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DATA 

Run 4 Diameter of Tube 13mm. 

Temperature 25.4°C Material - Benzene 

Diffusion Length S.25 inches 

Flow rate 
(oc/s) 

Percent 
Trans. 

Opt. 
Density 

Flow rate 14t. Absorption k  
(0c/013 % Bata(es xion 

3.34 50.1 0.3002 1.49 0.0158 5.27 

2.87 47.2 0.3260 1.42 0.01715 4.92 

2,40 42.4 0.3726 1.34 0.0196 4.70 

1.92 35.5 044498 1424 0402365 4454 

1.67 33.6 0,4737 1,19 0.02490 4.15 



DATA 

Run 5 Diameter of Tube 2043mm. 

Temperature 2544°C Material. Benzene 

Diffusion Length 5.50 inches 

Flow rate 
(cas) 

Percent 
Trans, 

Opt. 
Density 

Plow rate Wt. 
(se/sY6 % 

Absorption 1, 
Rate(gisx10-1 

6.50 57.5 0.2403 %.87 0.01267 8.22 

5.92 55.8 0.2534 1.11 041333 7.89 

5.23 52.7 0.2782 1.74 001455 7.60 
4.70 50.5 0.2967 1067 0.01562 7.35 
4.08 47.9 0.3197 1.60 0.01685 6.86 



Run 1 Diameter of Tube 13mm. 

Temperature 25.4°C Material - Toluene 

Diffusion Length 5.10 inches 

'low rate 
(cc/s ) 

Percent 
Trans. 

Opt. 
Density 

Flow rate 
(co/eY6  

Wt. 
% 

Absorption h.  
Hate(g/sx10-7) 

* 
4.17 79.6 04991 1.62 000406 1.69 1.67 
3.72 79.0 00024 1.55 0.00420 1.56 1.54 
3.28 76.6 0.1158 1.49 0.00474 1.54. 1.52 
2.84 75.8 0.1203 1.42 0.00494 1.40 1.38 
2.38 71.2 0.1475 1,34 0.00605 1.44 1.42 

1.90 68.0 0.1675 1.24 0.00686 1.31 1.29 

1.50 65.1 0.1864 1.15 0.00764 1.14 1.13 

* Corrected to a diffusion length of 5.00 inches. 



Run 2 Diameter o Tube 13mm. 

Temperature 25.4°C - Toluene 

Diffusion Length 5.00 inches 

Flow rate 
(*cis) 

Percent 
Trans. 

Opt, 
Density 

Flow rate 
(cc/s Y/3  

Vt. 
% 

kbsorption 4 
Bate(g/sx10 ) 

4„oo 78.3 0,1062 1,59 0,o0435 1 74 

3.00 76.8 0,1146 1.44 0.00470 1,41 

2.72 75.0 0.1249 1,40 0.00512 1.40 

2,37 72,9 0.1373 1.33 000564 1.34 

1.95 70.1 0.1543 1.25 000633 1.23 

1.67 65.3 0.1851 1.19 0.00761 1.26 

1.38 65.0 0.1871 1.11 040969 1.06 

1.03 59.8 G.2233 1.01 000915 046 









CONCLUSION  

Agreement between theory and results was excellent. 

The reproducibility was excellent, as in the case of the 

system benzene-water which vas used to velidate the 

equation derived in this thesis, Five runs at different radii 

and diffusion lengths pro-laced agreement to within three 

percent. The exponents of the radius and lenrth terms 

were validated by these results. The engineering empirical 

relation of Othmer-Thaker agreed to within eight percent 

while the Wilke-Chang eNpression was sixteen percent off. 

The coepaxieon of the value of this work end that of Rat-

cliff aad Reid le not as definite. Their published value 

of 1.09 enz/s is fifteen percent greater then in 

this work. But this eomparison iu esnpliceted because of 

the eck of any date given be these authors fcr the sata-

ration concentration of benzene et twenty 71,ve degrees 

centi(reee. In the authors equation and in the equation 

of Rateliff and Reid (see appeeelx) the saturation con-

centreticn eleys e bie role in leterminine the value of 

the difrusior eeef.ricieet. A valve for the eeturaten een 

centratien of seven percent lower than the value used in 

this thesis would eroduce the result of Ratcliff and Refl. 

The ancortainty or the solubility ,'.tats is shown b7:.  the 

fact that Dohon and Cleuseen(2) show a value for the eatura-

tion concentration of toluene uhtch is reTneteen percent 

hieher than that round la the 3itprntnro provirs to their 



work. Jo it seems that an accurate determination of the 

diffusivity of a particular compound by steady state meth. 

ods depends to a great extent on the accuracy of the soluu 

bility data. This plus the errors inherent in the experi-

ment itself account for the discrepancy between the two 

values. 

The two methods then provide a moans of determining 

the diffusion coefficients of immisciblv liquids. The 

easy way in which data can be taken once the equipment 

is assembled makes the method useful for rapid determina-

tion of diffusion coefficients. The only drawbacks being 

in the requirement that the two liquids be immiscible and 

accurate data on the solubility be available. 



COMPARISON DIFFUSION COEFFICIENTS  

Solute T°C Exp. Wilke .Chang 
Lovenguth Cale. %Dev. 

Othmer-Thaker 
Cale. %Dev. 

R&R.  

D x 105 em2/5  

Benzene 25.4 0.95 1.09 15 1.02 7 1.09 

Toluene 25.4 0.83 0.97 17 0.91 9 

* Rateliff & Reid . data at 25.00C 



TABLE OF NOMENCLATURE  

a = film thickness cm. 

C = saturation concentration of organic in 
water at given temperature gm/cm3  

C = concentration of organic in water gm/liter 

D = diffusivity cm2/sec 

Do = saturation optical density 

D = optical density of sample 

G = absorption rate gm/sec 

g = gravity constant 980cm/sec2 

k = extinction coefficient liters/gm. cm. 

1 = path length of transmission cell cm. 

L = height of transfer surface cm. 

Q = liquid flow rate cm3/sec 

R = outside radius of tube cm. 

/0,8 = density of benzene at given temperature gm/em3 

= viscosity of water at given temperature gm/cm.s. 

= shear force per unit area dyne/cm or gm/cm.s2 

subscripts denoting toluene and water, respectively 
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APPENDIX  

(8) 
Othmer-Thaker relation 

D12 = 14.0 x 10
.5 

uw 
 v0.6 

where 
uw  = viscosity of water at T1 centipoise 

V = molal volume of solute as obtained 
from LeBas values cm3/gmole 

D12 = diffusion coefficient at T , of 1 in dilute solution of 2 cm /sec. 

(8) 
Wilke—Chanz eXDre slid=  

D12 = 7.4 x i0-8 (2.6M) T 

u 0.6 l v 

where 
D12 = diffusion coefficient of solute 1 in dilute solution in solvent 2 at 

temperature T cm2/sec. 

M = molecular weight of solvent 

T = temperature OK 

u1 = viscosity of solution centipoise 

V = molal volume of solute at normal 
boiling point ce/gmole 

2.6 = "association" parameter of solvent 
2.6 for water, benzene 1.0, etc. 



Equation of Ratcliff & Reid  

A 
G = 4. 21 17-6.4"v  7°13)(7 [ 1/z 1 /3  % //3 * er L D/20  C 

where 

c-= 0.943 

P = 30416 

12,4) = density of water gm/cm3 

/0.8 = density of second fluid gm/cm3 

g = 980 cm/sec2 

-1,41 = viscosity of water (or solution) gm/cm.sec. 

R = radius of sphere cm. 

L = liquid flow rate cm3/sec 

am  = diffusion coefficient cm2/sec. 

C
* 
= equilibrium saturation concentration 

of organic in water at given temperature 
gm/cm,3. 



 
SOLUBILITY BENZENE AND 

TOLUENE WITH TEMPERATURE 

   FIGURE -B  


