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ABSTRACT

Trickle bed reactors (TBR) are widely used in refining industry for hydroprocessing
(desulphurization, denitrogenation, olefin saturation, dearomatization, hydrocracking, and
isomerization) of hydrocarbon feedstock to meet requirements of cleaner fuels and production of
high-quality base oils for lubricants. TBR is operated in an adiabatic mode with intermediate
quenching to check the rise in temperature due to the exothermic hydrogenation reactions. Trickle
bed reactors are limited by excess hydrogen (Gas/Qil ratio: 400 to 1200 Nm3/mq), high bed
pressure drop, large recycle of unreacted hydrogen, feed vaporization, reducing hydrogen partial
pressure and increasing hydrogen partial pressure along height, etc. This is often compensated by
large reactors (higher catalyst requirement) and high severity operation to meet product quality
specifications which in turn leads to non-selective cracking of hydrocarbon feedstock to light ends
and shorter run lengths.

To overcome these limitations of TBR, the three-phase radial flow reactor (RFR) is
conceptualized in the literature. Although two-phase (gas-solid) radial flow reactors are
commercially used for applications such as naphtha reforming process and ammonia synthesis,
gas-liquid-solid radial flow reactor is unexplored field till date. RFR is a packed bed reactor with
an annular bed of catalyst, liquid feed trickles downward while gas is introduced through a central
gas distributor extending vertically downward. Gas flows in radially outward direction across
catalyst bed. RFR configuration results in lower pressure drop due to reduced flow path, higher
partial pressure of hydrogen along height, simultaneous reaction, and separation of gas phase
products such as H>S and NH3z and minimization of inhibition effects. In spite of these features,

experimental and modeling studies for RFR are lacking in comparison to TBR. Therefore, it is



important to validate and understand RFR configuration through experimental and simulation
studies.

In the present work experimental investigations of gas-liquid flow were carried out in
laboratory scale radial flow and trickle bed reactor packed with commercial hydroprocessing
catalyst. Experimentally identified critical limitation of radial flow reactor in terms of allowable
liquid and gas flow rate (operating range) without causing radial displacement of liquid out of the
bed (termed as weeping; undesired operation). Effects of reactor internals, bed porosity, flow
arrangements and gas-liquid flow rates were investigated on operating range. Measurements of
pressure drop, liquid hold-up, residence time distribution and axial dispersion were carried out
with variation in gas and liquid flow rates. Analyzed sensitivity of weeping to gas and liquid flow
rates till maximum possible liquid displacement from RFR. Based on experimental data, empirical
correlations were proposed for predicting liquid hold-up and two-phase pressure drop. Further,
experimental investigations were performed to assess pressure drop, liquid hold-up, residence time
distribution and axial dispersion of RFR vis a vis TBR. These studies form the database critical
for design and performance evaluation of novel radial flow configuration.

Another focus of the thesis was to develop 1-D and 2-D reactor model for predicting
performance of commercial scale RFR for diesel hydroprocessing. To achieve this objective, first
1-D model for commercial scale TBR was developed and validated using literature reported kinetic
data. To separate intrinsic Kinetics from apparent Kinetics in data, wetting efficiency and
effectiveness factor were incorporated in the model. Literature reported mixing cell network
consisting of string of CSTR’s has been adopted for the model development. Post validation of 1-
D reactor model of TBR, 1-D reactor model developed for RFR using intrinsic kinetic data.

Simulation studies were performed for RFR and compared its performance with TBR. 1-D models



predicted profiles for concentration of reacting species, temperature, partial pressure of Hz and
H>S and effectiveness factor along reactor height. Further, to assess impact of maldistribution of
liquid which is relevant in the real world; 1-D models were extended to 2-D geometry for TBR
and RFR. The 2-D model simulated impact of change in liquid and gas distribution at the reactor
inlet on the species concentration and temperature profile along reactor height and diameter.
Maldistribution factor Mf was varied in the range 0-0.6 to analyze effect of maldistribution in
liquid phase on performance of TBR and RFR in terms sulfur content (ppm) in outlet stream from
the reactor. Further, 2-D model developed for TBR in the present study can be used to determine
extent of maldistribution and probable size of hot zone based on measured axial and radial
temperature profile in the commercial scale TBR. 2-D model of RFR can be used to assess safe
and feasible operation with allowed degree or limit for liquid maldistribution.

The unique aspect of this thesis lies in the fact that it is the principal research study focusing

on experimental and simulation studies for the three-phase radial flow reactor for hydroprocessing.

Vi
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