17A.6 Diffusivity and Schmidt number for chlorine-air mixtures.

(a) We begin by tabulating molecular parameters for chlorine and air from

Table E.1, and estimating the binary parameters c4p and € 4p/K from Eqs. 17.3-
14 and 15:

Species M, g/g-mol o, A e/k, K
A: Cl, 70.91 4.115 357.
B: Air 28.97 3.617 97.0
AB: 3.866 186.1

Equation 17.3-12 and Table E.2 then give the following prediction of Dyp for
chlorine-air mixtures at T = 75°F = 23.89°C = 297.04 K:

1 1 1
Dap = 0.00185834 /T3 + )
AB \/ (MA Mp ) po% zQp 4B

1 1 1
= 0.001 .04)3
8583\/(297 04) ( 57 T 70‘91) (1)(3.866)2(1.169)

= 0.120 cm?/s

(b) Equation 17.2-1 needs the following values from Table E.1:

Component M, g/g-mol T, K De, atm
A: Cl, 70.91 417. 76.1
B: Air 28.97 - 132. 36.4

The nonpolar version of Eq. 17.2-1 then gives the prediction

Dap = 2.745 x 1074 ( 297.04 )1.823

VATT. % 132.
- (76.1 x 36.4)1/3(417. x 132.)°/1%(1/70.91 + 1/28.97)*/%/1 atm
= 0.123 cm?/s

(c) The result of (a), and the ideal gas expression for ¢, give

cDap = %DAB =4.92x107° g-mol/cm-s

With this prediction of ¢D4p and the viscosity predictions of Problem 1A .4,
the Schmidt number can be calculated as .

Sc = H _ © — 4
pDap  McDap (zaMs+ xpMp)cDap

in accordance with Eqs. G and L of Table 17.7-1. Results are as follows:

77



za, 0.00 0.25 0.50 0.75 1.00

g, g/cm-s  0.000183  0.000164  0.000150  0.000139  0.000131
M, g/g-mol 28.97 39.455 49.94 60.425 70.91

Sc 1.28 0.84 0.61 0.47 0.375

We see that the Schmidt number depends strongly on the composition when

M4 and Mp differ greatly. This fact is also illustrated in Table 17.3-1 and in
Problem 17A.4.



18A.2 Sublimation of small iodine spheres in still air.

(a) From Table E.1 and Egs. 17.3-14,15, we get the following values for the
system I,-air:

c

Species M o, A e/k, K
A: 1, 253.81 4.982 550.

B: air 28.97 3.617 97.0
AB 4.2995 231.0

Thus, at T = 40°C = 313.15K, we get the argument value
kT /eap = 313.15/231.0 = 1.356,

at which Table E.2 gives 0p 4p = 1.251. Equation 17.3-12 then gives

1 1 1
D = 0.0018583,4 /13
AB \/ (MA + MB)p02QD,AB

1 1 1
= 0.0018 13.15)3
0 583\/(3 3.15) (253.81 + 28.97)(747/760)(4‘2995)2(1.251)

= 0.0888 cm?/s

(b) Equation 18.2-27, with ry — oo, gives

1—
Wa =4rricDapln ( 33A2)
l—z4

= 47‘(’;‘1 pDAB 11’1 ( P )
RT P —DAyvap

(747/760 atm)(0.0888 cm?/s) In ( 747 )
(82.06 x 313.15 cm®atm/g-mol) 747 —1.03

= 2.95 x 10™® g-mol/s x 3600 s/hr
= 1.06 x 10™* g-mol/hr

= 47(0.5 cm)
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18B.5 Absorption of chlorine by cyclohexene
a. For a second-order reaction, Eq. 18.4-4 has to be replaced

by
2
~0,, -"-l—ff‘- +kJE2 =0

with the same boundary conditions as before. Introduce the
dimensionless variables ' =c, /¢4, and {=+/k3 4, / 60 45z. Then the
differential equation becomes

2
d_!;_m:o
14

with boundary conditions I'(0)=1 and I'(<)=0. We now let
dr/d{ =p(T), so that d°T/d{* =dp/d{ =(dp/dT)(dT/d{)=p(dp/dT).
Then we obtain a differential equation that is first order and

separable
dp 2
—=6I
Ty

This may be inegrated, and we use the boundary condition that at
{ =o0, I'=0 and also that dI'/d{=p(T") =0:

'[5 pdp = .[5 6I'2dr

from which

p® =2r? or ar_ +212

g

Here we must choose the minus sign, since the slope of the
concentration vs. distance curve is negative. Then using the first

boundary condition, we can integrate this equation to get:

N

. ¢ _
j1r3/2dr=—j0d¢ or TI'=(1+¢)°
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Hence the final expression for the concentration profile is

2
Ca0 _| 14 Ko z
Cy 6D 45

b. From the result of (a) we get the absorption rate at the
liquid gas interface:

de ET IR
NAzL=o = "BAB‘ﬁ = %kzé?i“@AB
’ z=0
¢. The equation to be solved is
d’c dp _ flca)
—0 2+ =0 =
AB dz2 f(cA) or p dCA DAB

where we have introduced the variable p as before. The resulting
equation is integrated, as before, to give

P 7— 1 c _ _ dC' 2 c — —
.[opdp - O, J.oAf(CA Me 4 or p= —dzA = _\/‘DAB .‘.oAf(cA )de s

A second integration yields

(9 dEA _ 1 _
— = —fodz ==2

(2 401 (T )

Then we differentiate both sides with respect to z to get

! 4Ch _ 4 and dcy
(27 )] (e, )dc, 42 dz

= _\/(2/"(9/13 )j;AOf(CA )dc,

z=0

This together with N ,,| - =- ;(dc, /dz)|z=0 gives Eq. 18B.5-2.
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18B.7 Diffusion from a suspended droplet

a. A mass balance on A over a spherical shell of thickness Ar
is (in molar units)

—4n(r+Ar)’-N,| =0

r+Ar

4m2'NArr

or, equivalently

(47r°Ny, )|,

—(47ZT NAr)'

r+Ar

Now divide by 47Ar and take the limit as Ar goes to zero to get
d .o
—(r°N,,)=0

This may be integrated to give r°N ,, = C,. We may use the boundary
condition that N,, =N,,, at r=r; (the gas liquid 1nterface) to
evaluate the constant and obtain r’N,, =N, ,.

b . Equation 18.0-1, written for the radial component in
spherical coordinates, is

dx
N, = _C‘DAB#*"‘A(NM +NBr)

If gas B is not moving, then N, may be set equal to zero and the
equation may be solved for the molar flux of A:

cDyp dxa

N, =-

r

Multiplying by r* and using the result obtained in (a), we get Eq.
19B.7-1:

2 _
rlNA’I—_l—x dr
A

¢. Equation 19B.7-1 can be rearranged to give
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dx ,

2 dr _
11N g 727 —cD 4

Integration then gives

1
rlzNArl(_ ;)

or

T2

= —cd 5[~ In(1-x, )]

XA2

XA1
r

1 1
rlzNArl(;— - —) =+cd 45 [h1(1~ X4, )—In(1- xAl)]

1 I

This may be rearranged to give

¥y —71 X
rlzNArl( 4 1)=C‘DABln_BZ
rr, X1

or, when solved for the molar flux of A

When r, — o (and presumably also x,, — 0), this last result gives

N, = cd 45 In 1
r XB1
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