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For  research being ini t ia ted a t  t h e  University of Virginia 
on liquid-liquid extract ion i t  w a s  desired t o  determine the 
effect  of v i scos i ty  on t h e  efficiency of extraction. T h e  
problem a r o s e  of finding v i scous  sys t ems  for which da ta  
have  been  determined. Of a l l  t h e  ternary l iquid s y s t e m s  of 
pure components known to b e  reported i n  the  l i terature,  the 
only o n e  composed of v i scous  components  is furfural- 
docosane-diphenylhexane (5) and only furfural is commer- 
c i a l ly  available.  Most of t h e  da t a  reported on liquid-liquid 
extraction us ing  v i scous  l i qu ids  a r e  based  upon petroleum 
or vegetable  hydrocarbon mixtures which cannot  b e  exact ly  
dupl icated,  and i t  is difficult  t o  compare operating s y s t e m s  
and conditions.  

To conduct  research with v i scous  sys t ems ,  about 30 liq- 
uids  of high v i s c o s i t i e s  were t e s t ed  for mutual solubili ty.  
P o s s i b l e  ternary s y s t e m s  were noted and t e s t ed  to deter-  
mine whether t h e  region of immiscibil i ty w a s  great enough 
for liquid-liquid extraction. With t h i s  preliminary informa- 
tion, two systems-propylene glycol-tributyrin-di(methoxy- 
ethyl)  phthalate  a t  25  C .  and  diethylene dycol-di(2-ethyl- 
hexyl) phthalate4etrabromoethane a t  30 C.-were se- 
l ec t ed  and their  equilibria da t a  obtained. 
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METHODS OF INVESTIGATION 

To define liquid-liquid isothermal s y s t e m s  of pure com- 
ponents,  i t  is necessa ry  to  determine t h e  curve or curves of 
saturat ion compositions of mixtures of t h e  three components 
and the  equilibrium compositions,  represented by t h e  ex- 
t remit ies  of t h e  conjugation or t i e  l ines ,  a t  t he  specif ied 
temperature. All  d a t a  reported here  were a t  atmospheric 
pressure,  and pressure var ia t ions were neglected.  

Saturation Curve. In t h e  sys t ems  studied, t h e  saturat ion 
compositions were determined a s  follows: 

Mixtures of varying amounts  of t h e  solvent and  so lu t e  
were made, and t i trated to the  cloud point with the  carrier. 
Similarly, mixtures of varying amounts  of the carrier and 
so lu t e  were t i trated t o  the  cloud point (at  which the system 
clouds from the  l a s t  drop added and f a i l s  to  c lear  i n  2 0  
minutes) with t h e  solvent.  

Cylinders,  containing t h e  l iquids ,  were weighed a s  t h e  
components were added and the  weight per cen t  w a s  cal-  
culated a t  t he  cloud point. T h e  saturat ion curve w a s  ob- 
ta ined a t  T o  C.  by placing t h e  cyl inders  in a constant  t e m -  
perature  bath.  

T h e  refract ive index was  measured a t  t h e  cloud point by 
rais ing the  temperature seve ra l  deg rees  cent igrade t o  c lear  
up t h e  system. T h e  da ta  (Table  I) s e r v e  a s  t h e  b a s i s  for a 
s imple a n a l y s i s  of any p h a s e  known t o  be saturated.  

Substance 

Propylene glycol 

Diethylene glycol 

Tributyrin 

Source 
Fisher Scientific 

Union Carbide 

Table 1. Properties o f  Pure Materials 

Boiling Point Density (Lit.), 

185-6 1.040 a t  20°C. 

(Lit.), O c .  G. /MI. 

245 

Tennessee Eastman 315 

2 0  1.1184 - 
20 

1.0350 a t  2OoC. 

Di(methoxyethy1) phthalate Tennessee Eastman 340 1.170 a t  2OoC. 
and Union Carbide 

20 Di(2-ethylhexyl) phthalate Tennessee Eastman 230 at 5 mm. 0.986- 
20 Union Carbide 

20 
Tetrabromoethane Matheson, 151 at 54 mm 2.9642; 

Coleman & Bell 

Viscosity a 

Refractive Index Lit. Temp., Cps. 
35OC. (Abbe Refractomer) Cited "C. 

1.430 1 

1.4972 

1.4762 

1.6312 
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25 
37.8 
71.1 

310 
140 
65 
32 
19 

107 
60 
35.7 
23 
17 
24.2 
14.5 
10.1 
7.2 
5.3 

104 
53 
30 
17.7 

381 
81.4 
22.3 

9.27 
6.58 
3.27 

% o w e  of data 
Dow Chemical Co. Union Carbide Chemicals Co. Eastman Chemical Products 

Propylene glycol Diethylene glycol Diethylene glycol 
Tetrabmmoethane Di(2-ethy1hexyl)phthalate Tributyrin 

Di(methoxyethy1) phthalate 
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Table II. Saturation and Equilibrium Data on Viscous Systems 
Propylene Glycol-Tributyrin-Di(methoxyethy1) Phthda  te 

Saturation Data (25OC.) 
Diethylene Glycol-Tetrabromoethane-Di(2-ethylhexyl) Phthalate 

Saturation Data (3OOC.) (2 )  

Di(methoxyethy1) Di(2- ethylhexyl) Diethylene 
Propylene glycol, Tributyrin, phthalate, Refractive index phthalate, Tetrabromoethane, glycol, Refractive index 

wt. % w t %  wt. % (350 C.) wt. % wt. % wt. % (340 c. ) 
81.2 10.5 8.3 1.4320 0.6 0.0 99.4 1.441 1 
70.8 11.9 17.3 L 437 1 0.8 9.9 89.4 1. 4480 
62.2 11.7 26. I 1.4434 0.9 19.8 79.4 1.4565 

42.8 15.7 41.5 14534 1.2 39.5 59.3 1.476 1 
32.7 18.2 49.0 1.4589 1.7 50.7 47.6 1.4909 
24.7 21.0 54.3 1.4627 2.5 58.5 39.0 1.5036 
16.0 34.2 49.8 1.450 1 4.2 67.0 28.8 1.5190 
12.8 43.5 43.7 1. 4560 7.8 76.1 15.0 6 . .  

1 1 8  53.1 35.2 1.4505 19.4 77.6 3.0 1.5558 
9.2 63.3 27.5 I. 4460 24.4 73.2 2.4 1.5465 
8.7 73.8 17.5 1.4398 29.4 68.5 2. 1 1.5380 
6.3 84.5 9.2 1.4347 39.2 59.5 1.3 1.5248 
5.9 94.1 0.0 1.4293 48.4 50.6 1.0 1. 5 146 

54.4 44.5 1.0 1. 5086 
59.5 39.6 1.0 1.5042 
64.5 34.7 0.9 1. 5002 
69.1 29.6 1.3 1.4968 
79.0 19.8 1. 1 1.4905 
88.5 10.6 1.1 1.4854 
98.9 0.0 1.1 1.4807 

52.1 13.8 34. I 1.4485 1.0 29.7 69.3 1. 4650 

Equilibrium Data (25’C.) 

Heavy Layer Light Layer 

glycol, Tributyrin, phthalate, Refractive index glycol, Tributyrin, phthal at e, Refractive index 
Propylene Di(methoxyethy1) Propylene Di(methoyxathy1) 

wt. % wt. % wt. % (35OC.) wt. % wt. % wt. % (35%) 

14.9 36.8 48.2 1.4590 73.4 10.6 16.0 1.4364 
14.0 39.5 46.4 1.4579 74.9 10.4 14.7 1.4356 
13.3 41.9 44.8 1.4568 76.2 10.4 13.4 1.4347 
12.1 46.1 41.7 1.4550 78.2 10.3 11.5 1.4335 
11.3 49.9 38.8 1.4532 78.9 10.2 10.9 14331 
10.3 54.7 35.0 1.4510 80.4 10.2 9.3 1. 4320 
9.3 60.7 30.0 1.4477 82.4 10.1 7.5 1.4308 
7.8 70.9 21.3 1.4423 84.9 10.1 5.0 1.4292 
7.0 75.3 17.7 1.4403 86.2 10.1 3.7 1.4283 

6.5 79.7 13.8 1.4377 87.8 10.1 2.1 1.4272 
6.1 84.6 9.3 1.4350 89.9 10.1 0.0 1.4259 

Equilibrium Data (3OOC.) (2) 

Heavy Layer Light Layer 

phthalate, Tetrabromoethane. glycol, Refractive index phthalate, Tetrabromoethane. glycol, Refractive index 
Di( 2-ethylhexyl) Diethylene Di( 2-ethylhexyl) Diethylene 

wt. % wt. % wt. % (34OC.) wt. % w t %  wt. % (34Oc.) 
0.9 0.0 99.1 1.4412 99.0 0.0 1.0 1.4807 
1.0 10.0 89.0 1.4488 89.0 10.0 1.0 1.4852 
1.0 20.0 79.0 1.4564 79.0 20.0 1.0 1.4908 
1.1 30.0 68.9 1.4657 69.0 30.0 1.0 1.4972 
1.3 40.0 58.7 1.4768 59.0 40.0 1.1 1.5047 
1.7 50.0 48.3 1.4900 48.9 50.0 1.1 1.5 139 

2.9 60.0 37.1 1.5066 38.6 60.0 1.4 1.5252 
5.0 70.0 25.0 ... 27.8 70.0 2.2 1.5406 

Conjugate Lines. T h e  conjugate  or  t i e  l i n e s  were ob- 
ta ined by placing var ious mixtures of the  three components 
in pointed t e s t  tubes. T h e  mixtures were agi ta ted i n  t h e  
constant-temperature bath for 6 hours, and al lowed t o  s tand 
2 hours, and then the refractive index of e a c h  p h a s e  was  
read. A drop w a s  taken from t h e  top  layer, the  tube  broken 
a t  the  pointed bottom, and a drop taken from t h e  bottom 
layer. T h e s e  two indices  were used with the  da ta  of the  

T h e  da ta  for t h e  two sys tems determined a r e  presented in 
T a b l e  11. Both sys tems have a s ingle  solubi l i ty  curve. 
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