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BU.ST FUIDi!CE OPERATIONS AT TEE !X;TPI'I.All IRON AND STEEL CO!'!PAB! 

INTRODUCTION 

The pri.D&ary" objective of this U.B.I.D.O. secondment to the Rad.1.solb ble.at 
furnac.e plant vaa to ellBUre a successful re-coI!Eissioning of the Ho. 3 
blast furnace. At the time of notification of the seconcbent, the 'bloving 
in' date was imminent. 

After coz=.1.esioning vu completed and the furnace operatiDg •no~l.y' a 
etudy' vas made of ex.isti.Dg blaat fU%%18Ce practice to identif';r :proble:i areaa, 
mal-practices, etc., vi.th the objective of increasing iron prodnc't1on and 
improving eccnoJQ', )"et etill maintaining iron quality, and durlng this 
period there vaa much diacusaion vith the blast furnace management. 

AccordiDg to the Operations Improvement Stuc7 previously r~ueeted by the 
F.gyptian Iron and Steel Comp~, to cove'!!' the next six yea......,, 1 opera tione, 
the demand for iron will increase cons!.derabl;r ill a two stage progrume, aa 
!ollova:-

Stage 1 Staee 2 

Date 1983 1988 

Steelworks requirement, t.p.7. , ,0:::00,000 1,600,000 

Pig iron ealee, t.p.y. 100,000 100,000 

Total iron demand, t.p.7. 1,300,000 , '700,000 

Thie report intentional.17 indentUlee problem a.reu that &!feet the blast 
furnace operations at liaclisolb, and where possible, suggests remedbJ. action 
necessary, to eDoure that these tonnages can be :produced. 

Special mention is made of the re-commissioning of Jo. 3 blast furnace in 
December, 1981, (see appencli% no. ~). and & suggested fl4ture !u..~e re-line 
programme coveri.Dg the next !iTe Tear&, vith lla%ima:m av&il.able to~ on a 
dail7 basie bas been developed (see appenciU no. 7), along vith sinte: d~d. 
It vaa recoz:::mended to management that sinter plant and 1teelvorka major repai.: 
progru::::e should coincide Yi th this prog:a::ce v!:ere possible, bearing in Jli.nd 
tba.t there is some nenbility regardll:lg f'ur.laCe blov~ out dates. 

ilso included are graphs of dail7 iron produc'tion &t lo. 3 and 4 !urna.cea 
(see a.ppendll i:o. 1), and da..11" drJ' coke co~tion (see append.1% no. 2), a.a 
from October 1961 .Lp to, and including, !'.&&rch 1982. 

Sa.r::plea of sinter and coke vere eent to the tJ.I. !or full appraisal, 
mineralot:ical analysis, etc., vi th a Tiev to !-arther undeZ"Standi.ng somf! of 
the problems aaeociated with the blast !arna.ce operation. 

There 11 all u:geut need to institute safety standards, d.evelop training 
method.a, and ic:;lrove plant hou.eelceepiJ::&, and partieula.rl7 10 as producti"n 
increase• tova.rda ma:d.mam. Comments, reference these items are towards the 
end of this report. 

I I I 11 II I I Ill II 11 I I 
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There appeF-..-s to be a scarcity of technical 1.nfo:c::a.tion available to plant 
middle JJ:a.!l.c:.,:-e::ient levels, and in answer to eevera.l r~ueeta, technical pa.pare 
on I!:3.DY subjects related to blast furnaces and blast fuxnace opei"atioos 
were obta.i.'leci fI:I>m the U.K. a.nd distributed aa::ord.i.Dgly. Theee papers 
included eu~~ subjects as burden distrib'1.t1on,. control of alkalies, coke 
quality, ho~ blast stove design, control of flame te:::pera:tu.re at the tuyeres, 
slag chem.is :...y, control 0£ slag quality, furnace 1:efractoriee, etc and etc. 

Daricg the ee.rly clays of tb.e eecondI:lent it soon becSI:le apparent that the 
high alkalie, chlciride and zinc contents in the Bahe.riya ore vere causing 
serious proh!.eme both in sinter and blast furnace operations, and a visit 
to the mine lt"BS planned along vi th the blast furnace menagement. 

The objective of this visit vaa to try and obtain a better understanding of 
the problems associated vitb. the iron ore quality control. 

'Thie report commences with the visit to the Bahariya mine. 

The blast fU--nace burdens comist of 100}6 sintered ore from t.l".e Bahariya 
mine vhich lies some 350 kilometres to the south vest or tt~ Hadiaolb works, 
and !ollowing is a briet: S"QlmD8l:y of tb.e visit. 

The mine is open cast, and consist• of three main bodies of vbicb the El 
Ged!.da deposit is the first to be e:cploited. It is believed that this El 
Gedida deposit 111 the best of the three main ore bodies, aa far as grade is 
cooce.""Iled, and has estimated reserves of some 126 million tons. From the 
commoocement of mining opei-ations in 1973 to the end of 1981, ap:proxim&tely 
twelve million to.na of ore have been recovered. 

-!'his El Gf:dida depoei t coTers 1ome nine square k:ilo.:ietres, occuri.tlg in the f o~ 
of an s.nticline, vi th a little over burden e:t the centre, and acme 25 metres 
at the ut::eces. 

At the ~e of the Ti.sit the ore bodT thickness appeared to be about 14 i:.et:r9s, 
but it was reported that •o f a.r the 1uxi mmn thickness had reached appro.xima::ely 
26 metres. 

The ore body ia highly variable throughout, vi th :Fe content a.?JYthiDg betlieen 
3o:;Q and 60%, vi tb variable mc.nganeee content, reacb.illg in places as big!l &a 

157-~rno. IDtel:mixed vi th the ore bo~ is a nuctua.tiI:g contamination of 
k.rite, ilka.lies, Cbloridea, the concentration dependi:lg mainly on the yorosity 
of the iron ore l~er. 

The original core drillillg programme on vhich the exploitation o! the mine 
vas first pla.:med, was carried out on a 200 metre grid • Dartllg the earl,' 
1tages of tb.e mi:iing operation it bec&11e apparent that 'the ore body vas 
extre~ely v&:iable and the area pla:med for the first ten yeara of mining 
opera.tiollS vaa then drilled to ft. 50 mett. grid pa.tte.:u. 

The mining plan for 1981 - 1982 consists o! eleven a.reas for which the 
predicted ave~ ~aia and planned tonnage are given: 

I I I I I II I I II 
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PRODUCTION FROGRAK":E JULY 1981 - JmiE ~982 

Esti.l.lated % Fe 
Ore 
ToDDa8t! 

77,000 50.69 
15;,000 51.59 
106,700 52.73 
398,700 47.~ 

244,800 55.2; 
;06,600 59. 16 
320,900 5a.42 
157,600 55.05 

447' 700 57.54 
255,700 53.74 
295,900 48.76 

2,765,000 54.01 

-
13.41 
a.a1 
9.94 

14.74 

I 5.4; 
;.42 
4.69 
4.a7 
4.15 
5.45 
7.49 

7.04 

Cl. MnO 

O.i7 1.01 

0.55 2.65 ~ 0.72 1.69 
0.08 2.76 

1.25 0.93 l 0.11 1.02 
0.88 1. 12 
1.28 2.24 ~ 0.59 1.21 
0.80 1.86 ~ 0.53 4.02 

o.67 1.89 
I 

I 
I 

I 

Estimated 
ove:::.-burden 
Tonnage 

1,212,000 

10$,000 

- . -

51 ,000 

19,000 

198,000 

, '588,000 

Tbe aim of the management ia to obtain the average analysis speci!'ica~ion of 
Fe, ;:i.02, U. and MIJ.O !or each 90,000 tom of ore, this bei.Dg the capacity 
o! eech of the tvo pa.1..-s of blend.iDg pi.lee. The production rate is 1 ,200 
to 1,.300 tona per hour over & ten hour da;r, givi:ig a cycle the o! 7 to B 
days per pile of ore. 

Analysis control is based on the 50 metre g=id core analysis updated by 
analysis o! s~les t&ken !:om tha charge bore holes at the mJ.ne !ace. 

Ccntl:'ol of ore grade is very di!'!ic~ t in vif'v o:: the variability o!' the ore 
and the mine ~ement vere conte:?!pl~ti.Tlg teyillg to improve the si tua.tion 
usi.JJg larger blending piles and more sol)hiaticated blend.iJ::.g ~uipment. 

E:cav1 ~!on ie by electrically yovered ebovels or 4.6 m; cape~ity, 1.e. 8/9 
toll£ ot mate:ial. 1'he power 1ro.pply is via the grid systel:l from the .lsvan 
High Dam. 

The da.p tri.lr.ks used are a ll!..:r.ture o! Ru&si&:.e and Americe.n desi&m, varyiDg 
in siZI! from 27 +.o 'f 5 to!lS capa.ci t:;. 

Jl'.ainteil.F.l.llce is ca..~ied out on the day ehi!t with mtn1ng operation.e t.ak1ng 
place on tvo a.bi!te, between 1700 hrs and 700 hrs, 

I 
I 

I 
I 
I 
I 

I 

I 
I 
j 

I 
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?LOr.' SEIET ore c::-ushir.g, screening and blending at the Ba...'lariya !'.i.ne. 
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The era.abed ore is discharged to one of tvo pairs of blending piles Via 
ving trippers. 

Reclaiming from the ~eds is Via mobile electric shovel, as used at the mi.::le 
face, into rail wagons for transfer to the stock piles at Ra.disolb works. 

The mine is capable of loa.di.cg three trains ea.ch of fifty five cars per 
day. The capacity of each car being 65/70 tons. 

There are proble!!l.B vith the rail transport of ore to Ha.disolb works and 
eo~e improvemect 1n the presert system of operation is necessary if the 
f oreca.sted increase in iron toonage is to be met. 

Strong desert winds, especially in the months of J'r'.axch, April, Yi.BY and June 
catlse heavy drifti.cg of sand across the rail tracks a.nd increased ore demand 
will necessitate more sophisticated methods of ea.nd removal, increased 
loco pover and truck availability. There is a need to increase ore stocking 
ca.p~i ty at the Ea.disolb works and a study of this is included in the 
rehabilitation progrr.mne. 

B.r steel industry sta.nd.s.rds, :Bahariya ore is a. very marginal ore. It is 
high in phosphorous, gallg'Ue constituents, sulphur and ignition loss. Its 
most undesirable characteristics, however, are itD' high a.lkalie and 
chloride content, wb.icn are seriously affecting both sintering and blast 
furnace proceese~. 

TYPICAL ANALYSIS OF TEE !!IEUDED BAEARIT.A. OP.E ( Average 178 ee.nrolee) 

Fe 52.91 Mn 1.40 ~o 0.127 
$102 7.62 s 0.47 Ba.O 2.19 

Cao 0.49 P205 0.50 I. loss 7.59 
MgO 0.50 Cl 0.69 

il203 1.86 Na..,0 0.502 "'\ 

~-

The overall cos I; of problems in sir..ter pla:tta ~ blast !U--naces ca.l!Bed. by 
&!ld associated vith the &lkalie ~d cblo:ide content of the ore subst~ntia.t1! 
the ~eed for a wa.ehing process prior to s.i!lteri.I:.g. Some pilot pla:tt triale 
have alread3" been car.:-ied out 8.Ild it is b'C€e:t sted that planning for trials 
on a la.rger see.le sbould commeoce vi thout delay. There has been much 
discuesion vith plant m.a.nageme~t reference this matter. 

I II II I I 
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P..:av !".!!t~rie.l E!mdlJ.ru:- e.t Hadioolb 

The ore vs.gens from Bahariya are tipped b'.;- \lagon tippler into ground bunkers 
and the ore is transferred to one of three ntoclq>ilee ea.ch vi th a capacity 
of 45,000 tons. Reclaim is by vertical. ee~tioning. The Rehabilitation 
Progra::ie al.love for a second VC1€0n ti~pler to be i.!lst~led vith increased 
ha.:ldli:ug speed, as well as increased ore stocking and reclaiming facilities. 
It is recol:!Oeo.ded tba.t etockillg capa.ci ty is increased t.., around 250,000 torus 
in order to ea.tis!actorily meet S~ II iron det:l2.!lds. 

A fourth stockpile o! similar size band.lee inco::U..Dg li.!lleetone frolll ";he harbour. 

ill fonr piles a.re served by a eingle eta.cker and one revolvi.og bucket 
reclaimer. The ore and limestone are tansported from the e~ckpiles to the 
crusher build.i.D8 via. conveyors. 

At the ore preparation plant the ore 1& reduced by three cone crushers +.o 
- Bi:::::n, with approximately 50% of the as received R.O.M. ore being screened off 
at 8 me prior to the crnshers. 
The limestone is crushed to - 3cm in hammer mills. 

Prom the crashere the ore is blended 1n drmn i::dxera whose ma.in purpose is to 
permit the ad.di ti"o of vate-.r to the ore, to begin the -process of micro 
pelletisation o! the c::;ushed ore fines. The addition of va.ter at the d...-um 
mixers is very unreliable, and at times non-existent. ~m the drum mixers 
the ore is conveyed to the blending house for storage and later reclaiming. 
The capaci cy of the blending house is ;o, 000 tons 1n two piles, each of 
15,000 tons. One automatic reclaimer services both blending piles. This 
step in the process provides ad.di tlona.l blending and unifomi ty :prior to 
de.livery to the ! eed bins. 

The feed bills also contain limcatone c~hed to - ;mm, and coke c:t"Wlhed to 
"!"5.c:m. Iloth these additions are SU£pect from the sizillg point of Tiev. 'The 
limestone eppears to contain a high peroentf188 of very fine powder and the 
crushed coke contained some oversize as well as too fine elementa, both 
a!fectillg the sinter physical qualify. 

From the feed bills these materials are fed at controlled rates onto a collecti.og 
belt and deliverad to the primary 111 xi ng drtlm, vb.ere a.gain, the ad.di tion of the 
correct amount of water was suspect. 

At the sinter plant there is a. !1.ne.l mixing dr.m: vhere the water ve.s a.gain 
added, prior to the mix being fed onto the etr2Ild. Here there were probl~ 
vi th the a.u tom.a tic Ta.l. ve coc trollillg the e.ddi ti on of the va. ter, and i-: vas 
being added a.ccordiDg to the judgement o! the ope:-atora, which is det:;.L=:ental 
to good practice. 

Discussion took place vi th the operators, reference the problem o! vater 
additions to the crushed ore and sinter mix, a.nd plana to remedy tr.e si tus.tio:o 
vere developed in principle. 
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The buxden of all blast furn.e..cee :ts 100}6 sinter ma.de from 1~ Ee.ha.=iya ore. 
Beca.uae of the c..ifficul tiaa experienced 1n b}.s.at furnace operation due i.;o 
poor physical quality of einter, i.e. high hot blast preseure, erratic 
stock:line move~ent, slow driving rs.tee and lov iron :production, scaffold 
for::iations in Id.ddle anu lower stacks, etc. due to alkalie sublimation, 
i:::any viai ts "Were me.de to the sinter ple.rits to obse::.-ve operations s.nd discuss 
~robl~ vith c~ent eto., especially the proble:ns that a.ff&cted blast 
furnace operat.on, and the follovi..Dg cox::cents outline the :prevailing 
situation and remedial action necessary. · 

There arc two sinter :plants at the Hadieolb worm, No. 1, vith tvo stands, 
and No. 2 with four strands, and the follovi.Ilg is tho ma.in deaign data.. 

Item No. 1 Pla'lt No. 2 Pla!lt -
Design liussian Russian 

CoII:!lliasioniilg date 1961 1974 

No. of strands 2 4 

Width i.nside pallets (m) 2.0 2.5 
Length over vind boxes (m) 25 ~ 

Grate area (each line) (m2) 50 75 
Total gra"te area (all lines) (m2) 100 ;oo 
Rated capacity (1,000 t.p.y.) 750 2,400 

Sinter cooling method Rotary s traig'ht strand 

Ca.ps.ci ty of Exhar..sting Syotem (m3/min) 6,500 

Air Suction ~design mm ~O~ 1,200 
actual 1C11 2o 800 

Strand speed ~design c/min~ 3.5 
actual. :c/mill 2.5 

The normal pattern of sinter distribution to the bla.et furnaces is me.'ltio:icd 
in tb.e section of be :report dea.lill& vi th blast !ur.w:e operation. 

The si!lteri.rlg p=ocess has na::erous problems tha.t are Lf!ecting production and 
the physical qua.li fy o! the sin te:r a.s charged to the bl&& t furna..ces, a:i.d. the 
more i.I:po:rtcmt of these problems are listed below: 

(1) The high levels o! chloride and sul;ihur in the :Be.hariys. ore caui!!es 
serious co=rosion proble!ll.S in many areas througbout the process, 
inc:reuing greatly the amount o! maintenance required and tbez-eby the 
a=oun t of strand do..ro.time. 

line 

There is & oeed io:r more tlloroll8b and detailed syate:u o! plamied u.i:l'te:i.s.=ce. 

(2) As :previously mentioned, the size a.naly'eis o! the ma.teriale used in the 
sinter mix need to be revi8't'ed, and necessary action taken. Redes.ign o! 
ero.sh.ing and. screening facilities !or ore, coke breeze, limestone. and 
screening of the returned sinte: fines to contJ:'ol upper eizit limit should 
be carried out without dela.y, as these a!fect sinter quality i.rre~ctive 
o! any action taken dtll'i.Dg the sinter processing. 

' j: 

I 
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(3) The ~roble:::s e.ssociated with the water addition in d.rw:l :nixers, etc. to 
promote l!::icro pelletisation should be revised and re-inati~-uted e.s 
soon a.s possible. 

(4) T"ne use of the hearth layer on the sinter strB!ld has been discontinued 
and t=.is causes uneven gc.ps to develop bet\.reen the grate bars for the 
following reasons: 

!al ve....~ing due to ezceesive heating 
b sublioation of alkalies sea.ling up la.=se areas between the ba....-s 
c the design of the grate be.= (round) is not cona'l.:.Sive to efficie~cy 

and should, at least, be manufactured from heat resisting steel 
instead of mild steel 

The resulti.og influence on the sinter bed gives areas of bed collapse 
where the gap betveen the 1'a.rs is too laxge, and the areas of poor and 
non sinteri.og, where the gaps between the ba...."""B are ma.de up vi th el ka11 e. 
The use of tl:ie hearth leyer ha.a been discontimled in e.n endeavour to 
remove as Ir.ch alkalie f=om the sinter as possible during precess~. 
It is a.greed that if' ere vashi.ng is introduced on it regular basis the 
installation of the hearth lSJ·er YJ.ll be reslIIIled along vi th a more 
efficient design of ~.he grate bar. _ 

(5) 'Wind box sealing arrange!nents are not good, and excess leakage at the 
pallets necessitates reduction i.n strnnd apeed vi th reau.l.tirg loss of 
output. A nev design of spri:lg bonded seal b.a.s been installed at the 
recent major repair of No. 4 strand, repla.ci.r.g the origin.al design, 
usi-og water dooled flerlble tubing. This new design is only partly 
effective. Study should bf ma.de of recent develo:pme:.its in wind box 
eealiDg, and one of the more effective ~ystems a.ii.opted. 

': 6) The present me'thod used to level the ca. terial on the sinter bed is 
unsatiefa.ctory as 1 t ha.a e. te:ide!lcy to com:;;:>a.ct the bed, a.s vell as level 
it. This method should be discarded altogether if a more effective 
system cannot be developed. 

(7) 

(8) 

(9) 

I II II I 11 

The whole philosophy of sinter sc:reelli.Dg botb at sinter plants e.nd blast 
furnaces needs to be "'!loro~y reviewed. Effective sc.reen.ing to p~d::ice 
a clean + 5i::i:i sinter charged to the blast furnaces is the objective to 
be achieved, and villha.ve the follovi.llg beneficia.i off ecte as ao-ainst 
the p~esent system 

(a) 

(b) 

increased production of blast furnace sinter of acceptable eize 
(the present screens a=e s~t at 8 me) 
more effective production control yiela~~g improved sinter quality 
at the blast fu_~es ( -B::::m sinter :retuzT."1 fines e.=e too la.=ge 
in ei:e for good quality sinter ca=ufa.cture) 

(c
4

) increased iron production and .i!llprovecent in fur-.....a.ce econocy 
( ) reduction in fluedust make, and at:nospberic pollution. 

The problems associated vi th the b.a.nd.li!lg of hot re to.med fines should be 
tbo.ro~.'lly revieved. 

From the app~arance of the final sinter received at the ble.st fu.rna.ces 
there is a. lack of conttol during ignition, e.g. 

(a) 

(b) 

The fin.al sinter from no. 1 pla:it contained a hign proportion of 
unsintered ore 
from no. 2 1>lant the sinter not only contains unsintered ore but 
also large quantities of heavily slagged sinter. It seems tllat 
sinte=il:lg ignition conditioDS are too severe, ca.using heavy slagging 
at the snrfa.ce cif tile bed, resultiilg in loes o! bed per.neabillty. 
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( 10) Plant b.ousekeepµig and safety standards are not acceptable •hen 
coIJpa.red vith European and A.:::lerice.n etanda=d..s. Huch of the air Bttction 
system for dust removal is out of order, resulting in excessive 
at:nospheric pollution which must have a demoralising effect on all 
personnel. 
The poor state of plant housekeepbg, lack of minor electrical and 
mechanical maintenance, and safety standards gen!irally, should be 
s1ven immediate priority. 

( 11) Inatrwnentation for recording and contl:"ol seems to be in need of some 
rehabilitation. At the present time much of the system seems to be 
out of operation. A full ecal.e reviev of all instn.::entation should 
be caxried out, replaci.!lg where necessary with more up to date control 
equipment. 

There is planning for a fifth sinter strand j.t No. 2 sinter plant and it va.s 
intimated that erection b; & B:w:!sia:i constroction ~ompany would commence 
within the nut tvo years. 
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BLl.ST ?UFJ~f.CE PL.err !];!) PROCESS 

There are four blast furnaces at the Hadieolb Plant (see appendix no. 6). 
Noa. i and 2 furn.a.ces have similar di.r:le:c.sions, and were ins"';alled a.a part of 
the or.: gins.l De:na.g .Plant ouil t in 1955 - 1958. Nos. 3 and 4 fu...--na.ces also 
have identical design, and have been installed as pa.rt of the major expansion 
of the pl2.nt. These tvo furnaces were erected by the U.S.S.R. fi~ of 
v/o Tyazhprocexport, to their own de!ligns in i974. 

A. fifth furnace is envisaged in the future to meet steelwork and cold pig 
iron demsnd, and it has been suggested because of results obtained from 
nos. 3 and 4 fu...-na.ces, and also to alleviate the heavy eng-'....nee:tl!lg spares 
position, that the fifth fu.rnare design should be identical "W-i th nos. 3 and 4, 
and built as an exte.tlSion to this plant ar<:!a. 

With ix.crease in hot blast temperatuxe to 1100/1150°c at nos. 3 and 4 f~-naces, 
there ia 1na.de1ua.te stove capacity for continuous operation at full furnace 
blowing rates, and it is suggested ths.t the building of a fd.Cth stove at nos. 
3 and 4 f~es sL.ould be evaluated vi thout delay and should also be 
included in the plans for the fifth furnace. 

Stock House practices, charging sequences, stockline level control are 
average at Nos. 1 aDd 2 fu..-naces. Sinter screening should be made avail.:tble 
at these furnaces av'i soce icprovement in the general standa.:r:i and 
availability of instrumentation is re~uired to i..t::prove efficiency. 

At nos. ~ and 4 fUl:'IlaCee these operations are under good control, but ~roved 
ma.1.ntene.nce and modernisation of 1.!:.str.Jmentatic~ could be aC.va.nt~-eo':lS. 

A. gas probe .used to mo~ tor co2_ distribution a.cross the furna.ce stocklines 
at Noa. 5 &lld 4 fu.-""lla.Ces, and Charging sequences, a.long with dis"'=ri,.. · ·on 
cycles can be varied accordingly. The vb.ole charging sy-ste:: at T .nd. 4 
furnaces is a ;-e:-., versa. tile design, and enables good con·;:o1 c .-
opera. tioc.. 

In wall the:r.:ocouples and contil:luous top gas analysis are available 't.) assist 
in deter.ntning cha.rging practice. 
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I Y'1.IN DESIGN DA.TA 
l 

\ 
J 

' Unit i I~! Noa. 1 & 2 ?fos. ~ &: 4 
Fu... ""Ila c es Fu..."""nac e e 

( 
' t Design Dem.ag - Tyazbpromexport -
} German Russian 

Co:z::nencement of opera ti on yes= 1958 1974 ; 

f Hearth diameter m 5.1 7.2 
'r Hearth area 2 20.5 40.7 i JI 

~ Furnace inner voluml! m.3 575 1,033 

t 
\i/orki.og volume Jll3 463 890 

Iron notches nm&ber ~ , 
~ Sl~ notches number 2 
J Tuyeres DU.Illber 10 14 ,, 
j 

Stoves ' IJtLmber 3 3 i 
Heating area. of stoves - ea.ch 2 

12,500 23,160 1 m 
i 

Rot blast temperature, ma.xi.mum oc 800 1, 100 

} ¥..a.rl.mt:un attainable vind vol'C:lle mn3/min i,500 2,200 

Top pressure ke/cm2 
0.025 i .oo } 

1 
l STOCK ROUSE SCF.~•~:s (present s:rstem) 

l coke mm 25 45 
sinter mm none 8 

RATED C.!PACIT'! , 
J 

( Ea.ch fu..."'"Ilece T .P. Y'. , ,ooo 
~ 22; ~ 1 Ple.nt eape.ci ty 'f.P.Y. 1,000 

t l 
, '786 

-----:------1--, ,LI .. .J __ • J~. I.I ,.1 I 
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( 1) !''.ol ten Iron DisDosal 

Molten iron ie t=a..~eferred to the steel plan~ lllixer or pig casting 
m.a.chlne by 100 ton capaci t:-~ hot metal ladles. Initially these ladlee 
were of semi closed top desie;n, but have recently been fitted vith fully 
open tops to assist ill speed of ladle skulling a:::id relining. Thie 
appea.-""S to have been a correct decision. T.:le:P. are ;6 hot metal la.dles 
available for service and from observation at the blast fu."':lacee ure 
vell maintained and kept in good condition, ref: top ekulla. 

(2) f!.e, Casting l".achine 

The pig casting ma.chine is situated between the blast f-u-""Ila.C~s and the 
steel works :nizer. 
There are two double strand pig casting machines, housed in one building, 
with a total rated capacity of 1,600 tons per day. The lime solution 
prepa=ation plant, pig cooling system, and stock.iDg areas seem adequate. 
Fro:n observation it vould appear tha.t the ca.pa.city of the ::a.chinea 
could be conoiderably increased with speeding up of ladle movement 
facilities, etc., s.t the machine, improv~d ru;.ming repair fa.cili ties, 
spout re~lacecent, etc. 

(;) Rot ¥.<?ta.l Sh.-ulling and Renair ShoJ? 

.Adjacent to the pig casting machine building ia the Rot Me~ tl Ladle 
Skulling a!ld Repair Shop. It is i.n need of some reorganisation and 
enlarging of facilities available, in order to cope vith the incree.scd 
nu::lbe:r of ladles that will be in service to meet the increased tonna.gee 
and incres.aed nunber of ca.s ts per day per !u..""llal'."e. Even ao, the ladleo 
a.re maintained in veey good order. 
?rormal la.dle life is around 200 casts, and reline tim~ ~:mmd 6/7 days. 
The taphole gun m.i:c is also Qa.OUfactured in the shop, using a double 
roller mill. The coke breeze is deliv~red after grinding, fro~ the 
sinter plant. Periodic ove=size ce.used mix :problems, which refi.ected i:l 
taphole length control. 

(4) Sl~ Dieoosal and Processi~ 

At present all slag is g=a.I:ula ted aDd recla.imed :na.i!llyf or loca.l cement 
manufacture. A second g=a.nulatioo pl~t is under cor.st=uction a.:id. 
bet-ween the!!! these tvo ple.:its will easily hs.:ldle all slag ,..e.::u.:«~ctur~i 
with eJ.1 fu..-na.ces on full production, making some 5, 100 tons of iron 
per ~. i.e. approx.iJ:.a.tely 2,000/2,500 tons el~ per day. 
A slag pmrJ.ce plB.:lt is nov more or less complete and under test r-.....nning. 
It has an esti.::a. ted ca.paci ty of approximately ~, 000 tons per d.as". ! 
elag wool plant is under cont.ruction with & capacity estiltated at 250 
tons per da.7. 
A sle.g pelletieing pilot plant has been set up to make the bulk a.gg:=ec;e.te 
me.teria.l for the msnufac.tn.re o! lightveig1t blocks !or insulation. 
puxpoaes, and to d&te the results look v:.-ey- promising. 
There are some 50 slag ladles available to service the blast fur'....a.ce ple.o ts, 
with a lime S)::reying plailt fo:r coatii::.g the inside of the ladles, 
e1 tuated between the gra:iulation plant and the blast !urnacee. 
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(5) Fu=r:ace Blo-e~s 

~as. 1 a~d 2 fu..""!laces a.re serviced wit~ electrically d.::'ive~ blowers, 
vi th or!e spare blo•er available. The blo'llo"ers are adequate for the fu...~ces. 
These bloYers a.re a. works eaf eg:iard in caae of general steam fail'IU:'e 
at the vorks. 
!ioll. 3 and 4 furnaces are serviced vi th steam turbine d=i ven blowers, 
vith one spa.re blower availabJe. Both turbines and blo'.liere are of 
rugged design and capable of meeting the maxi.II:um needs of the fu...-:Jace. 

( 6) Gas Washing Plant and Gas Stora..:;e 

At nos. 1 and 2 furnacee the gas washing system comprises one pri.:ne...."J' 
and tvo secondary dust catches at each furn.ace with pr' ""ary scrubbers, 
disintegrators and final driers common to both fu...-nacee. 'There is 
also a Kloillle ~e blast fllr"'.....ace ga.B h3lder beside the gas cleaning 
plant with. a. caps.city of soce 80,000 m • 
At nos. ; and 4 furnaces ee.cb fu.rnace is ~quipped with pri;nary dust 
catcher, with the isolation valve at the dust catcher inlet, priirsr.y 
scrubbe:, two venturi dCrti.bbers, tvo electrostatic precipitators and 
final driers. The gas syst~ com:.ect -..•ith the gas holder at nos. 1 
a.nd 2 furnaces. :Because of the subl.11:3.tion of alkalies and zinc from 
the cru.de furnace gas, there a.re constant problems vi th build up 
in the crude gas mains (see app€ndiz ~o. 12). To :ne.intain control 
complete cleaning oC the crude ga.s ma.in at each furnace l!I"J.St take place 
every six months a.s and until the washing of the ore is instituted. 
Observation sho'lied 85/90% build up in certain area.e of the crude mains. 
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No. 1 F'lL.-r:.ace was blown out empty on :'ebruary 7th, 1982 due to non-
availacili ty of sinter and suspected extensive scaf~old foI"""'....ation vitb..in 
th~ fur-....e.~e stack. E::x:ru:tination after blo•'ing out showed a complete ri06' 
ecaffold in the lower stack and covering appro:x:im.ately 5~ of the croee­
eectio::::i.a.l area. Care was taken in que!:l.cb.ing dcwn the furna..ce in order to 
protect the carbon brickwork in the bosh. 

The sea.ff old f or::iation has nov been reooved and a.f ter very minimum repairs 
the stack refra.ctories, taphole area, vater eyete!!l.B, gas ma..iil clea."1.i.ng, etc., 
the furna.ce is expected to be recol:O!ieeioned early in May, for a further 
extra ca.x:ipaign life of approximately one year, after which a full 
reconstruction progrS!Il!De vill be put into practice. (see appendix no. 7). 
It is ;mticipa.ted that duriI:g this next year of e.:rtra. campaign life, the 
fu.xnace rill manufacture high eilicon iron, i.e. 1. 5 - 2.5%. fo~ use in 
lccal foundries. Anticipated tonnage vill be 350 - 400 tons pP~ day. 

No. 2 Ft.:rnace wae blovn out on Jun~ 19th, 1979, for a co:::plete 
~~ouild froc foundation level. Hea.rtr a.od tayere belt ehell plates axe nov 
erected and vork ie starting on the erection of the eta.ck shell plates. 

The expected date of re-commiseionillg is Janua.rf, 1983, (see appendix no. 7) 

No. 3 Furna.ce was re-com:nissioned on Dece:iber 9th, 1981, with the old 
hearth from the previous campaign left in, e.nd renewed tuyeres belt, boah 
and eta.ck refractories. The furnace ha.a operated on reduced bloy-(...ng 
rate u.ntil mid l'f.arch, 1982, because only tvo stoves vere available for 
blowi~. ~1th the com::issioning of the third stove, blowing rates vere 
stea.d.ily increased a:id obvious signs of stack build. up started to aho'I 
despite the use of b.1gb top pressure ai:.d. ch.a:rging seq_uen~e ch.a.ngin.g, etc. , 
at regular intervals. The affects have sho•"?l in: hearth temperature 
reductions, (see appendix no. 13), high blowing pressures, irregular 
burden ~ovemente, etc. To some extent this situation YaB e:I:?ected end 
anticipated, as ebortage of sinter caused long periods of furnace down 
til:e, ( eee appendix no. 1 and 2), and poor physical q~i ty of sinter 
coupled witb incorrect screening practice has led to fur-...a.ce interior 
build up and patte~. 

No. 4 ?"C.--r:iace va.s recom::U.ssioned April 19t!l, 1979, after co:::plete 
rQline. ~e fu....-nace he.a ope=ated vell, but the e!~ects of pocr sinter 
qU2..lity, do•"Iltime, etc., e.re ta.ki!lg their nor.;:.al course o! reactions.on 
fc...-na.ce driviDg rates, etc. Despite this, the month of I":ar::h ...-as ~ all 
time record production for tbie fU-"'!Ja.C~. 

The month of February, :9e2, produced an all time record for iron 
production at Rad.ieolb vor~, and the month of ~..e...."'Ch exceede~ iron 
production record for February. 98% of all iron produced was with.in 
steelworks specificatioilB. 
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(1) The vhole of the De~ plant is .in a g-c::erally neglected state, and 
in need of a tho:=cugh over-haul and clean up. The practice of 
dropping iL.."'j flue dust from eleva~ed mains to ground level should 
be d.iecontinued to trj and i:nprove the g~neral state of ui:tidyneee 
and at:iosph&ric pollu~ioo. The use pf canvass ahutes and ekipe at 
ground level has bee~ suggested. 

Five of tbe six ColiJ>er stoves have been recently relined at the 
Demag plant, but hot blast ma.ins, valves, etc., need attention. 
There is exceeeive blSJSt, gas, water a..""ld steam lea.tr.age a...-ot"'.rid the 
plant. The furnace btixdens, scale cor• .. , cb.s.rging systems, etc., 
need overhauling and cleaning up. 

(2) Tb& Russian plant (nos. 3 and 4 fuxnaci!a) is ro~tly bui.lt and 
generally in good condition, but mechanical, electrical, instrument 
ma.intenance, p'll'ticula.rly in small items, need a thoro1J8b 
exanination a.:id p1.a.D.Ded repair system. Bl8.8t, water and eteaa'. 
leakage areexceesi·;e a.ncl. general design in a:any cases needs 
revieving. There is considerable gas leakage passing the large bell 
at both fu..""Ila.Ces despite the addition of eitra counter balan~e 
weights. A full scale investigation is teking place, re: design, 
type of a:aterial used, etc., to ti.-y and overcac" this excessive 
wearing of the large bell seating, as the problel'l appears to be 
something inherent .from initial deslgn. H.T.P. at !io. 4 f~e has 
been reduced accordingly. 
&ck dran¢ting chit:neys are i!l the process of erection a.t both 
furnaces to stop the damagi.=g effect of alkalies on the stove 
brickwork vben backdre.~ting. 

Housekeeping is poor by European stand.a?'d.s, but the nos. 3 e.nd 4 
blut fu..-nace plant co:npa=ee well with the rest o~ ila.d.i.solb •o:rks. 
Work is in proces21 to try azid ..:.mprove the bousekeepiil8 si tT:la tion 
at both blast fti-""'n&Ce plants. 
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Cot.:~ 

The coke from the Al Nru!r works ie made from coal. i.!::porte~ f~c Ru~eia 
and Americe., and is fed to the bla.st furnace bunkers or s-tock yard 
by belt conveyor. At present there are eome 160,000 tone i~ stock. 

The Al ~a.sr Coke Works is operated by a.n independent coirpa.ny bow:i 
as tho "U Nasr Cocpany for Coke a."'ld Cheoicale", and includes coal 
handling and prepa:ra.tion, three coke batteries, coke quenching, 
screening, handling and storage, gas processing and fertiliser plant. 

The coal is unloaded from ocean going vessels a.t the port of Alciand.ria 
and transhipped to E:.a.disolb by 450 ton capacity barge!!, or by rail 
road. Some 7CJJ6 is tre.nsbipped by barge to Had.isolb docks. 

The coal stockyard capa.::ity at E:adieolb Docks is around 250,000 to~, 
and is eervicod by the gantry cranes which of.f-lo:i.d the barges. 
The coal is !ed to the coking plant by mea.nn of a ;,500 m. long 
overhead conveyor, which ie loaded by ga::it:"y era.nee direct, or from 
etock. 

Nos. 1 and 2 coke batterieR es.ch have 50 overus, yieldi.:ig '11 to?l2 of 
cokeper charge, and no. ; battery bas 65 ovens, yielding 13.7 tons of 
coke per charge. 

Chemicall.J", the coke is very average vith high a.sh and sulphm:· contente, 
a.nd :

1
:

1
0 + ~O content of 0.20, vbich is high !or coke, and aggraVR.te 

the ie problen caused by the Eahariya ore. The coke fi.::ies for 
sinter maH ng are the crushed ecreeniilg'I! f.r:o~ the furnace coke. 

Tho coke hae veey good physical qualities and. bahaves exceed.illgly veil 
in the .f''tlr"....a.ce, c.a.1.:itai.ning 1 ts' ehape, vi thin rea..son, dovn to tuyere 
level, a.nd the::eby c.ainta.!.ning a high level of burde.Jl porosity at 
all times. Thie is & very important factor re: Ha.d.iaolb bl~t fur-...a.ce 
practice, a.s the sinter vb.ich cakesu;i 10<:'% of the burden is often 
very friable in quality, and would otherwise cause eerioll.!I .f'UZ'I!B.Ce 
drivil:lg problems, eapecia.l.ly with the inefficient einter scree.::li.ng 
eystem. (See note ref. this on 'Sinter Q;uelity 1 ) Some la.ck of coke 
reactivity is suspected but U!lder present co~ditiol'.l!! the ~ai.:ita..i!ling 
of & good level of bosh and stack peceabili ty is of 'Vital i.r!!porta.nco. 
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Coke Antlvds 

l-~oistuxe 

Sulphur 

Volatile catter 

?ixed Ca=bon 

Ash 

Ns.20 + K/' 

+40 ¥.ictm. 

-10 Mictim 

ASTM 
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F.arl.17e 

;.5 - 5.5 
0.90 - , .08 

, .20 - 1.23 

88.0 - 8:":.o 

10.0 - , , .oo 
o.1e - 0.20 

79 - 85 
5 - 9 
around 55 

Vi th tbis quality of co ~e, coupled vi th the u.ee of higb top preseuro, 
the f~•e ba.ve & remarkable recove.rr potential fro2 the upset hearth 
and. bosh condi tioD.J. 

The coke is fed in"to tvo bunkers at each furnace and ec:reened over 
vibratory 40 n::n bar screens, into veigh hoppere directly above the 
ekip. The finee from theee screens a.re fed direct to the einter 
pla.nt or to the stock pile. 

SiliTER 

Sinter from both sinter plants is trans!erred to the blast furnaces by 
belt conveyor. 

From No. 1 sinter plant, the sinter belt delivers to a highlille overhead 
btmker, serviced by & highline tra.:isfer car, vhich delivere to the 
!u.-na.ce bU!lkers. Sinter from no. 1 sir.ter plant can also be vaggoned 
!:rom the higb. lino o••rhead bu~ker and delivered to No. 3 and No. 4 
fu.-na.ce via conveyor belt f::--om the gTou.nd bunker eyetem. 

From No. 2 sinter ~lant the sinter belt delivers direct to the 
etockhoueee of No. 3 and No. 4 fur.ie.ees. Excese sinter can be put out 
to wa.go!lS !:rom no. ; stcckhoue. 

The s7stem works well, and there a.re di!!C'tl!!siona ta.ld.ng :place for di:ect 
!eedi!lg by belt from no. 1 sinter pla.nt to no. 3 a.:id no. 4 fur"'....aces. 

s~ ~u!L!'!'! - i::bemical 

The sinter is ir.ade from 10076 bJ.,ended Ea.ba.riya ore and makes up 100}6 
of the blaet !uxx:.a.ce burden !or a.11 !u..-naces. 
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FeO 

¥.gO 

Si0
2 

CaO 

P205 
1".n 

s 
N ace 

Na2o + ~o 

CaO/Si02 
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53.5 - 56.00 
11.iO - ~5.00 

0.50 - 0.60 

6.9 - 1.10 
7.10 - 8.20 

0.49 - 0.51 
1. 38 - , .f30 

0.12 - 0.11:. 

.:;o 

.45 
1.0 - 1.1 

The chemical qua.li ty of the sinter is dictated by the following:-

the U!!e of •oa{o Bahe.riya ore 
the blast fu..""IlB.Ce elag qua.11 ty required for cement mald ng 
iron quality required for steelworks operation 
the mair.rtaiILi!lg of & suitable hearth temperature (partially cont::-olled 
by ala.g melti.Dg point) 

The aH-a.11 ne, chloride, zinc content of the sinter causes serious problems 
in blast furnace operation£• 

( 1) Fon:ation of F'o.r'...a.ce ~tack inva.11 scaffolds th..""Ough the proc~es of 
mibli!J.'1tion. Periodic removal by washi.:Jg dovn vith a.cid sla.e;, nuuride, 
etc. is esse:·tial, thereby t~ra.ril;r upsetti.!lg the fur-'..ace working 
balance. 

14
2
3
l Serious attack on the furnace imrall refractories. 

High coke consc:mption. 
Periodic 'C.pset of fu..-na.ce d.."'"i.v4'...ng rs.te vi th high bl&st pressures 
loss of production etc. 

( 5) !"'.a.lee up in dust catchers and crude gas mains. 
(6) Atmoepberic poll~tion levels are consistently high. 

SIT.TER GU!LITT - Physical 

The pbydcal quality of the sinter is not good. It is ve-::y friably and 
breakdown betv.een lea.ving the sinter :Pla..?Jt A!ld a..-ri va.1 at the bla.s t fu.-na.ce 
skip is much too g=ea.t. 

'fhe screening systems &t both sinter plant a.od blast flll":la.ces a...""'e inefficient 
8.?ld need.oz::pletely re-v-~ing to ensu:'e a clean + Sm sinter cb.a=sed to the 
!u..""'Da.Ces at a.ll times. The present l!Y&tei:n o! sc:reenizlg 1fl out of ba.12..!lce and. 
the following problems develop:-
(,) 

(2) 

The ecreens a.t sinter plants and blast !n-"'Il.a.Ces operate blind, a=id so 
it ie im1>0uible to observe the perce:it&ge of itake up of the screen ma.ts. 
The a:ea. of the ecreen and type of screen used do not allov efficient 
ecre~ni.c.g, resulting in a large proportion of - ~mm sinter being chs..rged 
to the !u..-na.ce 
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(3) Screening at 8 m:n to try and obtain cleaner einter (present practice) 
e.llo'll·is a percent.cge of 6 - 8 ED. sinter into the retu.....--ned fines. Thie 
is detri?::~~tal to futu.re si~~er manufacture and aleo reducee the toC!'.lagC 
of acceptable einter produced. 

Tbe whole eiuter screening 67atem is nov under reviev for ~rcvement, in 
the near future. T'nere has been much diecussion referenct this. 

SINTER STOCKING 

There a.re no adequate einter stocking a.rra.ngemente and th~ furnace bunkers 
hold a.bout 7 - 8 hour!! supply if they are full, and so tb.e balancing of sinter 
make with sinter dei::and often be~omee iz:lposeible, vi.th ensuing pla!lt 
shutdovns. 

It is i.I:.pera.tive that a sinter stock of some 70/80,000 toruJ is developed 
wi~ ea<:;,. access of the furnace bunkers to act as buffer supply. 

This develop:rent is nov under consideration. Recently a tel:!pOra.ry ~l 
sinter buffer stock vas developed from sheer necessity from the feed out 
point in no. 3 furnace stock house, and reclaiming where n~ccesa...-;r via 
the ground bunker system. However, handling facilities were not good and 
produce excessive breakdo~ of the sinter which reflects in the furnace 
perfo:o::a.nce. 

FLUXES 

Furnace basicity is balanced as far a.a possible by &dding 10<1}6 of flu: 
requixed to the sinter mix - the nux is limestone u e.gainst the use of 
dolomite, to keep ¥.gO levels in the slag to a mi.nimtim to benefit cement 
maI:Ufa.cturo. ,..'here fu..""Ila.Ce basici ty tends to get out o! balance a. minimal 

corrective a.ddition o! li.!testone 11!1 added to the !uxna.ce charge. Th~ 
eize of tb.is lii:iestone should be vi thin ~ - ~ + 5 IC (a.s ch<>.,..ged 
direct to the !u.."'?18.C ~) 

OTEER !LTEP..!U..'!'IVIS FOR TITPIL!CE BURnm TI"J'Rom~rr 

The run of mine ore ae cune::itl.y' SU'Pplied !rom Baba.riy~ is not 8Ui table !or 
direct cha=ging into the blast !"O-.-nace because 6f its' la=ge size. rar..ge 
a::d e.rtr~ely va:.-iable physical quality a.::id che::ical a.ntl7sis. 
ilkalie c.d chloride contents a.re variable but co~istently b.igb a.!ld 
r.no :ra:iges from 1 - ~. 

As previously coti:!:lented, the .. -a.shi:::i.g of J?.a.hariya ore is urge~tly reqti:-ed 
to help the operators of both sinter a.nd blast !u...'"":laCe pla.?lts, and pilot 
pla:t investiga.tioos coupled with a total cost return on capital o~tlay­
ahculd ha.ve high :priority. 

The advantages gained from usiDg il::ported iron ore o! suitable qtl2.l.i ty s.hotld 
be considered.: 
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(1) A8 fines to blend vith present sinter~ to reduce ttangn.neee, 
Bulphu=, alt::tlna and al}:alie levele. 

(2) As rubble ore, cl."tlahed to - 40 iI::l and .screened at + 8 m:n to 
~.pple~ent the sinter 6npply, and ilelp reduce ma:cga.Des.e and 
sulphur content lli bot ceta.l e.nd alll.l!lina. in the the elag. 
The quantity of rubble ore charged tc the ble.st fu...-nace ehould 
not exceed 20fb of the furnace total burden otherwise furna.ce 
econoi:::y vill be affected. 
Note - it has been BUggested that Conakry ore, bei:;g relativel]" 
local could be & source of eupply. Pa.et ezporience bas proved 
that this ore is very difficult to smelt because i! 1 ta' b.igh 
alumina and chrom11lm content. 

(3) Pellets of l!Ui ta.ble quality could be an advaDtage econoi:dcally 
but care mu& t be taken to test their reaction to alk."\liea a.t hig!l 
tez:tperature before pu_"'"Cbase is ma.de. 
The physical. etabili ty of pellete vi thin ~e fu..-nace stack mu.st 
be considered, bearing in mnd the non-reactivity oi the coke 
and the ensuing increase of void.age within tbe fnrna.ce. 
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BLl.ST F1Jr.RACE OPERATIONS 

The figures quoted below are : u. no. 4 fu...""'Ila.Ce and are typical of oper& tion 
during the periods of n:aximum bloldng rates. 

Iron ar.alysie 96}6 within eteclvorks specification 1.20 Si .065 n:a:.c:. 

Iron production 

Coke :rate 

see append..1:.t no l ~ a.chio~ed production of 2 torus 
eee appendix no 2 ' per m effective furna.ce volm::~ 

Natural gs.a rate 

C=e/Coke ratio 

added flux/ton i..-on 

Sinter/ton iron 

Blovi.Dg rate, max 

Down time 

5,000 m3/hr. (64 - 68 m3 per ton iron) 

Reduced blast 

Blast teI:Iperature 

Hot blast pressure 

High Top Pressure 

3.1 - :;.3 
30 - 40 ki;e. 

1730 - 1780 k8&· 
2,100 - 2,150 ~3/min 
2 - 30 hours per veek ~ 

6 - 19 hours per week ' 

1150°c 

2.00 - 2.45 'Kgm/em2 

1.00 ~em2 

Slag volmne/ton iron 4ll - 448 Kgm9. 

SLA.G A.Nil, Yfil 

Ca.O/Si02 0.98 - 1.10 

Cao+ Y.g0/Si02 + !1203 0.78 - 0.84 

Si 1)
2 

32. 30 - :;6.10 

Ca.O 32.10 - 36.10 

}.20 - 4.50 

12.50 - 13.90 

.96 - l.95 
1.30 - 1.88 

excessive 
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CAST HOUSE P?.ACTICE 

All furna.ces he v ,, individual cast houses. 

At nos. 1 and 2 fu...-na..c~s the existing cast house layout is satisfactory 
for hs.ndling the erpected ~ daily iron tonnage of 600 tons per 
fu...-nace, but operation wocld be improvQd with the introduction of a 
au1 table taphole drill an·-' e~pecia.lly at tim~B of high production • 
The fu:r:ia.ces have one tapb.ole and one slag notch. 

The installation of S'Uita.ble ta.ph~le drills vould:-

(e) 

help to maintain taphole length and strength 
control iron and slag flow from ta.phole 
increase the safety factor for men working on the cast house floor 
reduce the workload and enable more caste per day to be made in 
times of high production 
reduce cast h~use cost3 

Equipment for mea.S':U'iil8 hot metal and el~ temperature should be installed 
as a guide to hearth temperature a.nd condition. 

Nos. 3 a.:id 4 iurna.ces have one taphole and two slag notches a.t different 
levels (see appendix no. 11). T~• general layout of the cast houses 
is satisfactory and cort.forta.bly ha:idles tonne.ges in exceea of 2,000 tons 
per day, per furna.ce. 

Taphole condition is ge~erally good, with average length of 1~. 
The type of cley used for stopp~ ie anhydxowi tar bonded mix uei.Dg - 5 IJ:Q 

coke breeze from the sinter plant roll crushers. The clay stopping is 
marnll'actured in th~ ladle repair shop. Coke breeze size e:.i.:ceed.s 5 m:i 

at times. 

Tbe Rnseian designed a.nd m.amllac~ed taphole gans are m.!!.eei vely built 
a.nd very reliable. T'ney hold ~ of taphole mix v! th & ram pressure 
ensuring operation under all cond.\tions. 

The ta.pb.ole drills are likewise massively cons~ted a.nd capable of 
drill.izlg tb..."'Oti8h to the molte..o iron llllder moet taphole co~ditioDJS. 

Castillg ttotigh practice ie good 8.Ild slag s~:og very efficient. 
Relining of the tro'Cgh is done a.vay from the fu_-naces, vi th the enti=e 
troogh bei.=g c~d app=oxi-..,tely eve!7 10 dz.y8. 'The cut house c=a:le 
has good accessibility to the taphole erea and he.s & lifting capa.ci ty 
capable of =e~oving the entire tro-c.gh vi.th tht aid of a li!tiI:l.g !~e. 
With the p::-eeent trouc;Il practice, d..-ainirg of iron and sla.g is done a.f<;e= 
eve:;r ca.st. 

Iro::i run:lers s...~ short a..nd easily maintained vi th the existing sand 
quality. The :eta.l ladles a.=e set on two e.dja.ce~t rail'lir-ay t=a.cks a.:id a 
radial a.r.n ew.inging spout is u.eed for filling. The ladles on the inr.er 
road 8.l:e sbtlnted by m~a.ns of !.n electrically operated p-c.sher. 

The method is very- efficient, ~liable a.nd labour sa.vi:og, and vill easily 
band1e the tonnage vhen the furn.sees are on ma.x.iJ:ram output. 

111 11 I I ~------~---~-----~-__._---------~~----------------
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Notch and. ca.sting ele.g a.re handled with the e!l!!le desig::i of e~tl~ent a:s 
used for the iron and e.e-ain the syste~ is verJ efficient. 

To date, the practice entails the draiclng of the iron castir.g trough 
after ell.Ch cast, even when caatipg eleven til::es in 24 hours. Discussion 
has ta.ken ple..ce ref: non-d.....-ainin.g of the trough after each ca.st, ill order 
tosave time and labour, which is very neceesa_""Y v~en the fu.....'""T'.a.cee a.re 
onfuJ.l production. The non draining of the tro~ .-111 also enable more 
casta per day to be ma.de, vi.th lees, or ~on use of the slag notches. 

Trials using this practice of non-d...."'"a.inz.ge vill co::::::eoce very coon. 
It vill prove to be very beneficie.l as production increases, vith 
reduction in furna.ce down ti.I:e, due to less sla.g notch failure. The 
incidence of slag notch failure at Nos. 3 and 4 furnaces is much too 
high under present conditions of operation. 

The design of the slag notch ttzyere requires further study. It is 
very obvious from the pattern o! f::.ilum that the cooli.D.g .. -ate:r is not 
circulating correctly within the teyere e.nd steam is forming at tb.e inner 
base when slag is bei.l:lg flushed. Redel'lig:::i of the inte~ pipevork or 
higher circulating water pressure within the sla.g teyere will remedy 
the si tua.tion and l'Jave cons.id.erable furnace down time. 

Nos. 3 and 4 furnaces a.re undertnyered, i.e. there is too lt'~ch circmr..ferentia.l 
distance between the centre line of ea.ch blowing tuyere, and there ie a 
tendency for build .up o! cold slag ~t the tuyere nose when the slag ia 
viscous. Together theee two factors upset the initial distribution 
of blast to the furnace vbicb. in turn upsets the balance of blc:.at/nato....-al 
ga.s injection ~t ea.ch toye=e. 

The use of dipping tlzyeres rlll help re.oedy the simstion a.::id i:ltroduction 
was m<i.de to e. suitable ma.nufa.cturer o! qus..11 ty tcye=es and ~~-~, etc. 
haTe been submitted. Ra.disolb also requested cor::puter calculaticns 
for the posi tioni!Jg of the ns.tural ga.s injection pipe within the 
tu.yere to obtain maxilm:m1 flow relative to furnace econo::y, as a.::id vhen 
o:cygen en_..-l_ch:::ieot of the blast is available. l!!::p=ove:nent in ins "tranie:i-t..:.-tion 
to ba.la.:ice blast and natural ga8 injection imd.er all cond..!. tions of blast 
!low is requi=ed. 

The ruda.n designed oxygen plant is now being co=?leted e..nd 1 t is esti::'"'.°ted 
that the oxygen for er.ricbr::ent vill be s:va.ila.~le in a:.id 19s3. 
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There is a co:npletel:r negative atti tu.de tovard.s safety and safe vorking 
p:ra.cti.::es at Ead.isolb Works, 8.Ild the high accident frequency rates 
quoted endorse tb.is state~ent. It is ~eed that accident frequency 
rates per n:illion m.a.n ho"C.--a 'Worked ~an be, to eome extent, in.fluen~ed 
by co::lpacy attitude tova.rd.s the izj~ed person, etc. but frequencJ'" 
rates of less than five lost ti..lte a.ccide4ts per millions man houre worked 
ere quite coz=on place in E-.i.ropea.n and Ar:e::.-ica.n steelwork!! as aeaf-nst 
the quoted figures of 50 to 70 at Had.iaolb. 

Prom observations c:ade, there are u.acy l:.!lSafe practices in theb.and.11..ng 
of elect=icity, 'Works traffic, e~try into enclosed apace, 'tiork)..~ at 
heic;bts, use of lifti..Dg equipent, lack of guards on moving lll.S.Chinery, 
etc and etc., and the develop::lent of eafe vorking procedures end training 
of all personnel, including x:::.ans.ge~ent, in their respective reeponeibilities 
and attitudes to safety is of price il:portance. It would appear in 
ma.ey instances that employees were totally oblivious to the risks that 
were being taken • 

On no occaeion va.s protective clotb.1.ng of a:ay tJJ>e eeen to be worn, 
includi:::::.g safety goggles and l!a..fety shoes, even when eXJ>oeed to the 
risks of fla::ie and col ten metal, and it vas a. relatively cor:con sight 
to see a man working on the cast house floor in open eanc.al.e, etc. 
Helmets were worn by certain ce::ibers of ~-ement only, despite the 
fact that most of the structures 1:1.re 20/30 metree and more in height, 
amd it Vo..a e. cou:mon sight to see viei tore to the :plant, inclc.d.ing busloa.d.s 
of mle and female students, walking around the plant and watchi.Dg 
fu'!':lB.Ces, casting, etc., without a single item of p~reonal protection 
of w:iy kind. There was much discussion reference this with the 
ma.nae e!!le!l t • 
At the blaet fur.:JaCes there vere :co gas masbt, or resuscitation 
equipment for iic::lediate use. Gas 02.sks, etc. were available fro: the 
safety depart~t bc.t they were i::uch too far &way, 2.Ild t!le vital minutes ve=e 
lost when gassi:lg accidents occ~ed. F-:-om observation of prevailirlg 
conditions it seemed that the safety depax't::ent ._.as no~effective i.:J. ~rJ i.=.g 
to remedy the situation. 

There is urgent need for an experienced operator well vers~d. in iron a.:id 
steel works safety proce!T.i.rea and the potential of the haza1:ds involved., 
to shov to tbe Egyptian - 7 ""2£'e!'.!lent the methods tbat ca.:i be 
used to increase ~ployee awa=enese of "the potential danger and also the 
Co=:paz::y respcnsibility tova=ds it's e::rployees. 

In the United Kingdom the Factories Inspectorate would i.Im:ied.iately close 
do•'n a::r:y establish=lent where the conditions erlsted similar to those 
within Ra.G.isolb vorlr::s. 

Duri..Ilg the 'blowio' ot no. 3 fur!l.a.ce, as previously ~e~tioned, a !m:!lber 
of workers su.!'fe:red effects of blast furna.ce gas, because they disobeyed 
orders of the operations II:a.!l2..ger. Tb.is ha:p.Pened on tvo occasions 
within a period of one bour. 

It was appreciated ta.at these e:::p!oyees were attood.iDg to urgent jobs, 
but they eee::ied oblivious to the danger that they ve=e ill, and that 
gas is no respecter o! persons. Also their ma.nac,-ers did not seem to 
appreciate thei..r responsibility in a.llov1.ng men to vork ill such 
conditions without adequate protection. After the accidents occu_-red 
it was obvious that there vas no 1'rganieed rescue proceduxe and/c= 
fe..cilitiee ~o treat the casualties, etc. 
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During tho next fev veebs a. full procedure va~ develope~ for ent::-y/reecue 
from gaseous conditione with ~ecesea...--y ~;ui10ent, traini:cg required, 
etc., incluc.ing procedu=e for entry into enclo~ed epace, (see e.ppendi:.r: 
nos. 8 and 9). Thie ie nov in the posse~sion of the Ead.ieolb mar.a.e-eJI:ent. 
and much diecuseion bas taken place, ref. the subject, a.r.d ite 
i.mJ>lications tove..rds i.a:proved efficiency • 

The general stand.a.rd of plant ho"C.Sekeeping vae not good and much 
discussion took pla.ce ref. the subject, pointing out that a. good etanda.rd 
of hoUBekeeping is tangible evidence of an efficiently run plant, etc., 
along •ith the e.ffect on employee attitude towards the CO!r!?8.IJY etc. 

There •-ae SJA!ple evidence everyvhere of accu:tUlated spilla..:,--e, pilee of 
vaste materials r.iixed up with valuable spares etc. 

There wae a. tendency towards exceseive wa.ete of reeou...-ce, including 
leakage of coopreeaed air, eteam, •"3.ter, oil, etc., in maey areas, with 
no attempt to recedy the same, or retrieve spa.re parts. 

There vae urgent need for the develop~ent of an efficient works clear.ing 
up system, with an area. allocated for the for::tation of a epoil tip. ill 
material for the tip to pass through a reclaz:ation system for eepa.ra.ti.Dg 
a.ll metallics, etc. 

The work of cleaning up the blast furna.ces plant had co::::ier:.ced a:id eome 
headway made • 

There appea..-s to be no on going syste~ of for.tal tra1ni~g for operative!, 
fore?:en, o: Itlddle management at Ea.disolb vo=ks. 

It seems that eenior :iz:.ana.gement get the opportw:li.ty to attend semina_-s 
a.od t::aining courses etc., and have some access to technical litera.~-e, 
but below th.is level there appears to be little opport':l:lity. 

There were frequent requests !ro~ i::..iddle i:::a.:.a.o-e=~nt and fore~a~s=ades 
!or tec:b.I:ical litera.ture, infer.nation, etc., w::d vbere pcssible, these 
requests were met vith info~tion sent ~ut free the U.~., if not ~eadily 
to hand. 

There ie an urgent need !or & for.n.al training syste:ll to be set up for 
&ll e.::ployees if the existi.Dg potential is to be fully- realie:ed. 

Some discUEsion with ma.nage.::ient too!.: :plai:e reference tllis subject. 

,, '_ 11 • - • - .. 



-.!."'1 -

As shown in append.ix no. 7, the fu...---naces on full production with allowance 
for 5% I::aintenznce do~-ntime, can meet the no. 2 stage iroo de::And, except 
du:r.i.ng reline periods and/or 1!4jor breakdovns, mi~hap, etc., therefore 
tu cover for all evE:ntwtli tie!!, the fifth fu:rna.ce is required to e:::::um:re 
that ~.im de::a.nd can be met at all ti.Illes. 

However, certain other areas require further study a:od development if 
maxizr.o:n iron ~ng potential is to be realised, a.a follows: 

(a) the e.lka.lie, chloride content ~f the Ba.hariya ore m'.l.St be reduced 
to satisfactory operational levels, and the present quality of 
coke maintained 

(b) fu...""nS.Ce sinter quality and auppl:; probleme I:ru.!!t be solved vi tbout 
delay with the provisico of adequate buffer stocks 

(c) instrm::entation and control II:WSt be reviewed and modernised accordingly 
a.nd a data loggir.g syetem installed 

(d) oxygen enrichment of the blast should be ca.de available as soon as 
possible wi-:h correspondingly bale.need natural gas injection a.t the 
tuye.res (ea.ch tuyere) 

(e) extra Co.,,11er stove capacity is required at noe. 3 and 4 furn.a.ces and 
must be included in the plan for no. 5 furnace 

(1) safety standards, nafety tralli.ng, opera.tor t=ai.ning, plant house­
keeping standards llro.St be tbo1 ou6hl;r re-organised, and brou,gbt up 
to acceptable levels 

(g) specialieed ~ent trainiDg ehould be ava.Ua.1.ile, preferably in 
other collilt:ries, for all levele of senior 8.Ild middle mana.ee::::e:c.t. 

A study of appe:::idices no. 1 and no. 2 showing recently acb.ieved L-on 
productio~ a.od coke ratee, gives some idea of the potential that is 
avail&ble, and vill be rea.J.ieed if action is taken on these poillta, a.ll 
or Yhich ha.ve been vell d.iscuued vi th the Iroi:.vo::.-ks ~e::er.t. 



, 
l 
l 
I 
i 
j 
1 

'\ 

. 
I 

) 

! 
J 

-, 
i 
~ 

i 
l 
I 

~ 
t 
} 
I 
I 

~ 
l 
} 
1 
l 

r 
l 

' ;. 
J : 

( 
) 
j 
I 

~ 
1 
i. 
l 
; 
j 

1 
l 

t 

' 

r\ 
I 

r 
I, 

• . 
j 

i 

.... 
.~ 
"U 
• ... .. 
~ -

<t 

re I 
'f 

' ~~ 

d 
tJ' 

I 

d 
z 

"'Z 
0 
"' )" 
.J ,, 
p. 
-.! c.... 

'I 
0 
\; 

H 

J 
J 

ct 
.A 

i ~ 
M ,.. 

.. I- .. _._,._ 

' 

. - - - . - -.; -
~::: ~ r-

. 0 " -~ .... 'l 
~ -'l ~ 

Ill ·~ 

3 ~ llJ 
0 . t:.t 

% 
,J .., 

~ 0 ... ~ -Id .. ...,, 

~ ~ 

~ f(1 .,, 9 

~ :z: ........__ 

" ;:::: . 
~ 

--~ .; 

l 0 

;1 
..;. 

,,_ 
""' ..... .., 
':I ... .. .., 

' j .., 
-J 
~ 

4 .,.. 
it ,, 
~ .. 

4 ..I 
a.. 

!f J 

:r ~ 
I'\. 
't 

..... 
"' ~ 

~ 
--~ - - - . - . - -

-....:=:::::: ... 

-~ 
-==~~=======~- --- -- -

~ ...J tJ) ... <J ... 
'l" .. t '2 

1' ~ ('~ 

< tt ~ :E 
N .L 

'1 .. - 0 
"' z 
;:j 

~ 

< 0 

I 
.0 
1. 
ct 
u 
I-

"' ~ -
~ (I" 

Ill ~ 
~ '" 1. ~ 

V1 

"'} 

• 
~ z. ... 
r '--"' ..J 
J 
-~ 
-~ '-

C'-,.. 
~ .,.; -.. i: 

£ ': < 

• 
\~ J-l 

j 
'::! :.• 

A ..J <:.! ,,, 
...,,. 

-: ~ 
i': 

'1 11,1 
~~ 

C" 
::.< 

.lo' 

,... 

~ 

~ ;; ~ -
., tit ... ... 
" 

Q 
~ -I.I 
0 

., 
~ .... 0 

~ .,. 
"'" ..; '! •u ti ... -

~ -



I 

i 
t 
I 
1 
< 

t 
' • \ 

\ 

j 
. \ 
~ 

1 ~ 

1 
·..., 
<;:: 
'l 
~ 

JI 
t M 

~ • -r. ! . 
I ,, 
I 

l 
( '!. 

~ 

y~ 
• \· f 

f 
"' ' f 
11J 
r.. 

> ul 
r 

l 
c; 

, ~ 

l 1i) 
·' 
J 

~ 

t 
..,.-
\; 

. p. 

f 'J 
c 

i 
,::.l 

-...:::;; 

~ 
ll 

l , 

""' I( . 
":I 

' .. ... ... 
~ 

-

<: 
0 

. .: 
~ 

~ 
!t r_ 
0 

t 

--
~ 

"i 
. i 

j 

" Col 

I.ti 
"7 

~ ...., 

~ 

~ 
--~----
.~>.--;._ 
~==-
7. --->-- -- -

J 
~·-

------- -----

:l ., 'J j 
., .., t 

4 
~ 

q, 
~ 

~ e 
IS". r- j' " 

, ..... ..,3 .... -:.. -J'i.( ~t;,'lt 

--~----

'\.,I 
.., I 

';t I !' 
I 

~--: "" . I 
. i 

~.r/-4 I 
l()o 

.:; l"" 
t 

"1 l ~ ,.,, 

"" 

"fl 
~· 

... "' .. ; 
t ~ .. , 

<t .., 
f. ... 

o,j 
.... 

-1 
,..._ I)\ 

~ 

~ ~ 
- t 

"' '1 - % 

, \!: 

~ 
v 
q 

'2 
~ 

J 
.:! 

11 

'I 

" ·S-

A-, yt<-d.;,. 2 



> 
t 
i 

\ 
) 

) 

- 32 -
A..P?E51>IX NO. 3 { 1 l 

TEE RE-COM!'ITSSIONING OF NO. 3 BLAST FOR..Jl!CE - DECD!:BEE., 1981 

One of the :na.1.n objectives of the U.N.I.D.O. contact vaa to ensure the 
1m.ccesafU.l. blow 1n of no. 3 blaat furnace after & partial reline. The 
lighting up of the !u..'""'!laCe YB.8 plOililed for Vedneeda,y, 25th November, 1981. 

After arrival &t the vork:s on Sunday, 22nd November, 1981, it vaa very 
soon obvious that thia deed11ne could not be ~et, despite the fa.ct that 
~enta ven made for the Minister of Industry to pcfo:m the lighting 
up ceremony. 

Thie deadline could not be &at !or the !ollovizlg reasons: 

(1) 

(2) 

(3) 

(4) 

(5) 

The air pressure teat on the furnace shoved much leakage a.round the 
bosh and stack cooler boueillga. 
Maintenance repairs vere still in progress on materials handliDg 
and chargi.Dg systeu and it vaa eatimated that this work could not 
be satisfactorily completed by the pre-arraDged lightizlg up date of 
November 25th. · 
The old hearth bottom left in from. the previous ca::ipaigtl was not 
sn.!ficiently cleared especially in the region of ~be taphole. 
There vas a large amount of equip:ent, bal.J.aet, steel scrap, etc., 
aromd the entire site, left from the furnace repair, and 
accessibility vas poor. Good acceaaibill ty to all areas and aectiom 
of the fU%'tla.Ce structures are essential. before blowing 1n commences, 
so that arr:r arisi.Ilg emergencies can be more e881ly attended to. 
A careful drying out procedure va.s :recoi:=ended, despite the urgency, 
for A. mi.!1imum of !cur days, :reschillg a eta.ck brickwork: imrall · 
tempe:ratllre of at .:.east 350°c e.s a l=:recaution aga.inet initial 
spallil:gof the re.fra.cturH during the blovillg in operation. The 
object of this exercise vu the proloi::igillg o! refractory li..!e during 
tbe !uture camp&ig:::. The dryiIJg out vas to be done vi th bot bwt. 

Welding up of the furnace shell plates, cooler boxes, etc., contLimed for 
the folloving six days a.nd the nut pressure test on the furns.ce shoved 
onl~ m.in1m!ll leakage. Cutt,Ug out of the hes:th bottom continued. 

Drying out cotmnenced ilc:lediately', &Dd contimled for a furth~r four d.ay-8, 
care being ta.ken to carefully control the rate of teirpera.tu=e inc:ease 
and reachillg 350°c on the thi.""'d day. Uter cooli::g, a fu...--tber air test 
vas put on the f1lrnaCe, and the amount of leakage was atill 'C.!!Satis!actory. 
It vas ~eed that :ore vork should be done, to coa:pletel:r seal all 
leakage, and this vu completed by 6th December, 1981, a.:id a final &i: 
test up to i A™ presau...-e gave sat!s!a.c-;ory resul ta. 

J. 15 cm di81!1eter tube vas built into the taphole and wooding of the 
furnace hearth to eligbtl.y above tuyere leTel com:neDced and vu completed 
by 4 a.m. Monda.y, 7th December, 1981. 

ChargiJJg the !m:nace to normal stock:line va.e completed durl.!lg Tc.es~, 
8th December, despite several arising problems. 

It vu a.greed. that the initial coke cha.rge should be inc::-eaaed by 5~ 
and the namber o! charges of no. 1 bloving in burden be increued !ro.m 
10 to 20 for the !ollo~ reuo119. 
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! !aul t vas diecovered o:c the 'Coke veigbing system, and the amount 
o! coke al.ready charged was an unkno'VD quantity. 
~ level!'! of residual iron and elag m.a.teriale left in the bee.rth 
~. !'rom the previous campaign, vas considered to be too high, 
l21.atiTe to the taphole level. Aleo a lot of burden material, 
*iously left in the charging eyetem from the previous campaign 
W. found it's vay into the furnace when the eystem vaa tested, and 
~ mast have occllI'red after the fu.rne.ce hearth had been finally 
dasned out. 

The fmm.ce vaa filled to nomal. etockline after the ninth round of :co. 
2 bloCJig in burden bad been charged. 

Arter a .!illal check o! all. mechanical equipclent, tuyerea, blo"'1Jipes, 
water c:aoli.Dg eystems, etc., the furnace va.s lit at taphole and teyeres 
uaiI:g m;ygen lances. The time of llghtiDg was midnit;ht, Tuesday, 8th 
Decei::m. 

liter o. further tvo hours of free dra.ugbting, the 'sw!llllleck' ports vere 
closed and blast vas admitted to the furnace. The tube set in the 
taphoh was left open end ensuing gas was U t for safety reasons. It 
vas Tl!f;J" essential tha.t the taphole area was thoroughly heated up on 
accom: of the high · level of' residual iron and other cpillage left in 
the .tc:iace from the previous campaign. This pipe was left open until 
mol ta alag started to blow from 1 t, in the cou..-se of the day ('Wednesday). 
The ppe eventually melted avay bllt tne bloviilg to atmosphere from the 
taphole contilmed as long as possible. As soon as the blovi.I:.g slag became 
out o! eontTol, the taphole vas lightly otop,ed, us~ the gun. 

C?IDm".;[L COMPOSITION OF ':BLOW DP WRnEN 1".A.~TATS 

1".aten...ls Fe S10~ il203 cao 1'!.~ Mn s p !.L. -
1.2181.18 Sin tar 53.39 s.1e 1.54 9.53 0.67 1.55 .14 

YI 

-
Dololli:te - 0.60 0.76 I 30.9a 21 .os I - .04 I .043145.64 

G:ran. Slag 0.55 33.16 11.04 39.59 ;.;a I , .5;, 1.4il -1- j 1; 
i --

Coke Jail 13.71 44.34 24.45 I 3.ee 2.541 - , • 7~ .1221- I 
Con ~ §. ¥ !.:£.:. 

10.79 0.96 4. 15 87.82 
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0 n 
COI".POSI':l'ION 01~ 'BLOWING-IN' EUUDbrl 

. 
Charge 

Ore/ Burden No. of Charging WeiR"ht of furden Mata. T. Coke No. Charge a Syetem Gran. Dole- Sinter Coke Slag Mite Ratio 

0 52 c.c. 5.6 o.oo o.oo o.oo 

1 20 CCDS 5.6 2.0 o.co o.oo 

2 15 CCDS 5.6 4.0 0.90 o.oo 

3 5 cooc 5.6 4.0 0.50 3.00 0.54 

4 5 cooc· 5.6 4.0 0.50 3.60 0.64 

5 5 cooc 5.6 I 4.0 0.50 4.40 o.·19 

6 5 cooc 5.6 4.0 0.50 5.60 1.00 

1 ~J cooc 5.6 4.0 0.20 7.no 1. 25 

627 200 40.5 118.0 . . 

CokE Slag/ 

Total Rate 'I'on Iron 

291 

112 

84 

20 3.00 2.28 

28 2.68 2.00 

28 2.27 1. 724 

20 1. 73 1 .439 

?.8 1. 38 1.183 

627 

llurden Iron 
Cao/ cer 
8102 harge 'I' 

0.006 

1. 1 30 

1.180 

1. 110 1.890 

1.110 2.228 

1. l 10 2.6)0 

1. 110 3.390 

1.J6 4.150 

~ 
<; 

r- I ~1· 
v 

.,Jo 1 

,, 
I L. 

CctlT •• ~ •• 
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n 

WORKING DURDEN 

6 15 cooc. 5.6 - - 9.0 

9 19 cooc 5.6 - - 9.2 

10 22 cooc 5.6 - - 9. ') 

11 30 cooc 5.6 - - 10.6 

12 38 cooc 5.6 - - 12.3 

() Appendix no.3 (4) 

1.61 64 1.05 0.88 

1.64 106 1.03 0.88 

1.70 123 1.00 0.89 

1.89 168 0.89 0.91 

2.20 212 0.71 0.91 

~. 
-v 
~ ,,, 

"{. 
u 
1-

1 
(.) 

(rl 

t? 
-!./' 

5.30 

5.4? 

5.59 

6.23 

7.21 

w 
lJI 
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Append.ix no. 3 (5) 

The first ela.g vas caat thro'Q&h the tapbole during'l'hureday, 10th December, 
and as e:pected, was heavy and viscous beca.u."3e of the chilling ef.fect of the 
old hearth bottom. Casting at the taphole ves then cur.ded out on a tvo 
hour :programme and by Fri~ evening ca.ating of iron and 21188 vas under good 
control. 

There vas some difficulty in the first 24 hours gr operation, in oonb:'olllng 
the top gas temperature which was peati.Dg a:t 600 C, btlt this could be expected 
because of the extta quantity of coke cbargod 1n the initial 'blowing in' 
burden, end vaa eventual.lJ brought under conttol aa ore to coke ratio 
increased. 

:Both th~ slag notches were euccessfully brought into operation on 1"'.a.0nda,y, 
14th December, 1981. 

Following are the initial i:ron and sl88 analy-aie. The silicon content or the 
iron fo:r the .f'i:rst i'iTe cute was higher than nonnal and is the result of 
the extra coke charged dnrlJ::g the i.Ilitial !ill of the !urne.oe. It vu 
expected., and the advantage was gained in the easy access of the tapping 
hole during the first !ev cute. 
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Date Iron 

c Si Mn p s FeO cao 

10.12.a1 4,38 28.05 
3.61 36.52 
1.29 37 .10 
1.'.)5 37.52 
0.77 39.34 
0.52 3e.60 
0.52 39.1e 

11.12.61 - 7.10 2.72 0.49 .030 0.52 41.17 
1.50 5.85 2.40 0.47 .026 0.52 41.83 
.50 6.30 2.34 0.48 .034 o.68 40.17 
3.10 4.55 1.92 0.43 .040 0.60 38.18 
.70 ?.20 2.40 0.45 .030 o. '/1 39.e4 
3.50 3.75 2.20 0.46 .026 - -
4. 10 2. 30 1.85 o. 34 .038 0.52 39.01 
3.75 3.60 2.15 o. 35 .020 0.65 36.19 
2.35 4.05 2.20 0.40 .022 0.77 39.10 
3.45 4.80 2.42 0.42 .025 - -

12.12.81 3.60 4.33 2.30 0.37 .020 0.39 28.18 
2.90 3.30 2.18 0.40 .022 1.42 33.20 
4.00 2.80 2.05 0.30 .030 2.06 ~7.60 
3.90 2. 10 1.90 0.42 .026 1.03 35.35 
4.10 2.00 1.05 0.39 .024 1.29 34.06 
4.10 2.50 2.16 0.42 .026 1.55 36.19 

n 

SlaE 

s102 Al 2". 
MgO 

39.10 21.14 4.2e 
31.70 16.64 5.57 
30.66 13.ao 7. 14 
30.84 14.40 7.26 
30.00 16.60 7 .14 
30.92 16.20 7 .14 
28.84 18.20 6.07 

30.:w 17.20 5.64 
30.00 17 .83 6.18 
30.81 18.26 5.95 
30.28 17.oa 5.83 
30.04 16.98 4.52 

- - -
28.36 20.00 5.81 
27.60 18.06 4.76 
27.36 20.42 6.78 

- -

26.00 22.20 4.76 
34.1e 20. 14 3.47 
20.46 21.96 5.11 
30.40 18.80 4.76 
20.74 19.20 5.00 
33.60 19.34 4.58 

~dix no. 3 (6) 

s 

1.14 
2 .15 
2.20 
2.52 
2.07 
2.36 
2.39 

2.06 
2.01 
1.85 
2.06 
1.76 
-

1.96 
2.40 
'.?.60 . -

2.06 
1.68 
2.10 
2.06 
2.00 
2.27 

11 
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appendix no. 3 (7) 

Some of the analyees were open to BUSpect. 
e.g. ( 1) Carbon in the iron 

(2) The initial gae analyses art'! not reported as they eont1nual.ly 
ehoved higb o:zygen content and vith all the coke (red hot) 
in the furnace this vaa impossible. They were later proved 
to be erroneous. 

There were some nuctua.tiorus 1n silicon content a.fter this date, but good 
control of iron quality was established by Deoember 14th and the silicon 
content was maintained around 2% !or approximately tvo 'Weeks (foundJ:y iron 
demand). 

Slag quail ty vaa balanced rl thin the nert few days, as f ollcve: 

FeO 
can 
Si02 
il203 

~ 
0.80 - , .20 

35.00 - 37.00 
32.00 - 35.00 
13.00 - 14.00 

MgO 
Mn 
s 
.ca0/s102 

~ 
3.50 - 4.50 
1.10 - 2.JO 
1.00 - 1.40 
i.05 - 1.10 

Late:: the ii:ilag baaicity vaa lowered successfully to a raIJge of .j() - 1.00 

For thei ne.:t !ev ve2ka tbe progress of the fume.cl! vaa carttfull.;r moni '.':orcd. 
There vere one of tvo teethirig troubles, vi th failure of mechanical. equipm~t, 
e1dpbole spillage, 1ni tial casti::g ~ maintenance caused by the, hi6h 
ail.icon i.ror. etc., but the blowing rate, blast tempe:rat-axe, high tuy :pT.eseure, 
etc. , vere oteadilT increased 'Qiltil 2&%.iDram bloviilg capacity al.lovable vi th· 
only tvo Cowper stove availability vaa x·eached. The third Co'llllle:r .:1-:ove, Yb.icr. 
vas still. unde:: reline at t.be time of the blov in, waa re-cotr::nissioned in 
mid-March. 

As thue vas lici.tec.1 de:nand for iron o! •teelvorlca qusl.ity- anc1 a hleh d~ 
for 1.r¢n of 1 .5 - 2.50 silicon content for found...""j purposea, it vu decH.•.l t? 
mainttln the eilic::in content vi thin tJ:U.11 !:'&::ge u:i.d trana!e.r all iron to the 
castiL.g ma.chi.ne. The plan worked veil, and el:lB1l:'ed that tbe fu..-r.a.ce hearth 
bottOlll vaa vell heated tb:~ugh. 

The blow 1n 'll'~lB & eucceaa and the furnace vas quickly under control. 

1'he fiJ.nister for Illdusn-y visited the !urDace on WEdnel!I~, 16th J>.ce:xber, 
and expressed his c~tisfai:tion. 

SL""'E'I'! ST.!..~....t..'1..DS DUP.I..~G TEE INITIAL ELlJW IN PE!UOD 

The 1tandard of safety and ea!e vorki.Dg practice vi thin the Ra.di.sol b 'lier.la ie 
!er !rom acceptable when co:pared vi th the Eu..-opean and J.merlca.n st.e.nda...~, 
and 1mcb needs to b• done to e?lSllre ad~uate p...-oteetion !or the employee. 
There 11 a separate section in tbia repor·i;, reference this. 

Dnrillg the blovi.D.g in a.ndblovi.llg out operatiou at blast fu..."'"Il&Cee the :potenti&l 
hazard 1e "fery high and a.dllerence to & et:rict, laid doVD, safety procedure 11 
cfutmost im:;iortance 1! the work !ore• are to be adequately protected dnring 
unexpected incidents, i.e. when thi• h1sh level of potential. hazard suddenl1" 
becomes real. 

The absence o! &llY laid down procedn..-e in this respect o! safety and protection 
vaa noted, !or axamples 

For the !i.rst !ev boun a.!ter the blut 19 blow into a new !urn.ace, th• carbon 
aono%ide content o! the gas is extremel:r higb. ilao vi th eTexyt.hiDg UQtl.'ld 

the !u:roa.ce being nev, the amount of gu leakage that Yill occur is eo111evbat 
c! an unknown quantity. 

-. 
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- 39 - Append.ii no. 3 (8) 

Despite this, there vere no gall :maks available in case of emergency a.t the 
furnace. After r.equ~st, tvo v~re obtained from _,1sevhere in the vo::=lal to 
cover evcntuali~iee, but it vas fairly ertdent ''hat ft!IW, if a,,,-, of the 
wo:rken around the fn..."'"lla.Ce were familiar vi th their use. 

There Wt!::'e no reeC1le or resuaci ta.tion eervi au1 available and t-~eatment of 
~sed &mployeea did not ccC!.l~~c~ dB and lllltil the ambulaace arrived, sgni.n 
from eleew~~:re in the vorlus. 

Dile to orders being ignored, on t'vo ereparate occasi"na aeTere.l workers 
BU!'ferc.d fr:>m the effoots of i.llluli~ carbon monoxide, vithit. one ~om- of 
the blaat beiug adm1n!ster•d to the furnace. 

!t vas Vfl!.'Y cbrtouzi 'tllat D-:> one appeared to fully sppreciate the !,!;& 
da.oger p~t2ntial of the operation in hand. 

Dun.ng "Che following weeks, l!iecuseions reference the importance of gas 
ea.fety pro~edc.re t(;Ok pla.ce with Zl8rUigement, end a !ull scale gas safety 
train1ug/:.-e3cue proceedure foJ: Radisolb blast furna..::e plant was developed, 
includiDR the designing of a system with necessar;r certificates etc. for 
<!r.·t;ry/York in confi.Iled space. More is said about tl:.is llllder the section on 
sc·~ty ai::d Safe ··'Working Procedure. 

A copy of the Gas Safety/Rescue procedure BUe"t:ested to Ha.disolb blast furnace 
management 19 fol:Dd in App~nd.U: no. 8. ilso i:iclud.ed is a cow of the 
certificate developed for en~ry/vork in confi.Iled space,(see appendix no •. 9) 

Tho f~""Ilaea continued to work satisfactorily duri.Dg the p.rlod of tvo stove 
pract~.c•, vi th a eta&dy increase in iron production and de(:reaae o! coke 
rate. (see e.ppendiz nos. 1 and 2). 
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APPENDIX 7 
ESTIMATED IRON PRODUCTION PER DAY 

Downtime - 4: 
Coke quality maintained 

YEAR MONTH Nol No2 No3 No4 TOTAL + 5mm Sinter 
FCE FCE FCE FCE Required/day 

1780kg/t.Iron 

1982 July 450 Reline 1800 1900 4150 7400 
Aug " 1850 1900 4200 7500 
Sept II 1900 4250 7600 
Oct II II 4250 7600 
Nov II II 4250 7600 
Dec II II 4250 7600 

1983 Jan 450 250 1900. 1900 4500 8050 
Feb 300 " II 4550 8100 
March 350 " II 4600 8200 
April 400 II " 4650 8300 
May Reline 450 1900 1900 4250 7600 
June II " II 4250 7600 

* July " 2000 2000 4450 8000 
Aug II 2000 2000 4450 8000 
Sept 250 450 2100 2100 4900 8800 
Oct 300 II " II 4950 8850 
Nov 350 II II II 5000 8900 
Dec 400 II II II SOSO 8900 

1984 Jan 450 450 2100 2100 5100 9100 
Feb " II II II 5100 9100 
March II " " II 5100 9100 
April 450 450 2100 Reline 3000 5400 
May " " " 3000 5400 
June " " " 3000 5400 
July " " " 3000 5400 
Aug 450 450 2100 1100 4100 7300 
Sept " " II 1300 4300 7700 
Oct " II " 1400 4400 7900 
Nov " " II 1500 4500 8050 
Dec " " " 1700 4700 8400 

1985 Jan " " " 1900 4900 8750 
Feb II " II 2000 5000 8900 
March 450 450 2100 2100 5100 9100 
April " " " II 5100 9100 
May " " II II 5100 9100 
June II " II II 5100 9100 
July " II " " 5100 9100 
Aug " " " II 5100 9100 

* Oxygen enrichment available (estimate) No. 3 & 4 Furnaces 

PS/050783 
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YEAR ~10NTH Nol No2 No3 No4 TOTAL + 5mm Sinter 
FCE FCE FCE FCE Required/Day 

1780kg/t:.Iron 

Sept II 5100 9iQO 
Oct " " 5100 9100 
Nov " II 5100 9100 
Dec " " 5100 9100 

1986 Jan " " 5100 9100 
Feb " " 5100 9100 
March " " 5100 910C 
April " " " 5100 9100 
May II " " 5100 9100 
June " " " " 5100 9100 
July /150 450 Reline 2100 3000 5400 
Aug " " " 300(1 5400 
Sept " II II 3000 5400 
Oct II " II 3000 5400 
Nov II II 1100 II 4100 7300 
Dec II 1300 " 4300 7700 

1987 Jan II 1400 II 4400 7900 
Feb II 1500 ., 4500 8050 
March II 1700 II 4700 8400 
April " 1900 II 4900 8750 
May II 2000 " 5000 8900 
June " 2100 " 5100 9100 
July 450 Reline 2100 2100 4650 8300 
Aug II II II 4650 8300 
Sept " II " 4650 8300 
Oct II II II 4650 8300 
Nov II 250 " II 4900 8300 
Dec II 300 " II 4950 8300 

PS/050783 
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- 46 - Appendix no. 7 cont 

NOTES - :DAILY IRON PRODUCTION 

(1) Daily iron production is the estimated maxi.mum production vith all 
available furuaoes making basic 1-.""0n. 

(2) The mantl.factare o! high silicon pig iron suitable for foun~-y work is 
not taken into account 1n these figcres as it w1ll. only be made 
according to market demand and spare furnaoe availabill ty. 

(3) + 5 an sinter requirement per day allovs for furnace demand only. ~ 
figures do not include the development of stock piles. 

(4) Oxygen enrichment of the blut will allow increal!e in the natural gas 
injection rate givillg corresponding reduction in coke rate and 
increased production of i.ron for a given bloviDg rate. 

c (5) 

(6) 

Plan:led major repairs at sinter plant and steel plant should, vhere 
possible, coincide vi th the periods of reduced fu..""Ila.Ce availabi.li ty. 

The.l'-e is aome room for 118.Ilouvre vith fuxnace reline dates to ceet 
planned sinter and steel plant major repairs without reducing iron 
production. 

(7) The build.ins o! no. 5 furnace 1s not taken into account. 

c 
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The follovi.ng 11:USt be considered:-

(:5) 

(4) 

(5) 

lUa.st fu..--:nace plants operate vi th a ve-ry high level of potentian haze.rd. 
Dtn.·ing plant operationa blast fu.-""n.a.Ce gas is made and used in large 
volumes - it ia toxic and ext=emely daogerous to human li.fe. 
In relatively lov levels of concentration of blast fUID&Ce gas, a person 
he.a only minutes to liTe, and in a correspoodillgly lees :;>e.riod o! time, 
is rendered helpless, and with poesible brain damage. 
Clean blast f-crne.ce gas is colourless and odotIXleee at all times, and 
uncleaned gas is colourless and odourleH vithin minutes of entry into 
the atmosphere. 
Blast fu...-nace gas haa the same density 88 air, and so :remains within 
the BUr.:"Oundi.Dg atmosphere. 

The genern.l vo:rl::B Bytttem of tra.1n1.ng prior to· actual ecployment at th"! blast 
furnace plent should ensure that all employees are made fully aware of the 
real danger of atmospheric pollution (conta:n1.o.a.t1.on) with blast !llrll&Ce gas, 
and that they should lc:lov the oorreot procedureo to be adopted in such conditions, 
with respect to personal. safety .md notification of authority-, etc. 

Within modern plants, eeca.pe of &as into the atmosphere ia US1la.l.ly vell 
controlled, but past e:::perienoe tb::otJ8hout th.- world baa proved that 
periodiceily, serious accidents from gas le~ do occur throilgh:­
i.T.lstra:::ent fa.1.lure, plant .f'a.1.l'Cre, bums.n error, ~dverae weather condi-:io.os, 
explosion, etc., and it is very es!lential that a.a .f'a.r as possible a system 
18 inoorporated into ever)...ay" plant practice to enl!tlre tb.a.t the sa.!ety of 
all employees is catered for when serious accidents, involTi.ng leak:ae-,-e, ® 
occur. 

Maz:Lae-ament i::ust at all times e:csure that arr:! necessary gas leakage to abosphere 
18 done under strict su:pervision and control, &Dd that entry .1.nto confined 
space at blast fur.:iace plant. 111 at a.ll times fully sttpenised by :responsible 
peQple 8!ld that the 'permit to enter' certificate system 1e e.lwave used. 

Should a:i u:.controlled escape o! gas oce1ll", then the system llillBt cater for 
the follo'tli.rig: 

(1) .l reliable ala:m 11ystem that can be operated by a!!"'ected personnel, if 
necessary, indic&ting the area o! contam.1.o.ation/e.mergency to all people 
preaent at the :Plant, and includ.i..ng' the Cu Eescue Station and the 
Works Safety Department. 

(2) Mobile :rescue fa.cili ties are i:ced.!.atelz av&ila.ble if requi:ed, !o:r e&fe 
removal of ca.sualties !':'Om conta.::U.::.ated areas and, 1! necessa...-y, able 
to give i.:m!lediate :resuecitation sa.fely vith.i.n the conte.t:l..il:lated. a.re& -
under aucb circU!:18tances ti:le is very Ti. tal. 

(;) Resuacitation !acilitiea are il:cnediately available outside the area o! 
contamination. 

(4) T:ra.:sport is available for removal of seriouel7 a!!ected casualties 
to hospital vith retnU1citation still beillg carried out during the 
jOUJ:Uej'" • 
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(5) An investigation is carried out immediately to detenn:ine the caus& of 
the leakage of gaa. 

(6) Raedial action follove immediatelv to stop the le~, ensuring that 
all persons tak:1Il6 part in the action to stop the leakage are correctly 
protected. 

A. PERSON?IEL REQ.UTiill1ENTS 

( 1 ) Superviao;:y 

(a) T".oe bla.et .furnace management llm8t be seen to be !ully in eu:pport ot 
the system and givi.Dg personal help aa reqltl.red. This vill ensure 
that the workforce recognise the serloUBneH of the situation and 
will be encouraged to volunteer their ee:rvicea and a.ccept correct 
t:ra1niilg. 

(b) A Gas Safoty Officer maat be appointed to nperviu all operations 
and training connected with gae •a.fety and reacue. He JoUld liaee 
continually vith plant management, have direct access to the 
Ironworks Manager, and have complete charge or the Gas Rescue Station. 
The person appointed tc· this pod tion should be dedicated, 1ntell189nt, 
and highly active, vi tl:. plenty of driTe to get th1l:iga done. He 
should J)OSeess seli' coz:.fidence and be able to keep calm and think 
clea.r17 in ti.:nee o! real emerseneT. He should ba sent to the 
United Kingdom along vi th the senior Accident Prevention Mnnz.ger 
for specialised training. -

( c) Slli!t Opera tcr/Engi.neers to be appointed vi th reeponsibili ty for 
the maintenance ot all equipment, gaa masks, :resuecitaton, rescue 
tacklo, e~c. 
They- vill ope.rate the oxygen and compressed air compreHors od 
org&Dise mainteD&nce to enstire 100}6 availablli ty. 
They will be responsible for the safe condition of all equipment 
and ensure that all co?!!J)reesed air and oxygen cylinders are filled 
to stipulated premre and are tested 'leak free' , prior to :replacement 
in the store etc. 
The most efficient operator/Engineer should be trained to daputiae 
for the Gu Safety Office:. 
Theee jobs will by clusified as GAS SAPETT ENG~. 

( 2 ) GAS filSCUE TEA."!S 

Ten Tolunteen to be aeleeted from each ahi.!t to !om a shift rescue 
team and each man must possess the !ollovi.ng personal cbaractenstics: 

!!al aged between 25 and 40 years 
have worked. at Rad.111olb blast furnace plant for at least 1 year 
be employed in the ~pe of work: that can be left immediateq 
(all Rescue Teu M~bers mut bo re~ available in emergency) 

lg
d~l pbyl!lically strong, heal tb;r and vi th no diaabili ties 

not claustrophobic 
not nervous of heig!lta 
a!ter 1n1 tial t:ra.i.lli.ng be prepared To undergo entry into the 
obstaoled gas chambe.?' prior to final selection into tte shift team 

(h) &!ter selection be prel)ar•d to be intensively trained **, 10 that 
he can ~ into immediate actiol.' fully unde:rst&o.d.1.ng vhat ie 
required o! him and b&ve the confidence of bis team leader 

(i) be preps.red to 1t83' in the rescue team onoe be has been fttily 
trained. 

*"' - ?;e ~ -~~·~ Of~~oe~. ~~ be r!spons~~~e !or the ~taoda...-d 
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Preferably the shift team leader should be a dynamic etaff grade productioD/ 
mainteilll.Dce engi.Deer vi th several yea.re of plant experience coupled vi th 
a. good vorld...ng knowledge of pl~t operation, and who can operate 100}6 
J.n co-operation with the shift man.ager in times of rea.l emergency. 

All rescue team members viJ.l. wear special identification vhile at work, 
in the form of a badge, arm band, epaulette, etc., for im:ediate 
identification purposes. · 

The team leader"s 11a!et;r helmets ehould be a special colour !or the 
purpoae of identification at a distance (in times of serious emergency 
this is essential). 

The gas masks of team members v1ll be in sealed containers or lockers 
clone to their area of occupation. It is the responsibility of the Ge!! 
Safety Ecgineer to renev the cylinder of tile mask once it has been uaed, 
even if only for a lll.nute. He should, at the same time, sterilize 
the face piece and remake the locker eeal. 

AII:f broken locker seals should be investigated immediately, the gas mask 
tested and the locker re-sealed by the G.S.E. 

Discipllna...-y action should be taken i::l:lediately against any iinauthorised 
person found inter.ferillg with the locker seals. 

ALL 1-!EMBSRS OF TEE BLAST FURNA~ WORDORCE 

The work!orc~ require t:aini.ng, and it ia the responaibilj.ty of t ~ mt 
management to ensure that tbe workforce know hov to cond:a:t themet!- ,~a 

in times of eeriotlS eme::genc7 and are fully aware of the !ollovillg:-

(e) 

the reasons for rescue team d.evelopent e.t t!le blast furnaces 
the correct V2.f!J' to ue the gaa alam system 
how, e.nd vbe.n, to rend.er artifieinl reapira.tion 
every perso:l should be !ull;r trained to use a gas J:lllU!k and hov to proceed 
ooee it has been used, to el:lfllll'e t~.a:t it is serviced u eoon u 
poHible 
the procedure to be adopte~ vb.en the ga.s ~ oper&tes. 

As sooo as the :Reseue Tea.me ha.,. bad eatiefa.ctory IN!'!'1"J.L '!'?~ the .;. 
t:ra.i.Iliil8 of the vor.lci'orce shoT...ld coc:nence immediately wi'th da.oc.strations, 
fil.llls, etc. , and should personally take :• p:u-t in all the a.c ti vi ty associated 
vitb tta1ning. 

It is the responsibility o! the l!8llage.Clent to P'J.Stlre th.at all personnel 
who work on the blest i'tlr""'..a.ce plant :receive !!Us t':t'3.1.lli.ng which vill be 
oa.rrled out by the Gas Sa.!ety O!!icer and the Gas Sa.fety E::gineere • 

.!CCITu;.."'"?fl' PP..Ev ~"i'r!ON DEP~ 

The rescue teams, team leaders, Gu Sa.!ety Engineers and Gas Sa.!ety Officer 
are all directly respo!lBible to the blast fur.la.Ce 1"'.ao.e.ger, and be vil.l 
bear the ultimate resJ>OU19ibility !or the efficiency of the organisation. 
Ro..,ever, there should be an indirect link vitb the Works Accident Prevention 
t.epartment and especially to the Accident Prevention :!>tanagers vho a.re 
d1rectl7 responsible to the Tarioua il'o:rks Departments, in case the Rescue 
Teams are required to deal with emergency elsevhere in the 'iork:B. 
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The 13enicr management should organise a function once per year for the 
rescue t•a:D mei:ib.e....-s, G.S.E. 'a, and G.S.O., and all members of the blast 
furnace ms.nagement, to recognise the vol'tllltary e.ffort •• Outstanding 
devotion to duty or 'o:ravery during rescue should be :recognised by a 
Works Avard or Certificate. 

THE GAS A.LA.BM SYS~ 

A 11yet~ 111119t be "bull t throtJ8hout the plant so that people 1n difficulty can: 

notify their position to the Gas Rescue Station 
warn the plant that there is an emergency 

The srstem mast fail safe, i.e. arry failure of the system must react as an 
alarm. 
?'.any different systems are in op~ration th...'""Ot:ghout the world. Tne following 
deeign snggeated vas 1n operation for some 25 years until the plant vaa 
closed dovn, and over this period was instrtcental 1n saving a Illl:Xlber o! 
lives, as well aa alerting the plant generally, when conditions deteriorated. 
It never f .dled to operate vh~n required and was serviced on a regular basis. 

Basic Design 
A robuat push button GYBtem, with adjo1ning speaker point, was aet up around 
the e:itire plant, i.e. blaat furna.ce, gas va.shi.Dg system, etc. The 
buttons aid speaker points vere strategically placed 1i metres above 
valkw:y level at Bll places vhere escape of, or contnminAtion from ga.e 
might occur, i.e. around Cowper hot blast stoves, at ell ltivele at each 
blast furnace, &l.l levels at dus-:catcbere, f~"'Da.C• chargillg and tap levels, 
gas cleani.Dg plants, gas holden, etc. 
All v~ vu heavy guage and veil protected in strong conduit 'tubing, 
which vas run vheze it would sustain leut da.l:age. 
The epeuer pointe and push buttons were of :robust design, dust :proof, wa~er 
proof, and guarded by a heaTY 1teel band against accidental. lc:loctiog by 
movil:lg objects. The steel band vaa so designed to act u sup;>0rt for & 

pe.rtisJ..17 gassed man, vhile be coa:::nnicated his position andfor presaed 
the ala.r.11 button. 
ill Bl~ buttons llitlSt be adequately identified. 
Tbe preesi.Ilg of one of the ala.m buttons does tvo ttiDgs: 
( 1) activates a. loud siren with distinctive note &!ld sou:ids !or one 

llinute th..."""Oughout the loud speaker system 
(2) acti~atea an illUI:dnated panel 1n the Ga.a Rescue Station, identifying 

exactly vberc? the but-ton has been pressed • 

.h eoon as the siJ~en atope blovi.tlg the Gas Reecue Station attend.e.nt notifies 
the plant via the loud speaker system as to vhere the casualty/ emergency 
is situ.a.ted. The Rescue team members bear the lou~pea.k~r mess~ and 
a.sse!!!ble i:::nediatdy vi th their gas masks and are at the discretion of the 
team leader vi thin 1j- mi.Imtes o! the ala::m bei:lg raised, boviDg ua.otlJr 
where the emergenc:y/casualty is situated. 

I! the emergency proves serious, the station attendant brings the rescue 
vehicle with utra SUJ>pliee of equipment, assistance, etc. 
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._ 
_fu._ ACCO?-!ODATION 

c 

c 

(1) Gas Rescue/Training Station 

(2) 

Ideally required is a building vi th eix :roo!ll!!, ~lose to, and in full 
Ti.av of the blast furnace plant, but outside the area where contami.naticin 
from gas could occur. 
The :roorna vill be llSed for the followillg:-

Room 1 - Garage for Rescue Service Vehicle 
Room 2 - Store for fully serviced equipment 
Room 3 - E:quipment tc&intenance and repair shop. Thie :room will also 

house the CPA and Oxygen comp:reeeors 
Room 4 - Lee ture theatre and train 1 ng room 
Room 5 - Rest room vitb toilet facilities, etc. 
Room 6 - Administration office 

Gas Training Ch.aI:iber 

Adjacent to the Gaa Reecue/Trn1n1ng Station a cha:Db~ should be built 
to ei.i:mlate difficult conditions of da:d::nese, gaseous atmosphere, 
difficult access, unexpected obstacles, etc., that could be experienced 
in times of difficult rescue conditions. 

The chamber is used to test a man's reflexes e.nd bis suitability !or 
:rescue team membe.rship. Aleo it ia used for intensively t:ra.1ni.ng of 
the tee.ms under very dii'ficult conditions, etc. at a late:: date. 

It is essential that therie 'aa.ildings and serrices a.re mai.ntainad 
in first class condition at all times. 

D. EQU!~ ll'gUIRED 

(1) One fully enclosed !our wheel d-""ive, bard top, vehicle, aa emall. u 
possible in size, but capable o! eea~ing the !ull rescue tea:i &lor.g 
with all necesse.ry rescue ~uipment. 
The vehicle should be used otlly for rescue purposes l!.?ld/o:r rescue 
t_""Sin1ng needD, and ehould be kept &vailable on a 24 hour be.sis and 
always ready for im!:ledia.te ue. 
The 1.ntenor of the Tehicle should be pu.""posely fitted out and at all 
times kept fully equipped vi th e:-t=a. gas me.3b, cylinde=s, resuaci tation 
equi:prnent, stretcher, blankets, slingi?J€ gea=, at:iosphere testing 
equipnent, eleetrlc 'intr-nsically' ria.!e torches, etc. 'i'his 
equi:pl!lent should never be removed !rom the veb.icle, exce,t to deal. 
with emergency condit1om &!ld rescue,or for ~ten.a.nee a.:id clea.rJ.Dg. 
The condition of the Teh.icle and equipment is tee reepor.sibili ty of 
the Ga.s Safety E:lgineer on duty, and should be checked each shi!t. 
The engine of the vehicle should be rtm each day and the g9ner&l 
mechanical condition checked by a !ul.J.7 t:ained mecb..a.nic. The petrol 
tank should be full at all times.· It must be remembered that when tbie 
vehicle is wanted it is for real emergency vi th ollly milmtea to spa:re. 
Diacipll.na.ry action should be ta.ken immediately against any person 
usi.Dg this vehicle for u:y other purpose. 
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Compresoed air coillill."••eor for filliI:& gae mask cylinders (several 
types a...-e available) 

50 ocmplete C.P.A. ga.e mask.a vith 50 spare cylinders 

Oxygen equipment for filling resuscitator QXY'geD cylinders (several 
types are available) 

6 oxygen reS'llBcitntors with 20 epare cylinders 
The 'Mim1teman' re8U9citator is :recom::iended from experience. Four 
people can be revived from one aet, which ie easy to operate and easy 
to carry. This reswscitator ia an ideal machine for use in areas of 
difficult accessibilitJ' 

10 stretchers, 4 rocking stretchere, blenkete, protective clothing, 
helmets, wellington boots, oilsk:iils, etc. 

Safety belts, barnf!sses, :ropevork, slin.gillg gear, pulley bloeke, 
(on no account must this 89-uipment be UDed for arrr other purpose 
rescue and rescue tTa1n1ng) · 

10 portable atmosphere teatere for carbon monotide 

; oxygen testers 

supp~ o! torches (intrinsically safe) + 

film projector and training fi.lma 

etc. 
than 

Instamatic camera. Picttl:res taken dllring rescue are very uiscful for 
futtl:re tta:1n1ng purposes and general 1nfo%mation a.bout the emergency 

General office and 1drn1n1e~tion equi:p:ent . ,,.. 
2 'lieawsi-.A.nn' in!latable lilodela for training"mouth to mouth 
re8UScitation 

+ - All electrical equipment ued mu.at by inti!lsieal.17 ea.fe. 

CO~ITS 

A 151atem of this type or similar vill en.sure the !ollowi:r:g :results once it 
is opera.ting nor.:al~ and accepted by both mallageillent and vorkforce e.s standard 
works procedure. 

(. (1) :reduce the serious accident frequency rate and ~revent !&t.al accidents 
occUJ:TiDg from carbon monoxide poison.1.Dg 

(2) give confidence to management in ti.mes of hi6h p:roduction and in 
cli!!icult plant operating conditions 

(3) help to protect tbe blast furnace workforce from aerlows in.jury in 
times of real Gergency and ensure that tre.1.ned help is i.l!l!:lec:ie.tely 
available on a 24 hour ba.sia 

(4) gives confidence to the workforce when di!!ieul t ta.aka ban to be 
accomplished yet making them aware of the potential ha.za..-d &..."'Oun.d. the 
blast furnace plants 

(5) improve standards of general training and the need !or train.1Jlg is 
re&liaed by the vo:rk!orce. 
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( 6) Increaae the nwnbe.r of vorke.r?! and ~ent vbo can .react correctly 
ill times of real emergency and eo reduce the tendency fo.r panic to 
spread. · 

(7) give help and save ll1'e ill other parts of the vo.rks when eme.rgenc7 ... 
conditio?l8 occur 

(6) reduce the amount paid out e.mmally in compensation !or injury and death 

(9) increases job satisfaction for all thoae inTolved 

(10) improves managei:ient/vo.rkforce relations and thereby the workman's 
attitude to his work which must sa.ve the compatlJ' a lo~ of mone7 

NOTE 

( 1) traiDing of rescue teams and plant personnel should be on-going at 
all times using a definite .rota system. The tra1n1 .. g of eI:ployeea 
should be co:npuleo.ry and diaciplinary action taken against ao;yone not 
turning up to trsi.nil::lg eeseions • 

(2) an 't:Ilrelia.ble e.la~ ayste:n is a g:rea.te.r ha.za...-d to plant personnel in 
times of real ~e.rgency tb.a:l no ala:::n eyste:i at all, as eve:yone 
comes to rely on the system operati:lg correctly. 

Follo'w"il:lg is the design o! Certi!ica.te suggested to the Egypt Iron and Steel 
Comps.cy to e:asure safe entry/work in confined spa.ce, for a.ll it's empl01'8H• 
(see appendix :io. 9) 
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CERTITICATE OF ENTRY INTO;\lOBX IN CONFINED SPACE 

c 

c 
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Submitted to F.gyptian Iron and St:?el Company as possible Doclil!lent Deeisn 

:EXrrPl'IA.1i IRON ANI> STEEL COMPANY DOCUMENT 

Gent!ral Works Certificate to authorise entrv" into/work: in eon:"ined epe..ce 

(note: this certificate to be made out in triplicate) 

No person shall enter or remain in a:ar cha:aber, tank, Tat, pit, pipe, 

nue or d.milar confined space vhe:re there !:!:l. be dangerous fimes o:r 

lack of o::Q"gen, UIJ.l.ese dtU,- authorised on thie !'orm b;y a responsible 

person deeig:oated with this Authority. 

Part .! 

( 1 ) The confined •pace to be entend 

(2) Depa...""tment or area 

(3) :Same ct responsible/designated person 

(4) Name of person reepomible !or teetillg 
of the at:llosphere 

........................• 
•........................ 
....................•.... 

••······················· 
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Part :B 

TEST CER'l'D'IC.!.TE FOR ATMOSPHrnE Ill CONF!m SPACE TO BE EN'l'E3ED 

(note: A gae mask muet be vo:rn duri.Dg all atmosphere teetillg within the 
confined epace) 

•r have carried out the teat to detezmine whether the above 11entioned 
~ ·n.f!.-ied srace is free froo dangerous ftm1ea and bas en adequate SUIPlJ 
of oxygen for reepiration, and I certify th.at entTy i:ato the confined 
11pace is pem188able 'WIT.H / WITJOUT a gas mask" (delete accordinglJ) 

(1) Result of teet " Carbon Monoxide 

" Ol:ygen 

••.......•.••••.........• 
••··•······•··········•·· 

(2) The confined space is cocpletely 
isolr .ed and free from daIJ8e.roua fllmea ~ 

( 3) Bn...""Iliilg and veld:" .ng etc • can COillDence n:5 

Signatu:e of person :esponaible for atmosphere test 

Time 

Date 

10 (Delete acco.rdiDglJ) 

NO (Delete accord.iilgl.y) 

•........................• 

••·······••··········•·•·• 
••••..•..•.....•..••...... 

I 
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Fart c 

ENTRY INTO CON.!'' .. ~BED SPACE WIT!!OUT BBE!TEING L"DPARATUS 

(To be completed by the Shift ¥.a.nager/:Designated Person) 

"I bave checked a.a !'ollove:-

(1) Isolation is possitive n:s HO ( delete accordingly) 
(2) Ingress of dangerous fumes ia impossible 

(3) All sludge and dust deposits liable to give 
off dangerous fumee are re:oved 

(4) The confined space is adequately ventilated 

(5) Testing for dangerous fll:lea gives acceptable 
resul.te (belov 50 P.P.M. for carbon monoxide) 

(6) There is adequate air supply !or respL-ation 

n:s JiO 

n:s HO 

n:s NO 

n:s NO 

YES NO 

( 

( 

( 

( 
" 
~ 

~ 
/1 

11 ,I 

" 

" 
" 

n 

" 

11 
If any one of the answers is 'HO' or the atmos-pbere test shove 
contamination above a. p~rmiasable level or o:xy~n deficiency, then 
gas masks MUST be vo:rn a.i:d P!ET D onl7 of this .Docu:::ent beco::i(!e 
applicable and must be filled in accordiJJgly. 

" 

" 
" 

" 
• 

"I hereby a.uthoriae the !ollovino persoDnel from •••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••••••••••• (a...~a, Department, or Compe.IlY' to be :czned) 

to enter and vork within the confined space indicated ••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••••••••••• (Na:ie of confined space) 

Na.mes o! Personnel entering the confined space 

(1) •.............. (2) •.•........••.•• (3) . ................ (4) . .........• 
(5) ............... (6) •••••••••••••••• (7) •••••••••••••••••• (8) . .........• 
(9) ••••••••••••••• (io) •••••••••••••••• (11) ••••••.•••••••••• (12) •••.......• 

• 

) 

) 

) 

) 
) 

•. 
~ ... 
\ , 
j 
I 

i 
1 , 
·~ 
j 
1 .. 
~ 
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EXTRA CONDI'l'IOl:S DICTATED BY SRn'r 1"..ARAGERJDESIGN!TED PERSON 

•..........•.•......•...........••.•...........••...••.••............•..••.•••• 
•············••·•·······•·••··•··•··························•·······•·•·······• 
.............•.......•••.............•....•..•.•.••.•...•••.................... 
...................•.•..•.......•..........•.•..........•....••••.............. 

For period commencing 

(state time and date) 

and finishing 

(state time and date) 

'l'ime 

Date 

Time 

Date 

.•...............•.......••••.... 
•••••......••.•.•..•..•......•..• 

••............................•.• 
................................• 

Signature of Shift ~..anager/Desig:lated person ••••••••••••••••••••••••••••• .•••• 
(See notes 1 and 2) 

To be eisr.ed by the receiver o! this 'completed' certificate 

"I !'ull7 underetand m:t' responaibllitjr ae senior person in charge of the 

pe-sotmel eoteri.ng and vo:rki.Dg vi thin the con.fined apace I18.l!led as !ollovs: 

···•···•························••····•··············•························• c ······················································ ........................ . 
Signature (:eeeive:r o! this Cer+..i!'icate) 

(see note 3) 

•.•....•.•.•.................•.....•.• 

' i 
J 
J 
1 , 
.; 

1 
-· 
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, 

Part D. 

ENTRY INTO COBl"INED SPACE -'EA.RING BBE.A.TEINC APPARATUS 

(To be completed by" the Shi.ft Manager/Designated Person) 

As the atmoapherio conditions within the confined space are uncertaJ.ll/ 

unsu1 table, all the following conditions ab.all. be strictlJ" observed prior 

to entr1'. 

( i ) Sui table breathing apparatus ~ be vorn 

(2) ill persons enteritlg the confined space .£!fully trained in the uae 
o! breatbi?l8 apparatus 

(3) Safety belt or harneH 1a vorn by each person entering the confined space 

(4) A. ll!'e line is attached to each safety belt or huneee 

(5) One person :remains outside the con!ined space holding continuallT the 
free ends of the lifelines 

(6) Resuscitation equipment ia imlllediately to hand 

-HaviDg satisfied J113'8elf that the above conditions are fully applied, I 

hereb)' authorise the follovillg personnel fro• ••••••••••••••••••••••••••••••• 
...................•..........•...... (area, department, or Compa?J;T to be named) 

to enter the confined space indicated .....•................................• 
····································~ (name confined space) 

Namee or persons entering the confined spsce 

(i) •···•···•·••···• (2) •......•.•..••.... (3) •..•...•••..•.. (4) . •••..•.... 
(5) ................ (6) .•................ (7) . .....•..•..... (8) . .......... 
(9) ·•······•······• (10) •...•...•....•. , .. (11) ••••••••••••••• (12) ••...•...•• 
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EXTRA CONDITIOtTS DICTATED BY THE SHI?!' MANAGER/DESIGNATED PERSON 

........•.•..•......•...........•.•....•..•.......•.....•..........•...•..... 
•.•.....•..•.••.•.•.....•........••..........•.••....•.....•.••..•..........• 
••.............•.••••.•............•.............•.....................•....• 
...................•...........•.•...........•..........................•....• 

Entr,y for period commencing 

(state time and date) 

and finish 

(state time &nd date) 

lla.te 

Time 

Date-; 

Signature (Shift ma.Dager or designated person) 
(see notes 1 and 2) 

•......•.•••........••••...• 
•·················•·•··•··•• 

•···············••··•·•···•• 
••......•...••...••.•..•.•.. 

••.................•....••.•• 

To be eigned 'by the receiver C"f this 'completed certificate 

•I f· ".ly understand rrq :responsibility as senior person in charge of perso:lnel 

enterirlg and working Yi thin the confined e;ia.ce as follows: 

··············································~································ 
•.................................•............................................ 

SigDattlre (Beceiver o! this Certificate) 
(see note 3) 

•...••......•..•..•..•..•...•.•.••.• 
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Part E 

fil,Tffirn OF CEBTIFICA.TE OF PERMISSION TO ENTERJ\TORK IN CONFINED SPA.CE. 

Wh.,n vork within the conf'ined space is (a.) oompleted or (b) the time limit 

baa expixed, tbis certif'ica.te must be returned immediately to the ahi.ft 

manager/desig:cated person by' the senior person in cbaxge of the vork and 

signed accordiilgly b7 him. 

•I hereby return tl:J.e certificate !or permission to enter/work in confined 

space, having aissured mysel.f tha. t &ll the personnel in my charge are 

withdrawn from the confined apace ••••••••••••••••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••••••••••••••••••••(confined space to be named) 

Signature (senior '.i)eraon in charge o! personnel) 
····~························· 

Signature (Shift manager/Designated 11ersoi:.) ·••·····•····•··•··•······•··• 

I! the vork is not completf!d & t the expiry of the ti:ne llm1 t, a1l. pe-.""Sonnel 

· v1ll be vi thdra'Vn !rem the confined space as and until & nev certi!ice.te 

o! 'Permission to Enter' is issued by the Shift ¥.a.nager/Design&ted person. 

ri 
'f 
• 
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!MPORTANT NOTICE:> (PLEASE BEAID 

NOTE 1 '!'bis certificate is not valid unless fully completed and correctly 
signed by the pereoll!I involved vi.th it's isJJUe. 

NOTE 2 I! this certificate is not returned to the Shift Manager/Designated 
peroon by the expiz7 of the ti.me limit, then investigation must 
proceed at once. 
I!, durillg investigation, re-entry into the confined space is necessaxy, 
then all. personnel re-enterillg the conf i.ned space v1ll wear a. gae 
mask. This will a.pply irresnective of whether the certi~icate was 
issued under Part C or Pc.rt D. 

NOTE 3 The original copy of this certificate will be retained by the senioI 
person enterillg the conf iDed space as and until the work is completed 
or the time limit expires and all. personnel are withdrawn. 
liter being returned and finally signed, this origina.l copy will be 
filed for future reference in the respective plant administration 
office. 
As the certUicate was made out in triplicat,, the second copy "1ll 
be sent immediately to the respective pla:it manager's office. 
The third co:py after co!!lj?l~tion vill be retained in the offioe of 
the Gas Safety Station for futtll'e reference a.nd trainiI:lg pllip<>Sea. 
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Report sub:!li.tted to F.g:yptian Iron end Steel Compa:lv 

INVE'STIG..CTION INTO TEE Emn:G OF T3E RIGET ~m ;!ELL LINK RODI AT -so. d. 

BLAS'!' FUP.N!CE ON Sl.T'JP.nAY. 3~ APP.IL. 1982. 

PMt !listorv relatine to Large Bell Operation 

(1) There is gas le~ past the large bell se&t ill t...o places and to try 
and minimise vear and tear to the seating the la=ge bell co•mter veight 
had been increased on two occasiona since the fu.."'"IlaCe was blovn in 
during April, 1979. 

(2) The large bell bad been cloeing very heavily for some time - several weeks. 

(3) It vaa reported that on a previous occasion both large and m:lal.l. belle 
had operated together giving ertdence of bindi.Dg between the i.mler 
large beel rod and the outer small bell sleeve. 

(4) The furnace bleeder relief pressure stat vu supposed to be set at 
1i A.T.M. 

(5) High Top Pressure vas set at 1 A.T.Y.. 

Available evidence a.t the time of the Link Bod Failure 

(1) The crude gaa main between the dust catcher and the primary scrubber was 
heavily made up with a.pprox.ima.tely 1~ free crosssectioD&l. area in places. 

(2) '!'here vere faults 1n both pres91lre recordillg and control ina~ents !or 
tho large bell operation. 

(3) iihile the large bell link rod replace:nent vu in progress, it was 
noticed that the l.iJ:lk plate connecting both email bell ropes to the 
n:all bed am va.s out of tr.le to a maxil:nI:xl angle. In other vords one 
rope was stretched at least 30 c.:::ia. longer than the other one. 

(4) The bending o! the rig±it hand link: rod vu discovered vhile i.nnstiga.t1.n6 
as to.vb;J' the la=ge bell would not operate. 

(5) T!le pressure ll!lder the large bell bad to be releued before the large 
bell would operate. 

( 6) The equalls~ pressure between the bells is controlled from the semi-. 
clean gas pressure after the venturi scrubbers. 

(_ CONCLUSIONS 

(1) The made up crude gas main cau:sed back. preesure under the large bell ~d 
tbia pressure vaa not being correctly recorded. 

(2) J. co:c.siden.ble differential pressure existed across the luge bell .•. 

(3) wtru:nent ul!unction allowed the bell lovering mechanil!l:I to operate 
despite bigh differential pree11U:e, but the excess prealnll:'e under the 
bell prevented the bell from loverillg. 

(4) Simultaneously the uneven pull on the e:mall bell rope linkage plate 
C8%i8ed eome misalignment of the outer sleeve small bell rod a!ld this 
~sul ted in partial binding between la.rge a.od small bell roca' further 
increasing resistance to the loveril:lg of the large bell. 

-1 
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(5) Initial adjustment of the l&rge bell linkage rods ~not have bee~ 
completely- correct, i.e. one rod slightly l~nger than the other. 

( 6) The total load exerted th-"""Ougb resistance to the large bell and 
partial binding of the large bell rod exceeded the bending moment of 
the 'longest' large bell l..1nka&'e rod. · 

ACTION TO BE TAKEN 

(1) The interior condition of the era.de gas ma.in 111USt be examined ever:y six 
months and cleaili.ng done accordiDgly. Washing of the Bahariya ore to 
remove alkalie, chloride, zinc, etc., and n1 trogen purg-4....:ig instead of 
steam will help to rednce the a.mount of make up in tbe main. 

(2) Inat:mnentation for control of large bell operation needs re-vampi.Ilg to 
ensure more reliability of operation. 

(3) ~ more detailed examination o! ropes and bel1 operating equipment 
should be made on a regular basis and immediate action taken when 
maladj ust:ient occurs • 

(4) A study is being made of large bell and eea.t deeig:l along vith a check 
on material ued in manufacture • j . 
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Report eubmitbd to the E&Jitian Iron and Steel Compan;y 

INVESTIGATION TO !lEl'EBMINE TEE CAUSE OF CHILLED 'HEARTH CONDITIOHS AT no. 3 

FURN.ACE DURING 10th APRIL, 1982. 

Pa!!t llistor;r of the Farnace 

( 1) 

(2) 

(;) 

(4) 

(5) 

(6) 

(7) 

'!'he farnace is 'Cilder tuyered, i.e. there is too mg,ch circumferential 
distance between tu;reres. 

The problem of scaffold fo::mation Crolli high alkalie, chloride and zinc 
content in the furnace burden a.re veil.known. 

;1 
From the initial 'blov in' duriilg December, 1981, lllltil mid-March, "1982, 
the furnace operated on reduced blovill8 rates due to lack of Cowper 
stove capacit,". 

There bave been exceHive periods of furnace dovntime, due to the lack 
of burden 111&terial11, maintenance periods, etc. 

The furnace ho.a been charged conti.nnally vith sinter of high fines content, 
poor quality stock sinter and, at times, unblended rav :Bahariya ore of 
variable p~eical and chemical quality because of the ainter shor..age. 

Vith the com::iseioning or No. 3 stove in mid-!'.arch, blovi:lg :rates were 
atead.il:y increased., and lack o! furnace etack pemeabili ty became 
apparent. 

Because of the contiim.ance o! the above conditioD.S, a cleaning down 
programme vu put into practice, luti.Dg 4/5 ~a, il::mediately prior 
to the lio. 3 blowing cooler failure on 8th April. 

Available'Evidence 

(1) Ho.3 blovi.Ilg cooler vaa badly barned at the inne~ ba.e. This vaa C&ll8ed 
by contact Yi th mol ~n iron and there vaa cold iron adberi.Dg to the 
cooler &!ter withdrawing from the fm:na.ce. 

(2) A high percentage or ~drogen vaa eTident in the gas when the ftlrnac• 
vu taken off blast to withdraw !Jo. 3 blowing cooler. 

(a) 

(b) 

a ga.s explosion occurred when attempti:lg to backdroug:ht, and it 
vaa ecme 45 m.i::".itea be!cre thia operation could be ea!ely ca!%:'ied out. 
There vu an exceptionall.7 high pressu..-e o! ga.e at the teye::-es 
&!ter the !u..""Il&Ce vae taken off blast, ig:U ting immed.!.atel:r on 
accese to the atmoephere, typical o! a fm"D&Ce hearth tb.a.t hu 
taken exceesive water. Thue vae no activity at the tap bole. 

(3) The three copper members o! no. 2 elag notch vere loet due to the 
p:reaence of molten L..-on vhen attempting to slag the furnace a!te:r no. 3 
bloviDg cooler had been changed and attecpte made to caat the 
furnace at the taphole failed. 

(4) .A.fter replacing the three uni.ta o! no. 2 slag notch, failure occurred 
again within a very abort time. ill units vere bu..--ned, includ.i.:J.g the 
outer main cut iron casting that boll.des the main notch cooler. Slag 
was not being run at the time of thia second fa.ilure and there vae 
again evidence or molten iron collected behind the notch. 



l - 72 - uppencu.x. no. 12 \~) 

Procedure 

Dry elag notches, buil. t inrefra.ctory brickwork, were installed in the furnace, 
as iron vaa evident at the slag notch level, and nonnal chilled hearth 
procedure was adopted, vi th only the tuyeree around the taphole and no. 1 
slag notch (6 in total) left open. The furnace responded as eXJ>ected. 

While on blast after the installation of the dry slag notches, there Val!I 

evidence of excessive quantities ofscar/sca.ffold arrivi.ng at the tu;yeres 
and this continued for approxi.lllately 24 hour!!!. It mu.et be remembered that 
duri.tlg this period the fm:Dace vaa operating on mnch redllced blowing rate. 

Conclusions 

(1) over a period of time, due to unavoidable adverse operati.tlg conditions, 
the furnace developed areas of reduced act1Vity in the stack; despite 
the changing of c:Qarging sequences etc. This caused loose build up 
in the stack and ma;ybe some ecaf.folding due to alkalie sublil:lation. 

( 2) The extended period of furnace vall cleaniD8 c&UJ1ed movement ';of this 
agglomerated material down thro'll8h the fw:nace faster than the teyeres 
(blowing :rate) could deal with it, and at the same time, cansing rapid 
rea.uction in hear.Ji operating temperatore. 

( (3) Pack:f..ng below tuyere level occurred in the area around no. 2,3,4 and 5 
teycres and caused an area of impaired d.r~ or iron and slag. 

(4) A pool of 1.rcn !oz:med in thia area which eve:otually led to the failure 
of no. 3 blo~ cooler and the flll"IlaCe took a large volume of 'tfater 
before the failure was discovered. · 

(5) For a period of time &fter bloving up there was evidence of temporary 
non-comiection betveen the area behind noe. 2,3,4 and 5 tu;yeree, 8Ild 
th~ rest of the furnace, i.e. blast blovi:lg slag through the taphole 
and iron ~apping at a higher level from the brick slag notch area. 

Action Roeguired 

( i ) The practice of clea.Iling dovn the furnace stack brickwork a!'ter eTI.dence 
of burden baild up should be done aver shorter perioda of time and 
especially 1.f for eoce res.son the furnace ha.a been operating on 
reduced blast. The tnl:llber of ti:Dee the practice is repea:ted being 
governed by the resttl ~ obtained. 

(2) The progrumie for improved cold sinter scree:Wlg at the ai.nter plant 
and bl.a.at !"Ur.la.Cea should not be del~ed. 

(3) The incidence o! chilled hear.Ji condi tionis further supports the need 
for more il:Ivestigation into the vashiJJg of BahariyQ ore wi'th a. view 
to its early adoption. 

(4) The speed with which this cb1lled heQrth occurred should be taken intc 
acc01lilt vben considering decreasing still further the slag basicity 
for the '~oTal'? of alkalis, etc., from the !urnace and relying on 
exter:lal desulphurisa.tion of the hot metal, a.a slag baaieity i.e. 
slag mel tirig point, is one of the !actors controlling heL-th operating 
temperature. 
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(5) The total cost of tbia incident and the :risk of future similar 
incidents occurring shouli be taken into a.ccount when usessing the 
validity of the ore vashlri..; scheme, and especiaJ.l:y when steel works 
and rolling mills are on full target production. 

The Total Cost should include: 

(1) lose of iron, slag, gaa, etc. 

(2) cost of extra coke 

(3) effect on steelworks operation 

(4) effect on rolling milla operation 

(5) damage to furnace, railroads, equipment, etc. 

(6) extra wages coat, use of extra equipme"'.lt, etc. 

(7) potential total loss o! the furnace 

It must also be borne 1n mind that dur.1llg the periods of chilled hearth 
conditions, especia.llJr during the earl7 stages where there 1s & tendency 
for molten iron to collect in the vater cooled teyere e.Dd alag notch areas, 
tl .ere is considerable danger to those people vorld.Dg around the fu:rna.oe . 
hearth are&. 
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Report eubmi tted to F.:...-v1:,.tia.'l Iron and Steel cormagr. 

Sl".ALL ~ ROPE F.A.IL1JP..E AT NO. 4 FURNACE ON 7th A...'t'P~, 1 982 

Evidence 

(1) The rope parted at the base of & main splice. 

(? .\ The splice had etretehed badly, ava,y fro.rn the apex of the thimble. 

(3) Several other splices examined ehoved eimi.lar tendencee. 

(4) There vaa evidence that the failure had been devel;)ping over a long 
period as close examination shoved that an estimated 50Jb of the st:randa 
bad been fractured long enough to turn completely rusty and old looking. 

(5) The splicing tecbnique was open to doubt. The eplice in question vu 
very uneven and with man;r broken etrand.is in areas other than the e.rea 
of failure. 

(6) The rope fracture was very ragged with IDalJy' or the et.rand.is having been 
initially broken eome 50/60 ems. inside the splice. 

(7) According to e~.;.Ileering staff, the rope vae cba.Ilged approximately 
one year ago. 

(8) Thia particular rope was purchased from a different ir.a.rr.J.!actu.."'er to normal. 

(9) The link plate co!lilecting both small bell ropes to the small bell 
opera.ting a.rm was out of trc.e to the ma:.d..::::c::I angle. 

Conclusions 

(1) The failu:e of this rope was not a direct remllt of the large bell 
li.:i.k rod trouble of the :previous three daJ'e. 

(2) The failure of the rope would have ocCUTed in'eepective. 

(3) It vaa SU19pected that on some previous occasion in the mere distant 
past the rope had been under abnor.na.l et1'ain. 

Actio~ to be ta.ken 

(1) E::l.su=e that all ropes when purchased a.re suitable for intended use. 

(2) Review splicing teclmiques ant\ coi:;:a:e with effective use o! 3tllldog cl.tpe. 

(3) Weekl:r examinations of&ll ropes, splices, clipped joints, etc., 1hould 
be carried out, and a.djust:tents made where t1ecessa..-y. The resul ta o! 
the&e examinations should be recorded. 

(4) Ur:.der nor.nal circumstances, bell ropes should be ch~d in'espective 
&!'ter a predete~ed li!e. An expected life would be a.round three 
1eara, usil:lg quality ropes. 

' .. 
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_!ppend.u no. L 5 (1) 

CO!-!!'!Er.TS C'N A SUGGESTED SCHEY:E FOR ALKALIE RB10VA.L ::ROM THE F'CF...c"'.ACE BY THE 

FDRTREB REIYO'CTIO~ OF SUG BASICI'l'Y Afm EXTEfu"llL D~SATION IlI THE 

!..!.IlLE FOR BD!OVA.L OF SUL..'PEUR FROM TEE HOT ?-Tr.AL. 

The :present composition of the slag is dictated by the 1 o<J)6 use of Baha.riya 
ore and to some extent the coke que.lity. The magnesia content ie lower 
than is desired fo-.: good slag fluidity and higher melt4Jg poi.ot, bt:.t it is 
pu....-posely limited to eilS'l1re acceptance after granulation by the local 
cement manufactcrers. 

Film.ace baaici ty is kept as lov as possible conducive vi th hot metal eulplmr 
control to ~eliminate alkalie retention in the f'Cl:D&Ce as ll!llCh as possible, 
and to date s~ag total basicitiea in the range of 0.75 - 0.90 bave been 
achieved, without loss of hot metal quality. 

It b.a.s been uaggeated tbat an improved control o! all:alie removal from the 
furnace could be achieved vi th a. further reduction 1n slag ba.sici ty a.od 
adopting the :practice of external desi....' phurisation of the hot metal in the 
ladle, using the lance technique, and at ttle same time, obtaini.Ilg oth~r 
advan~s from lover slag basici ty, such u better funiace econo!117, lower. 
lllaDga.llese content in the hot metal,less ves.r and tear on the fmnace inwall 
refractories, etc. 

However, the following ehould also be taken into corusideraticn, when 
considering a further reduction in elag basic! ty a.t the Hadisolb works •. 
(A report reference this vaa submitted to the Hadist'lb blast ftJJ:Ua.Ce 
Management) 

( 1 ) illorlllg for the e!fecte of h1gb a.l.knli content of the bu..""lie.n and the 
poor physical quail ty of the sinter, the blast furns.ce operatiorui ia 
relatively steady and Uilder gt>od control, due ~ to: 
(ti) the good pb;rsical quality of the coke, allowing a aatis!actory 

level of ::permeability 1n the lower s~k, bosh, aild hearth 
(b) the effect o! t!le high top presB1":'e 
{e) the careful monitoril:g of burden diattibution 

(2) Coke rates per ton of iron made rre high when compared vi th world 
atanda:dJI, but so also ia the fur.iace alag volmne high, and this is 
dictated by the ore suppJ.7. There has been a stee.dy dec:rease 1n the 

,r· coke rate over the past two ;rears, and it ia still decreasing (see 
appendix no. 2) and !~..her decreases v11l be obtained in the future 
from: 
(a) the continual anilability of higher blut tecperat-ares achieved 

from the use of fou stove practice or the redesign of the present 
syata to incorporate e:rter.ial combustion cha::lben 

(be) the use of o.:r;ygen ez:richment o! the blast 
( ) increaaed ue of natural gaa injection made possible bec&uBe of 

o.:r;ygen emich:ient of the bl~t 
(de) moisture injection t6 cont%'ol flame tempe-'"atnre at the ttzy-eres 
( ) improTed sinter quality 
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The decrea.ae in coke :rate achieved by the adoption o.f the above mentioned 
points vill give corresponding increase in L.-on ,pxoduction for a given 
bloviDg rate. 
P:reaent iroz: :production is veil in excess of steelworks demand and 91J}b 
within steelworks specification. 

The fu..""Ila.Cea have good recovery from disturbed operatiilg conditions at 
present levels of slag basicity, and hearth op~rating temperature. l 
further decrease in •la€ basicity voald upset this balance. 

External desu1phuTisation usil:lg lance techniques i:l.c:reaees wear and tear 
on metal ladle refractories and the need for extra top skulling and this 
is an importa.Dt f3.Ctor vhen iron Jl:roduotion rates are being increued. 

The more acid the el88, the lover 'rlll be the melting point and alag 
meltiDg point iB one of the !actors controlling hearlb opera.ting tempera~ 
{vi th acceptable A.120; content). Too higb slag meltil:lg point produces hearth 
p:roblema and loss or !urna.ce economy, but similarly, too lov slag melting 
poi.Lt produces a lover hearth operating t~eratl:.re and makes the hearth 
more V'Ol'.le:rable to operational. irregularities and xecovery from chilled hearth 
condition more difi"icul t. 

The rate •,f vea.r and tear on furnace refractory li.ninge due to alkalies 
is an ucl-=.own qua.nti ty and ~ be reduced to some extent by lovering the· 
slag basieii;y levels. However, attack on the refractories will :c.ot be 
eliminated, ao long W!I present high level of al.ks.lies continues to be 
charsed to the furnace irrespective of the percentage discharge rate from 
the fn...-:iace. 

Yi th presen~ P-""8.Ctice, periodic action is needed to reduce alkali build up 
on the !uroa.ce inw.u.l refractories, but this is a very tei:po:-a...--y upset to 
the furnace, 1:1..1d under present opera ti.Dg cond.1 tions recoveZ'Y' 111 ::"&pid. 

If, in the fu~e, ve~y lov sulphur iron is required on a regular basis, 
then desulpl:n::riaation ca:.. st!.11 be ca.."'Tied out in the ladle without 
upsetting !uxne.ce opPra:tion, and maint.e?:al:lee of ladles to ::ieet future 
increa.sed d~d can be studhd as a. separate project. 

The Corurulta.::ts involnd in ~:rovement and reb.s.bilita.tion stndies at 
Ea.disolb have quoted slag ~as:citie~ of 0.9 as a satisf-.ctorj' level for 
!uxnace ope:-.:ation to counteract the effects of alkal.i in the fur:oa.ce 
b'llrden etc. It should be noted that the present slag basieity levels at 
Hadisolb are vell belov this level, as follovs: 
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apuendix r.o. l 5 ( 3) 

no. ':lj Turna.ce no. 4 :F'u..'"'na.Ce 

DA.TE 21.1.82 22.1.62 21.1.81 22.1.81 

i:ronferoduction 
tons~ 1430* 1464* 2033 1868 

proximate Si content 0.65 0.60 o.ao O.BO 

pro:r:ima 'te S content 0.040 0.045 0.040 0.040 
~ 

Mn content ~r slag up to 2'}6 up to 2% 

( * no. } furnace operating on two stove practice since blow in) 

Vith present basicity levels, all slags are full glass in consistency, and 
jet black in colour. 
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