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METHODS OF PELLETIZING FINE CHROMIUM
RAW MATERIALS, KEMPIRSAY DEPOSIT,
USING POLYMERIC BINDER

Abstract. This article describes the existing methods of pelletizing crude ore materials. Their main methods and mechanisms have been considered. The technologies of
formation of briquettes and brexes have been described in detail. In the work, fine chromium raw materials from Kempirsay deposit are used as materials under study. The
material is a loose substance obtained after drying chrome ore. The chemical and particle size distribution composition of fine chromium raw materials is given. The binder
is polyacrylamide. A comparative analysis and differences between the methods of pelletizing have been carried out. The methods of pelletizing have been described, and
the results of laboratory research on pelletizing have been obtained. The qualitative indicators of the obtained pelletized products were evaluated. The recipe for the optimal
composition of the mixture for pelletizing has been selected. The factors affecting the quality of briquettes and brexes have been determined.
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IMonumepiti 0alyIaHBICTHIPYIIBI peareHTTi naiiiajaHa oTeIpbin, Kemmipcali kKeH OPHBIHBIH YCAK JHMCIEPCTi XpoM

HIHMKI3aThIH KeceKTey Taciaaepi

Awnjarna. by Makanana KeH MIMKi3aThlH OHACYiH KOIAAHBICTAFbI oicTepi cunartaaraH. OnapbIH Heri3ri oicTepi MeH MeXaHH3M/epi KapacThIpbliaasl. bpukerTep
MeH OpeKcTep/ii KalbITacThIPy TEXHOIOTHSIAPbI €MKeH-Ter kel cunarranras. JKyMbICTa 3epTTeleTiH MaTepuaiaap petinae Kemmipcaii KeH OPHBIHBIH YCaK AUCTICPCTI
XPOM ILHUKi3aThl MaiiJalaHbUIIbl. MaTepuan-XxpoM KeHiH KeNTipreHHEH KeWiH aJlbIHFaH CyChIMAIIbI 3aT. ¥ caK JUCIEPCTI IIMKI3aTThIH XUMHSUIBIK KOHE TPaHyJIOMETPHSIIBIK
KYpaMbl KeJITipiireH. baiinaHbICThIPyIIIbI MATEPHAIl PETiH/IE OPraHUKAIIbIK 34T, KATThl AKOHE aMOP(ThI MaTepHa IIOIMAKPUIAMH KOJIAHbIIA/bI. By akpui1 KbIIIKbIIBIHBIH
aMu/IiHe HETi3[eIreH MoIuMep, Hicci3, YHTaK mMeimurepi 1 MM-aeH a3 Gonsin keneai. CanplcThIpMaIbl Taagay JKacallibl, KECeKTey OpHKeTTep MEH OpIKCTep apachIHIAFbl
alBIPMAIIBIIBIKTAP TaJKbUIAHAbL. BpuKkeTTep MeH OpeKcTep KAaTThUIBIK KACHETiH aHbIKTAy YIIiH, OCpIKTIriH aHBIKTAyFa apHAJIFaH KOHJBIPFbIA, APHAIbI COKKBIIA JKOHE
Gapabanna ceiHangbl. Kectene kepcerireH OpukeTTep MeH OpeKcTep/iH OSpIKTIriH aHBIKTAay HOTHDKEJEpl KeATipiireH. AJIBIHFAH OHIMJICPIIH canaiblK KopceTKiTepi
JKOHE TachIMalayFa Te3IMJIUIII jKoHe KenTereH Kyimanap Oarananabl. KocrnaHbIH OHTAMIBI KYpaMbIHBIH PELENTi TaHIana pl. bpukeTrep MeH OpeKcTepliiH canachiHa
acep ereTiH (hakTopaap aHbIKTa/IbL.

Tyiiinoi cezoep: noruaxkpuramuod, Xpom-pyoansik WUKizam, opukemmey, KeceKmey, Hcapmuliail KYpeax Kaiblnmacmolpy, 6pekcmep, SKCmpy3us.

Cnocodb1 OKYCKOBaHMSA MEJIKOAUCIIEPCHOI'0 XPOMOBOI'0 ChIPbS KeMlmpcaﬁcxoro MECTOPOKACHUSA ¢ HCITOJB30BAHUEM

IOJIMMEPHOI0 CBA3YIOLIEro peareHra

AHHOTanMs. B 1aHHOM CTaTbhe OMMCAHBI CYNIECTBYIOMINE CIIOCOOBI OKYCKOBAaHMS PYJHOTO CBHIpbsi. PaccMOTpeHBI MX OCHOBHBIE METO/BI M MexaHH3MBI. [lonpooHO
OITMCaHBI TEXHOJIOIMH (OPMHUPOBaHHs OPUKETOB U OPIKCOB. B paboTe B kauecTBe HCCIISAyEeMbIX MaTEPHAIOB HCIOIb30BaHbI MEJIKOAUCIEPCHOE XPOMOBOE Chiphe Kemmup-
caifickoro MecTopokieHns. Marepuai mpeacTaBisier co0oil Chillydee BEelecTBO, MOMyIaeMOoe TOCIe CYIIKH XPOMOBO# pyubl. [IpUBeaeHbI XUMHYICCKHUIA U IPAHYIOMETPH-
YECKHil COCTAaB MEIKOANUCIEPCHOTO XPOMOTO ChIPbsi. CBSI3YIOIIMM MAaTE€PHAIOM BBICTYIIAET OPraHMYECKOE BEIICCTBO, TBEPABIA U aMOP(HBIH MaTepHall MOIHAKPUIAMHIII,
MIPEICTABIISAIONINI OO0 MOIMMEp Ha OCHOBE aMyJla aKPHUJIOBOM KHCIIOTHI, O3 3araxa, MOpoIoK KPYMHOCThI0 MeHee | MM. Bl caenan cpaBHUTENIBHBIN aHAIN3 U OTIIN-
YU MEXTY CIIoco0aMu OKyCKoBaHMsl. Pacimcanbl METOAMKA MPOBEACHUS OKYCKOBAHMS, @ TAKIKE MOJIYUSHBI PE3yIbTaThl JIJAOOPATOPHBIX UCCIIEAOBAHHMN 110 OKYCKOBAHUIO.
BpukeTs! 1 OpIKChI ObUIM HCIIBITAHBI HAa cOPOC, HA YCTAHOBKE IO ONPEICNICHHIO IPOYHOCTH HA cOpackiBaHKe, HA yaap U ucTHpaHue. [IpuBeeHbl Pe3yIbTaThl HCIIbITAHHS
OpHKETOB 1 OPIKCOB HA MPOYHOCTD, KOTOPBIC IPEACTABICHB! Ha rpaduke. OIEHEHB! Ka4eCTBCHHBIC TOKA3aTeNN MOIYYCHHBIX OKYCKOBAHHBIX MPOIYKTOB U YCTOWYHBOCTH
K TPaHCIIOPTHPOBKE M MHOTOYHCIICHHBIX IepechInok. [Togobpana pernentypa OnTHMAIBHOTO COCTaBa CMECH JUIs OKycKoBaHust. OrnpesieeHsl (hakTopsl, BIUSIOMINE Ha

KauecTBO OPUKETOB U OPIKCOB.

Kniouesvie cnosa: nonuakpunamuod, xpomopyoroe coipve, Opukemuposanue, oKyckosamue, noiycyxoe (hopmosanue, OpIKcyl, IKCMpy3us.

Introduction

Metallurgical practice has three most common methods of
pelletizing fine materials: sintering, granulation (pelletizing)
and briquetting. The main task of pelletizing is to produce
a quality pelletized product with the necessary strength for
transportation and loading into the melting unit, to ensure suf-
ficient gas permeability of the batch layer, as well as to reduce
dust entrainment in the pyrometallurgical process.

The pelletizing methods can be divided into two groups:
high-temperature and cold-temperature. The high-temperature
methods include, first of all, sintering, and the second method
is pelletizing followed by hardening calcination. In both cases,
the desired strength of the lumpy product is achieved through
exposure to high temperatures at which partial submergence
and solid-phase sintering of the material occurs.

The group of cold pelletizing methods includes briquet-
ting, extrusion with the production of extrusion briquettes (the
brexes) and non-fired pelletizing. In these cases, the necessary
strength of briquettes is provided by adding the binders in the
composition of the material under pelletization.

The share of fine ore materials and concentrates, which are
products of deep enrichment, recycled materials, and techno-
genic waste not previously involved in processing, is critical-

ly increasing in the metallurgical industry at the present time.
The need to use these materials is based on the quantitative
content of valuable components in the materials and the dete-
rioration of the raw material base as the deposits are depleted.
Traditional methods of pelletizing raw materials by agglomer-
ation and pelletizing have largely exhausted their reserves and
possibilities. Therefore, scientific developments aimed at pro-
viding the metallurgical industry with first-grade high-quality
batch mixture seem to be very relevant, and the direction of
development of briquette production is promising [1].

Feeding materials in their compact form into the metallur-
gical unit prevents their removal with the exhaust gases, and
in the case of reduction smelting provides gas permeability of
the batch materials column. In addition, briquetting reduces
material losses during transportation [3].

The process of briquetting fine-grained materials has a
number of the following advantages [2]:

- strength and better transportability of briquettes;

- briquettes have the same regular shape and weight;

- briquettes have a higher specific gravity, can concentrate
maximum useful components in the minimum volume;

- the possibility of obtaining complex briquettes consisting
of several batch components in different proportions;
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- the possibility of using fine-grained materials of wide par-
ticle size distribution, while for pelletizing it is preferable to
use the particles smaller than 74 microns.

In the metallurgical industry, a variety of briquette press
designs are used for briquetting fine materials: stamping, belt,
table, and ring presses. At the moment in the metallurgical in-
dustry, briquetting in roll briquetting presses is the most wide-
spread, due to a number of advantages over presses of other
designs [2]. The advantages are: continuity of the process,
high productivity, ease of operation, lack of dynamic loads,
relatively low wear of working surfaces and low energy con-
sumption. Leading companies specialized in the development
and series production of roll presses are: K.R. Komarek, Inc.
(USA), Koppern (Germany), Sahut-Conreur (France), Spider-
mash (Russia).

Each briquetting process has its own specifics of prepara-
tion of fine fractional materials, consisting in the number and
sequence of operations. Preparation of raw materials for bri-
quetting is a combination of mechanical and thermal process-
es. The technological process of briquetting consists of:

- preparation of raw materials for briquetting (crushing,
classification, drying, dosing and mixing components);

- pressing of briquette batch;

- briquette processing operations to separate fines and
hardening.

A number of requirements are imposed on the binder ma-
terials. Firstly, the binder for briquetting must provide the
necessary strength properties of the briquette both in the cold
state and at the temperature of the metallurgical process. At the
same time, the binder must not let harmful and ballast impuri-
ties into the material.

Briquetting of fine materials using binders, in contrast to
briquetting without them, allows to obtain high-quality bri-
quettes from almost any material at relatively low pressures
pressing. When choosing binders, one should take into account
not only their good binding properties, on which the strength
characteristics of briquettes depend, but also the level of mois-
ture and heat resistance provided by binders, the absence of
harmful impurities in their composition, and environmental
safety [4]. Binders have the following specific requirements:

- high surface activity and good wetting of the surface of the
material under briquetting;

- the presence of plastic properties,

- resistance to atmospheric precipitation, temperature, oxi-
dation by atmospheric oxygen, etc;

- absence of substances that contaminate the finished prod-
uct;

- no occurrence of high internal stresses in the hardened
binder, which can destroy the adhesive bond;

- absence of volatile compounds that are toxic to the human
body;

- cheapness and availability;

- ease of use;

- durability during storage and transportation.

If until recently inorganic binders such as cement or ben-
tonite were widely used in ferrous metallurgy, nowadays poly-
meric organic binders are gaining popularity and can partially
or completely replace inorganic ones [5-8]. As a rule, polymer-
ic binders decompose at high temperatures without release of
dangerous decomposition products and completely volatilize.

The aim of the work is to study the applicability of the poly-
acrylamide, polymeric agent, in the pelletizing of fine chro-
mium raw materials as a binder. Development of pelletizing
technology for processing in different metallurgical units, as
well as the choice of rational consumption of the binder to
reduce costs. Briquetting in a hydraulic press (roll-type press)
and extrusion were chosen as the main methods of pelletizing.

Methodology of the study

Fine chromium raw materials from Kempirsay deposit were
used as the material for pelletizing. The chemical composition
of the sample is presented in Table 1. The used material was de-
termined by tetrametric methods with the materials converted to
a solution. The material is a loose substance obtained after dry-
ing of chrome ore. The particle size distribution of the sample
is shown in Table 2. This material is valuable as a chrome ore
raw material, as its chromium oxide content is about 43-49%.
In industry, such raw materials are mostly pelletized and used
as an additive in the batch during melting of ferroalloys [9-11].

The binder chosen was organic substance polyacrylamide
(hereinafter PAA) which is a polymer based on the amide of
acrylic acid. PAA is a solid, amorphous crystalline substance,
white or partially transparent, odorless, powder with a coarse-
ness of less than 1 mm. It is soluble in water, glycerol, ethylene
glycol, glacial acetic acid; it swells in propionic acid, dimethyl
sulfoxide and propylene glycol.

Chromium raw materials were pre-dried in a desiccator un-
til constant weight. The materials were weighed on electronic
scales KERN EW 3000-2M.

Raw mixes for briquetting and extrusion were prepared
according to the same technique. For mixing, a laboratory
single-blade mixing machine with adjustable speed of the ro-
tating blade was used. Mixing of materials in it is done in a
horizontal plane with concentric movement of the axis of the

- high soaking rate; rotating blade. Dry mixing in the mixer was carried out for 10
Table 1
Chemical composition of fine chromium raw material from the Kempirsay deposit Nel
Kecme 1
Ne] Kemnipcaii KeH OpHBIHAH AIBIH2AH YCAK, OUCHEPCHI XPOM WIUKIZAMBIHbIH XUMUAIBIK KYPAMbL
Tabnuua 1
Xumuueckuit cocmae MenKoOUcnepcHozo Xpomosozo cvipovs uz Kemnupcaiickozo mecmoposicoenus Nel
Moisture Cr O,; SiO, CaO MgO Al O, FeO C S P PPP
0,34 48,81 7,80 0,51 19,71 7,13 12,24 0,49 0,024 0,002 3,793
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minutes. The addition of water is required to impart adhesive
qualities to the PAA, which leads to its dissolution and good
volumetric distribution. Water was added to the dry mixture
and stirred until the mixture became homogeneous. IP-1000
hydraulic laboratory press and a steel mold with a 30 mm cy-
lindrical hole diameter were used for molding briquettes. The
flow of the binder was chosen in accordance with the instruc-
tions for use, as well as on the basis of literature and experi-
mental data [5-8]. The briquette forming force was 7 kN/cm?.
Table 3 shows the ratio of the components of the briquettes.

Table 2
Particle size distribution of the material
Kecme 2
Mamepuanowiy zpanyiomempusivlk Kypamol
Tabnuua 2
I'panynomempuueckuii cocmag mamepuana

Sieve under laboratory conditions, wt,%
-0.2+0.1 mm | -0.1+0.071 mm [-0.071+0.040 mm | -0.040 mm

1,15 1,89 21,47 75.48
Table 3
Composition of experimental briquettes
Kecme 3
Taocipubeni opuxemmepoiy Kypamul
Taonuya 3
Cocmae onvimnuix opuKemog
Option Binder, Moist‘ure over dry
mass/% weight, wt/%
Briquette 1 3 5
Briquette 2 2 6
Briquette 3 1 6
Briquette 4 3 4
Briquette 5 2 4

The obtained briquettes were cylinders of 30 mm in di-
ameter and 30 mm high, weighing 60 g each. Drying of bri-
quettes was performed under different conditions. For each
type of drying, three briquettes were used. Drying under nat-
ural conditions took place at 20 °C for 2 days. Forced drying
was carried out in Nabertherm TR 420 desiccator operating
in the mode of volumetric drying with hot air. Drying in the
desiccator was carried out at 120 °C for 180 minutes. The ap-
pearance of the briquettes is shown in Figure 1.

For briquetting, various types of extruders can also be used.
At present, extruders are widely used in various industries. Ex-
trusion is the process of extruding material through a forming
hole [12]. For extrusion of the mixture, FSh-004RK02 screw
pelletizer was used, on which a die with one molding channel
of circular cross-section with diameter of 16 mm was pre-in-
stalled. In the process of extrusion at the outlet of the die the
brexes were broken down manually into pieces 60-70 mm long
(Fig. 1), weighing 80-90 g. Table 4 shows the ratio of compo-
nents of raw brexes.

Figure 1. Appearance of briquettes.
a — raw briquettes; b — hot briquettes, ¢ — dried briquettes.
Cyper 1. BpekerTepain cbIPpTKbI TYPI.
a — wuxi bpuxemmep, 6 — bICbIK, Opuxemmep,
6 — KenmipineeHn opuxemmep.
Puc. 1. Bueurnuii Buj OpuKeTOB.
a — cvipvie Opukemvl, 6 — 2opayue OpuKemol;
6 — BbICYUICHHbIE OPUKEMbl.

Figure 2. Extrusion on a screw pelletizer.
Cyper 2. BypanaaJsl TYHipmikTi 3KkCcTpy3us.
Puc. 2. IkeTpy3usi HA IHEKOBOM IPAHYJISITOPE.

Table 4
Composition of experimental brexes
Kecme 4
Taocipubeni 6pIKcmepoin, Kypamol
Tabnuua 4

Cocmae onvlmuwix 0pIKCos

Option Binder, MOiStl.ll‘e above dry
mass/% weight, wt/%
Brex 1 3 10
Brex 2 3 12
Brex 3 2 10
Brex 4 2 12
Brex 5 1 12
Brex 6 0,5 12

The obtained briquettes were placed in metal trays, and then
some of them were dried in natural conditions at 20 °C with
measuring their strength after 1 and 4 days. The rest of the
brexes were force dried under the same conditions as the bri-
quettes.

Part of the briquettes after forced drying was subjected to
a test to determine the hot strength. The dried briquettes were
placed in a muffle furnace heated to 1000 °C and kept the bri-
quettes in it for their maximum complete heating in volume.
After 30 minutes, the briquettes were removed and the com-
pressive strength was tested while hot.

Strength was measured on automatic test press RB-1000,
[P-1000 and on the installation to determine the dropping
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strength (Fig. 3). The compression force in the strength test
was applied in the radial direction of the briquette/brex per-
pendicular to its forming force. The punch of the test press was
a steel bar with a diameter of 20 mm.

Figure 3. Hydraulic press:
a—1P-1000, b — RB-1000, c — installation to determine
the drop strength.

Cyper 3. I'mapaBankaJbIK npecc:
a—1IP-1000, b — RB-1000, ¢ — kannvina xkenmipy
Oepikmizin anvslKmay 0oubIHUA OPHANY.

Puc. 3. 'mapaBinyeckuii npecc:
a—HII-1000, b — RB-1000, ¢ — ycmanoska no
onpeoeienulo nPOYHOCHU HA COPACbIGAHUE.

Briquettes/brexes were tested for dropping, impact and
abrasion. To determine the impact and abrasion resistance
AP50B 3MT UZ (GOST 15137-77) drum type was used. The
amount of material for determination of impact and abrasion
resistance is not less than 15 kg. The material is loaded into
the drum and after locking it the drum starts rotating up to 200
revolutions.

To determine the dropping strength, we used an installation
for determining the dropping strength (GOST 25471-82), ac-
cording to which the batch of briquettes/breaks are dropped on
a metal surface from a height of 2000 mm with determination
of the output of the formed fines (grain-size class less than 5
mm). The number of dropping is only 3 times. It is considered
that briquettes/brexes meet the drop strength requirements if
the amount of fines formed does not exceed 5...10 or even
15%. This means that transportation of large briquettes/brexes
can be ensured only under logistic conditions, which exclude
multiple dropping.

Results of the study

The results of the briquette strength test are shown in the
graph in Figure 4.

The highest compressive strength is shown by briquettes
Ne4 after forced drying at a temperature of 120 °C soaking
for 3 hours with 3% binder content. The highest compressive
strength of 50 kgf/briquette is shown by briquette No.1 with
3% binder content. With the exception for samples No.4
and No.5, the hot strength of other briquettes is comparable.
Based on the graph in Figure 3 of all options for briquettes
it is possible to accept that the most optimal option by all
strength characteristics is briquette No.2, as all strength indi-
cators are higher against other compositions of the briquette.
Figure 5 shows the results of measuring the strength of the
brexes.
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Figure 4. Test results of strength characteristics of
briquettes.
Cypert 4. bpukerTepin 0epikTik cHnarraMajapbiH
ChIHAY HOTH:KeJepi.
Puc. 4. Pe3yabTarhbl HCNIBLITAHUS NPOYHOCTHBIX
XapaKTePUCTHK OPUKeTOB.
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Figure 5. Test results of the strength characteristics of the
brexes.
Cyper 5. bBpakcTeplin 0epikTik cunarraMajapbiH ChIHAY
HOTHKeJIepi.
Puc. 5. Pe3yabTarhl HCHBITAHUS POYHOCTHBIX
XapaKTePUCTHK OPIKCOB.

Table 5
Impact and abrasion resistance
Kecme 5
CoKKpl2a sncone mo3ya mo3imoinik
Tabnuua 5
Ilpounocme na yoap u na ucmupanue

Durability of dry

product for 3 times
Option Strength, kgf/br dropping from a height
of 2000 mm/%

impact | abrasion >5 <5

Briauetie | 961 3.9 98,85 115
Brauetie | 9733 | 7,67 96,54 3.46
Brex 5 95,8 2,3 97,33 2,66
Brex 6 42,4 453 93,19 6,31
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The strength of the raw brexes did not reach the values of 20
kgt/brex. The highest strength is in the brexes after natural drying
for 4 days, a strength of 242 kgf/brexes has been achieved. Brexes
after forced drying at 120 °C for 3 hours also show high compres-
sive strength, up to 155 kg/brex. To determine the resistance to
impact and abrasion (GOST 15137-77) and to dropping (GOST
25471-82), 1, 2, 5 and 6 briquettes options were selected. The
choice of options of briquettes to determine the strength was due
to the fact that these options have the highest strength values. As
for the briquettes, they were chosen in terms of reducing the cost
of the binder. The test results are presented in Table 5.

As can be seen from Table 5 briquettes are stronger than
brexes on average by 25%, 18.02% and 2.4% in terms of im-
pact strength, abrasion strength and drop, respectively. But
it should be noted that the consumption of the binder in bri-
quettes is 1 and 2% more against for brexes.
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