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chu Arab Couuw-^;. .•¿•e liïovi ia co'tin« ooalo but rieh 

¿n oth«*r «r-u-ogy retour ?. e f> uf. ¿«ti-oiea'v, "neural  »~R»t    low- 

¿ttóu'ì oolid aorboniCß^ufr aatericxo A:id "î<"'!  •>'• Àcoordia- 

,.,, +*--«• .,-».-. •• v-irr :-, -f'iïi - .¡i:.*; the noni; r»ttilabxe techno- 

^rt~v for eôtehlitihiii^ '.-h«?.*.* irai Bao ¿s^eei industry Accord- 

jjig to thei"* locr., eon »itrio»£•. Suda*)* wiiioh is riah ia 

situar, cculd «ce ih« J.f-r.-ßhaft cherau.a blaut fumaci while 

íiyria, producile- 300,00'? t/ycar petroleum cik«t could u»« it 

fester beine dccuî phurìr.e-5 ) for th* Tfe<*uotif.«a of V':eir Irò» 

JV#3 In electric :^ej-ri^* -v«r* ^-. 

The !*•*;; rrity ci Art t r-,u*ifr:* v «nrr. rich in natural 

r»a.i.    Accordingly    aîid '« » result of an Intensive research 

j3*ogram»a gawoou» reduction ;5roo«3¿- was proved on tfci pilot 

finale,    their iron orar w- poor »ftd difficult •*;« concetti- 

ate to ouït the sponda iron-ote»! wMAg reut».    Sktvtftftt 



«fforto are feeing     jt    to eoiabinc gaaeoua réduction and 

loelting in the suae prcceot. 

flit Industrial Development Center of the League öf 

Arab States (IDCAS), and many Arab countries, eaea OB it« 

o*ft, a« in different stages of adopting the gaseous re- 

action route ae a baai« of taeir iron and ette! indue try, 



fhe Arab Countries» while covering quit© a good area 

in Africa and Asia,    are short in coking ooalB. How- 

ever» they are rich in other energy resources and reducing 

agents aB petroleum, natural gas, low-grade solid carbon- 

aceous arteriale, a»ù Umber. 

Accordingly, although some of them started their iron 

and steel industry by following the classical blast furn- 

ace-oxygen steel making route, they ore all convinced that 

it is essential to found this basic and strategic 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 condi- 

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

shaft charcoal blast furnace for iron production in Sudan, (1) 



1 

'¡?he study wan baaed ou the   ."act   i _ I   'I,:      • . n  i 3 rich i.: 

foresee.     The  proved re.ie.vc  •••*' 1  1,: -V,T-it iron-or»:  lxc 

in Abou-Toulo ¡¡noun-alnp,   BO; th O
<%
 :~O t - ¡:< ,    -irvincy,   i-i )cj 

million tons,  averaging ubo"i    >•   /• 1',       u /   « Fe~0.,   ,  7VU 

SiO 2      1.7 % Ai^O-   , Í. . V!    '/J     W ri< >      f- y TO .1 ,* Mn ). 

îhe ore can be easily *•::•£?«?•-¿toù uno   .    .1    presenes on the 

surface,     230 kilsmetern to  Mta  Peut;   tí.r.-e are rich sub- 

tropical forests,  th« wood c? wiu.cn ion "..--.• transported to 

Abou-2oulo area.    ïîie main railway to Keleck  ( a city on 

the white Hila) and to Port-Sudan on ike  Rod Sea is only 

30 kilometers from the ore e«oa» 

It has basa estimated that tat  annual consumption of 

R.C. bars in Sudan for the coming few yoarc will be about 

50,000 tone.*  '    Accordingly the plan*, y?a* designed for 

thifl capaoity, which would be doublai ir   »ut futurs. A 20'? 

t/day low-shaft blast furnace,  a -jixer,   *wo siaail    ateel 

converters, and a mini-rollini mill will furnish   the main 

parts of the plant.    Two extra eeotioro,  namely timber pre- 

paration and wood carbonization, p^ovico the charcoal requ- 

irementa of the plant    (the carbonisation even gas v/ill be 

used as a fuel in the plant),    uno  ton iron needs about 

0.7 ton charcoal which could be produced from a! out 2,2 

I 
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,  0f   y:- 1:13 o- 

UUe  the Pr0" 

,ieter diu,.ov:/,  ^ ^ 

produce •>**  «-^ B 

^ , .*- i-  IA 1J 'n l "'"   •'   •"' 
A-4-iniAtp4  at fvucut i--  u.V. ostinate, aw ^ d^ije^/- R*G- 

auction coat va, v«i--~* 

An elie^^8  ¿0 N"Ai<     l .,«,.«, «ator 
. ort *he or« to tua  U«b3k Re^cn nueit 

- transport  -ht .. _m *-^0 *** n0Pt 

4 g ttbun&or.t all ove,   t^ ^ cl. 
en      dolo 11 «»^   »*fe   *" 

•lear,  li^e  rjî01     ~w ^      • „ r» Dar can *»* u3td# 

A silenti e.-^-^   • l  4 ' ,rrtiiDtw accordi*« 

iny fco eL,at—  — - oftM 
.    ._  4',   ¿liai« °    ^"n* 

,0 thalr loca! *mux«c,     ^ ^    ^^ ^ 

bcn,ea tnat  ^ *-*> e la a 

..owever, the W\OXAX „ coEpar- 
n     .    . cûurW cernât b« judged oolely *»» "*~ 

-Ä« Ai*  tl*e cost ox  j-ocöi. y* 

*   .*•   i-^^t^  o^ducte, sir«-*  iar 



employment of native labourers the gained skill 

ience, etc. must all be taken into account. 

¡nain iron-ore occurrences in Syria are situated 

ward of Aleppo in Northern Syria. The ore bodies 

ed at Radjou, Alamdar, Kerry, and Wadi-Nashab and 

estimated reserves amount to 65 million tons, 

ore-forming iron minerals are hwnatite, hydrated 

,and ferruginous alumino-silicates. The iron con- 

es between 30 %  and 40 vS, and about its fourth is 

h the alumiao-silicatea. Other constituents of 

re Si02 10-18 %t  AlgO^ 8-12*, OaO + MgO 8-10 %, 

%t  P 1-3 *,and S 0.2 - 0.8**. All concentration 

s were tried on this ore and only with a complex 

, including magnetic roasting and concentration, 

ncentrate aesaying about 55 % Pe 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 procesa, and elect- 

ing. The first alternative was excluded on the 

t this route requires high-grade ores or concentr- 



^ wen the concentrate» or« 
^e.whUe ts- **« «« «    Ven *       tabl, fjr „.   Ileo. 

,       4« their iron  content   to be  «uMDie 
too lo« i» tte- 1 aiund8nti the proved „. 

„atura:. eas « •*»• « ^ ^ 
Berves are of the sanest ,« the Are th. 

•iv      The aecond alternativ«, 
to 21 billion, eu...   «ly.    Tue not 

.».« was also exoludod on thp oaeie « 
inmH» P•°eflS'was BluBinotlUo.- ,     ».^natine the ferruginouB BAM»*» 
beim; efficient in treating we .taM-«    is 

-D «Kioh led to it» »toppete    *• 
tea, beeide the other anage wluoh 

„any parte of the world. 

» „M«n of iron in ferï^Ja0UÔ a¿.wn*» 
ïhe reduction of iro !•*•»*• ooi^ 

—.    «*i ttne furnaces r«quirtß a» lana»* 
in electric smelting rum* fl«i«f 

+**.* nierais, the reducing ate*t. M* *•• 

serial. Since the or,- shoul m,im, 
+^>v are «round very fine to axi««» 

«hi. purpo... the, are gro „Mt. tb. «~ 
Ub.ration. it haa »een abated to •*»" 

concentrate, into Iron-c-hon pelleta ^'^ 

perete - Cao, which increaee. the pellet- .*~** 

ana accelerates reduction. 

P.trol.u,a oo.ee i. priced in Syria .* * ^ ^ 

motion rat. of 300.000 tona.   However, thi. coke i. «* 
lr   7-10*     HW d.eulph»ri»tion teohrt*- 

hi#i in «ulpnur, 7-lQ *.    •»* 



•tí."4     tr*-l4    -Hi     »li.tí    "<*     t      -\i * tw    .V |-:./' »-;      i 

•otur&ty.*'*     *    ""-i.      *-.«-»., t    - 

9fi« »144 r*«p««*   t-«   t»«   r- n%r-   • "    «<* %  ti-- **#,*• 

«   Miln   t©ttÍÍÍtttfí  t     »•     t  iv    ' i»*.  %«•      •      .   al-     _4**i      M      ¿«Siri i 

»iMlíitif, furane«»*v »i-i»  *     - - ì jr   -,*j ,t i y;#   ^r3n,*w«i 

aaUrlíi â« roraâim %«• iron-oar^-* r-»i'M    tl *    <:»!*•«*- 

iag «ni partiti rvat* u*r* -r *m  p*ii*t*, tatet* t»«l*f 

^ev»t iato tat aopltta* ?t»raw««   »--»»*+4 a« «**i*««4 ta «v* 

at tew rtaaftt ««aaafliftüa na«, f*    »t»'a pv^oaa.*"2 

Il eoa etto ranos*«**«* ttwt   *    aiaftt *     5    t« *f*a- 

t*Ä agjaöaat to ta« tira*«? «Biattof **\onü t««* »»J« 

aara/faar rolli«* «11 *t kam*,     tm ¿\     » i*¥    ««|N>«*iy 

»ili b<f JOú,(*V t/y«*r «t*«* ar*a*4t* ¿a i»j flrrt «tag«, 

tao* double  %© 60yv-xt   ;..</•**.     *-t- uv««i ait« te« toa 

a4*a»t*§p* of aai*g ï»»r 11-âaaf  r**#-§  w raila^r taon?» 

et la« ti.t* ara a**» U  ;ar**aa« «ara?:* «¡*  «a* «a* 

toa torto«* rafia*«? 9  -itti  » ait ow-nrU potar »tatúan. 

«1 »otrie aatHi»* r* quieta IM«« **#*iîe at # !*#«•*# 

wo ttiit «tu •• ««tuia»*« fri« m,|i.uìi#f s«» içMr> ~ 



»a>*  i*«i**  rr*». -ïaî-ju'   t   *;I»M.      *'*»•!   ««Unatwi  price frnm both 

.      i: '-#/    , .,   • U  .'   <  ,*j   ft •;.: . ' '*"' • 

1»  ¡*»f  v'---m í "-.t»ync ; :  roccntty  ttot a new iron ore 

h#4j» »if ì »Ai^htiv  tetter aualtir  than tiioae deaeribed ab- 

«•»    ttsr (Uot,0V"r«'d at &*•'<: .\t*dany nrta near Damascus. 

•or* is b#¿ji« efHT.it*4 ~nt to  iavtatigate it. 

Apt"I frwk tue a» ***** local  r«tovreut§ of ô«rbo»«otott« 

üttenitli tn*i aun b® we tí la our iron end steel industr- 

itt,   fcfwr* tre »¡"*a other DO ttr i ti» litica bas noae osa be 

i   suain f«r following the o.laaoicsl route.    The high-tul- 

phur  '.»:•. •••!.•   oop.i   uf Aift-ra'   (3£ railiioa to**j proved re- 

gtet  «»),   Uw euh-Li tornine AB coni of %ypt  (30 mllHoa to- 

il«)»   tat aathàw«ut« of ifo**oowa  (28 million tons), the li- 

rait« of fumisis  U'1 uullion  w©m ), and fcru   tmettimated 

».'jineta ossi j*e««rv«o In Morthera Yeatm are all not suit- 

*». »t  fur t»««.  blaut fiirrui« und can only be urtd in its al- 

vtiNtivt» tJ %h9 low-sauft  blast furaeoe»  the eleetrio 

= ¡aeltlaig fa.ftau«, or ulrtot rwduntlati processes using »olid 

.- jifc tanta. 



SäilgäL^a.i2...^lJ?(!Ltro-kguia P. a the main future basis of iron 

and steel industry in l.-Ue Arab Countries 

The ruajority of Arab Countries are rich in natural 

gas antì petroleum,  beside Leing rich in iron ores.    Real- 

ising thia faot, and  \he fact tlmt all Arab Countries have 

no proper coking coala,  there  Parted in 1950 an intensive 

program of research work aiming at finding out a process 

for iron production that usee these natural hydrocarbone 

instead of coke.    The reaearch program was finalized by 

proving, on the pilot scale, a multi-compartment fluo- 

solid reactor that could reduce the ore to 95 % reduc- 

tion.(8) 

Th-jre are now many gaeeous reduction processes which 

have been proved on the industrial or semi-industrial sc- 

ale,    ïhe product of these processes» sponge iron, whether 

lumpy or pulverised,  can be charged to the steel making 

furnaces ae scrap substitute, if of a certain high purity 

and high extent of metallization, or otherwise, to iron- 

saking furnaces. 



It watj not   i-o'j-üble uiiti.l  nov/  to  concertate any  of 

the   iron  oree  in the  Arab Countries  to the  degree of  pro- 

ducine sponge  iron cui table for  direct steel making.  It is 

alBo  claimed that no more  than  ¿5 » of the  known iron ores 

in the world could be used,       nr-^r  i      or after being 

concentrai«-!,   for the production of sponge iron suitable for 

direct steel making.    To pre-reduce the ores for the  object 

of charging them in smelting fornáceo, though this pre-re- 

duction cute down of energy and  reduotant consumption and 

increases the  productivity of smelting units,  this 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 reduction process combining smelt- 

ing with reduction would be in a better position in compa- 

rison with the clacoic route ttipn those achieving reduct- 

ion only as a pre-treatmönt. 

On these  lines the local efforts are conducted now. 

The distribution of the different elements between metal 

and slag when smelting under a  hydrogen atmosphere,  and 

the extent of hydrogen solubility in the moltsn iron und«? 

different conditions, were determined/9* A sasltiag 



hearth 'aus been aea^gmd  to oe  i'ixs-id at the bet tow of the 

fluo-Bolld reactor mentioned earlier.    Arrangemento were 

done at the raac^or baoos  md ni-oveä, to effect  the einoGth 

flow down of the reduced materiel into the smelting hearth 

and the streaming up of the reducing gasen, formed in the 

hearth,  through the reactor,    Natural gas or vaporized 

naphtha will be blown in the hearth over the surface of the 

melt together with preheated oxygen and pulverised calcina 

oxide.    The flow rates of reducing agents, oxygen, and lise 

war© calculated per ton iron produced per hour according 

to different assumptions for the extent et me tallitati©« 

and gangue content and compooition,  of the sponge falling 

into the hearth.   In each case the composition of the gaa- 

eoua mixture,  resulting from the partial combustion of toe 

fuel, and streaming up the reduction reactor, should he 

auch that to affect the reduction of the ore to the reqii- 

red extent.    In the mean time,   the heat developed due to 

thia partial combuotion should suffice all the heat requi- 

rement e of the pro cees.    Practical experimentation en a 

pilot-plant ecale will check up and re-evaluate eli the 

calculated figurée. 



Btir^î - f   tm   j>'/f\ -.ju, ''.'-ont**.- e«,   i«  ú  <!iff,oult 

tr   dcv«i->> ,    i-i  3 «r   »** ,   . -   rrvw»   î -.   *hf â n«f *» i ri %1 

«¿cal* anc*   H   J'.--. u .. . i^i-1-   Iv ^o-,»r)wiñitt with fiv»i-. 

other ^»i-t.i;   , es' t f i      "-U  ? ì ,*»,      ¿'e   ti«  ií« tief *"*£  th*   ivi- 

thor  »  üuc:i .        o - r»¡   v -.:i     V    ,*    -r*  -1 -.»lut  V> tili  C0U« 

Aitatoti«* wuj      ab   \untr ei «ra tbiaklagt -toh on 

aar wwt ->f aMmfaettirla^ »fmm !•"•» fo* aitai a*a4tt#tl- 

«Mi,  and «any taoteo-acutiatoil* »%utft^ aar* dont for tivla 

purpoac,   iw Xn4ti.i|riai b«v#ia.***t Mmtar ©f tu* 

or Arab Statut  'IBCa«*} ¿w  aaaayetiat a fatalkUltr a1 

for aitata» ¿n>; èp« -JìU «taal  «ovfe» la «\ifftvtBt parta 

©f Ite Arai »uriti, <m ia^^muw a*»it batata* tiaa> Arab 

CcuntrUn,  to a«**r thair a« »4* af »tati awwiast* ay I960, 

tu« to ti*.   *hu«J*j;cy «f sturai §M MM «a m fact  tita I 

tàaaa p*-uit« «il! &t o:  ti» ^u»l-typ« to «At taair aaaaa, 

It la coat *•»%«« u t;*t tA*y «in folla* la* «»at Qua f** 

duetlon-aiectrie ttaal «nkàMf ruu'.».     ifeay «*U voll a» 

iaaertaa. lU«h gr^d» t*lWta «m MtMMN^agif taaf »ili a* 



t-o**oti*i.      *ic.*p\<« -,  ;í,t(¿   ,¿    .»   louîit. ..UiJ  • rt   ¡.Uuyin*?  thu 

ivo *»iM. j ty a!   iur- .iti'^tir» -   t*.t >   ; r-..k  ,,r., *  «• >   ^int   -^>on^e 

-ron  rtnui'»ctur*   3,   fc.mt   îttv ci * .lip^ünne   vitn imported 

¡api-^rpac  f'#MAt,th  ;f  tiicy  ;;Jf»v tin;   -n-jtoua reduction 

..ojte» 

an t*»ê c iaer han*i#  min:/ i.rph uo un t. ri au are .mdivià- 

utlly   »•»    mtm «évanetd Ftf,g«;   with reup^i^ to their plans 

le folia«  tili» mûnvn toounoiojo*.  Por o-aspi«, on the fifth 

<*f *Tuîit 1370 tà# Juroocfitt Uov«niBttnt i»mi«<: & letttr of 

int«at to ** coaaortiiM for  tae tptetioti of an integrated 

IMA «ni •%••* plant «¿i  ¿SC, JOG ton animal production ueing 

the    *•*!•        proecac far | MOUD r-wt'uctiou &na eluetrio stool 

»feUJft« fUfwce*.    Imft imo r«?ontJy piaasrt a Ituder for 

«««Abuahia^ 4 bluer pliait,  -i .   •...,.-      -  --j procrea. 

â f«MiluiUty «tutf> «*e Itwl «trforped for t^ Libyan 

3cv«MM*t  to eatehlioh & g-»s«eu« induction plant,    Â one 

A1.11.1A %^n »ponfo/yeur r*o>ct is belog atudietî for Kuwait, 

f#r export «ur***«, ou tilts biet« of laportlng tao blu« 

i««t fron   -, ,#    Ia#ia# «g»±a§t exporting petroitua to it. 

iaettatlo« of tb* op« «ill  be perforMd 1^ eurplu« hydrogen 

iHtitiM« fro* tbeU* putmolwmkmi Irius trita. 



By 197'¡   there will be  j shortage in Egypt of R.C. 

steel be -a amounting  ;c>  :2O0. )0<) ton/year.     Phis amount 

haa to be either imported or manufactured from imported 

scrap,   v,.ir   i which 8oiueiona add to the heavy burden of 

hard-currency expensee that Egypt is already bearing. % 

ea.*? year uhe total production of U.C.  steel bars in Egypt 

from the already existing and projected plants and apart 

from these 200,000 tons/year, will be 500,000 tons'year. 

They will be produced partly from imported scrap.    Ia the 

new iron and steel complex near Cairo the L.D.  converter! 

will be charged with only 15 '% scrap due to shortage) in 

the availability 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 reductio!   plant to provide the local 

steel industry with its requirements of sponge iron as 

scrap Substitute,    The productive capacity will be some- 

thing between half and one million tons/year and the plant 

will be located at Alexandria.    She proved reserves of na- 

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

are 42 billion eu.EU and tho daily production is three 



nilxi^a   'U. .h ft 1 L ¿jt ' l.   i      U 1 UTPI (>:. 3 

Tor   reductio»» -L'i, e:   (.lon4.!'!'-   pwv»<jr  r.tnr.'r-.>.x... 

/•,lthot'?\*j   «he  tee è;-*  perf-mii----1   on   t'ir:  iá-r/ptjai:  Balie rio 

iron ore óy  Jwlr.dell-Lreealcr nj.'^veO  triti it  can be con- 

centrated  to  Gü ;' Pe end  chat  tàe   pe "Lieti? forc-id frota the 

concéntrete  are  t-uj tibie tt   b3 treated  oy tue     ;?;,;.      pro- 

cese,  yet the gangue content of  the reduced pellets is co 

high to render them uaeu^tabi^ for steel making.    Accord- 

ingly,  the plorit will work  m icported high-crude pellets 

until local ores couid be proved to produce aponge iron 

suitable for steel making.    It has not been docided yet 

which proceso to follow, whether      H L,     Midre^,  or sons 

ether.    This plant, if of one million ton/year productive 

capacity, will result in r. Raving iu our hard currency ex- 

penses amounting to about thirty million dcllars/year. 

This is beside the facts th; t tho investment coat of such 

a plant it about 30# leso than that of a plant having the 

same productive capacity but following Ure classical route, 

and the processing cost is alto much lees due to the big 

difference in prices between natur«! ¿as and coke  (total 

energy requirements in both cases are approximately equal), 

or between imported pellets and  ocrap. • 



-  IH   - 

In concluais,  it should be mentioned that a local 

ötatiüt-cjl  otudy  proved  that about 7t   % of  the equipment 

one  8P-1PC parts of  th«  ir, *  a.:d steel industry oould be 

manufactured locally.^11' 

The serviced of UNIDü in many of the studies mentioned 

above are sincerely acknowledged. 
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