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SUMMARY

The gold-nickel alloy system has been studied from two
aspects:

1, Lattice parameters and densities at 900°C.
2.« Diffusion of gold into nickel.

It has been previously reported that this system displayed some
anomolous deviations in the lattice parameter and density values
arising from a concentration at certain compositions of vacant lattice
sites which was far in excess of that required for thermal equilibrium.
These anomalies were attributed to lattice atrain energy considerations
in the region of Brillouwin zone overlaps. The present work gave no
ovidence to support this view, there being no deviations in the
lattice parameter and density resultis.

The intrinsic diffusion coefficients D* of gold in nickel at
several temperatures have been determined using the instantaneous source
solution to Pick's Second Law for unidimensional diffusion. Penetration
curves obtalned by radioactivation analysis did, however, point to a
higher gold concentration than had been expected at depths beyond the
immediate surface layers, These discrepancies with earlier diffusion
results are discussed under the following headingsie
(a) Experimental errors in the method of determining the depth of penctrgts
(b) The possibility of an excess of grain boundary diffusion relative to

volume diffusion.



(c) The validity of applying the solution to Fick's Second Law in the
present case.
Htudies of the diffusion of gold into a single crystal of nickel

helped to elucidate the relevance of. these factors.
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LPROTAICTION

The pold-nickel oyoben heo atteocicd tho
abtontlon of weuy Lbvestipndors on ocowvand priveipolly
of thoe lovge duniocibilily gop wbhlch vho gyotom disployos
Bhis foptuee polote Yo o grosd lobsioo ofrodn n tho solid
polution phaoo vhich oxleto ob oll componitionn cbove the
fumisoibllity gops  Doth practical oud thoorcticold
tharaodynoanie studios have boon porformsd so shed sunme light
on Gho diotorbional onorgy of tho selid sclubion phoocs

Somo ovildonca hom appesved s tho iisorature of
tho procenes~in tho oyosbon of vocond Labbieo silon
monddeptod by digeontiuuibics iu tho varisbion of lotblco
ppoliugs ohth componitiots and by oevlod dlfiovencos botucan
tho thoorotioal vud o wooouwed dennitioss Thoso sxeunn
vaconelon havo boob attgiibulod bo Sxdilosin Zove offocices
Thera hos bool sono disagreoment oy $his ompeod and
congoquontly o fupthor suveghipetion of tho lolitics
dimonaions suoned NRCISHOLYe

An ob onGonpden of o vegohcy venilgoblon diffuslon
stindion wonld be enlipghtendig sluoe It is gohorelly accopicd
thot diffusion b the oolid giate veoura by woy of voeond

shbicoe  The proscuco o ouy eolld phasce of vogongelos in



excens of thot yoguired for thornel oquililrivm would hove
boon aspootod So cunsa ephoncaed yabon of Jiffuslieon dlveetly
oppesiic in offect fo Sho roduchion io diffusion rafop
dieplayed by o phoso under prossuro vhow,in accovdeted with
tha priuciplo of Lo Chotellow,the equilibrivm copsontvobion
of veganolos deoroapocs

1% wop, Shovoforg, hoped thab tho prosont
inventication of Ghe pgoldenickel gyabon would offoy poig
contpibution do the Deilliouwin ﬁanelﬁhﬁmmy of Hetels ond Yo Ghe

Shoory of diffasich o tho polid oboboy
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Ragpons ARRHCIING ALLOY FORMATLION

Ihe depres of substitublonnl solid solubion in
metellie phanes hos beon shown by oxsorizsotol obsorvation 4o
be governcd by cortaln phyeleel foctuvrss For tho most part,
tha oiforte which have boon wmade fo sysvemoatige the likelihood
and oxtent of solid solution Lormotion hovo boon abudleop of tho
olloys of the univolond and eleetronicelly wrelatively simple
matals coppar, silver and golds  Humeeilothery hap sepovuied the
offects of four physical factors ordained by soluto and solvent
vhich influonce the structuvre and proportics of solid solubtlons,
{1) Atbonie sizo ﬂ'i.i‘i‘ermma.
(2) Dbifforcneo in olooirochemical charachor.
(3) XRelative valengy offocts
(&) Bloctron voncentration of valenco gloaironoe

1% io unjuntifeble o opply the Lindings for the-
univalents metale to othor systoms buy $hay serve to Lllustrato

the fypes of limitation involvade



L

in tho cbgence of o temporature depondont phose
chabigr, ob increoso ib tomperature will incranse tho dogros
of solid solution Poraption or ollow tho formation of solid
solubions ot rogiopns above tho pios of oubeotodd, poritcctoid
end lemiecoibllitye  Such olteomnbicns in the axtont of
nicelbility avo ailewea by tho incrogsed vibrotlouol ontvopy
of tha gyaten which vilows thoe rotention of golld polubion

docpitc tho inhiblting offects of tho nbove faclorse

(1) The formation of o polid solublen botvoon sbtons of
digporsate slrea couseo lottlice stralnh vhich congisto of locel
latttco Gistortions; cxpansion o contraction ol the lattico
and o gonoral upsobting of the pordodiolly of thoe lattico,
edl o vhich inoreascs thoe iosornol cnorpy of the gystcoms
Huso-Bothory ffrom evidonco goshored on alleys of copher, ollver
and gold with olemonts of tho. B subeproups has ohown thot
conuideorablo golid solubion moy bo forwed provided thet the
difforonoo in abtomio dicmobors of tho motaly,givon by tho
vlogest diptonoe of opprooch of atong iv tho purc metols,does
not oxcood IelSue

(2) Any ayaten, notolilc or othorwico, Lo Ab o shoto of
myzdnem ptability whon iLts Glbba freo ouorgy Lo ol o winiowum,

and the gyotom will tond ander $ho yostricticns of kilpetics to



atteln a ostobo of amlbinun frce anorgys  For maetals which

didfor conaldorebly in gloctrociicalonl choroctor Uhis minioun
oun bo achiovad by conpound Lorncbious  Dogpito tho proscaca

of o favoureblo gize Lactors the doblo inlcrootions botuson
sokube and solvont obons hdudor. solld solublon Loruebion by
coupdg he oroadicn off tho conbiosd sbabos

(3) & (&) Po aveluato thoe offacls ¢F those faclors it ie
pocagoory o cxendne the fundononted concopbs of $ho elootion
thowmy of noboles  Uhen oboms oxe bronght Gogothow o form a
motal, atonde lntovoections ogeuy vhich causs the valence electirons
o loso tholy digercet sleotyenle onergles ond cotior an cloctyron
bond which estonde over o coxdain enoypy vangss  The olechron
ptotes of the froe abome Loowae o gorics of coorgy otobos roglons
vhich e soporpted by vungoe of forbidden cnorgicse Yo disploy
the dinbeibution of tho enoxgy stotos of tha olectvons within
eoch ropion, oo N(B) curve op depnnity of otatics curve io usods
The Ii{#) curve i o vepropondotion of the nunber of quantum
gintop in e pertloulor onoxpy yongoe Oy doffinition, tho donnidy
of phatos Lo W(H), vhoro H(E) J8 is vumbor of odotos por unib
volung of cryotal with onorgios in the ronge bodwoon 5 ond

(B + dB)s The monnor of diatribution of $he enorpy slioton offorg

avidonco of the iuternel elcetrvonic cnoppy of the coystole
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Por gxomplo, i o lerpge numbor of stoltoco are availeble ot
low onorgy veduo, the structuro will be alachivonically more
stable thao ono vhich has o fow cuorgy otates ab high auorgy
valuos. Dcusidy of otnlton curves ovo shown in figs 1 uwhorose
{2} Thore i o Forbidden enorpy rougo BO batweon the most
onorpetic vlecteons of tho fivel range aid tho loesot cnorgeiic of
tho scound rongce
(h)  Thors e oo overlep of $ho rsbges couswd by Ghe loast
ounerpetic cloctrong of tho secoud yoplon ccoupyity o lowr ouuigy
pbado than fhe mest cporpgetic of tho Lired rogiot.

Tha firpt, sccond otce rebges of enoygy of tho cuergy
phatas oro podarved o og the distribubtion of sutiyy siantos b
the firpt, covond odce. Spillonkn dones A Drilleownln zoho Lo
o grophieal illustvation of sha coprgy statos of sy olection
gon Ao b gpoce or wave puabop opoco shopro i w L7

A
( A= vave longth of Hho cleetwen), aud vhero Gtho slochrons

in $ho highoest onerpy stotcs ave ob o surfego Soraed ho Fopmd

auni’aca |
In enconce, an alloy will cogime o epyolol siructuro

which ollows tho elacieons o occupy stolon of lovost onorploce

Aoy thoe peale & of tho W(8) cuwve, lovpe enorglos ove poquirsd

to £ill tho rencitdng stotoss Yo avoid {hip onorgy oxpedliung,

tho structuro noy olbtor to ong which hoo o highor pook ab a hishor

anurgy Shue alloviog aere ouorgy oteton to be illed ab lovor ouorgion
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priory to tho highoy gm&..s Tho fundanchiel pevomotor of
the olectron thowry is bumbor of cleoctrons por undt coll w if
oll lattico siben ove ocouplod the oleotron to aton ratlo is
equivalont to thic porenoter, Hune-Heothery heos proposod thod
tho above ohoppy considopations con explain tho occurrobee of
cloctron conpoands in slloys of eopper, siiver ond pold vhore
the X —o 3 phape tronsfoarnetion cocurs ab an ofs of
32 ong C—— X ot o0 o/a of 21 3 13 |

Tha thooy aloo suggests that vhen Drillouin Lone
ovarlops ogour, thot o avold onorpoticelly oxpovsive Lillingo
ef puatun Just prior to ovorlopping, tho abtructure may doloy the
procaps by ronoving atons fron cocuplod iantbtico sitos to orooke
voound ﬂm::m. Lo this way,tho alloying sddition . of atoms of
bighor velongy cownbivbucs whilo tho electron to abom roatio ronslng
eongtont whoreos the eloctrong per unit coll varios,

s

QUUTHID SIRBCTUR

&
Froa clemontavy enorgy conpldoretions it ia evidont
that a. conplobaly retndom solid solutlon of dwo metnls is a stobe
ox moxdman styaing | & eryebal lettice wiil, thoroford, tond
towarde o state wherchy $he dnborbnol sbross ney ba raauéaép
Whio offost con be achioved by ordoribge 4 plote of ovdep
uxboty vhoo obung chow a @wﬁ’w@ma Pors unlike noighbourse

Long renge ordor osisto vhen noorest noighbours arvo dissiniler



throughott $he eodive oryobuls B0 achlowa ésmn sheko

o8 Ao the eoppapwgold fz«g;‘é‘i;aa}g he obons boke wp now posiblons
puch bhat oneh alon Ao auppoundad by mz‘i? (0 nolghbouves  Phe
aonsoguent pedenebion of stvaln woudars tho alrucbure vary piablos
Ghopt vanga oedor oxdabs Emm abeng show o proforonos or uuliko

nedghboars oyor ghord dlotobeos of tho ebonio arwaye
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The phese ddgpren of the gold-nlekal groton 1o,
in He liguidus and solidus curves.

chown B0 Sigefe 4 Clob nibioum coouro)io tho oysbtom ol

& atonie por cond of widol ot 950%a  ¥ho fora oF the
Licuidaug cueve o antinblishod by who prepbicod lnsorpolatlob
ol who yooulds of aovoral &uﬁhﬁ?é:4‘ Iniﬁialk;f'iﬁ vap bolloved

was formecl

shot o owhouble]betwson golderic and Ni@kﬂlzfich golld
solutionme LU vag, howwor, lotior pﬂinﬂcéqﬁmﬁ thot o6 highox
sonporaturos thore wag o coabingoun sorias off polid polutionss
The dotermination of thoe colidug cuvve by @waonkﬁisana ahorn
difforad oonpidanrpbly fran that by nafnarf Froonkal ood
Sﬂevmsf*am hoating curvos dadueed hishor voluog thon did Hefnoy
fron cooling cuevase Such o contipgonoy o Gi0{iculd do
cosprchond sinon valuos cbiainod froum ¢ooling curvoo ave usuclly
lovor thon thope obiainod feon hoating cuevons NHe sludion
hovo boon reperted do olovidy this ononnly, oléhough woat

nodert workorae tand o LQaveur bhe walugo givaen by Feeoohkel and
é;&ﬁcm-s

A mi.:z;ébi.li.ﬁy gop with o oridicad point wos firob

. . R 2 :
roportod by Freouiol ond Storp.  Soveral lovestigeblons hove

boet mndo duto the fopm of the wlocklbillsy gops Tho proconb
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St

form as ghown a0 fige2 hop boon deduced Lrom Yho work
o Logtoxr oud Bannmhléanﬁ Hunstor ong Sagal? Sourtioon olloys
botveon 27 ond 80s5 club niekel voro used by the lakter to
doserimine by resistivity meesurcemouts tho chope of tho
mizolbllitdy gops  Tholy vesults Lollow o vory smooth boundery
whatoh fite vory nectly into on extrapolotive of tha cuwves ab
gol@ari?? eud nidrel-rich cndo ao dotormined by KLosbor and
Datnohle  Frovious data Lor the miscibility gop by Frecnkol
Sleid] Sﬁerdsanﬂ Grabe angd Vaupei?{mha cdinibted that $hoiy ropulis
might be teo high) do not give tho seme smocth conbimlty os
thosg of fvaster and ﬁaigﬁlj an dnvestigatian by Garlwi? did
not ylold the swmse cobblowcus smooth curve plithough soveral of
hin points do corvespoud with the other studicps. Ience, it mey
be assurbed thad tho cowvroct form of the miéﬁbiliﬁy gep i
thot shown i £ig 8, hovipg o poak ot 832% ond 71 obe% nickcls
Tho preascnee of She nlselbility gop end hence the
Iplicd instability of the sol/id sclubion phose hos youdorad
$ho gold-nickel syston to b of intorest for thermodyoemle studye
Combinad wilth $ho Inmigeiblility offocts, thwre ore oloo the
foctorn of o leege differcoce io abonia xabdo { 144 By 122/
ohd the diglined difforoncos in ulccﬁrénic atracturo which
prosobcs guwie possible toboroetion bobweon tho 65 oloctron band

of pold and the unlilled 34 bsnd of vlckel o Dorm 50 hybridised

batidoe
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Latileo povonotors ol pold~nickol alleys vere
Pirgl devormined by Buboochowskd aud i:it;s;asfi;/oin the ecuwrno of
a diffunlon inventigation bub only Shwde veluss are givens
Hilvood and 33:::532!.@3;’detemﬂimd the lettlce spagings and donsitics
ef olloyp ovor Sho optlre coaposibion rasgs bub thedlr rosulis
et the gold-vrich ond did neb pproo on clogely os wighd havo boon
oxpoekod with those of Kubsschoushd and Bbowd,  Hoproover,
Bllwood spd Pagley ohowed dn thelr letbics povomotor/couposibion
carve cortolin ancnelios vhich gorreopunded woell with dizevopancilon
watuoon dhe theovatlonl ond messwred denniilon of thely plloyse
Theoe digoropancian werae etteibuted $o vocaot Lottico silens
Hay,/zin the course of o fhornodysenic fovestipotion detexminoed
the lattico povanotors of Dive clloyse e found shebthe ourve
ol latblce perometer ogainst oeapesifion wes (;'c:;i:lizﬁ‘uumély sinooth
oibhough big poloés ovs too widoly Giopereed 4o authoritotively
critioise the proviocusly zoporbed forme - Howovor, his lotbice
porenstion volues do Jdiflar fpon those of Bllwood and Degley ood
hig dousity ;;ma&ummmﬁm do uob monifent ooy dloorepouoios Lron
the theoweltionl valuct, I)s:-y:.z vhiese latbico gpacings ore more
Lo eligonont with thoge of Kubagchowgid end :ﬁbart’: gid voy ptatoe
viy thesd lebtlos peremotors and donsily dlooyepoancies diffforsd

Fron provious vorks
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& thovmedynomic fnvostigotion wos coariod out
by Siegla ol 31:3 Thuir vosullis shoved that the cotrepleo
of misiog (A8 P ) oo elmopd Swice Shose of fdeod solubiono
oud that tho goldsnicked gyston chowad o lavge postive deviabion
fran Rooulio Lowe  Thay atieibubed tho lerge positdve cothelplos
of golubion o the lobbico distoriilonel ocuorpgy vhich rosulin
fron the levpe olivnda siee dllioponce boluwuen gold oud nldcels
Codoulations bapod on the heal of ebsorpblon gelisivg solely
shweough this lattiee slredo world more thon ecocuus fop tha
/
lavgo popitive onthelpys  Pllun of ai?ﬁﬁuﬁiaa tho logal stonlo
evrobgeronts v gold-tickel clloys by neesuremento of diffuse
Zegoy scobboriog otd vonoludsd thod in he voglon of solid
solnblon, the sbonp dippleyed o profersncs Lo unlilie sulghboors
{sheet rouge ovderle  4n She lipht of o quosd chonicel thowmy
guch vy thal of Eagahéf'whiﬁh guantliatively predicts the aversge
prodopencs fop Liko oo unliko telphlowrs Gepondlong on whwihop
o tiok the hoabes of mnlaing ave ponllive op uegobive, thio chort
ronge ordor woe loconsistond widh She positiva heats of wizlog
bus Pling ot alféyguﬁé ghﬁ% bhese Levpe positive wotholplos
arped fron the labbico distovtionsl vuoegy which eould bo
dooroascd by o relasation of ﬁ%ﬁ slructuro through sone dogree
/
ef owdors fworboeh b al. conbinued the pludics of Fliun

ot ol i ab abboupt Yo covecborate She thorsoldynesie dola



autt the doba on ghord reugo orders

Ql'laﬁﬁé.’é.r}\?ﬁ!ﬁ’i‘vigg;ﬁ‘iii}ﬂ the haat cepacity sud entropy
of o Qe 5L770.485 pold/mickol olloy Yo ostilnabs the vibvationsl
cantipbbution o the entropy of mizing which bed bven postulotod
by others and o obinin eaveful noconvoncnds of tho doviation
of the aliloy fron the KoppeNownaan dule which gtateg shat
nolay hoats off ollopsoro obteiued noavly sdditiveldy from the
atomic heafo of the conpopends devs Lov an alloy of » mole

freotion A oand y wolo feecbion B

AGp = ﬁﬁﬁﬁﬂw = (&0p, * ylpp }

Rt tbo poldenickel gystom dots nob follow hils
rude i in kdepiog with the lago pwi*&i@ cuthalpios obd
entroplos proviously ropovdcds  Thore is, vocordiug 4o Oriond,
a cotoldopably lovsoning of whe letbics giving rise o positlva
devigtions from Vezgmz-ﬁg; %u;xw as shoug by HElivoeod ond Eﬁmggl@-g aud
Ly ﬁzgfz The bwsoning of the lotiico causeg o lovgo vitrobionnl
antropy of solubtion which can acoount for the lavge entivepy
of polution of vhu olloy, Regults obloined by Oricul can be
atbributed in voryiog dogress to ¥he obhor elloya in the syatem

Qagugzin and ;ié*irms;zmgmx' wh thad fan some coapariouns
of the coleuleted and exporimenteld oquilibyriun dlogroms thel

for the golde-nickel oysben Ghe solidus io 200% highor then would



e

a ospoctod {rom caleulaticn, Whis fiandinpg they sbbributod
ho $he levge difforence 1o efonio radif and the rooulbend
enorgy of distortion o tho Labbics.

Hupssor ol ﬁmg&lﬁ%n ail Apvestigation of the degroQ
of shord renge ordor and Uheymodynonic prapﬁrti@ﬁlaf mehsllie
solubiong @mnﬁraéié%ﬁ she fiodinge of Fling of ol by rupoviing
that the diffuse scablioriog of S-roye cowld bo attribuied Go
glusboring { & preferenue for like uolghbouvs) o gold-nickel
alloys ond oot Ho shopd rengs ovdove Ao supperd of thic
contention dhoy forvorded oriticlons of pone osporimontel points
and tho leck of corboln nathomnaticel corrcotiobe in thoe provious
wvorke  Napgorpen and ﬁvmy&aegum%ﬁﬁiﬁﬂ gandd pugle soatSeriog
off S~roys in the gold-nickoel gyston cod coungluded thet scalitoring
seouwisd Shyough donblae Peage rofioobionge Whis scadivering
wap purpeniod (0 be ahroloted Yo oby criticel soplioribng dug
o ghort renge ordor plthough $hoy did vod coneedu that chord
potige ovdor Lo absobt iwvom the syobom but that furdher worik on
siogle ovyolalo vould b GACOCDOLYw

The wmeat recont theracdyuemic Livestigation ol tho
syston bhob boen by Bellers ond ﬁaaézwhmﬁ@ Findiogy ore
conalstont with provions works  Thoy crpguo thet piloce the
olootronie Styncturas of coppor cud pold ore similer ond Shotb

the Oy baund of mold {(4n baud of coppor) will £i1L the 3d band

of bickel, thot tho meguotic ond oleotvonie contribulivoe o



tho eroosnh oubrepy oF mixiog sheuld b0 clnilor in bodh aysicong.

AEEY poap goppor-nickel Lo negative throughout escopt at

at sho
A - - '23 E:
nlokel yich eud vhowo 34 Ls sovee I tho ooppor-bicokol pyobom
gy
the vibrotlonsl contribubion to A S will be

stold sinue the
oire diffgroncs bobwesy the elomonbal olona Lo snaldl {(54) vhoress
gha lovge siue difforen

0

(2553 bedwoon gold ond plelel will

- TR - ¥ - » on + &

Bive rige $o levge dllatiogs of Ghe oleotronio Gfbiﬁmi%j solld

solution Lommation omsiog o Vloosoning” of the latice and a

consdnuent lerge vibratlonal contribusion %o Dg#i

2
Sollers ond Mask congludg that Sho quasi-chomicnd,
4
Sheory ond Lo wodified i

im0

og fyrom by Heoumetin vhich LTokes into
neoount the slze éifforeucn of tho atoms, counoet be appliod
bo Ghe gold-pickel aystom becauso the thoory does nob provido
for tho dhonge in vlecirobic atrucivro of the ebons oh solid
gelubion fovmation, vow doas It postnleto for gystcns wiich

do uob Tollov tho Kopp-Hommonn oalcs
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VACANE LaATRICH SLDaH.
s et

The oconprence of vacent lattice altos iu
metallic cvystals can be attributed to thres pourcssse
(1) Vacancios prosent Lu all metels iu thermodynanie

aquilibrium vith the £illed labtice sitos.

(2) Vaconeies which avise from eleclyon goneantration
oifacks,
(%) Vacanelos which arvlse in sorminal solid solubioun

due to the effvots of overlops acress onergy dlscontibulitiocs

in kespace le6e Hrillouln dons overlepoe

(1) In crystals at tomporatures sbove the absvlute zero
therae Lo an eguilibrium coucentration of vacont ladtlcee sites
whioh increasces exponentially with temporefure,  Chose vacancles
orige bocause of the violent thermael vibratlons of the aboas
which protuce the probability of an atom beilbg ejeched from
ils popltion to leave o vecant siics  The atom mey ba
ranoved o an ihtorsbibisl oife when the resultank array L
termod a Proukel Jelfecte  Un tho other hand, the Schobbiy
to

defﬂcﬁ results when the eojected atom miprates]a grain boundery

IS

o amli% most cortainly the case to a dislocatlons  Tho onergy

vaquirad to farm o Frenkel dafoct Ls lovee and conmscuently the
g £ 4
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Liklihood of @ significant osumbor in o close-packed metalllc
phase is minimol,
From thormodynamle conaslderations the presoenco of

vaeancios are reedlily undorsbtoods

Ac = D - 245

Tho lagtice vecancies once fovwsd, can digteibute thomselves
in many ways within the ceystel thus inaréasing $ho entbropys
Howavary the onthalpy of ths orystel is also inersssed vhon
vacanoios are fovimed, but provided tho 188 tarm cubwaigha
she euthalpy factor, the frec cuorgy of the aysbom is lowored
w0 ondoy tho glructure more stoblos

Lo slmplont horms,baking b as the nomber of vacancies
lo o cxystal of ¥ atoms thewn,

u o= ompe {(~QH « 4y)

N oy "
28

Huntingbon and Soltz oblained date Tor coppir whioh
when properly corrocted for tho conbropy term polnted to a
valus of tho ordey of 10“5 (Csd%) £or the numbor of vecancics
prosent vear the melding pointe  Move racently Siwmmons and
Balluffié;btainaé a value of 10 for silver near 4o Ghe
wolding point and proposed that 90% of thueso ave presont as
single labtice vacauncics, dhe romsindar as mostly divavcios

(2) Vacaneies erce produced ib corbain phasds 0 malbtein

o gonotant slectron concontrabion thus aveldlug energebically



axpenslve £illing of atebos boyond 4ho poek of $ho N(X)
corvae  Harly sbndles basod on Jeblbice poremstor and

goensdty noonueonenis chowed that aloms sre caltbed Drom sho
27,28 29
phenon Of binary ond Gornery syoiows boped on Wisil, Co-Al
30 3
il Mo~fds  Batterton and Hume-Robhery have glvon ovidsuco

thot tha 3’&&&&@%&36 of OueAl and Cu-Ga sihich conbaing

G2 otoms por unlé cell is ptinblo up Lo an slecbron eonoanivrotion
OF UG Y v B8 bhuat Shorcedter shoms sve omibied from the
gtyucture 4o mulotein his valus,

3)
(3 edilowil bone overlaps ore cleimod Ly Jones %o

cha o cobiraction of the sone dimobsilong Lo keepoot in a

direotion sormal to tho plane ovexlepnod, vhich is eaulvalont do
an aspotision of the cryebel lotbies L0 Gho pome diveectiiou o
32,33 .
real, epaog.  This conbongiou vas bovne out Ly Hayuor oad Hunos
34
fothery abd haynor with voopact o dhw Yora of tho Lirved Brillouin

, 3!
aonc of megwepiun oo elucicnbod by Jones. IV wap abown thod

sherp ehehgus ocows i the verlation of the cegpucing at an

glootron to obom rasio of Z0U/5, whoress tha Linsar voarisdion
off $ho V&' spaciug wan weluieined bocsuse tho overlap ceewred in

o diyaation vhich did nof of'foet the o' dlmeonoions of the 1albicCe

36
In the Ng-~Gd syolcn Husc-Rothoxy end Raynoy reporied Shot chonges

wore dujcchod in both btho 'of and Yol opacilige, covveapondiig %0

pyerdop in tuo differont dirvections lu kenpoods



38
Studles by Bllwood on the ﬁlmﬁgﬁand Adeilg gyatons
‘ 7
sud by hWllwovd and Pagloy on the du-Ni aystom wevoaled
digeontiouitios in the variation of lattice porvemcters with
t'/fe‘:/
aompositions aﬂd}warﬁ gble to correlate these anonolies with
discrepeneies botwesn the theoretical and the woasvred densitics.
The latieor were lowor ovor bhe renge of compogltion in
quesslon polnting to the cronbion of vacent lastice sitcn.
Log ang Rayn&g?feund pinller effoots in tho Sp-In and Su-ld
pystons but were able ¢o forward more convineing explutations
of the phepomena in toras of Brillouin Zons ovoylaps than
{
ware sldwood and ﬁaglqy: lu general torms, the discrepuncios
wora abiribnted Go the relabive ilugtability croated whon the
Brilloudn Lone continues 4o be filled ofter the Feral suriace
has fonched tho planss of enaxgy discontibuliicss The
formation of veconciesn iuplios an abtempt by thoe gétructure o
malnsain a conatant eloctron concantyabion io anéﬁr She alloy
aere sbable thon thoso which would be present LE the high
apergy sbates worae £illeds 4% Lnoreasibg solute conguubration
tho labbtico paremetor veriations ageln hecome smoobh
aorrasponidiog o tho completion of the ovarlapse
40
hudiman proposad that the sxcess vecancics of the

sysbons might bo explaincd in termn of a stress relexabion

in the lattice producced by the croatlen of vacanclese



2%

He postulated that a solid soluliion phase consisis of o
sariea of contiguous domelns of varying dogroeaes of ordor aud
that the crewtlon of voecant sites betweon them would offsst
tho strevs effcet of coch doagin relative to its neighbours.
This theoory, hovwevor, d¢id not account {ox the ordor of

mognitude of vecant sites which hed bean reportedo

el
As proeviougly stated, oy was unabls fo conlivm the
4
findings of Allvoeod aog Bagley for five alloyse  Holirich anu

“f
Dodd in ag ipvestigation of density anomolies iu bloaery

alunitlum alloys reporsed similar discropancice to those of
Hllyood but reasoned that au oxploaocdtion could be fouud in
torms of solldificition microshrinkego.  his hypothesis
wap confipmd by propaciog ob elloy Ly thu vapour diffusion of
sloe Lubo alundniume i thils Gaﬁﬁ)tbﬁ monsurad aund theoretical
densitica were in sgroemehbs  Later, in o goveral ruvioew of

42
this type of excess vecaboy concentration these seme cnthors
concluded that scewrato lydrostatic dennitics of ductile phasos
having o large froezing ropge eould be obiglooed only vrovided
the alloys wore propaved by vapour dififusion tschnl uese
Thoy apresd thet slonce So-In has a vorrow freesing reuyy the
¢xcess vacanciog could vol be attributed to shrinkege micro-
porosity obd thoet the systom probebly did contain dofect

43
. , . e SE ey
structuregs Howevaer, further indepéendent work by the™authors



20,

24
and Gy Bidloy showed no significont diifforenco botwecn the

measured and the theoroticel dounsiticss Any vaceqcics
dotocted weyro eppercoutly not in oxceso of thet roquired for

thormol coguilibrivme
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ANALNTICAL FHCIINE, Unl

el AX olial¥REs OF & CHYOEAL LATPICH,

If o boem of wonochronatic light £alls oh o
olaplo two dimensional diffvection grating, tho
trongporont apertures Logone - sonrcecs of diaporsing wavoletn
of tho pemoe wave longth os thoe locidond bomme &% pome
dlobance fron thograting dhoe woavelots combine to form o set
of difiracted boans whoge opoctra ore of lot, 20d, e-= oth
ordor doponding on whothor the peth Jifforcunces of wovelots
smpnating fron succonaive gportures ore of 1,8, wew, ) uovos
lougthee For a preting of intorWal o, obgle of incidonco
of ho boem » &od puglo of diffrecotioy OG, tha poth
difforonce io

o (voa o & aogch )
and for tho difivoction angle $0 be that a epoctrua line,

o (e coa®) = g)
whore o ds spy Lotoger, ks o condition which must bo sabtisficds’

Lu the cago of tho diffrvacticn of d-rays, o
erystal lottice acln in dssonce as a threo dimonsionel grating
4 the boom travals through tho crystol, tho vopulorly spaecd

atons booone the contres of apreading wavolobs which &orm



diffreotod bosmpe Xf the pxos of the lettico owe of

longth 0, b ad ¢, tho respective angle of inoldencs X, é ) 8
and the engle bobwosn tho diffracted booms and the oxos oy Gz Ya,
ho eonditious Lo diffvaction are given by threo Laue

eguationg.

8 (eosAd gopdr) h

##

b {cosBl cosf) = k)

¢ (cosy ¥ cosy) = 1)
vhere hy, Ik and 1 ore doutegors which corrogpond to n for
& tuo-dimensional gratings 1% is cloer that o diffraction
spectrun for o threc dimengionad grating will bo infroguont
oince throo equaticne must be sobisficd simultansouolys
Ly JAae LAk

‘he difivraction of d-reys by o threo dimonsionsl
lattice governed by tho eobove conditions cen, s 'ahowa by
Velie Brapp, ko raperded as a rofloction off d=royo by the
lotbico plonoee Xregg's Law ofatus that 1 o dilfrovted bognm
i producod by Jeroyn poscing through a oyystal, it uust be
in such a dlroction thet 1% moy bo eonsidored se dorived by
o rofflection of the lncident boam from eno of the sots of
latbice planess  This ocourreuce is govoyned by Ghe equotion

n )‘ = 20 sin®

0 e glancing angle of lncidatico



Slte

§ = ppocltg botuoonh tho ouccossive lobtloe planos
in tho ped of lobbicn plancg,

B Lo ab inlogore

s GhLL BUGH.

The cell edge Vo' Lor tho cubic gyston Lo
roloded to the iotewplanor distonee & 4o boramp of Hilley
indices h' k' L' which dofine o oot of crystallepraphio plancs,
by S gquabiots.

o o a({h‘)g 4 (x')g " (1|;2)4i

Honoo, tho Erogp condition mey be writton as

L
o)
asd mmSxlﬁiﬂfl&u&ﬂlﬂliuﬁ—i&;ﬁlﬁ?
-8 oin 0

In sexms of 45?2 iudicoo oince h = ah'y h = uk'y L = olt,

L
I LA 2
a8, -mZ\- ( h&e X i{i&‘? - - 1(3) it W b ../lm-g...“h.%
2 oin O 2 800

THE DRDZB-SONRIR FOUDER JTHOD,

The poweor nothed e an idool mecus for the obudy
of erystialline solids which osiot ib a five steto of
sub-divigion ov as ob sgglonorate nape Of winute ovystalos
Obvionsly, it is thorefore, woll ouited o the iovoptigetion

of matallic pheitoe



&5

Ehott & BoMY OV aollimated boem of Xevoys folls
upen o opecinon of the psm"éﬁ undoy sorubtiny, sone of the
cryetel frognonds will, siveoe thedy ovicobations ore
porfoctly rondom, o positilonad v such o divechion ao $o
potlofy tho Rrogs condition for rofloctions  Uhe diffraotoed
beoms with the some indices by by 1 oll 1io upon the suwefece
Oi o Génﬁ‘cf pemimverdical angls 369; Yo pecord tho ontiro
ag;:m:s‘wwa She photopraphic {Llm g Pormed loto a oylindey
copceatric with tho opecimon dhus ellowiog low oxdor ond high
opgorR (59-?99@3're?1¢ah1@n$ to bo dutcctads  i.comploto
potitorn of lines in thus cbiained, ooch 1ine coprouponding to
& sogsentd of a pexdiovlor dhffvocoticon /lalo

For a cuble epyntel thoe linao mgy bo ropdily

Lndonoed sihoa,

ﬂ? = ng .
2 pined

Honhoa, tho only tnsk is o dotormiune the volucs of tho
R é R .
intapers <R ouch thob
wgiﬁg = & consbonts
sin=0
Por ovystels of progrospively lower aymmciyy. the photogrophs
boseme oo coaplex aud indexing io coryospondiogly moro

Gifficulie



o f.‘-‘;

TR freg R - Lo a
LI BwiOH R CALIHAS «

The moot comaonly uwsed LDobyo-Schorrer conoros
ore 9 cna oud 19 ¢ne dlometor, the lorpor tho couorn the
longer the cuposwro tine reguired, but the greator the
rogolution, Thorofora, in tho obwly of slaoplo cuble
atruaﬁuraé, the cnellor comora la aaﬁiaf?ehuny¢ Pigse
3 and & oro of $he 9 cne ormora ugod iquzasmnt tuvopligobion.
The spcecimon is £itted centroally ond rolatos withoub ony
Llatorol novemsnte  On the porighery of $ho comora oro two
knife odpoa vhich progo tightly ogoinst the £ilm vhon it io
wound pound the comores  Tho £iln is hold by o alvip of
opritg steels  Tho cemora cover housoo o wobor drive which
rvotatos the spootmons &hould tho spacinen not Lo robatod
tho diffrootion linos ore spobly boomnge only o lionidod aunbor
of oryetol frepguonts locoted ot the yroguirved Drogp eanplo ove
prosented 0 tho incidont boome

The comorn is doalgnod Loy n Ven Avkel aveonganent
of tho film, Uhis orvoogosont mokon tho wecinun use of the
high orxdor roflecticns sihee those give tho mond oecurate
nesaurenonts of tho Lottice pevpmotorss  Tho oollimased
boam of A=raye oobors thwough o hele punchaed in tho il ond
oy andiferacted royo orc obgorbed by a glose plato contolbing

o suspoonsion of lead oxidos  Docanse the hiph angle linos









o pooitionod on obthey nide of thoe puoched holo, tGhe
offacts of Pilm sheinkope couged during dovelopling, ore
uininioed as for oo tho bhigh anglo linog ore cencornad, on

acoeant of the shord Sistonce of soparabion.

sy op O

he eoosnranont of the aogle Ok wliloh
correeponds to the wholo expoged longth of the {iln ie
dateprnined fron tho comore dlometor ond the dictonce botween
tho koifo olgen. bobh of which canh be mogswrad by vornior
Golipoaros Ce io o censtontd for ey perbionlor comorg. Ly
o propertionality, the anglo corropponding o the distance

botweon $wo oquivoiont Livos con ko coloulobods

S JARASUR IR R THE PITH.

The distonea bodwoen She oguivelond linop and
batwoon the unifo odgos oro wnooourad on a £3iln oompavoboR
on vhich thepa ﬁé% a metvio ponle and an acouwrato vorhlor scele
fiuted with o baitrdinos  Sineo she ivngbvument ip of @&
high quality, acourato recdings topo cblinined o within the
Lindkts of Gho inptruncob, L.8s doutl (0 0025 maing

HOAENATION O SYLQmARI0 BRUUIG PRON NS LATRGH PARAMaTER
SREEHRR INATIONS

v -l ey " Doy i

in the dotermibedion of lnttleo spociugs thera avo

Bin pourean of oreor vhich moy give riase do inocowato valuooe



e Tho findte levgth of tho sppociwen iryvediotod

by tho boons
2o Filn sheigicopde
B Rafroctive lndex of ghe crystellitos for de-rgyee
Le g@emnﬁri@iﬁy i the spoegimeds
Se Distiribubion of J=ppy dntonokdy io ths Local apobe
Ge Absorpbion of E~vays io She spociustie

L4 hos boon shown thet the ewror due bo (1)
{4.5'4:-6

is voglinibly snalle

Tho offocts of (2) svo Silnloatod by compering
the caloudoted dlsteuce botuween dhe kbife ofges aund the
dipbonco moosvred on thy doveloped derpy filme  Pox
rwﬁra&ﬁivé index,ooryeetion ig voxy ﬂlighg:4§aﬁging Fron
L pard 1o 10,000 4o 1 pexd in 200,000 ond fox the propond
purposes 46 ooy be cndbtods L% boos beon found thet any
arrors duo Q@}, (5} and (6) oro nost canily climinsted Ly
antrapolotion metheds since the orrorp boeono wminiunl ot

O = 907 f,0. oxtroms back vofleotion plong tho path of tho

wekdont boome & groph of *a' egained clmost any fanetich
of the Bregg angle @ would bo satiofestory bub for cape of
dotorninaliion 8% in proforsble 0 chonso one whioh Ls ap
iinoor an popesible ovor tho ootire aoguloy zabgos

49
1% heo boen shown thet 40 tho foesl polot is



boken an eb idosliced polnt aourco of vodiation from
which tho bosm hoo divoyged thal tho orror in lottico
poraneter ie propordional o goe® 19,{;3&5(9 ¢ It & vwoll
copatiructed cemarsy the spocimen con be posltionsd guliiciontly
clope So tho mifa of yotadion Yo yondey ony cccondrlicity opror
napgligible,.  Holoon ond z‘s‘,si-_i.e;yf ?ahmsaﬁ esporinehtolly thoat
tho only funesion of £ uhich giveas o linsey plob over the
antiro abpbler reogo ig

£(0) « §( 90, sodby

aind &

Lo obtaln tho corresd valve of the iettice poranctor, tho
apporond fa' voluss ove plotied omeinet £{0 ) ond who geaph

ostreperletod badk 4o 0 & 50% (2(F) = 0 e
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FIG. 5. CUPBLL XHD LGAD FOIL,
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ANATEIS OF GOTD,

CUSHLLADION

3

The gold coniicnt of an olloy of compesition
suliiciantly proat for necronnclysis mey b sotisiactorily

doteralnnd by owpodlotlen vhich mebes use of the lmnmiceibility
o tho Zlquld phabe of gold ond loade 200 mepge 0F pondored
tllays 2n the prosend cese geldsuickel, are waopped in high
puriby load foill aud ploced in the bosin of a cupald {£ig.5)
widch o thou travsPforred $o o auffle furnece ob 9{J06;
The lond ence molton dekasnicked bul pot gold futo solution.
A oupell s nedo of o vefvoctory makoyial, its Pfunction boing
o obsorb the lopd pheso Gold atons o the nolé ogplonarato
and eftor the lood hos disoppoered & boad of gold vomeles in
tho bowin of the cupelis Tho z0dd con thon bo woighed 6o
daterming the composition of the olloys

thon thiso oporatien is porfornoed corofully, a
high dopree of agouvaay ko obhalnobles  I6 do noQuopory
thot o sulficiont quootity of lend foll i9 voed 4o enpurs

cunplobe oclubion of tickole



b/

SRR

2=k



0 rin —G‘J

copper

head pece

water
coolmg

channels

A 4

molybdenum
sheath

carhon

sheat h

]

£

gla;ss plate.

5
[4

io vacuum

sthica tube

AN

imner siltca tube

.‘s":hcq holder

Fzg. 6. Apparatas for

'meltmg

alumina ch;ﬁs

alloys -1.



ORIV

Pl il dy

S0kd of 99005 purdby ond okelol of D000
poedty both obbolosd Seoa Jebnoo HoGhey Lide core ased G

prapors & gee douplogs oF thoso odlgrote

HoABang POkl
g 0 1063
B e 1045
10 Sesd 1050
35 s 9 1015
&9 Ga03 00
Hi Je 2 ' SEO
S0 L 460
49 1w G0 650
45 154 58 S0
Wit 220Uk 00
55 26400 1040
G 30486 0
éﬁi ..i:f}a LG ﬁm’gﬂfﬂ
5 e d 1360
=0 S dD 194G
Gl bin 7 2250
R0 Tea80 1350
95 Etadr A
5 FY W53

e

Phe corponené notols wro nedled undor veousn o for
sdlors in tho ppporetus ghovn o fleefe  Ib priveipld, the

: . S
ppperedun Lo dhe snoo os thod wwed By Deplsy kot in the ccovso

@ sopurinsotolion cortidn nodificotions bod 0 0 naddcs



Tho gold and niekel vorc hold v o small eilica tube of
7 mme diometeor which &aﬁ boen proviougly oleaenad in eithoy
chironic aold éﬂ pone rogie 40 rsmove any aaborisl vhich mipght
hove ceused condomination of tho alloys. & thin nolybdonun
shanth into which the sailies tubo wes loverod gopsrabod bhe
sillea from the prephito »od sinee contnol botveen thoso
subploheos was Labtor shown S0 be dileserious o obisinding o
goed vacuum pybtome  Thoe grapbito »od vag held contrelly by
o longth of sllice tublog which wes swerounded by a packing of
fused clumines Whis aEﬁamglﬁg& ao Loy doscribod wes conliained
in tho lowast 6 inchos of & & inch dlemotor, 25 fochos long
thick walled rouund boltonad silicn tuke,  Thoe lovge outier
pilice tubo wes hold by “apleson & wex inside o ooppor
abtinchnent ou wiiioh wes on osullod $o vaouum amd on Hop wes o
thiok ploss plabs regting on o rubber O-rings  To provont
malding of tho wen through gﬁaﬁ transnitsod up the duboy water
channols wore budld in o the appovatug to ool the wore

Pho hosting of $he mebals was effoctod by o high
fréguenqv induction colle inca the losd of mutel to bo
medied was so gmodl, the heet dreasforonee hed to be aidaed by
conduotion throough the grophite rods  Under the olroumoboncus
hoating weo gsounticlly by conduction olthough sone Sronsor
of oncrgy by bigh froquency induction orovided o sbirring of

tha wolts



Bofora heating comnopend, tho cutive chanbor was
evacustod dowe o lﬁﬁﬁmm. Bg by en oll diffusion punp backed by
a robagy puanpe  Lho prosours reatlug wes texah fren an ol
glaas vacusbalts  Whon the webels reachied o tempovature of
Qﬁﬂﬁb yocorded by o diseppseying filonont radlotion pyronodor,
that Scaperature vae malotalusd $0 allow cubpousing of the
grophite sud fused olumios packings  The nofals woxo Shap
heated o 150%0 above tho meléing point of $he clioy o
ongure homeponelty of the wold ond oxclusion of any coeludod
gopoge SOy polldiflcation, the olloy was romeltcd fop
further ooSpzeselog, ond thon eooled dout $0 roum douporaliura.
Sebtisfoctory Lupoby, Tree rom swefaco blowishes sind
oxbdation wore oblainods

The Glogrem of £ipeb wos tho fioel meldiog
cpperatuns Llultlally, the lowor osseunblogs ves that acod by

Bagloy wiich diffored frem $hat shows in Ghe following

vogpuetote
(o) Thore was no nolybdeuun shoath 4o prevouts physical

conboet bobwoou the iuner netal cowbaloing oilica tube aud the
praphilbe zods
{b) . The grapbite rod wee of & smpll dlomsbor and wes

ne t

hold, i silica ent pol sluniboe



e

(o) A packing of grophite povder vwos uged $o cub
down redisbion Lopsons

Puve pickol was molbed Livetd of 11 siuco tho
highest temperature of oll the welis ,léﬁi‘}g@ ,vion voguired,
Shuae fully togbing the spperabuse At oboud 1400°%C the
vaouws wos lost end blue groy discharge woes produced when the
pysbon wan beoted by o toela coils The ges beinp formncd
won suspected o bo ¢arbon monoxide from the roacticn

5305 + 6 =S 00 2 510 e 1)
Hovonver, the smell silice dube bovame whitened by vhod wos

: 5!
perbips pof'ormed 8i0s. Vapour prossuwre data roevealed these

voluesie )
Zoup | £UO_ 10 renckion (1) (mnefic)
3027 | Bek6 5 107
W00 ‘ 903

Henco, ronchion (Y wes thoreodynemicolly possiblos  In order
to connsersut thin offect the siliocs woo surroundsd Ly
molybdonum vhost vopour pragsure dato did not show ony
bondongy Goverd the roectiots

1o + B0y =% o0 + 8i0 ;*.....a.(.zz)

The moléing ol puro wiokol wan ropogked bub of
1500% she vocuwn won again loot due to tho yoaction:

dlgp, ¥ 30 T 360 ¢ Gblew-a(3)
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Eﬁﬁgﬁiﬁ LG8 in vasobion (3) (nmedle)
400 Gy m 207
1500 e 57

Aluaine wan discordoed Srom the syolen oucepl fop
the p&ﬁkiﬁg’iﬁ which region the femporature was nob sullicluntly
high For sty roeolblon o ek ploacos

Graphits powder wag elimiuotod beecouso L4 weguiraed,
for oubgessing,uugtitably leng povdeds of ovacnabion et high
Uanmporgbuvons  Noroover s velue Lo proveating radiesion
loseos wen nod approclated sivee the meltlog of «ll the allwya
couldd bs achieved vhed fuscd oluning was used bs o packdog
masoriale

ALY of the slluys wore reweighed altor molilige
The losges in wight, compared with tha mede vy composibicos,

naver Gxcoodad GeOf alinfe

The ingots 4o botches of siz oF neven woro sealed
off undey vaomun i troansperant sllles fubos io the ooma
mamoy as dld &aglqyfl Yo provent intordiffusion, tho iongobs
wopd soporeded feon onch other by omoll plocds of.plliow 4o
goneal vos eperiod onb ob 9000 & 1Y for four woks Yo ensurc
honogonoidy of thoe solid solutlion phepoge  Hhown the
anpealXivng time had beop comploted tho tubos vieye withdrawn

from tho fursace, tho oade broken aod the elleoys lanedletoly



gueached into cold wator §0 rotaip the solid solubion.
lobtiics porandiors wsve doterained on thogo

ingote bul, & explaiucd iu Ghopler &)ﬁh@ valuda wows shown

40 bo v erpors  Whis crror avose fron $he mabnoe Lo which

the sdioye wors onucallods



SUCLLUN 24

PRERATMITON /N0 AKNGAINING OF GOLDSNIGHSL ALLOKS w2

A sovivs of olloyes of ho sane conpositions oe
provioualy, wore moliod Lo ovaonabed | 1&”5m&.ﬂg} pilica
bubose  Xp Shio mophox She ontize reoge of alloye could bo
madted nore quickly than in seotion l.  Hootlbg was effootad
by o coold dogely vound induetion coil eohanced by conduction
Shrough o grophite block ao shown in fipe7e  Uhoen She alloye
sare nolten ho high frequency ndustilon curront wos switched
off and tho melé shoken aohuelly to ensure honogonisolions
The Llossos ob melbing wore sgalh 1ess thon Celobe%h  Soma
supiace blowholos wore prosound on tho olloys but theroe wep ne

avidonce of oaldobions

A AN, ,
o
The iugots wora aonoelled &b 900% & 10U for
wo wooka &3 oaporoto oveousdtod allics tubep and cuunchsd into

wnbor oftor cunonilinge
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BECEIUN Yo

CREFARATION SBD AT TREATRENT OF S04V POSUNG SIROIHMaNg.

The powdey semplen wvere obboived by filiog the
ingobns with a praocision Svics £1le of Nusd cube  Since the
f1lings hod bo bo shrosperolioved vhich offvctively moont
anneadling for oug hour in Yhe solubilon ravge aob 900", Hhe
povdors were iodroducsd 4o small oilica quillo O«Hum dicmctor
end 0s8 mm wall thickbomss For opeh olloy throe spociunens
wora properod, thoe filings coming fron dliferont ports of
tho fogebs o this way the homoponoiby of coch ingob could
bo oscuréuaineds Sono oville woro soaled off uudoy vocuwwn bt
there wag no nodiouobio offect o tha powder photopvephs op
lobtice porosetors eonpered with sanples sogled in aive  1bd
the labter cesoy thure weg vo ovidence of oxidation afjor
anbealling bocause the volume of aiv proscpé woo oo suslls

The guilla wors placed in a nild stoal contaloor
at 900YC & A TR tougth of hoat resistoont wive wes attechod
4o the eoblaibior ao thot olfter snnoalling the conteivor conld be

withdrawn rapidly (rom the fuvnace ead plunged loto cold vators
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SUCTION he

DRTEAMINATION OF LATTICH PARMIBTUR

The lettico poremedors of goldenickel slloys

wore dotormiued by the powdor mothed o &5 9 ome  DabyeeSchorrer
va with a Van fpkel avvstgoment OF the filn,  Pash

ugdrs of the comora hed detormliued She comora copsbonts The
disbeveas hovever, botwusen the koife oedges aud the couera
diameboy, wore ro-chochad unlng coouratc moesuring Lonstrauasibos
The cawsre copstant ther sslouletud vas v oprooncnd with the
praviougly debermingd velucs

~The most sulbabls single sourco of rediabion fov
hin sorios of aliuys is thot frem o coppor bovged, Lobtico
spacluge wore dedurmived from the daiffrection iinos produced
by coppar Kqp vadiations  The B« Llinen were ignoved aud
tho £ G redisbicn wan absorbsd by s vickel Diltor.

Digbancen botwoen the lines wors nensurcd 0
& 0,018 mus by boing placed sgeiont o conle on which was a
Cuvooy ond acoompanying Vernlar gcolos  Tho opporeant 'al
values wore ploSted oppitist £{0) according to $he muthod of
Holoon and ﬁﬂey'i? ALL values of lobdico poromgbor e ;
dotormined n Kz aniis (lﬁ w1, 00208 Kﬁ};s i o fow cegen
poor Siffraction iinop wore obboaiuod bucounse of iLnhomogenolity

of the Lngots vhich wors then romelied and ra-aunoalled oince



L6

exporloncs shoved that ro-aonapiling slone gould not give
homogonvity bocouse of slow diffusion dn tho solid vtatos
Lagtlce peremolors wore adjuoted o ﬁﬁqﬁ v tho

i
manner dogeribed by Bllwood and Baplove Eﬁ,rmea:!. aud Gold bave

X0 o K/O';’ o
cuefficionts of lluoor ozpeusion of M 2 G and 15,00 3 /0
rospoctively ond the coofficlonts for intormediato coapositions

were fdoken fron o llnsor plof of thase valuao.
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The dopsities of the alloys vore dotormined by
tho wese of o deveily bobtles & donsity botble hap o volume
V3 dotorained fron the welght of Plnkd raquired o 131 4%
and the dsnoigy of bhat flulde, IP a spocimen in placed in
she bobble, the vow wolzhi end hogoo volume VE off fiankd
raguived 4o 311 the bobbtls call bo opleuiatods The volumnd
of Ghe speclaon Vo« (Vi « V2) As thon oblained,
The fiuid wsed Lo the promant werk was bousyl &1aahw§&
vhioh bas excelland wolbblog proparilos superior 0 watops L&

N

has & sinble dopslty vhose varlation with bamporeabtore hos boon
5§

wedl aptablisheds

vidontly, thowror W the volune of the bodtlo
2 8y g alao the ereor lu the voluwid of bhe sgeocinon sinoe the
intpoduction of o proporbionallity ereoe Fov the labber &
agjusbifloble. Hegow, the foasiblilly of the welhod hinged
o @& densily boltle of a volumy os oless ap possible joqupder of

tha spociueh volang and whogo voluns could be delarmined to

within vory ppooipe Linidse

Lo SEEREORI O G DeMB LY Bulile.
S density bodtle shown 1o £ige8 wes wade Lyom o

Y

stongard "uuleplit" Ualh cone eud sochst.  The lossr pard won



FIG, 8.

DKNSITI BOTTLE,
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&}.rig

propavad by the oedhuery gleoo blowibg fechoigue of Lnducing
a Lol botbon ko o griiudor of pyrox gleows o sanulooturo
tho stoppor, (the grobnd glass section was fTorawd woto an
approximabe honlaphure, afbsy which the copillery tubo vwag
positioned coutrolly ogalnet the Lewhsphore aud fupsd 40 Ll
The aros of pless coverlug the ocspillavy eoluan vien thop
hopbad o flukdidy ond blown onbs & sockion of oleaw glase
above ths ground coge was Shon beatad wobil 4% eollapuod ocuto
the cantral tubo, Heating wag eoobtlioued untll the gopdllewy

hed booh roducad $o about ope«-ihird of %o original dicnodore

ACSer Loiug stucalled the ¢lene wee cub ed this poind by o

i

disnond vhioels

APguy menufacture, oracks sppeored o tho stoppor
bagsupo of thoe difiorentisl cooling raton of thick pleps o
the capillevy tubo and Ghe thin gless of dhe oudoy duboe 4G
was axporiovnead that ovon afftor vepy caveful snwenlliog suder o
progeaseivoly covdor flong, thed orocks ptill appeoved vopy
oo afftor romoval fean the flase. @0 wvoretma Hhils problomny
the entlve workplece oftor [lane annami&&ﬁg van  domoediatody
Sronalorred 4o a Hurencos al §Gﬁqﬁ 2% which femporaturve pyrox glosn
in slightly plastics The stoppor tos thoen cooled in dhe
fovanes down bo 5@%93 phare sbrogpes due Yo dllfarontinl
sooling retos caaned o Lo oporatives Ho oracis gppourad and
thia one botélo was usod Go dolormine tho Jdonsitles of oll ihe

8dloyoe



ble

VLG OF THE ORNSIEY Solhi,

The devskiy bobtle was cleoanod, dried end wighod
popastodly until o constont woighi {i‘agaaﬁlg} wass obtolnads
A eyrangenent shown Lo figey vas conptructed 4o allow
bengyd nloohel Yo ke lobtroducsd under veowwns  Pobnyd
alochol wvop Sroawn from o rogowvoly Shrough o ftubo of Peleleiia,
contuol baing offocbod by & soerow ¢lips The gyaten was
svacuatod by mopreury dLETosion and rotoyy puaps and closod
il ot Ae  Dousyd plochol wea then deam vp an Ler ap dho
Boeraw elipe Mter Durthor gvacasbion, Whe gyston vas ogaln
vlosed of & and bongyl olechol drovs i Go £LLL the boltlos
hvecuaiion uas contlibued $o rouwove the volotile inpurisios
agd i whiﬁﬁ avolvad vigorouply fvoa he fluids #hen no
more bubblos of ges epposrod ob depping, the gysion wes closad
off at 4 and aly ellowsd to ontor the chembsy Ghrough Oe

3

Some flulé hed spils over iuso the chember bsceuse of bhe
violontd oabgsssings  This volume wos ovllsotusd i a oloan
syrings e0d Lnbtroduosd o tho bultles  Tho bobtle was shew
allowed to stand for 59 aloutes Go ellow the fluld $0 come Yo
suullibyinm with room Scmporature, altoy which She Somporeture
waG 1oad iﬁ Qﬁﬁﬁfﬁj by o nopewry thovnonobops =

Tha sﬁﬂggar gee Lngerded ond Sweped Highiély into
tho ouckets  burlag Side oparoabion ey exouss fluid wae Soroed

up thwough tho oepillaxye  Phe bop of She stoppor weo
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Lite

caroffully wiped with absorbent papor toldog cors Go nole
thot to bongyld slovhol wan ronoved feem g‘sh@ ceplilorys a
Yoot eopured by Ghe very saell dionotey of She top of $he
cepillonye

To vemove any oxoens bengyl alechol the grlindeical
sirfacos wore carefully rinmed with bepszono and acobonds
The bobtle was thob weighsds

The bomptraiure veristion of the duneisy of

55
benuyl alochol Ls glven by thoe Soroulnie

; ] q ol &
Oy = dg + 207 4 (bet) ¢ 207 B (b=t , b = 0%

60 = 120609 FI m@;?ﬁ%ﬁ B Qe 8590

Phe volums of the botble vas dodermined Live $imos

i
7y

40 glve o moaly volime of 30570 ohe” & LalU08 tile o
vesddy She fovmula bhe above pyrocscdure wes repeabod bus with
) 5 k:

sone high purlsy neecury in the bottles Sune Gime wes
eliowved fopr oauy ogoluded aly o b romoved from (e norouwy
pricy 4o the introduction ol behsyl sloohols

Tha density of cowoury b OC bhas hean usbormined

56
o Bateueas ond Alongo, and the vepled] ' deusiby wit
by Bateucasn nud slosgo, and the vepleiion of density with
57 58

temporature by Hoerlow and by HDeattio ot ols  Whon dhe
sumnetion was madoe of the volund of nopreury and the volunc of

: % e %
hoveyd aleohel above by the pesult woas 360376 mle,” & Galn02 rde
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Honca, the feaaibllity of tho uethod van vsteblichods

RENBINTES oF QUTDeNICKEL, STEOT0,

& A

A allay wag pualtionad Lo dho donsity Lobvlo and
tha vactuss syston evecuatsd for 30 mipulos Go ronove auy oly
Lrom e alloy ouwwfaces  Bonwyl slochol wes allowod o onbor,
avacustion belny contineed upiil o buebles oppesred o
toppluge  Vho volume sud hoboo densify of the spociacy wuag
gotcrninads

The woasvrad densly My was compered Go She

theorebicsl dansily Rpy colovlebed Drvoem tho foarandas

, e, 2y
Dhr & pi m o= wosh 6f ualt obonio numbor = leO603 = 10 s,
7 e Bow oonposito abonle valght

3 N ow Nunbor of atoas por uodlt eodd (& for tho
coblo myaben)s
a = Latbico poranater Lo cubbimoires af 25%0
The neasred donsition ware sdjusted o 25°%C by

covpeoting the velumg 4o thad tomporators by $ho fovmulal

Vo u Wy (3w 3x{28 = 4) } Voo o volune ot 25%

Vg & volune ab 4%
o = goofiioient of linsaw
GBpaBuiots

>

SBin of the alloys (3, 10, 15, 20 ound 45 abepiils)
phowed nopouned Jdonpities. which uove coppiderably leen Shan
thaje shoorotlcal denplibiess  Bluea chvitkose porealdy wan

4.

by

2

HUSPECEGE Caunu, Ghe Geutpos of dheoo alloys wopo Jdridloed
vt and the deanily dotasmlnation were Yopoabods  Tho

volues for four of the alloys thon sgrocd uith thaly Shoorotloel



LG

denelsioge.

in the othor tweo copos, 10 apd b5 oben Ui
spracuent wes ned resched,  Whe slleys wera Shes £3lced bo
& powder shooe density wos thao meessvrsds This method of
danpily doternioadion canily lends ltacll wo pludles of
povdaer volwnape  Thaorsticsl and usesured densliios Do
pprasd, poindiop o sone form of eiceoporepilty in Ghe

mriginal InNgoyvne
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SHOTLON de

LALRIOH PARAINIIRG OF GOLD-NIOWEL ALLOLS,

Letiico poramclbors of gold=nickol alloys
propered aid abbcollod by the Fizst dochniouos woxe hiot in
ageoonunt with provious worke  In sddéition tho latbics
peromaters of pure gold obd paro nickol did nob sgroe with
sotabliched valummfv The dotorminog valuop waro LeDGHZ Kx
oud Je 581 Kx fop gold and olckold rospuotiveldy ss opposed o
tho proviouply reported voluon of 460703 Ky atid 5651060 Kie

in order Go tosb tho fexdy Sochoigue lotbice
papanctors wore daternined of the en rocoived gold end niokeld,
piviog the voluos of LeOF0R Kx pnd 345106 Kxe  Tho gold and
pickal ngots ag piopored wore raducsd Wi o bueaing labtho
aud Lilings fraa powdosr dpociaoud tokon Lroem She voduced
sucbione Tho mossuranonis of ‘ol opociug ogeood with the
a6 rocuived gold ocnd nidkols L6 nppoorad, thowefora, thab somo
form of surfect plokup had takon pleco, probobly dueclog the
supoaliieg obogos

The latbloe poramotor of tho propered gold vag
doveor than weald bave boow ezpootod, a posslble ozplanatlon

balny the pickup of viekol ot the ourfooss  Sloco the



elioya wore aeperated from oagh obher duriog the obnealllog
himay tha popsibility of diffusion ib '&iis pwlid stobe betuocn
the alloyn was elininatods  Fhe obher wnenver off moss
tronoference was by depopibion fron the vaponr phases 4o
Sudicablon of Il‘é..‘ivz;ﬁ;;‘aéi,m:@ of nueh a procoss wos clavifled Ly
(@]
spplying Lappnudr's equoticn for edocrphion onlo o auelfaces
Popr o vapour it ogudlibrive wldh o soldd tho webo, wy of
which uwleoulen of the vepour phese gbeike the awiece of the

eolid s glvou byl

& ‘ :
moe (LB )T p M o= noleculer weight of oubstonce
&Rl N

= pen conodont = 6,273 2 107 prgs.
Y vapm:.; prosowre off adserbont in
derhog e o
io sivon in gfon/soce
Por tho :aéimsz*é:sﬁi&ﬂ of pold from tho vapour stato
endo pold ab 9%}%"3%,
‘ v el &
Vapour propsuro of pold = 2457 x 10 dynog/on
. . b el
m = 4ol %X 20 Y/ it/ s0c
Thopefora, affor Lour woolks the voelpht Way of the
totol numboy of cbans vhich would hevo struck the smdocoe io
. t:]
028 & 1T S
The corrooponding caldulebion for nickel glveons

w 7 Y i 3t : &
Vopour prossure of nlokel » 7+77 x 1‘31?“ dynop/on”
B o= a8 % AT Jendluce.

.

ftor four wooks Wga & el x lﬁ""*‘*ﬁa



4G

Those veluce of Wy, oud Uy ere calouleted fvom
aquilibsivm cobpiderations vhoroas in the pregont problom
nolld gold wos prosent oo o slok for nickel atons arelving
from tho vopour phase eod viceevepan for solid nickels  in
gotioral tormp, hed the anvealling tine donded dowerds infiniby
oall of the glioys in the sene capsule would hove picked up
gold end nickol atons in oufdiciont cuandity Lo aquelise tholiy
ceupositions end Yhen exiet in equildibrium with ooch othore
Undox the conditiove of $the aonvalling procedurs oguilibriun
did nub ezlst ond theroforo eancanﬁruﬁion chistiges wore teklng
placos

heogmadr's oquation guve an lndicotilon thabd the
eight trenoforonce of medols was vory smell, bub very cmall
quantities 10 only the purfaco loyors {voa which She povdor
gpoaimebs wero dokon ero sulfiiclentd {0 cousy delcotablo orrops
in thoe labtice poramoter moosuvcmontse  The orronocus 'al
valuos oy gold end nhekol corraspond to composiblion changos of
1 filieia

o gonf'len Ghis hypothosiso, 40 nge of powdor vero
tolcon fyon the surdecc of the oo nelted nickol and analysed
for pold by cupelletions & miouie quantity of geld was found
0 be progoent, confizming the proposcd explepstion of the

grronaons roculise
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BHCTIUN 2e

gyl

DATELGH PAsbabubl OF COLD-NIOHENL ALLOYS = &

Phe labbico peronctors of alloys in the gold-nickel
syotom erce cheown in tablo L Gogother with 4ho values obtained
by otherx iovesbigalors. & high woosure of ogroencnd o
@vi%gﬁt; The prosont gwesults ave vexy ologe to thoss of
Doy excopt ab 90 ale nickels Compopition orrors by ong
of the workors would accooupnt fox this focts Tho velues of

[
Kubagchowskd ond ﬁberé waye ropd Prom e pour guallty graph
in thwoir psporse  Thorefore, the Ligores shown may nob bo
Vary oeomntcs

Theo groph of latiice porenctor sgalnst composltion
(£ige 10) chows o smooth curve mere complote than that of Doy

a

and with no anomclons verlations ?vor cordain conpositions

)
oa roporbed by Hlluwoed oud Dogloys A% 40 and 55 abonic pew
cont blckel the poiots eppoar do bo plightly above sho curves
Phin cbservaticn i confivmed in Lips il vhich phows tho

daviationo of the allays fvom Vegards Low vuhich do thoso oslioys

ore loyge obd positivoe



Lattice poromotors of Qold=lloled 41lcya of & L- Lo unddo)

Y] o ¥y -y -
Abomde b e Frapons ey nwu sonovshl,
]
' wd_bhovte
AT L0 SR AT SHS T AT LT HrEe iR e G0 kR A n «.eu_e»a.m EEATIE T

Q 4.4 0702 Le QU702 e OY00
5 L QLY 2.0 0566
10 e 200 ha QAZL Lo DE2EQ

15 24 QOB , ba DOBE

20 He QO3
28 e GG00

50 SeO2d 092558
35 Ja 0105
463 B 8697
L JatiG05

5’3 f}p {3:5:”‘ - ,h f) tf}

] 5a 7511
& ER 50 7206
(&2 526025
o 566560
G5 Se y G ou7
90 Je HUOG Fa HU63
w5 Se HHHR

100 30 HLGD He HLGD



P
|

i

T
iy

.

bpas

1
e

4y

R WA e
SRR
R A

ol
- :
I et

yoar

L.
IS

Tata

-+

i
v
EE
it
e

o
g

P Iy
Sh%

Uil ey ey

FpRia

3

bomge
it

T

P
L

b b
n

e L
i1

g

[ Epe in
IR !
ikl

R
PR

WS by

—d
e

S

il iy
0 . ‘!
FERY e hid

ey
]

I T

.
BP0 TN RO Sy
)

IS I S IM N

il

._l]vl - b-tmt
§

e

3 bt

)

34
4.
I

Py

e LT
h

feieat |

Apd

i

R

seeaeboian

i}

i

Enas

i

KIS

alangs

N

I




prr—— - " Ly

o

DS Pty (ORI : o 3 . ) :

ng
N
E
4

n
= )
=3

Foih

I

Sah A

R

TTINT

B i
. +

b

L

[

i iy indng

o

[
i
o

=t

caambian

i

1

{

it

.
1

i

o
Py
T

o]

rh

g

PR

[

ISy

INOYS

Epera

Eai
=

Aefrs §dne

it
i b

ISR
R e e R aa ek
P

R By

Hid

[
:

A
e

“;t”‘ b
Eaeaz]

|

1

R,
¥

-+

e

b
5y

’l—e»
a4

h

N
i

-

Tl

[

A feery

Laan

R




DURSLEES OF GULDwHLCH B, LI

Poble 31 lights the meassured asngd Shooveltical
X AT i du T3 “}4\ T . . n " N N . . s
dongiiios 86 2570 of poldenickel alloys Gogothor with the

porcantego deviaticn from eaoh othey of thoso Valuow,

Dy = }.}{izﬂ x 100 troforred to horoofior as A D}e For these

by
elloys A D ss enoll snd very closo o zoras  Iudeed, within

oxperimebtal error A B is offcctively zoro excopt in foup
cagese,  Yho alloys at 10 200 45 aley- tickal wove rveduced to
a povdor vhose donsity sgreed wors ¢lesoly with tho
Shoprofical dononity then did tho original iopotos A% 20 and
55 atieys nickel A D is posidive coyrogpondiog $o o larger
noosuwad thao thooreticnl donsiby.

The sllays ot 40 and 55 ol Hie awvo thoso uhich ara
slightly above tho cuvva of Pige 104 Shico A D o posliive
aoupled with $ho ostounsibly high laltice psvemotor valuvs,

1% is osowned $hod Shors hed boow an error in dhe made up
ocipositione. Llnbtorpolation on the graph befween 39 and
hh abie;. Dickol oud botwooh 50 and 60 oba? wnickol shouws that
the campooltions corresponding to the detormined 'a' values

0%0 455 otid Ghe G ate,r tickels By uwodug those composiiions
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$0 deborming tho $heorsdiond duanllisg, tho veluse @ An

bocamas dogetiva ond gopro elihio sxporloontod sepopre Aunlysio

frub

by aipelletion io nod suiliolanbly soowobds &0 dukconiug

daitorenous 1o oupostsion G0 & 0s5 alele  Luobh Lutorpolabions
of latbloo peranstoy veluwe oz Solb bo bo jushificd ing tho
progent conds  Loosldornten of ell svidoneo 4 ¥ha posulis
Lo those bwo ollogrs loeds Be Gho concluoion fhat oone himab
sprey hoy toopreed dusdtg tho hoeddiog of She oconopuond neiely
o aobidog up of Ghooe plloyse

o account of Uhe oexpoelecabed aprar o She volumg
of Ghe speolmanne Tha obpolulo coenesubrabicy of vacanolos
oonnnd ke osteblichod, bul tho woosero of AL which is o Siroo

hd

Lodilostion of Sho owubsy of Yooobehles proeant e ib Bo

b oo

sowbpres of oho goee ordor so sy veluuvs qaobsd by Bllvood s

y o I n
Bopdaye  The proscud reanlés oo do ogrconond wilth Loy shad

B bp oo onesan conooutrakion of veontelos L gold=niokod

C"“

. N
adloys of B33 Ce
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ACUULAGE OF HESULDG

CORPOR LTINS L TEG ALLOYS e

Tho peld ond nichol used bn thin lnvestigabion woro

of 99299 oand 99,999, purily reopecilvolys X4 is conceivaobla
davin
thot somo lown of wotorial could hove cecourved .o aslilbg through
*y
Logeey ovaporabion should thoe meld have boou hold for o loog

]

poried at Scmporaturos ebove tho llguidune  Wable LLL shows tho

vapouw prosouves of the liouid solalp,

LAl LA

]

O . _ L
G Vepe 0F S uninedige) Vepe ©F il
~— - e i, Hhis )
1200 Be26 3 207 -

. wly,
1500 Tl 30 _
1400 ba m 1077 -

-‘ w57 «
4500 1-69 # A0 ¢ 1el7 x40 &

Tho less in wvoight affor molting wen detormined in
overy Lluptoneo ond wapn nevor groator than OCed ala.. vhich coryvasponds
5o an ovrer iu tho latiico poramstor volucs of 0WOU05 (X Thin

orror in o0 small fo offect the purpose of the invoptipoticts

Mé/'
Followlng tho oczomplo of obthor Lovestip: atord the final compociiion



ke

wap teken o bo tho compuoiticn ao made wp orlginollys

For tho two ellays kO and 59 obe,s blekel disousned
An Soetion 5 w6 muot bo concluded that some humoh orpor ook
ploco duribg the maklug v of tho coaponond quaniics of gold
od picked beeouso Ghe wolpht lose in neliibng was of $ha semo
ordor ap tho othar alloyoe

3

T A A TR L L A A T R U R R e R T 1
LI RCGHNa I G P LRG0T

Latdico paremotors meosurod Lyam divforent pexriss of
tho lopgote wore foutd o agrae b0 within b 0, 0002 Kx, proviog
sho prasgsonce of homogovaois gollid solubiono.

O SN CHe VOLONG OF Bhs LHGOTG.

Tho cereor in tho volumae of ap ogot is govarued

.. o RN » ?
by tho error Lo the voluao of Sho bobtle (3 Ufbd&fbi“}. Kop

volumos of $ho ordor of Oa8-Us’ mid” this corrosponds B0 au orrox

.

of voughly 1 port Lo 1000 or 0.2% wvhich couces sb owroy An
density of less thon 0.2%.  This orror, however, G005 GEGD
that the obsoluto orvor o AR is 2 100

The advautoge of the prosend motbod oF volune
detopminabion Lo thoed (he spocimwn ia undor vocouum prior 40
mwémchﬁimmwlalﬁmmwzmﬁpmmumcmm&mmdamﬁlna

rapos one bolog ovolvede  Whorofora, L6 io belioved thay oo

Prea)

orrops A voluno could medse fyom okp beld o swoce poros op

mioroprackie



&mwﬁ@fﬁﬁzéﬁ‘ﬁnh:h@mﬂmbﬁ&gnggiﬁﬂhﬂ”bﬁhm.

P e

uﬁh\i&"a \L;H C.'.:‘s rﬁ.r.}...z!.uu.

L6 woe Antonded that nll includoed geson o tho as
racoived mabeds would boe removed by woeliing, solidifioation and
ro-nolilog wndor vocuuse  Tho hipghor tho Svmpsrabture o

vhich §ho meld wan ficken, tho groator the degres of axpulaion
of vocluded gososs Bioro ozealnaticn of Ghe olloys of high
gold contont (LO—90 abeie rovealed shriunkoge cavitiaos

his oxplalnod la Chegor 3, cooticn By tho sheiskege porosily

wos drillod out with votigoablo offceote (Lable IV)

PATLE AV

PRk i W L TR

mai.a, dit LAB (bofors drilling Dy (afbor drilliog)
08 - (g5 e D, 002
90 - . OaB - 985
&% - el - Gedf
80 - U 52 w (a12
60 - del - Ue LD

AR AEIRE OF BRiMsYE é?x}..:(.‘vﬁfiﬁ‘.';’jnm

Tha tomporature of tho bonsyl alackiod won rood %0
tho nocroot Cal®Ce  Coloniations showed tha$ en ozvor in
tomporabure of moyae than a2 oould hove o conpiderable offect
on the moaguved densiby volnen.  Tho orror, housvor, would
havo teedod o Do vory larpo 6o pgive voluse of Au of the ovder

"
roperdcd by Hilwood ond Dogloys
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LATIRGH SISO O o

Lnghleo lmporfoetions such os dislecadions and
mogale piructures do cause oono diminution of Sho woastwed
doneity comporad o the thoopotienl doonsidy but the dfect

Lo vory smold and ossentlelly moy Lo Lpnorads

VAGLEE LATLICs SIHS .
= ' Tk P it il

Bonsidy moasuwromehtn do not diotipguish beotyoon
eingde vecant lotbdeo siton, multiveceneien and povoniiye
Por moteln woov Shole meliing poltts tho oguliibvium
goncentration of vacant Iottice sitce fo of tho ordor of
I omito in LOWI0 oboag op Gellive  lonoo, Gho effoet mny ko

rohiorode
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BIRCUBH IO,

Tho pogulés of tho proponté Lnvastigebion show
vhat ¢ho gold-bnichol aystom ot 98993 doos tot have ab
any ounpeaition a concondrakion of vocond ladtlce nidon
an axeons of that roguired Cor thormeld oguilibrivas Ho
dafoct plructures oxlob owing do the prodsuction of vecanclos
at Hrilloudn Youe ovoxlopse Lo oobbrost do dhe proevious
o

work of Bllwood ond Bogley, Gho lattico porometors of $ho

nyntom disploy o smooth variatlion with componitlon, Tho

12

unlb coll dimonpions oeros closely with shose of Doy oud
/10

Suboachiousizd, and Bhoyte X6 can bo pocsonad fhnd tho

1
vomulés of Bllveod and Bogloy apo g esror becopss of supfaco

concoobroation changos by doposition of atoms Lroa $ho vopeoor
phose during anbeelliug of tholrm alloyse The aubhor pugpeots
Ghal hed thooo oavestipobors romovod & substeobied leyoer of
medel from theip logots, the letbice povametor values obtalnad
fron tho deopor loyerg would heve been in agrocumond wiuh the
progent LRndingoe

Tho pold-nickel oysson mepifosio o lovge positivo
doviation irom Vegords Lawe  Suoh an offced io i hoapiog
viiih tho mngnitude of the sSraio eoorgy in tho lefitice s

roported fron Shoermedynomic Lovoatigetionbe



P

L ovory onald concantration of veooanelios 48
roportod edthough thoe donsity mothod dess ot allow an ocourate
asseasnent of e absolulc vacangy conconiraticns Tha
grror i the velume of tho dousivy bobtle ig 2 pervéo in
30,000 which vhon applied 4o the olloy givos an oprow of 2
partn in 2,000 = 3,000, @Thin ereor conld bo reduced by
duoreacitg tho volume ratio of bobtlo do opociucn vhich in the
prooend ocase was about 10 ¢ le  Undor ovch olvoumsboncas Lb
wonld bo poossible Go plob Ai)ayg“.sﬁ compoaibion atud dotorming
vimbher or ool the contours of sho pgraph obbaincd, corresponded
o tho hoights of tho Luscrvals botucon liguidup and soliduse
i# sugh a »olationohip voere to asiob, the deviations bobtwoon
ohporvod and thoorotical densitioe could bo ativibated b
solidifloation nicvoporositye .,

The denosity voluss of Bllwoed ond Regley oot bo
igbﬂrwﬂ since Lo tho firetd dontonco Ghoely theorobload donsition
ave W error bocouse of she crrpors in lobllea poraneicr voalugss
Howaver, mopt of thely 'gpur%nu lattico dlmunalons opo lovpor
thoo tho prosout volues which would decronse Lpm cud houea A D,
It Lo proposod thot theiy opecimouns had low nooswied donolilon
bogoune of sheinkogo cavition such os aro repeorded Lo Live

spocimens An tho prosond works  Moroovor, Au viow of dhe rapovised



2T

Y

reoction botwocn G « 510 and G » 51363,&% is proboble Ghal
‘ 52 L] k]

Fliviocd end Dagloy did not have o gooed vacuum Lo Gheiw aysbomns

Phis failling would bo ozpoctad G0 hiundor tho cubgosoing of tho

nolbon alloyte

he preooens findlogs are b agreoment with the

Lt %/
conclusions drovn fron work on other oysboms, A1 - 26, 41 - il
4;44
and Sbh e Sns To dote, vo sueh syston appoors o dlopley
defect ntructures ericiog fron eporgy counhderabionn o lpillonlsa

00 overlepus Aty dillercncen botwesn shooveticed and
noastred densitlon two prubably dus o oodidiiicotionwleroporonilye
2o gontivm this post whado ,elloyn could Lo propoved by vapouw

giffunlon tachniques os roportod by Hollrich end Dodd Lo o
41
SL e My alloye  Ho micvopovosity wondd be oxpoeted dn Shis

C0l0s
62
&% han boen woportod from o Lovsher iovestipation of

Hp o~ ALy o0d g - G4 that wo sharp ohavgo in 'e' spacibgs wiih

cumposition cocoureoe g - In, however, vhoh reeiovostigatcd
Gid as proviounly weporbed, show an onomolous *cb ppoolng
3233
voariation,  Yhe invmﬁtagxﬁsnu o' shoso gypions by Laynee and
34,36
Humawiiothary aud daykor worn Shouphts Go ko Sofinitivo works oo

she ounporimentel cbaopvoation of latélco dimonciodal chubpos

arising fron Drdllonin sone offoctse £82 $ho roeand vorl on

~a

wognoniun aystonns Lo proved o heve roported corvoch ‘ol Lpaolng

it

voluagy thon 14 et bo concloded thag for o0l alloy oystono,



(uie

whather op oot vocen$ labttice sites oro formod, labtlce
peroustur dalc provide an wosallofocbory ool with which fo

detoot tho indtlel olippos of Brilloninh sohe overdopos
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LIRODBCTLON,

The conolusion which hes boen drawa thet the
pold-nickel gyston does nob el ony conceotration conbain ab
excens humbor of vacent loattice sites ronders a diffusion
investigotion spocificolly as planned auck loss uwsoful. 48
tho theovy of diffusicn has proprosped, scversd etudios have boen
mads ou the diffunicnh aspects of the gold-pickel myatem ond
the rosults have boen roported with raforence $o the contomporancous
pbatie of thooye

Thoe adtonsion of vescorch workors hos recontly boen
coneshtrated ou the otomic mochanisns of diffupion, a field of
atudy vhich has progreosod with the edvont of the use of
rodioactive tracors,  Although mony postulatos have boeu
forvarded vhich hove found conlirmetion in oxporimunt, the
theory in owlficiently incomploto as o boneflit considorably
from any now sccurats datne  Houoe, L4 scemed Justifiable
to carry out some iuvastigetion of the rates of diffusion of
trocer quentitios of gold in vilckels It was, noreovor,
challopging $o alitempt such ¢ Gesk under conditious which ore
theught %o obviste some of She acceptoed exporimontel difficulbies
aud for which oo provious deta was availoblos

P Perg LL doseribes ¢he detormiunation of the self-
f

|

X

-nopetration of an infinitely thin layor of
HuE c:ezz:%f ] 5 layo

-

A sold into a gylindor
Licient of gold in nickel by the mensur%m&é% i’ tho

off nickols Mor the diffusioh times omployed thoe ponetvation of



G2

£0Lld cocurs $o o dopth of oply <02 of the gylinder radlus

engd oyoy this very shallow depth radlal offccis eve neglocted
in the wothsmatliceld soalysis employods  Tho esporilunoutal
advandege of using o oylinder of nickel lies in the caso wiih
viiieh secliions can bo takon by turning tho oylindor ou an
ordinery lethe aud by wonitoring the ponotration distancse with
a sbonderd micronetor, For uwoldimengional diffusion into

tho and face of o gylinger, 4he axporimeuntel technique of

potgtration annlysis Poguirosn move claborste apparatuns
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LHGORY — QF le‘J"U ON BN HRIALS .

.m.. RATROPY wtn

WATHERATLOS OF DIRPUSION.

The gstablished epproach to a mathem&éieal
vationalisation of diffusion phonomspa as foyverded initially
by Adolf Fiek: hos boen Justilied on account of ide écnaral
epplicabllity aud by ita frecdom from any assumpblons
regarding the mechanism of draasforence involved. Lo addition,
the axtcusions of Pick's loaws by lator workers o sccound fop
pheponcnologicoal. obsorvations have shown very close sgrecmend
batweon thoory and expuéimont.

Piok's Pirst Lew states that the flmw o Dlex J of
a substance diffusing through unit erea of o medium ie diroctly
proportionel to the concontration gradicnt of thal subshonce lece

3y, = =Dy 30.. e ()

hriA

vhors 0 Ls a proportionality coustant toermed the diffusion
coafficiont of substance 1 and hes $he dimensions (1GHNH /t;nu).

Hepetion (L) is operative under the conditiouns of o steady stake

whot ((i£5 = 0 gloce 1% Lo ouly then that a time invariant
S

concontration gradiont exists in s wmedium,  Flek's Cirst law
has boen epplicd to the "quasi-stationany" stabe to obbuin b

-

velues Lo the diffusion of gases or solubes throupgh a nombrone.

i is diffioult 4o devise sn oxperiment which would

afford the dotcrmination of D for one metol iy another undey



Glie

the conditiong of a ateaﬂy platcs L

£
0
[
(o
£3

ady stoto doos
voi axilab, thon the mmon%: ation of diffusing pubstavoe atb aoy
point wmusl chooge with tinmg LeCe »a--m },ﬁ A Ve For the case
of diffusion in the x-divcction only, bthe flux differcnce batween
two plones (1) aud (2) & disbance O0x apsrd cob be rolatod by
Gy md, w8 Qg oo (2)
K
which leads o a socond ordor difforontial eguation since
euuation (2) lmplics that tho concenbration of Jiffusiug olement
)

2 . / o 4 “ . . ey .
in the volume Ll dx ¢m is boing albered with times LD §ho

chabge in concenivabion is oxpressaed by de thon the chabge in
a4t
concenbration in the volume bobuccn planca (1) and (2) Le

." P 1‘»‘:{34 a RO~ » T
Gy dy e QR ax Qg

o
whon dx—>0 eguation (1) is valid cven although tha

soncentration ay Shat point s changlog with timo.

Phoyroetoras

dxte dg = di J (31? a‘g‘ )
b % 0%

g =0 | 333&) - = n == (3)

o4 ox ox
Bquation (3) is the statement of Fick's Secoud Law whon D
veries with pencbration distanco or sore stricetly when D varics

vikh ooncentratiob.



65e

vwhou D is conshont for ¢ll x then,

dg w D (3‘? ¢ ) o= ()

ria AT

[2

0 x°

The solubions o equabion (4) for vericus co-ordibois aystems

and boundery cobditions are given iu standerd rofoerounce works
2 3
such as Corslay aud Jacger and Granks

i THSTANTANEOUS SUURCH SOLULTION,

This solubion fo Fick'a Bceond Law hos ﬁeﬁﬂ nsod
ertonsively to determine the peli-diffusion ccofiicicnt for
notals and the diffasion coefficicent fox onw motel in sunothor
hy the use of radiopctive tracevse Phe methnd esssobially
involves d@iffusion atv infinite diluticn whet ¥ Ls constant Loy
all x vhere diffTusion ocours in the xn diveclion only,

If o thin ©ilm of solute is sabdwiched bebwoen bthe
ehd Taces of Gwo grlinderas of solvent mastal and diffusion of

solube in allowed o ccoww, then the veriabion of solulio aloong

thao lepgth of the cylinders is givon by.

N 5 N %"2 .
G o= (.:0 | GXDe (, il ) o e (5)
N L1)4

2{ oty # bk

vhore Gy is the inltial conconbration of solutes The plane
¥ = 0 1s the plave of which the solubo in concantrated at § = O
Henee, equabion (5) Loy % > o deseribes diffusion in tho

3

diractions of popitive ond negobive ze.  Substitubion of the



sguation into aguatlon {(4) shows that 1% is indecd a solubion o
the second laws  Hevoover, equation (5) is symmedrical with
yaspoet o x and Tor § » 0 the oguation vanishes ozcopt where
* = 0 and go satislies she boundewvy conditlens of the problem
shloh ara

] > o for o—> o0 as t— o
and X =m0 Lo 6—Doo a5 t—> 0

while for all ¢ tho quantity of solube remaing constani
+ 00

i-f‘}w G’Q “-'5’\/ aldx
oo

vhich nust bg bhe cage boeause of the law of conscrvabion of
masos  Fhe study of egquation (5) shows that de = 0 ab z = 0
. dx
and hence the fluy across this plsbo iz zovos
Hoquation (5) is tho solution for a thin film of soluto
i the niddlo of an infinibe bare  For proacical purpdﬁea the
coge off tha olmi-infinite ber is more usefuls  Frovided that the
bor ie sufficieutly long that tho solulic does not reach the end
ol the bay and wdergo roflechion, then the emation io gbill valid.
I a similer infinitely thin lajer of solute is formed
o bthe fsce of o bov, the siltuction progented is the seme as above
sreept that the bey has to bo cub et the plons x = 0. Diffuslon cob pow
ocour iu the direction of posibive x ouly, all off the pogative x

L.

movement belbg reflociod sh x = ve  Qsswedng they we solube Ls lost



&7y

by wveporation, thon the plane x = o is lmpermeabls and the

solution is -

i &
L .} vl o .
Cw O omps =" L. (§)

(e LB

whore © ok awy 3 is btwice thab given by oquakion (5) since
diffuslon ogoucs ibn one diveclilon ondy. Cleavrly, the peroperty
of the origloel aclution that ¢¥§ = 0 ¥or 8 = 0 Lo uochenged by
X

the velleotion at x = 0 less thoe flux io zore ob the plotic X o O

Lo determine 1, a bhin film of nolube, ususlly
radioactive,; is plated oy vapourised oubo the face of & semis
Lufinlio bay and diffusion is albwad 0 ocoure AL the cud of
the diffusion avneal tho concooirationsere determived of succcaslve
thin sections from planes paralleld to the Tace,  dguatiou (6)
shows that & plot of 1n ¢ ageinsk %? is n sbraight linve off plope
ﬂé—ﬁﬁ}"l pd 1P % is koown D con be easily coloulobeds

P is terned tho seliediffusion goelTicisnt of a mebtal
whew Bhe thin £iln is o radloachive layer of thet mebals  Ob
the other haud, the thin film may boe that of & solube which
Jdiffueses at infinite dilution in the molvenb, in which case U
i# sermad the selfedifiusion goeflicieud of the polute in the
ﬂaivant.

The lmporbance of I meaguvemeuts by tie thin L©ilm

hechuioque sriscs because & tool ls thercby provided o allow an



6l

clucidation of tho mochaniesms of afon. wmovements snd of §hy

effcots of small guantitics of fmpurlitios on the alomic aviay

of the solvents I% has slgo bseu shown that the thin £ilan D
alues can be related to the bulk dilfusion or chomical diffusion
coafficient of one meballic phuse in suother.

Bl BOLUPION WOR VARIATLE 0

:&,OM

When D is oot constant bul varics with conceuiration,

value
the Divaries with position along tho spocimon, HMatovo hes

5
applicd the methamaties of Dolbzmann o provide o solusion to

thin prablam vyhore O = D{e) obnd hos shows that for o concentration

Oy ot aune polbt of penabralilon,

G
D(@i) mo ko Axs u/nm’i::: NI )
I G da G‘L ‘o

Yhe vae of this eoustion hap boen domongirated amply by dhinos
and ﬁahlf) D obtained from oquation (7) is woferyed o as the
chenbeal diffusilon couefficlont Dupey OF Eﬁ Lo itself U is
meaningloss eand is veally only a measure of the rate of

homopenisation.
5
Smigelskas and Kirkendall heve demopsiizatod that Sow

]

a giffusion couple, the Llux of atoms of one element can Lo
approciably groater then the flux of tho othur across the seme
plane,  borkon has analysed this phepomenon and bes shown thob

Lor components (1) aud (2) thab
~

=R }‘53 ‘)f}l\il .o e (133

o
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whera By end ﬁg ape getarmiuﬁa from the roabe &f sovemant of
ivert mevkers slted in the dilfusion couple.  Puythormore, from
thermodynanic cohsiderations, ﬂayganyalxa showad tho dilfusion
coefficiont Bf‘far a tracer quontity of elewent (1) in o elloy

of composition Ny ean be rolatoed to Dy by

ks

- . .
e (e g oyl ) -~ (9)
| a la iy |

and hence

X X
. e O T, N
Bow g Mg+ 0sH ) (L+@InXL)wwaa(10)
d 1o &y .
q" A L) . ]
The accuracy of this relationship has boen denonssrated, for L2 Ln and by
34

Heynolds e al io a atudy of tho goldwniokoel sysbows
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Feon copsldovations of $ho proponbiosn of on
obuio lebtico and Ghe rolaotive slscs of obonn of She clumenio,
poveral aochenisns bave o postuloiod o accoant Lo
glifunion ib mobalne  Bilffusion con oooury alobg prado
bomnderios, ailong ontorvool sarfacon eod Swough Shoe bulic of $ho
solide  Who Indtor Lo goverally weforved o ns volwas gilluslon
and Ls tho moat lnpordent peocoss L0 prackiod bocauge groln
borndorics and othor po ceiled shaet civenlbing patho, Cwefle
Oioloondiion linoo, couprise o vory ouoell pordion of $ho buall
¢ fho ootnle

lﬂ 3’;} l.“;‘.“ \\P‘ ;L !{.i{i }."jiz;?;gg

in powd 1, &4 boo boan shoun that oll meboels condoln

afy ogquidibeion goungenurationl of vooonelogs WG 00 GU0G
undopgoen Grannlational wovamcnt by Junplop inbo & vacany siio,
the aton &a endd 4o havo diffuoed by a vocangy nochopione This
bypo of procoss bos boon cptobilsohed os tho prodeminont ouo fop
subatitudlongl dilffuplon A dloso padied modalile phacoge Tho
onoppy borpior for the moveaontd o oo aﬁ&@ into o voeonoy Ao tho
onergy of olotortion roguizod $0 Mova mumuntaxiEQfﬁﬁ}ﬁ she efonn
cn $ho othor slieo proxlwoto $o the vaocwioys  in this lnobouco
the otorpy roguivad L8 pelatively smoell and sousegueulbly clonle

.

aovenant s wob prohlbiiively rotondads
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matale, Pouand ob u.l,ﬂ. hove raasonad shos diffusion by o fow

pson ping mochoanism moy ocows Lo pava cheonivm aud uealivn
in vhioh the atructores oo $he relatively opon buody conbpo

cm%.:i.cz,'
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be  LLARTOH HOGITANTON
L% han boon postulatod Cop diffusklon in soldd
metols thalt tho diffusing adon wmgy nove wiihin onelld rogions of
digovdop oxtonding over L2 « ML afonse These alicas ave
conpidored 0 rolex Lowardly around lLottlco vocancios and $ho
cnoppy conbont of tho repglon is sinllor 4o thet of dhe
coguivalent pusbor of atane in the lignld otate,  Thus thoe
diffusicn adons ore lmoplued Ho mova Lreoly v o liguid ke

vogion wlch 1tpolf novas by @ provoss analegous g, loceld

poliing aud fvao: ;.Lf)é}‘,‘q*
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Adoms diffusiug Lo o crystel lattice avo subjeos \;u
varions Pepilicetions o0 BheLe movomohbos  A0siog, howovor,
that ouch Lootors gon ho ipnored, tho difiusion confliciont
U Lop eboog moviog A0 obe dimounslon only bobwaon $wo planos oan
ko »olatad $o tha froguotoy, /1 vimag por socoud, with vhioh an

atom Junps from ono plane $o anothor and to Hho Jump distoncoo .«

L8 shoreo ape by Oiffusipg obomo Lu plone L and by diffunlog cloms
in plene 2, (oq 2ng) thon the vet £3ux por usdd avoa froo

plono L $o plobe & Lng

£ales

L

L nl/ﬂ Ot o
{ovon) {Gimo) (0 ()

£ »j, (u;. » n‘g}/_j

Hinco G, = Uy ond Gg 2 iy thow,

w3 {0y = Up } X /\7

Consldoring that € changen olowly opongh wvith composition S$had
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5 e wimboy o abon
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yhich ip idonbticenl o0 Flcko Livet Lavw provided that
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I ghe furthor sopunmpbied e oodo that X ds the

&

" !:} . ) = gy . fg«! .
intorationie speeing (7~ 1A ) ond Sekiog D = 30T e noc

vhiich 1o tho veluo fop most oloso packod mebels nooyx $ho

- 4 § ﬂl 3 # o i b . 0 .
welliing point, theb /—1 = :m*g poc & Since Sho vibvationad

12 L3

3 wd
or Dobye frocuouty Jop sueh obous o 10 « 307 goe  , bthep

&6 e ovidout thed An Bhe slople cesc doscpibed horae thoab sach
) Y N cam s
atom would chobpe posiblon coly wonco i 07 « W7 coclliobionn.
The "random walk? problom in covcsried with
epbinatbng tho distoves which ab abon will agvs feon Lis position
by o coisidoration of the rendonncss of the Jusp diractiions.
fop o theee dimensioned Jobties foco contro cuble Lattico b
can bo ahowa that dhe svoroege wnead dieplecomont ”;:,; of ths sboan
fpom thelr origlneld siton cap bo rpolated o the individuel Jump

distoncen ¥ by

. 0 . W
e = pre
vhore © is dho tunbor of Jumps which have eccurred, LT oo

13
above Lo $hw Jump dlptance fheo,

ity

b
};ﬁggg =1 E30< “ = Ol¥a
Honoe,
4 /—’ &
Dem/ X o mo (G97)
6
A0 this como differn by o factior of theoe feom that given
proviously beoouse diffusion fo now connldored fo bo in threo

dinonplons,
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it 4o ponsible to detoraine tho factovs vhich

govern Gho magRitude of D in tho cono of pelf-diffusion o

cubio metoly by o vagaogy woghanien provided that corbain

slmplifyiog noetmpilonn avo mado regavding the Ludistingulehability

o the bshavour of the gifforont isobopos of o puvo mobals

The pumbor of jumps which voch stom mokes is depondoni upon

the gunbor of mopwont volghbovrs, the probabidity p,  that

noorest aeighbovr slbos o vacant cod tho probobility shad

’ 5 E - * L /3‘ - 4
She trocor ston may Junp ndo o vacanoys  Showmon dorivaen the
aguasion

b}

e

¥

Do oa Py ¥

whore &, o Gho loabtico poremebor of the motel ond w o the

an "y A Ty
Juap Eroquanoy af)aﬁma into o vacongye  Hinea for o pura
motal the probabilily of o vaceongy being a nearapt noeighbour
Lo agquod o Ghe equilibrien Qractlon of vacond oidos prosend
i, then
0o m:; Hy W oo om oo wowow (k)
This cguation dononobrotos the factors which dofierainge D and

Ghuwe the vato of wovenont of obons v o close pockod labttlocs

ST O MEREGATURY UL DITRUSION,

Inerassa of Semporature iperooasca $hoe Junp

froguengy Poctor and thus lucreapses D L6 &g ound
wl
aaporimentelly thol o plot of in R vewsus € in a etweight 1ino
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D, towmad tho fraguougy Cactioz, cud Q, Gho scelivation enowy

for duffusion ave dodornined fvom sho groaphe  Dobh Do ond @

ee Gemporatiure Ludopaudants

THELTEY DIPEISTON JH ARG RNATS.

zporinentation bos shown that tho goliediffusion
apoffielont fov trecor quanbatioe of Ampurliiy alcsns in o
aoivceat may diffor consldorably froan the soli-difiusion
ceaffiolent of dho solwonte  Abttonpls $o roatiovalise this
phonononon oo baped on the study of the axtoot o vhich tho
oleotrenio or valence diffoerences ou the one hond and the sisza
dirforeuees ob tho othor botwsen the svlubo and solvant pboms

con offacliively oltor:-

{1) tho Poacor o of ogquobion (Feb)
(&) tho probobilidy that o noevest noighbour sito Lo veoanbe
/7]

Lozoruns hos dnoeted this problem by ignoring tho slzo
gdiflforonces and copcentrating only on thoe velouce diffoyencon 4
Hotweoh solube sud solvont. Fow the cope whore 4 2 O dhe
alactrenic difforcnees onuse tho olectron chovpo donsisy 0 bo
ineveapod oround the soluse atom on ecccount of tho cloetreostabic
atbraguion babucon tho inpuwily end the elocivon ges rosuliiog

in o 'sorcening’ of the ooluse wbone I8 o vecavswy in forznod
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noxt o o soluto ccouplod sito then ihs oviglool choepge of

i
-~ ¢ {vhoro the golvont in uolvalond) intersels with Gho

clactrostaotic potonblal cround Sthe solube atum Yo roduco the

snoppy of tha vacoucre  Bhus Ghe oversll ofifect lg o

N

Lucweass tho prebobilivy of e voocongy bo@uﬁiﬁg & napyapl
noighboue of the solube otom leow py > Ny o L0 060LGLoD,
thoro is a fovco o (SV/0R) whoro
V = olootrostobio potendied ovound the dupurity atons
oo rpdial distabes drom she impuwrity abon.
Mieh Gonda to attract tho lupurity atoms to the vacanclos.
The vveredld rapnldy, Ghoraforo, on tho GRPfunilon procass 3o
shat the movoncud of Gho solube is Lilaited by ¢tho Lfootor of

tho 2ate of axchobge of the solvend obons with vecanclos,

The eifoots of slna dilforcnoos botwson atons hove
, /5
boan gonsidored by Svelin whopo seectnout asounes thed $ho
avluta aton Lo cumpressiblo aud thet he labilce s oo olestle
conbinuume - Auy alboyntlon in the ouvergy of difiusion ap
cunpared 4o oolvont solf-divTusion &s thon dopundund upon the
by
alostie pbtrain in the lattice brought abeus)thm aiffuning soldice
Thore oro many osoumptlons faplied in this opprosch bub
/6

caplricad reanlbe show thatd fho conceptio lovolved ave portiolly

voulid .
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7
Ls hop boon polnbed out fhoat mony mechanloms dmpooo

ronbrictiong on the sugcessivo Junps of atioan, so that auy
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AL DOUNDAIY AL VOLUL DUWUSTON,

A6 o rosuls of $ho shord cireudilng bohavour of
graiu boundexries for diffusing obome, tho rabon of Jiffusion
ig slnglo erystals uouelly Jiffox movteddy feen that o

: ©
polyerysialling maﬁc::rialﬁ: The mean juap freguoncy of
abons 10 praln bowadory Sogloas io highor than in the
matrix aod congeguontly Sho diffusion ccclTiciont o lowgor,

2

16 hoo boon dound by expurlaony Cgsha%i b highor sompoyaluron olop
%o tho nelting pelnt the difforoncop it alonle junp Mroguonolon
of oboans ln ho two roglons s oo omoll ag o ollalonto ooy |
cbuopvable sifoct of graln boundory dlllTowion viidle ob Lowor
tomperntvros grain bouadewy dlidusion o prodoninonte

:i;%‘a!:.:zaifaczrw%ms aordyaod ho offoepbo OF proln bonuderion
on Giffusnion and bog bost ablo 50 densnniraba, alleviug cerdaln
osgumpbicns, that tho plok of In o ogolust x aflox an
annoaiNAoyg e & Ao o steeight line of slopod
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vhore D, is $he voluuo diffucion cealfiolont, By is the geoln

boundeey OLCCuoion coolfiolent oud S io tho thicknoos of who grolo

borbdoxy s
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& Suefhor oundyolo by Whipplo Lotroeducos o fackons
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whono valus cob Do ueod %o prodiod $ho conditions undor which
praln boundory diffusion is slgnificout,  Grolo baundery
Siffusion Sintorto Ghe loborel (feos pompoudiculer o 2
congantrotion conbourse  Tho valuve of Bpdl, con W calonloted
Jhtoh wild show hio oot nd ooy oonconteration whero
O = fnocbiofh of Cge

in the couvpe of the prosont Loveshigoetion 16 weo
noaosstey Yo gtudy éii;é?ﬁf}miﬂz} 0 o plopglo coyotiol off oicholas

2

Bspor nottal wml‘b‘;%mva baon poporded thed whovo grodn
boundogy diffusion la offobtive, the plot of An O vorsus
59 Lo Linoar of £ivet bub then duvisbes fron Alncovity into
o garvee A ceeursto dobopminsbion of o valugs D con bo mado
frem the lloor portlon of the prephe Howovor, oo tho vierl:
off i;?m;}éaz %@ﬁ%ﬁﬁﬁ%ﬁ’aﬁﬂﬁg thia Qiffusion coofficiont doog nob ogroo
widh tho value obloloed fron extroepolation fron highor
tomparaturon whore tho diffusion coolficiont obboinod is the
Lrue 33?: undor the conditicos of Gho oxporimonts AU tho
Dighor Somporaturon volune diffusion necks avy greil bougdeny
offuctos  Thovafope, I o uwnllkely thot auy weethwhile value
af ”3; coty bo oblialned whops ¢ho rato of 4iffusion in grols
boundorien Lo excesplve conpored do tho rafe of Affusion ib

tho bull of Sho woetols
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RADTOACRTVATION AHATNGIS,

thot @iffucion cuefficionts swo doturmived Ly
thin £iln Yechoiues b 4o stendord precaduro o pledo ov
avapiredo rodiconciive natoriel coto $ho surioco of o 0oLvehis
whe concontrabion ob verious loyors ofdOr annooding in thoo
dotepained an the nunbor of counds por unid wvolphd pory uoid
tines  louaver, tho doposition Sechnioue described lator dooo
tiob Jend iGnold Go dhe ves of rodionotive golde  Thavofora
$ho génaﬁratimu carva bad to Lo dotopalned by sativabing thu
sootions fron o outenlloed spoclmen in o flus of neudrons and

Ghon meosueiny tho ot of decey of Sho producks  Tho tochniquo

t

4

of radiosetivobion analyslis in baaaavah the formelilon of
radionobivo meclidos as o posult of vepctions botwaon tho
nuclaey porfilclas sud dho Lsctcpen of She olenant wadoe
inveotigntion,  Tow tho most povd, two powbicle xesclioun org
seilined, onoe pordicle bolog ﬁﬁﬂ capebont (profons noabran,

donteyon, olpha porbicle) oud the other boing the products

136
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LDTOARIIVE DECAY..

Redloaetive docay is o puvoly gondon procosn and Gho
ratie ab vhioh padlioschive uuﬂfiacs doeyy io dapsodont sololy on
fho nuaber pracont o thoe $inos lece
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The rete of occwaulabdlion of o isobope s plvus

by the rofo of prodoction Hp oliug the ratio of decty deplug
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Tho rats of dialbdogration of activated oucled in

R, = WA =8, (L - epe = A6 = = = (1)

HAOLOACTIVATEON ANALYITS (O ¢ BEUTHON R
Ihe rote of scbivobion of an isobops Lo o
pevtiouler coople is gxwgnrﬁiénﬂl %0 Y4he iulonsiby of the neutvron
#lux, the goueonbrabion of terget nnulmma pregund, end the
vucleoy canture orosgegechion for the parsiowler poenteot-
Buclous roaotion, This lattor gooantléy is broaddy spasiiings
a meesure of the probability thel the pavtiounlsy pucleus
will copture a neubrots
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kit

* " } 1.
qb = neunbpon flux io aoubronsg {Qm%iﬁaa;

r
-
4

= umbor of Gerged el idens

i = moss of the tvacs clement o the gomplas

58 = abomdo woight of the tvace olomoenb,.

£ = Prochionad isoboplo abundonoe of the tavgoet ool ‘laa,
WY o= Avogadrots numboy = 0,023 x 3.{3“'5 abons/ oot one

¥

. . £ . § iy, s
0~ = roaction ovoss secbion {en®feton) L bavo = 10 " oem

Tharafovas Hﬁ_ng)mmﬁfqﬂ(lrm azpg M 4)

Thus the concantrabion of elowment in a powticuler semple con be
datormlined as Hee
Whan wove than one of the olements In a pardiloulay

womple bhove helf-liveg relebively close to cach othor, the



elonont undev oxeminetion musl be seperoted by radicchonical

agoeparavlon. Pable I chows tho propevélos of the icobopes of
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gokd ond pickol which ave producsd Ly voutron voeogliong,
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Wi 1,16 Hi & 256 hours
s - [43 TYeR -(’5 - e 2 T
4 zan be seen hat Hi™Y will bo almost inoobive
-U e 1-(}"' ¥ y N i +] LRNCX S ]
before tho haelf-life of Aw Lo veopchode Thorefova, i the

sonpleos ave counbod about 25 heurs eltor irradiation
. - v e G5 e o _—
Llews D & &y Foi Hi Js tho vato of diminbograbion doLermined
190G .

Lo thad of Au™" oulys  Rediochomical soperation weo, bhoveforo,
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Ghdtig DOLITILLATION SPaCTaumiliy,

Gemne seintillation spogbrometors vove used in the
guanvitios of impuritics in powderas of uickels Tho technigue
cab bu dgoscrlbed an the onclesy analogue of Light spuctyumotyy
baoanso a Bﬁnw~auawgy ia characberiatic of a portloulor
padiolsotopo end thoe counting ralbe associabod vith Lé Lo
proportional to tho quantity of Sho isotope preseub.

Gomma »adiafion reactn with mattoy and tvensmite ids
cporpy to the elocirots o froe tho elagtvouns frum Ghely nuclois
This styresa of glectvons Lo producsd by bthros elfochss

(1)  The Gupton liffeet
(&) Tho photeslectric off
(3) Paly production o which the }{phmtan intorachs with the
Goulenb £ield surrounding o bucleous or an ¢lectron o produce
& posliron-alectron paiv. he popitron later voacts with an
eleotyon tu produca 2§r&ys viieh any then wodergo (L) aud (&)

i¢ the above interactions cecuw i a phoophor, tho
most efficlunt aaberial tolog scdive Loddde crystals, tho
subgsoouent do-cxeibation aud reconbination of {the cleobrous
coaverts Sthely encrglas iuto Light pulscs or sclotillatioun, the

brightnoss of vhich i1s o messvre of tho total cnorpgy absorbads
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The light pulse is shos converded withio o stondord apparatus
into a weapurable voltege pulse by a mulblotego
photoaulsiplior cnd smplificd by a lincor saplifior.

A phandovd lobocabory appovabus, o "Laben® 512
chanuel pulse height soalysor was uscd o debermine the
spoctrun {or any souploes & sibgle chennel pulse hoighd
wolysor posses only dhose pulsés whose hoighés Lie batwoen
falrly ologs Limids oo sot by She oontiols of the Lastruncnts
in o moddi~ohenoel analyser, the chopuels sxrae oll adjacent
and covey a conbinuous cuergy rangos  Yho count rates of the
rogorded pulacs ave propoctional to the locidont photon £lux
(Lecs $ho onorgy of the ‘K rays) and these count rates ova
antomatically printoed oute Yo dobormine the charactoristio
}gancrgy poeak for tho elemsnts, bwo standard sourcos, Gaesiw¥3¢
ang Cabal%agre usads Within the enorgy »onge ac aut by she
wnatruncnt, the channols on which are pited tha ?( ongrgy |
poaks of those Lsobopes cen bs lecatods  Thus the g’cncrgy
of ooy lootope wnder iuvestipabtion is octormited by dropping
perpendiculoy from the peaks of the ¢hanusl pumber verous cound
rabe plot onte thoe llnoer graph of tha K'QQOrgiea of the
pounderds,  The isotopos under lnvssilgation can thov Lo

&@37
identificd fyon tables of 6/ QUOrEiGss
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DEPORITION OF & THIN BLLS OF GUOLD.

Hlectropleting and vacuum olscivodeposibion ove
the two sbandard mothods of forming & thin filn of metal for
ditfusion exporimetbno. PFor the prescnd ibvestigotlon il vwes
necessary o choose a mothod which would ellow a loyor of pold of
roanonably unifora thickosss Go ko deposited on a eylincer of

Bickale L& hog been shown that absolute wniforaity is vod
A8
ggsontinle In oddition 1% van considored werdhwhile o ubilize

a mobhod vhich would climinato the borvier offects o uniform
diffupion of pny oxida lgyer on the nickol, The pressocs of ay
oxlde layor hag besn raporbed by mykurgqﬁg b progent on plokel
haoted undor vecuum ai 90090,

It is probable that the ilmmersion of nickel Lnto an
alegtroplating bath cousos somoe sueface rosebion resuliing in
the formobion of apn iupurddy loyer which wonld subacquontly exind
batwoan the vickel and the depoaited Fila of golds Un the
oiher band, by conpletely swrounding the pickel oylinder with a
godd elsobvede, tha doposiéion could be reedily aschiovads

Slogbrodeposidion dovs veb porals the oxido Tilm

formed i the atmosphore o bo romoved lunedistely prior So Ghe
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duepoesition of golds HMoveover, & conplex problem srises ag
0 the wnenboe i which o reascnably uwoilies layer olght be
preduced on o oylindrlesl surfsce, by the usc of any stondard

appavatus Lfor vacuun clootrodeposiiict.
Tho ebove coosidersbions implied thad o mest the

roguiromontis of the ibvestigsetlion o new mothod had Go be

cvelved o daposid o gold Cilwe AlSer severel atbtomphbs o

mebhod was evolved w&ieh iy easvuce coused the digsillodion onbo
a ookd uickel surface of gold vapour from a gold sourco ok

900%.  The apparabus veed is shown lo figs. 1 awd & A&
cylindor B oume Lobog of $0.996,. purily tlcael wes nachivad §o0

Ge ) winse 3 0e0005 vmoe Olomater, albsy whlch 0ub onse ol cach

eid waa roducad to 05 cuse diometars Along bthe oilo

T = O o hole Us) onge dismebor wes boreds Lwo lengtha of
compergially puro glokel rod 1 oue dlamclier weroe welded vasiby
alckel cloolrodes to two longths of nicksl tubloug L2 cige
outside diometer end 2 meme wall thickoosse The nigkol rods
which wore poduced in sccllion ab thely cuds snd bovaed in the seno
manner en the pure nickel oylinder wore bubt wolded o the
letters Thus & flovw of wator could bo mainisined sthvough the
fively macbined spopilmen o render Lo surfoace cool, dogpliv
$ha ambiont tomperaturvss 4 brass Ditting machiood o tha
standerd “uickfitY B, 29 dimensions eons Joint was soldersd to ong

off the nicikel tubsge.
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The ceotive sssomblage weg then Llosertod into a tube
F pyrozesilice-pyron lenglbs on ooe ond of which was & wotale
glass Jolnd $o shich woe soldored a ballovs o acconodatio Lho
later expebsion of tho nickols  Co the other pless « seobion
o vacoum stopoosk, and Lonlsation valve snd outlet to tho
avacuablon system wore atitacheds  The bress cone was sealed in
position by Spleosou W' wome & pubbor 'O riug wes LLtted syound

the nickel which protyudad boyond tho bollows and woy prossed

1..-.,

ogainet the bollows %o provide o voouum Gight sosls

The chunbor vas avacunted by a snercory diffusion pump
bogkad by & votory pumnps Yo loerepse Lhe olficicngy of tho
syston & Llguld altropsn brap, o glase trap ond a phosphtorus
penboride Gvap which abserbs weter vepuay,vwers addods

Bofore belng lnserted Loto tho evacuotion chamber,
tho nlokel assembloge wes tested for aiy lesks by wslbechibg 1%
shrough rubber vecuun tu o robary puaps  The nlokel spueimen was
then token to bho clocbyopolished L sibue

ilength of gold foll wos posibiovned syouad tho nilokeld

gylinder by £itbing 6 avouad tho cuds of two ollice slesvea which
fitted ovoy the cummorcislly pure uickel roeds sod eylindoyts

hxporimentotion dumonstraded that a wnors seilolactory doposls of

gold could ke obbalned whon the gold foil had boon poerlorateds
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Thae deposition dhambey van ovacuatod dowg $0
1070 o Hpe apd £lushed twico with hydvogete 4 consbsob
ptmoaphore of hydrogen wes mabitoined thoveaitor o% She stopeock
by naviog the hydrogen from its sounee pozeiig via a 'T0°
Junedieon lube o avlung of walor. whan the prossure Yoeaging
had refurued do lﬁ“é Melite Hge a Kaonthal wound furnnco wos
nagcouvered over the glass-silica tube unbil 4% wan pozitioned

over hoe silice asebtion end with its hot zmoua surronnding the

gold foll sud nickel apsolmat, Jaber loads vere then
aonnected §0 comnence tho flow of the wator cooling modivms
When the furnace tumperature hed boeome conslbans
at 800° $he Lflow of watoy was evropied %o allow tho nickel
surfact o bocomg ho%e The waxed and soldersd jolnts were
kopt coold by lenpbhs of lespwick wouod eround shem sod voskad
with watove  After about soven minubes hydrogon vas introducaed
t0 the chombor o reomeve tho oxido Qilme Tho deposition
seotion of tho apporstus was isolated from §he pumping systom
by & bubtorfly valve S0 allow an sdoguatie pressure of
hydrogen $o bo maintelned during deoxldation.  This progeodure
viops rapeated afber which the fiow of wabor wes recomunebced and
the furoece Somporalure rolaed §0 1300%,

A LA

AfGer 90 wminulos of 1009, the furooes vwan cooled
and raenovod,  dvecuatlen was continped topebhsr with vabor cooling

antd il the ownbire systom wap colde The sppavebus woeo thop

(s
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dimasgemblad §o allow tho romovel of the plckel specimen
vhich had boan ooated with golds

A% one stopgo the epparatus used for bubt waldiog
conpod Lo opurabe cffectively as fov as the welding of niclkel
ves gotigerued althouph othor materials c.ge obood,wore abls
to be wolded sabisfooborily. Tho veasson for this failurs
Loy perhaps in some lapurity bulld vp in tho nickel vhich
coused an cxecssive roesitotances LU wes, thercfors, docided
o roploce the woldiby procedure with silver braming. Slneo
$ho brazing matoriel used hed a moltiog point of 720%, &he
hydroges £luch had to bo caryicd oub ob 600 whon mosy of
tho hest Yrabomission fyom $he fuvnece walls wes by conduction
through hydrogen. This change in procodure resulied in bo

vhservoble boayaiul offechs.
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CERHMRTOS
PUULION e

SLACTROLYDLC POLISHANG OF NECKRe

Aftor having baon wechined o tho epproximate
diomoter, the niekol oylinder vas polishod to ito Linsl
dimension by a Noe 400 and thet o Nos GOO GMOEyY pPOPOre
4 Pinal polishing could nob bo porformed until aftor tho
wolding oporotlons bocouse tho hoat theh producod caused
pxldation of $ho plckol surfaccs Aftor velding, auy oxido
£ilm presond vos removed with a Nos. 600 popors

It wos considored ibtodvisablo to pollsh the alckol
with diamend posto bocasuso such oo oporabion cousos leocol
molting of tho surfaco otomic loyors resuliivg in the
formatlion of o Dlolky amorphouns loayore  Thorofore, the
final polishod surfoco had Yo bo atboained by olootrolytio
meengs  Tho epperoatus wged shown b fige 3 cnoblaed the
nickel to bo polishod in sltue

The olectrolyto used was o 231 mixture of wothyl
aleohol and pliric acid for wbich thore is no fined opbimun

30

currond density and voltiopos  Thopo roguiromcnls must be ‘
aoere. e bermined

dotormined by exporimont. Tho appropriate eundiﬁicnsAhy a
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gories of triel polishluge of wickol oylitdorse

Proa obe nickel oylinder L cmss in length, two
specimens foy Alffugion sbudlos wero obteineds Tho
cloctrolyte used wan a high rosistence solution vhich
roguived a greator ouorgy inpub to effect poliashing than
could be obtained with availablo appovatuss  This problom
vag overcone by peinting eue half of tho gylinder with
"Looomit® protocbing £luid which wao complatoly paspive
o the olsctrolyte. Sufficient powoy was availabla to
polish the renaindor of the gpeeliob,

tihen the roguired veoltage wes bolng rogistored
tho eloctrolyte was pouved into the bothe  Afey Lifteen
secondn the power Lupnt wos coosed end thoe pabbor atoppor
wos ronoved (0 couse o ropid onitflow of elactrolyiice
vabor woo thoo,immediotoly used to wagh from the nickal
By acadgny adhering olootrolyta vhioh would othorvise

have couced ctchibge
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CHIEYTAN B
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DIFPUSION ANNRALS .

The cylindors $o be annealled wore sweled o ovacuated
(lﬂméﬁm.ﬂg) oilico tubose In order o provent any plysicol
contact botwacn the gold covored ourfoce and tho sillos whlch
would have renoved somo of the gold, the gpeclnen was positioved
on a rod of smell dicmotor silics { O3 cmse) which hod boen
Yunad cenbrally 1o the tuboos

Furnaces with kangbal windings wera gonstructed to
give a hot zono (j¢aﬁ} of longth 2.5 cmoy  Stolnless stecl
tubon of a dizmetor Just loss Shan that of the Lurbaco bubos
wore lnserded to improvo Ghe hot zonas,  This addltion enabled
tho tomporature variotion of tho hot sone §o bo roduced %o
.

:-ﬂo f}aﬁ-

The bhot zono temporature was controlied by a fully
propoptionel contvoller Lype kT 3R suppliod by Associnted
Bloctrical Industrios Lide A& sbtondord 10 ohnm plativum
ropistonce thermongter which forims one srm of o Sheatatone
Iridge is the tomperature sopsing elomonds @ha-fééaaca
wiﬂﬁiagqﬁha current o which is contvolled by 20 furn helical

paﬁ@h%iﬁmﬂﬁcr’ia anothar arme It is the balance of the
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thaatstone Bridgo which dotorminmos the furnacae jomporaturae
vorintione Tho contvollor, thoveforo, contains o unid

which conpensedos fov fluctuotions ion the meins voliogeo.
o
4 clogo conbrol of femporature up o 1200 € is an odvantioge

of this fype of cvontrollore By careful use tho temperaturo
+ 0
ot the gentre of tho hot zono wap controllod to within =0,3 Gl

Tho depth of loyor which csn bo satiofacborily

removod on o letho is about 10 inchog or 2,5 ® 10 onp.
> 31 ry X » )
Tomdsulen suggests the ton points ore roquived for an

pecurste dodornination of D vhich meawd o popotyration

-t

doptl of 2.5 &= mﬁc came  The vegquived anncol\iug Hime
vas colenlatod opprosimetoly Cren 55%1:3&31&@13%2 e oh
aemgaia@'?pem%sx’aﬁ:‘a,cm aurvo 0 bo obboived vhere D is high
(10 esup,/ﬁ{ac.ﬁ, the dopth of penobrotion sheeld cower a
esmmems;:at%@n ronge of one ordoy of mogniindo, ieOs

mg;_ = wln L e P

LDY
thero D is Low (10~2L en/oca. ), the govorning factor for
obtaining o proociso D valuo is Ghe JLfflculty of obiaining
ocoeurato counts vhors the aolivity s 0,008 of the value ob

o5 O LeOn

“ﬁ m = i (8 5 W00 = 5,
L

5

-

Uning D veluos ghvon by faxs ef al. Ghe roqulved abucalling
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times wore ostimatod on tho basio of a coupronise botweon

tho nunber of loyers roguived for o sufficlent penstyrotion
distanco and the suitebility of che ann@alﬁing fime pocospoyy
to giva o penelration of 2.0 = 10™¢ cuige Fe& exomplo, %o
obbtalh such o ponetration at 9009 vhoro B = 10™4d an?/oocs,
the requived antoedZing tinw is four wocks vheroos goven .
loyors of 2¢5 x 109 cmg. voguivos only Swo wackgse  Sho

Gime ot which diffuslon conmoneod was token from $en minutes
aftor the spacimons wore pleced in she furnsee to allow tho
specinans to reach the domporature of the furnoco.  Sineo
the ghoebent diffusiou suuvcal was 3h bouvrs, any orrors iotpoe
ducod by this oorrecbion wore nivimals Iuplicato specimens
wepe enboalded simulioncously in the somo furbacoe Cylinders

wore atneelled ot 900, 950, <1000 ond 1050%.
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DETERELNATION OF SHE PHMSTRATION QUHVS.

A% the terminadioun of the proscribed annealling
time $he silica tubse were quenched loto cold waterse  The
cylindors wore then troosierred $o a lathe vhere loyorn of
206 3 1073 omos wore vomovad {5 wx 1073 camse of the oylinder
Jiowotor)e To oliminato odge offects 5 u L0™C cno, uore
removad from bhoth ondp of the gylinders Frem tho poper
on which L6 wag colleated the powder woas lyansforrcd Go a
polythone capsule (£ige 4 which bod baen closnod &b accbone
and valghodse  The welght of powder was then doterminads
Gousldoroblo care hoad 60 be bokan Yo sbsuwre: thet nelther
tho suefacs off tho paper Dor Ghe' gapsule wWiro touched by
band bocouse nodium (Bh = 12 howrs) pioked up feom She
fingers woudd losor hove been fvpoadiated and intexfored
viish abh accurato deberminoilon ol the gold conceplratiions
Yhe cepsules woro Ghen urannforeed to polybthogs bage and
arpediatods

The pouders woro lrvadiated for 30 mioutes in o
Plae of 10%@ nau*runafem%{mcc; in the nuoloow reecior ot

tho Scoftish Nucleor Roaotor Rooooroh Contra, Sast Lilbrides
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Aftor €8 ﬁaur& in vhich to allow tho nickel Yo boaomo
iocotivo, tho congoutration of gold wos daetermined as
the $ime roguired for j x 107 ecounts ﬁé be recordod on
o Golger-iullor Conntere  Whon tho gold concentration
bocomo vory low the bime fer 107 counds woo teken boconsa
the time vequivad for 3 x 107 counbs wos prohibiiives
The backeground count vwas teked from the sunmation of
ﬁﬁx@a ssuyaaa@‘
1 :{i‘he counts Lpon tho ond window chomber off the
countor leoe the indrinsio béckgrsuﬁﬁ aount
fop the apperotuse b
Ze  The countn recovded fyep an cmply capsule
witieh had beon frvadiatod along with the

POVGErSe

LX)
s

The county obboinaed feon the deactivation of

o8 rocelved puro nlckole

Tz logaridthn of the gold concentraticn for cuch
loyor auprossed an the numbor of couubs por 10 nge oF
powder por sacond wan plottod againat tho pguare of Ghe
natetration distanca {H0 obtaln By This disteunco is Gaken

as thoe mid=polat botweon sucogosalive loyoras
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Wandopd Gold Somnploss

Since 1% vos uspontial o koow bho ordor of
megalinde of tho arigioal gold loyor on tho nlckel surfece,
seme pbandord gold somples wore propored fov comporinohe
Seandard solutions vere prapeved Ly flved of all dissclving
gold In oqua raglite

A % X;J;}_N{} 3 + HLCL “‘—7\’}1@3!1@1&) + B0 *3;2.?‘1:;’“\3 PP t*(l)

§§(£1}1@1}e‘} — HOL - é‘sﬂ(h...w annnttﬂﬁaunnﬁtic!)
At this stego pomo standord solubtlionn wore propoyod vsiug
dlotilled untor.

Iy mz&gaw;{;uéams hoeating Auld 3 Cou ba ﬂée}ﬁmgpmg;eﬁ as
follous

- 165 G‘

{2.(1,\.,.,. —H AuGl » Cla etgﬂineoagauauboi{f})
20l 2607, 2hu o« Glp Quuonuuueun{l}»)
L omle of the most councontrobed solution wore treunferred to o
gloancd, dviod and woighed silica orncibles The solvent wos
evoporatod off ond heabing centitmad o eldlow yencbiona (3)
ad () 4o bo affect. A woighd of pold wos oblained which
agroad with the as prepared solublon,

&liquoto from cach sblubion wore in iroduced by o
zsﬁ*inga into sillca quillaw . Yho golvent was allowed Go
avaporate off in o doani mi.m‘ aftor vhich the quills wowe

heataed Yo deammpose the pold chlopid.
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Afsor tho quills had boon subjected to neubron
Sreadiotion LG was found thal tho wedce of disivtograticn
wore ot in proporiion bo the cuanbliios of pold iginally
Shgorted ludo tho quills, Horeover, duplicate somplos of
eaeh polution wore not in sgrocoonte  Tho sowpies woro,
therofore, &n&?@aﬁ@ﬁ naing o “Labon' wulii chennel pulee
holpht aualysore Considerablo oobivily wes rocorded of
moatoriols othoy thon gold, most corlainly consod by
Tapueition propontd in tha oilicne Hones, o now mothaold
wen dovised of prepoving obandordse

& polythouo bottle (figed.) tho voek of vhich
hod boen heoted and dvaws oudé wes £110¢d with standovd
solntlon and wolghods A emall volume of solubilon was
dropped ouko a L ine? ploce of *Mollnox' motorisl which
had boon proviousdy clonood wiih puvo othyld eleocholy  The
bottlo was then roewelghed to dofovaise tho welght of
sollublon romoveds  ‘Holinoe' Lo an orgonle polymer with
mindnal quanbitlios of dwpurddy {(meinly arﬁemi&)‘baaaaﬁa a
very Low level of ontalynis is used v its proporatlous
To ronove the waboey, the Meollhox wao bootod on & hob plate

L4

and an iofra red 250 vobt lomp wan shope oo b Dron cboves
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thon only tho solute rumained visible tho “Melinex'
s Loldad and placed ih o polythens bag o be lrradintode

Afsor Lyvadiation Hthoe stondavds wors pot counted Loy 25 houros

An explaived provicusly, the vickel powders wore not countod

ahtldl 25 howers afbor dvwodiotions  Thus Lo galb some

kI

eonporiocn botwsen atenderds and dlffusivn spoelmeusy tho

gtandords waro not coundod for 85 hourss Thao coubls

~

iy 3 ] r B, " . K t-_i{" - 5
ropordad fxon slanderdn of the ordor ol 1077, 1§“i Lrama

wapa Ao proportion o oach othor end fo thole duplicaboos



102s

SUCLION Da

PREDARARION OF SENGIN (3 RYSTALG,

Singleo ovyoatals of nlokel wove reguined fov
diffusion gbudien cud an obtonpd was mode o grow such
cvyatales The method basieally involvaed ﬁhm vapsing
of nlekeld thropgh the hot zsong of o fuznocs held at
1500% . The spporatus need io shoun in £ige B9 In
crdor Yo olininabo Ay f}*’sm}afzi,urs af ghe meléy A% would
bave booh more sadisfactory 4o have produced siogle
oryetols undor vacuume  Swch & procoduss, howovor,
wonldd hove negessibnted the eoustruction of sonevhoet
oaaplicntod appevatus snd o &t was dunidad Ghat tho
oryantials be grovn vndor an avgon otmosphercs A
positive pressure of prgon van mainbained during tho
oryasal geowing oporation by possibg the offluont pos
thyonph a consliant head of wabors

High puridy olekel ouffi caz.gmia in cuantity to
s0LlidiLy o o ovystal of 1 one, dlomolior and 4 omge long
van placed in o spoclolly consbruched silica tuba, This
tube wan teperad o a point by beoting in o hydrogens
orygon £lomes  As the wmold was lowowed throwugh and bolow

the hel mone o vhere tho tomperature wan W53%, nolidification
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vould shord at this poind to give initlally a vory swall
single eryetal vhich would ach ss a seod fron which tho
aubira moki would grow ot solldifleation ko a slogle
apyabale  Slooa, ot all Yines, tho motel was molban
above the groving single ceystol, pe nucleation couldd
Selta plage and honge no gapevato gralns could bo foraads
The donuwerd movonadd of tho nolb (067 eng/hour) wos
offegied by a goorliug of thrandod brass rod £itled o o
0L IX.

Tho indtlel ebages of progedure woyo 4o seal
off the gos outlod tube, ovameie tho syostom dova 4o
150 mmellg, Llush consecutlvely with hydrogon and prgon
by meats of a theeo-voy vaouun stopoocl and wewovacuabiou.
then tho nichel hod vaschod 800G, hydrogen was
Semporewily nbtroducod o oleay any ozlde froa thoe nickol.
AfGor the gystem hiad boon re-ovacunbtod a stoody flow of
srpon wen possed thyough the meléing chombore  Auy vwontor
vepour or obher impurisios o $he gos wore weoduced in
quantity by possing Lt theough o 'U° Yube lomersed in o
fracsibg mixture of othyl aleohel nnd polld onrbon dioxido.
The nidiol was thon ralsed 40 1500% and the growviog

oporadlon wee comwnoeads
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At tho end of tho oxporimont, 44 wog found thad
the silion tubo had bocume chomically combined 4o Gho
siundun ovucible and corldd not bo renovad withont rractur’Ce
tihle Aliviculiy wog oVONCONS by windiny somo platiown wire
swound the silico o provant auy phyoiced conbout with Sho
adundatie

Fhis procoduro did nob mett with apy succaoos
The boos achlovenmeont was ap ibgob in vhich there vero 6 - §
gralnge Palluro Go grow slnglo cryoicls was aibwlbuied to
vibrotions from $hypoe sy

i, Tho opporatus was ponitioncd oh a wvooden flowr
vhich doen not abgorb vibrations coused by
axternal £URoass

Zs  Tho high Soemporatureos roguirad Do noltiog
coanpad $he silica pas lolet and ontlod Gubos

ofr tha moliing cheaboy 0 bocomo plightly fluid

and bond cousling the siliea Vo rub oguinat Ghe

peet ot thoe top cud of sho furnoce.

e 4n the molt wan loworedy, o drog wos offectad by
who rubbop Gubiog through which tho sxgin papnad,

L5 won obporved, movoover, Shad the bottom of tho
ailion tubo hecane dovitrificd bocausc of the longth of Simo
(U = 10 hours) that it vos hald above 1400%,  #his foctor
rosulied in sone oracking of tho silico sube ond oxidation

' dha ingotse
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With a view Yo oliminoting thoe obove dravbocks
off vibratlion angd ozidation, o bow tochuigueo woes avolvod
which used the somae deiva nochoaniom an bofores.  The
nickol wag hold in ab opan silico tuba placod in the
glundun oruciblos Sgoit, the odlice wan fepeved to o
poind bub in this onpe, & £ine pin holo wen Loft ob the
polnte It wan heoped that tho seed eryatal would be
produced from lekel vhich had booone soliddificd whllo
passing Shwoush the pin holee & lovge furpoco was upod
o that the entlive volume of tha furbace tube conld be
undor an avgon atmosphoras The deiving moechoanisn vos
sited o o atone TLoole

Onee agoaiy, falluve was roporésd bogauso tho
Lightvesa of thoe deive conotruchion 918 not foeilliiato o
snooth dowpward passoge of tho nolie

U seconnt of Shese failuwon, the bbtbompt to
grow siugle avyatols vas abandoped ond slngleo cryatels woro

oblaingd {rom Hebols Hesovopch Lides Combolipos
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The volues of D, Ly, and Q obtoined in the present :!,nwsti@t-ian
arc shown in Table I, dheore is » large differonce betveen the present and
the praeviouslyrepcrtad &Valmagz{%zich were obtained by an asutoradiographic
technique, Althouzh the precent rosults must be considered eautiously
bocause of contsmination of the nickel which prevented a rigorous deteimina.
tion ofthe true gold content of the gections removed from the am':ea]}‘ie-:_d
nickel cylinders, considersble doubt already exists on the validity of the
previous werk.sg

Figure 7 shows the variation of the logarithm of the pold
coneentration with the square of the penetration distance at 900°C, The form
of the variation is different fromthat which 4o to be expected from the
mathemiticoal anmnalysis which 1e considoered to apply in the prosent case,

The successive sections wore rez:;:mrazi by the some £1le clesned betvween section
ing operations and it win felt that the £ile might hove coused the eoryy oves
of gold from one section to the next resulting in this seendngly exponentinl

decrease of log®s A specimen annealled at 1050°C showed a similar varia.

tion, (fig. 8), A new (clean) file was used ﬁwfﬁ é‘;cti,mofsz second specimen
vhich had beon annenlled at 900°Q, However, as fig. 7. shows, the annelysis

of pemetration yielded o curve m&m wae almost a replica of the proviocus one
This provea that reletive contamination of jold from the filing qgnefa“cion do

not account for the form of fige., 7 and 8 (polyerystalline nickel).

&/
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5ol F-DIFFUSTION OF GOLD JH NICGKEL

Tenp. Timo _of Anncal D (present)
Hrse

, - . -2

900 256 347 220 4 2

- o,

950 2o 1007 x 100 I 3%
Y

1000 92 3489 % 10+ &
~10

1G50 250 1+G9 x 10+ 5%

Procent

Activation Fnergy @ (K cals mole) 7207 & 254

¢
Frequenoy foactor Do (cm  see) 00,

BlKuvts ot al)

Y
1l x 10

wt
503 % 10

-0
16 x 10

Loz x li)“w

Kurty et ul

G500

240
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A possible explonation of Hie shape of thoe graphs is that the
thickness of the initial gplcrl layer is in excess of the ¢ reguired to fulfil
i boundary conlitions of the preblem,  Compmvisdn, however, of the
sumation of the caun’;ass ovar all of the seetions (Y00CC) x,;a?ws compared with
standord gold samples irradloted simmltonedualy indlceste that tho depth
of the original gold loyer is 102 « 103 8§ vhich 4s of tho correct order
reguired for the applicaticn of the thin film Baluhimfs’ﬁ

iho form of penetration in tho above specimons might readily
be explained in temms of (1) grain boundary A ifusion being preduminont and
(2) contomination of the niekel,

It could be contended that the form of the graphe might be
axplained in torms of on excessive groln boundary diffusion relative to
volume diffusion beeouvse thore is an approximoto linear plot over the {irst
fow points aftor which the variation of logy C with € takeo the fowm of a
cCUIVe, None the less, if sueh wore the cace, the value of C would be
expacted to show a more rapld decrease to gere than i cvident from, for
example, Toble 1I,

To clcarif;zr the question of grain boundary diffusion, o oinzle
eyrebal, diffusion specimen wns propareds AMtor having been mohined, e
single orystol waa annealled for twelve hours at 9009C to sllav the solutdon
of ony smnll grains formed on the surface as a rosult of the machining proesg
A thin £ilm of pold wno deposited on this gingle crystal which wae subseguen
W/



TABLE LT

PENSTRATION DATA FOR Tl SELI-DIFFUSION OF GOLD IN FOLYCRYSTALLING RICKEL

ab 103090
$
Time = 1159 x 1O sces

G(Gouni:s./ 10 ing/sec) iemn X 3.{3_’} log € }{2 (cmz x 104 )]
5320 125 0*P700 156
Bk 5475 05483 1406
207496 Ge 25 Gelymig %306
13403 3075 Q1271 76256
05586 11025 002689 12680
03850 1375 3o LG 189+06
0+2998 16025 (25250 ER06
O 2558 16+95 ~05921, 5156
O+3a7h 21025 0 4836 45156
0210 2375 =~ *GLE80 5Ehe06

TABLE IIX

PENSTRATION DATA 1°0R GYLINDER OF NIGREL ANHCALED AR 105000

Tine = 1159 x 1‘::1’ SOCS

-3

%unts/m mg/asea x(ons x 10 )
Ged93 125
0216 35
Q251 625
(e 203 Beps
197 1125
(o295 1575
Q2273 1625

0199 183475
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1y onnealled at 1080°C under the same conditions as the polycrystalline
specimens,  The annlysis of tie penetration cury e wap tochnicnily unsotis
factory ‘bub) ag fig. 8 ehaws, the sano lovelling cut of canceni;,mtﬂ,uri with
ponobration distance is evident, This provon that for the depths of
penatration dn tho prosont investigation the form of Tigs. 7 axl & cannct

be rahonahsed i torms of excessive praln bourdary diffusion,

Fyom Table II 4t con be scen that for the last four points
the mm\k}m? of counte /iCmz/oe, are vory meorly equal. Ascuming that the
proposed mathematical treantment dooo apply, this equality might be exploined
in torma of se conbanmimation of the nickel which masks the trve gold
concentrations  Any contaminaute in thonlokel are irradiated along with
the gold and the number of counts oubsaquently recorded are a summatien of
the gold contonts and of ;hgﬁg7fomig§n motber of halfslife of the some ordey
ag that of gold, Table 111 shows the numboy of counts obtained from s
clean cylinder of mickel which was onnealled at 1050°C in the some wmamer
as a gold covered specimen, At 2Ll dopths ‘t‘he mrber of counts are apporims
cqual end that valuo is almest eguel to the counts of the last four sections
of bke diffusion spueimen ab 106509C (Iable II), An average volue of these
counts 1o U+25 and when this volue 4o subtracted from ¢ll C in Talle IX, the
resiiltont graph of log O v ¥ (fig. 9) 4s a straight line in kecping with th
mathemati@al onadyde of the diffusion problem, This velue of 0°25 counts/
10 mpfeee, Sron thoblank opecimen ic bisher than the velue of 0L whieh wae

cbtoined/
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obtained from an irradiated sample of the as veceived nickel.  Tho only
source of the contanimtion which must secount for the extra Os1h counts
is impurities mich Are tmsmi;&md in the vapour phase fram the commerciall
pure oiliea ., It 13 aleo possible that the oficcts of this contéminatior
micht also mask any logarithmic decoy of € as might ba expected when prain
X boundary diffusion ia prodominant,

One of the smples {yom the blank nickel wes inspected in a
"laben" multichannel pulse heipnt analyser, The graph of the muber of
counts obtoined in exch chonnel ig shown In £iz. 10, The encrzies of
the gamma photons corresponding to the penks of the graph are not those
corrasponding to nickel. An atbempt was made to identify the mnterial
present but ont analysis is not suffieiently rigorous to allow such a
deteyminztions ke eover, the peaks ¢ould well result from the presence
of several aleméntm As foxr as ¢an  be ascortained, it appesrs that
arsenic ,antimeny and galldum might be prosent.

ihe time aveilable for the precent investligation weg too

1imited to alloaw for the onneallng of blank nickel specimens at 900, 950
and 1060°C,  For the specimen in which pold was diffused at 10507C, it hac
been shiown that the velue of G at which W becomen effoctivedy merd is
equivalent to the numbor of counts due to contomimtion. It was, thercfor
decided thet for the othor temperatures tho concentration at which G0
ghould be subtracted fran the recorded concentiation of each layoer, x‘ma
plots of log C v %% thus obbained aw shown in £ig. 1l and the values of D
axe cbtained from the vlopes (m GeL343/L0t) of these graphs, At 9@53, ther
is yet nonelinearity at decper penetration Llevels snd this might be exploin

o d
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in temy of grain boundayy ALTnsdon,

It i most unlively thot duwring the distillation of gold that
the ekel surface wno sufficlently cool to be of a temgerature comparabl
to room temporasture, The basis of the pra&s-ent mothod; of gold dapuéitien
is that the swrfnee of tho niclel 48 go cold that any dfiusion of wold 18
provented, Yo confira this conteontion, the peld from one ¢ylindoy wuas |
romoved ofter deposition by mbbing with cotton ool and the surface
clesned of any remoining sold by dpping 4n coyanide solutdon, Three
Iayers of &«5 X% 13 ems, vere removed from this specimen and irridated,
The counts cbteined ave of the sone order as those of the blsmia oy cimen
and .,g:ai’méz:afi&e&léﬁ I0500¢ but proater thon those obtained from the as
roeuived nickel,  From thio chzexvation &t may be inforredie
(1) thet Juring distillation soe contaninants must roach thenickel

supfacy fron the siliea sedion of the depooition chamber and from
the silica slecves,

{2) that the nickel surisce is sufilelently cold te provent the diffusion
of gold as an instantaneous scurves, bub robt cool encush to prevent
the imard movement of impurdties which muet eortainly, thorefore,
diffuce Yoprddly by an interstitinl mechanieom,

The maxdmum low prossors reading obtoirnable with the pumpd
syaten s :iﬁ.;:s e e The best vacuwmn ebtsaﬁngé at dstilintion
tomporature wag iéi‘j mm, Hg This losa of vacuun must be accounted for
by/
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by tho proseace of vapour f£rom the mabtorials in the chamber e,g. He
or K ione from the silica,
This ropid iﬁtarstitial diffusion ¢on account for e

eguality of concontyation in the successive layers as shovmn in Table III
At 1050°0 the s:%ié:"é.’uaimi rate 19 oo high thet thove is no concentration
budld up ot the surioce,

Thus by porfoming sectioning and jrradhtion of anneslled
{zere zold content) nickel and of niecked (cold ramoved) it hao been
ghown that contaminants are precont which interfore with any &torminge

$ion of o bt guld eontonts of diffueion cpecimens,

The sbatistieal treatoent of the erroxs involved in the
fotording of counts from mdimm{;:%w tracers are considored in staxdaxd
tamrk::'% Tor & Pctssaz; Habribution the standard deviation o s given
by

0 = (I.\‘f)'é
vhore I ia the numbor of counts recorded, The larger the mumber of
couite the snoller 4s the percentapge errors Since radioachivity is
a statistical phenomenon one count ie o good apprexivation from which th
stanéarﬁxe_laviamm ¢an be enleulated,

If Ap 48 tho activity (counts/a0-mg./cec. in the yrecent
case) end Ay 1s thobackgvound count determined from four readings, the

the standoxd deviation in the activity of the somple Ag ds
3,
o =(3® )
e J
vhere/
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vhere tm omd by are the times boken for the recovded mmber of counte,
The application of this sbtandord deviation to the counte recorded from
the annealled specimens doos nob offectively altor the value of C or
1oz G, In the cose of the blank nickel specimon, statistical counta
ing erxrors are izzé‘ff&.ﬁiant to account for the variatien in the nmmmber
of counts/10 mg./pec, It is guibe possible thet this varizstion can
be accounted for by contemination whieh ascvmulates during the sectione
ing ond m:k_ghing operations,

A comparieon of the rooults of the presont investigotion
' 33 ‘ | '
with those of Kurte et 21, 1o justified only in the case of the D Valwe

L
at 105000, Thi: regult wao obbolned after a very rigorous amlysis
33
of the errors arisinz from conbaminabion, Rurts eb al, ropoet a

diffusion rate which is four times as groab as the prasent valve. 5She

mothod of the former investigations ia open to criticism on %o pointss

(1) The rocults xoparted are for diffusion of a thin fllm sited in the
middle of an infinite bar,  ladloactiv e gold woe evaporated
on o a dise of nichkal and the cecordd dise was wolded to ¢hia cne,
The wolds wore achieved undor an argon atmosphere by h@a‘ﬁﬁ.n@ at
850°C undor oiternal prespure for one hour, kmicw tmme. BOrEi i
tions nome solutdonof pold must toke place and, btherefove, strietl)
greaking, the boundory conditions ofthe diffuveion problam are not
fulfilled,

(2)/
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(2) The ponetration profile was cbtained by the autoradiezraphic method,

It hoo beon pointed cut that this technique is viot suflicieafly

accwrate for cbboinming sabtisfoctory-D values and e only give a goo
' 30

indicotion of the ordey of By

The prosent rewuits aro probably net velinble for several,

XRa00NS w

(1) Groin boundary diffusion camnot bo entlvcly ruled out as no cteps

(2)

(3)

word taken to onsure Hinb the grain size wao suffielently lavpe,
Micxooxamination of the nickod tevenled a fine svoin structure,
ihe predominonge of srdn boundary diffusion eouses a diminution of
calmﬁ.atgd B:vninas m:mi;iva to instonces where volume diffvsion
odond s oporative,
A loyer of 2*$ % :;,ct’—.-B cng, talen from one of tho diffusion gpivimens
should have a wokihh of 127 mie In most instonces the mig;ht
eollected was $o75 of this quantity. This loss of pavder can
oecur only in the Yiling spovetions eithor as dust or as mnberial
retainad in the £ile, It is, thorafere, posdble that the
dotormingd gold coneentration e not the true aversge eonge nbration
of the layor.
It has been concluded that contaminonts are introduced into the
nickel and that thesa diffuse probably by an intepstitiesl mechaniom,
ihe atom mw:aemta involved must couse scgme strain in the iatiice
vhich acts as » barider to tho movegent of vaconeles and gold atame
ond gan congaguently roduca the rate of diffusion of gold,

Farthor/
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Forthor more rigorous work o omsontial using tho procent
technique boefore any positive intorpretation may te made of tho D v.z:@m%a
oblained,

It i iatoresting to note that the plobt of log D v /7 sham
in ©ig, 12 glvea o satisfoctoxy laﬁm@m ine relationship. AMun
aceurate detomdnation of the nctivation energy is possible in this
ease, 1he value obbained (sco Table I) is higher thon that of wrovious
mm.gg I further work, using the prosent tochnicue, ean vorlfiy the
acbivatlon energy of thoe precont work then some serdous veappraisal of

33
the work of Xurds b al iv necessaxy,

It is laportant o noto that since a good stralght line
relationship for the activation energy deteraination is observed
by the prosent resulto fopr diffusion coefflclents, thoat Lhose
yosults must have some yoeod significance.,  Soma activatlon
process op barricr to diffusion nust exist gince it ls found
thot inervensed of diffusion vate with temperature are conslstent

with a Lbog D v % plot



Tha vosulls obbalined in the present investigntion difiex

conmidersbly from these of previsus work ond an attompt hao been made
0 account for those A Llarentos, A moille has been obtolned from
a blenk sickol spvcimen end showp that considerabie cuaﬁainimﬁion is
present ag a yesuld of 2 nmamer of experimentation, dhat the
graph of log G v x> ab 105090 deso chow a satisfactory 1inear relation.
dadp vindieates the bosle praniee that in the present case radial
affcots maybe fgnored In tho mathanabieal analysis. Thus for diffusion
of 2 thin fln of eplube into a ylinder of solvont, then provided that
the penstraticn distanee is gnsll relative to the radius, it hos been
chovm that the ¢lindor acts in offoot as o semieinfinite sisdb, In
the prosent cories of axperimets the ponetration distance wnes 27 of
tho radiugs

The oversll usefulness of tho prosent investigntion lies in
the establishnant of a new Geperinintal technique for situdying diffusion
rates when the golube ascts as on inctontanogue soures , This teehnique
allows the Jayers of penetration to bo romoved by a simpler and less
lsbordous means than had been pfovicusly been the ecase, The thickness.
en of successiv o loyors ¢an te deteormined quidt ¢ simply by using a
atapdord bench micrometer,  To mochine sections from planes porallel
to the cndfoce of o oylindey reguires rolaotively complicated and
axpenvive equipment, Yoroover, the thicknese of cach lsyer must be
determined by weishing the matorial ramoved ond dividing by the density
to/
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to obtoin the volume of the layors

the gppidcation of the rosent tehhindoue offors a simple
method whorchy owledps of the mechanism of dmpurity diffusion in
motals van be obbsdued, Howovor, if fubwre similar Investigations
are Yo prove frudbiud, soveral allerations must be mads in tle experi.
rental procodure Gasciibed in chager 3,

Radicectdy abion anclyels has proved so sensitive that steps
muot be tolen to olininsts contaminationte :

(1) ALL of the commerélally purc nillea used either in the Gietillation
apparatus or in Aiflvsion annonle diovwld be mplamd by very high
pusdby moberial, In this wey the problem of contdminstion
of the diffuvlon specimens thad eould ba largely overcome, Jo
gonfiom this view sylinders of niekel could be anveslfed for
various times ond any dlfferences ifn the number of counts relative
to annealling time could be ascortained,

(2) Tho genoral cavivemnental conditdons under uhich the panplas fox
anclyeds wore prepeved, sro wnsabisinctory fo the accurabto determim
tdon of the apoeifiod soluto convonbration, ﬁas@iﬁa great ¢oye
takon by thoe prosest investiseior, it hos beoy chown thet come done
tamination rosuibed Qur:hm e seetloniug and welghing ocperailons,
Fubture work should, thereiors, be coxyied oub under vory clean
laboratory c@x‘ﬂﬁ,ﬂm, and “"‘*5“?‘3"‘ aquipnent uccd solely for this type
of works

Minor/
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Mnor arpordmental dmprovenents in the experimental method

of #0ld depcoition ave to be ocomendedie

(1) A platiynus wound furnaee ohould replace the Konthal wound {urnace,
A ¥anthal wound furnace musht ramsin at o concdontdy hisgh teaperatur
othoywice mcsry&;ta,uiasmicn ééﬁ‘ the winding takes place on cooling,
Thorafore, At wns required that the {urncce be positionod over, amd
rermoved from, the dlsbillabion charber while the latter was under
high vacuum,

{2) . The vacvun gm@x:mk ashould bo ranoved as fav ag roscible from the
hoat Mzmsféwéﬁa fxam the furnace, othorwise the wacuum grosse Lends
to malt, |

(3} A gyotem of copling colls shonld bo munufedtured to curround the

waxed and soldered jodnbta, The pwesont ;xaathﬁé is offeotive in

practice bub posthebioally wvatislacbory,

Fharaene
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