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SUMMARY

separatioa of materials into two or more fractions
deipending upon twelir rates of flow through the fluid is c=zlled
clasgification., In classification particles of varying sizes,
shapes and densities are separated and it is a very useful
oreration in the concentration of minerals. One recent develop-
ment in the classification of solids is the application of
fluidized bed technique, usiangz a medium of liquid (hydraulice)

or zas (preumatic).

During classification the solid particles are acted
upon by gravitational, buoyant and drag forces. The particles
varying in size aund/or density behave differently in the fluid
medium and a separation is possible using a proper fluid
velocity. It is commonly believed that the minimum velocity
réquired for the carry-over of particles (fiher/lighter
component), should be equal to or greater than UT’ In
calculating UT it is assumed that (i) free-fall condition
exists and (ii) the particles are spherical in shape. DNone
of these conditions is, however, met in actual practice and

it is in this context that the determination of actual carrying

velocity of particle becoumes so important,

In aa ideal batch classifier using air as the fluid,

it should be possible to separate completely any mixture of



ii
particles (say binary) into its respective constituents,
nanely, the lighter/finer (overflow or elutriated fraction)
and the heavier/coarser (underflow or bed mass) components.
It has, however, beeu found in course of the present
investigation that the bed has a retentive capacity for the
lighter/finer coastituent and a state of 'equilibrium
concentration' is reached beyond which no further separation
is rossible., This equilibrium bed conceantration again depends
on the conditious of classification. It is equally iwmportant
to know how fast the equilibrium is reached and,therefore,

a kinetic model for the rate of elutriation has to be cousi-

dered for the design of a fluidized bed classifiers.

In conventional fluidizers slugging is a very common
phe nomenon. The formation of slugs increases the amount of
carry-over of particles, but the quality of separation
detericrates., Accordingly, a classifier with interual baffles
has been developed and its performance assessed in terms of

conventional separation indices.

It is,however, observed that many of these indices
faill to satisfy the prescribed requiremeants, For this purpose,
a ney index, denoted by 'Classification Factor' (C.F.), has

been proposed to evaluate the performance of the classifier,

In viewy of the fact that a batch classifier has a low
capacity a2nd also because data on continuous classification

are rather meagre, the urge for developing a countinuous
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classgitier and investigating ite performance has been strongly
felt. Accordingly, some studies have been carried out in this

direction and suitable design equations suggested.
The thesis has been presented in eight chapters.

LATURE SURVSY

iAn intensive literature survey has been made

outlining the principle of separation of solid mixtures in
conventional classifiers (ﬁydraulic as well as pneumatic) and
tueir performance characteristics., A review dealing with the
entrainment of particles hags been included. The effects of
operating conditions on the extent of separation have been
discussed. Iunformations about the so called 'eguilibrium’
concentration or 'retentive capacity' of the bed have been
given, It is revegled that a first order 'kinetics' fits the
datg on the rate of elutriation, To improve the guality of
fluidization use of baffles was suggested iu literature and

the work related to this aspect is reported.

Chapter II : BXIBRIMENTAL ASTECTS

A detailed description of the batch as well as the
continuous classifiers, method of calibration, preparation of
feed, experimental procedure and method of analysis has been
given, Air at about 32°C and relative humidity of about 40%
has been used as the fluidizing medium. The batch fluidiziag
column is made of perspex tube of 5.7 cm i.d. and 60 cm height.

The equipment used for countinuous classification is also made
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of perspex tube (5.7 em i.d. and 95.5 cm height) and has four
feeding ports at different heights inclined at 45°. The feed

rate is controlled by meaans of a cup-and-cone feeding arrangement.

The materials investigated ianclude coke, coal, salt,
sand, chalcopyrite, graphite, ammonium-sulphate, magunesite,
hemetite and masnetite. Size rangzes used are 20/30, %0740,

40/52, 52/60, 60/72, 72/30, 80/100, 100/120 and 120/150 Bs3.

sxperiments have been conducted in the following

ranges of different parameters :

H/HS : A8 - 10.6, G/Gme 1.5 = 2.66
w/i ;0.3 - 0.8, /T : 1.35 = 4,30
d,/d) 0 1.28 - 2,93 e/G e o+ T = 12
GS/G : 0.09 - 0.3%6 H/Hf : 1,30 - 3.75

Chapter _III : MINIMUM BIUTRTATION VASLOCITY

“he minimum velocity required for elutriation (Gye)
in a heterogeneous system has been found to depend on the
system variables like the sizes and densities of the particles

and the density and viscosity of the fluid,

The correlation developed for predicting Gme is of
the form :
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The equation hnas a correlation coefficient, r = 0.97 and

Sy,x = Oo12.

In calculating Eeme and Ga the average particle size,
d and the average particle density, ?s ave been couputed
using the haruonic and arithmetic mean respectively.

Chapter IV +« BQUILIBRIUM BED CONCENTRATICN

An analysis of the data revegls that for a given
set of experimental conditions of classification, the concen-
tration of the lighter/finer particles in the bed decreases
gradnally (asymptotic nature) with the time of elutriation,
reaching thereafter a specific value beyond which no further
separation takes place. This limiting councentration, Cq (termed
ag 'eoquilibrium bed concentration') has been found to depend

on dimensionless parameters like, d2/d1, G¢/G H/HS, w/y and

me ?
?2/? . Accordingly, the following correlation for cylindrical

classifier has been obtained.

., 0.28 3.69  2.04 -0.51 -0.80
C, = 15.81(8/0y)  (6/e,)  (w/w) (F,/0)  (d,/4y)
correlation coefficient, r = 0.74, Sy x = 0,412,
]

Chapter V : ZATS OF ELUTRIATION

The kinetics of elutriation has been investigated and
it is found to follow a first order equation of the type,
—4c/de = k(C - Cg)
Iategrating between the limits,

10/7(C,-C,)/ (C - C,) 7= k&
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The rate constant, k has been evaluated from the slope of
straight line obtained by plotting ln(Co-Cw)/(G—QB) agaianst
time, ©. The value of k has been found to depend on

parameters identical to C.,. The correlation developed is as
d

follows :
R "OnO? 2@88 "'2‘14 0067 _2072
ko= 0. (/) (6/6.)  (u/v) (P2/91) (a,/4,)
The correlation coefficient, r = 0.93, sy x = 0.15.
1

The values of rate constant, k 350 obtained, have been

compared with those of Osberg and Charlesworthjs, Wen and
Hashinger119 and Yagi and Aoch1122.

Chapter VI : CLASSIFICATION IN_ANNULAR VESSEL

o S o e

To reduce slugging in the fluidizer, baffles of couical
shape have been inserted into the column gad their effects on
elutriation have been studied. Three baffles of effective
diameter, D, (calculated by equating the volume of the baffle
to that of a cylinder of the sate length) as given below,

have been used.,

Size, co.

Baffle - :
Top end Bottom end Db
B1 1.27 : 1.9 1,55
B2 1.27 2.54 ' 1,92

B3 1.27 5.18 2.27
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The iatroduction of baffle vwithin the columnn leads to

fluiliization in the annular space. since the fluid velocity

ase¢s zradually upwards, the top product gets eariched more

(u

de cre
and more with the 1ighter/finer particles (analogous to racti-
ficotion in a distillation column)., Also, the tendency of
formation of slugs of the size of column diameter is minimised.
Consequently, the quality of separation improves, though the
capacity gets little reduced. In general, it is observed that

the bigger is the D@ , the better is the quality of separation,

"he equilibrium bed coacentration, C, for the three baffles
have been experimentally found aad correlated as below :
~2.88 1.67 -2.42 0.12
c, = 26.12(H /H) («J/G o) )y (f, /79) (d o/d47)  (Dy/2,)

Correlation coefficient, r = 0,88 , Sy x = a.276.
‘ s

AICE _QF PLUID BED CLASSITIER

Chapter VII : Ib

The performance of counventional classifiers is adjudged
using various separation indices as described in literature. A
puneumabtic classifier of the present type has unique advantages
in that the settling velocity of heavier/coarser particles is
rougnly about one hundred times greater than in hydraulic
classifier, because of manifold decrease in the appareat
specific gravity and the viscosity. It is, therefore, felt
proper to assess the maximunm o»paratlon achieved (corresponding

to the bed coacentration C.) in the fluid bed classifier by
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using separation iadices like efficiency, performance iadex and

conceuntration indegx, Zapirical correlations have been obtained

and these are summarised in Table I.

One important criterion of separation is the selectivity
index (S.I.), which gives the seometrical mean of the relative
recoverigs and relative rejections of two minerals or metals,
This concept being analogous to relative volatility in disti-
llation, has beeh guccessfully applied to the classification of
materials in the gas-solid fluidized bed. Accordiagly, the
3.1, values for the data with and without baffle have been

calculated and correlated empirically as follows :

Without Baffle

3 0.68 2.47 -0.68 2,41 5. 27

S.I.= T.94x1077 (H/HY)  (6/6,.) (w/w)  (£,/%)) (d,/4;)
Correlation coefficient, r = 0.884, Sy v = 0.40

, ,
With Baffle

0-61 3-19 "0014, 2«43 3427 —100

S.I. = 0.095(H/H,)  (6/G,.) (w/w) (F,/f) (da,/dy) (D./D,)
Correlation coefficient, r = 0,93, Sy = 0.18.

, ,

One major difficulty experienced in using many of the
geparation indices has been that the desired product has to be
well-defined. The S$.I, ies a good critferion but has drawback in
the sense that iw case one of the products is hundred percent

pure, the value becomes an indeterminate, Some of the indicges
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again do not depend on the product qualities, Counsidering these
difficulties the author has postulated a2 new index, the
"@lassification Factor (C.F.)' / equal to wc(cd-fd)/ 100 _7,
which is easily conceivable and can satisfy all the characteris-
tics of a separation index. The correlation developed for C.F.

is as follows

Without Baffle

5.23 =-1.3% 0.99 2.98

-0.23
21/ (6/a,) iy (By/ BT (a,/ay)

C.F, = 2.,025x10 “(H/H

The correlation coefficient, r = 0.723%, Sy x = 0.48.
b

yith Baffle
0,22 4,55 -1,23 0.88 2.7 -0.88
c.r. = 00(H/H) (6/6,,)  (w/) (F,/8) (3,/44) (By/D,)
'ne correlation coefficient, r = 0.89, Sy _ 0.26.
b

Chapter VIII : CONTINUQUS CLASSIFICATION IN FLUIDIZSD BED

i s 4 o i e ot S e .

The continuous classifier has béen operated under different
conditions by varying the particle sizes, feed composition, rate
of feed, location of the feed point and the velocity of air, and
their effects on the overall performance hive been ianvestigated.
Various materials like coal, sand, hametite, graphite and

magnetite have been used,

Based on the data, the following correlations have been

developed.
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The relationship proposed for C.F. is as follows :

0.32 7.0 -4.16 0245 4.76  -0.146
£)

c.T. =2.92X1O-9(H/H ((}/Gmf) (u/) ("Pz/ﬂ) (dz/d1) (GS/G)

The correlation coefficient for the above equation is 0.77.

A correlation has been developed for predicting the rate of
carry=-over of particles which is applicable for both batch and

continuous classifiers

L2 4 2.95
B/G = 1.31 (33--. —f )

The correlation coefficient hds beea found to be 0.82 and the

standard error of estimate is 0.59.
APPENDIX This counsists of all the programmes used in
IBM 1620 computer aloung with the results.

The thesis also contains the NCNEN&LATURE and the

REFERENCES.



