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Syncrude Canada Ltd. is one of the largest 
producers of crude oil from Canada’s oil 
sand. The three fluid cokers at Syncrude 
facility near Fort Murray, Alberta, are among 
the largest commercial fluid coking units 
currently operating in the world, with a total 
processing capacity of approximately 
270,000 barrels per day.  

Fluid CokingTM is a thermochemical process 
to convert long-chain hydrocarbons, such as 
heavy oil and bitumen, to a full range of 

lighter products (e.g. gasoline and diesel 
fuel) using a fluidized bed system.  

A R&D project has been conducted at BCRI 
to study mass transfer in a fluidized bed 
with liquid injection in order to find potential 
ways to further improve liquid product yield 
and operability, with the following specific 
objectives: 

• Develop a method and measuring 
technique for mass transfer and 
operability studies 
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• Understand how operating conditions 
affect the overall mass transfer rate 
and vapour yields 

• Demonstrate a method to improve 
mass transfer conditions.  

Warm Model 

A “warm model”, intended for testing at 20-
120°C at near-atmospheric pressure, was 
conceived and built to focus on mass 
transfer while minimizing the influence of 
other factors such as chemical reaction 
kinetics. The 4 m high fluidized bed column, 
with a 0.4 m x 0.1 m cross section, is 
designed to enable dynamic similitude 
between the model and the commercial unit 
operating at 480-540°C and 2-4 bar by 
matching a number of dimensionless 
groups. 

In addition to external solid recycle at high 
superficial gas velocities through high-
efficiency cyclones and a J-valve, internal 
solids circulation can be induced using a 
vertical partition in the dense bed. 

Molten wax-heptane mixtures and other 
liquid solutions were used as simulated 
liquid feeds to reproduce vapour release, 
agglomeration and coking phenomena. 
Fluid coke, FCC particles and silica sand 
were used as bed materials.  

The liquid injection system can prepare and 
inject different liquid mixtures at various 
feed rates, gas-to-liquid ratios and feed 
temperatures, using single-fluid (hydraulic) 
or gas-assisted nozzles. 

Thermal conductivity detectors (TCD) were 
used to measure vapour concentrations at 
different locations.  

A LabviewTM data acquisition system is 
employed to operate the test column, 
display and log test data. The logged data 
can be deconvoluted to eliminate the effect 
of the sampling system and retrieve true 
process signals. 

Test Program 

A productive 4-year (2011-2015) test 
program has been completed, which covers 
the following topics: 

• Hydrodynamics, gas and solid 
residence time distributions in the 
fluidized bed 

• Jet-bed interactions and agglomeration 
tests 

• Experimental measurement of vapour 
concentration and determination of 
mass transfer rates from wetted 
particles to the gas phase 

• Impact of operating conditions on mass 
transfer and agglomeration 

• Atomization tests and effect of different 
nozzle types 

• Impact of bed internals 

A mechanistic model was created to 
analyze the instantaneous vapour release 
data.
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