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Liquid-Liquid Equilibria for Alcohol -Sodium 

Hyd roxide -Wa ter Sys tem s 

A. L. MILLS AND FRED HUGHES 
Manchester Oil  Refinery Ltd., Traffard Park, Manchester, England 

s o l u b i l i t y  da ta  have  been published for sodium hydroxide 
in aqueous ethyl  a lcohol  (2) and i n  aqueous isobutyl 
alcohol ( I ) ,  but no data  were ava i lab le  for aqueous isopropyl 
alcohol ( I .P.A.) .  Information on  t h e  solubility of s t rong 
c a u s t i c  soda so lu t ions  in  isopropyl alcohol arid in industr ia l  
methylated spirit (1.lT.S.) w a s  required for pilot plant neu- 
tralization experiments. Industr ia l  methylated spir i t  i s  the  
commercial f o r m  of ethyl alcohol avai lable  i n  t h e  United 
Kingdom. 

On refining petroleum, particularly on  processing for 
highly refined white o i l s  by sulfonation, i t  i s  necessary  to  
extract oi l -soluble  sulfonic  a c i d s  from the  sulfonated o i l  
and to  neutral ize  t o  t h e  corresponding sodium s a l t s .  T h e  
quality and espec ia l ly  t h e  color of t h e  by-product sodium 
petroleum su l fona tes  a r e  influenced by  t h e  res idence  time 
of t h e  sulfonic acid-oil reaction product, particularly if 
t h e  equipment i s  mild s tee l .  For the  two sys tems of 
processing which may b e  applied-centrifuge o r  batch-it 
i s  essent ia l  that ,  for t h e  centrifuge process ,  neutralization 
and extraction proceed simultaneously, whereas for batch 

processing i t  i s  preferred that t h e  two s t a g e s  should t a k e  
p lace  concurrently. For ei ther  processing system, i t  i s  a 
dis t inct  advantage if a homogeneous neutralizing-extracting 
solution i s  used.  

Prel ininary experiments indicated that industrial methyl- 
a ted  spirit and ethyl  alcohol behave  differently and i t  w a s  
decided therefore t o  inves t iga te  the  sys tems for industr ia l  
methylated spir i t  and isopropyl alcohol a t  25 and 60 O C .  

MATERIALS 
A s  i t  w a s  expec ted  tha t  information resul t ing from t h i s  

project might b e  appl ied t o  plant s c a l e  processing,  no 
attempt w a s  made to  purify mater ia ls  which were of techni- 
cal quality and  had t h e  following properties. 

Specific Gravity 
at 2o°C. Strength, Weight % 

Aqueous caus t ic  soda 1.4590 
I.M.S. 0.8064 
I.P.A. 0.7852 

43.0 
94.2 
100.0 
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T a b l e  1. Solubility Data for Isopropyl Alcohol- 
Sodium Hydroxide-Water System (Per Cent by 

Weight at 25' and 60°C. Figures 1 and 4 )  
I.P.A. NaOH H,O 1.P.A. NaOH H,O 

Data a t  25OC. 

97.2 1.2 1.6 30.9 4.3 64.8 
87.1 0.4 12.5 21.8 5.8 72.4 
75.1 0.4 24.5 13.4 7.8 78.8 
63.1 1.0 35.9 5 . 8  11.7 82.5 
51.5 2.0 46.5 2.3 18.2 79.5 
41.1 2.7 56.2 0.0 50.0 50.0(2)  

T i e  Lines ,  Water Layer T i e  Lines ,  Solvent Layer 

0.6 31.5 67.9 97.4 0.6 2.0 
1.5 23.7 74.8 97.2 0 .6  2.2 

Data a t  6OOC. 

96.3 1.6 2.1 31.2 3.2 65.6 
74.3 0.6 25.1 21.9 4.8 73.3 
62.5 1.0 36.5 13.5 6.7 79.8 
51.7 1.4 46.9 5.9 10.6 83.5 
40.9 2.4 56.7 1.5 16.6 81.9 
36.0 2.8 61.2 0.0 63.5 36.5 (3) 

Tie Lines,  Water Layer T i e  Lines ,  Solvent Layer 

0 . 7  30.5 68.8 98.8 0 .2  1.0 
1.3 23.4 75.3 97.0 0.6 2.4 

T a b l e  II. Solubility Data  for Industrial Methylated Spirit- 
Sodium Hydroxide-Water System (Per  Cent by 

Weight ot 25' and 60'C. Figures 1 and 3) 

I.M.S. NaOH H,O I.M.S. NaOH H,O 

Data a t  25'C. 

51.0 21.1 27.9 17.1 22.0 60.9 
49.2 18.9 31.9 11.8 23.1 65.1 
43.7 18.4 37.9 7.1 24.6 68.3 
37.1 18.6 44.3 2.9 27.6 69.5 
29.6 19.7 50.7 1.2 30.2 68.6 
23.0 20.8 56.2 0.0 50.0 50.0(2) 

T i e  Lines ,  Water Layer T i e  Lines ,  Solvent Layer 

1.9 29.0 69. I 50.5 20.4 29.1 
0.8 34.4 64.8 50.7 21.0 28.3 

Data at  60°C. 

60.7 16.9 22.4 27.1 16.4 56.5 
60.3 13.4 26.3 19.8 18.2 62.0 
54.3 12.2 33.5 13.6 19.8 66.6 
45.3 12.9 41.8 7.8 22.5 69.7 
35.6 14.7 49.7 3.1 26.2 70.7 
30.0 15.8 54.2 0.0 63.5 36.5 (3) 

Tie Lines,  Water Layer  T i e  Lines ,  Solvent Layer 

1.2 31.1 67.7 60.1 13.5 26.4 
0.5 36.1 63.4 60.8 16.6 22.6 

Table  111. Solubility Data for Isobutyl Alcohol- 
Sodium Hydroxide-Water System ( I )  (Per Cent 

by Weight at 25'C. F igure  2) 
Isobutyl Alcohol NaOH H,O Isobutyl Alcohol NaOH H,O 

93.0 1.1 5.9 3.1 6.7 90.2 
6.2 1.3 92.5 0.9 14.5 84.6 
5.2 2.8 92.0 0.4 21.7 77.9 
4.5 3.9 91.6 0.1 32.1 67.8 
3.5 5.8 90.7 0.0 50.0 50.0 

T i e  Lines ,  Water Layer T i e  Lines ,  Solvent Layer 

0.1 35.0 64.9 99.5 0.3 0.2 
0.4 24.8 74.8 99.5 0 .3  0.2 

PROCEDURE 
The  ternary diagrams for sodium hydroxide and water 

with industrial methylated spir i t  and isopropyl alcohol 
were constructed a t  25 and 60 O C . ;  the  cloud point method 
was  used t o  determine t h e  boundary of t h e  two-layer region. 
Tie l i n e s  were constructed by preparing mixtures of known 
composition, shaking them thoroughly, and separat ing them 
after equilibrium w a s  establ ished.  T h e  separated l a y e r s  

ALCOHOL 

& 

Figure 1. Ternary diagrams for industrial methylated spirit 
(94.2% ethyl alcohol) 

isopropyl alcohol, and ethyl alcohol-sodium 
hydroxide-water systems 

Per cent by weight a t  60'C. - - - T i e  l ines tor isopropyl olcohol 
I.M.S., this work 

A I.P.A., this work 
X Ethyl alcohol (2) 

were analyzed for sodium hydroxide content by titration 
with standard ac id  and for alcohol content by oxidation 
with standard potassium dichromate and iodometric determi- 
nation of t h e  e x c e s s  reagent with potassium iodide and 
sodium thiosulfate. Water contents  were determined by 
difference. All da ta  were recalculated to  sol id  sodium 
hydroxide content ,  so  that  they would be clearer  and more 
prec ise  in  meaning. 

UCOHCL 

Figure 2. Ternary diagrams for industrial methylated spirit, 
isopropyl alcohol, and isobutyl alcohol- 

sodium hydroxide-water systems 
Per cent by weight at 2S°C.  

- - - T i e  lines for isopropyl alcohol 
I.M.S., this work 

A I .P.A.,  this work 
X Isobutyl alcohol ( 7 )  
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1.M.S. - A 

Figure 3. Ternary diogroms for industrial methyloted spirit- 
sodium hydroxide-water system 
Per cent by we$ht ot 25’0nd 60°C. 

C. - - - T i e  l ines a t  60 

RESULTS 
The  data for the four sys t ems  are  given in T a b l e s  I to  

IV. Data for ethyl alcohol,  industrial  methylated spir i t ,  
and isopropyl alcohol a t  60°C. are  shown on triangular 
coordinates in Figure 1; data  for isobutyl alcohol,  indus- 
tr ial  methylated spiri t ,  and isopropyl alcohol a t  25 O C .  a re  
shown in Figure 2. F igures  3 and 4 compare data  a t  25” 

I PA - 

Figure 4.  Ternary diogroms for isopropyl olcohol- 
sodium hydroxide-woter system 
Per  cent by weight ot 25’ and 60°C. 

- - - T i e  l ines ot  6OoC. 

T a b l e  IV. Solubility Doto for Ethyl Alcohol- 
Sodium Hydroxide-Woter System (2) (Per 

Cent by Weight at 6OoC. F igure  1) 
EtOH NaOH H,O EtOH NaOH H,O 

64.1  15.4 20.Sa 0.0 63.5  36.5 (3) 

T ie  Lines,  Water Layer Tie Lines,  Solvent Layer 

0.0 44.5 5 5 . 5  6 4 . 2  22.4 13 .4  
1 .8  34.8 63.4 65 .2  13.7 21.1 
5 . 2  26.4 68 .4  62 .5  9 . 5  28.0 

10.0 23.3 66.7 54 .1  10.2 35.7 

work. 

and 60 O C .  for ‘industrial  methylated spiri t  and isopropyl 
alcohol, respectively.  

DISCUSSION 
Sodium hydroxide is considerably less soluble  in  iso- 

propyl and isobutyl a lcohols  than in  ethyl alcohol,  t he  
zones  of immiscibility increasing with increasing molecular 
weight of alcohol.  It would b e  interesting to  compare t h e s e  
resul ts  with those  obtained for n-propyl and n-butyl alcohols.  
T h e  zones  of immiscibility increase for both industrial  
methylated spir i t  and isopropyl alcohol with increasing 
temperature, confirming the  findings of Peyronel  (2) who 
observed similar behavior with ethyl alcohol, and sugges ted  
that rupture of the ethyl alcohol-sodium hydroxide as- 
sociation i s  greatly affected by temperature. T h e  phe- 
nomenon is not so apparent with isopropyl alcohol and 
would probably b e  even less so with isobutyl alcohol.  T h e  
concavity on the water-isobutyl alcohol s ide  of the 
triangular graph, observed by Fri tzsche and Stockton ( 2 )  
w a s  found with isopropyl alcohol. 

Sodium hydroxide i s  more soluble in industrial  methylated 
spiri t  than ethyl alcohol a t  high alcohol concentrations but 
at concentrations below 48% (by weight) of alcohol the 
solubili ty is reversed, probably again because  of different 
molecular associat ions.  

T h e  graphs and data may  b e  advantageously used  where 
neutralizing blends of sodium hydroxide in alcohol are 
required, particularly in the  petroleum industry where 
simultaneous neutralization and extraction of sulfonic  
acids  may  b e  effected. Blend proportions and concentra- 
t ions to provide completely miscible neutralizing solut ions 
may b e  deduced and a re  particularly important in centrifugal 
separations.  
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