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«aia par«s»t«rs of the continuous casting process, and quality 
of the billets produced. 

Technical and economical advantages of continuous 
casting. 

Prospects for the development of continuous casting. 

1*      frlMI Qf Tilnnt far nnnttmum« ,t^| na,||ng 

la spite of the differences of opinion which still exist on certain economic 

probi««, involved in the substitution of continuous casting for conventional onating 

•ethoda, the continuous easting process has now received offioial recognition a« MI 

«ffootlve »etho¿ of production in «any countries throughout the world. 

Assorting to published figures, there are now about 60 industrial, se«i-industrial 

and experimental plants in operation in 22 difforent countries|    and about 30 »or« 
pianta are under construction. 

Although the first experiments in continuous casting were started before the 

Second World War, it was not until th« period 1945-50 that large-scale exportait« 

w«r« undertaken in a number of Suropean eountries and the United States of ¿«erica. 

Initial research was carried out on experimental seoi-continuous casting plantai 

and by the early 1950's this had already produced the necessary data for designing 

and building larger seni-industriel and industrial plant« for casting steel in 

rertio*l «ouId« fro« which th« billet i« continuously extracted. 
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Between the middle 1950'« and the prêtent day continuous en »ting has oome to 

be used on en industrial scelo in the U8S3, the united Kingdom, «le Federal Republic 

of Germany, France, Austria, Japan, Czecl.oSlovakia, Spain, ¡iexico, Brasil, the Polish 

People's Republic, Peru and the United Arab Hepublic. 

According to figures published by Concast about 2 million tons of steel were 

produced by the continuous casting method in 1962, and about half of this total was 
produced in the Soviet Union. 

The equipment most connonly used is the vertical plant which has considerable 

technical and economic advantages in that it possesses nona of the unsatisfactory 

features associated with inclined and horisontal systems suc;i as continuous contact 

between the billet and oie of tl-.a mould walls,  asymmetry in the structure of the 

Billet,  and a larfco surface of metal in the mould. 

Depending on the actual conditions provai ling in individual Works, the plants 

are installed ir différant position« in relation to the flDor level of the  shop. 

Some advantages and drawbacks are associated with both the main positions - the 

above «round position in which the entire plant is situated above floor level, and 

the underground position when th, greater part of the equipment i. located in under- 

ground pits,  and only the pouring platfom is raised slightly above floor level. 

In the USSR and other countries plants of both types - "tower" and underground - hav 

been operating successfully for a number of years. 

With the latest continuous casting plant it is now possible to produes square carbon 

steel and steel alloy billets from 50 x 50 mm to 300 x 300 mm in sise and slabs up to 

200 x 15C0 nm in size from ladles of up to 150-300 tons capacity. 

In recent years thore have been reports of new design solutions for individual 

part, of tho equipment and for the plants as a whole, including «rrangemsnt. for 

Ming the billet in the vertical plane a. it is extracted, and for pouring th. 

steel into mould, placed in radial formation,    and these have »ade it possible to 

reduce the height of the piftat considerably and improve its efficiency indienton 
•till further. 

, 
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2-    Mftin MBnontnti of contimi, -ti,, Tilnnt| 
(a)   Ledi« 

Two different typ«, of ladle are u.ed - the stopper-type for pouring very 

heavy heat., and the tea-pot type for heat, of !•». than 30 ton. (though tea-pot 

ladles are uaed for pouring 90-ton heat« at the Appl.by-Frodingham work«). 

Th« difference in the type, of ladle u«ed for different purpose« i« due 

to the fact that the temperature of the metal fall« rapidly when «nail 

quantiti«. of «teel are poured from .toppor-type ladle.,    there 1. a ri«k of 

the m«tal «olidifying in th. tundi.h and the flow of me tel i. difficult to regulate. 

Wh«n tea-pot ladle, with lid. are u.ed, it i. ea.ior to obtain a higher 

temperature before ca«ting|    and it i. al.o po«.ible to keep the metal hot during 
the easting process with heater, fitted in the lid. 

On the other hand, «hen the metal is poured from tea-pot ladles, it is 

drawn off from underneath the slag and therefore contain, a larger proportion of 
non-metallic inclusions. 

As the metal .olidifies more quickly in the mould, slag inclusions do not 

have tis» to float to the surface|    and continuous easting therefore calls for 

higher metal purity standards.     The content of non-mstallic inclusions can be 

reduced to a minimum by ensuring that the charge is of the right quality, that 

the correct technique  (rimming and deo*idation regimes) is used for preparing 

the heat, that the rofractory lining, used aro highly resistant and that the 

metal is protected from secondary oxidation when it is being tapped from the 
furnace, poured into the tundi.1, and thence into the mould. 

(•)    fhe ttttlMihiafrhich distribute the metal to each mould, facilitât« 

the removal of «log particle, and reduce the hydrostatic pres.ure «hen th« metal 

is poured from the ladle) are also of two kinds.      On« i. fitted with a stopper, 
and th« other with measuring oups* 
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„        the Unlnr of th. tundí.» i- *«»•» t0 » •"•"rt"" " 3.for. ca.ting, the Uninn # he.t„,. 

-,»Mf. of thU type 11.. in th. fact that **« 

for drn.tn, off the first oourinä. of -tal «- ^ ^^«„.nt „d th. «tot 

•Ihc timdUh lininj oon.i.t. of Wo lty. „factory u»t.ri.l wit» » 
,h„ ro.lnforcer.eot layer i. m*» of e r.rrac*    j 

th. H.*, »«per.        h. «U of stwidard r,frMtoty 0Uy h,i.k. 

lo» thonral conductivity,  and the '. .    " Ma tiœauh,, h, 
Good reoult. h»,e ,.en obtained fro» expert, in Uni». 

paddln, then ,lth pla,«c refractory ^"M'[ .^ tta rt<M *« 
Th. relicoiLit, of the .topper, can o. vncroa ed by 

,0^e...d air and u.in,  -uit.ble factory . ter U^t      * ^ ^ ^ ^ 
i«. lirwft been obtained wítn a »y»**• 

Satl.factory result» have b.er, o ,in„rt) being «•*• •* • "••*- 
..„red thron*, douole-l^r cup. the -** *•» < ""*> 

re.l.ta»t material and the outer cup of refractory   lay.    ^ ^   ^ 

Cup. »ade of .ircon or hleh-al»ina refractor!., m, 

rimming steel. . ._,» hi.oarwaic oupi witk * 

For fclM ..1 deoXidi,ed ^ ^-   -^2  —- — 
clav-.rapHite protective  ^ -y b. r1 -^      J ^  ^ £or ^ 

Standard cl,y-Uned  ou;,« caw cup. vlth zircon 

trnn.fom« .teel. ^ ^ a hlgh th#r«H 

(c)    Tho mould» are •w*e of C03Per Bn        ^ 

T^ -n Sectlo„, the —1 ^tice L to».. -U- — •— 

ta a .,.1 ca,in, .Uh .„1U. •-« ¿^J^.1"Ì—«- ~— 
,cr lar« and re.liu, .ectwo., it I. vote co # <f 

'      », »ith —.  - the cooU. «ter - cirou *    •     ^ ^^    ^ ^ 

ihe.c mould, my DO plonod a.ain and er «in to remove 
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the cour- of operation, and «hi. give, the, a longer lifetime, sometime, a. much 

a« 20,000 to 30,000 tona of steel east. 

The length of the mould, u.ed in plant, i« different oountrie. varie, within 

a wide range from 500-800 mm to 10ÛO-1500 un. 

Long experience ha. .hown that mould, .hould hr.ve an »inverse conical- .nape, - 

i... with the di.en.ion. «aller toward, the bottom.  The dimen.ion. .hould be reduced 

by an ab.olute figure of * of the width of each .ide, and the reduction doe. not 

depend on the length of the mould. 

The -inrar.. conical« .hap. give, the mould better heat reduction oualitie. an* 

reduce, the ri.k of longitudinal heat crack, formln, on the .ide. and edge, of the 
billet. 

To reduce the amount of friction and eliminate the ri.k of the cru.t .ticking to 

the mould wall., one .olution i. to ... various type, of lubricant .uch a. organic 

oil., paraffin, the wa.te product, of the fat. and oil. indu.try and mineral oil.. 

Another method i. to keep the nould vibrating by mounting it on .pring. or moving it 

up «ad down. In the latter case, it will move downward, at the .ame .peed a, the 

billet or .lightly fa.t.r, and then return to it. original po.ition at three time, 
thi. «peed. 

The reason, why the cru.t .tick, to - or «hang.« on - the mould wall. are. 

(a) fault, in the working .urface. of the mould wall, at the point where the cruat 

touch., thorn (300-400 mm fro, the top), (b) gap. in the join, between the wall., 

and the leakage of metal into them, (c) deflection of the mould fro» it. vertie.1 

«i. a. it »ove., (d) déplacement of the axis of the mould in reiati.« to that .f 

the plMt a. a whole, (•) faulty lubrication of the wail., (f) particle, of sta.1 

attaching themselves to the mould wall, when the cooling rate of the latter i. r.*.*. 

(f ) peor auallty of the setal. 

Experience ha. .hown that pur. copper 1. not the only «ubatane, which can b. 

uaed fer making the mould..  kould. with working wall, of copper with an atoixtur. 

of «arsali», which make, them tougher, hare produced .ati.factory results in iena. 

both of longer lifetime and the t«ality of the transformer steel illfc, pr*us.i. 

*""*^**^***~" 
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(à)   Secondary cooling »ytema.      This consists of r number of jets which spray- 

water round the billet,  and r.lso of guide rollers vhich prevent the billet from 

bulging• 

Bulging end warping  (bending) cf the billet occur for p. number of reasons 

including:    insufficient  intensity end ui evenness in the cooling of the sides, 

particularly the nerrov,  ones;    inecrxc*, distribution of the wet or in the secondary 

cooling area;    insufficient stiffness of the rollers supporting the steel bar in the 

secondary cooling aroa,  or too hi~li a casting  speed v.ith the result that the liquid 

phase in the centre of the billot lests until it hag passed below the secondary cooling 
area« 

As the quality oí the billet and tha presence or absence of internal cracks 

depends to a large extent on secondary cooling, many countries are undertaking 

intensive research to discover the best possible designs for jets and supporting 

systems, and the best cooling systems for steels of different grades. 

As a result of this research the equipment is being simplified, production and 

repair costs are buinp reduced and the cooling water is l>eing used to better purpose. 

(°)   Pinch-roll or housing.      This usually houses one or tro pairs of rollers 

(though multi-roller systems are occasionally used when the billet enters the housing 

with the core still liquidi    in this case the specific pressure of the rollers on the 

billet must be reduced to prevent the formation of cracks dm« to uneven temperature 
changes). 

The rollers are driven by electric motor* with mechanical or hydraulic traaawissioa. 

(f)    Separation.      The billets are usually separated in oven lengths with gas 

outtors which move dovmmrds at the sane speed as the billet itself.      On plants where 

the billet is bent on extraction it is usually separated in the ho ri sont al plan«, ani 
sometimes even by hand. 

For separating small  sections some plants are equipped with hydraulio sheers 

instead of the oxy-acetylene cutters. 

Other efficient methods of separating the billets r.re now being developed.      These 
include sliding shears,  explosion methods,  etc. 
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<g) On plant, where the billet 1. not bent « extraction, the .aui—.4   *~ 

•tUrtriW Hit Ikfi fíftn con.Lt. of tilter-bn.ket., roller conveyor, or inclinée 
elevator, in the caie of underground or .emi-underground plant. 

Continuo«!, ca.ting plant, can produco a wide variety of steel., in tor», both 
of orot.-aection and quality. 

The lea.t auitable .ection, a. regar«, the fowation of intemni and external 

crack, and flaw, in the centre of the billet due to shrinkage and liquation, i. the 
round section. 

Square .ection. are not .o tougk a. round one., a. there 1. always .-» -give- 

in their .ido., and the ri.k of internal crack, i. .omewhat roducod.    A. regard. 

•truotural flaw, due to shrlnkugo and liquation, the .quare soctlan i. no hotter than 
the round one. 

»octangular .ection. (.lab.) are le., liahle to internal einokiug, a. the »render 
•id., offer le«, re.i.tano. to the .hrinkage of the inner layer«.    Fla», duo to 

•hrinkage and liquation usually apPoar alang the longor ani. of the ..«tlan.   Ugh 

«•tput figure, can be achieved in on.ting rectangular •••tien, but, a. the width ef 

tie .lab i. inoroaaed there i. a greater ri.k of longitudinal heat ora ok. on the 
broader .idea. 

The win technical pamneter. which determine the quality of continuously cast 

billot, are the teumorature of the notai at the tin. of ca.ting, th* oa.tlng fed 

•nd the cooling condition, when the billet i. in the mould and after it leavo. it. 

The metal hardoning condition« and the duration of the Mating pro««., MM what 
quality requirement, for the hot .tool are mueh higher. 

iuou the notal is under-hoatod, it i. difficult to east the whole heat.    The 

billet will have an unaati. tee tory »u*fa.e, with wrinkle, and .cab..     froquont turnia« 

•f the ladle and tundl.h cup. complicato, the on.ting pro«e.. and *4r,r.«ly ftffbitp 

tao quality of the .tool. 

Ikon the ««tal i. ovorhoated, th« lining« of the furnace and ladle, are heavily 

scoured, the proportion of «lag in the moulds increase, and the casting IMO« has to 

bo reduced oon.idemly to prevent the metal dropping right through th. mould when the 
•j 
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outer orust of the billet i» so thin. There is also a greater rick of internal ani 

external eracki, the stoppers do not function properly, the gas saturation of the 

steel is increased and the quality of the billet is impaired. 

If the metal is cast at the right temperature, these difficulties dp not »rite 

and the quality of the metal'produced is completely satisfactory! and tt is therefore 

essential to discover the optimum temperature for each srade of steel, bearing in sind 

that the temperature of tht metal will drop between the furnace and the tundlsh. 
1 hen the temperatura óf the steel and the casting speed are increased, the 

surface quality of the billet is imprrved but there i» an additional rink of internal 

cracks and porosity along the axis.  For continuous casting, therefore the 

temperature should not be mor. than 15-30° C higher than that adopted for normal 

casting, though allowance should be made for the fact that the duration of the pratosa 

is longer. 

High easting speeds ore valuable from the point of view of output and the 

quality of the billet surface. But speeds are restricted both by the height of the 

plant and by requirements regarding the structure of the steel produced.  The 

optimum easting speed should therefore be selected in the light of the section ami 

dimensions of the billet and tho grade of steel used. 

On existing industrial and semi-industrial plant the easting speed varies 

within a fairly wide range from 0.25 to 15 m/min, but in actual practice there is 

little difference between optimum casting speeds.  Then the spoon is reduced, tit 

tundish cups tend to block up and a crust forms on the surface of tho motel in tho 

moulds. Vhen the speed is too high, there is a risk of tho metal dropping right 

through the mould, or bulging above the pinch-rollers. 

The highest speeds can be achieved in oasting small sections.  According to 

published figures, the Barrow Steel ,/ork., Barrow, uses speeds ranging from ?.» te 

14.5 m/min in casting 50 x 50 mm billets, although the optimum speed appears to be 
about 9-10 m/min. 

On the plant operrted by the Sumitomo ivletel .Industries, Osaka, tho maximum 

speed nttained in casting 90 x 90 mm square, from carbon, stainless and spring steel. 
is 6 m/min. 
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(Sweden) nag« fron 3 to 4.5V«!«». 

«>rt (*„., ^^ protac.. CBrbM hai guui #i iiakj of uj a ^ 
WO « IMO « ih. .tool 1. o..t „t .po^ta of „p to Î ^-B> 

o. . ,,„t la wlllB(!eI1 (fcte- fcirtUi of 0|raiw) io> Mrt<> rt 
Wll.« .t..l. .,. „.t u «o , X020 «Kl 200 , „00 - „ab. .t . „t. ., 0^ V-.. 
Awn.Lt.iy th. „» ,pMd. „0 „,,„ u lmtgt plnu u tb< ^ 

Ih. «Bltty ,f th. oo.tiw.oMly ...t billot a.psod. t. . L,„ „UM bMh o. 

oonposition of the «teel. 

I»« with opti— t.„.»t«,.. .M ...ti,« „.„«,, ,t i. MM-U, i# 

Piti-, *« t». .«»t .f »fi pò»«* i. t.. .»11 t„ tu» ...il#, „ ^ ^irt 

.hM.,1   „ „„. th« i.T„ „ »h. «fi in th. t»*i.h 1. «H 1« «. ,„.«„ „ 
inadequate. 

Wh.» wid« .Ub. are. being ca.t the baok-flow of th. .ir.« of „tal i. ti» 

1441. of the broador .ido), and thi. oau«e. longitudinal ora.lu to fo-nw 

If th. .tr.a» of «toi i. deflated to a point on. third of th. width of 

«* «uld fro. th« narrow «ide, th« proportion of rej.ot. du. to leatitudinal rrr,,-, 
••* b. gr«atly r«due«d. ^^ 

fk. »in eUnent. whioh affeot the fornatio» of longitudini «ra.«« i. mèi*» 

•*rb« .t..l. ar« oarbon and .ulphur.      I, th. oarbon oonfnt of th. .W.1 i. h*«., 

*. .ulphur oonfnt ha. to be corr..poadingly r«duced.    In th. oa.. of 150 « 710 - 

•Hb., for inaiano«, no oraok. wer. ob.«rw«d in .t.«l. with a oarbon 9m%m% .f 0.14« 
«d a «ulphur content of les« than 0.028%. 

Th. quality of the i».id. of th. bill.» i. greatly aff..t«d by th. ruf a»4 

•T-*... of oooling aft.r it l.are. th. mould, - i... ta the ..«««fry „*im „,., 



g.        " ti», iurl.aoe 

f "* HP and tetera bli3et *• cooled t ' r—»rjt:
ftt *- - «. £:: %?> -— ^ rt„.M 

"««ate.,    cranir   • Je °f «Ni ora«* " Wetal »«are.t *    .   *•**••• •*• <*aoks of thi- n   , oracks are fin«,, , "»«'»•t to the 
Ca*>o« ,toel.    ,  hU kln<* occur «et f 

ill0d hy hot »etôl m ¿ 

'** *<"» *.*».,, t   n       •<"'tlon• «Wrt ar. *U,r 

1 --::::::; f^: rar ¿£ä
ä

* 

**»«> *»d their i     a" «0od as tho       U0Od f*°* conti«      y *"••*•* 

 * No'  2,  1963, *»ttMt l0iifii 
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0». «trihin« f.atnr. of iht ..ntin-n.iy ,ftit biu,t ia th# miUrml%y ot iu 

on«*«nl «„npo.ition and th. .an.i.t««,y of ii. „.„anual prop.*!., boia I«-******!* 

«d in «ro.a-...tion, b«t poro.ity at th. .„*„ of id. bill.t 1. «or. d.T.lap.4 
P«rti««l.rly i. th. .... of .anar. ..Hi-..    I. .„bo. ^ lov ftUajr ^^ ^ 

thi. poro.ity «y ba .a.iiy ..rr..tod by rolling afiar • 4. f «^ ».^»a.. 

Continuou. «a.tlng ha. a nuob.r of «««toni«, t»«hni«al and op.r.tlon.1 
ovor ih« nomai easting pro«.... 

I* h.lp. to iner.a«. Ubour prodnatirity, i^ro*. working ««aditi«»« and 
•ht «««ta of tao .t«.l-a»king and rolling pro—..... 

It •OBpl.i.ly .lirai».*., ib. «—«ption of pa.., botto« pi*.., bogio. -d oih., 

•fl-«Aing «,.ip»«t, «d do., aony with th. «p.raU«n .f traaaparting th. bill*. 

to . .pooial ...tion ,or .trippUg.    TM «on-a-nt r^rtio« U tl» lab«» f.«. 
«aployod mit. oonworaion «oat. p.r «on of sto.i by 5-16*. 

Th. Jon., and Unjhlin Co. «.tin»«., thai th. coat of «aa*-f inlahad *..l gritan, 

by th. «ontinu««. .a*ing ».thod i. ab«* T., 1—r tna* wit» «onwational fatalità-. 

A...rding to Conoco th. rod-tie« will rary —ordina to plant lay-t, grata, of 

•tool, a—1 to-ag., b-t aapaoity, and tè. -.ig. of tà« o«*ti— «natte« fa*ilit»W 

una oon.id.rabl. -on-i. adrantago of railing ««nti«—ly «a*t bill.t. i. ttat 
thor. i. no n..d for top and botton trinan«, «i* „9omU fer l9mi%   ùt ^ ^|Wf 

of eonw-tional bill.t..   Th. «ontin—ly -at bilUt i. u~h ia«g.r than th.., 

prod—d by oonvtional -thod., and thi. «.an. that waata«. a. a rat.lt of trt-nte« 

and outting amount, io only 3-5 0.   Thi. Me— aan b. tarthor rod—d by ia.r-.Ug 
th. aaount of —tal ponrad in a .ingl. ran. 

It ha. ba.n d-»a.trat.d both by praatiaal anparianaa in th« «parati« at -latin« 

Plant, and by ..onoaio «al.ulation. that, -il. th. yi.ld af .arria-bla at-1 

prod—d by th« nor—I -thod i. 03-8n>, it i. a« high aa »»-•*£ with th. 

y     8i##T» Vo1» »If M. 13, S«pt—bar IT itta, pp.86-tl. 
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••••ta« proto...    m ^r word.,   in rollin, eo.it^„.w ^.4 Mll A      . ' 
•he yield i. i„cr*aMd by 8-iJ        •tfc rí 

n"*»«-ly •••• Uli«. of kilUd .Wol ur o ** .     nfith riraraing .t.ol th« vi.id 4. ÍA-. 
Mother factor to be taken in* ,, ÜW....4 by >*,. 

* -.*, «,.„„ «. ;. , 1 r ? " **• "*-""*u •— —~ 

r-d-tio« 1» the ««,,„ of 0^_tor. .      ,   7 S—-"*• •»« ««ta.*.. «.» »». 
u» op«f»tor. ru qui red i:wan. tkat •»-„. ... 

>^tal con h« cut by al,out 10 . ^    WbU *•* ta" of 

ü*e oharact.ri.tie ftìatur« of th* eoatim^. . .•< 

nwr)«* or rolling, operation. »«•• _* ^ , ^^^ 

*tnl ;,r„d».„d ft0f, „^ kl d 

f'»<l' ol »t,.t.i. p••» —oll Md larg. HMICM ef .!«..< ^^ 

i»-«- "«ta»., .„.ti,,, .,H,.i,aí.«. uu.« «».« .M 

•ff«»*, of the |,i..h„r vl... 
y      ""* hl**-*"V H..U rf,.,. ^, .. 

- —.un, „1 ;rMMh ,,r,>"i" - - -—- «*- zr.»^ 
•"t*-! - « «*...... JT .irr r *•"* tfc""i- •* ——• 
•«rî.cw .to«i„. Plw,t' of tW» %yp* •«• fttM.w i« 
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Tte «ft U mi* -tei««* ^^ 9lmu ^ i4k#ly io N ^ ta ^ ^ 

r4*nL4,ié,ii*,ir *•*•* • *•poMihi|iw- * *•"••.!* -irrt, M «* p!.^ 

MfMtV **  te  ÜMIMM4 by »te*   »„. '  f^'W*i^ 

<* d- i.iT. ^ of 4«r*..4.f «.^K I. •. ••* «te fi «• «aw-rtf«é «•!*. 
or io «M *ati.Hr«»4 pUnt». 

te Mort, «IM rNNüipMiUoi NgaNUf NMìMN, •wtl% «y b#   BH_I ^ w 

«Vi* «**.tte »r—.. j*. mrt^.ftt, «p^t^i .te«, tote «te *», .*** 

of Uiwtrui rtHl p«*..«4o. 4. «^ to«tti.. «te.«te«« «te .«le,   miu^ém 

i*- .<*,•,!.. 4* 1. bt4*4i», .bot r*44-l .te«., u *. U*«*» .f 4«. 

w* .W.l woé««!.«, «4 rai.U. tu. .Wi-wrU« Mí «*4« pr.i.im «. . 
higter Uvol of 4»*»trLl ¿•v.loMNt. 

'*    ft»^Mt« f«r «te fTTtlM^Wt rf ttttt«in» iifHii 
ite rtMüti .lr«% ofcteu»* fro« «M4««» urtU. pUM tolte *ff«% • 

••W*. •wli-iio. .f «*. «*«».* «*•.., ^ 4*. te~l«««« *„ te «*  
Hoifc by «te 4»H*ll.i4-i of «w pi-t. I. miwUm ^«4 1,11, «*«r««4« of m. 
nlMit. 

H 1« Mit« «l«r fr« «iwlMN «.ü*4 .« in. N«.U|Wte* pi«* «4« m. «te 
fir* 4» «te mU «o o».»«« »4«te»« «411 p„„ ^ M.«á«, «4 tr« «te ««Ate 
0btlM * •«*• i« . ««ter af •«*, .«»«,4.., «te« 4« 4. «« «M4M« te ««. m 
io «te M.« wtmeß u ^ +99ìnmmi « m, pn^ ^ u hÊiu ^^ 

on 

•Lbbi« Mil.. 
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-»»... «.*. „*. rtU ^.Uíy .^ tt. ^ •«»«, *^2S   ^ 
IC ««tiOH  of |h«.. Malt»  •.4r->.„._       ^ A^ *wn•'•••«•»   **• 

«2-—. - * o^„. ^ iM1.ot.    „TJT^T- 
', «10,000 »OOi  ol   rolled   ak.<t   M   ..i », '   »M««» 

k.» ..â^, .„„»t.,,,,,,. ,>lMti iBrt ~* - *•*«* * roo.000 u.. 
t- „r «u», .,«.,, ,tu bi !   ' *U —»*- <"*« ».r «. .<*,. «... „ h ;Zl^ **"* •m iuc *"• * « •—-«— «»»-. 

»O,   »I 1*», pr.*ie»i,uy »11 ,,„ W, hl .„ ,. ~*   "" ** ****••* * 

•*«% " «... «,.,».„. "* "-' " *—•— «r *. 
J» >«. jiiUU, too «, ,.rt „ 0—        . 

í. «fc. ,«.uw   „d IM. .  . '   ' •"•*• '• "»• O»« *««» . M 

I« «k. tW* », y-i.„i R.^u, „, 

-k. r u r¿<w H1 „„. ^ ^r   ^^^-^=*. k. ~ 

ÎI».   .l«r,lvm.a% of iB*,-JrUl pro*.**- ef kill-4      # *T - r -..... ,•„. j^Tir: irr 

ritá*» Hïàt **.i, i<m. 



f««aal«al »«a«t^.l7 
IS 

tto fwtlt« «f tto«« «/*•«• if M« tal? to 
afca toaalafc má ato «aal« ütfc ito iNimfi 
aaMata itMiflM Uaat«. 

tto Uvtl 1« «*««UtW «y ««atool UH— «y«t«tlaf « 

MM 1«*«1 of «è« Mttl ia 

ala« to a««» ito 1««*1« 

•f MM laél« 

iávtel MfHw attorti«» to MM fNM« 

r, «*i«M •** «•«* •( iMrtianii lartiag fimi, 

MM to to MM fitta- «f »toato «IMI «alil-i 
ala« «f aati-ttowi »laata, la «atta toato «f gtaaa «*4«ai «ta to 

tir tat« la aamU aü &«*• «aatlaaa.     M MM aia« ite», 
attuti«*, aaa MM •»«tau« «f MM Mftattoty mt«U «ai 

•to «ajr «f titeiia» MM toi*** of MM alasi« It to «sta»* fat MM Mitote to a« 
fffaa MM ••Miaal to MM totlaaslal paaiUai.     H aa« una» to«a 

aütoto m to JtO aa «ito ««a to toad la toi« «*/.     «Ita «vaaaat «iato« af 
»I» aa, MM aaaéáa, rail«« «a* to to iaananâ to ft»M a «a 

•allai aaaat to tasa «atol «to «stat «saat I« aaffiaaaaUf «**•* «ai 

asttttoaal aiff iaaftti«. «toa «astia« *~to «ai MM «saéaa «f ato«! «asi «sa 

la MM «aaraa f «a ataar «MM «f ntotoa« MM totes* «f «teat* 
at aplfi irt «iMi a «aál«l aaili at «ito « taatoUaaat 

•al MMa« aHfciii «art a* tat «aaa ««*«l«*«i to a «afi 

to à« ataMato to laéa aato sstaifi« aa«« to «ai«a «ai« %mm af 

fa* aai »to Mil* ataaa «ai «tai«« «f ato«! «aliati« fat «astis« 

aa faai «»at «attlaalaa f«atatas «toa« MM ealiaifiastlaa «f 

a toltoi Ifiaj ai aa a«**« atüa «ato It tesassi»*« alaata to 

ai s» 

fat it 

li atoaU to naia« mi, to«, «toi if MM toi«ai «f MM 

te »H taaa i« tassteai f«t «11 MM 

• «fftoiaaar •* ffaaani iiiaal 
«•aililea« «aaattei la « ti««a ~r flirtili       li la 

.    « a—i to « atelaaa ay ylaato« aa— «f MM 

1«««1.     aaa «fftatlr« MM«« aaitoii «ill to «ai 

aalt atoa. 

te lt.    Tata« 

•a« «to «ai 

a aillai «f 

1« 

to MM li«** 
to «si 

«itola «toy «ill a* 
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«•TaopM.% of . ,o«bi,»o4 «oMiMH«. ••^illè «M warnt ,„>,... „^ tt 4- ^ - 
will .o..U**e tfc. „..^ of |h# „Mkléilfc rofki of %h# ^^ 

tk. «tv,.«,«., of thi. «. %h.t the nation of «ho ptoéwti«» „^M ft# 

ft»!*« .loa «M bo r«*M*dt %ke yimld ^ii 0# la#r#M#4 (1##B •*»**, Me 

oU.r tut.»,  H*it«l outlay. W.U b« ro*i.o4,  labour **,*****. «HÜ4 UM •• 
r**.t«4 UltalMW«* of ..w i.i.i.al %wmw*oH «ml «uUUiy fowll*.) *« 
k**W «K>Mi.ilitio. •,ld bt off«r«i for oo^la« «.•fco.ifUo. «4 «Wit. * 
••• «stir« prn.«.., 

»I» Mi« o»rta.K. to the «,!*!„:, „f »M. ^j^ „ %|w, .1in|<J tMtUj 

«•<  NUI«  „. .„M* „„  ,4 dtff,r-lt   ^.Mi.       ,„  a „„j^  •»»*»«,. «Mtta. 

„nu! rîîU V *i,Ule "*'"" " " 4<"''" """•   — **• *"• "•** '« »Uta. MIM. oí .hi. .1.. i. u. fltrt „,.,, „, , .^4^. r.,4Ut -u 4i 

«• .**.. - «u* u T» ,„. „„ „„,,.    „^ ttv ^^ <f 4 Magi#.<(mí 
i. o. »MrtrrftM ., ... «Mrtirth «f th.. ., »k. „m,. „„,      ^ ^>l|wt 
-..., «k, «*,„ „f . „„,.„,.,,, ^„4 u ^ 

0»W, ««CM ,«.1.«. „,. ,„. ».  ^^^^ ^ ,^M      M -«*-u, *. ,. mUMa u^Mtmt * ... Z^im £,T. 

MU.   .i. . .rt       ^ ,4^ nm ^ ^ u ^ JZZZ^ 

r»«Wr.. «oh M ^rt.H«4BÄfy m^MBiioti«.    •»- --*    - 

i 

j/    I.*. ••Ukov, 0.0.  Itonaoviky, 
jgirtuí ü Mí n, «o. », ifM. 
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Mátela« 

tb« ****** 

»•§• If 

(MitMf«,   M*«!, 

«9**«4 to tfct 

o« üM MIWI, 

it • »Mat H*«*Mf 
i« 

• •*«••, •*«,, »11 ef 

If It it »i 

vt«è*t 
11 «fcmU te fa* 

Mi *MA 






