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ABSTRACT

The fluidized bed is one of the best known contacting methods used in the processing industry.
Recirculating fluidized bed (RCFB) is a conventional gas-solid contactor widely used in process
industries for drying, coating, catalytic conversion, combustion and gasification. Attrition is an
essential concern in all types of fluidized bed operation. Attrition of solid particles caused by
abrasion and fragmentation results in loss of bed material and influences the normal operation,
functioning and performance of the fluidized bed reactors.

The objective of this study was the investigation of the attrition of sand particles (Geldart D) in a
RCFB. The idea was to investigate the effects of various parameters like superficial air velocity
of the fluidizing air, bed inventory and spacing between jet top and draft tube bottom (spacer
height) on the attrition of bed material and their size distribution with increasing operation time
and to propose a methodology to estimate the attrition of sand particles in a RFCB. The effects of
attrition of bed material on the solid circulation rate was also investigated in detail.

Experiments were performed at ambient conditions, with superficial air velocity ranging from
7.13 m/s to 9.16 m/s, bed inventory of 7 kg to 10 kg, spacing of 0.085 m and 0.045 m between
jet top and draft tube bottom for an operation time of 40 hours. Bed material was prepared from
Indian Standard (IS) Grade | sand using sieves of size 2.2 mm and 1.0 mm. It was found that,
with increasing operation time and other parameters (bed inventory, superficial air velocity, and
spacer height), attrition of bed material was also increasing. Generation and elutriation of fines
were significant at higher superficial air velocity, bed inventory and spacer height. Further,

qualitative characterization was done through SEM for the confirmation of mode of attrition of



the particles. Mode of the attrition of particles was found to be abrasion rather than
fragmentation.

Particles of the size less than 300 um were found to be escaping from the reactor with the
fluidizing air. This corresponds to the material loss due to the attrition of bed material during
operation. The amount of the material lost after 40 hours of operation with the superficial air
velocity of 9.16 m/s for 10 kg inventory was around 7.28% of the total bed inventory. For the
same scenario, decreasing the superficial air velocity to 8.15 m/s brought down the material loss
to about 6.88%.

Effects of attrition of bed material on the solid circulation rate were studied in detail. A
mathematical model was developed on the basis of the experimental results to identify the effects
of attrition of bed particles on the solid circulation rate incorporating the effects of the various
operating and design parameters. To develop the model, dimensional analysis and nonlinear
regression were used. The model equation was a nonlinear equation which implies the
relationship between the solid circulation rate and the operating and design parameters. The
model equation can estimate the solid circulation rate over a range of operation time and other
parameters. Decrease in solid circulation rate with increasing operation time can be predicated,
using this model equation.

A methodology was proposed to estimate the mass of fines generated in an RCFB by summing
up separately the estimated fines generated in the downcomer (bubbling bed attrition) and in the
draft tube (jet induced attrition). The total material loss obtained from the experimental results
was compared with the mass of generated fines estimated using the models. The proposed
methodology can be helpful in the scaling of RCFB reactor and to calculate the total material

loss and fines generation in the reactor.



This study provides a detailed analysis of the attrition of sand particles in a recirculating
fluidized bed and would help estimate the amount of material loss due to attrition of bed
material.

Keywords: Fluidization, Attrition, Elutriation, Material loss, Solid circulation rate, Jet-induced

attrition, Bubbling bed attrition
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