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Compound %
K,0 9.11
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Table 2: Results of XRF analysis of spent catalyst
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Table 3: Results of BET analysis of Spent catalyst and nano
particles
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Table 1: Considered parameters with their levels
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% %

[H,0,] Time Catalys | H,O, | Remov | Remov
Test [H.0.]1 |[cat) (min) t (mg/ al ) al

[Tol] (mg/L) L) (experi | (model

mental) )

1 3.07 | 0.67 36.2 4538 | 307.8 62 63.6
2 5.10 | 0.80 67.5 637.5 510 58 57
3 510 | 0.50 67.5 1020 510 94 923
4 712 | 0.67 98.7 10498 | 712.1 64 63
5 5.10 | 0.50 67.5 1020 510 93 923
6 1.70 | 0.50 67.5 340 170 63 60.3
7 712 | 032 36.2 22143 | 7121 57 55.1
8 5.10 | 0.50 67.5 1020 510 94 923
9 3.07 | 0.32 36.2 957.1 | 307.8 59 59.5
10 | 712 | 0.32 98.7 22143 | 7121 79 77
11 | 3.07 | 0.32 98.7 957.1 | 307.8 78 784
12 712 | 0.67 36.2 10498 | 712.1 48 47.1
13 | 510 | 050 67.5 1020 510 91 923
14 | 3.07 | 0.67 98.7 4538 | 307.8 75 76.4
15 | 510 | 0.50 120 1020 510 100 100.4
16 5.10 | 0.50 15 1020 510 71 71.1
17 | 510 | 0.50 67.5 1020 510 90 923
18 5.10 | 0.20 67.5 2550 510 64 65.4
19 | 510 | 0.50 67.5 1020 510 92 923
20 85 | 0.50 67.5 1700 850 42 452

Table 4: Results of tests for removal of toluene
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Parameter Coefficient P
Constant 92.3174 0.000
[H20,]/[Toluene] -4.4899 0.000
[H20,]/[Catalyst] -2.4962 0.002
Time 8.6969 0.000
[H20]/[Toluene]*[H,0,]/[Toluene] | -13.9790 0.000
[H20.]/[Catalyst]*[H,O,)/[Catalyst] | -10.9738 0.000
Time*Time -2.3117 0.003
[H20,)/[Catalyst]*[H.O,]/[Toluene] -3.0000 0.003
Time*[H,0,]/[Toluene] 0.7500 0.359
Time*[H,0,]/[Catalyst] -1.5000 0.084

Table 6: Stimated second order equation coefficients by
minitab
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Fig 4: Normal distribution curve and residual values from
RSM model

Gl Aoy ol s eyl 36 5 bty 5IUT (0) g

MS ss |DF| F P

Linear | 464.45 | 139335 | 3 | 9525 | 0.000

Fit Second | 135453 | 415359 | 3 | 283.95 | 0.000

order
Interaction 31.50 94.50 3 6.46 0.010
Residual | | . offit | 700 | 3543 |5 | 266 | 0154
Error

Pure Error 2.67 13.33 5

Table 5: ANOVA and effect of main parameters on removal
percent
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Fig 6: The effect of intraction between [H,0,]/[Catalyst] and
reaction time on removal of toluene
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reaction time on removal of toluene
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Abstract:

In this paper iron oxide nanoparticles were employed for removing of toluene from agqueous solutions with
initial concentration of 100 ppm by Fenton-Like process. Iron oxide nanoparticles synthesised from spent
catalysts of Tabriz Petrochemical Styrene Unit using a ball mill. these nanoparticles were characterized by
BET, XRD, XRF and FE-SEM analysis. The milling of spent catalysts was performed in dry ball mill. Dry
ball milling of spent catalysts was carried out in presence of argon as an inert gas. Iron oxide nanoparticles
with diameter about 18 nm were obtained after 4 hours by dry ball milling of spent catalysts using 15 balls
with a diameter of 20 mm. The milling was performed at a rotation speed of 400 rpm.The results of BET
analysis showed that specific surface of catalysts has increased more than 9 times with the milling of spent
catalysts. XRD patterns showed that during dry milling, some of Fe;O,4 has converted to Fe,Os. Due to the
higher rate of reaction of Fe,O; compared to the Fe;O,4 in Fenton process, this conversion causes higher rate
of toluene elimination from aqueous solutions. The crystal size of spent catalysts and synthesized iron oxide
nanoparticles was calculated by Scherrer equation. The crystal size of spent catalysts and synthesized iron
oxide nanoparticles were obtained 56.6 nm and 33.9 nm respectively which confirmed the results of BET
analysis. The concentration of toluene in aqueous solutions was measured by Gas Chromatography (GC-
Agilent 7890A) equipped with FID detector and HP-Plot Q column (30m x 0.530 mmx 40.0 pum) using
liquid-liquid extraction by hexane. Hexane and samples were mixed with volume ratio of 1/10. Samples
were injected to GC in volume of 1 micro liter by a syringe (Agilent). Experiments were performed at pH=3
and room temperature (25°C) in a batch reactor in volume of 500 ml with a mechanical stirrer. Due to study
of interaction between the parameters and determining the optimal conditions, experimental design was
performed by RSM method. [H,O,]/[Catalyst], [H.O.]/[concentration of pollution] and time (min) were
considered as efficient parameters on removing of toluene. Quadratic equation with high correlation
coefficient fitted using RSM method. R? and R?(adj) values of predicted model for removing of toluene in
Fenton-Like process were obtained 99.14% and 98.37% respectively. The results showed that
[H.O,]/[Catalyst] and [H,0,]/[concentration of pollution] have optimum ranges. The optimum ranges for
[H,O,]/[Catalyst] and [H,0,]/[concentration of pollution] were obtained 0.36-0.5 and 4-5.5 respectively .
Optimal values for [H,O,]/[Catalyst], [H.O,]/[concentration of pollution] and time (min) for removing of
toluene in Fenton-Like process were obtained 0.460, 4.928 and 105.7 respectively. In optimum conditions
for efficient parameters, complete removal of toluene by Minitab software was predicted. Experiments in the
optimum conditions also confirmed the results of Minitab software. The results showed that spent catalysts
of Tabriz Petrochemical which are considered as waste, have a good ability for activation of H,O, and
removing of toluene from aqueous solutions.

Keywords: Toluene, Aqueous solution, Fenton-Like, Iron oxide nanoparticles, Optimization.
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