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BLAST FURRACE OPEPATIORS AT THE EGYPTIAK TROR AND STEEL COMPANY

IXTRODUCTIOR

The prinary objective of this U.N.I.D.O. secondment to the Hadisolb bdlest
furngce plant was to ensure a successful re-comrigsioning of the NHo. 3
blast furnace. At the time of notification of the secondment, the 'blowing
in* date was imminent.

After cormissioning was completed and the furnace operating 'normally' a
study was made of existing bdlast furnace practice to identify problem areas,
mel-practices, etc., with the objective of increasing iron prodnciion and
improving eccnomy, yet still maintaining iron quality, and during this
period there was much discussion with the dlast furnace management.

According to the Operations Improvement Study previously requested by the
Egyptian Iron and Steel Company, to cover the next six years' operations,
the demand for iron will increase consideradly in a two stage prograrme, as
follows:-

Stage 1 Stage 2
Date 1983 1988
Steelworks requirement, t.p.y. 1,200,000 1,600,000
Pig iron sales, t.p.y. 100,000 100,000
Total iron demand, t.p.y. 1,300,000 1,700,000

This report intentionally indentifies problem ureas that affect the bdlast
furnace operations at Hadisold, and where possible, suggests remedigl action
necessgary, to ensure that these tonneges can be produced.

Special mention is made of the re~commissioning of No. 3 blast furnace in
December, 1981, (see appendix mo. 3), and s suggested future furnace re~line
programme covering the next five years, with marimum availsble tonnage on a
daily basis has been developed (see appendix no. 7), along with sinter demand,
It vas recocmended to management that sinter plant and steelworks major repaix
prograzxme should coincide vith this programme where possidble, bearing in amind
that there is some flexibdility regarding furnace bloving out dates.

Also included are graphs of daily ironm production &t So. 3 and 4 furnaces
(see appendix £o. 1), and daily dry coke corsuxmption (see appendix no. 2), 28
from October 1981 J4p to, and imcluding, March 1982.

Saxples of sinter and coke were sent to the U.K. for full appraissal,
mineralogical analysis, etc., vith a view to further understanding some of
the problems sssociated with the bdlast fornace operation,

There is an urgent need to institute safety standards, develop training
methods, and improve plant housekeeping, and particularly so as productinn
incresses towvards maximum. Comments, reference these itexs are tovards the
end of this report.




-5 -

There appee~s to be a scarcity of technical informetion available to plant
middle menzrement levele, and in answer to several requests, technical papers
on rany stbjects related to blast furnaces and blast furngce operations

vere obtained from the U.K. and distritmted accordingly. Theee papers
included such subjects as burden disiribution, control of ealkalies, coke
guality, Lot blast stove design, control of flame tezpersture at the tuyeres,
slag chemigiTy, control of slag quality, furnace refractories, etc and etc.

During the eerly days of the secondment it soon became apparent that the
bigh alkelie, chioride and tinc contents in the Baheriya ore vere causing
serious problems both in ginter and dlast furrace operations, and a visit
to the mine was planned along with the blast furnace menagement.

The objective of this visit vas to try and obtain a better undersignding of
the protlems associated with the iron ore quality contxol.

This report commences with the visii to the Bahariya mine.

THE BAHARTYA ORE MINE

The blast fu-nace burdens coneist of 100% sintered ore from t'e Bghariya
mine wvhich lies some 350 kilometres to the south weat of tks Eadisold works,
and following is a brief summary of the visit.

The mine is open cest, and consists of three main bodies of which the El
Gedida deposit is the first to be exploited. It is believed that this El
Gedida deposit is ths best of the three main ore bodies, as far as grade is
concerned, and has estizmated reserves of some 126 million tons. From the
commencement of mining opexations in 1973 to the end of 1981, approximgtely
twelve million tona of ore bave been recovered.

This El Gedida deposit covers gome nine square kilometres, occuring in the form
of an enticline, with a little over burden at the centre, and scme 25 metres
at the extremes.

At the time of the visit the ore body thickness appeared to de adbout 14 metres,
but it was reported that so far the maximum thickness had reached approximately
26 metres.

The ore body is highly variable throughout, with Fe content anything between
30% and 60%, with variable munzanese conient, reaching in places as high as
15410, termixed with the ore body is & fluctuatirg contamination of

Barite, Alkalies, Chlorides, the concentration depending mainly on the porvsity
of the iron ore layer.

The original core drilling programme on which the exploitation of the mine
veg first planned, was carried out on a 20C metzre grid . DTuring the early
stages of the mining operation it became apparent that the ore body was
extrenely veriable and the area planned for the first tea years of mining
operations vas then drilled to a 50 metre grid pattern.

The mining plan for 1981 -~ 1982 consists of eleven areas for which the
predicted average analysis and planned tonnage are given:
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PRODUCTIOR FROGRAMYE JULY 1981 - JUKE <982

Area Estinated % Fe SiO2 Cl. MnO Esticated
Ore overburden
Tonnage Tornage
I 77,000 50.69 [13.41 | 0.37 1.01 1,212,000
East II 153,000 51.59 | 8.87 | 0.55 2.65 g
Side IIT | 106,700 52.73 | 9.94 | 0.72 | 1.69 103,000
X 398,700 47.38 [14.74 | 0.08 2.76 -
IV | 244,800 55.23 | 5.43 | 1.25 | 0.93
S°Zth vI | 320,900 58.42 | 4.69 | 0.88 | 1.12
West VIII ,| 157,600 55.05 | 4.87 | 1.28 | 2.24 g
Side 11 o| 447,700 57.54 | 4.15 | 0.59 | 1.21 13,000
X ,| 255,700 53.74 | 5.48 | 0.80 1.86 3 198,000
X 2 295,900 48.76 | 7.49 { 0.53 4.02
TOTAL 2,765,000 54.01 | 7.04 | 0.67 | 1.89 1,588,000

The aim of the management is to obtain the average analysis specification of
Fe, J10,, U.and Mn0 for each 90,000 tons of ore, this being the capacity

of each”of the two pairs of blending piies. The production rate is 1,200

to 1,300 tons per hour over a ten hour day, giving & cycle tixe of 7 to 8
days per pile of ore,

Apglygis control is based on the 50 meire grid core anslysis updated by
analysis of eaxples taken from the charge bore holes at the mine face.

Ccntrol of ore grade is very difficult in viev o the variability of the ore
end the rine maracement were contexplating trying to improve the situation
using lexrger blending piles and mcre sophisticated blendirg equipment.

Excaw: “ion ilg by electrically powered shovels of 4.6 m3 capecity, 1l.e. 8/9
tone of material. The power eupply is via the grid systen from the Aswan
High Dam.

The dmmp {racke used are a mirture of Bussica and American designs, varying
in size from 27 to 75 '‘cns capacity,

Maintenance is carried out on the day ehift with mining operations taking
place on two abifte, detween 1700 hrs and 700 hrs,
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The crushed ore is discbarged to one of two pairs of blending piles via
wing trippers.

Beclaimipg from the Leds is via mobile electric shovel, as used at the mine
face, into rail wagors for transfer to the stock piles at Hadisold worke.

The mine is capeble of loading three trains each of fifty five cars per
day. The capacity of each car being 65/70 tons.

There are problems with the rail transport of ore to Hadisold works and
gons improvemeri in the presert system of operation 1s neceassary if the
forecasted increase in iron tonnage is to be met.

Strong desert winds, especially in the months of March, April, May and June
cause heavy drifting of sand across the rail tracks and increased ore demand
will necessitate more sophisticaited methods of sand removal, increased

loco pover and truck availability. There is a need to increase ore stocking
capacity at the Eadisolb works and & study of thig is included in the
rehabilitation progrrmme.

By steel industry standards, Bahariya ore is a very margiral ore. It is
high in phosphorous, gangue constituents, sulphur and ignition loss. Its
most undesirable characteristics, however, are itp' high glkalie arnd
chloride content, whicn are seriously affecting both sinterirg and blast
furnace processes.

|
TYPICAL ANALYSIS OF THX BLENWDED BAFARIYA ORE ( Averazze 178 samples) : l

Fe 52.91 Mn 1.40 K,0 0.127
510, 7.62 s 0.47 Ba0 2.19
Cal 0.49 P205 0.50 J. loss 7.59
Mg0 0.50 cL 0.69

1,0, 1.86 Na,0 0.502 K

The overall cos% of problems in sirter plants and dlast fuzmeces caused vy
end essociated with the glkalie and chloride content of the ore substoniiate
the need for a washing process prior to sinterirng. Some pilot plant trials
bave already been carried out ard it is suggrsted that planning for <risals
on a larger scale should commence without delay. There has been smch
discuesion with plant managerent referecce this matter,
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The ore wagons from Baheriya are tipped by wagon tippler into ground bunkers
and the ore is itransferred to one of three stockpiles each with a capacity
of 45,000 tons. EReclaim is by vertical sectioning. The Rehabilitation
Programme allows for a second wagon tippler to be installed with increased
bandling epeed, as well as increased ore stocking and reclaiming facilities.
It is recommended thet stockdng capacity is increased t. around 250,000 tcns
in order to satisfactorily meet Siage II iron dexmends.

A fourth stockpile of similar size handles ircoming limestone from the harbouxr.

All four piles are served by a eingle stacker and one revolving bucket
reclairer. The ore and limestone are transported from the stockpiles to the
crusher building via conveyors.

At the ore preparation plant the ore is reduced by three cone crushers %o

- 8ra, with approximately 50% of the as received R.0.M. ore being screened off
at 8 mm prior to the crushers.

The limestone is crushed to - %zm in hammer mills.

From the crushers the ore is blended in drum mixers whose main purpose is to
perxzit the additi~n of water to the ore, to begin the process of micro
pelletisaticn of the ciushed ors fines. The addition of water at the drum
mixers is very unreliable, and at times non-existent. From the drum mixers
the ore i8 conveyed to the blending house for storage and later reclaiming.
The capacity of the blending house is 30,000 tons in two piles, each of
15,000 tons. One antomatic reclaimer services both blepnding piles. This
step in the process provides additional blending and uniformity prior to .
delivery to the feed bins.

The feed bins aleo contain limcatone crushed to - 3mm, and coke crushed to
~5mm. Both these edditions are sucpect from the gizing point of view. Tke
limestone eppears to contain s high percentage of very {ine powder acd ths
crushed coke contained some oversize as well as too fine elements, both
affecting the sinter physical quality.

From the feed bins these materials are fed at controlled rates onto a collecting
belt and deliverzd to the primary mixing drum, vhere again, the addition of the
correct amount of water was suspect.

At the sinter plant there is a finel mixing drur where the water wes again
edded, prior to the mix being fed onto the sirend., Eere there were problems
with the automatic valve controlling the eddition of the water, and if was
being added according to the judgement of the operators, which is detzisental
to good practice.

Discussion took place with the operators, reference the problem of water
additions to the crushed ore ard sinter mix, and plans to remedy the situmation
vere developed in principle.
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The burden of all blast furreces is 100% einter made from 100% Behariya ore.
Because of the wifficulties experienced in blsst furnace operation due to
poor physical quality of einter, i.e. high hot blast preesure, erratic
stockline movement, slow driving rates and low iron produciion, scaffold
formations in middle end lower stacks, etc., due to alkalie sublimation,

nary vislts were mede to the sinter plents to observe operaticns and discuss
problezs with managerment etc., eepecially the problems that affected blast
furnece operation, and the following comments outline the prevailing
gituetion and remedial action necessary.

There are two 8inter plants at the Hadisoldb works, Fo. 1, with two strands,
and Ko. 2 with four etrands, and the following is thoe main design data.

Item No. 1 Plant Fo. 2 Plant
Design Russian Russian
Coxxissioning date 1961 1974
No. of strands 2 4
Width inside pallets (m) 2.0 2.5
Length over wind boxes (m) 25 20
Grate area (each line) (m2) 50 15
Total grate area (all linee) (mz) 100 300
Rated capacity (1,000 t.p.y.) 750 2,400
Sinter cooling method Botary Straight etrand line
Capacity of Exhausting System (mB/ﬁin) 6,500
Alr Suction (design mm H_O 1,200

éactual = Hgo; ’ 800
Strand speed gdesign m/ﬁin; 3.5

actnal z/min 2.5

The normal patitern of sinter distribution to the blast furmaces iz mentioned
in the section of the report dealing with dlast f{urnace operation.

The sintering process hss numerous problems that are affecting production and
the poysical quality of the sinter as ckarged to the blast Ilurnaces, azd the
more important of these precblems are listed delow:

(1) The high levels of chloride and sulphur in the Behariys ore causes
serious corrosion problems in many areas throughout the process,
increzeing greatly the amount of maintenance required and thereby the
azount of gtrand downtime.
There i8 & need ior more thorough and detaliled system of planned paintenamce,

(2) 48 previously mentioned, the size analysis of the materials used in the
sinter mix need %o be reviewed, and necessary action taken, BRedesign of
crushing and screening facilities for ore, coke breeze, limestone, and
screening of the returned sinter fines to control upper size limit should
be carried out without delay, as these affect sinter quality irrespeciive
of any action taken during the sinter processirg.




(3)

(4)

(5)

;'6)

(1)

(8)
(9)
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The problexs essociated with the water addition in drum nmixers, etc. to
promote micro pelletisation should be revised and re-instiiuted es
soon as possible.

The wse of the hearth lgyer on the sinter sirand hzs been discontirmed
and this causes uneven geps to develop beitween the grate bars for the
following reasons:

a) werping due to excessive heating
b) senblimation of alkalies sealing up large areas between the bars
c) the design of the grate ber (round) is not condusive to efficiercy

and should, at lecast, be manufactured from heat reslsting steel
instead of mild steel

The resultirg influence on the sinter bed gives areas of bed collapse
wbere the gap between the hars is too large, and the ereas of poor and
non sintering, where the gaps between the bars are made up with elkalie.
The use of the hearth layer has been disconiirued in &n endeavour to
remove as mch alikalie from the sinter as possible during prccessing.
It is agreed that 1f ore washing is introduced on a regular basis tke
ingtallation of the hearth layer will be resumed alorg with a mozre
efficient design of +he gxrate bar..

Wind box sealing arrangerents are not good, and excess leskage at the
pallets necessitates reduction in si{rand speed with resultirg losa of
output. 4 new design of spring bonded seal has beer irstalled at the
recent major repair of No. 4 strand, replacirg the original desigm,
using water dooled flexible tubing. This new design is only paxily
effective. Study sheould be made of recent developmeunts in wind box
sealing, and one of the more effective systems acopted.

The present method used to level the material on the sinter bed is
unsatiasfactory as it has a tendency to compact the bed, as well as level
i4{, This method should be discarded altogether if & more effective
gystem cannot be developed.,

The whole philosophy of sinter screening botb at sinter pleunts and blast
furnaces needs to be *horoughly reviewed. Effective screening to prodace
a clean + Scm sinter charged to the blast furmaces is the objective to

be achieved, and willhave the following bemeficiai effects as agzinst

the present systenm

(a) 4increased production of blast furnsce sinter of acceptable eize
(the present screens are set at 8 mz)

(b) more effective production control yielding improved sinter quality
at the blast furnaces ( -&m sinter reiurced fines are too laxge
in eize for gocd qualiiy sinter manufaciure)

gcg increesed iron production and improvement in furmace economy

d) reduction in fluedust make, and aimospberic pollution.

The problems associated with the handling of hot returned fines should be
thorougaly reviewed.

From the appaarance of the final sinter received at the blest furnaces
there is & lack of control during ignition, e.g.

(&) The final sinter from no. 1 plant contained s high proportion of
unsintered ore

(b) from mo. 2 plant the sinter not only contains unsintered ore but
also large quantities of heavily slagged einter, It seems that
sintering ignition conditions are too severe, causing heavy slagging
at the surface of the bded, resnlting in loes of bed permeability.
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(10) Plant housekeeping end safeiy standards are not accepiable when
compered with European and American standards. Much of the alr suction
syetenm for dust removal is out of order, resulting in excessive
atmospheric pollution wnich rust have a demorelising effect on all
personnel.

The poor state of plant housekeeping, lack of minor electrical and
mechanical maintenance, and safety standards generally, should be
&lven immediate priority.

(11) 1Ipstrumentation for recording and control seems to be in need of some
rehabilitation. At the present time much of the system seems to be
out of operation. A full scale review of all instrumentation should
be carried out, replacing where necessary with more up to date control
equipment.

There is planning for a fifth sinter strand it No. 2 sinter plant and it was
intimated that erection by a Fuesian construction >ompany wonld commence
within the pext two years. '
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BLAST IURRACE PLANT 4XD PHOCESS

Thers are four blast furrmaces at the Hadisolb Plant (see appendix no. 6).
Nos. 1 end 2 furnaces have similar dimernsions, and were insialled as par% of
the orfginsl Demag Plant duilt im 1955 -~ 1958. Nes. 3 and 4 furneces also
have identical design, and have been installed as part of the major exrpamnsion
of the plent. These two furmaces were erected by the U.5.S.R. firm of

V/0 Tyazhpromexport, to their own designs in 1974.

A fifth furnace is envisaged in the future to meet steelwork and cold pig
iror dexsnd, and it has been sugzested dbecause of resulis obtained from

nos. 3 and 4 furnaces, and also to alleviate the heavy engineering spares
position, that the fifth furnace design should be identical witk noa. 3 and 4,
and built as an extension to this plant area.

Vith increase in hot blast temperature to 1100/115000 at nos. 3 and 4 furnaces,
there is inadequate stove capacity for continucus operation at full furnace
blowing rates, and it is suggested thst the building of a fdfth sitove at nos.

3 and 4 furnaces sLould be evaluated without delay and should also be

included in the plans for the fifth furmnace.

Stock House practices, charging sequences, egtockline level control are
average at Nos, 1 ard 2 furnaces. Sinter screening should be rmade available
at these furnaces ard some improvement in the gereral standard and
availability of instrumentation is required to improve efficiency.

Lt nos. 3 and 4 furnaces these operations are under good control, btmt icproved
maintensnce and modernisation of irsgtrumentaticn could be advantageouns.

4 gas prode used to moaltor CO, disiribution across ithe furnace stocklines
at Nea. % and 4 furnaces, and gharging sequences, along with dis*iri* "‘on

cycles can be varied accordingly. The vhole ckharging sysie= at r nd 4
furnaces is a very versatile design, and enables good conizol ¢ &
operation.

In wall thermocouples and continuous top gas analysis are available tv assist
in determinirg charging practice.




MATN DESIGN DATA

ITEM Unit Fos. 1 & 2 Nos. 3 & 4

Yurnaces Furnaces

Design - Demag - Tyazhprozexport -
German Russian

Coxmencement of operation yeaT 1958 1974
Hearth diameter m 5.1 7.2
Hearth area m2 20.5 40.7
Furnace inner volume z’ 575 1,033
Vorking volume , m3 463 890
Iron notches muzber 1 1
Slag notches number 1 2
Tuyeres pumber 10 14
Stoves number 3 3
Beating areac of stoves - each m? 12,500 23,160
Hot blast temperature, maximum °c 800 1,100
Marimum ettainsble wind volume m2/ain 1,500 2,200
Top pressure k&/cm2 0.025 1.00

STOCK HOUSE SCREENS (present system)

coke m 25 45
ginter xm none 8
PATED CAPACITY

Fach furnace T.P.Y. 1,000 223 670 g
Plent capacity T.P.7. 1,000

~ 4‘-"*&.\~WM‘WNWW"‘MW‘“~ “"‘“’Q““MV“"‘”"M" At bealin s iy, . .w‘,,."%-....*..-':-.«-‘
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CES TO BLAST FURNACEZ DLANTS

(1)

¥olten Iron Disnosal

(2)

(3)

(4)

Molien iron ig transferred to the steel plant wixer or pig casting
machine by 100 tor capacity hot metal ladles. Initially these ladles
were of semi closed top design, but have recently been fitted with fully
open tops to assist in speed of ladle skulling and relining. This
appears to have been a correct decision. There are 36 hot metal ladles
available for service and f{rom observatior at the dlast furzaces are
well maintaiped and kept in good condition, ref: top skulls.

Pir Casting Machine

The pig casting machine is situated between the blast furraces and the
steel works mizxer.

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
preparation plart, pig cooling system, and stocking areas scem adeguate.
From observation it would appear that the cepacity of the machines

could be consideratly increzsed with speedirg up of ladle movenent
facilities, etc., at the mechine, improved ruaning repair facilities,
spout replacement, etc.

Eot Metal Skulling and Repzir Stop

Adjacent to the pig casting machine building i3 the Bot Me!ail Ladle
Skulling and Repair Shop. It is in need of some reorgenisation and
enlarging of facilities aveilable, in order %o cope wiih the incressed
muzber of ladles that will be in service to meet the increased tonnages
and increased punber of casts per day per furnsce. Even so, the ladles
are maintained in very good order.

Yorzal ladle 1life is around 200 casts, ard reline time around 6/7 days.
The taphole gur mix is also mamufactured in the shcp, umsing a deuble
roller mill. The coke breeze is delivered after grinding, from ine
sinter plant. Periodic oversize czused mix prodlems, which rellecied in
tarhole lergth control.

Slex Dieposal and Processins

At present all slag is grarulated and reclaimed mainlyfor local cement
menufacture., A gsecond granulation plant is under construction and
between them these two planis will essily handle all slag mernuactured
with ell furnaces on full production, maling some 5,100 toms of iron

per day, i.e. approximately 2,000/2,500 tons slag per day.

A glag pumice plant is now more or less complete and under test rurning.
It has an estimzted capacity of approximately 1,000 tcns per day. A

elag wool plant is under coniruction with a capacity estimated at 250
tons per day.

A sleg pelletising pllot plant has been get up to meke the bulk aggTegmie
meterial for the mermufactnre of lightweigit blocks for imsmlation
purpcsges, and to date the resalts look v.ry promising.

There are eoxe 50 slag ladles avallable to service the blast furnace plents,
with a lime spreying plant for coatirg the inside of the ladles,
situated between the granulation plant and the bdblast furnacee,
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Turrace Blowers

Nos. 1 ard 2 furneces are serviced witk electrically driven blowers,

with ove spare blower evailasble. The blowers are adequate for the furraces.
These blowere are a works safeguard in case of general steam falluve

at the works.

Xoz. 3 and 4 furneces are serviced with steam turbine driven blowers,

with one spare blower available. Both turbines and blowere are of

rugsed desigrn and capable of meeting the meximum needs of the furmace.

Gas Washing Plant and Gas Storace

t nos. 1 and 2 furnaces the gas washing system comprises one primery
and two secondary dust catches at each furnace with prizary scrubbers,
disintegrators and final driers common to both furmaces. There is
also a Klorcne type blast furmace gas hglder beside the gas cleaning
plant with a capacity of some 80,C00 m”.

At nos. 3 and 4 furnaces eech furnace is equipped with primary dust
catcher, with the isolation valve at the dust catcher inlet, primary
scrubber, two venturi scrubbers, two elecirostatic precipitators and
final driers. The gas systems conrect with the gas holder at nos. 1
and 2 furnaces. Because of the sublirztion of alkalies and zine from
the crude furnace gas, there are constant problems with build up

in the crude ges mains (see appendix ro. 12). To meirntain control
complete cleaning of the crude gas main at each furnace must take plece
every six months as and until the washing of the ore is instituted.
Observation showed 85/90% build up in certain areas of the crude mains.
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PRICTAT AVATLABILITY ARD GEWEZRAT CONDITICRS PREVAILING AT THE BLAST FURMNACE

Ro. ! FPurrace - was blown out empty on Februery 7th, 1982 due to non-
availability of sinter and suspected extensive scaflold formation within
the furzece stack. Ixaminetion after blowing out showed & complete ring
sceffold in the lower stack and covering approximately 50% of the croes-
sectional erea. Care was taken in quenching dcwn the furnece in order to
protect the carbon brickwork in the besh.

The scaffold formation has now been removed ard after very minimum repairs
the stack refractories, taphole area, water sysitems, gzs mair cleaning, etc.,

tbe furnace is expected to be recomnissicned early in May, for a further
extra campalign life of approximately one year, after which a full

reconstruction prograzme will be put into practice. (see appendix no. 7).

It is anticipated that during this next year of exira campeign life, the
furnsce will manufacture high silicon iron, i.e. 1.5 = 2.5%. for use in
lccal foundries. Anticipated tonnage will be 350 - 400 tons pe:x day.

No. 2 Furpnace = wes blown out on Jurne 19th, 1979, for a coxplete

r-ouild from foundation level. Heartt and tuyere belt shell plates are now

erected and work is etarting on the erection of the stack shell plates.

Tke expected date of re-commissioning is Janmuary, 1983, (see gppendix no. 7)

Fo. % Furnece - weas re-comrnissioned on December 9th, 1981, with the old
hearth from the previous campaign left in, and renewed tuyeres belt, bosh
and stack refractories. The furnace has operated on reduced blowing

rate until mid March, 1982, because only two stoves were available for
blowing., With the cormiesioning of the third stove, blowing rates were
steadily increased and obvious signs of stack build uwp etarted to show

despite the use of high top pressure ard charging sequente chensing, etc.,

at regular intervals. The affects have shown in: hearth texperatnre
reductions, (see appendix no. *3), high blowing pressures, irregular

den movemente, etc. To some extent this situation was expecied and
anticipated, as shortage of sinter cansed long periods of furmace down
tirme, (see appendix no. 1 and 2), and poor physical quality of sinter
coupled wvith incorrect Bcreening practice has led io furnmace interior
build up and patternicg.

No, 4 Furnece - was recom=zissioned April 19th, 1979, after coczpleie
reline. The furnace hes operated well, but the effects of pocr sinter
quzlity, downtime, etc., ere taking their norzal course of reactions.on
fusnace driving rates, etc. Despite this, the month of March was ez all
time record production for thie furnace.

The month of February, 1982, produced an all time record for iron
production at Zadisold works, and the month of Merch exceeded iron
productiorn record for February. 98% of all iron produced was within
steelworks specificatiorns.
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CENFRAL COMMEATTS PT: BLAST FURNACKS

idiad a4 wans

(1) The whole of the Dezag plant is in a gczerally neglected state, ernd

(2)

in pneed of a thorcegh over-hsul and clean up. The practice of
dropping éxy flue dust {rom elevazed mains to ground level should
be diecontinued to try and improve the ganeral state of urtidymess
and atmospheric pollution. The use p{ canvass shutes and gkips at
ground level has been suggested.

Five of the six Cowper stoves have been recently relined at the
Demag plant, but hot blast mains, velves, etc., need attention.
There is exceeeive blast, gas, water and steam leakage arouvnd the
plant. The furnace burdens, scale corr , chsrging eystems, etc.,
need overhaunling and cleaning up.

The Russian plant (nos. 3 and 4 furnaces) is robustly built end
generally in good condition, but meckanical, electrical, ianstrument
maintenance, particularly in small items, need a thorough
exaripation and planned repair system. Blast, water and stear
leakage areexceesive and general design in many ceses needs
reviewing. There is cornsiderable zgas leakage passing the large bell
at both furnaces despite the addiiion of extra counter dalance
weights., A full scale investigation is teking plece, re: design,
type of material used, etc., to %{ry and overcome this excessive
wearing of the large bell seating, as the problem appears to be
sorething Inherent from initial design. E.T.P. at No. 4 furrace has
been reduced accordingly. '
Back draughting chirneys are in the process of erection at both

furnaces to stop the damaging effect of alkalies on the stove
brickwork when backdraughting.

Housekeeping i8 poor by European standards, but the nos. 3 and 4
blast furmace plart compares wsll with the rest of Zadisold works.

Work 4is in process to try and .mprove the housekeeping sitaation
at both blast furnace plants.
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FCRERACE CEARGING MATTFRIALS

Coke

The coke from the Al Xasr Works ie mede from coal izportes from Eussia
and Americe, and is fed to the bdlast furrace bunkers or siock yard
by belt conveyor. At present there are some 160,000 tons ia stock.

The Al Nasr Coke Works is operated by an independent corpany known
ag the "4l Nasr Compeny for Ccke and Chemicels"™, azd includes coal
handling ard preparztion, three coke batteries, coke quenching,
screening, handlirg and storage, gas processing and fertiliser plant,

The coal is unloaded from ocean going vessels at the port of Alexandria
and transhipped to Ezdisolb by 450 ton capacity barges, or by rail
road. Some 70% is itrenshipped by barge ‘o Hadisolb docks.

The coal stockyard capacity at Eadisold Docks is around 250,000 tons,
and is serviced by the ganrntry cranes which off-load the dbarges.

The coal is fed to the coking plant by means of & 3,500 m. long
overhead conveyor, which ig loaded by ganiry cranes direct, or from
stock.

Nos. 1 and 2 coke batteries each have 50 ovens, yislding 11 tons of
cokeper charge, and no, 3 battery has 65 ovens, yielding 1%.7 tons of
coke per charge.

Chemically, the coke is very average with high ash ard sulphur cortents,

a ¥a,0 + K0 content of 0.20, which is high for coke, and aggravete
t.e alkaiie problen caused by the Bzhariya ore. The coke fines for
sinter making are the crushed screenings froa the furnace coks.

The coke has very good physical qualities and bahaves exceedingly well
in the furrmace, ceintaining {ts' ehape, thin reason, down %o tuyere
level, and thereby rmaintaining & high level of burden porosity at

all times, Thie is & very important factor re: Hadisgolb blaszt furmace
practice, as the sinter which makesup 100% of the burden is often
very friadle in quality, end would otherwise cause seriouns furrecs
driving problems, especially with the inefficient sinter screening
systen. (See note ref. this on 'Sinter Quelity') Some lack of coke
reactivity ig suspected dut under present cornditiore the maintaining
of & good level of bosh and stack permeadility is of vital importaxnce.
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Coke Anelvels Hange
Moisture 3.5 = 5.5
Sulphur 0.90 - 1.08
Volatile matier ' 1.20 = 1,23
Fixed Carbon 88.0 - 8.0
P 10,0 = 11,00
F2,0 + £.0 0.18 = 0,20
+40 Micun 79 - 85
=10 Micunm ) 5-9

AST™ around 55

With this quality of coke, coupled with the use of high top pressure,
the furracee have & remarkable recovery potential from the upset hearth
and boeb conditioni,

The coke is fed irto two bunkers at each furnace and screened over
vibtratory 40 = bar ecreens, into weigh hoppers directly above the
skip., The fines from these screears are fed direct to the sinter
plant or to the stock pile,

SINTER

Sinter from both sinter plants is transferred to the blast furnaces by
belt conveyor.

From Ro. 1 einter plant, the sinter belt delivers to a highline overhead
bunkser, serviced by a highline traasfer car, which delivers to the
furnace bunkers. Sinter from no. 1 sinter plent can also be waggoned
from the high lire overhead burker and delivered to No. 3 ard Fo. 4
furnace via conveyor telt from the ground bunker eyetem,

From No. 2 sinter plant the sinter belt delivers direct to the
stockhouses of Ho. 3 and Ko, 4 furnecee. Excess sinter can be put out
to wagons from no, 3 stockhouse,

The system works well, and there are discussiorns taking place for direct
feeding by belt from mo. 1 sinter plant to no. 3 and pno, 4 furnaces,

SIFTIE SUALITY - chemical

The sinter is made from 100% tlended Bakariya ore and makes up 100%
of the bdlast furrace burden for all furnaces.
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Avercce Anelvygia - - » Range
Fe 53.5 - 56.00
Feo "10"0 - 15.00
¥z0 0.50 = 0.60
5102 - 6.9 - 7.70
Ca0 7.10 = 8.20
P205 0.49 - 0.51
¥n 1.38 - 1,80
S 0.12 - 0.1k
N ace « 30
Kazo + K20 «45
CaO/SiOZ 1.0 = 1,1

The chemical quality of the sinter is dictated by tkhe following:=-

the use of 1005 Bahariya ore

the bdlast furnace slag quality required for cement making

iron quality required for steelworks operation

the maintaining of a suitable hearth temperature (partially conirolled
by slag melting point)

The alkaline, chloride, zinc content of the sinter causes serious problems :
in blast furrace operationf- ’

AN N

(1) Formation of Furmace stack imwall scaffolds through the process of
gublimation. Periodic removal by washing down with acid slag, fluuride,
etc. is esse:tial, thereby temporarily upsetting the furzece woriding
balance,

2) Serious atitack on the furnace inwall refractories,
3) High coke corsumption.

4) Teriodic vpeet of furrace dxiving rate with high blast pressures
loes of production etc.

(Sg Make up in dust catchers and crude gas wains.

(6) Atmoepheric pollation levels are consistently high.

SIFT=R CUALITY — Physical

The phyeical quality of the sinter is not good. It is very friadly and
breakdown beitween leaving the sinter plant and arrivel at the dblast furnace
gkip is mech too great.

The screening systems &t both sinter plant and blagt furneces are inefficient
and need .ocpletely re—vamping to ensure a clean + Smm sicter charged to tkhe
furnaces at all times. The present sysiem of screening is out of balance and
the following problems develop:=-

(1) The screens at sinter plants and dlast furmaces operate dlind, and so
it is imposaible to observe the percentage of make up of the screen mais.
(2) The area of the screen and type of screen used do not ellow efficient
screaning, resulting in a large proportion of = 3 mm sinter being charged
to the fucrace
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(3) Screening at 8 mn to try and obtain cleaner sinter (preeent practice)
ellovs a percentese of 6 — 8 yrm sinter into the returned fines. This
is detrimenial to future sinier manufacinre and also reduces the tonrage
of accepteble sinter produced.

The whole sinter screenirg syotem is now under review for imprcvement, in
the near future. There has been much discussion reference this.

SIKNTER STOCEING

Thera are no adequate sinter stocking arrangements and the furnace bunkers
kold about 7 - 8 hours eupply if they are full, and so the balancing of sinter
make with sinter decand often becomes impossible, with ensuing plant
shmitdowns.

It is inperative that a sinter stock of some 70/B0,000 tons is developed
withir ea%y access of the furnace bunkers to act as buffer supply.

This developzment is now under consideration. Recently a texporary small
sinter buffer stock was developed from sheer necessity from the feed out
point in no. 3 furnace etock house, and reclaiming where necessary via
the ground bunker systex, KEowever, handling facilities were not good and
produce excessive breakdown of the sinter which reflects in the furmace
performance.

FLUXES

Furnace basicity is balanced as far as possible by adding 100% of flux
required to the sinter mix - the flux is limestone as egainst the use of
dolomite, to keep MgO levels in the slag to a minimum to benefit cement
marufacture. Where furnace basgicity tends to get out of balance a mirimal
corrective addition of limestone is added to the furnace charge. The

gize of this limestore should be within rangs - 30m + 5 m (a8 charged
direct to the furnac.)

OTEER ALTERNATIVES FOR TUZNACE EBURDEN IMPROVELENT

The run of mine ore as currently supplied from Bahariys is not suitable for
direct charging into the blagt furmnace because HL its' large size.ranze

and extrewely variable phyeical quality and chezical anelysis.

Alizalie and chloride contenis are variable tut coreistently bigh and

¥nO ranges from 1 - &%,

As previously commented, the washing of Eahariya ore is urgezntly required
to help the operators of boith sinter and bdlast furnace plants, and pilot
plant investigations coupled with a total cost return on capital outlay
ghould have high priority.

The advantages gzined from using imported iron ore of sultable gquality should
be considered:




(3)

As fines to blend with present sinter mix to reduce manganese,
sulphur, aluczira and allalie levels. .

As rubdble ore, cTmshed to - 40 ==z and screened at + 8 ma to
sopplezent the sinter supply, and nelp reduce menganese and
sulphur content in bot metel end elumina in the the slag.

The quantity of rubble ore charged tc the blest furnace ghould
not exceed 20% of the furnace total burden otherwise furnace
econory will be effected.

Fote - it hag been sucgested that Conakry ore, being relatively
local could be & source of supply. Past exporience has proved
that this ore is very difficult to smelt becsuse if its' hign
elumina and chromium content.

Pellets of suitable quality could be an advantage economically
but care must be taken to test their reaction to alkalies at high
temperature before purchasge is made.

The physical stability of pellets within the furnace stack must
be considered, bearing in mind the non-reactivity of the coke
and the ensuing irncrease of voidage within the furnace.

e
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BLLST FUENACE OPERATICNS

The figures quoted below are -9.n0. 4 furnace and are typical of operation
during the periods of maximum blowing rates.

Iron arnalysis

Iron production
Coke rate

Fatural gas rate
Ore/Coke ratioc
Added flux/ton iron
Sinter/ton iron
Blowing rate, max
Down time

Reduced blast

Blegt temperature
Hot blast pressure
High Top Pressurs
Slag volume/ton iron

SLAG ANAIYSIS

030/8102

Ca0 + xgo/5102 + A1
s1¢
Cad
¥g0
4,0,
Mn

S

2
2

%5

98% within steelworks specification 1.20 Si ,065 max.

see appendix no 1 g achiogad production of 2 tons

see appendix no 2 per m” effective furnace voluxe
5,000 EB/hIo (64 ~ 68 2’ per ton iron)
3.1 = 3.3

30 - 40 kgs.

1730 - 1780 kgs.
2,100 - 2,150 m3/hin
2 = 30 hours per wveek
6 = 19 hours per week g excessive
1150°¢

2,00 - 2.45 Kgm/bm2

1.00 Zez/Ca’

411 - 448 EKgms.

Range

0.98 = 1.10

- 0.78 - 0.84
32,30 - 36,10

32,10 - 36,10

3.20 - 4.50

12,50 - 13.90

.96 - 1.95

1.30 - 1.88



CAST BHOUSE PRACTICE

All furpaces hevi- individual cast houses.

B I s T

At nos. 1 and Z furnaces the existing cast house leyout is sztisfactory
for handling the expected maximum daily iron tonnzge of €00 tons per
furnace, t operation world be improved with the introduction of a
suitable taphole drill an’ especially at times of high production,

The furnaces have one tephole and one slag notch.

The installation of = suitable taphole drills would:=-

( help to maintain taphole length and strength

control iron and sleg flow from taphole

increase the safety factor for men working on the cast house floor
reduce the workload and enable more casts per day to be made in
times of high producticn

(e) reduce cast house costs

Equipment for measuring hot metal and slag temperature should be installed
as a guide to hearth temperature and condition.

Eos. 3 and 4 furnaces have one taphole and two slag notches at different

levels (see eppendix no. 11). Tue general layout of the cast houses

is satisfactory and comfortably handles tonneges in excess of 2,000 tons ’

per day, per furnace, '
|
|
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Taphole condition is generally good, with average length of 13m.

The type of cley used for stopping is anhydrous tar bonded mix using - 5 m=x
coke breeze from the ginter plant roll crushers. The clay stopping is
magufactured in the ladle repair shop. Coke breeze size exceeds 5 mm

at times.

The Eussian designed ard mannfacgured taphole guns are magsgively btmilt
and very reliable. They bold 4m” of taphole mix with a ram pressure
ensuriag operation under all conditions.

The taphole drills are likewise massively construcied and capsble of
drilling <hrough to the molten iron under most taphole conditions.

Casting trough practice is good end slag sximming very efficient.
Relining of the trough is done away from the furmaces, with the entire
trough being chzaoged approximotely every 10 deye, Tze cast house craze
has good eccessibility to the tarphole eres and hes & lifting capacity
capable of rezoving the entire trough with the eld of a 1lifting fraze.
With the present trough practice, dreinirg of iron and slag is dorne aftier
every cast,

Ircn runners are short and easily maintained with the existing sand
quality. The metal ladles aze set on two adjaceznt rzilway tracks and a
redial arm swinging epout is used for filling, The ladles on the inzer
road are sbunted by meane of an electrically opersted prener,

The method is very efficient, reliable and labour savirg, and will easily
handle the toncage when the furmaces are on maxicmm outpat.
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Notch and czeting sleg are handled with the same degign of equipment as
used for the iron and egain the systen is very efficient.

To date, the practice entails the draining of the iron castinz trough
after ecch cest, even when casting eleven times in 24 houvrs. Iiscussion
has teken plece ref: non-draining of the trough afier each cast, in order
tosave time and labour, which is very necessary when the furnaces are
onfull production. The non dreining of the trough will also enable more
casto per day to be made, with lees, or ron use of the slag notches.

Trials using this practice of non-drainzge will cozzence very soon.,
It will prove to be very beneficiel as production increases, with
reduction in furnace down tice, due to less slag noich failure. The
incidence of slag notch failure at Kos. 3 and 4 furnaces i8 much too
high under present conditions of operation.

The design of the slag notch tuyere requires further study. It is

very obviocus from the pattern of fzilure that the coolipg water is not
circulating correctly within the tuyere and steam is forming at the inner
base when slag is being flushed. Redesign of the interral pipework or
higher circulatirg water pressure within the glag tuyere will remedy

the situation and save considerable furnace down time.

ELOWING TUYERES

Nos. 3 and 4 furnaces are undertuyered, i.e. there is too ruch circumfereriial
distance between the centre line of each blowing tuyere, and there is a
tendency for build . up of cold slag st the tuyere nose when the slag is
viscous. Together these two fectores upset the iniiial distribution

of blast to the furnace which in turn upsets the balance of blest/patural

gae injection at each tuyere.

The vse of dipping tuyeres will help remedy tke situaiion and iniroduction
wvas made to a suitable mamufacturer of gqualily {tyeres and drawings etc.
have been submitted. Hadisold also requested cocpuier calculaticns

for the positioning of the netural gas injection pipe within the

tuyere {o obtain maximmm flow reletive to furmace econoxy, as and when
oxygen ecrichment of the blast is available. Izprovement in insirumezitation
to belance btlast and natural gas injection under ell cenditions of blast
flow is required.

The 2Zussian designed oxygen plant is now beirg cozpleied end it is estizmaied
that the oxygen for enrichmeznt will be availabdle in mid 1983.



INDTUSTRILL SATTTY

There is a coxmpletely negative attitude towards esafety and safe working
practices at Eadisolb Works, ard the high accident frequency rates

guoted endorse this statement. It is agreed that accident frequency
rates per million man hours worked ~an be, to some extent, influenced

by cozpany etiitude towards the injured person, etc. but frequency

rates of less than five lost time accideats per millions man hours worked
ere quite comzon plece in Luropean and Azerican steelworks as agairst

the quoted figures of 50 to 70 at Hadisolb.

From observations made, there are many unsafe practices in thehandling

of electricity, works treffic, eciry into erclosced space, worldog at
heights, use of lifting equipmernt, lack of guards on moving machinery,

etc and ete,, and the develorment of safe working procecdures and training
of all personnel, including mansgement, in their respeciive responsidbilities
and attitudes to safety is of prime irportance. It would appear in

rany instances that employees were totzlly oblivious to the risks that

were being taken.

On pno occasion was protective clothing of any type seen to be worm,
includirg safety goggles and safety shoes, even when exposed to the

risks of flame and molten metal, and it was e relatively comron sight

to see a man woridng on the cast house floor in open mancéals, etc.

Helmets were worn by certain members of management only, despite the

fact that most of the siructures are 20/30 metres and more in height,

amd i1t wea a common sight to see visiitors to the plant, inclvding busloads
of male and female students, walking around the plant and waiching
furmaces, casting, etc., without a single item of personal protection

of any kird. There was much discussion reference this with the
management, .

At the blaet furnaces there were no gus magks, or resuscitation

equipment for immediate usze. Gas mz2sks, etc., were available froz the
safety department but they were much too far zway, and ithe vital minuteas were
lost when gassing accidents occurred. From observation of prevailing
conditions it seemed that the safely depariment was norm—effective in tryicg
to remedy the situmation.

There is urgent need for an experierced operator well versed in iron a22d
steel works safety procedurea and the potentiel of the hazards {nvolved,
to shov to the EZgyptisn zanzcement the methods that can be

used to increzse c¢mployee swareness of he potential danger and also the
Cozpary respecnsibility towards i4's explorees.

In the United Kingdom the Faciories Inspectorate would immediately close
down any establishnent where the corditions existed similar to those
within Z3di{sold works.

During the 'blowin' of no. 3 furnace, as previously mentioned, a mumber
of workers suffered effects of blast furnace gas, because they disobeyed
orders of the operations manzger., This happened on two occasions

within a period of one hour.

It was appreciated trat these exployees were attending to urgent jobs,
but they seemed oblivious to the danger that they were in, and that
ga8 18 no respector of persoms. 4lso their maragers did not seem to
appreciate their responsibility in allowirg men {to wvork in such
conditiors without adequate proteciion. After the accidents occurred
it was obvious that there vas no ~rganieed rescue procedure and/cr
fecilities %o treat the casualiies, eic.
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During the next few weeks a full procedure wes developed for entry/rescue
fron gaseous conditions with recessary equipzent, trainirg requirsd,
etc., including procedure for eniry into enclosed epace, {see eppendix
nos. 8 and 9). Tkis is now in the possecsion of the Eadigold maragerent,
and much diecussion has taken place, ref, the subject, and iis
implications towerds improved efficiency.

PLART BOJSEFr=PING

The general standard of plant housekeeping was not good and much
discussion took place ref, the subject, pointing out that a good standard
of housekeeping is tangible evidence of au efficiectly run plant, eic.,
along with the effect on employee atititude towards the coxpany etc.

There was ample evidence everywhere of accurulated spillace, piles of
waste materials mixed up with velusble spares etc.

There was a tendency towards excessive waste of rescurce, including
lezkage of compressed air, steam, water, oil, etc., in many aress, with
no attexpt to remedy the same, or retrieve spare partis.

There was urgent need for the developzent of an efficient works clearing
up system, with an area ellocated for the forzaticn of a epoil tip. All
material for the tip to pass through a reclacation system for separating
2ll metallics, etc.

The work of cleaning up the blast furraces plant had cormerced and some
headway made.

TRATNTXG

There eppears to be no on going system of formal trainirg for operatives,
foremen, ox middle management at Eadisold works.

It seems that senior management get the opportunity to attend geminazs
and trazining courses etc., and have some access to technical literature,
but below this level there eppears to be little opportunity.

There were frequent requests from middle manmagement and forermangrades

for technical literature, information, etc.,, axd where pcssible, tkese
requests were met with {information sent out from the U.E., if not readily
to kard,

There is an urgent need for a formal training system to be set up for
all exployees if the existing potential is to be fully realieed.

Some discursion with management toox place reference this subject,




CONCLUSIONS AND STi™MARY

Ae shown in appendix no. 7, the furmaces on full productior with allowance
for 5% mainterance downtime, can meet the no. 2 stage firon dezard, except
during reline periods and/br major breekdowns, mishap, etc., therefore

to cover for all eventuelities, the fifth furnace is required to ensure
that maximum dezand can be met at all times.

dowever, ceriain other areas require furiher study and development if
mwaxinun iron making potentiael is to be realised, as follows:

(a) the elkelie, chloride content of the Bahari{ya ore must be reduced
to satisfactory operational levels, and the present quality of
coke meintained

(b) furnace sinter quality and supply problems ruat be solved without
delay with the provisicp of adequate buffer stocks

(¢) instrumentation and control must be reviewed and modernised sccordingly
and a data logging syetem installed

(d) oxygen enrichment of the blast shounld be made available as soon as
possible with correspondingly balenced natural gas injection at the
tuyeres (each tuyere)

(e) extra Cowper stove capacity is required at nos. 3 and 4 furnaces and
must be included in the plan for no. 5 furnace

(1) safety etandards, safety trairing, operator training, plant house-
keeping standards must be thoroughly re-organised, and brought uwp
to acceptable levels

(g) specialised management training should be availsble, preferably in
other countries, for all levels of senior and middle managezernt.

A study of eppendices no. 1 and no, 2 showirng recently achieved iron
productior and coke rates, gives scme idea of the potential that is
evaileble, and will be realised if action ie taken on these points, all
of which have been well discussed with the Irorworks mansgezent.
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APPERDIX KO. 3 (1)

TEE RE-COMMISSIONING OF RO. 3 BLAST FUBNACE - TECEMHEER, 1981

One of the main objectives of the U.N.I.D.0. contract wves to ensure the
successful blow in of no. 3 blast furnace after a partisl reline. The
lighting up of the furmace was planned for Wednesday, 25th Hovembexr, 19El.

After arrival &t the works on Sunday, 22nd November, 1981, it was very
soon obvious tkat this deadline could not be rmet, despite the fact that

arrangenents were made for the Minister of Industry to perform the lighting
up ceremorny.

This desdline could not be ket for the following reasons:

(1) The air pressure test on the furnace showed much leakage around the
boeh and stack cooler housinga.

(2) Mzintenance repairs were still in progress on materials handling
and charging synotezs and it was estimated that this work could not

be satisfactorily completed by the pre-arranged lighting up date of
November 25th., ’

(3) The old hearth bottom left in from the previous cazpaign was mnot
sufficiently cleared especially in the region of *he taphole.

(4) There was & large amount of equipment, ballast, steel scrap, etc.,
around the entire eite, left from the furnace repair, and
acceseibllity was poox. Good acceseidbility %o all areas and sections
of the furnace structures are essential before blowing in commences,
60 that any arising emergencies can be more easily attended to.

(5) A careful drying out procedure was recoczended, despite the urgency,
for a minirmm of fcur days, resch..ng a etack drickwork inwall
temperature of at .‘east 350 C es a frecauntion againet ipitial
spallingof the refractures during the bloving in operation. The
object of this exercise vas the prolonging of refractory life during
the future campaign., The drying ont was to be done with hot blast.

Welding up of the furnace ghell pia.tu, cooler boxes, etc,, contimzed for
the following six days and the next pressure test on the furnace shoved
only minima]l leakage., Cutting out of the hearth bottom continued.

DIrying out commenced ixmediately, and contimued for a furthar four daye,
care being ta.x:en to carefully control the rate of terperature increase
and reaching 350 C on the third day. After coolizg, a further air test

vas put on the furnace, and the emount of leakage wasg 3till urnsatisfactory.

It vas agTreed thgt zore wvork should be done, to completely seal all

leaxage, and this was completed by 6th December, 1981, and e firal aix

test up to 3 ATM pressue gave satisfactory results.,
4 15 cm diameter tube was duilt into the tapbole and wooding of the

furnace hearth to slightly above tuyere level commenced and was completed
by 4 e.m. Monday, 7th December, 1981.

Charging the furmace to normal stockline was completed during Tuesday,
8th December, despite several arising problems.

It vas agreed that the initial coke charge should be increased by 50%
and the number of charges of no. 1 blowing in burden be increased fron

10 t0 20 for the following reasons.

PN
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(1) L fault was discovered on the Toke veighing sysitem, and the amount
o coke already charged was an unknown quantity.

(2) Be levels of residual iron and slag materials left in the heerth
Wwitom, from the previous campaign, was considered to be too high,
melative to the taphole level. Also a lot of burden material,
oriously left in the charging system from the previons campaign
bai found it'e way into the furnace when the syster was tested, and
48 oust have occurred after the furnace hearth had been finally
cleaned out.

The fermace was filled to normal stockline after the ninth round of no.
2 blowimg in burden had been charged.

Arter & firal check of all mechanical equipment, tuyeres, blowpipes,
vater ewoling systems, etc., the furmace was 1lit at tarhole and tuyeres
usirg arygen lances. The time of lighting was midnight, Tuesday, 8th
Dececher,

After a further two hours of free dranghting, the 'swesnneck'! ports were
closed mmd blast was admitted to the furnace. The tube set in the

taphole was left open end ensuing gas wes lit for safety reasonms. It

was very essential that the taphole area was thoroughly heated up on
accourt of the high " level of residual iron and other epillage left in

the furmace from the previous campaign. This pipe was left open until
moltea slag started to blow from it, in the course of the day (Wednesday).
The pipe eventvally melted away but tne blowing to atmosphere from the
taphole continued as long as possible. As soocn as the blowing slag became
out of eontrol, the taphole was lightly stopped, using the gun. :

CHIMILLL COMPOSITION OF 'BLOW TN' BURIEN MATERTALS

o -

Katerials Fe $10,, 4,0, Ca0 MO ¥a § P I.L. W
Sintar 53.39 | 8.18 1,54 9.55 | 0.67| 1.55 .14 |.218 .18 |=
Doloxite - 0.60 0.76 | 30.98 | 21.05| = |[.04 |.043 45.64%
Gran. Slag| 0.55 | 33.16 11.04 39.59 3,38] 1.53] 1.41 < |- 13,

Coke Ash 1371 | 44.34 24.45 3.88 2.54| - |1.78 .122 -

Ash S 320 F.C.

Coke -
10.79 0.96 4.15 87.82

——
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Appendix no. 3. (3)

M e
COMPOSIWION OF *BLOWING-IN' BURDLN :
\ Charge Ore/ Cok Slag/ Burden Iron
Burden No. of Charging Weight of Burden Mats. T. .
: Coke Ton Iron| Ca0/ er
No. Charges | Syetem | cox Gran, Dolc—~| Sinter Ratio Total | Rate s harge T
°%® | s1ag | Mite 810, g
0 52 c.c. 5.6 0.00 0.00 0.00 ' 291 ‘ 0.086
1 20 CCDbs 5.6 2.0 0.€0 ©.00 112 1.130
2 15 CCDS 5.6 4.0 0.90 0.00 ‘ 84 1.180
3 5 CooC 5.6 4.0 0.50 3.00 0.54 28 3.00 2.28 1.110 1,890
4 5 cooc 5.6 4.0 0.50 3.60 0.64 28 2.68 2.00 1.110 2.228
) 5 CcooC 5.6 4.0 0.50 4.40 0.79 28 2.27 1,724 1,110 2.63%0
6 5 cooc 5.6 4.0 0.50 5.60 1.00 28 1.73 1.439 1.110 3.390
7 9 cooc 5.6 4.0 0.20 7.00 1.25 28 1.38 1.183% 1,06 4.150
621 200 40.5 118.0 627
+ : =
o
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('\ m Appendix no.3  (4)
WORKING BURDEN
8 15 cooC 5.6 9.0 1.61 84 1.05 0.88 5.30
9 19 C00C 5.6 9.2 1.64 106 1,03 0.88 5.4?
10 22 Cc00C 5.6 9.5 1,70 123 1,00 0.89 5.59
1 30 (ofe]0]#] 5.6 10.6 1.89 168 0.89 0.91 6.23 |
vt
12 38 cooc 5.6 12.5% 2,20 212 0.77 0.91 7.21 .
sl
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Appendix no. 3 (S)

The first slag was cast through the taphole duringThursday, 10th December,
and as expected, was heavy and viscous because of the chilling effect of the
old hearth bottom. Casting at the taphole was then carried out on a two
bhour programme and by Friday evening casting of iron and alag was under good
control.

There was some difficulty in the first 24 houre gf operation, in ocontrolling
the top gas temperature which vas peaking at 600 C, but this could be expected
because of the extra juantity of coke charged in the initisl 'blowing in'
burden, and was eventually brought under controcl as ors to coke ratio
increased. '

Both the slag notches were successfully brought into operation on Monday,
14th Decomber, 1981.

Following are the initial iron and slag analysis. The silicon content of the
iron for the first five casts was higher than normal and is the result of

the extra coke charged during the initial fill of the furnece., It wvas
expected, and the advantage wvas gained in the easy access of the tapping ’
hole during the first few casts.
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appendix no. 3 (6)

™ M
Date Iron Slag
c Si Mn P ] FeO Ca0 S1O2 Alz(?:, . Mg0 S
10.12.61 4.%8 28,05 39.10 21,14 4.28 1.14
3.61 36.52 31.70 18.64 5.57 2.15
1.29 37.10 30.66 13.80 T.14 2.20
1.55 37.92 30.84 14.40 7.26 2.52
0.77 39.34 30.00 16.60 T.14 2.07
0.52 38.68 30.92 16.20 T.14 2.36
0.52 39.18 28.84 18.20 6.07 2.39
11.12.81 -~ T7.10 2,72 0.49 .030 0.52 41.17 30.20 17.20 5.64 2,06
1.50 5.85 2.40 0.47 .026 0.52 41,83 30,00 17.83 6.18 2.01
.50 6.30 2.34 0.48 .034 0.68 40.17 30.81 18,26 5.95 1.85
3.10 4.55 1,92 0.43% .040 0.68 38.18 30.28 17.08 5.83 2.06
.70 7.20 2.40 0.45 .030 0.77 39.84 30.84 16.98 4.52 1.76
3.50 3.75 2.20 0.46 .026 - - - - - -
4.10 2.30 1.85 0.34 .038 0.52 39.01 28.36 20.00 5.81 1.96
3.75 3.60 2.15 0.35 .020 0.65 36.19 27.60 18.06 4.76 2.40
2.35 4.0 2.20 0.40 .022 0.77 39.18 27.36 20.42 6.78 2.60
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 26.00 22.20 4.76 2.06
2.90 3.30 2.18 0.40 ,022 1.42 33.20 34.18 20.14 3.47 1.68
4.00 2,80 2.05 0.38 .038 2.06 37.68 28.46 21.96 5.11 2.10
2.90 2,10 1,90 0.42 .026 1.03 35.39 30.40 18,80 4.76 2.06
4.10 2.80 1.85 0.39 .024 1.29 34.06 28.74 19.20 5.00 2.08
4.10 2.50 2.18 0.42 .026 1.55 36.19 33,60 19,34 4.58 2.27

“« QW 2dd o

Sa:W

(9)
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appendix no. 3 (7)

#

Some of the analyses weres open to suspect.
.8 1 Carbon in the iron
ézg The initial gas anslyses are not reported a&s they continusally
showed high oxygen content and with all the coke (red hot)
in the furnace this was impossibdle. They were later proved
to be erroneous.

w”“w‘yycw'mw

There were gsome {lucimations in silicon content after this date, but good
control of iron quality was established by December 14th and the silicon
content was maintained around 2% for approximately two weeks (foundry iron
dﬂmd)o

Slag guality was balanced within the next few days, as follcws:

1 - Bange Bangs

FeO 0.80 = 1.20 Mg0 3.50 = 4.5C
Cad 35.00 ~ 37.00 Mn 1.0 - 2.20
u253 13.00 - 14.00 Ca0/540, 1,05 = 1.10

-

Later the zlag basicity was lovered successfully to a range of .50 - 1.00

>

L

y

¢

}

14

1

1

!

{ For the next few wveeks the prograss of the furnace was carsfully moni‘ored. :

C There vere one of two teething troubles, with fallnre of mechanical equipment,

skiphole spillags, initial casting trough maintenance caused by the, high
silicon iron ete., but the blowing rate, blast temperature, high tuy preseure,
etc,, were pteadily increased until maximum blowing capacity allowable with-

y only two Cowper stove availability was reached. Tie third Cowper siove, whick
wvas 8t11] under reline at the time of the blov in, was re-cormimgioned in -

3 mid-March, )

i

PR

As th(re vas lirited demand for ixron of steelworks quality and z high demand
for iron of 1.5 = 2.50 gilicon content for foundry purposead, it waa decidel t»
paintzin the silicon content within this range and transfer all iron to the
cesting machins. The plen worked well, and ensured that the furmace hearth
bottor was vell heated through.

The blow in was 2 success and the furnace was quickly under control.

The Minister for Industvry visited the furmnace on Wedneaday, i6th Decezher, 1981,
’ and expressed his patisfastion.

A) v :
ORIV RV Y T YRR GIVFIRUSIOA. IV 5 SOt FF (TN

( ( SAFETY STANDARDS DUHING TEE INITTIAL ELOW IN PFRICD
y

The standard of safety and safe working practice within the Eadisold Werks ie

far from acceptable when cocpared vith the European and imerican standards, -
and ruch needs to be done to ensure adequate protection for the cmployee.
There is & separate secilon in this reporc, reference thia. *

! . During the blowing in andbloving out operatione at bdlast furnaces the potentin.l
hazard is very high and adherence to & strict, laid down, safety procednre is
ofutmost importances if the work force are to be adequately protected during H

unexpected incidents, f{.e. vhen *his high level of potential hazard suddenly
4 becomes real,

The absence of any laid down procedurs in this respect of safety and protection
vas noted, for axample:

monoxide content of the gas is extremely high., Also vith everything sround ,

the furmace being new, the amount of gas leaksge that will occur i{s somevhat
of an unknown quantity.

y

1 For the first few bours afier the blast is blown into a new furnace, the cardon ¢
y

15
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-39 - Appendix no. 3 (8)

Despite this, there were nc gas masks available in case of emergency at the
furnace. tar request, two wers obtained from e=lsewhere in the wozks to
tover eventugali‘iee, but it was fairly evident that few, if any, of the
workers arovnd the furnace were familiar wiih their use.

There were no rescue or resuscitation servicos available and treatment of

garged employees did not ccicence aas and until the ambulzace arrived, sgain
fron elsewtere in the workas.

Iue to orders being iguorwd, on &two separate occasions several workers
suffered from the eficots of inhaling carbon monoxide, withii one hour of
‘he blaat being adminigterad to the furnace.

it was very cbvious that no one appeared to fully sppreciate the real
danger potential of the operation in hand,

During the foilowing weeks, discussions reference the importance of gas
safety procedure tuok place with marsgement, end a full scale gas safety
training/rescue proceedure foxr Hadisoclb bdlast furnace plant was develoved,
incinding the designing of & system with necessary certificates ete. for
extry/work in confined space. More is said about this under the section on
Setasty mrd Safe --Working Procedure.

4 copy of the Gas Safety/Rescue procedure sugyested to Hadisolb blast furnace
managenent is found in Appendix no. 8. Also included is & copy of the
certificate developed for eniry/work in confined space,(see appendix no..9)

The furnace contimmed to work satisfactorily during the period of two stove
practice, with a etoady increase in iron production and decrease of coke
rate (see appendix noe. 1 and 2).
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APPENDIX 7
) ESTIMATED IRON PRODUCTION PER DAY
b Downtime -~ 4%
f& Coke quality maintained
? YEAR MONTH Nol No2 No3 Noé TOTAL + Smm Sinter
FCE FCE FCE FCE Required/day
{ 1780kg/t.Iron
i? 1982 July 450 Reline 1800 1500 4150 7400
> Aug " - 1850 1900 4200 7500
i Sept " - 1900 - 4250 7600
i Oct " - " - 4250 7600
i Nov " - " - 4250 7600
Dec " - " - 4250 7600 |
% 1983 Jan 450 250 1900 - 1900 4500 8050 |
; Feb - 300 " " 4550 8100 |
March - 350 " " 4600 8200
3' April - 400 " " 4650 8300
3 May Reline 450 1900 1900 4250 7600 ' |
{ June - " " " 4250 7600 f |
* July - " 2000 2000 4450 8000 i
] Aug - " 2000 2000 6450 8000 '
‘L Sept 250 450 2100 2100 4900 8800
3 Oct 300 " " " 4950 8850
Nov 350 " " " 5000 8900
y Dec 400 " " " 5050 8900
1984 Jan 450 450 2100 2100 5100 9100
4 Feb " " " " 5100 9100
1 March " " " " 5100 9100

Sept 1300 4300 7700
Oct " " " 1400 4400 7900
Nov " " " 1500 4500 8050
Dec " " " 1700 4700 8400
1985 Jan " " " 1900 4900 8750
Feb " " " 2000 5000 8900
March 450 450 2100 2100 5100 9100
April " " " " 5100 9100
May " " " " 5100 9100
June " " " " 5100 9100
July " " " " 5100 9100
Aug " " " " 5100 9100

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

PS/050783

April 450 450 2100 Reline 3000 5400
Kay " " - " - 3000 5&00
June " " " - 3000 5400 |
July " " " - 3000 5400
: Aug 450 450 2100 1100 4100 7300 |
" " 1]
b
i
]
!
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YEAR MONTH Nol No2 No3 No4 TOTAL + Smm Sinter

. FCE FCE FCE FCE Required/Day
‘ 1780kg/t.Iron
N Sept L " " g 5100 3100
'; Oct 11] " " " 5100 9100
; Nov " " " " 5100 9100
| Dec " " " " 5100 9100
» 1986 Jan " " " " 5100 9100
: Feb " " " " 5100 9100
March " " " " 5100 910C
April " " " " 5100 9100
. May " " " " 5100 9100
June " " " " 5100 9100
July 450 450 Reline 2100 3000 5400
' Aug " " - " 300¢ 5400
Sept " " - " 3000 5400
! Oct " " - - " 3000 5400
Nov " " 1100 " 4100 7300
Dec " " 1300 " 4300 7700
1987 Jan " " 1400 " 4400 7900
Feb " " 1500 " 4500 8050
March " " 1700 " 4700 8400
April " " 1900 " 4900 8750
May " " 20C0 " 50090 8900
June " " 2100 " 5100 9100
July 450 Reline 2100 2100 4650 8300
Aug " - " " 4650 8300
Sept " - " " 4650 8300
Cct " - " " 4650 8300
Nov " 250 " " 4900 8300
Dec " 300 " " 49350 8300
y
[
PS/050783
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NOTES - DATLY TRON PRODUCTIOR

- MV*..A.‘ w-.-..‘ov.lw e e

(1

(2)

“

(3)

(4)

C (5)

(6)

(1

'“"wNAWW-WWWW“v“WM -~ "'W""‘“"}“‘"“’V o S Y e w.\“{..v.‘. ——wv'

Daily iron production is the estimated maximum production with all
available furnaces making basic iron.

The manufacture of high silicon pig iron suitable for foundry work is
not taken into account in these figures as it will only be made
according to market demend and spare furnace availability,

+ 5 mm sinter requirement per day allows for furnace demand only., The
figures do not include the development of stock piles.

Oxygen enrichment of the blast will allow increase in the natural gas
injection rate giving correspording reduction in coke rate and
increased production of iron for a given blowing rate.

Planned major repeirs at sinter plant and steel plant should, vhere
possible, coincide with the periods of reduced furnace availability,

There is some room for manouvre with furnace reline dates to meet

planned sinier and steel plant major repairs without reducing iron
production. ‘

The building of no. 5 furnace is not taken into account.
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Appendix no. 8 (1)

GAS SAFET?/RESCUE PROCEDUEE AT BLAST FURNACE PLANTS

The following mrugt be considered:-

$1§ Blast furnace plants operate with a very high level of potentian hazard.

2) During plant operations blast furnace gas is made and used in large
volumes - it i3 toxic and extremaly dangercus to human life.

(3) In relatively low levels of concentratioan of blast furrmace gas, a person
baes only mirmutes to live, and in a correspondingly less period of time,
i8 rendered helpless, and with possible brain damage.

(4) Cleen blast frrmece gas is colourless end odourless at all times, and
uncleaned gas is colourless and odourless within minutea of entry into
the atmosthere.

(5) Blast furnace gas has the same density as air, and so remains within
the surrounding atmosphere.

The general vorks system of training prior to actual employment at the blast
furnace plent should ensure that all employees are made fully aware of the

real danger of atmospheric pollution (contamination) with blast furnace gas,

and that they should know the ocorrect procedures to be adopted in such conditions,
with respect to personal safety and notification of authority, etc.

Within modern plants, escape of gas into the atmosphers is usually well
controlled, but past experience throughout th: world has proved that
periodically, serious accidents from gas leaksge do occur through:-
instruzent failure, plant failure, Lumen error, sdverse weather conditiocns,
explosion, etc., and it is very essential that a3 far as possible a system
is incorporated into every.asy plant practice to ensure that the safety of

ell employees is catered for when serious accidents, involving leakage, ¢o
occur,

MARAGEM=NT BESPONSIBILITY

Managenent zust at sl]l times ensure that any necessary gas leakage to atmosphere
is done under strict supervision and contrecl, and that entry into confined

space at blast furnace plants is at all times fully supervised bty responsible
people and that the 'permit to enter' certificate system is elwavs used,

Should an urncontrolled escape of gas occur, then the system mmst cater for
the following:

(1) A reliable alarm aystem that can be operated by afflected personnel, if
Decessary, iddicating the area of contamination/emergency to all people
present at the Plant, and including the Cas Reacue Stgtion and the
Vorks Safety Department.

(2) Mobile rescue facilities are ixmediately availatle if required, for safe
removael of casualiies from contazinated areas and, if necessary, able
t0 give izmediate resuscitstion safely vithin the contaninated ares -
undexr such circumstances time is very vital,

(3) Resuscitation facilities are irmedistely available outside the area of
contemingtion.

(4) Transport is available for removal of seriously affected casualties
to hospital with resuscitation #till being carried cut during the
Journey. .
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(5) An investigation is carried out immediestely to determine the cause of
the leakage of gas.

(6) Remedial action follows immediatelv to stop the leakage, ensuring that
all persons taking part in the action to stop the leakage are correctly
protected.

PREQUIREMENTS FOR AN EFFICIENT SYSTEM OF GAS SAFETY/RESCUE

A. PERSONHEL REQUIREMENTS

(1) Supervisory

(a) The blast furnace management must be seen to be fully in support of
the system and giving personal help as required. Thig will ensure
that the vorkforce recognise the seriousness of the situation and
will be encouraged to volunteer their services and eccept correct
training.

(v) A Ges Safety Officer mmst be appointed to supervise all operations
and training connected with gas safety and rescue, EKe gould liase

» continually with plant management, bave direct access to the

C Ironworks Marager, and have complete charge of the Gas Rescue Station.
The person appointed tc this position should be dedicated, intelligent,
and highly active, with plenty of drive to get things dore. BHe
shonld poseess self corfidence and be able to keep calm and think
clearly in times of real emergency. EHe should ba sent to the
United Kingdom slong with the senior Accident Prevention Manoger
for specialised training,

(c) snirt Operatcr/Engineers to be appointed vith responsidility for
the mainterance of all equipment, ges masks, resuscitators, rcscue
tackle, etc.
They will operate the oxygen and compressed gir compressors sad
organise maintenance to ensuxre 100% availability.
They will bde responsible for the safe condition of ell equipment
and ensure that gll compressed air and oxygen cylinders are filled
to stipulated pressure and are tested 'leak free', prior to replacement
in the store etc.
The most efficient operator/‘fhgineer should be treined to deputise
for the Gas Safety Officex,
These jobs will by clessified as GAS SAFETY ENCIVZFES.

(2) CAS BESCUE TEAMS

Ten volunteers to be selected from each shift to form a shift rescue
team and each man mst possess the following persomal characieristics:

gag aged between 25 and 40 years

b} bave worked at Hadisoldb blast furnace plant for at least 1 year

¢) be employed in the tvpe of work that can be left immedistely

(a1l Rescue Team Members must be readily available in emergency)

phyeically strong, healthy and with no disabilities

not claustrophobic

not nervous of heighis

after initial training be prepared To undergs eniry into the

obstacled gas chamber prior to final selection into the shift team

() after selection be prepared to be intensively +rained **, so that
he can go into irmediate sctior fully understanding what is
required of him and bave the confidence of his team leader

(1) bve prepared to stay in the rescue team once he has been fnlly
trained.

#* = The Gas Sai'ety Offioer vill bo rosponsiblc for the alandaxd

al bemnd ol

R e o
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Preferebly the shift team leader should be a dynamic etaff grade production,/
maintenance engineer with seversl years of plant experience coupled with

a good working knowledge of plari operation, and who can operate 100%

da co-operation with the ghift menager in times of Treal emergency.

Al)l rescue team members will wear special identification while at work,
in the form of a badge, arm band, epaunlette, etc., for immediate
identification purposes, :

The team leader's safety helmets should be a special colour for the
purpose of fidentification at a distance (in times of serious emergency
this is essential).

The gas masks of team members will be in gealed containers or lockers
close to their axea of occupation. It is the responsibility of the Ges
Safety Engineer to renew the cylinder of the mask once it has been used,
even if only for a mimmte, Ee shounld, at the same time, sterilize

the face piece and remake the locker seal.

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

Disciplinary action sbould be taken immediately against any mnanthorised
person found interfering with the locker seals.

ALL MPMETRS OF THE BLAST FURNACE WORKSORCE

The workforce require training, and it ie the responsidility of { - 7int
menagement to ensure that the workforce know how to condixct themseu. ies
in times of serious emergency and are fully aware of the following:-—

§ag ths Teasons for rescue team development at the bdlast furmaces ;
b) the corrsct wey to use the gaa alarm sysiem 2
cg how, and when, to render ertificisl respiration !
d) every person ghould be fully trained 40 use a gas mask and hov to proceed 1
once it hss bDeen used, to ensure that it is serviced as soon ss .
possible

(e) the procedure to be adopted when the gas alarm operates. :
Ap soon as the Rescue Teams have had satisfactory INITIAL TRATNING the 3

training of the workforce shonld commence immediately with dexorstrations,
filmg, etc., and should personally take : part in all the activity associated
vith training,

It is the responsibility of the vunagemex'zt to ensure that all perscnnel
who work on the blest furmace plant receive this training which will be
carried out by the Gas Safety Officer and the Gas Safety Engineers.

ACCTIENT PEEVENTION TEPARTMENTS

The rescue teams, team leaders, Gas Safety Engineers and Gas Safety Officer
ere &1l directly responsible to the blast furnace Manager, and he will

bear the nltimate responsibility for the efficiency of the organisation,
However, there ghould be an indirect link with the Works Accident Prevention
Tepartrent and especially to the Accident Prevention Manasgers who are
directly responsible to the various Works Departments, in case the Hescue
Teans are required to deal with emergency elsewbere in the Works.
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The penicr management should organise a function once per year for the
rescue tean membars, G.S.E.'s, and G.S.0., and all members of the blast
furnace management, to recognise the voluntary effort.. tstanding
devotion to duty or bravery during rescue should be recognised by a
Works Award or Certificate,

THE GAS ALARM SYSTEM .

o

A system cmst be built throughout the plant so that people in difficulty can:

51 notify their poaition to the Gas Reecue Station
2) varn the plant that there is an emergency

The system must fail safe, i.,e., any failure of the system must react as an
alarm.

Many different systems are in operation throughout the world. The following
design suggested was in operation for some 25 years nniil the plant was
closed down, and over thisg period was instrumental in saving a rumber of
lives, es well es alerting the plant generally, when conditions deteriorated.
It pever fiiled to operate when required and was serviced on a regular basis.

Bagic Desism

A robuat push button system, wvith adjoining speaker point, was set up around
the eutire plant, i.e. blast furnace, gas washing system, etc. The ’
buttons md speaker points were strategically placed 1% metTes above
walkw:y level at all places wkere escape of, or contamination from gas
might occur, i.e. around Cowper hot blast sitoves, at £ll levels at each
blest furnace, all levels st dustcetchers, furnace charging and tap levels,
gas cleaning plants, gas holders, etic.
All wirinz was heavy guage and vell protected in strong conduit tubing,
whick was run wvhere it vould sustain least darage,
The speaker pointe and push buttons were of robust design, dust proof, waier
proof, and guarded by a heavy steel band against accidental krocking by
moving objects. The steel band was so designed to act as esupport for a
pertially gassed man, while he conrunicaied his position and/or pressed
the alarw button.
411 alsrm buttons must be adequately identified.
The preassing of one of the alarm buittons dces two things:
(1) activates s loud siven with distinctive note and sounds for one
nincte throughout the loud speakar gysiem
(2) activates an illuminated panel in the Gas Rescue Station, identifying
exactly where the bution bas been pressed.

As soon a8 the siren stops blowing the Gas Rescue Station attendent motifles
the plant via the loud speaker sysitem as to where the casualty/emergency

is situated. The Rescue teas members hear the loudspeaker messege and
asgenble izmediately with their gas masks and are at the discretion of the
team leader within 1% mirmutes of the alarm being raised, knowing exactly
vhers the emergency/casuslty is situated.

If the emergency proves serious, the station attendant brings the rescue
vehicle vith extra supplies of equipment, aseistance, etc.




_ 51 -
appendix no. 8 (5)

(1) Gas Eescue/Training Station

Ideally required is a building with eix rooms, close to, and in full

viav of the blast furnace plant, but outside the area where contaminatien
from gas could occur.

H The rooms wvill be used for the following:-

1
!
t . ccozozommon_
|
!

Room 1 = Garage for Rescue Service Vehicle

L . Boom 2 -~ Store for fully serviced equipment
: Boom 3 - Equipment maintenance and repair shop. This room will also
. house the CPA and Oxygen compressors

] Room 4§ - Lecture theatre and training room

Room 5 -~ Rest room with toilet facilities, etc,

i’ Boom 6 - Administration office g
(2) Gas Training Chamber ‘ ”
Adjecent to the Gas Rescue/Training Station a chazber should be built g
to sirmlate difficult conditions of darkness, geseous etmosphere, 4
difficult access, urexpected obstacles, etc., that could be experiemced
C in timee of difficult rescue conditions.

The chamber is used to test a man's reflexes erxd his sunitability for
rescus team membership. Also it {8 used for intensively training of
the teems under very difficult conditions, etc. at a later date.

4

It i8 essential that these buildings and sexrvices are maintainad
in first class condition at all tinmes.

> D, FQUITMENT BRQUIRED

f (1) Ome fully enclosed four wheel drive, hard top, vehicle, a3 small as
: possible in size, but capable of eseating the full rescue team along
¢ wvithk all necessary rescue equipment,

The vehicle should be used only for rescue purposes and/or rescue

4 training needs, and should be kept available on a 24 bour besis and
1 alvaye ready for immediate use.

4 The interior of the vehicle should be purposely fitted out and at all

; C times kept fully equipped with extra gas masks, cylinders, resuscitation
3 , equipment, stretcher, blankets, elinging gea<, atmosphere testing ..
1 equipment, electric 'intrinsically' safe torches, eic. This ’ ,

S equipment should never be removed from the vehicle, except to deal

vith emergency conditions and rescue,or for nainterance and clearing.
The condition of the vehicle and equipment is the resporsidility of

the Gas Safety Engineer on duty, and should be checked each shift,

The engine of the vehicle mhould be run each day and the general
mechanical condition checked by a fully trained mecharic. The peirol
tank should be full at all times.* It gust be recembered that when this
y vehicle is wvanted it is for real emergency with only mimutes to spare.
{ Disciplinary action should be taken immediately against any person

) using thie vehicle for any other purpose.
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(2) Compressed air compressor for fillirg gas magk cylinders (several
types are available)

(3) 50 ccumplete C.P.A. gas masks with S50 spare cylinders

(4) Oxygen equipment for filling resuscitator oxygea cylinders (several
types are available)

(5) 6 oxygen resuscitators with 20 spare cylinders
The 'Mirmmteman' resuscitator is recomrended from experience. Four
people can be revived from one set, which is easy to operate and easy
to carry. This resuscitator is an idesl machine for use in areas of
difficult accessibility

(6) 10 stretchers, 4 rocking stretchers, blankets, protective clothing,
helmets, wellington boots, oilskins, etc.

(7) Safety belts, harnesses, ropework, slinging gear, pulley blocks, etc.
(on no account must this equipment be used for any other purpose than
rescue and rescue trainirg '

(8) 10 portable atmosphere testers for carbon monoxide
(9) 3 oxygen testers ’
C (10)  supply of torches (intrinsically eafe) * |
(11)  f£iln projector and training films |

(12) Instamatic cemera. Pictures taken during rescue are very useful for ’
future training purposes and general information abcut the emergency

(13) General office and administration equipwent

~
(14) 2 'Becusi-Ann' inflatable models for training mouth to mouth
resnscitation

T

* = 411 electrical equipment used must by intrinsically eafe.

COMMENTS

A system of this type or similar will ensure the following results once it
is operating normally and accepted by both management and workforce es stendard
vorks procedure,

(: (1) Teduce the serious accident frequency rate and prevent fatal accidents
occurring from carbon monoxide poisoning

(2) give confidence to management in times of high production and in '
difficult plant operating conditions -

(3) bhelp to protect the blast furmace workforce from serious iniury in
tizmes of real emergency and ensure that ireined help is immedistely
avallable on & 24 hour basis

(4) glves confidence %o the workforce when difficult tasks have to be
accomplished yet making them sware of the potential hazard around the
blast furnace plants

(5) improve standards of genersl training and the need for training is
realised by the workforce.
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NOTE

(1)
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Increase the mumber of workers and manacement who can react correctly
in tires of real emergency and eo reduce the tendency for panic to
spread.

&lve help and save life in other‘parta of the works when erergency =«
conditions occur

reduce the amount paid out anmally in compensation for injury and death
increases job satisfaction for all those involved

improves management/workforce relations and thereby the workman's
attitude to his work which must save the company a loi of money

training of rescue teams and plant personnel should be on-going at
all times using a definite roita system. The trainirg of exployees
should be compulsory and disciplinary action taken against anyone not
turning uwp to training seseions.

an unrelisble elawn systexm is a greater hazaxd to plant personnel in
times of real emergency than no alarm systex at all, as everyone
comee to rely oo the system operating correctly.

Following is the design of Certificate sugzested to the Egyp:t Iron and Sieel
" Company to ensure safe entry/%ork in confined space, for all it's employees.
(~ eppendix no. 9)

(see




CERTTFICATE OF ENTRY IRTO/WORX IN CONFINED SPACE
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Submitted to Egyptian Iron and Stzel Company as possible Document Design

EGYPTIAR TRON AND STEEL COMPANY DOCUMENT

General Worke Certificate to authorise entrv into/vork in con®ined spece
(nnto: this certificate to be made cut in triplicate\

No person shall enter or remain in any chamber, tank, wvat, pit, pipe, ’
» flue or similar confined space vhere there kay be dangerocus fumes oT

lack of oxygen, unless duly aunthorised on this form by a responsidle

person designated with this Authority.

ha "™

Part A
(1) The confined space $0 be entered 0080000004000 0s0c0ssvevvse
( (2) mment or area ®eoesveceenseccssncvacsanse
(3) Bame 07 responsible/deﬂimt.d person 00eeveceevscesesosscnsees

(4) Same of person responsidle for testing
of the ‘moﬂphere 900cevecrececsscccosenosse

|
|
|
;
|
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Part B

TEST CERTIFICATE FOR ATMOSPHERE TN CONFINED SPACE TO S ENTERED

(note: A gas mask rust be worn during all a.tmoni)here testing within the
confined epace$ )

"I have carried out the test to determine whether the above mentioned
« afised srace is free from dangerous fumes and has en adequate suyply
of oxygen for respiration, and I certify that entry into the confined
space 1s permissable WITE / WITI0UT a gas mask” (delete accordingly)

'VWWUM'W'W'““W‘!"“W'“““V“"‘V““"“t"‘

g g
M

] (1) Result of teet %C&rbon Monoxide ®0c00encsresstssscssvsces
%M&n “.............'....I.‘..

(2) The confined space i{s completely
isclr .ed and free from dangerous fumes Y=S HO (Delete accordingly)

¥
B}
if (3) Burning and weld'ng etc. can commence  YES KO (Delete accordingly) ;

Signature of person responsible for 81moBPhere teBY scceevccccsrsceccaacerccae

N Tm 0000000000008 0000000

ht’ P09 0000000000000 0000cves

-
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Part C

ENTRY IFTO CON:TXED SPACE WITEQUT BREATSING ADPARATOS
(To be completed by the Shift Manager/Designated Person)

"I have checked as follows:-

"I hereby authorise the following Personnel fITOM ecoeecrrecccosccecaascccenccens

(1) 1Isolation is possitive YES NO ( delete accordingly)
(2) Ingrees of dangerous fumes is impossible YES 5O ( n " )
(3) 411 sludge and dust deposits liable to give
off dangerous fumes are removed YES HO ( n " )
(4) The confired space is adequately ventilated YES K0 ( " " )
C (5) Testing for dangerous fumes gives acceptable
results (below 50 P.P.M. for carbon monoxide) YES N0 ( n " ) -
(6) There is adequate air supply for respiration YES XO { " . )
ft .
J %
f
Note If any one of the arnswers is 'NO' or the atmosphere test sbows N
contamination above a permissable level or oxygen deficiency, then 3,
gas masks YUST be worn ard PLET D only of this Docuzent dbecomes i
applicable and must be £illed in accordingly. )
i

........‘.'.".I....‘..'.............. (L‘ea’ kpument' or Com?m to be med)
to enter and work vithin the confined space Indicated cveevesceccccccnsoacsease
C $0000000000s0000000000000000000000s000 0 (Hue of confined ﬂpace)

Bemes of Personrel enteringz the confined gpace

(1) eevvnerernneene (2) vevniceniinienes (3) oereenneennaeenn (4) veverunnnns

! (5) cececcrennnance (6) sevencnrienenies (7) ceveeecriricneneea(8) cevuvacnnns

’ (9) ceerencacesesea(10) eevcenncocnceeea(11) vevnee vesecncane(12) secvenaones




EXTRA CONDITIOSS DICTATED BY SETFT MARAGER/DESIGNATED PERSON

0 0 003 080000000000 0008000000000000RRITOTBRREICRROOCIPRCIIPICISIOROINRIOGIECEOIOTTRAIOOCEOEORGAGEROCOSDS

0 0000000000008 00000 0000000 08ACCO0CRTRCORVORETG0000 0000203803080 0000000000c00ase

} - 58 - appendix no. 9 (%)
For mriod comencm me LR N NN W N N N NN N N NN N NN N NN N
(State time and d&te) Date ’ o_oooctoo.o.ooooooo-a-o.o-co-oc.oo
md finism Tm POV S IB PP RO SOOI IOITOIOIOSES
C (Btate time and d&te) Date RN IImmImImm

[

Signature of Shift Manager/Designated PETBOD secoccvcstsancecacssscssccsceapissse
(See notes 1 and 2)

JPUCW T SRS

i To be sigred by the receiver of this 'completed' certificate
’ { "I fully understand my responsidility as serior person in charge of the

Sreavgniady

personnel entering and working within the cornfined space named as follows:

B 60 0000000000000 00 000088000080 C00000000008800000000080 00000050 000snatedacdosssscscense

‘ G EOG V00000020000 00800 00000000008 0008060000000 8PP CRCNCOI 2800090000000 00000000009%s

51gnﬁturﬁ (r‘ceive: Of thi' Certific&te) [ XA R R FRNRRRRRRFRRRFRRENERERNNEE NN R XN R ]

(see note 3)
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Part D.

ERTRY INTO CONFINED SPACE WEARTKG EREATHING APPARATUS
(To be completed by the Shift Manager/Designated Person)

As the atmospheric conditions within the confined space are uncarte.tn/
unsuitable, all the following conditions shall be strictly observed prior
to ano i

- (1) Suitable breathing apparatus MUST be worn

(2) 411 persons entering the confined space are fully trained in the use
of breatbing apparatus

(3) Bafety belt or harness is worn by each person entering the confined space
(4) & 1ife line is attached to each safety belt or harness

(5) One person remains outside the confined space holding continually the
free ends of the lifelines

(6) Resuscitation equipment is immediately to hand

"Having satisfied myself that the above conditions are fully applied, I
hereby anthorise the fonc'ing Penoml from 0000080000900 000000000000s00sse

0600000000000 000c0rvssccncorenssssscse (ma, demﬁnt' oT company 10 be med)
to enter the confined gpace indicated P00 0000000000000 reaesntncsersosssevotes

0080000000000 0¢000s0c0ttsscsnosPesesooe (me coﬁined Bwe)

Kames of persons entering the confined gpace

(1) ceeveeernioneces (2) cieivenncnnccnneen (3) veverevvrenenee (4) vevnnennnan

(5) eeerecireneneace (6) ceernnieniicieciae (T) eeceveecceaens (8) eeevvnnnens

(9)  eeccaceisncsnoce (10) siiceicaccccenenes (11) ..5............(12) cecscosnoes

S
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EXTRA CONDITIONS DICTATED BY THE SHIFT MARAGER/DESIGRATED PERSON

2040000000000 000000CN0CPPINLRIITIVPIPPRRROTOINIIRNOIPEOOILOICERISIOEPIIIOTOIGEOIOLOISOIOTOROETRTS
P00 0 POCNPINEPEID 0000000000000 00000E0000000008000008000000Ce00000000000000cas00 e
8000008000000 00 0000000800000 008 0000000000 CI0090R0 000000 000000RN0C000000P°CRECECAICIOTIOIIBES

0820600800000 000 ¢ (0000000010020 0006000008020GRTETLREILERPOIPOIDDPOICOIIOCTRIOIONGCTOIRIPOTOTTDOTIESEDS

Entry for period commencing TiMme cecvcsocevecocscnscssecancoe
(state time and d&te) DALE® cececsoscccssccccscscsccscsase

&nd finiﬂh Time 0060800900000 0°08 000000000000
(Btate time &nd date) mte' 0800000600000 0 0080000000 RBOROES

a

Signature (Shift manager or designated PETBOD) seeevesccccccssscccccssccsses
(see notes 1 and 2)

To be sisned by the receiver of thig 'completed certificate

®*I "1y understand my responsibility as senior person in charge of persoznsl
entering and working within the confined space as follows:

m

0095902000060 0000900PCCRRINIONIBRBRINOICPROINNEE L0020 000 0806800000000 000000000000

B0 OL 0000000000000 0080000000000 00C00PRCRA00RE0008000000000000600008003000000000%000 s

Signature (Receiver of this Certificate) e.ccecvccscccccccccacoscsssossascesce
(see note 3)

I
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Part E
RETURH OF CEETIFICATE OF FERMISSION TO ENTMORK JN CONFINED SPACE.

Wh3n work within the confined space is (a) completed or (b) the time limit
has expired, this certificate must be returned immediately to the ahift
mager/deai@ated Person by the senior person in charge of the work ‘a.nd
eigned accordingly by him,

*1 hereby return tne certificate for permission to enter/vork in confined
space, having assured myself that &ll the Personnel in my charge are
Vithdram from the con—fined space $9000400000000000000¢s000000000000s00ces000s

oooooooooocooooooooo-oooooc-oo.oo-oooot.ooooc.o(confinﬂd ew' to be med) ’

simme (Egnior rerson in cmge of p‘momal) ®4seves00000ss00000000000c000e

Signature (Shift manager/Designated persor) cetecsesecscssnctceccasssasase

If the work is not completed at the expiry of the time limit, all pe=sonnel

*will be withdrawn from the confined space as and until g new certificete

of 'Permission to Enter' is issued by the Shift Ma.nager/])esignsted perscn.

i
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; DMPORTANT NOTICES (PLEASE READ)

NOTE 1 This certificate is not valid unless fully completed and correctly
signed by the persons involved with it's issue.

! NOTE 2 If this certificate is not returned to the Shift Manager/Desigmated

person by the expiry of the time limit, then investigation must

proceed at once,

If, during investigation, re-entry into the confined space is necessary,

| then all personnel re-entering the confined space will wear a gas

| mask, This will apply irrespective of whether the certificate was
issued under Part C or Part D.

NOTE 3 The original copy of this certificate will be retained by the seniox !
(: person entering the confined space as and until the work is completed
’ or the time limit expires ard all personnel are withdrawn.
After being returned and finally eigned, this originsl copy will be . ’
filed for future reference in the respective plant adrinistration
\ office.

As the certificate was made out in txriplicate the second copy will
be gent immediately to the respective plant manager'e office.
The third copy after corplation will be retained in the office of "

the Gas Safety Station for future reference and training purposes. .

!
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Report submitted to Egyptian Iron erd Steel Companv

P

INVESTIGATION IXTO THE BENDIEG OF TE= RIGET FA%D SFLL LINK ROD, AT %0. 4

BLAST FURRACE OK SATURDAY, 3-d APRIL, 1982.

Pamt Historv relating to Large Bell Operation

(1) There is gas leakage past the large bell seat iu two places and to try
and minimi{se wear and tear to the seating the laxge bell counter weight
had been increased on two occasions since the furnace was blown in

during April, 1979.
(2) The large bell had been closing very heavily for some time - several weeks.

(3) It was reported that on a previocus occasion both large and small bells
bad operated togetkher giving evidence of binding between the irner
large beel rod and the outer small bell sleeve.

(8) Tze furnace bleeder relief pressure atat was supposed to be set at
1% ATM.

(5) High Top Pressure was set at 1 A.T.M.

Available evidence at the time of the Link Hod Failure

(1) The crude gas main between the dust caticher and the primary scrubber was
heavily made up with approximately 15% free crosssectional area in places.

(2) There were faulte in both pressure recording and control instTuments for
the large bell operation. .

(3) While the large bell link rod replacement was in progress, i% was
noticed that the link plate connecting both emall bell ropes io the
sxall bed arm was out of true to a maximum sngle. In other words one
Tope vas stretched at least 30 czms. lorger than the other one.

(4) The tending of the right band link rod wes discovered while investigating
a8 to vlv the large bell would not operste.

(5) The presme under the large bell had to be released before the laxge
bell vould operate.

(6) The equalising preseure between the bells is controlled from the semi=-
clean gas pressure afier the venturi scrubbers.

CORCLUSICNS

(1) The made mp crude gas main caused back pressure under the large dell a=d
this pressure was not being correctly recorded. ’

(2) A considerable differential pressure existed across the lawge bell,

(3) Ipsirument melfunction allowed the bell lowering mechanism to operate
despite high differential pressure, but the excess pressure under the
bell prevented the bell from lovering.,

(4) Simultaneously the uneven pull on the small bell rope linkage plate
caused some misaligrnment of the outer eleeve small bell rod and this
resulted in partial binding between large eand small bell rods, further
increasing resistance to the lowering of the large bell.
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appendix no. 12 (2)

(5) Initial adjustment of the large bell linkage rods may not have been
completely correct, i.e. one rod slightly longer than the other.

(6) The total load exerted through resistance to the large bell and
partial bdinding of the large bell rod exceeded the bending moment of
the 'longest' large bell linkage rod.

ACTICN TO BE TAKEN

(1) The interior condition of the ¢rude ges main must be examined every six
months and cleaning done accordingly. Vashing of the Eghariya ore to
remove a&lkalie, chloride, zinc, etc., and nitrogen purging instead of
steanm will help to rednce the amount of make up in the main,

(2) Instrumentation for conmtrol of large bell operation needs re-vamping to
ensure more reliability of operation. .

(3) & more detailed examination of ropes and bell operating equipment
should be made on a regular basis and immediate action taken when
zaladjustnent occurs.

(4) & study ie being made of large bell and seat design along vith a check
oo material vssd in mannfacture. .

PRPPYY R R T NV P e
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Report submitted to the Egyptian Iron and Steel Company

.

IXVESTIGATION TO DETEEMINE TEE CAUSE OF CHILLED HEARTE CONDITIONS AT XNO. 3

FUREACE DURING 10th APRTL, 1982,

Past History of the Furnace

(1)
(2)
(3)

(4)
(s)

(6)

(7

The furnace is under tuyered, i.e. there is too much circumferential
distance betveen tuyeres.

The problems of scaffold formation from high alkalie, chloride and zinc
content in the furnace burden are wvell known.

i

From the initial 'blow in' during December, 1981, until mid-March, 1982,
the furnace operated on reduced bloving rates due to lack of Cowper
stove capacity.

There have been excessive periods of furnace downtime, dune to the lack
of burden materials, maintenance periods, etc.

The furnace his been charged continually with sinter of high fines content,
poor quality stock sinter and, at times, unblended raw Bahariya ore of
variable physical and chemical quality because of the sinter shortage.

¥ith the commissioning of No. 3 stove in mid-March, dlowing rates were
gteadily increased, and lack of furnace stack permeability became
apparent.,

Because of the contimumence of the above conditions, a cleaning down -
programme was put into practice, lasting 4/ 5 days, izmediately prioxr
to the Ho. 3 blowing cooler failure on 8th April.

Availadle 'Evidence

(1

(2)

(3)

(4)

N¥o.3 blovwing cooler was badly burmed at the inner base. Thie vas caused
by contact vith molten iron and ithere was cold iron adhering to ihe
cooler after withdrawing from the furnace.

A high percentage of hydrogen was evident in the gas when the furmace
was taken off blast to withdraw No. 3 dlowing cooler.

(a) a gas explosion occurred when attempting to backdrought, and it
vas some 45 zizutes before this operation could de safely cer—ied out.
(d) There vas an exceptionally high pressure of gas at the *uyeTes !
after the furnace was taken off blast, igniting immediately on '
access to the aimosphere, typical of a furnace hearth that has
taken excessive wvater, There was no activity et the tap hole.

The three copper members of no. 2 slag notch were lost due to the
presence of wolten iron vhen attempting ‘o slag the furnece after no. 3
blowing cooler had been changed and attempts made to cast the

furnsce at the taphole failled.

After replacing the three units of no. 2 slag motch, failure occurred
again within a very short time. All units were burmed, including the
onter main cast iron casting that houses the main notch cooler. Slag
vas not being run at the time of this second failure and there vas
again evidence of molten iron collected behind the notch.
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Procedure

Dry slag notches, built inrefractory brickwork, were installed in the furnace,
as iron wes evident at the slag notch level, and normal chilled hearth
procedure was adopted, with only tke tuyeres around the taphole and no. 1
slag notch (6 in total) left open. The furnace responded as expected.

¥While on blast after the installation of the dry slag notches, there was
evidence of excessive quantities ofscar/sceffold arriving at the tuyeres
and this continued for approximately 24 hours. It must be remembered that
during this period the furnace was operating on much reduced blowing rate.

Conclusions

(1) over a period of time, dus to unavoidable adverse operating conditions,
the furnace developed areas of reduced activity in the stack, despite
the changing of charging sequences etc., This caused loose build up
in the stack and maybe some scaffolding due to alkalie sublimatiom.

(2) The extended period of furnace wvall cleaning caused movement -0f this
agglomerated material down through the furnace faster than the tuyeres
(blowing rate) could deal with i%t, and at the same time, causing rapid
reqduction in hearth operating temperaturs.,

(3) Packing below tuyere level occurred in the area around no. 2,3,4 and §
tuyeres and caused an area of ixpaired drainage or iron and slag.

(4) A pool of iron formed in this area which eventually led to the failure
of no. 3 bloving cooler and the furnace took a large volume of vater
before the fagilure was discovered.

(5) For a period of time after blowing up there was evidence of temporary
non-connection between the ares behind nos. 2,3,4 and 5 tuyeree, and
the rest of the furnace, i.e. blast dblowing slag through the taphole
and iron tapping at & higher level fram the brick slaeg notch ares.

Action RBequired

(1) The practice of cleaning down the furnace stack brickwork after evidence
of burder build up shouid be done over shorter periods of iime and
especially if for some reason the furnace has been operating on
reduced blast. The mumber of times the practice is repeated being
governed by the resulis obtained.

(2) The progremme for improved ccld sinter screening at the sinter plant
and blast furnaces should Dot be delayed.

(3) The incidence of chilled hearth conditions further supports the need
for more investigation into the washing of Bahariya ore with g view
to its early adoption.

(4) The speed with which this chilled hearth occurred should be taken intc
sccount wvhen considering decreasing still further the slag basicity
for the 'removal'? of alkalis, etc., from the furnace and relying on
external desulphurisation of the hot metal, as slag tasicity i.e,
elag melting point, is one of the factors controlling hearth operating
temperature,

A s e
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The total cost of this incident and the risk of future similaxr
incidents occurring shoull be taken into account when assessing the
validity of the ore washing scheme, and especially when steel works
and rolling mills are orn full target production.

The Total Cost should include:

M
(2)
(3)
(4)
(5)
(6)
(1

loss of iron, slag, gas, etc.

cost of extra coke

effect on steelworks operation

effect on rolling mills operation

dsmage to furnace, railroads, equipment, etc. -

extra wages cost, use of axira equipmeat, etc.

potential total loss of the furnace |

It must also be borne in mind that during the periods of chilled hearth '
conditions, especially during the early stages where there is a tendency

for molten iron to collect in the water cooled tuyere ernd slag notch areas,

t! ere 18 considerable danger to those people working around the furnace .

hearth area. .
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Beport subnitted to Exvoiian Iron and Steel company.

SMALL SELL, BOPE FAILURE AT NO. 4 FURNACE OR 7th APRTL, 1982

(1)

Evidence

The rope parted at the base of a main splice.

(¢} The splice had stretched badly, away from the apex of the thimble.

(3) Several other splices examined showed similar tendences.

(4) There was evidence that the failure had been developing over & long
period as close examination showed that an estimated 50% of the stranda
bad been Iractured long enough to turn completsly rusty and old looking.

(5) The splicing technique was open to doubt. The splice in queetion was
very uneven and with many broken strands in areas other then the erea
of fgilure. .

(6) The rope fracture was very ragged with many of the strands having been
initially broken some 50/60 cms. inside the splice.

(7) According to encineering staff, the rope vas changed approximately
one year ago.

(8) This particular rope was purchased from a different mamufacturer to normal.

(9) The 1ink plate conrecting both small bell ropes to the small bell
operating arm was cut of true to the marxrizum angle.

Corclusions

(1) The falluve of this rcpe was pnot & direct result of the large bell
link rod trouble of the previous three days.

(2) The failure of the rope would have occurred irrespective.

(3) It vas suspected that on some previous occasion in the more distant

past the rope had been under aboormal etrain.

Action to be taken

(1)
(2)
(3)

(4)

Ensure that all ropes when purchased are suiiable for intended use.
Heview splicing techniques and compare with effective use of Bulldog clips.

Weekly examinations ofall ropes, épli;:es, clipped joints, etc., should
be carried oui, and adjustzents made where necessary. The resulis of
these examinations should be recorded, * o

Ucder normal circumsiances, bell ropes shtould de changed irTespective
safter & predetermined life. An expected life would be around three
years, using quality ropes.

PRI ETAZ Ay T 2 R U UL VU,
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COMMERTS CN A SUGGESTED SCHEFME FOR ALFALTE REMOVAL TROM THE FUENACE BY TE®

FURTEEE REDUCTION OF SLAG BASICITY AND EXTERNAL DESULPETEISATION T¥ THE

LADLE TOR REMOVAL OF SULPHUH FHOM TEE HOT METAL.

The present composition of the slag is dictated by the 109 use of Baheriya
ore and to some extent the coke quelity. The magnesia content is lower
than is desired for gocd slag fluidity and higher melting point, but it is
purposely limited to ensure acceptance after granunlation by the local
cenent marmfacturers.

Farnace basicity 18 kept as low as possible conducive with hot metal sulphur
contxol to “eliminate alimlie retention in the furnace as mmch as possible,
and to date slag total basicities in the rarge of 0.75 - 0.90 have been
achieved, without loss of hot metal quality.

It has been suggested that an improved control of alkslie removal from the
furnace could be achieved with a further reduction in slag basicity and
adopting the practice of external desu pburisation of the hot metal in the
ladle, using the lance technique, and at the same time, obitaining othar
advantages from lower slag basicity, such as better furnace economy, lower
manganese content in the hot metal,less wear and tear on the furnace inwall
refractories, etc.

However, the following should also be taken irto comsideraticn, when

considering a further reduction {in slag basicity at the Eadisold works. . .
(A4 report reference this was submitted to the Hadisolb blast furnace -
Management)

(1) Allowing for the effects of high alkali content of the buwden and the
poor physical quality of the sinier, ths dlest furnace operations is
relatively steady and urnder good control, due mainly to:

(a) the good physical quality of the coke, allowing a satisfactory
level of permeability in the lower stack, bosh, and heerth -

Ebg the effect of the high top pressure i

¢) the careful monitorirg of burden distridution

(2) Coke rates per ton of iron made ere high when compared with world
standards, but so also is ‘he furmace slag volume high, and this is
dictated by the ore supply. There has been a steady decrease in the
coke rate over the past iwo years, and it is still decreasing (see
sppendix no. 2) and further decreases will be obtained in the future
f{rom:

(a) the contimal availabdility of higher blast temperatures achieved
from the wse of four stove practice or the redesign of the present
system to incorporate externmal combustion chambers

gb; the uss of orygen errichment of the blast
incressed use of naturzl gas injection made possible because of

oxygen enrickment of the blast

ﬁdg moisture injection t6 conirol flame temperaiture at the tuyeres

improved sinter quality

S S WA
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(3)
(4)

(5)

(6)

)

(1

(8)
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The decrease in coke rate achieved by the adoption of the above mentioned
points will give corresponding increase in iron production for a given
blowing rate.

Present iror production is well in excess of steelworks demand and 98%
within steelwvoxrks specification.

The furrnaces have good recovery from disturbed operating conditions at
present levels of slag basicity, and hearth operating temperature. A
further decrease in slag baasicity would upset this balance.

External desulphurisation using lance techniques increases wear and tear
on metal ladle refractories and the need for extra top sknlling end this

~is an important factor when iron production rates are being increased.

The more acid the slag, the lower will de the melting poirt and slag

meiting point is one of the factors controlling hearth operating temperature
(with scceptable A1,0, content). Too high slag melting point produces hearth
problerz and loss og urpace economy, but similarly, too lov elag melting
poirt produces a lower hearth operating temperature and makes the hearih
more vunerable to opercstional irregularities and recovery from chilled hearth
condition more difficult.

The rate ~f wear and tear on furnace refractory linings due to alkalies
is an un¥zown quantity and mav be reduced to some extent by lowering the-
glag basicity levels. Eowever, attack on the refractories will not de
elimirsied, so long es present high level of slkslies continues to be
charged to the furnace irrespective of the percentage discharge rate from
the furnace.

¥ith present practice, periodic action is reeded to reduce alkali bulld up
on the furaace inwall refractories, but this i8 a very temporary upset to
the furnace, =1l under present operating conditions recovery is Tapid.

If, in the futrre, very lowv sulphur iron is required on a regular desis,
then desulphmrigation caxn 8still be carried out in the ladle without
upsetting furnece operaticn, and mainterance of ledles ‘o meet future
increased derand can be studisd as a separate project.

The Consultarte involved in (rprovement and rehabilitation studies at
Fadipolb have quoted slag basicities of 0.9 as a satisfactory level for
furnace operation to counteract the effects of alkali in ‘he furnace
burden etc, It should be noted that the present slag basicity levels at
Hadisold are well below this level, as follows:
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no. 3 Fernace

no. 4 Furnace

DATE 21.1.82 22.1.82 21.1.81 22.1.81
iron production

tons/day 1430* 1464% 2033 1868
proximate Si content 0.65 0.60 0.80 0.80
proximate S content 0.040 C.045 0.040 0.040
Mn content of slag up to 2% | up to 2%

(7

{ * no. 3 furnace operating on two stove practice since blow in)

With present basicity levels, all slags are full glass in consistency, and

Jet black in colour.
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