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KommiiekcHe BIITHOBJICHHS] CAMOBITHOBHHMX I'PAaHYJI HA
JTOMEHHIN me4i

The objective of the present work is to research a quantitate ratio of degree direct reduction inside of SRP and degree
of indirect reduction outside of SRP on the top of the blast furnace.The reactions of direct and indirect reduction occur-
ring during the heat treatment of self reducing pellets (SRP) have been studied. In this investigation Blast furnace (BF)
sludge which contains particles of coke, has been included in the SRP blend as a source of solid reductant and iron
bearing oxides.

In the SRP as a part ot the blast furnace burden occur the reactions simultaneously: inside of SRP-direct reduction by
C.soiig; gasification of carbon and indirect reduction by CO; and outside of SRP-indirect reduction of iron bearing oxides
by reducing gas coming from the hearth of blast furnace through the column of charged materials. The experimental
setup is shown in Fig. 1. It con-sists of a electrical heating furnace, which can be moved up and down. The quartz tube
passes through the furnace. The reaction zone is in the middle of the furnace. Neutral argon atmosphere is created and
for indirect reduction argon changed - on hydrogen. Gases of argon, hydrogen are introduced into the furnace sepa-
rately. Wire of nickel alloy chromosome joins the scales test. A thermocouple is located in the tube.The crucible of wire
chrome-nickel was permeable.Metohd. The experiments was performed continuously from the start temperature (~200
°C) to the experimental temperature (500 °C; 700 "C; 900 °C; 1100 °C) in argon free environment. Upon reaching the
desired temperature argon was replaced by hydrogen during 30 minutes. After that the reduced probe of SRP was
cooled in argon. Results. The integrated degree of reduction is equal 100%, which includes 98,6 % direct reduction by
solid carbon under temperatures 1100°C. The chemical analysis of the reduced SRP showed the degree of integrated
reduction change from 85,79 % (900 °C) to 92,50 % (1000 °C) and 84,6% (1100°C) and metallization 83,30 % (900 °C),
89,90 % (1000 °C), 80,75 % (1100 °C).These data correspond to results of degree of reduction SRP depends on tem-
perature

KEY WORDS: self reducing pellets; direct and indirect reduction degree.

Memorto daHoi pobomu € 00CIOXKEHHS KiflbKICHO20 Crig8IOHOWEHHSI CMYyneHs npsiMoeo 8idHoaneHHs1 ecepeduHi CPI1
ma cmyneHsi HernpsiMo2o 8i0HosneHHs1 noza CPI Ha eepxHil YyacmuHi OomeHHOI nedi [ocnidxeHo peakuii npsimoeo ma
HenpsiMo2o 8i0HOBeHHS, WO 8i0bysarombcs i@ Yac mennosoi 0bpobku camosioHosHUx 2paHyn (CPlI). Y ubomy do-
cnidxeHHi winam AomeHHoI neyi (A1), wo micmumb YacmuHKU KOKCy, 6ye ekrroyeHul 0o cymiwi SRP sk Oxeperno
meepdozo 8i0HOBHUKa ma okcudie, w0 micmsims 3anizo. Y CPI1 y cknadi domeHHOI neyi o0HoYacHo 8idbysatombcs pe-
akuii: ecepeduni CPI1 - npsime ei0HO8neHHs 3a AornomMo2o meepdo2o 8yarneuro; 2a3ugikayiss 8yaneyro ma Hernpsime
8i0HOB/EeHHS1 3a paxyHok CO; a noza SRP - HenpsiMe 8i0HOBIEHHS 3aii3a, Wo Micmums OKcudu, 3a paxyHOK 8iOHO8-
JIeHHs1 2a30M, wo Hadxodumsb i3 8o2HUWA OOMEHHOI reyi Yepe3 cmoen 3azspyxeHux Mamepiasnie. EkcriepumeHm.
ExkcriepumeHmarnbHa ycmaHoska cknadaembCsl 3 efleKmpUYHOI HazpiearnbHOI nedi, Ky MOXHa nepemiwamu e2opy i
eHu3. Keapuosa mpybka npoxoOums 4epe3 4. 30Ha peakuii 3Haxodumbcsi nocepeduHi neyi. Cmeoproembcsi
HelimparnbHa ammocghepa apeoHy, a Ol HernpsIMo20 8iOHOBIIEHHSI ap20H 3MIHIOEMbCS - Ha 800eHb. [a3u apaoH, eo-
OeHb 88005IMbCs 8 M4 OKpeMo. [pim i3 xpomoHikenego2o crinagy npuedHyembcsi 00 8azig. Y mpybui posmawiosaHa
mepmMonapa, mueesb i3 0pomsiHo20 XpOMOHikesto bys npoHUkHUM. Memoduka docnidxeHb ExkcriepumeHmu rnpogodu-
nuce 6e3nepepsHo 8i0 cmapmosoi memnepamypu (~ 200 ‘C) do ekcriepumeHmarnbHoi memnepamypu (500°C; 700°C;
900°C; 1100°C) y cepedosuui, sinbHoMYy 8i0 apaoHy. [licrisi docsieHeHHs1 baxaHol memnepamypu ap2oH 3aMiHo8asnu
g8ooHeM npomsizom 30 xeunuH. [icnsi yboeo 8i0HosneHul Mamepian 0x0n00Xysarnu 8 ap2oHi. Pesynsmamu. IHmeepo-
gaHull cmyniHb 8iOHoeneHHs1 dopisHioe 100%, wo ekmovae 98,6% npsamozo eidHO8NeHHS meepdOum eyareuem npu
mewmnepamypax 1100 ° C.2. XimiyHuli aHani3 eidHoeneHo2o SRP noka3zae cmyriHb 3MiHU iHMezapasibHO20 8i0HOBTEHHS
8i0 85,79% (900 ° C) 0o 92,50% (1000 ° C) i 84,6% (1100 ° C) i memanizauii 83, 30% (900 ° C), 89,90% (1000 ° C),
80,75% (1100 ° C). Lli daHi sidrnosidarome pe3ynbmamam cmyrneHs 3HuxeHHs SRP e 3anexHocmi 8id memnepamypu

KJIFOYOBI CJTOBA: camosiOHo8HI epaHynu; npsimMull i Henpsmul cmyniHb 3MEHUWEHHS.

Introduction the coke rate lowering by 10-15 kg/thM' and the de-
In recent years, to optimize the reducing process gree of direct reduction falls by 2% 2,
in the blast furnace a great attention is paid to self re- The consumption of SRP could be come to 200
ducing pellets (SRP). These materials are used al- kgt in the blast furnace charge *%.
ready in the operating blast furnace 9 Results of the blast furnace operation indicated

The consumption of SRP from 60 to 80 kg/tyy was  that SRP charged into the blast furnace does not re-
used in the commercial blast furnace melt. It provides duce the gas permeability of the charge and does not
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disturb the smooth run of blast furnace. Reduction of
the iron oxides contained in the SRP starts at low
temperature zone and reduction to come to an end
earlier as the sinter and pellets. Thus there is a ten-
dencs}/ to a significant reduction in coke consump-
tion.

The mechanism and kinetics of self reduction has
already been modelled. These models take into con-
sideration not only the kinetics of gasification and re-
duction reactions but also the mass and heat transfer
phenomena &),

The simultaneous reaction between reduction and
gasification of carbon was examined. The obtained
results are as follows: coupling phenomen between
reduction and gasification existed. The starting tem-
perature of reduction was 250 ‘C in the hematite
graphite facing pair while the temperature was 420 °C
in the single hematite.”

It was calculated reduction degree at different
temperatures during thermal analysics of SRP sam-
ples. Iron oxide reduction seems to start in relatively
low temperature range between 500-600 ‘C. A possi-
ble explanation is that some carbon gasification cata-
lyzed by H,O from dihydroxylation of hydrates 89),

The reduction mechanism of pellets with reducing
gas can be transferred to the SRP *°*%.

The contribution ratios of direct reduction by solid
carbon and indirect reduction and carbon gasification
were estimated through reduction experiment of the
composite under inert atmosphere. The reduction
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from Fe,O3; to Fe3zO, proceeds at low temperature.
During this period direct reduction proceeds because
new contact points between Fe,O; and carbon are
formed. The contribution ratio of the direct reduction
as approximatelg 45% during the reduction from
Fe,O3to Fe3O4—1 ). If carbonaceous material and iron
bearing oxides could be adjoin, the starting tempera-
ture of the reaction could be lowered. With the in-
crease in the degree of contact in such mixture the
starting temperature is lowered. It is an effective
method to increase the rate of direct reduction *.

The blast furnace process differ from the pro-
cesses production of iron by direct reduction. In the
SRP as a part of the blast furnace burden occur sim-
ultaneously reactions: inside of the SRP —direct re-
duction by carbon (solid); gasification of carbon and
indirect reduction by mono oxide of carbon and out-
side of SRP — indirect reduction by reducing gas com-
ing from hearth of the blast furnace.

A significant number of research of a reduction
processes carried out in the carbon composite ag-
glomerates in an inert atmosphere (nitrogen, argon).
From the point of a view of the use in the blast fur-
nace process SRP it is necessary to take into account
indirect reduction of iron bearing oxides by reducing
gas coming from the hearth of through the column of
charge materials of the blast furnace.

The purpose of this paper is to estimate the ratio
of indirect and direct reduction SRP depending on the
temperature in the range of 500-1100 °C.
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Fig. 1 Diagram of the installation for the reduction of iron ore materials:

1 - tubular heating electric furnace; 2 - crucible with the test material; 3-thermocouple; 4 -automatic potenti-
ometer for temperature control; 5 -automatic temperature regulator in a furnace with a thermocouple; 6-gallon
with inert gas; 7-alundum tube; 8-rubber tube; 9 -analytical balance.

2. Experimental Procedure.

2.1. Sample

SRP sample was selected from industrial parties.
The chemical composition and physical characteris-
tics of the sample are given below: SRP produced the
mixture of a blast furnace and converter sludge in
proportion (3: 2), with the addition of portland cement.

Chemical composition of SRP. %

Fewt FeO Fe,O; SiO, CaO MgO C
43,10 8,00 52,68 7,50 14,00 8,00 9,82
Fractional size of SRP.

Size, mm 40-20 20-15 15-10 10-5 5-0
Yield, % 37,00 45,00 12,00 1,80 4,20
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The SRP have been produced on the pelletizer
5,5 m. with productivity 25-30 ton per in an hour. After
an probe exposure during 28 day the compressive
strength of SRP was in average 90 kg/pellet.

The bulk weight g/cm*-1,4.

Reaction behavior SRP involving with reduction of
iron bearing oxide has been investigated with size of
SRP ranked between 10-15 mm was set in reaction
crucible and in reaction tube.

2.2. Research facility

The experimental setup is shown in Fig. 1. It con-
sists of a electrical heating furnace, which can be
moved up and down. The quartz tube passes through
the furnace. The reaction zone is in the middle of the
furnace. Neutral argon atmosphere is created and for
indirect reduction argon changed - on hydrogen.
Gases of argon, hydrogen are introduced into the
furnace separately. Wire of nickel alloy chromosome
joins the scales test. A thermocouple is located in the
tube.The crucible of wire chrome-nickel was permea-
ble.

The reduced sample of SRP was to cool in Ar gas
until room temperature was reached.

2.3.Experimental Procedure reduction of SRP by
Hydrogen. Thermogravimetric method was used to
measure the degree of a reduction depends on the
temperature. The SRP fraction 10 - 15 mm was used.
The furnace temperature was varied in the range
500-1100 ° C. The heating rate of the sample was
varied in the range of 27.7 - 29.5 * C/min.

In this investigation chemical analysis of reduced
samples after thermal treatment was feasible. An at-
tempt to calculate reduction and metallization degree
was done using results from chemical analysis and
the change in mass due to oxygen removal from iron
oxides of SRP separately due to direct reduction and
indirect reduction. Reduction degree has been de-
fined as follows.

RD (%) = (,,Al.m—fdl) x 100%

Where RD —is reduction degree, %

Am - is the change in mass due to oxygen removal
from iron oxide;

Miniga — iNitial mass of sample.

The SRP samples from heated to temperature:
room (20°C) and 1000 °C were studied using the
methods of manual microscopy and petrography of
ore using a notarizing microscopy the MIN — 9 micro-
fotometric device PME — 1. An ore, slag and carbona-
ceous components were determined by reflectance,
colour, polarization effect and internal reflex.

Table 1.
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Results and discussion

Results of SRP reduction process study shown in
table 1 and figure 2. The experiments were performed
continuously from the start temperature (~200°C).
The sample was placed in an furnace and heated to
the experimental temperature under argon, and then
replacement by hydrogen reducing gas, at this tem-
perature for 30 min. This cycle is to be repeated for
the temperatures: 500 °C;700 °C; 900 °C; 1100 °C.

Fig 2 shows the dependence the reduction de-
gree of the iron oxides of SRP on the temperature.
The direct reduction degree of the SRP is 7,6%, at
the temperature 500°C.

Fig 2 shows the change in the indirect reduction
degree of iron oxides of SRP by reducing gas-
hydrogen on the outside surface of SRP. The degree
of indirect reduction is 8,9 % at the temperature
500°C.

Integrated degree of direct and indirect reduction
is equal 16,5 %. Initial probe of SRP contains 43,1 %
Few; and 8 % FeO that it is corresponded to content
of 34,88 % Fe3;0,4. Thus Fe,O3 could be reduced to
Fes0,. The following calculation let us to understand
that integrated degree of reduction 16,5 % corre-
sponds approximately to reduction of Fe,O3 to Fe;0,.

It occurs due to reaction 3Fe,O3= 2 Fez04+ ¥/ 50,.
The content of oxygen in Fe,O; to transfer for Fe;0,
could be ; 22581 15,8% that corresponds approx-

imately integrated degree of reduction (16,5 %) to get
experimentally at temperarure 500°C (table 1).

Where: 52,68 — content of Fe,O3 in initial sample
of SRP

144 — content of oxygen in 3 Fe,O3 according to
reaction

480 — molecular mass of Fe,O3 according to reac-
tion.

As to direct reduction of Fe,O3to FesO, by solid
carbon which proceeds at temperature 200 — 500 °C,
the gasification rate is very small. During this period
direct reduction prosseds due to contact between
Fe,O; and partical of carbon of wich are formed con-
tinuously due to expansion of iron oxides. The contri-
bution part of the direct reduction by carbon during
the reduction from Fe,O3 to Fe30,4 {7,6 : 16,5}*100%=
46,06 % where:7.6% degree of direct reduction and
16.5% integrate reduction of SRP. It corresponds re-
sult to report earlier*?.

Results of the integrated reduction of self-reducing pellets.

Temperat | Summary Summary | Reduction by carbon in argon | For time of reduction of hy- | Integrat-
ure, duration of | loss  of | athmosphere drogen ed reduc-
oC experiment, | mass, g Duratio | loss of | Degree of | Duratio | loss Degree of | tion de-

min n, min mas,g reduction n, min mass, | reduc- gre, %

g tion,%

500 48,0 0,76 18,0 0,35 7,6 30 0,41 8,9 16,5
700 55,0 3,44 25,0 1,61 34,9 30 2,87 62,2 97,1
900 61,5 4,93 31,5 2,40 48,7 30,1 2,53 51,3 100,0
1100 62,0 4,61 56,0 4,55 98,6 6 0,064 |14 100,0
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The degree of the iron oxides SRP reduction by
hydrogen shows 8,9 % at temperature 500 °C. The
reduction mechanism of burnt pellets by reducing gas
could be transferred to the reduction of SRP. The de-
gree of direct reduction by carbon and indirect reduc-
tion of iron oxides by hydrogen of SRP are equal 34,9
% and 62,2, % correspondingly at the temperature
700 °C. After reduction Fe,O;— Fe3;0O, the total con-

i v % 1SSN 1028-2335 Ne2,2020

tents of magnetite could be 178,6 g/mol and oxygen
(O,) — 49,2 g/mol.

The integrated degree of the SRP reduction at the
temperature 700 °C is equal 97,1%. The contribution
part of the direct reduction is 34,90 and 48,70% at the
temperature 900 °C and 98,60% at the temperature
1100 °C.
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= Degree of integrated reduction of SRP
= Degree of inderect reduction by hydrogen
Degree of direct reduction

Fig.2 Depends of degrees of the SRP reduction on the temperature

Table 2.

Chemical analysis of reduced SRP
Temperature | Content of the component,% Content of | Degree Degree of
, Ferotal, FeO Fe,Os Femetal Carbon- oxide oxy- | of reduc- | metaliza-
°C % residual gen,% tion, % tion, %
1100 °C 60,00 11,80 | 2,05 48,45 0,67 0,10 84,60 80,75
1000 °C 59,25 3,95 5,30 53,30 0,85 0,19 92,50 89,90
900°C 62,20 7,85 4,70 51,85 0,63 0,35 85,70 83,30

Fig 2 shows that indirect degree of the SRP reduc-
tion is higher than direct reduction up to 900°C when
indirect and direct reduction of SRP are equal approx-
imately. When the temperature is higher then 900°C
the direct reduction degree of iron bearing oxides of
SRP increase from 53,1 % to 100 % at the tempera-
ture 1100° it occurs due to reaction of gasification of
carbon inside of the SRP (C+C0,=2C0O). Chemical
analysis of reduced samples of SRP showed the
higher degree of reduction and metallization in range
of temperature from 900°C to 1100°C.

4.Conclusions

The following results are obtained.

1. The reduction F,O5 to FesO, proceeds by direct
reduction (degree of direct reduction is 46, 06%) and
indirect reduction by hydrogen (degree of reduction
53,94% under temperature 500°C. The content of ox-
ygen in F,03to transfer for Fe30, is equal 15,8% that

is approximately corresponds to integrated degree of
reduction — 16,5%. The same way integrated degree
of SRP is equal 97,1% (t°C- 700°C) which includes
34,9 % by direct reduction and 62,2% indirect tem-
perature 700 °C; integrated degree t°C=900°C 97,1%
which includes 48,7 % by direct reduction and 51,3 %
indirect reduction. At temperature - 1100°C, direct re-
duction — 98,6%, and indirect — 1,4%.

The integrated degree of reduction is equal 100%,
which includes 98,6 % direct reduction by solid car-
bon under temperatures 1100°C.

2. The chemical analysis of the reduced SRP
showed the degree of integrated reduction change
from 85,79 % (900 °C) to 92,50 % (1000 °C) and
84,6% (1100°C) and metallization 83,30 % (900 °C),
89,90 % (1000 °C), 80,75 % (1100 °C).These data
correspond to results of degree of reduction SRP de-
pends on temperature.
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