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Uplfow Packed and Expanded Bed Hydrotreater

> Upflow  Hydrotreater treats heavy crude oil
(Scheuerman, Johnson et al. 1993)

> Guard Reactor to Residual Desuflurization (RDS)
reactors

> This technology has a conical bottom to catalyst bed
and is a combination of fixed bed and moving bed
(Krantz, Earls et al. 2002)

Spent catalyst replacement through conical bottom
Upflow of gas and liquid over catalyst bed

> It can handles feed with varying degree of
contaminants

> It can improve the life cycle of fixed bed RDS
reactor
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Problems In Industrial Reactor

Coke deposition on one side of the reactor. LLiii

> Increased pressure drop either in the inlet distributor tray or in the outlet or both,

and hence the total pressure drop over the reactor.
> Disturbance in the catalyst bed.
>  QOccasional difficulty in controlling the reactor temperature.
> Variations in product quality.

> Shortening catalyst cycle of fixed bed reactor.

----------- > Noclear pattern for these problems.

Emergency shutdown.



Efficient working of upflow hydrotreater with conical bottom has ::::i::

huge impact on hydroprocessing industry e

> For proper working of this reactor; minimum random motion of and
back mixing of catalyst is required and the catalyst bed expansion shall
not be more than 10 percent by volume

Bed expansion are never evaluated and quantified in OCR reactor



Objectives

Ray Densitometry (GRD) along the axial length of the reactor -
for varying flow rate

> Demarcate packed and expanded bed region based on photon
counts and flow regime trend



Gamma-Ray Densitometry (GRD)

Components of GRD Principle Behind GRD SRR
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Photon Count of GRD

Attenuation of y — Ray i

The reduction in the radiation intensity from I,to I can be expressed by The Beer —
Lambert’s law according to the following equation (Chen et al., 1998):
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Atmosphere 1, (Schlieper, 2000)

SE | is the detected radiations (photons)

S T p is the density of the subject under study

u is the mass absorption coefficient of the subject under study
___________ L is the total length for gamma ray beam path through the absorbing medium
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Experimental Setup
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Bed Expansion- Based on Photon Count

Comparison with Packed Bed Count

Packed Bed Case- Catalyst Bed Filled with
Liquid
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[, is the photon count obtained for the case when catalystbed is
filled with liquid and no flow of gas and liquid

 This case represents the condition of packed bed as there is no
movement of solids

e The photon counts are slightly increasing with height and is due to the
increase in void space with height

% change -[(I- 1)/ I, whereas] is the photon count at flow rate, this
represents the change in photon count with respect to packed bed
The % change is increasing steadily till Z/D-1.2, and then it fluctuates
Steady increase in the percentage change shows packed bed region
and fluctuation represents expanded bed.

After Z/D-=1.2 the bed expands




Bed Expansion- Based on Flow Regime

Flow Regime in Packed Bed using Kolmogorov Entropy (KE) SN

At ZID =03 andr/R =0 (Bottom of the Bed) e The flow regime is obtained from the KE plot at the

KE plot at Z/D=0.30 and r/R=0 bottgm of the bed which is essentially packed for
varying flow rate
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Bed Expansion- Based on Flow Regime

Flow Regime trend of Packed Bed Flow regime Trend of Expanded Bed
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velocity (0.0175 cm/sec)

From Z/D-0.30 to Z/D=1.02 the flow regime trend shows similar
pattern of packed

The transitional velocity from bubbly to pulse flow for all the axial
location in packed bed shows same at 3.8 cm/sec (gas)

velocity (0.0175 cm/sec)

From Z/D-1.2 to Z/D-1.55 the flow regime trend irregular trend
and is mainly due to random motion of solids at this point

This region depicts expanded bed part of the bed.

Above 7Z/D=1.02 the bed is in expanded bed state




Gamma-Ray Densitometry is capable to demarcate the packed and :::::::

expanded bed region in upflow packed/expanded bed reactor -+

> Bed demarcation is done based on the photon counts received at flow
rate conditions, and then comparison with the packed bed case when
the catalyst bed is filled with liquid and no flow rate.

> Bed demarcation is also done based on chaotic analysis (KE) of time

series of GRD for flow regime identification. The packed area shows

similar flow regime trend and with same transitional velocity. The
expanded bed region shows irregular flow regime trend
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