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ABSTRACT

The present investigation had been focused omsighits of the theoretical aspects of pseudo-secoter kinetic
equation which is typically used for a solid-liquadsorption system. The basic principal of thisedlgwed kinetic
equation was found to be in line with universalerédaw. Based on this principal a pseudo-second roedgiation
had been proposed for the adsorption of direct l86eon the microwave assisted carbon surface. Topgsed
rate equation could be used as an alternative eftthiversal rate equation which is quite complexature. The
rate of adsorption was expressed in the form obagy law equation where the adsorption capacity /ghavas
assumed to be a function of time (min). The vabdiesrious coefficients namely A, B, C and D usetheé rate law
expression were also determined at different ihtt@ncentrations (32 — 100 mg/l) and temperatutes§ — 35 °C).
It was observed that the values of A remained aroogstant with varying experimental conditions veas, the
values D was increased with increase in initial centration but the values of C was decreased withese in
concentration. Besides, the values of B were irsgdawith increase in temperature. The activatiorrgn and
frequency factor were also determined and the apoading values were found to be 78.34 kJ/mol a88 Min'.

Keywords. Adsorption, Kinetics, Rate constant, Rate expresdativation energy.

INTRODUCTION

Adsorption is one of the most widely used technsgfoe removal of various pollutants from waste wdie 2]. In
order to know the insights of the adsorption predie kinetic aspects should be studied in deshilExpect the
isotherm studies; the adsorption characteristicddcalso be well defined with the help of kinettady as it gives
the adsorption capacity of a given adsorbent vatipect to time [4, 5]. The kinetic study also giaefair idea about
the time required for completion of an adsorptieaation i.e. the time required to reach to the geesieady state
[6]. Therefore with the help of the adsorption kiog experimental data could be successfully cateel at the
solid/solution interfaces [7]. Several mathematioabdels have been proposed so far to describe [@udsor
characteristics such as adsorption reaction matelsadsorption diffusion models. Both of these nwtave been
applied successfully to predict the kinetic behawibadsorption process [8]. The adsorption reactimdel mainly
depends upon the type of adsorbent and the timéreehfor a given adsorption process to reachstecitmpletion
whereas the diffusion models depends upon the waniesistances exists across the liquid film sumimg the
adsorbent particles and resistance offered by dseraent pore itself 9]. However, the adsorpticecten models
originating from its theoretical aspects involve tlise of many complex equations [10]. Thereforeud® of these
complex equations can be avoided by introducingessimple polynomial equations which are in linehwihe
universal rate law [11]. This newly introduced r#d&v not only offers the simplified rate expressidout also
describe the adsorption behavior very successfulynost of the cases the integral form of these eguations are
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applied and according to it the amount adsorbedlisear function of time [12]. Such type of linemquations are
already been studied for a wide variety of adsorptiystems [13 -14]. But it is quite surprisingkttow that very
little effort has been made to study the theoréti@ekground of the pseudo-second order kineticatgu [15].
Azizian (2004) [16] has already studied the claddiseory adsorption. Therefore in the presentstigation a rate
expression was developed based on the theoresipat®s of adsorption kinetics to predict the rdtadsorption of
direct blue 86 onto the surface of microwave asdisictivated carbon. In this rate expression theoradion
capacity was expressed as a function of time. Hbe of adsorption was also determined at varyimgyititial
concentrations and temperatures. The values ofaicth energy and the frequency factor were alstutated.

1 Theoretical aspects of pseudo second order kinetics
The pseudo second order kinetic equation whiclséslto describe the adsorption under non equitibdonditions
can be expressed in the following way: [17]

dq 2
—L =k(C,-C 1
at (C.-C) 1)

Where, gis the amount of adsorbate adsorbed at tifis and G are the concentrations at equilibrium and at any
time t (min). On the other hand, the instantanetygsuptake capacity (mg/g) can be calculate byguie Eqn. (2)

q - (CO _Ct)v

L @)
m

Where G, m and V are the initial dye concentration (mghount of adsorbent required in g and the adserbat
volume (ml) taken for a particular adsorption réact

Now if we differentiate the Eqn. (2) with respeattiime Eqn. (3) will be obtained:

d_qt = ! dct (3)
dt m dt
Therefore, d& = md_q[ 4)

V dt

On the other hand, the rate expression can beewritt the form of a polynomial equation where tbagentration
was expressed as a function of time t. Some assmmsphad been made during the development of these
polynomial expressions. They are as follows:

i) The initial adsorbate concentration was keptstant during a particular reaction.
ii) The order of the reaction was three.
iii) The reaction temperature was also kept conslaring the course of a particular reaction

The polynomial rate equation correlating the instaaous dye adsorption capacity (qg/g) and reaction time t
(min) are as follows:

C, = A+Bt+Ct* + Dt° (5)
Differentiating Eqgn. (5) with respect to time t giv

dé _ B+ 2C +3Dt? (6)

Comparing Egn. (4) and (6) we get Eqn. (7)
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Now if the rate of adsorption is denoted bysthen Eqn (7) can be written as

Fo :—t—?:—%(mzcusmz) ®)

MATERIALSAND METHODS

3.1. Materials

The scrap wood of Acacia Auriculiformis was colkettfrom local saw mill of Kharagpur. Direct blue-@8B-86),
hydrochloric acid, sulphuric acid and ammonia werecured from Merck Specialities Private Limiteduivibai,
India.

3.2. Preparation of activated carbon

The wood scraps were first cut into small piece2 aim width and 40 mm of length, cleaned with desdi water
and was sun dried for 24 h prior to the carbonizapirocess. The wood pieces were kept on a ceflamaicwhich
was placed at the center of a 40-mm i.d tubulangfae. The material was then heated from ambierpeesture to
the carbonization temperature of 750 °C at the @&tk °C/min in a continuous flow of N300 ml/min) and then it
was kept at this temperature for 1h for subseqaetivation. The product was then allowed to cookltobient
temperature in presence of Nlow and sieved to obtain the desired size fradiolt was further stored in a
desiccator over silica gel. The char was furthéivated in a domestic microoven (IF20PG3S) for fimanutes at a
constant input power of 800 W and a frequency &W®2MIHz. to enhance its surface properties [18].

RESULTSAND DISCUSSION

4.1. Prediction of kinetic parameters at different exp@ntal conditions

The coefficients of the polynomial equation candatermined by using the polynomial fitting curvevatious

experimental conditions. For this purpose the ahitiye concentration was varied from 32 — 100 mdpéreas the
temperature of the adsorption reaction was vaniethfl3 — 35 °C. The values of different parametdgrsaried
initial concentrations and temperatures are shawiable 1 and 2. It was seen from Table 1 thatvéilaes of
parameter D was increased with increase in init@icentration whereas the values of C was decreagtd
increase in concentration. But the rate of incredde was much higher than rate of decrease of £aAesult the
total dye uptake capacity was increased with ireméda initial concentration. As the initial concextton increase
the difference between initial and instantaneous chyncentration increase which acts as a drivingeféor mass
transfer and increases the dye adsorption capfi®ty20]. The effect of temperature on the instaatas dye
uptake capacity is shown in Table 2. It was seemfiTable 2 that with increase in temperature thleevaf

temperature the values of B was increased. Butnitrease of this value was nullified by the valoés<C and D.

Therefore the overall rate of reaction did not @easo much. This type of behavior was also obtainye@l, 22].

Tablel: values of different parametersat variousinitial concentrations

Concentration (mg/l) A x10* B C D
100 -1 0.0370 -2.94 93.48
80 -1 0.0323 -2.61 74.66
60 -1 0.0252 -1.94 55.71
40 -1 0.0177 -1.38 39.22
32 -1 0.0144 -1.08 29.42

Table 2: values of different parameters at various temperatures

Temperature (°C) A xI0 B C D

35 -1 0.0370 -2.94 93.48
16 -1 0.0318 -2.52 94.25
13 -1 0.0283 -2.20 94.95
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4.2. Prediction of rate of reaction at differentnctitions

The rate of adsorption reaction was determinedabus temperatures and initial concentrations i@ 8kand Table
4). It was seen from Table 3 that initially theeraf reaction was increased very rapidly but adithe progressed it
increased at a comparatively slower rate. This ptremmon may be ascribed to the fact that initiallgrenactive

sites were available on the adsorbent surface liitthe passage of time the active sites got stadnahich retards
the rate of adsorption [23].

Table 3: Therate of adsorption at different temperatures

RuUN Concentrations Rate of Adsorption (gmol/g-sec) ¥10

(mg/l) 13.5°C 16C 35C
1 0 0 0 0
2 2C 0.002¢ 0.002¢ 0.002:
3 40 0.0097 0.0097 0.0094
4 60 0.0219 0.0217 0.0213
5 8C 0.038¢ 0.038¢ 0.038:
6 100 0.0608 0.0604 0.0598
7 120 0.0876 0.0869 0.0861

Table4: Therate of reaction at variousinitial concentrations

RuUN Concentrations Rate of Adsorption (gmol/g-sec) x’1.0

(mg/l) 32 (mg/l) 40 (mg/l) 60 (mg/l) 08mg/l) 100 (mg/l)
1 0 0 0.00 0.00 0.00 0.0
2 20 0.75 1.00 142 191 2.3
3 40 3.02 4.02 5.71 7.65 9.5
4 60 6.79 9.05 12.85 17.2 215
5 80 12.07 16.09 22.84 30.6 38.3
6 10C 1885 25.1¢ 35.7( 47.8¢ 59.¢
7 120 27.15 36.20 51.4 68.9 86.2

4.3. Development of rate equation at various experital conditions

The rate equations generally expressed instantarth@uadsorption capacity,(qng/g) as a function of time t
(min). The rate equation correlatingagd t are given by Eqns. (10) - (15). Integratiog E8) with respect time (t)
Egns (10) were obtained:

q = —%(Bt +Ct? + Dt?) (9)

Now substituting the values of various parametefsqgn (10) we obtained:
For 100 mg/l and 35 °C:

q, = 0037 — 294t* + 934&° (10)
For 80 mg/l:
g, =0.0323 - 261t* + 7466° (11)
For 60 mg/l:
g, =0.0252 - 194t* + 5571 (12)
For 40 mg/l:
g, =0017%- 1387 + 39223 (13)
For 32 mg/l:
g, =0.0144 - 1087 + 2942t° (14)
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For 16 °C:
g, = 0.0318 - 252t + 9425:° (15)
For 13 °C:
g, =0.0283 - 2202 + 94953 (16)

4.4. Calculation of activation energy

The activation energy is the energy that must e¥apme in order for a chemical reaction to occdi.[Activation
energy may also be defined as the minimum eneigyined to start a chemical reaction. The activaéoergy of a
reaction is usually denoted By, and given in units of kilojoules per mole. Théiation energy can be expressed
as:

k= Ae Fa/ET (17)

Where,Ais the frequency factor for the reactiéhis the universal gas constaftis the temperature (in kelvins),
andk is the reaction rate coefficient. While this edomatsuggests that the activation energy is dependen
temperature, in regimes in which the Arrhenius ¢équais valid this is cancelled by the temperatdependence
of k. In the present investigation, the activation ggewas calculated from the values of coefficiersken at
different temperatures (286 - 308 K). The valudrefjuency was also calculated and these valuesharen in
Table 5.

Table5: Values of the activation energy and frequency factor

Parametel  Values

Ea (kJ/mol  78.3¢
A(min%)  0.8298

CONCLUSION

The rate of adsorption reaction can be well deedrilvith the help of power law expression. The gotsmn
capacity was expressed as a function of time. Taleeg of different coefficients were also deterrdinzy
comparing the rate law expression with the conweerati rate law. The adsorption reaction was assuimézk of
third order. New rate equations were also develdpedsing the calculated values of various coeffits. The rate
of adsorption in gmol/g-sec was also determined/éying initial concentrations (32 — 100 mg/l) aedperatures
(13.5 - 35 °C). The basic principal of this develdinetic equation was found to be in line withvensal rate law.
The values of activation energy and frequency fastere also calculated.
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