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Bincido blast furnace is the only versatile unit for 
production of pig iran t  every effort has been made in recent 
years to increase its productivity and decrease the coke rate, 
It has been rea1ied that by charging the prepared burden of 
proper oisol, pzticularly the pro-reduced peiiotn or br.quettos, 
the coke rate can be decreased and the capacity of the furnace 
can be increased considerably" Many cotmtries e.g. 3apan,Canada, 
U.S.A. etc# have reported excellent resets on increaso in pro,* 
duction and decrease in coke rate by charging pre.reduced. 
materials in their blast furnaces. On average, it can be said 
that every 15 metallization of the burden decreases coke rata 
by i/2* flowevor, no such vork has been reported underInd-ion 
conditions,w 

refore.# the present Investigation has been 
taken with a viety to study the influence of tine, teierature, 
particle size of raw materials! and Fe203/C ratios under,  Nitrogen  
atmosphere on rate of reduction of iron are and to elucidate 
the exact mechanism of reduction of iron oxide. 

This dissertation is divided in four Chaptei 

In Chapter To mechanism  of pre-reduction of iron ore 
and factors affecting the rate of pre.roduction are described. 

The Second Chapter deals with the methods of analysis 
of the rov materials, calibration of thermocouple and tic eter, 
the method of briuotto preparation and the oor:enta3. 



procedure used for carrying out the reduction idith varying 

1e203/C ratior. at  different mesh size of rion ore and vod 
charcoal at 900CC ,100C°C, 100CC and 1100°C in nttrogcn 

atmosphere. 
The. results of the experiments conducted on reduction 

of -60 to + 8, 45 to + 100 and .100 to + 150 mesh size I 
ore wood charcoal briquettes in nitrogen atmosphere at 1/2, 
1/3 and l/ 1?e203/O ratios for 9000C 10000C., 105(PO and. 

1100°C during the tine interval ( 15 minutes to 180 minutes) 
are elicited in C pter4o It has been found that reduction: 
upto 90$ proceeds through two stagEs1  stage one i,e. upto 30$ 
reduction Is controlled by chmical reaction and the activation 

energy for this stage: Is found to be 23s25 C]/n# mole at all 
tenpexctureS, particle sizes and P 20 3/C ratios. stage two i.e, 
upto 90$ reduction Is found to proeced in accordance with 

semi 1orithmic rate law i.e*  r c log t + x. The activation 
energy for this stage has also been calculated and on average 
found to be 3,38 kai/gm. mole for all tnpez1Uros, paz'tiCle 
sues and Pe203/0 ratios. Based on this it Is suggested that, 
diffusion of Iron through FeO is a most probable rate 
determining st. 

In Chapter Pour, a short description of appUcatlons 
of prereduced materials in iron and steel ma)ing tuft ace IS 

given. in the end suggestions for further work are also 
Included.  
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1.1. 	 flcZU 

tn rect yci rs, a large mater of significant develop.. 
ments(1—)  have taken place in the technology of Iron Wimp in 
the blast face, inclu5iri including orgen enrichment and humiiification  
of bast, higher blast t e t e$ self andeupert1uzo a for 
an pellets,)  fuel Injection tbro z a tnyeres champ of prepared 
burden an enplome1 of high top pressure, The technology of 
these ievelopments have been fairly zoll estabUshel and the  
reported rest 3 is 8 on increase In production aril decrease in 
coke rate have a ended beyond prediction Haver$  the quest 
for increasing the productivIty and d4xreasing Colo rate has 
never lasted an t Ci : has :given b th to a new and significant  
devolopsne t - ' Prc.. oiucticn '.. 

Prermtton is doted as benef ciaticn(82)stcp  

in,wh4cb oxygen is an ipurity. P -reuCtIofl can be achieved by 
using lay ` grace soU fuels either externally or internaUyto 
iron ors The exploitation of this technology an 	Vii. 
scale has taken la a throughout the vor34 in rentyes and 
highly encouraging results on decrease in* coke rate and Incise 
in production have been reported. The Stela Company of Ada 
has achieved 23 increase in productivity and ZOO decrease in 
coke'ate by charging pre resod. pellets (88,7 Fe and 906% 
meta. zati ) is i comprises of 30% of the total merge. 
ifegachida plant, Yaatva 1)  t `ate) reported 18.4% increase in  _ 

production and ¶8 decrease in coke rate by charging spongo I= 

(69 Fe and 58 ,metallization) Comp 8 g of 	of the total  



merge Republic Steed. Coipany Of U.S. ,;o  > has reported 
9% increase in productionand 11 	decrease in coke rate by 
charging metallized brii 	a 	'1% Fe and 8t.$ metallization) 
comprising of the 114% of the total charge. The theoretical cal- 
culations made ' y TaCc uea, Asb .e 	, 	the use of pre.redueee. 
material to make licad 'hOt metal, reveal. that 9 decrease In 
Coke rate can be .attainE4 for each 10% metaUiaaticn Of the 
vhole burst. 

In io of the scity of high grade coking coal and. 
ljrn ted capacities of tn..ian blast furnace use of ire reduced  
burden is highly desirable. 

■ 

In general two 	thesia(13$15)  bawbeefl put forwrd  

to account for the dct ofl of iron oxide Vhtch Occur$ then 
(13) 

a mixture of x e and carbon is heated  In the .t,r . y othe .0 

the reduction reaction,, can be p n e4 as foU 	9 

FOX 	(S) 	 , . 	• o(g) 

The reduction racoon is supposed to beginat the 

points of contact between cart. and iron odde parttcles. ce 
the oxide particle is eopletely covered by a shelL Of reaction 
prod b, 	her reduction is posd ble only  by the diffusion  f 

reaetig species to the oidemetal interface couplod with a 
simultaneous diffusion of reaction products away from the 
iritez'face, This bypothoiø is vat, prided carbonmonozide 



prodaced during the rouotion reaction is completely removed  
from the site of reaction to prevent It from taking pz't in 

03 reduction of iron ozide. It has beEn also beed.'1 that 
duo to the extrnely lou rate of diffusion of solid carbon 
compared to that of reaction betieen ca*or and, oxygen in the 
oxide, carbon diffusion te the governing factor( 13t 1 	a. 
true direct retuction. This concert 	however, has been 
changed recently by eonsUeration of the diffusion of iron 1*405)  

into the oxide lattice at high temperature fllawed. by Inter. 
action with car atoms* Thus vlall,e carbon diffusion occurs1 
the governing factor is to be iron diffusim4  

The second 	thesic( 13 )  that has been considered may 
be represented as follows' .: 	 * 

Fe0 (5) + CO (g), 	(5) + 002 (8) 

CO (g) + C 	2 CO (g) 

Where x aM y  take the "me values ap an (1) 

According to this hyptheats, carbon monoxide te 
supposed to reduce iron oxide particles pro3ucing iron and carbon 
dioxide, one molecule of the latter,  gas reacts with one atcm 
of carbon particles producing tiio molecules of carbon monoxide 
whiCh in turn reduces more iron ozi44, It is worinile that. 
the total reaction is identical i.e. 

Pe2  O. (0) + C (E) 	'e  0 	(5) + 00(g) 

In both hypothesis therefore themodynnic  considerations con,  
not assist in deciding which is taking place, as the total 
reaction is identical in both cases.. 



The viev,most *4ely held at present is that the 
two stage. hypothesis (2) is the more probable (e.g. Esi.n an 
Gel'd) (i31 

1.2.1. ACX 	B 91M.-CE M-MO 

Tamxnann and Zro 	and 8aukl 16'18  et.ai,$ 
supported the first hypothesis. Baugh et..alo, tried to eethblti 
a parallelism between the first products of sol di*litt reduc 
tion and the 6iasociatiOfl pressure of tkie  oxides. Although these 

r 	authors claimed to have overcornO the great iffiCultes associao 
ted vith thoroUg degassing of the reacting substanceS and the. 
interaction of the products ofreduetion, some of their experi- 

mental 	 do  .not substantiate this, The preliminary 
dissociation- of the uo to give oxy, *±ch then combined 
with the carbon,, was proposed by Tmann and Zrorou 
The calculatin of GeV and E'gin (i31)  of the dissociation 
pressure of FeO shoved that the amount Of dissociated OP  available 

was insignificant cnpared 4th the, actual .amount of reduction 
occuringe So Bauklch and Direr ccmsdered the diffu on Of 
carbon and, iron to be thO rate governng step for the entire 
reaction. 

It ban been substantiated by several authrD(130 
that endothermic reaetions in the  solid Latta follow the gieral 
diffusion laws that are,  appli.able to orystallIne rnaterin2s. 
Hence the temperature at iftch a reaction begins is closely 
related to the thermal vibration of the atoms or iuolecu3es in 
the crystal &attices, A thooritteal equation for the dependence 

and ta of inter solid reactions on time, particle siZe. annperature 
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as developed, by vas 	applying the diffusion lawasaw  
1/3 2DC0 t/r2 = t 

Where 
z 1tciuctiondegree (percentage) 

t: time . 

jtfijjon oiant 
Ce Xital cneentration of diffusion element 
r Mom radus of element to be diffuc8. 
K = Conatat 

It Jan4ers equation is va134, a plot of[1.(i. 	versus t 
must have a constant slope md so also if the rate of carbon 
diffusion citzLs the ovemli reaction velocity* according to 

3an4er, an end*theic reaction must follow the above equation* 

On the contrary1  if the eotbom1c reaction between 
CO and Fe203  oocws#  the linear relation between the tso terms 
will not be eetablishc. Sbo (3i 	conducted the reduction 
ezpar2int in Nitrogen Vith the mixtures of 1 go of ferric 
oxide with 0.9 go of graphite and showed that reduction was 
comparatively fast In the initial period and then slowed domp  
indicting CO participation in the re4ition, 

Recontlys  the diffusion of iron atme"O instead of 
carbon has received considerable attention in connection with 
the reduction of iron ozide.. It has been stated that diffusion 
of iron ions within the oxide crystal is the rate determining 
process In the reduction of certain oxides. According to i*, 

•, the rate of iron oxide reduction is not diffusion 
cQntroUed, but probably contz1od by a surface reaction at the 



oxide Iron interftcoo This statement was based on the fact 
that the rate of reducton. is nearly Constant at óonatant 
composition of the gaseous phase in the course of the reduction 
of Wustite to metallic iron 

ftkwan 05)  also presented a rate Ouat±on on the 
asstrniption that ir.n ore in the process of reduction is a 
simple to phase syst., oxtde.metl and that rate of raction 
is controlled at the metal oxide interface.. 

The mecbenin of the 2M hypobtesis03)  is a type of 
chain reaction. A molecule of CO is foimed in the bed this 
reduces the Iron ozie to give CO, vach tbn react with coal 
to produce to molecules of •carbon monoxide#  *iicb are avai2b1e 
for ft*1her reduction In the reduction of benatite(Fe2O3) to 
1n by Carbon monoxide the s3mteat stop is the reduction of 
Wtjte (FeO) to Fe br, carbon monoxide. 

As postulated by flalafaUa and Co-Workers(13M )f it is 
supposed that carbon monoxide is first adsorbed or the oxide  
lattice aecord ;Ig to reaction (3). 

C0(g) _ 	CO (adsorbed on. oxide), 	• 	• (3) 
This "action is folJoed by the rewtion (4) throu1 the 
reactic () 

CO (ad) + CO(g) JK2 	CO (tat) + C 
c02.(ad) JL. C.02(g) 
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Resetion () involved the Interaction of a gaseous carbon mono. 
odds molecule, cO(g), pith an adsorbed. molecule, COCad), and 

shy to be the alowast and rate determining steps for 
the mcchanii of redicton of Wustito by carbon monoxide, The 
products Of this reaction are an adsorbed CO2  nao2eonlo and a 
free carbon atom* Reaction (6) involving the interaction Of a 
free carbon atom with a terrois oxide molecule producing adsorbed 

carbon monoxide. 

C + F eO (S.) L 	CO (ad) + Fe ••••, (e) 

CO (ad) 	J.CO(g) 

CO2  (ad) + e() ¼- FeO (8) + OEM) •..,.(8) 

In the second stage of the reduction proëe as, it is 
postulated that the carbon dioxide Is first a4sorbed on carbon 
particle according toreact1on (9) and 'is ,  foUowcd br roaotions 
(10) and (11). 

CO2(g) -' CO2  Won, carbon)  

CO2(a&, on carboTh)+ C —2 CO (aLan Carbon) ..(1O) 

CO (M. on carbon) - CO(g) 

It gas-solid reactions were the only ones •occurxng in 
the heated bed of ore and coke  cokoo a suficiently' rapid flov of 
inert gas would dimin 	6) their rate  a2inost to zero, as the 
gases would be swept out of the bed before having time to react 
with solid rnatera, 

The solid material may contain appreciable amounts of 
adsorbed ozg, thich will tend to dosorb at high tmpOrat1.es 



8 
and could then provide the necessary carbon n1onoxie to initiate 
the reaction. The products of desorption were rnovod in the very 
rpid nitrogen stream (30 e.c./5eC.). 

Out of two types of reactions, the solution loss reaction 
Is almost stopped by a sufficiently rapid flow of gas through 
the bed.. The reaction between ore ana coal can proceed cly at 
the points of contact, so that onóe iron is produced at these 
positions the reaction 1,411 slow doim considorably. The cge in 
the rate of reaction with amount of reduction for an infinite 
flow is very,  much less than that 'with a very  small tlo'w of inert 
gas through the bed'*  

The rapid. rate of reduction 'with a 3o'w flow of gas through 

the bed can be explained in the to3lmsing 'wa3r 	* The reduetion 

to 	t IS pr Ial:y irreversible at high tnperatUros Of Fe203  
and the values of CO/CO ratio at eq42ibrium are about zero. 
Henco 'when CO is passes slo'wly over heated. FOOy practically 
every CO molecule am react  with the ozidO to give CO2  A large 

fraction of this CO can react 'with coal to give CO, since the 

concentration. of CO will be low, and hence the reduction of the 
iron oxide 'will be very rapid. AS soon as F 0304Is pi4ed  an 
the surface and reduction proceeds to Fe0j, the eqilibriurn Is 
less favourable to gaseous reduction and CO generation. 80  the 
amount of reduction occuring as a resit of the direct Inter-
action of oxide and coal can be ignored.. From this it followshat 

04 
the ejnount of reduction occuring depends on two .factors'1  

(i) - 	the ease of gaseous reduction of the oxide and (U) the 
ease of solution of the coal by CO2. 
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The foUoi#ng factors are affecting the prereuction 
of iron ore briquettoss 

if the for gra4e coke la ,used as re1uctant, then it 
has got lees effectiEess In bringing about the reduction of 
iron oxUo, than ligntte coke and coo 	eiarcoa3, This is 
because of the iference in reactivity of earbem of voo4 thar. 
coal, lignitic li gto coke, 

i,2 

stuiod on ' direct reIuctton ct ferric oxide 
by solid caxton in vacuum" and be fotmd, that at higher tcporatuxkGe 
the degree of reduction id1l be higher and at lower temperatures 
such as 7000C and 80000,  the degree of reduction vas found to be 
cztrcmdy snall. The investigation on kinetics of iron ore rethzo 
tton by caiton was earned out above 947C in Nitrogen atmosphere, 
it vas found that the degree of' reduction vas gh•cr. 

i3.34. 
It has been reported(13016) that for a constant 

hematite particle Size and a Pe203/C rat"* e.g. 1/30 the 
observed time for half compete reduction with coarse,9 medium 
and fire size of carbon particles at ¶03?C are illustrated in 
fig, 1.33, 
i..f, 

The reduction rates of iron oxide are d1so affected 
by the amount at carbon used for carrying  out the reOtOn. 

'U 
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By using earbon. toro tan stoichicmetrlc roquiraent the 
reduction rate incroaseso  Studied carried out Ghodh and 

	(20) 

with different perentagos of lignite coke as reduotnt in the 
range f'on 15 to 35% vas.  illustrated in fig, 1,34. and 
suggetei that the higher amount of carbon increases the redue. 
tion rate. 51milAr results have also been reported ty 
tore the Fe2O/C ratio vas vaie& between III 45 and 1/9. 

Ba1u 	carried out his experiments on redition 
of iron oxide with solid coke under .ditteret nitrogen gas 
t2Ot5. With inermolne gas fLot rate#  the degree of reduction 
idll be higher An4 also given that 'itb further inereasIng the 
gas flov rate, it 4U not affect the rate of the red tion. 



This Chaj*er,  describes the Methods Of an437etD Of the 
ra matez.a1a, caUbration of theiocoup1e and tioueter, the 
method of briquette preparetion and the ezperimental procedure 
used for caning out 'reduction with varint F 203/ ratio at 
different mesh sizes of iron ore and wood charcoal. 

AM* 	The raw materials used for the prescnt 
study wore iron ores  obtained from Gua Mines and wood chaxcoall  
used as re.uCtant pocurcd from local markets of RoorIeo, 

2.1.1 • 

 

Iran ore fines were subjected to AM 

analysts chiioal analysis and ignition loss detóiuination. 

2.1.1.1. iee 	z The crushed Iron ore fines were 
oieve5 in Denvar sieve bet' ( sieves arranged according to 
Ta2.or's series) and the,  fines In the size range .60 to +85, 
085 to + is ani 1,00 to + 150  mesh were coil ected and 

stored in bottles to study the effect of particle size on the 

rate of reduction reaction. 

2.1.1.2. 	 s The n1Mic4 analysis of iron' 
are fines vas done by titrating a reduced solution,  Of the iron 
ore in bydrechIoric acid egaiista standard solution R/10  of 

potasatizi die itf. 

The chemical analysis of the iron ore fines used iii: 
this investigation was % Fo and 205 gatmgo. 

13 
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2..1,1.3 .boas pn_ I . n  : Lose Ofl tgnition of Iron ore 
was detennined at 9000C, 1000°C*  10500C and 11000C by beating 
one gram 	ple at the respective tenperatu rca. Fran the weight 
loss neasuranents, percentage loss on ignition was calculated 
and aboun in table 1. 

2.1.2.  I 	 iI.7t O$ 	The wood charcoal fines ero analysed 
for eicvo analysis # prozi a a analysis ( before and after volatile 

matter removal).  

2.1.2.1 .i 	L.i.Y' -"Iw, ai i e iwi 1  1 The sieve analysts ofwood ch reo 
fines were partoe in a 	lar way as de 	be in 2.1.1.1 

2#1.2.2. 	 ; The proximate aflalysis  O ' wood 
charcoal as c re . from mares uae to deterrnne the 
amounts of moisture, volatile matter aflh aM fizod carbon and 
the results are reported in table 2. 

Yrixi the present study, the volatile matter of wood 
Charcoal was move, It was dame by heating Faros charcoal  
90000 for a length of an our in an inert atmosphere, The 
prodnato ai a = ysis . of this treated wood cbarcal is ihom in 
table 9 

The iron ore and wood charcoal, 
powders of awe particle size were seperately i+eighe4 and thrau7 
mixed in a mixer for about 8 hours, to ensure pier  mfg:.. The 
proportion of ro203  of :rte *re to carbon of wood charcoal was. 
v 

 
jed from mixture to lure at constant particle size* In 

this way$  the mixtures Fa203  + 2 C, Po203  + 3  C and. F O3  + } C 

• were prepared by ta1ing one jp« mole of 10203  and 29.E and 
atom of capon respectively at .60 to + 8, . 85to + 1O0 and 



ii, 

100 to+ ico mb sizos. 'o all these ntxtureS, % water was 
adjed to proriot.e effective binding during briquetting.. 

Prom the above rnizture, a. sample of 10 gci vas taken and 
compacted on universal testing machine using a die of 109 cm 41a 
vith the help of a plunger at 1i.20 4/cm2  pressure. The length of 

the briquettee usually varied in between 1#5 cm to' 149 CU 

The biqWtteo thus prepared wore first air drti.d and 
then dried in an oven for two to three days at 100!'10°C till, 

the constant weiht attained. 

2.3. 	 The thernocoplo atd the tlowmeter were 

calibrated before theyere wed in the ezperimet 

2.3.1, 212tJ 	Qiel Alumol ( chromel about 90% Xi 

an4 IG$ Crand Ael about 9+% Ni, $ Al, 3 Z1 end i%  
tbeiioOouple wa calibrated against' a star.r8 themoeouplo using 

temperature recorder and mjUi wolt.meter. The c ibration graph 

is sbon in the figure n4*, 

The MW meter was calibrated against the 

standard device ( orifcnetE.r) , The calibration graph is sho'ii 

in the figure no.2* 
Reduction èeri.entG were per. 

formed in both e open nthal t4.re sound aUinina tube 

furnace of ?/,5 ems diameter# 75 ems long. 

(he end of the furnace jas closed by a steel flange that 

had in let for preheated oxygen free nitrogen gas. 4.. constant 
flow of 1.8 liters/mm* was maintained throughout the operiment. 

This high rate of flow is maintained to, avoid the affect of 
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..fioiz rate on the percentage reduction of Iron +pro k) . 'tic other 
end of the furnace 1iao cloeed closed by a flax a Lth the p 	pion 
for insertion of thermocouple.  thermocoupleind outlet for gases., Using a 
calibratedcalbrate5cbroiel Brad Altrnel thertnocouple the t pe ture 
profile along the lcn fit of the mace was determined. it was 
found to be uniform (± "500) over a length of 10 ems as shy 
In the eperirnctai cot up figure (A) 

The briquette made out of compacting the desired 
proportion of Iron ore and wood charcoal ;was foilo ied by 

oval of to atuurevas weighed in a -chemical 'bal=coo 'hrec 
bi4tiettes 'at a time of itferent mesh arses were kept in a 
stainless steel. boat and the boat was slowly introduced into the 
iii.jbrm tcmpeaturc zone of the furnace through the opening and 

after fIuing with the pr eat ( 	► 0C) o gcn free nitrogen 
gas. The opening end of the furnace was closed by a steel 
flange. Usually  3 to minutes elapsed to attain the uniform 
enpomture of the briqiotte. After the reduction was carried out 

under. isothermal condition ti for a predetermined length of time, 
the boat was slowly vi bdrwn from the tenperatuzo zone to the 
coolirg and of the mace and the briquettes were, cooled to 
roan temperate in a stns of nitrogen gas# At the end of 
coal, briquettes were taken out and weighed to rice 
weight loss oco re4occurred 4urtng experiments Briquettes were erusied 
and analysed for residual carbon content by combustion *absorption 
meted* 

In this way, the eta onts were conducted at 9000C,  
1000°C, 10500C and 110000 for difforent Intervals of time 



aging from 15 to 180 minutes) by varying l?ea  /C ratios, 
19-21  1,13 an d 	fearpatlide sizes,,- 60 to + 85, .85 to 
100 and • 100 to s 150 mewto study the int2uenceot time, 
te9lperature., PEQ)/C ratio a5. particle s. e on the rate of 

1'1 

m 
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The percent ton oxide reacted in the iron ore icod 
charcoal briquettes of .6O to + 8, 45 to + lOG and  100 
to + 150 tmh sizes at 1/2, 1/3 and i/f F0203/0 ratio in the 
temperatures 90d°C, iooc°c., 10O°C and it  JJOOOC for different 

Intervals of t1re ( 15 minutes to 18o minutes) under nitrogen 
atmosphere are given in t0les3,1 to 3*:3+1 to 	,i 
to 5#3 and plotted in figures 3.1.1. to 3.t.3,, 3,2.1. to 3.2.3. •  
and 3,3.1  to  3,3J,. From the figures the pronounced e'Aict of 
temperature particularly in the  initiái stages (upto 30 
reduction) is quite discernible* Per e=ple#  percent reduction: 
of iron oxide varies from 2 at 100000 to O$ ati100 in 11 
minutes according to the reaction Vo203  + 3C at .60 to + 85 me 
size,* 81ilar observations could also be made from other figuroc 
(3,1,1, to 3,1,3, and 3.31.  to  3,3.30, 

After 30% reduction the percent iron oxide reacted van 
found tip obey the tolloving linear relationship. 

r ;: log t + Z 
where 0 and z are constants  t is time of reduction and r is the 
per cent reduction. This relationship has been obtained from the 
figures 4114 to +0.3, ) ,2,i, to f.Z,3, and .3,i.  to 4i3.3i 

In plotting per cent reluction vs long (tine), Initial log (tine) 
values upto 30 reduction has not been taken into account 
since they are found to be highly temperature censtUve. 



The Values of con a at all temportures, mesh sizes and 

ratios tare found to be nearLrconctant and reported 
In tablei6.. Equation (1) was found t* valid at aU tanpenztures 
studied.. In this ranges the activation energy values for 
reduction process have been caleulated in a similar ay as. 

clated by Jena and at, al cted 	by bria st ,al, in his 

dissertation in their experiments on sintering of iwaniin 
dioxide 3y difXeentiatng equation (1) with respcct to time 
t we get, 

C.A. 

or 4r/3t °( l/t 

ow according to Arreinius relationship K = A e 
equation (2), the reelprogal of time for attaining a definite 
reduction 	be pr 	 010 Q/ at all temperatures, 
VhSre Q is activation energy, B is gas constant and T is 
absolute tetperaturaw The, 109 (l/t) is plotted against i/3 z4OK 

for the .daótm reactions PeQ3  + ac, r 203  + 3C and. Fo2  4: O34 

at different particle sizes a$0 to 48 85 to + 100 and 
.100 to + 10 mesh sizes and are shown in figures 	to 5.i.3. 

to 	and 5.3.1. to 	FrM the slopes of those, 
plots, activation .eorgy values have been caloulated and are 

reportel In table ?.. 

Uu the results reported abaTeD it is found  *Mt 

upto 300 reduction the rates of .reacton8 Pe203  + 2C, 

Fe2  03+30 and Fy3 + 4C are controlled by cb ie4 2,.ction 



an& to a!tivation cnezgy values are found to' be 23 to  

nole and a shoic In table 7. After 3O and upto 9 	ictton 
the reaction was fom to be diffusion controlle&# prom the 
activation energy values obtained (35 to 38 iea]/ie mole) in the 

present inveStiCtOfl, it tGCOflSidere4i that diffusion of Fe 
through FeO in the most probable rate determining stop since 
this value  is in closes agioenent with the rep ed 8  value 
(35 1a1/n mole) for diffusion of Fe through POP* Further it 

is also found that parVicle sise of reactants have no effect on 
activation energy Vhdch suggests that in all the cases diffusion 
of Fe through FeO is the most probable rate tetenir4ng step, 

The values of percent 'reduction of .60 to + 85 meth 
size iron ore' vood charooai briqaetto. for different interval 
of time at 1000°C are plotted at different Fe 03/C ratio i.e. 

1/2,9 1/3 and !A and are shown in figure 6. From the plot, it 
is quite conspicuous that as the ratio of Fe203/C decreases 
from 1/2 to I1* the rate of reduction constderab33r iflcreases. 
in other words it can also be said that reduction proceed at 
m*th higher rate it the mixture Of prportionately higher carbon 

3.3, 	CJAWT CL1JIIZJ* 
The values of percent reduction at different Fo203/C 

ratio ie. 1/2, 1/3 and i/  for different Intervals of time at 

iOO(°C of 40 to, + 851  .85 to + 100 and 400 to + 150 mei 
sizes iron ore, good charcoal briquettes are shown in figure 7.1, 

72 and 7*3# F the  plot, it is observed that for 400 to 
+ 10 megh size particles at different Fe203/C ratio bays higher 

rate of reduction, 
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The applications can be discussed as follows : 

• I • 	urnept Blast fuuace by virtue of it a etcellEnt 
productivity and economics occupies unique position in the field 
of iron making, Howevert - Ita However,-It supelmecy has been threatened by 

the gro4rg thortago and increased prices of metallurgical grade 
coking coal. Under such conditional the benefits that co4ci be 
gained from reucirig coke consaptiOn are of signf'icant 
two to iron makers* Pre-reduced iron ore 4th high degree of 
neta1lioaton 6o80 offers such advantages. 

The pre*reduced materials to be suitable as blast 
fiance food should possess the following physical and chemical 
properties such as * 

Sufficient physical strength to withstand the mechanical 
handling and load iten charged in the blast furnance. 

2. 	Resstcce to reoxi dation against atmospheric oxygen 
and buidty.  
Free from slag fo1ng constituents ($i0 	1.2O3  etc.) 
as they increase slag volume and lime consumption*  
Proo from alkali elements such as Znt Pb an they 

accelerate wear of the lining. 

5. 
 

Amount of residual oxygen should be as low as possible 
or degree of reduction should be as high as 80 to 9: 

53 
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It has been realised by rnanyi oountrjes(2330)that 
cbargng of pre*re&*ced burden in the blast furnace decreases 
coke rate and in,  creases pro4uctivty. On average, a decrease 
in coke rate of 6 may be expected from 10 increase in burden 
netalU cation. 

Against these advantages must be set the cost of making 
metaUisd pellet 51 Economic consideration suggest that advan 
tapes are nlikely to be CufficiQt unless there are special 
local reasons for using metallised pel:iets in the blast furnace 

Nrverthelcss, increasing use of prewreducett materials 
in the blast furnace is ad.vocate and anticipated to be around 
20 minion tons(11)  by the end of 1980 and 300 million tons(10)  

in the year 2000 
ij ,a, 	t$4 R4çorac!sps 

?rocsing of pro-reduced Iron ores in electric pig 
n furnaces may offer greater 	 as compared to 

blast furnace. This is due to the direct reduction between 
ore and solid carbon which Is predoudnent in electric pig from 
furnaces. The direct reduction is highly endothermic and elec-
trical enorgy has to 'be supplied to meet this, When pros 
reduced ore Is used in place of the moral burden, the eleCtrI 
cal energy roqutroments am be greatly reduced. The decrease 
In electrical energy requirements coupled with building of 
large tranatoxmez'a load to possible building of electric 
smelting units in the range of 1200 to 2000 metric ton 	of 
hot metal per day* The availability of electrical 
energy at cheaper rates will do ide the future erection of 
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these furnaces. 'However, it has been anticipated that around 
kO million tons of .prereduced iron ore will be processed in, 
electric pig iron ui ces in the ycar 2000 

Ioz lj D4.$ 

Metallized agianerates can be used as a cooiant 
rnaterial or as a s4stttute for scrap in L.D. converter. Very 
little 'work has been r(ort ad in the lit oraturo concerning the 
use of metaUtsed materials in L,D converter. Ho'we1rer, it has 
been eetab2ished that the semi continuous feeding of motallised 
ore of high it content of LotL#  convertor during the fourth and, 
eighth minutes of the b1ov1ng period produces very satisfactory 

In, those countries where there is  ehortge of scrap 
and high cost, of Importing it oet•Lli sod materials could reduce 
the scrap scarcity and provide economic source for steel 
production': 

Metal ied agglomerates have been tested in elcetric 
are furnaces 'with very encouraging results. A aubstantXal 
reduction in prior conctptit and heat t*fl ga hate been 
reported by USing metallise4 pellets in place of scraps' 

The technique of charging from the roof of the electric 
furnace is a very off ici it method of utilizing sponge iron. 
8esi4os, other advantages are; 
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1, 	Materials handling-  can be simplified. 
20 

 

thorgy casts v.illbe decreased because of the 
Improved electrical characteristics -of the ar,fiunace1 
Bconcicalznae. operation can be aided by such factors 
as improves rz story life, decreased electrode brevo. 

a5 decroase, Iabour coats. 
Because of the continuous nature of oporttion, it. 
appears that the proco8s coul4 be autnated. 

The :VOIOIBnt pork on continuous hot charging wi . 
lead to continuous pro3.uction of steel by using €,cctricaU 
eo tro ,,ed -dosing equipment sni electric, moving fie $ thannol. 
The final ining in electric moving field channels iiU create 
extremely favourab1e conditions for the operation of continuous 
casting pia The future of sponge iron usage, in electric  
furnancoc, the ore, iouU, appear to be most promising. .fig. About 
500 million tons of pro-reduced iron ore is anticipated to be 
Cofl + . in 4tra higI 	ez ed electric fumacos from 1980 to the 
end of this c t . 

If p 	ducOd. agglomerates .vith more him 9"C 
fetallicat on of constant ysica. and choiical qty  be adc 
arailsble th; :, these can be used effectively In the cont±nuoufl  
stee2inaing processes. 3. Z 	* spry -re nine and . U 
processes the continuous feeding of pre.reducod material in the 
powder or granularform ua be quite Important and bettor.'  

operational control sou; achieved. British Std. inuatry. 
wil.. be using inotaUise6 charges as a coolant material for 
"Spray rooming" press. 
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The 1WOVIng con1ustcna have been dMVA ft= the 
present std. 

(j) 	The i4eUcs of reduction of mixed iron ore wood charoa1 
briquettes Of 60 tO +85,0 	to +.. 100 and 400 to +j  moth 
sizes at 1/3 and Fe 293/C ratios for 90000, 10000C, 1o5oc, 
and 1j000C in nitrogen atmosphere was investigated. The effect 
of temperature rt1c1e site and ratio of F 203/C was 
investigated*  

(a) 	The otfec:b of tnporature on the degree of reduction 
parti*u1ary In the i4t11 stages ( upto 3 reduction ) was 
found to bei pnoince4 throaiout the rgs of tcperature 
studied. 

(3) 	It he teen found that reduction upto 90% proeoes 
throub two tagos Initial stage of reduction loot upto 30% 
was controlled by ehenicaX reaction while later stage by 
diffusion of iron. throgb. :eO, 

Particle size of, iron ore and wood charcoal was rot 
fwd to affect the activation energy values. 

() 	The reduction vas foUnd to proceed at higher ratio 
with proportionately btghz' carbon content in the mixture* 



°o i w g apeets an be studte for der work. 

Beyond 9O reduction study cotes be done to ! Luci to 
the rnechans of r coon. 

Effect of 	 ite coke..,, low grate coke and other low 
grade solid fuels on to of reduction of iron ore 

can be finis: an4 their S tab :t7 toy production 

of 	cC8 	ØflteS can be assessed*. 

E` '+ 	f n rog+ . gas f 	on the rate of reduC n=. 

PE1ot p3t u* S can made to prc4uce pre.reuce 

• rigw t e-s an s their suitbU4Lt7 for proaucticn of steel 
ean also be assessed,+ 
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The percentage reiucUcn has been carted 
on oxygen basiø. Weight loss obtained after -reduction 
isdie ' to carbon # oxygen mod.removable i.ngraiente 

v'o 	e matter in the re1uctant and ignition lose 
of iron ore e$) remove fran the briquettes* Thus 
the oxygen r4flove during reduction is ac re by  
aubstracting the sum of ieight of carbon rcnove. and 
movable ..in 	ten s from the weightt loss data obtaired. 
Then using the tonoving 1oiula 

100 
__ 	 . o 	a e oxygen, 

the percentage reduction s fotuid out. 



Teflipe ratuz"es 	mom 1028 fl 	I 7b LQUU Qfl 
weight(sm) ignition 

rrswi r 

9000C 	00070  

100000 	0.08% 8.1 

100°0 	0.Q3 8.3% 

odc 	0.085 8J% 
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