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Mema: npoaHanizysamu ma gusHa4Yumu erniue 6e€HMOoHIMo8uUX auH Pi3HUX podosULY, Ma OBMIHHUX IOHHUX KOMITIIEKCIi8
Ha MemarnypeiliHi eracmusocmi 3ani3opydHux okamuuwie. Memoduka: 8UKOHaHHS1 peoroaidHux docridxeHb 3pa3kie be-
HMOHIMoBUX 2/1uH ma iX XiMiYHUU aHarsi3, es1eKmpOHHO-MIKPOCKOMiYHi 00CNiOXeHHs1 3pa3skig. [ns ouiHku memanypeid-
HUX Xapakmepucmuk ompumMaHux oKkamuuwie 8UsHa4yeHi 8osio2icmb OKamuuwig, MiyHICmb MpU CMUCHEHHI cupux i cyxux
oKamuuwiie, KinbKicme ckudaHb 6e3 pylHy8aHHSI CUPUX OKamuuwiie i memrnepamypa «LWOKY».

Pesynbmamu: rnposedeHo s1abopamopHi 8urnpobysaHHsT M0 8U3HAYEHHIO MpudamHOCmi Pi3HUX 10 MiHepanoziyHoMy
cknady i 06MiHHOMY iOHHOMY KoMririekcy 6eHmMOoHImosux enuH 05151 supobHUUmMea okamuuwis. posedeHi sunpobysaHHs
rokasasnu, wo MiyHicme Ha ydap i Orip CMUCHEHHI0 Cupux okamuuwie npu dewo nidsuweHit numomiti eumpami 6eHmo-
Himy YepkacbKo20 nyxHO3eMenbHo20 BeHMOHImy He nocmynaemscsi YUM e 8/1acimueocmsiM OKamuliie 3 8UKOpUC-
MmaHHAM 8 IKOCMI Croy4YHO20 fyxHo020 Capuetoxckoeo beHmoHimy. lNoka3aHo, wo cnpusmnueum, 055 3abe3neyeHHs
2apHoi' sikocmi cupux okamuuwig, pisHosudoMm enuH Yepkacbkoz2o podosuwia € enuHu IV wapy, wo npedcmasnsomb
cobor nNpupodHy cymiw nyxHozemeribHo2o beHmonimy Il wapy i nanuzopckimy (Il wapy). lNposedeHo 8unpobysaHHs
KomrnoauyitiHux cymiwed enuH IV 3i Il i Il 3 lll wapamu, ski nokasanu, wo sikicms cupux okamuuwig 3 Yepkacbkum 6eH-
moHimom dewo zipwe, Hix 3 CapuetoxckiMm, npome abCconmomHi 3Ha4eHHs iX NoKa3HUKI8 3ad080MbHSAMb nped'serne-
HUM ripomucriogicmio sumozam. [MpoeedeHo nopieHsINbHI 8UNPOBbYy8aHHA 02pyOKy8aHHS WUXMU 3 Pi3HOK 8orioeicmio, 3
dobaskoro 0,5 % nyxHo2o 6eHmoHrimy i cymiwi enuH 1V i Il wapie Hepkacbkozo podosuwja. okasaHo, wo 3i 36inbweH-
HSIM 80711020CMi y okamuwig 3 oboma sudamu criony4yHUx 0obasok nidsuwyemscsi QuHamidHa MiyHicms, nopucmicms i
mewmnepamypa «WOoKy» okamuuwig, Mpu MiHiMarnbHil pi3HUUi abComoMHUX 3Ha4YeHb MOKa3HUKI8 3 Pi3HUMU COIYYHUMU.
[ns 06'ekmugHo20 MidMmeepOXeHHsI MOXIIUBOCMI 8UKOPUCMAaHHS WeroYHo3eMerlbHo20 beHmoHIimy Yepkacbkoz2o po-
dosuwja (II-lI-1V wapis) y supobHuumei okamuuwie, He0b6XxiOHO MPosecmu ropPi8HSIbHI NMPOMUCIO8i 8urnpobyeaHHs Ha
oKomKosamenbHUX ¢habpuui (Hanpuknad, lisHivHul M3K), wjo sukopucmosye KoHUeHmpam 3 rid8uULEHO XOopPCmKic-
mr mexHi4Hoi 800u. Haykoea Hosu3Ha: Bug4yeHO ennue 3amiHu 11yxHo2o beHmoHimy 6 wuxmi 01151 eupobHuymea oka-
muuwie Iy>KHo3eMesIbHUMU, Nasu2opCbKimosuMu a1uHamu i cymiwamu ix gpopm. BugyeHo ropigHsIbHUU 81/1u8 8051020-
cmi cupux okamuuwig Ha ix nopucmicms i MiyUHiCMb XapakmepucmuKamu 3 JTKHUM i JIy)XHOo3eMerlbHUMU 6eHmoHimamu
8 wuxmi.

lMpakmuyHa 3Hadywicmb: Ha npuknadi enacmusocmel CUpUX, Cyxux i obrnaneHux okamuwie rokasaHa MOXI/ueicmb
8UKOpUCMaHHSA MeHW 0eiyumHux i MeHW eapmicHUX Micyesux 6eHMOHIMo8uUX 2/1uH 3amicmb Oopoaux ekcriopmye-
MUX NTY>XKHUX 21UH 6e3 nozipweHHs mexHoroaii aupobHuymea i xapakmepucmuk okamuulie.

Knroyosi criosa: 6eHMOHIMO8i 2ruHU, okamuwi, 8urisiaska YasyHy, MOHMMOPUIIOHIM, nanu2opceKim, ducnepcis, 06MiH-
HUU KoMreKc, HabyxaHHs, MiyHicmb oKkamuuwiis.

Objective: to analyze and determine the influence of bentonite clays of different deposits and exchange ionic complexes
on the metallurgical properties of iron ore pellets. Methods: performing rheological studies of bentonite clay samples and
their chemical analysis, electron microscopic studies of samples. To assess the metallurgical characteristics of the pel-
lets obtained, the moisture of the pellets, the compressive strength of the wet and dry pellets, the number of dumpings
without destroying the wet pellets, and the temperature of the «shock» have been determined. Results: laboratory tests
were conducted to determine the suitability of bentonite clays of different mineralogical composition and exchange ion
complex for the production of pellets. Tests have shown that the impact resistance and compression resistance of raw
pellets at a slightly increased specific consumption of bentonite Cherkasy alkaline-earth bentonite does not concede to
the same properties of pellets with the use as a binder alkaline Saryugyhsky bentonite. It is demonstrated that to ensure
good quality of raw pellets, an auspicious variety of clays of the Cherkasy deposit are clays of the IV layer, which are a
natural mixture of alkaline-earth bentonite of the Il layer and palygorskite (1l layer). Tests of composite mixtures of clays
IV with Il and Il with 11l layers showed that the quality of raw pellets with Cherkassky bentonite is slightly worse than with
Sarygyuhsky, however, the absolute values of their indicators satisfy the industry requirements. Comparative tests of
pelletizing of charges with different humidity and with the addition of 0.5% alkaline bentonite and a mixture of clays of
the IV and Il layers of the Cherkassky deposit have been carried out. It is shown that with increasing humidity in gran-
ules with both types of binders, the dynamic strength, porosity and temperature of the “impact” of granules increase with
a minimum difference in the absolute values of indicators with different binders. To objectively confirm the possibility of
using alkaline-earth bentonite of the Cherkassky deposit (II-IlI-IV layers) in the production of pellets, it is necessary to
conduct comparative industrial tests at a pelletizing plant (for example, SevGOK), using a concentrate with the in-
creased hardness of industrial water. Scientific novelty: the influence of alkaline bentonite replacement in charge for pel-
let production with alkaline earth, paligorskite clays and mixtures of their forms has been studied. The comparative influ-
ence of moisture content of raw pellets on their porosity and strength characteristics with alkaline and alkaline earth
bentonites in the charge was studied. Practical significance: using the properties of raw, dry and calcined pellets as an
example, the possibility of using less scarce and expensive local bentonite clays instead of expensive exported alkaline
clays without impairing the production technology and characteristics of the pellets is shown.

Keywords: bentonite clays, pellets, iron smelting, montmorillonite, palygorskite, dispersion, exchange complex, swelling,
pellet strength.
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of pellets, the compressive strength of raw and dry
pellets, the number of raw pellets dropped from a
height of 0,3 meters on the rubber plate and the tem-
perature of the «shock» at a rate of filtration of the
coolant through a layer of raw pellets of 1,2 nm/sec.

The consumption of bentonite pelletizing powder is
usually 0,5-0,7 % in dry weight relative to the wet con-
centrate. In the first series of experiments, a slightly
larger (1 %) consumption of binder was adopted so
that the influence of the studied clays on the quality
indicators of the pellets was revealed more noticeably.
In addition to purposively selected samples (by lay-
ers), mixtures of samples in various ratios were tested
(Table 1), taking into account that when mining in a
quarry, the ratio of clays of different varieties can vary
widely, and selective excavation and storage can be
practically impossible.

Kaolinite was added to some mixtures. The exper-
imental results (Table 1) indicate that, with increased
specific consumption of bentonite, the impact re-
sistance (drop) and compressive strength of raw pel-
lets with the addition of Cherkassky Cabentonite are
not inferior to the same properties of pellets using al-
kaline Sarygyuh bentonite as a binder. The strength of
raw pellets in all experiments was higher than the pre-
vailing pelletizing requirements in practice (impact
strength of 5,6 drops without breaking, the compres-
sive strength of 0,75-0,80 kg/pell). The compressive
strength of the dried pellets was approximate up to
two times the minimum requirements of 2.3-2.5
ka/pell.

Thus, with the appropriate amount of bentonite
powder in the mixture from clays of the Cherkasy de-
posit, you can get raw pellets of the required quality.
When using clays of the IV layer, raw pellets from all
types of concentrates were characterized on average

pn 6 % ¢ ISSN 1028-2335 Ne2, 2020

by the highest values of compressive strength after
drying and the temperature of the «shock». In the
case of adding to the clay of the IV layer 50 %
palygorskite clay of the Ill layer, the strength of dry
pellets from LebGOK and CGOK concentrates de-
creased, respectively, from 5,9 to 4,9 kg/pell and 6,1
to 5,5 kg/pell with stable values of dynamic and static
strength of raw pellets.

The addition of only kaolinite (50 %) to the clay of
the 1V layer also did not improve the quality of the raw
pellets. A favourable combination of the properties of
the raw pellets of CGOK (dynamic strength of 14,9
drops, static strength of 1,54 kg/pell, resistance to
compression after drying, 6,6 kg/pell, the temperature
of the «shock» 540 °C) was obtained by adding to IV
layer 40 % of clays layer Il and 20 % kaolinite. For
LebGOK concentrate, the average quality values of
raw pellets corresponded to the indicated composition
of the mixture of bentonite clays. Pellets of good quali-
ty were obtained from LebGOK and CGOK concen-
trates with the addition of 1 % bentonite clay of the Il
layer. The addition of a small amount of palygorskite
to this clay (20%) does not impair the quality of the
pellets from the TsGOK concentrate. Pellets of Sev-
GOK with a bundle of clay of the Il layer are charac-
terized by reduced compressive strength after drying.
The same applies to pellets from the CGOK concen-
trate using clay only of the Il layer.

Thus, the clay variety of the Cherkassk deposit is
most favourable for ensuring the good quality of the
raw pellets of the Cherkassky deposit, which are a
natural mixture of alkaline earth bentonite of the Il lay-
er and palygorskite (lll layer) in a variable ratio, from
1:1 to 4:1. The high rates of pellets quality were ob-
tained for clay mixtures of layers Il and Il (in the
range of ratios characteristic for layer V).

Table 2. Influence of the quantity of iv layers bentonite clay of the cherkassky deposit On the quality of pel-
lets from sevgok concentrate (burning temperature 1350 °c, duration - 7 min)

Raw pellets properties Burning pellets properties
Compres-
The s![ve " The num- | The Com-
Name of .| strength, ber of | temper- | pres- The recovery
additive in B(ua:n-of Humidit | kg/pell drops ature of | sive Drum test strength, %
charge Y, without the strengt
bun- %
dles. % raw dry c_iestrgc- «shock» | h,
' tion, times | , °C kg/pell |45 05 | -05 | +5 10
mm | mm | mm | mm mm
Sarygu.kh 0,5 8,4 097 |35 |50 480 4727 98119 |28 |8035 |668
entonite
IV layer of
Cher- 05 85 1,04 |35 |52 550 5092 |97,9|20 |575|766 |561
kassky
dep.
Sarygukh
bentonite 1,0 75 152 | 6,3 12,9 470
Ic\:/hI:r)_/er of Not investigated
1,0 7,7 1,51 | 59 18,8 490
kassky
dep.
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Table 3. Influence of the charges moisture with various binders on the quality indicators of raw pellets with
basicity 0,5 of the concentrate of cgok

The num- | Humidity Humidity Compressive The number of Total The tempera-
Name of addi- | ber of | of strength, kg/pell drops without .
A of pellets, - porosity, | ture of the
tive in charge bundles, charge, % raw dry destruction, % «shocky. °C
% % times ’
Sarygukh
bentonite 0,5 8,2 7,7 1,26 2,9 5,6 26,31 460
Same 0,5 9,1 8,7 1,08 2,55 6,3 30,04 480
Same 0,5 9,87 9,65 0,65 2,35 10,6 31,50 500
A mixture of
clay Il and IV | 0,5 8,1 8,0 1,04 2,7 5.2 28,28 480
layers
Same 0,5 9,3 9,3 0,82 2,25 5,8 31,80 460
Same 0,5 9,74 9,74 0,68 2,47 10,1 32,45 535

For all types of tested binder additives, calcined
pellets were characterized by high physical, mechani-
cal and metallurgical properties (Table 1). The effect
of the bentonite type on the properties of the finished
calcined pellets is not traced. Pellets with the clay of
the IV layer of the Cherkassk deposit had the highest
temperature of the «shock». It should be noted that
the temperature of the "shock" according to experi-
ments to a large extent also depends on the size of
the concentrate. So for a thinner concentrate of Sev-
GOK, it was lower by 45-90 °C in comparison with
pellets from CGOK concentrate.

Considering the results of previous studies, further
experiments were carried out with bentonites of the IV
layer and a mixture of clays of the IV and Il layers in a
ratio of 1:2. Since clay of the IV layer is a natural mix-
ture of clays of the Il and Il layers, the addition of clay
of the Il layer gives a new compositional mixture,
which should be considered, also, as a special variety
of the IV layer with a high content of alkaline earth
bentonite, and as a mixture of clay of the Il layer and
Il layers.

With a consumptions decrease of bentonite from 1
% to 0,5 %, the quality indicators of raw pellets de-
creased to almost the same level, but acceptable for
pelletizing for both types of bentonites: Sarygyuhsky
and Cherkassky (1V layer) (Table 2).

3,5

Burnt pellets with the addition of Cherkassky ben-
tonite with the same physical and mechanical proper-
ties in the cold state showed a slightly greater de-
structibility during reduction than in experiments with
alkaline Sarygyuhsky, although their strength during
low-temperature reduction corresponds to modern re-
guirements: abrasion 5,75 %, class output +5 mm —
76,7% (with the required — at least 70 %). The in-
crease in bentonite consumption for SevGOK concen-
trate did not increase the temperature of the «shock».

Under industrial conditions, significant fluctuations
in the humidity of the concentrate entering the pelletiz-
ing process can take place. In this regard, we con-
ducted comparative experiments with different a mois-
ture content of the mixture before pelletizing, respec-
tively, at a different moisture content of the pellets,
with the addition of 0.5% alkaline and Cherkassky
bentonites (a mixture of clays of layers IV and Il, Ta-
ble 3).

In both cases, with an increase in humidity, a simi-
lar pattern of changes in the properties of pellets is
observed for both Sarygyuhsky and Cherkassky ben-
tonites: the dynamic strength increases from 5.6-5.2
to 10.6-10.1 drops, porosity (in Fig. 1-3, the average
values of three parallel experiments are presented)
and the temperature of the “shock” of the pellets (Ta-
ble 3).

3
2,5 1
2
1,5 4
14
0,5 1

Compressive strength, kg/pell

0 T T

\-ﬁ

75 8 8,5

9 9,5 10

Humidity of pellets, %

Fig. 1. The effect of humidity of raw pellets on their strength indicators: A and A are the strength of dry pellets, o
and e are the strength of raw pellets (with the addition of Sarygyuhsky and Cherkassky bentonite IV layer, respec-
tively)
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The temperatures of the “shock” of raw pellets with  minimum permissible limit (0,75-0,8 kg/pell) for Cher-
alkaline earth bentonite at the same humidity are ap- kassky (0,68 kg/pell with 9,74 % humidity of the pel-
proximately equal to the temperatures with alkaline lets), and for Sarygukh bentonite (0,65 kg/pell with the
bentonite. With increasing humidity of the raw pellets, pellet moisture content of 9,65 %). At the same time,
the strength of the raw and dry pellets decreases, and at relatively high humidity of pellets 9,3 % with Cher-
the porosity and drop strength increase. An increase kassky bentonite, their strength (0,82 kg/pell) is not
in the moisture of pellets above 9,3 % leads to a de- lower than the minimum limit.
crease in the static strength of the pellets below the

11

The number of drops without
destruction, times

4 T T T T
7,5 8 8,5 9 9,5 10

Humidity of pellets, %

Fig. 2. The effect of humidity of raw pellets on their strength indicators when dropping: o and e — with the
addition of Sarygyuhsky and Cherkassky bentonite IV layer, respectively

Graphical analysis of the data given in table. 3 and from 27 to 32 %. %. In this case, the compressive
in fig. 1-3 shows that at the same humidity the porosi- strength of raw and dry pellets with both bentonites is
ty of raw pellets with Cherkasy bentonite is about 0,8- slightly reduced, and the impact strength of raw pel-
1 % higher. Graphical analysis of the data given inta- lets increases. Thus, according to these tests, when
ble 3 and fig. 1-3 shows that at the same humidity the using a mixture of layers IV and I, the quality of raw
porosity of raw pellets with Cherkasy bentonite is pellets with Cherkassky bentonite is slightly worse
about 0,8-1 % higher. With increasing humidity of the than with Sarygyuhsky, however, the absolute values
pellets from 7,7-8,0 to 9,7 %, their porosity increases of the indicators generally satisfy the requirements.

33
32 A
31 A
30 A
29 A
28 A

Total porosity, %

27 A
26 A

25 T T T T
7,5 8 8,5 9 9,5 10
Humidity of pellets, %

Fig. 3. The effect of humidity of raw pellets on their porosity: o and e — with the addition of Sarygyuhsky and
Cherkassky bentonite 1V layer, respectively

Laboratory tests showed that, despite the relatively properties in the wet and dried state to pellets with the
lower performance [3] (determined by existing meth- addition of Sarygyukh bentonite.

ods in distilled water) of Cherkassky bentonite, pellets When using Cherkasy bentonite, it is possible to
from concentrates CGOK, SevGOK and LebGOK ob- obtain pellets in approximately the same humidity
tained with the addition of clays IV, IV and Il, lll and Il range of the concentrate as for Sarygyuh bentonite.

layers, are not inferior or inferior insignificantly in To objectively confirm the possibility of using alkaline
earth bentonite of the Cherkassky deposit (lI-1lI-IV
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layers) in the production of pellets, it is necessary to
conduct comparative industrial tests at a pelletizing
plant (for example, SevGOK) using a concentrate with
increased hardness of industrial water.

Conclusions

1. The effect of replacing alkaline bentonite in a
mixture for the production of pellets with alkaline
earth, palygorskite and their mixtures of bentonite
clays has been studied. The possibility of using less
scarce and expensive local bentonite clays instead of
expensive exported alkaline clays without deteriorat-
ing the technology is shown by the example of the
properties of raw, dry and calcined pellets.

2. The comparative effect of the moisture content
of raw pellets on their porosity and strength character-
istics with alkaline and alkaline-earth bentonites in the

JIleopis i npaKmuKa Memarypeii

charge was studied. It is shown that the absolute val-
ues of the indicators with both bentonites at all humidi-
ty values correspond to the requirements of the tech-
nology, however, the strength when dropping pellets
with alkaline earth bentonite is lower than with alka-
line.

3. With the studied amounts (0,5 and 1,0 %) of
bentonites in the charge, the compressive strength of
raw and dry pellets with alkaline and Cherkassky ben-
tonite from layer IV (a natural mixture of alkaline earth
and palygorskite) was almost the same, and the tem-
perature of the «shock» at second — 20-70 °C higher.

4. An objective conclusion about the suitability of
natural (without modification) Cherkassky bentonite
clays and their replacement with alkaline can be de-
termined only as a result of lengthy industrial tests
with specific concentrates and industrial water.
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