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Abstract— A rigorous mathematical model of an industrial naphtha hydrodesulfurization(HDS) reactor is developed in
two dimensional spatial fields. Reaction kinetics proposed by Gate et al. is used for HDS reaction and the values of em-
pirical parameters are calculated from design and operation data. The resulting mathematical statement of the HDS reactor
is described in terms of a mixed set of partial differential and non-linear algebraic equations. Based on the mathematical
model, dynamic simulation of a commercial HDS reactor is carried out using gPROMS software package. Orthogonal col-
location method on finite elements is employed as a numerical solution method to solve the problem. Actual design data
are utilized for dynamic simulation and the results are compared with design and operation data. The deviation between
them is less than 3 %. Considering the achievements of this work, some applications of model-based dynamic simulation
of the naphtha HDS are discussed.
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Fig. 1. Typical flow diagram of naphtha HDS process.
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Table 1. Values of kinetic parameters

Variables Value Unit
o 7.08E-04 -
A, 1.44E-18 -
A, 1.43E-05 -
A, 2.56E-09 -
E, -129700 J/mol
E, 13820 J/mol
E, -41100 J/mol
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Table 2. Transport and physical properties

Variables Value Unit
D, , 1.00E-04 m’/s
k, 5.08E-02 Jm-K-s
h, 3.97E+02 Jm*K-s
D, 670.0 kg/m’®
D, 43.96 kg/m’
Cp 2753.072 J/mok-K
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Table 3. Conditions for design and operation

Values Unit
Reactor dimensions length 3.9 m 53,4539
diameter 31 m %’*ﬁﬁg
Operating conditions LHSV 7 1/h et
System pressure 254  kg/om’ T
H, partial pressure >60  kg/em’ ]
Average temperature(SOR)  583.15 K ey it
Capacity 30000 BPSD 563,15002
Az sholl whE wh-g7|Wel|A o] =31 Fig. 35} 4ol viehy
gich. Fig. 3& k7] FARoA A|7bdslel] w2 uh37] Aol wh Fig. 3. Temperature profile at the center of the reactor
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Table 4. Feed specifications
Value Unit
Anlysis Boiling point 37-205 ‘C
API 54.7-71.6 -
Total sulfur 0.06-0.15 wt%
Component Fraction(wt%) Fig. 4. Temperature profile at the exit of the reactor.
Reactor inlet Hydrogen sulfide 0.04
e b o] Bejpae] FEE I wgol APl me} A% Flskd @
Ettan 016 S71HAA Y w2 AFAHCE 22402)0] k2 A 2400
Propanc 0.08 2ol ol28) HAPgol £ & & Ak o] Avhe v 2
i-Butane 0.03
n-Butane 0.03
i-Pentane 0.02 1
n-Pentane 0.02
i-Hexane 2.42 12
n-Hezane 6.54
Heptane 16.67 14
Octane 17.89
Nonane 12.22 Lor
Decane 0.70 ]
Cyclopentane 0.01 Ros — 2
mth-Cyclopentane 2.15 g ——
cyclohexane 3.07 %o_g L =
C7-naphthenes 9.75 § -
C8-naphthenes 9.08 0.7
C9-naphthenes 4.60
C10-naphthenes 0.00 ol
Pentene 0.00
Hexene 0.00
Benzene 1.19 il
Toluene 3.96
C8-aromatics 7.13 s o 20 -~ e
C9-aromatics 0.92 tine (s)
C10-aromatics 0.10

Fig. 5. Concentration of H,S at the center of the reactor.
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Fig. 6. Concentration of H, at the center of the reactor.
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Fig. 7. Concentration of S at the exit of the reactor.
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Fig. 8. Temperature profile at the center of the reactor with 10 %
increase of H, flowrate.
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increase of H, flowrate.
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Table 5. Comparison of simulation results with design data

Process variable Design data Simulation results
S at reactor inlet, wt ppm 720 720

S at reactor outlet, wt ppm 0.5 0.48

H,S, kmol/hr 532 5.18

H,, kmol/hr 543.08 557.81

H, partial pressure, Pa 7.93E+05 7.72E+05
Temperature, K 583.15 583.15
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: frequency factor

: molar concentration of gas [mol/m’]
: heat capacity [J/mol-K]

: wt ppm of sulfur

: diffusivity [m*/s]

: activation energy [J/mol]

: total voidage of the catalyst

: overall heat transfer coefficient [J/s-m’-K]
: thermal conductivity [J/mol-K-s]

: pressure [Pa]

: temperature [K]

: time [s]

: position of radial direction [m]

: velocity [m/s]

: position of axial direction {m]

: reactor length [m]

: reactor radius [m]
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o : empirical constant

p  :density [kg/m’]

AH : heat of reaction [J/mol]

Y  :rate of reaction [mol/kg-s]
v :stoichiometric coefficient
SHAX}

b :bulk phase

f  :fluid phase

i :component i

j  :component j

-

£ 9N

2
3

: radial direction
: axial direction
: inlet condition
: reactor outside
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