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Abstract: The aim of this study was to optimise the removal process of toluene using ozone and
platina catalyst; considering the effects of flow rate of polluted air and ozone, concentration of ozone
and reactor temperature. Design of experiments was used for the first time to determine the effects
of the abovementioned factors on toluene removal. It was observed that in the presence of ozone in
the reactor, the toluene removal was increased fivefold. The flow rate of the polluted air significantly
(P<0.05) affected the toluene removal. However, it was noticed that the ozone flow rate had
insignificant impact on the process. In addition, highest toluene removal was detected at the lowest
operating temperature (50°C), illustrating the importance of the suggested method to achieve an
economical method to remove toluene. A second order polynomial equation using central composite
face design with R2 = 0.785 was fitted to the results. Correspondingly, it is expected to achieve the
complete removal of toluene at air flow rate of 40 ml/min, operating temperature of 50°C and ozone
concentration of 70 ppm.
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INTRODUCTION

Toluene is the strongest volatile organic compound (VOC) which is entering the environment through the
sewage of petrochemical industries and oil refineries. In order to remove VOC different methods are utilised
including; filtration, biological decomposition, surface absorption, liquid adsorption, and oxidation (Wu et al.,
1999; Chang and Chang, 1997). Oxidation is more commonly used method to remove VOC. However, high
energy consumption due to the high temperature required for the oxidation is the major drawback of this
method. To address a solution to this problem Berenjian et al (2009) used ozone to oxidise stable compounds
(multi ring aromatics and chlorine hydrocarbons) without the need for post-process decontamination. Different
types of catalysts can be use to achieve complete combustion, e.g. pt/pd on ceramic and chrome oxide on
zeolith. Platina has used as a catalyst as it is extremely resistant to halogen pollutions (Saracco and Specchia,
2000).

The aim of this study was to optimise the removal process of the toluene in a platina reactor using ozone.
We hypothesized that the flow rate of the polluted air and ozone along with the ozone concentration and the
reaction temperature might affect the removal process. Due to avoid excessive numbers of experiments Design
of experiments (DOE) strategy was used to achieve the optimum condition.  

MATERIALS AND METHODS

Oxidation pilot device and material were previously described Berenjian et al (2009). Variables were
changed as follow; reactor temperature between 50 to 200 EC, ozone concentration 30 to 70 ppm, polluted air
flow rate 40 to 100 ml/min and ozone flow rate from 50 to 100 ml/min.

Central composite face design (CCF) employed to optimise the levels of the effective factors. Response
surface methodology (RSM) was used for analysing the results. For reproducibility of the results, each
experiment was conducted in triplicate and the average responses were used for analysis (data were reported
as mean ± standard deviation (SD)). All values were scaled factors and the response was described by the
quadratic equation. Modde software version 7 (Umetrics, Sweden) was used to create matrixes, develop a
model and determine optimum conditions. the statistical significant was determined by analysis of variance
(ANOVA) test. The quality of fit for the regression model equation was expressed as R2 and statistical
significance was accepted at P<0.05.
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RESULTS AND DISCUSSIONS

The effects of different factors including; flow rate of the polluted air and ozone, reactor temperature and
ozone concentration, were assessed. It was noticed that ozone concentration, air flow rate and reactor
temperature had significant effect on the oxidation yield. Experimental results and actual levels of the
parameters were shown in Table 1.

The polynomial model for toluene removal is shown in Equation 1.
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(Equation 1)

Where X1: air flow rate, X2: ozone flow rate, X3: temperature, X4: ozone concentration and Y: outgoing
toluene concentration considering all the significant and insignificant factors. The coefficients for the model
were listed in Table 2. According to the design, air flow rate, reactor temperature, and ozone concentration
had a significant effect (p<0.05) on toluene removal. Among the Interactive terms only (ozone flow rate*ozone
concentration) was a significant factor, while all the other interactive terms were insignificant (p>0.05).
Moreover, model fit was confirm by an R2 = 0.794. Predicted versus observed plot illustrates a good
correlation between the model and the experimental data, showed in Figure 1. The standard deviation of the
residuals was much smaller than the standard deviation of the regression showed a goodness of fit. Complete
removal of toluene was achieved by solving the regression equation as 40 ml/min air flow rate, 50 EC
temperature and 70 ppm ozone concentration. At 50EC toluene completely removed, without considering the
ozone flow rate.

Table 1: Experimental conditions of the central composite face design and responses
Run  factors Toluene

----------------------------------------------------------------------------------------------------------------------------------- observeda

Air flow rate (ml/min) Ozone flow rate (ml/min) Reactor temperature (EC) Ozone concentration (ppm) (ppm)
1 40 50 50 30 101±0.12
2 100 50 50 30 110±0.68
3 40 100 50 30 12±0.11
4 100 100 50 30 90±0.09
5 40 50 200 30 2±0.98
6 100 50 200 30 68±1.22
7 40 100 200 30 24±1.53
8 100 100 200 30 11±1.24
9 40 50 50 70 0±0
10 100 50 50 70 2±0.42
11 40 100 50 70 23±0.32
12 100 100 50 70 68±0.96
13 40 50 200 70 7±1.21
14 100 50 200 70 3±0.08
15 40 100 200 70 2±0.28
16 100 100 200 70 4±0.03
17 40 75 125 50 27±0.05
18 100 75 125 50 48±0.41
19 70 50 125 50 30±0.03
20 70 100 125 50 31±0.14
21 70 75 50 50 21±0.54
22 70 75 200 50 8±0.43
23 70 75 125 30 23±0.15
24 70 75 125 70 11±0.28
25 70 75 125 50 18±0.17
26 70 75 125 50 18±0.36
27 70 75 125 50 18±0.41
a: Values are expressed as mean ± SD of three experiments 
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Table 2: Statistical analysis from the central composite face design experiments
Term Coefficient Standard Error P-value
Constant 20.4815 7.8827 0.0233
X1 11.4444 5.0418 0.0424
X2 -3.2222 5.0418 0.5347
X3 -16.5556 5.0418 0.0065
X4 -17.8333 5.0418 0.0040
X1

2 15.7778 13.3394 0.2597
X2

2 8.7777 13.3394 0.5229
X3

2 -7.2222 13.3394 0.5981
X4

2 -4.7222 13.3394 0.7294
X1X2 2.4375 5.3476 0.6566
X1X3 -5.1875 5.3476 0.3511
X1X4 -5.9375 5.3476 0.2886
X2X3 -1.1875 5.3476 0.8280
X2X4 14.3125 5.3476 0.0201
X3X4 8.1875 5.3476 0.1516
X1= air flow rate, X2= ozone flow rate, X3= reactor temperature, X4= ozone concentration; R2 = 0.785; Significance code: P<0.05 

Table 3: Analysis of variance for quadratic model
Source of variation DF SS MS SD F-value P-value
Total Corrected 26 25592.7 984.333 31.3741
Regression 14 20101.9 1435.85 37.8926 3.1380 0.027
Residual 12 5490.74 457.561 21.3907
DF: degree of freedom, SS: sum of squares, MS: mean sum of squares, SD: standard deviation

Fig. 1: Comparison between observed and predicted results.

Conclusions:
The results indicated that by optimizing the effective parameters in the process using ozone and platina

catalyst, toluene can be totally removed. At the temperature limit from 50 to 100°C, depending on ozone
concentration, total removal of toluene is not achievable. Ozone with higher concentration will expand its
effective surface and increase the possibility of effective reaction between ozone and toluene and thus more
amount of toluene removal. According to the above-mentioned tests, achieving low operating temperature and
the fact that ozone-platina system is both economical and effective, industrial pollutions (containing VOC) can
be removed more efficiently, and with less price by using optimised ozone-platina system.

REFERENCES

Berenjian, A and A. Khodiev, 2009. How ozone can affect volatile organic compounds. Aust. J. Basic.
& Appl. Sci., 3(2): 385-388.

Changm M.B. and C.C. Chang, 1996. Destruction and Removal of Toluene and MEK from Gas Streams
with Silent Discharge Plasmas. AlChE Journal, 41(8): 37-43.

Conti, G., W.B. Leroux. and R. Brexezinski, 1999. A High Performance Biofilter for VOC Emission
Control, Journal of the Air & Waste Management Association, 49(10): 185-192.

Saracco, G. and V. Specchia, 2000. Catalytic Filters for Abatement of 8, latile Organic Compounds.
Journal of Chemical Engineering Science, 55(5): 897-908.

Wu, G.B, A. Conti, A. Leroux, R. Brzezinski, G. Viel, M. Heitz, 1999. A high performance biofilter for
VOC emission control, Journal of the Air and Waste Management Association, 49(2): 185-192.

288


