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Caused by random microscopic movement of individual
molecules in gas/liquid/solid as a result of thermal motion.

Extremely slow.

Occurs in solids and fluids that are stagnant or in laminar
flow.

Mass transfer under turbulent-flow but across an interface
or near solid surface, the conditions near surface can be
assumed laminar. S

Mathematically described by Fick’s law:
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= Caused by random macroscopic fluid bulk motion
(dynamic characteristics). o

Orders of magnitude greater than molecular diffusion.

s transport of materials at the interface between

-gas) or at interface between a
solid, gas-solid).

= Involve
moving fluids (liquid
moving fluid and a solid surface (liquid-

Mathematically described in a manner analogous to

Newton's law : '
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"able 17.7-2 Notation for Velocities in Multicomponent Systems

lasic definitions:

‘a velocity of species a with respect to fixed coordinates

N
=23 @V, mass average velocity

er=1
N

SN XAV molar average velocity

=1
W= W diffusion velocity of species a with respect to the mass average

velocity v

A diffusion velocity of species a with respect to the molar average

velocity v*

\dditional relations:

'—V”=§:wa(vu—V’*) (F V"*V=ixa(va—‘
a—1
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;DLMJ

is the molar flux of component A in the z direction relative to
the molar-average velocity in kmol A/s.m? (fluxes of molecules)

—

Vol BN, Lz oBL A Ssldl &g 2
is the molecular diffusivity of the molecule A in B in m2/s
B A sy \ ; T
is the total concentration in kmol (A +B) /m3. i~
Ae3 O 555,
is the distance of diffusion in m
Ay Llusion | A
is mole fraction of A in the mixture of A and B
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Lennard-Jones
parameters
Molecular
Weight o /K Ref.
Substance M (A) K)
Light elements:
H, 2016 2915 38.0 a
He 4.003 2.576 10.2 a
Noble gases:
Ne 20.180 2.789 35.7 a
Ar 39.948 3432 1224 b
Kr 83.80 3.675 170.0 b
Xe 131.29 4.009 2347 b
Simple polyatomic gases:
Air 28.964' 3.617 970 a
N, 28.013 3.667 99.8 b
O, 31.999 3433 113. a
CcO 28.010 3.5% 110, n
CO, 44.010 3.99 190. a
NO 30.006 3.470 119. a
N,O 44012 3.879 20. a
SO, 64.065 4.026 363. c
F, 37.997 3.653 2.«
Cl, 70.905 4.115 357. a
Br, 159.808 4268 520. a
I 253.809 4982 550). a

Hydrocarbons:
CH,

CH=CH
CHQ*—'CHJ
Cji'!*
CH,C=CH
CH,CH=CH,
C;Ha

n—CH,,

n r:g H:o
Cyclohexane
Benzene

CH,Cl
CH,Cl,
CHCl,
ecl,
C,N,
Cos
S,
CCLF,

16.04
26.04
28.05
30.07
40.06
42.08
44.10
58.12

58.12
7215
7218
72.15
86,18
100.20
114.23
128.26
84.16
78.11

50.49
8493
119.38
153.82
52.034
60.076
76.143
120.9]1

3.780
4114
4.228
4.388
1.742
4.766
4,934
5.604

5.393
5.850
5.812
5.759
6264
6.663
7.035
7.463
6.143
5.443

4.151
4.748
5.389
5,947
4.761
4.130
4.483
5,116

BSL, p.864 for € #nd .

154,
212,
216,
232,
261.

273.

295,
326.
327.
312.
342
352.
361.
351.
313.
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v
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Table 2.8
Molecular and van der Waals Volumes of Some Liquids

Substance vu (A%) vw (A?)
Benzene 148.6 80.4
Cyclohexane 179.4 102.0
Ethylene glycol 92.4 60.8
Glycerol 121.3 88.5
Metharol 67.0 36.1
192 96.4

n-Pentine

Source: (Edward, 1970)
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TABLE 11-5 Diffusion Coefficients in Liquids at Infinite Dilution

Percemt error®

Experimental Wilke Tyn Hayduk
Din X 10°, and and aad
Solute A Solvent B T K cmils Ref ** Chang Calus Minhas Nakanishi
Acetone Chloroform 208 235 5 2 ) T =
Benzene 313 2.90 38 5.1 32 =11
= 251 10 13 =21 -2 —15
Eth 328 475 20 5 s = T
l 58 2.20 10 47 12 83 -29
= yicther 298 213 20 29 74 45 44
Methyl ethyl ketone 298 2.13 18 37 9.3 6.9 -11
Anline " Semens 298 2.09 4 28 -9.4 -10 -7.0
mul]Elcn-'rm:w"E 298 1.96 17 0.4 0.1 0.1 a1
o s 208 138 4 2% 0.6 0.8 -10
= : = 281 1.45 2 -8.8 -6.4 -6.0 24
i 298 2.09 20 =11 —6.9 =75 -3.5
333 3.45 -8.1 -42 -5.0 -0.7
meﬁmml 283 2.25 10 -18 -52 -1.0 -39
i 258 228 4 53 —42 —-42 13
RSPt 298 2.10 3 -27 -16 =11 -g_i
ketome 35 2 -2 -7.1 -89 :
Methyl ethyl 303 1 659 1 2.7 7 89 36
e g 281 1.19 22 -2.1 52 5.6 18
S 208 1.85 20 0.1 4.1 35 10
1.2 4-Trichlorobenzene 281 134 > " o B h
eyl chaoride 281 1.77 » 8.7 01 -0 12
Acetic Acid Acetone 288 292 2 35 3.2 3.2 ; %
f : 3 13 4.04 2 2.1 =37 ;
genzf’lc acid = i ._‘5‘ ?;; 2 37 =
ormic acid 208 377 4 56 5% 0.1 21
™ 7 3
el (
believe
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Percent error®
6 19 24 87 30 62
gt 16 56 31 -19
s 2 16 17 12 2
298 6 12 86 46 18
g 23 -17 8.1 -67 79
|? -18 .g.o —40 13
303 23 17 -02
g 7 34 0.6 20 1.3
o3 4 -9.0 -63 -11 -3,
5 9 22 9.7 14 30
. 9 9.8 10 14 15
_ 298 14 -39 ~3.0 28 -18
_ 298 4 24 12
Pyridine 303 1 -32 12 34 47
Witer 203 9 -1.0 -4 -9.1 3.3
Adipks scia o5 1:50 14 ¥ i3 67
prkap AR - ! 1 -30 11 13 -
e n-Butanol am 0.40 | i1 16 29 8.0
Butyric acid 298 1.00 14 -52 53 20 -23
p-Dichlorobenzene 303 05l 1 1.5 74 19 25
Methanol 298 082 14 -52 13 29 -22
ikl e 303 0.59 14 51 37 50 51
SR 303 0.25 I -84 26 4l —44
Pm ane g 5:;: 2 —65 —2‘;:2 -13 —;;
Water ; 14 § 26
Banzone n-Heptane 298 3.40 3 84 1.2 -1.2 13
mn 8,40 16 -5.0 -59 6.0
Acetic acid Ethyl acetate 293 218 21 69 12 85 21
Acclone 293 318 21 32 -6.8 -9.6 -15
5:!1 I;mm:m 293 1.85 21 9.0 16 13 -39
thyl ethyl ketone m ig 1 14 8.1 48 -5.4
Water 208 320 o . i i3 I
Methane Water 275 0.85 26 10 -36 0.0 14
_ 333 155 15 0.7 -26 19
Carbon dioxide 298 200 24 1.6 -
Propylenc 298 144 24 = — s g
Methanol 288 1.26 10 54 -87 - 5
L.i 125 : . ; ~54 -9.6
Ethanol 53 -16 -2 -87
Allyl alcohol 288 090 9 55 0.5 =3
Acetic acid 293 1.19 13 26 -50 e e
Ethyl acetate 203 100 13 -10 ' ' 2
Aniline 293 092 13 -25
Dncllhylumme 203 0.97 13 -86
Pyridine 288 0.58 9 49
Ethylbenzene 293 0.81 26 -89
Methylcylopentane 275 0.48 26 =25
293 0.85 -1.7
333 1.92 '
Vinyl chloride 208 134 8 ;
348 3.67 ]
ave. ubs. T dev, 17

* Percent error = [(cale. - exp.)/exp] x 100
Amourdam

** References: |,

and King (1964); 25, Wilke and Chang (1955); 26, Witherspoan and Bonoli (1969)

and Laddha (1967); 2, Bidlack and Anderson (1964); 3. Calus »
Chang and Wilke (1955); 5, Haluska and Colver (1971); 6, Hommand and Stokes (1955); 7, Mm:ig]};:‘
Hayduk and Laudie (1974); 9, Iat. Critical Tables (1926); 10, Johnson and Babb (1956): 11, Krieger. ct al. (1967); A
Lees and Sarram (1971); 13, Lewis (1955); 14, Lusis and Ratchiff (1971); 15, MeCall and Douglas (1959); 16, OI 3

(1961) 17, Rao and Bennett (1971); 18, Ratcliff and Lusis (1971); 19, Reddy and Dorai st S wiee
Hutchinson (1973); 21, Simraman, et al. (1963); 22. Stearn, ef al. (1940), 23, V; ID“' mﬂd‘mColvu (l9:?3}:".’.4_ - -
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