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Abstract: The removal of color from textile industry and dyestuff manufacturing industry wastewaters

represents a major environmental concern. Decolorization of industrial wastewater by ozonation followed

by granular activated carbon adsorption was investigated. The effect of operating conditions: initial dye

concentration, ozone concentration, ozone air flow rate and solution PH on the rate of decolorzation were

studied experimentally. Numerical correlations using regression analysis for decolorization time with

operating condition of the process were presented. Then a novel method using fuzzy logic is developed

to replace traditional regression methods. This method simulates the effect of varying these operating

conditions on the rate of decolorization. Obtained results are compared.
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INTRODUCTION

The public demand for color-free waste discharge

to receiving waters and tougher color standards have
made decolorization of a variety of industrial wastes a

top priority. Unfortunately, with the complicated color-
causing compounds, the decolorization of these wastes

is a difficult and challenging task .[1]

Results presented by a few researchers revealed

that ozone decolorize all dyes, except non soluble
disperse and vat dyes which react slowly and take

longer time . Furthermore, it has been documented[2 ,3]

that color removal using ozonation from textile

wastewater is depended on dye concentration .[4 ,5 ,6]

Fuzzy set theory developed by Zadeh  has been[7]

viewed as an alternative to more traditional
considerations in order to deal with complex

mathematical systems. The basic issue in fuzzy logic is
that a specific object can be assigned to more than one

cluster with certain degrees of participation. The
application of fuzzy techniques in modeling provides

two main benefits: Firstly, fuzzy set theory is able to
model the uncertainty involved in the data set of the

training vectors . Secondly, it offers a computational[8]

framework, which is algorithmically equipped with a

solid and well-structured mathematical background .[9]

Fuzzy logic sets the control system operational

laws in linguistic terms, instead of using mathematical
equations (regression, interpolation…), as it is done in

the classical methodology. Fuzzy logic is applied in
systems with high degree of complexity, in which

modeling using mathematical equations leads to
imprecise control schemes. A fuzzy controller is in

general composed of three blocks: fuzzification,

inference, and defuzzification, as shown in fig. (1) .[10]

When moving through the use of fuzzy logic in

Chemical Engineering applications, several studies use
fuzzy logic for fermentative processes. Others used

fuzzy to control the concentrations of various
substances  in  laboratory researches or industrial

fields.  Fuzzy  reasoning has an importance in
Chemical Engineering, as well. Reasoning rules could

permit the automated start-up of the feeding of
substances  during  several reactions . Moreover,[11]

fuzzy has the advantage of solving different
optimization problems in different areas such as in

water flow systems . In environmental research, fuzzy[12]

has emerged in prediction, optimization, and

management. Fuzzy has predicted temperature in ,[13]

Fuzzy- Genetic programming has been used in

prediction  of  ground  movements  for mining
purposes in . Planning for water quality management[14]

systems is complicated by a variety of uncertainties
and nonlinearities,  where difficulties in formulating

and solving the resulting inexact nonlinear optimization
problems exist.  has presented an interval-fuzzy[15]

nonlinear programming model for water quality
management under uncertainty.

The aim of the present work is to study the factors
affecting the rate of decolorization of a synthetic waste

solution containing a water- soluble direct dye by
ozonation followed by granular activated carbon

adsorption experimentally. Numerical correlations using
regression analysis will be applied. Thus, the novel

fuzzy logic simulation method is introduced and results
are then compared.
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MATERIAL AND METHODS

The experimental setup shown in fig. (2) consists

of an air dryer with two columns filled with high
adsorption molecular sieve and two compressors

worked alternatively, laboratory ozonizer model 301.7
(Erwin Sander) to generate ozone and Plexi-glass

bubble column reactor. The reactor had a glass column
of 10-cm diameter and 50-cm height with pyrex

sintered glass at the bottom through which O3 was
introduced to the solution. The ozonated dyeing

wastewater is subjected to GAC adsorption in a batch
stirred tank reactor. Before each run the bubble column

was filled with 2000cm  of dye waste water.3

Compressed air was allowed to pass through the

ozonizer where ozone formation takes place. The outlet
stream from the ozonizer containing O3, O2, and N2

mixture was allowed to pass through tygon tubing
connected to the bottom of the bubble column. The gas

flow rate was controlled by a needle valve and was
measured by air flow meters. The decolorized

wastewater is subjected directly after ozonation to GAC
adsorption using batch stirred tank reactor The

temperature was fixed approx. at room temperature
during all the experiments. Finally a 200 cm3 of

treated wastewater is taken to measure its amount of
total organic carbon (TOC).

The dye concentration time data during
decolorization was detected using spectrophotometer.

The dye used in the present work was water soluble
(Drimarene Red CL-3B).

RESULTS AND DISCUSSION

Experimental Results: Fig. 3. represents the change of

dye concentration with time at different initial dye
concentration. Fig. 4 shows the decrease of the dye

concentrat io n  with time at different ozone
concentration. The rate of dye removal increases with

increasing ozone concentration. Fig. 5 shows the
decrease of the dye concentration with time at different

ozone flow rate. Fig. 6 shows the effect of different
solution pH on the dye concentration and decolorization

time. According to Elavitz et.al. [16], the pH affects
the decolorization process by affecting the rate of

ozone decomposition and ozonation kinetics. The rate
of ozone decomposition is favored by formation of

hydroxyl radicals at higher pH values.

Simulation  Results: Regression: Equation (1) and
Fig. 7 show the effect of initial direct dye

concentration (150 to 600 ppm) on the decolorization
time. It is shown that decolorization time increases

with increasing initial dye concentration.

Td = 0.0284 Cd + 7.2909   R  =0.96         (1)2

Equation (2) and Fig. 8 show the effect of ozone

concentration on the decolorization time. It is noted
that the decolorization time decreases linearly with an

increasing ozone concentration.

Td = -1.5564 Co + 42.747    R  = 0.98.          (2)2

oWhere T  is the decolorization time (min) and Cd

is the ozone concentration (ppm).

For increasing ozone concentration from 9.61 g/m3

to 17.02 g/m  the decolorization time of 300 ppm3

(initial dye concentration) was reduced by about

41.07%. This result is consistent with the theories of
mass transfer . According to these theories, as ozone[17]

concentration increases in the air bubbles, the driving
force for the transfer of ozone to the dye solution

increases with a consequent increase in ozone
concentration in the solution and rate of dye oxidation.

Equation (3) and Fig. (9) show that the decolorization
time decreases with increasing gas flow rate by a rate

of 58.5%.

Td = -0.09 15 Fo + 63.9      R  = 0.98           (3)2

oWhere T  is the decolorization time (min) and Fd

is the ozone flow rate (L/hr).

The decrease in decolorization time with increasing

ggas flow rate (V ) is attributed to the enhancement of
the rate of mass transfer of ozone from air-ozone

bubbles to the liquid phase as a result of (1) eddies
generated in the wake of the rising bubbles, reducing

the diffusion layer thickness that surrounds the
bubbles ; (2) increase in the gas hold up (å),[1 8 ]

according to the equation ,[19]

ggá(V  )         (4)n

Where n ranges from 0.7 to 1.2 in the bubbly
regime which prevails at a relatively low gas flow rate.

In equation (5) and fig. (10), it is shown that the
decolorization time decreases with increasing pH of the

solution by a rate of 31.4%.the data fit the following
equation:

Td = -0.5847 pH + 18.881  R  = 0.97             (5)2

Where Td is the decolorization time (min) and pH

is the pH of the solution.
Numerical correlations using regression analysis for

decolorization time with Operating condition of the
process can presented in the following equation:

Td = 60.046 – 0.58728 pH - 0.05393 Fo – 2.64558 Co

+ 0.034 1 Cd R2 = 0.88
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Fig. 1: Fuzzy Controller Scheme.

Fig. 2: Experimental Setup

Fig. 3: Concentration Vs. time for different direct dye concentration. 
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Fig. 4: Dye concentration Vs. Time at different Ozone concentration

Fig. 5: Dye concentration Vs. Time at different Ozone flow rate

This equation can be used to predict the
decolorization time by knowing the operating

conditions (initial dye concentration, ozone flow rate,
ozone concentration and pH of the solution).

Simulation Results: Fuzzy: The fuzzy system used in

this paper is a Mamdani fuzzy inference system which

has four inputs and only one output. The inputs are:

d oinitial dye concentration C , ozone concentration C ,

ozone air flow rate Fo, and solution pH on the rate of
decolorzation; while the output is the decolorization

dtime T , as shown in fig. (11). For each input, a
number of membership functions are assigned. This

number and the distribution of these functions depend
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Fig. 6: Dye concentration Vs. pH at different Ozone concentration

Fig. 7: Effect of initial dye concentration on decolorization time

on the input range and the active area inside during the
experimental process. Eight membership functions are

assigned to the first input and to the output; while four
membership functions are assigned to the other three

inputs as shown in figs. (12 and 13- a).

Simulation results of this proposed fuzzy system
are to be tested and compared with the results obtained

with the regression method shown in equation (6). The
fuzzy  output  surface  is shown in figure (13- b).

Table  (1)  shows  a  comparison  between   the two
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Fig. 8: Effect of ozone concentration on decolorization time

Fig. 9: Effect of ozone flow rate on decolorization time
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Fig. 10: Effect of pH of the solution on decolorization time

Fig. 11: Fuzzy Inference System Simulating the whole Process
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Table 1: Results comparison for the proposed fuzzy simulation technique.

d o o dC C F pH Td (Regression) Error T  (Fuzzy) Error

300 12.4 100 7.14 27.88463 16% 24.4 1.6%

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

500 17.05 100 7.14 22.40268 9% 21.5 4.6%

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

300 6.2 200 7.14 38.89422 17% 46.8 0.4%

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

300 17.05 100 2.93 18.05513 3% 17.6 2.2%

Fig. 12: The four input membership functions
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Fig. 13: Output membership functions and output surface of the proposed model

techniques. It is obvious that the fuzzy technique has
given less error than the regression method in

prediction of the decolorization time. Errors in the
traditional method (regression) are ranging from 3 to

17 %, while in the proposed fuzzy method it ranges
from 0.4 to 4.6 %.

Conclusion: The decolorization of direct dye

(Drimarene Red Cl-3B) by ozonation followed by
granular activated carbon adsorption was found to be

an efficient method for textile wastewater treatment.
Initial dye concentration, ozone flow rate, ozone

concentration and pH of the solution were found to
affect the rate of dye removal and total organic carbon

(TOC). Numerical correlations using the regression
analysis to predict the decolorization time by knowing

the operating conditions were developed. Fuzzy logic,
as an effective process control method has been

introduced for better simulation. Obtained results from
both methods have been studied carefully, the

comparison has shown that the proposed fuzzy logic
method has proven better performance.
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