Available online atwww.joac.info
ISSN: 2278-1862

T Journal of Applicable Chemistry
} 2019 8 (1): 389-402
: . (International Peer Reviewed Journal)

Agueous Phase Removal of Phenol using ThermalBctivated
Xanthium strumarium Bioadsorbent

Rohit Verma*, Man Mohan S. Jass&l and Vipin K. Saini®

1. Department of Chemistry, Government (PG) College, Gopeshwar, Chamoli, Uttar2iiédd INDIA
2. Department of Chemistry, D. A. V. (PG) College, Dehradun, UttarakR48a01,|NDIA
3. School of Environmental Science, Doon University, Dehradun, UttarakiNDid
Email: rohitv198@gmail.com

Accepted on 17 January, 2019

ABSTRACT

Phenol and its derivates are carcinogenic and harmful pollutants due to stability and persistence
nature. Besides other methods-bidsorptia is found to be efficient and economical way to removal
phenalic pollutants from their aqueous phase. In this study, thermally acti¥atetdiumstrumarium

based bieadsorbent is developed and characterized by BET, SEM, FTIR, XRD apgimpéthods.

These studies confirm highly microporous nature along with basic surface of the bioadsorbent. The
adsorption analysis is done attain optimum contact time, pH and the dependence of adsorption
capacity on initial concentration and temperature. Téentact time and optimum pH of the
adsorption of phenol is found to 30 minutes and pH 7, respectively. The adsorption capacity lof pheno
on XPT1 is found to increase with increases in initial concentration and it decreases with irnicrease
temperature. Thadsorption isotherm modelling is found to be well fitted with Langmuir model at alll
temperatures, suggesting chemical interadibetween phenol and XPadsorbent.
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INTRODUCTION

Phenolic compounds commonly have hydroxyl group directly attachedangtiatic ring, beside

other linked groups like methyl, halogens, nitro, etc. The phenols, chlorophenols, cresols, motsophe
are important phenolic compounds, used in various procedures in chemical, pharmaceutical,
petrochemical, paper, wood, dye andtjpede based industriegl]. The phenolic compounds are
present in the coaloking, synthetic rubbei?], leather, olive 0il[3], phenol production4] based
industrial wastewater. The chlorophenols are priority pollutants due to toxic and resistance to
microbial degradation, leading to their accumulation in food cf@inThe permissible limits for
phenolicpresence in water areldomgL™ as per US Environment Protectiogehncy (USEPA), and
DERXW L™ accbrding to Bureau of Indian Standards (Bl&) The major adverse human and
environmental impacts of phenolic compounds includes loss of aquatinhibition of microbial
community, carcinogenicity to animald], liver damage, diarrhoea, mouth ulcers and haemolytic
anaemia in humans on low phenolic water consumdibnThe long term exposure tch@nolic
concentration over 2 mig™ are toxic to ish and conaatrations between 10 and 100 ing result in

death of aquatic lif¢7].

The contemporary methods of removal of phenolic compounds includes physical treatment
methods like activated carbon adsorption, hfijeation, solvent extractin, reverse osmosis, etc;
chemical treatment methods like chemical oxidation, incineration, chemical degradation, wet
oxidation, hypercritical oxidation, UV/#D, method, TiQ photochemical oxidation, higpressure
impulsive discharge, low temperature plasma, high frequency ultrasonic method, etc; biological
treatment methods like activated sludge, membrane separation technique, aerobic/anaerobic method,
etc [5]. The physical and chemical methods assoaiated with high cost and economically not
viable, whereas biological methods are associated with efficiency issues, especially when phenolic
compounds are in traces.

Traditionally activated carbon adsorption method in removal of phenolic tieeisds found to be
most effective, but it is expensive in comparison to other metf®ds, 9. That is why many
alternate and cheaper forms of adsorbents have been developed in recent time, such as activated
carbon fiber[1], fungal biomasg2], sludge[5], clay [4] agricultural wastd6], etc. The activated
carbon developed from any biological source is known as bioadsorbent, the examples include
agricultural waste, animal waste, human waste etc. Bioadsorption is the utilization of suchtemaste af
physical or chemical treatment in pollutant removal from waste water. The bioadsorbent efficiency is
dependent on the pH, temperature, contact time, adsorbent dose and pollutant initial concentration.
The pollutant binding to the bioadsorbent is functionatfire of surface groups, pores structure, and
particle size of the adsorbent.

Bioadsorption is a promising method in pollutant removal including phenols in their agueous
phase. The importance of bioadsorbent lies in the fact that this methadhly selective, cost
effective and highly removal efficiendp]. The bioadsorbents has been prepared from weed plants
such as Alligator weefiL1], Lantana camard12], Xanthium strumariunfl3, 14]. The plant based
adsorbents are economical, renewablgindant and are mainly composed of cellulose and lignin
hence can be converted to possible bioadsorbents. The plant biomasses utilized by various sesearcher
are modified forms of seed, leaf, root, bark and fEgl The bioadsorption method can beimét to
accumulate phenals, chlorophenols, nitrophenols and related compounds from wastewater. The plant
weed based bioadsorbent is abundant and reduce the removal cost to greater levels.

The present work is focused on development of more economical, efficient and easily available
Xanthium strumariunderived adsorbent. The powdered sesdse used to prepare activated carbon
by thermal activation. The developed activated carbon was chéadtby its structure and surface
properties. The thermally activated biomass was investigated for their phenol removal capacity by
batch experiments. The isotherm modelling was applied to get insight of adsorption behavior of these
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materials. To the besdf our knowledge, this study is the first study whetanthium based
bioadsorbent is used in phenolic removal.

MATERIALS AND METHODS

Materials: The chemicals used in this work were of analytical grade and were purchased from Hi
Media (India). The deionized water was used in preparations of solutions. Analytical grade Phenol
was used to prepare respective aqueous solution. The temperature eeratiticspecified in each
experiment.The structural and molecular properties of ph¢hpll6] are presented itable 1

Table 1. Structural and molecular properties of phenol

. Molecular Boiling pKa Aqueous Maximum
Clz)rr:]en(;)Lljlr? d '\Sﬂgféﬂlraer Weight Point at Solubility wavelength,
P (g.mol?) o) | 25°c|at2sc(gly) | e (hm)
OH
Phenol 94 182 9.99 93 270

Adsorbent preparation: The seeds aKanthium strumariumvere collected from Manduwala region

of Dehradun, Uttarakhand. The properly washed samples are dried in hot air oven for 4 h at 100°C. In
thermal activation, the methodology was adopted from literaByré,[1I7, and 18]. The pretreated
biomass is therntly converted to bioadsorbentsanthiumPhysicallyThermally (activated), XPT

under the following temperature and time conditions: XPT1, 600°C, 5 h, XPT2, 500°C, 5 h, XPT3,
400°C, 5 h. These prepared samples of XPT were placed in desiccators in daekuinét.

Adsorption characterization: The surface morphology was observed by scanning electron
microscopy (SEM) using ZEISS EVO Series Microscope EVO 50. In order to assess the nature of
surface functional groups, Fourier transform infrared analysisdeas using FTIR Model 7000
(Varian). The BET surface areas of the bioadsorbent developed were determined by liquid nitrogen
adsorption method at 77K using Micrometrics ASAP 202 amorphous or crystalline nature of

the bioadsorbent was analyzed usingpewdered XRD diffractometer (model X'Pert PRO,
Panalytical) using Gu. UD GLDW L RARat 45 KV and 40 mA. Scanning is performed in the
range of 10 to 90° with a scan speed of 2°ifhe elemental analysis was performed by CHNS
model number EA 30, serial humber 8154, Eurdhe surface charge of the bioadsorbent was
determined by pkbc, according to methodology used i®].

Adsorption studies: The adsorption properties of adsorbent are influenced by various factors, like
time, pH, temperature and adsorbate (phenolic) concentratiois. variation in adsorption is studied

with variation in these parameters. The effect of concentration, pH mpeéitature were performed in
terms of batch experiments. The samples obtained from batch experiments were filtered using
Millipore Millex HN Syringe Filter with Nylon Membrane (0.45 microns). The filtered solutions were
analysed byThermo Scientific Evolutn 201 U\tVisible spectrophotometer. The mass balance
equation was used in calculation of adsorbed amount of phenol and chlorophenols.

_ 8% 0
M= @;x544f‘8 1)

Whereqe is the amount adsorbed (na), C, and G are the initial and equilibrium concentrations
(mgL™), mis the mass (g) of adsorbent used and V is volurhé) @hthe adsorbate solution.
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Phenol was adsorbed on developed bioadsorbents at(B&€) along with 40°C and 50°C (in
study of effet of temperature). The solutions of known concentrations (known as initial
concentration, which is variable particularly in the experiment of effect of concentration) antevolu
(250 mL) were taken in Erlenmeyer flask (25Q )nstirred wih a fixed biosorbent dose (2 drit), in
a temperature controlled magnetic stirrer. The Erlenmeyer flask were tightly stoppered to avoid any
loss of adsorbate or solvent (by vaporization) and to avoid any interference from outer environment.
The concentradn of the adsorbate in the residual solution (final concentratipnyas measured by
using UV 9LVLEOH VSHFW UR 3K RWIB BReWH TheDaproducibility in concentration
determination was confirmed by repeating the experiments at leasttitmes under same conditions
and average values are reported. The standard deviations were within the radg8%fThe error
bars in calculations and in figures were smaller in magnitude and therefore not shown.

The amount of adsorbates adssnt was determined by using equation (1). The pH of the
solutions was adjusted by using 0.1N NaOH and 0.1N HCI solutions. The pH of the solutions was
measured before and after the equilibrium and any slight change in pH was observed.

Adsorption isotherms: The adsorption isotherms are used to analyze the adsorption capacity in terms
of adsorbatexdsorbent interaction. These isotherms gives certain constants, which describes the
mathematical relationship between quantities of adsorbate adsorbed per @niif rmadsorbent and

the equilibrium concentration of adsorbate in the solution. In this study the solutions of (&%hol

mL) of different concentratits in the range of 20 to 200 rhg were stirred with 0.5 g of adsorbent

to attain equilibrium, after whh the samples are filtered and analyzed by\i/spectrophotometer

to determine theC. and g.. The adsorption isotherms for adsorbadsorbent were obtained by
plotting ge as a functiorC.. The different mathematical models were applied to tisetberms and
compared for better fitting20]. In this study the nonlinear Langmuir (2) and Freundlich (3) models

were fitted withC, andge.
ag13. O%

N= e (@)

M= -5 % 2 3)

In equation (2) ‘gax and ‘b’ are the Langmuir constants that denote maximum adsorption potential
and equilibrium constant. Similarly {Kand ‘n’ are the Freundlich constant in equation (3), showing
adsorption capagitand adsorption intensity, respectively.

RESULTS AND DISCUSSION

Physical characterization of activated carbon:The pore size and pore distribution primarily
determine the surface area and thus adsorption properties of activated ca?pdhe [porosity and
surface area of the developed activated carbon samples<iothiumstrumariumwere assessed by
nitrogen adsorption atl96°C, as presented iable 2 The Xanthiumstrumariumseed biomass has
higher cellulose content, as in aprigdbnes and almond shells, and thereby has greater micropore
proportion P3]. The limiting adsorption of the adsorbate is function of accessible micropore volume,
and quite independent of the internal surface afd@ermal treatment above 4@°causes
enhancement in surface area, mainly due to opening of restricted pores and formation of new
micropores[17]. This suggests XPT1 has greater microgmeportion, leading to greater surface
area and higher adsorption, as compared to XPT2 and XP€3roportion of micropore (pores with

pore diameter lesser than 2 nm) volume for XPT1 is much higher as compared to other XPT2 and
XPT3 samples, as shown figure 1 In figure 2 on increasing activation temperature there is a
quantitative rise in the pe volume (cmg®. Angstrom) along with the shift in maxima towards 5 nm.

The other consistent observation from tigere 1and2 is the rise in mesoporgsoportion relative to

that of micropores. This is attributed to enlargement of micropores due tothamd consequently
gasification process at elevated temperatiirés
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Table 2 Details of BET surface area, Langmuir surface area, pore volume and pore size for Untreated
Xanthium and bioadsorbent developed

BET Langmuir Total Pore Adsorption Average
Sample surface area | surface area volume average pore | Particle size
(XPT1) (in m? g™ (incm?g?) | width (in nm) (in nm)
Untreatecpowdered
Xanthium 366.4 2220.09 0.365678 3.99 16.37
XPT3 406.09 11835.05 0.368938 3.63 14.77
XPT2 792.81 47518.04 0.727470 3.67 7.56
XPT1 1352.82 114153.08 1.199014 3.54 4.43
1.2 -

—— XPT1: Adsorption Pore Cumulative Volume (&)
XPT1: Desorption Pore Cumulative Volume gf)
—— XPT2: Adsorption Pore Cumulative Volume ()
XPT2: Desorption Pore Cumulative Volume ¢gf)
— XPT3: Adsorption Pore Cumulative Volume (&)
—— XPT3: Desorption Pore Cumulative Volume fgf
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Figure 1. Pore Cumulative Volume (chg™) Vs Pore Diameter (nm) lotemperature nitrogen
adsorption isotherms, at96°C, for XPT1, XPT2 and XPT3 samples.
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Figure 2. Pore Volume (crhg?, Angstrom) Vs Pore Diameter (nm) lemperature nitrogen
adsorption isotherms, at96°C, for XPT1, XPT2nd XPT3 samples.

The parameters such as BET surface area, Langmuir Surface area, total pore volume, adsorption
average pore width and average particle size for untreéaathium,XPT1, XPT2 and XPT3 has
been compared itable 3 The steady vari@n in these parameters suggests that the BET and
Langmuir surface area increases with the temperature of activation. The activation increasatl the tot
pore volume 2.5 times in XPT1 as compared to untredgedhium The average particle size has
been deased in XPT1 to almost ofeurth of that in the untreatedanthium The average pore
width is decreased with increase in activation temperature; this could be possibly due to surfacial
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oxidation and deposition of ash or other oxidative products ovepdite surface. The BET study
confirms that theXanthiumderived adsorbent has high micropores volume and thereby has greater
adsorption capacity, comparable to standard activated catb@nguite clear from the Nadsorption
studies that the developethnthiumbased adsorbent has produced large number of micropores,
especially XPT1 is highly micropores in nature. This is attributed to the thermal activationeingeres

of air, which leads to development of large numbers of new pores. The oxidatiaiacthas held

on the surface and interstices of the powdexeshthium samples, leading to char formation,
volatilization-devolatilisation and carbon buwif.

Table 3. Parameters of Langmuir and Freundlich adsorption models for phenol, 2CP and 4CP
adsoption on XPT1, obtained from fitting adsorption data at a different temperature.

- Freundlich Langmuir
Adsorbate em?%rsa ture K¢ (mg gb). 1 R,2 Omax b R.2
(L mg-l)lln n 2 mg g-1 L mg-l 1
30 0.745 0.759 0.997 74.083 0.0051 0.999
Phenol 40 0.124 0.934 0.999 313.40 0.0003 0.999
50 0.196 0.759 0.998 200.60 0.0003 0.999

The changes in surfacial morphology have been assessed by SEM method, before and after
activation. The SEM images of the untreakahthium XPT1, XPT2 and XPT3 are shownfigure
3. The temperature increase in thermal activation is the only parameter for numbers of pores; and

UnactivatedXanthiumseeds biomass XPT3

XPT1 XPT3

Figure 3. SEM images of untreated powdepéanthiumstrumariumbiomass
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reduction in particle sizeThe emergence of pores and reduction in particle size is quite visible in
these figures. The samples have variable particle sizes; but the increase in temperature caused a
decrease in the averagejide size. The Scanning electron microscopy of the untreated and activated
samples was done for different magnifications. The important characteristics of thermal actieation a
enhancement of pore size and reduction of particle size. The visualizatg#Mimages confirms

the reduction in particle size, development of new pores in material on increasing activation
temperature due to volatilization and deposition and devolatilisation leading to restructuring of po
structure affecting pore size and aréade XPT1 sample has reduced particle size and varied pore
structures affecting adsorption capacity of the sample.

The Fourier Transform Infreed spectrum of XPT1 has shownfigure 4 The important peaks
observed are of OH group (3750 &NC=C olefinic group (2350 cif), C=C aromatic group (broad,
18001200 cnit) and C=0 group (750 ¢ [24]. The presence of OH and CO groups on the surface
results in its basic nature. The basic surface tends to affect the adsbgbtaosiorof the develope
adsorbent, as such surfaces shows preferential adsorption of acidic adsorbates, such as phenolic
compounds. The XPT1 material also shows prominent peaks of C=C groups, which shows
considerablearomatizationthat happened in the XPT1 while undergoing riedr activation. The
aromatic rings are nonpolar and thereby preferentially attract and attach the nonpolar part of
adsorbate, like aromatic ring of phenolic compoufid® X-ray diffraction analysis was done for the
XPT1 activated carbon, which was usedemoval of phenol. The XRD spegt shown infigure 5
has a sharp peak at 72@nd almost otherwise flat plot for XPT1 confirming its amorphous nature
[18]. A peak at 72.6was observed for XPT1 which corresponds t0,$#35].
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Figure 4. FTIR spectrum of XPT1.
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Figure 5. XRD of XPT1.
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The activation carbonization leads foolarization of surface, due to development of
anionic/cationic charge groups. The surface polarity of XPT1 was assessed in termscofvpldh
is found to beappoximately pH8.7 figure 6. This shows the surface below pH = 8.7 acquires
positively charge and above this pH it acquires negatively charge. The FTIR studies already
confirmed the presence eDH and CO groups on the surface of XPT1. This meansidicaand
weakly basic medium (below pH = 8.7), there may be loss of hydroxyl ion or addition of hydronium
ion. This confirms the presence of surfacial basic groups, such as OH and CO groups on XPT1. The
oxidative activation (in presence of air) enhant¢esdurface oxidation causing the creation of basic
groups. The phenolic adsorbate in the current study are acidic in nahlee](, thus their adsorption
is also facilitated by polar interactions. While the adsorption of basic compounds should be less
favorablebelow pH =8.719].

Final pH

¢ pHzpc

ORNWAUION0O

01 2 3 4 5 6 7 8 9 10 11 12 13 14
Initial pH

Figure 6. pH,, for XPT1

Adsorption studies

Effect of contact time The adsorption of phenol increases with time in at faster rates on the XPT1
activated carbon as shownfigure 7. The experiment was conducted for mttv@n 5 h, at 30°C with
continuous stirring by the use of magnetic stirrer. The XPT1 adsorbent removes about 47.5% phenol
from 500 mg L* solution. There is small variability in adsorption capacity (less than 4%) after 30
min. It is attributed to largelyacant surface sites in the beginning of the experinit Thus 30

min is taken as minimum contact time, to attain maximum adsorption. The maximum adsorption
capacity of XPT1 for phenol is found to be 119 my §he uptake rat of phenolic compounds by
XPT1is much faster than those for other reported adsorbents 3 26{28].

160
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0 ¥
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t (min)

Amount adsorbed,y, (Mmg-g?)

Figure 7. Contact time plot fophenol on XPT1
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XPT1 adsorbent has basic surfacial groups that tend to have negative charge on the surface in the
pH range 2 to 8.ffrom pHzpcexperiment); these groups are OH and CO groups as identified in FTIR
studies. Phenol has acidic OH group and therefore shows affinity towards XPT1 which is a basic
adsorbent. The adsorption of phenol on the activated carbon is influenceddnyadogptor complex
mechanism, as reported ifi8]. The surfacial carbonyl groups acts as electron donor to the phenolic
rings (acceptor). The acidlrasic mechanism supplemented by electron d@uoeptor complexation
causes the enhanced adsorptioptahol on the XPT1 bioadsorbent.

Effect of pH: pH of the medium is primary factor which affects the adsorption capacity by
controlling the adsorption mechanism and influencing the physiochemical interaction between
adsorbent surface groups and adsorlmatéecules in their aqueous phas#®][ The variation of
adsorption capacity of phenolic adsorbates with pH change is repofigdran8 From contact time
experiment, 30 min is taken as the contact (equilibrium) time in this experiment. The pH changes by
unit value, from pH 3 to 11. The adsorbent dose is 2 grid adsorbate concentration100 my In

general, adsorbent adsorbs phenol at each pH value, and the adsorption capacity increases with
increase in pH of the solution. There is a rise in adsmrgtiom 7 mg [* to 20 mg [* at pH 6
approximately for phenol. The optimum pH condition for adsorption for phenol recorded in this study

is approximately pH 7.

w
o

25 1
20
15

10

Amount adsorbed nads, (mdig

pH

Figure 8. Variation of Adsorption capacity with pH for Phenol on XPT1.

This observed adsorption behaviour can be explained on the basis of proton acceptance (at low
pH) and proton donation (at high pH). In acidic solvent phase, protons from acidic solvent competes
with phenolic adsorbate and get attached to basic groups of ausdihes decreasing surfacial
affinity towards acidic phenol. Second, in strong acidic conditions below pH 4, phenolic adsorbate
accept proton from acidic medium and acquire positive charge, limiting its ionization to phenoxide
ions. The surface polarityf @dsorbate decreases and phenolic ionization decreases withsdecrea
pH of the agueous mediunThe adsorption under these conditions is governed by physical
interactions between phenolic adsorbate and adsorbent. In basic medium, phenolic adsorbates are
most likely acidic in nature and thereby have high affinities towards the basic adsorbent shdace. T
phenolic compounds dissociate to lose proton from hydroxyl group and forms almobasic
aqueous phase the adsorption is favoured more than desadrptdsorptiordesorption equilibrium.

The rise in adsorption capacity for phenol is close to pH 6 approximately canrélated with pk,
values of phenoltgble ). Many other workers reported similar rise in adsorption capacity with
increase in pH valks.

Effect of concentration and temperature:In figure 9the dependence of adsorption capacity on
initial concentration is shown. The initial concentration of the adsorbate is taken from 20 @200

www. joacinfo 397



Rohit Verma et al Journal of Applicable Chemistry, 2(4, 8 (1):389-402

L%, The contact time was taken as 30 min and the pthefdsorbate solution is pH 7. The initial
concentration provides the driving force for mass transfer of adsorbate, from aqueous phase to the
surface of the adsorbef#9]. Thus adsorption capacity increases with increase in initial concentration
[28]. The capacity of adsorbent to remove phenol molecules from aqueous solution increased from
2.08 to 28.48ng g when the initial concentration of phersslution was increased from 20 to 200

mg L™ This can be explained on the basis of increase in nurhlagtive sites and functional groups

with increases in adsorbent dos§gdg.

Amount adsorbed,y, (Mmg-g?)

0 50 100 150 200
Initial Concentration (mg.£)

Figure 9. Variation ofadsorption capacity with concentration and temperaturphfenol on XPT1

The adsorption capacity is highly influenced by the temperatutteecéxperiment. The increase
in temperature causes decrease in adsorption capacity, as higher thermal energy provides activation
for desorption processg¢30]. The effect of temperature on the adsorption of phenol on the adsorbent
XPT1 is shown irffigure 9 In is very clear from the figure that at 303 K the adsorption is much higher
and regularly increases with increase in initial concentrations. The adsorption capacity dedtkases w
increase in temperature to 313 K and 323 K. The increase in temperahaeces the rate of
desorption of phenol from the surface of XPT1.

Adsorption isotherm studies: In order to optimize the adsorption of phenols, adsorption isotherm
studies have been conducted at different temperatures (303 K, 313 K and 323 K). Amangptise
adsorption isotherm equations, fitting of Langmuir and Freundlich isotherms with the experimental
data has been testethlfle 3. The experimental results;,g b, R? (correlation coefficient for
Langmuir isotherm), K n, R? (correlation coefficient for Freundlich isotherm), were presented in
table 3 Figure 10shows the adsorption isotherms of phenolic compounds using XPT1 bioadsorbent
with the phenolic adsorbates. The values gfaRd R? reported for different adsorbatas different
temperatures, suggests that in general, both Langmuir and Freundlich models are fitted with the
experimental datdn comparison, the experimental data is well fitted to Langmuir model more than
Freundlich model, at low temperature 303 K. Tigigests the possibility of more extensive mono
layer adsorbate accumulation on XPT1 surface at low temperature. At elevated temperatures the
phenolic compounds adsorption is well fitted with both Langmuir and Freundlich models. Thus mono
and heterdayer adsorption takes place on the adsorbent XPT1 surface. The experimental data
suggests that at low temperature the adsorption is mostly chemisorptions, and thereby limited to
monolayer only. But at higher temperatures desorption takes place at some sitescavhere
physiosorption may takes place, resulting in multilayer formation.
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® Experimentatlata(303K) ¢+ Experimentatiata(313XK)
A Experimentatiata(323K) Freundlichsotherm(303K)
= = Freundlichisotherm(313) Freundlichsothermg323)
Langmuirisotherm(303K) = = Langmuirisotherm(313K)

Langmuirisotherm(323K)

Amount Adsorbed), (mg g*)

0 50 100 150 200
Ce (PPM)

Figure 10.Langmuir and Freundlich isotherm data fitting for Phenol on XPTL1.

The rise in temperature has significant impact on adsorption capacity. It is duaernhe figure
10 that the extent of adsorption decreases with increase in temperature. This observation is quite
obvious as increases in temperature helps to provide activation for the desorption[pBdesS1].
The Langmuir constant ‘b’ is relatead the affinity of the adsorbent for the adsorbate, values of ‘b’ for
phenol are shown itable 3 At low temperature 303 K, the adsorption capacity of phenol is higher as
‘b’ is higher at 303 Kwith increase in temperature, there is decrease in valu#’oand
correspondingly the experimental adsorption capacity decreases at elevated temperatures (313 K and
323 K). This can be explained in terms of forces of attractions between the adsorbate and adsorbate.
The chemisorptions is more favourable at lowgerature (303 K), resulting in greater adsorption at
higher temperature the mode of adsorption changes to mostly physiosorption.

The isotherm shape provides qugsalitative information about the solegarface interactions.
The isotherms differdiated on the basis of well accepted classificafiih 33]. In this study also the
experimental data is found to be best suitably fitted with Langmuir adsorption. On studying the plot
figure 1Q it can be easily concluded that the all adsorbates:obfi@iows Type L (Langmuir type)
adsorption, and the plots typically further classified in type 4 subgroup [G6]l. showing high
concentration of the adsorbates on the XPT1 adsorbent. The Langmuir class (L) plots were obtained
for most of the studies @afdsorption of phenols. This study confirms that for XPT 1daisorbent, the
adsorption of phenols is similar to other previous studiéls

The fitting of adsorption data in Langmuir model can also be confirmed in terms of a
dimensionless equiliium factorR_, which is defined as:

5

4= 5> Oy (4)

Whereb is equilibrium constanandCo is initial concentratioi34]. TheR_ values obtained (data not
shown) for different adsorbates at different concentrations and temperatures are between 0 and 1,
which showdavorableadsorption of phenol on the bioadsorbent XPT1.

In case of fitting of experimental data with Freuollimodel, n is a constant which related to
adsorbateadsorbent interactions (adsorption intensity), showtalite 4 The value of 0 < 1/n < 1.0
shows thefavorableadsorbatedsorbent interactions. The values of 1/n are the randgvofable
adsorption ér phenol at all temperatures.
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APPLICATION

Phenol and its derivatives are toxicjpyoducts of textile industry. The XPT1 kamisorbent is useful
in efficient and economical removal of phenol from its aqueous phase. This adsorbent can be used in
scaleup projects in irsitu removal of phenol and its derivatives.

CONCLUSION

The BET study shows that due to greatetivation temperature of 6007 XPT1 surface has greater
micropores leading to greater surface area. The BET surface area, Langfagie swea, total pore
volume, average pore size and average particle size for XPT1 are 1352/8§211%1153.08 Ag™,

1.199 cri g*, 3.54 nm and 4.43 nm respectively. The SEM analysis shows that XPT1 has well
developed pores and have least pargide. These studies help to ascertain that XPT1 is porous and
can be used as pollutant removal adsorbent.domgirmed from greater adsorption of methyl orange
by XPT1, in comparison with XPT2 and XPT3.

The FTIR of XPT1 shows that it has switd OH and CO groups along with olefinic and
aromatic groups. The OH and CO groups tend to make XPT1 surface basic in nature. The XRD
analysis confirms the amorphous nature of the XPT1 activated carbon. Thd@HXPT1 is about
8.7this also confirmshat the surface of XPT1 bioadsorbent is basic in nature.

The adsorption of phenol on the XPT1 bioadsorbent is found téavm®able due to polar
interactions between acidic phenol and basic XPT1 adsorbent. The electron donor CO groups of
XPT1, to éectron acceptor aromatic ring of phenol also influence the adsorption protéesss
confirmed by higher extent of adsorption of phenol, with lesser adsorption contact time. The contact
time experiment gives the optimum contact time of 30 min, whiébuisd to be least as compared to
other related studies for phenol. The phenolic removal is about 47.5% from original 500 mg
solution, the adsorptiocapacity is found to be 119 ng. The pH of the experiment is found to be
important factor in decidimthe extent of adsorption. In acidic conditions the adsorption capacity of
XPT1 for adsorption of phenol is lesser, but with increase in pH, the adsorption capacity increases.
The optimum pH is found to be close to pH 7. The adsorption extent also depetis initial
concentration and temperature of the experiment. The adsorption capac#gses from 2.08 to
28.48 mgg™ when the initial concentration of phenol solutiwas increased from 20 to 200 rhg.

The extent of adsorption is higher at 303a$,compared to other experimental temperatures (313 K
and 323 K).

The adsorption isotherm between XPT1 adsorbent and phenol adsorbate follows Langmuir
adsorption model at low temperature (303 K), but as the temperature increases isothernvalata is
fitted with both Langmuir and Freundlich models. Thus monolayer adsorption is more prominent at
low temperature adsorption suggesting preferential chemisorptions at low temperature. But at higher
temperatures the adsorbatgsorbent interaction is geeentially physical in nature, thereby
multilayer adsorption predominates. The isotherm shape is typically Langmuir type L adsorption. The
R. values also confirm the adsorption mechanism between phenol and XPT1 follows Langmuir
model.
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