicating  that  such  spontaneity  was  inde-
pendent  of  the  temperature  of  adsorption  (Okolo,  et  al.,
2000).

Figure 7: Linear pseudo �rst order kinetic plot

Figure 8: Linear pseudo second order kinetic plot

Figure 9: Linear Elovich Kinetic Plot
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Table 3: Linear kinetic parameters for phenol adsorption onto adsorbents

Adsorption kinetics RH

Pseudo-�rst order K
1
 (min

-1 

) 0.081

R
2

0.9231

Pseudo second order K
2
 (L/mg.min) 0.0569

R
2

0.9805

Elovich α (mg/g.min) 0.4584

β (g/mg) 0.0688

R
2

0.9421

Figure 10: Van’t Ho� plot for the adsorption of Phenols

For  the  RH  adsorbent,  the  ∆S  value  was  negative
and remained unchanged with temperature. Strong interac-
tions between phenol and the adsorbent (RH) are suggested
by a negative value of ∆S, which translates to a decrease in
the degree of freedom of the adsorbed species. Additionally,
a  higher  order  of  reaction  during  the  phenol's  adsorption
onto  the  adsorbent  was  suggested  by  the  negative  value  of

∆S.  It  also  demonstrated the e�ectiveness  of  the  adsorbent
materials  bonded  with  phenol.  �e  exothermic  nature  of
the  adsorption  process  was  demonstrated  by  the  negative
values  of  ∆H.  According  to  [31],  the  value  of  ∆H  was  less
than  84  kJ  mol-1,  indicating  the  physical  character  of  the
sorption. �e entire process of adsorption was exothermic.
Previous  studies  with  comparable  �ndings  included
[30,32,33].

Table 4: �ermodynamic parameter for phenol adsorption

Adsorbent Temperature ΔG (KJ/mol) ΔH (KJ/mol) ΔS (J/mol)

RH 298 -1 2.73

308 -1 3.70

313 -1 4.74 -37.98 -82.52

323 -1 0.43

333 -1 0.76
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Conclusion

�e following conclusions were drawn from the re-
search work;

The  RH  adsorbent  was  found  to  be  potent
adsorbents  for  the  removal  of  phenol  from
pharmaceutical e�uent.

The amount of phenol adsorbed was found to be
dependent on dosage, pharmaceutical e�uent pH,
contact time and e�uent temperature.  Percentage
removal  of  phenol  was  found  to  increase  with
increase  in  adsorbent  dose,  contact  time  but
decreases  with  increase  in  effluent  pH,  and
pharmaceutical e�uent temperature.

The  Langmuir  isotherm  best  described  the
adsorption process for linear equilibrium adsorption

studies of RH adsorbent while the linear kinetic data
were  best  fitted  to  pseudo  second  order  kinetic
model for the adsorbent.

The  thermodynamic  studies  showed  that  the
adsorption process was physical,  spontaneous and
exothermic in nature.

Recommendation

Since this research work has established that RH is
potent  and  low  cost  adsorbent  for  the  removal  of  phenol
from pharmaceutical e�uent, it is recommended that a trial
scale up be conducted for the industrial removal and recov-
ery  of  phenol  from  pharmaceutical  e�uent  containing
phenol.  Also  consideration  should  also  be  given  to  other
waste  materials  that  may  likely  be  present  in  the  e�uent
and how RH will be able to reduce their quantity or remove
them entirely.
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