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Abstract

This study was carried out to study the capability of tire
char and compare with modified char to get rid of
phenolic compounds from waste water in fixed bed
column. Phenol, p-chlorophenol and p-aminophenol
were studied. The effect of operational parameters on
the breakthrough time like bed height, flow rate, initial
concentration and temperature was observed.
Moreover, at breakthrough the capacity rose with fall
off initial concentration and flow rate, temperature and
increasing bed height. From results tire char is
efficient and low-cost adsorbent and modified char was
better than char in removal of phenolic compounds.

Keywords: Tire char, Fixed bed column, Modified char,
Adsorption.

Introduction

Environmental contamination from waste effluents has
seriously increased with the quick advancement of industries
in Baghdad. Inappropriate discharge of industrial waste
water contaminated with organics disposed a problem to the
surroundings. Phenols usually locate in industrial
wastewater and are popular aromatic compounds. Phenol is
the fundamental structural unit of various synthetic organic
compounds in wastewater from industrial operations such
as petroleum refineries, the manufacture of pesticides, dyes
and phenolic resins, textiles, plastics, rubber and
pharmaceuticals. etc.!®> The removal of phenol from
wastewater before discharge into water body is important
because it is highly hazardous, carcinogenic and resistant to
degradationt®4,

The disposal of waste tires represents a main environmental
problem. Different methods used waste tires to convert them
to useful products in an environmentally friendly manner?.

The process under vacuum at high temperatures (450°C—
900°C) with thermal decomposition of waste tire is called
pyrolysis. Pyrolysing waste tire materials could be alter-
native because liquid, gas fractions and a solid residue will
be produced?3.

Adsorption has been observed to be a very proficient method
for the removal of organic/inorganic and toxic pollutants due
to its_facility of running and its low cost.’38 Activated
carbons are widely applied as successful adsorbents for
treating of dye wastewaters as result of its altitude surface
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area and wide convenience and variety but, the
comparatively high cost of activated carbons reduces their
applicability in certain wastewater treatment applications*23,

Adsorption capacities from batch studies are helpful in
giving data about the effectiveness of phenolic-adsorbent
system and the form of isotherms °. However, the results
from batch conditions are usually for the treatment of little
volume of waste discharge, they are not useful in general for
direct application on industrial-scale treatment. Therefore,
continuous system experimental data can supply information
for the design and operation of water treatment processes at
the experimental and industrial level?.

The main objectives of this study are (a) to calculate
adsorption of phenolic compound by low cost adsorbent
using fixed bed column (b) to study effect of bed height, flow
rate, initial concentration and temperature on column
adsorption and kinetic of breakthrough curve and (c) to
improve char surface characteristic by modifying it.

Material and Methods
Adsorbate: Mixture of phenolic
chlorophenol, p-aminophenol, phenol)
Adsorbate: Tire char

compounds  (p-

Synthesis of Char

(a) Preparation of Waste tire Char: The rubber tires were
first washed with tap water to get red from dirtiness and dried
in an oven at 110 °C for 24 h. The dried tire was sieved to a
size of 1.5mm followed by pyrolysis in oxygen free
atmosphere at 600°C for 1h. This temperature was based on
optimum results obtained. The substance has been subjected
to the above process called char?®,

(b) Preparation of Modified Char: Char was synthesized
by dissolving1.0 g char in 20 mL sodium hydroxide (5N),
the solution was stirred for 24h at 120rpm.The filtration was
used to separate liquid from solid by washing with distilled
water until pH 7 was obtained and dried in an oven for 24 h
at 110°C 22, Then, the char was sieved.

Column Experiments: The diagram of the column is shown
in figure 1. Fixed bed experiments were employed using a
2cm i.d., 35cm length glass column near the column inlet,
plastic beads and were put to deter channeling and
guarantee even distribution of the solution. Flowing in the
fixed bed was continuously in down mode as a down mode
by a pump (Model W15G-15, TOTA) at temperature
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(25,35,45°C). Outflow samples were collected from the
column at specific time period. The experiments used initial
concentration (75-225mg/L), flow rate (0.5-1.5 L/h) and
bed height (5-15cm).

Result and Discussion

Effect of Volumetric Flow Rate: Figures 2 and 3 show the
experimental breakthrough curves for mixture of phenol
compounds concentration (75ppm) at different flow rates
(0.5 and 1.51/h) in terms of C/Co. When the volumetric flow
rate is raised, the breakthrough time decreased, the
breakthrough time at C/Co,=0.05 is shown in tablel. For char
and modified char, it is clear modified char had longer tb
than char. These results agree with Sotelo et al*® and
Sulaymon et al*®. They used various flow rates to study the
breakthrough curves of activated carbon adsorption.

Effect of bed height: Height of bed is the most important
parameter in the design of fixed bed adsorption column. The
breakthrough curves gained for various bed height of char
(5, 10 and 15cm) at constant flow rate (1 L/h) and constant
initial concentration(75mg/l) presented in figure 4,5 and 6.
It is shown from these figures that at the Ce/Co smaller bed
height increases more rapidly than at higher bed height. In
addition to at smaller bed height, the bed is saturated in less
time compared with the higher bed height. Also, rising bed
height will rise the breakthrough time(tb) and the residence
time of the phenol and its compound in the bed that will
provide enough time for molecules to penetrate in to
particles of adsorbent. At different length the breakthrough
time C/C,=0.05 was listed in table 1. Results are in
agreement with several previous researchers87,
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Effect of Inlet Phenolic Compounds Concentration: The
change in initial concentration phenolic compounds will
have a considerable impact on the breakthrough curves. The
experimental breakthrough curves are at different initial
concentration (125 and 225 mg/l). Figures 7 and 8 show that
the adsorption quantity at any period increases with
increasing phenols influent concentration. The initial
concentration is inversely related to the adsorption time.
This may be explained by fact that in adsorption
concentration gradient is the mean driving force, the driving
force for mass transfer increases with increase of
concentration of adsorption, it takes a longer contact time to
extend adsorption equilibrium for case of low initial solute
concentration values.

Effect of Solution Temperature: In the current study of
concentration  breakthrough  curves, three distinct
temperatures of 25, 30 and 45 °C are taken in account. All
other conditions were kept constant (h=5cm, Q=1.51/h). As
it is shown from the plot, the breakthrough time of the
sorption process starts decreasing with increase in the
temperature. This means for higher temperatures the
saturation of the char happens in less time. The decrease in
time of saturation is proportional to the increase in the
temperature, normally the adsorption reactions are
exothermic, which means that the adsorption will increase
with lowering temperature. The outcomes are shown in
figures 9 and 10. The breakthrough time at C/C,=0.05 is
presented in table 1.

Cooler-Heater device

Figure 1: Schematic diagram of fixed bed adsorption apparatus
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Figure 2: Breakthrough curves of multicomponent solution of (a) char (b) modified char
(75mg/L; H=5cm, Q=0.5L/h)
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Figure 3: Breakthrough curves of multicomponent solution of (a) char, (b) modified char
(75mg/L; H=5cm, Q=1.5L/h)
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Figure 4: Breakthrough curves of multicomponent solution (a) char, (b) modified char
75mg/L; Q@ = 1L/h, H=5cm
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Figure 5: Breakthrough curves of multicomponent solution (a) char, (b) modified char
75mg/L; @ = 1L/h,H=10cm)
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Figure 6: Breakthrough curves of multicomponent solution (a) char, (b) modified char

75mg/L; @ = 1L/h, H=15cm)
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Figure 7: Breakthrough curves of multicomponent solution of (a) char (b) modified char
(L =5cm; @ = 1L/h, Con.=150ppm)
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Figure 8: Breakthrough curves of multicomponent solution of (a) char (b) modified char
(L =5cm; Q@ = 1L/h,Con.=225ppm)

150



Research Journal of Chemistry and Environment Vol. 23 (Special Issue 1) May (2019)
Res. J. Chem. Environ.

T=35°C

11

0.9
0.8
0.7
0.6

c/co

0.5
0.4
0.3
0.2

0.1

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210
t(min)

== Ph —B—PMP et PCP

11 b
. | T=35°C
0.9
0.8
0.7
0.6
05

c/co

0.4
0.3
0.2

0.1

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210

t(min)

—@—PCP —@8—PMP —@—Ph

Figure 9: breakthrough curves of multicomponent solution of (a) char (b) modified char
(L =5.0cm; @ =1 L/h, T=35°C, Con.=75ppm)
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Figure 10: Breakthrough curves of multicomponent solution of (a) char (b) modified char
(L =5.0cm; @ =1 L/h, T=45°C, Con.=75ppm
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Table 1
Data and parameters of fixed bed adsorption and of multicomponent solution

parameters Char (th mun) Modified char (th mm)
P mp pb e P ph
Volumetnc flow | 03 52 42 3l 58 45 40
rate, ooy /mun
1 33 29 20 43 35 23
15 18 155 8 34 24 18
Length of bed, cm | 3 35 29 20 43 35 23
10 41 32 22 50 38 28
15 50 37 30 55 45 33
Inlet 75 33 29 20 43 35 23
concentration,
mo 150 14 12 S 305 25 15
225 12 i1 7 21 18 15
Temperature, <C | 20 35 29 20 43 35 23
33 145 112 - 25 18 15
45 12 102 7 20 12 §

Conclusion

The performance of char and modified of tire char for
multicomponent solution in continuous system was
investigated. Breakthrough curve was created under
changing flow rate, initial concentration column height and
temperature. Data mark with lowering flow rate and initial
concentration, temperature and increasing column height led
to increase of breakthrough time. The break through curve
could be arranged in order of PCP >PMP > P, th was
35>29>20 for PCP, PMP and Ph respectively at
Q=1cm?/min, con. = 75ppm, I=5cm. Modified char gave
also the best result in phenolic removal with increasing
breakthrough time 43>35>23 for PCP, PMP and Ph
respectively at Q=1cm3/min, con. = 75ppm, I=5cm.

References

1. Al-Husseiny H.A., Adsorption of methylene blue dye using low
cost adsorbent of sawdust: Batch and continues studies, Journal of
University of Babylon, 22(2), 296-310 (2014)

2. Aftab T., Bashir F., Khan R.A. and Igbal J., Treatment of color
through the adsorption efficiency of waste tire-derived char using
response  surface methodology, Desalination and  Water
Treatment, 57(22), 10324-10332 (2016)

3. Antoniou N. and Zabaniotou A., Experimental proof of concept
for a sustainable End of Life Tyres pyrolysis with energy and

153

porous materials production, Journal of Cleaner Production, 101,
323-336 (2015)

4. Ariyadejwanich P., Tanthapanichakoon W., Nakagawa K.,
Mukai S.R. and Tamon H., Preparation and characterization of
mesoporous activated carbon from waste tires, Carbon, 41(1),
157-164 (2003)

5. Al-Mas' udi A.H.B., Farhood H.F. and Mohammed W.T.,
Removal of Dyes from Wastewater of Textile Industries Using
Activated Carbon and Activated Alumina, Iragi Journal of
Chemical and Petroleum Engineering, 10(1), 43-52 (2009)

6. Dabhade M.A., Saidutta M.B. and Murthy D.V.R., Adsorption
of phenol on granular activated carbon from nutrient medium:
equilibrium and kinetic study, International Journal of
Environmental Research, 3(4), 557-568(2009)

7. Darweesh. T.M., Preparation of granular activated carbon from
datestones for absorption of fluoroquinolones antibiotics, Ph.D.
thesis (2016)

8. Ebrahim S.E., Modeling the Removal of Phenol by Natural
Zeolitein Batch and Continuous Adsorption Systems, Journal of
Babylon University/Engineering Sciences, 21(1), 249-263 (2013)

9. Han R., Ding D., Xu Y., Zou W., Wang Y., Li Y. and Zou L.,
Use of rice husk for the adsorption of Congo red from aqueous


https://scholar.google.com/scholar?hl=ar&as_sdt=0,5&q=preparation+of+granular+activated+carbon+from+date+stones+for+absorption+of+fluoroquinolones+antibiotics
https://scholar.google.com/scholar?hl=ar&as_sdt=0,5&q=preparation+of+granular+activated+carbon+from+date+stones+for+absorption+of+fluoroquinolones+antibiotics

Research Journal of Chemistry and Environment

Vol. 23 (Special Issue 1) May (2019)

solution in column mode, Bio Resource Technology, 99(8), 2938-
2946 (2008)

10. Jingyang L., Qi Q., Liang C. and Yanhui Z., Service Life of
Tire and Amount of Waste Tire Forecast in China, China
Resources Comprehensive Utilization, 10, 29 (2011)

11. Mahvi A.H., Maleki A. and Eslami A., Potential of rice husk
and rice husk ash for phenol removal in aqueous systems,
American Journal of Applied Sciences, 1(4), 321-326 (2004)

12. Makrigiannia V., Giannakasb A., Helac D., Papadakia M. and
Konstantinouc I., Adsorption of methylene blue dye by pyrolytic
tire char in fixed-bed column, Desalination and Water
Treatment, 65, 346-358 (2017)

13. Mui E.L., Cheung W.H. and McKay G., Tyre char preparation
from waste tyre rubber for dye removal from effluents, Journal of
Hazardous Materials, 175(1-3), 151-158 (2010)

14. Manojlovic D., Ostojic D.R., Obradovic B.M., Kuraica M.M.,
Krsmanovic V.D. and Puric J., Removal of phenol and
chlorophenols from water by new ozone
generator, Desalination, 213(1-3), 116-122 (2007)

15. Nagda G.K., Diwan A.M. and Ghole V.S., Potential of tendu
leaf refuse for phenol removal in aqueous systems, Applied
Ecology and Environmental Research, 5(2), 1-9 (2007)

16. Quek A. and Balasubramanian R., Preparation and
characterization of low energy post-pyrolysis oxygenated tire
char, Chemical Engineering Journal, 170(1), 194-201 (2011)

17. Sulaymon A.H., Ali A.F.M. and Al-Naseri S.K., Natural
organic matter removal from Tigris River water in Baghdad,
Irag, Desalination, 245(1-3), 155-168 (2009)

154

Res. J. Chem. Environ.

18. Sulaymon A.H., Abbood D.W. and Ali A.H., Removal of
phenol and lead from synthetic wastewater by adsorption onto
granular activated carbon in fixed bed adsorbers: prediction of
breakthrough curves, Desalination and Water Treatment, 40(1-3),
244-253 (2012)

19. Sotelo J., Gabriel O., Araceli R. and Silvia V., Competitive
adsorption studies of caffeine and diclofenac aqueous solutions by
activated carbon, Chemical Engineering Journal, 240, 443-453
(2014)

20. Tsai W.C., de Luna M.D.G., Bermillo-Arriesgado H.L.P.,
Futalan C.M., Colades J.I. and Wan M.W., Competitive fixed-bed
adsorption of Pb (II), Cu (1) and Ni (II) from aqueous solution
using chitosan-coated bentonite, International Journal of Polymer
Science, 2016, 11 (2016)

21. Uddin M.T., Rukanuzzaman M., Khan M.M.R. and Islam
M.A., Adsorption of methylene blue from aqueous solution by
jackfruit (Artocarpus heteropyllus) leaf powder: A fixed-bed
column study, Journal of Environmental Management, 90(11),
3443-3450 (2009)

22. Wan M.W., Petrisor 1.G., Lai H.T., Kim D. and Yen T.F.,
Copper adsorption through chitosan immobilized on sand to
demonstrate the feasibility for in situ soil
decontamination, Carbohydrate Polymers, 55(3), 249-254 (2004)

23.Wang Z.B., Tian Y.J. and Wang X.K., Adsorption Performance
to Methylene Blue by Non-activated Tire-based Pyrolytic
Char, Applied Mechanics and Materials Trans Tech Publications,
508, 35-39 (2014)

24. Zhang W., Dong L., Yan H., Li H., Jiang Z., Kan X. and Cheng
R., Removal of methylene blue from aqueous solutions by straw
based adsorbent in a fixed-bed column, Chemical Engineering
Journal, 173(2), 429-436 (2011).



