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INTRODUCTION

Wastewaters containing 1,2-dichloropropane (DCP) are

discharged in a large amount from the production plant of

propylene oxide. Because of their significant resistance to

biodegradation and their carcinogenic and mutagenic prop-

erties, their removal is purposeful. A high degree of pu-

rification can be achieved by using the adsorption method

on the activated carbons1 – 3.

The adsorption processes are usually carried out on an

industrial scale in the columns packed with adsorbents or

bath reactors. The fundamental information concerning

the process is achieved experimentally by the investiga-

tion of the systems with a constant volume of a treated

liquid. The equilibrium and the major kinetic parameters

relating to the mass transfer can be determined on the

basis of these studies4.

The rate of the adsorption process is determined by the

diffusion or convection in the solution, the diffusion across

the boundary layer surrounding the particle, the

intraparticle diffusion and the diffusion in the pores vol-

ume. The diffusion and convection in the solution have no

influence on the process rate in the systems where a good

mixing of the solution was ensured. Diffusion through a

film takes place at the initial stage of the process, then it

transforms into the intraparticle diffusion5.

Depending on the system and the hydrodynamic condi-

tions, the external mass transfer coefficient and the

intraparticle diffusion or one kinetic coefficient crucial

for the rate of the mass transfer  are taken into considera-

tion.

In order to examine the mechanism of the adsorption

process such as mass transfer and chemical reaction, sev-

eral kinetic models are used to test the experimental data.

The large number and array of different functional groups

on the activated carbon surface imply that there are many

types of adsorbent-solute interactions. Thus, any kinetics

or mass transfer representation is likely to be global. From

the system design viewpoint, a lumped analysis of the

adsorption rates is thus sufficient for the practical opera-

tion.

A simple kinetic analysis of adsorption is the pseudo-

first-order equation6, 7,

(1)

Where: a – adsorption amount at the time moment

(mg/g), a* – equilibrium adsorption amount (mg/g),

k – constant rate (1/min), t – time (min).

The values of a* must be obtained independently from

the equilibrium experiments.

After the definite integration, by applying the initial

conditions: a=0 at t=0, Eq. (1) becomes

(2)

On the other hand, a pseudo-second-order equation

based on the adsorption capacity may by expressed in the

form

(3)

Integrating Eq. (3) and applying the initial conditions,

we arrive at

(4)

and a linear form

(5)

EXPERIMENTAL

Adsorption method

The sorption of DCP onto the activated carbon was

studied by the bath experiments. The examined factors

were: the initial DCP concentration, the activated carbon

dose, the particle diameter, the mixing rate and the tem-

perature.

All the tests were conducted in capped flasks (240cm3),

by proportioning the DCP stock solution to the activated

carbon suspension and mixing in a shaker.  The samples

were withdrawn at the suitable time intervals and analyzed.

Analytical method

The concentration of the studied compound was deter-

mined chromatographically on a Thermoquest GC 8000Top

instrument with a flame ionization detector (FID). The

determinations were carried out isothermally at the tem-

perature 100oC. A capillary column DB-WAX (J&W)

30m x 0,5mm x 0,5mm was used.
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Materials

The adsorbent used in these studies was the activated

carbon of the DTO type supplied by GRYFSKAND SA

(Poland). The adsorbent was sieved into several discrete

particle size ranges. The 0.91 – 0.63; 0.4 – 0.63 and 0,40

– 0,25 mm size ranges of the activated carbon were used

in these studies. The sieved activated carbon was washed

by distilled water to remove fines and then was dried in

an oven for 24h at 110oC. The carbon particles were

assumed to be spheres having a diameter given by the

arithmetic mean value between the respective mesh size

(average particle diameters d
z
 were 0.77, 0.53 and 0.33

mm). The properties of the DTO activated carbon are

presented in Table 1. 1,2-dichloropropane (>99%) used

in these studies was taken from Fluka, A.G.

Effect of the adsorbent dose

Fig. 3 shows kinetic curves in a linear form for three

different adsorbent doses. It has been observed that the

influence of the carbon mass is consistent with the expec-

tations, the increase of the process rate, together with the

increase of carbon amount. The rate increase is propor-

tional to the adsorbent concentration, and what follows, to

the surface area of the mass transfer. Moreover, in the

system where there are more grains, the turbulence is

higher and it is possible that in the result of the interstitial

shearing, the boundary layer is reduced in a certain range

and the molecules of the adsorbate penetrate to surface of

the grains easier and faster.

Table 1. The properties of the DTO activated carbon

Figure 1. Kinetic curves of the DCP adsorption

RESULTS

Fig. 1. shows the examples of the DCP kinetic curve

onto the DTO activated carbon from aqueous solution.

The first-order reaction model was used to check all the

results but the correlation coefficient was not high. How-

ever, the rate law for a pseudo-second order could be fixed

with the very high correlation coefficient. The sorption of

DCP onto the activated carbon could be the pseudo-sec-

ond order process rather than the first-order one.

Effect of the initial DCP concentration

Fig. 2 shows kinetic curves in a linear form for three

different initial concentrations of DCP. According to Fig.

2 in the examined range of the initial concentrations (4 –

10 mg/dm3), the concentration does not affect the DCP

adsorption kinetics in an essential way. For those values

of the adsorbates initial concentrations, the duration needed

to obtain the equilibrium state is similar and equals about

90 minutes.

Figure 3. Kinetic curves of adsorption for a various adsorb-
ent dose

Figure 2. Kinetic curves of adsorption for a various initial
concentration

Effect of the particle diameter

 Fig. 4 shows kinetic curves in a linear form for three

different diameters of the adsorbent particles. Along with

the reduction of the particle diameter, the rate of the

process increased. The rate is proportional to the increase

of the surface area of the mass transfer between the ad-

sorbent and the bulk solution. Such action is also con-

firmed by the effect caused by the increase of the adsorb-

ent mass.
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Effect of the mixing rate

Fig. 5 shows kinetic curves in a linear form for three

different mixing rates. With the mixing rate of 200 cycles

per minute (cpm) the time needed to obtain the adsorp-

tion equilibrium state equals 360min. The rate of estab-

lishing the adsorption equilibrium for 250 and 300cpm

equals about 90min. Besides, the constant rates deter-

mined under such conditions are comparable. It mentions

a good mixing of the solution and no influence of external

diffusion on the adsorption process.

Figure 4. Kinetic curves of adsorption for a various particle
diameter of the activated carbon

Figure 5. Kinetic curves of adsorption for a various mixing
rate

Effect of the temperature

Fig. 6 shows kinetic curves in a linear form for three

different temperatures. In a range of the temperature 293K

to 313K the rate of adsorption of the examined com-

pounds increases. At the temperature of 313K almost a

double increase of the adsorption coefficient rate was noted,

in comparison with the values obtained at the temperature

of 293K.

DISCUSSION

In Table 2 the determined constant rate (k) for particu-

lar processes and the values of the DCP molecular diffu-

sion coefficient in water are presented. The molecular

diffusion coefficients were calculated by the Wilke-Chang

method8.

It was found that k parameter depends on the contact

surface area and on the DCP molecular diffusion coeffi-

cient in water in a linear way. The linear dependence of

k can be described by the equation below:

(6)

where: k
0
 – constant rate in the temperature of 293K and

for the surface area of the mass transfer equals

1dm2 (1/min), S – surface area of the mass transfer (dm2).

The surface area of the mass transfer is defined as:

(7)

where: α – specific particle area (dm
2
/g), m – adsorbent

mass (g).

The specific particle area was defined as:

(8)

where: ρ – apparent density (g/dm3), A
z
 – particle area

(dm2), d – particle diameter (dm), m
z
 – particle mass (g).

According to the Wilke-Chang equation, the molecular

diffusion coefficient depends only on the temperature for

a given system.

Table 2. The constant rates of the DCP adsorption

Figure 6. Kinetic curves of adsorption for a various tem-
perature
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Equation 6 allows to define the constant rate of the

DCP adsorption onto the DTO activated carbon under the

conditions of a good mixing for any temperature.

In Table 2 the relative deviation σ between the defined

average k
0
 and the values for  the particular measurements

was presented.

(9)

where:  – average values of k
0
 (1/min).

The mean value of the deviation equals 3.2% which

proves good compatibility of equation 7 with the experi-

mental data.

CONCLUSION

The DCP adsorption process from aqueous solution in

a shaker onto the DTO activated carbon is described well

by the model of the pseudo-second order reaction. The

rate constant correlation under good mixing conditions

was described as a function of the temperature. In the

system with a good mixing the equilibrium is established

no longer than 90min., irrespective of the rest of the

parameters.
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