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SE3BÏS&.

The rooder lo brief];/ Introtliiccd to the euljjoot of eurfaoo 
thormoî /naTnloŝ  nnd to the rolationahlx) of intorfaoiol free oner(;ioe 
in %)o];yw])l%aaQ 05ratoma of partioulor Intoroot in jnotallur^* ̂

T W  oeoond part aqcwatoly dofXnoe an avorâ je ourfaoo fVce 
'̂ 'energy, cf̂ voryetalllne mtoriala, from the surface free onorgloa of 
lodlvi,diml''Oryatal' faooe. and a yatlo is üoaoriîiôû v/hicU is applioal)le 

■ %.:to-'()ny;-mei#er of a, given cïyatnX oystom* Thla ratio is calculated '
for the yimplo Cubio/P.O.O* and B*OiO; syetom̂ '- for. Meal ̂ o*^tale# : 
and figures aro aomtriActod for those oystoim shaving the variation : -i k : , 
of apocifio surface free onpr£^ \ylth orientation* ; ̂ Prom cpnsiüoratïW':' 
of tUo to3%)GraturĜ X,bf sintering ;(̂ :::pf diffu#iqĥ "' '/ton̂ ozatwd
is sham to hovo little or ho irréversible èffcot ohXtho /̂ erage''raî lo'/:̂
; for rofTaotoẑ y oxideŝ , \with_ -som : .possible - - ohooptions/huch',: âs'l%ÿ)*\.:'The'̂  -I:':"' 
.meoîumifmi of roorystallioatim is hriofly oonsidorcd in tcn-is of, 
surfaoo onor̂ ŷ* . ilîuch oacystal; defects as, g»?avth faoos. f £^ain hoimdaî iĵ  ̂ . 
dislomticns and VOTaio orystnls are sham to tioyo negligible offset- cn 
total■..svirfa'oo;free :■■energy* • - Galoulaticns 'oim nxidoXOfX the-avorago'ratioV' .' 
for soroe i^ilyorystalUno ivtorials v/ith varying degi'oes of proforrod 
orientation., suoh as oompaots and wires* /

The ttiird part is involved \/lth the oalculaticn of tlio surface 
free energy of rofraotory substanoes^ ; Graphite is dealt. v/lili; dt /length,". 
and foi;nd.yto lioyo: a surface, fz^eo0110%̂ ,̂ -at soro of apout
3# 100 erg^cm to over h* 000 erg/on . doponding an the; oriontatidn ,of''-tW.''-;
, surfaoe:■"■■ its : surface. ontropy is also oonsiclorcd* : The/Ciyst§l/.strudtUrc,y
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‘t h e o m r g y  imü t W  oi»ltlonl'tcnp0mtt.w0 :̂''jfo%%<'''thO;Maia:. 
of .\thh#.;'bâl(iulatl(w  ; aiid they nro .cactetuled to foux’toon coclclca rxid 
/3 SiOy 'The' holly ll'tiuld #:mafofnmtlon la alcio oonoldorocl̂  * tmd ̂ 
tho durfcoo free pxior̂  ̂of aomo of thoao auhataz%ooa la onloiilatoû 
fyoni ntiabluto sofo to tholp qr:ltioal tomnoratwou, Tho iixithod uqed 
la almple and It aoetii0.,to. ho-yxt'làaaiv,aa. ̂ ellahlq.ad, .cmy othey, yet ..
dOVOloX>Otl̂  ■

X̂ inally, aobio e%j_X)rlr,iontnl %7orh la deaoylbod̂ ' xvhloh waa 
doairsftod to r̂îOiiauX'e qmtaot nngXoa contlmoualy over long pox*ioda 
at hlĝ i teuiiKDX-'atiiroa la order tO; eatimto varloî a lnterfao‘*al̂ lxira-' 
metora# The solide cmployocl veva graph%to^ lux̂ a caxl oompoalto 
oxideŝ  Silicon oarMde and x>uro Iron/ and the liquids (were' ' dxlcle 
elaga$ . pure iron f W  ix*oq/oarht n alleys j various atii?,ospho* 'oa \/oro 
(^ao uaod* ' ""Thx*co 'distinct''Vxjos" of grapîïltO siî aoes'Wvoro'oxiMno'cl,''
' tiiq. X̂ reparatloh ,;pf. tl leae and otWr ' Specimons iqVâoaoxdTxïd#-.

ulafgs made from OaÔ  Al^O^ and alior/od contact 
angles on (p:»a„phxte of 125^ to IjJÔ  holw ; : ̂Xpĵ yq this tcîapçratux̂ e ; ?
reaction v/na aomotimos o1#eÿyédi%$:'lmer pcntaof /axigles rosultodwlzXX'ZX 
Xncx’oaao in ijlOo lovmred \tho; oohtâct - Wgle '-'hut..' the.-offcotS/.. of, - yaxying ■
OaO, HgD' or Al_0, \;ero not significant* Tlio (.mgloq iwero ’xlglxex’ for

.Z: vv'XXVr.iX-;:: -' ' :, :yZ Z; ;
'gx\aj;Mte of 'hig^ "shrfciOe' frëc 'ond 'conVorae:̂  ̂■ 00
atmcsphores roaultcd in lavor ooixtc'nt angles tîm those fdurà,- W .v̂ icuô  

blquld iron̂  in equilibrium %;lth graiiiite at 1160 *12/*? , 
v/ot it T/lth contact lUv̂ los in,vacuo of 55 and 59^ aexx̂ na.lng m  the 
orientation of the ŷ raphitc* A modified suxfaco structure is %x>stulated 
to fox̂ o, from a reproducible clmnf̂ c in contact angle v/ith tine# An 
atmosiixero of Ilg onlianooa tho yetting^ loading to a contact angle txT 37%
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Imt In any atmosphere V7ettin,g Vas hindorod Tiy imx>urify in tho grapliito 
or in tho iron*

Ô dcloa v/ero not v/ot ly liquid Ix̂ on v/hon no slgnifioont . 
réaction ooourroü. and ttie oontaat angles v/oro voxy eimilîir for oxideaZ.';;:r;''V'v'-''; '* * ' : ' ' ' , '
Of v/Idô2y difforing aurfhoe froo onor/;;ioq̂  , Xlacguea oontain:ing 
and Or̂ Ô̂  t/ex'o found to react v;ith the ix»cn giving contact angles in 
the region of 50^ for tixe pure ooddes^ t̂ nd in the region llo9# l̂ p*̂  
for composite odLden# A' significant mmunt of 3?oO in any of the plaques 
Y/os foTtXnd to xyoduoe Iĉ Yor contact angles*

Oome oKide slags vzere hriefiy investigated on solid iron, 
and contact angle a of about 50^ v/oro found* .

Oonx̂ nripons \;lth published vovlt are I'ladc tliroughmt tiio thesis, 
and practical applications of tho subject are' o%C%)lifibd̂  ixi tW 
appropriate places#
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SuimiiaxT,

The reader is "briefly introduced to the subject of surface 

thermodynamics, and to the relationship of interfacial free energies 

in poly-phase systems of particular interest in metallurgy.

The second part accurately defines an average surface free 

energy of crystalline materials, from the surface free energies of 

individual crystal faces, and a ratio is described which is applicable 

to any member of a given crystal system. This ratio is calculated 

for the Simple Cubic, S’,0,0, and B,0.0. systems, for ideal crystals, 

and figures are constructed for these systems showing the variation 

of specific surface free energy with orientation, From consideration 

of the Tamman temperature, of sintering and of diffusion, temperature 

is shown to have little or no irreversible effect on the average ratio 

for refractory oxides, with some possible exceptions such as MgO, The 

mechanism of recrys tallisation is briefly considered in terms of 

surface energy# Such crystal defects as growth faces, grain boundaries, 

dislocations and mosaic crystals are shown to have negligible effect on 

total surface free energy# Calculations are made of the average ratio 

for some poly crystalline materials with varying degrees of preferred 

orientation, such as compacts and wires.

The third part is involved with the calculation of the surface 

free energy of refractory substances# Graphite is dealt with at length, 

and found to have a surface free energy at absolute zero of about 

3,100 erg/cm to over 5#000 erg/cm depending on the orientation of the 

surface: its surface entropy is also considered. The crystal structure.





the sublimation energy and the critical temperature form the basis 
of these calculations5 and they are extended to fourteen oxides and 

P SiO* The solid/liquid transformation is also considered, and 

the surface free energy of some of these substances is calculated 
from absolute sero to their critical temperatux'es# The method used 

is simple and it seems to be at least as reliable as any other yet 

developed.

Finally^ some experimental work is described, which was 

designed to measure contact angles continuously over long periods 

at high temperatures in order to estimate various interfacial para

meters* The solids employed were gfaphite, pure and composite 

oxides, silicon carbide and pure iron, and the liquids were oxide 

slags, pure iron and iron/ carbon alloys ; various atmospheres were 

also used. Three distinct types of graphite surfaces were examined, 

the preparation of these and other specimens is described.

Slags made from OaO, MgP, AlgO^ and SiOg showed contact 

angles on graphite of 125° to 150° below 14.90°0 : above this temperature 

reaction was sometimes observed and lower contact angles resulted. 

Increase in Si02 lowered the contact angle but the effects of varying 

OaO, MgO or were not significant. The angles were higher for

graphite of high surface free energy, and conversely. A, 00 and Mg 

atmospheres resulted jn lower contact angles than those found in vacuo.

Liquid iron, in equilibrium with graphite at ll60°- 12A7^j 

wet it with contact angles in vacuo of 53° end 59° depending on the 

orientation of the graphite, A modified surface structure is postulated 

to form, from a reproducible change in contact angle with time. An 

atmosphere of II2 enhanced the wetting, leading to a contact angle of 37°$
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iDut in any atmosphere wetting was hindered by impurity in the graphite 

or in the iron*

Oxides were not wet by liquid iron when no significant 

reaction occurred, and the contact angles were very similar for oxj-des 

of widely differing surface free energies* Plaques containing SiOg 

and OrgO^ were found to react with the iron giving contact angles in 

the region of 50° for the pure oxides, and in the region 110°- 120° 

for composite oxides, A. .significant amount of PeO in BXiy of the plaques 

was found to produce lower contact angles.

Some oxide alags were briefly investigated on solid iron, 

and contact angles of about 50^ were found, .

Comparisons with published work are, made throughout the thesis, 

and practical applications of the subject are exemplified in the 

appropriate places.
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# d ? a #  pli0xïiftàoïia g ô #  feofc' W' t W  ‘bëglarÀïiQ. 

o f the 3.9th (ÿeâtefy .̂ eM i#e%#w wca-fc frnt üo W iee#A &era Koivâiî ^
îî- , J, ■ .,

(kiuéa'̂  ohél 'fchoîgîi 'tfe odWpptiax #  aWtx#' omfay

i'à lorgogy # é  to
Bu#oQO # # #  ia a propb^içr of 'oondow# #maoo and lo duo 

to thé #%àWioè of ottfao##: # # o a  ot ##&%*- ' n#f(Woa^' Shia-oauaoa 
tx' roaultmt iw/aW' nitroOtioOi' # #  -in, iiquid#* vliioh. -W#- #,w?fldio# 

tO'OîîOOgf # #  $lmpO' of''#ioir'#oo o##oO# tMc'oauaoo--tho 
a#ga#' 'to oot- lite 0' # # 0# ■-*■ 'Mmo'tl# origin of # 0
torm'^^WPmOe ^ m % ù 0 \é. It W' # # # #  if onoh a t#m 0#  âooiwototlÿ’ 
t)0 ax̂ piiod to' Oùïidâ , % 'torm fc# gohOrai liao iêt mWâoo
oaorgy'î apooâfio oimfàOO # 00' omrgy in oÿgf̂ /çnf io 0(fÆ%leat to 
Gtm'fw toaaion -to B#f#.o ooor# Oa# te &miiptàatte by

tho tra4itionaX Wthteb Of'telk thO%#(%teînioo # tùte it OOm&ata of 
a, npaoiflo aurfaoo froo onorgy \#iùh 'oaà te üofinoâ aa tho 
o:#om potoi#lai .onorsy of a 0WfaPO\Wo to thq i#aloteo of attraOtiW" 
■f<#00%  roforteâ to m  #èa, of 4 om%, an9 a ' o W iar ôi#faoo" o m t W #  ( 
rolatoâ m  tei#;:#'

e =: T  '■̂' 5! -âi,' iè-ii Ui**a.r
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f ià tîne ft-bsolute temgeÿatwe, # é  l e m  '‘tiûtal «ujjface «tnwegy"' 

àe twmlly mp#W  to e  ̂ hut tW  awbhej? ppefoya to «oo the a4;jeoti-via 

"total" 60 tielow* Spsoifio OwfaoO oaergjr ro tes tô ono type ot 

atÿteoÿ e«a tot a osyatal vatb W y  %pOs of sorfaooog oaoJï sjpèoifio. 

awteO onorgy W  w  ateogoâ to givO' A total aurfaoo oo#gy ro te *#  

to oéight or oroa (Sîtoptor n ) , i t  io somtlmOo oowooieot to use a 

mote .rttwfooo «norgy». #Aoh la  roforreâ to a à # te o  c(%taW% 'one

molO' ôf tho spoàio»! t/hoa tW  oorroapoAgiog sorfaeo otessr te

te mtfLtiplâ#. îÿ a faotop. « # o #  #'■ te: the paotteg teaètâcn

(s; 1Ï0  t e  oîoao pahli#. stwfa<?oâ)|-. 7  te tho atomio W  moleoWte Volume

a #  îî te AŸOsateo’s nwte?#

$hO 't#m "tetorfaelûl" te i#teomoua tdth "atyteo", enâ oiçr

te te te ié i, teorBy àhohia ho o te t#  te t # #  of tlie pimaos m elthw

steo of the tetojRPaOo,j thus tho suhaorteta a#, v are a # #  te

teoto  solia, i i# ia , #ns #  Vaew# tepeotivo%r$ steoo rofraotopy

solias Jiavo megllstelô Vcipour pressures àt norraal to%eratwos, the

te #  % ,  t e  cs&ragio, te often us# testoM of onâ even mué

loosely, tho term te teoquontly us# teste# of T«, v/hére <■. represents

a gag (ate) #  te©' Vapour Of thé ligu ia, Also tlîO' surface or tetor*

facial oner# must be. aofte# at eons'tent te#emtUrOf oc*w6ntratian

enS proaswro p r  \
e*g* ^ “ V3«')-nN,t.

(#ere  ¥  is  tiie te e  t e r #  of the substame,, sna r  its  area), thougii 

te s te e  te not, latuwai to tevé muoii effect m  aurfaoe te r # ' t e  te 

ignor#,,
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' . She aurfaoo is prWteolly teeptete of #iè ' '
t##w at#0  '(#(#(© ! )' though for $#©: IM W S  soOh A# # lll# a to s '# #  

siwfaoe #troplos(M ) (è#Ëk. t e t  lh»iy vjitli' ■' ' "

to%«®a|tn?e gïftte'ïai#Î9#3ÿ-#- 3!irS#'isi; h w W ^ :# \# W #  #  beîÆoVisi ' 

tW # ' te ',# # ,''if  T#h #  th© iwwfte' "

©ntiéi#' of 'ùbiiàs '«fiïteii: âo n # ' ;# )# # . #tetropte ' 'oiwgte %  '4 ' 

te M io a ti# ''# 'th o '% #a t':K W  ■' ' ' ' ' ' ' - -'
 ̂ , .& # - >  0 ' ■-]--*0 w T

th # 'a t ab$oiutè' g#» ' Kv * C ' '% 'iw  te g i#  -.

Of tlîo or#:#©#. ( t e  Ûhap l̂ïi: fi) 7S B^0é fio tw t

frofa a-boUt '$%' ''to ' fioàf ' ''#YoritioB i pote%if' à aoiiâ 'd#ia ' b#' m tet#A #  

at sü#;â' ttiÿfeifaàttfe#.: aZ ; ' t #  fie ■taJceh' as 'îinoaf s #  afiitfoodLmtely

egu#: to tiîo surfaoé ot d& '# # & # . %  tlio opitioai

'- fhè' Vaflatiofl Of aurfaoo fÿéé' # # # '- with to##sti#è' fc#

l'ig tite  hàs fis#  WiaoSÿ" te#stigst#ÿ' t e  # # ,  o% irioàl •S'ouatite 

(oésii'- ) îiavo b te  soggootoa#- ' %© oiaipïosf Ite # -

font- was- 'fite lO te  %  t e  fimas# ' t e  #W iéi# Opp## to

ttîO t'iOl.'jr nUrf aOO froc onor#, Vis, )'#

# .  lt(Sc # Ê)

terO" k te tho fiëW a om stte teoh is' sp0?o#moto% o#ml t'O 2il?  f(W 

'«îio»#!*’ ligutes, 0#  Jote volittos: pro fe te  for son» assOotet# lAouias. 

#  ogfiotloù o f the Ton dor Wools tppo îjps laoôn fc te i t e t  genorally '

a K ( 1 “ "ÎZ ) ■ ----- 3 .
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'K W  n aro- oensttes, ‘t e  found à  #  iw è. à, % lue in

#  % 8  f #  # #  t e s t e W #  T lg w i# , ' ' #  A # o # t  #  ' 

( W o # ! #  # d  ter#####' #0# t h # # % h t e o

o'onsM tetiow  4s te e  4n ^ tip * iiî* % .te  # #  Wwge in  stesoe f r #

■mmg^ #  tetiass #  # % # « « ,

■ . - ‘ $ h a :## o  Ta#,'t##rat#0''te, of

eeurso,. revorsibi# -,, -# -iar#©#!## - dffte ■ d #  ,to - rwÿsWilièàtion 

4$ o o n s # # #  in 'in h t e # # #  ##'S($4d'#ÿ ' - . . -,

i f f â ^  -i—  ^ J ĵj -■ ■ A.-%j. .. jt .r . \a_ .44. .1— ■®"\ ■ ^ ■*■'■■* ^ — *4 - ^ . ij. =

.0" .: ion
gesiételÿ looora #o sWcfte # #  # # # ,:- though A few teoa of rnaacim

in  iho aurfAo'o «nor#/ooi#a4t4# ovrves iwo- been roported, a pupO'

ligUia 0#: on# altor 1 #  # #  ■«### per -««it te a  #  #4enW4on- t e

poïteaatioç .of 4 #  surfaoo raoloo#os*' #*%  #iotM r apeoféa is  pasoont

# #  a d iffô te t fie ld  of a t#a# ive  f# o #  ro te  its  moieowle# that

teoteO ' vA# t|îo- l#goatat#àé#vo fie ld  w ill t t e  to pass into tho 

bo# of the liguid more etro% # # # * the .molooulo tnth the iToate fie ld , 

tidlob ia t t#  q#oieo, vd.ll tbon 00,0#  40 #0 4ft' a Iiigh# caïoeiî»

■tratloft tîteft' in  tW  bn#*' ,., #4e ourfaoo oonoQn#ation 4a oalied 

AdeosptiOR &iŷ  oaWo Vo# oewiderabio.. doOroaaes in  aurfaoe free. ,tergy, 

bus. large inoreaaes- oannot be ' obtained' *• a aeJnto vd'th a largo fl.o il of 

fcroo o*iBta obief#' in 'the bftlic à #  # e  surface 4a lit t le  oWigod from' 

tW t of the pure liguia, a e # f# o  éjsoéea ocâioontratioft (r) la  frequent#
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fp ÿ  iaeal (âilui^é aolütion) soi-jSitioaa fSrtta 

aâaï̂ ï̂iicsa i0q,ùai;ioft:̂  '

' ' ■ ' ' r" % v  ■ :

#<;w # iLà îtflaa, oon«£!ii^fl,to% tMofe4s aqpïl .,.

A m a  Off 3Li#$â msT' .aiao %. ; #  . .
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aiiîfloçfttÿ of wasiwi»;g #ud dwfaoo affoà 

of aaacrWiW lias iîm itaa # e  of ogjiatlo» "5"; tho dnjjr

figw o JgacSJjî to  tho aotliop Is  aao to-S’arlaoa*'̂ #. tàio givoa a VoXm o f 

QfôpioS qo3/oà  ̂ f#  .M ao^tiw  of v/at«f m  sllioa# ïfeloli io  R fogootioR 

âà, ouWaoe of nemly 4*4« M %0' opgo/#^# tM s is  too M #  a

figUjJO %" #01# :3,Q%4 {WotO*. |tt # io  ooloftlatlcaï \  a (ggo) t  ,(V̂  if)
_g p

k 3.9 ■ oo3#o#'ÿ oo i t  is  ignctfed.), #io- fqp tM # moæw# figispe-
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# t to f  ootfoyago: tiiis  lAPOpiog. «fiy m o # t tO\30O9 mgs/onr foa? a # # # #

iïiaj
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m'glasD !%r 6ami a»i WsW' W -  Odmiao»#3o SffoOt ':# , ■
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moy #  4W i#a #o#: Æÿeô'

«irtÈJîfîiêg jEVom #aio#Y5#o#i. #  ■^e&^jteae "boWaMpa at 

Cÿoas aectiona  ̂of tWOe^^^o W%#i#c3 # e  ahonn %  Who

StspfoOO' ■feewaiom os?0’ $0go#o# p» foyOoa aOtW tohsontial3y at # #  

i»v®âaï5Pÿ She ooatftot ahgio fos?' a oo#4/Ki#a,(y%oo oyotom ('̂ ) ia  

the #%10 tteugh thé lifjpicl' hçl̂ élm the sojia a#faâé sxd a #RgO#. 

to tho a w & #  at :#W ®t?oe#|2iaa6 Wehaoàĝ ,. %#wa*# ' e%%oa

(<? c«a + ) f 0  a #ol#^#a#' |îÿàtèm aî?0; oiao oho#*: lî'&gijîA, tihè
jpeicitionsfoiï» la éâ é#3ïOO0e6 % thé #u#6 eahfetichj#

* 3$L 4» ÎTlg, COS 0 ***.#•*>* 4
T / lth  O ira tlfx j?  e q # t iO i# .  % 0B) # % # #  : #  OW. I P ; *

■ÿis = z iCsL "5 t" #» *#*♦ », "SB'*,
Ïs5 =s z ïs(i COS ̂  :**$.#**## "So"*

$# # e  gjeeitt ho#5a# #eé Siiaila» eg%tlo%

m%r h# set ug f #  thé |Î iai(V'|,lq,Bia/|aa sgfet# aà #  Fi£j*3P* Aaàuml% 

that ŝ«i fe hot #feOtOà %" .#e # ÿ o #  of tiw ligaiP* Oboeweticos,

Of t #  ##00, anüîleOj, tO gO th###' ̂ : #a#éago/#f ' èmo #t#faéM3» ftéO 

e#??# n'es, olvioh i f  foeatiy ohta'hW)# ' o #eh ta ti#  #

0#  oth# ihtetfeoioi. #ee

%oze i& p. atffOtéBèe. of # # & #  oto» #etho* shouia

opi>3y. Ofwoa :# # #  ® > 9P° #  e >0 4̂ thé m th# prefè# the fow##- 

# # 0 '. wttlhg: oeé#o $ ith  ® < 90 # héohwo a olwg#' # i ha# the

#po#lte f#îsOt- ■:# ® -tSios ® :i#' Èhtttaiiÿ' < 90% te  th# # # e #  of a
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si'dler obaxiga «ttfa 8 ? 90% She e£Teot oi 3 of TBxgrlng the three 
inteifholal firae eoerglee la abcm la Satie I, derived Aron the DcQve 
eqjoatlai (6à),

Satie I. She etfeot cn the «nteot angle of vnrgtoglUiLjBQBih
<gy«TaWr

Daarnaae 6 doareoaea 9 Sncopoaaee
" 9 Inoraasoa 9 Snarooaea
" 9 dooxoooaa 9 dooroaaao

A rather mora detailoâ troatoent of thlo voriatico baa beam given tgr 
Toaara^#

Whan a Hqtdd aactonaa ite aurfaoe it la aoid to qpraad#
27HarMna ' baa done a graat deal of work cn ĝ opaading. The work of

2odhaaibn la tfaa energy naoaaaary to aeporate 1 oca of interfboo,
and the work of ocheaicn la ttia energy neoeaaaxy to aeporate a
hcmogenaoua ocndenaad phaaa cmsr 1 coP (produoing In eaoh ceae 2 omf 
of aiirfboa): Barkina Initial epraadlng ooaffloiant ia the difforenoa in 
tliaae teanaâ  thua;*

5%itinl Sprooding Coaffioient m 3{ m W^d «• Wco
■ ( ̂5<« ̂ “ Kl«. ) -  ̂̂*"4
■ - YkS ••e"7*•

Si ia for the apreading of pure phaaas unoontaminatod vi^ each other: 
aacdmfinal and final ooefTioionta era obtained with partial ooataoinaticn 
and with outual aaturation reopeotivoly* Spreauing oooura to give oooplate
oovmage «lien 3 > o $ «heraaa a lens foma with 3 < 0« Mutual aoluticn nay
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.#  # a  ' v#M #g* ShogO a*%lG# #0- W W W )lo,; altW uA'

#oy bo '®dto _#'wo3%#%o 0#. f#o.&ot #w w %  #»ioa#,#a wo:

%#t#0#$a*: m- i t  io, teàiéô#- EjSgr W- OûüOOa %- tt # # # # "#  fao to# ' 
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olo# OüffaOOë- A il worraal oUrfa## .# 0  'W o Of 1000, Oontowitmtpd, 
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fWOSWOlblo; the ■Wotting ilg u #  ita o if Oontwnatoo #o ottwf aWaoe*
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of aiffofent gaooo at #o tl#oo. lotOffaoo'o* Sho boot dofiniti.on 

of fo%{iMooo. in paoolbly the fa tio  of aotual oùi#,# ofea. 'to go«%#tfi,#i 

oWaOo afOs* Wonaoi' gomtoa, Oùt,âtO offOOt # iô b  in #0#
g

tlmt tbo gpoat# ,%o toisgtmoaa # #  moneo.tWo to #  ,  Baftoii $ 

Sboüaâ' # 0 0 #  iwbaalMg ino iim tim  #  aajpofitio- tê  'inof### #o  

i%fOtoroalo but #uit' # .o if boigbt W t 'llttlo  off out.
.SOlUticn sonoi’al%  aoOfOaOO# tbO iutoffUOlal £boo onefgy 

botiYOou tbo â|tôaaing phnao mia tho $Ub#'tfato* 'iwoaalug %w ogP'Oaâing 

tOnaWÈc, (ffom Ï0  tbo oaao of notalo, àmpOüpâa tsiwoÿe lOoâ

to ut ifau t W ltW  8ÿooaai«S|, ao'iu.W U ffœa tho aaf> 0##loa # ,
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UHShtlSfiW % ! # # # * ,  # 0  # # # # ;  'É#S '

■:&t»M # #  ÿ # # t W  W ;  t 0 t W , @ i # o g : ' A  fOOlti# 
tOWfs-tW' : WlfiOâoïJt (King?) * ' ■• # #  'if Üio b W M g  -# ' W W g é a  
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■ # # # #  nWW'With ##%#i0.w$ # #  f#ae%
Ibis -### # #  #  W i m t #  t W b  't!## % g & , ü#i#$ #ù:
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#' ■%#%*%& ' W " t ' ô  'WosMgUtié Vol#ié#:''iç»f 1 #  W-tlUg 
Utiuiaa, TsWoh W  -fo#, '##3# ' O####;:- # # - 0  wWo ##$#' #
'tOriÿofAt##*- : t -
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balano# ©f ,#ù f o W #  % , a oontapt, # % ! %
tîîiioh #  ■ #  ■ .oàd#W: '!######- #  - ttef % # #  A %i#ia
# ' # #  #  Wat 0 % # % % # . #  #ôu'lâ' wot.tte # W % #  au ##09#3y, 
ai ,#ailb%%' fo» e#Lai#%c* Ogwf :# #loh # # m g '  îi-
iaWfpié. w  %' Wiîaw#', W # W  ##: $ t 4 W W -  # a  # # w  m W i '

#  îfwapr O'asiu, w i # # #  #  :aot\âéii»Abl«ti , $ #  
of il#ià alag-̂ ' #  .MtolA #tO' '## W # 0  of # #  . # # # #

#  iàÿgi A OwWb 

e4ig|ct.ai W p##### -fw # # # ,,

llgulg 'ift-aijKlïiit' a-ufifâil 'oopigyîiaigr- f # #  %  tb i o % # l # .dl*#tlon#^ 

% %  a %c##tt±):g lig itia  #w pi#i&'#ou%  b# m  8r#.3L au 

m ' M  # #  #00 %#%#.# '# # w  %* ii #i0 p*##### .##o#üo# ' a#o#s 
j ê m m M m m  of a- llgii#:' # # .  .mutao# #g%o 0- (#$,/%<-' '# # ©  # # # -  
of tiw #W .90# WMoh l i  .pj0.i^m%pl3y %#% to of' A '.pctpi*

#
foî? a Witting' # # i  # w  ioapiiiia#- fo### aià poao#atiQ% tJw
only uolutldu la  to h#o a oo#!©##- Worpopouo ,##aOto*gr* a#. ##' 

idiallou '#0 poy# the- gpèatojî tho tiW #oy &  tho liq ïild  to pomtuati 

thiM (obovo miiioular âîtaohalo#);,'- ïfeorwitting. la  ilm ilanly dcoiroa 

#  nmmwi ans mool#*,. i f 'a  ixstni -wot the mould, @ #m oti# t/ouM ho 

aifflouit and r#W.t- to a dtotgf iaatlng*. Qliosa iàit# oloO fogulfii 
toat i t  ahoùid not wot tho foStjaotopioa- # th  whlolis. i t  Oomoa- to oontaot 

to pfOVeht oxogine® toelw#Wo# .and W  todigiooua' tooluaions ihould
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not be wet ■ aO, # #  eppàtotè" # w  tlm ssotal*-
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:&. w #08 of #8g ftlftitog- 88# ;86Ke/to a ##t f#îîA#, ,

would,lead #  gi.aoisen , 8 # % 8 i # m ^ $ i %  #.■ W
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'to too #  w t o # t o  #-8#8# -A %i#8#'

3§0j$km^è ' ' ""' '' ‘ ' ■ ' ' ■'•■■-■•
 ̂8 #  to "
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' ' ' ' . .  ; ' .  ; ; ' . . ' ^  ',. : ri .' , 'v,

Vy\: ■ ';?: ' J y y : y ; 4 v  4ÿ\ 4>/ y -̂;y: 'Jy.y

4-446 ? ■-i;y.4yjy ;■ ;; .y;; "-C-- 'y-y:-/ . 6 :C /f'y' '6;,.4yyy %'yy,
6 }  / / 6 6 6 y y ;  y ' r 6 : 6 v - : ; \ 6 : v : \ . ' :

^ v ' y y y / i y . :  4 4 ; . y ; * ;  y

T ' y  " "  ' 6  • ' ' ;

jyAyxy4y;:i4::y:y..66'V4'U y.yyy. yvŷ / •>
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Fig#5 Surface energy contour figure, F.G#C. system,
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Fig#6 Surface energy contour figure, B.C.G. system ( ol Fe.)
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. yy- y=.. ŷy.- -'y "y-y y-\, yÿ'y! r;'yy'vyy y ? .yyj.yyy' ;yyy<y

c .y '■.•.yV-y';'. ■■;; y i.''y, yy-yÿy-'y r.-
y'yy:., ̂ %y y 'yy^yy.-yy/:.i y..,XTygyÿ:

;y y:/.yy;y, yy;yyy.y
,'.y - '4

'y .,y

:y_y-j: /r,c y#yy\ : :Vy

y; ■: y yy ‘ -y -W'ï:. ::■:/, yvpy. ,y iy. y v yyyŷ  - yxyyj' y’.
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XXy'Aatrfiospîioro, îx>th of xWi'W) my Txi' oxpootoQ to loéèf ■SSio swfooo' oncrfÿ ' A .X.xy 
'■X7J7' ' ' "-x'.AX;;-;;

in  r&my oaaos, .«tjS tho rooaon for arcr fnoreaso Sa &e rate of aiatojrfna

M£ty haifcs to bo. ftsojfibéa tO' ottwr roaacaia thoa ca;y ooWogooat 'IcrwriftQ •

, of iVOO catWOT*., W 'orm iAO:#10,iqportnnoe Of.ampll.aooimta of ,FoO

la  wmoolto to aid cteail bmmSag is v/ell laiofari* BoO aod fo#:'à X:*

X'gA'ooatiauouo' BorlOO ' of solid solutions so the proOehoo' o f .liquid, là' mot

.,■:■., .ilLoiy, Ebo work of Eciÿlop - .Aauggoatà that oooh oddltiO#, #y , offoot . .

tho self diffusion of an oocido* She author* s oaloidntions of ■ysio

surfftoo froo em%ioa of oaû, foô (Ohap,XH hors) would iaûloate

that, 3?oO lessors tho swfuoo onorgy of h,gO :tto sor# oxtont, X%uin ijio
yXXyAaxyA " ■g:77vi7v-, r . . ' " 7̂.' A"A- X 7 '.X' A'X.'A 'AXg:
XyghpiTof m’ô, e4»e»alioer for.Al4>a aoy W due to '4àj’'Wç|é^itit^

': •• M  ■•• ■••- ) 7 '. '̂ IT ' - 1- y ' '.-V'.̂:- . ’li> xe . ~r '7* ' -r" 4 - Y-.' #|̂ .v. . .. ( ' % - v > t T:' % * ' g ' ' ■

pf/;bj’ ; aïd, tho offoot of gaaos* particularly Water raÿour*. .'w amÿA AX'X7y;.y,x\'g'':y:'ŷxxxi . yyyxx-y' ' ' % ' 'y"; fg'x̂x .'x\7'_yy
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,, ■ -it
■ V.

'A

T ■;-y;A.A'?ÿv . - y , ; . -

- T  ' ‘ a  à : A ;  A rT _  A - . T  y  (A  y  . . y  A A ^ y y - T  A y  

: . A . A ' v a ; y A A A ü =  ' \ %  A ) \  A  A y  ; - \ y  :A  A ^ ; . y  A ' y % '  A

J : A A : -  ■ y  A  T. A  T 'A '  A ,  . : A  A -  ; A , ; „ : ; A A A  À A A À T . A  s  :  : . y  ) / - :  ; / . ÿ Â % .  y  A ÿ  ' A / '

A ■ ■ Ai
' A

a'AÂAt A
A .

:ÀAATm#A:":
Aa , ,t'T .:A'̂ :̂̂ A'/.r̂ ÿTAÿ' AAA. ÿ:'A.S cAiyAgyyK. A

TA/̂ y TÀyATA -yy. Aiyyx' yyÿf
À -xÀT-A,:' ATAA,.:_; 'A.TÀ;,A:Ty yAAA:iy;.jAAA

T&A,' ' - A T. AA'-

AA# vA; ÀyAy , T/AATTt .



t w #  m 'a if fW w  of these agyamM:mm:m-à m
• ■ , ■ ■ -  ' ' - ,

(oaqpoiôSAhf ton» of atome) ;woina'% #AaTpm '# '

; -a o tite titii energy eoopWd' with" tnOiviaual atoqa # ' WOifwiOp#

,/,,;/:::::A..tmor, pioW # he obtolnea ty  ooosiaojfjjuj-.atow .m- laçOeouiee.-'/T'-' ' ' ' ■
, aiffuoitw to fodm more or leas twmsitoïÿ Hnto ,or. «tyat?d w its ; the 

fttoOtiOn of tl̂ ,.ïdhk:'thoai feeing to act os . a, xmoleps 'for*-., w  a soocroe 

' ,  0&' .a%f%;lng poriioioa* nïïi<Æi was iadeed tlie ir o ris W l purpose,

: T'/r'ATlf a-fexWfe# aiffuaion moWkmlsm la  aoooptoa, ,#e may/ y  A' ' '' • ’ , . . . . .

4 - !: .oosmjiaer tlie' a llO tm m # lo  cay^tal ohaoglog almpe on W atlug, - ,
: T,:::4./A!A4a\/- ' yMy> -,■ .'i -

ty  atoms/moleoOlea a lia s in g  ofeoiit, feeing at a hiĵ hOi? oonaontsation ;
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r-y T'■■'■■Âaa  ̂ ..'T.vp'' y ■ I l  i AtT.i /■'-‘'A, :A:.p'rT .AAA,-!/

o#oro^ th o # w jito y 't o  in ,3-:̂  10 càv’ Xn undx a onaa tM



AA . ' ' - ' - ' yy. : ' !
-'p: ■■ ■ ,.■ ■ P- ,.4’■■33

p/yyi IT AlB/l ■.|3|' i- VM li
‘p i

lAiA I'l-AA./;■ ;• TIv >■ ,/VT' 11 ■ - 41 i ‘ A I;/ 7.') ' A
TéXy/'pil 3 I'iM:

l i i  3 - : i  ■■"

i | i  '

I  • i , | . i  _ 7%:/:
' . I I

' /■:

U-Ï 7 ; ;■}

: i ;  i . \  A i ' / r #  ) ' t/ m  i - i ■'A: t . T i ; . : ' / '  y i A T / ' i - i  A \p  l i i l B ) /% ,- / '

V . ■ I j ' . . / I ■ 4;

, ' r .’ . .
... - ■ ■ Jt. -  . -3,I Aiox 3 Ai At. viJ1/3■" Ty.,3: 'T-i'p’i ,1.4;-i•■■■■■': -I•■.://,3.7

I  ' I '  i  ;

'} '.1333 iiin  3 .:i3 ' P I  A 33 ;/) 3:.;;/-. 3 3

3 ' AA# Ml. ' ■ A:Ai A'Ai.:;:

■ ■ i v ; M M '

3 -...' ?■ i';

:3A"%A"'A3$A :i3AA33-T
' (

73-AV
i/i A/ ; ' r 'y

; ' r. ;

AA":

AA ■'■ / / 'A ;  i,A’ ;: . . . -3;

M i ; . : -
t M T

.-. ■/Mr. .m; - Mp?;\.3Mi: i T; 3,, r 3 -. Py:’ ■ : :' 'M .-T / -./ .M/-
'13/ T-

•3 .

'■-3 " • •’ I  ̂ ' -_3v, 4-̂  s,-! /̂i., M/y.r ,3 • / %: ̂ .

' MA : ': Iii; :
■'.y,

-Ip:;/:,;. 7

V 3 :
■; : ': -3 ■ ■/'.-

.A " A

'...'Mi/
M3''|-iiA3 V;A'.,3'MA. .-3M./I

T... ■ i. ''3T 3



: to, toe largest effoot so W  oomMoW to toia «©otion. , ïhe

to toss M t o J / ; ^

T.##% W ,yËA :':A
;#'% ' to%i$. #toto :.;#ÿ,,#ato*7. ;.
' t o é / a # # # # ;  W ” 3 % y  ' : # # # & ' # t o % 7  y  i
M t o # #  # 0 # " # % $ ,  $  : # 0 # A  ,8#,

# # # # # '  ' ' T‘T ' ,
»l0ntf3,c5ttt3y to toe total su%€r.oe free , energy,,

( #  # # # # # # # ;# #  :$##: ' 'toe; ,-,:::/

;oo#$r#At%#,i^ ,#1#% ##' # ;  .#,##■ itoo oxoe’##.

, W M u  # # # # , . (I
ma?faee and toteMor ooordtoatioto, #3P lit t le  o tte r#  ham hooa mae. '

tc .##:

;##i^ to,/'':
##W#*TAiAi;,;,73,7'i, :'; TpT/:- .-.p: 3 .j,T A;/.’-,/'-:;

w#i: elrnsé-.̂ ap#::::#: % # % ;  # ;  & i & A  %  'gi#;,/
- to :d0#ra.$.'togto lei: to /  % # , %



I;. 'ÎT PpP: '3 3 3 3 -V 3-

-A

A ' : '■ - .1  A T ..'/:! ■. 3-3 3 i  ..3,3

.4 - ,  -3- 3" p373-3;4,3r333y'‘3fï333|3 ' - .  , 3  3 3iT

3 B /■ T i. '

' 7-3 -7 ''3'' '
■ viTB ■’3-,3: i '

it 3| M,3 /itAA,-,.' . APTil.lO/lMllll'-fi j/P W'3'C#3î
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:; rhpiiftî iedrons beW  Wofporated to cue h&0go%l è e llÿ ':'Fig*J2 A» and :

::% ,èh#m : toterprotatto'#: of the herUal and %bÿé^'#rrer:''8truoturos'' -
■0; :X/(X'XX0XXX(;:0:X;;.X/X( ' ■" ■ /( 0:;X:'/ " ' .( (Y  :'7
'; : i#  :rny be seen how.'the hotoëb#! netv/cwk of:.,,'..

' X #rA  '# :A fr to # ' 'to' 'the:.','&##''' 'l8 # r  (layer A). # e re 'ore 'thr'e#::®., '

..:X##totoXprim w ##.of/^'W  to #e,„!^t, ,oeii, to®x'(-0;

xx. x X 03
:-00 X'y-X'vX/k::

''kx/'/X: J x ^
termed <r bonds, and a »  w bond oxtsndtog Mtoveon tl%e ^ r s .  EM tt 
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:î?9i£it:;|l^,:,ïiot 80#  $g- Imva. Iw #  tlie rareat ,
' •’V y  ' . ! . ‘ •'•’•• i', ■ 1V ' * ■ ' ■ - I • ■ ■■ f .£..•- •' ' *. . • ■ - j . I *’ -i ' s' j

Wluuio of iltomtmre m  #o  aul>3dcit«

■ yy It
xy-;3'{x'^:'3'y.,; % / .yxX'xyyxy;; :

'̂3X3;XrX-'yJy.x3x;3 .XX Xy - QR ‘ 333y3y/y;yX'lKX/X- y  ' X 33v3 x'yXyX'# 3. '̂"y-y 3"X3XX-■
, r , gave vaXuea of tho *’ p̂ul>le ''hopà c & i r a o t c r ^ x f0 * . : \yr:.

%ffoi'wts c^#]nwoayWi Wei*ata,ilo Oletcmoee ±nn\xiLm^3#'y-%%g^.y  #: ̂ ' ' ' . y  , , , y\#!:.:#y:
':'3#%ef> m à  to tha âl̂ Jt̂ orkl* X3 to û^txM ftcm these flgoroa; .Wy-xX:

.r-' p-ht-hcmâ ordtoato aaauroôjï' ala^trm'.0<m;mtrat3.m of mXt^ forX" ' ' ' . ' / :'y:y3'#-3:'yW3yî:ŷ ^̂
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A g : m  A d  F . g - A A A g ^ / F g p ^

Y4 444 A4 :7dd:d/,::Ad;F/F;# , 44%: ̂d'/AY :d,.'%AA A/ vdd-b:'44, 444A;A##4d44i.'4''4y#'#"̂  '

■V, -F

|. . . ■ ï d - ' - ' d F x ,  d .  - ' .  x d - . d  . F ' d F d ' i '  F X d  X;.
-X ' -X . .. .. ' ;-' ..'■.: . . . ' . . .

d .d x d d c  
'. i dF F

:4
!YŸ%4Y::AY4,:$YA4YYY'YY%d'̂  4:#4AYA03Y4YY

:4Y#'.d 4#!Y%-Sd#-#/AY4.\C:4YY ^A#yY4;YY:A;4iYv;#Ar444Y

g|AYY,dA;#Y
•■ 3/0.- y.d3. d A ,;dj, •.,.: , /d- d-F d'ddFxj;d , d ; .0 si. d .x/ (. #4 %" d: 4 F 0d;7':.v0:/c4/dx0Fr d F F F  .f ;..::

:C7,- d -  .F./; - 'd #

4 /  'F ' ' - ' 4 4 :  " / '  : d '  /  ' 3 ;  /  x A . .  . - A ' : ^ -  / . A d - d ' A ' ; 4  F  ' . C - d #  F / ' / y  ' " À /  i A d ' F y  J d / y . . ' :  y  A /  /  , ' / . / ' - i #  . ( ! ' A . ' # :

:7|:Y4#YAY4à ' ##Y/:Y#0À0iY'd%:%W#

044 4::.% A'.'./Y 40^4':; F:Y::.:A'FWY444#<4:##d-#- Y\4:##'4Y'YY^Y%^ FFÿ

'"' ’■ ' ' '■ 'F yd,d' ; /F'/.' t  - ' '
F,x..x xF.,x ',' '. dx./x ,./. xX:,F:-.F F’-'-d , d ; .'X.d

■ : d



: .. -y; ' F ,7 F,//:, : F,-'F:,.;^». #■ 7.70 .1; 07 F/vdX-Sdxdx,.? #. ..F/d ■ '■ ïd:. V,i -
"  x mm: 3

xj'-' A% # # # % : 3 '  
,, ,;tho,«ctoei3e 8 # » m y i^ ,ç f th e ,# # lta  tc>q ,, che4qe.«f,thq,qqr,., „ .

# # # # #  3:# # W i  # #  3 # # W ;W t ?>9,:#^W#::F:

/3v,;:%9#F%0#3##% pqlwiaatiw 94#3M:4^#i' '
:_ '6 0 # # $ ^ :,3 # é # ''-# 3 # # # 9 %  i-% # :# W 3  m #  srâ fF ;# s  oalvA ■
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- ' '3tbS9 38ppg^%y##(^^ .'W # -# # # *  i W #  " #,p%*##;:FF\ 3,:#w#3\'

,  ’i% |3|»ypq|9^ b ^ A y $ F '% ;|% .# F à ^

3;, Gtiqfti :Éi0 ■ï#fc-qf 4ufi4b.qi ,■ '>vF
'..............................................  '" : 7 7 7 \ / X F F  - 7 7 "  -XX

îfWnarOr̂ Icjpqa of'al ' éé brg/W ' 
Bienulle» 07 "

- F



"A:

■ f t

i f .

i d 7 V' . . , :  -s,..:; :: '/.S'Vvd- .-'.7 y x ..

A d  ■ -.7 ,. ..XF,, .--'xF 7 : :7 77. 'Fv '. . F ■ ,7., ' ... FA: dd'CF. A  F ' F. A XX A, 7■ç'/A#y:'F’4.'AF7d:Ab''yi: .3
7

F.7 ; , 7  i d -  ■ ::F d F ' x  F #  - V F d  F % -i " F 7 7 . A ' F  x x F ;  7 d F - F . 7 . 0 / d . F } : ' A r : ; : , : F d . 7 d  F-

d  .* 3 -'F. y. 'F, ■'■' d  7  4  ■ F '  '^'F. 7  F d  ,-F i. ■/ ,. ' . y  ■ ’ 7  ' • F d  '-d V x  '7 ..: F  A " '  - ‘/ ' y ,  " " ' F .

ft'fts ft.d ' ft\ "y- - 'ftAd/FY::' Y-AY/YY/ftY \4Y'''^ftft'''47%YY'^^ 'Y'ft̂ ^̂
■■437, .A- ;7#.hf. vF/, ■ ■F7- FA: , , .7/ ' '/^Fd" y f’':f'f . F ,0/ /3 ##d/,;v a 4  ' - dy # A::!-A#;#./ Y Y / Y d " À 4.:

F  X . : '  4 r ' A . 7 , '  F A  " d  F - F F # ' :  : i  '  7x 7' A 0 n :  'A/V-- - - , i d  aï'AYA '  # ■ - y ;  ;.; ' . ; A 7  F 7 " ' F # d . ; F F : F . x F A F  -Ai x 7 : F - .  ' ,  /3dd 
x 7 .  . , d . . =  , 7 A ^  ' , = " '  d '  F  .  F A ' y  : . F  , '  {  . F  . d d A A ' .  X ' : - ' -  4 # A 3  ' " F . y  ' F d / x

■F3
/F X y #.-7 dA 4 A A 7d:F V 7 i'.'F' a' ,7--.::-;d'd-, /F /: 3 d%:7 './'F; FF.AddFyiA'A: F.!A#Fd' F'/diA .,7d.7,7.F :

F  :FF F d  3F3: x  -3FF/xF: ;,FFF,7F,FF?^
A \  , -■ ÏF-.; ■ d;.d|,'.A: . F . d d F ^ x -  . 7/ 77 ' : ; F d :  F - . F / d d / F  A 3 0 . F . : i :  F y  r d ' - d ' - A ' /  , 4  A  # 0 4 . ;  ' - . ' # 4  -

dF:,h:FydF;4 #7:AA ' '#0 .Y0#/A' '  y ^AY- ^^s y ' ^ ' - ' A. / ,  , . -  FY3y0id /;.x..F7̂ u
F 3 - d .  '' 3 d A / # 7 . 7  3 ,>A d: , - a  ^  d- .= .4- d 0  A  A d #  'A: ' J . / s Y / A - A : # # .  # .  .

0A0F :. -y S SASdYd ,FF7FFd À;dA/\0#A3Î04F0A' 'j/SY: /d#., -Y

À#::' .<00'/ ftYAFA-̂ FYÏx-:##:- 7'0: xFYÿAyYŶ AiiAAd/FdŶ AAACy/y/̂ YYd'AA.A YA.Y./
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;' ;,îr am###,

the oppoalto -tygp- thha: : ^ a # a # X ; # ^ .

hW a", oaoh raolooulo of fc;o otono thua peaaeaaee aix ocn^aote TjOhOa

<r là  Muû.tî'riJileû. W  the mWhor of hotifls mv okP

-&6oy%e^0%



:y
■'.s. .

J k y  -k y k k k :

y y )  - y  ;

....................._-. .... , '■.yyK-'-.y ;■■r /,

k:k -:r y k:: kky: r, kk/xykk/ry, ŷ kr/kyykkT -,.1
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In  oîçr QOao, oïian âealljae \ith  reApaotorlea, 6 may W witirely t^emài, 

/ '.W # ! '# )9  «n̂y-:# # 0' IWtm. # .mmg# ''W  oritiool

— _ " ■; y, '
Aft-At^ii auWWtooB, 111# üï6^ âaa 

roaûily'-'ihto icwor ’oottûea* i t  is  a ifîic td t to "ot%),<ÿi.ohy. t*R«iag to 

thoir orltlcol toB®Oratüro* 'oûcooît 'to Qofine I t  #  tho '_'toi#oratur# at ■,

^tha:'$#&oo Heoe onwgy'##M bo sorb» if ' X':

./Àft;;,yy o.ïtuÈibéO'' of methods # #  #eéi..pWiWeà for

ôotiEtttlng ïc ,  but,’withéut o*?eptl(*^ they suffer from the «ooeasozy 

.:-.,âra'ĥ oïc tkat they ttovo tieen «iOttstruotoa from ânta ott JwîwtoiKJOs %kl̂ y'":yA;

’o'ooeaaiblô ejjitidal pèîritéî 'tiater'iUïvlns..:a1>out-the'hitfiest ' V,v;fX/---;

''■;;-it':(;|4Ÿi4%),,'|;hvooticsato tk? oatimation of fc for,, :■_. ' '

Duhatanooa liho must ho rejpraoà ea iit t io  hettof thon ghoaavcrk,

- Gkiahoys^  ̂tKis Wong the fiya t to hotioe a relation heWohh 

iW  ®b(the holling # ln t  at one atooapiioro) giving a ratio §»-** « 0,(5 6 ,
;■; 'AA'AÂAX,;:-v-ft-:AA/'AA'A:,:. /■ -'A AX,./.;::'. X' --2«-. "■-‘■■X;Xy-:-A'
'':,.,-0thor f#iroW '#*).râ##,X#haing to the

"  X .  ■

*Tli0 poa?aoI)03f# [P], ho0 aloo aqnw <if thooe qatlnatlom*

k '/.k:yy :$c- : ' [P] ■ f  ■ jÿ m  # d < *  ' ‘....... -

'■ , 0^ao0aoâ, I f  :.%0; ,q;̂ : o;fchôr'-îĵ choars.

kacftTiv 0çtüatipn ia of l it t le  me here  ̂ ae liïîien I t  :ls e.£)|>îicû

figüÿjé; m  oomèat me& W-;î eoea  ̂ ' , '
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ft# E # W # W # #  Af%ft#aW )%oro oongult# .# . # # #  .%otipprotiÿOà,

fttjioy-.aif^rOd/fl-isht o)#i)tft.ÿoÿ"$l̂ ÿft hrWf̂ *hftft ftft
X f i ^  ho#:w #'#ggo0!0  .f#: #;ftftftftx

'# # #  dhftÿahlt #.'Xftft ' ,

Â ̂ ft#ftO0tiWtod . % y ü h ( $ o # à l ^ # ' # i d # f t '  ■.

/.%#%,. :..,%Ë:ft"'!:WkM# .av3 la ta it% # a  of '50;%#ftftftftft



, ' ; , . . ■ ■ : , ! ■ • , ! ' ■ ,

ft.;/: k-ft.

ft A :  . ft : - - A  .-. ; , A : A  . ■ . f t ' f t f t . . , - - : -  . . : A . A '  ' . ' . A  . ù : f t - i  f t f t ^ A f t A /  A A . A ' f t X / X f t ' - "

ft: ■-V: ;ftAftX%:' A A/ftftAftft': 'ft’EEftX'Eft':-

-, -À
' . .Af t / f t -A

■A'kk-Â-.ftÀ’:
/'•k.Ar.-

Aftt:.. ft

.kV-v... j

y-My "•' ■ / 'kft-.'X#EÊ:L®y®
;k  k E 'ftX'lk.A -Ek.k.' E ftXrlE® ®Aft k-y "E::, /ft

ft: ft'ftftftV ,,'AAftA;A ftrA.:) , -ft AA' ftkAAAyy.Aftft A:ftk#,ftyft:'ftk@yyftft

. . ' A f t f t ; '  -: '-Aft: ' : '  A ' . . A f t f t :  A:ftft:ft:- A . '  ! . / ;  A  A f t : '  f t  '  - X k  : ;  :vftAft- ;ftft\

f t k ' S X :  ' f t f t f t f t f t f tX ' : ' :  " X : . / ; .  f t / ; f t f t - f t . . .  f t ; f t  f t f t ' - A f t  
A , :  : ' ‘ f t ' f t '  . f t , . , . ‘ ; A .  '  f t f t ; - ; , :  , ; , A ; f t f t : ,

f t  : ' ' : f t : f t % A f t  V , f t i k f t : O A f t k ^ ' -  ft f t f t f t : ' - ^ ' ^ X ' f t A f t f t f t f t A ,  X f t S f t f t ' f t ' - f t f t ' k ; '  f t " k - . ' A ' A A v ' f t - f t y k f t A M ^ ^

, , : /  ' f t - f t f t f t : '  ' '  f t : , f t f t f t  : A " '  - f t . " - ' - f t ' - f t : ' ' ; ' : " ' - "  ' f t : : f t A f t f t : - f t ' ,  f t ' ' : À : f t ; : ' A f t : A f t f t f t , " . A À A ' k i A : , k - k ^  ft-'ftft: ,

:ftftftftftft.'ft': ::::/ ' ' ft.:ftft a :  Avft-ft " f t ft̂ ftftikftftftftftftftlftftAift

.'ftft:'..:: ■■'Xft'ftE ft 4 -ftft /' ft'-.ft, " ' " y' ft” ■'■■■’■■'-.'EX a "ft /Ek-' ft-ft v ft ft/-â'-'X'k ':,;ft'-k A.Ahftft/--, A.ft/.'ftXk.ft-ftftftX ,
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:-yy : # .  .«f . .. ,

'%yy ,ro#rti^W^ iàm  hailH ùiill oalo##etW ; thobj^ those 'thîhW.4hro' 'oüh Of A i  

yy.yg^ygroportiw to à ’auxtCôdo # #  ' oheygy: - t h e ÿ / l à d l ô a à # " ' yy 

yyy''y4%gey$# WycWthor»o # y '# ^ t4 %  '#hOi, 4:

Inot <(ParlMi) Op^r^Montol value, again 1100011%" due to ndaorOtlctt, 

y ;';:.'^ # .,' yromyy-hoat «^yaoiutlcn Soiofee^®  ̂ ohtotaed à value of 580 #g/ot^, .
4 , 4 .  ■..,_ , y . ' _.yr" '-4 \ " i A ,-"?-■■;■'■■;■ -■; ' -i: ' 4:' c  .• .4, .;^,y': r  y-y/y.-y .

a t 25%g . #)W3!WL ©ngXô» RWg0ty olÈjtaliitd ÿOÿ "at

1850%? the author’s value la  oloaer-to 'W  la tte r hut ra tlie r Iw fer. 

%oaè ÿlguàà»' '#uÀd«ata]jbr a l«* that t(io hpat.'of 'soiutidh aétlioa does

y i - à t é u # # % 0 h y " ( Ë W # ^ ’’ f  ’
‘..  ̂   - ;  ̂ I ' f ' Î .J y,-_ ' ■> ., ' .'. " ' -  ̂ ' . *■ :••.■-■ ■'■ ■ ■.■•.'r‘ A . "  ' •.' ... " " -.r'’ ,' . 4 " - %

y .4 yworgif̂  ̂ . e # a # '# 0  -.tWh: Ws#ia%t, & ,#e#:$h§y^:y to  hhw. '

that 4 ..,for % 0 ’ ''should ho 'W o r 'than ths Oalow»otriO'"valdoh. Von 

Tfartbftherg et and Kiogors -̂*'̂  ohtamed values fop' tho liqu id  of

A'yy-:5#4t30'<Wd/#^. a t 2050% ond_ TOO



- i . .Ai

4 ' A ":'i
,(. ;■■ s /- ' V-, .1 . \ '-A', ') (/fAiifA: A , vA; uiÿy'fy, A:.,Ay; y-f f AiAAyyy ' yAyy' ;ty ij-.A-yAy .Al -hr;.
'"'A,---:: y,'.'y '. r.Af j A\ y-i.i A' AyfA-ù Aï-iff-: ii' M f  -A;;:/y -A: \ f '.\x i'-' :-A:.:-..i \

.1'-"': :'' //fAyiVy,.'.fi f: A, Â-y f f f yyi. y f-A , iiyAiiA f iKAiif if i f'yiii:': ;
f y: :'a A': ’

rï" - ' ■■■'■', A  y  y:. Ü  -.' ■'’ - r - . '

ff:;. ::
" y  A  A -  A ^ ' / '  A' :  y i ^ A Â ' À - ' " ' f . i  y  . A A '  ' A - ' : ' .  ' A ; A y A  -  A  - y  A A: ' A }  - A f f  . y f ® ;  Y f  A r ^ f  "  '  '  '  ' A ' A y " - ; -

A À ',. :-i.;AA'-y " r ' r  y "m A y y a  .yy/" A Y f  4 A fy  Y  C ' A;i % x y / ^ A ^ ' v ;  f  ï /  Y '  Y f Ayr A )Ü X : : : : /Y . ; f :  ' y..y'A-'y

: '-A- V - y ■- ., yy  ■■ . 4 .  y.  ' y „A,  y , :
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\ 0* waa ua^a to '^itopaotl#', ofltW/. A : ''

aiî4 the, boat# î Awis olthoj? ttf poroll»^ aM@$ gpaiMto or • ^  ■ " H •'■ - ''■■,■ , ;• ,'<• -j •■/, ■ 'I. ,k ' :i
: »h^et ,' 'Wiloh la tter wr<»vaa to be actoirablo' ih most oaaea‘ ' ' ' 1 k ,. ., 1 , „ ,   ' :.i ■
' .̂.8J?©ohaen, #, ploP# W%y;q.:ly ^  ccwï!p|k:;;..
a v . ^  /:::MavY'r:y- '  ̂ ; * * : A A' . j i ar ' i a  m .m v , a-'vYY,-,..;. '

to UK, ; o#K emaea' jpMeia ,of noSÿbaeKuia, P,W the. wrMKs tuto voa 

:, $0, %» ]j<»aerlhs-woa .moat tÆmi tlie
’ ■•■>.-i; •.: / , ■ , . M ' k A ■. k

' f l xeâ,  to aid inaërtiw .to & drop ofk-k:T'" :'k',k kkkkikkk k, Ar . , oAîYÀ t. ■' YAY.A
%yoerlne, go this praetioo ma diaoontlKuod, noafeai airailar to %3.25

'. # t  ..mobibgd-from, olootrodo graiMte \/oro BOEwtimoa wedkf#: sla^ygpaMiito,

rmw. with no effeOt m the résulta obta;inods they liud no. ald.eld, and Uie
Ak , : îAA'k;, , ,,  ̂ , , ' kA3,kAA::k'k ̂  -V'Ak:-,:
Aîhoniioûouple Bhooîh.mà renlaood by o, IWS.A  - . ' ;'k'; A,,; , , , „ . ■ ;■ /;V:A,:;/k ,, ,k;yy;,
:' k: % ..k' aaserably wag oiiro##yItoolled l(%#.tu#Kal)% about .onoe

I, ; ■ ' ' - '

a raontJi, by plaolns the lovoUinc devloe  ̂ on the boat in position
a Y\^YY A'Ak kAA-Ak ' ' ' ; A , k,.,., .kk ' k,kUk.k kkY:k.'

in tho fumo,oo8 ,tl8ia devioo Waa faadiined nooupatoly parallel ’<toa Kild ■ 

-,.',stoôi* and ho^t in & dotî^itOr xhen not -in use# The telhOobpe of oK'A''’’ • ’ '  , k  - % . - . _ A;;mA:kkkk,;i;:kÂ
aoouratoly levelled oathdtceioter vtoo aifÿitod on tW  deyioo, and ttxo aorew

V;:YAf ' ' ' ' kAAiA#-::v/mAk::.Akk
,lt î?i'è,25, woo ttddetted m til the tops of tho f%at$ ort the devioo wore■- --;k-:kk,V'k't'. I. J ■■■ i .. ' , k , <'■ ;.k>AkkVA.ç:.-‘!krAk;;fÂ
^  , Daterai lovolling was done to rotating

 ̂ ‘ ̂ ' i ' , ! I ' A ' 'Y m, , , f \ , r I % * I ' ' ;
the tnbùg D* Fip̂ 23>, tmtijt tW to]> of tW v?a» x*aralleX to tho

■ ' A V a '.î :--y V r . '  ̂ ,
y  /  Y : ' ;  . '  J . ■ ., 1- .  : ' - '  ' J '   ̂ /  . :k A'  ' ' ' I ' '  \  ' ;  . .  + - ’ 1 ' .Y ' A,' ' '  ' YY*. ' r ' .  ^

hprieontol oroot#»*'fire in the oathotcsaoter toloBoope; tMa waa, oljsebod 

.( OtopWl timoa evezy rW , k.A".,
-.-kk-.kk ■ ' I ' . ' k k, X :%A-kk k' " i kkAk.,-:k

. ; ThO diiof Ob t̂ot Of tîiia work mo td. mOaOuro the ooixtoet caiglok kAkkkk- . I ' / k.---k;:-.': ' ",,, ' , ,;f':-;kk'';
0 03 iĥ  % 8.1, Ander different o,Witione Of toisperatnre and atmouphere.

; f  liis was aolxieved by fixinr; an oluntoiuta pointo.r to tlie eyopleoe of the .
k-yy' ' ' ' '' ''' ’ ' Y'!I ‘ , i , ' . Y'-̂ 'YrnYYYY
, oathotom̂ tor̂  toleooopo  ̂ m  iûMoh tîiô p3f?ooo**T̂ 4ro4 tw o tmà â

Y" "Y . ' ' ' A  ' ' Y ‘ 1 \  ' . . .A.. .?, 1 ' ■ ' , Y , .Y-Yk'Y'Y.
largo protraotor, oaliïwated to ,  ma fisced to the bOdy of tîie
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tho pohtaot to ho ohtalm#'!td
y-^è.:to'Mnp3? âif:£*pr;0hO0$\to-:Ppôotti)oita,anü l̂ rntoî aip̂  ô Aequëntjym  ̂m-l'-Y', 1' 
vciï?iea hy ahout 2 *̂ or oboadioiially* m  mdh a# 5̂ * for idontic'̂ l
'Ap3cpdrlnontq^;.# loop tho# 3 .v;od Aot ooXW:dcrea qo ve%y yva.,";,
:.:TÂ f̂î,ghlflocmt*:Y(Ŷ  ̂ "ohoorv̂ itioA cf'.tho mpaoimeiW î itîïout m â m  pyo-
■■ àtraln* fiitorà'' v/drè :add0â to- tho ;q%)tloa%. oyatom# = :. ;%ioX ahwed timt 
tho boot x>lao0 for theîtî t?lth ïtlnirwi dldtoyl/ Lo tho t;as
’ ÿro'ht .#''thé' 'oyopiedo hf tho %oX&ddpoi ■ '■v̂toro ’ thegy.woro ; firfedÿ'
. 'hW,'$on̂ pprarl'̂  'ih a yûvo, IpXdor'pllppod tp_ tho lê ompXodpj, ■oM norfîml;''Yl:Â; 
yy# the toXeadbpO' hÀlo* ’ ' fei' atîclitïoh to hoihg of a"àüi%)YXd'$hti)m 
A-^c. filtoro ,ĥ l,.io hg of ontionl quality to %)rmr#t-,dl##01on:',ty/p,, 
yJh#pÀW#t# filtcro t7ëro ovèhtuolly eolootod^ - dâô' for holov7 i W  the 
y"pth# M:oyoY3^^ \Y#ort from ppreoiiol coîifôrt eüoh fil#ra vwo'
: : ' r-#; , /̂ŷ y-
■;; ;'■ ■ Y A'k;'î cat' oâro-Y#a: ifeà#h/td' preventvoonta#mtlp#''df''the ;''YY .. '̂';-'y Y':'''

1^ urçr ^4## W e  , : ."Y YŸ' '
■ ;.lnWr%dlal roîatlQîià, "ïhe^” 'Wë# .̂ïcept'.̂ 'Æ #àtO'#toÉ;^#Sliéh&

1:1̂  tmae of chromiom picvted braao, % e  plUxquoe t/ore Uduêliy poliohcû 
A #  -thg#. top/'; d̂,th 'h k M #  brhoh /Y ■:
ro?;iove modt of tho -detrite s eo'thoy v;ore etorcd 4n enveloped ih the

Ÿ/#do$gpàtorĵ ' %  #ey<;Y'': - '

of 4ron̂  ito eurfaoe Vao carefully* filed prior #-me; moh opoclïaeîià
■ Y/orO dtcrgA^ry* aa _%rlehëk'{$hâ hhk^eff^léhtYm ---

' ■ : '

, k Y :;Y \3 # K b W # # # M # (# W k # % W #  -'
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eVcicuatôd while the tomijeraturc mo ralood te at îôaat lOOÔ b, te ŝperae#-' ■ 

'ae îwoh tft tho aâscwlJea flulOo (air* '-water* ete,) as poooible* the».

A-%- -'A -0ttïé-% #:;td::#lll^ ato 8imlïA'#àk8*'' ' m" ' ; Y
y; k : / : A : / . . ^  ŝaY Y à- , ' - - 'Y # - , .  Y/YY-kY"/aY-y
fk--,;'::Yïçrè/mbihié to their:::«Ki|iitoû lig h t,' aheùt -0; the tube

■k ' dïoolma. ' Bjaotiealto ooïxtimotia dbsôrvatieh ma àa^ë fréta séveral 
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y. ;■; y y  , .y K 'y  ; y  ■ y A Ai'y ;: ■: A ' ̂  -y ? y y  ■ y;. -,  ̂y • ;.A • A A- % A' y " ' A y A y \A  ÿ. '̂ ' AA .̂..

-Xy ' '\.Xy ■■ / - , yyy.---y\̂y\'%Aryy<y- (:' yyy,̂/ .._

: " y y y

y A

% -AA

y  y  V,
l ' ' ‘y;

.- -::'y ".y ...'yy :y'' y y : .  = ' A-y'- . '-y
y

:y.\y^-;%yy:\y/'.'.yyyyy

;;y'V - ; y ' ' y . À / y ' y : : A A y # A : m y

y y # A A A ,:A y ;:y A ; : A A - A : : * y g t # A y

■'; .'3' %7 '- - '-yy:'/.'- ÿ-.y-'/y: /y / '- .-v„y:y , ./■ y ,y: - - ,ÿ-;yy:\



■ y -j^AA- A'y

\  ''A W ' ^  W ' # #  ;gwa#,#g#'^b^^
: \: - ' 'i^  the Old# '\A:'y:y;

.: 'çpb#-' n i % ) g e % , t o  a,t fte-tÆièr.fv;';.

:̂y:p^Aoa#c^.,##;\ ;;:;;.|l5;̂ ia’jfiajeû #cm a ;0§gg#o' :#$bucl%

y tW ' (#.:ln&ri,';#ÿ%)g# -̂ibtitoÿ <ÿon#ï#ng a (# ;8ü ti##  C , : - /y';:;: iX

y, a o i a ' - w i i i a h spip«i^&;|:]i.c ;̂jt t̂ |̂..^

' y ' W p t wor  omWh#g',$<)%y#%%t;oa «ma

.■■■ oj?aé*'* thba ovetf tnrw gib« '?wat8,. %àdb gbout fo'ur'inobèâ Üong, obataùnti ĵy'/ 
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AA,y.fy . / . -AA a ' A : ' ' A ^ A ' A % % A y A H &' -"' XAXA.'r'"; A;.. y/.-'' - A'XA/:A:.Â ;1::yA.,vy(̂ Aÿy
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\>m %y 'Moc&wo cC «tot» with lÔ^ilÇÎ thy, .# *o ly  ÇPpupa

' ' t o W # # # : : # : # #  V  ,0%'cful %4'Ay::y/yi

, /rfOleJiOl di'iod .qonpoiientai oriolxxtotufc leioe ouffl'oi fto 'oaty: csw 

'■' ' 'Xy. nt q, woo olb# oi^#m oo#y: J::,-y-

.; /y y  . w ith vaoBlüa to oouttsto ÜW ptoqiz# «hirlt^î hbat troattogs tho f to il for%

; :J y  y y ouoae8U'fbl.'y'X,%y:##̂ ^̂  ̂ 6,011140601 X y y ' X y :

y,% i#i##:\ 'Aî'drha^^ 'bw ad ohb;% aM i^ to a^ /lth  éoppor tb aot y'-

' - 4 # ? ) #  aiffwoioiv A ; l ! t w .plrg;,WorO, QAOWhod.fr#yolo%..,,.

y -y..: ytro%.''GrhMilto#L oteol aolooâ to #iè (yllndor* - -too plogs Wore 4 '
iy ;■ gi'oûVcü acû üriîlca m  &i B (S’lo*27) to allcw Oogy oocS'.pe of ©la, A 

tomporaïsr towîi (0), ifluîi£^r (P) tiqd guide (B) Wero uçjto to.proaü .tliO' 

itoiuys, Imtworo roplaood by tlw.sraiMto plugs bofopt'e tho final boat 

':,y4 y ytreatwnt, BoparatOM about l/gg toob thiofc, aoouratolv fittin g  Inside



-■

X  : x ■■gXiv-g; XxX X

4:yX40y4XxXX:"%X4,,
À' . rX'X

■a X X -  '■
IX X  : :'yy ÀA ■ .X xxX XxXX #: a-x x  y; A^yxXiXX'": t '  i x  x # X ;  ' y f  xx 4,'xxx :. V i

' '<X- 
: .4 -

- ■ X A .  :Xx x-XXX
X"r AX'Xx :'Xx . 'XyxXxy.XïXx/'ù. X: ■

A , . ; . ;

, '1 ' < , ■• 7. ',;

4xx4I;|i:4ite^
XXXXX;-' -

X X À A A X X  V

XXX Xx,,,

X 4 »
X'-%ÿx'g:^

X a X a

X'y X'X 'XX:%.
•-’ i . .'.AuA:, ! ;

X | g |
A,.

■.X-yxXxX
XAX":  XXA X' X.

, u. - '
■AX ' , ,  

A  A - .

-X A  . ■'■ ■ ■• -X -a .a a■ A  s .,,,1, . V . / ; ;  >  A . y , XX':"##xxyx#xX':
x X x ’

.^X;A4'/%x^xxX^XX:
a a . a ; X X X . 4 , ' X

x x  . X ;  ,: X^.  x  X ' / y ) ' ; : / : '  ;  : xxx'̂  X g X ' ; x - x X 4 g X # X x i ' A : # ^ ' X ^ ^

■ : a V ; X4XX:X

x/g/;::,,K(gAX

X'X.gg: X x.Xx-x gXxyggxrXX"Ag;K,xx;.xg
' .  ' •  /  X X ' - - '  ■ . 4  I ' x

X X x - A X ' "
X , " -

X X ;
,. ' '-H

W ' X .  x x  XX .A ., X-.

X": Xx.;

■ /s'4A ,, -■' , V I  AXfXrgx, :gX%g:4̂ ;xv:X#xK̂
vXv,



X

/W\f

«Êjgï'(îàPî35’2’{H
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Above 3,600*%* I t  'would qppeap' therefore that the ahdve peaotlon would 

4A;A.'dh%, tahè'''flaQ.e,'at4Z:h tonpopathp# n® %w' as,3|.52p .G..#;:%# yvA-'

' ■ lean than'me attsodÊhere ato tho total preanuro of tîlo. sas.evolved were 

paiaed hy an inert ga® atoh as %  ePol'ved from the flaqu#*

A" When r%otWX'^pW .whi)!## - of ' :g# A^ the ,slas,Ath|A#ag.4 \  . .

'.:"A#enéd tod o o i i a i ^ é d '.yariahio dontaot a%ièa, ijhpsrlnK ty e@ moil;Ay,', 

À-.'to 30® to #o.« toses* On oqoltoB ..t# l : .the. .^etotloq, qeaeed w , contact 

y Ahgio atooya fe ll "to lower vaiweq tivh zqhtato@8,' hefor# toe . {Reaction;

.: tW.8 nay ho duo hoto to the àtollaP eraohht of SSOg le ft end to toe effect 

'.# .,to # 'r# .c ti#p W  &'8iG)4itolefly.X#A%;g
. ...jahlo Mfc-.v.-oAiere reaqti.to Wo|.:q.|lweci to -ppqq#ed#ite far tototo/A" : ; '. 
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,. Â'-'X 'omW#to\#0rp0AO,' $#A::#g5gp'toa:#%: to$#X'to%:.■■ 'pX̂p
y ;  p  ' ■ z t o a f J i l t ^ / t o s  d ' t o t o t o : ' :  X i n c l t o X t o i W ' :  X # # A ' - t o  3 # % , '  # W ' % g ' . Y ' 4 ' ^ o X - X

: XX  , p X X p g v X p V ; ' ' X p - '  '■ ' ,

;2|'P:;feE##to’e a t o # ' X # $ , # # / # P ; @ # t o $ ■' X:;X 
qÿ':©*. ©roviaea toBli#htoX t o # # #  'X

■■ ■ . / X t t o t o - ' f i i v e  a  q t o a t o t  © #  4 #  a l a s ,  p - /
X'X'ÿÿX'X.'P'WXto 1C«W ana Wmf togtor for loaf surface free anoray fjrazehitea 

t h t o : ' f # ' :  t t o ' é é  t o #  6 # f W : ' fcoo etorcsr, P  X X '



. L . . '

y - .-X':/:?,.-,/
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ircaygrtiîfci.to nyato#* thüuf^ tho rosnlta are of/iiiÿortonoo in owaooti^:..) 

\dth wetting of ooto and wrhon hrloW in a hjnht Itoiaoo^ ana of graphitn

The Interfaoiol relationo ; o o u i a t w  ;"■ ' 

'e%#%poiaW to n aoSiA ircsy'éîte^hlt® # n tw  wken they wonia ho yc*ty ,■ 

.intojeeM^g. f*o% n, :/#f'% of q^nÿt^tiaatim' W  nnoJéatiM: i -y, ■

. i:'.iA ii:Ai' '",-,i-A:i i
■■ Before qomidering the e%erimntn3. revolts i t  la r -

■■■ : 3yv: :: ..3;;3y.3 y /, : -}v ::y : q - y:: -ŷ r' y •■•;- ;•'■ ■ AA
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, Bonai"** (potca a voice of 1700  a t 35pO%, . fit a l ltovc nivett

-AyhMiW. ;# ) ir  s>cnf re<mt - ',1^1% l'^ 'ÿ ^ c q ^ 'fit 'K#)%r;yAyAAL'

AA$ofifikfiVitoh ct a l Iw e aimydono:-mch work. in tJûo fioia/'àna- tbfilr- meet ' :i: 

rcoent , Wolue^^^ia.a^S *  15 e rc /« f at 1559*t;,, last five résulta '

AC'W: a ll fer,,e|eotrifiJytio iron # $  in  apprmmtejÿ'cjmsifii* ;;■:

,,' so tlM> t̂ Weàoÿ- is, tçroi?aa,hi£^ résulta os. e%perimWation,'lvfi#fiW# 

'.'.yWivcvea,., A.Iiiseiy vttlufi at .iggp^i^'yth*# 1800 t, go ergs/op^, c#:--' iy-i 

-Ay^P'tliablS. .r'eaùltt"*̂  ̂hoa,- hfiCü' f :ffir tW''to%ersturfi' oceffioleAt

çtjiuJUûESf; vlth  h m »iç41ç3? W.%1%-;p^t idM-y
■' A 'A  '" 'A ’ ' -A ' ' ' ' ' ' ' ' ' , ‘ " : . . j ®  VAAH laA;, ■ '

a a5pll^-da?ltioal point tô i5?cn̂  ftrom in BonOî  ̂ ^

thin cpefÿigic#t h m  î ntjüïîp-teâ at uhont i^xwp iixn

Itan a valüei al̂ out 150 erg/ob  ̂ lor-w tîian oloctr<ÿl;srtlo Iron  ̂ an fotma tgr
"À/Y i.A-'ÂA -X':
- : # #  Btatoniîc mo m  mqy Mnenn i%  ,vp,;iuo to W  1650 Î  100 .

W.th a oqej^qlwt ,og ' n?x># i^ 65  

résulta for',#'re iron (e,g,37;eaa IW ) give Ssi *  4,000c5#000 exw^on®,'
A 3  A ' " - .  y y '  2 . ' "  > y  ' 3 y  A ;  y - - ' ,
yyy with .•.'̂‘■«i'yBfeout 1600  erg/m ■ lavor at 1550% (uoing^m, # .O*?, and', .é;îf'

"'y.y^^.iblting about ' *400 ere/oo -̂ frmt Bcnai^ :b̂ 33)î' those, result» ore

AA;a|^st t(Aos #^':vhlhqs shtsihfid' .fro# y-: . .

Gfiea to bs rolialAo,'so ihey 'ore 'dlsregnrded hero*"'

She effect of carbon ia not very clear; moot work indiouta»

,. that .it  ,l<ÿ?er» fttf te»K^l« Kcocdwvltoh* Cl»tol aM Sage '̂̂  givo the ■

« 1 6 0 0. 100 W

aa/evor the laore recent v/erjc cP 8nidon end Xingery^ aeetasi preferable.
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' ÂÀ;, -a;- ,y.

yy;-::: .-:/'y:yA3^A :y "y-'-y y A -yy:,y  :- yy-«.:yy. ■ yiAyy.:w, '.yyAAAÿ'{AyÿtAyyA\#%\ry:;y;A
■Ly i-/ÀcyyA - .V lALyy.,;ryAy-::333.ïyy:;yyAAi::AA"AA##)lï'sy ”■■ "Ai.:-

;A '

A': 3 çyU'AA . A; Ayi/ÂÀj::' A= v: y ÀA\:r- 'ÂLA'̂ j-A

JAA.A;,A,;A \

"  ÿ # A A # , AA  . A . A y . i y A ;  ' / - Â  v :
: ï . y . ,

A .  A  ■ ■; 1  A ; A ÿ  ' : "  ., „: y f  À y A y  ': y y i - A i A ,  y_y., ;  V y . A à A A - y '- '  ̂■ A A - , y ; T )  y A n y A : y A . t % f ^ , .yv'-

.' A .■‘■•yv" '":y'y '. .y

- :̂y : ; y . .  :::::;:̂ ;y
' ' ■ y ' \ y ,  y  ■

' - ' . y * # : # " -

i f -— -yyyyA::' " --— %-Ly: yy :yA,yyyi;,yyy:3r..:- -y -y ,y y  yyy:yy:y.'' -ŷ yyyy-y::-:. ŷ yy".-/-'-;:
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4.. ■ ■ 4 - A 4 a  V, ■,;. : 4 a a ' 1 4 A  ' A - y i ' } :  ... . /  ' 4 i A '  4 -4 A-yv . ry4 4 ' 4 4  ■'A

XA"-' A
.■ I ,:■ ,=-

, ,, - ■ i ,f  • . .■ ■..'.^ ; j
-■ '.. • .... V.' J  ■ ,

.A\444A444Ay - A '  , . A 4  ' : .4 A Ty -j A  ̂ ;■ 4,A; a 4 . . , ,,
4A4444 4#

4  ' ;  Â'AÀAA 4 A  ; 4 ' ' 4 4 4 4 4 y 4  "y 4 ; J/^yA-xAAAÿ. ; A;AyAyy yyAyy-rÀ; A 4 4 ' 4  4 . ' - 44 '4  4
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any PoO i \ t  tho' uoXity'licjuâü toterfaco x rc v lil Iw w  and Oooiwwo 8 ,
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, ', ' ' ' / . '. , ' ' 
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 ̂  ̂from  tho mrptoTii*  ̂ ' . ' ' ' ' ’ • , ‘ ' • - ; ,

. Pd/O a llo yà  q idokly  o o ilC llfio fl a t'o a o li tom ixiraturu tU o lr 
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'WT0 guioM iy #icm tUo • m ta id c  ot'tW apooiriien.whioh \7où moro uorroa iàn •

' ro p iü ttu it x^oqui'iably-, duo to.adV lghor po iw ntagè o f S i*  ̂" -' " . < . ,
' '' ' ̂ ', ' ' ' ' ' ' ' '. ' ' . . ' r %' - ' ' ! '' .' ,, ' ' ' ; ' ' ' ' '

S o lilon ito î^ - .%  to  lifSO% î>otli 3#^?/ fUid 0 a llo y n  ahor/oCl contact

ar\gloa ijc t i’/ooil 13?^ and 1% ^ a t oc^uilib^liim * , Scyoxval attem pts to
' ' ' '%. ' ' '  -  - ' t - - " '  ' ' ' ' ' : :. Obcorvo pure iro n  on th ic  plaguo fa ile d  due to  ro a o ticn  in  the reg ion

o f 1500%. and ac G oM onite la  a t a maxiWm in  the lid u ld u u  curfaoe o f .
' - ' ' ' , , " . , ' . ' - . ' '

/th e  OaOYAlgO^s iS ib ^ cyaW y M nor aX tora tim /»7o iil4  'dauOe i t .  to  'm olt - '

■;YjolovYl?Sto%#'‘ tM c .o ffo 0t  a^cfod to  ,th é 'fliu d n g  o f fo o t d f the 3̂ eO pro^

(luood, ..or.iuood the %)lat]Uo to  oo f ton aiid ro m iltc  abovo 12*50% i7oro n o t '

obta:î.nal)lp* Above 3450% the otirbon in  the iro n  aiao, î eactod and t to

, contact iU iglo cb?oppeÜ to  about 120% %)occlb3y due to  traooa c f 01 in

the iro n * Up to  3450% and txstiroen and -n e ith e r tomxioraturo

■ nor m rlxm  content vcxb found to  have a c ig n lflo m > t e ffe c t on t!io  v /e ttin g *'
'  ̂. ' ' ' ' ' V ' ' " I '  ̂ ' ' , ' ' ' '' R eprooeht.\tiim  v rlu o c  ore ' a h a #  in Table XX3T* , - ..

' ' ' ' ' ' ' ' - ' , ,' -' ' ̂ ' : ' '' ' . ' : ' ' ' : ' ia. ' ' ' ;
lî u ll it e ;  , The 2h*W oarboti a llo y  accused a oontact, angle O f 130 qn

'* 'M u llito  a t 1250 0 * 'Above t liic  toraperdtux^ a ll parhon a llo y c  reacted n lth ,
\ ' ' \ ' ' '' . ' '() ' ' - ' ' ' ' ' ' 

tlw  placée, and contact angldc o f 110 w ere obceî ved vvhon tho iro n

fin o l3 y  m olted,' about 1530%* A n a ly tic  o f the % llit #  gave,.30*^T> B ib ^. '

vM oh in  acme h ig lm *’ tîiàn  ’ th o , c to ich io m e trlc  amount o f -2G*17/Jî th ie

yud x>odaxh3y duo to  tho a c id  ivuching trCatm oht* o r -rOTe .prCIM flyg to  an

impure o r lg im l m a te ria l* ,^TUie fre e  UlOp may h ive  toon roe ix^io ib lo  fo r
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m)* , . • ■ ' .  ̂' . ' .

'jîîü otaôi’Voû yeaofriün't’ t  auüîi 1q;; tom pom tiëou, oauparoO. to  tho ir a y '. 

«’îo lilo n itie  '' ■■, • ■• ' ■'■ • ■■. ’ ’ ->

i'ho  V ftlü o ô 'o f ïs* i'c i- thAcî .m tO À'l.bl’'oîicl tîio'i3n.O/.faoO.- 'i;E itoi’ii:'l.

Woro obtûiuod 02ctxVipblût:km’ from  Mng»  ̂ ■

AgaYi tar,\i7eratiu.'o më m ovnt C f çnrTioù ybavoQ m  û irÿ x lfio ô n t 

p ffù o t  m  G vM 4xv;a^' Of 130%' M  tlio  poglcm  i 25ü % l55D% '̂ - ■
' ■ .  ̂ 0 g ' /  ■ ' ! Y ‘ ' ' ' 1 ' ' Y
and/3#bX\'tù 2;**2g:'b* , Junt nbovc 1590%# yh tleh 'IcY tW  oo llüuu  toï#èrat%n*ô ■ 
/- ' Y ' ", ' ' :.! / _ ' ;, , ' , "
fo r  tü ln  p ln g iio ,, ùqftonoâ, and % % rodt, contact ahglod dov# to '00^

Mo'yjo o%)uô /vac{* ' ' . ^̂ .. ■ ^
'  ̂j,' ' ‘ ' ' '' ; 3 '  ̂ ' ' ’

OVÆ sx A il thô lrayparbo :q  a llo yu  fX'om uoro roactqcl r ;lth  th lz

;pbYjuo in  A n.t 'ç r -Ixilov/ th d ir  i.ka ltia g 'jX )in tu *\ Tho lilg h  a llo y u ,
\ . ' / ' ''< ' ' ' ; - r . '  ̂  ̂ ,. ,. ' . ; . ' -

a t th o ir  i505:uta# phcycd in c ip ie n t ù iu la iï oa ly  aii tlio  top ciuo

y o  'rem oval, of 'm m ' o iirb m  noar tho pXax)Uc/{sK>tal in to rfa c c : yhoroaa , 

:f>iiro’ iro n u  ulidvvotl ^ o ii> io jiit .fm io h  noa r, tho In toA aoo  1)61^7 1335^̂  duo 

to  p ic k  u p 'o l’ étym Or* V /ith  -to p m ra to rc  tlxo h igh oarhcn n llc y o

cû\>;ixl Ijd m lnt'fvlaod p o rtly  lic p ia iip  to  a h o i v t t o / v i o l e n t  huhhlin^': 

o f lYO  (GO) oorjurcred Up to  th;Ui tànporuttïX'o# T /ith  rpopd lu fj contact angles
' ' o' ]  ̂  ̂ , ' *■ * 1 . " Y ' j , * Y

Ciij\iii to  20 ,  and %/hon rcactic& i ooamd ̂ tho att;ÿtoc aamvrnccl, vYluoc In  tho 

rcg ica i 30% èô^,at ahop01550%» ,Tho‘ v a ria tio n  o f U vrXtîi tim e ami toi%>ora'* 

to re  fw  q lo o tro ly tlc . Irco i - lu  olvwn i? i iUg*32* ■ In  t!) la  fig u rb  in  coari 

n tonüopay to  3,̂ 7% contact auglco as rea ct io n  ici, p iw ooding# thou an 

inoroo.do to  tlio  o c ju iiiu x 'im i Value o f 2»̂ , 5%, - it  1500% on cq n iliW lu m  

value o f 5%  ̂ io  c jp lo iily  achiovod, - ami c im ik irly  a t 1570%. v ith  <V4 angle 

o f 5 :̂-#5% Thnc tlie '-co n ta c t angle incroadeil about per 10% tm Yxsrataro 

incrnnno, oIiaix^chfaB g n ito  ' ro ijroduo ih lo ' and rw o rc ih lc #  in  tlio  range
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■ " . ' m  , ' ■

itxasK r S ’S x  Yisf
itJîJîÔ * %§TCfK}g te  r.' poplca csf ateutea (S*3S)* Atea# tcne ono Jtewo

ap^taett Y'Iiic&k ôtoTOcl a stoai^ aaorenao te  .® w ïte tqmpeyatupo te?»
'' " ■ ■' ’ ” ' - i) ■ " o' ' . ' ' - ■ ' ' ' ■•

td values te ' tlie, kmga ^  70 * ïho nioBt p»*ote'Miy pjjocjuolai

î yô' 0» «na tîia■8ï<te0Ïi'feO *ü% & !^ J p g ' t - # 1̂ ,0Y y  ♦ a a p i,,(3)
I I , . ' ' ' - ,' , t ' ' > ■ ' s f ‘  ‘  ^ '  '  '  ’ '

teofeaae te  ■ W«Clft #  «îjtodtea, td teya Sr, '. and ■ i f  Or

haâ aw  mrtea'̂ 'âfteot te  oMtl ;teBtetaa to rteuoe teaae' . ' ■ ‘ i / V ’ . , . h \Y<,V'Yr:Y -i :/'; ; 1 ,
ijormaetorà v/itH a oonaïoqatet roduoÿite te  on aouté «teteoi tesid*

. • ■ ■•’• ' , ■ ■ . • •• '•' ' ' • , -, ' ' :
IH m o v  i t  te Doaotete that Or .ia, n tt te'terfa<*ial]y tetiva. ana that i t  •

bligbtSy iaèomaaq» «̂.c, (c.f. tte  JWgery m à

a  a lla it M  ùf aiR iilarly treated epeoXmom of
' ' ^ ^  \  ' ,  ' ' I : ; ,'' --' - ' - = » ' ' ' ' \  = '' - % " '

AW o oM olodtrc3#io' 4 rw  omtenta of 3^77^ m# HtVfÂ
'  ̂ ' ' ' V' ' \ Y  ̂ , ' ; ' ' ' :

■roapoçtiyoiy* Tto. réapt4c%.aa ta  (S) m t  tho
. . Y  - Y  n , \  Y; , ; Y  0  .  . ; w,;  Y \ ; .  p’T  j i U  ' .  : ,  i - '

CKhfer c #  pq0O$.b).e# the y<wkbf ïâltÿ*# Kplede:̂  cmd Oïhfto' W loute# ;
; ' : ' ' \  , .  . ' ' /; ' \  t : - ' ' ' .' ' , '

tho pêeolblllty of ;tîy? o f 4 î0 £od epim l XO#0rgO  ̂yhê# %

io #0 w  Qf# md i t  nètm i tîn t, the oyetm W ^O p/o ko v^orthy of fur@%or
' ' . ', ' '. ! '. C . Y . ' ' ' ' ' ' . % ' ' ' . ; ' : ' ' ' - : - . ' - '

teveotigatiph*'  ̂ . , ,,  ̂ '

■’ Tîio «oKitaet m 0 m  <^etod'obbvé We iw er' then, tho true Wluea
Y' ' ’ “ " Ŷ  ■ Y  . ' ,: \  - , ' . : V -, / Y n * , . ' ' , , Y .

#  m  uneertain* amount in  tW  region 6f  5 Y to o aviW im  W tho '

%da#ieê# 00 that tliè; ibsruo'au|ÿle fo r aieotroiÿtiô^tooh ht X5^%:'my he ’

a * w t ' #We v w , the", .̂ magee in  bmtaht mglë for aî%r one dpeoirnen

( ^ 4yiO %  ihe#aèe) - remain true;

%O*Alp0«f '■ Thia jm terlK^ ehwed a - k^rhed reee#L#oe tô % 0  i*i it»  

WteÀau# «isitff»» ' '%» ddamTed v/ith,"

teti^raterd (3300% -  @#50%) #  wite, ,‘tef'bte (6 *  an& #%»

a te W t, te!#ad 'v e r# 'M i# »  àé- 13i * 5^ 'a t-eteüiW iam ,' ' fe in t' chante ’.- ■ ̂ \ Y- ' -\.-Y Yï''Y ■ " Y - ' " " ■ cYYYY"YtYYŶ'VYv-.YïYY''î '.YYY Y Y YY'̂YY:'K -.g _> - Y Y Y-cY P+ '/’ï /’'Y;'v /p Y Y.'Y//f̂-Yj '
«P ÿ ià  iw e>îjaorv#d to gathw'near-'ted toteifeoe te .a te t'O f those run#»
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■î;

V r,:r-.

‘ •■•À ' •>•'Y i - V t o ro d u o tim  ü f 2%)t b u t in  tb ic  ouao ^ Mm lo y o m t
' /' ''Y/-lY'\vYY/Yv;Y;Y//Y Ÿ'Y';YYb/lYl/Y\YY'-YYY:̂

to  alx>ut,lS3 ,  onü not ra icod  m  ±a tlio  cmo c il h îw o  llgO*

:/Y) : % _ . .. %  ono van tXtli oloo'la’o ly tlo  jUx^n# u traoo o f o iyg a t v/ao

"  • vY' ';i:Y.-: ;ddnU,l.toiJlbvi.tli tîiOiCg^n# m il obcoiVàtlono wcro oontlm tod*

..' :x/.'/Y.:YYY tli% -a  atoaCSy oxiglo o>? 47%aa olxïo:<yod u t 1350%; tîio  plaque’ycû  W O y
'i,A:y-xy'i.A'' Y. ' ' •' , \ ::TYY',/'..Y;Y'

' :\"Y' r'Y omtomim:itea v /lth  l̂ oO, omi tïio  surfaoo o f tho to m  v/aa ooddiaod* M i t h■̂"■'■•;Y'‘7Yc-c. . ' • ç; - . Y/Y'i V. : YY;
iHoth tho Dplnola uu^Ajo a lo t  o f' trb u u lo  ofbaq Cluo to  ^traooc o f coygon^ 

fo r  i.îora p o ro lo ta n t th m  to ’ o tho i' oyotoiJki, and ttito  v;au a ttr lW to d  

to  Q qooi'ptlm  fr o ii tho pla(.xuoa* Tho aCloorptivo ixkîop o f thO optoolo ■

.' * hau a lroacÿ \>ùon oonBlticreû %  qm icuating fo r' Im g o r

■' .. :;Y,y; ;;Y, pôi'lcdo up to  ̂ hlglïox' taxcoratm^oa (ahcnt 1100%) tlito  tro u h lo  \/ac üo*

. «  ■■ ' ■ ■ - ■
to  ooo liug  dotai aiCtor thoao rva>a a n o lliî v/au ohaoxnTod to  

':‘Y' "Y /.:Y^-'OépWato frd b i“tlio  iro n  hoforo x^ocallobcencD van qbaorcvoa* Jîb&imitidtlon 

Yi'YU'cg:Y./.;.ivhoA"’odci o lw o d  uovornl to rn  o%)ùptoom ,to  ho pa rt3 y oovorod v ;:ltîi th la  

v /]ilto  ouhotouoo* A ntosClaî  xiiahomonoa haü Ixîoa ohnoavoû to  ocvora l 

mcoo w ith  A h fi^  ifUimmgûAiü a o to lla r  vM to  im ùov  had hocn oWorvod 

;V: .■ Y Y; on tho top rw fa o o  o f iro n t/ïiio h  had hoon inolted ta  Alimüuîn o ruo lh loh

tô  ;t>Tüparo tho opooirncanc ( ib r t  152, tirh  o n ij)# ),' rjo I t  T/aa a ttr lh ito d  to
ivY'Y;YYYY:' '. ' YrVvŸ'■ ' Y - %  ̂ . /<'i0̂ %'̂ YY!Y'''::YŸY0%

o;a to to ra q tio n  hotiYOdn and to o ra  io  oojio ’ doi'iht * ahout tho
Y;: , ' ' , Y#YYY#%1

tïio2;n!b%mamloa b f ^îlluTitiatlum tniX ccygcu ta  ivoïx^ ancl tisoro ta  a p a jo lh illty  ’

ù f  tho oücurr01100 o f oomo outx»dcio, .Al 0 o r AlgO (d*Y;*lIoo%': and JoIiîujcA.'̂ %*

Tito prooonoo o f th lo  ywücœ oeo/iio to  ouggoot tlu v t tho ocxuilihrltU ît ’ ■
% ,  ̂ Y:Y}.YY%Y\%

o w o e n tra tlm  o f oxygon to  toon to  tho prooohoo o f ( ilw to lim  ta  h igher

tîrtu  ta  oorctmù^ hollovod# 3%r vToiglitog ox^ooimono th lq  |>avdor v;ao ' .
s ' i ' . J  ... . .1 -, .1 - ■; if. ..-..v, ... .■ .■ > t-r* ', . .. ",.■■■■■. ^ - ' f '%::;;;il' ■ '.■■;■■■’ r\ - . • ■ fi-;:'. . • > .■-\'i ; . -l'•■ ; v ;-•■■•:■ ... ■■ ,■ -’ .■''■•■'YY'-'■■Y''̂‘

about o f t lio - im i*  . . '



Y\ YYYyY:Y :;YYY:À;̂ ^̂  
/f Y'-}%' :%YYYY;%;YY#'

-î',/

:{ y;YYY( /YY'./ YY)Y:YY Y/YH
//y-;

i%;Y
ŸW!y

•t : V' Y'
Y.Yr4,YY

4/YY-../Y%Y'-; ''4%: ' ' 4 4% ':
Yi'YY YîYy-4

■■■.Y yYY :. .- Y

/--Y

,
Y:>YXYY;:a,ï



161.

roaûtictt

' n W<&i âmollesr’ te tte t th te î-wa d*gC4# ïtefe iron #$

: ;; 15SÙ% shoisoa oantntet ont̂ Loa sftJtm loo” dro#teg fio dbout 70®Jji cviout
'/■.'■y , 0 : ' '/ ''Y lY Y/::/;
ÿy 40 #W tea  W fte* rlstn c  to a, stbaÇÿ'lOe * ïho $"«/$' alloys ’reo&te^y'Y fi'->

Y'::' p a rtia lly  meltcai'tip to alibut 155.?% âue to i'#taovnl'of oorbm;

this roaco 8 vos te  tes »»çite bf 13oA 16o*i Àt 5L5SO% tes omtsot

a«£ÿloa ùr%»poa' to 95*’*'10$®ÿ' ^^5 rose, to'ü.' steady lûg^ i  ïM oh

oMjîle wss not ohanged with tm^xarature, oa vma bbsenrad with tJje pure

CtfgjOj* fe ïy  l i t t le  Cr (CLOOby*# found te  'te# iroh a fte r theso runs,

P J à s m K m i ' ' '

Y r  -r,> ...Y-^ t.-i" Y  . . : "   ̂  ̂y .,r̂... v .y -. i y ; v ' y ' 'y:'- .-y ....... '-x ' ? .... >-:■.. ■■-?■ *. y :.y . .-

îhe ochtaot onfllea fw  tjio iror/oarhm  a lley* en AlgO,

, are sim ilar to tlioss (IW ®*10og fouha ty  Ktegojy et o l '^ * ^  vAiO

ùXno Qitotoâ totcriTaWûl to  thA apcngc orge/m *'

Tk) vulupsi tù p  ŜL to  XXV' cro Mghay due to tho uood horo*
O ^i|jÇ

A omtaot sn^s eflP 150 hte 1»o« rôportoa fo r teen te  te  Ito
 ̂ -■ - .: y; Y ■ l'Y.. '-x:.,. ' •-■ x i y y' Y . - ’̂ y ■ .»-,y y--, ’ / g--;-.Y-Y .-à-'-.  ̂y ^ - x. ' \ = r- \  Y \,.Y

vliidb., éfpfoOs v/ell with those found hers, ' Mb pi%tliteea y/ork ac*na to .

hav# heon done en tey of the other systems» although the author had
X3B 'dono Bcm  provloua ma?k vdtU Gohïonito w à  i(La<ÿAO#y tlxe

î oQuXta of whiotb ag%w woXX ivlto tooaa diaoucaed abova;

Whœ a BXipifiQcùxt amount of )̂ ©0 ooctUrrod to  thooo pXaqueo

tho wotttofs Xy aXmya tooroc^od# rdth omtaqt en^oa dcs'̂  to

1X0  ̂ivlth tod about 50^ \vith Àl^O^ and M tp^A X ^^i and By^tom  ,
' ( U , ' , ' ' ,, , ' , / . , ' , , ̂ .

oontatotog BlOg #  m y b# oon#ldored to &hat aW Xor offooto*

Vozÿ fcnv «mqplw haw boon givm  to lito ra tu w  of mt(%Xo v4to a 

otetaet m dla less than 90<̂  cn oodaes; the best knotm of th #e  Is  

the wettteg '<£ AigO  ̂hy te  this case tee poocihlllty of the





formation, of ©ubooddos ia  %  la  roportod to v/et gXoao^%

oM tom  1$ roportoa^^to w t T10_* to  a ll of tMaa ayatem #are  la  

m /^alb lX  of forim tlm  of acTiiq >6:̂ doa of tho -#to imtaaX

aolub llity of tlils  oxldo to too motcCL and to tho aoUd m y  1x5 tho 

toot to ' roaixmaihlo for: too w tttog* to  too.- ;Q#0/ofy tto  Ircsr/BlO^' ;ayatm=
I ‘ ' ili.7

tW  wotttog ôgmt bo 3$. to. addition to $*oO* Bt&gWr la  roportod
' ' ' ' . ' ' ' '' , '- '. ' ' ' ' 

to 1)0 to tw fao lo llÿ  aotivo to  tooy/W .# ' ayatoma# Wian I ’oB r/ny bo tho
' " ' ' > . .  ̂ t

snutufûlüy soluîa» oaàpoofwrti»’ 3b I t  aeems that vvwn wettteg: bbour# îa  

Mofe:iV«‘i3e syatwns i t  ia  clue to d wdtudlly soluhl# otittptetet, uauaUy
- y  Y--. .' ■ ' Yv Y'j." :- ' ' . Y ■’: v- , y_. ' ^yY, . . ..■■ Y ’ . y  . ? ' H 1È ̂

tho 03dde of too tentai to quoatlcn^ She doubtful oaaè reported
' '

to to# ifotttog of V  too)wdymmloaï3y l l t t ie  %gO ehould forty
' ’■ ■ ■ -■' ■■ r Y  ... . . '  . - - ’. ■-■■, . - ■■ ■ Y' - , ' ' ■' M  ' Y  Y  >  ■ - ■ /  ' ..:' . ■ ' :  . , , : /■ . ' . . -  . -y  Y

W t tola aim ll amount m y he auifiolent to eauae toe obaerwd v/etttog*'' ,. ' . , ' ' ' , ,, , . ' . . ' . y/Y-̂yJ
/y   ̂ Blliolopa reftootw loa are well.toom^ to have.pom-.realatan^ 

to lic jild  ateel# Shia la  dUo not only to the toermodyxiwloa of the 

yç/BlOg ayatem# to t to the I m  omtàct un^oa of toe a tool vrfLto thoao 

smxterlola# giving on. toweoOed area of reuotim * Shto _ to of litta e  ’ 

ocnaemehoe to  ooattog ateol or iron into eound moulda due to the apeody 

fîiWttaticn csf a Holiil ajda outtteg $xfm  tho jw»aottcn» hut the low 

ocntaot csnsle# would liav# a howoflolnl offbbt te  ppteOtteg oteplot#
, , ■ ■ ■ '  ' ' Y’?'

fillte g  of tho nouM ond glvteg a oaattog td th  good edgoa ood ooaeoowi.

OggOg and oaddhlt laCd* difforonoaa In  omtoOt onglba

md jfoaotl'vi’tsr-.,wttib teon,, oa diaouaaod ohovo, so aha would o^ ĵoet w^YY:»:
’ - - - I ' - \ : ■f . H ' n . - f . 'f t- . -.- ■  ̂_ . . - _ -. . J i L . * ■ » / : ) ■.. T ’ . ■ ; ••  ̂'. :V , .. ‘ , W,  ̂- r\. ' ‘ i .,'

bettop ocswosite te.M .feund.'^th  thài#4:YY'Y/.:

with OJtt’cmo,
. ‘‘Y - ' - Y - Y  ' Y,Y ‘Y - ' Y ' Y Y '¥'^,'vYY■iY’J . Y ’C  .'■■':Y\YY^Y’> Y > Y  / : ;  Y Y \  Y■“‘'’‘;"' v Ç ' Y Y ’ ''Y-‘ '"Y;:.-’■

: # # y Y Y : : # Y /y Y 0 Y Y Y'-' ''YYYY-
3,), ##te:!tete'dooo not wot thoso «addo# jtayootiaatod >dth wldoh i t
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dôoa roaot aiiijniflotm tly: oontadt ongXea Ixiing Ï3Q 433^ and

v/cwk .of aaiwaicn ~  600*650 ors/m̂ f osaqopt foP A3 0̂  ̂A*W8 © la  

MfshaPimaWni' Iw op,

g) te  tlw acnrtfeaoting ayatania oxorainoa, tea aurfaoe froo teopgy of
- .V , 2  , , ' ■

teo #«ûia (350 to 2,000 ùpgram ) îiaâ ne sigtilfioont affoot on tho oontaot
YsY . .V  ' ' ; ■ ■ , ' •
'?'% angloa, ' . ‘ ' ' .

3) ; te  tJ^ hte^ac*tteg. oyotoMa, exoept fo r SVidigOa» no oignlfloont

offoot on Wot king was found m  Vaxytag o itliw  tomperatwo (3j250X l550®q)

' w  tepbte In  tjio Ir te  (O *  4^4l3), .

ih) te  ana S'«/CJ alloys psaot id th  'plaqnos Oontateing SiO„ oo? OpgOy

vdte a poaultoftt low oantoot angla» being in  tho Pogtte of, 50® for the

«daes, end in  ,teo pogtc* uq®-l20® fo r ooddo 00%ounas (CkManito,

te llito  and Etopooihrocdto)* te  unajcplained revsroitCLo ohonge in  ooatact

anjÿlo vdte tor^ratvSf# was found with iron and pure OpgC^

5) te  fWcsy oaoo Tfhoh a algàifionnt amount of Vtt> was found in  tho

plaqjJ#» 1<W, oontaot anglea wore obsorvod} 110® fo r and about 50°

few AlgO  ̂ and MaP̂ AlgO»*" ,

4!' Y.K.,..g3m.ia
Although poaiits \o.v# been reported few the wetting of other■'-■Y v'Y ' ' ' .

motal# Xy Xlquid oxiclcc# xicm  foimB m  the netting of iron* The 

omtoot ohglw fo r ailioatoa o M  borate;# on mtoto ore gmornlXy to. 1 ' ' I ''4' Y 44/̂44/,,;jfYY". -.4Y44 ,4; ' .Y4:.:Y.';-'V'-,YY:y--y-v ■ Y'Y,-
the region qf 2*0® - 70® to toort atjnoaïàaoro#, so i m  oontaot anî loa

woulB bo expeote^ \vith silicates on tlio reI'a1?ivoly tore reactive iron*
,  ̂ ; 0 . .

A slips about 3/8 inoh tbiok out from an Arwop iron bar#

porxwûioular to the axis# # 8  fjrounà fla t and paralle l sideU#̂  I t  ms
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j;<îlisUoû by liand m  abraslvo papers dam to 600 mesh Bid# i M  stored 

to a aesiooçtor* %on required# %)looes about 3/2 tooh aqivoro v/ore out 

■ ip^.rWéip surfaoo oleoned w  600 moah paper# The oamo olans v/oro;Y0,:;;:V-'y.--: :Y//yy:Yyy .y y,: ^

used# as described earlier to tMe dmptor# ' and tlie epcportoontal pro-;
Oodure vao also the somo* Tho résulta ore aîicnm to Table XXVl#

JAor̂  m  Irm to ̂ oa>
' 0 
.0 Oomposition ©“at ïPO, %D: 440 lag

,MRp„, Æ s P ^ ., teoô te50 m s 1450 at 1450®o
% % % ’Y # ■ ■■•■‘i m  '. 20 42 78 69 0 " 43*5 755

IX m te 62 . 75 7^5 55 52 500
I I I  , 4 4 # w 47 , w «* — ' : 30 35 1060
V m* 20 . te 62 60 50 50 , 640

Tlioae a la ^  showed about l(ÿv FoO by toialysia a fte r the rum*

Aoourate figures# for tlio sui’faae fToo enprcjy of these slags v/ith FeO#

were not available so tlia t the work of adlieaicn quoted is  not vory

aocurt̂ te being derived from , values of ĉ, for tho pure slags#

There is a tendency for B to deoredse v;itU temxjoi’ature toorease; 

ttos ©ffeot Was not reversible to e period of a1x)ut Im lf an hour# (Uid

i t  is  attrilxated to tho produotion of uore PeO at hl^ier tomporatures# ,
' ' - ' o ' ’jtootlier runiTith slog I  up to 1450 0 ahor/ed a contact ^aigle substantially

' ' o ' ' ' ' * ’ ' .oonstant a t about 73 $ and Avhen tills  specimen was analysed i t  xfaa found

to oontain only jl#(ÿt*eO# This suggests that FoO ho© quit© a mrlœd

offeot to  decreasing  ̂ #

Although tho range of alag. compositicna is  not a ll that miglit

be desired# tliore seems a toMent^# fro ii Table^^l̂  fOr B to decrease

v/ith toco'eastog basicity# FoO would contribut© to tills  basicity# to
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aüüitloü to hxvln^ a  pooalblo aurfaco nqtivlty* Thq rate' of oîion^ 

v/itt>''’teîï4)ëJ?̂ itÈ*é'-̂ éoo® 1^5% . '

ina^batliig'tW 't 5 iron iü v^qt 'botter tïia^, ̂  iroqn tbpu[;;h thia offoot, 

;te hôt oloari^ qe /̂arablo from. the od%S&ot*f casG' a

aobreaap ta  Q dUi posatac vtxi% not obaorvod# ' y '

m s m s ^ >  ■ ' ■ • ' • ’ ,'...,:.....

T .m  a OiiC/Al2 '%/aiOü S W  en ircu nt 1M»°-Xlî50°a, ,, la  .ln
a :  ̂ ■J'V ‘  ̂ -r - .a ' c ■ - —■  ̂ >ir>' ' r - , / - ■ ' : - - r '  \ :

tlio roiîion of 50% ’̂ma Bondl̂  g  the'oliansô i n  tbo àûrfaéo free 

of iron on a^ic^Liid^ ta 8îmWy#:-% 6r^pm^^ oo:taat tlio;. <

aurfaqov fÿeo:. of ebliü approximately 2320 e v ^ o tS

:'ta':;thé r  \% 00^ 1450%^ 0 ^ ttaà; ̂  :#ve 2̂st ^ org/<fe^ÿ..-

Îor' irm on' aucU a alar/(Ochlonite) ta about OBÔO or̂om̂ '

^  %970 ±. gip,
'of tlie

tl.0 paoe v/ith we my tovo £m,lntex^.oiol ft^éo'onorcy W th 

\iÿ ta ;' l#^enamOuW3. OMTfaoe; àotpyé' ail<yé are prooitat;

r f o r  y aréwta cooâ â 9:'éomont:':yKth': 4hôae{'/' .y-,:
« t ™  W W W  < «  V
' tW''author %̂LL ^o^il.Èqta ành . k-
sèaw lie ̂ opa by x--rfxy pbotbî î aply# They fomû yàtaoq 1#:)%)%; f #  V:-̂ - ■«',.

6f 675 thlo valuo la oonnWo^ab^y be%ô %̂  ̂nzy otïieÿ
for:'&/'éW.%ar,:.all(y%foma''%:the.:''%tM px^oaibta
tho lr résulta ere tibout

^  OaOAlgO/üiOg slags v/ore in  the rogicn 600-600 erg/om^
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vMch i}Xo oonaiüox>ôd to  Ix* to  a{b?ooaent t& th  tjie  eotir.iated vtiXue o f 

lOOü -  1500 e r f / f o u n d  hure,*

ï t  hm‘ frequen tly been pbaervbô tl% t the hoÎM ^ottto^ o f 

oolitl oodLdea liq u id  m ta to  to duo to  the ro iw la ivp  o ffo o i o f th è  

polax’tood cpygen to w ' w  the e lw trm  olouâ to  tho tjiotal;» In  na^  

roaotiva  iron /ox ldo  uyotom d contnot an^e o f about 150^ v̂ oo found*

In  reaotiï^E ayotc^w FqO poauawd piid %ho ocy^èn' to  tlw  totaa \7ouIcl tend 

to  tover the b to b trw  conoontrntion^ toaueiitoc tM a ra p u la lm j aXpo 

tlio  toon l<*w to  tte  otjdde boto0 . pbaalbAty o f to w  poliu^otog j?bi7or 

tlx i#  the o tlio r paticrua propont w u ld  loaaon t/xo p o lu rto a tio rtj n iivto fj

tozer om taot no,found* In  the oaoo o f llc ju id  aloga w  a o lid
"F: ' ' '.....     ' ' ' ' ' '   ' ' 7 '' ' ,
%mng a a to ila r reaotion \m \là  tdpo pOLaoo* but I t  la  not f otoxr*

n to o to tlo p lly , xvItt tîto contant anf^loe ehoiilü be ao to v  fo r noofTouotlng 

oyutem suob ob alac  ̂ on plattoum * Only the thormodynar t̂lc expXanixtion

m^.;bo itood to  tM a Pfxao: %\iù valuoo o f eurfaoe ts*oo energy fo r atoas

boi%  nqoh Xaver (a#WO o r^ w ^ ) tîion fo r m tn la  (lOOO 1800 eri/caa^)*

thO /liip ld .,p lkm e . ocnfors^,. -to a,. elxape.:of ito to m  to ta lx fr^? . .enoriy*

50QÇ

# 7 7
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Ifc U*D*ïbioQçn, ^WanroXle- Thoorie de l*Aotic>n C ap illa ire *’ *Baoholiei*A
Poria# 1831*

2*. V*Thomm* Pèoo.Boy*Ceo*,9*255,1058*

3* l:#P*Cam a*erlce” * Gk>ttto^ 5,29*1867*

4* P*ij*ba?looe* ’’Oeuvrea” , 4# 340* 1800,

5* J*Y/»Gibb8  ̂ $ho ’̂ îijix ilib rito  o f Hetoro^wtieoita Oubptcnooe” *
Ixangmm^ Creen & Oo** 1920*

6* J,Prenkel* % toe tio  Thecay o f blt^uide"* GlnrendoryOxford* 19W(p#30B)*

7* ‘T.3i*KlnC| Tmw*r>oo* Glaaa Teolx** 35, %1* 1951*

8* f$P,Partington* ”Advtmood Treatiao cn Kxyaioal O lionietiy^’* 1951*

9, 143:{*Adam* ’*Tho Hyaioa and OUecdstiy o f Ourfaoea”,  Oxford 8*Preaa, 
London* 1944 (p*157).

10* H»vcn Bobvoa* Amx*Ibyaik* 27, 448, 1886#

11* V/*Ĥ iWOfy dî J*8hiolda, !î*rf^#-*^bem#, 12*443, 1893*

12* î^Lovfjren, Uvenek Kon)* lU d*,-53, 359  ̂ 1941; Arnor#Ohem*/l)str*,36, 
3077, 1942*

13* 33*K*Hidoül| ’’to troduotlôn to  Ourfaoe OlxeRtotxy” ,Oarabridgo 8*Proaa,
1930 (p *W ^)* ‘ ,

lit*  d#V/#îM)aln, . ’’TIxe Borbtion o f Oaooa and Vdpoura Oolida” , Routlodgo
à  Gcma, Jipnaon* 1932* ’

15* H*A»Boo’bq, ’♦ïtehdbubh Jor Katalyao, IV ", 8pxdnger#4Terlaf3,Vlonoa,
1%3 (l?.W3)»

16* V.KiOawnor «ÊD.ndao, J.OlioEvaoo,, 2«,S5, 1927* ,

17, a*J,'3?arkoa, î î \ il, lla g ., 6, 5‘. 517, 1903.

18* Ii* # l5 ,: '& J ,ïïw iff,

19,  K.Orwon* ITatwe* 1%* %1, W h

20'; -ï.aoWhi 252,425, 1937*

■ Él*, Ô *ï< ;® ^ " « * 162*17, 1927,
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'ÿ ;  ; -y ; v'; w ,  ■ lîaaônroli C o w w ii ' O ti& ^^^fia< ïcÿa3âj^

':# $ '(:# ,B*Ii@i#ara-J'(moo, Pi’oo,Hoy*8oo,, A lp 9 , ÿ

■25, o.îîam m  A I?, .\rn tn , X,anqrg,Lllgi%OhoT%, 192,^)5,1950, :

26,' lI,3wo3,%, Srana,Bx*it,Goi'at;v8oo,, 53, 3*180, 1954»'

'’ïhQ iiîï'slaali'ohom io.tïy qf

# w « % a w . ,  % W > i W 5 ) .  ,ÿ.:ÿ A:y , : : , y y f , , y / y , : y , %  

w . p ,ti.v o tt.d ,

■3<iér:È ’t t e o l l 'û  & :^ ;# 5 3 7 :

.3%/::%,^ & P.WkOortor, ̂ J*% tW *% 7l8,1952.: ' ' '

'■ 3 É ÿ :P # m # l J .O h W w ),, # # # # 5 2 ,_

:3 5 # ;-::'# # W k td i, m v^ck'È h t;*; ■.i g W ' ''7 7 ' -v■'■ . 7 J 7 Y Ï '7 ; '■ ï;"!:';;;,:';';;

■'#'■::#,Oknga & T.Dcogawa,

A #Q Ü )üoà,;;#W »
' : ; 0eraMlÆi»..-20,'5,76*X9W,

; ÿSi’V- ^44*35;ïl#*'"A,$.Ck/aM&)y
;■"■ :p .K % |# # a 8 o r , f,^ r ,0 b 6 % U o o *g ;;^ i2 # )# # :À :&

3 7 .;''# ri(4 q l,% p ,c ^4 i% ^ .o ,6 i% w o w a , Ao%

;‘J’̂ ''rleao l, :-: 4"'- ''y',

39. J.Ï?.lîoîX)3,’,ts, H e to lto o iû , 1* I 95O,'

40, IW o y lo r , J,Ano.>Oom.i,ïtoa., 17,155, 1934.-

%;% : 98* 275, i % 2, , - : jy

'42.'- 2/̂ 7oÎbwp, "K lm tlk  aor ^ to m h lia u A ç f, Dwadm, 1939, p .56,

43, ■' J.IJutoIiins & J.B.HoÎJorta, IZ,A,B*Paimlx)rough, 'i'ooli,IïoÈe llot.170,1953.
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■ y;X-̂'Vy-Yi. y ; :'v‘'-y;XX-c ;-y-;.iYv x'x, yy/ >■% .'.'..'-Xp.'* y" .X :Xyy ■''.y X, Xyyy ' - y X-,/' yX/ÿy/.X': -

44* 'A.O.AlXiàcni E,Oiaoalor*W,Tj.IIt'\16y & W.I4DuoIa7orth,J.Amc:r.Ooram,
Soô., 39, 151, 1956. . . .

X.: ;-yyjX7-y ' ■ ' XX xyX iX 'y:..;: vït rX Ÿ&XX -<XyX'yyy':̂ f/:x;yxxtXxyiX;yX yx xx?
45. r,l7.01ar%  J.II.Oawioii a B3Ji'cmi,Rfflt*Ooj,’!iD!.8oo*f'52,1,1953.

46. 'W .K*% rton Æi'IÎ.Goteera, "O ryatcl Ororrth", Dlaa.Ii'oL'atlny Hoc,
, ' . Hô.5* 1949, 3?*35*. • ' X ' . '

47.x ;,?40'<War,: a.morr.R.iigom.ohDta,,  163, 1*1927.

40V .KH.î.̂ lkure'qr,, to  an£l tîa ’ough 8o l i^ ” ,  Oambriaî o U«Press, 1941

49* A .H .O o ttro î7 7 e -S .R e V lê # 7 '3 |ï|'^  XXXX-:' y'Xy

50. «.ÎOWOVS* îl,lïxt"la & J,OJil]?aan, 1.J,totals, 5* 1955, 1953^

, 51. l.P .B m ron t û P., 3ow»a»a, aonpt,H ona„‘ 241* 1204, 1956.
X;..'' , ' , vî-YXÿvyyXXXX): yXi/yXyxX'XXyX'XXyyXy;;y;rXyX' XX''XX:XX XyXy:X\X'XXX.y, ;'X X:

52.  B.Dengta(5li'<& R» Jagltsch, Arldv.Koî/d,, A ?4, 18, 1947; AJnoivOIioin.
' A W tp., 4 2 ,''7146, .1948. %X

53. 0*v/«lsif*‘ a .iC ris t., 34, •449, 1901*'. ■ . • ,
. , '  ;• ' ', '. '■  .X ' , , #;,y#y'f:'y':Xr-#X'.-yy:XXXy

54-. P.oawto, , 8, 145, 1885.
X * ' , ' ' I ' ‘ , S  ̂ .. .. ■ X'-XXXX XX''' ' 7  X XX'-:' ^  'XX-X

55. l4R iI<nM ot^l*T4l0!ta^^ j.E .D o m ,. . .
, , ' - ; - !i!riu'W i,ita»ï',Ooc*ïîot:**Vol.5l, Itfop jcln t 73*

56.; PJO :̂/ez *  O.B*Joipato, f*M ota ls*' 188,. 943,'1950. ■

;X;57* ' 6.% 'vlRa*, J*Am)p«OoraTa,Ü_eo.', 39, 141, 1956, ' ■ •.. ' I

■ 58. J^ltyilftokonalo-& R.Shv!ttlm ;or4h, l ’roo.HiyB.Oçp., 562, 833, 1949.

59. ■ P.V.Oiiwîk & J." Vrtilto* Srong*nrit.,do2-aw.3oo», 4$*3Q5, 1950. , .

60.  8,0*Kuoajttaki, J^Ketals, 1*169,1949. ’

6 l* K*B#Alltam  <î̂ PJtîurrny^ Aota#Kot#^ 2  ̂ 407# 195!*%
X'"7 , ' 7. ■

62, I,H .0 tem sld* % ,i#alk,O he% , B H , 342, 1931.

(>3m P#3'hrray;" B̂ 'P̂ Hod£$ora'x Hoi>qrt
• li/R  093, 1952. •'. . , ■ ' ' X -

x''ÿ%!':rTy7'y 7./ ' ' ' '--r. x-'x̂-X':• x::.iyÿy'Xy,yyyyy/.jxy./,X-y: y;x-:.
6?f* A.R.Verrift, ’’O tysta l Cteavth nna D is lcoa ticn s", m^ttBrwrrth,Eona(%i,1953 

65* F,l48orH , ÏM l.M a fî*, 43, 1210,. 1952*'

66, A .n .C o tro ll, •’PÎsloocitloHs cM  Ila s tio  Flo? la  Oxystols",01arenaoa, 
 Oxfopa, 1953. I - ■ ■" ,
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67. Inte»m t#O rit.5:nl)lof3, T ï, p.4ô, '

œ , , W o « , ,V c o .a ^ .a c . ,  C 0 .3 » ,W M ,

37, 42, l954^yYX7XXx:y.yy:'X:'' 

'W X 'P *8*% T eM , ’Tho Siamoturo.of.lJotalQ*',

'71. II,U û in ,"IIo tc l In to rfncoa", Arnori,üoo*MottJla, 1952, P .U 4.

:72. 0.i3é.BàtSt’é i!t, G , A a a o ï ! T p a w . & ! l . f I . É . ,125.516*1937; ' '
yy , , & . , itia,^ 1 ^ ,  20|iyi|tffiy;;;x':ytxxx'̂

;73.' y»*pxc 7 ,9 ,453» l95 i|^y  y  ■XX;yX''7-̂

;7 0 y y p ,p # m ;'p .^  187291. 1917.

A -106,. 7 # :  # 2 4 .

: y '7 y

-7#:"' A * # i % '  W*.''i3d*X:## "xX|yxXyX:y;;

70 :̂ A îOlĵ XUcE, 194W 7X  X"'"XX

79* - if.P,R<M % y:% # % # < # % : :feiiîus?d* '159, ^W'^WyXxXXX^XyyXx'X'XyX 

00.:,,,ï4/hsîiplt#xAX#7^it^ 23* l*^ x i9 ^ ;x y y y jx X  X yy7

yagXxXpliïKt!^ 3 ^ '  Xyy;X :;yX7^

82*7-;|'*îî,BlollcPSJlcl,'4b:FiB*lioH8^to^ t'!DheiTftoclior îatrsr -of - OWndĜ XXX'
X Y : : - 7 ; W w q # 7 # # W X # ;

0 .J ,rya o li & ,2l4*:X##X:y-yXy'

# 7  f,G W % % yn., 21, 313, 1954.

'*x ::,p ,% ü ii# ,::%  57, 2705, 1935,

O.A.Cadaon, "Valonoe", Oîd'CtfÛ tT.Prèap, 1952, '

07. 0 .1 îu ff, (gr,ma.Fn^aw üoo., 3i^ 1002, 1930. ' , , '

OÙ. Ï.K .O ÿrkta  & î i,14Pyutîd.im, "Zjw Utruoture e f ,M61odul0o onû ti»
' ' Ohoiniota . Dona", LonÛon, 1950*'

‘ ■“ ■i''.'" y ' ' ' ; ; \ - yy/ 1 -- i V y y  x-7',.‘  ̂' y  - y : ' '7,;: , : -, f y « ' ,*7’ ^ - ..,'7-'.

90. V/,u,Hftrlclnii, J,O hot:i.l% a., 10, 268, 1942*
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