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8ince, blast fumace 1s the caly versé;tile unit for
production of pig iron, every effort has been made in recent
yoars to incresse its préductivmy and deercase tﬁhe coke yate,
It has been realised that by charging tho prepared burdsn of
proper size, parbicularly the pre-reduced psllets or briquettes,
the coke rate can be decreased and the capacity of the furmace
can be increased considerably, Many countries e.g. Japan,Canada,
UuS.he otos havo reported excellent results on increasc in proe
fuction and decrease in coke rate by charging prewreluced
materials in their blast furnaces., On averags, it can he onid
that cvery 1% metallization of the burden decreases cole rate
by 1/27%. However, no such vork has been reported wnder Indim
conditions, _

Thepefors, the present investigation has been uader
taken with a2 view to study the influence of time, temperature,
particle size of raw materialé and FQQQB/G ratios under Nitrogen
atmosphere on rate of reduction of iron ore and to elucidate
the exact mochanism of reduction of iron oxide.

This dissertation iso div’iﬁea in four Chaptersi

In Chapter I, mechanism of pre-refuction of iron ore
and factors affecting the rate of preerojuction are described.

The Second Chapter deals with the methods of analysis
of the rouw materials, calibration of themocouple and flowmeter,
the method of briguotte preparation and the exporimental



procedure used for ecarrying out the reduction uith varying
' Faz JC ratios at different mesh gize of rion ore and wood
charcoal at 900°C,1000%, 1050°C and 1400°C in nitrogen
atuogphere,

The results of the experiments gonducted on redmt.wu
of =60 to + 85, «85 to + 100 and «100 to + 150 mesh size iren
ore wood charcoal briquettes in nitrogen atmosphere at 1/2,

1/3 and 1/ Fe,0,/C ratios for 900°C, 1000°C, 1050 and

1400°C during the time interval ( 15 minutes to 180 minutes)
are clicited in Chepter«3, It has been fomd that reduction
upto 90%- proceeds through two stages, stage one 1,0+ upto 309
reduction is e@ziﬁmlled by chemical reaction and the activation
energy for this stage 1s found to be 23«25 E’nal/gm. mole at all
_tempemtwas, paréir;le giges and Fea'os/c ratios. Stage two i,e,
upto 90% :reﬁmtim is found to proceed in accordance with

semi logarithmic rate law i,e, r=clog t *+ X, The acbivatian
energy for this stage has also been e&leulated and on average
fmma to be 3538 keal/gn. mole for all tzamyceramms:; particle |
sizes and ’é‘eacg'fc ratios, Based on this, it is suggested that,
aiffusion of iron through Fel 1s a most probable rate

det ernining step.

In Chapter Four, a short deseription of applicaticns
of pre-reduced materials in iron ani steel making furhace is \'
giver, In the end suggestims for further work are alse
included. |
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In recent yearsy, & large number of significant aevelcp-
ments“"g) have taken place in the technology of iron making in
the blagt fm&cé, imluding «axygéa. enriciment and humidification
of blast, higher blast temperature; self and superfluxed sintor \
and pellets, fucl injection through tuyeres,charging of prepared
burden and employment of high top pressure. The technology of
these Jevelopments have ‘been falrly mu establiched ani the

(6-8) on increase in production and desreasc in

report.eﬂ‘ results
coke rate have excocied beyond prediction. However, the quest
for &mz?eaaﬁ‘.;ag the productivity and docreasing coke rate has
never lasted and this has given brith to a new and significant

develomment . ? Pre.pojuction ",

Preeredunction 4s &éxﬂ;ned Bs beneﬁciaé&mm”m)awp
in vhich oxygen is an mpgrizy, Preerciuction can be achieved by
using low’ grade solid fuels githey exte:naln,y or internally t«a
iron ore. The exp:mmatim of this technology on commercial
scale has taken place throughout the world in secent years and
highly encomgix;g results on decrease in coke rate and increase
in production have been reportod, The Steesl Company of canaaa(ﬂ
nas nchieved 23% increase in projuctivity and 204 decrease in
coke yate by charging pre-reduced pellets (88,7% Fe and 90,68
metallization) vhich comprises of 308 of the totsl charge,
Hegachida plant, Yawatva(” _(Japan) roported 18.4% increase in
production and 188 decrcase in coke rato by charging sponge iron
(694 Fe ond 587 metallization) comprising of LO7 of the total
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charge, Republic Steel Campahy of ﬁg&i&igs) has reported

9# increase in production end 11,3% decrease in coke rate by
charging metallized briquettes (71% Fe and 84% metallization)
conprising of the 14% of the total charge. The theoretical cale
culations made by Jacques, ms.erm), on the use of pre-reduced
material to make 1iquid hot metel, reveal that 97% decrease in
coke rate ean be attained for each 10% metalligation of the
whole burden. |

‘In view of the seareity of high grade coking coal znd
1imited capacities of Iniisn blast furnace use of presreduced
purden is highly &esiramm .

: LSS ek D . o
In general two. h@aﬁheﬁs(“”s) hawelbeen put tamrd
to account for the reluckion of iron oxide which occurs vhen )
a mizture of oxide and carbon 1s heated, In the first hypethesﬁ.g)
the reduction reaetim/ can be rapmsa:ntaa' as follows e
Fey Qj (8) + 08) =TFe, O ol (8) + CO(g) enenalt)
Where X = 1,2,3 andl ¥ = 143 or L2

The mamm preaction de supposed to begin at the
points of contact between carbon and iron oxide particles. (hce
the oxide zsarﬁicla is emp&eﬁaly coverel by a shell of reactlon
mam, further reduction ig possible only by the diffusion of
veacting species to the oxidesmetal interface coupled with a
simuitanema diffusion of reaction products away from the
interface, This hypothosis is vaild, provided carbonmonoxide
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profuced during the refuction reaction is cempiatelj removed
from the site of reaction to prevent it from taking past in
refuction of iron oxide, It has been also bemveam*"*’mt
due to the extremely lov yate of diffusion of salia carbon
compared to that of reaction between carbon and oxygen in the
oxme, carbon diffusion 1s the governing faator‘ﬂﬂs) of all
tyue direct reduction. This camep@”m however, hag been
change yecently by consideration of the d1ffusion of iron zon“'”
into the oxide lattice at high temperature followed by intere
agtion with carbon atomss Thus while carbon 4iffusion occurs,
the gaveming factor 1s to be iron diffusim.

*

The seeond nypcﬁthesia(w) tsha‘k has bam mﬂdere& may
beo represented as follows w '

(s; + CO (g) = i’% y_,_, (ﬁ) + coa (83

00 (g) + 0 (u) = Q Gﬂ (5) , TYP
Whers x and ;y mke the same values as :.n (1)

~ According to this hypc)theai&, earbon monoxide 48 .
mpposeﬁ, to reduce iron oxide particles profucing iron and carbon
dloxide, one molecule of the latter gas rescts with one atom .
of -carbon particles producing two moleeules of carbon monoxide
whith in turn refuces more iron oxides It is worthwhile that
the total reaction 4s ideﬂﬁieal i.00 ‘.

Feg Oy (8) + C () = Foy Opeq (8) + colg)
in voth hypothess.s; therefore thamoaynemc considerations cen
‘not assist in deciding vhich is taking place, as the total
_ reaction is identical in both cases. N

.\1 »
\\ .



The view most widely held at present is that the
two stage 'hypothesis (2) s the more probable (e.g. Esin and
cerra)13-19),

_ Tammenn and meilcin“” and Baukloh“e 18) et.al,
‘supportea the first hypothesis. Baukloh et.als tried to estabiish -
& parallelism between the first products of solidesolid reduc-
tion and the dissociation pressure of the oxides. Although these
authors claimed to have overcome the great fifficulties assotine
tod with thovough degassing of the reacting substances and the
interastion of the products of reduction, some of their experi-
nental reault:s‘t{’s"%) do noﬁ substantiate this‘s The preliminary
dissociation of the oxﬁ.&a to give oxygen, wh:tch then combined
with the carbon, was proposed by Tammann and Zrarouim.n“&
The caleulatin of Gel'd end Egin“:‘s”s) of the digsocliation
pressure of FeO ghowell thaet the smownt of 84 ascciated Qa available
was insignificant compared with the actual amount of reduction
occuring, So Bauklch and Durrer considered the diffusion of
carbon and iron to be thé rate governing step for the entire
reaction,

It has been subs‘cantiaﬁe& by several authomus"ﬁ)
that endothemmic reactions in the solif state follow the general
aiffusion laws that are applicable to crystalline materials.
Henee the temperature at which a reaction begins s closely
related to the thermal vibration of the atans or molecules in
the crystal Battices, A theoritical equation for the dependence
of inter solid reactions on timey particle size, and tempei-ature
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(14«19) by applying the aiffusion Iawav_:"-‘—

[7#@»&?/3.] = 2 DCO t/‘l‘z = Kt

vas feveloped by Jander

tYhere

R = Reduction degree (percentage)

t = time ,

D = Diffugion constant .

Co® Initial concentration of a;&fi:nsim slement

r = Mean radfus of eclement to be diffused.

K = Canstant |
If Jandert's aqﬁaﬁim is vaild, a plot ofBé(?iu‘ i/ 3_] 2 versus ¢
must have a constant slope and so alse Af the rate of carben
diffusion eantrols the overall reaction velceity, According to
Jander, an endothernic reaction must follovw the above equation,

On the contrary, if the exvthermic reaction between
CO and Fegos oceurs, tho linear relation between the tuo terms
vill not be establishes, Sambongt‘3-1%) songuctea the resustion
experiment in Nitrogen with the mixtures of 1 gm of ferric
oxide uith 0.0 gm of graphitc and shoved that reductian was
comparatively fast in the initial period end then sloved down,
ingicating CO participation in the reductiom. -

Becently, the diffusion of iron atme“g) msteﬁ of
carbon has received considerable attention in comection with .
the roduction of iron oxide, It has been stated that aiffusion
of iron dons within the oxide crystal is the rate dotemining
process in the reduction of certain oxides. According to Iu,
at.a1(13°15), the rate of irem oxide reduction is not slffusion
controlled, but probably controlled by a surfaece reaction at the.
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oxide iron interface, This statement was based on the fact

that tho rate of reduction is nearly constant at constant
composition of the gaseous phase in the course of the r*e‘ductim'v
ef Wustite to metallic iron.

He‘kewan“s) also preseﬁtea a rate equation on the
agoumption that iren ore in the process of reduction is a
gimple two phase system, 'emmmx and that rate of reaction
48 controlled at the motal ﬁx&&a interface, .

The mechanian of the 2nd hypohtesig(u) is a typs of
c¢hain reaetion, A molscule of CO i3 fomed in the bed, this
reduces the iron oxide to give €Oy wniéh then react with coal
to produce two molecules of carbon monoxide, which are available
for further reduetion’ In the reduction of henatite(Fe,0 3) to
iron by Carbon monoxide, the slowest stop 1s the reduction of
Wnsﬁite {Fe0) to Fe by carbon monoxides

A% postulated by malafalla and Cosorkers'3+17) gt 1o
supposed that carbon menoxide is first adsorbed on the oxide
lattice according to reaction (3). :

colg) M €0 (adsorbed on oxide) crsres(3)
This reaetﬁ.bﬁ is followed by the resetion (4) through the
reaction (5) - ,.
€O (ad) + cO(g) 2. o, (ad) +C craens ()
coled) B coe) 0 C reenn(8)
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Beaction (b) involved the interaction of a gaseous carbon monG-
oxldo nolecule, CO(g), vith an adsorbed molecule, CO(ad), and
vas shoun to be the slovest and rate dctemmining steps for

the mechanian of reiuction of Wustite by carben monoxide, The
products of this reaction are an adsorbed €O, moleculc and a
free carbon atam, Reaction (6) involving the interaction of a
free carbon atom with & ferrroﬁs oxide molecule producing adsorbed
carbon monoxides _

C+Fe0 (8) % CO (ad) + Fe erseas (6)

GO (55.) ’5, CO(E) . nnmnt(?)

€0, (ad) + Fe(S) %, Feo (s) + COlad) sevner(B)

In the second stage of the reductlon process, it is
postulated that the carbon dioxide is first 'a&sorbeé on carbon
particle according to'reaction (9) and is followed by reactioms
(10) and (11). |

C0,(8) —> CO, (adion carbom)  assesssld)

C0,(ad, on carbun)+ € —>2 €O (adson Carbon)ss.(10)

Cco (&ﬁﬁ on eaerﬂ) — Cﬂ(g) : Y YTTEY c&‘i)

If gase-solid reactions vere the only ones occurring in
the heated bed of ore and cokey a sufficiently rapid flov of
inert gas would aamamm“s) their rate almost to gero, as the
gases would be swept out of the bed before having time to react
vith s0lid material. | |

The s0lid material may contain apprecisble amounts of
adsorbed oxygen, which will tend to dasord at high temperatures



and could then provide the neéeasary carbon monoxids to initiste .
the reaction, The products of desorption were romoved in the very

rapid nitrogen stream (30 c.¢./5e04).

Out of two types of reactions, the solution loss reaction
is almost stopped by a sufficiently rapid flovw of gas through
the bed. The reaction between ore and cosl can proseef only b
the points of contact, &0 that onée iron is prosuced at these
positions the rcaction will slow down consideredbly. The change in
tho rate of reaction with omount of roduction for an infinite
flow 15 very much less than that with a very small flov of inert
gas through the bed,

The rapid rate of ra:;ﬁctmn vith a lov flov of gas through
the bed can be explained in the following myﬁh), The reduction
of Feaao3 to Feaq‘, is practically irreversible at high temperatures
and the valugs of GO/G% ratio at equilibrium are about zero,
Hence vhen CO 48 passed slowly over heated FeaOB,, practically
every CO molccule can react with the oxide to give CO,. A large
froction of this CO, can resct with coal to give €O, since the
concentration of CO will be low, snd hence the reduction of the
iron oxide will be very rapld. As soon as Fey), is pmﬁ%a& on
the surface and reduction procesds to FeO, the equilidbrium is
less favourable to gaémua refuetion and CO generation. So tha
amount of reduction occuring as a result of the direct intere
action of oxide and coal can be ignored, From this it follows that
the amount of reduction cccuring depends on two facboraw**‘ €) . |
(1). the eage of gaseous reduction of the oxidc and (31) the
eage of solution of the coal by CO,.
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The following factors are affecting the proereduction
of iron ore briquettes: |

If the low grade coke is used as reductant, then 1t
has got less eft‘ectivénese in bringing about the reduction of
4ron oxide, than lignite coke and mood charcoal, This is ©

because of the Iifference in reactivity of carbon of wood chare
coal, lipgnitic lov grale coke. ' |

7’15 ctusded on " direct reduvction of ferric oxide
by solid carbon in vacuum® and he fama that at highar temperatures
the degres M raduction will be Mgher end at iwez' tempemmres
such as 700°C and 800°C, the degree of reduction vas found to be
extremely small. The investigation on m‘é’ucs of iron ore reduc.
tion by earbon was carried out sbove 947°C in Nitrogen atmosphere,
it was found that the ,aag‘m of reduction was higher,

It has been mpoﬂ:ed“*’**m that for a constant
hematite particle size and a Fe,0./C ratio e.gs 1/3, tho
obgerved time for half complets reduction with coarse, medlun
and fine size of carbon particles at 1037°C are musmtea in
fige 03&30
To3elbs | :;.é,~.: b

The peduction rates of iron oxide aré also affeoted
by the amount of carbon used for carrying out the reduehi\an,
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By using carbon more than stoichicmetric requirenent the
reduction rate incroases, Studied carried out Ghosh fundeimrﬁsag
with different percéntages of lignite coke as reductant in the
‘range fram 15 to 350 vas illustrated in fig. 1.3.4, and
suggested that the higher amount of carbon incroases the reiuee
tion rate. Similar results have also beeh reported by Rag{13,16)
there the Fo,0,/C ratio was varied betweem 1/1.5 ond 1/9.

17365‘ ¢

pei. of Juitroren gan floy:

Balavin‘™ carried out hie experiments on resuction
of iron oxlde with sol4d coke under different nitrogen gas
flous, Vith incressing gas flov rate, the degree of refuction
will be higher and also given that vith further increasing the
gas flow rat;é',;. it will not affoct the rate of the roduction.
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This Chapter describes the mothods of analysis of the
pray materials, calibration of themiocenpie‘ma flowmeteor, the
method of briguette preparation and the ezperimental procedure
used for carrying out reduction with varying Fe,05/C ratio et
a1 fferent mesh sizes of iron ore and wood charceal,

2,1, RAY MATERTALS:  The rav materials used for the present -
study wore iron ore, obtained from Gua ¥ines and wood charcoal,
used as redvetant procured from local markets of Roorkee,

Ircm ore fines wore subjected to ai@m ,
analysis; chemioal analysis and ignition Zoss detormination.

dove fnelysiay The crushed iren ore fines vere
pieved in Denvar sieve set ( sicvos arranged according to _
Taylor's series) and the fines in the size range «60 to 85,
-85 to + 100 and = 100 to + 150 mosh vere collected and
storod 4n bottles to study the effect of particle sizo on the
rate of reduction reaction, | | N | |
Zo1e1a2, Chemieal Analynls ¢ The shemical ai:'alysis of ire
ore fines vas dome by titrating a reduced solution of the iren
ore in hydravhloric scid againsta standard solution N/10 of .
potassiua dichvhate.

The chenfeal nalysis of the iron ore fines used in
this investigation vas 56% Fe and 208 gaumge.



14

2.1,1.3. loss on Inndtion ¢ Lose on ignition of iron ore

was determined at 900°C, 1000°C, 1056°C and 1100°%C by heating
one gram gsomple at the respective temperaturcs., From the weight
loss measurements, percentage loss on ignitlon was caloulated
and shotn in table 1,

2,9+2¢ HOCD CHAECOAL? The wood charcoal fines were analysed
for slevo analysis, proximate analysis ( before and after volatile
natter removal), '

2.1.2.1. Sicye Analysis ¢ The sieve analysis of wood charcoal
fines vere perfomed in a similar vay as deseribed in 2.1.1.1,

2.1.2,2, Broximate gis.t  The proximate analysis of wood

chareoal as recegved from market was done to determine the

smounts of moisture, volatile matter, ash and fized earbon and
the results are reported in table 2.

From the present study, the volatile matier of wood
charcoal vas removed, It vas done by heating wood charcoal to
500°C for a length of an hour 4in an inert atmosphere, The
proximate analysis of this trested wood charcoal is shown in
table 2,

The fron ore and wood charocal

-

2+3» Exgparation nf brigucthes
povders of same particle gize wore seperntely weighed and throughly
mized in a miver for about 8 hours, to ensure proper mixing., The
proportion of Fe203 of irom ore to carbon of wood charcoal was.
-waried from mixture to mixture at constant particle size, In

this way, tho miztures Fo,0y + 2 Cy Fo,0y + 3 C and Fay0y + 4 ©
vere preparcd by taking one gn, mole of Foy0y and 2,3 and b gn

atom of carbon respectively at -60 to + 85, = 85 to + 1000 and



«100 to.+ "85‘9 megh sizos, To all these mixtures, 5% water was
added to promote effective binding amng briquetting,

From the shove mixture, a aémple of 10 gn was taken and
conpacted on universal testing machine using & die of 1.9 om &a
with the help of a plungey at 420 kg/ema pressure, The length of
the briquettes usually varied in between 1.5 em to 1.9 cu,

)

The briquettes thus prepared vere first adr dried and
then dried in an oven for two to three dags at 100.150°C till
the constent veight attained.

CALIBRATION 3  The thermocouple and the flowmoter wvere
calibrated before theywere used in the experiment,

hexpocouple . Chramel Alumel { chramel about 908 Ni
and 10% Cr snd Almel ghout 9% Ni, 2% Aly 3% Mn and 1% 51)
themmocouple was calibrated against a standard thermocouple using
temperature recordor and milli woltmeter. The calibration graph

18 shoun in the figure no.le

243424 The flov meter was calibrated against the
standard »:les:i.ce ( omfiwneter). The calibration graph is shown

~ 4n the figure NG«2s
IMEUAL PROCEIURE ¢ Reduction éxperiments wore pers
i’ame& in both m&s open Kanthal wire wound allumina tuhe

furnace of 7.5 cms diametery 75 cme 1onge _

(e end of the furnace wag closed by o steel flange that
bad in let for preheated oxygm free nitrogen gas. A ms@ant
fiov of 1.8 lters/min, was naintained throughout the expez-iment.
This high rate of flow 19 maifitained to avoid the effect of
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flov rate on the percentage reduction of iron orew*). Tho other
end of the fumace wag closed by a flange vwith the provigion
for insertion of thémmuple_'_m outlet for gases. Using a
calibrated chromel and Alumel themocouple the temperature
profile along the length of the fumace vas doternmined. It vas
found to be uniform ( + 5°C) over a length of %0 ems as shown

in the experimental sot up figure (A),

The briqustte made out of cozﬁyantving the desired
pmporb_im of iron ore and vwood charcoal fines followed by
removal of moieturevas weighed in a chemical balance, Threo
briquettes at a time of different mesh Sizesvers kept in a
éha_inless steel boat an& the boat was slmaz_y introduced into the
mlimm temperature zone of the furnace through tha opening end
after flushing vith the preheated( 500-600%C) oxyzen free nitrogea
gas, The opening end of the furmace was closed by a steel
flange. Usually 3 to § minutes elapsed to attain the wnifom
tenperétum of the briquette, After the reduction was carricd out
wnder isothermal condition for a predeternined length of timo,
the boat vas slowly withirawn from the temperature zone to the
cooling end of the furnace and the briquattes vere cooled to
rou temperature in o streow of nitrogen gas, At the end of
cooling ,V b‘riqu‘etﬁeis' uem‘ takm out and weighed to ascortain
veight loss 9c-curraa during experiment. Briquettes vwere crushed
ani analysed for residual csixmn omtent by combustion «absorption
method, |

In this way, the oxperiments wore conducted at 960°C,
1000°C, 1050°C end 1100°% for aifforent intervals of time
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A ranging from 19 to 180 minutes) by varying 23‘3203/0 ratios,
112, 113 and 134 for particle sizes, - 60 to + 85, « 85 to
100 and « 100 to + 150 mesh to study the influence. of time,
tenperature, Fez%/c ratio and particle size on the rate of
reduction,
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Tho percent iran oxlde yeacted in the iron ore wood
¢harcoal briquettes of ~60 to + 85, «85 to + 100 and - 100
to + 150 moeh sizes at 1/2, 1/3 and 1/% Fo,04/C Fatio in tho
temperatures 900°C, 1600°C, 1050°C ana 1100% for difforent
intervals of timo ¢ 15 minutes to 180 minutes) under nitrogen
aﬁésmem are givenhin tables 3.1 £0 3,344 el to b3y 5.t
to 5,3 and plotted in £igures 3,741, $0 3¢143sy 342.1. to 342.3.
and 3.3,1. to 3,3.3. From the figures the pronounced effect of
temperature particularly in the initial stages (upto 30%
roduction) is quite discernible. For example, percent reduction
of iron oxide varies from 20% at 1000% to 508 at100°C in 15
ninutes according to the:reaétim ?9203 + 3C at =60 to + 85 nech
gize. Similar observations could also be made from other figures
(3e1a%s t0 3,143, and 3,34%¢ t0 343.34)s |

After 30% reduction the percent iron oxide reacte& vas
found to obey the following linear relaticnship.

r=eClogtt+x Cevessasrss(t)
vhere C and x are constant, & 15 time of redustion and r is the
per cent reduction. This relationship has been obtained from the
figures %,1.1: to B,1,3, %e2.10 to 4.2,3, 608 k3,4 to 43,3
In plotting per cent reduction vs long (time), initial log (time)
values upto 307 refuction has not been taken into accomt
since they are found to be highly temperature sensitive,
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The values of constant ¢ at all temperatures, mech sizes and
Fezasfc ratios were faund to be nesrly eongtant and repoxta&
in table-ﬁ; Equation (1) was found to valid at all temperatures
studied, In this range, the activation energy values for
reduction process have bean ealeulated in 2 s&muar way as
caloulated by Jena and at al; cited'®)) by foria evials tn nis
aissarbat.ien in their experiments on sintering of uranium |

. dloxide, By differentiating equation (1) mh' fa\spect to\ tine

t we geb, |

dr/dt = C/t. o
or ﬂi’/ﬁw < 1/¢ . assssef2)

Now according to Arrchenius yelationship K= A e Qm am
equation (2), the reciprocal of time for attaining a definite
reduetion should be pmporbmnal to ¢° Q/Hl‘ at all teaperatures,
'where Q 45 activation energy, R is gas constant and T 15

~ absolute tempamtura, The log (1/t) is plotted against 1/ 210 0*0k
for the reduction reactions Faa“g + 2C, F9203 + 3C and Fe 34%0
at §ifferent particle sizes «60 to 489, -85 to + 100 and

=100 to + 150 mesh sizes and are shown in mgurea Gu1s1e 80 5510344
5e261, £0 5,2,3 and 5.3414 to 5.3,.3. From tho slopes of these
plots, acta_.vation .enorgy values have been caloulated and are
reported in table 7, |

From the results mparte& a.baveg. it is founa t,ha.t
upto 305 roduction the rates of reactims Feaas + 2C, '

Fe,0y +3C and Fe 03 + 4C are controlled vy chemieal rmct;im
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and the activation cnepgy values are found to be 23 to 25 Keal/gm.
mole and & shown in table 7. After 307 and upto 90% yeduction
the reactien was found to be diffusion controlleds From the
activation energy values obtained (35 to 38 Feal/gns mole) in the
pmsmt investigatian, it is considersd that diffusion of Fe
thmum Fel 4¢ the nost probabla rate determining st:ep gince
this value 18 in closed agreement with the repertea”m value
(35 ¥eal/gm, mole) for diffusion of Fe through Fel, Further it
is also found that particle size of reactants have mo effect on
'aiztivatim energy which suggests that in all the cages ﬂaffusion
‘of Fe through FeO is the most probable rate detewmining step.
32 EEEECT @ Fe,0y/C RARIOH

~ ‘The values of pereent raﬁuctim of =60 to + 8% mesh
-g4ze iron ore wood chareoal briquettes for different interval
. of time at ?‘000"0 are plotted at different Fe, 3/0 ratio i.e. |
1/&, 1/3 and 1/4 ani are ghown in figure 6, From the ploty 1t
is quite ccnspieuma thab as the mt:io of I‘eae JC decreases
from 1/2 to 1/% the rate of reduction consideramy .’mcreases;
" In other worda it can also be sald that reﬂmtﬂ.on pmeaﬁ at
much mgher mte in the mixture of propaftimately higher carboria N

. .

The vainea mi‘ pement reduction at diffepont r"2°3/c
ratio 1.0 1/2, 1/3 and 1/4 for different intervals of time at
1000°C of <60 to + 85, -89 to + 100 and =100 to + 150 mesh
sizes iron ore; vood charcoal briquettes are shown in figure 7.1,
7.2 and 7.3, Fram the plot, it is observed that for ~100 to
+°150 mesh size particles at different ‘Feaﬂsla ratio have higher

rate of mﬁuﬁtim;

i
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productivity and economics oceuples unigque position in the fleld

of iron making, However, its supermecy has been thyeatened by
the grouing chortage ani increased prices of metallurgical grade
coking coal, Under such conditiong, the benefits that could be
‘goined from reducing coke conmmption are of significant impore
tance to iron makers. Pre-reduced iren bre with high degres of
metallination 60-80% offers such advantages.

The p&'eureaueﬂ:l materials to be suttable as blast

furnance feed should possess the followﬁng physical and chemieal
properties such as @

IS - Sufficient physical strength to withstand the mechanical
handling and load when charged in the blast furnance. |

2, ‘Resistance to reoxidation against atmospheric oxygen
and mmidity. '

3. | Free from slag forming constituents ( 540 X Al203 etce)
a8 they increage slag volume and 1ime eonsmnpts.cn.

4, Free from alkali clements such as Zn, Pb as they
accelcrate vear of the 1lining.

Be Amount of residusl ozygen should be as lov as possible

or degree of refuction should be as high as 80 te 9085,
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It has been realised by manyzgomtries(a:s‘eo)that
charging of presreduced burden in the blast furnace decreases
coke rate and increases productivity. On average, a decrease
in coke rate of 6% may be expected from 10% increase in burden
metallisation,

Ageinst these advantages must be set the cost of maldng
metalliscl pellets. Feonomic consideration suggest that advans
tages are wnlikely to be sufficient unless thero are ap'ecial
local reasons for using metallised pellets in the blast furnace.

Nevertheless, increasing use of pre-rejuced materials
in the blast furnace is advocated and anticipated to be arownd
20 mi14on tons*™? by the end of 1980 and 300 milion tons (1O
in the year 2000, '

Processing of preereduced iron ores in electric pig
{rom furnaces may offer groater a&vantages(aa)
blast furnace, This 18 due to the direct reduction between
ox-e and s0114 carben which is prelominent in electrie pig iren
furnaces, The direct reduction is highly endothermic and elec-
trical encrgy bas to be supplied to meet this, When pre-
reduced ore 18 used in place of the nomal burden, the electrie
col energy requirmments cen be greatly reduced. The decrease

as compared to

~ in electrical energy requirenents eoupled with buillding of
large transformers lead to possible building of electrie

. emelting units in the range of 1200 to 2000 metric ton'®) of

hot metal por day. The availability of electrical

enorgy ot cheaper rates will decide the future erection of
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these furnaces. However, it has been anticipated that around

00 million tons of pro-reduced iron orc will be processes in
electriec pig iron furnaces in the year 2000,

Hotallised agglanerntes can be used as a coolant
material or as a substitute for scrap in L.D. converter. Very
14ttle vork has been reported in the literaturc concoming the
use of metallised materials in L.D. converter. Hovever, it has
been established that the semi continuous fesding of metallised
ore of high f*lrm content of L.D. converter during the fourth and

edighth mimﬁes of the blowing period preduces very satisfactory

In those coumtries vhere there is shortege of serap
and high cost ﬂf dmporting it matmiae& materials could reduce
the serap scarcity and provide ecconomic source for steel

profuctions

Metallised sgslomerates have been tested in eloctric
arc furnaces vith yery encouraging results. A substantial
reduction in pewer consumption and heat timinings have been
reported by using metallised pellets in place of seraps

The ta&hm@e ;;«i‘ charging from the roof of the electric
furnace is a very efficient method of utﬂ.uzﬁng sponge irons
Besides, other ndvantages areg
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Materials handling can be simplified,

Inorgy costs vill be decreased because of the

improved electrical characteristics -of the are fumaée.
Tconomical furnace operation can be aided by such factors
as improved refractory life, decreased electrode breakage
and decreased laboup costs, |

Because of the continuous nature of operation, it
appears that the process could be automated,

The Sevelopment vork on continuous hot charging will

1ead to continuous production of steel by using electrically
cnghmilea dosing equipment end electric moving fields channels,
The final refining in elcctric moving field channels will ereate
extrencly favourable conditions for the operation of contimous

casting plants, The future of sponge iron usage, in clectrie
furnancos, th.e'refcre, would, appear to be most promising. About
500 million tons of preeroaduced iron ore is mticipéteﬁ’ te be
consuned in ultra high povered electrie furnaces from 1980 to t;nr.a
end of this century,

1t pro-reduced agglomerates with more than 905

metallisation of constant physieal and chemical quality be made -
availeble then, these can be used effectively in the continuous
steelmaking processes. In BISHEA ® 8pray refining" and IBBIi)
processes the continuous feeaing of pre~-roduced matertal in the
povder or g::amalar form may be quite important and bettor

oper ational control could be achieved. British Steel mauat:ry
will be using netallised charges as a coolant ma{;erial for
"Spray refining" proccss,
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The following conclusions have been drawn from the
present study. .

(1) The kinetics of reduction of mixed iron ore wood charcoal
briguettes of «60 to +85, « 85 to + 100 and ~100 to +150 mesh
sises ab 41/3 and 4 Foy0,/C ms;ga for 900°C, 1000°C, 1050°C,
and 1100°C in nitrogen atmosphere was investigated, The effect
 of temperature, particle ﬁzg and ratio of Feaﬂalc was

v, A

investigated, S

(2)  The offect of temperature on the degree of reduction
particularly in the initfal stages ( wpto 30f reduction ) was
fomd to be pronounced throughout the range of temperature
Bﬁuﬁe&i

3) It hag been found that reduction upto 90% proceeis
through two stages, Initial stage of reduction L.e, upto 308
was controlled by chemical reaction while later stage by
giffusion of iren through Feo, |

&) Particle size of iron ore and vood charcoal vas not
found to affech the activation energy values.

(5)  The reduction was found to proceed at higher ratio
with proporticnately hﬁ;gﬁer carbon content in the mixture,
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Famﬂﬁg aspects ¢an be studied for further work.

(1) Beyond 90% reduction study could be done to elucidate

the mechaniem of reluction.

@) Effect of lignite coke, low grade coke and other low
grade solii fuels on rate of reduction of iron ore
gan be studled and their suitability for production
of 'praﬁm&ua&@ agglomerates can be assessed

(3) Rffcct of nitrogen gas flov on the rate of reduction.

) Pllot plant studies can be made to projuce pre~reduce

briquettes and thelr sultability for profuction of steel

can also be agsesseds
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APPEIDIX *

The percentage reduction has been calculated
on oxygen basis, Welght loss obtained after reduction
is due to carbom, oxygen and removable ingradients
(volatile matter in the reductant and ignition loss
~of iron ore fines) removed from the dbriguettes. Thus
the oxygen ramoved Juring reduction is calculated by |
substracting the sum of weight of carbon removed and yew
movable ingradients from the welght loss data obtained,
Then using the following fommula s

x 100

ical Fenovabie ORygen

the percentage reduction is found out,
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“Vean loss in %
wei.ght (gmsg) 2 igaitim:

900°C 0,070 7%
1000° 0,081 | 8.1%
1050°C e’.)oés 8.3%
1100 0,085 8.5%




Thgradients ) As received
.

7 After Volatile

~§ matter removal

Moisture b 73,
Volatile matter 22.4%
Ash 9.3%

Fixed carbon  66.4%

2%
ug
4,88

808

0J
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F&;QO3 + 2C 1/2 - 80 mins. 50 mins, 27 nir
Fe,00 +3C 13 - 40 mins. 15 mins. 9 min:

Foy0y + 4 C 7. . 90 mins. 27 mins, 12 nins, 7 min:
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Mizture | r‘e?aajc"' ratio V Time for half complete roduction
;9oo°c i 1000°C 3 1050°¢ T1100%¢

i

’

?92,03 + 2C 172 | - 55 nin, 40 min. 2% min
Feaﬁs + 3C 1/3 | A - 30 min, 13 min. 8 min,

Feaﬁs + 45 14 78 mins, 24 nmin, 41 min. 6 min
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