
FICK'S FIRST LAW-

nle - phane allsy io annealtd, matter uiu Hoo 

ydhe s. 
9antnhomogene ous 

manner whieh eill decreape the Concenrnbm 

fhe pecimen ann ealed lmg enoush, t udl llo me 
homogeneovs K the net lao motter aunll cease 

Given he problem 4obfainf a fux aq uadin r thiz kind f a a 
y3emif would be Yeatona ble to take the Hox acve 

plane to be propordi onal t» the concentread m gradient acoos 

hat plane. 

Por exomple t the x-ari token paralla) fo the Concenrahm 

9Tad ent Component he Hux f commponent 1 (J,) alony the 
9radi ent can be iven by he esuod on 

For 

I, Di 
here D, called the ditfvsion Cocfiuent. 

Thio esvadhon o callco Fick's tirst law fits he empirical 

tact that the tlux goes -to aeo a he specsimen beco me 

homogeneors 

Afhough tt need not have been he Cant, enbenment shows thai 
D,r esuj valently the Taio o -J to 3C/ dz 

he magnitvde Clde . 

Aindependeit 
the 

n this reapeet er" c) similor to Ohms law ohere the 
Yens tavce andependerctf the volfage_doo or to the baaic 

htat - Hlo eguahono in ohch he conducivjhy ndependet-

the magivde the temperatre erodeut, 

To emphaize emphatize the dineneiwo f he termo e'c1) wvitlen 
beloo uith the omenamo ech term iven 1 prenheeo. 
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he be iven in a Vamety mits, hut the thux Con cenHadon Can 

musf be put in Contisfent mis . 

Ahe dfvaion coclfieient a almot alwa yo given in riwa 

gvare cenhmelevs per 8eCmda 

The Umts Conceutrah m v/e wih the expement * eapevimestr. 

In all dire tdwns, Jn a lalfice wiHh cvbic ymmefy, D has he name Valve 

alog io said to be isotopic. 1 D. hat io, the 

t here re oher typer fradhents in he oyple 0hur emo 

eHect are irotd ore ad ded o the tux esadon . Thene 

1nfer ehnf but compicaed. hey be cowardered CaTeY. 

Ar an example he appucah on ec) , Covider the pUouinp 

expe vmenl pertormed by suth . 

A holloo eyinder f iren i held in the isothermal payt afnace. 

A Carburiztns ga pamed throush the inide the cyinder 

a de carbunznf ga vUr the out ide 

no Ohtn the Carbon Comcentrad on at ench pint n the cyinder 

longur chongeo unth timt , 
hat i 

() 
the guanity Carbon parrinf 

Cyunder pr mit tint thvoh y6 21 206 the 

Rolln aconotant. (4/t) 
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HooevY, Pince J he louo per it ayea, if io a funt den f 

he radhus r ond 1. iven by he egvodi en 

- () T 
At 271rlt 

wherc o the lonth4 he eylin der throuyh ohich carbon dijfvtion 

ocCUrS 

Combininp e' t1) () qjives an eu-den tor the oal amourt 

Carbon which paed hrough he cylindtr dinp the himet: 

de D (27lt) dhr 

For 9ven Tun, , f, andt can be measuT Cd. 

he caYbon Cmce ahation threvgh the tylivnder eeat wall io ddermined 

by chemical analyis, D con be dele vined from a plot c verss lr. 

uch a plot uil be a aight une the diffusien Coefiesent does 

not Vy th Combosihon. 

However, tr carbovn n iron Smith toond that He slope thi' Jplot 
dc/ dh r) became smaller in passing trm he loo - Carbon 

to the high -carbon side 

Side f the 

tube 

example his Teovtt or lo0o'c shouon in tig0). An 

At this denperature he difuien Caelficienl vanes frem a-S xI Cm/sec. at 

0-1S 40eight pertevl carbon to 77 A10 Cm/sec at 1:4 ot percent carbon. 

Similar expenments have e uently been prtned by pamtnf« 

through ametal membrane 

Dflen the membYanty are o thin, it m impessible to dferine he 

Cancentrahn ay atnchn dhstanc in the membrane b 

chemical analyis. 

meano 

expenmental reoulBs 

Aux, Hhe premre ro amH 

1he thre tre cmsist a mea Sre d endy - Stalu 

he membrant and the hicknen he 
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Fig versUs loy F far a hsllno cyuinder f irm hich atfalnnd 

a oteedy tat watha decarbunginp ga pazinf throuh a 

he inhde and a decarbumzinf 2 patns oVer he oufside. 

membran (Ay) 

Thss Hw, tr a 7ven preure hrop , w called the permeabiuy 

obfain a valve D rom thoe data the Value f c/y inside 

he membrane must be determned . 

One oay to do hik j to assume that h value c in the mefaf 

thoat wvld exiT 1 esulbrium t ench gao- mell intertace i the value 

no net wx. ith the g if there deve 

this woul o be tve tthe noludn gao in the Suface 1 he 

suafaee 4 the melal occred much 

cut he ofnta reon t the reot he meal 
more roprd y han he dfvien 



Expeimentolly, 4his assumpd)on check ed by delermtin the 

fluxes or tuv thickneLS es membrane mder he name prer7re 

odilfertnoba k al he oame Jemperature 

epubnum doeo exist ot the gao-m edal 

he 2ame tor both cae er" 0) g1Veo 
Intorface then AC 

Ac 
D 

hol o, I uill be inversely proporhonal to Ay 

At the other eXdrtme, f the raü f olubem gao af the intafoce 

hat hat detemino he ux , the ux unl be he same for bofh 
Va lues membran e thicknen, and no valoe f D Can ae 

obtalned em the ux 



(5-D Fick's Setond load 

45 an exensien fthe. 1rst las to non- Seady Siate 

Aod 
AS 

Heve, at any qaven instant 

the flwx not the same al iement coss -Sechomal planes 

almg the hjfvsi evm dhre cdhen . 

ALso, at the dame Crors- Decdom ha tHux not fhe 

dame at h/fexent tmes 

Conneg uenty, ¥h Cmcentahn ahstance prohl. chanpes 

ith pme. 

Alon -skody Stak foo no revevnty met wnh in 

prochcal applicad ons the oifusim lads 

Cmside an elementel slab thickno Ax along H 
an 

aiSIn dastonce 

ut the slab Cos - be hon be perpe ndhtolar to 

and ik nes be ty The VolUme the olab 

then Ax 

Under nm- Stady stali Cmdrhiv, the wx nto 

heslab J not uad to thu Hox out sf 

he slab, Jxrox 

The Tat accomulodim ( r depla.h) 4 the 

chyhusi tems whin tho element volume 

AX. t Cnn be taþremad he }fertnce 

wyes I1n and out the sab 



BC. Ax J -

J-(3+ x 

(-D 
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Ths ficks Aecond lao ter umdie ch enal 

nder nm Steady stat cmchhems 

9 D indelpenole vnt ComCemtrdioen 
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