
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


Doo&C 
Uniled Wations industrial Development Organization 

Sec or i interregional Symposium 

on *h-j Iron cad Steel Industry 

Moscow, USSR, 19 September - 9 October 1968 

Dietr. 
LIMITED 

ID/WG.14/71 
23 September I968 

ENGLISH 
ORIGINALI  RUSSIAN 

B-4 

roiORBTICAL DEVELOPMENTS IN THE FIELD 

OF STEBLMAKING ¿/ 

by 

w T v   1     1 a.v o i S U.'i » 
V.l. Yavoisky 

of Department of Steel Production 
Moscow Institute of Steel and Alloya 

Moscow, USSR 

^ !S ^iewE/nd °Piniof expressed in this paper are those of the author 
and do not necessarily reflect the views of the eeoretariat of oSo" 

id.6°~2919 



United Nations Industrial Development Organization 

DiBtr. 
LIMITED 

ID/WG.I4/7I SUMMARY 
23 September I968 

ORIGINAL: ENGLISH 

Second Interregional Symposium 

on the Iron and Steel Industry 

Moscow, USSR, 19 September - 9 October 1968 

SUMMARY 

MEM THEORETICAL DEVELOPMENTS IN THE FIELD OF STEELMAKIWQ ¿/ 

by 

V.l. Ja voy ski 
Mosoow Institute of Steel and Alloys 

USSR 

1/ The views and opini-M express«! in this paper ars those of the author and 
do not necessarily reflect the views of the secretariat of U1ÍID0. This 
document has been reproduced withou% formal editing. 

id.69-6002 



üüM'VJi.J. '"LSF" mmçm* 

tí 

We regret that some of the pages  in the microfiche 
copy of  this  report may not be up to the proper 
legibility standards,  even  though the best possible 
copy was used  for preparing the master fiche. 



-.«       ¡""T^ of P'OW" «* conditions in the field of ste.lmaking (intensifi- 
cationof «te.l-.kins processes,  «hanging in charge materials,  increase in ingot weight,  deve- 
lopment of new steel grades, narrowing the ranges 01 constituents concentration   in    the    old 
commonly used steel grades etc.) makes for developing the theoretical basis of steel  producti- 
on as well as continuous improvement of longstanding concepts on the mechanism and nature    of 
individual processes and reactions as well as creating new chapters of the  theory of      steel 
melting, deoxidizing and casting. 

Of great  influence on the theory of steel production is the application of oxygen,     the 
development of the oxygen-converter process,  an increasingly urgent demand of a more complete 
metal refining from detrimental impurities and the presence of local overheatings of    molten 
metal and slag in a number of processes. 

The  scientific foundations of the process  theory  of steel produ   tion are:  physical    che- 
mistry,  hydro-and aerodynamics and thermal physics of mainly liouid and gaseous mediums. 

Further successes of the development of steelmak ng processes theory are backed by    a 
complex application of the improvements  in all  the three sciences in step-oy-step conniderati- 
on of all  the process stages starting from the steel melting process up to the formation      of 
steel ingots. 

Of late big successes have been achieved in the field of investigating the structure and 
properties of molten metals, particularly,  the form of impurities present there. 

The availability of information about various properties of liquid alloys of iron    ena - 
bles us to ¿judge with more credulity about the impurities relationship forms in molten metal, 
about the forms of sub-groups formed by their coherence and atoms of the solvenv metal and 
create certain process models of their removal from the metal. 

These data are the corner-stone of the kynetics of refining processes and the mechanism 
of metal refining. 

However, reliable and practicable interpretation of modern method! of intensifying   the 
steeJmaking processes in open-hearth and electric furnaces or the eteelmaking process in o«y- 

rî-s 



gen converters can be £iven only by a detailed development of the problems of mass and neat 
transfer In a vigorously stirred bath of this or chat Bteelaaklng unit. 

Of late special attention of researchers-metallurgists han been drawn to the problem of 
the composition of molten slags as refining media.Up-to-date clarifications of the ion the- 
ory of slag composition created as far back as 1940' enable ua not only to quantitatively as- 
sess the activity of different ions but also form a concept of the nature and the process me- 
chanism of steel refining. 

There is no doubt   that this fact  has played a positive role In the development of Buch 
ne»; processes as electrosU-g remeltiag,   steel  treatment by synthetic slags etc.. 

It ig very characteristic of the modern theory of sbeelmaking processes that researchem 
pay a special attention to the co-called "surface phenomena", i.e. phenomena taking place on 
the boundary lines of adjacent phases. In this case purely chemical processes are meant, such 
as oxidation by ¿aseous oxidizers of surface of liquid-gas boundary components of molten me- 
tal (e.g. sulphur oxidation), processes of boundary transfer of liquid-gas phases without che- 
mical transformation (e.^. process (ll) = H ads), processes accompanied by inter-phase surface 
change (slag foeming,  coagulation ur coalescence of particles dispersed in liquid etc.). 

The surface phenomena with regard to the steel deoxidation processes, the formation and 
removal of non-iretallic inclusions are of a special interest in physical chemistry. It should 
be noted, however, that the idea of an exclusive role of inter-phase tension on a metal-inclu- 
sion boundary in the process of metal inclusions removal seems to be erroneous (of great im- 
portance is the kynetics of inclusions coarsening, availability of slagging medium, availabi- 
lity of convectivo metal flows etc.). 

For the last few years substantial progress has  been made  in  the chemical  thermodyna - 
mies of steelmaking processes representing a science enabling  to assess the maximum ¿rade pas- 
sible of some metal impurities removal  that directly answers  the question of further wevs of 
raising the steel ingot quality,   of limiting its segregation phenomena,   the provision of phy- 
sical homogeneity (crystal structure homogeneity and the size   of inclusions etc.). 

The growing availability of thermodynamic data on metal and slag as well an multicompo- 
nent phases and reactions going on among the components of these phases (inside them and    on 
the boundaries) was greatly influenced by  the development of experimental techniques  of r»se- 
?ch and  the growing precision of parameter measurements of high-temperacure processes. 

The  following works should be pointed out as of special   significance:   the ways  of di - 
rect application of the activity  of some    components,   the process research in  the   field    of 
temperatures approaching  the iron rimming temperature,   the specified data on heat capacity 
and allstropic transformations. 

At present therp is a {jood deal of printed matter on the activity of components in mul- 
ticomponent molton metal, the value of "individual" activity ratios (taking into account only 
the effect of only one constituent of a complex solution on the activity of another one) and 
"individual" parameters of thoir reaction. 

The greater ¡art of these data covers molten metal;;. The case of molten slags leaves 
much to be desired and so far they are considered aa "regular" solutions and the values of 
"heat of mixture" are moetly used when calculating the activities. 

In conclusion it should be noted that up till now metallurgists have paid little atten- 
tion to physicochemical processes taking place at the final  stages of crystallising the steel 
ingot.  It was considered that metallurgists have no know-how available tc combat the fora» - 



tion   of "secondary" inclusions being formed in th. crystallisation method revealing ^faca 
activity on th. liquid .etal-crystal boundaries with a dev.lop.ent of ••micros.gr.g.Uon^of" L- 

However, of late the development of new powerful means of microanalysis: electronography 
neuronography, x- ray engineering, various «microguns« (electronic, leiL), ^ss-spect^met 
ry for gases microanalysis, 3ives ever, ground that having studied the proceases making f01 

non-homogenei^ or the composition.structure and, consequently, the micro-volume properties of 
••tal th. metallurgists will find the ways to control these processes by reducing their d.v. - 
lopment and further inprova th. quality of the cast steel ingots. 
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A peraanent .volution of problem end conditions m the field of eteeUaaking (th. lnteji- 
.Irication of «te.lmaking proceaaea,  changes in charging Mtevl.l.,  increase In Ingot ».ignt 
develop.«* of no« .t..i Brade»,  narrclng the rangea of constituents concentration^» the 
old co-only u.ed  «teal grades,  .tc.) *a*as for developing thanretical basi, of steel produc- 
tion as wall „ continuous inprov.-ent oí  long-standing concept, or, the «.chani» and natura 
of particular proches and „action, and creating new chupuer. in the theory of „feci »olt- 
irig, deoxidating and casting. 

01 great Influence on the theory of nte.1 production i. the application of ozygan, the 
dav.lop.ent of th, oxygen converter proceas. an increasingly urgent ceaand of .ore complete 
metal refining fro» detrimental impurities and the presence of local overheating, of »it« 
metal and slag A-, a oumber of proceaeeB. 

The scientific foundations of the procesa theory of nteelaakinp arc physical cheai.try, 
hydro- and aerodynamic, and thermal physic, mainly of liquid but partly .iB0 of gaseous «*- 
diuas. Further suocera  m tho development of steering proceao.. theory arc backed by « 
complex application of the improvement* in these  three science« m alep-by-atep consideration 
of all the proce.« .tagen starting    fro,,, steel «elting procese up to the fomatlon of • 
steel Ingot. 

The probte«, solved by metallurgists i„ W)Ht Cftee8 coaa  to the foUowlne thM. typM| 

1. The determination of tno erection of the process under the given initial condition.. 
2. The determination of the parafera of the fin.l (equilibrium) state of the ayate., 

in which the proceen proceeded. 

3. The det« minati«,  ,,r the rave of the procès« and  the   tiao necea.«-/ to couplet, one 
or another stage  of this trocen* (for instance,   to reach a certain concentration of carbon 
or phosphorus in the melton metal). 

To demoatrate the slaultaneouom.» of :.h* d^lop.ent and interaction of rheroal, hyd- 
rodynaato and che.ical process in a metal bath, it is moot convenient to apply to the ki- 
netic. Of .tcei refining processes. 

It ha. been ahown by œany investigation, that the jost of particular processes of 
steel production »take place in '.he diffusion zona»,  i.e.   that their rat. l8 det.mined not 
by the very act of the che.ical reaction,  but by the o.a. transfer of reacting partici.«, 
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«hare 

takln« part « it, y   ' lUl¿0t <"***»** 1« *tau layar, .itö CCV.CU« not 

to ape* about 9o« Vf,wuw. 1<tyer * f.     r       ! ;j"n— «»^fo» it la correct ** ^ „ ,„ ,^r ; ^ i: - --» • « ooac.Pt. 

¿. the !„««, ot tha CMBJ or wan a    Mlch 

/?<=» the Rejnolto orltsrlon. •"»••• 
»a theraal ouaixable iay«r naa a tMckneaa 

C., rAiirf 

•Í .f  tA**,   -  -£,    („fiero    y   „ u,aomic vl»C08it;r|   ^    „ ^^ #<—„^^^^ 

Similarly,   the dtffu.lon layer ha8 « thlcknuau 

>-~   ^rf^        *    ¿~ , aud „7) i. a efficient of aolacular UttmAm In U^d. 
O» tane analog  t.f i^yj, ^^ b    t  ^v>axtïar «n luf.i   ,»i        ,    , 

tion of tu» .ou<*oxe,ttl*r i«« nitoat^ aTÍhí'     Í ** e«pl.t. decarboni»- 

.Vtioa frOB the nftÊC" ot thfi »**1 -«1 »e «cpreasad b, th. 

*"• / f W    « «e  lalti.1 earbon concentrata (j,,am, / r   /wfi/, ! «)t 

*/e      « cartoon diffusion coefficient (.t t , 1«»^    t iT e cedici.nt i 
~s toôxIoA^ecj, coefaciant i8 oqu.1 

WbW. a8avffl.<r= 4 a.c).   ne.., b. clIiullW that duriag t^ tf 



tao «xlatonco of tao bubblo, too depth of tha dl**»«« ,. ,£r-rsr 

,       A * üai*   «•»••«7t bocaua« the crttorio. ftaotis. 

1  f^0' •occ'l'i"« * G*°« IB onu*i w unity «nd that the Moxi» n        * .w. 
fuaion,  accordio.» to Pick i* *«im» Ho» of the cortón   áSS- 

^Jílí        £ dici 

woer« 

•bich will naoupt to ;j.¿3 *«• r,/»« k»,,,.   «'».i- i 
i« oxidise, und«  the conduit all' '"""•"* i• than tu« car*» fio. whicö 

«h. roto  of ^J^2T*¿1«1 7r COnX'l*"V PPOC*" '*'*"  f0r * ^^ c— ***. oxidation Al«i-« to ttm cooTontlcnol batb-: Urf>,c*,    Vf « 1200 *f "      ). 

•ttio aaaaa that the .vara«* r.i«tiw ..oot.ct-o.rf.ra ,f -,•*,,• ,'/lMMr 

h»Bt  13 at  i«,.t titfoc ort, « ,f ..     .• , cjr.diwog «a.-«-« .«d „ui d.u-ing » 
e^wt». -«^*vd. l«^-r «h«  u- co.wntio.ol batl.- .urf.ee of to. 

-^j:i:;r^tr;r:^:;rf::::rr * - — ~~ íoa »y tb.  following aquation: "Muai« can be «pwrntad 1» it. g«.»! 

V * tha velocity of  liquid »otionj 
tí. « hydraulic Jiaaater «¿  th*. fio»; 

^ » kiiioMtlc Tiacoalty of top  liquid. 

It h» boon fo,md axpariaeotailT that th, offoott« diffusion co.fflci.ot 1*. ti- ^ « 
forth proceoa *„ . valua lo the  r«og, of 25 to 80 c^/Jl    ZIÍ •"* »• *•!• «#•*- 

ira? :~l — -^J- -—- ^"s^rssr 

It  ,« p»Mtun tc 8«y that at p„.«nt tû* «aatlt.ti»«. «oivi«     "í        T 
thio fiold i. airead, avalli*,   .„i ..o, polatll ^ ZlTjT    T "*"" *" 
»eaoa of .iauJotio«, naturally    .« th «.7 «  t  / "^^ oMoaiog    Uar,   for Inotoooe, b, 

great aortico  lo inv.otlg.ti« , of .1 «•t.Uv^.o.l pr,c.e„.e baa raoderod a 

-pray w.„ of ^J^l^T^T• ~    •1-"1P"1«   rBfÜ-«.   ^ ««ti.««. 
fraction botwaen  >,„ ^     I ,  ! '        cU^0V9ry    '   « "«b« of important dotalia In tho ia- 

aitati.; of ..t   „l   ^^ ettUn;tloû of töe ioií> oí —- —^- - ^c-«i.a 
proceaaa. .. op.o-,^^ ^ 0OM#srt.r 0BC. thilU(0 ^„.^   ..^^ or ^   *^J^ ' 



X* »&• t**% fa» y«*r» «l«tlfi««B«    «ceni IHM bean «Uaiiseâ i» tba f.k«ld 0f iiwaetl- 

g**liyr, th. atru^re «.ú propartie, »r wt^wflcal .si« both of «.«tai «d eta<,  and, »pe-- 

ci.ttc.ll;,,   :(i  Jjv...-M¿„ti«a of «-.a, «or*« of p»wtóc 0f «iHsi«. comprimât* la tMsa aalt». 

i./ t.taf.  usíKi-Bt-unJioi- tiu. «»tur«: oí «.-tai   r«flr.iu«/ procew«,  «tyataill- 

;  «;.¿.<.*-rx«v<, of base  íi'.é-st .nict'in; dsfectf, iti  c«-v.  »étal  l-. completely 

lapunty o' •-W'.TH*« in :-i   üyUrt »f til "Je r  z. ' mA .•'ora* 

*LIí   ^v#"t for *¡\yts 01 íCtl en -<¡¡\ l-iiiv, vracd.ii.'t en'.; im:; rote- 

aba i 

fin ^"yeB<»jit  t 

t  i.;i   j t,e  KA Li*.   ,JüU;I":.   -.-bed    ,->i   Lue  mital 

"í      ;ul-i   at-,-.>li.j;>-li;al   ;-.l*£s. 

„ '.-icj   -y >-   .«-rlrifrr.tr!.   t.i»or1a8 oí atrwc- 

,   •'•   •«».-..:.* '•••tfe'-itilx  I-* uorsd thí*  Bod«i 

«'--•••   i.*- •/•>;.t-.if!>v >...-.• dt«.-.'» ./..<*•!• I»f-cly 

'. >.£ÍíPCU • lug «t-jsia,   in  rj'.'jort.   to  ...nh Le 

It 4.M e M fe 

?.a» ion .,." »» ,sj,  * ' 

bSBfa   jn  **!:,.   uc.lír».   •„> 

»<•-it. 

It    ' li   ^TV-HT'li   <;: „• 

•»« of   til-«   MîTJC'•-,:-,,   c-i   -l7);i,,¡ií,d ««tai 

princÍT>i#8 o¿  tue  Sh«*ci*y or  t.". t-tc-uet-u*.«  .** 

•»HO".,; nu»<*>rouB,   t-hr,^ vii)   1 ,*.£•,.< f'lci«/i; ] 

fi ut-M*  ci li,-    •-,,  in ni.,»Ucfti1o!i  t     r- ««*.   n-' «M 

i-.".   JI'--.-U    .ryef..- .   at **•)>." i:.\   . *.,-,  ;oi *-..- 

itafcur'Hid,   . u'   tu   '...,««• i     r   t 

.,1»'-*  ¿»t'>«,   ¡v-Ä  s'irvi v^xi. 

"ùi.  ^rtial  „ic*rt:ì(; ci   ,-trw-ture,   ca.'1-.d    ^orw-aag* or^r",   i. < orr^Ktod  by the 

JBW^gatiOno    U>tO   ,   tìU*.',U    Of   ,-.VOP«-t.i?t   Of   Mçuid   «*3i.   («tìM^y,    „ap01i,   WM1,,a>    thar- 

M.  capacity,   oU.) ,;, «eii  «« by ^-^.^n.,»:.. 6I-  x-.^,  jtr^,-^  an^-s'.. 

U hM  •.„•«•.  tò^f   for inet,,,,,,   e*,«;  t.o,  ,t   , e   „,,rl(,u,n      cui-,«,  f,,i ¡>ur«   u-w 

er* r^Uir t..   -b«»  f or t>    »• r,.«..   ti», corr,.e,„,;  u  tu  -.hrun-s«« of . vo^trical- 
*y «.• ,nt»rco -ubi), mh^rfim  ìSrc.» p« ;   . m» fai   ii«oi;~,-.-.-rw   ,-Ul-:?, 

ft'bfin   . ..•iú.í.c'v neu«.!  te -ooìoa, t-öfec l\i.i.;- »¡..(,j. 

IUKü*c\\>jr*.,  tht-ix iwcur  «banifoo i<.  Ubi  ¿«t^ci .;;i 

,i*ii cùn«i.'jc^lT? t-y,  atr..; Ouu to na !ücr«»i««  in fie 

«ppjf.>.-»cli¿»if;   6,: Lie!  -itttic. 

for the   túcüj-y   . f .îPlat   re" 

X-.   3Usi Im   vr, X-r-îiy pat- 

'i:   i.ïn;j;-ii,un- Ä;-i-;o(H,.hei thf iiqui<lua 

:-'-.>«*tieo   >:' ai t->j   (ita víacoaity,   th«r- 

j.t.'.i.-i  ai  £,fc(i. ehoi-t"ranga orde^,  I.e. 

-•ut!VU ir «'cai Is or groat laportaso« 

l.c^ trj-wnnua.  ^be '••;«,-».v^mtau-* «..a,  prntabiy in « graater 
f',egr,j«f.,    ;t-«.   r.i-i ti:¿  .¡i    r  ^o'-.ii^?  lapurltiag  irr.» r.--.tftj. 

tn«vg>' «if t>m  ..«n'ciis d',.,i«.olvei in  ih« *..«..»¿ 

oí tbift >«J.«idií-...J «a.-«-, thí  tj-|.-a et croup;.If¡- fora.-d 
v sut. 

tiltout    •..vAr,¿T-r.o,.-tl    to ., e  ccriptìo» of ,-ua,t.r,,1UJ aipariaantal  Ir-reatiaatioM of 
Sit i a j? roblas,   ox,"1.} cm-tií.r, TIC -t>t ííA-JJ^Y 

horulu. 

tu-s..!.? i^peLj oc  tu« bliuving 

i  a'   ïI.# '^jivujït itbeii,  o-  tüe írraa 

*< i ".puritlaa »i * h fctop.a of ;-)-i« eoi- 

r»t-alt-, oí  «eh Ln-/« atíi:aliona »ili   t>* crecentad 

. '"^  ""'   'A'p£lW' -- •'-^»'••^^  in íh,!,.  u.-4 forw o¿" aod C¿-   u: »often »etal. 

01  tlw Cmu«p  .ov:ti,  i a  fw-teropciar '• ^ui).   íha «>.->(¡,u, 

?vour«  ar-i  í ti-'.nç. - ".-te-   th,, -.-• b<»-..la *i«,  v^,   <• .¿rr ¿\,n. ; 

lindar fa»v. "obi-, co'..v'. » lor. •  a, 

pili'i J    b?   .VJO; "¡M     iï-iï.    ;.-•.•,    •; 

Of- «-.Tíf^Qr^ 

•i;nr:    ;,,.-.   urj.íf.bbrft'.nfi 

i-; 5i«:¡ik   vCXiO...   iiCrwef-i 

sc-.TH-.tfi   •••i   - .   in  'h;-  ... ' -;pla-:toer ^   of t^-t^  ^ -..uf ;, 

«nd  ,ae rhApí-     ..«ri'o^cu.;.* tí  ;i«,~1-r.!na or 

the *j.ifc>   ,r    r> 'iif^:   f*f:'ing  Inte '>u.¿r 
r-'-tvo^hi,  ••;(.  «-'.sartie*: 

(loua)   '.'f 

'»i'.ji a •«_• 

¿ane  «ithin in-ae 

••>* "t !:.••   ¡o'vat  ([thcufjh, 

*rJít'."'- "aj' •'" rt- 
(î'.-î rf""+ -   C-"    >r  í\>" „ ;-.s- au<t 

t. •-- b-JunOarltra u t*-'-ta i.t a a*Jt 

«nr.it-.t-   -.nd tíuujo inte. i.wie i   wuaieoa of 

«a*£«'fi,   'i.   ir,..-. u,.:.-t  i.-,!,o aia¿.   rhotipüorii*  and 

• i'f-rrl.- j«.   itít«. rao :,1 cu i» Uh atoo« 
i^,,   tb.L, *:ca •!>-.*  f--r iba   í«ct t«-t they  to a leiser   t^r, ,   -.rt-ct toa 

v;.¿y jt.ibi« i-r-.L.pt .-í   •;.'!*,   t^p.  r,>_i' «„e  ^^.jt.  c-nj.^ »t hlKb 

'/.f.i  by  it cat-.! Lar avvf.j 

ií.kfiy 1a  thuii- Kirr'.r. I'liiü. 



-ammtrttlmm of pbo^horyu or altro«» en. »w»-     «. 

Taklniç   Lr. if. accorai-    —,.  ,i, »» '      -- 
^ *-o. ^ „,_,.   ,, HU0l,,„m- ~   ;;   - —io..ltWjl lndlTldual 

M* to urn. o,tH, ;i!,,ai;j „r   ;jm c0lK.,t ;    ° ; <;      - ••     -  en ^ oth,., b(ind   ^ 

** t0 »^' "C c-r..o,....|;.  («a,   c       Ki     »,    Vi     ; U'ty tlia  »""   '" P«-at. 

t^. bct..„ 03.-„.„t ,,«>« («, 10iia>*-# Timt;; ";:fu:^ ««« '.<»• i««) v,mlltl, 
1.«.   »uci, neJtn Si. ye_i,      ¡. ,lmt '"    **-*A    ^.-,B 4.A-   ,B 

<*ij «il-loou .«ü,   t.-, u CHr-..ML orfani , " ^ec«e.   intrusion Bcil.-i-«olntt#«.. 

*"     U   h*r*   M   -orci»*,    th,   lr . " 

aac  ii    ; *nd oxygen 

-«    . *»      etc,   «nc   an,ljnef  /-t  p3..    ,i1...      "    •AHt.v..v  aa.U lonn KcmU>yaB  ^h ^ f#2+ 

Jo*  I*.,««.,   il.-lcra^^ft.D.  al^i^u^ox,^    J'8e   ^a^ii,-,>   -«••T. Mg.tiv.0, ctall#a   ' 

•  ' * • ^°' \ » -v°7 » 

Uo-1.» «Uat   teener .tlh   lnn.p ; ;*•*»•  «»••'  ^•ct.wu^anj,  «ndl^œt.fd .^ 

for latitane^, in a a.-it .-JT*-.*.--    ^ P«rt^ij^*on oí  3i„g. 

»/la fach tÛMe „.at£ w    t u 
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O*     1.«!), 8i04   U.7»«) (arador, in paranti».., M. «hoWí *» •ffMti«. radii of ti» 

of the  ion u ,BttMU<1 a,camlng tc ibm y^ of tiw ratlo »        efface 

oi ..*0A       í.V,H accordi.^ to í-.he -quattoni 2810^ . 02- • Si20? 

frou the diai.nte)..rotf 

ti«, o^lnf'" °'   V'U'   klUi ""* •MW'"1 -t*-^i^ '- P«fo»dJ, analyse I^anai- 

twMf.n.1«« ,w,,u o,   ,,dr<{i<;a  tü  lhe Porf)l froa tü- ataüa^,;ri,# prot0CtjJMC the ^_ 

Tb,,   ;,,,e,t  KSti« or t* .ech«,.^ «a kWUe of tn. proches of refining «tal tor  — 
». »fi« -ad .,* ph.8tt, eMt rlM to bM _ Qt. tn« -J  nJZllL 

-"-i.e..   «s,, (..lai.,,  „ny partie:*  BiluHted within « voluae  of llauld 

r, - or,'. 
(7) 

rh«r« / Cj , eoncentwtion of <tiBÉ>olv<*¡ aatter« 
(7       * surfaci.' tenotois,  »rR/eq.oa. 

bua« th. conception of adacción n  1, p0Mjbl#, .t lwt .«^^ 

tit,  C.T the at,«. ,r lroo wd ...j^^   lr   ^ Mpf>e# J «• W 

portion,   tbia l^r appratìwt., the oo^und PaS. " C<*" 

oiling g^i,   ftB tij.  udix-jti.jn of y a«.*-s  froj ,   :«', O-^^î»    * ,„ ,   .« „ 
f '• <- a»» p.ittss,  lor instance,  H~  = an, 2H B 2H 

protease»  ¿e  i.;j,   tixaasiv» «ur'ac    .5,i*«,..v     ik<„¡, ,.    . ***• 
«.m.« »ha,... '*       *  Q '•*" b<ün e«««t«t.d on the ourtaa. of a 

It iE » /iotat,  that  th* aore i<iatM-n^<>   .^ »•»> 

ooaUct «uxf.ee of tble PhaaC ."h 2 2* * í"m'9, ** ^^ iS *"" **1«* »•ein po«sc »Uà tj^e phaa^M turroundijjg it» 

•pac •'i- 



AM the a*a»o*_ _v . w ol *"• «urric» forces. 
M rae exaaplea «howlae th(i „anifeetatioa of the.« *w.. 

"«ttlln«- of «lag fo^, aiMolT,      cr t,        "L!f íbe" fT     0en M• «» formation and 

•***.  -««toi^ of the e^e ai^t^r        Bl8€' "WaaSiD8" eiTaCt'  ** -«M-l 
tilt th¡»oiy oí aurf ace fence«, fcsa f0tM ^ a,wi-ii, ,.-„ 

~ro« aow.wuc incido     aaaelj> ^ „CLT«^ ? Wlic,tlffl ta »•»»** »« 
»lox procos, i... th0 ,;onceptloa o/     ^ ^ °;^^.  AU tu, otasea of thl. co.. 

th. tendency of th, w,bCil t0 th, ^e^T" !ft
beln« °b80rbed ^ -^ «•".. «. e*,»* b, 

"î^wiont «.nw-i«, la the surface energy content according to the 

¿i S o   A S JE  rr< o 
*•» 41. ****. * tb. i3U;rjh.3e  eurf-e# ot ^ 

6  - sterpa«, tacine „n.rw  cf the „yeten,, 

->. previa f0f „ ,iIt_ly ;^ ;.:r e;,r;::«;r/^L*"
1014

" -^ ««*«•* w " ;: £ vrr uic^'"*• »---" ;r^r«¿ ~tml oí iaciu6ioM ~* 
*» ouljr e^r ft*mtatrf!     , Jvw tflJL, P1W9,1     t,d a0Ve,ftat *** —** fí inclusion.,  it 

1.1  the ir îarphiv e F .«r- 
et tua lnt-rf-ice of «etal-intluslona,   le lar-e    rM« f»,<,,* * 

•Ho lurn«. the proUoility t>,t incluí, u^ be'cirri LVT^ n°8tifl6 " *<"»«"•* 

-. iw.,, t^ 18 .UBa <» tto ;:;L
r: :; tU::;. h# ftbac^uon °f iaci^°a- ^ «- 

-ìieMical tbenaoi}-aaaißs ha» .»hi.,,   i 

"«••* the c^irn«., it„.lf „a „tL^niT    , t°eMl"""1 *" ""' -«••"'i"«.. »„ '-«Iti«.. «»J««« u» d.Mamc. of a» ,TO1Uhplll. „,,t, _ iitiiTi>1 

'•!«• aad che«ical reaction,. ' »11«*«»lo «»»««•.,  the focati«, of .olu- 

2.   Studiale the equilibra of variou. proc98809 ta »«„.,,.., „ 
%  Studying the n.tw cf «oit.« *ctal L !"!        , ^^^.ture rmg... 

•-U*. of the  la« .ùXC, OT»   J iÜ    " ;^*  "7^««^ of the applicati«, in .«cn 

-rgicia procoaeea, are inTolved «th.,   n   K !       Boltttioa«-  ^der ooaditions of «.dem «,t«X- 

-r„te h,4;ot t0 -2^u ^r^r^^^r^ ^even hi8"r)'— 
- rei«,*!-•. osperiaent.H, t^& ior co eid.rlbi.T «rroaeoue to extrapolate 

lied .xtr^axy btC, t^to... j t^1^^^ TT***'-  * "** °*»*" *»- 



à* •" 0XMpl9 of tbrì »•««••it/ of an axpari.ant.1 .tnuîy of high tiipintw,, tow 
•Ml U ,1**» two action, f« th. ^lability of ai^5ii I pu.« JUT 

ig 8„ » ig IJLL „ . „262.. _ O05t aBhitak 9t ^ 

Whar* P, 

*T - °« '•he prt-seni author at «1. 

W ie the boxcnetric  Ranura duri«; the crp.ri.ent,  ^ i. th. iron-v^«* *wl« 
Cfe the tetijii;rature  ai the 

0 * ^°        1'v    abc' *'-«« "t twpemt.tr.« In the raup« of 
« - 2800   - ,»«> eVi,  tll,  ,lrav oaiunoL cWj;i alscn twofoirt ^^ ^^ ^ ^ ^ 

'tYat T aCC0Uat ^ eV*SO•tiw' *' ilon -A, cruenti,, .,„ «,. p„imiro lg flJMd 

"ci s :^z ,:^: rr^;? "V!;-- íor ib< reot *•* - - • 
«vrfwe of th, 5 Wi. '   "*^-off • of th, nitrogen fro» th, 

ttíJ^JTT^''^ PK:''flUX', 0r %t" a3,'^r "**«'** «- ««*..** iron can be ob- fln.d only unoer a e*»:*»«!, nlgb,r f„, 3urr, 0, tMa raaction ^«T 

th. forature •BeB VBUfti  ior ,te-1 ^^ „^ ^    JJ ' *£ £»•* 
pro^ertlas fro« id-;al solution-,. Therefor,-    <„ „11    „        , ' Wl*ir 

«*>***** difficulties i. „t^,ng Mttnv value3 ( a, c 2LS£2£ïl 
( r> «coordln« to th. ecp*.iti« of the «It «* lt. ta.peratu:.. «-«*«i«^ 

Ctc- MCI 
"tZZtilS* U " "leht CO:,COntratiot- oi' *»* ÄlMoXvd .ubatane. O*!* if for «,. „u mtmr 
ln«.tigatlon we „9CaP « c.rt*in .oaal, for In,tmc., that the collutto« of T « »T^ 
otc.    in iron apnro.Uate u.al on.., or. that the aolutio« of S, C    O^tc    Z'SLT* 

1. tlïZ   f. (  ^ } 0r lot"*!*i«» Poeterà for solution co.ron.nt. (OIL i. innari kamnt  tto ilUera,.tion ^^^ t- ^^^^^ ^ ^ ^8a^- (      ><•• 

t.eL:n;r ::i;r:a:i r;r:r r:invoive difrwtie- —«- ^ „.         ^ b    er,ilJ' cav* fc0 d««l wJ fth «ulti component solution, in whioh M».MI 

JZ T   ly lnnUe0Ce  the ViaUe °? th0 "M^ coefficient o    ^* ZTl 
•x, other woraa, th. follow!,, relation la tr,o for „ulttco.pc.ent ..lt., ^^      * 

To dPtenaln? earh of the particular value« r,r   7T > .^ ^ ^      "li,r vao.uoa or   ö    it extremely difficult    n «h»v t... 

«ly    hair Wcipr«.l influx, (i.e.  t^ Into account only the ..lu„ of  l/^Z  7T") 

f *^¿ I     ^""rt"^ «' -vSh a^tiona and in^our.c, rf «ÌLjÌ5 
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» «•••»lain, tu« «otivit, or ¿LUBC.1T.ö o»»B «*•««<» km» w« «umi „^ 
To dotoniine tb-> activity aï ,-«•««„- *   , 

i* i- OHO,, tt.t .«„,; t„. : iLt «;"*"?-tttUr ê<,u*io*> •*• 

Ir.*!, fauna „ »1(U appunti•.   tMy „„ „ fo„  ' J co**"-—«• and th.« ^^ 
»or fenou* oridss 

1000 -a» /2, ic« 
"*« •X*. V"5 

•  10.5 ( :w 
433. , <f î • -r ^ 2¿¿2°o__ oto. 

t*. »U-borU* for Ine coemei.Mt.   TU PP-.erVf(1  fH 

«d sioj „ ..„ „ for ^ rad,     A 6; **«>««• MO,   A «t,   .. 10ûoo Cftl> fop c-0 

AHJ(6 - - Mioœc«,. ¿        3-5 ^< " - ^Too cai. ,o, co wd p2o5 

an .«.ptioaal .„,ceae ifl tMb neiü „„ b#€a ^^»2 loir• ""* °r CaXClUB 0I14- 
In conclusion,   ît J8 eru.di«,,»   *    A    ,•      rV*Teö b» »-Chip«•', 8cnool. 

1 difie.. -° "»*•»«-»- *ûrt microvolts of ,et.l *. lt to_ 

•or* it thtti fir id ta c«i 

r^dued (Prxnani^. cMt) ^1*1^^•°"" ^ d#P*ndeno« °f «• proponi., of tho 

^on, ^.iug dendrlf(. „„ ^^       Mt^ »»"eh •« .tili uquld ^ w „^ 

o««o of the à.cr.a.e ln tbeir „lubu * j"1"»'  »^ "• «Opttd..,  px^lpiut. ^ 

PU«, ti« .volutlc« 02  g.8ei fP(Ä ,h.    0 , L 1' "   'V' COOlSl   aûa-   íin*11'.   «-» t^.. 

HU auite •8ntly.  BtmfeB .f tLt     Lt. IL01"":: 0f 60-8 tW °f "°-^- Prtato »octalcoi MM1.. Proce.... Mre Rr,-Uy ha.pe„(J ^ 1-cfc Qf ^^ 

¡WV,  noutronograpJïy (n.utron-dxrr^et^» êfl      l"1"00 4i"^M« •--»>. «.^«o- 
l»TO boon »entloned «boW ar« .«-h xo.tru«,at.7 *8pefifej  v*iu* '« th. purpow. «a0Ä 

.^i^n fro. eâ^ to ftcw) .loct^Lt:^   rr-r
Qg Ur  —.1, .x^in« «. 

ï««-l«*io« o» bo-ba^iln« th. «irf^.  otjTi Z     i  ?' &re  ""*" - tÙC «WW o' 

-—. - «_„t. „ Ä .^r;::,r^:rr^:"r:;t:;j:cr„"^. 
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•taille iMlwicw, whLQh occ« ^ th, lwftllât0d „^ 

rit., p.rlU,) o, cast irn^U        ol        Tí4 8trUCtUral C^«-a*« <* •*••! <«**• 
••at. of J^drogen.  Ä eDZB.a"!^ ^J1*""  ^«»«t., Sohlte) n.T. <Uffer.ut co»- 

.«—.    » .... K1»*».  Dut la highly Increased (bj   $~ft   CU C*   /inn »i  <- v •OB«« of the grain, *•*.?*   i-u.ca, /TOO g.) tn boundary 

tholP prevention. •Ct" ** ttetÄi "* t0 *•***» «ethod. for 






