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ABSTRACT

Iron ore is the raw material used to make pig iramich is one of the main raw materials to makels®@8% of the
mined iron ore is used to make steel. Coke is usedreducing agent in smelting iron ore in a blast face The
carbon monoxide produced by its combustion rediwroasoxide (hematite) in the production of the inmoduct.
But there is a problem associated with iron andektedustry firstly: increasing in the cost of cof@king coal)
and their quality and secondly: the reduction afniroxide with coke in blast furnace is done congbfebr not
which directly affected the production of pig iromn this paper we describe about a catalyst (THERM-BF)
after addition of catalyst on iron ore with hardkeo We found that coke quality increased. The aegfeeduction
of iron oxide with coke also increased as well asdpction of pig iron increased. The study of tregatyst
THERMACT - BF on hard coke with iron ore it waseded that the efficiency of reduction of Iron Ged Coke
increased on addition of THERMACT-BF in the Blash&ce without any ill effect on the system.
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INTRODUCTION

The Iron ores are usually rich in iron and vargator from dark grey, bright yellow, deep purple,rusty red. The
iron itself is wusually found in the form of magnet{(FeO,72.4% Fe), hematite (f8;, 69.9%
Fe), goethite (FeO(OH), 62.9% Fe), limonite (FeOJ@KH,0)) or siderite (FeC§¢) 48.2% Fe). Ores carrying very
high quantities of hematite or magnetite (greabent~60% iron) are known as "natural ore" or "dirgtpping
ore", meaning they can be fed directly into ironking blast furnaces. Iron ore is the raw maters@dito make pig
iron, which is one of the main raw materials to makeel. 98% of the mined iron ore is used to nsdel [1].

Production of steel through the conventional bfashace and basic oxygen furnace route requiresl gpality
coking coal, which India has limited reserve. Caokaking is extremely problematic [2,3]. While cogicoal
reserves are 15 percent only. Therefore, evolutifoa technology for the reduction of iron ore usadgundantly
available non coking coal was contemplated, giwirth to Direct Reduced Iron Technology (DRI) .Sgeriron is
the main product obtained by Direct Reduction Psecéron Ore (Hematite) and non-coking coal arenprraw
material for the production of Reduced Iron .Thase charged into a rotary kiln/furnace in requigteportion
along with some limestone/ dolomite [4,5,6,7,8,9,10sing pre-reduced ore as a raw material irblast furnace is
effective in increasing the blast furnace produgtiand decreasing the reducing agents rate [1h]ir@n oxide
direct reduction with carbon they showed that #ection proceeded in two stages:1) The reducti@naixide to a
sub —oxide or to a metal: and 2) the generatiotadbon monoxide according to the bourdourd reacti®pecially,
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hematite was reduced to magnetite, then to wustiid, finally to metallic iron. Carbon dioxide praxkd by the
reaction subsequently react with solid carbon todpce more carbon monoxide. The regeneration oragtas
found to control the overall reaction rate. [12].

The reduction of iron oxide is a gas—solid reactishich has been extensively studied in the processditions test,
energy saving and reducing consumption [13-17]. Kmewledge about the reduction characteristics and
fundamental mechanisms is investigated from seasaécts. Rao investigated the reduction kinetias mixture

of hematite and carbon powders in the temperatamge of 856-1087°C, and the isothermal weight loss of the
samples was determined as a function of time. pitatéd iron oxide samples were characterized using
temperature-programmed reduction in [H8,19]. Pineau et al. discussed the reduction @DFby H, in the
temperature range of 226680°C and the reduction of & by H, in the temperature range of 23050°C. Ding

et al. applied thermogravimetry to estimate theekas of isothermal reduction of the carbon beapeliets in the
temperature range of 1060L400°C. The reduction roasting of chromite overearevith CO/CQ/N, gas mixture

in the temperature range of 78050°C has been studied 20, 21,22,23]. Luo et absdhted a novel iron making
technology using biomass and iron oxide. The effeftbriquettes composition, reduction temperatoeaction
time and reducing gas composition on the qualitgnefallic iron were discussed [24]. It have begiorted that the
chemical composition and physical properties of tine, the temperature and time of reduction besgiere
additives all of which can affect the reducibildf/iron oxides (Stephenson and Smailer, 1980; Byt Lui, 2004;
Leeet al., 1997 and Lu and Huang, 2003) [25]. It can be sbah addition of BaCo3 to the coal considerably
increases reduction degree. Researcher has paintdtie catalytic effect of BaGn the reduction process [26].
The reduction of iron oxide by solid carbon overalliuction is governed by the availability of reithgcgas (CO)
which produce by gasification of carbon in accomamith the reduction (CO2 + C = 2CO) which is coomhy
known as the Boundouard reaction (Biswas, 1981) &abHan (1984) reported that the rate of the ¢hdrmic
reduction of iron oxides is markedly improved by tddition of alkali oxides catalysts. The catajlystmotes the
gasification reaction and ensures adequate sugptgducing gas, which in turn enhances the rateedfiction.
Anhydrous alkali carbonate in a powder form of sadi potassium and calcium of reagent grade werd ase
additives. coke reduction additive j}t0; K,CO;and CaC@system have effective influence of the reducibitify
the ore. The degree of reduction has been fouimttease with increasing additive amount and teatpeg within
the selected experimental range and conditions [27]

M/s. Abhitech Energycon Ltd. have introduced relgendeveloped thermo-active combustion catalysts
THERMACT-BF for improving the combustion and redant efficiency in the blast furnace to manufactgoad
quality of metal with less consumption of fuel [28]

This paper describes the effect of THERMACT-BF lva teduction behavior of iron ore in the blast aoa
EXPERIMENTAL SECTION

The following experiments were conducted to ingege the performance and efficacy of THERMACT-BF on
reduction behavior of iron ore with hard coke.

2.1 Sample Preparation

Sampling of hard coke and iron ore was done ashgeprocedure prescribed in 1S:436(Part-1l) andgked in 200
Mesh. The coke aniHERMACT-BF ratio was maintained 1:60Q0The sample of iron ore for TGA and for
reduction studies was prepared in 73:27 ratio ffon IOre Coke anfHERMACT-BF was added in the ratio of
1:6000 of coke.

2.2 Proximate Analysis

Proximate analysis oTHERMACT-BF, hard coke with and withoif HERMACT-BF was conducted using
compositional analysis method prescribed for inhereoisture, ash, volatile matter and fixed carlonS:1350
(Part-1) 1984. The 300 g sample for investigatiorren prepared as per the method prescribed in
IS:436(partl/Section 1)-1964 and 1S:436(Part lI$3.9The results are shown in Table 1 & 2.
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Table 1: Proximate analysisof THERMACT-BF

Moisture (%) | Volatile Matters (% Ash (% Fixed®on (%)
6.50+0. 17.10+0.! 10.48+0.! 65.92+0.!

Table 2: Proximate analysis of coke with and without THERM ACT-BF

Hard Coke Hard Coke + THERMACT-BF
Moisture Volatile Ash Fixed Moisture Volatile Ash Fixed
(%) Matters (%) (%) Carbon (%) (%) Matters (%) (%) Carbon (%)
3.12+0.2 1.98+0.2 13.0+0.6 81.90+0.p  3.10+0.2 200P+ [ 13.23+0.5 81.67+0.5

2.3 Gross Calorific Value

Constant volume in oxygen saturated with water wapbe original material and final products being a
approximately 25C. The results of investigation are given in Gr@sdorific value of both the samples was studied
using bomb calorimeter and method prescribed in1E60 (Part-2) 1984. The gross calorific value @bstant
volume is the one usually used in the charactéoizaif energetic materials especially in case @i emd coke. It is
assumed that all the heat produced is availabbdyding the heat of condensation of any steam |ttegudrom the
combustion of hydrogen of the fuel, to water atmae@mperature. Number of heat units liberated wdenit mass
of the fuel is burnt at Table 3.

Table 3: Calorific value of hard coke with and without THERMACT-BF

Gross Calorific Value (Kcal/kg)
Hard Coke | Hard Coke + THERMACT-BF
Air Dried Basis (adb)] Dried Basis (d})  Air Driecifis (adb)| Dried Basis (dif)
6314 6461 | 6432 6504

2.4 Compositional Analysis
Thecompositional analysis of iron ore was done usimgnaical analysis method. The results of ironaseeshown
in Table 4 & 5.

Table 4: Compositional analysis of iron ore

Sr. No. Constituents Percentage (0)
1. Fe (Total 64.2%
2. Fe,0s 91.3¢
3. Al,O3 2.64
4. Sio, 1.32
5. TiO, 0.0¢
6. MnO 0.02
7. Loss on Ignition 4.60

Table5: Effect of THERMACT-BF on ash and moisture analysis of iron ore and coke composite composition

Iron Ore +Coke Iron ore +Coke + THERMACT-BF
Moisture adb| Moisture db| Ash adb| Ash db | Moisture adb| Moisture db| Ash adb| Ash db
(%) (%) (%) (%) (%) (%) (%) (%)
1.0C 1.32 71.4¢ 72.2( 0.92 1.1 70.3¢ 70.9¢

2.5 Thermo Gravimetric Analysis (TGA)

Thermo gravimetric analysis (TGA) is a thermal gae technique which measures the amount and fateamge
in the weight of a material as a function of tengpere or time in a controlled atmosphere. TGA roeaments are
used primarily to determine the composition of miate and to predict their thermal stability up étevated
temperatures. However, with proper experimentalcgdares, additional information about the kinetinfs
decomposition and in-use lifetime predictions carobtained.

CONSTANT HEATING RATE TGA

The constant heating rate, or conventional TGA raggh is based on the Flynn & Wall method whichurezs
three or more determinations at different lineaatimg rates, usually between 10 and@fminute.
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The approach assumes the basic Arrhenius equation.

o

Where:

a = fraction of decomposition

T =time (seconds)

Z = Pre-exponential factor (1/second)
Ea = activation energy (j/mole)

R = Gas constant (8.314 j/mole K)

n = reaction order (dimensionless)

The effect of THERMACT-BF on the thermal behaviércoke and iron ore was studied using Thermo Gratiiio
Analyzer (TGA Model TG-50 and TA Processor TC-11ttiéa). The Differential Thermo gram (DTG) of cokéth
THERMACT-BF at 10, 15, 20, 25 and ®@were run and impact of THERMACT-BF on the ignitiemperature,
peak temperature, combustion behavior and resitiaétiers were studied. The photograph 1 shows th& 3@l
Figure 1-3 shows the Differential Thermogram (DT& an example for THERMACT-BF, Coke, Coke+
THERMACT-BF, Iron ore + Coke and Iron Ore + CokE HERMACT-BF respectively. The Table 6-8 shows the
results at different heating rates. The reductiemavior of iron ore in presence of coke with andhwait

THERMACT-BF was also conducted in isothermal ad agldynamic condition.

TGA Parameters of Differential Thermogram (DTG)

I's

=}

Sr. No. Step Analysis Parameterp Screen Parametg
1. Dyn/ISO 1 or2 1
2. Autolimit 0 or 1 1
3. Start Temperatur’C 25
4. End TemperaturiC 800
5. Baseline type 1
6. Plot cnr 10
7. Plot Modé¢ 2091
8. Mole Mass Gas 0
9. Mol Mass Init. 0
10 Sample ID. N¢ As per the sample Tak
11. Rate of HeatinfC/Minute 10, 15, 20
12. Weight mg As per the sample takg
13 End Screen Temperatl°C 79E-797.%

Photograph 1: Thermo Gravimetric Analyzer (Model TG-50, Mattler)
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Table6: Resultsof DTG of THERMACT-BF

Sr. No. | Rate of Heating@/Min.) Peak-1 Peak-2 Residual Matter
ST 28.7 ST 171.7 Temp. 797.%
PT 72.7 PT 527.3
1 10 dm mG 2.665
ET 171.7 ET 729.0 sm % 14.523
Loss %13.21F | Loss%72.09¢ 0 )
ST 29.0 ST 177.0 Temp. 795.%
PT 93.0 PT 549.0
2 20 dm mG 3.200
ET 177.0 ET 793.0 5m % 12 559
Loss % 14.050] Loss % 74.410] 0o
ST 28.8 ST 178.8
PT 100.0 PT 568.8 Temp. 794.2c
3 25 dm mG 4.600
ET 178.8 ET 793.7 sm % 18.018
Loss %13.55: | Loss %68.15¢ 0o
Table 7: Resultsof DTG of Hard coke+ THERMACT-BF
Sr. Rate of Heating . s
No. (°C/Min) Peak-1 Peak-2 Residual Matter
ST 28.7 ST 344.0 Temp.797.8C
PT 43.3 PT 699.7 .
1 10 dm mG 1.890
ET 344.0 ET 795.0 Sm % 11.382
Loss ¥ 4.21F Loss ¥ 84.22¢ 0 ’
ST 28.8 ST 276.3 Temp.796.8C
2 15 PT 51.3 PT 733.8 dmmG 4.740
ET 276.3 ET 793.8 dm % 24.358
Loss % 3.905 Loss % 70.915
ST 25.0 ST 401.0 Temp.795.8C
3 20 PT 53.0 PT 789.0 dm mG 7.080
ET 401.0 ET 793.0 dm % 39.921
Loss % 4.510 Loss % 55.032
Table 8: Resultsof DTG of Iron Ore+ Hard coke
Sr Rate of
No. Heating Peak-1 Peak-2 Peak-3 Residual Mafter
| (°C/Min.)
ST 25.0 ST 380.7 Temp.797.8C
PT 43.3 PT 630.0 .
1 10 No third pea [dm mG 12.570
ET 380.7 ET 795.0 sm % 62.740
Loss% 8.7098]Loss% 28.375 ? )
ST 48.8 ST 240.0 ST 375.0
5 15 [PT 675 PT 2850  [PT 6638 g;"r;%ﬁﬁfz’g
ET 240.0 ET 375.0 ET 795.0 5m o 6.7 818
Loss% 2.1193]Loss% 2.4188|Loss % 25.962 ° ’
ST 29.0 ST 237.0 ST 373.0
3 .0 [PT 530 PT 2850  [PT 721.0 g;mn?glsalsico
ET 237.0 ET 373.0 ET 793.0 5m % 67 .288
Loss% 4.7189 [Loss% 2.3012 [Loss% 25.430 o o

Table 9: Resultsof DTG of Iron Ore+ Hard coke + THERMACT-BF

Sr. No. | Rate of Heating@/Min.) Peak-1 Peak-2 Peak-3 Residual Mafter

ST 28.7 ST 179.0 ST 347.7

L 10 PT 47.0 PT 281.7 PT 630.0 g;”r;%?g fgco
ET 179.0 ET 347.7 ET 795.0 sm % 64. 326
Loss% 4.7786] Loss% 2.243 | Loss% 28.457 0 0%
ST 28.8 ST 208.8 ST 355.0

) 5 PT51.3 PT 283.8 PT 655.0 Lomp ! igﬁgo
ET 208.8 ET 355.0 ET 790.0 Sm% 61 687
Loss% 5.253| Loss%2.3133| Loss%30.160 0 i
ST 25.0 ST 189.0 ST 365.0

s 20 PT 53.0 PT 2970 | PT669.0 Lomp ! iggfo
ET 189.0 ET 365.0 ET 793.0 5m % 59 8.87
L0ss%5.0105| Loss% 3.0420| Loss% 9.0665] 099
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Figure5: Set up for Thermal decomposition study

6. Gas Evolving at Elevated Temperature

100 g grinded sample of Hard coke, Hard coke+ TMBRT-BF, Iron Ore + Hard Coke and Iron Ore + Hard
Coke+ THERMACT-BF were kept in the reactor and bdatt elevated temperature in specially designed
experimental set-up ( Figure 5 & Photograph 2-8) samples were collected from the discharge efrgactor at
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temperature 95€C. The collected sample were analyzed by Gas Chograph to determine the gases given off by
the products during reduction of the iron ore. €atl)-11 showed the results of gases evolved deongpustion of
coke and reduction of iron ore with and without TRMEACT-BF. Figure 6-9 showed the GC graph for gases
evolved during burning of coke and reduction ofhimye with and without THERMACT-BF.

Description of the set-up

The device consists of a microprocessor based amgable rate of heating electrical furnace havirfgeating

chamber of Dimension 450 x 400 x 400 mm internabsrsection. A reaction vessel in 150mm lengthiatetnal

diameter 37.5mm made of 4.mm thick brass was fitetically in the heating chamber. The Lower efideaction

vessel is connected with a flow meter through @& twhile upper end is connected with air samplirrgragement
and a suction pump for establishment of airflovthia vessel. The internal arrangement inside theelese such
that known weight the sample is placed over a wetless than 0.2mm pore size and packed with glast The

purpose of the wire net is uniform distribution af velocity inside the vessel to measure tentpezaof the

sample a sensitive thermocouple is inserted irvéissel. The system has facility for heating at taomtsemperature
or heating at known rate. In the system bath teatper and sample temperature are instantaneolspiagled on
programmable control panel.

The sample was charged carefully in the reacti@seleand remaining arrangements were made as shdvigure
5 above. After making the arrangements leak lésw, fate of air in the range of 0.1 to 0.4 m/mi® 890 cc/min)
inside the vessel was established with the helguofion pump and a flow meter connected with ogpasnd of

reaction vessel. Thereafter air bath was tighthsetl and sample was heated at r&t& Bnin by a programmable
heating coil.

Photograph 2: Experimental set-up for determination of gases at elevated temperature

Photograph 3: Sample holder for burning of sample at elevated temperature
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Table 10: Gasevolving from Hard coke (with and without THERM ACT-BF)

Hard Coke Hard coke + THERMACT-BF
Ar N> CO | CQ | Ar N> CO | CQ
12.40| 81.10] 0.24 234 1160 7328 N|L 1.0

Table 11: Gasevolving from Iron ore+ Hard Coke (With and without THERMACT-BF)

Iron Ore + Coke Iron Ore + Coke + THERMACT-BF
Ar N, CO | CQ Ar N, CO CQ
12.71| 69.78] NIL| 0.52 13.15 69.9 NI 0.3p

2.7 Reduction Behavior

Generally, iron manufacturing involves reducingdte to either sponge iron or pig iron. Sponge isoprepared by
a direct reduction method, which uses a reducirsgpgaduced from natural gas or coal. Pig ironrggpced using
a blast furnace technique that uses iron ore artlduke (reducing agent) as raw materials.

Degree of reduction of iron ore with and without HRIMACT-BF was studied. The iron ore and hard cake i
grinded 200 MESH and pellets using silicate binders moisture of following compositions were maictiiaed:

1. Iron ore + hard coke (73:27 ratio)
2. lron ore + Hard coke + THERMACT-BF (73:27 ratio aRdERMACT-BF was added in 1:6000 ratio of coke)

The iron ore pellets were allowed to heat at 25@Gnd when achieves full strength, the pellets ke@50°C for
two hours for study the reduction behavior. Theslo$§ weight was recorded after 10, 30, 60 and 12tuies
interval. The reduction behavior was measured gsegeof reduction using following formulae:

DR=[ 14 4100
TO
Where:
DR = Degree of reduction

W= Loss in weight of pellet
TO= Total oxygen content in the pellet

The results of investigation of the reduction bebawf iron ore with and without THERMACT-BF are @shin in
Table 11 & 12. Chemical composition of reducederiat is shown in Table 13-14.
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Table 12: Reduction behavior of Iron orein presence of coke at 950 °C

Sr. No. | Time (Min.)] Initial weight (g)] Final weiglity) | Loss in weight (%)] Reduction (%)
1. 10 3.C 2.52 16.0( 73.8(
2. 30 3.C 2.21 26.3% 84.1%
3. 60 3.0 2.12 29.33 87.73
4. 90 3.0 2.12 29.33 87.73
5. 12C 3.C 2.11 29.6¢ 88.1¢

Table 13: Reduction behavior of Iron orein presence of Hard coke and THERMACT-BF at 950 °C

Sr. No. | Time (Min.)| Initial weight (g)] Final weiglity) | Loss in weight (%)] Reduction (%)
1. 10 3.0 2.48 17.33 74.99
2. 30 3.0 2.23 25.66 83.40
3 60 3.0 2.08 30.66 89.40
4 90 3.0 2.07 31.00 89.85
5 120 3.0 2.07 31.00 89.85

Table 14: Chemical composition of thereduced iron orewithout THERMACT-BF

Temperature’C) | Time (Minutes)| Fe Content (% Carbon Content (%)
1 950 10 45.00 28.0
2 950 30 47.35 20.0
3 950 60 51.07 18.0
4 950 90 52.85 12.0
5 950 120 52.90 12.0

Table 15: Chemical composition of thereduced iron orewith THERMACT-BF

Sr.No. | Temperaturé@) | Time (Minutes)| Fe Content (% Carbon Contenk (%
1. 950 10 46.32 26.0
2. 950 30 47.23 24.0
3 950 60 48.21 18.0
4 950 90 52.06 14.0
5 950 120 53.75 12.0

RESULTSAND DISCUSSION

3.1Proximate analysis
Results shown in Table 1 for proximate analysiSHERMACT-BF revealed that the Moisture, volatiledaash
content were 6.5%, 17.10% and 10.48 % respectiV¢lg.fixed carbon was 65.92 percent.

Proximate results (Table 2) for hard coke with anthout THERMACT-BF indicated that there is no dietental
effect on the composition of the hard coke and ltake retains their properties upon addition of IRERMACT-
BF.

3.2Calorific Value

Table 3 showed the impact of THERMACT-BF on theodfit value of the hard coke and found that thioiga
values were almost similar. The gross calorificueabf the coke without THERMACT-BF of air dried agadb)
and dried basis (db) was 6314 and 6461 kcal/kgesly. It was 6432 and 6504 kcal/kg respectivebon
addition of THERMACT-BF.

3.3Compositional Analysisof Iron Ore

Iron ore sample was evaluated for composition dfettof coke upon composition with and without TRIAACT-
BF was also studied using TGA and other conventiorethods and found that the total Fe content wa83%%
(Table 4).

Results shown in Table 5 revealed that residuaterstipon burning at 95 was 71.48 and 72.20 % in case of
Iron ore + Coke on air dried basis (adb) and doasis (db) respectively while it was 70.33 and 80®in case of
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Iron ore + Coke + THERMACT-BF on air dried basigli§aand dried basis (db) respectively. Resultsakkethat
THERMACT-BF is not affecting the acceptable comfiosisystem required by steel industries.

3.4Thermo Gravimetric Analysis (TGA)

3.4a THERMACT-BF

Thermo gram shown in Figure 1 indicated that mogstuolatile maters etc. release in between theemperature
from 29.0 to 177.0°C and peak temperature for the components releassd 93.0°C. The combustion of
THERMACT-BF was occurred in between 177.0 to 7980and decomposition peak temperature was 5.0
The decomposition of the THERMACT-BF was 74.410cpat from 177.0 to 793.%C. The residual matters in
THERMACT-BF was 12.559 percent at 795.3

3.4b Hard Coke+ THERMACT-BF

Thermogram shown in Figure 2 indicated that mogstwolatile matters etc. release in between thepéeature
from 28.7 to 344.0°C and peak temperature for the components releassd43.3°C. The combustion start
temperature of Coke was 344@. The combustion of Hard coke+ THERMACT-BF was aced in between 344.0
to 795.0°C and decomposition peak temperature was 6%2.The decomposition of the Hard coke+ THERMACT-
BF was 84.224 percent from 344.0 to 79520

3.4clron Ore + Hard Coke

Thermo gram of iron ore + coke in the ratio of 73showed that the composite decomposed in thréereiit
temperature zones. In the first temperature zonistare and volatile matters were released. Secenmgérature
zone showed slight combustion of coke. It may be elarly initiation of reduction of iron ore. Therthtemperature
zone is for reduction process of iron ore with costion of coke. The residual matter showed redumedand ash
generated from coke burning.

It was observed from the thermo gram at°@per minute rate of heating, iron ore reducedwin temperature
zones. But at 18C and 2(°C per minute rate of heating results of thermogsamwed that iron ore reduced in four
temperature zones with increase in peak tempergfiaigle 8). The peak temperature at®@per minute rate of
heating was 630.8C and it was 663.8 and 721°0 at 15 and 26C per minute rate of heating respectively. The
residual matter which contains the reduced ironastdgenerated from the coke burning was 67.818arkB8 %

at 15 and 26C per minute rate of heating respectively.

3.4d Iron ore +Hard Coke + THERMACT-BF

Thermo gram run for iron ore + Coke and THERMACT-BFratio 73:27 with addition of THERMACT-BF in
ratio of 1:6000 of coke and results shown in Tablghowed significant increase of the peak tempezadue to
addition of THERMACT-BF. at 16C per minute rate of heating the peak temperatfireduction of iron ore was
630.0°C. It was significant to note that the peak tempeeawas increased to 6550 and 669.6C at 15 and 26C
per minute rate of heating respectively. The nesignatter occurred 64.326 % in case of@Qoer minute heating
and it was reduced to 61.687 % and 59.887 % whtenofeheating was 15 and 2Q per minute. The reduction of
the residual matter showed that the®gis converting into Fe and it may be due to presard catalytic effect of
THERMACT-BF.

Upon comparison of both the system, it was obsetkat reduction of iron ore in absence of THERMABH-
required more temperature and for longer periodamparison to Iron Ore reduced with THERMACT-BF.eTh
peak temperature of reduction of iron ore withotlHERMACT-BF was 721.0°C and it was 669.6C when
THERMACT-BF was added to the system.

3.5Gas Characteristics

The results of major gases evolved during the catitru of coke such as Ar,,NCO, CQ, with and without
THERMACT-BF shown in Table 10 and Figure 6-7 reedathat there is no toxic gases were observed glurin
combustion of coke with and without THERMACT-BF.

Table 11 and Figure 8-9 showed the gases evolvan the composition prepared from Iron Ore + Coke+

THERMACT-BF inferred that THERMACT-BF does not déwe any toxicities in the gases evolved during
reduction process of iron ore.
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3.6Reduction Behavior of Iron Ore

3.6alron Ore+ Hard Coke

3.0 g of sample was prepared from Iron ore + Hao#eGn 200 Mesh was subjected to keep at @5for 10,
30,60, 90 and 120 minutes and loss of weight weseiwed for libration of oxygen to convert,©gto Fe upon
reduction process. In case of Iron Ore + Hard Cikeas observed that after 10 and 30 minutes vdagds was
16% and 26.33 % respectively and iron ore reducé&®t80 % 84.15 % respectively. At 60 minutes #dction of
iron ore to produce iron was maximum and it wa’8®6 and there is no significant change in welghs and
reduction of iron ore to Fe at 90 minute. Verylditthange in weight loss was observed after 12Qutagmand
reduction of iron ore was 88.14 % (Table 12).

3.6b Iron Ore +Hard Coke + THERMACT-BF

3.0 g of sample was also prepared from Iron oreatdHCoke + THERMACT-BF in 200 Mesh was subjected to
keep at 95C°C for 10, 30, 60, 90 and 120 minutes and loss afigiat was observed for libration of oxygen to
convert FeOsto Fe upon reduction process. The loss in weiglet 40 minutes was 17.33 % and reduction of iron
ore was 74.99 % and it was more than in case ofare + coke. The loss in weight was increased upo@asing
the time from 10 minutes to 120 minutes (Table T8 maximum loss in weight was 89.85 % which sahore
than the iron ore + Coke. Maximum reduction of ime was achieved after 90 minutes while in caseoofore +
Hard Coke it was after 120 minutes. These reshitsved the positive catalytic effect of THERMACT-Ripon
reduction of iron ore and also showed that timéecytay be reduced due to addition of THERMACT-BF.

3.7 Chemical Composition of Reduced Iron Ore

Results shown in Table 14-15 for chemical compwositof reduced of iron ore at 95 with and without
THERMACT-BF indicated that after 10 minutes thedeatent was 45.00 % without THERMACT-BF while it sva
46.32 % in which THERMACT-BF was added. After 12thates Fe content was 52.90 % and 53.75 % foradren
with and without THERMACT-BF respectively. Increagiof Fe content in the sample reduced in presefice
THERMACT-BF showed the catalytic effect of THERMABIF on the reduction of the iron ore. Results aboa
content utilized in the reduction of the iron otscaindicated better reduction of iron ore withdeonsumption of
Hard coke.

CONCLUSION
The following conclusions are drawn on the basisxperimental results:

4.1Based on the kinetic parameters studied,sitobserved that the combustion of coke stattsa lower
temperature on addition of THERMACT-BF as gamed to base sample.

4.2When the degree of reduction was measured, it waerged that the efficiency of reduction of IroneGmd
Hard Coke increased on addition of THERMACT-BF.

4.3The activation temperature of reaction of Iron @ith Hard Coke has reduced on addition of THERMABH -
Hence, it can be inferred that reaction(s) aréaitiity at lower temperature.

4.4The kinetic parameters of Hard coke as welliras ore changes positively in relatioratdivation energy
and heat of enthalpy upon addition of THERMACT-BF.

4.5Gas Chromatographic results for gas evolved dmoning confirm that no harmful gases arehead on
addition of “THERMACT-BF’ to Iron Ore and Har@oke. Hence, it can be inferred that addition of
“THERMACT-BF” will not have any detrimental effeon the system.

4.6There is no detrimental effect on the contmos of hard coke with the addition of THERN@T-BF and
the properties of hard coke are unaltered.

4.7The chemical composition of Iron Ore and H&ake during reduction is not altered on addibof
“THERMACT-BF".

4.8THERMACT-BF may be useful catalyst for blast furaac
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