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ABSTRACT

Various petroleum refining and petrochemical industries use Trickle Bed Reactors (TBR) to
treat the petroleum feedstock with hydrogen to remove sulfur (hydrodesulfurization (HDS)),
nitrogen (hydrodenitrification (HDN)), oxygen (hydrodeoxygenation (HDO)), metal components
(hydrodemetallization (HDM)), and to saturate aromatic rings (hydrodearomatization (HDA)) etc.
at high temperatures and pressures. Trickle Bed Reactors are multiphase packed bed reactors (Gas-
Liquid-Solid) with gas and liquid both flowing co-currently downward through the bed of catalyst
particles. These catalyst particles (on the internal surface of which the desired reaction takes place)
are charged into the reactor in a grossly random fashion, resulting in a heterogeneous or non-

uniform structure of the bed.

In reactions where “deep conversion” is desired, local non-uniformities in packing structure
in a TBR is thought to have a dramatic impact on its performance. With the environmental laws
and imposition of stricter limits for sulfur in ULSD (Ultra Low Sulphur Diesel) at extremely low
levels of 10 and 15 ppm, the conversion levels or the performance of TBR’s need to be upgraded
to higher levels. These bed defects, stated earlier, tend to create non-uniform voidage variation
inside the bed. Local variation in voidage in turns affects the flow related parameters, such as
liquid-gas distribution, axial dispersion, wetting and irrigation of pellets, formation of hot spots,

etc., and in turn adversely affect reactor performance and catalyst life.

Structure of packed bed is composed of many factors such as filling pattern, particle size,
and shape, column-particle-diameter ratio and particle size distribution. The aim of this
investigation is to characterize the packing structure of randomly packed beds of monosized
spherical particles. For extracting this quantitative information, an extensive characterization

method has been used in this work in which structure of dense-packed bed has been generated



experimentally, its three-dimensional structure experimentally determined using bed freezing,
sectioning and image analysis. With this exact information on the location of particles, their size
and packing fraction, statistical measurements such as radial variations in voidage, radial
distribution function and nearest neighbour function based on the interparticle distances have been
determined.

Packing heterogeneity and its effect on the flow properties of the resulting packed bed is
studied in a quasi-two-dimensional column as it helps in visualizing the structure which is not
easily amenable in a curved geometry. The packing patterns are first generated by an automated
set-up to ensure reproducibility and their natural packing structure is further examined so that it
can be individualized. Moreover, fluid flow behavior in various packing arrangements is studied.

Uniform liquid distribution is crucial in Trickle Bed Reactors for the proper functioning of
the reactor. Poor distribution is attributed to the poor design of distributor, wall flow at the bed
scale and voidage variation at particle scale caused either by the particle shape or by the pore space
geometry. With packing defects, further study is required to understand the flow behavior of fluids
inside the bed. The fluid flow pattern resulting from different loading techniques (discussed
earlier) is mapped by keeping other factors (particle shape and column-particle-diameter ratio)
constant. The impact of other deciding factors such as aspect ratio of the column, prewetting, and

fluid flow rates on liquid flow behavior has been examined.
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L3108

fafiesT deiferas Remsiaer 3N deih Ao 3eAeT Heh (FTSSISHTIISALT (TISITH)),
AL (FTSFISAGIHhI (TISNTA)), TSl (BTSZISFEFHIADIOT (TISI3N)), &1
Teohl (FTSSSHCHSIAA (VISH)) FT g2l & [T gIB3IST & AT Ueiforas HIseeis
gellol e & fIT 3R 3T AT 3R gdld T ETSISTSWIHES A2 (HDA) Y HeJod el
& forw feaher 93 Ruaed (SI3R) &7 399197 o ¢ | fehel 98 RugeX T iR e arg
8% foru a1v (Ao-fafFas-aifas) Aedithar Ruaex €, S 3ce ol & et & A &
IAATT F A F 3R F6d &1 37 3o Hoit (9 W aifda 3aies gfafear gid 8) &t
RUeFe 7 T §9  Selcla Go1 ¥ Aot fohar i &, foraes aRomareasy dfdar & vt ar

IR-FHATH FIIAT AT 8

giaferaratt & SIgT "Ig FUTAROT" Jifed &, SRR & ST I3aar & TANT -ThEadar &

IR # 9 AT § R s8% e WX 1R 9sTa gsdar &1 ULSD (3TeeT &f oWl Sietel) &

T & folv qaTatoli Siefst 3R T AT 1 o] st & a1, 10 3R 15 ddivd &

foiFT TR TR, FUTAROT TR AT TBR & Ye Fl 3Td TR T I e I AaTHhdT gl
feher & IV, St agel T I AT, Yieher & 3eX I-TAT T A fHetar a1 d 81 eaan
(Voidage) # TUAT fHeeiar Jarg & Gafd ATIGST F THIAT Il g, o4 foh dlel-3rd
faaRoT, 3efr tharra, 3coRe STt 1 AT AT 3R TS T, 1T TUTAT ot a7, 3nfe,
3R e 7 Ruae 962 3R 3R Siaet i gfddhd §9 & FHITIT ad &

o5 95 & LT S HehT § Folt gleht & or T Ufehar Yeet, ot 3mepfar 3R 3, -

HUT-SATH AT HR 0T R AR $H ST T 32T AlAASS INellhR ROl &
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SRS &1 I Yop 95 T fehaT TIT=AT T AT § 1 57 ATACHAS SATASRRT i [Ty & forg,
g 1 H Teh cITIeh oI8T0T JUTeTl UgTa T 3T fham aram § o a1-Ufsher &Y Tiarer &y
JIRTcHS ®9 F 3coe] TohdT IT g, SThT el STITHT TXIAT JARMcAS ®9 T 85 hifoiT,
TR IR B TALeIoT &7 3T F¥eh TUTRA Fr 9718 § | FHUI o TUTT, 3oAeh IR 3R
fehaT 3721 TR T ST & |1, HITEIhIT AT o18 3 =7 (voidage) # ftestar, IsTe
TaoT thereret 3R $eXARevel g o TR W foisheda TSI herelel & fefiRoT fohar aram g

Afehar fawaaT 3R He aRUTATaRY A fohT 1T Yfehar & Farg 0T O SHeRT FHTd Teh 3781-
Sf-3TITHT leld H eI fhaT SI1aT § Fifeh Ig T Sl gE=l H HAGG T & Sl
YATIER SATAT 7 Tare & 9o 81 & | feher Yoot ad ggel Teh Tl He-319 GanT
fRfeer fomam ST & arfer soteter 3R 3e1ehT rehfoes Yfsher HX=raT hr Sirer 1 o |eh orfes 38

3TH9T-37e19T fhAT 1T Teh | 5T 37elraT, [Affea AfFer caaeam & ga yaTg caagR & 37egT

forar aram &1

Rueret & TR R & fov el 95 Rueredt # G aer faeaRor Agcaqol § | &Rre faeror
&I It & @ 3armse, $feer av Slar & yarg 3R 0T 3ThR A1 o1 SAART T =
et & fow fSFAGR Sarm Sirar &1 8T gt & are, $fher & 3 R 961 & varg
ST T GHSTA & TIT 31T o 37T T IaThdT 8ldT & | AR AT Thelian! (T8t

T T A7) H 3cUeel g HaTg UeeT e Rl (HUT 3MehR 3N FAH-HUT-IH 379Td) i

WW@#%&TW%I 31 AT oot aTel ShRehl SI8 FeT oh 3TEYere 3ieTare], Safear,

3R T YaTE cTagR R &d YdTg & ol ofrd i 315 g
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