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Explanatory Notes: 

The value of the Ethiopian currency in United 

States dollars is given herewith: 

One US Dollar = 2,07 Ethiopian Bir 
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S U M r-1 A R Y 

Post Title: Technical Assitance in Electric 

Arc Furnace Steelrnakinq 

Project Number: SI/L'l'II/!.34/301 
The above pro\cct w~s conceiv2d in the year 

1935 LJ.~; u. L·art of ll!HDO 'S progr,'\nune of Technical 

Purpose of th·.:! .J:E2j_'..:.'.~ l. :_ To pr•)vic.1c technical 

assi.st2ncc ft)l'.' i;q:i>:ovinq cxisU.n::r scrap handl:Lna, 

c:ualil~y cc.n~_rr'l, :_:1:0(!}. 1:1,~llin _: p·_·acticc Zlncl 

to establish p·c,por llcL1l lU rg i c-i.l Laboratory. 

Durati<?~ 'l'he three e:·:pert ~ fielded for 

9 man-r.'.on th I r .. nne:-:ure l\ I from f',:!brui1ry 

---------·-·--·--··-----··-- ·-·-·---'"'·--··---
Al thOlv~l~ j_ L hz.s bcC'.n <• long time since 

the plant was con®issioned the production 

js curried cut ncJrl; accordin0 to the originnl 

tccLnoL··cJ'l .L:1 troclucc;d up011 ccir.JT' i.:-:;:1.i_c,n:i.nq the 

elcctr.i.C 21.CC furnace~ r how '!Cr. arJ:jus trnenU; have 

bscn found ~o La needed. 

The level of pro<luction could b2 j1~provad if 

ll[r'}radinq OI~ both scrm) hancHJ.llq, st.e(!lmakino 

and t00min0 f lnqots; roll.ing practjcc quality 

control a~ ~alJ. as preventive ~nint~nance were 

implemcnt:c~.::. 

On the oLh .. !J h:i11c1 r:1n:1p0Hcr tra i ninq also should 

be CJ j ven Iirior .L i:y, U:}: i.nq .i.n t•) .1ccoun L local 

aud intl!rrwtional onr::rnization~; J.ikl:! UNIDO. 
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I N T R 0 D U C T I 0 N 

Project Backgroun4 

The Government of Socialist Ethiopia has recognized the 

acute needs of up-gradation of electric arc furnace 

steelmaking at the Ethiopian Iron and steel Foundry 

under the jurisdiction and control of the National 

Metal Works Corporation. 

Started in 1961, the factory is located 20 km from 

Addis Ababe; produces steel nL lls, plain and ribbed 

reinforcement bars and steel wire netting. On two-shift 

basis, about 12.000 tonnes of reinforcement bars /6-32 mm 

dia/ and 4.000 tonnes of nails were produced in 1984 

a ~otal workforce of 450 including supervisors. 

The molte;1 steel is bottom-poured through a central 

trumpet into 14 pencil inqot moulds. The pencil inqots 

/85-90 kg/ are then reheated and rulled in a mL:chant 

mill into rounds to be used eit~er as reinforcements 

or for further processing into wire coils for nail 

production. 

The steel scrap is purchas8d from various sources 1 

the country and is heteregenous in character. No Ldci­

lities have been used for its classificat~on, segre­

gation and preparation; and nor fer q~ick chemical 

analysis and control of the steelmaking process in the 

electric arc furnace. Visual inspection of the fractured 

surfaces of broken samples hasbeen the only method 

employed to determine the carbon content. 
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Prior to the establishment of a full-scale metallurgical labora­

tory, a spectrometer has already been purchased. 

As far as the establishment of the new laboratory is con~erned 

the Metal Works Corporation has loca~ed funds for the erection 

of a laboratory building at ~~e Ethiopian Iron and steel Foundry. 

Work done on this tield 

Previously experts from Ziscosteel /Zimbabwe/ carried out a 

D~aft Report on: Assessment of the Operations ~t the Ethiopian 

National Metal Works Corporation's Steel Plant in January 1985. 

~reject Number: UNIDO P 84/48-SI/RAF/84/804 

Cooperating Counterpart 

The Ethiopian Iron and Steel Foundry was the cooperating counter­

part. 

Experts received every assistance reauired from the factory man­

agement. 

They were cooperative and ready to accept proposals and intro­

duce them. Fruitful discussions were held and without t~eir ac­

tive support working programme could not have been done to the 

extent as it was. 

Objectives of the Project 

a/ To improve the existinq scrap handling practice and specially 

the entry, quality control, procurement, segregation, chemical 

composition and preparation. 

t/ To improve the steel rn0lting practice, and particularly the 

quality control. 
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cf To establish a proper metallurgical laboratory with appro­

priate equipment and facilities for quick chemical analysis. 

I MAIN DUTIES OF' THE PROJECT D6CU1'1EN'l' 

During the mission the duties of experts were: to provide 

day-to-day pra~tical advices and on the job ~raining through 

direct participation in the prod~ction processes. 

As a result of their work, in co-operation with the national 

counterpart personn:::l bol:h the level LJ ... productivity and es­

pecially the quality of steel would be noticeably improved. 

The experts, and particularly the Team Leader, and the ex­

pert on metallurgical laboratory equipment/operation will be 

Pxpected to advise the counterparts on proper specification, 

layout, manning and other pertitlent problems to establish a 

full-scale laboratory. 

II ACHIEVEMEN1'S OF IMMEDIATE OBJ ....:CT IVES 

Achievements of the assignment were in close relation with 

the objnctives of tho misaion. 

In the course of the field-work, however, due to the introduc­

tion of runninq the electric arc furnace and the rolling mill 

in separate shiftf; because of the weakness of power line from 

the substation, some technological n~dlfications to improve 

quality of steel could not be introduced. The melting furnace 

was operating in the scc~nd &nd third shift. 

Scrap handling with the use of bailing machine improved; and 

the carbon content of scrap was analyzed in the up-graded lab­

oratory. When preparing the charge it is good to kno\: what is 

the carbon content of the charge approximately and if neces­

sary iron castiDgs aru added to assure required value of car­

bon. 

The existing laboratory, which had been out of use for many 

years, with the 1.nvolvement of nat.ional counterpart personnel 
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was put back on its feet ":apable t:o u.nalyze carbon and sul­

p}'lur content being able to serve scrilp segregation and >teel-..., 
making • 

....... 
Fer the establishment of ~ full-scale metallurgical labora-

tory expe1·ts advised proper specification, layout, manning 

and other relevant inforrr.ations /see Chapter FINDINGS/. 

According to a pro::;ram.1uc, a trai;iing course was held wh.i.ch 

included laboratory staff training, direct participation in 

the production processes u.nd classroom-training. /See An­

nexure C/, D/, E/, F/. 

Technological instructions and production-technical document­

ation applied thr0:.i~rht the everyday on the job training were 

presented in e.g. Annexurc Gf. 

III UTILIZATION OF PROJECT RESUL1'S 

A/ Scrap hancllin~r practice and i_ts gual:L~:L_ cont.!2! 

Arranqements w·:?rH made by the factory :nanayemcnt to allocatt::? 

one bailing machine which 'Jpon its arrival to the premise com­

menced pressing the light scrap. 

The quality control of scrap was improved by the introduction 

of Poldi-type hardness tc~;ter, spark testin<J, and permanent 

magnet as well as carbon and sulphur analysis in the 11pgraded 

gas-volumetric laboratory. 

Due to the shortage of oxygen supply heavy steel scrap was 

not processed at all. 

For the set-up of a proper Matallurgicnl Laboratory stepr have 

been made as follows: 

I I I 
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- A Spectrometer has already been purchased, which after com­

missionins will take over the job from the gas volumetric 

laboratory and uill be able to carry out quick analysis of 

elements snch az C<:trbon, Sulphur, Manganese, Silicon, Phos­

phorous, Chromium, Molibdenium, Nickel, Copper, etc. serv­

ing scrap segr-egation, steelmaking process and grading con­

crete bars an<l other final produces. 

- The National Mclal h'orks Corpor0tion has located funds for 

the construction o.r: i< new laboratory building where the Gas 

Volumetric the Spectro:neter Laboratories and the Tensile 

Testing Unit ulth f-r(·;lJe Prep.:iratieins Shop will be implement­

ed. 

- National co .. mterpart personnel wer~ trained by the experts 

to carry out carbon and sulphur an;llysis in the Gas-Volu­

metric Laboratory which was put back to operation with the 

_invo~vement of the local personnel. •rhis laboratory is cap­

able to ~erve production of steel until the Spectrometer 

will have been ccm:mi~:::;ionr~d, hm1cver certain modernization 

is needed. 

- In order to modernize the existing Gas-Volumetric Laboratory 

Quality Control UNIDO has earmarke~ USO 4,000 for purchas­

ing equipment anJ ~tandurd samples /~cc Annexure D/. 

- Some of the would be Laboratory staff h~d received special 

training in ~pectrometer Laboratory activities in Italy. For 

the up-dating of their knowledge Faculty of Natural Sciences 

at Addis Abeb~ University and Ethiopian Standard Institute 

can be approached. 
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Cf Electric Arc Furnace Sttelmaking. 

- Prior to steelmelting the weight of steel scrap charge 

should be known for to be sure that there will be enough 

liquid 3teel when teeming of ingots and for making calcul­

ations of metallurgical pur!?oses. 'l'he weighing bridge for 

mt.·asuring was reconuncnded to mend and before experts left 

it was in use again. 

- In order to be able to monitor the efficiency of steelmelt­

ing process a "Melting Log" for easy to f :>llow recording 

systeni was discussed and handed over I see Annexure GI. 
Its introduction will provide essential data for the on 

going assessment of production features. 

Slag removing technique was improved by the introduction 

of using -.. special tool which was made according to experts 

deslgn. 

- When the o:ddation is to be finished and no further ca.rbon 

is expected to leave the liqu..:id steel Lhe reaction is stop­

ped by adding Silicomanganese to the steel bath. Prior to 

doing this oxidised slag should be removed. It ~as achieved 

however only when experts were monitoring the steelmaking 

process. 

- For the complete deoxidation experts advised to put the Fer­

rosilicon into the furnace rather than into the ladle and 

to put broken pleces of Alumlnium castings selected from the 

scrap into ladle. This suggestion was introduced toe for 

some time, hmrever, its p:i:actical introduction should be 

checked at each charge. 

- The temperature control of liquid steel before tapping, the 

prcheatJng of lad.le, more: careful mould assembly viz. com­

plete cl imimition of sand and rnortD.r residue, mechnnical 

cleaning and lime wash or black wash treatment of moulds 
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should be solved to improve the quality of steel ingots, 

hence the quality of concrete and smooth bars. 

However the fully introductton of recommendations for im­

proving production processes wight face failure if cost ef­

fective, items, e.g. Hardness •rester, Analytical Balance, 

Tensile Testing machine, Temperatm.:e Control Device and fin­

ally the implementeition of a Full-Scale Laburatory Complex 

cannot be involved in the budget and/or if they are not in­

volved in the use of the daily operational activities. 

IV. FINDINGS 

A/ Preparation of Scr~p 

'.1.'he Ethiopian Iron and Stee:t Foundry has !Y2·~11 given priority to 

utilize the scrap of different origin, converting it into ingots 

from which coils /raw r.uterial for nall production/, and reinfor­

cement bars are rr.anufa.ctured. 

1. Source of s_0E.~.E 

Characten~i tic u.nd sources of scrap /see Anncxure HI 
- Light Scrap: from Crown Corks, Oil Refinery, Ethiopian 

Household Utility. 

- Medium Heavy Scrap: suppliers arc the Ethiopian Highway 

Authority and Private Suppliers. 

- !fonvy Scrap: sources arc Govcrnn:cn~ Entcrp~ises and Priv­

ate Suppliers 

- Miscellaneous Scrap: from Private Dealers. 

2. Processing 

Scrap segregation and precessing was not carried out when 

exp(?rts arrived Lo the f<ictory. 'fhc .scrap piled up in the 

premises of th·3 f <.!cto:::-y <.h1d char9cd into the electric arc 

furnace in bul::y fo.rrn by the m~c of electromagnet effecting 

longer tap-to-Lap time ~nd higher enr:.~rgy cost. 
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There was an alligator. shear operating occassionally, cut­

ting only the rolling mill returns. 

More than 40 per cent of scrap coming to the factory was 

very light /see Annexure I/. 

Due to the lack of oxy<Jen and acethylene heavy scrap was 

not processed. 

Non-ferrous Metals: 

Since the prcse!1ce of non-ferrous metals such as Copper, 

bronze, aluminium with steel scrap going into t '1e furnace 

has negative cf fects t!1e quality of steel their removal 

needs careful attention. 

Dangerous Materials: 

With the bulty non-segregated scrap containers containing 

oil, gas, ~1d/or other ch~- icals may have been charged into 

the Electrl.c Arc F;_irnace. ')n high temperature these contain­

ers exploded destroying furnace roof. 

Scrap Processing .Team: 

Actually, group of people occasionally was set together 

engaged in scrap handling. 'fhey could not fulfil their task 

due to the lack of exp~rtise and facil~tics. 

Layout of Scrap Pror.:essing: 

A great area is covered by unprocessed scrap in the premises 

of the plant. The characteristic and layout of ex~ating sc· p 

processing is displayed in Annexure I. 

r' 
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Machines and I:quipment: 

For the time being fer scrap processing there are 

- ONE, Mob:i_le bailing machine /Operating I 
THREE, Torch cutting equipment - not used since 

oxygen is in shorta9e 

ONE, Alligator shear Op2rating but it is p~OL9Ss-

ing only the rolling mill returns 

- ONE, Mobile cr~n0 - Operating 

ONE, Crusher steel ball for braking iron castings 

- Not used. 

Classifj_cat.!.C:! of sc.::rap is based or. routine practice basing 

on visual i1~sp2ctic:1. 

Sc~ap wa~ c,arg0 d unproc~sscd into the electric arc furnace 

by the use of electro ~~gnet by which non de~~red materials 

e.g. pr~ssurc vessels, automobile schock absorbers filled with 

oi~., etc., r:d0h:: 21-:;o go in lKinr_r o.bJc t:o cause explodings. 

This chargin·J sy.;tei:i .i.:J unsat.i.sf.J.ctory a~1d creating longer 

tap-to-tap time and rising energy costs. 

The -:e ivere tt·;o d1arg in<J buckets but only st.:ti1d·-by, rurely 

used since with the unprocessed scrap it cannot be filled. 

The wrighing-bridge was out of orCer. 

Charge Com9osition 

Bulky Light, heavy scrap mixed with noc ferrous materials, 

schock absorbers, non metallic materials were very much mixed 

in c:.1arge. 

Charge Calculatio~~ 

Only estirnatior. and not: c.:.tlculution '; :t:-; in practice. 
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Charging; 

The furnace roof swirJ aside and the crarne magnet transported 

the bulky unprocessed scrap into tha furr.ace. This method is 

unsatisfactory. 

Bf Electric Arc Furnace Stcelmak_i~ 

The whole j_'.)roccss of steclmaking was found to be based on long 

years of workshop experience rather than following a precisel­

ly controlled technology. The irnplc•ncntaticn of controlled 

steelmaking \>1as commer.c:;;::d by providing day-to-day practical 

advices and classroom training during the assignment. 

1. Melting Practice 

The furnace was charged full of light scrap, an6 the roof laft 

in lifted position fnr at ~t 20 minutes. 

When the scrap was semi- ~ltcd roof was lifted and swang aside 

and an other quantity waG cc:;i.-ried by magnet-crane into the 

furnace. 

Not only the heat-loss Lut tho electroclc consumption were much 

more than requi.red with his technoloqy. 

Burnt lime used for sla<J l:· ,rrri.ng both at the end of melt-in 

and later during oxidizino >1as very dusty and contained mosture 

a.s well. The effoct: of ':h ~ powderous lime are: 

- it is increasing the voluma of dust leaving the 

furnace 
- a gootl part of it is rising to the roof 

reduc:Lng its lifnt.imc considerably. 

Th~ moisture of the ll.me will be absorbed by the liquid steel 

in the form of oxyge~ and hydrogen, destroying the quality of 

str_.el. 
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First Probe: at the end of melt-down liq•.iicl steel was poured onto 

the surface of a steel plate. Cooled down in water the 

fractured surf ace of broken sample gave information of 

the carbon content for the melters. 

This method is unsatisfactory. 

Oxidizing: 

Basing on the estlmation of carbon content shewn by the probe, 

rnelters started adding limestone, burnt lime and if carbon con­

tent found high mill scale. 

Since the exact carbon content was not known this method of 

oxidizing could not be controlled. 

Second Probe: Melton:; took th_ second probe out when they 

thought the carbon content was right. When it was found 

too low electrodes werP deepened into the liquid steel 

for carbon pick-up in :;witched off position. 

This is d. •wry exp0nsive \-:ay of carburizing. Further 

probes \:Cl~e take!'l out until the carbon content was 

found to J.ic the f:inul value. 

Slag Hernovel: 

Melters removed slag occasionally by tilting ~he furnace. 

Desoxidation 

For blocking fui~ther oxidation of carbon 50 kg Silicomangan­

ese was added into the furnacH and 15 kg of F'errosilicon into 

the ladle. 

From conunencing dcr;oxidati.on until the start of teeming the 

time passed waz !lot more them 5 minutes which was not enough 

for incluslons t() leave th<:! steel for the sla~J • 
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Tappin~ of Steel: 

Steel was tapped into cold ladle. 15 kg of Ferrosilicon went 

to the stream of steel and finally silico-sand sometimes moi­

stures added to the surface of the slaq. 

2. Ingot Teemir.g 

With one ladle: \'1 JT,cald~o: were filled Hith liquid steel making 

a total of 56 pencil i!lgots. It always happened that sand was 

dropped by chance into n~oulds durlng the assembly of mould set 

which could be captun~:1 by liquid steel resulting defects in 

steel in::rots. 
The inside surf2ce of ~oul<ls was not treated at all. 

At the end of tee:• inr~; ~'.tc1.;;l n;:mainin9 in the ladle was carried 

back to the melting furnace ancl if the temperature was not 

high enough it sclified on the bottom of the ladle, which re­

moval needed oxygen and damaged Uic refractory lining serious­

ly. 

Refractories ana electrodes are among the top cost bearing items. 

1. Lining of Furnace and Ladle 

Furnace roof: was m.:!de of silica or alimina bricks. Lifetime 

of silica was an average of 70 melts, however 

J t ~;hould have reached between 120 and 150 melts. 

Electrode coolin0 ~lngs were missing, therefore graphite 

electrode loss wus higher. 

The bc>ttom and uc-.11 lined by dolor·ib::: o;.:cre aot: repaired after 

each melt hence their lifetime w<.·s !;horl:ened. 
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Ladle 

The·ladle was lined with alumina bricks, repaired with 

kaoline-mortar and dried by oil burner. 

Due to power supply difficulties the electric arc furnace was 

working in the s.:::conj and third shift:.:;. Every morning the 

furnace lining cooled do·1m and excess energy was needed to 

raise its temperature .:i..gain to working v«1ue, making the cost 
of production higher. 

2. Electrode Consumption 

Electrode con~;ur..ption wns found high because of the following 
reasons: 

Electr0de cooling rings were removed. 

- Electrodes were used for carburizing thL liquid steel if 

the carbon was found very low. 

Howev~!r, c~mmissioned in 1961, the 5-ton capacity electric 

arc furnace was .n n rather -]Cod condit:lon. From the 15 kV­

-line through a reactor the 2620 kVA transformer supplied 

energy for melting cteel scrap. 

Due to the limited av<!ilability of power the yearly production 

of pen.::il ingots Hus lc~rn tlwn the nOI!linal capacity. 

Capacity figures: 

Nominal capacity: 10,300 tpy /3-shift/ 

Production of ingots: /1983/1984/ 

5,200 tpy /2-shift/ 

Target of ingot producticn: /1984/1985/ 

6,COO tonD /2-shift/ 



20 

Qperation techniques 

At start-up of melting. for at least 20 minutes the roof was 

not seated hence reducing the lifetime of roof lifting and 

swinging mechanism·~ 

'Ihe con-r.:::-oly system of electrod€ moving mechanism was not 

functl.onir.g satisf acto:i..-y and the clect1odes were operating 

very slowly. 'I'herefore the tap-to-tap time extended. 

Despite the periods of metallurgical processes in the furnace 

::equirE>d different volumes of electric power, tids need was 

not fulfilled, viz. the reactor was all the time full-tapped, 

and the pcsition of Lrcmsformer ta? chiln'}('r was varied accorci­

inl.J t0 the 1011g yea~s of cxpcri::mcc r.:Jther than to tl~e real 

demand I see Anr.exnra I< I . 

2. Condition of different Units 

Roof: Wntcr c::r ... led, '.1c<.1.~ve.L·, could nc>t l.:e s:..-.ated in the sand 

be:l on U:r.! r17,, of f 1_lt'n11.::e bo1y i-;eca.use tne guiding 

steel bnJ_t ',J;H-; .;i::.r:o.rined. 

PE.£: ~J T~~-~SL.~~~1: Door fr,1me vrntercooled Lut the movi n; 
lJ.71.r::. C·f it (:;id no:~ c:lo:;;t~ propr.:.r.ly in rlown posttion. 

Elccr.ro~~ ~-~f'_?.l~_ti~:_J__§.Y.~?.!e!!~...:~nd .. ~:9.:2~.!:is_t~f.£!.. 

-------- ·---· 

G:i:-.:trh~tc~ c 1_cr.·r.ro·.fo:; Eirr.11~· hcJd by bronze headed clamps 

G.:1d com;.ceb;;d w:;.th watcr-c~ l emulsion net.work, WC-!r<:.'\ 

mo·,;ed np an<'. dc"·m !">f r:upp.:n: t i.ng <.irrns the movement of 

1-;hicb 1_.;,1s intet·ruptc~d ii ai1: i.:Jub]i}3 '<:1?.re not released 

f .ro11l elect~ ode I,:ovi ng cy 1 indc.::1~::; bnfoi.B each cold star·t. 

Tt.0 elhY.-1!; 0f c;cpp~r COPC\!Ctt'r tubes were being benl.-. 

hy hoU'. the t;e<lr :r<..: f lect:.0n of 1J1~ furndce and t:1e 

weight of flexible GOppcr ~atlas c1,se ~o being able 

ci·:tl!l<:;,r;"i '1Cf the··1:::;r:;lveE when ~1~«:t rol~c:,:; nre :!.n the lowest 
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Roof Lifting and Sw~nging Mechanism: 

It was functioning properly, however, being vibrated 

when furnace roof was not seated during the melt-down 

period. 

Flexible Cables: 

Performance of these corper flexible cables was good, 

but insulating ringG were mi5sing. If too many these 

rings .:tre lost on i:he cables short cut may happen be­

tween them resulting damages. 

::oolf.ng System: 

Furnilce roof, electrode holding clamp;:; and slagging 

cloor frame were uu.tercooled. fr~h:!quate network supplied 

fr~sh water for cooling p~rposes. 

Electrod(! co0J.in9 rj ngs were missing. 

Oil Emulsi·::m Network: 

Movements of roof lifti:.g and swinging, furncice tilt­

in·.J, electrode moving and holding, door moving were all 

controll~d by W<lter-oil emulsion system under pressure 

maintc:it,:cd hy safety pressure tank scrvecl by pumps. 

There t:crc there types of problens: 

- SGalinr:p at •.nany joints of the network were damaged. 

As a result of raleaoing of oil-water emulsion 

c.h:r:oi..1qlt se.:d.inc_rs tha concrete-cabins under the furnace 

wt:rc filled of it \:h:lch had created dangerous situa­

tion if ~·:ny drop of l.iquid steel could have reached 

t!wrc. 

- In th1·! safe:ty r:i.0ssure tank no proper volun1e of air 

cust:j_ori \;~,~~ f orn1ecl 'r:hich should be eY.iEt.i.n9 for ernerg-· 

ency Cuf;c if by electric cut,-of f pumps stop function­

ing. 

- Steel fr.:11ios suppor.r.ing tl~t> .dcctric motors and pumps 

did not have fixed conn~ctlon, and there was a vibrat­

ing ef~cct oxi~ting which could causa damages both to 

the electric cnq i~es anC.:. pmr.pr;. 
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Transformes anc Reactor: 

Both were found in good confi~ion. 

- Tapping of the transf orm~s and :r-eactor in the course of 

steelmaking was not ac~ording to th8 technological require­

ments /see Annexure K/. 

- Tr.e reactor ·was not swii.ched off <:lftcr the steel scrap 

melted completely. 

Measuring and Indica+:insi Ins:.:rumenl:_s_:_ 

The kilow;11~.t rc<Ji.'>t:.cr ~nd inO.icatj ng iastr:.iment was 

out of order. Jlow:~ver, this a.;;.v:ice gives useful inform­

ations of t~e chanqins of e~ectric energy consumption 

in the COlffS(;~ of !3t8elmok:i nq, if it op'.:?rating. 

3. How maintenance is carried out for the Electric Arc Furnace 

The lifetime of clectri::: 2rc furnace a1~J it:.; accesso-ries is 

very wuch dependent on the Naint8nnnce system ap9lied. 

At the Ethiopi8n Iron and Steel Foundry a maintenance basing 

on routine pr~ctice w~s introduced. 

The existing electric i:1a.in tcnance sl1op v1as not furnished with 

special iastrum.::mts und sprirc parts of basic need such as 

toroid transforITer, current 9cncratnr, resistance measuring 

bridge, isolation t0~t~~, etc. 

E.g. tHo of the thr.·ec' electrodes \'18J~c .ork:Ln<J very slowly in­

fluencing the eloctcic symmetry Rnci the J.cngth 0f melting 

time. 

E/ Quali~ Cont:r:-il 

1. 9perat~ng Practic~ 

P~acti~ally the quality ~ont~ol ~~s far fr0~ acceptarce level. 

Th8 SL:.Cap segregation, steelmel L:j rq teclin0logy, carbc. n de. ter­

mination, temperatur ... ' c·.)ntrol of 1 i.(.
1
11 Lc1 .stec:l n.nd pr"?he.::. ... -~c'! 

b.i.llct:s, and qualificz-.t;:_on of rolled prcduct.s wenC! bas~d on 

only oyperiinental t<;)sts ;.uch a!:; vir~nn:t. inGpection. 

~--------------_._ ______ -J-_-o..J... _____________ -'--- ---~ -
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2. Resources Available 

When arriving in the works experts found a gas-volumetric lab­

oratory which had not been 'lf."Orkln~ for 4 years. Originally it 

was commissioned in order to carry out the chemical anal~is 

of steel scrap, liq-.lid steel during steelmaking, and rolled 

products. 

Fir;.;t of aJ_l the availability of chemicals and facilities was 

checked and it uas found that all the chemicals and facilities 

requirea for analyzing carbon and sulphur existed /see Annex­

ure N, O/. Knowing the value of these t~io elements during 

steelmaking is b~s.i.calJ.~{ important. 

However, for the 1'.1ode:rnization of this laboratory I Annexure PI 

certain equiprnent and chemicals should be purchased /see An­

nexure B/. 

For example the balance was damaged, although it was working 

but not precisely. In a continuous basis of operation this 

balance could noc wocit properly. 

UNIDO has already allocated fund~ fer purchasing it~ms needed 

and when they <:l:;:e av<:iiluble this old gas volumetric laboratory 

would be stand-by for routine analysis of carbon and sulphur 

of steel scrap, liquid steel and rolled products. 

With the resources availabh~, Ethiopian engineers learned 

practlcally how to analyze carbon. Due to the short period of 

assignment experts could not up-grade the function of this gas 

volumetric laboratory ~o a level being able to serve steelmak­

ing process. The rc<:isons were as follows: 

- Probe preparation could not be implemented. 

- Carbon anal~is could not be introduced routine-like and it 

took longer time than acceptable by melters for controlling 

the stcelEelting technology. 
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V CONCLUSIONS AND RECOMMENuATIONS 

A/ General 

Up-grading of production techniques in the Ethiopian Iron 

and Steel Foundry is in an urgent need in order to :meet the 

requirements of product standards of rolled ~roducts. 

For a satisfactory solution of scrap handling it is recom­

mended to set-up a Scrap Processing Plant separated from the 

Ethiopian Iron and Steel Foundry, from v:here processed scraD 

will arrive for steelmakin0. 

The impleme!ltation of a Full-scale !t.ctallurgical Laboratory 

is nec~s3ary for the establishment of a reliable quality con­

trol system. 

One of the most important things tu do is wo:cklng out a spe­

cial practical oriented training prcgramme. Both the inter~ 

·national organizations like UNI DO, Economic Commission for 

Africa, etc. and local p.:1r.:is tatals s~1ch iJ.5 Paculty of Natural 

Sciences at Addis Abeba University, ~nd Institute of Standards 

shotld be contacted for assistance in training of engineers 

and workers. An other source of help could derive f=om govern­

ment agreements between Ethiopia and other countries concern­

ed. 

B/ Development of Production Techniques 

1. Up-gruding of Scrap Processing 

First Phase: Scrap Processing Team: 

For securing ~ steady supply of processed scrap for the ~elt­

ing shop it is recommended to set up a team fully engaged in 

Segregation and processing of scrap. This team can be organ­

ized of 10 people: 
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ONE Team Leader 

TWO Torch Cutters 

TWO Mobile Crane serying Workers 

ONE Specialist selecting and collecting reusable 
components 

TWO Workers engaged in removing aluminium cast­

ings, and other non-ferrous metals and alloyed 

iron and steel components. 

TWO Workers preparing aluminim~ castings to be 

used in the deoxidation process of steelmaking. 

Layout of Scrap Processing 

Scrap processing can be done at different i1laces simultaneous­

ly. 

Light Scra:L' Processing: Mobile bailing rr.achine should process 

the piled light scrap both in the craned and open area. 

Bales from the latter will be transported in containers 

by mobile crane to charge preparation area close to the 

melting shop. 

Mediwn and Heavy Scrap Processing: Segregation and processing 

are carried out by torch cutters, and the processed 

scrap is al.so transported to the melting shop by mobile 

crane. 

Containers that might contain oil or gas or other chemicals are ad­

vised to be separatsd and dismantled p~ior to cutting or mix-

ing with the charge. 

Additionally one more ~lligator Shearing Machine is required 

for cutting medium size steel scrap of flat characteristics. 

Classif ioation uf scrap can be performed by 

- Visual inspection 

- Spark testing 

- Hardness testing 

•· Carbon and Sulphur analysis ln the up-graded Gas-
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-Volum9trie Laboratory ~nd luter in Spectro­

meter Labo~atory. 

D:>inr; p2r:-:.~an2nt magaet in the selection of 

ferrous .:.:~.J non-ferrous rr.etals. 

Phase two: 

In the second piF1s,:; a scrap Processing Plant separated from 

the Ethiopian Iron and Steel Foundry will handle all the activ­

ities of scrap processing. 

2. Modification of Stec]-r:~.·~Lt:.iw] Pru.cl:.Lce c:nd 'l'ecining of Pencil 

Ingots 

Charging method: 

The two char9in0 bu::::r:<.'t~> filled with onlv ;1!.·.;r:cssed scrap 

should be used agalLJ. 

After the cornpleti,_)r. of :::-epciir1n 1] tJ;e \·1<.:ic;hing bridge the 

charge >J:i..11 l.;~ :·.::"•~·- ::c.:. ·.-;.~·io;ht ~-::act1~/ bJ.~;;ically ir1~ortant 

for ~-o~•J ccilcl1~ -_:L~c.:;;~. 

The introducti0:1 •_)_: .::.;. rev .Lsed "M~lting Log" for being able 

to keep steelmakinr_; 1rnder control is rcc0:r.n;enc1ed /see Annexure 

GI. 

Charge Comp,">~iti?n 

Only processed steel scril~ an<l cast iron 

terial can be i.:hc cornpJU' t·~•.:-; :)f the c!HrcJe. 

:::arbonizing r.ta-

Baled Scrap. L:i CJ ht rn:i.>:cd scra;.-, LJ b.:iL~d to the size of 

600 x 40(J x: r;oo ::irn 

Medium ar.d f!c;Lvy ::::::rap: prepared h/ Lor.ch cutters, alliga­

l:0r :_;\.;~.:.u-~;; i11 tile si~~c ;,f r:;;u:. 500 x 300 x 300 mm 

Cast Iron: 'I'Li :; :_"". ! ~~1 ;on c>11:--i:y:~1l<J L'.::11:.·~!r ia 1_ ~;houl<l b~ broken 

ii: 1_i',,:: ";~Li'."; c,f: :·~.:ii: r;;orc~ Li:<·rn JOO x 300 x "300 wrn. 



27 

The charge composition togeth~r with other important data 

such as <.=>lect.ricity consumption, quantlty of alloying ele­

ments, etc. are reqi$tered in the Electric Arc Furnace Melt­

ing Log /see Annexure G/. 

Charge Calculation 

The total weight of metallic charge equals with the weight 

of ingots tc be produced, ·sprue·and runners and the heat loss 

i.e.: 

Weight of 
chiirge 

Weight of 
ingots + Weight of 

·sprue and 
runners 

+ 
Heat 
loss 

Weight of Ingots: with one n~elt altogether 56 pieces of pencil 

ingots of 85 kg each are teemed making, total of 4760 kg. 

Weight of Sprue and Runners: ls estimatea to be approximately 

100 kg wi t.h one tee.:iing. 

Heat loss: in the course of st.:eelmakin<J appr. 8 per cent heat 

loss can be calculated making a total figure of 420 kg. 

When calculating the charge the b.'lsic principle should be to 

have .:\bout 0.2 to 0.3 per cent higher carbon content in the 

scrap to be melted comparing to that of the final composition. 

This can be gained by adding cost iron which has a carbon 

content of 3 to 4 per cent comparing to 0.10 to 0.30 per cent 

carbon content of steel scrap. 

Charging 

The charging by the use of buckJts should be done as quickly 

as possible, otherwise the f~rnacc cools dow~1 and its re-heat­

ing to operating temperature needs energy input. 

The furnace roof and the electrode clampings should be cleaned 

off the dust as !won as charginq has been completed. 
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Normally with one bucket the total weight of charge cannot be 

put into the electric arc furnace. The second one with balance 

weight will go i.n when the first quantity has been semi-melted. 

Melting of Steel 

In the course of steelmaY.lng the value of electric power con­

sumption is related to the tapping of transformer and reactor. 

Not more than the real need should go into the furnace, there­

fore, from the :3tc:trt. of m~lbng the scrap up-to tappin3 the 

position of transformer, reactor, and the length of arc should 

be in accordance '._•i i:h the; demand /see 2\nnexure K/. 

For 10-15 minut-~s only 60 per cent of total transformer capa­

city should be inu:-~(\twc.:.1 reducing LhC! heavy direct heat effect 

of arc onto the ~00f. 

It si recorrunendec1 t.o nse burnt lime of lumpy-type for slag 

forming. 

Probe taking die should J:c lntroduced J_~y \•:hich liquied steel 

samples can be t~ken for analyzing cnrLon, nranganase, silicon, 

sulphur, and phosphorous, and other 2lloys if required. 

During oxidation, for purifying purposes appr. 0.2 to 0.30% 

carbon should be removed; thiH ls the reason why iron castings 

of hight carbon content must be added to the charge. 

Slag should be removed ciftc.c ten minutes of o:cidation by the 

use of slag remC>'!i11g tool. I3y the u:.:;e oE tilting for ::>lag re­

moving t:he tol:ul sl~g cannot IJc removed .:.tnd liquid steel may 

also leave ~h8 furnace. 

Carbonizing: When the speed of oxidation of carbon is too high 

more carbon has been removed than necessary. In this cnse 

the carbon picl<:-up can be done by th13 follow! ~.g ways: 
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- Adding crushed electrc~es: when applying this 

method ~lag has to be removed then grainod 

electrodes are throun onto the surf ace of 

liquid steel. ' 

- Deepcring of electrodes into liquid steel: 

the power is switched off and the electrodes 

are deepened into the steel. This method is 

rather expensive and instead of doing this 
proper quantity of iron castings should be 

mixed with steel scrap. 

In 01:der to en~mrc very effective deoxidation it is reccm­

mended to remove oxidized slag then f o~m a new slag and add 

Silicomanganese and Ferro~ilicon into the furnace; and 

finally pieces of Aluminium castings into the ladle when tap­

ping steel. 

Ferrosilicon and aluminium are separately added because their 

diff<'?rent activity to the oxygen. '£he aluminium is a stronger 

oxygen eater therefore it is charged after ferrosilicon has 

completed it5 reaction. 

Tapping of Steel: In ord~r to improve surface quality of pencil 

ingots it is advised to fulfil the following preparations 

when tapping: 

- Temperaturt:! of steel should be 1580 °c. Purchas­

ing a launce-type temperature measuring device 

is necessary. 

- 'l'o preheat the ladle to 600-700 °c. 
A ladle preheating unit is easy to set-up 

with the use of local resources. 
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Teeming of Pencil l•1gots 

Between tapping and teeming liquid steel is to be rested for 

at least 5 rr.inutc...; to li.o:-.:oge.t:lise lhe liquid steel. 

Mechanical cleaning if required and lime /black wash coat­

ing after each tecrai11g \'10uld improve the lifetime of moulds 

and result smooi:hl..!r surfuce to p.:?ncil ingots which is final­

ly the surface cf rolled products. 

3. Extending tho lifctim.;:_ of _.Re~rc:ictory _Linings an<l Gr a.phi te 

Electrodes 

Fu1nace roof: The lifct;: - of t!1c re,; f cun be: extended if: 

- Dust accur:-~1.late::·: ,;n ou !~side .surface of ro-:lf is re­

moved by co:1;prc·- :c:1 <::.j :::- .:iflcr each melt; hence cool­

ing ability will imr~o~c. 

- Burnt lim~ is 1 -.. py- type. If t!iis slag-forming mater­

ial is dusty n gJod part of it will reach the roof, 

iWf caJcjc1~~~-;_Lli_ 1:c of _Le·..: !i:0lli:10 point, therefore, 

the lif ~Li.,n':! r, - l.:1(' roof vlll t:c shortened. 

- ElcctroJe cooli~g rings will Le replaced and will 

cool refractories around grQphite electrodes, extend­

ing their lifcti~8. 

Bottum and wall: viill J.a.s l:. l (JDgcr J.f tlte:y ar~ repaired after 

each melt. 

Ladle: The lndla c~n ~o us~~ foi a lc~ger period i£ the 

follo·11lr.rJ rc(:or,~mer.d.::iticns fulf.lllec.1: 

- To prenu~t the !udJe to G00-700 °c be~ore eac tapping. 

- R8p~iring 8hould be carried out caretully. 

- High~r tttppL1g t:·~~r;:pe:i:oitt.rC! ··Ti 1 :. e:limin,'lte acer~ tion 

fc!'."mo ':ioi"l. 

Graphite Eiectrocler~: EJ.r.~ctr..::.de ..::onnurnnt:i o:•. can be 1:educed in 

the f1. 111w:.. ng ways: 
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- Electrode cooling ring should be repll.ced. By their 

use the heut effect of L!le flame coming out of the 

f nrnu.ce through the three holes of the roof is con­

siderably reduced anJ. the electrodes outside the 

furnace will not be ·burning. 

Ele~trodes should not be used for carburizing the 

liquid steel. 

4. To improve the nunning Practice and Maintenance of the 

Electric Arc Furnace 

One of the ILtost important things to do with the electric ii.re 

furnace is to give adjustments to th~ control system of 

electrode moving mechanLsm. Instruments for tl1is purpose did 

neither exist in the steel foundry nor at EELPA-Ethiopian 

Electric Pm1er Authority.It is the furnace supplier who should 

be approached for adjusting instruments. 

Furnace roof should seated after charging. Transformer and 

reactor tapring have to be according to uteelrnelting require-

rnen(:s /see Annc-xurc I~/. 

Basing on daily, weekly, monthly, and yearly schedules a pre­

ventive maintenance sy~tem should be worked out /sec Annexure 

L, H/. The 8Xisting maintenance shop has to b~ modernized. its 

manpower demanJ is: 

ONE • Electrical Engineer 

TWO - 'l'echnic .. ans 
THREE - Skilled Workers 

TWO - Unskilled Workers 

Main activities of this group will be: 

- checking and rGpa:Lring of instruments e.g. Voltage, current, 

kVA and kWh indJ.catihg and registering instruments, 

- maintenance~ of t)rotec t::Lon relays and c.ircui ts, 

- controlli1~g the function of temperature measuring instru-

ments u.n<l therrnocot:ples, 
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checking and repairing the circuit brakers and high tension 

parts, 

checking and maintaining electric motors of cranes and 

other equipment. 

CI Manpo·r1er Trainin9 f:eqni.rcments 

Both production tr:~chniques to be up-graded and further develop­

ments demand adcq1;ab~ly trained personflcl at all levels. 'rhe 

local staff mi~r!it set furll1er assistance from different 

sources: 

1. Assis tancc fro:;i ~.:_xtcr:_nal experts 

a/ Chief Technic~l Advisor, specialized in rolling mill oper­

ations, enginc~cr.i.n'] and management:, duration: 12 months 

b/ Expert in ElccLric Arc Purnace steel making, duration: 

6 months. 

cf Expert in metal scrap input control segregation and pro­

cessing, duration: 2 months. 

d I Exp8rt ir1 lil.~ t .1.lL ::r•:J ~c,;.l Le:.bor;:i'.:.ory ;::rnrJ q uo.li ty control, 

duration: 2 r:.J •. t<;;. 

e/ Short term coi.~ .lL~·n ... -' in spccL•l arc:1s /1;1echanical/elcc­

tri.cal, rnai:it~·-::11.lnce, p;-:-cduction of n;1ils, roll pass design, 

etc. Total dur~tion: 6 man-months. 

£I l-1.::rnt workers trc·lL'l.:::d Ly plant personHcl to be trained 

abroad as well us other expatriate experts to be deputed 

as expert~ on flclds Jbovc /see rnragraphs a, b, c, d, e/. 

2. Trainirgof EISP p~~~?nnel abroad 

Since there exi~;t U.Ji\i Led number of traJ.ncd manpower at 

EISF, it is not r~actical to send all of them abroad. Hence 

the f ollowin<J CJrrc:nrJein.:,n t is s ugg<.~s tec.1: 

a/ Training at z;:;;co STEEL, Zimbab1;11_? concerning rolling mill 

ope:ratlow;. 
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b/ Training o:'." Ethiopian metallurgists in Hungary where con­

ditions are si~ilar to that of the EISF. 

c/ Under the umbrella of UNIDO, Workshop Programme on core 

metallurgical industries ~re held each year. Enginerrs 

might attend this event. 

3. Utilization of Ethiopian resources 

The Ethiopian Standard Institute, the Faculty of Natural 

Sciences at the Addis Ababa University, and the Ministry of 

Mines Minerals and Energy all have potential resources to 

participate in ti:u. ining !?rograrrur.es for the Etniopian Iron and 

Steel Foundry personnel. 

D/ QuaLLtv Control 

Establishment of a f·1ll-Scale Metallurgical Laboratory. 

1 . .Y.E.:..Siradi~ of __ th§ _ _Q:-::~s ting G.:i.svoluh1etric Laboratory. 

Phas1:? One. 

With the involvement of funds UNIDO has launched the condi­

tion of existing gasvolumctric laboratory can be improved in 

order to be capable currying out hasic control analyzes fo~ 

scrap segregation, steel m~king, and rolled products. 

The Gasvolumetric Laboratory re~ains in the existing build­

ing. Moreover the presence availibility of instruments and 

chemlcalu ad<liLionals will be needE::d as follows: 

- New analytical balance has to be purchased and placed on 

a rigid /concrete/ table with shock absorbing basing. 

:For producinq steel ships one table-type drilling 

machine will be installed. 

In order to fulfil the present and future deman{I the follow­

ing items will have to be purcha~cd and stcred with present 
I 

chemicals: 
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s·1bLi rntcd iodine 2SO g 

Chro1~:~c _1cid I Cr /VI/ oxide 

car :.:::::in t.c::ra-chloride 

E~aipment and a8~csscrie3: 

ONE .. equir,rnr.:!11l f:cr. C and S analysis, 

1000 g 

5 litres 

- oxyg0n bo1·:.:.lc /high purity ox•rgen/ with stand and 

p~assu~c rcd~cer. 

o:..;E-r::upi:ioarr'i ·:: i ~.h ,~a f•.J Ly lockin':J an-:: f~ rt!-proof walls for 

chem L::,; 1:-· I :::;or.: .. : 0: then arr: pois 1 .. mr1u:;, and dar.go:..rous /. 

ft.: er.ace, fl" ~c·'.'i .L1-L;1 bvi1ts ~me spare p?.r1-s of tile 

~1iEtlysin.· sy.-;tc1.; _1gJ.<iss wart?, !:czcs, ph:g!3, etc./ 

Ol·lF-c lcct r i. c ·~ ;~' ·- ' -~' i·. '.i:·: h:,.1 ':c r 

,1 • j :·: i . n m 

'.::;c, 1·.1.:1 

Forms cf di..'.-1.:· 1• c/ . ~ichm ]naL;.:iL; in the :•.u:;r;.i.: ... torv sllr~ud DEJ in­

trod1.1cc:d tc ct::::tJ.fi.c<ij• rcsuli.f~ /':.j(,.; i:1 l'.nn.:'x-.ffc '11
/ • 

........................... 111-..n:m11•EF ........ ,~.•'~a:lr'la~~,..... .. -..:.im..-....... ,. ......................... a 
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Some of tlia J.istect i tGms could be purchased immediately with 

the utilization 0f £0nJs available at UNIDO /see Annexure B/. 

2. Commission of the Sp_cctrorneter 

PhasC:? Two. 

Allocated in the off ice building until the labcr:atory complex 

is cormr.issioncc'. th.is unit. will carry out very cuick and re­

liable chemical controls for all routin2 l"-:!:{ercises in the 

plant. 

The spectr0r.t•:;?ter laboral:.ory and tho probe preparing unit will 

be arranged c:Lo~;e to each other hut in separate rooms, see 

Annexure (1. 

Facilities nccuccl for lhc Spectrometer Laboratory are spec.;.­

!:ied herewi.th. 

C.rJE - ESA 4 type sequential spectrometer 

ONE Analytical balance 

ONE - Rigid t;::blc '..'~th shoe~~ ab~,orbinq basement 

ONE - J\rc;cn bol,t~0 /l\xgon 97-t. + hydrogen 3% with high 

pu.:::i i.:'/ /v:i th prl:SsLn:e rcc1uce:c. 

Oi~E - Blo-.1,~r to '.~ ncp th8 roOi;\ tc!~nrcrature between the 

desir,_"d lirni ts. 

ONE - Ste~co miGroscope /binocular/ 

ONE - 1'<tl)lc for lw0p.i.nr; sa1"plcs nnc1 1·ools serving the 

spcct.rornctcr .:u; well as the microscope. 

ONE - Cupbu;;1rd fer :,;pare parts of the spectrometer and 

keeping documents. 

ONE - Writing table. 

Qi-;E - Bootself 

ONE - Wate .: tap with sink. 

Electrical connr~:..:tion fu.cili ties 

ONE - socket /220 V r.c., 5 kV~, ~5 A with earthing con­

nec !~ion I for .:.~rectromet<2r ii1i th protecting braker. 

ONE - voltage stabilizer /220 V. A.C.5 kVA output/ 

POUR sockets :220 v. A.C., 1 h eacl1/. 
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Probe preparing worknhop 

Facilities of p~cbe prcpairinn unit Annexure R. 

ONE-rapid cutter for prepairing testpiece~ for spe~tro-

meter 
ONE-grinde·._· /r::oli::)1r_r machine tc p:!.ep<:<re; sample~ fc.-r 

spe.:::tromel:.cr 
0 

.'max. ter.;pcatur.:: 1200 Cl fer ONE-laborutory f,'._n1c:tc-2 

o:m-·drilling rnc.ci:ine /table type/ v:.it:h hard ml.."'tal !_cols 

/dia. 4 ~n/ f~r pr0paring chips for sas volurnet~ic 

~n3ly~Ls /sec ~l~o at gasvolumetric laboratory/ 

ONI::-woodcn '.-;01ks!h.;[j tabJe 

ONE-set to0ls to oper3te and mnintai~ laboratory equip-

men ts 
ONE-cucboard tu sto~c sparu pil~ts, accessories and supply 

ONE-·.-n::it::::r tar· ':1.1.th .:i,..._k. 

Elect.!. ic C:(mnectioi1 f ac1 l..!. ti E:S; 

ONE-socket 122rJ V ,-•. c. l k~I;, ;.1ich C!a::. ~.h connccUon/ 

ONE-so·:::ket f 2~0 \' !\. c. k VA v!i th cz:i.:!'.'th ;-;onnec ~ion accol.·d-· 

incJ le c.llc :.,c:nL:cil of gri1tdc0 /pol ishr.;:r machine!:" 

ONE-~ockct 1220 V A.C. 1 kVA dith ~arth connection/ ac­

~ordin0 to the manuul of drilling machine 

ONE-sockc~ 12:0 V A.C. lG A with cartt connection/ accord­

in(J to t.11'~ ;r,.::munl of furnncc 

THREE-socl~1,:t:.; 220 v A.~:. 4 a for other purposes 

Illt::n:.nation; lCOO lux 

Since the S:-'ectrorr·.~ter i_s in the si::orehrn1se its commlssion­

inrJ could be carried out V(!ry qu:L --::kly. 
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3. Lrection of a New ChemicaJ Lab.ratory comprising both Gas­

v.:>lumetric and Spectrometer as well as Mechanical Testing 

units, 

Phase Three. 

Close to the office building the area is sufficient for 

the erection of a Laboratory complex comprising every unit 

above viz.: 

Spectrometer Laboratory /shifted from phase two/ 

Gasvolumetric laboratory /shifted from phase one/ 

Tensile Testi~g Lab. Mechanical Testing. 

Prcbe Prepnring Wcrkshop. 

/Annexu:e V. I 

Herewith is t:.e manning of the full-scale metallurgical Lab­

oratory: 

ONE - ENGINEER 

TWG - Tecr.nicians 

ONE - M.::ch;:inicnl worker 

ONE -· UnsJc i llcd worke;:-. 

Facilities of specrromcte~ and gas volumetric laboratories 

as well as probe preparing unit integrated into the ful~­

-scale metallu~gical laboratory have been partly listed under 

Phase one and Phase two. 

Facilities requi12d for T~nsile Testing Laboratory are given 

herewith: 

O~E - tensile testing machine as shock absorbing basement; 

minimum loading capacity 100 kN. 

ONE - hardness tester machine on concrete slab basement 

wi~h Hil and HV measuring capabilities. 

-----------·--~--

ONE - port&ble hardness tester /Poldi/ with twenty master 

rods. 

ONE-large rigi~ t~blc mal3 of wood to store samples, tools, 
snare pil.:-ts 

ONE-large workshor vice attached to the table 

ONE-large cnrbnard for spare part~.;, accc::ssories, books and 
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documentation of laboratory work 

ONE-table 

For electric connection: 

ONE-socket /220 V A.C. 16 A/ in accordance to the 

manual of tensile testing machine 

FOUR-sockets /220 V A.C. 4 ~/ for hardness tester and 

other purpo[:es 

Fro~3 of certification of lu.borato~y results see in Anrexures 

S, T, V. 

Complementary equi.p.r~nt .:inc materiuls to be purchas.=d for 

Full-· scale Mo.to.llur~r Lcc::.l La!.)oratory and their _J?.rices 

Gasvolumetric Laborntary: 

ONE-cupbourd, fircrroof with s;1::cLy locking 

ONE-barometer I scu.lL1CJ f ram 500 Hgrnm/ 

ONE-double sink wiU1 twc water taps 

chemicals: 

250 g 0f ~ublimnted iodine 

- 1000 0 of c~1ro:i:.il"., iVI I m:.Ltlc: 

500 CJ /ho•:t:!.e of s~andard steel chip> 

vii th C-conten t 

280 E'l'B 

85 ETB 

250 ETB 

2C ETB 

20 ETB 

35 E'l'B 

0.05; 0.10; 0.20; 0.30; 0.40; 0.50; O.GO W % 120 ETB 

Spectrometer laboratory: 

ONE-analytical balance /LE-1050/ 

um-rigid (:abl1:~ for bc:1lc:i.nces 

O~u::-argon bottle with fi:~i'1<J c:i.nr1 rccbccr 

ONE-blc ;r /1.lind0w-built/ 

ONE-stereo microscope /binocular/ 

ONE-cupboard for spar0 parts, etc. 
ONE-bookshelZ 

ONE-water top with sink 

810 ETB 

2950 ETI3 

200 ETB 

300 ETB 

150 ETB 

1400 ETB 

300 ETL 

300 f,'~-?. 
.- J L .1.J 

200 ETB 

5800 ETP, 
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Probe prepar.ing workshop: 

ONE-rapid cutter machine /Metasecan/ 

ONE-drilling machine to make chips 

ONE-laboratory furnace 

ONE-wooden workhop table 

ONE-workshop vice 

ON~-set of tools 

ONE-cupboard 

ONE-water tap with sink 

10 

2 

2 

16 

472 ETB 

000 ETB 

500 ETB 

300 ETB 

40 ETB 

200 ETB 

300 ETB 

200 ETB 

012 ETB 
================ 

Teasile i:.esting .l.:-.i.l;oril~ 

ONE-tensile te~~ing rnnchlne 

Annexure Z /200 kN, EV ~O/ 

ONE-hardness t-:::::;ting machine IIB and HV 

TWENTY-Mast.er rods for POLDI hardness tester 

ONE - Rigid wooden table for samples, 

tools, etc. 

ONE Workshop vice 
ONE - Cupboard for storing spare parts 

Building budget for full scale LaborRtory 

Total cost of the full-r:;cu.lc Hctallurc;ical 

Laboratory 

44 000 ETB 

4 000 ETB 

300 ETB 

500 ETB 

78 ETB 

3C0 ETB 

'10 000 ETD 

111 800 ETB 

Location of Laboratory complex and some reasons for selecting 

certain instrun~nts: 
the building of laboratory was located to the off ice build­

ing cm1sul ting ~Ii th the lor.al technical staff; 

in case setting up the laboratory to the production as 

close as possible dynamic effects /shocks/ from the scrap 

handling and rolling which are harmful for the laboratory 

work and tcstlna equipment~ 

tht! purpose off application of selected /recommended/ main 
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material equipment: 

Tensile testing machine: to check and certificate mechan­

ical properties of steel bars, wires and other products of the 

steel plant. This is a basic instrwr.ent in quality control or 
prJdUC€d and imported steel grades. 

The? recommended loading capacity of 200 kN is high l'.!nough 

to test samples with ns rolled surface from the most frequent 

diameter c~tegories of bars. 

Hardn~ss test ir1c;_~:achi:-..0s / IIB and IIV i :i~e useful for 

- quick estimation of tensil2 strength of steel prnducts on 

the basis of we.l.1-known corrclatioa between hardness 1r.:::! 

tensile strength; 

- controlling the harcb·~ss of samr les of steel meltinlJ pro­

~ess as wcl 1 as sn·~.ples from t:he scT<.1p-ya~d o;i the:- basis of 

correlation between C-content and hardness C'f steels in 

quenched state 

controlling hardness of wire products in different steps 

of drawing as well a.s nail prC'duction /e.g. qrn::tlity of hca~­

inq of nailsi 

- helping reconstruction of tools anJ producing heat-treated 

sr-arc parts for pro 0:L:c.i.nc; facilities /e.g. hcadjng v.nd 

sharpening of nails, etc./. 

Stereo microscope /binocul~.£1-

It is necessary fo~ 3Vulu~tion of surface condition ~nd qu•lity 

sam:_:iles of steel ba.:-s, cold drawn wires, nails, worn tcols aud 

machine parts, etc. 
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WORKING PROGR.'\MME 

Ethiopian Iron and Steel 

ANNEXURE A 

Mr. Ferenc Zsigovics, Expe~t in Electric Arc Furnace 

steel ~.1aking, team let:!der, 

4th February 1985 

Mr. Laszlo Palinkae, Expert jn Electric Arc Furnace 

handling and electrical maintenance 

11th Febru~ry 1985 

Mr. Antnl Bacskai, ~xpert ia metallurgical laboratory 

eqi;:!.p:nentioperation and quali t:y control 

25th ~ebruary 19C5 

2 Scope of services 

To provide day to jay practical advices and on-job train­

ing through direc~ participetion in the production process 

covering the following areas 

- scrap sevregution and processf~g 

- laboratory oreration 

- steel melting process 3nd tce;ning cf ingots 

3 Appointrnents wi tl".. relevant Jl • .Jtilo:i.1 ties and Institutes 

- Ministry of Mines end Mineral.s 

- Ethiopian Standard Institute 

- UNIDO 0£fiC3, Acidi~ Ababa 

- Ndtional Metal Weeks Corporation 

- Ethiq:lian El.::ctric and Light Power Authority 

- Ministry of Industries 

4 3xpir,Lof assignment 

- late April and/or P,arly May 
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ANNEXURE B 

Specification of laboratory/quality control 

equipment and ci1emicals for the modernization 

of existlng laboratory 

Estimated Price 

ONE-Hardness tester Type: Dlatcstor 

ONE-STEREO Binocular Microscope 

ONE-Analitica~ Dalanc ~·ypc: LB-1050 

ONE-Barometer 

TWL::~TY-Master Rods for Pol<li hardne~;s 

tester 

EIGHT BOTTLES-Standard Steel Chips 

500 g per bottle 

with carbon contcn~s of 

O,l to O,B percent 

ONE BO'rTLE-Ca~:; t Iron Chips 

250 g Sublimated iodine 

1000 q chromic ocid /cr2o7 1 

500G n 1. Carbon t.~trachlorid-; 

USO: 

/USD/ 

2~00.-

750.-

1400.-

55 .-

150.-

60.-

10.-

10.-

12.-

18.-

4655.-

Ex works EL:open nuppler 
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ANNEXURE C 

ON - JOB 'fRAINNING 

A comprehens ·_ e tralnning programme can secure 

trained manpower for the smooth running of a 

production li.ne. 

However, as far as on-job traini110 is concerned 

during the expert's assignments u special course 

was implemented. 

Moreover the day to day practical advices and on-job 

consultations through direct participation in the 

production processes, classroom training also helped 

the better understanding of lhe neccessity of 

up-grading production techniques. 

Altogether 10 engineers attended this trainning prog­

ranune, 

The Following subjects wcro discussed in the classroom 

programme 

Scrap Processing 

Electric Arc Furnace Steelmaking 

Furnace Operation 

Quality Control /Metnllurgic: 1l Laboratory I 

/For detailed programme see Annexure D and E/ 
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Detailed Progrn.1rune of Tr~ining 

1. Seraµ Proce~sing 

ai Source and tyr,:e )f scrap 

b/ Seg1·ega.-ion of - sast iror. 

ANNEXURE D 

- non-ferrous rr.f.:tali:; 

- alloyed iron and steel 

- non metallic :::ornponents 

- dangerous items antl 

m;iterial5 

- reusabh=! i terns 

cf Processing techniques namely, 

Bailii.g, t.~rch c 11tt-ing, alligator shcsarin g, 

and bre:iking. 

d / Chemical laboratory ir.', al verne:-it in 

se0regation. 

2. ELECTRIC ARC PUH.NhCE S'fEELMAKING 

a/ Charge preparation and calculation. 

b/ Steclmakirs in Electric hrc Furnace. 

c/ Refractory linings. 

d/ Tcemi~g of insots. 
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ANNEXURE E 

3. ELECTRIC ARC FURNACE IN OPERATION 

a/ High tension units i.e. transformer, reactor, 

protection devices. 

b/ Low tension parts busbars, flexible cables, 

graphite electrodes. 

cf Control system, 
measuring of voltuge and current; moving 

of electrodes; hydraulic system. 

d/ Power consumptior during steel making. 

4. QUALITY CONTROT. 

a/ Importance of met3llurgical laboratory 

b/ Traditional ways of carbon analysis and 

temperature control. 

c/ Carbon and sulfur analysis in the existing 

laboratory. 

d/ Factors influencing the quality of ingots. 

e I FulJ_·-~;cale metallurgical laboratory 

spec~·rorneter and gas volumetric analysis. 
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ANNEXURE F 

TIMING OF CLASSROOM TRAINING 

Date Lecturer Subjects 

March 5, 1985 A.BACSKAI I 1/ a, b 

March 7 F. ZS IGOVICS 2/ a 

M::irch 8 A. nl-1.CSKl\I 4/ a 

March 11 l\.BACSKl\I 1/ c, d 

March 12 L.PALINKAS 3/ a 

March 13 A.BACSKAI 4/ b, c 

March 15 F. ZSIGOVICS 2/ b 

March 21 L. p,\LINKAS 3/ b 

March 213 F. Z;::i IGOV .L·:s 2/ c 
---

April 5 L.Pl\LINKAS 3/ c, d 

April 15 F'. ZSIGuVICS 2/ d 

April 18 A.BACSI<AI 4/ d 

April 26 J\. BACSI<AI 4/ e 
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ANNEXURE G 

ELECTRIC ARC FURNACE MELTING LOG 

Date Helt No. Ladle No. Shift No. I 
Starting Time Finisching Time Duration of Melt: 

Steel Category: Mile~ I Medium I Hard 

SCRAP CHARGE: ELECTRIC ENERGY METER READING 

StE::!l Scrap . . . . ' ...... Kg 

Cast Irrn fo!· Meter l Meter 2 
/KWH/ /KWH 

Carburing ............. Kg Start of Melting 

After Tapping 
-

Total ............. Y.<] Consumption 

ALLOYS: 
Total Consumption KWH 

Fer.r.osilicon /FeSi/ ... Kg 

Siliconmangenese CHEMICAL ANALYSIS: 

/SiMn/ ... K<J % c, s, Si, Mn, p 

SLfl.G FORMING MA'I'ERil\LS: 
first Probe 

Lirr.es tone /Ca2co3 / .... l~g 

Burnt L.ime /CaO/ Kg Serc:~d Probe .... 
Finnl 

OXIDI:..ING MA'l'ERIAL Compositicn 
.... 

Mill Scale 
BREAI:-nm-r·r TIME: ............ Kg ---

·-
Rea~::ms Duration /Min/ ~-

Chemical CornEosition of I Elcctrc :.., Alloys: Extension 

Fesi: SiMn -- ~Roof Change 
Si = 75 % c = 2 % 

Al 2 % Si lG 20 
Repair of Wall 

= = to % 

Fe = 23 II Mn = GS to 7C1=-I uiaY. = 0,03 

Srnax = (J, 03 
- -·--· 

Shift Foreman Product .... o,. Head 
I -----
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ANNEXURE I. 

C~.ARAC'I'FI{~ST1C OP ,:;i.'RAP AND LAYOUT OF BXIS'l'ING SCRAP PROCE.3.::ING ----------- . -
NON FERROUS 
SCRAP YARD 

S.O.T. 

BALAI~CE 

11\1 [~ 
I I/ II AP D ~MOBILE SCR; - L_ 

- CUT?ER 

!.:-~.::--: --- -1 
p1.E0.1.l.H·l 
jHEAVY SCRAP I 

SCR!\P t'1~0CESS ING: 

- ri'ORCH CU'i'·rING 

- SCRA~" CUTTING /SHEARING MACa f 

h-tEDIUM 
HE;.VY SCRAP 

-· MOBILE CRZ\.NE INVOLVEMENT 

[MEDIUM·, HEAVY AND LIGHT J 
SCRAP 

4( 

t:.O.T. E.0 T. 

WEIGHT OF SCRAP APPROXIMATELY: 

LIGHT SCRAP : 1800 tons 

MEDIUM SCHRAP : 700 tons 

HEA''Y SCRJl..P : 600 tons 

TOTAL : 3100 tons 
NON-FERROUS : 150 tons 

.::. 
\.0 



ANNEXURE J 

Pl{OPOSEDiJ~':tOU'r Cir' SCRAP PROCESSING .-----
'NON-FERROUS SCRAP' 

E.O.T. E.O.T. 

iL!GHT--1 
. SCR?..f' YARD I I i\.-. _J 

r------1-[ci n,I,\ I l ~~;~~ I - [I] / I 

PJ 
£=.l 

.---_---, -----. 
[~ .. _J 

ls-CRAP Yl'.RD I 'I PROCESSED I 
LJ 

1. I SCP.AP 
MEC~U~ and HEAVY I 
SCRAP I~. ~--

6. MOBILE CR.~NE ,--
1 

SCRJ'_p i"ARD 

11. 

!MEDIUM e.n1 HEAVY 
1 SCRAP 
.___ -~~~~ 

SCRAP YARD 

111. 

MEDIUM and HEAVY SCP.AP 

E.0.T. 
-~~~-~-+-~-fo-~~~~~~~~~~ 

NOTES: --- l. Electric Arc Furnac~ 

2. !3alance 
.., 
.) . Teeming pit 

4. Bailirq Machir1e 

5. Mobile scrap cutter 

6. Mobile crane 

7. Iron c&sting ~rusher with 

steel ball droppe~ by crane. 

0 
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ANNEXURE K 

POWER TAPPING DUTIING STEELMAKING 

1. MEL'l - U!: - Commencement of melting: fo1 10 minutes 

GO i of full power is lot-in 

F~actor: in full; position 1 

1ransformer: position 4 

Lcnqth of Arc: shortest; position 8 

- Electrodes an~ woll-in the scrap 

~c<1ctor_:_ in Cull; position 1 

TransfarQer: in full; position 6 

Lc_pgth of :1.r<;;: mecliur.1; 11:Jsition 4 

2. OXID/.l.'fION: The to i::a l charge is 1 iquid, oxidation 

s tJ ~ts 

Reactor: switched off; position 4 

Transformer: m~diu~; position 3 

Len sth of r~rs: :;hoL-tc::;t; position 8 

3. DEOXIlli'\'J'Iyt: :_ Th'2 ·~'srnpcralm:e i" raised ;i litlc. 

RcJctor: s~itchcd off; position 4 

:£':!:i.nsf0rrr.er: position 4 

Ler_:.g_th __ of f,r~ sllortest; position 8 

4. BEf'OHI·: TP.PP:!lK": F'o:c 5 m:~nuLc:; t:c;;:p·~ .:.· .. ,ture is incr6ased 

before tapp~ng 

Reactor: swltch~d of; position 4 

'£ran.; Eorrr.8r :_ posi U on 6 

!~th of_ 11.rc: shortc~jt; posit.ion 8 
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l\.NNEXURE L 

Preventive Maintenance to the Electric Arc Furnace 

1. Daily 'l'ask: 

To ch£:k: - temperature of cooling water 

- condition of electrode clamps 

- oil temperature in transformer and 

reactor 

- ccndit:0n of pumps and safety tank 

- moving speed of electrodes 

- condition of instruments and flexible 

r'lblcs 

wl1ether there is air in the oil-water 

emulsion system. 

2. Weekly Control of: 

- Furnace tilting and roof lifting and swinging 

mec:t-. 1n ism. 

- Clc~nless of electric boarJ and connection 

points e.g. push bottoms, instruments. 

- Instruments and if they do not work properly 

change them. 

- Flexible cable connections and insulating 

m<ttcrials. 

High tension i~olator moving pares. 

Condilion oi greasing and lubricating. 

3. Monthly Chcck-UQ of: 

- Grounding systc~ 

- Prot..cction systcn; 

· Current relay~ 

- Temperature measuri~g and V, A, KW, KWh 

metering instruments 

- Condition of oil emulsion and clean the tank 

:i. f the substance of emulsion J s not acceptable. 
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ANNEXURE L ctd. 

4. Yearly Maintenance meuns: 

- Desmantling of all· moving parts; change 

items if neccessary. 

- Laboratory testin0 of the oil in the transformer 

and reactor, and recondition it if its insulating 

character is found less than required. 

- Once a year tllc circuit l~:::-aker is undergoino a 

co~pletc checking. 
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ANNEXURE M 

Instruments and Equipment the Proposed Mainitenance 

Shop is furnished with 

Measuring Device-to control protection relays 

- Voltage Stabiliser - Voltage: 220 V; 

Current: 20 A minimum /AC/ 

- 'l'oroid Transformer - Voltage: 3x380 V / 3x0-220 V 

without taps 

- Instruments to measure - V, A, W, VAr with 

Laboratory accuracy of 

<lt least 1 % 

- Current G0nerator - from O to 20 A /Ac: 

- Voltasc Supplier - to control the 

/pt-R+Tih-Pt 

Ni-Cr-Ni ther~ocou9les 
- Resistance Meiisurinq Bridge 

!Wheatstone or Thomson bridge/ 

- Rcsistu.rcc~ wires of different types ic. 

i'Iang<lnium, tantal etc. 

- Tachometer to check the rotation of electric 

n:otore 

- 3-Ph.:u:::::: Me.:.suring Instrument 

- Direct Current, DC, SuppliAr 

Rr.is-ing Current frOlll OE 550 A 

Voltage from 0 to ~4 V 

It cnn ~c used for Batturf charging as well 

- isol~tion Tester /Mcgger lypc/ Voltage ranges: 

SOO V, 1 kV; 2 kV 

- Isolation Re~lstancc Mc~suring Instrument 

- G1·0:1ncHn<:J fo~!Hstanco .Mci1suring Ir.strument 

- Port2blA Ins~rurnc~t 

- Standtools of many use. 



CIIErnCZ\.LS AVAILABLE AT THE PL.1\.NT 

CLr::MICALS CONCENTPJ\.'i'ION QUll.NTITY 

PHOSPI!OlUC [,Cli) I ii3P04. 85 % 2000 gr 
~----~--------

H 't DR O C !i LOR IDE, I~Cl 

POT. SSil'2·i Ii iD'.1.0XIuE, r:Oll 

AI"'"',._,,.[' ·,1r'E'""'S 1 '' i 1 ··uR·cu·1 '1 11 ' ·11•._ __ , u. : 1'., UL ll ~ . l I b -'l 1 2 

TIN PO\'iD~.r~, Sn 

METILORA~:GE 

METILI3UIX 

PO'I'l\SSIU:l lCJDIDE, KT 

S'l'i\HC'.'. 
--------·--------------
PO'l'M~S i u:-1 

MI:FCTJL'/ I l!q 

., c ,. 
;\ - r. 1 U-/ 

L -

NIL 2500 gr 

35 ~ 7000 gr 

'.) '3 % 2000 qr 

HIL 500 qr 

NIL 4000 gr 

99 " 8000 gr ·u 

95 0 500 gr ·u 

300 gr 

150 gr 

4COO gr 

6000 qr 

2000 gt' 

500 gr 

300 qr 

500 gr 

-----·--- -----------------
SULP!l::Jll.JC Ji.CID I li 2SQ 4 96 % GOOO gr 

SILICOU ·, 50 gr 
----- -----------

GHEA:3IJJG l\Cl .i~'l' 20 gr 
--------------

OXYGLfJ In Lank AVll.ILABLE: 
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ANNEXURE 0 

FACILITIES AVAILABLE 

' 
ONE Balance measuring from 0 to 125 gr. 

ONE An;ilitical Balanc·' 

ONJ:; Combustion furnace with 

TWO Spare Thermometer, from 0 to 15oo0 c 

THIRTY Spare sil.it8 l~ds.size 0 8 x 100 m.m 

Ll~ctric~l resistance 4,2 ohm 

ONE THOUSAND JI.NO ~~: G!1'l' uunorr:o Poscelaim cambustion 

boat~~ 

TNEN'r).-Tl'10-Prc:celain Corcibuslion tubes. size 26x20x600 m.m 

ONE-GLl\SSWAHE Asscrrl,ly fer volm!e:tric Carbon analysis 

SPARES For ano~hcr two asscn~lies and Glassware 

ONE oJlassHare .i\sserr:hly fc·r Sur i:ur analysis 

SP.\RES F'or r..nothe1· Oh.C Assembly and Glassware 

Spares 

ONE .}lass cont~_iner v-.; th desicodt '.ng salt for 

kecpin~ ~ry cc~0ustion noats 

ONE POLDI-tyFc f:;.:o,;i lic!rc.1n2- s te!;lcr 

ONE Plastic cantRiner for distillej water, 

capacity 20 littres 

ONE Plastic Cont.J..i.ner for <li!·;ciJ.le<l wat0r 

CCl!J<lCity ]_() lj_t_:. 

ONE Oxyc_rcr. bottl.:-:: 

ONE Pressun:: with L Jilt-in Flm-1 rnetc.c. 
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ANNEXURE P 

GASVOLUME'l'R"T:C LABORATORY: EXISTING 

PHASE ONE 

I ... 

£1 
,._Q} 1-] 

I -~J I I ·tp-
1 L 'b I - 1 

1a 

1------1 

10 

7 

w-
..L---J;-=-j =!.:======================:::..:=======---

300 
1 'l'able ::o·lcolcYr,rc!:;vofur,et--ric--a-n-aJ.ys)rq syste /wi.th 

ltnder self/ 

.La Tube furnr ct.: to Lurn sample rhips 

lb C, S annl:'~:J.nc_: system I BICl\S/\/ 

2 Oxig3n bottle ~.n fixing stand 

3 Water t~p with porcellain sink 

4 Cupboard to store chemicals 
5 '.l'ablF tc1 lie ·1_d analytical balance and ~.;amp lex 

6 J\na 1 it~ cal be:. lance 

7 •rable with welded structure with nncler. self to hold 
samples /as brouqhl in/ and glasswares on the unecr self 

8 GL.tSS crn~tainer 

9 Laboratory balance /0-125 g/ 

10 Writing-tatle 



. 
I 

58 

SPEC'!.'ROME'l'BR LABORATORY, 

PHASE 'l'WO 

1. l\rrar.gement of 
Jpectrc~etcr Laborato1y Sl\~lPLE 

PREP A­
RI NG 
\·iORK­
SHOP 

ANNEXllRE Q/l 

S'PECTROMETER 

Ll· BORJ\'rORY 

I =4-l Jl I .t:======'I 

--1-

OPFICJ~ 

I. 

01-TICE 

II. 

L=.',=--=::.-:-· ----
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ANNEXURE Q/2 
,. 

SP'.:C'fRONETER LABORATOHY, 

PHASE 'l'\"0 

Arrangemen': of Equipment 

i 
5 7 6 

-- 3 

I 
D _g) 

EJ I I -w ~ 
9 

L 
1 '1 -

I 

('-"---l -
I 

4~;0 
~----·--- --

1. ESl\ 4 Sequential spectr.:>meter 

2. Argon-bottle with fixing 

3. 'l'able for sarnplex. tools etc /2,0x0,5 m/ 

4. Binocular microscope 

5. Cupboard for spare p~rts, docu1nentation 

6. Writing-table 

7. Bo:ll': she~ f 

B. Hate_ tap with sink 

9. Rig~~ t~ble /concrete/ 

10. ~nillytical ba1 ance 
I 
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ANNEXURI: R 

SPEC'fROME'rEi< LABORATORY, PHASE 'lWO 

SAMPLE PRfT?l~RP!G WORKSHOP 

250 r 
ji-=--=--=====-=--=-:::::::;t----r 

118 [] 
! 
j---

11 

1 curbua:cc1 for l,lr_:•::cs:;c.,1 ies 

2 \:nn;kshop L1blc I {,0:-:0,8 m/ 

J I1rilllnq rnac!Li nc 

11 Wcrkshcp ·;.ice 

5 L.:1bor:1t.ury fur naC'~ 

G Pili~;r1cr/qrinJcr rr.,tchi:w 
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AI<AKI 

Steel Works 

Marking of 

samples c 
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ANNEXURE S 

CERTIFICATE FOR SPECTROMETRIC AND 

GAS VOi.UMETRIC ANALYSISES 

c:1emical composition 
/weight %/ 

Mn Si p s Cr Ni Cu Mo Al 

-- ,..._ 

I 

I I -

Registration 

Number 

Notes: .....•......•..•.. 

Date: •••••o••••••••••••••• 

Signature: •••.•••••.••.•.•• 



I 

NEW LJl.BORATORY COMPI,EX, PI!ASS THREE 

~-=::;r.-.:--,======~-==- - -
OFFICE 

'I; 

OFl-!C E 

r::~=-=·===,,.==------J-----------==---=-========;I - lr---·11· 
TEMSJLE TESTING Lc130"?AiDRY 11· SPECTROMl:./Ef'? 

'"'==""" ____ 1-:0..-:-: l.A 0 0R'A fr'Y?Y 
/with :.,p<:ciai schor!< ii}su!aiing I i\ ',,,_1 ]. .n M ...,, 

I \ 7 I 
I \ I l .·'v ' 

i"/ / i r l J
I I .· 11 

l I 1 

1=~==---= "-"===- -- u ..... ~::-,.-= =-=--:..--= ===i-'il 
GAS>VWMETTiiC I~ /I SA/.IP!.£ fflEPN<ING 

L~-LAB~A/(~-~-~o==J~~J __ Wa?KS:: = __J 
J. 

i 
I !·:1·1'1.'HMKE 
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ANNEXURE Q/2 

• 

NEW LABORA'l'ORY COMPLEX, PHASE THR£E 

-

6 -I 

1 

' 

5 «::> 
II) 

" 
2 ' 

3 

:ii. ~ta----. 
f 

1 Tensile testing machine 

2 Hardness testing machine 

3 Writing table 

4 Workshop table 

5 workshop vice 

6 Cupboard 
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of carbon anelysis /volumelric/ 

~ o ~ g· I I 
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.µ .c: ! ·.-! CJ 4J I !2 I'.!) QI .c: .µ I ·d () I 
~ •_l i 'T) .-\ Q) • o (jj °' .j..J ~j I µ .µ 
rv j rJ rtJ i-1 i l-1 ::.l I E ~· 1-i 0 
;:j 4-1 t11 0 ::i 1 •t l-1 •lJ c :::i ., ::i c1j 
c: o I ,1~ ,,i . .c; 1 ~· ;:-,, e-. .,.., . n I ~ '1-: 
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ANNf;XURF. V 

People were TTICt 

1. National count~rpart Personnel-Ethi.)pi..rn Iror and 

Ste~l Follndry 

Hr.3.Abd_l.ssa, PL:rnt G,:,n1'c!ral M.:lriager 

Mr. W. Tadesse~, Teclin ical lic.:i.d 

Mr.:::>.Wondiu.i;, l•binLcnancc Head 

Mr.T.Dar-:h~l, l~c.}lin') HU.L E'. 1qi1.ccr 

Mr. E. Errr::n:->o, 

Mr. A. 'l'L!fera, 

t·::,Jt:incr Don;:r·b:-enl:. Ilci1d 

I.r.i;tinio;tr<itisn ?lead 

5 Pebru.J.ry l~J8S - Mr.S.GcbrcdlJ, Dc2ut'/ General 

r1anaqcr 

t:a.ti.unal iletal Wo.cic::; Corporatic;n 

5 FclJnn,-y J'.lE\'; ·- Mr.:~.J.il:!l:?.lincran, u:uoo Metal 

2 2 Ma n:h l. 'Jil 5 

r rocc '.; !.>i w: I ::·:p(;r t, Addis l\buba 

- Dr.Niqussic Rctt~, Head of 

C!ic:nd. ::; try De ria rt.m•:::1 t 

Univcr!_.;ti~y of i\ddis Ababa, 

T'acul ty of JJat:.ural Science 

•· Hr . M. r:c! 'fa'~' , L ·tl lOr c:t tory Ile ad 

'·h.!\.f\;_;cf:fa, Gf}Olnqical Surv0y lleacl 

r1111i.~;[:r'/ of I1irn~:-~ Minerals and 

- l'l;·. ,J. Td'cw_~ <]., 'l'cchnlca:i. lie ad 

r:thio1,Lan St.andarci Institute 

-· Mr. Vcnc:<1tilchellum, lJ,HDO Senior 

Industrial /1(1viser Addis l\baba 
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11 April 1985 

29 April 1985 

29 April 1985 
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- Mr.C.Chibsa, Chief Engineer, 

Division of Electrical Workshop 

Ethlopian Electric Power Authority 

- Mr.Vencatachellum, UNIDO, Senior 

Industrial Adviser 

- Mr.Assefa, Director of Planning, 

National Metal Works Corporation 
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I. Velev/rg 
2 February 1984 

A 'l"l'ACtn:EN'l' I I 

UNITED NA'lIONS :~-iDUS'l'RI:\L DCVEL0PMI:tJ'.i.' ORGANIZATION 
SUBSTANTIVE TEru1s OF REFEREN~E 

Project No. : -·-"----- SI I E'l'Il / 84 I 301 

Projec';_'!) tl~~ 'kclu:j-:::-:1.-~ Assistance L1 Electric Arc 
Furnace Steelm.J.king 

A. General Ba~ka1ound Information: 

The Ethiopiar: Iron and Steel Fcrnndry is one of six 
factories in U1e ;,deli~; l\bCJba regicn under the 
juri3diction unC:-: '._·r:ntrvl nf the National netal Works 
Corporation. Started in 19\,J, th:: factory is located 
20 km from Addis Ababa~ produces steel n~~lP, plain and 
ribbed reinforcement bars ana steel wire netting. On 
::!-~hi ft basJs, about 12, 000 I'P-! of reinforcement bars 
j6-32 rran dia/ and 4,UC:'.I 'l'PY of nu.iL; are being pr<Jduced 
within a total workincc~ of 450 includinq supervisors. 

'l'he r..oltcn steel is bottcm-pr:.1urcd through a central 
crumpet into 14 ~)cncil incwt moulds. ·i'he pencil ingots 
/ 85-90 kg I are then re lice tcd and rol.l cd in a cross­
country merchant r.ij 11 111 to ro 1_md:;; to bt.> used either 
as reinforcene1:l:s or. ;_c,r furLher ;·;--0c.:.::;sing into nails 
and wir.e coils. 

The stce l c~c1:.:tp i :> :)~\ n:hasc~d f r'::1!1'. var _i_om:; ~;ources in 
the count!.-~' and i'.:> !iet_e:rrn1c:n•.:.JU.,; 111 cii:1r.J.c 1-.er. No '[)roper 
facil ties e:: l~;t for its ciaccif jc.:•t l: j '.)11, scgreg.:ition, 
con tro·1 anJ pr~~pu.ration. L i.i:ewise, nn proper faci lilies 
exist tor thr~ ~:uicl: clH~:~u_c~i1 i1ncl l.ys i.s and control of 
thG steelnnki;1q !H<;cess .in the e:~0ctr.tc furnace. Visual 
ins~ection of L-!H:! fractured Sll!'" facf;S of broken samples 
is l:lle nnly r.:ctllud <:;;;1pl.oycd c1o dc~term·i_;-;c t~c carbon 
content, v:hich If:i-~t:hvl i~> ci:uJe .:rnd cn~;at:.isfactory. 

'l'he Go•mrnment l~ns recc9nizccl Lhe .::tbo?c acute needs 
of up-gradation, und, as a [irst step, has earmarked 
funds for a ~~pectrcrr.elcr.. Fu1·thcr., a f ul .L-scale 
metallurgical J.ab(:.t·u.tor.y ir: pL:rnnecl to lY~ established. 

B. Aim 0f t'n~--~~!..2.J.~:c: .·~ 

Ii/ -:·a iw;,)rovc t!·ie ex',;; i: ing scrap bancllinry practice, 
cind ~;pr~c!Li.cnlly, 'lH! entry, rruality cc 1trol, 
p:ro:.::ure1nCll l:, ~;t!cJ, eqa t:ion; ~~ 1e;:1iCcl l COTnf>OSi ti on 
and ~:-i1·cp,:n·cd ior1; 

• 
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/ ll / to im~Jrove the steel melting practice, and 
particularly, the quality control; 

/lii/ to establish a proper metallurgical laboratory 
with appropriate equipment and facilities for 
quick chemical analysis. 

C. Scope of Contracting Services 
The contract work will consist of field mission of a 
team of three highly experienced engineers, namely! 

- Expert in electric arc f urnacc steelmaking - Team 
Lead€!r - overall operation, mechanical and 
electrical maintenance, scrap qualification, 
collection aud preparation; 

- Expert in furnace operation and electrical 
maintenance; 

- Expert in mctnllurgical laboratory equi;im~nt/ope­
ration, 

of the dur<Jtion of three months each, to provide day-to­
day practical advice and on-the-job training through 
direct participation in the production process. As a 
result of their work, in co-operation with the national 
counterpart personnel, both the level of productivity, 
and especially, the quality of steel would be noticeably 
improved. 

The experts, and particularly the Team Leader, and 
the expert on metallurgical laboratory equipment/operation 
will b~ expected to advise the counterparts on proper 
specification, layout, manning and other pertinent 
problems to establish a full-scale laboretory. 

The experts ~ill alsobe expected to set out their 
findings and rccomn;endations in a Final Technical Report, 
to be submitted to UNIDO on behalf of the subcontractor. 

D. Required Inputs 

a./ The three experts, as described above, should be 
fi.eld~d aL the earliest possible time. The total 
input of the subcontractor's field work will thus 
be 9 man-months. 
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b./ The subcontractor will render to his exoerts 
all relevant backstopping as app~opriate. 
Manuals, tcchnolo9 .... cal instructions and o:.:Iier 
wcrking r~coduction-techn.i..cal documentation. 
whic'.1 is to be applied through u·,e e·.reryday 
on-the-jog training. is included in the 
contrart price, t0 be later presented to the 
pt..)jecl. 

c./ The subcortractor is expected to include in 
the fino.l Heport the bu.sic dcsisn of the 
metallurgical laboratory witL a preliminary 
crlcul&tion of costs. 

E. Seyt....encc of \·:ork to be carried 011t 

Prior to their ieparture to the duty station, thP 
subc'.)ntrac tcr' s team shouJd be br icfed, either ir. 
Vief!na, or n t tLe s 1 tbcon tractor's Headquarters, 
whichevP-r 1:3 JT,0 t:t:.! c•.1nvenic11 I:, b~· re lavant tJNIDO rep­
rese:1 ta '-.i ves. 

The followinJ til::~ schedule is 8nvisaged: 

Activitv Dates 

1. Award/conclusi)n o._' contract 
2. Briefing of Subcontr3ct0r's team 
3. Fieldin1 of exp0r(s 
4. Intennedic1te report 
5. Tt:rminZlt:i•:-·n of field work 
6. Submiss]n!1 c11' D!·.:i.ft I-'inal Pc:pm.·l: /DFn/ 
7. UNIDO's <uH..1 Govf::~rllr:10nt's comment:::; on 

DPR received by subcontractor 
8. Submission of Final report 

F. ~eport~ 

A 
A + 
A + 
A + 
A + 
A + 
A + 

A + 

15 days 
20 days 
30 days 
110 days 
HO days 
160 days 

175 days 

a./ Intcn.1•~cl:iatc report, containing the experts' 
inllinJ flndigs, and recommcn~a~ions, and the 
spcr.:J f icn tion of suprlcrnc,11 tary laboratory/ 
q•t<llii·.y .:mtr0l equ~.pmcnt, for US$ 8,000, t.o be 
purcha,:c~d th rou<]h the project, should be 
prcp;1rc!c1 in tllrc:c cop Leo:;, i 11 En9llsh, according 
to p;11~a0 r<lr:ili E. 4 above. 
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b./ Draft Final Report should be provided in three 
copies, in English, according to paragraph E.6 
above. 

c./ Final Report should be submitted in eight copies, 
in English, according to parag~aph E.8 above. 




