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I. imODUCTION 

to uttdtritanding of tiie p'roeess of diffusion in solids 

is ttie wjficl«r,sta»ilns of ®ariF 'related phenomtim. 

ftils is partlculsi'ly ia %M field ©f metallwgf, ©if-

fusion is of'tea tiie rat® ©©ntrolliug faetor in siieli dl¥©rie 

ptetii©ii#iia m slnt@riiig,t pliase ©.taiigts ccsrirosion, m€ preci

pitation, In aMitioa it plmrs a ,pai»t in grain growth, 

atmenlliigj surf a©® •tori®Riiif, and ©ttotr important w@tallurgl-

oal processes* ©©nsidering the wM& range ef .applioatoilltF# 

it is ii@t surprlaiag thS't a great deal of inttrest an<S a 

large amouat ©f tia# are eurrently being devoted to the sub

ject* IRie otejeet ©f the expepi»®nts described in tMs thesis 

wm to eoll@at reliable ista witli the hop® that tiaese data 

WQuld eontrifeate is s'©»© ©mall way to tfei® undierstanding of 

tiie geaeral problea ©f lattise aiffusion la th® solid state. 

ilffttsion 15 til© process of »igrstioa of atomie, ionic, 

or moleeialar species tiiroagli a solid, liquidj, or gaseous 

nedim* Stmdleo of lattie® diffaslon In'tli# solid ®tate 

involw the determination of tli® rat® of migration of a 

given atomic speoies 'through & single ph&m region* Th& 

term lattlc®,. or volime, dlff'ttsslon is used In contrast to 

grain boundary diffusion ted surfae© diffusion# 
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k lAi?g« amowit 'of r«s©ar«h lm» te#«a itwfedd to tin® «fe-yt4r 

of solii 8%at» iiffttsioa pr@e#sses' in tlie pa»% »iEtf fears,# 

wad It grtat t#al of iijfo'«ati#m Is amilafele in %1m .lit#ra-

tiire* a©»vtr, ©trlslii e^eriassatal conditiong 

aate %ii9 atfaiiitloii of s©®i fwafeitatiw tifftigloa iate 

<Siffi0iilt» k #f retails Tmtmmn .»iaiaar m* 

toy ilffereml imir#stigators li&¥# Mhmm Mlde 4i:S-

er«paii©les* tM® s#B*r©fr©iii©ibilltf of resiiilt® has le<l to 

i» interpreting pfmmmmmm ef iiffwion twm 

m poimt of fi©w^ &ily very ree#ntlr tes tljsr© 

^«ii itjay IMteatioa that a Method Ms taten wtaiek 

eonsiiteiit rtisiilts# ^®iis will la# elaborate# twethir in th© 

»ifXt itetioii'.-

It i» mwtmMlw €e8iml»l@ tliat a rnrnthm of ©tetaining 

rtpro<S:tt«lM« resmlts fee smllabl®# Mmmw  ̂ m. explanation 

of til# iis©r«faaeteg In pwml&mXf ototaiiiM mmmmmnts is 

also î gimbit.* fiae «ff#et ©f variatiOB in e@»0«ati»ation 

gra4i®ats mpm th© iiffttiî ritf sight »h®d mm& ligfekt oa tlii® 

firobl««, 

fli« •&%.6mmiew of tla© Mrtem^all «ffe$%3.̂  iiag aliown on® 

of the reason® for •ilsorepansies» fMs effeet nhmms 

*Supersciri3pt nmMm r#f@r to vmtmmmm list®4 in 
Seetion VII. 
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definitely ef 41ffusi«» 

®pml®n in tlie mmm iolii is diffe^eat* in 

tliis. wm$ #ff#et does mt t®© «.tt̂ *»i»i»g. fia® 

a@% wsult ii, ttet a®i*e mss msws mmm a giiren 

s'j?es» steiim of a aiffasios ©oaple is ©He iireetioa. timn in 

Of posit® ii3?«®ti®n* It 1» m% tb# parp#s© sf tiiis tijeiii 

t® d®lire i»td the |3.rlst»dali effect, bmt it is ,»# isportant 

ill tl» fi®id ©f 'difftifisR that it steals fet »fiti®ii0(i* flJe 

litemtw# t© tlie disee t̂î  ©f tMs efftet aie» 

foat#!? points ©ttt tl»t wimm mm stmAtm iiffuiisii m<$ »ust 

dtfin© ttii@fai¥0e%1.lf̂  what is mmmM W tHe iiffmsion e®«ffi-

0i©a.t» Often i» p%»t wbsM was »tas«i?ed m» a m% diffu^-

iioa eoeffitient ©f tw© sp#©i®s. «thii:F t̂ a m iiffmsien 

eo®ffi©i@ii| of m iadiiriiiml sp©ol®i# 

a# mmeU&ntm &i tli# pmmm of îffiisian ie-stiil not 

<l«eidti witli w Gi th@F6 ai?e 

at l©i.»t f0tt̂  pFOMinent p#s«lfeiliti©s2 .©xplain tlie 

«iiel«mif» #f iiffawtoii i» «©liig» fh«-s® m®t Cl) iiit#r-

stitial iiffiiftiom,, Ci,| iii?«et $ {3) 

Fiag »t©lmiaiia#. Mid C4| tfe« wmmm&w 'Wm first. 

@f ttits®, iater»titii.l iiffw»i@»# isKTOlt## tfe@ Migratioa <}f 

ifctaai tfei*«>agli, th® iatwrstiti®® ©f a 'erriteiMtte lattice# 

fliii i«e»@ to Is® a i?©ag@iiatel® e l̂auatiea far the diffiision 
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vmm^W @iEliit©«e@ of 

meant l&tM©# gites. fli©'atoms m@ ime feo m&m. lat© the 

meant poslMm ©f wmMtlmlj sasll 

sstimtioa eii#i»gl®.i» Miimtlmly,̂  tnxs ©stises a aigmtloa 

of tim wmmQf witli am of %M pmt* 

tKsiii 'Of the ®t<»s of tfee l,attlc«» fli« ©aergies  ̂

eal'tiilatM m tesils' ©f thia mmhmtm agree wltli 

meaiuwi mla®» fee%t#r tliaa.' th® ©thti* aeelissiî fiis altfctottgli 

fell® »@ still sorewimt mm m«&gtt3?@a aotlva-

ti®fi @»ergl«#.« the- sttpportt 

tills stehaulm# 'itftee a »t »&»» |raii»f#i» a giwu 

&TmB m^%%m #«mlt mee^uate  ̂ for hf tsJi# of 

qu ©a^ ^ »M« f oilewei by aiHil,feiIa%l©i> m toe 0tl»r 

Umh ©f %he^ l&t«»est In diffusion ii to 

tht interest in til® ©f a i»®lati.©»ship to#lwe@ii 

aBi. ilsi@eat.i©ss sin©.® Aisl©0.ati#iis mm Mlieired 

to l>t ©apafelt ©f stwlai as sewrees ant «iiite for 

lo m«tli#sl f» prsting tM# #:xls%«iiae of m««i0l#s tea 

all Qf tifMeme# 1« .Gir©«»fcaiitial» 

to# aMitJioaal mpm^t of tiife protelea^of diffttslon apon 

wMoh a e©a»ld#i"atol#  ̂ ©f wmk im^' le®ii ioae is tto 

tre«^ae»t ©f tlm pwohlm tipos tlie tesi.® 

mtimw tMa felit basis ©f 

It las "brnm "btiat substituting .graoHents for 



www.manaraa.com

©©ae^ali-atioii grMleali i«p#u4®ii#® ©f 

tHe iiffttsteii @o©ffiel#iit «p©n fw©. tm%o>v» 

utmUmd a, .iatlsfasttff seltt'lleii ttf#m tMtg Msis# 

'Wm first Qt m&m is that are 

ttswally efttlliteiw wlitl# diffasioa pro0@8s 

1» & lclii@tle pmmsm* fl» tmtm is %imm is 

w&f of «ml«liag tte activity of %im. aetimtsd state • 1#--

tlii# msm ii mj'®i Î aswlag %li« aetiirifey 

©f tiie m%m la a posttlm whtQh tg. toetweii two 

efttiliteiaift gQsiti©as» 

ffee partieiiiai' pr©fe3.ea Qtmmu tm this iiiwstlgatien 

was %im ^lifmlm. of »o41i» in th.® soiiaa tttagstett te©ii2e».« 

I© metifity iata ar® s-ralMfele im lir©»a®s est diffspeat 

8©aiii« eoaeeiitrati®iiSi femt tli® data iwm tfei® ta¥«»tigati©n 

nay "tei' iafof*%t@ii ®ir©f te@e»e amii-

Mm* la Ti®w ©f tli0 diffi«ttl"tei«g by |>p«¥lQW# 

inveatigatori in applying Mtlvity mlasi %©• diffusioii sal-

ettlntleas# it wits m% miml&mmd f-i*@fitatel« ia tia® 

penditm to' iastittit® a pmw^m tm' mtlfltf »wttft»@at# 

fte» #©diaa bronze i wt» Qhomn for tMs la* 

v@stigatioB btaam® ^©f tJieii* iiit®r«sting pfopertits* 

pa^tiemlarly ttisir strmetuF#.# fit® f-oramla for th® teoiia«» 

ig lajcW©®.. fh« mlttt of X mt%%M ivm 0 t® 1« A det#r» 
•«»  ̂

mipatism of tiie «!.*» #f x ttiiis d@t0imiiie« tla@ auysilj®®' ©f 
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sQiliM sites tfe© ii«b©r. sf aoiiua sites vacant 

is a e©stiiitt«itts WO3 lattice. 'Wit!! this iiatertstiBg fact in 

mint, it mm- thQUght that a sfem̂ r t:he of "sodittra 

diffiision la tbe bt*0M@s algHt fosslblj fee of i-oae mla© in 

learning ®o3?® aMiit t&e phmommm-Qi wQllA state diffusion, 

le.fore maw we» taken it was hypothesissed that 

tiie diffttsion rate immM fee- r®Mtiir«ly lilgti with low aeti¥a~ 

ticrn tsergies. fti® sMeentpation. i®p#tt<i#nee ê teted waa a. 

dmmm& in 8©<3itm diffusirt-tr with -an iner@a-se • in soiiua, 

coiiee-atratioB. 
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II, mnm m ratasw liter aturi 

k* Soilaa fimsstta Mmmmu 

fm %misa%m W0»- ftmt mpmUa W 

f, Mohler %m 1824, , flse hm&sm., tfplml 

aetallle lust#? aaa exlilliit #l#ctyl0:al 

fli# te#»ges ©ffstailige ia tte ewMe strmetwpt 

CFigttw 1} wten %h& mli» #f E lies tottw«®a 0*3 ani 1,0, 

file- Wmmm besMi© l«tg »li«llle tm app«»aije© %» tM so<li» 

e0n@«iitr«.iioii Afe higii 8^©ii« ©oiieeiiteatlons wltti 

X nmv 1.0 the mX&r is a goMdu. Fellow, md as thm s#diim 

e0iit#ii% fi@0r«a8#s th® mlow shifts tte©tig|j ©rang®# re€# 

ir4@l@tt »04ii« so»e©BtmtioiiE • 

a® stat« ia which sodiua is present la the hrmms !»« 

h»mm sttbject to 8«»@ question* S, W* Br©ifa aii4 !• Banks  ̂

on %hm tests of a mlmMmi in «l®et̂ ieal »,iistivit:F mm? 

m m Q*7 h^otiiesiî i tiat s^dioa Is ^r®s#st in wa ®taili-

Wtm stat«# partlj loiiise4 and fartlr •miitral 'atomaf 

f, Kmpia. ani i,. Blrnmo ,̂ m tli# othe  ̂teM, suggested 

timt' tim soiiaa is almost •0©»plet#ly iiss©<iiat®4 into 

€i»ap»tie ions and fi»«# «lmtrmm* fWli sttggtstion i® 

feas«d ttpotn mgmtiQ stts«@ptibilitf iwastireittitit#,* 
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UNIT CELL Of NajjWOg PEROVSKITE 

TYPE STRUCTURE 

LATTICE PARAS^TER 
Oo " 0.0820k+3.7845 

CUBIC SYMMETRY FOR RANGE 

0.3<x<1.0 

Figure 1. Structure of Cubic Phase of 

(j) TUNGSTEN 

Q OXYGEN 

O SODIUM 
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i, mQm%lf em t̂mrnA tto®. sodiaa 1» 

as' <li«»gn«tl© %mm md frm ll» ia%s 

wm Qĥ alm̂ d toy Biensttriiig Imll in addltioa to 

eleslrleal ©©fiawetiTttF. alaiawi la i»©ii»%Miee a@@oi?d* 

iiig t© Qteifdii®i'»» is t# m mmcimm in 

#l#c%r©ii aolilitr. 

fli# fQlimim tew toetn wstd f®? pr#p»a-

tioa Qt turn &€̂ lm trngsten hr&mmmt 

I* 3 la^wo^ f t Wii » 6 Sa «% 

a, iagWtii • «®g j-t »a,f% 

3.^ iagwoii • wij • It ^ t # ag# 

4# S lalQg • 31 Ig • & »ai 

talir til® ftmt n»tlioi MSS fer gi»«lag single orystmls 

of tlie Wmm» t&t dXttmlm « t̂rim®at8» By mrirtng 

•til# m%tm @i %M. WiKstetttSt bi?©S8«:» #f sodlua 

@@ne«»ts«tloa9 could to® ©te'laltte4»- fh« »#oiotoi»eti?ie 

tioa Witt®,!! Is »l.#l.#adiag hmmm* tto® tooiat of eowposi-*^  ̂

tiom X # 1 is ®xfer®a®ly iifflemlt to ii«jste3.1iiit 

eiife®s @f Wmm& mm otitaiBti fey tiits »etlioi wiiieh 

w®i?0 up t© om Mlf $©mti»tei? « am ««ige, fiiest ei» îtel» 

eoiilil fe® lirofeiE %wm tvm. aa ia%©i».gi»©wii Mfferix wttli tlit 

@f sue or m0» wll •Jleveioftd f&me* llffi-

©wlty M&ft eao0OT$©»i in growing lat*g» frystals btlow 

X m 0*6, 
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l0 ptifts# diagram Wm soiiwa % îmgst®a te©iizes is 

amllafel®# ftie nearest approaeli Is ttm systeii IagW§i| - W©^ 

nijioli ms mpprtB  ̂ W f* It Is isioTO timt tor 

sodiim a©ae#iitfatl©as tmXmf x » 0»3 j.s a phat® etmsgt 

to a tetragoiml aodlfteatlns^ '̂* IMueMoa ©f th# so îu® 

fofiljeat to 1#0S tMa k * §.#1 l#a<ls %•©.• «on0§Mnio tirngstic 

mM9 * 

B» llstorieal isQkgifO'ittia of Diffusion 

stttdf of tlie pr©§e.ss of iiffuslon. Has Men in pro-

•gp#ss for nearly a M ©arly ma 1855# Molf flck^3 

aewlepM th« Msic e%ttsti©as «J@sei*iteittg %1» «Jiffiisl0i» pro

cess# ffels is oa® &i tbe l»st€iie#s la wfetieli tbe n&ljheffiati-

ml €m®lt3pmmt pr®#«dtt any .eipsfiii#.jital wmt* mrlj 

was llaitei to gai and lltuld systeaa. later It 

wm sfasm tMt %h@ pim&mmmm also oseurei in solid aateF-

lals^^f IB 1868, Tchernoff plaoed tm pleees of steel in 

Qm^m% aM tlisa ttos A3 p©iii.t, fhis 

eaw.se4 tM two fieoss t© Spflng* l» 188-2 preeaed 

fowd®p#i solids laiier felgb prtstwres to- fom a ©sapact 

mas#, I» 1896, tMs ttmlitmtiw ©•?i.d©nce wm eonfirsied lay 
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i as « © %) - z] dz . c») 

Br ittb%metl'©n 

^ ^ M » C^a} 

Eow^wr, th,® flm 41if9mm@,0 equals tim aegatl-r# 

»t# @# 0©fie®iitmtl©jft ©iiange, s© tliat 

c/< l̂i ,* •» oi & . (ib) 

ttelgiaallf P was e©asttei»4 iiidep@ii«l#»t of 0©iis«iilsmtl©u and 

wm tftten ©utsiiie ©f t'&t ilfftwntxa|» ^MLs step is 'toIM 

fsr w®f ema l̂m  ̂ #f gmieQiis' dlff ttil#ii,,. Mt expeFiaest 1ms 

ahom timt tMs .procedure ii subject t© @rr#r f©ii» most 

lifttti and s©li4 dliffwium eouples* to sjieaptloa is ttm 

case of 8«if-Sifftt®i« wMm Mim i»«4i«0tiw dtffasiBg 

ip«ei«@ 1» ê mieallf idmmHml with %im mtriM* 

ft® s©lttti#a of ttot 0eea®d law e%ii«M©n is ^etewined 

tef %to9  ̂ Mitedarf ©on<liti«iBS of a f»tie»lar mp^vtmuM* toe 

metlioi ailonittg m i-traight ferwsrt solution is to design 

m ®iip#ri«ea% rî Mî g »t®M|r*stat« valuss, A steoM 

»tli©d of solution i« that proposed by %* Boltiaaim^^ in 

180 .̂ BcltsMJin fr€!po«®d the suiastitutioa ©f a slmgle 

m a/t̂ # fov tli® tia® 4i.stan©@# fMs smb-

itltatlM trimsfowas tiit to a »0lfabl« form., fli« 

®i4to8ttt«iti©a Imi Iseea Jttg-tifiei «stir4esllf.. 
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fte lu aaalyzitti tht so îtm ttmgsl?en 

Wmz& data was to tute %!»• first law as diflMfcive for 

fh® 0«plet« will be fQuncS Im tli® 

experliaiafeal saetl^n. 

Isptrlmestal .apfroae î ta 4ifftt$lon studies have toeen 

iiv«rs©, t̂®rials -of dlffertat ©©ae^mtration mmlly 

i>lae®4 itt Fi»0*l*it2r ani a e©iiee»t5p|iii@ii, gradient ®gt;abll8li#(l 

t>y lieatiag.- in® el#«@ p?©i:l»il;r 

iaeltiied wtliing,, el©ati?ei@positlo!i, sptttfc©Fliig# suppl|"ing 

the diffustni iptoies ms m mpw «id slmpl# 

mmhm%&m% mmtrnt* ®it analFs#® of tii® hme 

als# iiielttd«d a larg# nmhm &i mtlmAm mt akmiml, 

sp«etP©so<5fic, M*wm lattle# tod a tm less 

M«tiiodi.s, At t̂ # pmsmnt tlia# the only comon 

whMh allow tit® »easiar«Meiit of S4f-

fnai-rltits la %im afesenc# of 4 efeesieal aonoeatration 

graditnt ar@ |l|-tli« vmdlmmtim tmmv teetolfii#, (2) tn® 

lutewial friftloB aetliod^®  ̂ md |3| tli« aetiiod of G. 

i:tteapi:»M.*s appfoseh .uttllTOi tM aeasureaexit 

of ttos bond leogt̂  h9%mm m sttallic partial® or w%m 

sl«t@i»ed to $. M#tallle lilo l̂c as a f'uaction of tia@#. fM 

pilingIpl# of tfe® InMvml fri< t̂ on method 1® tiiat, i» gen-

©ral, the applieation of a stress to a rauios solution will 

efeaage tfee eosifigwimtloii to a non-raaiom one» At«lo 
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aetwl shduld fee <J©8,i.gii®d 

as sliipl# a# p^ssitil#* with this 1» mind It ms de-

emm to tttilis® tlw ratter litiij wiatility ©f sodiiM to 

tl» ©©iietntration' gradi®»t of BoMm in tlae sodlm 

tî stttt tei*©ii«es.. this ©ffusion B«th©d @aa oulj b© mM 

wli®» tb# i» «»f ©©ttsMemtilj greater vola-

Mlity tlisH tli« »atrix« Using itffastoii t© tstatoliaii a ©©la-

•oetttrntl̂ OB. gradient is wt a#w. It lias l»@» used fr#f««iitly 

im tilt e@fp#r-«iiio ®y»t@m^^ ulnm %im t^latliltj of nine is 

mmMm&hlf i».a.t#r tHan copp'©i?. 

tm mmlmtn @f tn# was ion# W 

It d®t®r»limti©» #f s pr@«i»iQa 3.fttti©« pamiwter, eoppar 

»<ilati@a ims a Migli ia tii® sMiua tyagsten 

bronatsj, asi It is t© determine what li 

•a siî efse® lattice 'f»»a#t«r wMtli ia turn 1» a. fimetiloii of 

thie sijrfae# sMl« e»f«at»tion. a,® mtkQd is .similar te 

timt tor ia M® stuii## oa •aieteel-

aiffiiSiOB*. 

fiieorr 

A strsisiit forward a@¥elof^at of tte diffasiiflty aa 

,a trniMtlm ©f tlie Jwplag of sotlw atoms is %lmn 

for tb® sodiwa timgstea Wmz9&-^ fhis de^alopaent is 
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upm tibi@ trtatwut §•* §w^3 ©f the probi®« 

of it.ffttsl©R» &a-t S'* to# th,© aimteer of atoms 

B«3vlng fi»o» left t« riglit p©*- s«e#iidj let f !» th® Jumping 

friquenifs let n bt tlie aimb«r sediwii atcms per 

ifnart im a flOO) tlaii#, ftoisrt are sis possibl# 

p©giti©»« iat© which m gtmrn sodiaa might WmTtrnfom 

»»» « (1/61 f » ., (3) 

If %l» ^©f at«s amfeiiig the revers® mmment per 

B%mn4 trm th# adjme#iit plant is .»'# th«ii 

»» « Ci/6| |f 4 is) (a (4) 

wI»»'e is the ciii»eoti©» of diffwieii. fbm iaere^nt of 

ttm J'lSBf, ig, 1« this eas® is '©fiial t« tli« lattiet para-

aeter fteMug tMs smMtlttttî n 

1* a (1/6) (f • m^} (a • Sq) , f5| 

SabtrsQtiiig' 8tttati©a. 5 iwm. m%m%lm 3 aeglecting the 

s^uarei ttwsj th« retult is 

1 s !«• - »« 

* •" (l/6) (jf • n S'Q • {^) 

M is the net lamlje-r sMiw® atMs wMoh a^« tPSjaBfermd 

fffia l#ft t© right« If tl» «i©ii0#Rtrfttloa, ia gp#aifl®d 
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1» gi»aBs pm ceatiiMter and tlx® Isttiee pmmmtmT In 

mm a&ir aate th# following substlfetatiOB for m 

B • % 0 . I?) 

I4 is Avagadr©*# nuEl»r, and 4 is tlie graa a%<»la weight ©f 

sodiaa, restiltent ©f n mm gfams p@r squar# 

©entiiet^r» fhim 

.  C8) 

ii»0@ i 3?#|>r@g«iits tli@ mm% nm^mr ©f s©di« at«s laoTiiii 

fr« left to right g@0#n4., the wlatton tli@ aais 

trmntmv will b© 

I . C»A/A| . C9) 

After p@ai»riiagl»g. #%waticin 9 -antf suitoetltiitiiig from 

tfae prtirloms « t̂tati©iig,. ttoe rtsiilt 

(da/dtl « -» {k/Mg} {l/6| |f • n 

m - (1/61 if # a C^^e/c^z). a| 

• » Cl/6) |f 4 0 •,y£|: a.0 . (10) 

Wmm •eoapmring tbls eq^aatien t@ flofe's first law, it is 

resdilf apparent timt 

©. s 11/6) it * Q m| . ill) 



www.manaraa.com

•20-

C, Wert a»i Q, Ien«r^  ̂derive %lm foliowtng e^^ression 

for %lm fr#ttt©ft0fi 

f u 6 tQ mm ., (It) 

ttm symbol# arei U the gm mmsttrnt, f the abiolut# tespera-

tttre,. 4f %M iwm emrgy of aetlmtion, aM f© the fr&qmmy 

of vibration of the aM.im atom, fhe partial derivative of 

f with resptet to 0 Is 

• - Cf/tt) . (13) 

Sttbatittttlng #tttstlott 13 iato ©quation 11# one obtaiBs 

B = fo 4 (1 • (-Ar/nt) . (It) 
RT e 

fhii %qm%lm sfeows tte® iepeadensG® of atasiired iiffusivities 

iipoa til® ooaeeatratioii graii@at»# in the atostnoe of a con-

eentrstioa graditat tiie efjiation simplifies to 

© s  fo  i -AW^f)  

« f© si SEP txp . CIS) 

flae entropF of aetivstion# /A I, is very aearlf t«»perature 

Indep^Bdsnt so timt it aay to® inoorporated tfith the other 

co-nstants. Th& tM#a r«duo#s to tlie ordinary forw 

wHieti i® c«»oalF to ieserib® tii# t®iip#ratur« dependenoe 

of the difftisivityi 
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P « ©0 exp . . {16} 

Sine# this Imt @q,«ia%ioa Ms often, Isetn used to oaleulat;® 

aetiiratiOB ©ntrgles fe<» aiffasleii ©jeperiaents, it is 

appaptEt tMt the ^arlatloa ©f soat of the reported activa

tion ©ii@rgi#9 bttween different iRveslifators m±gh% to® dae 

to ©#iie®atratloii grmiltiiti. 

An indeipeiideiit ®¥SltMti« of f̂  fvm Petosre t̂ mpefatore 

wmM be ©f ¥alti« la trying to eori?elate dilfftt-

sl̂ u tteeory witli diffusloa Measttrtneats» flm Ueby# teapera-

tur® somlt D« 0'l3>taia«€ ffQ» tli# ¥aplati©.ii ©f the Ijiteniitj 

©f x-f»ay r©fl©:sioiis with tt̂ eratQiet or fro» heat capacity 

aeasurewenti, 
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were lieli at ©lemted temperatttre for two to eight 

hO'urs In ©ri®p to tasttr® cmplet® fusloR.. fl» tempefatiare 

was then gmduallf Imm&A t© ttout 600® 0, at whieh tea-

peratttf© th® power to th# h#ittiBg tmm&m ms ihut off. fhe 

si«@ of ttot erjstals geows 4.&pm4md apon the rat© at whieh 

the • teiip®ratu» was d«er«msei, fh« largest erystals w&m 

gfow fro*- neltfi that wer  ̂ oool®d slowly for two to thre® 

da-fs btfor# the ^ower wa» »hwt off, IfilKts prolong®  ̂ cooling 

ttaes my&tml fmm mm^ ©htsin#i whim mmmwmA up to om--

half eeatiatter oft m tige, fh® mvmmX- hafeit of the crys

tals ^grown in 'this m&mmv was m iatergpown satrlE of cubes, 

fkm $tth# ffte#s were atttmllf ilOQ) planes, although oeea-

sionallf a (1101 plaa® wotili mppmr as a face. 

After rtaoml of the •omolhles trm the iarnmrn, it 

was nee#8»ary to destroy th@ eru#itelts in order to r®aov© 

the erfital®. fee rnxmrn^ s@4iua orthotimgstat# wm dis-

mlwM away with hot water, Followiag the dlsaolution of 

the ©rthot«fiSS '̂®''te® partielts of |>orotlaln which 

a6her#ci to th« hroai-es w@r@ r«oir©d •with aa aqtteous solu

tion of hy^roflttori# asld,, Sl»gie er^^stsl® were then broktn 

away frca th# mstrl̂ s Mansllr# 

0ryitmls whoss sodi'oi oontsnt in tl» fomiila 

ranged hetwiftn s a 0,6 aad m » O.S mw@ grown wo®t easily, 

large ©.rystals for ©oneetttratioii.f otttsid® of • this range mre 
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mt 0%talii©d, As a result of this limitation all aeaswe-

Meats »ade in tMs iawstigation were wad© on er^rstals whm& 

initial e©iieeiitpati©n was withia tMs rang#, 

B. Istabllshmeat of Coneeatratien tradlent 

Mtfmim emf®fia@ats ©f the ©Miaary type may be oon-

slierei In tte©® stag#si ll)'tM'©stablislmeiit of a gradient* 

{2} %M aossiireiieiit of th© gysiieutj, aM (3| caleulation of 

desiredi iiifoi»atio» froa th& aeaiureneat®.# the estatolish-

mmmt of a eon€#utrati0E p*adi@iit in th® sodlua taiigsteii 

l3Foaa#f was aee»pli8h«d tef ®©ii« ©ffaslofi under a vaeuu® 

at #i«wt«a t#aperatuF@« # fMi prme^me mm ehoiSii as th© 

simplest ®«tlioi fm estafelisMug a eoneentratloia graditnt. 

S®ireral oth«r matiiois were tri®i witfeoat mmh Bmamw, 

It proved isposslble to mM two erystals of different 

eoxi0«fiti?atioii t©g©tii«r. Seferml »®thods mr& tried. Xn-

varlal>l3r om of two tbing# happened-, lithe? there was no 

fttsloE# ov tile erystal® ieeoaposecS,* M b, result of this 

luaMlity to secytrt a w@li, m was maie t© deter- • 

Bine th© aeltliig p©i»t. io piaeeess was attained by Ideating 

in a reilstance fwm&m or toy are melting. It was estab

lished that rapid 4eeom|f08ition oootarred between 950® 0, and 
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lOOO® S* A seafoH of ttie llteraturt- also failed to disclose 

laeasurtii^sl Vm asiting point,, Umh&ntml 

Joiaiag. ©f two arjstala was mt attempted since it was not 

emuMmmA a smffieiesitlF rsilalale ^cjotitaot fm reproducible 

dlffasion. 

Coataet of a sl«gl© crystal wltii liquid sodium resulted 

la elieaical reduetioa of tto# sodiw t-oiigsteii broag# by the 

aMi«m. An x-iw <Siffra«tlo» pstt&rii of tiis wat#r Insolafele 

powder resulting froia m&U a reiluction was compared wltii tke 

dlffraetioii pattern f:c>r pum tmigsteii as it̂ wa In fable 1. 

fhmm p t̂tmm tliow©4 tliat timgsteii was one of the dseoa-

positlon proaaets* fli® ©ttier lines were p3?©fc>al3ly due to 

om or more ©f th& lowei* ©xldes • of tungsten# 

Sisee twese m t̂hads f©r satablisfeiiig mglms of eoneen-

tratioR diffe^eiic# imi failedm sttenpt wag aacle to estab-

lisli a gi*adi@iit diffusing s^diaa into the teonsge when 

til© saaple was surroimded witii s godiia vapor atsospliere. 

fbi® approaeii appeared feaslfeX® bat wag not stuclitd extea-

Btmlf siuee the metnod @f effusion into a vaoiiua appeared 

t© a sî lei' teetoî ue.. 

file sodim effusiQn te«hiii<iti# lii?©l¥ed nothing sort 

tMa tieating the hvmm srfMt&ls under pressures 

of tie order of to 10*  ̂m, of iig. file apparatus used 

ii pletiirei in .figure flie ¥aau.im «s o f̂etalMd by tiaing 
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fabl# 1 

Infcerplanar Spaaing® ani Intensities 

Water Insoluble 
reduction residus fyagst«n powder 

O • 
d (in 4) Intensity*  ̂ d (ia I) ' Intenslty^*  ̂

i|.68 s 
2M a 
S.?l fW 
2A7 i 
G.OO a 2.0s ws 

1.88 fW 
1 *79 w 
X • ̂ 3 w 
1.56 w 
i.m ?w 1.44 w 

1.40 m 
1.31 ?w 
1.27 ffft 

1.18 I.IT w 1.18 M 
1.11 w 

1.08 M 
i.oa fW l,Og ¥ 
0.986 fWif 
0.922 1 0.-9S4 S 
0.865 

0.853 WW 0.854 M 
0.837 ¥ 

0»803 0.801 S 0»803 
0.79̂  VVW 
0.774 vw O.T7i W 

•fhe BfmhQls usea are- as follows? 

S - strong 
M - mMlm. 
M -> weak 
?• ~ wrF 
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Pront View 

Rear View 

Figure 2. Heating Furnace and Vacuum System 
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4 W«Xeli -Xod^X 1400. teeklng ptiinp, a Msttllatt©s 

iticts fHf iO diffusliai pump with Oct©il*S| aiii a liqaici sir 

e©ld tmp# file prsBtis'# la ttoe^Migli sM@ ef tlia 

sjstt® wai measursi witli a Matioial tes#mi»0ti î oalEatioii 

gn'iige,,. to# foi»apr«ssmi'@ was mmm:>M with a Hastiiigs 

•tia@»#eoî ls gaiigt, 

to ii®attiig# tsli® •orfstals wmm o.leaaed 

ia rnqm^om hf&Qflmv%c -acid to inaar# eiean ewrfaees. 

A %ecteit<|a@ was developed wMch ailow#€ esystala to !» m-*-

mm%A IMlvldmllf ft»©a felie 0ff»#tea faraaee wlttiout dl®-» 

tiirblag meuuri or cooling f-amme#. It wm- thas 

PQmslhl^ t© obtain d4ta m sevewl eî stals at the 

tsaf̂ ratur© wltb tiiae as aa i,a|a»tsl>l#'pitfiaatt®!'. 4 aaxl* 

ail® of »mm ^^stals could to# pla®®i la tl» tmmm at oi» 

t.iliS. 

fhm tmmm mn a 7hO wmtt ©l̂ et̂ leal F^etstana# ti@stw 

cofislsting, ©f two talws *iiletes 'w®i?« M»i«4 togetli@r, fMs 

©0ssts*«i0tioii iiad,# it pomiMl% to bring th® fworaae# to tern-

psfature Mom Mtai flse«4 mromd the taarts tub® ton* 

taifiiag tto® umpMs* fb© f#sttlt mm a mry Blmwt tto 

lapse ia briagltig the s îples twm mm. te®p®mt'Wi?t to tl» 

•®iliillite4«a tov %m ftw fwarta ta'b® was 

oa# m& ©ae-fetti»tfe Imhm ia <3î t©r mad fitted SRwgl? i» 

tli« 13©1?® ^©f tl» fte® %»!•%« tube out 
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eitht©? ©Hi of %'rm turmm for a distajaee of ^"bout one foot. 

aroond tlie tiilje,, adjacent to the furnace 

m either were eoppe-ip colls tlirougii whleli water mm 

circtti&t'ed to ktep tlie syst#» oiitsld# %m fttraac® from 

rising above room, t#»peratm*®* At fch© «xtrene emdi of tlie 

tube 'wer® soft rubber stopper® wiiicli mm seated with 

apiesi0ii grease. Tm tub# was eoiine©t©'Cl t© the vaoiiua ssrstem 

through a grotml glass seal. 

fm crfstalB were placed ia the farijac^e In tiie following 

mmmer^ Tim iadlfiiwl cpyatal wai first placed In a sliort 

length, of tii%i«g' (figttre 34) wtios®. bore was Just 

large eaoagli t© acc^modat# %im crj-stal, m eitlier side 

of' tim crfstml w#r# plaae l̂ riags ffigttr© 3B| cut from smaller 

ii«Mter faartg tufelag* Siotoiaa if ire wm wrapped arosmd the 

wliole (flgiir# 3e|« lotctea w«r© greond ia the out̂ r ttiblBg 

to pmmnt tlie wire fmn slipping, ffte rings pre-

?«nted the crystal, frc® fallirig omt ©f place or from making 

ccsitact witli tlJt uisbiia wir# wMl# still leawiî  a large 

orifice tur'ougb wtolcli the soilta miglit pass, 

file of-erall sise of, this atsewblf wa«, .gippr©xl»st6l̂  one incli 

long iJF tlire®-eighttoa inch in <Jia»@t«r.* 

flie crystals thm ia©iait#4 were pl%m4 inside the quart® 

tii¥<$ whicli was to Is# #mcttat#d. fhe uiotoiw wire had one 

end wliieti was left sufficiently long so that it could be run 
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Plgure 3. Quartz Container Assembly 
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P0W6H 

COLO JUNCTION 
COMPENSATOR 

TEMPERATURE 
SIGNAL 

CONTROLUCR-
RECOROER 

A G. POWER INPUT 
FRQW AC LINE 

AUTO 
UmBFORMGR 

mmmx» 
COMTROLLgD) 

Figure 4. Block Diagram of leating System 
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perpendioulap fco tli® axis of tii# aylinier, frtsswes ©f 

the order of 6,.000 were ase  ̂ In pQlpseriilug tht 

'toksllte powa.t'P» "Eh### pmrnrnmrm mm slightly higto@r than 

tfeos® mrm&ll^ tts@4, bat tM tmreme rmultM ia a hard©?, 

m&re aachimfel# aomat, 

lacMalng of the gpeelaen® in order to tak® off laci»€-

mmtB um a. difficult problem, ffe« sodlOT tmgstm bronsBB 

w^m 0ztrm&lw liaPi and bflttle. flit only htardntss value 

that wat o't)tml»©i sii©w®.«l a makers iiara»«ss of 425# •®ii9 

s«Wttr«e,iit was mM wttb a load of m& kllograa* lucreailiis: 

tbe lo-M fmQtumi tht errstal-, Att# t̂s t© ototaia TO1u©s 

from ©ttei? orjBtmls rmuilted in fracture t̂ en with one kilo

gram loads# 

It pmwM possible to mmMm iMormmtw from tuugsten 

brouE# saa l̂es W «jilag a putting t©©l with, a tyag®t@n car-

tolde tip. A smooth finish wm i*etaiiied ttsiug cuts up to 

0,003 ImelJi heavier eats led to pitting md erimblim of 

til© siaple ,̂ a© cttttlRg ©f a shoulder in the batelite 

msimtliii (figure 5| ii@lp'e4 to position tlie sample ia the 

lath® etocic.. This §MmMer was cut "bf MSttntiai th© plastic 

eyliS'der in a collet ehmk, the axis ®f tbs eflladef was 

aligned witii'the axis of rotation &f tlie Istbe by butting 

th& tall8to«k of th# Isttie agaimst tlm Ms® ©f tim cylinder, 

fhla aligiweat procedw© mM% e#ftala tlmt th# plame of tlie 
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Figure 5. Bakelite Crystal Mount 
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BhmMef vm Fa»2.le3. to plas® of tb® surface. Wmw th& 

©pjetal «8 suburnqmntlw plaa©  ̂ in tto# lattjg •etook, 

tte shouMer fltfetd snugly ^agsiiisl the etoclc Jaws, this fife 

allowed li'toe saffiipl# feo be put m tti® l&tUe wifcli %h& toowltdlge 

tlaat til© {100| -plsiie of erfstei b« ferptadiottiar 

fed axis of rotation, tltilioiit tUts stioulier a ladloui 

aligment was necessain for ea îi ^mrnlag# 

j»ftsureaeat® to d#t<«ralii« t.li# whisb was naoMned 

fVQM the er/stalp mm *aa# »itli a aiî roiie t̂tr, fitis ®4cro-

aet#®* was equippeiS -rfitii'S seal® wtiieh p«wiitt#d tm 

m&AlUBm to hm made %© 0,0§0X iasli# Sfee mlcp«@fe«r measure*-

m&ntm- mm mom reppatfttcibl# ip®lia,to2,# thma siailar 

memmrewiia'ts «Ad# witfe & 41al 

iodiw esiis^ntratioE wms naasured bj an x-rajr detemina-

tioa ©f a p«cisl.©:ii Mttlee Vegard*s law haa 

be@ii foond t© h^M tli@ entire cu t̂e wage of t)m 

bronzes, ftete ¥aliil%F of fell© law fm th& hmnzm hm "been 

#stai3llslied lBdep®iid@BtlF bf timm' dlff©r©st inwstiga-

fh# following efiiatlm fcs?- tb© WegB.M relatloBslilp 

Is tim mm% r-eesst, a»4 it is mmMmM to fee ttit s©s% 

aecarat̂ s 

a 0.082Q' E + 3.78%5 . (1?) 
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fti# preeision lattice pmraseter, was atasured In true 

attggtr«i»« f̂ s soiiim eoatent i» th® forawla was 

refr@s®iit®d hy %im x ia tm fh^m mm aisagree-

ni«iife mong tii« ttir^e invest if at#rs as to tke fslwe of thm 

iiit@re@pl la tl» •@<|»ation.. fhm of tlie varlatloim 

la la%©rs«pt mlm «m 0,m& 1. Mowmm, all mree 

lavestlgators imw ap?«@i tMe ¥alue of tim slope* 

©le 'dl&M.gmmmt in the vmlm of the i»ter©ept arm® from 

the diffleiilty in. preps.ri»  ̂ stoichidiittric sodii® melia-

timgitat®. » 

file 'liigh ala '̂orptioii of th® »©di'iM t-iiagsten bronzes for 

copper E-radiatlon waa a«3¥aiitas©oit»# Dae t© tMs high ab-

8orptl«, m IE-ray iiffrsetioa pmttera taktu of a bronze 

erystal refresemtti a diffraction paMtern of the sarfac® 

material# In figur® 6 wert, pl€»tt©d tb® ealeulated absorp

tion eiirws for two ©f tim mil%wXom  ̂ used ia ototsiniBg a 

precision lattioe parameter, fhes# two reflexiems rtpre-

:8#att«i %hM «Efcreaes «>f als»©rpti@ai tlis atesorptiom mm%@ 

tm the other rtflejsions u»«d in tli# psrsmetsr (Jet«-rmina-

tioa laf betweea tte two jplott«€ ©urws-# these oal©ulatioB» 

were teasei up©ii tli® foil®wiog relatisiifhtps t 

il/I « dp 

• C /̂ein di5 (18) 
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C ALC uu kTEC CUR VES 5 5F 
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VS PENETRATION FOR Cu 

V 
R mi mc >N IN N ®0.8 WO3 
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100] a 

N> 
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-o- XJ 
DEPTH IN CENTIMETERS 

Figure 6. Intensity Decrease of Incident x-radiation 
as a Function of Depth 
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^-iAt • U9) 

filt intensity Is designst@a by I« pmtii length is p, 9 1® 

til® Bmgg angle, aiwi s Is tbe perpendietilar depth frm the 

crfstal sttffaee.' 'Tt® sttMcript b mfem to the 

while tiM ©tiler sttteser-ipt® refer to the ^lemnn&l mmpommts 

©f tl» bi*©n»». Si© Mass mhs&rpttm Qoeffleients '̂̂  are , 

M the graw aole^alar welglit, siid sc is the sodium 

oonctiltpati@n, Bi® llnmr mbsopptton &oetf%Qlent»y%, eal-

•ettlat'M for a sodium trngsten 'broaz# of 3e ,s 0#8 was 928.6 

p@r em. Tqw Qu K <* mdlmtlM aaa 64t,i pe-r m» for gu E 

railatioii, the «asi ates&rptiOR, co@ffiei®iit of tungsten for 

Ott S /? mdistioii us@d In tlie-s® ^alenlatioas vm obtained by 

as Interpolatiim^  ̂"bssti m tiifi fellowlas relattonsMp i 

/̂ /f « c . (20) 

 ̂ is -mm leagtli, 2 i$ tfee &tc«ie niMbtf # arid c Is a pro-

portiOMlitF eonstaiat fo? m glvm npmtml region,. 

A se^siii aalettlstloa wa» smd® to ietewla® tii# awrage 

depth of peaetrstioa of the radiation ooiitrlbuting to tli® 

Tarious reflexion peaks, flaei'# values are tabulated In 

TatJle t. flie ©alaulatlons v#er@ ljaB«4 upon the average 

mlm tMormmt 

ejEp dm 
' ]̂ mp 'da *• 
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table 2 

Awfagt of I-radiatiQH î strttottting, 
%o l«flexions 

Heflexl« (9 in deg, in centimeter's 

i5m 4| 6§t.O 0,706 M 10"  ̂

C^0 « ) m*§ 0.43% ' "• 

(400 a) 463 0.56% « 

{300 cj 3T,0 0.325 '•' 

(300 ,33*-0 0.424 « 

Ctoo 0/) t33 0.̂ 16 » 

(200 ^3} 21.3 o.tSa " 

flie &jmhoM mpmumt tlie sti»® mluei as in prsTtous ec|y®* 

felons» flitst ealsttlatioii# wrifiti flat felmt a 

diffraction ©f a br©»» ©rysfeal e©til4 to® {is®4 t© 

obtain a pmeiBlm IMfeie# paraae%@r whleli i»#pr@s«ist#d, 

essentially t a surfase c©Bcssiit.ratl®ii ©f 

fii# •s©ii#eistratl« gra€i#at was neasurea la tht following 

ffiSiSMf,; 4 cryatal cmtrntntrng a commtm^lon gradient «s 

ao«iitt<S in l>ak®lite in th® mli^ady Aegcritoetl. An 

iifffaetien pattern was rtm using a N©'relco 1-my 

Speetr t̂eiter the O'̂ fstai was tton mmomd from 

the §p©©trc®®tei», a «#asiM?«<i lii-©r©«eat machined f̂ oa th& 
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spe0lsea, ana a diffraetioa was tten ran on tli# n®w 

sarfaet, the wteoXe proeass was w%pm%%4 mtil the region 

of auifoi* mmmmtmtlon in tii® erfstsl was reached. ®ils 

pmmMm »ad® it mmmBrntj to eoll®-ot. %h% tttmiags re-

«owa fr©» th# 

the se®»etrf of thm lortleo uiiit ts aralagous, tO' tlmt 

a Seemii-'Bofeliii oa®©ra, l©w@¥®r, th© radius ©f th® eirele 

of fostis or %li« WoMleo 'aalfe is a fimctlQii of tim dlffrac-

tion angle wMl̂  that of tM SBmm-Miahliia. eaatra is fixe<a. 

fee S©r@leo unit titlli«@s a felger tu'tje for the aeteetlon 

of th® ai.ffra©t®i rmdlatim. ftie ®eii#r tube 1® «©mieet#d 

to m ©leetrento psael wMett la©lai«s a coanter circtiit anci 

a strip Qh&v% fills lotthcid of <l«tectloa eliminate® 

film stoialag# mmm la presisloa lmttio« •detemlriatlons. 

file ftigtr tube is Bioaiittd on ttee ©f aa arm wiiieh ro

tates ftt twice the sp@#i at whiok the &mplm rotates, fiiu® 

tilt i#lger tub# rotates tlirough an aagl® 2 ̂  while th© 

^erjstal rstates threugh -m m§l9 fte phFaical con-

gtrttstion is siieh ttot tim mmm,, the sarfaee of the 

cr f̂stal, the ©ntranee slit t# the 0tiger tabe determine 

th®- eirole ©f foeias, 

fetrftpolatien is a ooav^atioaal Beau® of obtaining pm-  ̂

ei#io8 lattle# pai»«i#t@r»* Irrors iti lattice paraaeter 

approach 2«ro as the Bragg angle approaches 90®* this is 
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sppar@ttt trm tim fellewlng relation which is d@riir®d fr« 

the Sragg 

i"a/a « « e0t6> S<9 - (22) 

In thin @^aati©ii' a is the l.iifct;ie© psrsiiettr. fhe errors in 

•atigl®  ̂ dftterffiiimttaa.# , ajfls# ft»0» absorption and fr#® 

smm»%Ti.ml fl» evalaatiQii ©f tint fusetioii mrim 

with tMe typ® ©f emmm ««€er ©©asliermtioii. A» ,̂, C. 

Wilson®  ̂tei 0oasid@irta tMs probltm f#r the cas# of tli© 

loTOleo unlt̂ ,. In Hit paper fet# lias ©©msiderM %lm following 

errors I abtoî tleii, mmX9 setting ©f fee ©rystallia# iaaple, 

angle s@tfci»g of a l̂ger %uh&,. and displaeeaeats of the 

etratsl surfae® trm ta*ii#»ef t© %im axis ©f rotation* His 

C'Qaeliisions Bhm thm% ths simpt# of the ipsflsxioa peaics 

ay© W9vf sensltlTe to soas ©f tfetae errors but that til© 

of fmvitj sf tiie mtlmmlm iateasitr Is eoasi:dsi?ablF 

less 8«.itsltlw» W<ow tMf T&mm the a#aiw^e®eiits of 2^ 

IB. tMs ljiir«#tisattoii w%'m Amm W wilag a pianimeter to 

til# coordinate mhim iifiied the reflexion into 

ei|mal arsae. After selectlfiii this eooi?iinat## Its nt««ri-

@al Talus eo'uld fe® s#ag«f««i to t 0,002 .̂ 'liltoti Ms 

potatedi o«t that while tlie pi?##igl0» of th& ®p®«tr«5»et©f 

g«i0i®g!te? ^ li as food m te#tt#i' thmn prmt&im cmmma the 

afesoiiit# mcmrmw mw mf m fttlte as good, ttis results 
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%im faet tiist tfm mro fm the »pmtrom@t@r 

gmiomt&r is made fef oaliteatioa wltli a itariiard siioh as 

silicon ©I? fttartg., ffe# mlt tts@a in ttils iuveitigafeion was 

eallbFattd with a illicon staMafd, 

A hl&nk wm rm to the r«pi?«xlu0iljlllty of 

tia® lattJie# pai»»©t#i» la s crystal* fills m& 4om W 

momtlm trystml witli m mmmtmtim gmdimt ari<S 

wtasttring tl̂  Isttiie® pariaeter after eaeh of seversl 

lathe tuenifigs* the reielt# sfe shorn in fatole 3» fhe 

exti»apolati©ii@ w#r# »»d® by plottlnf the lattice parameter 

calQttlattd fi*0K a farticalar refl«Eloa against th« fumetlon 

C • eiralttatei. f©i» fctoe 'refMxion. It Mas 
sin ̂   ̂

fouai e^e l̂nentally tlmt-.plQttliig against tM.® fimction 

ga¥e a acre linear plot tla» a slisple  ̂exti*apolatloii» 

flie mm of this, faaetloa was ©rlgittally pi?op0sed bf S, B« 

l@ls©ii .®»,a 1. fand tables of tl» funetlon fof 

mflou®. a-Jigl®» MSf b® fotmS in tlieii? paper, figure T com

pares an «xtPspol,sti®fi agalnat tMs fwietloa with an ©xtra-

polatlOR agsliist cos  ̂ (?# 

Itefilterei eepper ra«llatio» ws ttsed wlii#a rwnnlng these 

aiffmetion patteras., A tetal of niue (hOO) 

w%m oht&XnM* l«elttd#iS both I of and I ̂ reflexions.. 

Bie s©v©fi î ®flt3clc3(iis ©f highest Braif angl® were ustd for 

txtrap-olattoa, 
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EXTRAPOLATION OF LATTICE PARAMETER 
AGAINST F (0) 

a83S 0«" 3.8268 
3.83C3b/_ o -o-

I I I I I I I I I 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

COS^ 9 

3B35_ 00 >'3.8277 
3.830=; 
3£2S JL 

.2 .6 1.0 1.4 1.8 .2.2 

Figure J .  Extrapolation to Obtain Precision 
Lattice Parameter 
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fabls 3 

leprodueibilttT ©f farM@t®f l®asur««ents 

10. 

Increment in 
eentiaetere 

Lattlc® 
•paraMter 

.Î viatlon from 
average 

A , 0 X 10-3 3.8318 0 X 10'̂  

B a.o n 3Ml^ ft 

•e 1,8 •» 3.8319 •1 
fl 

1 53 w 3.83lf 4l (1 

1 9*9 »• 
3.8320 •2 n 

AYermg® 3.8318 • Q,moi t 

i# Method ©f fresting tata 

If dlffusl̂ lty was eQ»sici#r#i %© "fe® aoasentratlon 

d:tp®Rden.t, ©owdifeions of ^Ms infestiga-

tlOR pi»#s«iit#d a difficult e#t of boundary coMitioas fm 

thm g«l«tloii of fl0k''s smmA 1mm In tMs efftt-

Blon tiitre was a 41se©iitl»ai% IR eooaeatration 

at til® eFfstml 9mtmm for mil tim^ mlmn» 

. I» ©rd#r to mmld tiie»t4@»afel@ asssaptlona ̂  it was ae-

•clSei to mmU diffttsiTltr values froa ftch:*0 first Im and 

to as® the first law m the 4®fliiitl¥e eEpreasloa for' the 

diffasiviti'first st@p in %hB prmMuvm 'wm to plot a 
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tmtlf ©f O'Wfes, sddlttii eolieeiitratloa mmm 

trm %lie ©flginal surf tee. fkls family of ea^ws 

wem flottsi witli tiaie m psr«i»fee2»t. '©lea# carTSS re-

Ii.r#s#filje.4 wmlme aeasmrM at a single emture • tlie 

slope of sat earT# wepwmsmt&  ̂ ttie eoaceatratioa gradient 

at timt .point* 

Wmm thB first family' «f curvts, a seoond of 

etti'vts wer® flies® latter -cuwes' w@i:'© of sags traae* 

fei» mgalasi %%Mm witii m m psram t̂ep, fli©' »as« trang-

f«r valaes mm ©bfcaiii«€ frm the first f»lly of eurw® by 

sems wring tim. mmm M%wmm lili« lin® mpmmmtim orlgiiml 

eoneentmtion ft » 0|# aai ita© ISn# rtpresentlug %U9 final 

«©Ee#iitm-bi®a-at tli# t4» ©f int®i?est, (t « fMs area 

wag aeasurtd iw<m infinite ieptli %o %im parametric di©pth. 

iBftnit®' ^Bpth im fliii ©as® r#|»p##ea##i fell® region ©f oon-

8t;«t aoaatnteatlea, mmBumA &rm represented 

the '«ass '©f s©4iiai whieii Iia4 *#¥©<1 tliraugh. tmit cro«s« 

s®eti®6l area at tlis f»w»tple dtptfe daring, the period &f 

the tin# pBrm0t&r» !&# sl@p©# of tkls grmp of 

•emrves fep3?es«at©.a tli« rates #f sbrngm- of tlie ws® trma«f©i»» 

fiete-*-® first law emu M mwrlttm m 

(23) 
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Ttius diffmsliriti' miwi are &hmm to ta© the ratio of two 

glop## .̂ % »eap'tirlai %h% .sl<ipes of tte twe faiillles of 

eai?v®s diseuss#i it wm piistlblt %o ealcttlste cSif-

fttsivltles# It was mmmmj ttet tlî  m wad® 

at eoyr#s#0n€isg f&ts a0rr«§poa4emc0 la co-

ofdimatss Is hy the sul3«arlpt8 In %lie tfaatlon. fli# 

ssiljserlpts lEsiie ot %.lie femetets repi?#-s®nt; tii© paraae%®i» 

of til© eufve wh®8# slop# was aeasitrcd. Sit subseripts out-

sid:# of the b»efe®%8 repr®#tnt the afeaeistm at tm peiat of 

®lffa8lvi% mines at different mmentp&tim& 

©qwM fe# mtmlm4 »tnm » partiertsp ot time 

ana dentil mpvmmmteA a single eeneeatrafelen. 
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1¥, IMWitS 

tm iiffttsif'lti' of saiiam is wai m^aiured at 

§32® $*$ T5t® C», »fi<i 66%® §, fh® eoiieeiitratioii-deptli 

mrme for thm^ ttee# ar# sh^wm In flgttws S 

to 10« mlidltj #f %ii# simp# of the ottrves was ififerred 

fro® aMiti©nal mmsummm%B md# on stparat# cf̂ ystsls 

©statollsMfig tlie f«asibillty of Qtimlm of s©di« into a 

me îina.,-

'fltt mmw trsnsfer t̂liie copvea hmm feeen plotted In 

figures 11 to 13. tM points f@f the mms trai48fez»'-t,4»e 

eJirTOs wer# @btaint# bf iEtegratiai th® ao»o.@iiti*atlon-depth 

isaiw® with a p.laalseter« Tat sldp@a ef tfm &@ts of 

carmi were mtasui»®d hf tte Mirroi* t#e!mlfii«3^» flae .»@a-

si ©pes and tii© dale ala ted difftt®l¥lties are stow ixi 

TaMlm % t© 6, 

Stii-ce the mtasttrsBeats @ii tbt erfstals mre mad® at 

r@oa * the ti?tt© iiffusltity Is found hf cerre'ct-

iag for til© lattl®# expa»s4oa'®ceui»riiis rmm te^era-

tmm ami tM t@»|p#'i?atai?© of ilffusictfi, ®ie expmmBlon 

eo@fficl#»ts were obtalne^S trm lattic® paraaeter aeasure-

a®»ts aade witto a liigli t©«p#ratttre esas^a. designed "bj 

?, Ohlottl̂ ^* fhi! data tatemlated 1r ^^bl® 7 l»s been fit 

to %Uq. following femiala a least stttares treati«#iit s 
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0.500 

0.490 

0.480 

0.470 

0.460 

0.4 50 

0 440f-

tj 2.49 % 10  ̂
I j> - 3.3 S x i O" 

tg 5.95 X !0» 

6.81 KiO® 

sies 
sees 
StSCS 

sees 

! -r 

6 OM C E NT R.4T i Q f 4  VS D E PTH 
FOR DIFFERENT TiyE VALUES AT 832°C 

0,4301 
0 4 6 8 

DEPTH !N 
§4 16 18 20 

CENTIHETEFiS 

SAf̂ FLE GROUP 12: 
X 10" 

Flgure 8. Concentration Versus Depth for Sample 
Group IV at 832° G. 
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0.530 o- m 

0.525( 

ti - 2.59 " 10 sees 
f,- 4.03* lo'sees 
f,- 5.06 K 10®sees 

8 t, - 6.86 * 10 sees 
t( - 7.94 X 10*stct 

0.520 

0.515 

Uj O.SiO 
CONCENTRATION VS DEPTH 

FOR DIFFERENT TI!»«E VALUES AT 752° C 

O 0.505 

SAMPLE GROUP H 

0.500 
X 10 

DEPTH I N  C E N T I M E T E R S  

Figure 9. Concentration Versus Depth for Sample 
Group II at 752° G. 
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.480. 

320 

.510 

,500, 

0 4.46X10® 

• *3 = 5.31 X I05 

9 t4« 6.I7X 10® 

9 7.14X10® -j 

0.5OXIO5 

OOiGENTRATION VS. DEPTH FOR DIFFEiEiT 
I TIME VALUES AT 664 ®C 
I I ! I 1 ! I i SAMPLE GROUP 3g 

DEPTH IN CENTIMETERS 

Figure 10. Concentration Versus Depth for Sample 
Group III at 664° C. 
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MASS TRANSFER V« 
AT VARIOUS OCRTHS. 

(SAMPtE OftOUP IT) 

TIME 

40C XIO 

E 390 

9 300 

= 250 

S ISO 

2^3.5 

Figure 11. Mass Transfer Versus Time for 
Sample Group IV at 832° C. 
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TRANSFER 
va 

AT VARIOUS DEPTHS 
(SAMPLE GROUP S) 

2 3 4 5 6 7 8 X10» 
TIME IN SECONDS 

Figure 12. Mass Transfer Versus Time for 
Sample droup II at 752° C. 



www.manaraa.com

-54-

M 
E 
0 N. 
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1 
¥<-
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I 

MASS TRANSFER 
VS. DEPTH 

(SAMPLE GROUP HZ ) 

664* C. 

Z«0.5  ̂

z=.o-

Ir-t 
TIME IN SECONDS 

i—A atxiy-

Figure 13. Mass Transfer Versus Time for 
Sample Group III at 664° G. 
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fatole 4 

C^ordlnsfces,, late of lass Tr&mfw  ̂ eonaentratlon 
Sradlent, and Mffu»lvitl®s for 832® G. 

'Hepth 
In ©a* 

Time 
iw i®e. 

1« 
g/m^ 

g In 
emVsec, 

0 3E lO'S 6.81 X lo5 T5.6 % 10"!̂  35.1 2.15 X 10*̂  ̂
0 n 5.95 » T4..6 »"! 44.6 1,6T H 

0 n 3.36 »» 
62 •! 

M 12.9 4.81 « 

0 •I 2,49 It 53.7 n 11.4 4.T1 n 

1.3 « 6.81 II T4.9 •w 13.1 5.72 n 

1*3 w 5.95 » T5.5 «• 12,2 6.19 rt 

1.3 H 3.36 H 50.9 w 8.00 6.36 H 

13 B 2.49 M 38.7 « 
8. TO 4,45 M 

» 6.81 « 64*5 m 8.13 7.93 It 

2.5 « 5.95 €5.4 n 8.. 12 8.05 tf 
2.5 M 3.36 n 46 •! n 5.35 8.64 M 

a,5 *1 a.49 n 
29.8 

« 6.2t 4.79 » 

3.8 n 
6.81 

tt 54.9 n 6.48 8.47 n 

3-1 
n 5.95 w 50.5 « 5.55 9.10 w 

3.8 n 3.36 » 35.5 It 4.T1 7.54 M 

3.8 n t,49 H 24.1 n 4.68 5.15 W 

5.1 r« 6.81 n 51.1 w 5,14 9.94 H 

5.1 « 5.95 It 44.„8 « 4.52 9.91 « 

5.1 ri 3.36 H 24.5 H 3.19 7.68 « 

5.1 H 2,49 W 11.3 « 2,35 4.81 « 

6 , ^  
H 6.8l n 3T.0 •1 4.69 7.89 n 

6A Mr 5.95 M 34,4 4.05 • 8.49 n 

6.4 » 3.36 « 18,1 M 2.29 7.90 M 

8.9 »• 6.81 m 22.8 
it 2.̂  9.05 » 

8.9 » 5.95 n 2S.4 2.46 9.11 M 

Average ©Iffuslvltfi 6.8 i 0,5 % 10"̂  ̂m^/sm. 
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fafele 5 -

•CQOfdinttes, lat# of last fpsasfer, §oriQ#iitfation 
Qradleat, m& Wltfmlwttm fQr T5t® C. 

Depth• 
In m. 

flae 
. in s#e. 

Ja/dt  
g/ea® 

ia 
S«0. 

Je/cJf, in 
i/c»̂  

I iR 
e»«/»#c, 

0 m 10-3 T.9̂  X 105 10.,8 x 10-11 14»4 7.5 x 10-12 

0 6»86 9.1 10. t 8,9 

1,3 7.9̂  6 •9 10,3 6.3 

1-3 6»86 5.9 836 6.9 

2,5 7*9^ ii.i 8t8o 5.2 

2,5 6..86 4,t 6,89 6a 

kmrm^ mttrn&lwitft 6»a • 0.? x; m^/mc. 
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fatol® 6 

©ooritaates, late ©f Ha#® transfer, •QQmmntr&tXon 
Grailtnt, am  ̂ llffw.stvttl#g f©r 664© C. 

Depth fla® ^ »/<) | in c)e/«^a in | ia 
in cm» in se®« , i/e»^ see. , g/oa^ ©mVaee. 

•0 3£ 10*"3 4.46 s 10§ 23.0 K lo-is 19.7 11.7 % 
•0 . 5.31 23.0 36.3 6,3̂  
0 6.17 23.0 44.4 5.18 
0 7.14 23.0 48.3 4.76 
0 8.50 23.0 34.4 3.04 

0*5 4,46 9.24 '• 5.54 16.7 
0.5 5.31 10.1 8.99 11.2 
0.5 6.17 10.4 10*7 9.72 
0*5 7.14 lliiO 12.0 9.17 
0.5 8.50 11 13.9 8.13 

1.0 4,46 4.52 3.08 14.7 
1..0 5.06 4.59 11.0 
l.a 6.17 5.74 5.15 11,1 
1.0 7.14 5.96 5.89 10.1 
1.0 8.P 6.71 7.23 9#28 

Average Plfftislvltyi 9*7 t 0.8 X 10"̂ 3 
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faU3.e 7 

iiatttet Param#t®i* ©iiange 'witti feaperatw® 
f®l» MSq^qWOj 

Latti0# 0 
to ®e. parameter in A 

1st cyel# 129 3.8450 
233 3.8469 
335 3.8518 

tnd isfoie a4 3.8423 tnd isfoie 
164 3.8453 
254 3.3495 
405 3.8547 
465 3.8557 
513 3.8571 
6l6 3.3589 
680 3.8605 

3M tyale 20 3-8422 3M tyale 
580 3.8579 
636 3.8595 
747 3.8620 

fMeck t? 3.8424 

iata «s#i to caldttlat® ©®«fflcl©nt;i of linear 
©̂ ansiani 

% .» S»o il * f 

oi s 8,81 X 10-6 ptr ®e.. 

-<3 « -1.98 E per 



www.manaraa.com

-5^-

fabl# $ 

f»peratur@ 0©rip«o$ed 3Dlff, frt̂ ueney 
Wmtor, aai Aetlmtioa Inepgf for NaQ îgllO  ̂

fe.li-
p«?a-
tar© 

Measured 
dlffuslvlty 

Coirectlen 
factor for 
expansion 

Corptotti 
aifftislTlfeF 

832  ̂ 6,8 31 s® /̂s«§., 

Tf2® 0. 6*8 X 10'̂  ̂ • « 

66̂ ® C» 9.T X » 

Saleulated qwmtltimt 

{1} wv-^qmmw f so tori 

1,0116. 6,9 IE 10*^  ̂ omV^ee. 

1»0107 " 

1.*0096 9.& X 10"^3 « 

IIq b 0.8? *0.0% cjS/B&Q, 

(2) Actl¥Sti9W e.»«rgFi « 51»8 t 0#7 keal/siol# 

I, 5 % (1 

fh© ealcmlate  ̂ ©xpanslss eoeffielents w#.r€-

eiC s 8t8l 35: 10""  ̂ per ®C.. 

^ SS -l#9t X 10-9 per ^0*^ 

fti© tme^rreete î difftislflty, %tis mrrmtlon fas tor, and fcjfee 

correetS'd diffii.si¥ltF are listisd la fsfel# 8* 

The t#ap#ratur® dependenae ©f the ilffusivlties are 

shorn in Pigum 1%. fh® gmpii siiows tl»t tk® data fit an 

©liiatlQij ©f the ArfUmmims typei 
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Temperatures; 832® G., 752° C., 664° C. 

OF OIFFUSIVITY FOR 

RECIPROCAL ABSOLUTE TEMPERATURE 

Figure 14. Temperature Dependence of 
Diffuslvlty for NaQ 
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«feleli t.li« %tfmt of gradient li4 -difftision t» 

t0 be stJiiciiea, The Mmntages In this latter case tnelude 

a wt<ie pasg# of eo«e#nt:rstto»s a«i ceneeatpallon gi?a<ileats 

plm the -retention ®f 8t®©{i gmiieats after long per

iods of tliie. tt©' ia e«eentra.tl0a at th® 

saaple »ai»fse® prcMiuces s%mp conceatratloa gp-ailtuti mm 

astei long, psfiois of tiiae ife©.rsae. In t&@ nonial diffttsl^n 

Qom^^ grMimts •sltallew with tmmemim tt». It ts 

that m ©ffualon teeteifa# is to sjit©®® 

M^iiig otts ¥©lstll® Qmp&mtit^: 

mt'om mw m^msmemmnts were smd®, it was ei^jeGted timt 

the rate of sMiaa ^Iffu-ilon throagte tte« soiiwai tungsten 

Womm MOttia C'C«paratlv#ly rapid,, ffels @xp#etsticia was 

based apou ge#ii©trl# eoasidcmtlons. If me assimea splieri-

Q&l paekiag aad mm tatottiat«d ml'U»»33 ©f the doublf-

ehaf»g#d that there' ts &• h©l# 

1.06 I ia diia#t#i? through wMeh the todiuii must pass when 

®his h©le is ©t,iite»<l in a whose corners 

are o«@apl@!a tef f©a.r o^geas. Blnm ttm tal«late<S radiii® of 

tl» sMlta teFMl (Blngly charged s©iii» Ion) ws® 0,98 I, 
It was thought that th® lattice iistortl^K eaii»ed toy pas* 

sage of th® sMiw throagh th@ h^le w©aja to# taall, &m 

this "basis It was @3speet«4 tMt tJte of meant sodium 

sites- wmM $owem th« rate of ilffiision,^ the niaiber of 
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:»ta,eli mmnt sit## Jji the erystalg tis#d in the p©pQrt«di 

•®sp#riaeiil;@ was appi»oxlf«%®l.|r Sm ftm, 

Wm m-tml memm*M settirati®!! #Mr.gjr was §1*8 Mi©--

grara ealories per mel#* • fable 9 is lueltated for b. ec^-arl-

mti ©f til® «@a»iirefi aeMmticsii mBm7 t&w sMlm diffusion 

In HaQ^r^gWO^ witli tte activatlojri es©i»gi@t fomud In otfcier 

tfstsas* 

•fsbi« 9 

iQ^arlsoR mi S«e l#port®<3 Activation Sistrglea 

letlvation 
Syifcaa Bdferenee energy 

.% i» ,Ag (34) *5.9 teal/«©l 

Am in m (34) 

00 la to (35) 

©o in M (35) ,68.3 

M&.im NEq^^qWO  ̂ (this reportI §l.i 
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fhe mMmtlou emerge «i M^er thaii 

In a iiseassloR of vaeaaof diffusiea, Jms stated 

tmt. %im m%imtim m^rgf my tee teekea into two camponmtst 

tsiie ®nti>gf weeessaPF t© for® «. mcanef of ©llsbtr tli© 

Wreakml or .icbottkr aiii tti© mm& iie«j@f#ary for the 

diffusing mt« to mom fTm its position to a 

posltlen corresp^mfiing t# tM m&jlmm of th# potential bar-

Since the hmmmB erfstals tmier eosist̂ #i»mti@B alî eadf 

ted a considera l̂# stater ©f tmmn% sodlia slt«s# th® ffiea« 

&uwe€ aetlmti©!i eaergf attst Fsfressnt th# «n@rgy ©f lattiee 

dlstoftlou emm  ̂ hy- •mommmt, of tl» sodlim tmm Ita ©ttiili-

tori-M position to the jmp site at tii® ®asism of tine poten« 

tial mmrgj barrier# Ass«pti©ii ®f spiieflosl paekiag sf»<S 

tti# %m of tatoiilatei radii in at %«'it emde, but on the 

basts of tlie siie eoasidsmtiens iigcussed above it would 

appear tliat the effeett¥# mdins. it aiieli greater tl̂  

its tabulat«<a i©aie radltt$ asii tlmt th® mlmm electron 

Mlileli' tilt sodiOTi las •contrl'btttM t© ttie mMmtXm band 1® 

still closely asftoeiated with tin® sodiw kern#l« eertainlf, 

the pvmmmm of %he sodiim in tn# iodloa fc-imgsteft browses 

as aia«gii@tle ions md free- sltetroas doe« aot »aa tlmt 

tHe #o€ii«m is ioai® ia tiM sess# timt soiit® t» ioaie in 

iodiw ©liloride. 

An approxisstioii of MM: -©atropy of aetimtioii m&j b# 

mae on tls# basis of m 9'%«atio» d©velope4 by C* Zener im 
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%hm eltei sbowi 

% * C^iA) • 

y is a ieesetfic tmtor which fer the S'SSdiu® tttngsten 

h»a8@s is ttnity» la,ttie© pmrsmtw is a, ̂'ii the 

Behf-e fm^mnsf for ths diffmiiia spieiei, and a rt4s#n-

order ©f asagnitade fer its is 10^3 pm s#c©M, 

isiag, th« tt@a8tt»4 ml» of the tmtmm&w fsetoj? aai the 

ftpfrepriatt ^al-aes for the @th®r tarms,- ito tntropy of 

i,e%iirit%ioa# if ah&m t© ©f Wm @rtl«r ©f 0,01 kiXo*» 

grill' oalori® per ii©le atgr®#. I#»r m» also frop#8«d in 

hi®. pmp#r ̂  ittdapendent ©f sffr«is»fciiig tshis ®ii» 

%r0pr. to i3id«p©sd#ii:% #i?slH«ti^©ii of %hm mWoipw ®f aetiva-

tioa wottia constitute a sh«#fe on. th@ fr#f«enar 

im%m* Mmmm-M this ©^almtion nates use of the teiagtra* 

tm® €#fei«ienet ©f th# #l,asti<i atdiili mm the neltisg point# 

i#ith«r ©f tl»®« «|iaiitities is teem f©r th@'hronzes, 

to apfrexiaatiom of tht fr«ft»nef faster ms.^ to© amd® 

©n th« Msis of m tquation pir©f0s#i hf 8'̂  lusteian !• 

1^ai»«ii.r37» fhtir ©fimtion is 

»o « # h , |26) 

I is Am.^ilr©*s. nuabsri h i» ?laae&*s constant! is the 

aetimtion mmm$ a again the lattio® parimter. 
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iubs.feitutiftg thm mln®® for tiit eonsfeants# the 

Isttlee and tim *«'a.S'-artd aetî afcion taergy shows 

the order of aasiil.tud@ sf ths trnqmrnw fs-ofeor %o bt 0,1 

e»Vs«e» til® mmmm4 mlm &i tii® fresjuencr factor was 

0*8T 0aV»««» is e«sl.i»F@<l agreement 

slue© the Bttsh»an-Laag»iair Is serai-tapirleal in 

aatttf® sM 11©  ̂ as rigorous mn Iquation 19» In 

Mdtit.i©a a relatively larg# err®r eenia be tel®rat@d in the 

frettteaei '  factor i«ithoiit  seriotislf affeeting fcl ie mccurmj of 

tte s<3%ivatl#ii taergf iiao# the activation energy is an 

«^©tt®ntisl t#-m, 

fh® «hap# ©f the mss trsasfer-tiae Qurirm ii in agr«e-

^»t with Mh&t was e„^:6et©a.* rat® of uses transfer is 

pr©p#rtioiial %& ttm prMmt of tli« iiff«aivity tia#s tim 

mm.m%m%im graiieat, 4t mw giwa depth, the toiim e©n-

oeatrstidtt will rsmaiii eoattant until 8«0 time {% > 0| 

wli«» the <3©a<j#iitratioii will btgin to- decrease and th@ mass 

transfer will differmut from s«rO'« to &xmltm%lon 

of ttm #3Qieriatht will sho that the c#neeiitrati©n gradient 

at mf i#ptto oth«r thsa th® surfaee is a aoaotoalasllF In

creasing f-tmetisn of tia®. fh« surfae® is ©xclwiei h#cai«@ 

it ii the locus of dise©iitirtuity is th® #©n0®,ntri.tioii grs'-

ii#iit. f®r small o.oii©«tttrati©n rwiges, th« diffutivitr wottM 

•fee ®:̂ s©tei to remia n«.arly e<m»tant« Bine# th® experiments 
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out with ©elicit ©f toei^lag th# 

e.o®0®iit»tt©a tang# saiilit lii® muM mlf a 

proportionality constant, and monotonio ia#»a8@ ©f 

concentration gradient would reflect a propoi*%iaiml aono-

tonic inemmm m the rate of ms® transfer# .fliis l»®im."yl©i* 

is ©bstr-red in tiie tjcperlaental plots • 

B'» S'ttgg#.6t@d fro'dleas f©r Future Iiwesligation 

A list of for future investigation wiiioh aight 

b© sasgest«4 o» tlm basts of |l» r*sMlts obtained Isi 

1» Confirm the validity of the measured values toy an 
independent esqperlmental procedure, preferably tli# 
radioactive tracer technique. 

Study both the activation energy and dlffuslvlty 
as functions of concentration. 

3# Eep^at the experimental procedure used in this 
Investigation using prolonged heating times to 
obtain very large concentration changes. It 
might then be possible to obtain some correlation 
between dlffuslvlty and concentration or between 
diffusivity and concentration gradient. 

4. Introduce impurities when growlns the crystals to 
determine what effect the lattice strains, dis
locations, and imperfections associated with the 
impurities have upon the difftttioii rate. 

I mmond detenalnation of Wm activation, en^r®- and fre-

fwncy faetor by m iM©p#ad«nt Is dtsirable. fh# 

tracer lattliod of deterwlniiig diffusion valu#® !» 
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til# mmt r®pwtalal#.« asjor pw&blmm i» applflug tMt 

to tb© s%mj ©f s©iii» iiffuslfitf in %im sodiaa 

timgiten Wmm& appears t® b» ttm pr»9.bl®m of bonding a 

tMii iafer ©f rsiio.goaitt® to the ter.0B2e sai?fa@«« ®iis lay#!* 

ibottli hmm a liigli sfe#ifl® actî itr sni toe car  ̂

Tier fi?@©, ®B@ posgifeility tnat 9««m8 w©j?tt̂  of invtitiga-

ti-ou is t© tooffiteari sagnesitia with isutpom. fiiis predaees 

tli© pomttwm. -eaittiRg fh# Ss.̂  ̂ o#w.W b© sepa»t«d 

fr©» th@ nagnesiua »atria mwd plattS oiito a teomz® eryital 

witli a mass »peetr©g t̂pli:, •^^eriaentation would toe asaessaî  

t© deteraia® tl» ftaeibilttr ot tbig proe«<iiii»e. 

ffe« ia¥®stlgati©ii of sctimti©!! emmw as  ̂ fynetioa 

of SQiiia ^e©iio«iiti»sti«ii pT?mi.d& info'rastim as to tlie 

rtlatiw r©l®« of tli« iiWber ©f rmmt 80di«®, site® and of 

the distortion eiasi'gy aee.«|»a»yi»g # sediua Jiaap. It ®®eas 

in«scapal5li» that tli# of wmmmt sit®® mmst 

mffmt tfe© mie ©f s®dii» dlffttslon, fMi womld mm to be 

0sp#-ciall|r ti»tt# at liigii scKiiuii e©ii@eiitrati©ii feteaiase th« 

protebility ©f m pafticulap sodim atcm feeing sdjaeeat to 

a -memQy deertai## as me aimMr of occupied sodiaa sites 

Immmm, Mmmm, tli® iiffmiifitf wouia t#iid to 4#cr#ase, 

and »iao® ©a grouaia tfe# fmetor is 

®:̂ eet@d to r#aain fe®tw®®a 1*© em /̂ie®,. am<S 0*0i 

tfee a«tiiratioE «»@rgr waid l>$ e^eeted to XmvmB%, m 
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tM ©ther hm ,̂ it is coiicseimfel® %hmt %b@ activation ©aerg^r 

aiglit d©e»a8« wltli iTO^#a»iiig toace®fti»a%i©ia tiifia® 

tlie lattloe Is @xpaxia#a  ̂ at tilgfeer seaitt® conceatratiofis and 

less stmlB wottia m exf©0t«4 %-Q aceompaaj iodlwp di.ffii-

SiSfl* 

tea'l-ogit® b#%wteii of aodlym in the so«Slw 

tmigstett bro.Kast diffttslOM In sysfeeas lovolvlng siifestl-

t'utidnal mXM .soliatltm ahmM fe® «de witlJi eaiitiou. It 1» 

fertit tteat for hl§.h seilm 0#ii« entration# tli® sodiiaa timgsten 

brcmzes mf %M imwtm a aefeet lattice, low-

ev©i*» tte il-fewti'sii differs fr«j tim ©yiSliiary dejpeet 

lattie®' tlie weaat si%«8 in the Womm are smpfosedly 

eap&tol© &t belag @e<sap4,#d onl|r hf sodlu®. In tills sanse tl» 

©ss# &f sodiw iiffmsidn in soilw ttniga^a brouasi even at 

&i,gh m^tm& «0iie#iitrmtl©B, si iould tee coi»i<a#rei more nmrlj 

to iatt̂ stitisl lv#a so# ®tiifilef of 

dlffttsim rat#s In bF#iig#s ©f tolgli loilia soneeatration sad 

wltli a j*elativel|' stsall Qt rmmt sites mlglit provide 

so®# liifowatlon relevant to tlii -wmmmf a^eliaiiito of dif-

ftislom, ffe®s8' stail®s w#uld M mm »9rt iaterestlug if 

tliey wer® ®ai»iice4 hf made m erirstals taiow 

t© contdla dislocations aad slme •dltlooatioms 

•moA isp«FfeQtio»» are thoagkt t® fe© ona towree ^of lattlee 

vacaneles. fim use of st««p ©onetstration graii@iit» provides 
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011© mtUM of obteiaiRg sueli and .tî $rfeetiows j 

a seeeM metHoi is %•© grew crfsfcals ccsntatotng iiitrodiae®  ̂

lupiirlfeles* fii®- aediua W^nmrn tft@a to hm tli© «n-

ttsaal mm #f an lut̂ fstltial §©114 ioltttioia whioh i® 

eapabl© of ^seaittg saiara îfdt 
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¥I» SWWWt 

flii® iii¥®8tlgatic3ii was Qiai#rtalsen t© itiitli' ttee proeass 

of sodl* dlffiwion In sisigl® erfstala ®f tte aetallle so-

dl«» tttagst«« bromse. Conc®ii.ti'atl©B grsii#»%© wer© ettsb-

lislit'd toy tffttsloB of sodliM iwm siagle erfstals into a 

¥ae«W', gradients wr® ii@a»wi»©d bj means 

of m x-ray d®%#r»tiiatlon of a preclsleii lattice oonstaBt, 

aaMag us® #f law rtlafelonBhip to 

©^slttafe® til®' soiiw mmmmtmttm.* Mvantag# was talced ©f 

tfte klgli ttoi©rp%i©ii sf x-rftilmtioii iu tlM sodiwa. 

tungstoa Wmm la order to seastti?® tli© lAttloe psraaieter 

©f an BxpQB^  ̂ ctW9t%X mtfrn^* 

ISie dlfftisl̂ itj was evslttat@d bf n aetlioi wMeli t© tlie 

attthOF*s fesowieii© tmm not 1»#b pp^ îouslj suggested or 

used, ®iis. s»tli©4 was ba8e4 mpoa flak's, ftrst law rather 

tliaa teis seooai, Bi® data, ofetsiwei fr«* a series of erf-

stals li@ld St ooiJstaEt terapt̂ atai-c for vary.lag tiae® ga-^e 

a faallr of curvm showing the ©©neentratien m a function 

of 'dePtli with ttm# as a paFasel®!?, Wmm tlies# ciii?ws tl» 

aa.8S of 8®<ai«a traiwferre'i tteougli a plan# pm&ll&l t© th® 

suFfae# toa at mj psrtietilitF it̂ tli mm plotted as a func

tion of ffet slop# of ttolft e«^¥« divided tst|r the 
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gradient, feotli at nmm tla® an<4 

depth,, was tii« -iiffusivit? for th® co»e®|»on€iiig oeacenti'a-

tiG»» 

•|teee Stteh series of crystals wer® imi om each at 

66%® §,p T5i® aM 83# #, SlffttsiTitles w#Fe #?sl»at#€ 

foi» a bronze fomala ©f the iiffu-

slTities mw% fit t© an tohsniiw type #qwti#iit 

® a % ©xis (2T| 

% « 0#87 e#/see 

-A I « 51-.8 Ifcal/a®3. , 

In eomjwetioa with th# diffwsioii ftaiits it wa« 

sary t0 det©fiRii» tli« @©<®ffioJ.eats linear #3qpaiisioii, foi* 

f#il©wliig mpmstm ferawila is ¥Slids 

% m hQ 11 • S.S'l. E 10-  ̂'f « %m X 10-5 

I'm this ®f«tioa li. is 'mj Mmm l#ai*h %md f is th® t«ap®i?a* 

tEf® ia 
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