Physicochemical Problems of Mineral Processing, 34 (2000), 6775
Fizykochemiczne Problemy Mineralurgii, 34 (2000), 67-75

Andrzej HEIM*, Tadeusz GLUBA*, Andrzej OBRANIAK®

THE EFFECT OF PROCESS AND EQUIPMENT
PARAMETERS ON THE DRUM GRANULATION
KINETICS

Received March 15, 2000; reviewed and accepted May 15, 2000

Results of studies on agglomeration of powder material in drum granulators at drop-wise wetting
of a bed with constant flow rate of supplied liquid are presented. The effect of process and equipment
parameters, including drum diameter D, drum filling @, rotational speed of the drum n, on granulation
kinetics was determined. The effect of these parameters on mean diameter of granulated material d,
and variability defined as the ratio of standard deviation of particle size distribution to the mean
diameter (s/d) was discussed.
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INTRODUCTION

The process of agglomeration covers processing of dust and powder materials into
a granulated form. One of the basic properties of a product obtained in such a process
is its particle size distribution. Of importance is not only the mean particle size of
granulated bed but also homogeneity of the product obtained. One of frequently
applied methods of granulation is drum agglomeration which consists of forming and
agglomeration of particles in a moving (tumbling) bed of fine-grained material. In this
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process, the final product quality is affected by the following factors: granulation time,
geometry of the drum, its operating parameters and bed wetting conditions.

The effect of operating parameters on granulation kinetics was studied by Newitt
and Conway-Jones (1958) among the others. Kapur and Fuerstenau (1966) tried to
find a relationship between particle size and process parameters (the absolute number
of drum rotations n). They found that the process depended on water content in the
agglomerate and particle size distribution of the raw material. That was confirmed by
studies carried out by Linkson et al. (1973). Due to the range of studies, these
investigations did not result in general solutions related, for instance, to the effect of
several parameters on particle size of the product.

AIM OF THE STUDY

The aim of the present study was to determine the effect of some equipment and
process parameters (drum diameter, its filling with raw material and rotational speed)
on the granulation kinetics.

MEASURING EQUIPMENT AND METHODS

Investigations were carried out in a laboratory drum granulator. The drum was
driven by motoreducer by means of a belt transmission and a gear. A smooth change
of the drum rotational speed was achieved by means of inverter. The granular bed in
the drum was wetted drop-wise by sprinkler, inserted axially to the equipment.

The wetting liquid was supplied from tank and its flow rate was controlled by
rotameter. A constant level of liquid in the tank was maintained during the testing
which ensured constant pressure of the supplied liquid. The wetting liquid was
distilled water which was fed over the tumbling bed by means of a sprinkler which
ensured a uniform supply along the entire drum length. The granular bed was wetted at
a constant liquid flow rate (Q = 10°® m’/s), until overwetting of material which caused
sticking of the bed to the inner wall of the granulator. The process of granulation was
carried out batch-wise, each time at a determined filling of the drum, rotational speed
of the granulator and drum diameter.

For comparison, in the investigations the values of relative velocity n,, expressing
the ratio of rotational speed n to critical speed of the drum ny, were used. The relative
velocity n, was changed in the range which ensured a sudden motion of the bed
tumbling in the drum. In time intervals equal to 60 s samples were taken from the
drum to determine on this basis the particle size distribution in the bed. Owing to a
constant rate and continuous feed of the wetting liquid, changes of the tested values
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during granulation (wetting) were identical with the changes referring to the bed
moisture content in the drum.

Tests were carried out in a batch drum granulator for the following range of
parameters:
- drum diameter of the granulator D = 250-400 mm
- drum filling with granular bed ¢ = 5-20%
- the ratio of drum rotational speed to critical (relative) velocity

n =n/n_=0.15-0.375.
A testing material was casting bentonite of grain size ranging from 0 to 0.16 mm

(mean diameter d,= 0.056 mm) and batch density p_ = 0.865 kg/m’.

RESULTS AND DISCUSSION

The effect of equipment and process parameters on the particle size of the final
product obtained for different wetting times (moisture content of the granulated bed)
was analysed. On the basis of the studies, the relationships of the effect of the tested
parameters on mean particle size of the granulated material and on its size distribution
were developed.

On the basis of results obtained during screen analysis some parameters of grain
size distribution of the granulated material were calculated according to Kafarov
(1979) and Achnazarova and Kafarov (1982):
ordinary moments of the first order (mean diameter)

d= ml=szi-dm,. (1)
i=1

—central moments of the second order (variances)

n 2
M2= S2= szi '(dmi—d) (2)
i=1

The variability coefficient defined as the ratio of standard deviation of particle size
distribution to the mean diameter s/d (PN-90/N-01051) determining the spread of
particle size of the obtained product in relation to mean diameter d, was proposed.

The dependence of mean particle diameter of the granulated product on wetting
time is described by the equation:
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d=C-t+0.056 3)

An example of the dependence of the increase of mean particle diameter of the
granulated material during the process on different drum diameters is shown in Fig. 1.

Fig. 1. The effect of wetting (granulation) time on the mean particle diameter of the product for different
drum diameters at ny, = 0.2 and ¢ = 15%

For other tested parameters of the granulator operation (drum filling ¢ and relative
rotational speed ny) similar relationships were obtained. They are presented in Figs. 2
and 3.
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Fig. 2. The effect of wetting time on mean particle diameter of the product for different drum filling
(D = 400 mm, ny, = 0.15)
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d (m=0.15) = 16.587w + 0.056
R =09763

d (w=0.2) = 17.643w +0.056
R =0.984

d (mm=0.25) = 18.658w+0.056
R =08802

d(nw=0.3) = 18.385w + 0.056
R =09603

d(w=0.37) =20.307w +0.056
R =0.981

Fig. 3. The effect of moisture content (wetting time) on mean particle diameter of the product for different
relative rotational speeds of the drum (D = 400 mm; ¢ = 20%)

These relationships allowed us to propose a general relation for the growth rate of
granulated material in the form of the following correlation:

C = atsr — 10—2 ‘nw0-144 . D-2,06 .40—0,9 (4)

The correlation coefficient in the above equation was R = 0.98.

The variability coefficient s/d was made dependent on the tested equipment and
process parameters. The dependence of coefficient s/d on the wetting (granulation)
time for all tested parameters is described by the equation:

=41 )

Examples of changes in the variability coefficient s/d during granulation for
varying equipment and process parameters (drum diameter D, filling of the drum with
material @, relative rotational speed ny,) are presented in Figs. 4 - 6.
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Fig. 4. The effect of wetting time on variability coefficient s/d for granulated material obtained at
different drum diameters D (ny, = 0.15; ¢ = 0.15)
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Fig. 5. The effect of wetting (granulation) time on variability coefficient s/d, for different values of drum
filling ¢ (D =400 mm; n,y, = 0.2)
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Fig. 6. The effect of wetting time on variability coefficient s/d of the product for different relative
rotational speeds n,, of the granulator drum (D = 350 mm, ¢ = 10%)

For all tests the value of coefficient B in eq. (5) was close to -1, therefore the
equation was simplified to the form:

=4 6)

N')——A

s
d

For all tests the coefficient A in eq. (6) was related to the parameters: drum
diameter D, its filling ¢ and relative rotational speed n,, obtaining the following
equation:

A=10"°.D* ¢ 7
The effect of relative speed ny, appeared to be insignificant and as such was

omitted in the final form of the equation. Equation (7) was obtained at correlation
coefficient R = 0.94.
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CONCLUSIONS

1. The mean particle diameter of granulated product depends linearly on wetting
time (moisture content of the granulated bed).

2. The rate of changes in the mean particle diameter of the granulated product can be
related to the equipment and process parameters.

3. Variability coefficient s/d determining the scatter of grain size of the granulated
product depends on the drum diameter and its filling. It is inversely proportional to
the granulation (wetting) time.
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NOMENCLATURE

A, B, C - coefficients
D — drum diameter, m (in figures in mm)
d — mean particle diameter of the granulated material, mm
m — ordinary moment of the first order
M, — central moment of the second order
dmi - mean diameter of class i, mm
X, —mass fraction of class i

(4
n, — relative rotational speed
[} — drum filling with material

— granulation (wetting) time, s
— variance

(g
“

Heim A., Gluba T., Obraniak A., Wplyw parametréw procesowo-aparaturowych na kinetyke procesu
granulacji bgbnowej, Fizykochemiczne Problemy Mineralurgii 34 (2000), 67-75 (w jez. angielskim)

Jedna z podstawowych wiasnosci uzyskanego w procesie aglomeracji produktu jest jego skiad
granulometryczny. Istotny jest tu nie tylko $redni wymiar charakterystyczny dla zgranulowanego zloza,
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ale takze jednorodno$¢ otrzymanego produktu. Jedna z czesciej stosowanych metod wytwarzania
granulatu jest bgbnowa granulacja aglomeracyjna polegajaca na formowaniu i narastaniu czastek w
ruchomym ziozu materiatu drobnoziamnistego (przesypowym). W procesie tym na jako$¢ produktu
koricowego wplyw ma wiele czynnikéw takich jak czas granulacji, parametry geometryczne aparatu,
parametry jego pracy oraz warunki nawilzania zloza. Celem pracy bylo okreslenie wplywu niektérych
parametréw aparaturowo-procesowych na kinetyk¢ procesu granulacji. Badania prowadzono w
granulatorze bebnowym o dziataniu okresowym dla nastgpujacego zakresu zmian parametréw:
-Srednica bgbna granulatora D=0.25-0.40m
-wypetnienie aparatu ztozem ziarnistym ¢=5%-20%
-stosunek predkosci obrotowej bebna do predkosci krytycznej: ny= n/n,=0.15-0.375

Do badafi zastosowano bentonit odlewniczy o sredniej wielkosci ziarna d,;=0.056mm, a jako ciecz
zwilzajaca wodg destylowana, ktéra podawano na przesypujace si¢ ztoze réwnomiernie na calej diugosci
granulatora, przy stalym natezeniu wyplywu cieczy Q=10° m/s. W odstgpach czasu réwnych 60s
pobierano z bebna prébki, na podstawie ktérych okreslano skiad granulometryczny zloza. Na podstawie
uzyskanych wynikéw opracowano zaleznosci dotyczace wplywu badanych parametréw aparaturowo-
procesowych na Srednig wielko$¢ uzyskanego granulatu oraz wspéiczynnik zmiennosci s/d okreslajacy
rozrzut wielkoéci uzyskanego produktu wzgledem srednicy éredniej d. Zalezno$é sredniej wielkosci
ziarna granulatu od czasu nawilzania opisano réwnaniem, a jej przykladowe wzrosty w czasie procesu dla
réznych parametréw aparaturowo-procesowych przedstawiono na rysunkach. Charakter uzyskanych
zaleznosci pozwolil na zaproponowanie ogéinego réwnania na szybko$¢ wzrostu ziaren granulatu.
Zalezno$¢ wspétczynnika s/d od czasu nawilzania (granulacji) dla wszystkich badanych parametréw
opisano réwnaniami,



