
PLO500228

RADIOTRACER. STUDY IN A BUBBLE COLUMN REACTOR (VISBREAKER)

H.J.Pant, V.K.Sharma, Gursharan Singh
Isotope Applications Division, Bhabha Atomic Research Centre, Mumbai, India

Rohit Kulkarni, A.B.Pandit
University Institute of Chemical Technology, Matunga, Mumbai� India

M.M.Kumar
Indian Institute of Petroleum, Dehradun, India

Ph.Berne
DTEN/STA-CEA/Grenoble, 17 rue des Martyrs 38054 Grenoble cedex, France

Abstract: Radiotracer technique was used to measure residence time distribution (RTD of
fuel oil in a pilot-scale visbreaker with an objective to investigate hydrodynamic behaviour at
different operating and process conditions. Bromine-82 as dibromobiphynlyle was used as a
tracer to measure RTD of the fuel oil. Mean residence times were determined from the
measured RTD data. Tanks-in-series with backmixing model was used to simulate the
measured RTD data. The results of simulation indicated that the visbreaker did not behave as
a plug flow reactor as desired for visbreaking process. The presence of the internals i.e.
baffles inside the visbreaker decreases the mean residence time and backmixing. Thus, the
designed internals have shown promising effect in terms of reduced backmixing in the
visbreaker.

1. INTRODUCTION

Visbreaking process in petroleum refining is used to lower the viscosity of the
residues by thermal cracking of the feedstock at high temperatures and short residence time in
a furnace flowed by longer residence time in a visbreaker also known as 'soaker'. For this
process, the use of bubble column reactor has become a very cogent and attractive
technology. During the process, many products including gases are produced. The gas
produced during the process bubbles through the soaker liquid and is responsible for the
liquid phase backmixing, resulting in over cracking of the already cracked products. Amount
of gas produced goes on increasing along the height of the bubble column reactor due to the
continuation of the thermal cracking reaction. Consequently the gas velocity along the height
of the column goes on increasing fimher enhancing backmixing in the column.

The efficiency of the visbreaking process depends upon liquid phase backmixing and
is maximum at minimum backmixing. The extent of backmixing depends upon the amount of
gas produced along the height of the column during the process. Measurement of residence
time distribution (RTD) of feed in these reactors would provide information on extent of
backmixing or deviation from the ideal flow conditions and enable the designer to assess the
performance of the visbreaker.

Radiotracers are very effective tool to measure RTD of process material and
investigate its transport behavior because of their high detection sensitivity, '�in-situ"
detection, physicochemical compatibility, wide choice and application in harsh industrial
environment 12,3,4]. Tarmy et al. [5] have mentioned use of gold-198 and bromine-82 as
radiotracers for measurement of RTD of organic liquid phase in a bubble column reactor
operating at high temperature (upto 450 C). This paper describes a radiotracer study carried
out in a pilot-scale visbreaker with objectives to assess the performance of bromine-82
dibromobiphynlyle as tracer for application in bubble column reactors at high temperature
and measure the RTD of fuel oil at different operating and process conditions for evaluation
of performance of the visbreaker.
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2 EXPERIMENTAL

2.1. Plant description

The schematic of the visbreaker pilot plant is shown in Fig. 1. The plant is designed
for throughput rate of 20 1/h and essentially consists of three different sections i.e. feed
section, furnace section and product recovery section. The feed section consists of two tanks,
three pumps and heating devices. The feed is heated in a barrel of 200 litre capacity and
recirculated between the barrel and the feed tank of capacity of 100 litre in order to keep
homogeneous with respect to composition and temperature. The heated and homogeneously
mixed feed is pumped to the first coil of the furnace section at a desired flow rate using a
precision reciprocating type-metering pump ith variable stroke. The head of this pump is
used to maintain the desired pressure in the process. A desired quantity of water, at high
pressure, is also injected into the first coil of the furnace using a diaphragm type-
reciprocating pump fitted with a glass metering burette. The purpose of water injection is to
induce turbulence in the visbreaking process.
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Fig 1. Schematic diagram of visbreaking pilot-plant and experimental set up

. The furnace system consists of six stainless steel helical coils connected in series
through a horizontal frame. The first three of these coils constitute the preheating coils and
the last three reaction coils. Each coil is heated separately by immersing in salt bath furnaces
placed vertically below on a hydraulic plate form Outlet of each coil of the reaction zone is
connected to a vessel through separate lines for blow down of the reactor effluents in case of
emergency. The outlet of the last fiimace is connected to the inlet of a pressure vessel called
"Visbreaker" or "Soaker". The preheated feed from the outlet of the sixth coil enters the
soaker drum from the bottom. The cracking reactions continuous in the 'drum and gaseous
hydrocarbons are evolved during the process. The evolved gas enhances .the backmixing of
the liquid phase in the drum. The cracked hydrocarbon effluents ensuing from the top of the
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drum are fed to a flash chamber. To overcome the heat losses from the surface as well as
endothermic nature of the cracking reactions a heater is mounted on the outer surface of the
soaker vessel, unlike industrial soakers, which do not require finther heating from outside, to
maintain proper temperature difference between the inlet and the outlet. It takes about 34
hours to attain approx. 4500C temperature in various parts of the furnace section.

The product recovery section consists of a flash drum, overhead condenser, tar cooler,
distillate accumulator, tar vessel and gas metering system. Flash drum is an electrical heated
MS vessel with a level indicator, wich separates the visbreaker effluents into two streams
i.e. lighter including (over head) and the tar (bottoms). The overhead stream is cooled to
ambient temperature in the overhead condenser having a two-pass double pipe water-cooling
arrangement. he condensate obtained by visbreaking is collected in distillate acumulator
vessel and the volume of gases and noncondensable hydrocarbon effluents is measured'm"' the
gas meter. The visbroken tar from the flash drum is cooled consisting of a single pass shell
and tube water cooled exchanger and collected in a tar vessel, which is electrically heated
from outside.

2.2. Radiotracer Technique

Radiotracer technique was employed to measure the RTD of the feed material i.e. fuel
oil. A series of four different RTD runs was carried out at different process and operating
conditions as shown in Table 1. Run 1, Ru 2 Run 3 were carried out without any internals
inside the soaker, whereas Run 4 was carried out with internals inside the soaker. The
internals consists of 4 perforated baffles plates mounted at four different axial locations
inside the soaker. Each plate had perforations of different diameter and the free area of 4
different baffles for flow was 8% 2 Nos.), 12% (I No.) and 16% (I No.) respectively. The
free area of the baffle plates increases from bottom to top of the soaker.

Bromine-82 as dibromobiphenyl was selected to be used as a tracer and
approximately 37 MBq (I mCi) activity was used in each run. 'Me tracer was instantaneously
injected at the inlet of the soaker drum and measured at four different strategically selected
locations i.e. inlet and outlet of the soaker, condenser inlet and outlet and gas.outlet as shown
in the Fig. 1. The tracer concentration at selected locations was measured using collimated
scintillation detectors connected to a common data acquisition unit (DAS). The DAS was set
to record 1000 data points at a preset time interval of seconds. he recorded data was
subsequently transferred and stored in a laptop computer for finiher analysis.

3. DATA ANALYSIS AND RESULTS

A RTD analysis software provided by Iternational Atomic Energy Agency, LEA 6]
was used to treat and analyze the measured data. The measured data were corrected for
background and normalized, and the first moments of normali ed RTD curves i.e. mean
residence times (i ) were determined. The measured tracer concentration recorded by detector
DI in all the runs was a very sharp peak with negligible width as compared to the tracer curve
recorded at the outlet by detector D2 and thus was considered as an impulse for analysis.
Based on prior iformation or expected flow patterns of liquid phase in the soaker, tanks-in-
series with backmixing model was used to simulate the measured RTD data. Least square
curve-fitting method using well known Marquardt-Levenberg algorithm is used to fit the two
curves and obtain the optimum model parameters 7 The quality of the fit is judged by
choosing the model parameters to minimi e the sum of the squares of the differences between
the data and model. The values of the model parameters correspondin to the minimum value
of root mean square eor (RMS) value were chosen as the bet fit values. Thus:
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where, n is number of data points. he values of the model parameters obtained after
simulation corresponding to the minimum RMS are given in Table 1. The comparison of two
of the experimentally measured and model simulated RTD curves is shown in Fig. 2 and
Fig. 3.

Table I.Results of residence time distribution study in visbreaker pilot-scale plant

Run Feed type Flow Baffle Pressure Temp. f Model
No. rate, Q plates (kg/cm2) (OC) (s) pa meters

(1/h) (in/out) 'rM f N
Gas oil 12 Absent 1 30/30 1210 1226 4,83 2

2 Gas oil 12 Absent 5 260/270 159 1568
Short residue 12 Absent 9 418/405 1

Short residue 12 Present
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0.0007 Experimental (MRT=1210s)
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Fig. 2 Comparison of experimental and model simulated RTD curves (Run )
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Fig. 3 Comparison of experimental and model simulated RTD curves (Run 4)
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4. DISCUSSION

Since the volume (V) of the soaker was 4 litres and liquid phase is fed into the system
at a flow rate of 12 litre/hour, the theoretical mean residence time =V/Q) of the feed in the
soaker was estimated to be 1200 seconds.

The first run was carried out at room temperature with gas oil as feed and without any
internals in the soaker. The mean residence time (i) was determined from the experimentally
measured RTD curve and was found to be 1210 seconds (see Table 1). It may be noted that
the experimentally measured MRT (i) matches well with the theoretically measured RT
(T). This indicates that the entire volume of the soaker is utilized for flow and there does not
exist any dead volume in the soaker, as there is no evolution gas inside the soaker n er
cold conditions. In case of simulation using tanks-in-series with backmixing model, the three
model parameters i.e. mean residence time (rm), backmixing coefficient and number of
tanks (N) were estimated and found to be 1296 seconds, 483 and 2 respectively. 'Me low
value of tank number indicates high degree of backmixing. The values of model predicted
mean residence times (.) were in good agre ement with experimentally measured and
theoreti C-al MRTs.

The second run was carried out with gas oil as feed and the soaker inlet and outlet
temperatures were 260 C and 270 C, pressure kg/cm� and without any internals in the
soaker. The experimentally measured mean residence time (i) was found to be 1596 seconds,
which was much higher than the theoretical MRT 1200 seconds). This increase in the MRT
might be due to production of gas, which causes circulation of feed inside the soaker. This
implies that significant quantity of gas is produced in the soaker when the feed is heated more
than 260 C. This fact is fiifther substantiated by high values of backmixing coefficient
(f--13) obtained by simulating the experimentally obtained RTD curve with tanks-Mi-senes
with backmixing model. However, the degree of mixing (N=3) was found to be less tan the
cold case (Run 1), which was not expected. The tanks in series model predicted MRT ('c.)
was in good agreement with the experimentally obtained NMT (i).

The third rim was carried out in hot conditionsMth short residue as feed and without
any intemals (see table 1). The feed was heated to about 420 C and pumped into the soaker.
The pressure inside the soaker was maintained 9 kg/cm�. The experimentally measured NMT
(f ) was found to be 1289 seconds as against the theoretical MRT () equal to 1200 seconds.
The values of model parameters f and N indicate relatively high degree of backmixing in the
soaker.

The fourth run was carried out at ot conditions with short residue as a feed and four
perforated plates mounted inside the soaker at four different axial locations. he
experimentally measured NMT (i) was ound to be 1069 seconds, which was about 130
seconds less than the theoretical MRT(,c) Tis indicates presence of small amount of dead
volume in the soaker. The dead volume may exits near the wall below the baffles. The
parameters of the TSBM i.e. ., f and N were also estimated to be 1098 seconds, 312 and 3,
respectively.

The comparison of the results of the RTD runs with and without baffle plates (Run 3
and 4 indicate that the presence of the baffles inside the soaker reduce the mean residence
time, backmixing coefficient (f) and degree of backmixing (N). The reduction in backmixing
may be due to reduction in interstage exchange velocity Ub, which in turn increases the
theoretical number of stages. he reduction in mean residence time could be explained only
when the exact analysis of products is known.
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5 CONCLUSIONS

From the present study, following conclusions are drawn:
1. Bromine-82 as dibromobiphenyl used in the present study was found suitable for

measurement of RTD of organic phase in bubble columns (soakers) operating at high
temperatures i.e. 400-450 C and thus could be used for tracing in full scale industrial
soakers.

2. The technique could be used to estimate the extent of coke deposition (dead volume) in
full-scale industrial soakers and schedule the plant shutdown for clean up operation.

3. The excellent fitting (RMS=0.0001) of experimentally measured and model simulated
RTD curve indicated that tanks-in-series with backmixing model was to desc ribe the
liquid phase dynamics in bubble columns (soakers) with and without baffle plates,

4. The soaker did not behave as a plug flow reactor at the presently used operating and
process conditions as desired for visbreaking process.

5 . The presence of baffle plates inside the visbreaker reduce the mean residence time and
degree of mixing. This implies that the presence of suitable perforated baffle plates
mounted along the axial positions inside the visbreaker will help it to behave as a plug
flow reactor and will improve its efficiency.
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