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As the physical properties of granules formed in
a fluidized bed with spraying of a binder are consid-
erably affected by the amount of the binder, it is im-
portant to know this effect from both theoretical and
practical points of view. The most important conclu-
sions on the effects of changes 1in the amount of the
binder, found in literature are summarized. The expe-
rimental set up, the methodology and the test methods
for the determination of the physical properties of
the granules are outlined. The results of the experi-
ments relating to the effects of the amount, concen-
tration and feed rate of the 1ligquid on the physical
properties of the granules are shown in the Figures.
The experimental results are evaluated and an equation
is given for the caleculation of the average particle
size of the granules.

Granulation is one of the most important processes in many
production lines. On the one hand, the granules formed can be
used as raw materials for further processes, €.g. for pressing ir
the pharmaceutical and plastic industries, and for melting irn the
glass industry, etc., and on the other hand granules can be the
final product of a process line, for instance 1in the cases of
fertilizers, plastics, detergents, insectirides, pharmaceuticals

in capsules, and products of the food indu: try, etc.
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Granulation is differently defined by various authors [1, 2].
The term '"granulation" is used here to mean the grain forming
processes in which from a heap of material consisting of small
particles, a heap. of material that contains greater particles
(granules) is formed without a change in the state of most of the
solid phase. The particle size distribution of the granules formed
Ly these processes is within relatively narrow limits, but the di-
mensions of the granules are never so homogeneous as those of tab-

lets, dragees or briquets.

In the last decade, granulation in a fluidized bed became
mere and more widespread. Granulation in a fluidized bed can be
realized in many ways, but that of spraying a binder into the bed
is of considerable importance primarily in the pharmaceutical in-
dustries, although in recent years it was adopted in other branches
of industry (e.g. the granulation of detergents, fertilizers, and
foodstuffs etc.). Granulation in a fluidized bed with the spraying
of a binder into the bed and the apparatus suitable for its reali-

zation were reported in several papers [3, 4, 5, 6, 7, 8, etc.].

The point of granulation in a fluidized bed with spraying is
that a liquid material (e.g. solvent) c¢r a solution, melt or sus-
pension of a binder is atomized into the fluidized bed of the par-
ticles to be granulated. During this process the mixing, wetting,
agglomeration of the particles and the elimination of the solvent
content of the granules (drying) or the solidification of the
liquid phase in the granules (for instance by setting or by a che-
mical reaction) take place. The physical properties of granules
formed in a fluidized bed with the spraying a binder into the bed
are determined by the following independent variables:

a) operational parameters

- the quality, the mean particle size, the particle size distribu-
tion and the specific surface area of the substance to be granu-
lated;

- the quality of the binder;

- the physical properties, the concentration and the relative

quantity of the granulating liquid;
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b) process parameters

- the feed rate of the wetting liquid;

- the expansion of the fluidized bed;

-~ the ratio of the minimum bed height and the diameter of the bed;
- the extent of the break-up of the granulating liquid;

- the temperature of the fluidizing air at the inlet;

c) the parameters of the apparatus

- the quality of the air distributor plate that supports the bed;
- the shape of the body of the granulator;

- the distance between the atomizer and the distributor plate.

The flow rate of the air ensures the fluidized state is not
included since the mean particle size of the granules steadily in-
creases in a batch process, hence to maintain a given bed expan-
sion and an approximately uniform motion of particles it is neces-
sary to continuously increase the flow rate of the air.That means
that the gas flow rate is a dependent variable if bed expansion is

constrained.

With regard to the operational and process parameters of
granulation in a fluidized bed with spraying, here the effects of
the amount, feed rate and concentration of the granulating liquid

on the physical properties of the granules will be dealt with.

When solving a particular granulation in a fluidized bed
with +the spraying of a binder, after the selection of the appro-
priate binder several questions have to be answered. What should
be the concentration of the binder in the granulating liguid, what
amount of this liquid is needed tc attain the required particle
size and what feed rate shcould be applied feor the iniection

the bed? To determine the optimum values of the paramet

mentioned experiments are needed in almost every case.
the rnumber of these experiments can be reduced if core knows the
effects of the various parameters on the physical characteristics

cf the granules. These questions were aiready Zealt with by seve-

ral authors [4, 7, 9, 1C, 11] ard their r=levant

summarized.
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An increase in the amount of the granulating liquid - that
means in the case of a constant feed rate an increase in the du-
ration of spraying - at first causes an increase in the mean size
of the granules, but later on the growth rate diminishes and an
equilibrium emerges [4, 9]. This is caused by the fact that two
opposite processes take place simultaneously: a build-up and a
break-up and after a certain point agglomeration is offset by at-
trition effects. MUBUS [9] studied the change of the particle size
distribution of the granules formed as an addition to the mean
particle size, and found that by increasing the amount of the gra-
nulating liquid the particle size distribution diminishes and
later this distribution parameter acquires a constant value in a

similar manner to the mean size.

The results on the effect of the feed rate of the granulating
liquid on the physical properties of the granules are evaluated in
literature by two different methods. RANKELL and co-workers [41
studied the effect of the feed rate of the granulating liquid by
increasing the feed rate while keeping +the duration of the
spraying at a constant value. Hence an increased feed rate also
means a greater amount of granulating liquid. They found that the
mean particle size of the granules increases linearly with the in-
crease of the feed rate. This conclusion is supported by the in-
vestigation of MUBUS [9] who in addition found that the increase
of the feed rate of the granulating liquid also increases the de-
viation of the particle size distribution. DAVIES and GLOOR [101
studied the effect of the feed rate by varying the feed rate of
the granulating liquid while the amount of the latter ' was kept at
a constant value. They found that the increase in the feed rate of
the liquid somewhat increased the mean particle size and the wear
resistance, bulk density and rollingness of the granules improved.
However, it must be stated that these changes are not important
except in the case of the mechanical strength.

Several authors referred to the effect of the change of the
concentration of the granulating liquid on the physical properties

of the granules formed [4, 7, 9, 111].



[

1973

f111
iing liquid
ses of four different
granulating liquid
increase of the concentration of the granulating liquid,

size

Studiez on Granulation in a Fluidized Bed I1.

w
b

Emphasis should be placed on the results of DAVIES and GLOOR

who studied the effect of the

and the wear resistance of the granules increase.

binders,

at a constant value.

concentration of the granula-

on the physical properties of the granules in the ca-

while keeping the amount of the
They found that with the
the mean

The trend

of the changes is nearly the same, but there are major differences

in the numerical values in the cases of the different binders.

THE EXPERIMENTAL APPARATUS AND THE METHOD OF THE EXPERIMENTS

H OW @O~ O\ W o

Fig. 1
fluidization apparsatus
fluidized bed
underplate
flow meter
preheater
toroidal transformer
cyclone
thermometers
thermostated tank
pump
nozzle

A schematic drawing of the

set up used in the experiments on
the granulation in a fluidized bed
is shown in Fig. 1. The main part
of the apparatus is the 0.3 m long
granulator of 0.11 metre I.D. The
fluidized bed is upheld and air is
evenly distributed by the
distributor plate (3). The

the coni-

porous
glass
main air stream enters
cal-cylindrical bottom under the
*low meter (4) and
(5). The

temperature of the air at the in-

plate via the

the electric preheater
let is controlled by the variable
is checked by

(8. The air

transformer (6) and
the thermometer

leaves the granulator via the cyc~
lone (7) and 1its temperature is
measured by the thermometer (8).
The granulating liquid is fed into
(11) from the thermos-

(9) by the

the nozzle

tated tani: pump (10).
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The amount of the air fed into the nozzle can be measured by the

flow meter (4).

In the experiments, the raw material to be granulated was
preheated by a hot air stream, and the quantity and temperature of
the air were adjusted according to the fluidization properties of
the raw material. After the temperature of the air at the outlet
attained a given constant value,the atomization of the granulating
liquid was started with a given feed rate. Owing to the wetting
the particles agglomerate, hence their particle size steadily in-
creases. The minimum fluidization velocity also increases. There-,
fore, to maintain the same bed expansion and motion of particles,
the gas velocity must continuously become greater. Accordingly,
the amount of air that ensures the fluid state was increased in
accordance with the progress of the agglomeration. Having fed the
planned amount of granulating liquid, the product was dried by
maintaining the fluid state for a while and after that the physi-

cal properties of the product were determined.

As raw material the 0.1 - 0.2 millimetre fraction of quartz
sand of a real density of p = 2630 kilograms per cubic metre, rol-
lingness coefficient [12] of ¢ = 0.59 and a minimum fluidization
velocity of u% = 0.027 metre per second were used. The granulating
liquids were aqueous gelatine solutions of different concentra-
tions. In the experiments dealt with here not only the dimensions
of the apparatus,the raw material and the binder, but the relative
expansion of the bed, the mass of the raw material, the temperatu-
re of the air at the inlet and the distance of the nozzle from the

underplate were constant.

TEST METHODS FOR THE DETERMINATION OF THE PHYSICAL PROPERTIES OF
THE GRANULES

In the fcllowing the test and calculating methods used for
the determinatiocn of the physical properties of the granules for-
med in the experiments are summarized. The test methods were de-

tailed in the firs: paper of this series [12].
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a) The Determination of the Particle Size Distribution and of the

Average Particle Size

The particle size distribution was determined by sieve ana-
lysis. The granules were separated into the following fractions
by a ten-minute sieving with a vibration sieve (VEB Kombinat Me-
dizin und Labortechnik, Typ: Thvr 1, Made in Leipzig GDR):

(0.1 - 0.2)x1073 m; (0.2 - 0.4)x1073 m; (0.4 - 0.6)x1073 m;
(0.6 - 1.0)x1073 m; (1.0 - 2.0)x1073 m; (2.0 - 4.0)x107> m;

and above k.0x10™3 metre.

The results of the sieve analysis obtained in weight per
cent were also converted into vol. per cent - within the size li-
mits of (0.1 - 2.0)x1073
sity of each fraction. The mean particle size was calculated on

metre - by the help of the particle den-

the basis of the vol. per cent composition [12].

b) The Determination of the Porosity

The minimum bed height (Ym) of known amounts of average
samples of the fractions separated by the sieve analysis was de-
termined in the manner described in the first paper of this series

[12]. Then the minimum void fraction was calculated as follows:

- _m p F (1)

Y
m

The porosity of each fraction can be obtained with these void

1]
€m2
fractions according to the following equation [12]:

€, = 2.2(el, - 0.55) (2)

For the determination of the volumetric percentage particle dis-

tribution, the average granule density of the fractions has to be
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known which can be simply calculated with the porosities of the
fractions:

Peg = (1 - ep)p (3)

In this way the porosity and the particle density were de-

termined for each fraction and with the vol. per cent composition

of the fractions the average porosity and the average particle

density were calculated.

c) The Determination of Wear Resistance

The wear resistance of the granules was determined by abra-
sion in a fluidized bed under standard circumstances [12]. A given
amount of the (0.14—0.6)><10'3 metre fraction of the bulk to be in-
vestigated (Ym/D = 1) was charged in a 0.04 metre diameter glass
fluidization apparatus having a fritted glass distributor plate,
after which the apparatus was closed at the top by a sieve. The
particles were kept in fluidized state for ten minutes at a bed

expansion of 3 times. After wearing the samples were sieved on a

O.uxlO_3 metre sieve. The wear resistance was calculated as fol-
lows [12]:
Glll
K, = q . 100 (%)

EXPERIMENTAL RESULTS

The physical properties of granules formed by granulation in
a fluidized bed with spraying are affected by many parameters. If
a given experiment is repeated even with the utmost care the phy-
sical properties of the granules generally are not identical,since

it is extremely difficult to maintain the numerous operational and
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process parameters at steady values.Therefore, it is indispensable

to investigate the repeatability of the experimental results.

a) The Repeatability of the Experimental Results

The repeatability of the experimental results was determined
on the, basis of ten parallel experiments. Relying upon the preli-
minary experiments, the mean parameter values were chosen for the
experimental circumstances. These and the average values,and the
deviation of the most important physical properties of the granu-

les formed are given in Table 1.

Table 1

V!'/V = 20 vol. per cent ¢! = 60 kg/m3

W' = 5.9x107° kg/sec e, = 0.45 w.%

The characteristics Average Deviation
of the granules values + (%)
, £ od - 105 (m)

g @

ogo 0.1-0.2 6.6 17.2
o3k 0.2-0.4 26.8 11.3
Sa ™ 0.k-0.6 25.8 7.7
- O .

tad 0.6-1.0 26.3 15.5
& " 1.0-2.0 14.5 23.4
d - 103 (n) 0.6k 6.5
e (~) 0.38 3.0
Y (kg/ma) 811 L.2
o, (kg/m’) 8L0 5.1
by (kg/m®) 1059 3.4
® (~) 0.52 5.0
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The loosened, apparent and compacted bulk densities and the
rollingness coefficients were determined as described in the first
paper of this series [7]. The deviation was calculated as

where X is some property of the granules, n is the number of the
determinations and X is the arithmetic mean of the results of pa-
rallel measurements. Table 1 shows that with respect to the par-
ticle composition the deviation of the experiments is significant,
therefore in all cases three parallel experiments were carried out
and the Figures given show the effects of various parameters,
every dot corresponds to the average value of three parallel expe-

riments.

b) The Effect of the Amount and the Feed Rate of the Granulating
Liquid on the Physical Properties of the Granules

In a considerable part of our investigations - in about 90
experiments - the effects of the relative quantity and feed rate
of the granulating liquid on the physical properties of the granu-
les were investigated. To know the effects of these two variables
is important from both the theoretical and practical points of
view. The granulating liquid in these experiments was an aqueous
gelatine solution of a concentration of ¢’ = 60 kilograms per
cubic metre. The relative amount of the granulating liquid was va-
ried within the 0 - 30 vol. per cent range at five different feed
rates. The relative quantity of the granulating liquid was related
to the overall volume of the particles +to be granulated (the par-
ticle volume of the sand +to be granulated was 3OO><10_6 cubic
metre). At a constant feed rate the charge of a greater amount of
the granulating liquid requires a longer period of time, thus as
the relative quantity of the granulating iiquid increases the du-
ration of the granulation (t') and the average binder content of

the particles (Eg) also increases.
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In Fig. 2 the
average particle
size. (d) is given
as a function of
the relative quan-
tity of the granu-
lating liquid. When
the relative amount
of the 1liquid was
increased from 5
vol. per cent, the
average particle
size increases by
about  two times.
Since a build-up
granulation takes
place, the increase
of the average par-
ticle size also ca-
uses an increase in
the average porosi-
ty of the particles
(Ep), as shown in
Fig. 3.

In many res-
pects the amount of
the particles that
were not granulated
is an important in-
dicator. In Fig. u
the relative amount
of the initial par-
ticle fraction (in
weight per cent) is
plotted against the
relative amount on
the sprayed binder

solution-
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The effect of
the relative quan-
tity of the granu-
lating 1liquid upon
the particle size
distribution of the
formed granules is
shown in Fig.5. The
cummulative sieve
residue values are
plotted in a log-
normal diagram. It
was found that the
particle size dis-
tribution of the
granules formed in
a fluidized bed
with spraying can
be approximated
well by a logarith-
mic normal distri-

bution function.

At three dif-
ferent  values of
the relative amount
of +the granulating
liquid, the change
of the binder con-
centration was in-
vestigated as a
function of the
size of the granu-
les. In Fig. 6 the
binder content of
the different frac-
tions 1is plotted

weight %
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against the overall weight of
the dry material. At first the
binder content of the granules
increases with the growth of
the particle size, but abuve
an average particle size of
0.5x107°

almost constant level. This

metre it aproaches an

agrees well with the statement
described in our previous pa-
per [12] that the wear resis-
tance of the granules is ap-
proximately the same above the
(O.h—o.6)><lo‘3 metre particle
size.There is an approximately
linear relation between the
greater average binder content
that prevails with the greater
guantity of the liquid and the
wear resistance as shown in

Fig. 7.

It was found

80

704

®+

that the increase of
the feed rate - with-
in the studied inter-
val - had only a
slight effect on the
average size,average

porosity, and the
particle size distri-
buticr o©f the formed

granules,provided thre

amount of the

[

overai

Fig. 7.
~ V'/V changes (c'

+
-

at
<

T

0.6
C

wt = 5.9x16_5 kg/sec

changes

(v /v

60 kg/m3)
20 vol.%)

T

q(weight %)

————— e .

U .
0.9 tiquid sprayec in did

not change. However,
even 1in this case,
some tendencies can

pe feound,for Instance
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in Figs. 2 and 3 it is 1
shown that the increase
of the feed rate ;; 10
generally somewhat de- o 20 ﬁ
creases the average 53
particle size and the 40
average porosity, but 60
these tendencies are 80
not so clean-cut and 90 g
firm as those found 95
in the case of the
relative amount of 99
0.1 0.2 0.4 0.6 1.0 1.5

the granulating liquid.
This is also supported. filyligll_.
in Fig. 8 where the par- .. g yi/ys00 vol.#; e-w'=2.5x10-5 ke/sec
ticle size distribution 0-w'=5.9%x107° kg/sec; +—w'=9.2><10"5 kg/sec
of the granules formed

with the least, average and greatest feed are plotted in a lognor-
mal diagram. The points fall fairly well along a straight line
that indicates that the particle size distribution is nearly iden-

tical.

c) The Effect of the Concentration of the Granulating Liquid and
of the Amount of the Binder on the Physical Properties of the

Granules

In the next series of experiments the main variable was the
concentration of the granulating liquid. The difference between
the series of experiments was that in the first one the relative
amount of the binder related to the bed weight was kept at a con-
stant value despite the change in the concentration of the granu-
lating liquid, whereas in the second one the amount of the binder
also changed with the variation of the concentration. The concent-

ration was varied in the 20 - 120 kilograms per cubic metre range.
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The change of the
concentration of the
granulating liquid when
the amount of the bind-

kept
level does not
affect the

size and poro-

er is at a ron-
stant
strongly
average

of the

formed - at least with-

sity granules
in the studied concent-
ration range. In Fig. §
the average size is
plotted against the
concentration. However,
the constant value of
the average size does
not unequivocally mean

that the particle con-

tent of the bulk is unchanged. In Fig.l10 the amount of the partic-

les that were not granulated’'is shown as a function of the liquid

concentration.

ticles

lograms per cubic metre.

It was found that the
not granulated increases above the concentration of 60 ki-

40
3
)
= e
o [
220
.
. ° .
T T :
40 80 120
c'(kg/m324~

Fig. 10. 4 = (0.1-0.2)x1072 m
S = 0.45 w.%; w' = 5.9%10 kg/sec

relative amount of the par-~

When the granula-
tion is carried out
with the same amount of
granulating liguid of
different concentrati-
ons, the average par-~
ticle sive and the ave-
rage porosity increases
with an increase in the
concentration since in

this case the overall

quantity c¢f the binder

5

is proportional to the
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concentration. The effect of the concentration of the 1liquid on

the average particle size is also shown for this case in Fig. 9.

When the concentra-

. 0
tion of the granulating

4
liquid - that is the L]
amount of the binder -
2

is increased, the amount

weight %

of the starting particle °

fraction approaches a .

lower 1limit as shown in * . .
Fig. 11. If the amount

of the binder is in- T T '
creased by raising the 40 80 c'(kg/miio

binder concentration -
while injecting the same Fig. 11. 4 = (0.1—0.2)x10-3 -

amount of granulating V'/V = 20 vol.%; w' = 5.9x10"5

kg/sec
liquid - the wear resis-
tance of the granules increases almost linearly, although at great

concentrations it approaches an upper limit (see Fig. 7).

DISCUSSION

In the following section conclusions are drawn from the ex-
perimental results and wherever it is possible, comparisons are

made with the results of other researchers.

The average size of the granules can effectively be enlarged
by an increase in the relative quantity of the granulating 1liquid
(Fig. 2). This increase is nearly linear at smaller feed rates,
while at the two greatest feed rates it was found that after a
certain point the growth of the particles is offset by wear ef-
fects and the growth rate diminishes. Several authors reported
that after a certain time this latter effect totally compensates
for the build-up, and a further addition of the 1liquid does not

have any effect on the average size [9].



1973 Studies on Granulation in a Fluidized Bed II. 323

The wear resistance of the granules formed determines the
value at which this equilibrium state is attained. If quartz sand
is granulated with gelatine solutions, granules of high wear re-
sistance are formed, therefore the equilibrium was not reached in
the experiments dealt with here.

In build-up granulation the growth of the particle size also
causes an increase in the average porosity of the particles. The
porosity values show that granules mainly grow by a gradual build-
-up, since in the case of the linking up of granules the porosi-
ties should have been greater than the measured values of about 50

vol. per cent.

In most cases the primary function of granulation is to form
a fraction of a given size range in the greatest quantity possible
or that the amount of the powder not granulated should be the
least possible in the final product. In Fig. 4 it is shown that
above the 20 vol. per cent relative liquid quantity the decrease
of the amount of the particles not granulated slows down and a
further addition of the granulating liquid is unnecessary or it is
reasonable only if the wear resistance of the granules is to be
increased. From Fig. 7 it is obvious that the wear resistance of
the granules - within the studied interval - steadily increases

with the relative quantity of the granulating liquid.

1f the feed rate of the granulating liquid is increased, the
average particle size and the average porosity slightly diminish
within the studied range of feed rate. This is inconsistent with
the findings of DAVIES and GLOOR [10] that the size of the granu-
les increases with the feed rate of the granulating liquid. The
"significance of this contradiction is considerably reduced by the
fact that the changes found are slight in either case. The feed
rate of the granulating liquid mainly affects the strength of the
granules and the distribution of the binder in the particle frac-
tions. These changes and the calculating method of the equilibrium
and maximum feed rates of the granulating liquid will be dealt

with in the next paper of this series in detail.

The experiments carried out to study the effect of the cen-

centration of the granulating liquid showed that the optimum con-
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centration of the gelatine solution was between 60-80 kilograms
per cubic metre. Above this value the amount of the raw material
that was not granulated grew if the amount of the binder was kept
at a constant value (Fig. 10). The same optimum concentration is
found in Fig. 11, where it is shown that the amount of the partic-
les not granulated decreases up to a concentration of 60-80 kilo-
grams per cubic metre, but later it does not change considerably
despite the greater amount of the binder. This can be caused by
the fact that together with the concentration, the viscosity of
the solution also increases and after a certain limit deteriorates
the atomization of the liquid. The average size of *he granules i;
not considerably influenced by the concentration of the granulat-
ing liquid, provided the overall quantity of the binder is kept at
a constant value (Fig. 9). When the liquid concentration is incre-
ased while keeping the relative amount of the granulating liquid
at a constant level, the average particle size grows almost line-
arly, since in this case the greater concentration also means a
greater amount of binder (Fig. 9). This conclusion is in agreement
with the results of the experiments of DAVIES and GLOOR [111] car-

ried out with gelatine as a binder.

Our conclusions can be summarized on the basis of Fig. 2 and

3 where it 1s obvious that the mean size of the granules is mainly

determined by the overall amount of the binder, independently of

the relative amount, feed rate and concentration of the granula-

ting liquid, at least in the studied interval. Relying upon the
experimental results the following equation was derived

i =a St (51

b ovppr 2

The values of the constants for the studied model system were
determined by a least square fitting method, and it was found that
a, = 6.2x10°° metre, a, = 3xlo_h metre. The difference® betweern
the average particle sizes calculated by Eq. 5 wusing the above

values of the constants and the measured ones are plotted against
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sequent paper.

SYMBOLS USED

constant (metre)

constant {metre)

further experiments that will be

the measured average
particle sizes in Fig.
12. The relative dif~
ferences between the
measured and calcula-
ted values were less
than + 10 per cent in

most cases.

The dependence

of the constants a;
and a, in Eq. 5 on the
physical properties of
the binder and the
granulating liquid was
dealt with in a sub-

the concentration of the granulating liquid (kilograms per

cubic metre)

the binder content of the granulating liquid (weight per cent)

the average binder content of the granules (weight per cent)

the diameter of the apparatus (metre)

particle size (metre)

average particle size (metre)

the cross section of the apparatus (sgq. metre)

the mass of the fraction charged in (kilogram)
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the mass of the sieve residue (kilogram)

wear resistance (per cent)

sieve residue (vol. per cent)

air temperature at the inlet (degree centigrade)
the duration of the spraying (second)

ninimum fluidizatien velocity (metres per second)

overall volume of the particles to be granulated (cubic

metre )

the volume of the granulating liquid (cubic metre)

the relative amount of the granulating liquid (vol. per
cent)

the feed rate of the granulating liquid (kilograms per se-

cond)
bed height (metre)
minimum bed height (metre)
bed expansion coefficient (dimensionless)
the distance between the atomizer and the underplate (metre)
minimum veid fraction (dimensionless)
the porosity of granules (dimensionless)
average porosity (dimensionless)
real density (kilograms per cubic metre)
locsened bulk density (kilograms per cubic metre)
apparent bulk density (kilograms per cubic metre)
compacted bulk density (kilograms per cubic metre)
granule cdensity (xilograms per cubic metre)
average granulie denrsity (kilograms per cubic metre)

nulating ligquid (kilograms per cubic

the censity



1973 Studies on Granulation in a Fluidized Bed II. 327

o deviation
9 rollingness coefficient (dimensionless)
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P E3IME

Mpu rpaHynfuMK B pacnuiWMTRABHO-NCEBA0OMHMMEHHOM C/N0E8 HONW4ec-
TBO CBASYNIErQ BEUWEBCTBE WMEET 3HAYWMTENLHOE BIMAHHME Ha (PH3IHYBCHUE
CBROMCTBA OBPa3yWHIUMXCH paHyn, NO3TOMYy 3HaBHWE 3TOr0 BAHAHHKA BamHo
C MPaHTHYECHOMN M HAy4HOM TOYHM 3peHHA. ABTOpPH HOPOTHO paccMmaTpusa-
0T BAMHENWHE YCNOBWA CBA3AHHBE C BNMAHWEM H3MEHBHWRA HONM4ecTea
CBA3yWero BeWecTea, HaWQEHHwEe B AuTepaTtype. OnucuwBawTca 3HCMepu-
MeHTaNbHL annapar W MeTo4s OnpefeneHdA (U3WYECHUX CBOWCTE rpaHyn.
3HCNEPHUMEHTANLHEE [AHHHE, BHPAMAWWHE BJIMRHWEB HONWYECTBA W HOHUBHT-
pAlKMH, a TAHKE CHOPOCTH NOJANHM MpaHynHpylwed MHAKOCTH Ha  (u3Mvec-
KWe CBOWNCTBA rpaHyn, NPeacTaBiAKRTCA B Tabnvuax M Ha PHUCYHHAX. 3KC-
NEePHUMEHTANbHLE [OaHHHE OLUBHWBAWTCA asTOpPaMM M LAWTCA COOTHOWEBHMA

ANR BLYWCNEBHWR CpeAHErsc AgdavMeTtpa rpaHyn.
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