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INFLUENCE OF THE PRESSING TEMPERATURE OF HALURGIC POTASSIUM
CHLORIDE ON THE OPERATING CONDITIONS OF THE GRANULATION PLANTS

Abstract. The regularities of the influence of the pressing temperature in the roll compactors of halurgic fine-grained
potassium chloride on the performance of the granulation process and the physical and mechanical properties of the granulate
under the conditions of the Sylvinite Processing Plant of JSC “Belaruskali” are determined. It is shown that an increase in the
pressing temperature from 120 °C to 142 °C significantly enhances the intensity of the processes of particles recrystallization
and melt formation at the particles’ contact points in the zone of plastic deformation, which provides greater strength of inter-
particle contact bonds due to the formation of additional bonds of the crystallization type. At the same time, the particle size
distribution of the granulate practically does not change. Only a slight decrease in the dynamic strength of the granulate was
revealed as a result of a small increase in the number of cavities and cracks in the granules, which is not critical for obtaining
a high-quality finished product. In general, an increase in the pressing temperature of halurgic fine-grained potassium chlo-
ride up to 140—-145 °C enables to enhance the capacity of granulation plants up to 130 % without reconstruction of existing
production lines while maintaining the high strength and granulometric characteristics of finished products. At the same time,
the switch to higher pressing temperatures requires solving the problem of intensive salt caking on the working surfaces of
the rolls of roll compactors based on the technical modernization of the existing compacting plants, taking into account the
recommendations developed.
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BJIUSAHUE TEMIEPATYPBI IPECCOBAHUS IT'AJTYPTUYECKOI'O XJIOPUCTOI'O KAJIUSA
HA ITAPAMETPbBI PABOTBI T'PAHYJISAHUOHHBIX YCTAHOBOK

AHHOTAaNUsA. YCTaHOBIICHBI 3aKOHOMEPHOCTH BIHSHUS TEMIEpaTyphl MPECCOBAHMS B BAJKOBBIX IPECCax Trajxypruye-
CKOTO MEJIKO3EPHUCTOr0 XJIOPHCTOrO Kaslusi Ha MPOM3BOAMTENLHOCTh MpOLecca TPaHyIMPOBAHUS U (PU3UKO-MEXaHUUIESCKUE
CBOIfCTBa rpaHyJIsITa B YCIOBUSX CHIIBBUHUTOBON oborarutensHol ¢adpuku OAO «benapycbkanuiiy. [lokaszaHo, 4To yBenu-
yeHue TemnepaTypsl npeccoBanus co 120 g0 142 °C cyuiecTBeHHO MOBBIIIAET MHTEHCUBHOCTD MPOIECCOB PEKPUCTAIIN3ALINHI
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YacTUL 1 00pa30BaHUs paciljlaBa B MECTaX KOHTAKTa YaCTHIL B 30HE IJIACTUYECKON IeOpMaITiH, 4TO 0OeceynBaeT OOJIBIIYIO
MIPOYHOCTH MEKYACTHIHBIX KOHTAKTHBIX CBS3€H 3a cueT 0Opa30BaHUS JOMOITHUTEIBHBIX CBA3eH KPHUCTAIM3alMOHHOTO THIIA.
ITpu 5TOM (hpaKIMOHHEIH COCTAB TPaHyJIsATa MPAKTUUSCKH HE U3MEHSETCSI. BBISBICHO TOIBKO HE3HAYUTEIBHOE CHIDKCHHUE JIH-
HaMUYECKOH MPOYHOCTH IPaHyIISITa B PE3YIIbTaTe HEOOIBIIOT0 YBEINYECHHsI KOJINYECTBA TPELIMH B TPAHYJIaX, YTO HE SIBIISIETCS
KPUTHYHBIM JIJIsI Oy Y€HNsl KaYECTBEHHOTO FOTOBOTO MPOAYKTa. B 11e10M yBennueHue TeMneparypbl IpecCOBaHMs Talypru-
YEeCKOT0 MEJIKO3EPHUCTOTO XJIopHucTOoro kanus 10 140—145 °C no3BomnseT 6€3 peKOHCTPYKIIMH CYIECTBYIOLINX MPON3BOACTBEH-
HBIX JIMHUH HOBBICUTH IIPOU3BOANTEIBHOCTD T'PAHYIISIIHOHHBIX YCTAaHOBOK /10 130 % mpu coxpaHeHHN BEICOKHX MPOYHOCTHBIX
1 TPaHyJIOMETPUUECKUX XapaKTEePUCTUK rOTOBOU mpoxykiuH. [Ipu sToM nepexoxn Ha GoJiee BRICOKHE TEMIIEpaTyphl IpeccoBa-
HUs TpeOyeT penieHne MpoOiieMbl HHTEHCHBHOTO HAIMIIAHUS COJIM Ha pabOYMX ITOBEPXHOCTSIX BAJIKOB BAaJIKOBBIX ITPECCOB HA
OCHOBE TEXHUYECKOW MOJICPHH3ALIUH CYIIECTBYOLINX YCTAHOBOK ITPECCOBAHUS C YUSTOM BIPAOOTAHHBIX PEKOMEH TAIIHIA.

KuroueBble c10Ba: BaIKOBBIN Npecc, XJIOPUCTHIN Kaluil, TpaHyIsT, JaBlIeHHE, TEMIIEPaTypa IPecCOBAHUS
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Introduction. The main method to obtain granular potash fertilizers is compacting the fine bulk
material to produce a compacted strip of material (tiles), which is subsequently crushed and sent for
screening to select the commercial fraction, which is a finished product (granulate). The method is based
on the ability of bulk materials to be compacted under high pressure to form a stable dense structure
of the substance due to the appearance of strong cohesive bonds between the particles. The method is
performed using, as a rule, roll compactor by continuous feeding the material into the area between two
counter-rotating smooth or profiled rolls. In general, the theoretical basis for determining the mechani-
cal characteristics of the material while pressing (compacting) and the basic process flow diagrams and
equipment have remained virtually unchanged over the last fifty years and are described in many papers
[1-8]. It was found that the granules of potassium chloride obtained this way are polycrystals, and the
compacting of potassium chloride, which, like all halogenides of alkali metals, has a high energy of
the crystal lattice, is technologically difficult and energy consuming process. During the compacting
process, numerous small defects are formed at the contact points of compacted grains, which are trans-
formed by recrystallization processes into larger ones, forming a porous granule structure which largely
determines its physical-mechanical and physical-chemical properties. The mechanical strength of poly-
crystals is determined primarily not by the strength of the crystals themselves but by the number and
strength of interphase contacts between them.

At the same time, despite the detailed study of many important aspects of the granular potash fer-
tilizers production, a number of provisions and recommendations require clarification, where one of the
most important issues to be solved is the choice of the optimal temperature for compacting the charge in
the roll compactor. This is particularly relevant for the process of obtaining granulate from fine halurgic
potassium chloride. In the known sources this problem has not been studied at all. There was only some
coverage of influence pattern of pressing temperature on physical and mechanical properties of granulate
obtained by processing of flotation potassium chloride, and that mostly determined by laboratory studies
[2, 7] and not adequately supported by the results of research under conditions of high-tonnage pro-
duction. In addition, it should not be forgotten that the initial charge of halurgic fine-grained potassium
chloride is significantly different in its physical, chemical and fractional composition from the charge of
flotation origin, which, for example, has significantly more fine particles whose prevalence contributes
to the formation of bonds between particles during their compaction based on Van der Waals forces [7].
Thus, the solution of problem regarding the choice of pressing temperature in roll compactors of halur-
gic fine-graded potassium chloride has an important applied meaning for Belarusian potash industry,
because the Sylvinite Processing Plant of the Production Unit 4 of JSC “Belaruskali” (SPP 4 PU) has the
large-capacity production of granular halurgic potassium chloride in the amount of up to 950 thousand
tonnes per year, while the demand for such products in the world market grows constantly. The increase
of the granulation plants capacity and the quality of the finished products will significantly enhance the
competitiveness and the export potential of the Belarusian potash industry. Accordingly, the purpose
of the paper presented was to investigate the influence of pressing temperature of halurgic fine-grained
potassium chloride on the capacity of the granulation process and physical and mechanical properties of
the granulate under conditions of JSC “Belaruskali” Processing Plant and to develop recommendations
on improvement of the technological process.
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Results and their discussion. The research was carried out in the potassium chloride granulation
department of the Processing Plant PU 4, where the process of obtaining the granular product includes
several process stages:

Stage I: The dewatered charge consisting of the standard potassium chloride is fed from the thicke-
ning and centrifugation department to the drying and granulation department to fluid bed dryers for
drying and heating. The product, heated to technological temperature, is then conveyed by a system of
elevators and conveyors to three granulation plants;

Stage 2: The granulation plants compact the charge, crush and classify the oversize product to pro-
duce granulate of a commercial grade, which is sent to a granulate enrichment unit by a system of con-
Veyors;

Stage 3: The granulate is further classified, moistened, scrubbed, dried, cooled and treated with re-
agents and then transported to finished product warehouse by a system of conveyors.

The research was carried out as part of technological stages 1 and 2 (production of granular product).

The research methodology involved measuring the operating parameters of the granulation equip-
ment under three set modes of operation with temperatures in the shaft of the roll compactor at about
120 °C, 130, and 140 °C, respectively. For each mode of operation of the granulation plants their maxi-
mum capacity, physical and mechanical characteristics of the product obtained, as well as the effect of
temperature on the change in the ratio of the formed flows of granulate, oversize and undersize product
(retur) were evaluated. The process flow diagram of the equipment of the granulation plants being re-
searched and of the main flows of the product is shown in the Figure 1.
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Figure 1. The process flow diagram of the granulation plant: /—4 — roll compactors; 5—8 — roller screens; 9-// — rotary
crushers; /2 — impact crusher; /3 — hammer crusher; 74, 15, 18, 19 — bucket elevators; 16, 17 — three-product sieving
machines

The temperature conditions of compacting were provided by changing the temperature of charge
heating in fluidized bed furnaces within 130—160 °C in order to ensure the necessary temperature in the
shafts of the roll compactors, taking into account the heat losses during transportation of material and
mixing the undersize product from screens and sieving machines.
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Each granulation plant includes (see Figure 1): roll compactors produced by JSC “Soligorsk Institute
of Resource Saving Problems with Pilot Production”, type PVP (pos. /-3) and roll compactor produced
by Zemag Zeiz (pos. 4); fixed single deck roller screens (pos. 5—8) with bar screens; PSpl 000M type ro-
tary pre-crushers (pos. 16, 17); Hazemag AP-SMA 1020 impact crusher (pos. 12); re-crushing hammer
crusher of the type FAM-PHM 1012 MVD (pos. 13); bucket elevators (pos. /4, 15, 18, 19); three-product
sieving machines type DF195 X 600/3 manufactured by Rhewum (pos. 20, 21).

The general picture of the granulate production process at the time of the research was as follows.
The charge, dried and heated in fluidized bed furnaces at the process stage 1, was fed to a collecting
scraper conveyor, and from there it was spread to the granulation plants. At each plant, the charge using
the elevators, pos. 18, 19, and the distribution conveyor, located above the roll compactors, pos. /-4, is
distributed in the compactors’ shafts. The undersize product from the roller screens, pos. 5—8, and siev-
ing machines, pos. 16, 17, was fed into the elevators. From the distributing conveyor the mixture of
charge and undersize product was transported into the shafts of the roll compactors, pos. /-4, through
the electric cut-off valves. Four compactors were in continuous operation. In roll compactors the initial
product was formed into a tile and a part of it came out as spillage. In the roller screens, pos. 5—8, the
compacted product (oversize product) and the spillage (undersize product) were separated. The oversize
product, most of which passed through the pre-crushers, pos. 9-11, was forwarded by means of a scraper
conveyor to the impact crusher, pos. /2. From the latter, through the scraper conveyor and the elevators,
pos. 14, 15, the crushed oversize product was fed to the three-product sieving machines, pos. 16, 17. The
oversize product from the top and middle deck was re-crushed in the hammer crusher, pos. /3. The over-
size product from the bottom deck (granulate) was transported to the enrichment unit. The undersize
product from the bottom deck, together with the undersize product from the roller screens, pos. 5—§, was
conveyed by means of the elevators, pos. /8, 19, and the scraper conveyors for re-compacting, as men-
tioned above. The working pressure in the hydraulic system of roll compactors of PVP type was main-
tained between 15.5-16.3 MPa in accordance with
the set technological requirements. The working
pressure in the hydraulic system of Zemag Zeiz

Parameters of operation of granulation plants

Gra- | Num- | Temperature in the shaft of | Current of elevators’ drives, . .
nulate| ber roll compactors, °C A roll compactors was maintained between 9.8—
- |of me-
gllﬁ, zssrrl:, Pos. | Pos. | Pos. | Pos. | Pos. | Pos. | Pos. | Pos. 10.2 MPa. .
t/h |ments| ! 2|3 | s [ 18| 19| 14|15 It should be noted that the granulometric com-
1 | 141 | 140 | 140 | 135 |46.5|37.9 |52.0|597| position of the charge supplied to the granulation
63 > 142 | 141 | 141 | 141 [453 1357|518 607| plants during the whole period of testing, practical-
. 3 1321133 1127 | 132 |42.6 412 1419 | 501 | ly did not change and.ls desc.rlbed' Wltl’.l sqfﬁc'lent
4 [ 13a] 134|127 | 133 [434]409] 415|517 ?Cguracy bg’;l})/e f‘())HSOWlng pgré“;/le Sﬁe dlsmt:)“tsl?;'
S [ 120 | 113 | 119 | 121 [55.3| 513 (447 |s22| oo T P2 70 B.6 MM 05 o, L1 M 0. 7,
49 o T3 115 T122 [ 124 (546 51012511520 0.315 mm — 10.6 %; 0.25 mm — 14.2 %; 0.2 mm —
: : - : 17.9 %; 0.1 mm —41.4 %; — 0.1 mm — 13.9 %.

The Table summarises the measurements re-
60 sults of granulation plants’ operating parameters,

2 55 - —2 indicating the positions of the equipment as shown
g 50 _ = = in the Figure 1.

g 4 The analysis of the equipment operating pa-
2 4 ; rameters presented in the table shows that with an
S 3 increase in the pressing temperature, the output of
£ 2 granulate increases, i.e., the capacity of the plants

increases. Thus, when we change the temperature
in the shafts of the compactors from 121-124 to
140-142 °C, the output of granulate increases from

121 123 125 127 129 131 133 135 137 139 141
Pressing temprature, °C

Figure 2. Change in the ratio of the relative share of the cur-
rent loads of the elevators’ drives when the pressing tem-
perature changes: curve / — relative share of the current load
of the elevators’ drives feeding the undersize product with
the charge; curve 2 — relative share of the current load of the
elevators’ drives feeding the oversize product

49 to 65 t/h. The reason for this allows us to set up
the analysis of regularities of change in the ratio of
drives’ currents of elevator groups, pos. /4, 15 and
18, 19, when changing the pressing temperatures,
which are graphically presented in the Figure 2.
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As you can see from this figure, with increasing the pressing temperature, the relative share of the
current load of the elevators, pos. 18 and 19, decreases and that of elevators, pos. /4 and 15, increases.
This indicates that with an increase in the pressing temperature compared to the total load on the roll
compactor the output of the undersize product of the roll screens, pos. 5—8, and the sieving machine,
pos. 16 and 17, decreases, and the output of the oversize fractions increases, which in turn indicates
a corresponding increase in the quality of the tiles formed in the roll compactor, including their homo-
geneity. In our opinion, with increasing the pressing temperature within the investigated limits there is
an increase in the intensity of recrystallization of particles described in the papers [2, 4—6]. In addition,
at high temperatures and pressures the process of melt formation at the contact points of particles in the
zone of plastic deformation begins to have a significant influence; as a result, the subsequent cooling of
the oversize product provides greater strength of interparticle contact bonds through the formation of
additional crystallization-type bonds, the possibility of which was pointed out in the paper [2]. Thus,
an increase in pressing temperature of halurgic potassium chloride within the investigated limits sig-
nificantly increases the capacity of granulation plants by reducing the volume of circulating load of
non-compacted particles (retur) on the roll compactors.

In the course of the researches, we also studied the influence of changes in the pressing temperature
on changes in the physical and mechanical properties of the granulate. It was found that by increasing
the temperature in the shaft of the compactors from 121 °C to 142 °C, by the corresponding change in
the amount of the granulate output, no significant changes in the physical and mechanical properties of
the product are observed. At all operating modes the particle size distribution of the granulate coming
to the enrichment stage had the following particle size distribution: 4 mm — 2.0-4.4 %; 3.15 mm —
34.0-34.9 %; 2.8 mm — 11.9-13.3 %; 2.0 mm — 43.8-49.2 %; 1.0 mm — 0.4—1.1 %; —1.0 mm — 0.7-1.1 %.
Such indicators fully meet the requirements of industry and international standards (GOST 4568-95,
Technical Specification of the Republic of Belarus (TU RB) 600122 610.010-2002, STO SPECS 001-98)
applied to granular potash fertilizers.

Another important parameter of finished granular potash fertilizers is their dynamic strength, de-
termined in accordance with the requirements of GOST 21560.3-82 “Mineral Fertilizers. Methods for
determination of dynamic strength and abrasive resistance”. In accordance with the requirements of the
mentioned industry and international standards this indicator must be not less than 80—85 %. During the
research it was found that with increasing the pressing temperature there was a slight decrease in the dy-
namic strength of granulate from 94 to 92 %, in our opinion, because of a slight increase in the number
of cracks in the granules. At the same time, the identified decrease in the dynamic strength of the granu-
late is not critical for the quality of the finished product. However, this fact should be taken into account
in further research and development of compacting modes at higher temperatures, above 145-150 °C, in
the compactor’s shaft.

In general, the results of these researches have shown that one of the ways to increase the capacity
of granulation plants for halurgic fine-grained potassium chloride is to increase the pressing temperature
to at least 140—145 °C. In the process of research, however, a serious technical problem was discovered
that limits the possibility of direct implementation of higher pressing temperatures in the technological
process. Namely, at pressing temperatures above 130 °C, a very significant intensification of adhesive
interaction between potassium chloride salts and working surfaces of the rolls occurs. Rather quickly
the forming elements (cells) on the working surfaces of the rolls are filled with the compacted material.
The rolls become practically smooth and covered by a layer of caked salt. This reduces the capacity of
the compactor and increases the density of the tiles. There are several solutions to this problem. For
example, as shown in some papers (patent RU 2014231 “Anti-adhesive lubrication of molds during the
formation and production of products made of synthetic polymers”; patent RU 2764206 “A method for
reducing the sticking of salts on the surface of roll press granulators™), salt caking can be eliminated
by applying an anti-adhesion agent or water to the work surface of the rolls. We also suggest that the
problem can be solved by reducing the temperature of the rolls’ surfaces using cooling liquids. In any
case, the implementation of these methods requires modernisation of the existing compaction facilities.
Therefore, it was decided to start corresponding design works on improvement of roll compactors of
PVP type within the framework of the creative cooperation between specialists of JSC “Belaruskali”
and JSC “Soligorsk Institute of Resource Saving Problems with Pilot Production”.
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Conclusion. The regularities of the influence of the pressing temperature in the roll compactors of
halurgic fine-grained potassium chloride on the performance of the granulation process and the physi-
cal and mechanical properties of the granulate under the conditions of the Silvinite Processing Plant of
JSC “Belaruskali” are determined. It is shown that an increase in the pressing temperature from 120 to
142 °C significantly enhances the intensity of the processes of particle recrystallization and melt forma-
tion at the particles’ contact points in the zone of plastic deformation, which provides greater strength of
interparticle contact bonds due to the formation of additional bonds of the crystallization type. Increase
in the pressing temperature of halurgic fine-grained potassium chloride up to 140—145 °C enables to
enhance the productivity of granulation plants up to 130 % using the existing production lines while
maintaining the high strength and granulometric characteristics of finished products. The implemen-
tation of the compaction mode of halurgic fine-grained potassium chloride at the temperatures above
130 °C requires solving the problem of intensive salt caking on the working surfaces of the rolls of roll
compactors based on the technical modernization of the existing compacting plants, taking into account
the recommendations developed.

References

1. Belov V. N., Sokolov A. V. Extraction and Processing of Potash Salts. Leningrad, Khimiya Publ., 1971. 319 p.
(in Russian).

2. Kochetkov V. N. Granulation of Mineral Fertilizers. Moscow, Khimiya Publ., 1975. 224 p. (in Russian).

3. Zubovich I. A. Inorganic Chemistry. Moscow., Vysshaya shkola Publ., 1989. 432 p. (in Russian).

4. Muradov S. G., Shomin 1. P. Obtaining Granular Fertilizers by Pressing. Moscow, Khimiya Publ., 1985. 208 p.
(in Russian).

5. Kuvshinnikov I. M. Mineral Fertilizers and Salts: Properties and Ways to Improve Them. Moscow, Khimiya Publ.,
1987. 256 p. (in Russian).

6. Klassen P. V., Grishaev 1. G., Shomin L. P. Granulation. Moscow, Khimiya Publ., 1991. 240 p. (in Russian).

7. Kondakov D. F. Improvement of the Process of Granulation of Flotation Potassium Chloride from the Verkhnekamskoye
Silvinite Deposit. Moscow, 1998 (in Russian).

8. Prushak V. Ya., Kondratchik N. Y., Vysockaya N. A. Development of new technical solutions to increase the output
of granular potassium chloride using roller presses. Trudy BGTU. Seriya 2 [Proceedings of the Belarusian State Technical
University. Series 2], 2020, no. 1, pp. 62—67 (in Russian).

Information about the authors

Siarhei V. Peraschuk — Deputy Chief Engineer for
Technology, JSC “Belaruskali” (5, Korzh Str., 223710,
Soligorsk, Minsk Region, Republic of Belarus). E-mail:
s.pereschuk@kali.by

Olga M. Volchek — Senior Lecturer, Baranovichi State
University (21, Voikov Str., 225404, Baranovichi, Brest
Region, Republic of Belarus). E-mail: leolya07@mail.ru

Viktor Ya. Prushak — Academician of the National
Academy of Sciences of Belarus, D. Sc. (Engineering),
Professor, Technical Director, Soligorsk Institute of
Resource Saving Problems with Pilot Production (69, Kozlov
Str., 223710, Soligorsk, Minsk Region, Republic of Belarus).
E-mail: ipr@sipr.by

HNudopmanus 00 aBTopax

Ilepewyyx Cepeeti Buxkmoposuy — 3aMeCTUTENb TJIaB-
HOro MH)keHepa no TtexHosoruu, OAO «benapycpkanuii»
(yn. Kopixka, 5, 223710, Conuropck, MuHckasi 001actb, Pe-
cny6nuka benapycs). E-mail: s.pereschuk@kali.by

Bonuex Onvea Muxaiinoéna — crapiinii npenoaaBareb,
bapanoBuuckuii rocyaapcTBeHHbIN yHUBepcuTeT (yi1. Boii-
koBa, 21, 225404, bapanosuun, bpecrckas obnacts, Peciry-
onmuka benapycs). E-mail: leolya07@mail.ru

Ipywarx Buxkmop flkosnesuu — akanemuk Hannonanb-
HOH akaJzemuu Hayk bemapycu, JOKTOp TEXHHYECKHUX HayK,
npodeccop, TexHuueckuit qupexrop, Comuropckuit MucTu-
TYT npobieM pecypcocodepexenus: ¢ OUBITHBIM IIPOU3BOJI-
ctBoM (yi. Kosmosa, 69, 223710, Conuropck, MuHckas 00-
nacTh, Pecmy6nuka benapycs). E-mail: ipr@sipr.by



