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IKThQüUCTIUN 

The öouth Kaut Aßia Iron and Steel Institute (IJKAL l) held its 
firsit Symr'.siui:. or: "The Mini Mill" on 7-11 September ly"l.   During 
the puritd oi 4-' days (with hall' a day l'or industrial Visits) twenty 
technical papers were preser.ted to the By delegates, with lively dis- 
cussions.  Over 100 eets of symDOsium papers have since been sold 
within the region. 

This paper review« the proceedings of the symposium, covering re- 
levant papers on the possibilities and advantages of the mini mill for 
developing countries.  It will also discuss the mini mills at present 
existing in the SEA1SI region. 

KIWI MI LUÌ hììu  THEIR ADVANTAGES 

A mini mill can generally be defined as a plant producing steel from 
scrap, pig iron, and/or pre-reduced iron by the electric arc furnace and 
continuous casting processes and subsequently rolling into rods, small 
and medium bars, sections, and narrow strips at annual output rates 
between 80,0QC arid 400,000-500,000 tonnes.  This type of steelworks 
has grown considerably during the last 25 years in highly industrialiaed 
an well m  in developing countries.  Not only has it survived, but it 
i%B  also successfully competed with large-scale integrated steelworks 
which are based on the economies of scale. 

Many of the papers detailed the reasors underlying the successful 
development of the mini mill and its characteristic advantage?.  These 
»re listed as follows ! 

(1) Mini mills are usually located near a specific market. Being 
close to thexr customers, their transportation costs are lower 
than those of larger producers for wide areas. 

(2) Their production facilities are designed to enable them to 
produce economically small batches to give quick deliveries 
and without having to keep large stocks. 

(3) An efficiently built minx mill takes about li years to construct 
compared with integrated plants, which may take up to 5 years. 
Returns on capital investments are therefore made much sooner. 

(4) Considerable progress in electric furnace techniques, the devel- 
opment of continuous casting, and better rolling techniques have 
enabled the capital coat of mini mills to be low. 

(•ï) A high degree of plant utilisation and a high labour productivity 
is , ossible. Their simpler organization and consequently low 
overheads can overcome disadvantages stemming from their smaller 
size. 

(6) Mini mills have a high degree of flexibility.  Operations oan 
be adjusted to varying market levels with far less economic dis- 
advantages than larger works.  With a compact layout, internal 
communication and transport is also reduced. 

QBIBIAL CONSIDERATIONS 

The modern mini mill concept offers developing countries an excellent 
chance *.o establish an indigenous steel industry adapted to suit local 
market requirements.  An industrial age of steel can also be started off 
with a mini mill, even if it has to use imported scrap as the chief raw 
material.  In fact, at the present time there appears to be no alter- 



• 'Outh  ¡'àst 
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native  in many of the developing countries such as   those  i, 
Asia  but   to start with the mini  mill,   because steel  dermnri 'it. 

aat UV: ju8t;fy ^^-vhigh^cx^un8^:*:; eîerî  i• - at near capacity output to be viable. opeiated 

J. aMe to a„ thls eo„„omlcally.      ¿^ rn•íerUr^L     rra
níeP :: aire 

They possess only one or two re-rollim? mill«    h,„, •,„        A? ilers' 
cutntoB12e;appropriatefor;0ìi;nf^IWJ,» ^'s::;' 
"fotha ?ieîd oí f T»""       S°me mi"i -"!• h-e .lío  been ì v 1/ 

ínlíeat &£ ¡LlTZniZT^^ "' ^ ""^ ^"^ *° " *> 
There are many possible layouts of mini mills.      The basic  lavout 

however, would depend upon the range of products to bo as we i as 

typ\P:^?^°"aiíabLChtrthdUCtBneqUired * the «"««- «*" »    th *ype ot teed available to the mill owner.      A mini steel plant would 
therefore consist of all or some of the various units shown în ?ig! 1. 

The design and layout of each works has to take into account n<t» 
considerations and other existing local conditions?      it ÌTlZLl   ? •». • 
the layout should provide easy access to aïî sect   ne ÏÎ   hew^k1 

P^ce'oTte        rí^ÍV^1* be 8t0red aS near - POBBiblHo theîr place of use.      A -Urect-line production flow from the raw material to 
fiiuahed product stage is preferable whenever possible""C e cíanes 

TJL*«        »*PPr0Prl*U lifting «^P^ «ill help to reduce TpZl reZre- 
nof iLnt ÍfT\? and. Vre exafflPleB of two possible layouts!     £% III 
not meant to be blueprints for direct application to similar requirements 

lìlllé    BerVe t0 U1U8trate the «ener*l outline of aspetto be coT 

3fmMAKIffQ 

fout 

thrJ    ÎÏ*    Î? the ltMl"«**n« section,  it was stressed that the 
í£SdA£ r•ÍS " fraP handUngf Bi«*M^ •»* continuous citing - should be considered as one unit.      A proposed optimum layout is for the 

ïuiîd^rLCahting 8h0PB t0 be PÄrallel t0 e«oh other unLr separai 
bïïîî T« "lîaVinî-8ePaïat! CraneS-      The SCraP **.  if it were to be 
îieino^t tì? ?t+

inUatl0n 0f the meltin« «hop, has disadvantages from the 
Is ?C«Jn° Ure expaT°n and inference of scrap movements.      it 
Sucí I livnftPr0P0Sf *î tove the 8CraP ^ Parallel *° the f«"»c. bay. 

„t^       Provides for efficient movement and operation of the three 
avbivixies. 

Improving aro furnace operations 

h«v.*!!? ?KÌ0US meth0d! °f imProvin« the Productivity of the arc furnace 
ÎZtâlîr een reviwed-     *"« development of the ulíra-high-powerT(WP) 
little lT+*°*\COropa?tin* and Pleating of the scrap cLrge, and ' 
assisted melting by application of oxy-gas or oxy-fuel burners ¡re ess- 
ential features of present-day high-efficiency mini mills. 

The UHP arc furnace results in increased productivity,  better thermal 
loAZTn * i"88 Ca£îîal inve8tmen* for equivalent capaclly,  and less 
2    TMI        !r*      ?W* I 8hOW8 typical examPles of transformer rating vs. meltdown times for a 50-60 ton furnace. 

TABLE I  :  Transformer rating vs meltdown time for 50-60 ton furnace 

Transformer rating ~ Meltdown time,  h  

kVA kVA/'ton 

18,000       327 "  T^  
20,000         510 /" 
36,000       655  l o 
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Thu; means that tap-to-tap times can be of the order of 2 h or less, 
-hatlm,-: up to I?  heats to be cast from each furnace every day. 

uxyg.m techniques arc also very effective in improving furnace produc- 
tivity".   Oxygen has beer, usti in electric furnace practices for mar.y 
years', and therefore the practices are well understood, arid the effects 
'of the variou- technique:; can be readily assessed.  There are three mam 
application : (a) decarburi zing, (b) assisted melting with oxygen alone, 
and (cì asi-i s ted melting with fuel plus oxygen. 

The use of oxygen for carbon removal has almost entirely superseded 
the earlier practice of using iron ore or mill scale.  The advantages of 
this direct oxygen method are : 

(i) No cold solid additions are necessary, the time required for them 
to pass through the slag and the heat absorbed in bringing them 
up to reaction temperature are inconsequential. 

(ii) ¡Some oxygen reacts directly with iron in the bath in the initial 
stages; whilst some of the oxygen and iron oxide reacts immedi- 
ately with carbon, part of the iron oxide enters the slag in the 

molten state, 

(iii) The passage of the oxygen into the bath and the immediate evolution 
of carbon monoxide combine to mix the iron oxide slag and metal, 
and consequently the reaction rates aro accelerated, giving app- 
reciable savings in operating time. 

Several methods are available for introducing the oxygen, which should 
enter the bath as near as possible to the slag-metal interface.  Submer- 
sible bare steel lances give an efficient carbon removal and lance life is 
economical provided that the correct size of lance is employed. 

AB for assisted melting with oxygen, two methods have been adopted 
successfully.  In the first, oxygen alone is used to combust the hydro- 
carbon and carbon monoxide within the furnace and utilize the heat to 
assist melting.  The combustible fumes arise from waste gas leaving the 
furnace during melting.  Some countries suffering from a shortage of steel 
scrap may use a proportion of pig iron, which leads to an increase of 
carbon and silicon contents.  These are oxidizable elements which, when 
combusted with oxygen, assist the melting, add to the speed of production, 
and give electric power savings. 

In the assisted melting technique employing one or more oxy-fuel 
burners, these burners are brought into operation shortly after the com- 
mencement of melting.  The burners are used to supplement the normal 
heat input from electrodes and their use is discontinued before a flat- 
melted bath is formed. 

Possibility of direct reduction 

A number of papers considered the possibility of using direct reduction 
processes to manufacture pre-reduced iron for electric furnace steelmaking. 
The uncertain scrap market and rising price compared to the stable price 
and abundance of iron ores for direct reduction have encouraged many mini 
mill operatore to be highly interested in its possibilities.  Some regard 
it as the future development of the mini steel industry. 

Since pre-reduced iron, in contrast to scrap, is of uniform lump size 
it can be charged to the furnace continuously.  Figure 4 shows an example 
of an engineering study of pre-reduced iron feeding system. 

A major disadvantage of pre-reduced iron is its residual gangue con- 
tent.  This requires increased lime additions during steelmaking and there- 
fore a higher amount of energy is required.  It has also been found in- 
advisable to base production entirely on pre-reduced iron, and the most 
favourable mix is about 60$ pre-reduced iron with 40$ scrap.  No doubt 



this ratio will vary with  future improved   pra^ucer.       jt,rr   . ,.     . 
fundamental méthode   for   the production  oi   pre-reduoed   u-.'!,.   •   ,',,'H,  • ' 
using solid reducíante   (such an anthracite,   oo.vl,   lii;li   j i ,-,>,>.     ' , (1' M '!.. 
using gaseous  reduction  media.       Commercial   pre-n.i,,,»,'|  't I „ !'"'     ' ?'' 
1972 are shown  in  Table   11. ........    t!   .,, 

There was some speculation about   the   time r.,    th,   po-sn-i..  ¡r     i 
through of the direct reduction  procedes.       A  <• ..„ -uier-it•],.  -tr    u^ '" 
research and development was said  to  have  been maintained an!i"t>„   "••'•', d<- 
required would onl.y   be possible  from  financially  pow« rful   in termed V,'.<r 
and steel companies  or other institutions.       Yet  no  migrated   ir,,r " -1(i(1" " 
steel group has yet   been   interested  in tacking  thin procès»  ar •»*   ti, 
moment  it does not  offer  them technical or economi- advantages        "1 
institutions who could help achieve  the breakthrough would either   be" 
iron-ore mining companies  interested  in expanding sales  by procp-.-r or,- 
into pre-reduced iron for mini  mills  or possibly mini miU~   -n developed 
countries competeing with integrated works. 

CONTINUOUS CASTING 

Continuous casting has grown remarkably during the laßt few years. 
Ine practice nas influenced steel production to the extent that it is gra- 
dually replacing conventional ingot casting.      The paperr presented have 
stressed that continuous casting plays an important role as the key  f—o- 
governing the operational economy of mini mills. 

Figure 5 shows a typical continuous casting machine for billets,  mii- 
aole for mini mills.      This curved-mould continuous easting machine XB 
employed almost exclusively nowadays because of the low initial capital 
investment involved.      Molten steel is transferred via the tundish to the 
oscillating mould,  where it begins to solidify.      In the secondary cool- 
ing zone, water sprays are used to remove the residual melt heat.      The 

!ï!n!^ïg/°r
+

:e ;£pi^ed by the Pinch and str«ig«te»ing rolls  is initially 
transmitted into the dummy bar and direct into the actual strand.      The 
arc-shaped strand is straightened, cut into finished lengths by torch 
cutting machines,  and subsequently deposited on to cooling beds.      These 
continuous billet casting machines are easy to operate and maintain. 

The advantages of continuous casting are listed as follows 

(1) 

(2) 

The cost of the equipment is lower than that of the corresponding 
conventional casting facilities, including che mughing mill. 

Continuous casting requires fewer production steps.  The cast 
billets are ready for further processing to final products, 
whereas the stripping and transportation of conventional cast 
ingots need much more handling. 

(3) Fewer operators per shift are required.  Besides, work is carried 
out under more comfortable conditions than  at conventional ingot 
casting pits.  Fatigue and the possibility ,of accidents can be 
reduced. 

(4) With continuous casting, the liquid steel - billet yield reaches 
95-97% compared with about 87-91% for conventional casting. 
Thin means that the steel mill can increase its production without 
changing furnaces. 

(5) Continuously oast billets exhibit greater homogeneity over the 
length of the cast, resulting in more uniform technological pro- 
perties.  The mechanical characteristics are improved in both 
resistance and resilience, and the surface of the finished product 
is better. 
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(6)  The productivity of a continuous cast*-,. mirn.r.,    .  • 
improved by sequence casting.  This 1«   thi   it, .T" tm'""'r 

of two or more consecutive char -rs 11( J v    •  Un ca;'Ull¿' 
different ways : l'      Ca'' b<' R,t^ted it. four 

(a) 

(b) 

(c) 

If an  adequate number ot   cranes  -irf>  ,Vaii.i' 
auxiliaries are required.       The TrA ujî    ^  "" í^'"' 

fun is?one rvhe aid or ^ e-- ;h e"s r:r still  sufficient molten  steel   left  ln  the  tundish. 

(d) 

Instead of two cranes, a double crane with two parallel 
trolley runways can be used (Fig. 6).        Parallel 

The same function can also be carried out with two Hdl* 

"ted int6 r Ìli6 1S hi;0U*ht  UP b* the -ane^ndl ! sertea into the ladle car (Pig. 7). 

On the plant »ho«, in plg. 8, each full new ladl, ,s Dlared 

r^s; z¿itBwiïciii^ *— -tt" -- •- 
(7) rrfrs ^«.„íj^-sTÄrsa.-- 

thereby lowering production costs. cobbles, 

repia
ISeToi^^r^rc^^rg sir;have been in8taiied to 

compromises are i^uiüd^ thTÄioi of Tj• lv<mt *"* iil8ta^ti°n 
did not pose a aerioi» nrnhiL      !       Ï        continuous casting machines 

pose a serious problem and production losses were negligible. 

Continuous casting operations are not more difficult than +v,n 
Pit casting but, being mechanized, they require a li «le It» Î °f 

Even the steelmaking process does not íhlnge substantial lv       ÎT*¿ 
sent time, direct couniir.» ««• *u«        .       *    BuosTantiaiiy.      At the pm- 

rolling Ju^^ÄS^^i^-T*1"* inBtallati0" «**> the 
is much lower than the entrí 1»J3 ^ !K        ?ellvery «Peed of the strand 
aimed at transferrin« oarl^f ?h!   ?î,    ! materiai   into the mil1'      «^hods 
caster also^reüsuttabL ?or minfmill^S •k t0 the conti^ 
reduction carried out in th« Luï     Î    !'      Moreover» any in-line 
effect on Se quauïy o? î£ maïeïiat if ïh^T r°US ha8 a negative 

solidified. material if the strands are not completely 

THE ROLLING MTU. 

fetor governWttf ?„?' TLTl' , 'î* TOlliBg oapacit* " «>• "»'" 

marily on the remiir«** lllrl     * , xU to be used d«Pends pri- 
duct and the rIX2¿>ÎT+' ^ü' qUaUty'  "* wei«ht of fin^«>d P•- 
ÏÏÎÎ Ht ÎîsHe colideïL       *t* eeleral re<ïuirem«^s of the mini 

annUü0r
+ÍÍÍ8hTtPUt mÌnÌ mÌllB WlUl ^Paoities up to 500,000 tonnes per annum,  the modern continuous hieh-soeed pniiiM.ni      ^t^u tonnes per 

production,  heavier semi-finished products,  as well as better 



*'Wr^Trl.!iíVrUy  anU  R,4rî'fl;?e "Uallt-y   to  b« Sieved.       However    a8 
"•«—'l»  «í   Partxc-ular mu,!   nuli-  are   frementi,  consist" 

i  j I      nn1 nn ti., , . í ' ..  ..   i.   .  . . _ v :;rvíll.-r   ihn:-,   th output  potential   oí"  ron tír.uoux milis,   t'ie  installation "!'  wíu.-t   w.uhi   ti„„,,f„,   ' .   :        —• —<*., iWUB)   ne  installati 
t-    '•,--!, ^«Btitute an  excessive capital  expenditure, 

••     •    ...- ..r.tirmou.".   n^t-uj- war, aisJ,,  recommended.      Modern  pass  design 
;    ;;:;-  vacation   „f  |ir.(Jjctloll   Wlth   a  fflinimum of ^ ^   ^ 
a.i  v        u        p ro;:^;;;^ .^"«"«tic  encape repeaters,   roller guxdes, 

^^:J:^^í^: 7i^^r^nmv^simpie roiii<* „,„,  „„.,,       ,, , eu"       A re-rollmg mill  using scrap as a  fp*>ri and  capable oí   producine un  tn  lì  m-,  *~ »way ,4B  a  i eea 
rouiidp n,t.. *""aUv-in« UP t0 IJ.UOU tonnes per annum of lightweight 
rounds, fiate, and angles is shown in Fig. 9. TV1H mi n **"weißnt 

u,  South  Kast Asia and   th«  llin<3ii,4 * lU  18 quite co•non 
lu) would liu!? Ï "«tallation of repeaters in Buch a mill   (Fig. A*.-; wouiu reduce labour ream run  hn*  ,.,,,,, 1,1 , "   vr-«-g» 
productivity        Rv -HHT« glVe only a slieht increase in n >jucnvity.      By adding a separate breakdown stand  (Vi*    nï     i 
croco-eection  feed  ro"ld  br  ummd  ,«d  nJ«T  * l     g#   U^'   lar«er 

*r—; :=ica^- S s F - -FSi — — - 

Producing 20^ ton^per II•.  ^  f°~ " "°ttld be °aP*ble °f 

MIHI MILLS IN SOUTH  BART ¿Ria 

The lu?!1 co•u,l«,tìon in Sou^ Bast Asia has been rising very rapidlv 
The main problems faced by the industry are  : rapidly. 

(i) Lack of raw materials or poor-quality raw materials, 

(ii) Small domestic market, 

(iii) Shortage of foreign exchange and domestic capital, 

(iv) Insufficient technical personnel and know-how. 

(v) Lack of infrastructure. 

r^IonfaCT ""Tí f0r the abunda»ce of mini steel plants in this 
region.      The capital investment and running coats «r/il.    +Î .^ 
mg  the setting up of such plants to m«+ ??    ? Î       !        '   thuS Permit*- 
mainly reinforcing ^^^^^^^T±.    *!" Pr°d•* 
construction and in th« irH+T.i      Í Products, which play a key role in 

Getlerally    minf minXnL    n th'fU    rialiZatÌOn °f develoP¿ne countries. 
categories P " thlS regl°n can be °l«"ifi«! into three 

(i)    Rerollers of scrap or billets, 

(ii)    Typical mini mills. 

(iii)    Mini integrated steel plants. 

Rerollers 

>, «,«* „„,„,, they «^ ää ZTiuiTX^ 

«iHh crollerò in a coun'rv „,%Î!î î ^       The lar«e number <* 
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Typical Mim   MinP 

from 50,000 to 150,000  tonnes por annum ?    H    
CaPaClties <**  range 

=a:[j~
bar ~- ' •~ -T^i^rj;1^ 

and SïïnîV^S^ ^on^ol^ " —h  -hip ^ea^e 
overseas  in countries such as San    lÌnlT•* 1S lmP°rted ^ 
Plement their mini  mille.      Table T?T  ^ P      ' a"d Thailand to  sup- 
port statistics of scrap for .orne oí  tîï        f^ °f th° lmP°rt «* «- 
Major problems faced by^any ol^he steei^f ^ ^^^ of S1^ISJ' 
quality of the ocrap,   fluc¿tio¿ if^p ^1>(,

are f* rellabl1^ and 
Problem m steelmaking with 8crap 0? ^L?"06' and 1««1^ control 
larger industrialized countriea eitend^S        composition.      As  the 
shortages are certain to develop     VnJ* >lX^1

Bi11 concePt, «crap 
iron is therefore of con8lder;b°     int^ea?to a¿r? °f ^ ***«•* 
this region. "merest to arc-furnace steelmakers in 

as operating under ultrajó«.? "L^"•" "hÍCh °an b« olassxfied 
of these develops countr S. C".uíiiw"8- „"" P°"er «ridB  in "«V 
Sised electric furnace t,¿      *2,""'.  »<" =ven a modest-   * Me ; rri8> however' -"' ~-x:x - 
casting of billet,  t. a diff^tî ÎÏÎ ï• reali««i that continuous 
have to date been instaUel"   h^Äsr ^"""T °"tla« •c««« 
Steel Company Limited (Ihaiiand)   «.if       I       *elon at Sial" Iron and 
and Steel Ca.ters of tneln Up¿ln.* ^T^TTÌ B"rhad <"»>*.*•). 
are also expected to install t^^tiV^A? — °th" Pi"* 

Mini Integrated st.*ei Plants 

grated operations.      However   ¿^¿tf becaU8e th«* ^ve inte- 
concept as mini mille and the reason foî iÍT^T^ UMer the 8ame 

use of local raw materials avalubU.        lnte^ted operation is to make 

Malayawata Steel Berhad in Mai•».  4. 
grated steel plant.      ». eo^t^" "iS.^16 °f th* "lni inte- 
Umestone, although coal deposits *î! TïK !      f iron ore»  cn*rcoal, and 
produced from rubber-wood waTmeíaíwÍ!*-      " "*8 found that c«»^oal 
This provided a logical baïis fol  ÌÌ^ÌÌTÌ * f^1* for i**»**«*, 
based on the charcoal bxïï íjííoí   ««tabUshment of an integrated plant 

The layout of the eteelmakin* nï»„ + <      ^ 
produced at Malayawata i^wf ^^í " ï0^ in Pi^ ^      Steel i8 
«on programme has provided for an eleo???   *        converters.       The expan- 
casting machine.      J horizontal £„!• " *rC furnace and a continuous 
merchant bar rolling ¡nîa wir   rT^U••]1•8 ^ " Pr°Vlded for 

merchant bar mill.       Thus,  und» £i!ÌÌÌ !° incorP0rated m to the 
are comparatively low in Príc¡ anf ITM• 

C°ndltio"B.  ^ere raw materials 
steel plant with a presenHíoductl " 8UPPly'   the mini  integrated 
Per annum is undoubtedly a vllM\l^T*        °* ^ l20'OO° t0r'nes 
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8. 

9. 

Siam  Iron  and  Stepl   in   T^-; I      > 
steel  plant.       ^he^rV^^      of ^r^ fWt "   ^   — «« 
building  the  integrate.  steel  pîan    i "H?     ^^ *P—h   to 
electric arc  furnaces,  continuous cas"inf^  ,   I*"» "m;j   miil  W1 "' 
However,   the  third phase calls  for LCraíed l\fY"'" r«Jl--" ^11,. 
the construction of charcoal  blast íurrín ! plant °Pe•tio.,r  bv 
to make use  of local deposuVoT r    "r Id^^f? C°"w^  •<• « 

ore and  charcoal  converted  from wood. 
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Fig.5: Curved mould continuous casting installation for 
steel (CONCAST Model S> 
j ljadjc 5 Pinch and straightening 

2 I undish roil» 
% Curved mould 6 Dummy bar storage 
4 Secondary ^ Discharge roller table 

cooling «one 8 Shear 

Fig.6:      Doublt crane 

i 

- —f%. • 

Fig,?; Ladle car 

Fig.8:      Ladle swivelling tower 



- 17 - 

l 

n f i 



BÖ- 

- 18 - 

FURNACE 

Qm 

eeeufti* M» 

Fi|. 12 



- 19 - 

•¿ 

„ á 






