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Research subject: In recent decades, hybrid optimizations methods
based on natural phenomenon have placed special position according
to their capabilities in finding optimal solutions without expensive com-
putational loads and disassociation on choosing initial points. Artificial
Neural Network is used as one of the powerful tools of Artificial Intelli-
gence for process simulation. The employment of the neural network in
the modeling of m-Cresol alkylation process of with isopropanol as well
as meta-heuristic methods in obtaining the optimal conditions for the
catalyst and the reaction can prepare an effective step towards a high
efficiency process.

Research approach: In the present study, the artificial neural network
is applied to model alkylation of m-Cresol with isopropanol process. In
addition, the bee colony is employed in order to optimize the process
yield. To verify its performance, the proposed method is used in predic-
tion of the m-Cresol conversion and thymol selectivity of the alkylation
process with isopropanol 120 data. In this process, the input variables
are Weight Hourly Space Velocity (WHSV), pressure and temperature;
m-Cresol conversion and thymol selectivity are considered as the out-
put variables of the neural network. Five hidden neurons are considered
for the proposed neural network. 120 data is used to train the neural
network. The meta-heuristic approach based on bee colony (BC) is ap-
plied to maximize the yield of the process.

Main results: The results confirm that the proposed method develops
the accurate model with an R2 value of greater than 97.5%. The maxi-
mum Yyield is obtained 28.9% by bee colony algorithm with adjustable
variables that are WHSV of 0.062 hr?, the pressure of 1.5 bar and the
temperature of 300 °C. In addition, in order to achieve the better perfor-
mance of the optimization algorithm, the appropriate values of acceler-
ation coefficient and population size are chosen 100 and 10 during the
trial-and-error phase.
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Temperature =250°C.
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Figure 5 Output Comparisons between proposed model and experimental data versus
temperature at WHSV =0.257 h!, Pressure =3 bar.
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Table 1 Yield values based on various acceleration coefficient.

o 1 5 10 100 200
Run1#: Yield(%) 24.5 27.1 27.3 28.9 28.4
Run2#: Yield (%) 22.3 23.3 26.5 27.6 289
Run3#: Yield(%) 25.8 26.9 25.8 28.8 27.2
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Table 2 Obtained results from different bee population size.

P Bee population size 5 10 20 30
Run1#: Yield(%) Run1#: Yield(%) 24.1 26.3 27.1 26.9
Run2#: Yield(%) Run2#: Yield(%) 228 27.1 263 27.1
Run3#: Yield(%) Run3#: Yield(%) 239 26.8 26.9 26.4
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Figure 6 Objective function of bee colony optimization versus iteration.
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Table 3 Values of adjustable variables in the optimum condition.

Variable

Value

WHSV (h)

0.062

Pressure (bar)

1.5

Temperature (°C)

300

odd 48T i o ac dS Ll g5 sla e
L oles oY SO oad ol ac aSl ool
St g @995 OLadl)S Soismel s, 5 09095
S Lz Sls e Sl .l 00 00, )15 4y
et Al cwlin o Slas oas lis oo/« YY)
033l dige Hlade e jetatedy iwloas olb
B Je slp ol (58 o sl ol B ol o
5\” bﬁ‘fuwwfauﬂwbm‘od_ww;
UL gLy VR B VRV WL NN I Y
Glpyiin sl Lo 5 Sde (55lmaingy p— )55
A Jlade (o5 slw a0 ¥ sles g Lo V0

Ll oo ol YARZ L ol 05

oS m=)esl )o Bae b Ol s (e F S8 0
P K- S S-S5 S BN PR YO V- B O PV
aS jeblen g cwl ool o i ol 8 ool aie
YAAZ ol 8 ol ool dgy Jlaie 09— oo ool o
o—as BB sla e, olie ol ool e woa
oa—bdsl,l oV Jea = jo a g ool ol Ly, bl

]

SrSaxms ¥

Silwdnd Gl (seghan (oras AD (Bdod (ol o
oal&iul 2550 Sy s Lo Ujo,S e O dSIT a9
PPES PRY P NI | (PN = CO N VRSN I Wt JX g U
sl o 03, ) Ay (e 4 (5ol sy
99,9 Lo piie pleieay Lo g Lt o lad cey
Ols—eds Jo—od i S 5 Ji9—Ste Jmad

YV roh - ood (o 50 b Ghagh (sl i) o (g oole aolibad


https://arcpe.modares.ac.ir/article-38-53258-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-14 ]

w8 B8 o s 5o sras A0S (65,5

&=l

[1] Shapiro S., The Inhibitory Action of
Fatty Acids on Oral Bacteria, Oral Microbiology
and Immunology, 1996 ,355-350 ,(5)11.
[2] Didry N.P, Dubreuil L. and Pinkas M.,
Antibacterial Activity of Thymol, Carvacrol and
Cinnamaldehyde Alone or in Combination, Die
Pharmazie, 1993 ,304-301 ,(4)48.

[3] Teissedre PL. and Waterhouse A.L.,
Inhibition of Oxidation of Human Low-Density
Lipoproteins by Phenolic Substances in
Different Essential Oils Varieties, Journal of
Agricultural and Food Chemistry, -3801 ,(9)48
2000 ,3805.

[4] Biedermann W., Koller H. and
Wedemeyer K., Process for Preparing Thymol,
United States Patent US 1978 ,4,086,283.
[5] Yadav G.D., Pathre G.S., Novel
Mesoporous Solid Superacidic Catalysts:
Activity and Selectivity in the Synthesis of
Thymol by Isopropylation of m-Cresol with
-2Propanol over UDCaT5-,4-, and6-. Journal of
Physical Chemistry A, 2005 ,8-11080 ,109.
[6] Malkar R.S., Yadav G.D. Selectivity
Engineering in Synthesis of Thymol Using
Sulfated ZrO2-TiO2. Industrial & Engineering
Chemistry Research, 2017 ,47-8437 ,56.
[7] Shelokar P, Kulkarni A., Jayaraman
VK. Siarry P, Metaheuristics in Process
Engineering: A Historical Perspective (Chap.
1) in: Applications of metaheuristics in process
engineering. Springer, Berlin, 2014.

[8] Ganesan T, Vasant P, Elamvazuthi I,
Advances in Metaheuristics: Applications in
Engineering Systems. 1st Edition, Boca Raton:
CRC Press; 2016.

[9] Sakthivel G., Prediction of CI Engine
Performance, Emission and Combustion
Characteristics Using Fish Oil as a Biodiesel at
Different Injection Timing Using Fuzzy Logic,
Fuel, 2016 ,229-214 ,183.

[10]  Petit]., Zupan J., Leherte L., Vercauteren
D.P, Application of a Kohonen Neural Network
to the Analysis of Data Regarding the Alkylation
of Toluene with Methanol Catalyzed by ZSM5-
Type Zeolites. Computers & Chemistry, -557 ,26
2002 ,72.

[11] Sun XY, Xiang S.G, Product
Distributions of Benzene Alkylation with
Propylene Estimation Using Artificial Neural
Network (ANN). Advanced Materials Research,
772, Trans Tech Publications, Ltd. ,32-227

2013.

[12] Mahmoudian F, Moghaddam A.H,
Davachi S.M., Genetic-Based Multi-Objective
Optimization of Alkylation Process by a Hybrid
Model of Statistical and Artificial Intelligence
Approaches. The Canadian Journal of Chemical
Engineering, 2022 ,102-90 ,100.

[13] Afreen G. Pathak S. Upadhyayula
S., Gas Phase Alkylation of Biomass-Derived
m-Cresol with iso-Propanol over Zinc Modified
HY Zeolite: Elucidating Reaction Mechanism
and Kinetics Including Deactivation. Chemical
Engineering Journal, 2020 ,125824 ,400.
[14] Ncanana Z.S. Pullabhotla VSRR,
Oxidative Degradation of m-Cresol Using Ozone
in the Presence of Pure y-Al203, Si02 and V205
Catalysts. Journal of Environmental Chemical
Engineering 2019 ,103072 ,7.

[15] Shahhosseini S., Vakili S., Optimization
of Styrene Reactor Using Tabu Search and
Genetic Algorithm Methods. International
Journal of Chemical Reactor Engineering, 9 ,
A2012 ,64.

oy = (oo (owiine 6075 Sb gl sl Ay e (AR g (ool alilad YA


https://arcpe.modares.ac.ir/article-38-53258-fa.html
http://www.tcpdf.org

