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Diffusion in Soleds 

here qre tu main Teasava for Studyin dvim 19 Sovd. 

Frrsf, a knoeoledse difuuion io baaic to on undersfandin 
he chongeo hat occUY In Solids at highë emperoures 

hus it io essenial that the person interesled in the kinehcs f 

precipitahon, oxialahen, Crecb , annealinf, etc, be acayaunted h 

he tondamentals dfusion . 

Aso,it i ofen he case tht a more detailed shudy heae proceek 

hesireo the we the m0re a duanced Concepts dvtionin Soids 

The secnd veasun tor Shuolginp usion to dean mare a bout 

hoo aTomo move In souds. 

hio inhimakely comete d wnh the Study qf pint deferts in 

Aol'ds therr mave menti. 

Point deheh qre thesimplsot tpe 4 delect in a sobdyt heir 

Concenrahm « movemevnt Can not be obseve d dire ct 

Since jhe number uch deleth thelr moventnt can be 

theove henlly velated to the fuion cohutt, ifvshn experimeunb 
have come o ee the most eruently Used means tudyrnp pont 

deeels iy sobds. 

have 
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DiHvsim Yefes to he mavemiut f atomo in obds 

Sehral comhol in aoid fo cueve the ophmum pro perh-c 
ole pende nt on the rate dfvíon. 

The carburizadvn a steel or fhe olj ola hon a mital loollld 

by the dhilfvsien alr atom ( lono) thra the Svdnce layer. 

ha ino dchon aVey nmatl Cance und'on an im bvi hy ig 

kunvlt dpe th dilfun m phinoml n onn alem Le ifre 



MSE-30oS 

PIHUslo in Solids DiHvsion Ezyatuons 
Changes in the sructne f metalc k their reladim 

to phytcal mechnonical prope rdies are the pri mory ilerest f the 

phyaical mefallgist. 

Since most change in strrcture oCcUrs b dituron, any eal ndertlonding 

phae change, honegenizaion , opheroidizahen, etc, must be baztd 

om a knousle dp e ditus on. 

There kinehc pro Can he reeded by assOminp that the metal 40 a 

Continuum, hat io, b1gning he otfanvie &veture the Solid. The 

problem 
dfercnbal eguadn 

the 

hen becomes One obtarntnp vnp *olinf an appropivaitu. 

we wil discoss baie diHerenhal eguahons tor ditvt ion alm 
wih her soluhios for the fimpler boundsry Conhhon, ditvtion Ceelh euert 
No 

Risexbenmental delermtnadion. 

At no pmint in Ditvsin esuahm 

evler the probkm. 

doe thhe atomic na tre f the matea 

Thso not meant to dehacl fron the ampa fonce the stvdy 

sf atomuc mechonsms dh{vsion 

mo st achve areas Stay divsn en are , 
k uill conhnve to 

be, Concornmd unth the informa hm fhat d)fvhen Atvdies can 

Sine the mest n terrodi' 
most 

Conbué to the atomic models olid ouds. 

wie inihaly omit models f difvzion to emphaige the tpe problos 
fhat can be hreaked in tus manneY 

n any theovehieal develobment hiwe are COrtatn advandageo 

disadvantage to making the teuoest posh ble asumptons. 

One advantaye hat the vesolfs arc qit gemerally ajklienble; 
adLSadvantaye that the vesults eve devoid ef nfrmaeh m a bout h 

atcmie mechanS m theProcers. ( Thermody na mits an cXcelle 



example hiz be approach 

The anumpdhon we mae hure, ulere int appued to he problem 

18SS by Adolf Fick 

indicadivc o he power hys approath hat all fhe svbsejueit 

developments in the theony Aolids have i no ecfe d the 

Vaidiy the appronch 

Sph en oahad)on 

hrat rera treatmun fr Irem baald alls yo 

Comnonly CAYbm 

COM vert um 

Dvchu mackina ble ala 

Cmwtte d at lemperstrey thut eave 

Sughtly el he eUtectno empeha te 

temberature et wich hA sal uhjen 1o a 

Sou d soluhi en rathev than Usud), -followes 

byalow Codn proc 



(2-1) 

DHUsim 
amas lod prvcem by which atoms (or molecoluo) 

change ther posidms Te lahve to thur neighbon 
aven phare m der the inflvtnie s therma 

emurgy Ond a Gade nt. 

The qadhent Can be aconcentrahm qadient, 
an ele ctme or mag nehc feld rmdhent or a 

re a dj ent 

We shall comsider mam lovd mder Cencomtra dm 

rahents mly 

Ficks Macoscopc. lacas dusien 

Consider ni iechna n matfer n a binanj ypkm 

A6 atms 

he tuv tpeo em s uilU move in obpasia djxcbas 

mder the nfluenc a Concenadim adhent 

et os assome Hhat e io the mly main opecaen opedes 

Picks fivnt lad Shate hat 

dn DA dC 
dt d 

no. no. fmolos 6atmo Cooing per uit hme 
dt 

a C -e mal plane t anes A, , perpend 
Cdlar to the difIsion oi ned om x 

D 
A t d 



Steady Stat Diws)on (2-2 

Dfvsion a ime - dependeit pro Cem 

e. in a macmscepic sense, the quanhhy 4 an element 

that o ransherkd uimin anoBher a fnchom tme , 

lent necessAr to knao hne ot obsiom occum, 

r thu rate mam transfer. Thio a ao reoenBhy 

esbremed a iusionfux (), dehned a ha mam 

(OT, esuivalenly , the nmber adamo ) M sin threvyh 

nd perpenholar to a unit Cy -se chonal area 4 

solid per umit time 

M At 
areA a t which di}s jon a occumnp 

telapsed kitrs)on dme 

In dherendal tom dM 

Unit m-s r atmo/ms 

9the ohssion ux dees not chane h sme, 

a steady Stat Condihm exist. 

One common enamble sSfeady Státe oifusI m 

he hisim of atomw fa gao throvgh a plat 

fmelal tor ohich he concentra hows 4 the diffxing. 

specie m boh staca o the platt ere held Conotant: 

hen con cemrahm C plotted vewsus posibon (or 

distane) woth in the solld , he resolhnp cUrte o 

termed the Cmcnntadm ponle the slope at 



pa parhcwlar ponnt on he curve io ha Cnumtradim 

ad ent: 

dC Concomhadi m 9sndi ent C 
C 

AC CA-Ce 
KA-K A 

nit Concenrahn 
man 4 dusing opeie per mit vel. d soid 

Malhemahicaly, 
Sleady sai dbfusim i single tx) direchon 

-0 

wx Ao per umit owu - sechmal anea 
per t ime 

DDifvsim coelhcaent (or e}fvsty ) 
t a Contaut chaat fer shc the oyaemn 

I{ de pend om the 

-Natre the dhfusin peus 
The mahix an which ik o difu 
- he emperatore at uhek $}fsien occud 

Can Con CeMbah n aent 1 the - ditchn 

-Ve Sis lnchcatt hat 4he fHo fmatter 
OcCUYS doon he Cmcmhahon adenT 
rom igh to a lad Com cam trad n 

Eguahn O also calid Frck's hrst lao. 



(28) 
One preical example o Sieady Statt oitusiom 

One sde a thun sheel paladium mefal ao expose 

to the mpure 84 Cempose d s hyoragen and othor ganeovs 

3pecesch a nuugen, oxy8en and daty Vapor. Tho 

hychuen selechvely hlfuses throv the sheet to the 

oPpoil side., hich 4 mantaintd at a Conotant 

nd lower hcrtn pressr 

ick's iat law can be Used to destmbe Horo vmder 

Stendy Stati Cmdios. Unde thuo Con dii n , 

he ttux i indebendent 4 hme and remaino he. 

he dame at any Cro Se choma plane alms he 

chfusim ohrech on J+f(x t) 
Conc-di stnnee prohle mder Stendy Stat flo 

() D inde pendeat f cn 
Dfc) 

Protile s a saght line 

C 

D+fO| 
i D depend on Cmc 

D fcc) Conc" Dafu9 
the profile be nveh Hat 

Hu product D( °h) io a Cmuket 

n nuher cane, He proe changeo wth tme , Umdey 

Cmdhd ons otcady Stati 



Ex-A plat oiron exbosed to a Carb mzna (Carbon - ich) 
a secarbumha (Carbon- defiiemt) etmasphere on one side and 

atmaphwre he other Sicle at 7ov C a con dihm o on 

stendy stat m achseyed, Calcwlate the bfvsion ux 

CArbon throvgh the platt the Con cemfraiono 4 Carbn at 

posibn f5 1o mm beneah the CAYbumg faco 

a 2 o8 /m, hespechvely . Assume a 4fusien 

Coelhient 4 3xio" ms at tho temperate. 

J-D 

(1-2-o-8) /n 
J D CaC -(3xI" ms) 

(sxi1o)n 
- 9 

24 AlD ka m-s 

ex-A Steel tauk centeins h en at a cmolant pre. f 
1D afm, wih a vacoom autside. The hghren omwnpachon 

at He inner sufece 4he tank is es un to D kg m The 

ohfos en Coeicient hychogen in steel at tom emp o 

ms, Calcolate he rat t which hyrugen escape 

hvovgh Hhe udall he tank, wkich ha a thickneo 

S5 mm. 
As soon a steady 8tate tled o established, a Comsfavt 

fux hgoen ut escabe hroh ha tank wall , a 

the presSe op inside neslisible . 

There o acoom on Hhe ovtSide . So, He Cencemse doy 

9 J: -D loX 
SAlo 

2X1k m 
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