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Research subject: The isomerization reaction of xylene by the hetero-
geneous catalysts is one of the important processes in petrochemical
industries. In this research, the kinetics of the single reversible reaction
of m-xylene to p-xylene has been studied. For this purpose, the desired
reaction has been investigated with the Mo-Pt@ZSM-5 catalyst.
Research approach: The desired reaction was carried out in the gas
phase and constant temperatures of 375 to 378 2C on Mo-Pt @ZSM5
catalyst. The input feed is considered to be similar to the actual cur-
rent in a petrochemical unit of aromatic production in Iran. In order to
model the studied process, the temperature process is assumed to be
constant and the forward reaction rate constant is considered as an ad-
justable parameter, and the reverse reaction rate constant is calculated
from the m-xylene - p-xylene equilibrium constant reported in the ref-
erences. The total molar fraction of m-xylene and p-xylene is assumed
to be constant and equal to their sum in the feed, and the molar fraction
of orthoxylene is calculated from the m-xylene - o-xylene equilibrium
constant reported in the literature. By using the mass balance and per-
formance equation of the packed column as well as Organ’s equation to
estimate the pressure changes along the column, the appropriate differ-
ential equation system is proposed in this research and solved numeri-
cally using the ode45 command in MATLAB software.

Main results: Both the experimental data and the simulation results
with Aspen-HYSYS software show that the temperature has little effect
on the composition of the output product in the investigated tempera-
ture range. Therefore, in the investigated temperature range (375 to
378 2C), the rate constant is assumed to be independent of temperature
and the optimal value of the rate constant for the reaction of m-xylene
to p-xylene is equal to 1340 cm3/grcat.hr, and for the reverse reaction,
itis obtained from the data of the equilibrium constant in terms of tem-
perature. The results and the proposed kinetic model give an acceptable
prediction of the experimental data presented in the literatures.
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Figure 1. Reactions investigated in the case of xylene [10]
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Table 1. Feed composition and conditions of laboratory tests

Component Feed molar Feed component Operating parameters
fraction flow rate (Fi; mol/s)
Benzene 0.003 1.54224E-09 Temperature 375,378 °C
Toluene 0.352 1.80956E-07 Pressure 5.5-9 bar
Ethylbenzene 3.619 1.86045E-06 H/HC (in mol) 1.6-3.0
Para-xylene 1.75 8.99638E-07 WHSV 3.2-43 hr!
Meta-xylene 68.547 3.52386E-05
Ortho-xylene 25.729 1.32267E-05
Sum 100 5.14079E-05
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Figure 2. Xylene isomerization test reactor system
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Figure 4. The effect of temperature on the ratio of ethylbenzene and xylenes compounds in the product to the feed
using the simulation results with the Gibbs Reactor model in the Aspen HYSYS software.
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Figure 5. Error graph calculated by Eq. (24) in terms of k3 value
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Figure 6. (a) pressure changes along the length of the column and (b) the calculated mole fraction of
xylenes in the product compared to the experimental data in the conditions of average temperature,

pressure and ratio of hydrogen to hydrocarbon
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clc
clear all
P0=10; %atm
v0=7.15; %m3/h
Dp=0.006; %m
rho_c=1923; %kg/m3
Ac=0.0013; %m?2
L=0.01:20; %m
k=12; %m6/kmol.kgCat.h
CA0=0.1; %kmol/m3
phi=0.45;rho_b=rho_c*(1-phi);
W=Ac*rho_b*L;ktC=k*CA0*W /vO0;
X=ktC./(1+ktC);
alpha=0.037;%1/kg
corr=1-alpha*W/2;
X_DeltaP=ktC.*corr./(1+ktC.*corr);
FA0=CA0*v0;

[W_Num X_Num]=o0de45(@(Ws,Xs) SecOrdW_P(Ws,Xs,FA0,CA0,k,alpha),[0 max(W)],[1 0]);

L_Num=W_Num/Ac/rho_b;
betaO=alpha*Ac*(1-phi)*rho_c*P0/2;
P=P0*(1-2*beta0*L/P0)."(1/2);
P_Num=P0*X_Num(:,1);
XA_Num=X_Num(:,2);

Fontsize=17;

subplot(1,2,1)

h1=plot(L,PL_Num,P_Num,>s>)

xlabel(«z [ft]>,»FontSize»,Fontsize)

ylabel(<P [atm]»,»FontSize>,Fontsize)

legend (<Analy.»,,Num.»,»Location»,,NorthEast>)
set(h1,LineWidth»,4);
set(gca,»FontSize»,Fontsize);

subplot(1,2,2)
h2=plot(L,X_DeltaPL,_Num,XA_Num,»s>,L,X,>:»)
xlabel(«z [ft]>,»FontSize»,Fontsize)
ylabel(«<X_A»>,»FontSize>,Fontsize)
legend(<Analy.»»Num.»,>PFR>pLocation>,»SouthEast»)
set(h2,LineWidth»,4);
set(gca,»FontSize»,Fontsize);

function dXdW=SecOrdW_P(W,X,FA0,CAO0,k,alpha)
dXdW = zeros(2,1);

dXdW(1)=-alpha./2./X(1);
dXdW(2)=k*CA0"2*(1-X(2))."2.¥X(1)."2/FA0;

DO b~ oond (ot 63, o Gy (ol 4d) o (Shbgy (oole aolilad
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P [atm]

= Analy.
= Num.

b?
§ PFR
0

0 b 10 15 20 5 10 15 20
z[ft] z|[f]

G0l 0 cadboslaiul goue o b 568 LS 0-0 Jle Ll o anslie (V-0) S
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clc
clear all

% Reactor Temp. C 385

% Reactor Pressure, barg 9.0
% WHSV,1/hr 3.5

% H2/HC in, mol 3.0

% PROPANE BUTANES PENTANES C6 NORMAL C6 NAPHTENES BENZENE

% C7_NORMAL C7_NAPHTENES TOLUENE C8_NORMAL C8 NAPHTENES

% ETHYLBENZENE PARA XYLENE META_XYLENE ORTHO_XYLENE

% C9_NONAROMATICS C9_AROMATICS C10_NONAROMATICS C10_AROMATICS C11+_HYDROCAR-
BON

Datal1=[0.007 0.020 0.081 0.041 0.040 0.797 0.000 0.012 1.325..

0.221 0.382 1.772 21.668 50.650 21.440 0.315 1.106 0.000 0.123 0.000];
Data2=[0.007 0.011 0.029 0.034 0.017 1.000 0.034 0.010 6.983..

0.041 0.392 0.690 19.859 44.947 19.024 0.123 5.755 0.007 0.789 0.249];
[h,p,ci,stats] = ttest(Datal,Data2)

d=Datal-Data2;
s=std(d)
t=tinv(1-0.05/2,19)
d_bar=mean(d)
Err=t*s/2070.5
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