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Scope of semifluidization 

SEMIFLUIDIZATION is a new and unique type of 
fluid-solid contacting technique which has been re
ported recently. In most of the chemical plants we 
come across situations where a solid phase has to be 
kept in contact with a fluid phase — for example dif-
fusional operations like drying, adsorption, reaction 
kinetics, solid catalysed reactions, heat transfer, etc. 
In all these cases fluid solid contacting is very essen
tial and developments to increase the efficiency of con
tact are always welcome. Fixed bed or packed bed, 
batch and continuous fluidization and semifluidization 
all are two phase phenomena. In case of batch flui
dization if the free expansion of the bed is restricted 
by the introduction of porous disc or sieve and the 
fluid velocity is increased the particles are fluidized 
and the expansion starts with further increase in velo
city of fluid—the particles will be carried and the for
mation of a fixed bed results at the top. So by the 
introduction of restraint some of the particles are dis
tributed to bottom section which is in the form of a 
packed bed. This is known as semifluidization which 
can be considered as a new type of solid-fluid contact
ing method which combines the features of both fix
ed and fluidized beds. 

This type of technique overcomes the disadvantages 
of fluidized bed namely back mixing of solids, attri
tion of solids and problems involving erosion of sur
faces. This also overcomes certain draw backs of 
packed bed, viz., non-uniformity in temperature in the 
bed, channel flow and seggregation of solids. 

Application of semifluidization in the field of re
action kinetics has already been initiated. This tech
nique is advantageous for fast exothermic reactions 
such as vapour phase oxidation and chlorination of 
hydrocarbons, etc. Use of this technique in studies in 

'mass transfer have shown that the magnitudes of mass 
transfer coefficients can be controlled approximately 
linearly and within the limits of a completely fixed bed 
and fully fluidized bed by means of bed expansion 
alone. 

Semifluidization is a compromise between the two 
and the particles can be distributed into the two sec
tions as desired by chosing the parameters like posi
tion of restraint, fluid velocity, etc. 

Present state of development 
The literature available so far on semifluidization 

can be classified under the following heads: (i) Studi-
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es oriented towards prediction of the onset and maxi
mum semifluidization velocities; (ii) Studies oriented 
towards the prediction of packed bed height; (iii) 
Studies on total pressure drop; and (iv) Studies on 
mass transfer, reaction kinetics and other related fields. 

Minimum (onset) and maximum semifluidization 
velocities 

Minimum (onset) semifluidization velocity (Gosl) 

This depends upon (i) characteristics of particles 
(ii) fluidizing medium and also upon the quantity of 
particles in relation to column size (i.e.) hs/h ratio. 
When the restraint is very near the initial packed 
height hs/h = 1, the onset of fluidization velocity it
self, is the semifluidization velocity. When the rest
raint is far above the initial packed bed h s/h appro
aches zero, semifluidization cannot be achieved un
less the velocity of the fluid approaches that of the 
terminal velocity of the particles. 

Mdocimum semifluidization velocity (Gmsf ): While 
the minimum semifluidization velocity depends upon 
static bed height relative to the overall height of the 
bed, the maximum semifluidization velocity corres
ponds to the terminal free fall velocity of the particles. 
Above this velocity all the particles will be in the 
packed section and the entire bed will be fixed one. 



transferred to the packed bed the velocity must be 
maximum semifluidization velocity beyond which there 
is no semifluidization. The third method is based on 
the assumption that the particles can be carried over 
only when the fluid velocities are higher than the free 
fall velocity of the particles. If the values of Gt eva
luated by these three methods are compared, one will 
observe that there is a difference. 

The values obtained by the second method are 
always greater than method one. The reasons may be 
due to the following facts: (i) the particles are not of 
uniform size always, and (ii) porosity of the pack
ed bed above is assumed to be the same as that of 
the least dense static bed which was there prior to 
fluidization. The values of the first method are less 
due to the fact that porosity of the bed is not uniform. 
The values calculated by the laws of settling are 
much lower because the equations for gravity settling 
are derived for single particles. There is definite in
fluence of the other particles also of the column and 
supporting screen. 

Fan, Yang and Wen, Poddar and Dutta, Roy and. 
Sarma are the main workers who have reported cor
relations for prediction of the onset and 'maximum 
semifluidization velocities. 

Fan and Co-workers' correlation for predicting the 
packed bed formation can also be used to predict the 
maximum semifluidization velocity. The relationship 
is as follows. 

Poddar and Dutt presented equations of the follow
ing type for the prediction of minimum and maximum 
semifluidization velocities, from the physical proper
ties of the solids and flow characteristics. The equa
tions are: For minimum, 

The method proposed by Fan et al, involves the 
evaluation of onset of fluidization felocity for which 
a number of methods are available in literature, Pod-
dar's equations for predicting Gosf and Gmsf values in
volve either a trial and error or a graphical solution. 
The method suggested by the authors involves a 
knowledge of only the physical properties of the sys
tem and this is more convenient for use. 

Packed bed height in semifluidization 
Fan and Coworkers proposed an equation (3) for 

the prediction of packed bed height from the valu
ation of maximum semifluidization velocity and mini
mum fluidization velocity. 

Poddar and Dutt presented equation for the pre
diction of packed bed formation in semifluidized bed 
from the properties of the system and fluid velocity. 
The equation is, 

The only assumption in the derivation of equation (9) 
is that the porosity of packed bed formed just below 
the preventing screen is assumed to be the same as 
that of the original bed. 

Total pressure drop 
Measurments of total pressure drop occurring in 

semifluidization have been reported only by Fan et al., 
and these measured values have been compared with 
those calculated in the following way. 

The total pressure drop should be the algebraic 
sum of the pressure drops across the fluidised sec
tion and the packed bed. 
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packed bed fluidized bed and semifluidized bed was 
also presented by them by plotting the variation of 
bed height with fluid mass velocities. The data ob
tained under conditions of restricted packed bed, 
fluidized bed and semifluidized bed were found to fit 
well plotted in terms of modified friction factor (fm) 
vs. N.Rep as suggested by Leva et al. Studies on wall 
to fluid heat transfer have also been made by these 
authors (Kaparthi and Rao). Air solid systems were 
studied and the data has been co-related in the form 
of Nusselt group, particle Reynolds number and 
porosity ratio. 

Scope for further studies 

So far the studies that have been made are only 
confined to the prediction of the minimum and maxi
mum semifluidization velocities the formation of the 
packed bed below the restraining screen. While the 
total pressure drop in semifluidization has been ex
pressed as a summation of the pressure drop in pack
ed bed and fluidized bed only, correlations are yet to 
be developed for the prediction of total pressure drop 
in terms of the properties of the systems and flow 
characteristics. There is plenty of scope for further 
studies in this aspect as well as in heat and mass 
transfer. The application of the semifluidization tech
nique to the field of reaction kinetics has already 
been initiated. Further investigations on these lines 
will be of immense help in reactor design. 
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Sunkoori and Kaparthi have studied the dynamics 
of semifluidization in solid liquid systems. It was 
observed by them that the ratio of free surface fluid 
bed height to fluid bed height in semifluidization can 
be related as: 

It was observed that the experimental values are 
much higher when compared with the values calcu
lated by the above method. This reason can be due 
to the uncertainty in evaluation of packed bed poro
sities. Any equation available for the prediction of 
packed bed porosity is very sensitive to changes in 
epa values. 
Mass transfer and reaction kinetics and other 
related aspects 

As has been pointed earlier, the beginning in semi
fluidization was made in 1959 with mass transfer 
studies by Fan et al. Later Baburao and Dorai-
swamy have taken this work with a view to develop 
a semifluidized M.T. reactor. Incidentally they con
ducted experiments on semifluidization (gas-solid 
system). They introduced a new dimensionless group 
called the semifluidization group, 

Using Ergun's equation for pressure drop for flow 
of fluids through packed beds and utilizing the above 
equation, the pressure drop expression for semiflui
dized bed has been derived, which is given by the 
expression-




