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Abstract

Data on the physico-chemical processes occurring during the pelletization of sintering mixture were obtained by
bench and laboratory studies. Both the sintering parameters of the mixture and the intensity of dust and harmful
gases entry into the atmospheric air together with sintering gases depend on the degree and quality of pelletization.
The adsorption of surfactants was studied; the adhesion of surfactant solutions was calculated on the basis of
contact angle measurements; an original method was applied for measuring the rupture force used for breaking the
wetted sintering mixture, and data on the change in the fractional composition of the sintering mixture after the
wetting were obtained. The optimal parameters of the pelletizing process were established. The optimal
concentration of surfactant (TEAS) in the pelletizing solution was 0.00015 - 0.00020 mol/1 at a flow rate of 70 - 80
g per ton of the sintering mixture; the best wetting and the smallest dust content (the percentage of sintering
mixture fractions <3 mm) is provided by using seawater as a solvent. It is noted that not only a decrease, but also an
increase in the TEAS concentration relative to the optimal value leads to a noticeable deterioration in the sintering
mixture quality. Presumably, this behavior of the system under study is associated with both the size effects and the
increased polarization of the sulfo group in the surfactant.
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AOCIIIKEHHA ®I3UKO-XIMIYHUX ITPOLIECIB ITPH OI' PYIKYBAHHI ATJIOLIUXTHU

H0s1ia B. Boittenko, Mapuna C. MoHapycoBa, Katepuna A. [lnsicoBcbka, AniM I lllnmanbkuii
JIBH3 «/lHinposcbkull HayioHabHUll yHigepcumem imeHi Osaecsi [oHuapa»
M. [lHinpo, 49010, Ykpaina

AHoTarniga

3a A0noMOrom CTeHJ0BHUX Ta JIaGOpPaTOPHUX BUNPOGYBaHb OTPMMaHi BigoMocTi npo ¢isuko-ximivyHi npouecy, Aki
BiAOyBalOThCA NpU OrpyAKyBaHHI arJomMxTH. Bij cTymeHsA Ta sAKOCTI OKOMKyBaHHsA 3ajieXkaThb fAAK apaMeTpH
CniKaHHA WIUXTH, TaK i IHTEHCHUBHICTh NmepexoJy y HAaBKOJIMIIHE cepeAoOBHUIE arjorasis, AKi MicTATh mua Ta
IKiAINBi KOMNOHeHTH. By/1a BUBYeHa aicop61isa NoBepXHeBO-aKTUBHUX peyoBHH (IIAP); 3a ;aHUMU BUMipIOBaHb
KpaloBHX KyTiB 3MO4YyBaHHs po3paxoBaHa ajre3isa po3uuHiB [1AP; 3a opuriHa/ibHOI0 MeTOJMKOI0 BUMipsHa CH1Ja,
Il0 BUTPA4Ya€TbCA Ha PO3PHUBAaHHA 3MOYEHOI arJIOIIMXTH, a TAKOXK OTPUMaHi AaHi Npo 3MiHeHHA (paKLilHOro
CKJIaAy arJIOIIMUXTHU Mic/A 3MO4YyBaHHA. BusHaueHi onTuMasbHI NapamMeTpHy npouneca 0KOMKyBaHHA. OnTuMajibHa
KoHueHTpanist [IAP (TEAC) y po34uHi J/11 OKOMKYBaHHs ckJ1asa 0.00015 - 0.00020 mouib/s1 ipu BUuTpaTtax 70 - 80 r
Ha TOHY arJIOIIMXTHU; HallKpalle 3MOYyBaHHs Ta HaliMeHmUi BMicT nuay (4acrka ¢pakuiii armomuxtu < 3 Mm)
CIOCTEPIira€Tbcs NpHU 3aCTOCYyBaHHI MOPCHKOI BOJAM B IKOCTi pO3YMHHMKA. Big3Ha4yeHo, 110 He TiJIbKM 3HIKEHHH, a
i 36isbmeHHa kKoHUeHTpanii TEAC BiAHOCHO ONTHUMAaJ/ILHOrO 3HAa4Ye€HHSA NPHBOJUTH A0 MOMITHOrO MOTipmIeHHA
AKOCTi arJiomnxTu. BiporigHo, Taka nmoBeAiHKa A0C/aiJ)KyBaHOI CCTEMHU NMOB’SI3aHO K i3 po3MipHUMHU edeKTamy,
TaK i 3 mocuaeHHAM noJiApu3anii cybporpynu y ckjai noBepxHeBo-aKTHBHOI pe4YOBHHM.

Katouosi cs108a: TOBEpPXHOCTHO-aKTUBHI peYOBUHY; a/ire3isi; 3MouyBaHHS; 3alIMJIE€HICTb; PpakLilHUM cKIaf.
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HUCCJIEAOBAHUE ®U3UKO-XUMHUYECKUX ITPOLECCOB ITPH OKOMKOBAHHUHU
ATJIOINUXTHI

Hnusa B. BoliTteHko, MapuHa C. MoHapycoBa, EkaTepuna A. IlnsicoBckas, Anum I'. Hlumankui
I'BY3 «/[Hunposckuil HayuoHabHbIll yHugepcumem umeHu Oaecsi ['oHuapay,
2. lnunpo, 49010, YkpauHa

AHHoTanuga

C NOMOIIBI0 CTEHAOBBIX U JIaG0PaTOPHBIX MCCJIeJ0BaHUI MOJIy4YeHbl AaHHbIe 0 GM3UKO-XUMHUYECKHMX Nponeccax,
NPOTEKaWIUX NIPY OKOMKOBAaHMHU arjomMxThl. OT cTeNeHN U KayecTBAa OKOMKOBAaHMSA 3aBHCAT KAaK MapaMeTpbl
ClleKaHUA IHMXThI, TAK U HHTEHCUBHOCTh NOCTYIJIEHMA B aTMOcepHbIN BO3AyX C arJiorasaMM NbUIM M BpeJHBIX
ra3os. bely1a M3y4eHa afcopouys NOBEPXHOCTHO-aKTUBHBIX BellecTB ([IAB); Ha ocCHOBaHMHU M3MepeHMH KpaeBoro
yrJjia CcMa4yMBaHMsA paccyuTaHa aaresus pactBopos [IAB; no opuruHaJabHOM MeTOAMKE U3MepeHa CUJIa, nomeAmasn
Ha pa3pblB CMOYEHHOHM arJIOIIMXThl, a TaKKe NOJy4YeHbl JaHHble 00 H3MeHeHHHM (PAKIMOHHOIO COCTaBa
arJIOIMXTHI NOC/Ie CMaYMBaHUA. YCTaHOBJIEHBI ONITUMaJIbHbIE NapaMeTpPhI NPOLecca OKOMKOBaHMsA. OnTUMabHAA
KoHueHTpanus IIAP (T3AC) B pacTBope AJis1 OKOMKOBaHHs cocTtaBusia 0.00015 - 0.00020 mosb /1 npu pacxoje 70 -
80 r Ha TOHHY arJIOIIMXThI; HaWwly4llee CMayMBaHUWe M HauMeHblIee coJep:KaHHe NbUIM (A0aA ¢paknui
arJIoOIMXThI < 3 MM) oGecne4uBaeTcsA NP UCNOJIb30BaHUM MOPCKOH BOABI B KauyecTBe pacTBopurteaa. OTMeyeHo,
4TO He TOJbKO CHW)KeHHe, HO M yBe/iMYeHMe KOHHeHTpanuv TIAC OTHOCHTE/IbHO ONTHMAaJBHOTO 3Ha4eHHs
NPHUBOJHT K 3aMeTHOMY YXYyAIIeHHUI0 Ka4yeCcTBA arJIouXThl. [IpeAno10XKuTebHO, TAKOE NOBeJeHNe HccaeAyeMou
CHUCTeMBbI CBA3aHO KaK C pasMepHbIMH 3¢ deKTamu, Tak U € ycHIeHHeM NOJISIpU3aluu CyabQorpynnsl B cocTaBe

NMOBEPXHOCTHO-AKTUBHOI'O BelleCTBa.

Kawuesvle caosa: INOBEPXHOCTHO-aKTUBHbIE BEeLeCTBA; aAre3ud; CMa4liBaHUeE; 3allblJIEHHOCTD; q)paKL[HOHHbIﬁ COCTaB.

Introduction

The optimization of many technological
processes and increasing their technical and
economic efficiency depend on the use of the
results of scientific achievements in the study of
physicochemical phenomena taking place in
complex multiphase systems. These phenomena
include sintering processes at metallurgical
plants. In sinter obtaining processes an important
place is occupied by the pelletization of the
mixture before its sintering on sinter machines.
Both the required sintering parameters and the
intensity of the admission of dust and harmful
gases to the atmospheric air with sintering gases
depend on the degree and quality of pelletization,
which is the main reason for the extremely
difficult environmental situation in the areas of
metallurgical enterprises operation.

The pelletization of the sintering mixture is a
complex physicochemical process. Its parameters
depend on the mineralogical composition of the
mixture, its dispersion composition, humidity,
degree of the hydrophilization of the particles
surface. For pelletizing the mixture, water is
added. The experience of many sinter plants
shows that its use does not always provide the
required degree of pelletization. First of all, this
concerns the fine fractions of the sintering
mixture, the presence of which in the charge leads
to the deterioration of the sintering process itself,
and also causes the emission of dust particles into
the waste gas ducts of the sintering plants [1-12].

In recent years, to improve pelletizing and
optimize sintering, surface-active substances
(surfactant) have been put to use [8; 10; 13; 14]. It

is shown that the use of surfactants as wetting
additives improves the quality of the obtained
agglomerate and reduces the content of dust and
harmful gases in the waste sintering gases [9-11;
13-16].

For research in this work, we chose an anion
active surfactant based on triethanolamine salts
(TEAS). TEAS is a biologically mild surfactant,
produced by industrial enterprises of Ukraine and
other countries, and having a relatively low
market value.

The aim of this work was to establish the
physicochemical characteristics of surfactant
solutions in the processes of their interaction with
the surface of polydisperse solid phase and to
develop on this basis the optimal processing
parameters for bulk materials, allowing to
improve the quality of sintering mixture in sinter
production.

Experimental part

Research methods. The surface tension of
surfactant solutions was determined by the
maximum bubble pressure method using the
Rebinder instrument [17; 18]. TEAS solutions
were prepared by dissolving the appropriate
amounts of the surfactant in distilled, tap and sea
water. The latter was taken in the water area of the
Azov Sea, since a number of metallurgical
enterprises commonly using sea water for
technological purposes are situated in that area.
The concentration of surfactant was measured in
the range from 0 to 5 wt. %. The research of the
contact angle of these solutions was carried out by
the capillary rise method.
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To determine the effect of adhesion forces on
the pelletizing processes in sintering mixture
treated with surfactant solutions, we developed a
laboratory Test bench, in which the adhesion work
was evaluated by the amount of work expended on
rupturing the compressed bulk material.

The basic ideas for the creation of this
laboratory Test bench were outlined in the works
of P. A. Kozlov and E. I. Andrianov [17; 18]. In this
work we present the description of the Test bench
and the principles of conducting research on it
[16].

Sintering mixture samples were taken directly
from the ore yard stack of the sinter department
of ArcelorMittal Krivoy Rog metallurgical plant.
The prepared samples were dried in a vacuum
cabinet at a temperature of 110 °C to constant
weight. Weighted portions were treated with
surfactant solutions based on the specific
consumption of 100 g / t, which corresponded to
the sintering mixture moisture content of 10 %
(standard total moisture adopted for the sintering
mixture at sintering plants for pelletization). The
concentration of surfactants in aqueous solutions
ranged from 0.02 to 0.15 %, which corresponded
to the specific consumption of surfactants from 20
to150g/t

The evaluation of the efficiency of sintering
mixture treatment with surfactant solutions was
carried out on the laboratory Test bench of 0]JSC
ArcelorMittal Krivoy Rog. The Test bench included
a drum pelletizer, an installation for sieving the
pelletized sintering mixture, an agglomerate
sintering furnace, an installation for studying the
parameters of the ready agglomerate. The
sintering furnace is equipped with a mini-
exhauster and a system for cleaning and removal
of sintering gases.

All tests were carried out in accordance with
the methods approved by the Ministry of Ukraine
[19]. A 75 kg sintering mixture sample was loaded
into the drum pelletizer, where it was mixed for 4
minutes without moistening, and then another 6
minutes after moistening. The total humidity of
the sintering mixture in all cases was 8 + 0.2%. For
moistening surfactant solutions were taken (with
concentrations from 0 to 0.01%, which
corresponded to specific consumption from 0 to
100 g / t) made on tap water.

The granulometric composition of the
pelletized sintering mixture (fractions larger than
12 mm, 8 -5 mm, 5-3 mm, and <3 mm) was
determined on a sieve analyzer. A part of the
pelletized sintering mixture weighing 35 kg, taken
from the drum pelletizer, was loaded into the
sintering furnace. While the mixture was

sintering, dust samples of the sintering gases at
the exit from the exgasator gas duct were taken by
aspiration method using AFA filters.

To determine the effectiveness and feasibility
of using surfactant solutions in the processing of
sintering mixture, a set of pilot tests was
performed. It included the development of the
technological scheme, the treatment of the
sintering mixture with TEAS solutions
[13; 15; 16], the study of the sintering mixture
dust content in the gas ducts of the sintering plant
and at the exit to the atmosphere.

Results and its discussion

In the study of the surface tension of the
surfactant aqueous  solutions  functional
dependencies o = f(C(TEAS)) were obtained. The
results of these studies are given in [16; 20]. The
form of the corresponding isotherms is typical for
surfactant solutions, but the effect of the solvent is
of interest. In particular, it was found out that
double reduction in surface tension was achieved
in distilled water at a surfactant concentration of
3.5 %, in tap water at 2 %, and in sea water at 1 %.
Talking about the adsorption of TEAS, its surface
excess (G) is quite simple to calculate from the
data of surface tension dependence on surfactant
concentration. The average molecular weight is
calculated according to [21] on the TEAS
composition. The results are shown in Fig.1.

L, molim2

0,000 T T T T T T T T T T T T T ]
0,00 0,02 0,04 0,06 0,08 0,10 0,12 0,14
€10, mol/L

Fig. 1. TEAS adsorption isotherms 1- in distilled water;
2 - in tap water; 3 - in seawater

It can be seen that the amount of adsorption
and the shape of the I',C-curve depends on the
nature of the solvent. Adsorption from seawater
solutions is closest to the Langmuir isotherm. This
is confirmed by the graphs in Fig. 2, performed in
the corresponding linear coordinates. The value of
the adsorption limit calculated from Fig. 2
(dependence 3) is equal to 0.0365 mol / mz2.
Unfortunately, there are no data on the size of
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TEAS molecules in the literature, so it was not
possible to calculate the specific surface area.

As it is shown (Fig. 1, curve 3), in seawater
solutions the values of adsorption close to the
limit value are achieved at lower surfactant
concentrations. We can assume that this is due to
the chemical  nature of  TEAS (R-
CHzOSO3N(C2H5)3), where R=C11 - C17). It is
known that due to the formation of a carbonate
buffer system the pH of seawater varies in the
range of 7.5-8.4, i.e. the medium is slightly
alkaline.
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Fig. 2. TEAS adsorption in linear coordinates of the
Langmuir isotherm 1- in distilled water; 2 - in tap water;
3 - in seawater

The work [22] considered the effect of sodium
hydroxide concentration on the surface active
properties of sodium lignosulfonate
polyelectrolyte, and a conclusion about increasing
polarity of its sulfo groups was made. The TEAS
molecule also contains a sulfo group, and it is
logical to assume that when the pH shifts to the
alkaline area, its polarity and, as a result, the
surface activity of the entire molecule also
increases. This assumption, in particular, is
confirmed by the fact that the surface activity of
TEAS increases by 3.8 times when distilled water
is replaced with sea water. Thus, in seawater,
conditions are created for a more dense filling of
the surface with a monomolecular surfactant layer
compared with tap and distilled water. However,
the obtained data allow determining the optimal
concentration of TEAS for treating the sintering
mixture for any of the solvents considered.

The increase in surface activity with increasing
pH can also explain the dependence of the contact
angle on the concentration of TEAS and the nature
of the solvent. According to [16], the best surface
wetting is observed in seawater. Since the value
of the contact angle decreases continuously
when surfactant concentration increases, we

can conclude that TEAS moistens the sintering
mixture surface with a possible transition to
spreading [23].

As is well known, the best wetting of any
surface corresponds to the maximum values of
adhesion work. The dependence of adhesion work
on the concentration of surfactant (Fig. 3),
calculated from the contact angle values [16] by
the formula

W,=a,. (+cosf))

also confirms the correctness of the choice of
optimal surfactant solutions concentrations for
pelletizing the sintering mixture.
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Fig. 3. Adhesion work calculated by the contact
angle values depending on the TEAS concentration 1- in
distilled water; 2 - in tap water; 3 - in seawater

It follows from this, that surfactant
concentrations greater than optimal one for a
given solvent should not significantly affect
surface wettability and adhesion. However,
experimental data show a different kind of
dependence.

The results of bench tests according to the
original method [16] show that the dependence
of the force expended on rupturing bulk material
from the surfactant concentration in the solution
used for pelletizing (Fig. 4) has an extreme
character.

This can be explained from two points of view.
First, the proposed method for measuring the
rupture force for bulk materials results in
measuring the total effect of adhesion and
cohesion forces. Consequently, when the
surfactant layer on the sintering mixture surface
ceases to be monomolecular, cohesion inside the
specified layer is added to the adhesion force. An
approximate estimate of the pelletized
sintering mixture surface size according to its
fractional composition showed that with a
TEAS consumption of 100 g / t, more than 10
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layers of molecules can be formed. And
secondly, a more complete wetting of small
particles with a large specific surface area can lead
to an increase in the interface boundary between
the sticking phases. According to [18], the
separation force of multilayer disperse
systems will be defined as: Forp = Tr2Fy, where Fy
is the separation force per unit of surface, and r is
the particle radius.

320

300
280
N_ 260
E
Z 240 d
0 2204
™ |
200 4 .
180 4
160 -
1404 *
T T T M T T T M T M T M 1
0,0 0,5 1,0 15 20 25 30 35 4,0

C-10*, mol/L

Fig. 4. The dependence of the force expended on
rupturing the wetted sintering mixture on the TEAS
concentration in the solution (solvent - tap water)

The dependence of the fractional composition
of the pelletized sintering mixture from the
surfactant consumption when wetted is a very
indicative confirmation of the second assumption.
The set of bench tests carried out at O]SC
ArcelorMittal Krivoy Rog was designed to reveal
just such a relationship [16; 19]. The fractions
with particle sizes larger than 12 mm were sieved
out; 12-8 mm; 8-5 mm; 5-3 mm; less than 3 mm.
The smallest fractions, in fact, are a source of
dustiness for the environment. Figure 5
represents the curve showing the percentage of
particles larger than 3 mm in the sintering
mixture, i. e. the percentage of dust-free sintering
mixture, depending on the concentration of
surfactants in the pelletizing solution.

As it can be seen, the maximum amount of
dedusted sintering mixture falls on the same TEAS
concentration values, which correspond to the
minimum force expended on rupturing the
moistened bulk material (Fig. 4) and acquiring the
constant value of adsorption and adhesion work
(Fig. 1, Fig. 3).

Of course, it is necessary to take into account
the fact that in the course of pelletization volume
concentration is  replaced by  surface
concentration, and due to the complex, rough
surface of sintering mixture, size effects may
appear [20].

dust-free fractions content , %

T T T T T T T T T 1

T T T T T T
0,0 0,5 1,0 1,5 20 25 30 35 4,0
C:10°, mol/L

Fig. 5. The dependence of dust-free fractions content in
the total weight of sintering mixture on the TEAS
concentration in the pelletizing solutions (solvent - tap
water).

Aside from the data from Fig. 4 and 5, this is
indirectly confirmed by visual observations. Thus,
at the surfactant concentration of 0.00015 -
0.00020 mol/], which corresponded to the specific
consumption of 70 - 80 g / t, fine sintering mixture
had the appearance of spherical granules with
sizes from 3 to 0.5 mm. But when the specific
consumption amounted to more than 80 g / t, it
crumbled into dust, ie. it did not pelletize.
According to [19], processing the initial sintering
mixture was carried out in foam mode, and when
increasing surfactant concentration, the foam
strength also increased with relative constancy of
the surface tension and the adsorption work value
(Fig. 3). More durable, in comparison with the
optimal ones, foam bubbles could “roll” off the
rough surface of the particles, creating a “lotus
effect”, and in the case of small particles, this effect
should be more noticeable due to the smaller
radius of their curvature.

The assumption that the deterioration of the
mechanical properties (Fig. 4) and the change in
the fractional composition (Fig. 5) of the pelletized
sintering mixture is associated precisely with the
deterioration of wettability is corroborated with
the data [24;25]. As it is known from [15],
triethanolamine and its derivatives are absorbers
of many gases. And it is logical to assume that the
optimal wetting of sintering mixture - especially
of small particles with developed specific surface
area - will correspond to the maximum gas
absorption. Dependences obtained in [15] fully fit
into this assumption.

It should also be noted that at the optimum
concentration of the surfactant working solution
determined by us, the amount of 5-8 mm fraction,
which is considered the most “useful” in the
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metallurgical industry, increases by 4.3 % [19],
while the amount of the particles of > 10 mm
fraction increases only by 1.3 %. Thus, the results
obtained on the laboratory bench allow us to
determine the optimal parameters for treatment
of a particular kind of sintering mixture with a
specific type of surfactant solutions, and the
calculations allow us to expand the scope of the
applied research to other surfactants and other
bulk materials.

Conclusions

Based on a study of the main physicochemical
characteristics of surfactant solutions (surface
tension, adsorption, contact angle, adhesion work,
rupture force for bulk materials, etc.) and a
complex of laboratory, theoretical and bench
studies of sintering mixture treatment with
surfactant solutions, the optimal parameters of
this process were established. The optimal
surfactant concentration in the pelletizing
solution is 0.00015 - 0.00020 mol/] at a flow rate
of 70 - 80 g per ton of sintering mixture; the best
wetting is achieved in seawater. It is noted that not
only a decrease, but also an increase in the TEAS
concentration relative to the optimal value leads
to a noticeable deterioration in the sintering
mixture quality. This may be due to the
deterioration of the surface wettability on account
of size effects. When changing the solvent from
distilled water to seawater, it appears to be
polarization of surfactant sulfo group, which leads
to a significant (in 3.5 times) increase in the
surface activity of diphilic molecules.
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