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AESTRACT

Closely-sized vermillon ore particles were
reduced with hydrogen in packed beds at 700°c and
1 atmosphere, Photographs of sections of partially
reduced pellets indicated that both stage-wise and
topochemical reduction occurred due to the variation
in individual particle porosity, Overall reduction
rates as reflected by the cbserved welght losses
could be fitted using Barner's (7) method of pre-
dicting fixed bed reduction rates and Spitzer's
porous model 'E' single particle kinetics (18).
The fit was better for the middle part of the bed
than in the top or bottom parts., The intcrease in
reduction rate with increase in reducing gas mass

velocity was correlated empiricallys
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INTRODUCTION

With the large increase in piz iron productiorn

-

in the last decade, 1t has becore of great industrial

importance to have an accurate zodel for predic. > the

rejuction behavior of different ores under widel

2,

s

w
D)

varying oparating condit:oms iv the blast furrs:
order to optimize iis opsration. 3Sarner (6) presented
a ratheratical model for the isothermal reduction of
neratite ores in fixed bede in which single particle
kinetlcs was used to predici pasciked bed recuc
Spitzer (17) using 4iffer:nt kinetic express. r. ~=v
firgle particle modified Zarner's model and LIresSente.
three rmolels describing th= reiuctién of nematite ore=

irn packed beds, the experizentz]l data available for

he -
cel

the use of nydrozer zs a raducing agent in the
was not acdeguate to perxit fully testing the shre-

models and the need for =ore data arose.

tre fractloral rsductior znd evit gas composition as

3 functlon of time and the effect of gas velocity in
the bel on the reduction r=3e t: test the different models.

ceds

n

reduction of heratite ores in packed
lg irvestigated as =z start for predicting blast furrace

=nd otrner direct reduction processes, A simplificztion
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Lo the analysis 1g to consider the 1sothermal
reduction in fizxed veds with nydrogen or carbon-

ronoxide, however with the approoriste rodification
this analysis can be extended %o the reduction wiir

nixture of reducing gases anc 0 the adiabatic

case wnicrn are the cases ercountered in tThe industrial
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Because the reductior of 1
recelved very sxtensive coverage in the literaiurs,
this review is limited to reduction using hydrogen.

cdudtlon of packed teds and single pariticl

-y = Ty - ol -~ - = - -—
ores using nycroger., The reducticn rals was reporitsed
+ L oam - . ] = -
o increase wilh rising temperature until £72°C.

n no Turtner increase in reduction

reductlor of nepatite ores in racked
Ceterzired the fractioral -orversiocn at set positions

in tre Ted as 2 functiorn of tire, Privaloc, Tirofeev

arc Zoxovixov {2) preserted ar erpirical formuls relating

APA T, oy A ey Aee —— A Aok 7 ] 1
Irsiuclrnz and procuct zassz concentratlons, sas VEel0ClTy,

sed neliznt, exterral surface of ore lurps per unit volurme
t

Zl-iehalry and Prilirook (L) investigated the
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11gn pregsure-

nressure drop., Zxcerxt at

iifferentizsls, the nydrozen flow rate varied as the
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rot reach the mewiTur raie. Osman (10)

T DT .l —— - . - - o
te Throuzn the Ted and used NeXewan's {7)

im reducing
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Spitzer, Mannirg znd Philtrook (G} =odified
Zarner's codel to permit the forr-ziliox of Intsrmedia

oxides by gaseous reductlon in jortlions of itre Ted Wrere

Tetallic iron., This rocification was susgestied by

ray be consumed alrost corpletely curing early svages
of reduction. Tnree zliternative zodels were proposed,
derse particle model, vorous particle =odels A and .
n the three models the assumptlior was rade that a1l
aseous reduction steps are cortrolled at the reagent-

nrodtust interface, i.e. trenspert resistvances vere
= 3

le zocdel it is zssured that
ite, all the oxygen
reztval from the cors occurs at the Fe/Fe, 0 interface.
~nizrrnzl recductlion of FGEOB to Fesd, “o Fex0 occurs oy

of irorn Zorns and electrons into

<t
(]
ot
0]
p.
”J
+h
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n
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the Zerse oxicde phases, as the reducing gas is no lorger

1

reducirg to wﬁstite, “his model suzgests = skhift in
reduction rechanism to zllow reactior to continue by

ZRES0uS rgduction of mzzretite to wistite and similariliy,
Ty zaseous reduction of hermatite to magrnetite at P:,/_FDD

ratios below Fey0/Fes0, equilibriur value. In the porous
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rarticle models hydrozen is assuzed to penetraie T=x
irto tre core, producing product Igyers of sach possidle
rhase by gaseous reducticxn and Ts airost completely
ubilized in reducing hezatite Lo zamnetite, Tul water

vapor effusing outward would then be oxidizing to wustite
zr.? lror., Porous model 'AX' considers that reoxldsation

La-

I outer b ye Ty Water vas Ii neg cward
of ocuter product layers Zy W vazor effusl ouLtwardads

is rapid, l.e. step wise —reduction &0 nematite particle

4 -

has to be cozpletely reduczed o zaznetlite Defore any

-~ - . s - - - .
wastite or iron is for-ed, Sizilarily, the mzzrelitle

vhat 1t 1s =ne
. . [ 1 - " [ !

occurring at the three irzerfzces \‘e/¢exo, FeXO/FeBOa,

) simultaneously so tnat during the course

n tne three interfaces sre noving and it is

-

possitle tnat 211 four phases to coexist in the sanme

experimental data showing the crange of Iractional reduciion

(4]

arnd the exlt gas araiysls with tire becone inmportant o

fully ©test the three rodels,

Central Library - Ain Shams Uhivefsity i



involves the following steps:-
1) Transport of the Saseous reactant from tne tulk gas
prase To the outer surface of the particle,

2) Diffusion of the gaseous reactant through the pores
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} Chezilcal reaction etwesrn tre 585 zra tre =golid oxicde,
L) Siffusion of thne gzseous product outwards througn the
proiuct layer to the surface of the solid,

53) Transfer of gaseou:z product fron the outer surface
© L

Trese steps offer resistance in series to the

overall chenical reastiocr., If ons is considera=_; slower
tnan the others it may e identified as 'rate controllirg

st2z'. If TWo or rmore are found to Te sismificart the
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assuzsd To te controlied by <he rate of gaseous recduction

of wustite to 1ron ané the interrediste oxides are reduced
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of o¥yzen reroval must approach zero as the = /P

N =2 }_2‘3
ratic srproaches the Fe/FexO ecullibrive valve,
3pitzer (i1) nresented a2 generalized model Tor

the geseous reduction of dense nepatliis pellevs and

ghowed that the linear rate of iThnickening of trhe Droduct
layer, vwihich nas been cormmonly takven as evidence of

trol, ray e oTserved eves thougn transport
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J
secuerize of chexical and Trarspor
experirental data (12, 17} showed that each interface wWas
Tound to edvance In g llrear Tesnion aud To approacin zZero

v
- i

Te 2t iits own eguilivrivz cozpsosition., Spitzer, using

very nearly the ssme ratio of the Zinetvic constants

- o — - - ] ~ fe—-_ ~ - b — - = 5\ -~

f res e s X Je v/ oA [ e« 2.0 Lo Tne

i, (Fe/Te 0): X, (Fe 0/F2.0,} 3 I (Fesd/Feg0s)
ons ottalined from MoHswan's dats, was sble to it the porous
zodol 'ZY o Zl-lehalry's experipmental dats and conclucded

ck
H-

ependence of the XKine
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