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BLAST FURNACL BEAPERIENCE AND PRACTICE
IN UaR

SYNCPSIS

This paper deals with the technical experience and practice of
ironmaking in the blast furnaces of the Egyptian Iron and Steel
Company. Speciul attention is given to the characteristics of the
iron ore usc. and the factors which affect the soke rate and the
efforts directed towards the reduction of this figure as teing the

largest single item in the conversion cost tor Pig irom,

Local oonditions will be taken into ocousideration and the paper
concludes with a recommendation for the developing countries which

intend to start up their own iron and steel industry.

I. INTRODUCTION

1= In February 1954, the UAR Government charged the iWest Cerman Firm
DEMAG with the establishment of a fully integrated iron and steel
plant, except for a coke rlant, with blast furnaceg, Thomas
eonverters, eleotric furnaces and rolling mills with an initial
capacity of 265,00C tons of ingot steel per year.

The plant is situat~« in Helwen near Cairo.

2= The plant was based on the utilization of local ore depogits in

Aswan Area with the uge of impcrted coke.

3= The commigsioning of the plant started graduslly in June 1958 and
since thai time the plant facilities and the operating results
were always under constant observation and analysis with the
object of improving the over-all economy of the plant. The study
has revealed certuin deficiencies and bottle necks in plant
equipment and production units. Continuous and successful el'forts
are being made to overcome those diificulties. Froduction levels
consistent with the iustalled crpacity are being reache: almost

regularly every month.
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4~ 4s a result of these studies two more production urits wers added

to the original plant, one o: then 1z the sintering plant and the
¢ther i1s a light section mill,

Those two units will improve the over-all economy of the
plant. The sintering plant will enable us to use fine ores, flue
dust, pyrite acheg, mill scale which otherwise could not be used

\L: in the blast furnace charge due to their physical nature,

The light section mill will enable us to roll all our gteel Y
ingot productior into finished products,

Before the light gection mill was put into operation an
appreciable part of our production was sold asg blooms to othar

local steel mills 1op re=rolling into concrete reinforcing bars.

5= Future expansion plans which will be carrieqd out by the help of |
the Soviet Government includeg the development of Baharia Ore
deposits in the Western desert, coke ovens, blast furnaqes, ,
Bintering rlant, oxygen converters, continuoug castings, hot angd
cold strip mill anc additional structural shape mills, Produoticn
by 1970 is éxpected to be around 1,5 million tons of. gteel ingots ‘l

ber year,
IT. DESCRIPTIGN OI' EXISTING IRON AND STELL PLANT
6- Iron Making Plant
M

The iron making plant of the Egyptian Iron and Steel Company
Consist~ of a blagt furnace plant ang & sintering plant.

6.1 The Blaast Furnace Plant: comprising two furnaces having a

hearth diametep 01 5.1 metres and g useful wvolume of 500 m3-
Bach furnace 1, “esizned on an approxims te daily coke through-
4
[tof 470 tons, The lirst turnace wag blown-in in June 1958

and the secon( tyo Jears later i.e. in June 1960.

Tne luTnmacesg are of the gelf su
stace tarryin;

Prorting type without
structures, [he furnace shat't is lined with
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firebriocks while the bottom, crucidble and boeh are lined with
carbon bhlooks. .The furnaces are equipped with Mckee top for
normal pressure operation. )

The hot stoves consist of > stoves, two for each furnace
and one serves ag a standby unit arranged so that it ocan be
connected to each iurnace group. The stoves are capable of
supplying each furnace with 60,000 Nm3/hr air heated to 800°C.
. The inocoming raw materials enter the plant in railway wagons
sither directly to the sintering plant or to the blast
furnace bunker plant which is arranged with three tracks,

. one for dumping cars to the stock yard, one for dumping ores
'.ag;d'fluxu direotly to the bunkers, and one for dumping
either coke Airectly to the ooke bing or ores and fluxes to
the b@kcrn.

The stock~yard is equipped with a single ore bridge
having a 10-ton bucket. . The bridge is used to. spread the
ores, fluxes and coke in. the yard as well as to reolaim and
trangfer material from the yard to the bunkers through gelf-
propelled transfer ocars.

. The furnaces are driven with electro—-turbo blowcru md
the gas is cleaned by the wet methed using spray washers and
disintegrators and thmoe to a 30,000 cubic metre capacity
gasholder. ; S

The bdlast furnace siag is granulated in a granulation
plant and the granulated slag is sold to a cement plant for
the manufacture of blast furnace slag cement.

The slag whioch remains in the slag pot is disposed of at
& dump. - Trials have been made to make use of the dump slag
for road construction ang railvay ballast, but till now no

- definite conclusion has been reached for the regular uge of
this slag.
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Pig.iron is cast and transported to the steel-making

shop in 35 ton capacity open top hot metal ladles and ladle -
cars.

The Sintering 'Plant: comprising of one machine with 50
gquare metre sintering area and an approximate daily capacity
of 1200 tons of gelf fluxing sinter, The capacity depends to
8 large extent on the physical and chemical properties of the
raw materials and the besicity of the sinter ‘'product. The
sinterin; plant was put into operation in July 1964,

The plant produces one clags of sinter screened over
10 mm screen, the ccreened sinter is délivered by belt

conveyer 1o the hlagt furnace bunker plant where the self

propelled distritation cars distribute the ginter to the |
ctorage bunkers.,

Fuel 0il Injection System: a fuel oil 1njaétion system har
been constructed and iz expected to be put into dpnration
in June €5, The system is capabla of injecting up to

200 kg of fuel o0il ber ton of hot metal.

Steel Makine Plant

A b it

The steclmaking Plant of the Foyptian Iroh and Steel Company “’

oonsistes of tha following:

Thomas (Pugic Bessemer ) steel making plant with an annual

fapacity -1 230,000 tons ol Thomas steel ingots.,

A electric Steelmaking plant with an annual capacity of

about 50,000 tong or ¢lectric stee) ingota.

7.1

Thomas Steelmak ing Plany

It consisic of one hot metal mixer of 500 tons capacity,

three convertuerg 15 tons capacity with provisiuns for a fourth

orie. The plant tumprices also of auxiliary facilities such

as lime gy g allitive Lanaling

ar.d storage'facilitiéa, dolomite
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calcining and orushing plant, tar dolomite fixing, ramming
machine and baking ovens for the manufacture of converter
bottoms and brick press for the manufacture of converter

lining.

'I'he hme needed for tre steel plant is prov.ldad by two
mtionl kilns fired with blast furnace ges and having a
aoniml onpacity of 140 tons/day.

The 'I’homu alag produced is ground in a special slag
grmdmg plmt for the preduetion of 'I*hemn pho:phsto forti-
linr. o

Thcm- atnl is top poured into Mgota weighing 3404
tons. l@ulds are stripped from the ingots ard the ingots
locdod 1n 50 ingot transfer oars for trmaport to the soaking
pitn at thc mills.

7.2 Jeotrjc Steel Plant
The eleotrioc steel plant comprises of iwo eleotrioc sorap
melting furppcu each rated at 12 tons capacity.

The furnaces are fixed roof, movable shell type. The
sorap buckets are moved from the scrap yard on a oross
transportation self propelled waggon to the furnace bay.

The buckets are then hoisted and top charged into the
furnace. After the heat is made, the furraceg are tilled and
tapped into a bottom pouring ladle held in position by an
ovorhead crane.

The electiric furnace steel is normally bgtton poured into

, 8lab ingots weighing onu to two tons or squars ingots wveighing
three to four tons.

- The slab ingots are traneferred to reheating furnace of
the plate mill and the square ingots are transferred to the
blooming mill soaking pits.
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S Rolling Mills

Tue rolling mills of the Egyptian Iron and Steel Company

oongists of the following:

8.1

Bloomi..g Mill

The bloomings 1ill is a 900 mms diameter, two-high reverg-
ing mill with an eleotrically operated manipulator at the
entry and exit side with tilting hook at the entry side only,

The mjll hLag a capacity of about 80.tong per hour and
the initial materia) used is 3 to 4 ton ingots either from
the Thomas plant or the eleotric furnaces.,

Ingots are reduced on this mill ¢ blooms neasuring
140 to 225 mmg square, and slab measuring 100 x 500 am nax,
Blooms and glabg arv cut to desired lengths on a 425 ton
shear,

The soaking pite feediny the mil} consist of gig single

hole, one way fired with a nixture of blagt furnace gas and

fuel oil. Eaep pit has a holding capacity of about 45 tonas ‘

and the total output of the :0aking pit plant is 60 tons
per hr,

Heavy and dedium gection Nill

high roughing stand of 75C mm diameter and two Teversing
750 mm two high finighing stand.

finished rolled in ope heat or with intermediate heating
depending on the section rolled and itg weight per metre run,

The mill ig Provided with all hecessary facilities suoh
as cooling beug, shearing, sawing, 8traightening, punching,

which are Hefussary to cover the Tequirements of the r2lling
Profranme of the mill.,
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The mill is capable of rolling sections having A weight

of T up to 50 kg/metre run.

The capacity of the mill depends on the sections rolled
and the product mix, chosen for ite production programme,
The average capacity of the mill is 20 tons/hr.

 Three High Plate Mill

The mill consists of a single three high stand. The
rolls are 750/600/750 mm body diameter and 1800 mm barrel
length. The mill is serviced ty o ocontinuous pusher fumasce.

The mill is capahle of rouing phtu ‘of thickness

| ﬁrying frosa 5 to 25 mm.

The capacity of the mill depends on the thickness of
tho plate and its wnmgo oupacity is about 15 tons per hr.

The sheet mill is & single stend two high pull over amill,
where the rolling operation is taking place in one direction
only and the piece is retummed over the top roll to be re-
rolled in tho next pass. The rolls have a diameter of 750 mm
and & bdarrel lesngth of 1250 um.

The mill is capable of rolling sheeis.of thickness

-+ varying from 1 up to 3 mm.

8.5

[

The mill has an average capaciiy of 1.5 toms par hr.
The mill oonsists of the following:

(a) Primary roughing arrangement couprising two stands set
8ido hy side. The first stand whioch is the main rough-
ing wmit is a three high stand with a roll diameter of
550 mm and barrel length of 1800 mm. )

The second roughing stand is two high with 550 mm
roll diameter and 1800 1m berrel langth.
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(v)

(o)

§E;-Cogtm‘ uous Mill

The primary roughing arrangement is followed by
four continuous stapds in tandeam supplemented by a four
stand finishing train,

The four tandem stands are all two high 360 mm
roll diameter and 900 mm length. In the finishing
train three stands are 360 roll diameter and 900 mm
length and the fourth stand is 360 mn roll diameter and
700 mm length.

Yire Mil)

The wire mill consists of four Norgen stands with

275 mm roll diameter and 500 wmm roll lemgth.

The mill is capadle of rolling wires from 6 %o 13
®R and rounds from 16 to 38 mm, angles from 30 to 60 mm,
tees from 30 to 60 mm. The mill is also.capable of
rolling flats and squares.

I11. BASIC RAW MATERIAL LATA USED FOR DESIONING

OF PLANT BEQUIPMENT

9= The biast furnaces were °riginally designed to produce 400 tong

of Thomas

pPig«iron per day per furnace.

The iron analysis was expected to be within the following ranges:

c 35 - 3.8 %
s 0.5 - 0.7 %
Mn 048 - + 1.2 %
P 2,0 - 2.2 %
s 0.05 - 0.08 £

The ocaloulationg wers based on using the following raw
materiala.




i

9.1 Coke to be imported from the Ruhr distriot of West Oermany
having the following analysis.
¢ 86 - 88 £
V.M 0.5 " 1.0 %
8 09 = 1.2 %
m 800 - 10-0 %
- and SE¢ ash analysis having the tonmmg aoupesiﬂem o :
80, ¥ - 4 % )
N ~MgBy o 2w 3 e T
, P0203 13 = 19 % .
Cad 2 - 6 % "
‘Hg0 - 15 - 2.5 s" S ‘
9.2 Lhoﬂaao vill be mmxw from the ce-m-: o quarries -
" which 1s situsted about 20 kilometres north of the plans.
.The average analysis of the limestone is as followss
'Ca0 52,0 - 53,0 ¢4
NgO 1.0 - 1.3 &
a293 10 =~ 1.5 %
810, 2.5 - 3.0 %
Lol © 42i0 = 42.5 %
The size of limestone will be from 25«80 mn.
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- 9} Aavap Qre

e The Aswan ore is an oolitio udimmm hmtuo fore-

s AR S A A T i 0 e b

'ing Pelatively thin Veds varying in thickness between 0.2

and 2.0 metres, in Nubian sandstone with varying thickness
of overburden. It is wildly distridbuted over a large area
of approximately 800 square kilometres.

The ore deposits were first described geologiocally
early in 1920. Before signing the oontract for the estab-
lishment of the Iron and Steel Works with Messrs. Demag in

AR S 2
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February 1954, geveral studies have been made on the Aswan
ore deposits by specialized firms and individual experts,
The results of their studies are given in Table (1) showing
the average chemica) analysis of the ore and -its reserves.

TABLE 1
Vame of Reserves in
invegti- Year Fe Mn 840, 41,0 Ca0d P ' '
bl 10, 41,0, Neo tone
Vadasg 1932 52,32 0.58 10.94 5,58 1,88 344,000,000
Grocht " :
nann 1937 48059 0-64 13'39 3077 6*00 Ga? 1.2 35;0@}@0
Sehmidt ' 1937 51-18 0.28 10.37 3'04 4:2 100’9 . 1.26 2?0,000,900
Brassart’ 1939 4744 05 N4 6,08 3.6 - .12 13,500,000
Hassan : ‘
Sadek 1940 - ' 400,000,000
Kipper 1949 44087 9056 1432 6039 .3:35 0057 1041 300,090,099
Group of
German '
firmg 195’0 47.0 13:5 ‘440
Eisen bay =z ' ‘
Esgen 1950 50.19 0:53 11.32 4441 4,56 0.89 1,2
Egyptian
mining
adminigte
ration 1950 Lo 40,000,000

" , 1952 S 158,000,000
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e Ana ig Bagi
A thorough investigation of the fiures given in Table (1)
shows that the variation of Fe content of the ore according to
different investigatcrs ranges between 52+3 per oent and 44.87

per cent and tie silica content varies between 10.94 per cent and
14.2 per cent.

The variation of the main ouvmponents of the iron ore is,
however not so serious as the variation of ore reserves oaloulated
by the different iivestigators which varies between 13,500,000 and
400,000,000 tens.

'The choice of the most reliable figures for the average
snalysis and the ore reserves from the available cata was a very
difficult Job. It necessitated a very deep study of the different
reports in order to find out whieh gives the most rciinbh

figures. The factors which were taken into consideration while
oboosing the average analysis of the ore and the ore reserves are:

1~ The volume of work done on the ore deposits and the
number ol samples taxen and analysed.

2= The number of pits made to caloulate the Ore Treserves,

Aocording to these two main factors it was dvodded

to use the figures of Brassert as the basis of oalouls~
tion for the steel plant.

The ore reserves given by Brassert are Very ocongerva~
tive and the lowest among all other investigators, yet
it was sufficient to run the plant about 30 years and was
e.onti_dcrcd adequate to justify the establishment of an
iron and steel plant for the production of about 265,000
tons of ingot steel per year.

Brassert hoe also stated that further supplies may
be revealed during the exploitation of the ore deposits.
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Accordan, 1y tie rollowin,: average analysis for Aswan
ore was ,iven to liessrs. lemag as basis for caloulation
of the size of the blast furnaces.

Fe 474 %
" 0.5 £
510, 1.4 %
Al 203 6.06 £
Ca0 3.6 4
P 1.2 ¢

The ore is almost free from detrimental elenents
suchk as Pb, CL‘} Zn, Vﬁ’ Ei, Cr, &1, Al’ S and 31.

IV, ORE CHARACTERISTICS AFTER ACTUAL MINING
OPERATIWN STARTED

10« Before starting up the tlast furnaces in June 1958 it wag agraed
with the mines that the ore should be crushed and olassified &

follows:
Coérse ore from 40 - 80 mm
Medium ore from 10 - 40 anm ‘
Fine cre below 10 mm

Both coarse ang medium ore to be seant to the blast furnaoes

separately ir self dumping railway wagons for the direc: uge in
the fumace.

The fine ore of = 10 mm to be

stored at the crusher in Aswan
until the sintering plan

t le ready ang ag mentioned previously the

sintering plant vag Put wnto operation in July 1964,

10.1 (re 1s

1t was also &sTreeu with the mines that the average

analysie or toth ooarse and medium ope should be within the

following composition,
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Fe 4 + 24

810, 17 & 2% -
The ratio of coarse ore to medium ore delivered to the
blast furnace at that time was approximately 2:1 and the
average analysis of the two- different classes of the ore

were within the following renge:
Coarse Ore Fe 45 ¢+ 2 %, B10, 16 ¢ 2%
Medium Ore Fe 41 2 2%, 810, 19 2 e %

It was agreed further with:the mines that every train
load will have about 1500 tous of ore and that -the analysis

‘of both ocoarse and medium ors should be dsabled %0 the dlast

furmaces abead of the arrival of the train,

30,8 Riast Funace Besulis

Pt

' The early practice was to dump the ore trains in the
m&:ﬂfn and in the nteeward}a oass the bunkers sre full.

The furnace charge vas égleulg%cd iégo?diag to the

. Sverage analysis for the goarse and medium ore as given

before in paragraph 10=-1, |

8uch praotice does not enable the operators to atiain

. ke desired degree of oontrol on blast furnsce operation.

© This leads to frequent marked fluotuations in both the

phiyeical and chemioal characteristiom of the .hot metal.

Since the Thomas steelmaking process calls for maximum

- Nemogeneityin hot metal characteristios, such fluotuations

tend to cause unsatisfactory results regarding material
yield, state of deoxidation, teeming teamperature and
oonverter lining life.
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The variation in the pig iron aualysis could be
summarized as follpwa:

c 34 - 3.8 %
8i 0.2 - 1.0 %
I 0.6 - 1.4 %
S 0.02 - 0,12 %

10.3 mn.m.m of tae Ore Analysis

A statistical study has boen made for the Fe and 8192 ‘
oontent of both coarse and nedium ore delivered to the
‘blast furnaces in the period from October 1958 until June
1959.

The iron content in the coarss oro varies b:tﬁma
.4l per aent and 51 per cent Fe. Ad fferenoe of 1 per omnt
Fe in the ooa.se ore may be eaaooiated with & difference
of + 2.5 per oent 310 For instonce +° might be possible |
to get an ore train with 45 per ecorit Fe and 11.5 per oent

310 and then followed by an ore train with 45 per oent Y

&nﬁ 16.5 per cent t:.i.Oe‘.

Sometimes thcro ig a axifercnve of 5 per ocent 8&6 for
the sans iron content e.g. the train No.. 112 dated 25 hv
1959 with 47.1 por cent I'e and 19.1 per cent 8192 and

" train No, 120 daiedq 3 June 1959 with 47.4 per ceant Fe and
13.6 per cent Si0

2’

Suoh irregularities are very c&iffit_mlt;ja explain, one
- factor might be the fact that acourate sampling of suoh an
irregular ore ig a very diffioult Proposition,

Similar irregularities are 4o be found in the medium
Oore.

It should hosever be noted that the variation of 810

for the same iror ctontent ' ecomes greater as the ore gcta

poorer in e con nt.
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Modificatiom of Blagt Furnace Praoctice

As a result of the previous statistical analysis of the

‘ore, it was decided to make two group of bunkers one for
- each furnace and each group is in sufficient number to hold

a full train load of about 1500 tons. In case a train arrives
and none of the bunker groups is empty, the train will be
dumped in the stookyard.

The charge of the furnace will be ocaloulated asocording
Yo the analysis of the train whioh was dumped in its bunker
group. The result of the charge caloulation will appear
after about 10-12 hrs., the furnace operator will start
making corrections either by inoreasing or decreasing the
amount of coke or limestone, The results of correcting the
burden needs another 10-12 hrs. to materialise.

Twenty hours later the train load will be finished and

. She operator vill bave to start all over again using a nev

train load with different analysis going through the same
steps onoe more. This practice has lead to the following:

(a) The furnaces have not maintained a stable state sinos
they were put into operation for any appreciable
length of time.

(b) Dus to the frequent alteration in the furnsces burden
end oonsequently ths variation in the thermal load in
the furnace it is not possible t¢ maintain the maximunm
‘blast temperature which will eventually lead to a
minimum ooke consumption,

As & result of this variation in the burden and
thermal load in the furnace the blast temperature wvaries
betveen 500-900°C.




I ——

B/CN.14/45/11/2/a/2
Page 16

(o)

Under the present.cqndﬂitiron.;wt“;;gg_also very
dangerous to drive the furnace under the mogt economic
condition due to the fluctuation and uncertainty of.
the ore analysis,

This forces the operator to keep a reasonable
Teserve in the blast temperature to cover any sudden
inorease in thermal load in order to avoid hearth
chilling, ¢

4 chilled hearth is the most serious digorder
which can happen to a blast furnace,

“hen it happened in our plant it took about 7 days
of very hard work in order to put the furnace back into
normal condition,

be dumped in the stock yard in cdge the two bunker
groups are full, The stock yard ore represents a
special difficulty to the blast furnace operator becauge ]
it is very difficult to cgéet a rebresentative sample ‘ig
from the yardg especially because there is always a
movement in the ore stocks,

The operator ugeg an approximate analysis for the
stook yard ore, This practice will not help him ¢o get

homogenews iron o the satisfaction of the steel plant
operator,

Inspite of thig practice the Tegularity of the pig iron
analysis vas not very much improveq due to the fluctua=
tion of the analysis in the Consecutive traing, The

fluctuatior, in the thermal lead of the furnace hasg also

to be aljuite: by alterating of tlie blast temperature

and/or the amount °f coke in the Ciharge,
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10,5 Ugg;;gg with one clasg of Oxe

In order to.meke things easiex it has been decided

- . since May 1964 to work only with one class *? ore having a

size over 10 mm and up to about 80 mm.
In this cace we will only hav o one ana1ysia for tha

.

“-= Bhe resul¥S Thtained: s.uncerning ‘the Tegularity of the
-pig iron analyeis is still not e(tisractory both to the
+blast furnace managemcat and the steel plant managemqnt.

The analysis of the oro trainﬂ, with one class of ore
whieh have arrived since thc begi. .ng of July 1964,varies

npproximtely bev.men 40.0-:,9.0 per ccnt Fe #md 15-25 per
eunt 8&0

Tha same irregularitie ‘rere glso noted on the blast
turnaca ore after havinz it delivered in one c¢lass from
10-80 mm,  The 810, content might wwry up to 4.5 per ‘sent
with the same Fe cca»cnt.

1046 . M&x__m.zfiﬂm the ramg tram lead £

The ore bunkera of the ozusher plant at Aawgn are tod

v o s

hy a reéiprcoating belt convevar which corries the ore from
;?t,aruaher to the tunkors frow vhich the ore irain is

. loaded. The idea of saking the belt resinrocating is to give
.- the ore a chance to.mix and o have 4 ror> cr less Yenooneous

ghnrlctqr.,

During filling the loading bunkers by the reciprocating

belt oconveyer, 8 to-10 semples ere taken from tho. belt represent-

ing the train load. =I:oh goanle is waalysed for Fe and then
all samples are mixed and quartered to get a representative
sample for the whole train. Thig sample is analysed for Fe
ans 8102 and the results are cabled to the blact furnaces at
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TABLE 2 ,

Train No, 129 130 1% 1335 135 %

Po £ in firet sample 414 510 47.8 410 46,8 . 47.0 |

" second 41,1 40.9 50,2 46.4 44,8 48,1 ‘ 3

" third = 421 4501 g9 419 4.3 42,6 3

» fourth " 4204 4309 42,1 4009 47.2 43.8

" fitw  w 1 80 92 34 467 460 §

" sixth » 48,9  43.3 40,7 4.4 453 4.0 ,

" seventp w 436 44.9 43,3 44.8 46,6 43,7 i

" eighth = 46.4 411 5.8 48.0 42,3 45.1 |
" ninth = 44.8 426 45.8 446 47,9
" tenth " 45.8 46,8 41,3 44.0
Arithnetical average 42 44,2 44,4 444 44,9 45,2
Po % in train sanpie 502 44,0 4404 45, 458 46,2
80, £ in tragy w 17.9  20.0 2206 18,6 17.2 18.6

r—

From the above table it could be noted that the iron
Sontent of the train sampleg varies in Fe content from 8 4o
10 per cent, The reeiprocmting action of the belt feeding
the loading bunkers improves the hamcgmdtty ¢f the ‘ope.
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V. PIG-IRQN QUALITY

Steelmaking, especially converter practice, demands Lot metal with
88 much regularity in composition as possible. The use of an ore
vhich varies in its properties as widely as has been ahown for
Aswvan ore makes this a very difficult propopitian.

In order to get low siliocon, low sulphur Thomas iron, it will
be necessary to work with a highly basic slags which is vary
dangerous unless you have a preoise knowledge of the ore smalysis.

Also it is very expensive because it means higher slumg
volume, higher coke consumption and lower furnace productivity.

- Vi, GOKBMWTICI

D
)

The bhnt rumaoc were -ta.rtdd in June 1958 on upo:-tad coke
from Germany and it kept on working on imported ookc from different
oountries such as Germany, USSR and Poland until April 1964.

““'w!rom- that date -the caking. plant which was built south of the

ﬁ‘.hlnj;_fumaco _plnnt stnttd uupplying the furnaces with ceke. Now

e e -y

. ¥ are relying m’eircly on the produotion of thin newiy builf

12~

ook.tng plmt. 'I'na ooko produced is of oxoenem quality, both in
ohoaieul lnd. physical properties. The ookoAmaly-il is homogensons
md has the following composition. S a

Ash 10,0 - 10,5 §

Sulphur . 1.0 - 1,2.% i
wrmmseee—Voledile Batter— .04 = 0,6 % e
Fixed carhon - - 8940 ~ 89.5 %

Coke rate is the biggest single item in the oonversion gost for
pig-iron. It depends on many factors and the management of the
Iron and Steel Company of Helwan is directing every effort
possible towards a reduction of this figure.
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rate:

12.1
12.2
12,2
12.4
12,5
12.6
12,7
12.8
12.9

The followin. are some of the main items effecting the ooke

L4

Burden preparation
Chemical analysis of raw materialg
Physical properties of raw material

Slag volume

Hot blast temperature

Distribution and charging system u
Top gas temperature and analysis ‘ t
Irregular movement of stook in fumaoe ‘

Supplementary Fuel injection.

Table No, (3) shows the ocoke rate during the last three
years together with the main tndiutﬁrs of the blast furnace

operation.

Total production in tons

Coke rate/ton in kgs
Net burden/ton in *
Limestone/ton in *
8lag volume/ton in"
8lag basicity Cai)/!im2

TABLE 3 . -

6/62  62/63 | 63/64

185,800 204,476 207,337
118 7 114 ) 111 9
040 3053 2958
960 965 787
123 0 122 0 109 5
1.32 1.32 1.30

Table No. (4) shows the trend of veriation in Agwan ore
analysis during the last four years.

M
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TABLE 4

1960 1961 T 62/63 63/64

Fe % 44,8 45.0.  43.46 43,99

8102..% 16.3  17.9 = 19.46 20,36
. Table (4) indicates that the trend of Aswan ore is tonrdu

' lonr Fe eontent and higher 810, content.

P

b

’I‘ho uure ore renervos in Awm mines now is about 22 million
tons, The whole area of the depoaitn ia not yet rully nwutisa-
ted and the probable reserves are much more than the sure reserves

R ﬂ..mtod .pn‘vinnlly‘ — e e

A3 Dupden pramazaien .. .. .. .

This is by far the most important item in reducing the coke
rate. The striking records which appeared throughout the world
for coke rate is mainly due to high burden preparation. The blast
furnace burden should be rich in oron and low in silica, Bomcgeneous
in analysis, regular in size and free from fines. If this can be
achieved, the slag volume will be reduced, it will be possible to
blow with regular and maximum blast temperature, movement of stock
will be regular, indirect reduction will be improved, more
supplementary fuel could be injeoted and the coke rate will be
a highly reduced w.th oonnquent high furnace productivi.ty.

Hovws gt

— .

L RE T T

is fully aware of this fact and full attention is directed towards
. this goal.

A oconcentration and blending plant for the Aswen ore is
planned to be put into operation within the second five year
industrial plan of 1965-1970.
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14- Slag Volume angd acid smelting

Une of the factorg which affect the coke rate is the slag
volume. In order to reduce the slag volume without cqncentrating
the ore, acig smelting tests were carried out on the blast
furnaces in December 1960 and January 1961,

The sulphur content of the iron 18 adjusted when the metal leaves
the furnace by soda desulphurization, ¢

The test was ruy under a slag basicity CaO/SiOz of 0.94.
Table (5) compares the resultg of Operation with the two different
b‘liOitieﬂ of 0094 and 1022.

TABLE 5
cw/si_o_g 0.94 - M/&t&_ 1.22

Coke / ton 915 kg 1040 kg
Limestone /ton 401 " 776 "
Blast temp, 650 o 715 %
Pig iron analysig

c 3.39 4 3.52 %

Si 1.15 % 0.75 %

Mn 0.61 ¢ 1.03 %

P 2,21 ¢ 2.27 %

3 0.28 ¢ 0.07 %
Slag volume/ ton 900 kg 1150  kg/ton

tion in coke rate of 65 kg/ton of Pig and slag volume was reduced
by 250 kg. '
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Many objeotions and diffioulties were raipged by the Thomas

Plant management and the acid snelting tests were stopped due to
the following:

(u) The nriation in the p;lg iran. maly-u especially im cenbexion
with 84 md 8 has caused 8 lot of troudble. The 5i oontent
varied butwnu 0.82 and 1.89 per oent vhich caused oxesssive
wear on tho sonverter lining and higher mottl louu due to
spitting, in additson %o longer bloﬂag time.

(t) _The sulphur content varied hatvem 0,150 and 0.465 and einoe
tho soda domlphuxiution is an endothermic reactiom, it ocols

_the het Betel, aftoot}n; $he_yield and ceusing tzeubles in
tho cutxng pit duc to the tmuon or huvar akuu.n in the

“.m m“f o o . S i S B At v 31 8 o w8 4 wE
(0)._Righer peresntege of wm m“te high .uzm
mt‘i%- $ -

- — P Cabe e e s wma s

(d) Varution .'m;ho main components of the pig iron due to the
. 3pvegularity of the iron ore was more pronowhced with lower
. Wasicity ss comparsd with normed: slag mmw. s

“The final malycis ot tho int rnultu iadiotttd thnt
+1 7 better results bouid' !um imn o‘b‘hinod if tho oro ‘were
P homozemm e ind

, Tho anilability of 100;1 uacamn ore gontaining about
‘ 21 per ecnt b, 3 per omt Fq and 3 per omnt. 8102‘ would have
also helped in getting ‘nottor ruulu in the acid snelting
‘practics ‘because ofthe high dmlpburntng pover of Ma.

lower sulphur ooritant would hnva been oxpootod in thc Di‘(
iron.

15 Rintering . L

The ore fines used in the sinter plant is - 10 mm sise and of
& relatively lov quality, the iron content varies between 34-49
per cent Fe and the silica varies between 16=32 per cent.

i e iR ke
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The plant wag started in July 1964 and sinter wag produced
Vith & basicity of absut 0.7-0.8. o o

The uge of rich Fe bearing baterials such ag Pyrite aghes
2ill goale compensates for the quality of the.iron ore fines ang

the iron content of the ginter ig thus improved, '

. Lo ‘ !
Non tA Fe a0 sy °;2{fj°a‘ |
. . 3 .
Janiary L g 0 4.7 ° 20,2 ' 0.1
O —————
Fobmary 36.0 2302 1901 1020 ‘ .
Maroh 31,2 2207 1595 20.10 C
Due to the low Quality of the ore fines, it .way deoided ¢

into the blagt furnace., fThe removal of limestone from the blag
" furnage charge improveg jitg effioimoy Bo’ca'un lihtétoao isa
Very substantig energy consumer, o )
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' more fuel and improve the replacement ratio and this would have
" resulted more reduction in the ooke rate.

17- Seaffolds

~ Oi) Inisotion

" materials in the furhace burden there is alwvays the peuibility

E/(N.14/45/11/2/a/2
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Both reactions are endothermic and consumes a considerable
amount of energy in the blast furnace. The second reaction which
is lmowp as the solution logs reaction besides being endothermic
is a direct oonsumer of carbon from coke.

Congequently any removal of raw limestones from the furnace
charge ghould reduce the coke rate. It is estimated that every
100 kg of limestone removed from the furnaoe charge reduces the
coke rate by 35-40 kgs. It is much chupor to decompose the
fluxes on the sintering bolt than dcoomposing it in tha blut
fumaoa.

.- The oil injection system was arected. and is expeoted to be
put into operation in June 1965,

The present practice of smelting Aswan ore without blending
does not allov the-regular use. of high blast. temperature beoause
of the heavy fluctuations in the thermal load of the blast furnace.
The blast temperature now varies between 500 and 900°C with an
average of about 600 to 650°G.

If the ore was homogeneous in analysis it would have been
posasible to drive the furnaoe under the most economic oonditions
with maximum blast temperature. This would enable us to inject

VIl. FURNACE TROUBLES AND INVESTIGATION TEEREOF

Due to the lack of proper burden preparation and the variae
tion in thé ore analysis and the appreciable content of fine

of ‘soaffold formation in the furnace.
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This is also aggravated by the fact that the ore is very
silicious and needsg a lot of limestone.

Limestone helps in the formation of scaffoldg especially when
it comes in contact wAith the furnace walls. Big variationg in the
| blagt temperatures alters the working zones in the furnace and
adds an important factor to the formation cf scaffolds,

Scaffolds may drop down suddenly by themgglves with the‘
furnace burden ag it moves downm ‘or they may need dynamite to“be
removed. e have gone through both experience and both of them
necessitate very hard work and congtitute dangeroug cénditionl.

Scaffolds have a bagic character and the foliéiin'é'”i.héiﬁ the
nialysia of a sample of a soaffold removed from furnace No.l
during 1960, At that time the goaffolg wés removed by dynamite,

of of go
810, 137 Mn 0.94 %
1%203 50 % P 0.7 ¢
41,0, 6 % c 1.5 &
Ca0 2 % 8 2.0 %
Mgo 2% Na, k6.1 %

The scaffoids were found to be puilt Up in successive layers
of fine raw Daterials and as ghown from the analysis they contain

mainly limestone and ore, Alkalies in the burden help the
formation of scaffolds,

If the burden ig Properly soreened and the fine ooml*‘y*it_pmto

removed there will be 8light Possibility for socaffold formation,

Proper investigzationg should algo be made to ohooge the

mo8t suitable charging system and stock level which
fine raw materials and limestone
the walls or the furnace.

will prevent
fronm getting in oontaoct with

_—

TR ORIV
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. .. Blagt furnace No. 1 was blown in on the 30th. of June 1958
.and blowy out for relining on the Bth. of September 1964,

Thq duration of its first ca.mpaign vas six years and two
mtha.. During ‘this campaign the furnace produced 590,987 tons
of ‘I‘honu pig iron and consumed 650,268 tons of ocoke.

During tho ocampa’ga one hearth break cut ococurred in the
tap hole area in Ootober 1963, almost five years after blowing in
the furnace. The Lreakout’ waa repaired by cutting a piece from

' ﬂx’i‘ steel jacket nround tho tap hole area.

| \ ' Tho 1in$ng in thin arc:x vas removod and thcn rc‘built using
high quulity refractory blooka. |

The part of the steel jacket which was ntripped off wn J
u;lé,ed. in ite pla,ce and the furnace was put baok on windi~

’I'ho time neodod 2or thia repair was about tm é.ayl. The
o uintencnce of the tap hole orea i3 one of the most iaportmt
roamaib‘litiea of *he b"asf furnace cporator. |

Meaguremcnt of the tap hole l=agih should be mdo for each
cast and rocorded in ihs furnace deily report. h

It ghould not be less than 130 c¢m., if it gatn. shorter one
of the tuydres around ihe !:p hole chould be plugged off with olay.
If it etill ;o8 shortes ths other tuydre should be. plugged off.

Tho plug;ed tuydres cz2n only bo opened after the situation
improves. FrE |

- Sp\?gig; attentioa c-ould ve given to ﬁho preparation of the tﬂ
clay gun mix. Different mixiures hcve been tried using coke, 8
coul, pitoh, clcy and broken fire clay bricks. -The one which we
are uafng now has proved 4o ‘be very satigfaotory; it has the
'ronowing composi tion.
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Coal blend (For ooking) 2 parts by volume-
Sinai clay 40 ¢ A1,0, L
Aswan clay 28 % A1203 1 " oo
Broken fire clay bricks 1 " " oow

In order to maintain a good tapping hole the furnnoocm;houla
be abgolutely dry after eaoch cast. Plugging the furnace against
slag and especially against i-on is a very bdad practice.

If this is repeated many times, the tap hole will be lost
- and consequently the furnace will be lost.

The clay gun should alweya be in good working oondition and :
‘the operator must be sure that the clay goes into the tapping f
hole. The percentage of water in the clay mix is very important E
and must alwevs be undor cuustant observation.

19- Blast Furnace Tnvostigation

Many attempts wore made to hake proper and scientifie
investigation on tho blast furnace performance with the ais of
reducins the coke rate to a pinimun figure., The following are
some of the point: which vo have tried to investigate: ‘k‘

19.1 -~ Ore si-e
19.2 - Limestc o ging
19.3 - Burden distribution
1944 - Blast temperature
19.5 - Sinter composition and basicity
19.6 - Slag basiocity
19,7 - Percentage of indirect reduotion
19.8 « Optiuwum criving rate.

In order to investigate the individual effect of e80h of the
previous items on the coke rate you have to keep the other faoctor:
constant. Under tue Present ciroumstance of the fluctuations in
the ore analysis ang the consequent changes in furnace burden it
is almost impocsible to carry out any sound investigation on the
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furnace performance. Too many variables are changing everydq} and
at the same time whioch makes it very diffioult to correlate the
variation of the coke rate witkL those variables.

The Thomas steel plant is algo faocing the same difficulties.
Dus to the variation in the pig-iron analysis no systematic
studies could be made on the factors affecting the quality of the
_steel ingotas, the yield, the amount of dioxidisers needed the
"temperature of steel and the other casting pit probdlems.

VIII. FOREIGN TECENICAL ASSISTANT

‘Tl‘ﬁin; is eai of tb; most important points whioh faces the develop-
ing oountries which start their own iron and stesl industry.

]

- I%-4s definitely advisable that those countries should got
technical help and consultation from: the highly industrialiged
oountries which have long years of experience in this field,

20.1 Another important point in this field is that the developing
Sountries which started their own iron and steel industry
starts usually with one plant only which means that there is

RO _possidbility of exchanging experience within the country.
‘M9 have only one blast furnace Plant in ouwr country and
. [whensver we mee: any furnace trouble for the first time, we
- will have to rely entirely upon ourselves. To overoome
suoh troudble, without the help and experience of others who
~ hawe sucoessfully worried through that partioular troudble, -
will take much longer time and greater effort. It must bde
emphasised that there are few situations in life where the
sxperience and example of others are 80 needed as around a ;
blast furnace when & new kind of trouble 1s met.

20.2 'fhi- clearly indioates that one irom and steel plant in the
country cannot operate suocessfully and economically if it

remains isolated from the other iron and steel plants in
the world.
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2044

20,6

iron and steelmaking Practice. The highly industrialized
countries are exchanging their éxperience on local levels
in local conferences and on international levelg in intcrgg—
tional conferences, Developing countries should make;upg;

in thig industry,

The writer also believes that the developing countries have
eemmon problems which do not exist any mcre in the highly,

- developed countries. It will be, ihoriféti;

advisable for the developing countries to exchange vigite

oountries whigh started theip own iron and steel industry

~should employ a group of 8peclalists frop the'highly industr-

ialized Sountries. Thoge experts will be &vailable for

Countrieg,

It should, however, ve borne iy mind thet every country hag
its own school of practice ang éXperienoce, \

Since oupr plant wag put into Operation we had the chance
to work with 8pecialists frop different Countries suoch as

Germany, Usa, USSR, England, Austria, Czeohoalovakia and
Frmceo .
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'As previously mentioned sach country has its own sohool of

-For example, it is scientifically and practically approved

- furnace, but the economy of this operation depends to a
great extent on tho relative price of 0il und ooke and thie

& flux, others declared that for our ores and our looal
- oonditione there is no need.at all for dolomite in the
- blast furnace charge. Some sxperts have also recommended

B/CN.14/AS/11/2/a/2
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This definitely hav o s.ricus doawb: .ci. because every
prort advocates the praciice of his own country which
sometimes is quite different from that of the other country.
If the operator kecps chenging from oue practice to the
other he will never bave tho chunce to master any practice
which is againgt the benefit of the industry.

practice and experience depending mainly on goientifio
principles and taking local conditionsg into consideration.

that oil injection oan replace part of the coke in the blast

is a loocal factor which varies from one ocountry to the
other.

In the blast furnace operation some experts have strongly
recommended the use of dolomite together with limestone as

that due to the heavy fluctustion of the Aswan ore analysis,
& blending plant should be imncdiately installed. Others
said that blending could be made by the ore bridge in the g
stockyard.

Experts from a thircd country said that their experiences
have proved that blending in the atockyard ie a mere loss of
time and effort. Some exports have strongly recommended to
follow the acid smelting praefioe in the blast furnaoces,

others have stated that our local conditions do not permit

the use of such practisce.
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Some experts reccumend that blagt furnaces should not
be driven harg unless the burden is fully brepared, others
do not agree with such recommendation,

Such conflicting ideasg make it difficult for the
management to take sharp and decigive aotions.

20.9 The sanme also haprened in steslmaking operation and rolling

mill practice, For example, in steelmaking gome éxperts
recommended the rroduction of rimming steel, others advocate
the production of semi-killed steel,

20,10 8o it ig the opinion of the writer that the experts should

te chosen frop the country who delivered the Plant equip-
ment and that they should not be changed by others from
another country until a certain practice has been Teasonabdly
established ang stablized,

This does not mearn that we ghoulq ignore the praoctioce
in the other countrieg cumpletely, This ocould be Covered

steel plante of the different countries to get acquaihted
with their practice, Algo through the participation in the
internaticnal conferences, an effective contact ocould be
realized in order o follow up the activities of the iron
and steel plantg throughout the world,

IX. coNcLusion S

The object of this policy jig to make gtee] more competitive with
other nmetalg and with othep steel broducersg in Other Countries.
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Dﬁcloping countries whioh intend to start up their own iron and
stee]l industry must bear in mind that this industry involves a
great number of difficult problems.

‘The most important of these problems is that of raw materials.

The iron ore deposits should be studied very carefully in order

% have a clear and acourate picture of the ore characteristios.
In case of developing a nev ore mine it is advisadble to run s
large scale mining test. "

The homogeneity of the ore is an absolute necessity, the Pe
and 3102 oontent should vary wvithin a very narrow limit of & 0.5
per ocent, phosphorus content of the ore is very important as it
devides the steelmaking proocess.

A thorough investigation should bde made for the detrimamtal
slenents of the ore such as As Cu, Pv, Ni, 8, n, Cl1 eio.

There are well known ore deposits in the world which are rich
in Fe and low in silica but their econoaic value is low because
they oontain high percentage of detrimental eleaents, e.g. the
Conakry ore of Guinea oontains 1 per cent Cr. In Tunis one of
the iron ore mines produces ore containing 55 per ocent Fe and
J par cnt 8102 but due to its relatively high ocontent of 7n 0.58
per oent pb 0,33 per omt. As 0.26 per cent its economic value
is seriously affected.

2) ‘Ore conocentration is an economic problem governed by the modno-

24~

tion cost of pig-iron, but it must bde deeply studied. Ores
oontaining 55 per cent Fe are being concentrated in some plants
to 65 per cent Fe.

Investment on burden prepacation used to be considered as 8 luxary
in the 0ld practice. Now it is becoming a necessity especially in
the countries which rely on importad coal or coke for their
industry. Although coke is available at a relatively ocheap price
in USA, yet it has been recently reported that at the present
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25~

26~

28-

29-

present time between 80 to 90 per cent of theiy domentically
produced iron ore is treated, i.e. either heated, crushed,
screcned or concentrated in advance.

-

Although it is possible to calculate the expected iron analysis
if the orc analysis isg known, yet it might be advigable to run an
actual smelt.n; test in a commercial furnace to make sure of the
analysis of the pig iron produced.

This is very important because the analysis of the pig iron ‘%
decides the most suitable steelmaking process for that iron.

The maximum climination of limestone from the blagt furnace charge
improves its effceiency and raises its Productivity.

High bl~gt {enporaturs end Tuel injections should also be the
aim to cave ccke and to enable the furnace to be driven at faster
rate. '

ot
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If ihe ciowm‘ir-y has ii3 o coal mines and intends to produce its
o'm coke, the ccal depotits chould be thoroughly studied in order
to muko sune thas g00d quality metallurgical coke will be produced. :
The cuke ¢hanld eico ba ho..ozeneous in analysis. The same alsgo ‘L ?
applied 0 0.4 may mdterials cuch o~ lireatous and dolomite. i

If the »aw rate-ials viciure is absolutely clear & lot of
difficultiecs in ha poy Industry will bve avoided,

It i3 not z2dvi:able for developing countries to start with highly
automatic ey .irment a1d mnchinery. Such equipment need great
sk'11 for onsration ¢nd Minteiance. | |

faintenance racilitien s"ould be given high consideration and
should be plained in SUCh & way that the Plant can rely on them

for the uusnufacture of t.e spare parts needed to the greatest
Possible and reascnable e<tent. I
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32- It should alsc be borne in mind that a new iron and steel industry

produces an appreciable amount of sorap and waste containing a
high percentage of Fe units., 4 Plant for the preparation of SOrap
and the recovery of the Fe units from the plant vaste is a very
eoonomioal proposition.

It will pay for itself in a few years. The product of this
plant ocould either be charged back into the blast furnaces or in
the stoelmaking units or both,

This will improve the eoonomy of the blast furnace and reduce
the coke rate. In general, such a plant will iaprove the over-all
soonomy of the industry,

Mull utilisation of the plant bty=products such as coke oven gas,
blast furnace gas, dlast furnace slag etc, improves the economy
of the plant to a great extent.

A nev steel plant cannot live isolated from the experience and
practice of the other iron and steel plants in the world. It
Bust have some sort of oonnexion with other plants in other
ocountries. The eaployment of a team of experts from a highly
industrial country can provide this contaot very effectively.

The participation in international conferences provides
another means to follow up the nev and modern trends whioh are
continually developing in this industry.

Developing countries have common prodblems whioh do not exist
in the highly developed countries. They must find a way to got

together to discuss their common problems and exohange their
sxperience.

- e e w e
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