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•It 

Ito Soviet union ha« been occupying a lading plica in the fi.id of continuoue .t..l caa- 
ting since the very beginning of the dev.lop.ent of this procès, in regard to the number     and 
capacities of the plants in operation,  their technical performances, practice in casting      bil- 
lets of different cross-sections and theoretical investigations of the processes in continuous 
steel casting. 

The Central  Research Inotituce of Ferrous Metallurgy - TSHIICHESMBT has carried out    a 
great deal of research work ac  che pilot and industrial plants in the field of continuous ens- 
ting of carbon and alloy steels into round bars,   square blooms and rectangular billets, which 
has made it possible to develop the basic theoretical fundamentals and production  technology 
and  to work out   the most efficient designs of machines which provide for stable operation    of 
the  steelmaking  shops and production of cast billets of a required quality. 

At the early stage there were encountered some difficulties in developing the technique 
of continuous steel casting of billets. 

These were connected with formation of hot surface cracks (both traverse and longitudi- 
nal) on the wide faces of the cast billets , indentation with internal defeccs and central porosi- 
ty. 

The  study of  the nature of the above defects has shown that  they,  as a rule,   depend upon 
the analysis of the metal to be cast,   casting practice,  geometrical dimensiona and design    of 
the mould and its surface conditions as well as upon the conditions of casting and cooling of 
continuous castings.  During the shrinkage process the wide faces of the solidifying akin    of a 
billet    are    influenced by ferroctatic pressure against the narrow ones and by friction forces. 
Under delayed solidification conditions the total  stress in  «he  solidifying surface of the  bil- 
let may grow up to such an extent  that breakouts occur in the skin.  The total stress is a com- 
bination of thermal stresses,  bending stresses in the corners of the solidifying akin of the 
slab which stretch the internal layers and rupturing stresses created by ierroetatic pressures 
against the narrow faces of the billet. 



The investigations of ta* tensile-stressed skin on the wide faces of a billet with smo- 
oth surfaces hare shown that it is of use to divide the side face into a number of curved por- 
tions with slightly concaved ribo or waves in order to reduce surface tentions.  Such a shape 
makes it possible to disperse the shrinkage deformation on the wide faces of a billet and pro- 
vides for the letter's higher longitudinal rigidity which makes the billet  surface more resis- 
tant  to bending in the vertical plane and consequently to developing traverse defects on tue 
surface. 

The optimum shape and parameters of the waved surface chosen with a certain ratio bet - 
ween the wavelength and depth have made it possible to considerably reduce  the number of de - 
fectr, in wide cant  slabs such as longitudinal surface cracks and  traverse  indentation and prac- 
tically completely eliminate slab scrap on account of  surface defects. 

The development of the  optimum races of spray cooling has made    it possible to produce 
castings of a required density in the central zone and with an optimum ratio between the  struc- 
ture zones as well as without any internal defects. 

The casting of high-alloy steels containing easily oxidizing elements such as chromium, 
titanium,  aluminium and others is accompanied by formation of rough non-ductile crust on    the 
metal meniscus and its folding into the cast body consideraoly decreases  the quality of the 
slab surface. 

One of the methods tfiich have been developed to prevent the metal  surface from secondary 
oxidization lies  in the application of protective gaseous media.   It is found out  that a propa- 
ne-butane mixture may be an optimum protection in casting such easily oxidizing steels as the 
electrical  steel. 

However,   the intensive development of secondary oxidization cannot be avoided when a 
number of steel grader, are cast under similar protection.   For these particular cases a combi- 
ned method has been »orked out  to protect metal surface which is based on pouring the me tal 
under its surface level,   i.e.   the metal  stream is directed to below  Che metal surface through 
an  extended nozzle,   the  surface  being protected with a   slag  1'i/er. 

The main difficulties in solving the problem of producing high-quality rolled products 
were encountered in eliminating such defects as distortion of shape in cast blooms, internal 
crack6 and central porosity. 

The application of soction-buaped and open-corner moulds :.:, veil cs exothermic slug mix- 
tures has made it possible to produce cast billets of correct geometrical shape and to eliiai - 
nate internal corner cracks. 

The optimum rates of pouring and cooling of castings have ensured production of sections 
with a developed zone of equiaxed crystals in the centre.   The presence of equiaxea structure 
makes it possible  to disperse central porosity and,  if corresponding reduction applied,   i.he 
roiled steel quality meets the requirements of any consumer. 

During solidification of round castings tranËcrystallization develops nearly up to    the 
axis of the casting.  The defects connected with metal  shrinkage and segregation are,   therefore 
concentrateli in  the axial  zeno.   In addition,   the round shape  ingots have a  tendency to a dis- 
tortion (eliipticicy) oi  tneir shape during casting operation and this results in foraiing   a 
t,op  between tbc ca3tin¿ skin and the mould walls and consequently leads  to longitudinal   surfa- 
ce cracking. 

The  causes  of  longitudinal   surface  cracking have   been  studied in trie  course  of the   process 
development.  It has been found out that only moulds with a reverse taper should be used in or- 
der to eliminate  this defect.   The «alls of the round mould must be of a waved shape«   The ap- 
plication of a wpvod chape on the v.orKing surface of the mould has made it possible not only 
to eliminate the ear face cracking but also to avoid any distortion of the casting erosa sac- 
tion. 



In rimming-steel production a satisfactory quality and reliable pouring capability of 
the heats depend    upon oxidisation and temperature of Che «ölten metal.  Oxygen concentration 
in steel determines,  to a considerable extent,  the position,  quality and distribution of ho- 
neycomb blowholes along the height of the casting. 

It is established that when the metal  is insufficiently oxidized it rims very poorly in 
the mould. As a result of U  the continuously cast billets are obtained with a thin and insuf- 
ficiently dense outer skin.  The riamine; of extremely oxidized metal is characterized by ncn - 
uniform gas evolution by boiling and even ejection« ».-hen it is difficult  to maintain the requi- 
red level  of metal in  the mould and carry out casting operation. 

The worked out process of melting and continuous casting of rimming steel with 0.08 per 
cent carbon content have made it possible to produce a cold-rolled steel of fine surface. All 
the specifications of the cold-rolled sheets meet the requirements. When a number of parts 
were produced by drop forging the study of deep and extremely deep drawing of sheets had shorn 
that the plastici-y of metal rrvuuced from continuously-cast slabs was to some extent higher 

than that of ordinary ractal. 

To further improve  the  quality of continuously case billets we conduct further theoreti- 
cal  investigations in  the following directions: 

1.   Development of  theme -chemically - and erosion-resistant refractory materiale       for 
lining the  steel-pourinß ladle* and  tundishes ac v.ell as nozzles and noncUrl nozzles.  The 
latter must ensure long-time pouring when submerged under  the metal level  in  the mould. 

¿.   i>urtber  study of waved mould application (wave parameters, wall  thickness) which ma— 
es  it possible  to cast wide sJabs without longitudinal surface cracking. 

3. 3xtension of work on application of free-of-pressure pouring in combination with me- 
tal curface protection in the mould with exothermal mixtures, graphite or reduciag gas (lirai 
of all for steel3 possessing higher  tendency to secondary oxidization). 

4. Study of the two-phase zone and its extension at certain chemical analysis in rein - 
tion to the heat exchange condition between the castinj and its environment. 

5. Development of methods for active intorferonce Into the solidification processes by 
influencing the solidifying metal with msujnetic field, vibration, ul^ra-soonds and by intrc - 
duction of additional crystallization centres in solid,  liquid and powder stats. 
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kà$m* PH-Wim m eoOTTHHODa stm. cfstiwf 

». icl.t Haï«, ,M ut*n oo«fy4BK  • i.aia* pio«. in *,a, fuM ,f -^tuunt 
ot.oi •-tu« .i»«, t.-,,,   ,vly „^^ of ^ dw1ep.#nt of m, rwMM la     ^ 
tût «Mb«r «ad o.,«lti„ of  th« ,1<urt. la cation,   »hoir tachioni „rfo,,*...    ,-,. 

»rooce»«« in continuous  i%?*x   ositia«. 

1»  i9f.7A,>OUt Í,UO0,Oi,°   ,ÜO" "' bIK"t"  ""*  ,,"hS ""*  ^  ""  " "* ?iWlX' *'  **• «*» 

Ohe  total  ,««t,tv   .,  ,^tïn«o..„y   3>,t  hi,i.ta produci  ,tB„  th,  ,„r,,  #t „ 
4 o «H «M*   Uli.  f. oc.«   t.Il   o,.-   anount«   t„  «or*   -± «  ^>OO,0Ci0  ton.. 

Oo».ln,ctJA,  ?„  ,!„,»..   1,  ,a!l,^^  f0, «,,. Mrlftl of   fOM-l9;0# t„.  utfti . 

-J  of  .a. ««nv„u,u.  onaUn,   pl«t. of   th, «5JR   «aahin«  8,000,000  ton. p«r „ar  S,   U70 

Th. •;«.•.;.i »•.««h in.tiiut, r.r f.rm,, a.t,iiUÎM - ftutiCHB»«« - h« ..rrl«« 
*»» « gmt «al «, ricrea *.,.•* .t th. pilot «í induotrlat olaat. m th- fui, of ..... 
• n.ou, ,..„„, or ,,rt« an* •Ko, „«1. into rc,u„d B8fB. twm „,.... ^ „.. lâr 

MU.*, which r«, .«a. ,t r«,..!*.. t„ .-.„.loa tic b,.i- th.or.tid runio..„t.j. «a« pro- 
duction toolaolo., ana t. .o,* eut to. «oat .fflol.«.t a..!«,,. ., .„„,„ +inb pr.n4, 

for .««). «.oratio,, „f th, .t.ola.ktae. «ho«, and production „f ,„t btll.t. ,f . ra-.lroo 
quality. ,•»*« 

th«  r..uU,  or   th,..   iD.^tl^tloq»  .ad,  it   „.„HI,  to  fini  ci   th.   orl.ol.ol  ««.- 
dttlono   to próvida for   < reliable pro  mi of  oontlnuou,,  et««i   OMttn«. 

Thay   ar*1  »t  folio« s 

1.    *  sv*8«,niliJ* atotrloution of n«t«l   M  it go««  though  th.  tundí«*   Into  Molt». 
•I,    CoBtinj/ of «t«eJ   »itniK thr oetiaua teopcr»tur«  Holt«. 

3. irurtdtng  oyaa.it.-lo «A oryot«11 Uetl-ja durin« tu* formation of MM «to. 

4. Croetln«, th« ïonditlotii to r«duo«  ohrtoka«;e    atr«lno in  • ooliiifrl«  »lli.t. 

•»,    Th« «lthdrft«oi it  blUot.  ht  th«  M«l«n«d  »na  M oon.t»nt  •* poooiUo o«»«<l.' 
5. Pr-t«ctin«i   tuo eoi t«n ju.tn  fro« oild.tlou duna«  th» CMtln« pro««... 

7. lUlattlntn*   th« o^tisu» r.t« of o*ii.tlon of  tfi«  »hoi« h..t of  rtaaii«  «tool la 
th« couru« of uo«tlD^. 

8. A  coapitt«  oolldifytn«  of bllUto  tu th«  «»oondory oooll^  ata« nadar •»olcaoi 
oondltloao. 

9. froTldtnn  e-.toa.tlon  ani »eohanl&atton of  th* plant«. 

Continuou»  cot tan Qf r»ot angular bllj«tj 

it tha «oxly at««n so«« dimoiati»« ««r« «noount.ied  la dovolepte« tk« taokaiooa of 
eoatlnuouo oaottng of .taci  rectangular bill at«.  Tb«a« were eono«ot.d «It h f« root la« of Hot 
«Uliooo oraoka  (both  longitudinal  and  trana»*r«e)  un  th« wtd« faca« of th« «oat «Hiato» 
indentation« with internal dafnots  and o«atral poroalty.  Studia» uf th« natura of  tha OBOT• 

dafonto ha»«  show that, M  a rula, th»y dapand on th«  analyaia of  tha natal   to a« «not, on 
eaBtin» praotioa, on  tha geonptrieal  dlaanaloua and  th» daaifn of tha aould  and  ito aorfaaa 

oooAitloao a« wall a» on the ooaditiona of oaatin«  and ooollne of oontinuous oaatlnco. 
As  it ho«  i>«en «bjon by  lar*Btigationo th« okin of a blllat oaparataa fro« U« 

»oui4 walla already in the aenlaou« aona.  Oepaadin« upon the oroaa-»««tlon of • aaotlwj 

^umËtm 



t>.t m-'!» *f cornet   in too a*ni«ou* itone is «ü-60 «i*r etat,  Ho*i»er,  to alatnllfy  ta« tob «a« 

or soiciil»! ìiB* it c*u D# aa*ua«d »ito •    reassonnal* l«?el tf approximation that at «n early 

ate*,*  cf  r o li di./ine  ft« «K -n af a Mli*t  elev-uy  adjoin«  th* aould walla  along  th* «hoi* 
lin* ta of tht?    perimeter.   .'   1,  sino uiaii«! »fiat Hip*« Uff «rent stag«¿ of »utual   location 

t«t»*«n  th* ufc..'. n  and   ••>* iugula     il st: 
- thfl  nk.-.1"   «¡.OiaLy   «íijoi-ij   The  .muH   »/»lis   ulory;   the  •»¡•.gl«   length   of   to*  p«ria«í*r, 
- ti» litir.  aefu-titth  fro a  th.;  nurr; »   fase«  of   tor «ouId   ani   »tjotna   th«  »id« faoaa only, 
- iha akt.i biíya.rcit.sr,  ':roa»  th« mould  »alia   »!<>ati   th* »hoi«  ¿«ngtti   of   ta«  perlaetci", 

Prior to     th«  '.niTlftUcm  ¡if  a gap  e .•»• »train» ara i*»*l<>;-iti«,  la  th«  »*;n of  .» naetlna, 

ft; tto   - * f^.i oi, g 1 f « :J  b <• Í •> « 

- »   vir-,'»i   snr-1;i"'«;»    '«ti»p.   ••»•lopi'l  ty   tüe   forr*«.  of  »h«  ferro» ta t L<~   ; nitui>  a* 

wall  a«  >y  tU--  f:-lut'-i.  aftaiuet   th« »ai Î tí  "it the »-.m Ld arvi   oy other r-tienn*. 
- a  testparatjr«  eru/Mîu.   in   tht   «k t >i   ithcrn;il        stt*i.:.M; , 
uui"1n>i   "'"    bhrlnki'Ku  pro ¿«4*   tho  »-id»   tnotr   of  tiia  «kiti  naf«   tr    .»"i-josia  th* *fr*et 

of th«  f*rro»tatic  pr*.*-•>;•>,  k»      oc   th« '..'tro* 'cusa  »s« «ai  »o  Ui« frletion foro* »,_. Con- 

siderine  the band oí   tôt   sil*   n'   t   1'   :   - •. *   oí   i   o*  iron th« net«!   aiidiacun   l«»el »• find out 

that th*  foro« of  tù« f eri-o* :* •• •••  »itj^r«   valept  ho'-i tn» narrow faoaa  i«ay h* dafinad an: 

F-    - ?-^f\j»   '   i^ 
the friction ¿Vw»   >»f   t.i-.* «id«  f *•::««   a^aíaut   tn«  «al i u  I« 

pfr a 2fWfp (**> 
WB«ret-  frlctHn  ooeffleleat 

H m jfh -  itaudard  prta«i.r« 

r      » h* t  - eurfij* of frittila agalnet   th* «Id« faoaa,  so., a 
Th*  total  faro*  ru«turin*   the akta on th* wide i'aoe  io a horiientnl álr*etl*B *a* h« 

«zar»» ed as: 

Th*  atraaa d*f«lop*d  by   tal*  foro«  la: 

Whar* S  ~ <**0B thiokti««* of an al»»«ntary hand of th*    akin, a (oa). 
When a qulok dacraaalng <.t th* aanao* t*mv*ratnr«    occur», tn* t ansila th armai strwaoea 

of th« flrat kinü »til J«v«lop m th« sxtnruíl   la/ara. of the akin. Thay  o an ha ray r* a «at ad la th* 

fora: 

&b ' 3(tor " VIT*      (kf/^.ca) 

h«r* JL1  - o»*fftolant i>f     .to«»r ahrioKag* 

g - nodulua   .    «Laatisi(;,  n/aq.a 
(kg/aq.ca) 

/• •• Polaaan'u nu-tünr. 

ta» calculât ion«  tadtoata  UIK. £(h £ ?0 kg/aa.<« and th* aua of  ¡.«aalon atraaaaa aiuola 
•kont 19 kn/aq.oj. 

It 1* n*o«»o»ry   tu not« that  the ooaifl«i.ent of  frtotion aaj   IIHTIM* ua  t«  *0 If the 
«nil« of th« Mould ar« »arti tu or a o tax. lag  la waldci tc   th«n. 

In that  oa»« a'.r*«««« nay  ino re an* up  to auoh  an «xt*n*.  that  a braakout aoonra in ta* 
•kin,l.o. *   a hr*akthrouijU"   of nuit«o atael  Into  th« acoondary aoollng  »on* tak*« »lana. 

Ond*r th« cobilittonk   tf a ooaplotaly  dcl<gr*i1  ahrxiikag*i 

Tbl« equation leave« out of acoourtt th* dia*naions or th« fon«,  the thlokaoa« Mam UM 
- 2   - 



**tfo»ity *t th. aalidlfi.d »kin. «• th* Ulekn.., «r ttt rtla lg |Wl|lfw tt#> 

ffitir "¿I(*"- IM—> Un 

*.r.  In  ar.4 ,ft  .„  r..e..ti».l,  th. 1«,»* «4  th.  tm*B„, 0f %hê^ ¡,% ,.     fi 

t.ry hortton;»-   ar.« ai   th« »ii. MC. 

It folio*, fro.  «,...  .<,«.« on  Ui.t if tH, thin »r.M.r, ,r..«t 1» th. .tin.   t«. .tra. 
... concentrât,  to tn.« wd  cow1u.otly 4eior*,tio0. ocour m tho.. ar.,,.rh. r    »i^.jty of 
forala*  iiuH  »t   Uicjc  inedie   Ir.cr.«„»:•-., 

*ft*r  l-h«  n-r-row  ilf,(   of   th«  .kin ft.».  I,f.r.t,d  fro. tb. «.U „U,  *, •   i.f   -   nt.-t 
ha.  «,«,„  «flpc  on.y   ,/   .«•  c.-.tr..  a.   th. f»,.,,   ,«., b.ndlB,  M^at,  4,f#laB  ,.     ^     ^^ 
•f  tha  (Kin rtii-:'  - <u:  b«  repr*.*nt«:i by   tùt «auction. 

y tí   -   o + 'íill        ru \ 

. ? 

», tiare  0  « f  "   &    nrui 
h7       D 

k and » - ^.«aaion« of tu« wi<t« «M iffrw tm»m»t m (a.) 

kb »4 kâ «r. friction oo.ffiot.nt. of .olUtm* tu« Mtil e, th. •<       VJ «a«-. 
fM«i ra.».ott».ly *"" 

* - «ft«., fro. th. .„1..U. .f th. MW to tt. ffcrtlMUr wMoa af tht 

••. * 

th« «ocular «OMOtun produoaa  heading  •tr«*t«a: 

«fk-IH- 
»a ra.turln«  action af  th. f.rro.t.tlo ,ra..«r. o» M alitar, .«M f tfca ,U. «M. 

a* tal. „rio* «e h. dafin.d  .. "* f-i* 

%r • *r* 

:t ,rr.4„o.. ti,. .,:,..  ,» ,„. ttli »„^ „. t»!.^.,, ;    _, tt> h 

that eau ke «zprata.d by   th.  cquatioo: 

«fkr " |^ * ïryr 
•h« th. «1«. i.e.. h»». oM.lat.lr .«parata« fr», th. »all. .* u. ^^ «,, te$<a 

•tr... of th. f.rw.t.tio .«..or. « th. aida f„. ara„ adjam^ t.« MnstM ,„, ^ 
atd by tha following equation; 

Bt "ßfk **fbr " J¡~jñ 
3(1   • 2 8h Vf 

Aft.r th. .»ti, ha. a«p«j-«t,d fr0- tb. .,!].. 0f tha mu «ha t«,«ratura «f u, «i»- 

faa. 1. lncr.aa.4 »ala« afretad by h.atu,, rtioh ra.ult. u <alwiag «,• ahriaka«« If tti 
1-n.r layar. (th.maJ .x»,.... - ífth). th..« .tr,.... «m „, ^4td u th, UnAlat ,tw#.M 

(itfc) l.adln« to the taoalan of ti., inaar layan aa wall M »o th« kraa^l-« *tr.*..a .f th. 
f.rroaiatlc ar.it.ur. <it¿br)  oa   tu« narro» f«o... 

"the  total  »tre.«  can ha   .xprc»*.d a«: 

tí-*«,  *gih *ffUr 

Ä. l«.T..tU«tton. of th. t.n.n.-.tr.a.aá .kl. .f th. blll.t »lth .Moth »rfa... 
af t*. .u. faoaa h», «howathat it i. ...,1.1, to daorau. th. .tr...«. ky .h.rt.aln, tha 

Un*«r llMHlm of tho.. ara.« of tha «kl. of tha »14a faca, that ha.« ...ar.t.d tf m M« 
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«nil« at th« mould.   It l* *.>AJ»v«d wa«n rutin«  tJ:« billet with a corrugated «urfaoa. Such  « 

i*-?« make« It poraibl« to dispar«* th« »brink«*« deformation on the »Id« f«c«. of a biU«t 

• roridi« for to« latter'« hign.r longitjoin^   rig«.-ii\y which a«k«e the billet «urfece 
r«al«tw>t to  bendiop  in th- vertios)  pi«;.. *,r.<i  oonaeiuuntiy  i0 developing Tr«n«rere« 

dafeot« an th« »^i.'-c.  ':>.••  e»*pi  uf th« «•.v-.i,!  surface ai.iat  pro»>.d*?  for  the gr<»ii,t*et brat 
raBOTai.  fro* the «Un r¡t   ta«  i0ji oí  th« w,»6  ir order to  .>'„*. au:  the ¡mffiolmt  th.lckoea« ef 
th« akin  li«r*r«  itn  s«p«rat.;   ••   iroj  tnc  *aii. 

Calan) «Hon« h :»v fhowo thai t.>,e np»M««t heat removing ability !» ch*rantori«tlc of 
th« »art« imrt f.y two p«rabul«w. ¿a tt,, ; o«j. the «is« of tie lnt»r»ti=e b«tw««n the akin 
•Ad the »ali ,vf tnt a*u!J «t ta«, tjp 3; •• «••>-.-<? dininiiihr« with shortening th« distane« bat- 

mac th« «»»n»iiíl»lv.'.i».TíMt>nti"íi."rn- tic *>.vr, The primary «Ma of the *av*d ema- 

tine represent« a «h«n latteo tí nmfonT.y .H«';;-t.cm .-d lead. The «tresa of th« f«rroatmtic 
pru.uro in the akin ¿*i*lc»J I'KI* .-.• ion'Ut;ons if the "--«j';; 1 f f riu» of foi 
ih«  «kin c«n  b«   oalcui Htdii   !JJ    the   rnus'-i-in. 

;ro«> actio« upon 

fi 
•H 

«There «; .*.  - %r-, oJ to.»  «-.a th* h«ight of the W«T«  r#tap«cti»«iy, m (CB) 

Z - .11.-.tanca  froj the »enlaciu of natal   to ta«  section b«ing  «t«aln«4 
Tb« itmuM d«err-ace with  the laorpaae of th« height and with  the d«or«mm« of th« 

•Ja»« apa«!?«. 

The cholo« o»"   th» oftian «¿rapa net par ara iter« of  the  oorrugated «urfao« with • oar- 
tain ratio  bot»««» th? npacl**   aud tue dcpih  of w0».  ft as  a<i.lo it pcs.ible not only  to oon- 

•iaarably reduce th« number .,r 6*fute  <« »Lie e*r.t  >lab« „ueh aa longitudinal  «urfao« ormolu 
a»« traat.T«r»G  indention* H¡t *)«<>  to p.-artieeUy  cooPl«t«iy «iimin.t« «l«b    «ora* on 
••«sunt of zvrtnci   defect*. 

Th« l»»««t 'galiana h«vc  «ho«n th.,t  appearing  tJu   lot, •- -rack« 1. atipuiatad by th« 
•ocurenn« o£ mechanical,  an«  thermni «tre««*a  an well   e.s  of  the stress*« cau«.d by  th« aha*« 
tranaforaiitiona in the aetal. 

Th« erailt« *ra «atnlv   app«ar»-¿ «hen  the critical   Talue of tenalon or coapr«aaiOB 

ftr««««« at  th« boutJary b«t»,e*n Uouid «nd aclin phwe» ha« bren ««rpaa.ed. Alaoat all  innor 
«raob« appear  In «he temperature  ran? « of th«  i0 coli«!  «hot  bri ttUne««"   1.«.  i»»«dl«taly 

hale* th*   t««p.rature  of  .olldn«.   AR   It J,n,   b««o  tno.n by   te-at*  tn«  «enaltlvlty  of «t««l  to 

er»okin$   is  iocreaaed  ir,    th« pr*«enoe  of   «Hoyio«  conpoxients «Piiily  chroaiua and  «hen in- 
•V«MlS8 »»»« oonteat of «uipfcur and rloapnon:«.  Th« ohlef  factor which leterain.s  th« for- 
•atlon of oraoklHg  1«  tn« relation b«w,>«n the «triti«ti,  and  düotllity of «teel  at hi«h 
tasa«tature». 

At the firat noaent  th¡.  ewrfa^-e   »ayerj of th«  iHidified  «km of th« cactlog  ar« 
•Ubj.ot.d to th«  »brirHr«» pr-iporti-mai   to \n* cbait«« of  temperature  end  trtey «qu«««e th« 

istarnal  layer«.   Tne  iou.-,(l«f,s   tf »ttal   at  high  teaper.tur«»  L not  vioi«t«d  by   th« eo«- 
• raaaion «train   «a  all   atr«i.i.u   ,rr  rclie»ed  due   to  ¡w«*Us   iefannatton«.   In  spit« of th«lr 

tnaattlona into th. ragion .->f ela.tio oeroj-natlon« notic.able «tr.BE.«« ara not formed la 
th«  «xt«rnal  layer*   a„   their uürknliag«  ) -. not   r. ni« ted   by   the  internal  layar« «hl eh  ar«  la 
th« tamper«ture  range  of pluntic defomatlun*. 

It i« ob^ou« tl,*t *i. the tnickae«« of  tho »kin i;   inore«««*,  the rat« of temp.ra- 
•Br« deore.ee  in the  interna!   ¡ayeve   «ni  oou.equeatly   tile  «i«. of shrink««, «ill   b« «r««t«r 

than la th« external on««. The    t„led external   Uy.r« being  iB the teap.retar« region of 
•lMtlo d«fora«tlono will pr«»«nt th« »hrinkie« of internal  layara aa a r.ault of «kleh 



fit* hl«h tntwi.it, .or.un« int.M.1 o«.«. h«T. b«**' ob„rr.a ia th. r.ot«.-,.. 
fclU.t. (.Lb.)  e».t of o«rb» .t..l. * "«t«*«*«' 

«M^lag up th. .«rfac. of th.  bill.» *f*.r lt. gollvg out „f ^  .„ 
.•« „.«. .,„.* i»«.«.. „Poa tt- ,nnllllM of 1Bt.rnai craflki In tja7jôoj; «* 
«•ni* .,  «t.»«l   W.r.  e,p«a  Md carnr  *lo««  th.   let.n,al   ivm.   T.nílün  ,t„„„ 
d«.lo, in th, Ltt.r «d a. . «„it of that  lot.mal  or«*.  .r. laitl.t#d 

W    «T"",*1  MM"" "• !b"*nt  1U th' "lU*ta °Mt  WltW  tt" -«4«,'«.11*. Ho..- 

.3i^torns' cMtir*Hiut'of "'dlu,, -^ di-°'ioB« •^•« *•* » o««».; 

..«Ho«  It l. ......ar*  to con.id.r.bX,     Uovme  th, witMra.al   rat. of .tr«d  i .    th. 
«*.t of th. Px«t du. to th. d«,«. or th. br..kth^h 0f th. mlttm „^ l9i;X

h; 

P.OttlaTlti..   of   Ctlnffi   Alloy   Md 

hUh-»Uo/_ wt.aU 

tb. catín« of high-allo, ,tHl, .«tnlain. ...n*  onttt.ln, .l«.at. „tó « oh«,- 
.U-. M-O». uu-im«. «* .«,„, u .c0o.PMl.d b7 f0rMtlon * .uZ   x"r ,"t 

^.u:::r.;^t.^^";.:1:::r:;\;:-;:1:-::t-
d vr*1- - •-*• j  „w " "na "•  rM«n*  lato the cMt body oan.ld.rabl» 

-.er.«., th, ,«..t, of th. .AA ,»rfM, ttd iBOrio.. to. aon€u-pti5n ;f M -•> ^ 

In« re «.log  the  t.ap.ratur. of util  uid   th* r,t. of n«.**.-     *.   *. 

i. .*., to ^. th. ttMM1«. .f tt. ^ 1B,.-;:;: i r/ï.^Tïr * 
.«Attrough of th. «oit« «t»! into th. „.»d., oo-ltn, ton. 

0». of th. -thod. rtioh b.„. •>..„ d.T.loM» to o„,ent the Mtel ,urfac, tnm 

***«UM.it.. i» th. „pu..«.. ,f prot#eUT.4M.0U. Md   An     
f;J "^  " . 

OMtln« .1th th... .«thod* of ..t^  prot.ctlon »r. tl»,n b.low. 

h «.ulti  nf u>. 

Al«« A 4.n.. .«.* i. for~d on th. ..t*l .urfac.  Ju.t  M  ,t th. owtlng  lB »lr. », 

mr— of ..ta t. ,MlU„lM, ...i.d „ mAl M lt it .rtM       b^ ; »• 

R«t«s«l gM 

th!. .t*,.pb.r, Pr.,.n». th. ..tai  fro. cid.tlon.   but th. .volu«on of . oM~ 
.ld«.*bl. „«„ttt, of .... pro<lucts B.k.. «,.  „..„.„.„. „t^, 
th. .»rf-c. of . »UUt u  orturl..a fM. 0.05 up   t„ 0i)  Mr o-at ot oêt%9m- 

|M alxt«!-. 

* yrofottr. .tMs9h.r. l. or..t.d o».r th. .urf^,. of .rt«l. Pro,«.-b,t-. .- 

1-. U« 1 „„ o.B* .f .W.B. nm u >PMUo.u, „, ,,i--nwi J ^^ J^ 
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«M»* for th. o»,dl3,4 ttla. CarV.rl.attoa t. ^„m,,  Th. la.ro.ao of 

IVdroetn oont.at iB rwtrlot.d and 1« not aooo.pflnl.4 by the formation .f d.fo.t.. 

A. « rMult  of p.rforvM«  «r.p.rl.oiit. it han baoi fouud out that « rNptt,.k,tu« «ft. 
alxtur. uad.r th. «„lu. pnim. of o.s-o.e k« p.- .,,. oa Md „lth  ftt „,r^€j UMlt of 

0.8 I« p.r ton of .to«! »v b. au optici ,«tKtlo» in o«.tlag   ,uoh  «Mil, «Ut.lng .tool 
•• th. «l.otrlo.l one. 

The eoa^atlo» of tot:, mlvtur. ri.ult. ir th, follori^ p.«««.*. «naly.l. ,f **, 

i I  H2 8-20, protactl». »tcûsphir« oter ts* .urfao. of art«! j.n th« mould: Cí»., 1.8-4.0; CO 9-iî 

th. total of ajdrooarb»». 6-i«{ 0, 1-?, bel. altro.,«. ïh, baaldìt/l. ¡bout ?.? » 
of H.o, the ate»    poijit baine «• îO'C. 

•r o«at 

It eriourar tb. «oudlt-.,r9 1er rie.día* T^Hiy  «u». of  «c.otrle  .t.ol without d.f.ot. 
in» to tin pr.a.noi- of orldUsd  fil« in  u»s  cour«« af suatin*. 

:ia».»*r.   an intonai »e d« -î»PM-^  ,f  «t«adSrjr o.lfi.tioii oann»t bo    a„ld.d whoe « 
nuibtr of at.dl «nut« contain^  .-MUD ta^ly onduuj  l-parlti.«  «,  alumni«,   titani«. 

aad ota,ra. for insane,  itM.V.» „tici...  arc c*»t ui,.r  similar ,„tWti„, thi. i. 00»- 
flwod by  th.raodynaaie oüni.tr.r,.   •  r «.be.,,  pi-.oti«,.!   »„.,„  % ,miMi „th3d h„ ,#- 

4<*alopo4 to prot.ol th« ..tal   .„„•„..   i,  ;. ;,.,t(Jd 0R ,ourlBg „^ ufl(1#r lff ^^ ^ 

1.*. tb, uttl  itnu i. directed i> hti« too r-otKi  r,^sc, thiva«*  «a „t.ad.d ao.tlo, 
ta« surf »ce b.ing ola.'iltan.ouely prot.-ot.d »im « .1««  i^yer% 

P..dinp ^••^•lt»«*n,»'-i»«tth--c'*4.fireciv»^r.ph\t«-f1r.r.:.ytWmoi.Bd.8r»M«r. 
flrod» «Hi« h.»lnt tt, .id. op.ai,.,.. i„i. „.thod Pr rid«, for r.-aia, hott.r porti««, 
of util  to th. •»»'»!,  whloh eoatrtwt.o   to   raraiag  th« ..tal up  and Icpla. it ta . fl«i- 
dls.4 «tat«. 

t..t. ha», ahown that the aczsl.  1. ..mi,  tPodrt  ftt tna pla„ of u> ^^ ^ 

th. iat.rf.o. plan. botmoa a.t.i «d al«*. Th. *ro„ioa of di,oh*rc op.aia«. »l.o 00our. 

la cutía*  tool  «i ailoy .tool, good roault. ha». b.,n obtain.d aot oal, whaa f«- 
tm tb. «.tal uad.r It. «»rf.o. 1...1    but  .1.0 wh«, prot.otlrg th« ..tal  wrf.o« with aa 

•xoth.»lc -^rtur. oootaifiir« alu-lni.,»,   .IUCOCIOIM, «odi«. ûttrat. and oth.r oo.poB.nt. 

th. aixtur. eoa«»ptl.. of *-o.tf ** P.r ton pror-.d« for th.  thlckn... of th. .1-  ' 
laj.r Of about 5-7    on oa th. a.tal «»«Uoii». 

Datoloplr«  th. fohal,«« of ooatiuuou. „«.uà« of  alloy  .ad hl«U-aUoy ,t..l. ort.t.4 
th. poMlblllty   to ohaag.   th. t..paratur. of „*„«.* without  lnor.-a.iag  th. oa.t «tool  •••«.- 
darjr oxldl.lng. 

A. a ra.ult th. .«nditioa. cf r.fr^tor, h.v. ben top„T.«.  th. ooa«u.ptioa of 
•llora ha. b..a 4ooro«od.  aad fn« ot th.  «o.t difficult  probi.»».   ,iB.  i0 pwdu„  -.^^ 

cotias, fro. th. .,..1. of a«M typ., h..  h„o aol,.,.  th. utt.r toi« th. .o.t Crt«t. 

At pr...at th.  t.-.aKtu« 0f ooaxiou^o oMtla« of  alloy  .tta high-allo, «t««l. h„ 
b..a t>.»rov«hly 4...1op^  and  th. produci«, of quollt,  caat blll.t. ha. b..a .n.«r.4. 

Th. TOOUU» d.eaa.iag tr».va«jii; of  .caci  bafot* c*atiag  i.  »i,0 n#e(j  l0 ,„, u881 ^ 
ord.r to lapror. ta« quality of ooatlnuou.l»   cast  alloy  5t««u. 

th. oaotla«  of raouu- 4oga..,a ,t„,   u ,tM.ted .t  th,  ;..p,r.tar<s by . 

thoa ao»tì  but the proo,« of o..t1^  U  rua without for*!^  „ui].,  th. .,tal for.t 

«ood .tr.aa. D.f.oto du.  to bli.ter.  ara oo.pl «toly  .ba.nt. 

Qpatlayou. «Mtl.5e.0f rlamiag „te.l  f0r tba^eraduotlgn of ,i.b, 
for oclJ-roil.d «ha.t  aad  yutoaobiin «h»at 

th. láT.otl^atioa. .ad d.»«i.op».nt of 
th« t.ohiilw. «f ooatlBuou. o a. tla« of lo« oar- 
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»M rl~U. .t..l for th. produoUoa or oold »au .h*««« a.• »tuwd b, S5«tCiOB«n 
M ft Maker Pf iron and .t..i work, io (959. 

à« ft raault of th. ii.r..t1«.tl.B. oarrl.d out in 1959-196} th. b..lo t.ohaoloala.! 
»llMiplaa ha*. b..a d„.lop.d for .rttlBg  and ootttl6Ur.u. „„tin« of low carbon rlMta. 
• «••1 for th. produotton of crld »U,d   jh«^,. „.iilrtU .,tho«.  ttJ Mntrol  tJ># J 
ftf ftoatlauou.l, eat a: ab. ..Y, »1-() b,eri .ork#d  ,ttt<  tBig aide u p0MibU  to  latro4u4# 

ft»« to da..top on «   1Bd„.trlal .cai. th, t„3un.au.  or santi«««. c„tlng  ,Ub,  of 1<>w 0M>. 

a*, nsfting   .t..l   .t   th.  .„i,, aw«  »hop  oí   th,   fto.o-Up.t.k  Iron »« «..i   «ox*. 

It ...  ..t.hii^.d   »hat   tue  .01),-^   factor«   o,.rt   to. d..t...,.  infu.no.  on  th. 
«Uftllty of continuous  .«.Ho«  of riw.a«  *U.i.   u».   í«r..  of  orlda-tion of a,tal     .a, 
d..tí0 of th. «.«id.   th. prop.-rtt« o     lbbrlo«t  *s  ...U  a.   Uj ttalfoPM ,upply   ¿  tftf 

«a«ld «alla,   to. «.toad of  nurla« i-Uj   into   ta«  movUi, 

TH. ioaati.».  qi;«U„   a...î divrir.utioa of bl„»hol.s  »ion«  th, h,*«  of  „lab.  «-, 
dot.rala.«  to a gr.at  »xt.nt   t.y  -.ó« .-J;^«! cont.nt of  «t..i. 

Pyuria« th. .„t.l   lato  th. »,uld und.r th. con.mo«. « wotumoa. ca.Ua«  .«•.. 
to   . .t.adjr   ri., of  th.  format.».   p„„ur.  „  nU   ,„   , ,t#âdy   ^^ of  ^    ^  ^ 

th. «priolng fio..  In   th. ..„u. xw.ior. doria«  tb. oonti«,o«, c.ttn« of  rt.al„*.  ,t..l 

ta. laflo.no. of th,  ..t.! ondati,«  r.t. on ta.  .trand  ouildin. up i. lnora...4  ooa.la.r- 
fthljr.  ».  «wuat  of  .„rplu*  o,y«,n r.latt,«   »   it.  cont.nt   b.laac.-t  with  ,.rbon hu  th.  .a.. 

Th.  liait,  of   the opt!», .ont.at of o*>êea  iB   tho  ,lMlQë  „,„,   „^„   btea   lgt-p_ 

aUl.d   fo  that   th.,   prono,  for .unirò«  »oUlag  of   th. ..t.!   u   la, ,9uW   Md   .  a.fl-,t, 

lstui.lv «f «aairtoatioa «4 6M solution dun«,   th, ?r0oe„ „r o..tx«g  and .oildlflea- 
tlon of th. ocatlauo«. aaatina.  la «1.1. .... pandad   that  otu,r opti.ua conditio», w.r. 
a.pt. th. ,u» -lth   . d.n..  .xt.rnal  g«iB *.-lBe  ,  îfeiokn.as of  1O-30 a. .„  f0ra.d 
(a*, /lg. '), 

Wa.n t«. oxjrs.0 conc.ntr.tlon .M Uw.r  than   that r«ouir.d,   th« boîliag  of  th. ..- 
tn  ta th. aould .M  m.«  and .... iurbul.ac«  .a. oba.rr.d 1, th. «on. of  *.  ,tr.«    Th. 
oaatlng had  a thin .vt.real  akin (•«* fig.?). 

th.a  th. oxygen  cont.nt „M  Mghir t0aû   tnrt   MrMt„lbltf   , ?io]-Bt   fc 

..«al -M oooured toother with .t.adjr leT9X  „n.tioa.  Md ptrl()dte ' oiung.-up     Ia xhl. 
«"  " -  «"«It   to  contai  the „tri  b„   lag  lnîaû.itJ   ,lact ^^  .anno7!;   ^U 

quaatltl*. of .lualniua into tht tuudUh  .«»<-) *.i.i m d.«,—.<_    »k    -, 
'i'"lM    X  '    0«l5i-»»8tn«   th.   fliJlditV    of    matai    ahi« 

d.torlorat.d  th. ooaaiuon.  of gM „oluf  o    r-.  «,*.m*      w7    , 

thloka.0. b„t  it. d.B.,ty ...   muffici.,,.   (.ee  tlg.3).  Th, bU.t.r. m th.  .kin a.ro 
ob..rr.d la quantity . nrm 

-rt aa ..U.. th. rat. r.f ..ìUiriatt« co... up to aor, ,„„„ ,.lu„ thM „,. """ 

p.arln, lt tBto ...t iron aould.. *. . ooa..,uano. th. .»o.p.d ga. hato., .r. fix.d la th. 
«t.raal .«. of tha «ont.ouo«. flM^. «..„far. th.  »ould d.^n .u.t prond. f¡p

1;-!
fc- 

oírdifio":    rW0        1B "* UP!er IOn' an4 "   iht °0rn'r" °f th- -" » «•« ««. ra*    of •Olldlfle.tioa w.r. not gr..t.r th«, that of   th. ga.   solution 

80-. ob..rT.tionï   ,f   th.  pourla,  proce..   Md   M.uai   „aaln.tlo».  „,  th.  c.tln*. 

««Id  1. „..tl.r-t.rtl,   .««,!..,.   lt Uad«   to   .flllU,   tñ. ,.ttJ   on  th.  iurrJt *; 
• ft«. A 8ood o^aal.-d „taa   .tra« ... oMalB.,  «,,„  pourln8 „,, ^ V^- 
alBloo. no»l.. h.Tln« oorunda« ia..rt.. «row»" niga-aJu 

A. it .a. *»te th. r..ul«. of th. p.rfon...! UT..tla.tion. a êM.t 1.«..«.. .. 
8 



tu. «taut, of th. ooatiauouaiy .„tf,    «.rtoo.. of n,»^ ,t-tl ,„ 
i««.rto«t., *. .«xa w.u.. in lrrtgular f„dlB<t ^ 41,<L "B " "•**•* * *• 

u— r «t.i* «.^* « ^ 6y ^ mítl jt. ::;;*;: ^-*- «*- 
Ou.  to  u,.   lnt.r-,1»  or   „,. „.,*  „a   u,  „ui,ed  ^ # • 

I» th. ,on..1u.0C. or th„ Illeh r.u ., aoU.i„ÍB, thts hw. Bo to th Tri 
foo. «od  .r« fn.d  lo   the   .rt««,»:.   B*u of th.   ,„íUo(.    81wolt„.n . *' "^ 
M1U1«. w u„.l.p.d  „» u.«  .«,,*,,  Jf ta.  .1.      °  tft    " T '   " ""*     fUUln* "" 

I«  th.  cour.,  or  «..„^.u«,..   i,  • „   HU.   roM»d  „ut   th.t   *c  »«t..   t.li-«   i„  th. 

«..,».r.!tal """*b"' b"n t,l"n t0 UBlt *•e*ount of •«*•» "-*« "« «•• 

^o./.ip.U*  ^ Cor...*.*.   i„B  MA st.Él   Wortt.   U,  pt,nolppl   pr3c|||  ,mnam%m  ,? „*! 

du«  ooid-roli.d   „heat,   for „.,   ln  wlo.obU..  ha,.   „„,» d.ter(Bl,,íA *       ^  *° »** 

CU« « .«Mrl«otU  co«..„i.l  bitou  of th. l„.-c.rboB  rlM.W   ,t..î   ,t  th. «o— 

•t tk«  •.Un,» .o«,   of   .h.   3or<9t  i:^,n „.„   ,hoWB  thf,t "•• 
u «ato^u. run» .«.,. u,. hlt, 8p.:lfi0.tJOQe of th. aator!0(ir I:¿

f
t;

h'#l rtM* fw- 

th« nann.Ue  »utoaobi!« ahe.t 

ZaCwtrll t-taiq.« of contro«, ««ti«« 0r .i•iBl,,-.taòlu„4 ,te#1 to >t^,„ 
tt. ...-«.U,  ..t,MUl,  ,h..t b„  b,.n d«r.i.P-   h,  tóe TsNIiCh«  1„ ooUtóor.ti..\m 
«I. «..»-LlMfb   tro»,   «d St..:   »„*.  für  tt-   flf,t   tlB.   u  th# world   BwtiM 

t.        tí* *;(
Mr?  i***" °f  lhí <",'èlCp"1*nt «' «"• *•«•»!,« th. prtaoipal difficaltt.. 

b»Uo* i«  th.  í«llo.   th.  „oo.aar,  oxii.tior»  of  ta.  ,t..l  btlnB  CMt  Md   tt<  . 
rrfrwtori..  pro* id ta«   for  «  .tabi«  coot lug  of  ate.i   »t   » tUtAs   r,t« 

â.  . r..uU  „,  r..,W,h   th.  fouci»,  „thod. >.„. B„n do.,!«^:   »thod.   to  f..d 
A»  «J»1.1M .ddUion.   •„  ta, courB. B, a„o,iJatlc,a  proud,,«   fot their «U». 

f i r°"; r r""• <,utp"uti- *ift«*th' *«•*« ^ ««. H««, I-U, ..«.*. «. f..d   tb« ».t.l   «to  th.  «ouli without briniiDê   «,. 1M)itM tt,el  lata 8 oohtBct with 

r.'!?,;:4::" 1:;:;
ur''to prot,ct "• -t-1 ^ «• •— •«-«- - - -« 

th. 4„.l.Md   fhni,«.  of oontinuou.  cut,»«  of  th.  alu.in,«.-.t.blll tid  .t#tl 

C2.Ï b. p.r ton)  that b..  b..a .ork.d out  .Uo-.d   th. .!.*. t0  be ppoduo#(i  pMvUlng f„ 
*hUh  ,u.lity of  th.  ..i*-„l„d  .utco.iXe  ,a..t.   *   .urfM,  0URljty  of  M##tB  „7J 
fro. continuously  ...t non-.g.ia«  .u.l  .,.,. .M  BUltllbu.  far ,MufM(ur fM 

of «utosobll««. »«•• 

HUb >iuti. prop.rti.. of nbttt. Md g00(1 pr.„rtllUy of autt,aobllf      rt 

bo«. pr.d.t.«i0.d b, th. hl€h oh..!,.! ho^wdlt, of th. oontiauou. ctm* 
th. ...h«iio.l prop.rtf. of rt,«t. «o..d th. .p.oifio.tio». of th. ro.p.ott« 

- 9 - 
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Ca th« ba«la or a 11O0CC« «erf«a*nt bet»««n tbj V/O * ¿Irene intor*"   and Cob« Bte«i 

ltd. of ¿«pan th« t«chnK\ie    of oontiauou« caatin». of alualniuM-atabllistd «te«l derelop«! 

»y  *fc« ÏSMICh* and th« "oTO-íip»te¡i  IMí and Steal Worte **« lntroduoed at th« Nl««ÍB 

St««l Wort«, Cure, Japan. 
On  th«  raf<r«no« of J«p«<Ti«« »«pert»   th« oold-roli«A ah«»t  producid  according  to th« 

Sovt't t#chnlo,ue on  th» cantinuou*  caatinc   plant  of  th» .ïo«iat  daatgn  «all  saeta  th« high 
requirement« of  th« J «panes« 3oior-o*r -»afear.*. 

Paoulaxltle« of  tu«_npntlnuou«_nr.rtinç_of 

iSLH*Eí b^ooa« 

Square bloo»«  aooount tur an   ins¡.ortíuut  portion or the   tol^X prcduotion of oontinuouoly 

out at«*l.  Thai 7Î jar oe.it -f  »1 :   tua p)«nta  In  th»  world, except  th* 0888,  «ra  intended 
to  yre-'.ue»  bjooioe   *or bar»¡   lu..?  per cant,   for a »lxed   ratti*«  cf «»ottone  «cd  only   10.5 par 
-#Bt of th«  pianta pro.-tuot- • ) nb» í.w.l,¡» ively , 

lii  ¿pit»  cT   *t« f«.or   that  in   trte saar»»t future  (by   1971\   the  ralatl»« portion of 

plant« proli»'.'-«';  «le-b« »til  v» incs tasca  MI¿    coount  for ?7.5  per eaat «»Inly  as  a result 
of *J»lr construction  at  rnc  »urto  RTì  ».hop- eî high output,   th« portion oí planta  to pro- 
dui«  bloc,«-,   rar bat.  »;¿J   r««-.tu  -«íther lar-&«. 

A   l«u>«   ija'Hiot  of  ir »eitlgatí er.«  T.O  rr-vtuce   th«s  oontir¡utu«).y   o«»t  equare  steal  blood« 

hfts ï"*«u uhïi«d  »ut by  tfc* TjNILCft*   i u  MOI liberation with  a aumbar of Iren and etoel  work«. 
Tha principo!   regular'ti<>-•,  ar «hap'n»,  the bloo* and the  ici'iuanoo sf the oontinuou« 

aa«t  p*oo«»a factor» on the production of   tha quellt;  bloo*»  in*« b*«D entabliahcd . 

ITI  the  COITI«  of u«v»iopin».   tha  techni<,u« of  produoln;-   th»  oontimioualy  oaat  bloo«« 
eoa« difficult!.»« w«r». mot auo  te  t.i»  •: lutarti m or ih« biooa «.hap»  and tha  app ««rauca of 
crac*.«  »nd «T;ei   pcroalty. 

Ih« initia)   aì»s» of  to» slooa ah^p« 41« tort ton is  brought  «bout by  the  «aargeaoa 

of an irragulai- gaa Rap that aùarply  dcooraa«»s th» h»at r««u>Yal  and  lead«  to  an uñaran 

ccollc«  along  th«  perlneter of  tn«  bloo» by  différant »eJuea of th«  friotlon foroaa bttw««n 
ti..>  »oildlfy in*  atcìn ani the witlia  of  ïi>« «oui i «ione  its pariiaeter a« a«ll   a« by  th« non- 

•unlfor» leforwatlon of th« blooa «kin  st  th« upper part of  th« mould   a« a raault of Ita 
t".¡uffiotent «trength. 

It wu found out  that  round lor   the o roar* of  th« aould contributed  to deoreaelng 
til« b)ooa ah ape distortion (Ita  rhon-s-idi tv) .  ;JOB<? dear*aa*  of riioaucidl .y wa« gained du« 
to th« ua« of w«T'd «urfaca  and a pm^.-ation  in the  aanter« of th«  aould »alio. 

the u*e of «bapeJ laoald», notneraiic «lag mixtiirea, Holding ¿«vice« In th« «coon- 

itry ooolin? ton« laadt it posalbly tn "^naioarab!;/ i*or»aa» the dtaanaioris cf »hap« di«- 
f^.-tioB. Ho*«v»r,   thl« dlatortlon ooetlntiad  to raaain  appr»oleDla, 

Hmring   ir-vaatlpatsd  th«  paoulantiao  of th« cryatalllzatlon  of   the  osntlnuoualy  OM* 
an.oa.va blooa-,  tha aoulda of «p«olai  daaigr. war» Je»elop«d,  which  allowad  IdantloaJ. oon- 

dltion» to oooJ   th« comer» of  a oontiaaouaiy   =nst  bioo» to  be pruvldad for.  The us« of th« 
•ould« of »uoh  a tjp« aad«  It po»«ible  to  produce oaat  biuom» 4>f corr«ot g«ometrioa\  «hap« 
M w«li   a«   to  «liminole  th«   int«r.-ial   comer oraoke, 

>  «cat  important procera «:>«runt«rad  in producías quíiity  finiahad  fcara w*a th« 
a\i«I poro«lty pi""«ent in •.h*  bloooa. 

Tt waa  eatobll*h,d  by  th«  tjNirCbX'a lnTe«ttg«tlon« that diaaniioae,  «hap«  and loo»- 
ti.on of non-«oli<itty   in th*  axial   aona depanded on th« «tr-uotir« of th« bloo». 

R««««roh on th« prlr.cipa)  ragul ariti«« of eoi idi f y ina  Md building up th« atruotur« 

-  10 - 



of a eut aio** «sMcl»llj ia *1« «Uni SOB« tod ta« application of ta» «no»l»3g« to ;\t\ 
th» optiamo »tntotut-» of ta-   Moo* hsv* x0:« It poavlbl» to produce quality  flnlsh«d b«rs. 

It ha» in»''!! îoaod oat  tbuV   t*n ettarac Urlata«  tyo<* of »traotur« J«v»lop  ID  th* 

ca«t btooa. 
th» fir»*.  typ«s of ttruutiTì'  1« o',trie<«M»«i  t.*  the (.r*aenc» of  two  zons»,   <)f,  «a 

•rtarnal   »ou» of Itttl» <ir5*t*l».   «ud  * -or,*  of  tn»  coluaaar cryetali i ïntion  eprntdlng    »o 

tlM ««Bti**i   »»1«   if  • bill»t.  Su-t-.   *  ty,#   t. f atn.ot.urc  <irp«nrs unAtr \l>«  uoudUion*  of  1B~ 
ten»!*» h»»»s  r«aov*i.  T-M   i ••rt«.«.l»n ty  or   tu«  »oliuifylr.*  rMi/»t  ]t»ds  to   the eonoentraUon 

of »hrtak««« loc««a«** ia th* acnttct. zou# of uo.mner irj!it»lij »rowing out of the fug«» of 
•th» blooa »JOUì;   ti*e th.*n»to  oíi.traJ   IJf*, 

Thw   6O001Á  typt of   '«'.«cm »truotur»   ti  (thnr*3t«rln;5i  by   the   ¡ir**enc«  of  tore»?   tonto, 
fi».   « p»riph^rel   fun«  ?>f   liUl-a  c-;?ct»: r. ,   » run»  of tolH«i*>» ctyatal« hax-lnj,   A  ]<«!t«d 
#ra»v's   «ni randoí.ly •'riant«* orj»*al« la  th«  »ï\iii  na*.   Io «oUdlfyln«.  th«  nmt«   >f axial 

porcai ty   1»   *i*«4  In th* ofi/.r»!  »on«    oír-alatli»   ai riniti-»'» ort«nt;d crystf'e.   13  p. re- 
sult of  that th#  axial  ponti.y  i*  .-ii.H'.-íi» t«d  tl-roughou.   ib«  wnsl« voluas» of th« central 

íoe». 
A   «ubetuntlal  lnflusno*   ja   tri«  »idratila»,  cf   ts« olaimr ery»t»l   ion«  a»  «ill   •• on 

U» r»l»tion*  o:*.** co tat. «on** of tt« c ottlaucu-Uy   >tu>t  bíooa t«  »x:«rt«d by th«  «naxytl« 

of etful  und  i.t*  pr<vr«rf.e« df-«r>Bin'. d by   th«  ren&« •.* t««-.p»r»tu<*» b*t«r«rt   üi« oryetail itett- 
ra »tart  and fini«.'!, by   fio •-••- idi? .jna -r th«i -¡.ei «»chant* hetw»»n th« feijoa «nd  th» aa- 

bi»at »»<Uu*,  hj   tfc* ao*aa«i>t of   "»• »vtai  at  ¡h»  tía» ai  «olldifleetlon,   aal  dy   the 001- 
t«Bt af gaaa»,  lupuritl *•»  »a-i  ti. i it » < ' ft» . 

Pfioeeilcus froa Vie hipot.-»4i»l» of   là »o)\i¡a#-»«qu«nti«l c ry»t»t1 u»tior¡,   th«  following 
«oh»»«  ef »nlitflí l^f.stofi   it  tis» ¿ou'vt luoua  c*»tl.j^ c*u b^  iUit<t<*st«d. 

A» th» «o!. t*n a «tu.1.  oo»f*   '.nio   ;3nt*ot »íth the aould i>&li»  »  thin liiyer of raudMly 
otitatad oryatal«  t» dt,r»li-.¡>fi,  Th*.  5-igiiatloii of tíií»  ?a>«r «ay  b« auuocd by  th«  oup»i— 
cjoJtng  oooiirlnp   at  th*  iro««nt  ->f  contact   of th» metnj  with   t'i*  wall» of th« »ould.   In th» 

cona»qu«ne» cf ít  a )*»>'.* nunb-ar oí r\<v. 1 ««iit-sti oent»i«t  appear and llttln  «qulajUal  cry»t*l« 
protiooing th« «*in layr lnt>i-i«iv«iy nr»«  ^r^una th*a.  th* thlokr>«»s of th« p»riph»ral »OB» 

ftf th«   randomly  ori«nt*<*   Util« c^eUl»   le  3-1O ¡na.  In»e«ttg«tloc» carrl»d out  by  a» <>n 

th» onatlOB» produo«d of  th«  »te*l  of    Iff»ita*  ahtaieai   snalysia  (for laatane«, at. 10, 

st.1;, at.5, st.«5, ésr. *<»:. iwxrc, -¿'.-ï. y.n. i?x. 2a\n, 30*H, *OXH, ¿OXH, IìXH^*, «toj 
»llcw»d a«  to  »ijt»bll»h     that tii«  tóloiinoo^ of  thi« ion«  do«« not depend upon th« oîi«nl- 

cal ooapoaltlon  of ct»»i   («lthln th» inT*«tJ»«t«it  Halt«) .  ipparaotly  tht»   U  aooount»! 
for by  ta«  Identity of th« h«*t-d*)»«nd«iit   phyaioa'l  prop*rtt«« of  ih« different atcel» at 
th» t»at»»ratur» olo«« to  tn« cryitnihr«tioi  t.««pertiure.  Variation» 01   tul« aoa» thtoka»»» 

¿v« d!otat«d fcy  aii»R|lnt th« in«tTt«ci»l   int»n?ity  thiough 1«»«losin<( gu pap»  along th» 
pprla«t»r aiid  length of th* aould   a» w«ll  a«  through li; brio ant ini  aia?   p#n«vration  Into  th» 
¡n^aratlo« b«t«««n th« no1, idify ia« ntitt   »ad   th« aoiili wall. 

In th» otar** of !urth»r ñolldifioatiou the »km  or  t! »  casting  a«parate»  frca th« 
»all« of th» aould du« to  it« «tirlnsafc*   ecd th« ci. jmrtion» th» pas gap lnorcaa» «h«r«by  th» 
heat r»ao»»l  1»  «ll«ntly d«or««««d.   It  »fc  uid H« noted that it »a« r«p«i»t«dly point«d out 
la th» t«chntoa.l   lit«t«tuia that  f >r >.n  »jct«Dt  of  *00-tOO a« rro* the aataJ   Ural   th»r« 

cxlated • »o-oallfcj  toc* of tight <~<»n*¿ot  b«twti«ii  ti.e b<ooa «nd  the aou^d walla.  How«t*r, 
th» r«o»at »»porla«nt» carried out by «lodern and  reliablx it«thod« hare «hjwn that th« oonteot 
1» dl»turb»d totaadlatcly  after tit« »oltti a«tal   touoh»«   th« «all  of th» aould and  that thl« 

contact la ef a broaac alture along t-¡«   /hol«  length of th« aould. 
Me*«*»r, th» »kin of th» billet  1» »»ry  thin at thl« aoa»at and the h»»t la r»a»«ad 
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U . UtlnXU «mu«, * „. eur. of t„, „lt„, Mta,  tfl t. 

whioh comcid. .¿th th. ilriutt(1, „r „^ „.„J0"   c *" th— "*)-.«rt. th. «... „, 

nbMBee  of an  .,"«,,«„,,   ,upirc00, ;(1..   , „ °^ur«  »"«»'   th,  M!Wltl3„a of 

••II  .«sort!».;   by   th,  D,lr>......= .   ...    ,:   " ' •'">-^iri»«ti<>B  i.   ,„rri..>ntl 
-w.   , '      u"   «««"«a'-.liii   ..rv   tlll(lll, 

IJf 

lattati tj «f .iir*ct«i ho.  .-„..v,;   ,e•tn< ""'  *** s*--0"*«ry ooiiaK zUB„. trt 

»*lu* of   th,   fm,.rnt»r* Rr«4u.v.   .< ^-/,.!",,,'I^ "  *'   "  "'^ '  ^   "'"  ":t  tht,t   **• 
«•••.   H«ao«   th«   «ouiuia,,   »-.r „r- -• .,„    u, | "*   •<* 1 i-a i - l«i   „klr   u   „f   ln%u   ^^ 

thir..».«  er  th(.   un,r  .v  ^.^    miflsl(untK/;;^;ryjt"J    ->;"   — !«   °r„or„a.   th. 

**• ast.j   «u  on  « nu«b..r  ut   (»e|111Ji)>l„j  ,„(jtor.,',.   *""'  °n    h" t-V""olc''1   «"»«f—lt^B of 

Th«   thlnknefu   of   t.1*   gol i j¡ f l(,,(   J#t (, 
tue«  to   th* h«.t   i-««.,,   ;nr.*M¡.-..,'   ,.„",  "    " fc'"i';'1,y  l»••••'•*•'•,   >t„  th.m.i  r.tl,- 

* cnr.t«.JJl»U*   „i^ .l^r«„,3   w.   u-e   I..,"'"?'"" tV^Ul>t  "l   tó'  "•••  action  ,r 

•f IMI. «5. ,ra-t, or v., ,,,,,,.., rp,." '^""^ °f "^ — 'H-l- ,a„„ ,.,w- 

t«L 1« .J.o 4w,Jer.i,U r, t*. r..,ti»'tJ ,f ,/ ^ ""' ** •i,d,ti',,, th* «www flf ePy-_ 
tal.  Some   of  ,„,,,,   „lrt1r:„,  ,„,„   ..lfl   th„\.r  a77     "*   *""   *r"  I"*"«*   1"   th-  .oil.« .„- 

(mO.tl,     ,t    th«    bOUUÜ.M«    Jf    y,,     .,.,...K.#r   .:rv.l.^Î'ft"
,"'r",^J""1    b*l*##n    tbS    U,t»~ 

«rowlng  crjr«i«u  to  th* ^nr»   ir  *n* '.!^„h        *   '     ° ^  "*l:i   :''h*r"  «»•'  I»'--*» <a  h,   th» 
«.«».„ or. «„o, „ .ll4.MMi ^ tiiï t;.;;,;„;u"

í,";;/;;t
i--«'.«„ ei0n. w. on>Si. 

«rt.1. n,^., of   ,,, OPBlvr- (,   ,„,,... |3fcti0fi  ln   th  "
d; -  -;•»...  dv   th,.  ti„ . 

• 0M aoB-»#-t«ito      ,r,ai«,i,ni   v.«   uWUr't«-«   «,, frwt,Rtj     ^   l«lr,t... 
«ioo«  the   t«,.r.-.«r«  0f  .nion   ,,   ,lo„,   ^   lll(,t   '"""V"'   tí"  °°fl  '">"">>*•*   om  «f   th. 

tu* m m. ,.B« or ,h. aMtin4! „lUBt ,.r,st ,u. ; : ;i,T,i;,i,'tion- * » « 
.^u.nti.1   or 'ronta¡   e„í(lllI„UM «iL.a.u ».,  u.« „,.„ ,tlBu, t|(1 

Th«   b»sic   t«chu,i i OK ioni   „„„.i..       . 
.Ithar«..,     iM,d   M(l tfl,   !ntiriMl/  uf i#MBi    • |-.     th     «-M«-.t.r. o, eMtlng.  «. 

•IJ—  «   ^lot«!   ,»»„,„.  ^   ft  „ „^ ^„î""  te,°  -»•»t—.   «1.. 
Of CMtlne different er,de. of llM,   lf)U P.r^ity   t« b,  «ro»ld,j   f0r t„  ea# 

— .•. .^«bl« ^tîun ;f:::;;::
t:::::;::;;::;; T1

- ^ - - - 
»•Malty. W     1". •*»••*   «truotur«   ,ltÄ   ^.F„r„,   „tUJ 

It   w«. found  out  f,,  in.t«c.   th.i   ,fttn  p,,,,,       /00 , 

41«.ckr„o„ .t..i   th.  M!al   p-ro.lty  ... .t   .a.  r..'^*"  "UC"  *' 

th.t  t„ 0o.p.0t  th>.   „lfcl   p9ro-iti  vtttfí •     .   ín-.t: ..,i.„. ....  .l90  .^ 

•»••1  th.  rad-wtj«,,, of nat  Jfa,  thM  .,  , y   V° ** b»'l«t» of th,  i.,r  U1 

It   U of  t«.«,»  to  pro£lace  UIIM  wM((r 

A oo.p.r.Ur.  an^,,,. of .#châBl0ftl   tf '  ^" '»*  "y  Vo « ,Mt   bu„tl( 

MBtlmo«.  uth«d.,  «no.«  th.t  th» ,„,„.  Qf .t„ !      , CMt  "y co0,«ntt«.i  «,,, 
l.t.  t.  i>ot   mon.   f».t   t^   prone r,^.  01     ^tl " t*<,li0»-   »^i««.-   fro. c*st   bU- 

«a .**, or .uiPhU;P,;n;;:; _ :::;-f— ^- -»«.- bl..ftM. 

m •- -... th. a,t.lbuïl.)il ar .u,Phr: :
c 7;r:r:vt"

t ^,tnjatu-r,i MI
- 

». .i^.,.„..„lt,.,... ,Mt wm biou>< >f rt|w <M>) ^ ^ 
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M.« t^.tl^t.*. It hM *«eB found thM tlM lrn4rltlc ,cjtr,Mttnil ln th4 aonttavö 

•Mt .1... i. oy   50-40  par ,.«t   ;«.r th«  iu the ordla.ry  .„.   thu ,„  b.  „>latll-  „, 

tt. U.r.M.d MM r.f  ,r ory.t.Hx„.tioa «d th, 4,ore.„4   (<M.la3t to, .«,,„,-)•„*... 

-MM« or  «•  Ml».«.   ».   r*.,U.  or  «u.   l«„«u«i«  .r,  of ,r„t   ^„-t^,  for  pM- 
*.U.» .f M«h-„u.llt,   pre.,1««.  trun oonUauc»«,],  c..t   .i,.«,.  Th.  h»M»M.U,  0f  th... 

,ro*..t.  ,r.,W„  for .«uf-tun^  p.rt,  of gM.t  ..nrl«„.ujty   .ad *ith  * hl«h ri«. 

££IÜLi?ii£Ti*..i'.»2*i»fi. 2I_J2ä5'i_S*«*Ì2.S1 

••»od ««ting, »,„.   the   !„«.,   .urf.o.  „  ,„Ul«   r.l.n*.  »,  th.  «„. „f „.„... 

l.t. Jiavlne  th* >u< *i«. of o«»,-,.-»tion. 
Solldlf.o.ti,«  ,f   th.  „„„j  3Mrnv.     ?ron,  1c   trtt<er/llt|Ulfil40(i  flBi#bM   in  m 

•••11  »,lu«  long  th.  Ul,  of   »a.  ,..,tt>,0 „„„,   as   „  „^   ^ff3tp  4u,   tü   the  §hrlBk 

•f Mtal   and  tn*  »•í.r.é.t loo  *r* oon--«n: r..'. »it. 

th.   tlUOkn...  or   ta.   round  r»,tu,„   .».la  „Unify 1,*    ,o   ta.  „uid   ,..   vmxy   trrBglll(M. 
*M« lrr.gul.rlt, d.or.u..  u  :..i ..  th* «und cutía,  „^¡r,,, te.  vn. I.T.IO.I«, 

krt*«. o.u..  th. proo...  of ..f 1   «H«k^,   in  U.  «lai   p»rt  „f  th.  MH.t.   to  t»k.  .I.e. 
uad.r th.  ooodtttoD. of  th.ir Maa.r.d   filing   by  th,  ((11t«  «t.i 

A.1.1  l.o..n...  d.,.UP.   ln oo«..,u.Bì.  or the,,   „roo...,.   'Th,  „,,nt  of   th,  d€r,lo>. 
M>t of «i.l   loo.«,.,  d.p.nd.   U i«*,   ,.rt  on  tM   «„„»  of  8hri„w. ,h,n  eo„,rt 

tt. «ti   fro.  . uquld   -ot.   . ,.,U  .t»*.  „  „4)l   M   an   ,h„   4(Wp#f   jf   ;rr,RuUii ^ 

• l».Ullt..tlo«i front.   Th.   „«curt  of  .Sr,,^, of  „unJ.  fro«  v.-  ., •«.   «t^ru,..  ,tt. 
i.  wr.ol.bi. Ud  th.   ui»i   uon-.oitd.ty  of  tht. aMMBj(,   v. ?lej,lly   ,„„„;„,.„" 

to oo.p.ot  th, «iri  p.rt ,r . „,,„„ CMtiB8.  to8 j;,..^ ,op# „,  ,t .fr„t.4  b, 

. MJMU«  ft.ld  .t  tu.  ti«,  „f  .oi.difie.ttce.   To  „.„ „   .  po.ílltlu,    ,r -,„loplfÄ       ' 
flUulM- .^r^.tion .trip,   «ft,  ,vnillc   fl.u  ,cUc,nw  ftM   f()  fc# .4/rtj.-  ,, "J 
• f ••lidlfio.tlon  to   Ita   fiai ah. .i.n 

Th.  ...... of  l«,ttud«n».   norfao.   ,3rwK.   u  tDe  coatUu  u.ly   M(|t   o; 

».r .f ,r.4.. h.v.  t...  .t.tdle„   ,„   uje  oou„,   )t   i)S(lceii  d#¥„ rt j; 
«1, «uXd. .!•   . W.r„   ...p,f   .„«-,   h,  UÄia   lB ni,t.r   to  ,jlainaU   t.Ma  ^/..'r ^ 
-.11. of  tat. —14 »„   or  of  . c.r,^.t.d  ,aSp..   r„   Ml>ll«.u Jn  „•   . .or^.t.*  .h.p. 
«a tk. ,crkiQ«  .«rf.« of  th, «ouJ.i ,.„  .Q.d.  :, p0..me  r,ot utji,   ,,  en..„,s,i.  tft#        * 

f«. or^l««   but  1.0  to   .vou   an,  dl.t.rti«,   ,.lufott,)   ,,;   th,  c.t lf./on,..-.,atl<,n 

â  .ouU.f  «un,  .«..-.,01.,« h..   b,.B é„UanJ   wiLrt   .  41ff.MDUtí   h#Bt  t ; 
U«, it. h.i8ht. ...icn .ii.„ . m*i.r h,.t ,,Mrf.r u ,, ,Porld#(, f,„ ~[*r 

ofj«uoi. aoat.ot cr tn. .41,.t .o, t,. .„M t, fMMI „„,. of ld#al ,(.ca.t:;;7 

U.M.   It   J.  .ho« by  inv.«tie.uor,»  th.t   ,ut.rB.i   c„ckl   l0it,.t.  In  th,  blU.t.  of  JIZ 

i. Mr. «„ o.5 ut,. P.r u. -Diy.. ,MU„ or „mu d.^t:; "„;;,.;;* ; ^-«» 
a^^ t .   . ^   •"'   ^     wl i 1 fl!»|     IB     fico tilBdkr) *• 
Uà,  1... ooollne   tn, »^und.   tu  th«  .a- „Uhout f,e¡jlde  „fttíP *Mri 

«» « ;: :::r,rr/:;::;"Lr.r.: i":;:::^-;;«r— «-...«..... 
...ti«, r««nd ...tion, l,.T.  b.» d„.Xop.d. f*««»!«« th. ..t.l  *>.B 
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•Mil-, .f h*b aUo, .f.i. «a 4Ufr»t ule,, for ..ou« .» r„«mae  (uk)   ." 

is aaUakeratioii .1th » nu«W ¿f  .t..i •<,*.. »MICI* 

«,. ,ualit? of rou.4 «tal  pTOduo.a by  th. CS. or rAB ,„,„.... fro« the oonttnu- 
M«l|  iMt  i-ltotrode«   l«   at  th,  l«v*i  of th«  ,„»]|(.  cf -,_.„,   . 
•laatrod... »«ufienrn fro« «rou«ht 

Th. jl.id  of •,„«... l.   „i.. .rod,.  .aauf.otur.-i   ..  ^,0.^0,*  a*,,.   U b,  „.l0 „, 
• ttt btch.r tilt,   that or   t*s   .l.atM«  »rod«.«!   b>  «th.r .-i-ci,  tt„4 wl,,r 

Th.  «.«It. of th*   ...rt   «„,..„  ,lut  Uiow#d   th# acnela-     ri   to  ,t ^   _• 

«,.diaBt  to «t«l.,l,  *.,.!*,  t.,. „„ „o„.,,J(ll   .«,„„  u,   ,mnuf.„tlJ,tn8  oaBwamr. 
•l.otrod..  ,or th. VAN  «d  *iJ.  .roo.,.«»  „«. o.utUuon.i,   „„•   „ui.t. of hi.h ,U„" 
•tainl..., h.at r«.l«t«nt  a..i hot relatant at.«i.  «ad different  aLloy.. 

«itati«*. .,. „arri.« out  b,   th, T8MICM  ,. in  th. foUo-m,-  airtotl«,7 1#-  i0'" 

u.1^. h. .»..i poUrtng M.w ^ tUT,Jlth u mâJclnê iïoialtt wa   *  BOtrl;/
01 

í.     KhrthT  .t«d,   «Í   «.v..   .ouli   «»l.«.,u.  !..v,   M,«,f„.  ..U   thiota,..)   ^J. 
mm*,» it  Hulbii   to  e8St   «id.  »Uu without   longitudinal   .urfai».  oraekio« 

tt<|1   V, "**-;-•' -'* "• «p.t^ti„„ or r««f-irwWP. p„urln(( lB
-
fl0.bln.tleB ,tth 

"VT ;~*-««"   -   <>•  *»«" -it.  .»oth.naal  .mur... .rM.it. or  r.auoln« ,„ 
(flr.t  at  all   for .t..* po.».,.!«*  . ^H.r t.n.i.ney   to  ...onùar,  oxidation) 

4.    Study  of   ch«   tWÜ~phra,   ,«.„,   fcìd  itf,   „tM,l0B  flt   (,,rt4ln  oht-lo(il   M 

rtlMlM  to  th,   heat  „ohaii«,  conrt.tlo.i.  t-.ura«*   to.  biU^t  ar4d   th.  «,lron»eDt  ' 

•t«.!.''     0'T8i0P'^*',l Uf   '*P—'thoi,  of oontron.n«   t*«,  or,««, oont.nt   ín  tñ-  .oJt-B 

***»*»* *»•  ..U-lfytn,  *«t.l  atth  . ^n.ttc   fi.td.   oration,  uitr.-aound.   ani  o, 
Ltmuatto, of  additional  „„„tarn.«*«« c.nt.r. m .oUd.  liquid aad poi,r ,,.u. 
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