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DETERMINATION OF OPTIMAL PARAMETERS
OF SINTERING OF ROLLING SCALE

This article presents the results of studies conducted to determine the optimal
parameters of sintering of rolled scale in a mixture with iron-containing steelmaking
waste. The conducted studies of sintering of rolled scale have shown that the gas
permeability of the charge depends on a number of physical properties, the size and
shape of the grains, the amount of return, the height of the charge layer, and the
moisture content of the charge. The initial gas permeability strongly depends on the
degree of humidification of the agglomeration charge, especially when sintering
small classes of materials under study. The maximum gas permeability of the
charge is ensured with an optimal granulometric composition of the charge, which
is characterized by an average equivalent diameter: the higher this indicator, the
higher the gas permeability of the charge. The value of the surface tension reaches its
maximum at a certain moisture content of the charge, which is the optimal moisture
for this charge. By increasing the amount of return during agglomeration, the vertical
sintering rate increases and the quality of the agglomerate improves. These factors
lead to an increase in the productivity of sintering plants. According to the results of
the study, the optimal parameters of the sintering sintering process of rolled scale in
a mixture with iron-containing steelmaking waste were worked out. It is established
that the optimal amount of return is the use of 20 % of the mass of the sintering charge
at the optimal height of the sintered layer of 300 mm. As a result of the conducted
research, the following optimal indicators were achieved: mechanical strength —
70.2 %, sintering rate — 28.7 mm/min, specific productivity — 1.75 t/m2 -hour.

Keywords: Rolling scale, agglomeration, optimal parameters, sintering, return,
layer height.

Introduction

Currently, two large electric steelmaking enterprises KSP Steel LLP and PB Casting
LLP operate in Kazakhstan (Pavlodar). The production complex of KSP Steel LLP
includes a steelmaking workshop, pipe rolling production and pipe finishing lines. The
products of the second PB Casting LLP plant are steel billets, grinding balls and rods,
as well as reinforcing bars [1].
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In rolling production, as a result of metal compression on rolling mills (blank, long-
range, hot and cold rolling), a large amount of rolling scale is formed. The formation
of scale is associated with high temperatures. At high temperatures, an active chemical
interaction of steel with surrounding gases occurs, as a result of which the surface layers
are oxidized. The oxidized layer is scale, formed as a result of the diffusion process of
oxidation of iron and impurities that make up steel [2].

Currently, a situation has formed in the metal charge market of Kazakhstan, which
has led to a significant increase in scrap metal prices, which has prompted commercial
and technical services of enterprises using mainly scrap metal in steelmaking to search
for alternative materials. For such electric steelmaking enterprises as KSP Steel LLP
and Casting PB LLP, which have limited scrap metal resources, this problem is one of
the most urgent.

World experience shows that the world pays great attention to the disposal and use
of man-made waste in metallurgical processing [2]. In foreign countries, rolled scale
and all waste generated at metallurgical plants are used in sintering and other industries
[3, 6]. The authors of the works [7] present the results of the use of agglomerate in blast
furnace production, in the production of ferroalloys, the use of which makes it possible
to improve the technological and physico-chemical parameters of the process.

Materials and methods

Laboratory studies of the sintering of steelmaking waste mill scale were carried out
using the methodology adopted in the university laboratory on an agglomeration plant.
The general appearance of the agglomeration bowl is shown in Figure 1. Parameters of
the agglomeration plant: diameter 100 mm, bowl height 500 mm. The agglomeration
plant is equipped with a VP-1.5 vacuum pump, chromel-aluminum (CA) and vanadium-
rhenium (VR) thermocouples and an automatic multi-channel temperature recorder
(AMTR-6) of the sintering process (recording the temperature of the gas outlet and the
layer of sintered batch).

During the research, rolling scale of a fraction of 10 — 0 mm was used as the main
material. Which is represented by iron oxides Fe O,, Fe’0* and FeO. The chemical
composition of the mill scale of materials used as additives is presented in tables 1
and 2 according to GOST 53657-2009. The chemical composition was determined in
the accredited laboratory of Casting LLP and the Chemical and Metallurgical Institute
named after J. Abishev.
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a b
a) 1 —Bowl; 2 —Gas receiver; 3 — Cyclone (gas cleaning); 4 — CAT Thermocouple;
5 — Dust collector; 6 — Gas pipelines; 7 — Pressure gauge; 8 — Slide gate; 9 —
Connecting fitting of the pressure gauge;
b) 1 — Pump VWP-1-1.5; 2 — The chimney; 3 — Water supply; 4 —

Measuring equipment.
Figure 1 — Agglomeration plant

Table 1 — Chemical composition of rolled scale, %
Name Fe, . FeO Fe O, Sio, MnO C

Scale 76.4 453 58.8 0,6 1.7 0.11

Aspiration dust (AD) was used in an amount of 5-10 %. This dust was used as an
iron-containing additive. The final steelmaking slags of the ladle furnace unit (LFU
slags) were used as a fluxing additive, in an amount of 5-10 %. Coke screenings of the
0-5 mm fraction in the amount of 5-12 in the charge were used as fuel %.

The total weight of the moistened agglomeration batch of one sintering was 3 kg.
In total, 20 sinterings were carried out.

The fractional composition of the materials was determined according to GOST
27562-87. The results of the fractional composition are shown in Table 3.

Table 2 — Chemical composition of materials used as additives

Name of the Fe . Sio, MnO ALO, MgO CaO S P C
material
Aspiration dust 50.4 1.2 2.3 3.3 2.7 3.6 0.02 0.002 2.9
LFU slags 1.2 22.7 1.3 2.4 3.7 54.9 0.78 -
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It is known from the pelletizing theory [8] that grains of 0.4—1.6 mm are poorly
involved in pelletizing, since on the one hand they are too large to roll, and on the other
hand they are too small to serve as germ centers. During granulation, agglomeration
charges are divided into three parts: lumpy (> 0.4 mm), lumpy (particles > 1.6 mm)
and an intermediate fraction (grains 0.4 — 1.6 mm), located between the formed lumps
of the agglomeration sheet layer. Table 3 shows that most of the rolled scale fraction is
in the intermediate class (grains 0.4 — 1.6 mm). Therefore, to improve the pelletizing
process of the charge, aspiration dust was used, which is included in the range of the
lumped fraction. The final slags of the bucket furnace unit (LFU slag) were originally
used as a fluxing additive. However, the use of these wastes also makes it possible to
significantly improve the clumping ability of the agglomeration charge, since grains of
less than 0.4 mm predominate in LFU slags, similar to aspiration dust.

Table 3 — Fractional composition of materials

Material Fractional composition, %
e
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The research was carried out according to the methodology adopted in the university
laboratory. After the weight dosage of the components, the charge was thoroughly
mixed, moistened and pelletized (4 min) in a disc granulator with a diameter of 1.0 m.
The moisture content of the charge materials was preliminarily determined according
to GOST 12764-73.

Results and discussion

During agglomeration, the initial gas permeability of the charge is of great
importance, the value of which determines the entire course of the agglomeration process
and, consequently, the physico-chemical properties of the resulting agglomerate and
the specific productivity of the installation [9,10].

The number of returns is strictly regulated in agglomeration factories. Return is a
waste product that is not included in the finished products of the factory, therefore, the
greater the relative share of return in daily production, the less usable agglomerate is
produced. Therefore, the development of sintering modes with a share of return in the
charge plays an important role, i.e. how much return is applied to the sintering charge,
so much agglomerate must be obtained from sintering. Otherwise, the balance of the
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agglomeration process is disrupted by the amount of return on production. If there is
not enough return, the use of fuel increases, which leads to an increase in the cost of the
agglomerate. With a large amount of return at the sintering plant, an excess of waste is
generated that will require disposal.

The return practically does not contain carbonates and hydrates, since reactions and
restorations have already partially passed in it. Hence, it follows that there is less heat
demand for return than for waste and ore materials. It should also be noted that with the
use of a return, the bulk weight of the charge increases and the water consumption per 1
ton of charge decreases, and the mechanical strength of the agglomerate also increases.

Thus, with an increase in the amount of return during agglomeration, the vertical
sintering rate increases and the quality of the agglomerate improves. These factors lead
to an increase in the productivity of sintering plants.

According to the research data presented in Figures 2 and 3 and in summary table
4, it is possible to notice a change in the main sintering parameters depending on the
amount of return to the sintering rate of the sintering charge, the productivity of the
installation, the strength of the agglomerate and the yield of the suitable agglomerate.

With an increase in the number of returns from 5 to 15 %, there is an increase in
sintering speed and productivity. It should be noted here that in all the experiments
the amount of fuel used was 10 %, because in previous sintering tests to determine the
optimal amount of fuel, it was found that 10 % of coke should be considered optimal.
Based on the data in Figure 2, it can be seen that with an increase in the number of
returns from 25 to 35 %, there is a decrease in the sintering rate and plant performance.

90 85
(=]
s 85 e
P s oaZ-t 80
= 80 =T o
g -t=rFT - é‘
= 15+ o - :’. = 75 -
w -— - - —
e 70T e nBe==" 18 L 70 &
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Amount of recovery in the charge, %
= Resistance to shock + Product yield

Figure 2 — The effect of changing the amount of return
on the strength and yield of the suitable agglomerate
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Figure 3 — The effect of changing the amount of return
on sintering speed and productivity

This phenomenon can be explained by the fact that more melt is formed in the
sintering charge and parameters such as sintering speed and productivity begin to
decrease somewhat. It follows that a further increase in the return in the sintering charge
reduces the technological parameters of sintering and cannot cover the production costs
from an increase in scrap, i.e. return. As for the increase in strength and yield (Figure
3), it initially increases along with the increase in the amount of return in the charge.
This is natural, since a significant mass of the charge undergoes repeated sintering. The
return particles do not contain a sufficient amount of fuel, and the heating process occurs
due to the fuel of the agglomeration charge. When there is too much return, which is
observed in the curves of Figure 3. this circumstance begins to negatively affect the
technological parameters of sintering. However, according to [9, 44 s.], if the amount
of fuel is increased, the strength and yield of the fuel will increase. However, a further
increase in the amount of fuel with an optimal fuel consumption of 10 % does not make
sense [9, 49 s.], since the cost of the agglomerate begins to rise in price.

Table 4 — Sintering indicators when changing the amount of return

The amount of | Sintering speed, Productivity, Strength according | Output of suitable,
charge return, mm/min to GOST - 15137-
t/m*-hour 87, %
%
X)
5 18.5 0.89 69.3 52.6
10 19.4 0.95 69.7 63.4
15 20.5 1.20 70.3 66.5
20 22.7 1.50 75.4 70.1
25 20.1 1.10 75.7 73.4
30 20.0 1.00 77.0 75.8
35 19.3 0.85 79.4 80.1
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Visually, such an agglomerate with a return rate of 20 % has a fairly good porous
structure. Metallized particles are observed on a piece of agglomerate, and the
agglomerate is dense in structure.

Thus, according to the results of the study, it was found that the optimal amount
of return is considered to be 20 % of the mass of the agglomeration charge at a fuel
consumption of 10 %. The results on the optimal amount of fuel are presented in [10,
564 s.].

Another important parameter in agglomeration is the height of the sintered layer.
Depending on the growth of the sintered charge layer, a decrease in the amount of
sucked air is inevitably formed, i.e. there is a decrease in the vertical sintering rate.
However, there is such a concept, the higher the sintered layer, the higher the air is
heated before entering and into the combustion zone of solid carbon. gorenje With the
best heated air, the thermal level of the agglomeration process increases, the quality
of the agglomerate significantly improves, the yield of suitable agglomerate increases,
and fuel consumption decreases.

Thus, an increase in the height of the agglomeration charge layer leads to a double
effect, the first is a decrease in the vertical sintering rate, the second is an increase in
the yield of suitable agglomerate. Therefore, as a result of experiments to determine
the optimal height of the sintering layer, it is necessary to determine such a height of
the sintering layer that would satisfy all the requirements of the agglomeration process.

The optimal height of the charge layer ensures the best technological sintering
performance [10, 566 s.]. During agglomeration, gorenje moves downwards at a certain
speed to the grate. During the heating process, the gorenje products, which have a high
temperature, transfer their heat to the underlying layers. In the process, the moisture
of the charge evaporates, the charge is heated to high temperatures. The sucked air is
heated by passing through a molten layer of agglomerate, which is usually located in
the combustion zone. Gorenje. Hence, the solid carbon in the charge and the sucked
air interact. The interaction occurs due to the development of high temperature and the
agglomeration process takes place quite quickly.

The optimal sintering height also depends on the physico-chemical properties of the
agglomerated material and their fractional composition. Therefore, only by conducting
special studies can the optimal height of the sintered layer be determined.

During the experiments, the height of the sintered layer was changed at parameters
from 200 to 400 mm. Sintering parameters when changing the height of the charge layer
are shown in Table 5.

When conducting studies to determine the optimal height of the sintering layer of the
sintering charge, the discharge under the grate was maintained within 900-1100 mm of
water. The height of the sintering layer was changed at 200, 250, 300, 350 and 400 mm.

From Figures 4 and 5, changes in technological parameters are observed when the
height of the sintering layer changes. Analyzing the data in Figures 4 and 5, the best
best performance was achieved at a sintered layer height of 300 mm. At a height of 300
mm, the sintering rate is 28.7 mm, productivity is 1.75 t/m3 ‘hour, the strength of the
agglomerate is 70.2, the yield of the usable agglomerate is 75.2 %.
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An increase in the height of the charge layer to 400 mm leads to a slight decrease
in the sintering rate (20.3 mm/min) and productivity (1.21 t/m2
- hour) with a slight increase in the mechanical strength of the agglomerate (75.7 %),
and a suitable yield (75.4).

Visually, the agglomerate has a moderately fused structure, although it contains a
few more semi-fused inclusions of rolled scale. The temperature of the gas outlet with
a change in the height of the sintered layer changed from 560 °C to 620 °C. Such an
increase in the temperature of the gases under the grate indicated a higher temperature
in the combustion zone due to a change in the height of the layer.

Tabmuua 5 — Sintering parameters when changing the height of the sintering layer

The height of the | Sintering speed, mm/ Productivity, Strength according to Output of
charge layer, mm min GOST - 15137-87, suitable,
t/m?-hour
X) %
200 19.6 1.09 69.3 62.8
250 22.7 1.16 69.7 67.7
300 28.7 1.75 70.2 75.2
350 22.7 1.21 75.4 75.5
400 20.3 1.10 75.7 75.4

Thus, based on the conducted research, it was found that the optimal height of
the sintered charge layer is 300 mm. At the height of the sintered layer of 300 mm,
the following results were obtained: mechanical strength — 70.2 %, the
maximum sintering speed was reached — 28.7 mm/min, and the installation capacity
was 1.75 t/m2 ‘hour.
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Figure 4 — Influence of the height of the sintered layer
on the strength and yield of the suitable agglomerate
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Figure 5 — Influence of the height of the sintered layer
on the strength and yield of the suitable agglomerate

Conclusions

The conducted studies of sintering of rolled scale have shown that the gas
permeability of the charge depends on a number of physical properties, the size and
shape of the grains, the amount of return, the height of the charge layer, and the moisture
content of the charge. The initial gas permeability strongly depends on the degree of
humidification of the agglomeration charge, especially when sintering small classes of
materials under study. The maximum gas permeability of the charge is ensured with an
optimal granulometric composition of the charge, which is characterized by an average
equivalent diameter: the higher this indicator, the higher the gas permeability of the
charge. The value of the surface tension reaches its maximum at a certain moisture
content of the charge, which is the optimal moisture for this charge. By increasing the
amount of return during agglomeration, the vertical sintering rate increases and the
quality of the agglomerate improves. These factors lead to an increase in the productivity
of sintering plants.

Thus, according to the results of the study, the optimal parameters of the sintering
sintering process of rolled scale in a mixture with steelmaking waste were worked out.
As aresult of the conducted research, it was found that the optimal amount of return for
agglomeration of rolled scale mixed with iron-containing steelmaking waste is 20 % of
the mass of the agglomeration charge at a height of the sintered layer of 300 mm. With
the optimal parameters worked out, the following results were achieved: mechanical
strength — 70.2 %, the maximum sintering speed was reached — 28.7 mm/min, and the
installation capacity was 1.75 t/m2 ‘hour.
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ONPEAEJIEHUE OIITUMAJIBHBIX TIAPAMETPOB
CIIEKAHUA TPOKATHOM OKAJIMHBI
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B Oannoti cmamve npusoosmces pesyrvmamsl NPOGEOCHHLIX UCCIE008AHULL
no onpeodeieHuio ONMUMAIbHLIX NAPAMEMpPos CNeKAHUs NPOKAMHOU OKAIUHbL 8
cMecu ¢ JHCene30Cco0epHCaUMU  CMAalenIasuibHbiMu  omxooamu. Ilposedennvie
uccnedosanust CeKAHUsi RPOKAMHOU OKAIUHbL NOKA3AIU, YO 2A30NPOHUYAEMOCTb
WUXMBL 3A6UCUM OM Y020 PA0A (PUBUMECKUX CEOUCTNE, GEIUYUHBL U POPMbL 3ePEH,
KOJU1eCmsea 68036pamd, GblCOMbL CIOSL WUXMbL, IANCHOCU wuxmul. Hauanvhas
2A30NPOHUYAEMOCTIb CUTBHO 30A8UCUNT OM CHENEHU YIANCHEHUSL A2NOMEPAYUOHHOU
WUxmol, 8 0COOEHHOCMU NPU CNEKAHUU MEIKUX KAACCO8 UCCNIedYeMbIX MAMePUdios.
Maxcumanvhas 2a30npoHUYAEMOCTNb WUXMbL 00ECReYUBAemcst NPU ONMUMATbHOM
SPAHYIOMEMPUHECKOM COCMABe WUXMbl, KOMOPAs XaApaKmepuzyemcs CpeoHuUM
IKGUBANCHMHLIM — OUAMEMPOM: UYeM Gblile IMOM HNOKA3amenb, mem Gbllle
2a30nNpoHUYaemMocms  wuxmoel.  Benuuuna — noeepxHocmno20  HAMANCEHUS
docmueaem c80e20 MAKCUMYMA NPU ONPeOeieHHOU GIANCHOCMU WUXMbL, YMO
SAGNAEMCL ONMUMATLHOU 61a201 OIS OAHHOU WUXmMbl. Yeenuuenuem koauvecmed
6038pama nNpu A2IOMepayul 803pAcmaem GePMUKAIbHAsL CKOPOCHb CNEKAHUs U
VAVUUIAEemCst Kayecmeo aznomepama. Omu (akmopsvl npusoosim K YEeIudeHuro
nPOU3800UMENLHOCIU  A2TIOMEPAYUOHHBIX — ycmaHnogok.  Ilo  pesynvmamam
uccnedosanus OviIU OMPAOOMAHbLL ONMUMALLHBLE NAPAMEMPLL A2TIOMEPAYUOHHO20
npoyecca Cnekawmus NPOKAMHOU OKAIUHbL 8 CMeCU C JHCeNe30C00epHCauum
CIMANENAAGUTILHBIMU OMX00dMU. YCmanoeneno, 4mo onmuManibHbIM KOJIUYECMEOM
6o38pama  sesemcsi  ucnoavsoeanue 20 % om  Maccel  A2lOMepayuOHHOU
WUxXmvl npU ONMUMAILHOU 6bicome cnekaemozo cinosi 300 mm. B pezyromame
NPOBEOEHHBIX UCCIeO08AHUT OOCMUSHYMbI CAeOVIOUUE ONMUMAIbHbLE NOKA3AMENU.!
mexanuveckas npounocmo — 70,2 %, ckopocmo cnexanus — 28,7 MM/MuH, yOerbHas
npouszeooumenviocmos — 1,75 m/m2 uac.

Knouegvle crnosa: npokamuasi OKaiuHa, ONMuMAaibHble napamempul, CneKauue,
6038pam, 8bICOMA CJIOSL.

O. B. 3askun’, *A. E. Kenanceoexosa’, A. K. /Kynicoé’, A. I. Bakupog’
'"PFA Opau GeniMIleciHiH MeTaLTyprist ”HCTUTYThI, Peceli, ExatepunOypr K.
234TopaiirpipoB yHHBepcuTeTi, Kasakcran PecryOnukacer, [TaBnoaap k.

NJIEM OTKABBIPIIAFBIH )KEHTEKTEJIY AIH
OHTAWJIbI TAPAMETPJIEPTH AHBIKTAY

byn makanaoa xypamwinoa memip 6ap 6oram 0aiKpimy KaiOblKMapbLMeH
Kocnada uiem OmKAObIPUIASbIH  JceHmekmeyoiy  OHMAlavl  napamempiepi
anvikmay OoubIHWA JHcypeiziieen sepmmeyiepoiy Homudicenepi KeamipineeH. Unem
OMKAOBIPUWIASHIH  JiceHmeKmezeHoe  JCypeisineen  3epmmeyiep  WUKIKYPAMHBIY
eaz emkizeiwmici Oipkamap Quuxanvly Kacuemmepee, 09HOePOiH WAMACHl MeH
niwinine, Kaumapbulily CAHbIHA, WUKIKYPAM KaDAmblHbly OUiKmicine, WuKiKypamHuly
bLIZANOBLIbIZLIHA  OAUIAHLICMbL eKeHIH Kopcemmi. bacmankvl 2az emkizeiumik
A2OMEPayUAIbLIK, WUKIKYPAMHBIY blI2AN0AHY Oopedicecine ome moyenoi, ocipece
sepmmenemin  Mamepuardapobly —Ycax —KIACCMApblH — JceHmexmey — Ke3iHoe.
Hluxikypamusly ey ocozapvl 2a3 omKizeiuimici WUKIKYPAMHBIHbIY —OHIMALLLIb]
SPANYIOMEMPUSTLIK, KYPAMbL Ke3IHOe KaMmamacsl3 eminedi, o1 opmaua 6aniamans
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ouamempmer  cunammanaovl: Oyl KOpcemxiui He2ypaviM  dcoe2apsl  0oJcd,
WUKIKYDAMHBIY 2a3 emKizeiwmmizci coaypivim dico2apvl 60aadvl. bemxi mapmoliy
WamMacvl WUKIKYpamuvly 0en2ini Oip bli2aniovlivlabl Ke3IHO0e O3IHIH MAKCUMYMbIHA
arceme0i, Oy 0CbL WUKIKYPAM YUIH OHMAIbL blLI2ak O01bIN MadbLiadvl. Aenomepayus
Ke3iH0e Kaumapy CAaublHblY YI2ar0bIMeH NICIpyOiH MIiK JHCbLI0amMOblabl apmaobl
JHCOHE azromepammuly canacvl Jcaxkcapaovl. byn gaxmoprap acromepayusinvix
KOHObIp2bLIapObly OHIMOLNIZIH apmmbipyea anvin kenedi. 3epmmey Homudicenepi
OotbiHwa KypamelHoa memip 6ap 6oram O6aiKpimy KaiOblKMAapbLMeH Kocnaod
unemM OMKAOBIPUIASLIH JICeHMEKMEYOly  A2IOMEPAYUATBLIK, NPOYECIHIY OHMALIbL
napamempiiepi nvlcblKmanovl. JKenmexmenzen kabammuoly oymauivt ouixmiei 300
MM Don2an Ke3z0e a2ioMepayusIvlK wuKixypamusiy maccacol 20 % -vin nanoanamy
Kaumapyowvly oymailiel moauwepi Oonvin mabwvinadvl. JKypeiziieen sepmmeynep
HOMUACECTHOE MbIHAOAL OHMALLIbL KOPCEMKIUmMepP2e KOJl HCEMKIZIN0l: MeXAHUKANbIK
oepikmizci— 70,2 %, sicenmexmey stcvlioamovizol — 28, 7 MM/MUH, MEHWIKME OHIMOLLI2]
— 1,75 m/cae.

Kinmmi ce3oep: unem omxadvipuiassl, O4mMailivl napamempaepi, HceHmexmey,
Kaumapy, Kabammuoly OUIKMIeL.
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