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TABLE 18.i=1
NOTATION FOR COMCEMTRATIONS IM BIMARYT STSTEMS

p=p4 +pp = mass density of solution (glcm?) (A)
P4 = c4M, = mass concentration of A (g of Afom? of solution) F:)
=, -'L: = mass fraction of A <)

¢ =, + oy = molar l:hﬂlit}' of solation fl—ﬂ'mﬂll'ﬁ“’} By

Dazir debmdtlong

] ;
£yq = M_: = molar conceniration of A (p-moles of djcm? of sslution)  (E)

4 g
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E My Mg
iy M My de
| I P (V) | dw, m—A" 8 74
z o (" T M, 4oz MR
= MM £ ey "
A a(ﬁ: ._H
TABLE 16.1=-1
MNOTATION FOR VELOCITIES IM BIMARY SYSTEMS
vy = velocity of species A relative o stationary coordinates (A}
vy — ¢ = diffusion velocity of species A relative 1o o (&)
vy — & = diffusion velocity of species A relative 1o ¢* (C)

Haiiz dofingljoys

B = mass averape velocity = (1jplp, 0, + pprg) =« 0, + wgry (0)
¥ = molar averapge velocity = (feMe oy + cgog) = 2,0, + sgny (E)

Po— e may (o, — 0*) + wgley — o%) ; F)
B —p = ln, — ) +zgle; — ) L]
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TABLE 1613
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Velocity of species A L (A) |e;, — o [.EI R e
| ey, et | 4 4 ()
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uxes in le
i Nll-l:ﬂﬂr:ﬁu n, =NM, (&) J‘-H‘_MJ[H‘+"_:”‘)1 Jo* =Ny —x, (N, + Ng) (L)
g (T)
Fluxes in terms of iy M
5 Jyand e ot B M L -E (W) | Jy* = -H'—‘j.: 'I:J'.Jl
1 Fluxes in terms of A M
JJ"";.:[IB" '."nl‘_—.l__'i'+rﬁ:|' (¥) JJ'FFJJ* (Z) I.-_*‘-’J’Hj. [AA)

Semnan University , Chemical Engineering Department

A.Haghighi



90 9 (0 b

Cowl il 1 00l jgue (Jgog o0y o
.
2 o908 mhuw ol 5T o> jeme

n;=p;Vv;



Og.o&@b.wd&‘g)‘ldg.o)ga&uwg
oloyaly yo ¥y p

Semnan University , Chemical Engineering Department A.Haghighi



Ve pw b ool b ol jod a5 5,0 LA
I ool jgue (Jg09 (0,2 b WiSr0 &5 >
:lg%n‘ﬁ‘ﬁ

3O Vi 2 ogec i a2 lg 1T gy jeue Gl
Ql.o)’ d.‘>|5

1=p;(V;-V)



oloy alg o V) »

I;=C;(vi-v)

Semnan University , Chemical Engineering Department A.Haghighi



VF e g U o U ol o a5 5, BU ol
I ool jgue (Jg09 (0,2 b W0 &5 >
:lg%n‘ﬁ‘ﬁ

JO VI yoges baw wlg jI1 0y jous ool
oloj =1y

J=pi(vi-v®)



f&g»;@o.u»b)‘ikjg.o)y& TR W

Ji=Ci(vi-v™)

Semnan University , Chemical Engineering Department A.Haghighi



JB (Solw @ a5 Lulg ) (pl (9 yioteo
N=J+x,(N) abasly ol LS
Egoo N abasly ¢l 50 9 ol

Semnan University , Chemical Engineering Department A.Haghighi



S8 Jol 95l

Lol cdild Sl Goden b S0 (J9SIg0 395 (Jgo i (55l cnl (il

. ‘ : |0..

ox
J,=—D,, 5; 8
J; =—c D,, O;Xi 6
z
0,, 1 030 313 ©yga 399 balgy 252 99 (sl (5l y
J,=-D,, @z 7
oc.
J =-D ’ 5
I iM é’Z

Semnan University , Chemical Engineering Department A.Haghighi



O S Lygo S duw 50 o jod Wilgi (o0 D945

J,==D,,Ve, 9

J =—c D, Vx, 10

J,=-D, Vc, 11

J,=-cD  Vx, 12
dc, Odc, Oc,

Ve, = + + 13
ox Oy Oz

A.Haghighi

Semnan University , Chemical Engineering Department



Sud 090 (393l bl cdl> o (JeSIg0 Soi
A )0 0,55 2929 (JeSIge S9di jr i > Jole AigSaad o 0 AT B g A £52 90 1) (cadumus

| Ax

Ay G E(x.y,z,t)

G(AX+X , Ayty , Az+z, At+t)

v

Oldl 58 (Kbl Dul = (Oldl 4 8959 Dul)—( O 31 9 55 D) + (Oldl 510 18 wdgi Dud)

taew s Olall Ggo0 LA e cesa Glsa sas S

£ ..A:\.‘JS B el A UL°J J;b 3. MA.RA.AxAyAz

Semnan University , Faculty of Chemical, Gas and Petroleum Fngineering, A.Haghighi



A Sullods — — AxAyAz =
-l u e Y Y P

m= N .A.Mw —

Xgr osgysods s N Ay Az M |
X gz 5 ps Ol (NAX)x+AxAy'AZ'MA
Yoz 2o es 8 N Ax Az M |
Y S 53 o Sl (N, ), AxAzM

ZQ@%)JJ)J}QM: NAZ .Ax.Ay.MA

Zlgr praF Xt (N ), ACAY.M

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



((Wef DUl = z 95 DUl - 399 Dub + Sl Oul )
el LIS s Lol dulas Hu ), sad i g sla Siel,L S

MA {[(NAX)X+AX o (NAX)]Ay'AZ T [(NAy)y+Ay o (NAy )]AX.AZ + [(NAZ)Z+AZ o (NAZ)]Ax'Ay}

0
+ AxAyAz 6’30 L= M R AxAyAz

4 AZ 3AY JAX S Ao 6l 15 0Tt 03,8 onis AXAY. AZ 15 G5 dole )
1Bl et 5 Sy o o 53 e o WS e i e

ON, ON, ON, 0O
ANy W Ay pA:MARA

**MA(
o  dy & o0

(b5 08 B Gl o eer

ON.. ON, 6N. O
A S e W o

M_R
S oy ez e T

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A.Haghighi



oM N, +MN)x oM N, +MN,)y oM N, +M\N,)z dp
ox oy oz 00

1 9

M R =-M,R
P, Py =p
MANszupr+MAJAx

B

:u\iTu.o@mu\{ﬂ}c\b{b}‘jobﬁLQXQ.@.?-JJGAJ?L«.»)I.AC,&JMUX\q;l.j"):
pux = qupA +u3xp3 - MANAx+MBNBx

el b
0 0 ou op
—(M N +M N = —(pu )= ~+(u ) —
7 (ML, Vo) = oo (pu)=p——=+ (u) =

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A . Haghighi



sk e

SMN+MN) - Y wHP
oy g 0 ¥ oy

0 ou

a—(MANﬁMBNB)Z —(pu) p——(u )

Z 0z

4D )3 9
ou

p(au"+ y+au2)+u 8_p+u 8_p+u 8p+8p_0

Al A3l b e 0315 07 S Al 3. lenl slge IS (5l (S gy dslan G dslas
I3k
Ou ou,  du

L 4 + =~ =0
0 X 0y 0z

Semnan University , Faculty of Chemiical, Gas and Petroleum Engineering, A Haghighi



M, N, =up+M,.J, b5 Olg o A SKawsw dslas oL (gl

ON . ﬁpA ou, oJ op, ou o°C
A x A MA — Hx - A AR 2
ox ox ox ox ox ox ox”

Wb ol oS o Kol T Walae 3 1y sl ol ST

L, P GpAW%wA Qu/ﬁu) MD (6(;’ o°C, 6(;’ GPA:MARA
“x ‘o & Gx)@v a &' & 00
0
é.t.n.u‘g:s;td.ldb.o
Py_ 2 2 2
M, 4 oC oC oC, oC, 0C, 8C 8C

U —++u —*+u +—2=D ( )+R,

PRI NPT

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



AL S S pled STy 5 AL Jhe plp Lo e oS ool DI o

Caip, 5 2 "o Ve,
00 0x 0y 0z

Sy sl OVl Lanys sy 0 L5 4 Sl s S Jsl 550 55 | ST dsles oyl
| ol J.‘Gﬂ.a QY\:MJQ CJ>- JLS.:»\ wbw

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A.Haghighi



Re ctangular :
§CA+ §N1r+§NA}.+§NAZ R
ot ox oy Oz
Cylindrical -
oC 1 o 1N N
Ty —i(rNﬂr)Jr—g ae 4 ¢
ot r or r 00 o
Spherical :
1 2, 1 2 )
L2 N O
oc, o Or rsin @ 66
v 1 ON
4 . C
T Wasing) + —— 4
. rsin@ o0

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering,

A.Haghighi



g Jo5) g0 3oty yile cull b 5o SKowguy Y lro Lo

:’00 : ‘O
Rectangular :
- - - -
cC « 0C « 0C - 0C
,,A+"’x q"+11 q“‘+1«'£_ q“‘ =R,
ot ox % oz

2 2 2
A Cs cf?’ Cs 2°Cu

-I—DAB( — +—— )

ox’ :::_}-" oz

Cvylindrical :

cC . 0C .12C . 0C
—2 |y, —2 4y, ——2L v —=£ =R,
ct cr r o6 ez

178 . 8C:i. 13°C: &°Cu
+Dig——(r—)+ 55— +—]
ror OF e oz

Spherical .

C?CA * IfECA * ]. {?CA * ]. {?CA ]. C? 2 C?Cﬁ
- eV v, — . =R, +DAE[—2 . (r - )
ct el a r o6 rsingd o@ reor cr

1 1 AC

+ (511‘119 ’4)+ —

risind 56 o6 ’sin® 8 A@*

Semnan University , Faculty of Chemical, Gas and Petroleum FEngineering, A Haghighi



10 g0 00 liw! alizro Wlaizro jo (0,2 HLb glgl gl oyled o0

N, :JA,H +xA(NA,H +NB,H)

3

Or:N,,=x,(N,,+N,,)—CDus ?;*

Also:
NA,:" = JA,?‘ +xA (NA,r +NB,?')
OX

or

Or:N,,=x,(N,,+N,,)—CDas»

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



$955 Tk il ko JU!

A oolo Sy w2 o0 Wygo py> JUG! o b (6935 5 ot U WSS (249
WO 0 D9l Ogwr 0 (28 (Ylw 095 &5 B 35 50 wwele maws Sy 51 g
109 dlgs y 5 S 4y (STg Gle o) adgl dolro g (5530 byl

(@r=r, >x, =xA,FS)&(@r=rQ X, =X,;)

Spherical:
ﬁSJCA " 1!': (ECA +v;lﬁ?CA —|—1!I'; ]. ﬁ?CA :RA —|—DA [izi(rz 6?(:4)
ot cr ¥ ol rsind @ For cF
1 é .. .¢6cC 1 écC
+ —(sin@—2) + =
risin@ é’ﬁ( ol ) risin® @ AD* ]

. 1 2,
Giw oolw g adllewo 1 oS> byl s Jlosl 5l s (—zé‘—(F'NA_F) =0
r r -

2 0 Ree? 5y 3 _
PENA_F=CGHSIHHI=?‘$ Nr‘“'s O;Gb.w)‘ PRJLM‘UM_NAJS

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A.Haghighi



1] g 50 (3l by WS o0 Sgi5 395 B 315 0590 ol yo a5 LxiT

ox,

NA,r: A(NA,r)_CDAB 7

RS TE PRPOWe Iy WS LIV KV) RN V) BT E T (T PV
Sgod Jawi gole

dx
NA,;«- = xA(NA,r) —CD,p 4
dr

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



o010 SYoleo jo (6,105 g adayly (| Sl b

dx,

dar

N, (x,-1)=CDus

_ D,y dx,
Tox, -1 dr
rZNA?,:CDAB dxArz

©ox, -1 dr
CD,, dx, ,

r :NAr
x,—1 dr 7

N,

I

Semnan University , Faculty of Chemiical, Gas and Petroleum Engineering,

A Haghighi



ot 50 1S Wolso ¢l 51 g3 olen pgo yb (y093 Culi & drgi

N, .,
SUPPOSE .- ———=k
C AB
dx, kdr
x, -1 7
—dx, kdr
l1—x, r
1[1(1—1"{)——&4—(7
r
ln(xB)——EJrc
r
In(x, )= K +c
, ?”5
ln( )——E k
B‘: r rs

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



090 ISl 35 090 (550 b b §g9 abaily y0 )5

_ 4 — xB.s _ 4 — xB,s
r I"S I"b FS
1 1
L1 L1
]_]1( XB ) Forg =]Jl(x3,b) Iy, Tg
xB,s XB,S
11
ror
1
(Z2)= ()
xB,.s xB,.s

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A.Haghighi



9 L3550 JeSge 3585 o o nl S (gouxe Laily,

el kil y (! 3l S Chapman-Enskog galsleo

1 1
T’ +
\/ (MA MB)

Pr s

AB

D =0.0018583 28

Cm7 o> 3 Jedo dghi o pi= D
s
el 4250 con p Lo =T

’M “T W’ )'f )L&.é =P



2995 9 ol )0 Jego gulam i &, =8 £,
A,B sl 2y sbell L M cos

r +r

AB Jesdg0 0as 5418 7, = >

U ©)ygo d (gumy S 5o &5 Cnl )95 m 2l g
Gl 00 451, k% 5




1.4 Ii T 0.5
\ ]

1.2 Y

1.0 0.4
- -
STy Sy M
M .

06 0.3

04

0.2 1 0.2

01 02 0406 10 2 4 6 10 20 40 60 100 200 400 1000

SLe 3585 15 5,55 5 ) IS



o 41,1 5 Alaly Sl 10 JeSIgn 39k i pd (aeS Cul>
JUIIN]
_? (lPBMB)D.ST
#VBD.ﬁ

D, — moleculardiffusivity,cm” / s

D,, =0.74%10

Y, — association parameter forB

2.6 for water
=1 1.9for methanol

1 for non — polars

.

V, — molar volume of A,cm’ / gmole



20 9Kl Sl yo p o Sl
oy b >

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



9L s oo L ana JEBI Qluly alenw ¢ aulad 358 Sia 99 1) aos JED st S
aal o el Dpg

N, =J 4 +XAZNZ

oC C
JAZ:_DAB aZA & .?CA:C*j & ZNZ:NAZ—I_NBZ

oC, C,
j NAZ:_DAB +C(NAZ+NBZ) j

0z

C dC

NAZ_?A(NAZ-I_NBZ):_DAB dZA j

Semnan University , Faculty of Chemical, Gas and Petroleum Fngineering, A.Haghighi



dx :lln[a+bx]+c

J_CAi dC, :J'Z;_Dﬁ a+bx b

—

4 NAZ_iA(NAZ_FNBZ) 4B
C
C
/ Inf|N -——4AWN _+N ) AzzlL(z ~-7Z) :>
N + N A C AZ BZ 2 |
AZ BZ CA1 AB
CA2
. | C*D . N, - c (N, +N,, ) :>
N + N Z_ -7 C
AZ BZ 2 4,
Nz =0 Wz Vg
) . ¢
AZ _ 2
! C * D (N + N ) C
| = . AB 1, AZ BZ .
N + N VA - Z
AZ BZ 2 1 N A
AZ _ 1 >
_(NAZ +NBZ ) ¢ i

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



; |y aday) y oy
— ;J;NAZJJJ ) ok —

C

Nyz 4

v - Naz  CDup |V yzptNpy) €
AZ N ., +N,, Z~,-Z C
AZ TUBZ  “27 71 N 4
_(NAZ+NBZ) C |

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A.Haghighi



23 el ) Sy gean () 5 oo Sladle 5 L& (5 ) a s JW) S adayl

;\.&»j\gg\ﬁ

?_?_y, A pT RT
_ P

N A

AZ 2

NAZ >l<DAB (NA +NBZ) F

= , 1
j AZ N + N RT(Z2 —Zl) ! P

AZ 1

(N + N _ ) P
| BZ i

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A . Haghighi



- Gilaala L,S\)-.’

C

P
M

_ N )
N D_*(£) N aN )
j N _ AZ . ) M ]Il AZ BZ
e N_+N_ Z -7 N .
(N_+N,)

Semnan University , Faculty of Chemiical, Gas and Petroleum Engineering, A Haghighi



Ly ge ol 53 S Npy=0 w ¢ 23S (0 358 B Sl e ja gl J1 A 60 SV Gl )0

N, =0 = Ny =1
o NAZ_I_BJ/BZ
0

L_w\de.uz\j;um

1—CA2

_C=*=D C

N , = ~ In CA
1_ 1
B C

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



_ P*DAB In l_yAz
“ RT(Z,-Z) |1-y,

- Gilaala L,S\)-.’

P
DAB* a
1 — x
N, = ZM “ln | S
— X

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A.Haghighi



D Gl g OB e OB (5] Gainaa

P =P +P
—>p +P, =P +pP =P -P =P -P=
})t:PA2+PB 1 1 2 2
PBz _PBl _ PBM @ ¢ CA :PA
In PBz C P
PB1
1 - ot
P * D P
: ” — t AB ln Pt
RT (z, - z,) [ T
| Pt _

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering,

P

A

- P
1 47

P

B

- P
2 By

=1®

A.Haghighi



N B P*D " Pt—PA2
: AZ RT (z, - z,) P - P

t A
N = P D, In Do @
— “ " RT (z,-z,) P, —
1
I*N _ Pt*DAB lnPBz*PAl_PAz @
— “ RT (z, - z,) p, P, -P, —
P*D
— NAZ — : i~ ( 4 _PA )
RTZ *P,_~ "

Semnan University , Faculty of Chemical, Gas and Petroleum FEngineering, A Haghighi



tB e U500 A e detiArdagr pe i g

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



3 IS dslee 51 s N{=-Np Sl ol 30558 oo sdalie b Slles s |81 Sl

3 ga 03Lil O 5 _gal

NAZ :JAZ +
N =-D dCA N
4z~ B dz +xA( A+NB)
d D
NAZ:_DAB dCZA >NAZ:R;; (pAl_pAz)

_Dy,p P _Pay_ D,,-p

AZ RTZ p p R (yAl _yAz)

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A.Haghighi



AZ Z

A
— Psles (Jpo DAL line 3585 4 b g jels pod
4—
PAl 5 PBz
PA2
P31
7 dob

Semnan University , Faculty of Chemical, Gas and Petroleum Engineering, A. Haghighi



Mass Transfer:
Diffusion
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Fick’s First Law

Fluxes
J — —D dC A Flux relative to the volume
v Az AB dz average velocity

dx ,

——CD «— Flux relative to the molar

M JAZ C AB dz average velocity
J _=—pD da)A ) Flux relative to the mass

mY 4z = ~ P yp dz ) average velocity
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Mass and molar concentrations

Py = mass concentration of species o

p = Zp =mass density of solution

= p / = mass fraction of species o

¢, = molar concentration of species o
N
=> ¢, =molar density of solution

=]

C : :
X, = % = molar fraction of species o

a
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Fick’s First Law

Volume average

Mass average Molar average .
velocity velocity velocity
n
Z PV, Z Vi n o
; _ =l v,
v .. = =1 Vu = —, VVZZ ,Ol.Vl.( )

> p. 2. € . v

v; =velocity of the ith species wrt a stationary coordinate
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Mass average and molar averages velocity

» Mass average velocity

N N
2P.V. 2PV. g
v_azl :azl

N
p a=l
Pa

* Molar average velocity

N

N
anva anva N

v ==l -2 =) X,V

C
=1

a
d
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Molecular mass and molar fluxes

* Molecular mass flux. with respect to
— stationary axes

n(l = pava

— mass average velocity

Jo =P (Ve =V)

— molar average velocity
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Molecular mass and molar fluxes

* Molecular molar flux. with respect to
— stationary axes

N =c v

o o o

— mass average velocity

— molar average velocity
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Summary of mass and molar fluxes

* Equivalent forms of Fick’s law of binary diffusion

Ja =—PDygVoy,
Ty =—cD VX,
n, =0,(n, +10g)-pD,gVo, =p,v-pD,gVo,

N, =x,(N, +Ng)-cD,;Vx, = cﬁva —cD,gVx,
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Maxwell-Stefan equations for Multicomponent diffusion
in gases at low pressure

* Maxwell-Stefan equations

Nox,X LI
% D,s : %CDAE : g
0=123....N
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Flux relative to a stationary
coordinate, N,

For a binary system:

N ,=,,J ,+x,(N +Ny)

dx
A
/ \ dZ \
Total flux of A ]
relative to a Diffusion flux of A Convective flux of
stationary point relative to the A relative to a
moving fluid stationary point
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Definition of transfer coefficients in one
phase. Some examples

» Mass transfer across a plane boundary. drying of a
saturated slab

Stream of gas B

.
r o

Vapor A moving
) / into gas stream

Interface ‘TH+++++++++++*
 Slabwet with liquid 4

o
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Diffusion Cases

Unimolar diffusion (Diffusion of A through stagnant , non-
diffusing B)

Gas B (stagnant, non-diffusin@;=

0
N
2 Az Xp2
Zy E Xa1
Liquid
A
CD T XA
_ AB
N, = In :
AZ 1 - xAl
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Diffusion Cases

Equimolar counter diffusion

Gas B
NA
Zy A\ . Xpo
Zq SE Xa1 NA — -NB
kiquid Dag = Dga
CD CD,,
Ny == ) Ny = P, =)
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Diffusion Cases
Steady-state diffusion

N, - N; = O
NA
_xAz
N _CDAB N, 1nNA+NB
4 Az N.+N N
A B A — X
N,+N,
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Diffusion IN Gases

Case I: Unimolar diffusion

D — X
NA—C AB 11’1 4,
Az I-x,
But C =
P;:/RT
P.D l—x
NA: T—AB 1114 4,
RTAz  1-x,
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Diffusion IN Gases

Case II: Equimolar counter diffusion

CD
NA:_ AZAB (xAz_xA1)
But C =
P;:/RT
PTDAB

N =T R TA (ks =x,)
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Diffusion Coefficients of A IN Gas (B)

. Experimental diffusivity data
Table 6.2-1 (Geankoplis)

Il. Prediction using correlation

Correction of D,g D ABP . D ABP

T'1.75 nl.75

I
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Diffusion Coefficients of A IN Gas (B)
Fuller-Schettler-Giddings

Correlation o
O.OOIT”SK 1 + 1 j

M, M

AT ) ]

>v, = sum of structural volume increments (Table
6.2-2)

M,, M; = molecular weights of A and B
D, [=] cm?/s
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ot Dittusivities

* For gas mixtures at low pressure (kinetic theory)

b
pD T
1/3 5.1"1?B 173 = a( )
(pcApcB) (TCATCB) (I/MA + I/MB) “JTCATCB

* Diffusivities
— are inversely proportional to the pressure
— increases with increasing temperature
— almost independent of composition
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Theory of diffusion in gases at low density

» Self diffusivi
ty D,.. - 2 \/n‘m‘?KTl
‘ 3t md, p

* For binary mixtures

2 kT 1( 1 1 ] 1 1
DAB - | — = e . = —
3V \2lm, mg) nl0.5(d, +dg)] n
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Chapman-Enskog
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Homework

1.Evaluate the diffusion coefficient of CO, in air at
20 °C and atmospheric pressure. Compare the
value with the reported experimental data.

2.An open circular tank 8 m in diameter contains
benzene at 22°C exposed to the atmosphere in
such a manner that the liquid is covered with
stagnant air film estimated to be 5 mm thick.
The concentration of benzene beyond the
stagnant film is negligible. The vapor pressure
of benzene at 22 °C is 100 mmHg. How much
benzene is lost from this tank per day?
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Diffusion in Liquids
Case I: Unimolar diffusion

Case II: Equimolar counter diffusion

N =— CAVDAB .
4= A Xy, — Xy
P, P
where _| P M, M,
CAV o M o 2
AV
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Diffusion Coefficients of A in Liquids
. Experimental diffusivity data

Table 6.3-1 (Geankoplis)

Il. Prediction using correlation

Correction of D,z

Dusu Du
T T
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Diffusion Coefficients of A in Liquids

Wilke-Chang Correlation

T
2 BV/? ©

D, =1.173x10"%(p M ,)"*

¢ = association parameter
M; = molecular weights of solvent B
Dae [=]1 m?/s

V, = solute molar volume at the boiling point
(Table 6.3-2)

ug = viscosity of B [=] Pa-s or kg/m-s
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Diffusion in Solids

Case I: Fickian Diffusion

(No network f pore openings is present for the solid to
travel)

Assumption: bulk flow term is small

General equation for gas/liquid diffusing in
solid
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Diffusion in Solids

For Gases in Solids:

> solute at STP(0°C & 1 atm) .
CA—Sm &latm)*PA( L kgmole A

" m’ solid - atm partial Pof A 22.414 m’ soluteat STP

S*P, kgmole A _ S*P, gmole A
Ci =14 m sol Ca= 3 soli
. m- solid 22.414 cm” solid
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Diffusion in Solids

For Gases in Solids:

D,,S
N,=-———22__(P,-P
A 22414‘ (AZ Al)

In terms of permeability : Py =D,z S

P,
N, = P.—P
Y 414AZ( 2~ Fa)
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Diffusion in Solids

Case II: Non-Fickian Diffusion

(Porous solids that have pores or interconnected voids in the
solid)

General equation for gas/liquid diffusing in
solid

_8D

NA — TAAZB (CAz _CAI)

1 = tortuosity (actual path length)

¢ = porosity (open void fraction)

DAeff - £ DAB / T [=] m2/S
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Diffusion in Solids

Case III: Knudsen Diffusion

(Diffusion in small pores , mean free path,A, > diameter)

A= average distance traveled by 2 molecules before collision

P 32u | RT
P \2zM
Knud
ns::‘lbseerl:1 N Kn = i_
2]’\Average pore

radius
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Diffusion in Solids

1
Case 1: N, < 100 Fickian (Fick’s Law)
Case 2: N, =10 Knudsen diffusion

1/2
- T
Knudsen — Dy, :97.OF(M—j
4

diffusivity

dz
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Diffusion in Solids

Case 3: L< N, <10 Transition region (both
Fickian and100 " Knudsen)
D
l—a x,,+—2
DABPT DKA
N, = T AL In 5
¢ l—a x, +—*°
D
KA
N
where o4 =144
NB
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Example :

Calculate the binary diffusion coefficients of water vapor in air at
298.15 K and

1 atm. Solution

The following parameters are given in standard references:

Air: M, = 28.97, 645, = 3.62 A, (£4;,/k) =97 K

Water vapor: M,,... = 18.02, ¢ ,,..., = 2.65 A, (£,.../K) = 356 K
Tap = (3.624+ 2.65)/2 = 3.14

cap/k = /(97)(356) = 185.8

T# = (298.15)/(185.8) = 1.604

1.858 x 1077 T¥2(1/My + 1/Mp)"/? 2 -1
Dap = 2 [m”s™]
(P/101325) 02, Q (T}h)

TAR =(0'A+G'B)/2

k/ear = /(k/ea)(k/eB)
T, =kT/eap
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1.858 x 1077(298.15)"",/1/(28.97) + 1/(18.02)

—=250x% 10 °m?s!
(101325/101325)(3.14)%(1.167)

Dap =

Mass Transfer Coefficients

(Rate of mass transfer) = (Mass transfer coefficient)(Concentration driving force)
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