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Abstract

The beet pulp, a major low value by-product in sugar industry was used to prepare carbon for phenol adsorption. It was produced by
carbonisation in Blatmosphere at 60@ for 1.5 h. The surface area of beet pulp carbon was measured as®y 5y using BET method.

The adsorption studies of phenol from aqueous solution on beet pulp carbon (BPC) have been studied in the range of 25-5@ditiad) dm
phenol concentrations and at the temperatures of 25, 40 ar@. @he maximum phenol adsorption capacity was obtained as 89.5Yag g
the temperature of 6@ at pH=6.0. The Freundlich and Langmuir adsorption models were used for the mathematical description of the
adsorption equilibrium and it was reported that experimental data fitted very well to Freundlich model, although they could be modelled by
the Langmuir equation. Batch adsorption models, based on the assumption of the pseudo-first order and pseudo-second order mechanism
were applied to examine the kinetics of the adsorption. The results showed that kinetic data were followed more closely the pseudo-second
order model than the pseudo-first order. The thermodynamic parameters such as, equilibrium ¢OnGétig free energy changeAG°),
standard enthalpy changald®) and standard entropy changeS’) had been determined. The results show that adsorption of phenol on BPC
is an endothermic and spontaneous in nature.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Traditionally, biological treatmeni2], activated carbon
adsorption, reverse osmog#, ion exchangdg5] and sol-
Phenols are generally considered to be one of the impor-vent extractior[6] are the most widely used techniques for
tant organic pollutant discharged into the environment caus- removing phenols and related organic substances. Adsorption
ing unpleasant taste and odour of drinking water. The major on the activated carbon is still one of the much used methods
sources of phenol pollution in the aquatic environment are among them. Activated carbons to remove organic wastes
wastewaters from paint, pesticide, coal conversion, polymeric are currently produced from a variety of starting materials
resin, petroleum and petrochemicals industfies3]. Intro- such as wastes and agricultural residi¥e8], nutshelld9],
ducing phenolic compounds into the environment or degra- wood[10], plum kernelqd11], date pitg12], bentonitg13],
dation of these substances means the appearance of phenaind polymerg14]. Many researchers have shown that acti-
and its derivatives in the environment. vated carbon is an effective adsorbent for organic compounds
especially for phenolic compounds. However, its high initial
cost and the need for a costly regeneration system make it
* Corresponding author. Tel.: +90 424 2370000x6359; |E'S.S gconomlqally Vl.able as an adsorbent. Taking these C.I’I—
fax: +90 424 2415526. teria into consideration, the search for a low cost and easily
E-mail addressgdursun@firat.edu.tr (G. Dursun). available adsorbent has led many investigators to search more
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works[19,20] But the studies focusing on organic pollutants

Nomenclature adsorption on beet pulp carbon and evaluating equilibrium,
C unadsorbed phenol concentration in solution gt :Tmﬁgg and thermodynamic parameters of the process are very

any time (mg dm?)
Ceq unadsorbed phenol concentration in solution gt
equilibrium (mg dnr3)
Co initial phenol concentration (mg dm)
AG®  Gibbs free energy change
AH°  enthalpy change of adsorption

The objective of this study was to produce BPC as an
adsorbent for adsorption of phenol, to characterise it and to
investigate the effects of initial phenol concentration, con-
tact time, temperature and pH. Equilibrium isotherm data
were fitted to Langmuir and Freundlich equations and con-
stants of isotherm equations were determined. Adsorption

ke E?T;tien_cl(;nstant of pseudo-first order sorptign kinetics of phenol onto BPC were also analysed by using
. pseudo-first order and pseudo-second order models to the
ko rate constant of pseudo-second order sorptipn d inallv. th d . | | d
(gmg-t min-1) ata. Flga y tt errgo ynamic parameters were also evaluate
K adsorption equilibrium constant (dmg1) using adsorption data.
Ke Freundlich constant
n Freundlich adsorption constant 2 Theoretical
q adsorbed phenol quantity per gram of adsqr- '
bent at any time (mgdh) . .
Geg adsorbed phenol quantity per gram of 2.1. Equilibrium parameters of adsorption

adsorbent at equilibrium (mgg) I . . .
- L Equilibrium study on adsorption has provided information
f phenol f BPC : o .
Gmax  Maximum amount of phenol per gram o on the capacity of the adsorbent. An adsorption isotherm is

E?n;o;r_nl)a complete monolayer on the surface characterised b_y certain qo_nstant values, which express the
r2 regression correlation coefficient surface properties and affinity qf the adsc_)_rbent and can also
R gas constant (=8.314 J malK —1) be u;ed to compare the ad.sorptlve capacme:s of_the adsor.bent
AS entropy change of adsorption for d|fferen.t pollutants. ThIS. kind of adsqrpuon isotherm is
T temperature (K3C) generally fit t_o the Langm.uw or Freupdllch modell,22]

X adsorbent Conc;entration (g d) The Langmuir model as given below is valid for monolayer

adsorption onto a surface with a finite number of identical
sites, which are homogeneously distributed over the adsor-

bent surface.

economic and efficient techniques to use agricultural waste 0°KC
origin, along with industrial by-products as adsorb€Bi%5]. Jeq= = *-eq

Activated carbons starting from agricultural low value by- 1+ KCeq
products have the advantage of exhibiting a high adsorption
capacity for organic pollutants due to their high surface area
or porous structure. Besides these physical characteristics
the adsorption capacity of a given carbon produced from dif-
ferentsourcesis strongly influenced by the chemical nature of
the surface and functional groups. Although studies to deter-
mine the number and the nature of the activated carbon group
given previously, the precise nature of the functional groups
is not entirely established. Due to these functional groups Geq= K,:Cé{q” 2)
such as carboxyls, quionens, phenols, lactones, aldehydes,
and anhydrides, the carbons have an acid—base character. Itiwhere Ke and n are Freundlich parameters indicating the
now known that the acid or base character of carbon dependsg2dsorption capacity and adsorption intensity respectively.
on its preparation and treatment conditions where it was oxi- From the linear plot of ligleq versus IrCeq, Kr and 1hvalues
dised[3]. Despite an enormous number of papers on phenol can be determined.
studieg16—18]there is still lack of works of phenol adsorp-
tion onto BPC. 2.2. Kinetic studies

In this study, an agricultural low-cost by-product, beet
pulp carbon was used as an adsorbent. Beet pulp is a com- Kinetic models have been proposed to elucidate the
plex material basically containing lignin and cellulose as the mechanism. The mechanism of adsorption depends on the
major constituents. Beet pulp carbon obtained from differ- physical and/or chemical characteristics of the adsorbent
ent methods to use as an adsorbent was studied for removin@s well as on the mass transport process. In order to
heavy metals such as copper and chromium ions in earlierinvestigate the mechanism of phenol adsorption onto BPC,

1)

whereQ® andK are Langmuir parameters related to maxi-
mum adsorption capacity and bonding energy of adsorption
respectively. A plot 0fCeq/0eq VersusCeq indicates a straight

line of slope 1Q° and an intercept of KQP. However, the
Freundlich model as stated below is an empirical equation
based on adsorption on a heterogeneous surface suggesting
Yhat binding sites are not equivalent and/or independent.
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pseudo-first order and pseudo-second order model wereindicates the degree of spontaneity of the adsorption process

considered. and the higher negative value reflects a more energetically
The pseudo-first order rate expression of Lagerd2&h favourable adsorption.

based on the adsorption capacity of adsorbent is generally

expressed as follows:

3. Materials and methods

dg
ar = kl(‘]eq -q) 3)

3.1. Preparation of beet pulp carbon
The integrated form of the differential equation becomes

_ The beet pulp was obtained from sugar factory in Eazi
IN(geq = 4) = N geq — kat @ Turkey. This material is produced in sugar industry as a
The adsorption kinetics may also be described by pseudo-by-product. The beet pulp was dried at oven at 405or
second order equation which is based on the adsorptionl day. It was grounded and sieved to 50-100 mesh size
capacity of solid phas4]. The equation is expressed as (0.34-0.15 mm) to separate the material into discrete particle
dg size ranges. Then, powder of beet pulp (25 g) was placed in a
e ko(geq— q)? (5) horizontal ceramic tube furnace and heated up to°€0&t a
rate of 5°C/min. In the meantime, nitrogen was fed into the

The integrated form of the differential equation becomes  gven by a rate of 1 ddimin. It was left at this temperature to
t 1 1 thermally decompose to porous carbonaceous materials for
; = kg2 + q?t (6) 1.5h and then allowed to cool to room temperature in nitro-

ed a gen atmosphere. Carbon production yield from beet pulp was
If second order kinetic equation is applicable, the plotof 25%. The carbon was grounded and screened through differ-

against of Eq. (6) should give a linear relationship. Thgg ent mesh size and stored in a closed bottle to use in adsorption

andky can be determined from the slope and intercept of the studies.

plot. The surface area of BPC measured by using Micromerit-
ics FlowSorb 11-2300 was obtained by using Bdsorption.

2.3. Thermodynamic parameters of adsorption To determine adsorption characteristic of BPC, the iodine

number was also measured.
The Langmuir constar€ changing with temperature can
be used to calculate the enthalpyH°), free energy change  3.2. Chemicals
(AG®) and entropy change\S°). The free energy change of
the adsorption is given as Stock solution was prepared by dissolving 1.0 g of phenol
of analytical reagent grade (Merck) in 1dnof double-

AG®=—RTInkK ) distilled water. The test solutions were prepared by diluting
The temperature dependence of the free energy change i®f stock solution to the desired concentrations. The ranges of
given by the following equatiof25]: concentrations of phenol prepared from stock solution var-
AGE AH ied between the values of 25 and 500 mgdmiThe pH of
d < ) —_——dr (8) the each solution was adjusted to the required value with 1N
T T2 H»S04 and 1N NaOH solutions before mixing with the beet

Substituting Eq(7)into Eq.(8) yields Eq(9) and the equilib- pulp cgrbon. Whilg_ th_ere was no significant changes observed
rium constant can be expressed in terms of enthalpy change®n pH in the equilibrium, the uptake pH was assumed con-

of adsorption as a function of temperature. stant during the experiments.
dinK = LHO (9) 3.3. Adsorption studies
dr RT?
If the process is endothermid H° > 0), the equilibrium con- Phenol adsorption studies were performed at various ini-

stantincreases with temperature, if the process is exothermidial concentrations and temperatures at constant 150 rpm
(AH° <0), the equilibrium constant decreases as temperatureshaking glass flasks of 0.25 draontaining of 0.1 drfi phe-
is raised. Eq(9) can also be written nol solution at desired concentration including 0.05g beet
din K _AH° pulp carbon using a rotabit shaker from Selecta. Samples
= (10) (5cn?) were taken before mixing the carbon and phenol
d(/1) R solution and during mixing at pre-determined time inter-
Assuming thatAH° is approximately independent of temper- vals for determining the residual phenol concentration in the
ature, the slope of IK versus 1T plot is equal to— AH°/R. medium. Before analysis, samples were filtered by using blue
The change of adsorption entropy can be determined fromtype whatman filter paper and supernatant fluid was analysed
the equation aaG° = AH° — TAS’. The Gibbs free energy  for the remaining phenol. The kinetic studies were carried
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out with an initial phenol concentration of 100 mg dfnat 90
temperature of 25C. For equilibrium studies, the initial con-
centration ranged from 25 to 500 mg df the experiment 5
lasted 120 min to reach equilibrium. All the experiments were
carried outin duplicates and average values were used for fur-
ther calculations.

Jlij»

)

50

q{mgg

3.4. Analysis 301

The concentration of initial and residual phenol in the
adsorption media was determined spectrophotometrically. 3 il 55 Gk
The absorbance of the coloured complex of phenol ith t (min)
nitroaniline was read at 470 nfR6].

The BET surface area was determined from nitrogen Fig. 1. Phenol adsorption curves at given conditioBs= 100 mg dm?,
adsorption isotherms using a Micromeritics FlowSorb |I- PH=6.0,X=05gdnT*® and agitation rate =150 rpm at the temperatures:

(W) 25°C, (O) 40°C, (a) 60°C.
2300 Surface Area Analyzer.
To determine adsorption characteristic of BPC, the iodine

number (IN) of carbon was determined by shaking 0.5g pH of the adsorption mediurftig. 2shows the effect of solu-
of each sample with 100 chiaqueous solution of iodine  tion pH on the adsorption of phenol on the BPC at given
(2.7 g dm~3)at 25°C. The gram amount ofiodine adsorbed  conditions. Adsorption increased with increasing pH up to
per gram carbon was taken as iodine number. 6.0 and started decreasing with increasing pH again. It is
The infrared spectrum of beet pulp was obtained with a known that activated carbons have strong heterogeneous sur-
Mattson 1000 FTIR spectrometer with a pellet of powdered faces. The heterogeneity of their surfaces stems from two
potassium bromide and beet pulp. sources known as geometrical and chemical ones. Chemicall
heterogeneity is associated with different functional groups
and chemical nature of the surface is the most important fac-
4. Results and discussion tor — apart from the porous structure — that determines its
adsorption propertief3]. Couglin and Ezra reported that
Some properties of the BPC used in this study are mea-[27], the oxidized carbon due to the oxidation atmosphere
sured as BET surface area (47.5gn?), iodine number  was mainly carboxyl and hydroxyl ones, and small quan-
(270 mg b g~ 1) and bulk density (0.576 g cni). tity of carbonyl groupsFig. 3 shows, the IR spectrum of
Adsorption data for the uptake of phenol onto BPC was beet pulp. As seen from the figure, beet pulp contains several
investigated at various initial concentration, temperature and functional groups such as hydroxyl peak at 3408 éntar-
pH. The results are given as the units of adsorbed phenolbonyl peak at 2925 cit and asymmetric carboxylate peak at
quantity per gram of adsorbent at any tingg fig g~1) and 1630 cnT!. Mattson et al[28] indicated that, phenol and its
at equilibrium @eq, Mg g1), unadsorbed phenol concentra- derivatives adsorb on activated carbon via a “donor—acceptor

T T
400 500 600

tion in solution at any time@, mgdnt3) and at equilib- complex” mechanism that involves carbonyl surface-oxygen
rium (Ceg, mg dnt3). Adsorption yield is given as: [Adsorp.  groups acting as electron donor, and the aromatic ring of the
% =100x (Co — Ceg)/Ceq]- solute acting as acceptor.

4.1. Effect of contact time

80

Fig. 1shows the adsorption of phenol onto BPC as a func-
tion of contact time at 25, 40 and 8Q. Adsorption studies 601
were carried outfor 2 hand itwas observed that, the amount of
adsorbed phenol increased linearly with time at the beginning
of adsorption. Then attained saturation called the equilibrium
time. A larger amount of phenol was removed in the first
80 min of contact time and the equilibrium was established 20
in 120 min at all temperatures studied.

404

Qeq (Mg 1)

4.2. Effect of initial pH of phenol adsorption pH

The most critical parameter affecting the adsorption pro- rig. 2. Effect of pH on the phenol adsorptia®(= 100 mg dm3, T=25°C,
cess in the removal of phenol by the activated carbon is the X=0.5gdn73, agitation rate = 150 rpm).
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Fig. 3. IR spectra of the beet pulp.

Owing to the amphoteric character of the carbon surface, initial phenol concentrations and increasing temperature. The
i.e., to the acidic and/or basic functional groups, the surface maximum equilibrium adsorption capacity values were deter-
properties may be influenced by the pH value of the adsorp- mined as 85.0, 88.0, and 89.5 migidor 500 mg dn 2 initial
tion medium. The surface charge of carbon is a function of phenol concentration at 25, 40 and“@Drespectively. The
pH of the solution. The pH value, at which the surface charge adsorbent showed saturation at high phenol concentration as
is zero, is called the point of zero charge (PZC). For typi- the adsorbent offers a limited number of surface binding sites.
cal amphoteric carbons, the surface is positively charged atTable lalso demonstrated that, the adsorption yield decreased
pH < pHpzc and negatively charged at pH > pkt [3]. pH with increasing initial phenol concentration while it showed
also affects the degree of ionisation of phenol in adsorp- opposite trend with increasing temperature. The maximum
tion medium. In this study, the amount adsorbed decreasegphenol adsorption yield of the BPC was determined as 70.0%
at both high and low pH values. The&p value for phe- for 25 mgdnt3 initial phenol concentration at 6@. The
nol is 9.89. Phenol could be expected to become negativelyincrease of the adsorption capacity and adsorption yield at
charged phenolate ion above this pH and repulsion betweenincreased temperature indicated that the adsorption of phenol
the surface layer and the anionic phenolate results in reducednto the BPC is endothermic in nature and may involve phys-
adsorptior[29]. The low pH value was obtained by using an ical adsorption as well as somewhat chemical adsorption.
acid solution. Itintroduced additional protons in the solution,
which competed for the carbonyl sites, so the adsorptionwasy 4. Adsorption equilibrium depending on temperature
reduced at low pH. Similar result was given by Liu and Pinto
for granule and spherical activated carljg). They reported In this study, the adsorption equilibrium of phenol on BPC
that, the decrease in phenol adsorption from pH=6.310 3.07 ya5 modelled using Langmuir and Freundlich isotherms.
was due to the increased lddsorption on the carbonyl sites, Their isotherm plots obtained at three different temperatures
which suppresses phenol adsorption on these sites. On thyesented irFigs. 4 and 5The Langmuir and Freundlich
other hand, the decrease in the phenol amount adsorbed fronyysorption constants evaluated from the isotherms and cor-

pH=6.3 to 11.35 was attributed to both greater solubility of o|ation coefficients are given ifable 2 As seen from the
dissociated phenol at pH Kgand increased repulsion forces

between the dissociated form of the adsorbate and the carbon
surface.

e . 0.03
4.3. Effect of initial phenol concentration on

temperature-dependent adsorption
0.02 4

1/qeq

The initial phenol concentration provides an important
driving force to overcome all mass transfer limitations of phe- B
nol between the aqueous and solid phases. Thus a higher ini- a
tial phenol concentration will enhance the adsorption process.
The effect of initial phenol concentration was investigated in b T T R W SR S
the range of 25-500 mg dm at 25, 40 and 60C. Table 1 1/Ceq
shows the change of the equilibrium adsorption capacity of
the BPC with initial phenol concentration and temperature. It rig. 4. The linearised Langmuir adsorption isotherm of phe®):25°C,
was indicated thateq values increased with both increasing (O) 40°C, (a) 60°C.
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Table 1
The equilibrium uptake capacities and adsorption yields obtained at different initial concentrations and temperatures
Co (mgL™) 25°C 40°C 60°C
Oeq (Mg g™t) Adsorp. % Oeq (Mg g™t) Adsorp. % Oeq (Mg g™t) Adsorp. %
25 32.0 640 34.4 688 35.0 700
50 58.0 580 60.0 600 61.8 618
75 65.0 43 66.0 440 67.0 447
100 70.0 39 72.0 360 75.0 375
250 79.5 19 81.2 162 83.0 166
500 85.0 & 88.0 88 90.0 90
5.0 4.5. Kinetic modelling of phenol adsorption
s The Lagergren’s pseudo-first order and pseudo-second
' order kinetic models were applied to analyse the adsorp-
~ tion kinetics and to determine the specific rate constant of
g 4.0 adsorption process of phenol on BH&g. 6 shows the lin-
h earised plots of pseudo-first order rate expression obtained at
three different temperatures. The values of various kinetic
33 . parameters are tabulated Table 3 The results showed
that the plots were linear with high correlation coefficients
3.0 . : , . . (>0.974). The magnitude &f andgeqincreased from 0.0512
1 2 3 4 5 6 7 to 0.0521dm3min~! and from 69.58 to 73.14mgd
InC,, respectively with the rise in temperature from 25 to
60°C.
Fig. 5. The linearised Freundlich adsorption isotherm of phel)I26°C, Using pseudo-second order kinetic modetj was plot-
(©)40°C, (a) 60°C. ted versug at the same temperatureSiq. 7). The values

of second order adsorption rate constdet, were calcu-

table, although correlation coefficients (>0.991) of both equa- lated. Theoretical and experimentgl,and correlation coef-
tions are considerably well obtained at all temperatures, theficients are also given iflable 3 The values ok, andgeq
Freundlich model exhibited better fit to the adsorption data exhibited similar trend wittk; and increased with increas-
than the Langmuir model. ing temperature. The highest value lof was determined

The magnitude oKr andn of the Freundlich isotherm  as 5.5x 10-*gmg'min~! at 60°C. Table 3 shows the
constants showed the tendency of phenol uptake from thecorrelation coefficients for the second order kinetic model
adsorption medium with high capacity of the BPC especially which were higher than that of obtained for the first order
at60°C. The highesKr value was determined as 29.35 atthis model. The theoreticaleq values were closer to the exper-
temperature. Alh values were greater than unity, indicating imental geq values. It was concluded that the adsorption
that phenol was favourably adsorbed by BPC at all temper- of phenol on to BPC process obeyed second order kinetic
atures studied. Both thgnax andK values determined from  model.
Langmuir equation increased from 88.76 to 90.61 and from
0.064 to 0.090 with increasing temperature from 25 t6@0

respectively. The maximum capacitymax defines the total L
capacity of the adsorbent for phenol. The other Langmuir i
constantK indicates the affinity for the binding of phenol. ' A
The higher value oK found at 60°C showed strong bonding 2 30-
of phenol to the BPC at this temperature. ‘s
(=
E 201
Table 2 |
Isotherms constants for phenol adsorbed on BPC Lo
T(°C) Langmuir model Freundlich model 0.0 ’ : . : ; ;
Grmax K 12 Ke n 12 0 10 20 30 A 40 50 60 70
t (min.)
25 89.96 00639 0.988 2558  4.64  0.998
40 88.87  0.083  0.992 28.01 491  0.998 . , o ,
60 90.61 0.0896 0.991 29,35 513 0.997 Fig. 6. Pseudo-first order adsorption kinetics of phenol at various tempera-

tures: @) 25°C, () 40°C, (a) 60°C.
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Table 3
Change of the pseudo-first order and pseudo-second order reaction rate constants with temperature
T(°C) Oeq.exp(Mg gl First order kinetic model Second order kinetic model
kl (dm73 minil) Qeq,cal(mg gl) r2 I(2 (g mql minil) qeq,cal(mg gl) r2
25 70.0 0.0512 69.58 0.983 5.3510°4 88.92 0.995
40 72.0 0.0529 72.84 0.974 5.2410°4 91.46 0.995
60 75.0 0.0521 73.17 0.982 5.5010 4 93.823 0.994
15 tion onto BPC. The Gibbs free energy and the entropy
changes at 60C were determined as25.04 kJmot! and
0.095 kJmot1 K1 respectively. The enthalpy change of
Lo adsorption was obtained as 6.35 kJ rofrom Fig. 8 The
positive value ofAH® suggests the endothermic nature of
g adsorption while the positive value 6fS* shows the increas-
ing randomness at the BPC-solution interface during the
0.57 adsorption.
0.0 : . . : 5. Conclusions
0 20 40 60 80 100
t (min.)

Fig. 7. Pseudo-second order adsorption kinetics of phenol at various tem-
peratures:l) 25°C, (O) 40°C, (a) 60°C.

Table 4

AG?° values for adsorption of phenol at various temperatures

T(°C) K (dm*mg1) —AG® (kdmol 1)
25 0.0639 21.57

40 0.0836 23.36

60 0.0896 25.04

4.6. Determination of thermodynamic parameters

The equilibrium constants obtained from Langmuir equa-
tion at 25, 40 and 60C were used to determine the Gibbs
free energy changef5]. Table 4 shows the Gibbs free

In this study, the adsorption of phenol from aqueous solu-
tions was investigated using a carbonised beet pulp inthe inert
nitrogen atmosphere. The results indicated that adsorption
capacity of the adsorbent was considerably affected by initial
pH, temperature and initial phenol concentration. The opti-
mum pH value was found to be 6.0. The results showed that
phenol adsorption increased with temperatures up taC60
and initial phenol concentrations up to 500 gdfn

The equilibrium, kinetic and thermodynamic parameters
for the adsorption of phenol onto BPC was also determined.
The negative sigh cAG® confirms the spontaneous nature
adsorption process. The positive sign &5 shows the
increased randomness at the solid—solution interface during
adsorption and the positive signAaf° indicates that adsorp-
tion process is endothermic.

The Langmuir and Freundlich adsorption equations were
used to express the adsorption phenomenon of the phenol.

energy values for the adsorption process. The negative signThe equilibrium data were well described by the Freundlich
of AG® indicates the spontaneous nature of phenol adsorp-model.

9.5 1

InK

—_—

851

8
0.0029

T

T
0.0031 0.0032
1K™

T T
0.0030 0.0033 0.0034

Fig. 8. InK vs. 11T plot.

The pseudo-first order and pseudo-second order kinetic
models were used to analyse data obtained for phenol adsorp-
tion onto BPC. The results indicated that the pseudo-second
order equation provided the better correlation for the adsorp-
tion data.

It can be concluded that the carbonised product from beet
pulp is an efficient adsorbent for the removal of phenol from
aqueous solution.
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