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DISK GRANULATOR.
IMPROVEMENT OF CONSTRUCTION AND SELECTION OF PROCES S PARAMETERS

Summary

Granulation is a process of agglomeration of snpaliticles of shredded materials into larger unitedas carried out in the
presence of liquid. As far as the energy used glageration is concerned, the process can be divid® pressure pellet-
izing: pressing, tableting, briquetting, and exinrs and low pressure granulation, commonly knovennan-pressure
granulation, which primarily consists of the follmg processes: sintering, accompanied by high teaipees — below the
melting point of the ingredients; granulation irflaidized bed, i.e. powder grains aggregating agsult of collisions in a
humidified fluidized bed; and agglomeration grartida, which consists in turning and moving of la/ef granular depos-
its. Improvement of the quality of granules canalshieved by improving granulators, a careful setattof process pa-
rameters, and using various additives to the grated mixture of raw materials. In comparison witiegsure granulation
devices, granulators for non-pressure granulati@véa many advantages, including simplicity of eqeipima significantly
lower purchase cost, and a longer life. Anotheraadgage consists in the energy efficiency of théatetwhich translates
into economic benefits. The resulting non-presswesulation products should frequently be subjectiying or partial
drying, which is regarded as a disadvantage. Moezpgranules obtained in this manner are characted by a diversity
of grain classesThe paper presents the equipment and process p#resrghat have an impact on the process of non-
pressure disk granulation with the use of a rakifede.
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GRANULATOR TALERZOWY. )
DOSKONALENIE KONSTRUCJI | DOBOR PARAMETROW PROCESU

Streszczenie

Granulacja jest procesem aglomeracji matyclystek materiatéw rozdrobnionych w aksze zespoty i prowadzona jest
w obecnéci cieczy. Biogc pod uwag energe wydatkowan w procesie aglomeracji, proces tenima podzielf na: granula-
Cje cisnieniowy: prasowanie, tabletkowanie, brykietowanie oraztagganie. Granulacja niskogiieniowa, potocznie zwana
bezcinieniowy, to przede wszystkim procesy: spiekania, ktéremvarzyszy dziatanie wysokiej temperaturyszej od tempe-
ratury topnienia sktadnikéw; granulacja w ztofluidalnym, czylidczenie si ziaren proszku w wyniku zdefzes ziau flu-
idalnym nawitanym ciecz; granulacja aglomeracyjna, poleggia na przesypywaniugsi przemieszczaniu warstw zéoziar-
nistego. Popraw jakasci granulatbw meéna uzyska doskonalc urzdzenia do granulacji, dobiergf starannie parametry
procesowe, a tak stosujc rézne dodatki do granulowanej mieszaniny surowcow.ovdyenaniu z urgzdzeniami granulacji
cisnieniowej granulatory metody begmieniowej maj wiele zalet m.in.: prostota stosowanychqdizei, zdecydowanie f8zy
koszt ich zakupu oraz diry czas eksploatacji. Dodatkowym atutem jest ensegezdnas¢ metody, co przektadaesna ko-
rzysci ekonomiczne. Powstate produkty podczas grariutazicinieniowej powinny hynajczsciej poddawane suszeniu lub
podsuszaniu. Cecha ta traktowana jest jako jedwad. Otrzymane w ten spos6b granulki charaktegygidjroznorodnaciq
klas ziarnowych. W pracy przedstawiono parametaraipiro-procesowe, mage wptyw na przebieg procesu béamniowej
granulacji talerzowej z wykorzystaniem fopatki zaajzcej.

Stowa kluczowegranulacja, granulator talerzowy, topatka granujdica, parametry granulacyjne

1. Introduction

Granulation is a process of agglomeration of sipaitt
ticles of shredded materials into larger units &g carried
out in the presence of liquid. As far as the enarggd in
agglomeration is concerned, the process can bdeativinto
pressure pelletizing (pressing, tableting, brigogft and
extrusion) and low pressure granulation, commomgvin
as non-pressure granulation (sintering, accompaigd
high temperatures — below the melting point ofitftggedi-
ents; in a fluidized bed — powder grains aggregatis a
result of collisions in a humidified fluidized bednd ag-
glomeration — consisting in turning and moving afdrs of
granular deposits) [8].
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Raw materials used in the fertilizer and chemiedls-
tries are those most often subject to low-presguaaula-
tion. these include: urea superphosphate, dustylsisuper
phosphate, chlorinated sylvinite, magnesium infthien of
dolomite, magnesite, kiresite [1], activated alumiil],
molten slags, molten metals, urea, ammonium nitnaite
trate of lime, nitrophoska, perborates, petroleungredi-
ents: paraffin, wax, tar, sulphur [12], magnesiultdge,
phosphate slime, by-products from the productionitvhte
of lime and nitromagnesite, spent acid [15], dotermeal
[6], sediment from municipal waste, fine coal, rgted
lime, Portland cement, calcium aluminate cement,ah
from bituminous coal [14], fine coal mixed with &xdro or
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cotton waste, wood dust, and waste produced dutirg
production of meat-and-bone meal [9], zinciferrdusnace
waste, mixtures containing converter slimes, foynaen-
tonite, or washing powder [3].

According to Korpal [8], other materials subject t

granulation are: beetroot seedslish seeds, quartz meal, a

mixture of cellulose and maize starch, quartz dfieg-
grained bentonite, peat pulp, powdered milk, codwaw-
ery yeast cake, rye and wheat middlings, foddertungs
consisting of cereal products and bone meals, &sd
shrimp meals, powdered sugar, pellet shells ofddaigples,
dried vegetables: cucumbers, lettuce, carrots|garkeek,
celery, onion; salt dust.

The process of granulation during low pressurdamgg
eration is usually carried out wet in granulatingvides
such as a granulation drum, bowl, or disk [1]. Amon
granulation liquids used in the granulation prodesse are
water and its mixtures with sugar or honey; distillater
[6]; silicone oil, paraffin oil [12]; aqueous soiom of so-
dium silicate [4], sulphuric acid [15]; purified vea, aque-
ous solution of nitric acid and ammonium hydrox[dé];
aqueous solution of yellow dextrin [4].

In comparison with other production techniquesngr
lation in the environment of a liquid medium allovesob-
tain granulated products of a higher quality [1®].addi-
tion, a process that occurs on a granulation disiassifi-
cation of materials. As the increasing size of gtas de-
pends on the place where water or glue is dosdbeodisk,
appropriate dosing makes it possible to obtain @emnwith
a minimum distribution of grain sizes [5]. Anothadvan-
tage of the granulation disk consists in a fullugilscontrol
over the course of the process, which is cruciakitering
the constantly changing seed material. Generafisrénthe
development of techniques of granulation of chehécal
food products result from the necessity to incrgaseluc-
tion efficiency and products quality. Basicallyethknown
granulation methods ensure that a finished prodittt the
required quality parameters is obtained. In thes oaken
the range of these parameters is narrowed, ther@éed to
look for means and methods of improvement of thewkn
granulation processes and to design new, more tivec
methods. For this reason, the development of gagioul
techniques is usually closely connected with gdragael-
opments in technology of production of the prodoajues-
tion and determining the impact of individual paeders on
its course, and hence on the quality of granulgs [7

2. Test stand

The scheme of the test stand is shown in fig.he fBst
stand allows to carry out tests in a periodical negn

Raw materials in coarse loose form were usedHer t
tests. In order to achieve susceptibility suffitiém form
granules with the use of the non-pressure mettheg, have
to be shredded into fine-grained form (below 0.1)ofAteil
crusher 24 is used for this purpose.

A mixture of shredded raw material is fed to tlopper
placed above vibrating dispenser 2, which allowsldse
shredded ingredients into the appropriate placethmn
granulation disk.

The liquid is prepared in a container. It is tl@nveyed
from the container to pressure tank 3, made framistss
steel. The tank allows to retain an appropriatepenature
of the liquid inside for longer periods of time. eating
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element — electric spiral heater 11 — is placetthetbottom
of the liquid tank. Its operation is controlled eans of
thermostat 18, which allows to adjust the tempeeatdi the
liquid in the range from 15°C to 90°C. At the bottof the
tank a ball drain valve is placed, which enableptging.
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Source: own work Zrodo: opracowanie wiasne

Fig. 1. Scheme of a test stand for non-pressure disk gtgomul
1 - replaceable granulation disk, 2 - vibratingpdisser of shred-
ded raw material, 3 - heated granulation water,tdnk large
scales, 5 - compressor, 6 - electric motor, 7 t, Bl screw
mechanism, 9 - scrapers, 10 - liquid level senkbr; heating
element, 12 - spray nozzles, 13 - ball valve, tdducing valve,
15 - manometer, 16 - rotameter, 17 - inverter, tt&rmostat, 19 -
clock, 20 - tachometer with an inductive sensor, 2ibber hoses,
22 - vibrating screen, 23 - weighing dryer, 24 ailficrusher,
25 - unheated granulation water tank, 26 - scales

Rys. 1. Schemat stanowiska badawczego doshiemowej gra-
nulacji talerzowej: 1 - wymienny talerz granulaggjr2 - dozow-
nik wibracyjny rozdrobnionego surowca, 3 - zbiorpédgrzewa-
nej cieczy granulacyjnej, 4 - wagazdy5 - spezarka, 6 - silnik
elektryczny, 7 - przekfadnia pasowa, 8 - mechanizrowy,
9 - zgarniaki, 10 - czujnik poziomu cieczy, 1lefment grzewczy,
12 - dysze rozpytowe, 13 - zawor kulowy, 14 - zaedukcyjny,
15 - manometr, 16 - rotametr, 17 - falownik, 18erniostat,
19 - zegar, 20 - obrotomierz z czujnikiem indukayjn21 - prze-
wody gumowe, 22 - przesiewacz wibracyjny, 23 - saggarka,
24 - rozdrabniacz bijakowy, 25 - zbiornik niepodgvanej cieczy
granulacyjnej, 26 - waga mata

The liquid is fed to spray nozzles 12 as a resfuttver-
pressure above the liquid surface in the heatadditank.
The overpressure is created by means of compréssor
placed next to the lubricating liquid tank. Pressisr con-
trolled by means of reduction valve 14, whereasdise is
read out by means of a manometer. The stream wifllig
controlled by the performance of the two spray texand
ball valves 13, which dampen their flow. It is fea the
granulator at one or two points. The range of tigfiow
rate is from 0.025mnin™ to 0.3 [hin™.

The stream of raw material dosed from the dispense

and the stream of the sprayed granulation liquictnma
rotating disk 1. Depending on its intended use,dis& is
characterized by the following parameters: diamédlange
height, and rotational speed. The rotational speeglies-
tion is achieved through control of operation ofighe-
phase electric motor 6, to which inverter 17, whsra
drive is transferred through belt 7. This mechanalows
to change the frequency of rotation in the rangenff.1 &
to 1.7 .

During contact between the shredded raw matendl
the lubricating liquid as well as through the pagrimotion
of the material, a characteristically round grarislereated.
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At a set disk inclination angle, adjusted by meaiscrew
mechanism 8, granules with an expected diametege |t
granulation disk. Values of granulation disk inaliion may
fall within the range of Oto 90.

Through a set of sieves comprising vibrating stre
the granules are subject to sieving into the furelgal
fraction, the by-product, and contaminations.

Scrapers are used to clear the material remamvintpe
disk walls. For sealing, the device can be equippitd a
protective anti-dusting cover. The level of healigdid in
the water tank is controlled through electricalbntrolled
sensor 11. The amount of the granulation liquidwralur-
ing the experiment is read out from the displapailes 4,
on which a heated lubricating liquid tank is fix&the flow
rate of the lubricating liquid is read out from theale of
rotameter 16 placed on the control panel. Rotatibithe
granulation disk is measured by means of an indocéen-
sor and read out on the display of tachometer 2Im-C
pressed air and the lubricating liquid are conveyethe
rubber hoses.

Granulation liquid in small tank 25 can also bedif
the tests. For construction reasons, the tanktiequipped
with a heating element. The amount of liquid usedrd
granulation is shown on the display of scales 26wbich
the tank is placed.

3. Parameters of the granulation process

Devices for disk granulation of fine-grained maéisr
belong to the group of technological machines aadags.
Tests of technological machines and devices reguire-
terdisciplinary approach that would cover issudated to
their construction and operation, process engingerand
the quality of the obtained product. The coursethud
granulation process, its efficiency, and the quatif the
obtained product are closely connected with th&unsen-
tal and process parameters presented in fig. 2.

Parametry
1Ey N eril
Proces owe]

b

Parametry jakodct
offZytnatego
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Fig. 2. Scheme of interdisciplinary relationship in§tru-
mental and process parametdr3]

Rys. 2. Schemat interdyscyplinarnej zatgci parametrow
aparaturowo-procesowych [13]

When planning tests, especially when determining t

ranges of variability of individual parameters, lprénary
experiments should be performed. Literature ansljisi 2;
3, 6, 8, 11] leads to the conclusion that the patars listed
in tables 1 and 2 are crucial for the non-presgmasula-
tion process.
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Table 1. Main factors of the non-pressure granutegiroc-
ess (physico-chemical properties of material andpaters
of construction and operation of machines)

Tab. 1. Gléwne czynniki procesu granulacji bézieinio-
wej (wlasndci fizykochemiczne materialu oraz parametry

budowy i eksploatacji maszyn)

Physico-chemical properties
of material

Parameters of construction
and operation of machines

« granulometric compositionf

« structure of material °
« grain surface °
 porosity of particles °
¢ moisture content

« wettability o

< hygroscopicity

« bulk density

 grain consistency

 grain temperature

 natural angle of repose

« internal friction coefficient

« plasticity of material

« shape factors: shape coe
cient, sphericity of particles
etc.

i penser

type of disk material
diameter of granulation disk
disk flange height

angle of inclination of the disk
in relation to the horizontal
place of dosing of the granula-
tion liquid
method of dosing of the
granulation liquid
spray angle of pressure naz-
zles
method of dosing of loose raw
materials and type of dis-

place of dosing of loose mate-
rials
number of granulation blades
setting of granulation blade
in the disk (angle of incling-
tion of granulation blades in
the disk (angle of inclinatiop
in relation to the vertical and
the horizontal)
area of the working surface pf
the granulation blade

(7]

Source: own work Zrodio: opracowanie wasne

Table 2.Main factors of the
ters of process engineering)

granulation process (parame-

Tab. 2. Gltéwne czynniki procesu granulacji bézienio-
wej (parametry igynierii procesowe;j)

Parameters of process engineering

« frequency of disk rotation

« type of granulation liquid
« flow rate of the granulation

granulation process

« rotational speed of the disk

« degree of covering of the disk surface (disk fdhn

« overpressure above the free surface of the graonléquid
« working pressure of spray nozzles

« temperature of the granulation liquid

« performance of pressure (spray) nozzles

« drop size of the granulation liquid

¢ mass of granulation liquid added to the disk durthg

« time of the material staying in the granulator
« self-cleaning of the disk surface

liquid

Source: own work Zrodio: opracowanie wiasne

Example values of individual parameters are listed

87

table 3. An experiment carried out for selectedapaaters
was presented in the doctoral thesis devoted to gt@anu-
lation, during which agricultural fertilizer was quuced
[10].
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Table 3. Main parameters of a granulator for nogspure
(disk) granulation

Tab. 3. Gtéwne parametry granulatora do granuldigizci-
snieniowej (talerzowe))

Parameter Value
overpressure the free surface 5-12 (bar)
flow rate of the granulation liquid 0.025-0.3 (i
temperature of the granulation liquid 15-9Q)
working pressure of spray nozzles max 6 (bar)

spray angle of pressure nozzles
performance of pressure (spray) noz

60, 90, 110 (9
" 3.72-7.44 (kg/h)

Zles:

giusrl?ber of rotations of the granulation 7.2-21.6 (rpm)
angle of inclination of the granulation 0-90 )
plate

degree of disk filling 3-15 (%)
time of the material staying in the 8-14 (min)

granulator
mass of granulation liquid added to t
disk during the granulation process

"€ 0.252-0.324 (kg)

Source: own work Zrodto: opracowanie wiasne
4. Conclusions

The usefulness of a disk granulator for granufatd
loose materials with diverse properties was theaedor
undertaking work aimed at improving the design. iAn
provement in the quality of granulators can be exgdnl by
improving granulation devices, carefully selectthg proc-
ess parameters, as well as using various additivebe
granulated mixture of raw materials. The paper gsep a
range of construction and process parametersrthiag ifuture
may have an impact on the quality of the obtaimades. In
comparison with devices for pressure granulatioon-n
pressure granulators have numerous advantagesdiimg
simplicity of the used devices, a significantly Emwcost of
purchase, and longer life. An additional advantamgsists in
energy efficiency of the method, which translate® ieco-
nomic benefits. Instrumental and process paramathusted
during the disk granulation tests (with the usa gfanulation
blade) have an impact on the quality of the obthiganules
[10]. The most important ones are:

- increasing the amount of granulation liquid adttethe
disk results in an increased average diameteravfuies,

- decreasing the angle of inclination of the gratiah
disk results in an increased average diameterasfujes,

- the average size of granules increases togetitlertive
time when the material stays in the granulator,

- increasing the rotational speed results in ameased
average size of granules.
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Work on the development of the design of a digagr
lator are being continued. Their aim is to formuasptions
and then design a granulation blade (with an exend
working surface), which would allow to reduce griation
time and obtain granules with appropriate qualitgper-
ties.
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