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“he most nuiiabee $echno-
Tarv for esteblicalar cheds iron aae atess iudustry accord-
ing {0 thei> locr.. con‘itiove. Sudaa, wrich is wioh in
smber, cculd uce the Lov-shalh chevsu.) blast furnace while
Srrin, producinpg 300,007 {/ycar pelraleum soker couid use it
(afiter hoing decuvlphuvires) for the peductics of their iron

Jves in electyic swe Tinm Tuwme fry,

The raiority ¢f Al Coumtwico ave »ich in natural
~31.  Accord nrly. and ne a resuli of an Lnteasivs research
Jrogrem, s gasecus reduction srocesdi was provaed on the piloet

esale. Their iron creo apre poer 3ad Aifficult *o concentr-

aie to suit thc eponge iron-otesl making route. Therefore,




efforts ure being 4c to cowbine gaseous ruduction and

smelting in the sume pr.cese.

The Indurtrial Development Center of the League of

Arab States (IDCAS), end many Arab vountries, each on its
own, are in different stagés of adopting the gaseous re-
duction route ac a basis of their iron and steel industry,




The Arab Countries, while covering quite a good area

in Africa end Asia, are short in coking coals. How-
ever, they are rich in other energy resources and reducing
agents as petrcleun, natural gas, low-grade solid carbon-

aceous materials ., and fiuber.

Accordingly, although some of them started their iron
and steel industry by following the classical blast furn-
ace-oxygen steel making route, they are all convinced that
it is essential to found this basic and atrategic industry
in their lands on local natural resources. Those following
the classical route are spending about thirty million U.S.
dollars hard currency per million tons of steel production

a year, for importing coke or coking coal.

Each Arab country is trying to find out the most suit-
able technology to follow, according to its local condl=

tions. Por example, & study was performed to use the low-

shaft charcoal blast furnace for iron production in Budan.(l)
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The study wan based oiu the act v ..y L i 13 vich 1o
forests. The ;roved rese sc. * ¢ LI -0 dc iron-ore boey
in Abou-Toulv mountalns, solih o Yo . axovitiee, i 39

million tuns, averaging ubovt > 0 ', i » Pesu, , 7.0 G

)
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5i0, 1.7 % Ai 05 4 100 van v ¥
The cre cen be 2a8ily euisccted e (o [ L- =pesence on the
surface. 250 kilcmeters to the routi tir:e are rich sub-
tropical forests, the wocd <« wiich cun .o transported to
Abou-Toulo area. The main railusy lc neteck ( a city on
the white Nile) and to Pori-Sudan on the Red Sea is only

30 kilometere from the ore emce,

It has been estimird that tae annnal consumption of
R.C. bars in Sudan for the comingz few years will be about
50,000 tons.(Q) Accordingly the plen* a3 devigned fof
thie capacity, wnich would be doubl:i in wne future. A 207
t/day low-ghaft blast furnace, & dxev, vwo small steel
converters,and a mini-xoliing wmill will furmish the main
parts of the plant. Two extre sectiors, samely timber pre-
paration and wood cartonization,p-rovius the charsoal requ-
irements of the plant (the carbrnizaiion cven gas will be
used as & fuel in the plant). 0vne ton aron needs about

0.7 ton charcoal which could be produced from alout 2,2
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employment of native labourers, the gained skili

ience, etc. musi all be token into account.

main iron-ore occurrences in Syris are gltuated
ward of Aleppo in Northern Syria. The ore bodies
ed at Radjou, Alamdar, Kerry, and wWadi=-Nashab and
estimated reserves amount to 65 miliion toms.
ore-forming iron minerals are hematite, hydrated
, and ferruginous alumino-silicaties. The Lron con-
es between 30 % and 40 %, and about ite fourth is
h the alumiao-silicates. Other constituents of

re Si0, 10-18 %, Al,0; 8-12%, Ce0 + Mgl 8-10 %,

! %, P 1=3 %,and § 0.2 - 0.8'%. All concentration
g were tried on this ore and only with a complex
, including megnetic roasting and concentration,

ncentrate assaying about 5% % Fe at 75 % recovery

e alternatives were suggested to the Syrian

t for the production of iron from these ores; the

eduction route, the Krupp-Renn process, and elect-

i il o0

ing. The first alternative was excluded on the

t this route requires high-grade ores or concentr-




ates, while the Syrian ores or even the concentrates are

tco low in their jpron content Lo pe suitvable fur 1t., Al®o,
patural. gas in Syria i8 not that asbundant, the proved re=
gerves are of ine smallest in the Arab Countries and amount
to 21 billions cu.m. only. The gsecond elternativa, the
Krupp=~Fenn process, was al180 excluded on the basis of not
peing efficient in treating the ferruginous aluminosiliocs-
tes, beside the other snags which led to its stoppege in

many parts of the world.

The reduction of jron in ferruginous aluminosilicates
in electric smelting furnaces requires an intimate contact
petween these minerals, the reducing gent, end the fluxing
material., Since the orss should be concentrated, and for
thie purposne they are ground very fine to affect efficient
1iberation, it has peen suggested to agglomerate the fine
concentrates into iron-carbon pellets containing & certain
percentage of ca0, which increases the pellete strength

and accelerates reduction.(B)

Petroleunm coke 18 produced in Syria at an annual pro-
duction rate of 300,000 tons. However, this coke is very
high in sulphur, 7-10 %. Many desulphurisstion techniques
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smelting Turamce., &d | 23 e Lied G0 L SAPD Lale0uo
material in Jormdng tne isou~cerson ﬁi#%i“ ireheat-
ing and partiel redus tisn of % pellets, befors belag
durrne into the smeliing fummiose cauid B achisved An any
of thu recent mechanimae use: fo th's gﬁi&-;@ﬂﬁ‘}

It bas becn recoumondet thet &  plant ¢ 7 Le apes-

tod adjacent to the tirendy axivting 147,000 toms K.o.
bars/yeer rolling mill <% hesmh, ™e 2 Y scpedily
will be )OO, 0N t/year atwe. micducte o8 L. Tiret stage,
thea doubled %o 60U, XL L /yenr. *1= cuncen oite Bag the
advantagrs of hoing nenr Ki-Amay viver, she railway conase
o¥ing the ore erew L¢ lariour acrdocr on L Bec! terrenesn,
the Tertous refine.y, wnd 1 biy eleairic powesr itat.on.

Rleotric s liing requirva hagy asomis of =leesric
power and this will be eveiliahle Frum Bupiinter Lem lgdrc-




ehotteo omes @ttt 7 Ll b poneraged aL quite a

Yo peiage frose aatar U gae. e aatimated price from bolh

[, naw > oon oroune o eecently tikat a new dron ore
body of + ssightiy 'etter vual.ty than those deacribed ab-
ove wer dipcavered st .-/ badany nres near Damascus,

Work is beany carriuvi ~ut to ilavestigate it.

Apa '} fros theae twu local resourcus Of oarbonaceous
materinle shat ann he ured in our iron and steel indusir-
ies, thers wi¢ Jowe other potentlelitics but none can be
¢ baais for following the clasgsical route., The high-sule
phur . o gorl of Aggerac (32 milllon {oud proved re-
ey oB), the rub-L’tumincas coal of Bgypt (30 milliom to-
n:), the anthaacite of Mosccuo (28 million tons), the [i-
*nite of Purisia (27 willion jon:z), and tue nnestimated
. ghi-esh cosl renerve: in Northern Yemen are all not suit-
2. le for the blast furtnce and oan oniy be ured in its al-

temaetives a2 the low-shufti blest furuece, the elestric

rmelting fuimace,or direst reduction processes using solid

23k tants,
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Natura) ges and petroiswa ss the ma.n future basis of iron

and steel iadusirsy in ‘he arab Countries

The majority of Arab Cocuntries are rich in natural

as an¢ petroleum, beside lLeing rich in iron ores. Reale
leing this fact, and vhe fact thet all Arab Countries have
no proper coking coals, there “l!arted jn 1950 an intens've
program of research work aiming at finding out a process
for iron production that usees these natural hydrocarbons
instead of coke. The regsearch program was finalized by
proving, on the pilot scale, a multi-compertment fluo=-

solid reactor that could reduce t.e ore to 95 % reduc-
tion.(e)

Thare are now meny gaseous reduction processes which
have been proved on the industrial or gemi-industrial sc-
ale. The product of these processes, sponge iron, whether
lumpy or pulverized, can be charged to the steel making
furnaces as scrap substitute, if of a certain high purity

and high extent of metallization, orxr otherwise, to iron-
making furnaces.




14 weo ol ostible wtil now 1o concertirete any of
the iron oree in the {\rab nountries tc the degree of pro-
ducing epenge irou suitable for direct steel making. It is
also claimed thot re more than 25 4 of the known iron ores
in the world couuld be used, ar=rard or after being
concentrated, for the production of sponge iron suitable for
direct steel making. To pre-reduce the ores for the object
of charging them in smelting furnaces, though tinis pre-re-
duction cuts down coif energy and reductant consumption and
increases the productivity of smeliing units, +his mechan-
ism means the addition of an extra stage to the processes
of steel production from iron ores. Accordingly, it was
thought that a gaseous reducilcn process combining smelt-
ing with reduction would be in a better position in compa=-
rison with the classic route then those achieving reduct-

ion only as & pre-irectment.

On these lines the local efforts are conducted now,
The distribution of the different elemenis between me tal
and slag when Smelting wider a hydrogen atmosphere, and

the extent of hydrogen solubility in the molten iron under

different conditions, were datermined.(g' 10) smelting
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hearth hug becn deangned tu ve Tixed at tne bettom of the
fluo-#0lid reactor mentiored earlier. Arrangements were
done at the reacior base, ind praved, to «ffect the srocth
flow down of the reduvced wmaterisl int» the swelting hearth
and the streaming up of the reducing gusen, formed in the
hearth, through thc reactor, Natural gas or vaporiged
naphthe will be blown in the hearth cver the surface of the
melt together with preheated oxygen and pulveriged calcium
oxide. The flow ratce of reducing agents, oxygen,and lime
were calculated per ton iron produced per hour according
to different assumptions for tne extent cf metallisation
and gangue content and composition, of the sponge falling
into the hearth. In each case the composition of the gan-
eous mixture, resulting from the partiel combustion of the
fuel, and streaming up the seduction reactur, should be
such that to affect the reduction of the ore to the reqii~
red extent. In the mean time, the heat dev~loped dus $o
this partial combustion should suffice all the heat requi-

rements of the process. Practical experimentation on a

pilot-plant scale will check up and re-svaluate all the
calculated figures.




Beirys 7 tne el ooong craptroen, 14 o diffloult
o develor . i AL gy w0 rreatern 1 the induatrdsl
uecala and ' fa w.ro o taabls o soe=uperate with some
othee partics Jor ted o suwmage. o tie ceile! of the au-

thor |, sucu . Oame ¥ otk he LY ape st value to 8ll cou-

ntries det.cdent in ~okli.:ig susle -nad bign-grade ores.

Altbough many ...ab Jvuntries are tainking, =ech oa
her own, f manufaoturine sponge i.ou for ateel producti-
v, and many techno-economi: studier were done for tiie
purpose, the Industriai Luvelowent Lenter of tue League
of Arab Stetue ‘1IVAG) .. coaducting a foemibility etudy
for ertal.ls ing .run =AU eteel rorke in differmt parts
of the Aral Wurid, 9a coe=dpemation Dausis between the Areb

Countries, to cover their nesiv of steel producte Wy 1980.
Dus to tha abundancy »7 nutural gas anc to the faot that
these piants will be o: the wial-iype tc suit their needs,
it Lo voct probable tiat taey wili follow the gaseous Pee
duction-electrio steel umking route. They will work om
ingorted high-grade pel!sta anc ascordingly they will be
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couatELL WV e L Ay s o launt. Luoe o1t slvvying the
prsaibd oty of er omtrauin thor Tp el T et inonge
-ron ranuf ccture 3, foet Siov o cn MaLenas vitn impurted
Lign-grece pelictu @t thoy J o 'ov the sasceoud reduction
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uno tae claer hand, ey ireb gounirles ure .ndivide
uslly & wore advanccd ntoge. wath Seupes. 1o their plans
to foliow thie modern tocwniclugy. For e:ample, on the fifth
of June 1370 the wworocean Governmont inwued s letter of
inteat to ~ comsortiuam for tie erection of an integrated
irom and stee. plont of 25C,0% ‘on anaual producsion using
the ! precens for g #eour veduction wnc elactric steel
msking Mumaces., Irag heao recsntly placed a tcuder for
®*o%abi. shing, o bigger pleni, . .. . procees.
A femsiollity etudy wue just verformed for tihe Libyun
scvemment %o estehlish & sisecus reduction plant. A one
millioa tun sponge/year 1ro'ret i1m beiag otudied for Kuwait,
for export purroees, on tuc bists of importing the blue
dust from . ., India, sgminet exporting petroleux to i$.
Reduction of the ore will be perforwed Uy surplus hydrogen
produced from Shelr petrochieaiocal irdustries.



By 197, therc will be 1 shortage in Egypt of R.C.
steel be '3 amounting .o 200 )00 ton/year. This amount

has to be either imporied or mamdactured from imported
scrap, ' o uhick golutiony wdd to the heavy burden of
hard-currency expensee that Egypt is already bearing. By
ga.»? year Jhe total production of R.C. steel bars in BEgypt
from the already existing and projected plante and apart
from these 200,000 tons/year, will be 500,000 tons/year.
They will be produced partly from imported scrap. In the
new iron and steel complex near Cairo the L.D. converters
will pe charged with only 15 '3 scrap due to shortege in
the avallabllity of local scrap: a ratio which,if doubled,
would increase the annual production of the plant by about
200,000 tons/year.

Due to all these considerations it has been decided
to erect a gaseous reductior plant to provide the local
steel industry with its requirements of sponge iron as
sorap substitute, The productive capacity will be some=
thing betiween half and one nillion tons/year and the plant
will be located at Alexandric. The proved reserves of na-

tural gas at Abu-Keer, thirty kilometers east of Alexandria,

are 42 billion cu.m. and the daily production ie three




i

2 R

N AR s 5

P B ’ . N A - e . - . P . .
TaaaXetir dd. . Jhe L T I O PR AT V5 A N SO - 4 bural (5o 3

~ - E p | P S R - -
Jor reductior vna clectiie Lower genest il

Llthoray She Lecto nerlorwe” op Ve gxyptian Baberio
iren ore oy owindell-ireeslier sroves thee 1t csn be con=-
ccntreted o G0 0 FPe cnd that the peliete formad €rom the
concentrete are wuitible $¢ b2 treated vy the .0 nro-
cess, yet the gongue content of the reduced pellets i co
high to render them wisu.table for steel making. Accord-
ingly, the plont will work or irported higin-grade pellets
until locul ores couid be proved to produce sponge iron
sultable for steel making. 1t has noi been decided yeot
which process to follow, whether +L, Mdrex, or sone
cther, This plant, If of one million ton/year productive
capecity, will result in ¢ maving in ocur hard currency ex-
penses anountinzg to aboui thirty million dellars/year,
This is beside the “acts tht the investment cost of such
a plant is about 30% less than that ot a pleni having the
same productive capacity but following tuoe ciassical route,
and the processing cost is aleo much lees due to the big
difference in prices betwean natucsl zas and coke (total

energy requirements in both caces are approximately equal),

or between imported pellets and acrap. ¢
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In conclusiun, 1t chould be mentioned that a local

statistical situdy proved iiat about 7¢ % of tae equipment

anc spare parts of the ir» nad steel sndustry could be

manufectured locally.(ll)

Tne services of UNIDO in many of the studies mentioned

ebove are sincerely acknowledged.,




7.

8.

Referencey

———— . 1

Me pogsibility of Frodusing iron and utec) using
ctarcoal in Sudun, ihe Vevelopmernt Cansultant
Assccliatior, Cairn, 1969,

The fron -nd steel indugtry oo she Apup Countries,

The Arub Un.on for Iprcir onu Steel, Algew, 1972.

FPormation of iron-corbun pellets.
Spektour A. et Gl; lzv, skad, Nauk. US3i Metally, 1
19{‘6 s ,} .

Desulphurization oy petroleum coke.
El-insary A. and Ezz S.} Fuel, 52, Jan, 1973, 66.

Thermal desulphurization oi ulira high-sulpaur pet-
roleum coke,

El-Kaddah N, sad Ezz S.3 Fuel, in press for April
1973.

Preparation and Yeating of iron-carbon pellets.
Saad F. and Ezz S.; Metale and Kinerals lQeview, 10,
No. 3, 1971, 10.

Present status of Lhe LKL pre-treatment processes.
Andersen H.; Scminar on direct reduction of iron ore,
Buchareat, Sept. 1972,

Design and operation 9F & £luo=801id reactor for iron
ore reduction,
Ezz S.; Trans. Tnot. Min, Met., 19, 1970, ¢. 226,

Distridution of vhiosphorus, manganese :nd silicon
between slag and meta) during snwelting iron ores une
der hydrogen atmosphere.

Sabre H,, Bennany L., and xzz se3 Izv, Vyesh, Uchebn.
Zaved, Chern, Ket., No. 7, 1970, 50,




10,

11..

Eitect of some factors on the hydrogen content of
metal groduccd by smelting iron ores under hydrogen
atuosphere.

Mishreky M., Bannany E., and Ezz S.; Izv. Vyssh.
Uchebn. Zaved. Chern. Met., No. 3, 1970, 145.

Study on the possibility of local menufaoture of
equipment and gpares for the iron and steel industiry.

The General Organization for Industrialization,
Cairo, 1967.







