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1. Introduction

Phenol and its higher homologues are the aromatitecules that
degrade aqueous environments in various ways. Thginois both
anthropogenic as well as xenobiotic. Xenobioticrees are industrial wastes
derived from fossil fuel extraction, chemical prsséndustries such as phenol
manufacturing plants, pharmaceutical industriesgdvorocessing industry, and
pesticide manufacturing plants.

Continuous ingestion of phenol for a prolongedgebof time may cause
mouth sore, diarrhea, excretion of dark urineArmbgenic sources are from
forest fire, natural runoffs from urban area wheasphalt is used as binding
material and natural decay of lignocellulosic matser and impaired vision at
concentration levels ranging between 10 and 24@mit(1). Carbolic acid and
cresols are used as anticeptic agents in surgbaighwndicates that they are toxic
to microbes. Lethal blood concentration for phésa@round 4.7 to 130 mg.din
Phenols are toxic to several biochemical functi@sand to fish life (3). It acts as
a substrate inhibitor in the biotransformation @henol at concentration as low
as 5.0.18 mg.dm?® imparts typical smell upon chlorination and ttsatvhy WHO
has prescribed a concentration of 1.6.h@y.dm?as the guideline concentration
for drinking water (5). Elimination of phenol, thus a necessity to preserve the
environmental quality.

Removal of phenol from wastewater by adsorptioractivated carbon,
synthetic resins have been reported (6-14). Buthigh cost and difficult
procurement of activated carbon and synthetic sepiohibits their use for
wastewater treatment. In an aim to search for tergltive, fly ash, the solid
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waste generated from thermal power plant is chesethe adsorbent and its
adsorption efficiency for phenol removal is highligd in the present
communication.

2. Materials and methods

All the reagents were of analytical reagent gr&&tandard solution of
phenol (5.0.10 mg.dn?’) was prepared by dissolving it in minimum volunfe o
acetone and diluting the solution with distilled terato prepare the test
solutions. Fly ash was collected from Bandel ThérBaver Station, Triveni,
West Bengal. It was dried, sieved for a definiteesiand used without
pretreatment.

Procedure:

Batch study was performed by shaking 1.0 g of 8 and 50 ml of
aqueous phenol solution of appropriate concentratemperature and pH in
glass bottles placed in a shaking incubator. Adtitgiining the equilibrium the
adsorbent was removed and phenol concentration wasasured
spectrophotometrically at 270 nm.

3. Results and discussion

3.1. Physico-chemical characterisation of fly ash

The chemical analyses of fly ash include loss aitian at 800°C, silica,
aluminium oxide, calcium oxide and magnesium oxfeleysical properties such
as specific gravity and surface area are alsordeted (Table 1).

Table 1.Physico — chemical characteristics of fly ash
Tabela 1.Fizyko — chemiczna charakterystyka popiotéw lotmyc

Constituent Weight percentage
SiO, 72.90

Fe0s 03.70

Al,O3 1451

CaOo 02.00

MgO 00.80

Loss on ignition 08.99
Density 03.24 g. cin
Surface area 12.97 ém
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3.2. Optimisation of operational variables

Adsorption occurs due to the accumulation of solugen aqueous
solution to the surface of adsorbent. The timekitlwequilibrium is attained is
known as equilibrium time and the concentratiothi time is the equilibrium
concentration. The adsorption equilibrium and tdsoaption time depend on
several factors such as nature or speciation aigitend surface property of fly
ash, solution pH as well as the operational tenpera

In order to find out the time for equilibrium adption, the interaction
period for phenol and fly ash was varied and thegye adsorption was plotted
for different time intervals. It was found thatthé initial stage, rate of adsorption
of phenol is quite high and reaches a maximum 2#4ér minutes that does not
change with further lapse of time (Fig. 1). Thecpet adsorption of phenol at this
equilibrium time (240 minutes) is found 70.4% forphaenol concentration of
125 mg.drit. Similar adsorption curves were obtained for phentution having
different initial concentrations and percent adgorpvary from 70.4 to 41.9% for
the initial phenol concentration between 125 to B@0dny.

1] 100 200 300 400
Contact time (min)

Fig. 1. Effect of contact time on the percent adsorptiondifferent initial phenol
concentrations

Rys. 1.Wplyw czasu kontaktu na procentgvadsorpcgi przy r@nych pocatkowych
stezeniach fenolu

The determination of optimum dose and selectioeftdctive particle
size of fly ash are essential for optimisation bé tremoval process. It is
observed that with an increase of dose of fly ashaf fixed initial phenol
concentration the percent adsorption increases. (Eig The optimum dose
corresponding to that maximum adsorption is fountde 1.0 gm per 50 ml for
an initial phenol concentration of 125 mg:@m
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Fig. 2. Effect of dose of FA on the percent adsorptioptoénol
Rys. 2.Wplyw dawki FA na procentoavadsorpgi fenolu

The batch adsorption experiment was similarlyiedrout with fly ash
of varying particle sizes ranging from 125 to @®. It was found that finer
particles adsorbed phenol to a large extent cordparethe coarse particles
(Fig. 3). It is quite justified because the smafarticles provide larger surface
area and sites for favorable adsorption to a lampdent. For a phenol
concentration of 125 mg.dfat pH 6.8 and temperature 293K the percent
adsorption of phenol is found to be 76.2% usingaliy of particle size 53m
compared to 66.1% adsorption with fly ash of pstiize 125um.
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Fig. 3. Effect of particle size of FA on the percent ag$ion of phenol
Rys. 3.Wplyw wielkaosci ziaren FA na procentayadsorpgi fenolu

The effect of pH on the adsorption of phenol waslied varying the
pH from 2 to 11. The percent adsorption is fourss [®r pH between 2 to 3,
increases within the pH range 3.78 to 7.91 andnag@treases from pH 7.91 to
11. Within the pH range 3.78 to 7.91 an appreciabt®ount of adsorption
occurs being maximum at pH 7.8 (Fig. 4). This casttds be explained

106 — Srodkowo-Pomor skie Towar zystwo Naukowe Ochrony Srodowiska



Equilibrium Process Optimisation For Adsorption Of Phenal ...

considering both the speciation of phenol and #tesffective surface charge of
fly ash with varying pH of the solution. At low pfess than 3.78) a positive
charge develops on the surface of the oxides o&dly and the possibility of

formation of the phenolate ion is also low at tigbl. Thus the solute

experiences lesser attraction for the fly ash. k@ dther hand, at higher pH
(>7.91) the positively charged surfaces of fly ashepected to be neutralised,
at least partially, by the Ohbn, thereby inhibiting the phenolate ion (expdcte
to be present largely in this pH), from adsorpt@nthe surface of fly ash. It
seems that within the pH range 3.78 to 7.91 thengxdf formation of phenolate

ion to that the positively charged surface of #pdinds a suitable condition for
increased adsorption.

B0

40 - 7

% adsorption

1 £ 11
pH

Fig. 4. Effect of pH of the solution on the percent adsorpof phenol
Rys. 4. Wplyw pH roztworu na procentamadsorpc fenolu

It is generally expected that temperature inflgetiee rate process of
adsorption as well as surface characteristics yofaflh. With an increase of
solution temperature by 20 degrees (from 293 td31Be percent adsorption
increases only by 9.6% (70.4 to 80.0%) keepingainghenol concentration at
125 mg.dri? (Fig. 5). The process is thus endothermic in matlihe increased
adsorption with increase in temperature is thotighe due to increased kinetic
energy and enhanced rate of intraparticle diffusion

It seems interesting to correlate the influencparameters (initial
phenol concentration, dose and particle size oh$lly, pH and temperature) and
the extent of adsorption for ready reference andletiog purpose. In the
present case a correlation model is developedilasv

% adsorption = 0.00672C%20p,01627 p 03833 19402 1)

where, G = initial phenol concentration,
P; = particle size,
T = absolute temperature.
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Fig. 5. Effect of contact time on the percent adsorptidnpbenol at different

temperatures
Rys. 5. Wplyw czasu kontaktu na procentpwadsorpe fenolu przy réanych
temperaturach

However, as a particular operation is performed dixed solution
temperature the contribution due to temperatureceftan be ignored in the
above equation. Therefore, for evaluating the rofe other parameters
significantly the correlation equation may be vetitias,

% adsorption = 410.7 %G 3720 p;01627 p 03833 @)

3.3. Adsorption isotherm study

Adsorption equilibrium data are conveniently expegk by adsorption

isotherm that may be helpful in determining theoagion capacity of fly ash,
the adsorbent in the present study. The equilib/ulsorption data were tested
with Linear Langmuir adsorption isotherm equatiemerally represented as,

CelGe = 1/Qb + G/Qo 3)

where, Gis equilibrium concentration of solute in solutigng.dnm®),
geis amount of solute adsorbed at equilibrium (My.g
Qo (mg.gY) and b (dmimg?") are the Langmuir constants; €ignifies
the adsorption capacity of the adsorbent and leleted to energy of
adsorption process.

Plot of G/g. against ¢ (Fig. 6) yields a straight line and,@nd b are
obtained from the slope and intercept.

Langmuir isotherm curves were drawn with threeedéht temperatures
and the constants were evaluated. The higher magresoefficient value
(>0.99) and lower value of variance (<0.27) in etaperature indicates the
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applicability of Langmuir adsorption isotherm iretpresent case. Moreover, it
reveals that adsorption capacity of fly ash inogsawith rise in solution

temperature suggesting that higher the temperatwes favorable is the

removal of phenol using fly ash as the adsorbent.
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Fig. 6. Langmuir of adsorption at different temperatures
Rys. 6.Wykres adsorpcji Langmuira przyamych temperaturach

Table 2. Langmuir adsorption isotherm parameters at diffetemperatures
Tabela 2.Parametry izotermy adsorpcji Langmuira przynych temperaturach

293K 303K 313K
Qo b Q b Q b
Langmuir | 13.1585]0.0129| 15.8722| 0.0138 17.0897 | 0.0156
paramelers| gz - 9.9943 R? = 0.9977 R? = 0.9987
Variance = 0.2704Variance = 0.1753 Variance = 0.1223

3.4. Thermodynamic parameters of adsorption

Feasibility of any process as well as its nature tn@ examined by
thermodynamic parameters like free energy chan®y®),(change in enthalpy
(AH) and change in entrop@$). The governing relations are as follows,

AG = -RTInK (5)

and
AH = AG + TAS (6)
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Mitali Sarkar, Pradip Acharya

Therefore,
InK' = -AH/RT +AS/R (7)
where, K the equilibrium constant is defined as,
K'=Cac/ C, 8
C. is equilibrium concentration in solution (mg.dmn
Cac is the equilibrium concentration on the adsort§eg.kg"),

R is the universal gas constant and
T is the absolute temperature.
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Fig. 7.van't Hoff plot of adsorption
Rys. 7.Wykres adsorpcji van't Hoffa

AG values were calculated following Equation (5) ethivere found to
be -2.81, —3.07 and -3.33 kCal rﬁbtespectively at 293, 303 and 313K. The
negative value ofAG at each temperature indicates that the process of
adsorption is favorable as well as spontaneous.d?loK’ vs. 1/T (Eq. 7) was
made. The values aiH (4.75kcal mol™) and AS (25.83 cal mol™) were
obtained from the slope and intercept respectiyedyn the vant Hoff plot
through linear regression (Fig. 7). Here bd&H and AS are found to be
positive. The process may therefore be denotedha@stigermic and associated
with increased randomness (15).
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Optymalizacja rownowagowa procesu adsorpcji
fenolu z wodnego rotworu na popiotach lotnych
w czasie operacji okresowych

Streszczenie

Praca dotyczy optymalizacji procesu rownowagowedgnigciji fenolu z
wodnych roztworéw przy wykorzystaniu lotnych popiet Fenole i ich wisze
homologiczne $ zwiazkami aromatycznymi, ktére powodujdegradag
srodowiska wodnego. Stenia fenoli w granicach od 10 do 240 mgldmgrazne
dla organizméwzywych, nie tylko cziowieka ale rownieswiata zwierzcego.
Czlowiek odczuwa zapach fenolwzjprzy stzeniach 5-18 mg/dnf, podczas gdy
Swiatowa Organizacja Zdrowia dopuszczazspeanie wody pitnej przy teniu
fenolu ponkej 1-10° mg/dnt. Jest to zatem temat istotny problem badawczy.
Autorzy przeprowadzili badania adsorpcji i oczyszia roztworow z fenolu.

Do bada doswiadczalnych autorzy przyli standardowy roztwor
fenolu 5-1G mg/dn? przez rozpuszczenie go w minimalnejsdb acetonu
i wykonanie roztworu do testowania z veodestylowan. Lotne popioly do
bada pobrano z Cieptowni Triveni w Zachodnim Bengalagie. Wykonano
charakterystyk fizykochemicza pobranych popiotbw a nagnie prze-
prowadzono optymalizagjzmiennych operacyjnych. Wiadomge szybkéc¢
procesu adsorpcji wzrasta wraz z tempesatgo przedstawiono w postaci
modelu. Przy stalej temperaturze, proces adsogad@y jedynie od trzech
parametréw: Co - pogikowego stzenia fenolu, PS - wiellkai czastki adsor-
bentu, oraz pH - kwasowoi/zasadowéci srodowiska.

Do zbadania danych adsorpcji rownowagowej wykoeystréownanie
izotermy adsorpcji Langmuir'a. Krzywe izotermy Lamgr'a wykr&lono dla
trzech régnych temperatur, na podstawie ktérych wyznaczoate dtangmuir'a
Qo (mg/g) i b (dnfmg). Wysokie wspoétczynniki regresji, wynase ponad
0,99 i niskie wartéci wariancji (0,27 i mniej)swiadcz o prawidtowym
wyborze izotermy adsorpcji Langmuir‘a.

Dla zbadania natury jak i mliwosci przeprowadzenia procesu
wyznaczono termodynamiczne parametry adsorpcjimdg wartéci zmiany
energii swobodnej Gibbs'a OG dla trzech badanyotpéeaturswiadcz, ze
proces adsorpcji fenoli przebiega spontaniczniegmiast pozytywna warto
entalpii OH poparta roaga losowdcia (dodatnia wart& entropii AS) mowi,
ze jest to proces endotermiczny.
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