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Abstract

Batch sorption kinetics of methylene blue by perlite have been studied in terms of pseudo-first-order, pseudo-second-order and intra-particle
diffusion models. The results showed that sorption process was best described by the pseudo-second-order model. The correlation coefficients
r?, obtained from pseudo-second-order model were higher than 0.98 under all the experiment conditions. The effects of agitation speed, initial
dye concentration and solution temperature on kinetic parameters (sorption rate constant, initial sorption rate, equilibrium sorption capacity,
etc.) are discussed. While the values of sorption rate constatar(d initial sorption rateshj increased with increasing agitation speeds
and solution temperatures, it was seen that the valuksdécreased and the valuestohcreased with increased initial dye concentration.

The values of equilibrium sorption capacity from pseudo-second oggdewere in the best agreement with experimental daggpig each
experimental condition. Moreover, the activation eneigy) of sorption calculated using the pseudo-second-order rate constants was found
to be 10.31 kJd/mol from an Arrhenius plot. The valudegindicated that sorption was controlled by an intra-particle diffusion mechanism as
well as by pseudo-second-order kinetics.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [16], bark [17,18] lignin [19] etc. because of their lower
cost.

Pollution caused by industrial wastewaters has become In this work, cost-effective expanded perlite samples were
a common problem for many countries. Especially, or- selected as a sorbent for the investigation of sorption ki-
ganic, inorganic and dye pollutions from industrial ef- netics of methylene blue from aqueous solution. Perlite is
fluents disturb human health and ecological equilibrium. a glass volcanic rock varying in color from gray to black.
Therefore, it should be required that undesirable pollu- When it is heated to elevated temperatures (850-1C)0
tion is removed. For this purpose, many methods such asit expands to 35 times its internal volume, and it is named
activated carbon sorption, chemical coagulation, ion ex- ‘expanded perlite’(20). This product has a low density, high
change, electrolysis, biological treatments, etc. have beensurface area, and a low thermal conductiii]. Also,
developed1-3]. Of those methods, activated carbon sorp- since most perlite samples have a high silica content (greater
tion is highly effective for the removal of different pol- than 70%), they have adsorptive characterisig®-24}
lutants from wastewater and industrial effluents. However, The adsorptive character of perlite is due to the silanol
the use of activated carbon is not suitable for developing groups which are formed by silicon atoms on the surface
countries because of its high cost. Thus, it is more suit- of perlite. The types of silanol groups are shown as follows
able to use adsorbents such as clay minef&lss], fly [22—24}
ash [7-9], peat[10-13] wood powder[14,15] sawdust
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The hydrous oxide surface groups in alumina are given asIntegrating this equation for the boundary conditibr® to

follows [22—-24} t=tandqg; =0 toq; =q.
OH Eg.(2) can be obtained as follow:
=Al— OH or =Al q1 k1
AN lo = t 2
o 9% ) = 2503 @

The silicon ato_ms_at th_e surface tend to maintain the_ir whereg, is the amount of solute sorbed at equilibrium (mg/g),
tetrahedral coordination with oxygen. They complete their 4 the amount of solute sorbed on the surface of the sorbent
coordination at room temperaturg by attachment to mono- g any time (mg/g) ankh is the rate constant of pseudo-first-
valent hydroxyl groups, forming silanol groups. The surface gqer sorption (minY).

of perlite becomes more negatively or positively charged ac-  gq_ (2) can be rearranged to obtain a linear form of

cording to the pH of the solution medium. This situation af-

fects sorption capacity. N k1
Also, expanded perlite is used as an excellent filter aid and '09(g1 = 4r) = 10g(41) 2.303t

as afiller in various processes and matefials22—24Jsince

they are chemically inert. Moreover, the use of expanded per-

lite is common and it is used in the processing of vegetable

fat, juice, beer, wine in food industry; cleaning of dams and

ponds in aquatic environment; obtaining of a clear liquid in experimental.

filter produce (as filter aid); growing of seeds and regularizing ' pseudo-second-order kinetic model of Ho et al. is as the

of the soil in agriculture; building due to thermal in-solution following:

characteristics; cast iron-steel production in cast metal in-

?Zu(;s:,l'fry, brick production due to heat adiabatic property, etc. % — ko(qz — 1)? )

The leading producers of perlite (crude, processed), 5.
among Asian—European countries, are Greece, Japan,Turke)y,Vherek Is the razte constant for pseudo-second-order reac-
and Hunganj21]. About 70% of the world’s known perlite t|on.(.g/r_ng min),q an_dqt are the amounts §olute sorbed at
reserves are present along Aegean Cost in TufR2y24] equilibrium af‘d any time (in mg/g), respectively.

However, there are only a limited number of published pa- The equation can be rearranged as

pers on the use of perlite in the literature. For example, earlier  dg,

studies done with perlite as a sorbent are with regard to them =kpdr (%)
sorption of some organic materig#b,26] Recently, Dogan

et al. have investigated the electrokinetic properties of per- Integrating this for boundary conditiobs O tot = tandg; =
lite [22], as well as the dyf23,27]and metal sorptiof24]. gives

In another work, Dogan et al. have studied the sorption of 1

methylene blue on activated perlite examp23]. Kinetic = — + kot (6)
studies on sorption of methylene blue by perlite have not 92 — 4t 92

been undertaken so far. The goal of this study is to investi- Eq. (6) can be rearranged to obtained a linear form of
gate the sorption kinetics of methylene blue from aqueous

solution onto perlite by batch sorption technique and to in- ° _ L + it @)
terpret the results in terms of the kinetic theory summarized 4: k2 qg q2

below, and to determine how agitation speed, concentration
and temperature affect on kinetics.

Several kinetic models have been proposed to clarify the
mechanism of a solute sorption from aqueous solution onto
a adsorbent: (a) a pseudo-first-order kinetic model of Lager-

©)

The intercept of the straight line plots of logy (— q;) versug
should be equal logyg). If the intercept value does not equal
log (01), the reaction is not likely to obey a first-order kinetics
model, even this plot has a high correlation coefficient with

The straight line plots offq; versust are used to obtain the
constants for pseudo-second reaction. Herein, the initial sorp-
tion rate ish = koq3.

Intra-particle diffusion model can be expressed as follows

gren[10,28,29]based on solid capacity, (b) a pseudo-second- [31]:

qrder kinetic_ model of_ H({)l(_),29] based on solid phase sorp- @ =ktY?2+C (8)
tion, and (c) intra-particle diffusion model of Weber and Mor-

ris [10,29,30] where ki is the intra-particle diffusion rate constant

A pseudo-first-order kinetic model of Lagergren for the (mg/g min2), andC is the intercept. In this model, due to
sorption of liquid/solid system based on solid capacity can the porous nature of adsorbent, pore diffusion is expanded

be expressed as follows: to be surface sorption. Therefore, the rate constant of intra-
particle transportlk() is estimated from slopes of linear por-

dg i i

dtz = k(g1 — q1) 1) ::(r)nne of the plots of amount sorbed against square root of
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Table 1 ]

Chemical components of perlite

Constituent Percentage (in weight) O O a-

SiOo, 71-75 (CH3)2N N(CH3)2

Al,03 12-16

NaO 2.9-4.0

K20 4-5 _

Ca0 0.5-2.0

FeO3 0.5-1.45 Fig. 1. The structure of methylene blue.

MgO 0.03-0.5

TiO2 0.03-0.2

MnO 0.0-0.1 i . .

SO ? 0.0-0.1 for the final concentration of methylene blge by using a

FeO 0.0-0.1 UV-vis spectrophotometer (Shimadzu UV-vis 160 A spec-

Ba 0.0-0.1 trophotometer) set at a wave-length of 664 nm, maximum ab-

(P:bo g-g—g-f sorbance. The amounts of methylene blue sorbed were calcu-
r .0-0.

lated from subtracting final solution concentrations from the
initial concentrations of aqueous solutions. Blank solutions
were used for each series of experiments.

2. Materials and methods

The expanded perlite samples used as an adsorbent Werg  oosults and discussion
supplied from a perlite Processing Plant of Etibank in
Menderes nealzmir in Turkey. Its chemical composition
and some physical properties are givenTebles 1 and 2
[20,22—-24] The samples were treated before use in the ex-
periments as described elsewh@2-24,27] and then it was
utilized for the experiments. Methylene blue, a cationic dye
(C.1. 52015), was purchased from Merck, and it was used as
received without further purification. The structure of the dye

:_cr)]ntalnlnlg a ls,eeondaryham(jlne_ grgup IS prese_ntelagm 1 in the pH range 3—-1[22]. In alkaline medium, the surface of
e stock solutions at the desired concentrations were pre'perlite becomes negatively charged, and therefore the sorp-

pared With pure distilled .vve.ter. To prevent th? dimer or ag- tion of dye cation by perlite increases at higher pH values and
gregation of the dye, the initial dye concentrations were kept the sorption take places more eaglg]. A simple equation

below <20 mg/L (~5x 107°M) [32]. The pH value of the ¢ - sorption can be shown as folloy@3]:
solutions was adjusted to 11 by dropping NaOH solution us-

ing a pH meter (WTW pH Meter 320, Germany). —~MO™ + dye" & M—O—dye 9)
Batch sorption experiments were carried out by shaking
1.0g of perlite with 75mL aqueous solution of methylene In this study, the pH for all the experiments was kept at a con-
blue of known concentration in 250 éapolyethylene flasks ~ stant value of 11 in which the highest sorption of methylene
placed in a temperature controlled shaking water bath at dif- blue occurred23].
ferent temperatures and a constant pH of 11. After the de-
sired contact time, solutions were centrifuged for 15min 3.1. Equilibrium time
at 3000 rpm and the supernatant solutions were analyzed
The sorption of methylene blue onto perlite was main-
tained as a function of time until the amount of methylene

To analyse the sorption kinetics of methylene blue onto
perlite, it would be useful to know its chemical structure and
some physical properties. As was mentioned in Section
silicon atoms on the surface of perlite form different silanol
groups, and these groups are responsible for adsorption of
methylene blue. Also, the perlite samples have no point of
zero charge (p.z.c.) and exhibits negative zeta potential value

Table 2 . . S
Some physical properties of perlite blue sorbed became. co_nstapt, implying thaF egumbnum had
Color White been reached. Equilibrium time was 240 min in all concen-
I . . . .
Size (mm) 0.07 (75%)—0.43 (25%) trations and.temperatures studied. In the case of agitation,
Density (kg/n?) 70-130 equilibrium time decreased from 240 to 210 min when agita-
Specific surface arégm?/g) 1.88 tion speed was increased from 120 to 240 rig(2). This
Cation exchange capacity (CEQ)neq/100g)  34.25 phenomenon may be probably attributed that dye molecules
Z:‘a potential (in watef{mV) g‘éﬁ-sgo which are strongly attached onto the surface of the sorbent
Eﬂemng point £C) 1'30_0' at higher agitation speed, causing decrease of equilibrium
Heat conductivity (kcal/M KC) 0.034-0.045 time. The amount of methylene blue sorbed per unit mass of
a Calculated by BET b adsorption, perl!te at eqwhbnum, I.e. e_qunlbrl_um _serptlon capacity of
b Calculated by NH* acetate method. perlite @e), increased with increasing initial dye concentra-

¢ From Ref.[23]. tions, temperatures and agitation speeds. The values of equi-
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Fig. 2. Effect of agitation speed on the sorption of methylene blue by perlite.
Conditions:10 mg/L initial dye concentration, 30.

librium sorption capacity obtained under all the experimental
conditions are presented Tlables 3-5

3.2. Effect of agitation speed on sorption kinetics

In all the experiments in which the effect of agitation
speed was studied, the initial dye concentration and solution
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temperature were 10 mg/drand 30°C, respectivelyFig. 2
shows the sorption of methylene blue by perlite at different
agitation speeds. The amount of dye sorbed per unit mass
of perlite at equilibrium, i.e. equilibrium sorption capacity,
increases from 0.57 to 0.68 mg/g with increasing agitation
speed from 120 to 240 rpm.

Fig. 3illustrates pseudo-first-order sorption kinetics of
methylene blue by perlite at various agitation speeds. The
values of rate constank;, from the slopes of the plots of
log (0 — o) versust increases slightly from 1.24 1072 to
1.51x 10~2 min—! with increasing agitation speed from 120
to 240 rpm. Correlation coefficients?, obtained from the
plots in Fig. 3are 0.9589, 0.8898 and 0.9244 for 120, 180
and 240 rpm, respectively. The valuesréfare lower than
those of other rate laws, and equilibrium sorption capacity,
g1, does not agree with experimental daja(seeTable J).

Fig. 4shows intra-particle diffusion kinetics of the adsorp-
tion of methylene blue by perlite at various agitation speeds.
Intra-particle diffusion rate was estimated from the slopes of
the plots of gt against square root of tinkg.increases from
2.30x 1072 to 2.82x 10-2mg/g min“2 with an increase in
agitation speed from 120 to 240 rpm as showTable 3

Table 3
Kinetic parameters for methylene blue sorption by perlite at various agitation speeds
Si 0P 02° ko h® raf Q9 ke 72 k) ck 2!
120 0.57 0.59 0.087 0.0302 0.9957 0.352 0.0124 0.9589 0.0230 0.2338 0.9741
180 0.63 0.68 0.091 0.0420 0.9837 0.468 0.0147 0.8898 0.0269 0.2194 0.9764
240 0.68 0.71 0.097 0.0489 0.9879 0.430 0.0151 0.9244 0.0282 0.2493 0.9816
a Agitation speed (rpm).
b Equilibrium sorption capacity obtained as experimental (mg/g).
¢ Equilibrium sorption capacity obtained from pseudo-second-order equation (mg/g).
d The rate constant of pseudo-second-order reaction (g/mg min).
€ The initial sorption rate from pseudo-second-order kinetics (mg/g min).
f Correlation coefficient from pseudo-second-order equation.
9 Equilibrium sorption capacity obtained from pseudo-first-order equation (mg/g).
*_‘ The rate constant of pseudo-first-order reaction (hin
' Correlation coefficient from pseudo-first-order equation.
I Intra-particle diffusion rate constant (mg/g rH#.
kK Intercept from intra-particle diffusion equation.
I Correlation coefficient from intra-particle diffusion equation.
Table 4
Kinetic parameters for methylene blue sorption by perlite at different initial dye concentrations
Co? 0e” Q2° ko h® rat q19 ke r2i ki ck r?!
5 0.280 0.29 0.188 0.0158 0.9984 0.153 0.0140 0.9881 0.0130 0.1176 0.9412
10 0.570 0.59 0.087 0.0302 0.9957 0.352 0.0124 0.9589 0.0230 0.2338 0.9741
20 0.944 1.01 0.055 0.0561 0.9997 0.564 0.0179 0.9922 0.0407 0.3850 0.8800

2 |nitial dye concentration (mg/L).
b Equilibrium sorption capacity obtained as experimental (mg/g).

¢ Equilibrium sorption capacity obtained from pseudo-second-order equation (mg/g).

d The rate constant of pseudo-second-order reaction (g/mg min).
€ The initial sorption rate from pseudo-second-order kinetics (mg/g min).
f Correlation coefficient from pseudo-second-order equation.

9 Equilibrium sorption capacity obtained from pseudo-first-order equation (mg/g).

h The rate constant of pseudo-first order reaction (rhin

I Correlation coefficient from pseudo-first-order equation.

I Intra-particle diffusion rate constant (mg/g rHf).

kK Intercept from intra-particle diffusion equation.

I Correlation coefficient from intra-particle diffusion equation.
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Table 5

Kinetic parameters for methylene blue sorption by perlite at different temperatures of dye solution

Ta P @° kod he r%f qu9 kP r%i kil ck ri2|

30 0.57 0.590 0.087 0.0302 0.9957 0.352 0.0124 0.9589 0.0230 0.2338 0.974
40 0.61 0.630 0.104 0.0412 0.9979 0.321 0.0150 0.9773 0.0219 0.2944 0.959
50 0.73 0.716 0.114 0.0584 0.9978 0.342 0.0152 0.9633 0.0227 0.3991 0.974

@ The temperature of dye solutionQ).
b Equilibrium sorption capacity obtained as experimental (mg/g).

¢ Equilibrium sorption capacity obtained from pseudo-second order equation (mg/g).

d The rate constant of pseudo-second-order reaction (g/mg min).

€ The initial sorption rate from pseudo-second order kinetics (mg/g min).

f Correlation coefficient from pseudo-second-order equation.

9 Equilibrium sorption capacity obtained from pseudo-first-order equation (mg/g).

N The rate constant of pseudo-first-order reaction (hin

i Correlation coefficient from pseudo-first-order equation.

I' Intra-particle diffusion rate constant (mg/g ri#).

K Intercept from intra-particle diffusion equation.

I Correlation coefficient from intra-particle diffusion equation.
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Fig. 3. Effect of agitation speed on pseudo-first-order sorption kinetics of
methylene blue by perlite. Conditions: 10 mg/imitial dye concentration,
30°C.

The values of? obtained are 0.9741, 0.9764 and 0.9816 for
120, 180 and 240 rpm, respectively. As showrrig. 4, the
effect of a two-fold change in agitation speed from 120 to

500
400 -
g
D 300 -
=
E
— 200 -
& © 120 rpm
= 0 180 rpm
100 A 240 rpm
0 T T T T T T
0 40 80 120 160 200 240 280

t (min)

Fig. 5. Effect of agitation peed on pseudo-second-order sorption kinetics of
methylene blue by perlite. Conditions: 10 mg&imitial dye concentration,
30°C.

Fig. 5 demonstrates pseudo-second-order sorption Kki-
netics of adsorption of methylene blue by perlite at various

240 rpm has only a small influence, indicating that external agitation speeds. The values of the rate constantirom
mass transfer has only a small influence on the sorption kinet-the linear plots oft/c; versust, increased slightly from
ics of methylene blue under these conditions. Similar results 8.70x 102 to 9.70x 10-2 g/mg min with an increase in the
have been reported also for the sorption of Basic Blue 69 onto agitation rate. The values of initial sorption ratejncrease

peat[10].

0,8
0,7
0,6
0,5
0,4
0,3 2
0,2 1
0,1

qi(mgg")

© 120 rpm
o 180 rpm
A 240 rpm

14 16

0 2 4 6 8 10 12

t112 (min1f2)

18

Fig. 4. Effect of agitation peed on intra-particle diffusion kinetics of methy-
lene blue by perlite. Conditions: 10 mg/dimitial dye concentration, 30C.

from 3.02x 10~2t0 4.89x 10~2 mg/g min, and the values of
equilibrium sorption capacityp, increase 0.59-0.716 mg/g,
for an increase in agitation speed from 120 to 240rpm.
These values, are in agreement with experimental data,
Qe, and the values af are also higher than 0.98.

3.3. Effect of initial dye concentration on sorption
kinetics

In all experiments, the temperature was maintained at
30°C and the agitation speed maintained at 120 rpig. 6
illustrates the sorption of methylene blue for different initial
dye concentration at 3@ and 120 rpm as a function of con-
tact time. When initial dye concentration was increased from
5.0to 20 mg/drd, the equilibrium sorption capacity increased
from 0.28 to 0.944 mg/q.
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Fig. 6. Effect of initial dye concentration on the sorption of methylene blue

. . Fig. 8. Effect of initial dye concentration on intra-particle diffusion kinetics
by perlite. Condition: 30C, 120 rpm.

of methylene blue by perlite. Condition: 3G, 120 rpm.

Fig. 7 demonstrates pseudo-first-order sorption kinetics With initial dye concentration increases, it is observed that
for the adsorption of methylene blue by perlite at differ- deviations from intra-particle diffusion kinetics occur. These

ent initial dye concentrations and 30. The values of rate  deviations may be attributed to some repulsion between
constant from the pseudo-first-order model increase with in- @dsorbent or adsorbate molecules due to concentration den-

creasing initial dye concentration, and they are in the range SItY- . o
0f 1.40% 1072, 1.24x 102 and 1.79 10~2 min~! for ini- Fig. 9 shows pseudo-second-order sorption kinetics of

tial dye concentrations of 5.0, 10 and 20 mgAdrespec- methylene blue by perlite for different initial dye concentra-
tively. Although the correlation coefficients, obtained for ~ tions and 30C and 120 rpm. The values of the rate constant
the plots inFig. 7 have high values with the experimen- obtained from pzseudo-secondz—order kineties, decrease
tal data (>0.958), the values of equilibrium sorption ca- from 18.80x 10710 5.50x 10" “g/mg min with increasing
pacity (1) from the intercept of the plots of log{ — ) initial dye concentration. With increasing initial dye concen-
versust are 0.153 and 0.352, 0.564 mg/g for initial dye tration, the values of initial sorption rath, increase in or-
concentrations of 5.0, 10 and 20 mgRinrespectively.  der of 1.58< 102, 3.02x 10"% and 5.61x 10~ g/mg min,

They are not in agreement with the experimental data (see'®Spectively. This increase in initial sorption rate indicates
Table 4. that solute and sorbate molecules can be met more with

Fig. 8 illustrates intra-particle diffusion kinetics of €ach other in higher concentration. Similar results have

methylene blue by perlite at various initial dye concentra- Peen reported by Ho and McKgg0] for sorption of ba-
tions and at a temperature of 30 and a stirring speed ~ SI® blue 69 and acid blue 25 onto peat. The values of
of 120rpm. The values of intra-particle diffusion rates [~ obtained from the plots of pseudo-second-order kinet-
estimated from the slopes of the plots qf againsttl?2, ics given inFig. 9 are higher than 0.99 for all initial dye
ki, increased from 1.3 102 to 4.07x 10~2 mg/g min"/2 concentrations. The values of equilibrium sorption capac-
with an increase in initial concentration from 5.0 to It G, increase from 0.29 to 1.01 mg/g with increasing ini-
20mg/dn? (seeTable 4. The values ofr2 obtained are tial dye concentration. These valuep, are in agreement
0.9412, 0.9741 and 0.88 for initial dye concentrations of With experimental data as to be in the effect of agitation
5.0, 10 and 20 mg/df respectively. As shown ifFig. 8, speed.

1000
0,1 ' ' j ‘ ‘ © 6.0 mg/L
A 40 80 120 160 200 240 o 8009 o1omglL
0,6 E 420 mg/L
— {=7]
3 & 600
5 -1,1 1 .E,
= > 400
o . i o
2 8 © 5.0 mglL =
10 mgiL =
21 010 mg
A 20 mg/L 0
2,6 0 40 80 120 160 200 240 280
t (min) t (min)

Fig. 7. Effect of initial dye concentration on pseudo-first-order sorption ki- Fig. 9. Effect of initial dye concentration on pseudo-second-order sorption
netics of methylene blue by perlite. Condition: 30, 120 rpm. kinetics of methylene blue by perlite. Condition: 3D, 120 rpm.
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Fig. 10. Effects of temperature on the sorption of methylene blue by perlite.

Conditions: 10 mg/drhinitial dye concentration, 120 rpm.

3.4. Effect of temperature on sorption kinetics

The temperature dependence of methylene blue sorption

onto perlite was studied with a constant initial concentration
of 10 mg/dn at 120 rpmFig. 10shows the effect of tempera-

ture on the sorption of methylene blue by perlite as a function
of contact time. The equilibrium sorption capacity increases
from 0.59to0 0.73 mg/g when the temperature of dye solutions

increases from 30 to 5. The fact that the sorption of dye
is in favor of temperature indicates that the mobility of the

dye molecule increases with a rise in the temperature, and it
can be suggested that the dye molecule should interact mor

effectively with the functional groups on perlite mentioned
beforehand.

Fig. 11demonstrates the effect of temperature on pseudo-

first-order sorption kinetics of methylene blue onto perlite.

The values of rate constant estimated from the pseudo-first-
order model increase with increasing solution temperature

from 30 to 50°C in order of 1.24x 102, 1.50x 102 and
1.52x 102 min~1. Moreover, the effect of temperature on

pseudo-first-order sorption kinetics of methylene blue is not
considerably effective (i.e. plots for temperatures are almost

overlapped) as shown Fig. 11 Although the correlation co-
efficients,r2, obtained have high values with the experimen-
tal data (>0.958), the values of equilibrium sorption capacity,

80 120 160 200 240

-0,6
T 4
=
g’ A,5 Temp. (°C)
- © 30

.2 o 40 o
A S50
-2,6
t (min)

Fig. 11. Effect of temperature on pseudo-first-order sorption kinetics of
methylene blue by perlite. Conditions: 10 mg&imitial dye concentration,
120 rpm.

e

79

Temp. (°C)

0,4 © 30

o o 40

0,3 1 s 460

0,2 — 1
0 2 4 6 8 10 12 14 16 18

t112 (min1.'2)

Fig. 12. Effect of temperature on intra-particle diffusion kinetics of methy-
lene blue by perlite. Conditions: 10 mg/@ninitial dye concentration,
120 rpm.

1, calculated are 0.352, 0.321 and 0.342 mg/g for 30, 40 and
50°C, respectively, and they close each other. These values
are not in agreement with experimental data (Esae 5.

Fig. 12 shows the effect of temperature on intra-
particle diffusion kinetics of methylene blue. The val-
ues of k estimated are 2.301072, 2.19x 1072 and
2.27x 10-2mg/g mint2 for 30, 40 and 50C, respectively.
The values of2 from the plots given irFig. 12are found to
be 0.974, 0.959 and 0.974 for 30, 40 and' 8Qrespectively.

As shown in the plotsHigs. 4, 8 and 1R the linear plots o
versugl’2 do not pass through the origin. Such a deviation of
the straight line from the origin may be due to the difference
in the rate of mass transfer in the initial and final stage of
sorption[33]. Moreover, the intercef gives an idea about
boundary layer thickness, the larger the value of the inter-
cept the greater is the boundary layer effgd]. Namely,
any increase in the interceftindicates the abundance of
solute sorbed on boundary layer. The value€adbtained
from intercept of the linear plots af versust’2 under all
conditions studied are presentedTiables 3-5As seen in
these tables, while the value 6fincreases with increasing
concentration and temperature, it exhibits a slight variation
increasing agitation speed.

Fig. 13illustrates the effect of temperature on pseudo-
second-order sorption kinetics of methylene blue onto
perlite. The values ofky, increase from 8.7& 102
to 11.40x 102g/mgmin with increasing temperature
from 30 to 50°C, respectively. Initial sorption rateh,
also increases in order of 3.621072, 4.12x 102 and
5.84x 10~2g/mgmin, respectively. Similar results have
been reported by Ho and Mck#40] for the sorption of ba-
sic blue 69 onto peat. The valuesrdfobtained are greater
than 0.995 for all the temperatures. The values of equilib-
rium sorption capacityyy, are 0.59, 0.63 and 0.716 for 30,
40 and 50C, respectively, and thesg] are in agreement
with experimental dataye (seeTable 5.

As aresult, it is clear that the values of correlation coeffi-
cients obtained for the linear plots from the pseudo-second-
order equation are greater than those obtained for the first-
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Fig. 14. Arrhenius plotfor sorption of methylene blue by perlite. Conditions:
Fig. 13. Effect of temperature on pseudo-second-order sorption kinetics of 10 mg/dn? initial dye concentration, 120 rpm.
methylene blue by perlite. Conditions: 10 mg/imitial dye concentration,
120 rpm.

system can be written as follows:

order and intra-particle diffusion equations under all condi-

tions studied as shown Fables 3-5Furthermore, the values ;. _ 555 exp(— 10.31 x 103) (11)

of equilibrium sorption capacityjp, are in a good agreement RT

with experimental datage. This indicates strongly an ac-

tivated sorption between the dye and functional groups on TheEa obtained is very low, and thus the sorption of methy-
perlite[10,29], involving valency forces through sharing or lene blue by perlite may involve not only an activated process
exchange of electrons between sorbent and sorbed. It has alsBut a physical sorption. At the same time, a small valuéof
been reported that kinetics of cadmium adsorption onto per- with 10.31 kJ/mol indicates that the sorption process is con-
lite complies best with the pseudo-second-order model duetrolled by an intra-particle diffusion mechanism. A similar
to the higher correlation coefficient34]. Also, the kinetics result has been reported for the sorption of Victoria blue by
data derived using the intra-particle diffusion model indicate fly ashin a work done by Khare et §85]. Moreover, a sim-
that intra-particle diffusion rate is one of the rate determining ilar value of E, has also been reported as 13.20 kJ/mol for
steps. This is also confirmed by the activation energy valuesmethyl violet/perlite sorption system by Dogan and Alkan
shown below. 27].

3.5. Activation energy
4. Conclusion
Generally, a rise in temperature of a chemical reaction

increases the rate of the reaction, and the temperature de- The amount of methylene blue adsorbed onto perlite in-
pendence results in a change in the rate constant. Activationcreased with increasing initial dye concentrations, solution
energy of the sorption for methylene blue/perlite system can temperatures and agitation speeds. The equilibrium time
be estimated by Arrhenius equation providing the relation- was 240 min for concentrations and temperatures, but it was
ship between rate constant and temperature as shown in th&10 min with an increase in the agitation speed. The kinetics

following: of sorption process were best described by a pseudo-second-
£ order rate equation. The activation energy of sorption was

k = koexp <——a) (10) calculated using the pseudo-second-order rate constants, and
RT it was found to be 10.31 kJ/mol. From the value of the ac-

wherek is the rate constant of sorption (g/mg miky, the tivation energy, it was seen that the intra-particle diffusion
Arrhenius constant which is a temperature independent fac-kinetics is one of the rate determining steps as well as pseudo-
tor (g/mg min),E, the activation energy (kJ/molRthe gas  second-order kinetics.
constant (8.314 J/mol K) antis the solution temperature in
Kelvin (K).
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