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D uring t h e  sulfonat ion of petroleum d i s t i l l a t e s  for highly 
refined whi te  o i l s ,  o i l -soluble  mahogany su l fonic  a c i d s  a r e  
obtained as a by-product i n  t h e  sour oil. T h i s  o i l  may b e  
considered a heterogeneous sys tem,  a s  i t  c o n t a i n s  some of 
the  s p e n t  su l fur ic  ac id  not separa ted  with t h e  a c i d  s ludge  
p h a s e  and t r a c e s  of su l fur  dioxide formed by redox s i d e  
reac t ions .  T h e  corresponding sodium s o a p  may b e  obtained 
as  a c rude  product by neutral izat ion with sodium hydroxide 
and extract ion from t h e  refined o i l  with a q u e o u s  a lcohol ic  
solut ions.  T h e  c rude  ex t rac t ,  referred t o  a s  raw s o a p ,  is 
e s s e n t i a l l y  a n  aqueous  a lcohol ic  so lu t ion  of mahogany 
su l fona tes  and oi l ,  sodium su l fa te ,  and  t r a c e s  of sodium 
sulf i te .  

In t h e  c o u r s e  of s e v e r a l  experiments ,  i t  w a s  observed  
t h a t  when aqueous  e thyl  a lcohol  w a s  u s e d  as t h e  ex t rac t ing  
so lvent ,  t h e  raw s o a p  could b e  separa ted  from t h e  refined 
neutral  oil a s  a homogeneous solut ion,  whereas  with iso- 
propyl a lcohol  t h e  raw s o a p  further separa ted  into two 
individual  layers .  A n a l y s e s  have  shown that  i n  s u c h  
i n s t a n c e s  t h e  lower s o a p  p h a s e  w a s  mainly a n  aqueous  
so lu t ion  of sodium su l fa te ,  while  t h e  upper s o a p  p h a s e  w a s  
a n  alcoho!ic so lu t ion  containing most of t h e  ava i lab le  
sodium su l fona tes .  

Solubi l i ty  d a t a  for sodium s u l f a t e  i n  aqueous  so lu t ions  
of e thyl  and isopropyl  a lcohols  were required t o  permit a 
thorough examinat ion of t h e  p o s s i b l e  appl ica t ion  of alcohol  
for t h e  removal of inorganic  s a l t s  (mainly sodium su l fa te )  
from t h e  raw s o a p  by e i ther  precipi ta t ion or  so lu t ion  in 
water .  B y  t h i s  means  and af ter  so lvent  evaporat ion,  a 
sal t - f ree  so lu t ion  of sodium su l fona tes  in  oil may b e  
obtained.  Solubi l i ty  d a t a  for t h e  ternary s y s t e m  e thyl  
alcohol-sodium sulfate-water  have  been  reported by Seidel l  
(3) and  h a v e  been  ex tens ive ly  s tud ied  by Vener  and 
Thompson (5). T h e  la t te r  authors  s t u d i e d  t h e  sys tem a t  
temperatures  be tween 25"  and 70°C. and found only o n e  
liquid p h a s e  over  t h e  range  of condi t ions  examined.  They  
were  a b l e  t o  demonstrate ,  however, t h a t  two l iquid p h a s e s  
were  obta ined ,  over  most of t h e  so lvent  composi t ion range,  
when a c e t o n e  or  isopropyl  a lcohol  w a s  t h e  organic  com- 
ponent. T h e  sa tura ted  dens i ty  da ta  recorded w a s  used by 
T u r s i  and  Thompson (4 )  t o  s tudy t h e  e f fec t  of sodium 
s u l f a t e  on t h e  vapor-liquid equilibrium of e thyl  a lcohol  and 
water .  d e  Bruyn (1) h a s  reported liquid-liquid equi l ibr ia  
for t h e  s y s t e m  e thyl  alcohol-sodium sulfate-water  between 
cer ta in  concent ra t ions  of a lcohol  and  t h e s e  d a t a  a r e  copied 
by Seidel l .  Schreinemakers  and d e  B a a t  (2) l a t e r  noted that  
d e  Bruyn's  d a t a  w e r e  metas tab le  equi l ibr ia .  

Evidence  t o  s u g g e s t  a close re la t ionship  be tween t h e  
phenomenon of two-phase formation i n  raw sodium su l fona te  
so lu t ions  and  i n  so lu t ions  of sodium s u l f a t e  i n  aqueous  
isopropyl a lcohol  w a s  obtained from preliminary experi-  
ments. P h a s e  separa t ion  occurred when both a q u e o u s  
isopropyl a lcohol  and  desa l ted  (sodium sulfate-free)  raw 
s o a p  s o l u t i o n s  in isopropyl a lcohol  were  sa tura ted  with 
sodium s u l f a t e  a t  60°C. 

T h e  isopropyl  alcohol-sodium sulfate-water  s y s t e m  w a s  
found t o  b e h a v e  s imilar ly  t o  t h e  e thyl  a lcohol  s y s t e m  a t  
temperatures  below 25 OC.-where t h e  s o l i d  p h a s e  w a s  
sodium s u l f a t e  decahydrate-in t h a t  only o n e  l iquid p h a s e  
w a s  formed. T h e  sys tem w a s  fully inves t iga ted  a t  40' and 
60 'C. where two-phase formation occurred. 

MATERIALS 
Isopropyl  a lcohol  w a s  dried over anhydrous sodium 

s u l f a t e  and redis t i l led before  use .  Sodium su l fa te ,  an- 
hydrous ana ly t ica l  reagent  grade,  w a s  not further purified. 
Water w a s  freshly d is t i l l ed  and freed of carbon dioxide.  

PROCEDURE 
T h e  ternary diagrams for isopropyl alcohol-sodium 

sulfate-water  were constructed a t  40" and 6OoC. using t h e  
cloud point method t o  determine t h e  boundaries  of the  two- 
layer  regions.  Tie l i n e s  were constructed b y  preparing 
mixtures  of known composition, shaking  thoroughly, and 
analyzing both layers  af ter  equilibrium w a s  e s t a b l i s h e d .  
Sodium s u l f a t e  w a s  determined using ethylenediamine 
t e t r a a c e t a t e  (6),  whereas  isopropyl a lcohol  w a s  es t imated  
by oxidat ion with s tandard potassium dichromate and  iodo- 
metric determinat ion of t h e  e x c e s s  reagent .  Water conten ts  
were found by difference. 

S ince  only one  l iquid p h a s e  w a s  formed a t  25"C., t h e  
effect  of cool ing  t h e  two liquid p h a s e s  obtained a t  higher 
temperatures  w a s  s tudied.  Ident ical  mixtures of t h e  three  
components  within t h e  immiscible  area-namely, 25% (by 
weight) of isopropyl  a lcohol ,  15% of sodium s u l f a t e ,  and 
60% of water-were al lowed t o  reach equilibrium a t  severa l  
temperatures .  T h e  mixtures were  then  gradual ly  cooled to  
room temperature  (23 " C . )  for v isua l  comparison.  

RESULTS 
Data for t h e  s y s t e m  a t  40" and 60°C. a r e  given i n  

T a b l e  I and a r e  compared o n  triangular coord ina tes  in 
F igure  1. T h e  so l id  p h a s e  a t  e a c h  temperature  w a s  an-  
hydrous sodium su l fa te .  
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Figure 1. Ternary diagrams for isopropyl alcohol- 
sodium sulfote-water system in per cent 

by weight a t  40" and 6OOC. 
T i e  lines at 6OOC. i n  broken lines 

60°C.  
A 40 "C. 
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Table I. Solubility Data for Isopropyl Alcahol- 
Sodium Sulfate-Water System 

Isopropyl Sodium Isopropyl Sodium 
Alcohol Sulfate Water Alcohol Sulfate Water 

In Per Cent by Weight at 40 "C. 
57.6 0.5 41.9 10.3 14.9 74.8 
49.7 1.2 49.1 4.6 22.0 73.4 
37.5 3.0 59.5 0.5 30.4 69. 1 
24.8 6.8 68.4 0.0 32.8 67.2(3) 

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

0.6 30.8 68.6 65.3 0.5 34.2 
3.9 23.4 72.7 46.2 1.8 52.0 

In Per Cent by Weight at 60°C. 
75.0 0.2 24.8 9.0 15.2 75.8 
38.7 2.9 58.4 2.4 24.4 73.2 
31.0 4.3 64.7 1.6 27.7 70.7 
22.4 7.4 70.2 0.0 31.2 68.8(3) 

Tie Lines,  Water Layer T ie  Lines,  Solvent Layer 

1. 2 28.3 70.5 68.8 0.6 30.6 
5.0 20.3 74. 7 55.4 1.4 43.2 

Observa t ions  on  t h e  a p p e a r a n c e s  of t h e  p h a s e s  a f te r  
cool ing  t o  23°C. from higher temperatures  a r e  recorded in  
T a b l e  11. T h e  s y s t e m  of two l iquid p h a s e s  obta ined  a t  
6 0 ° C .  w a s  maintained a t  23" f 2 ' C .  for 3 months;  e v e n  
per iodic  g e n t l e  ag i ta t ion  fai led t o  induce  precipi ta t ion and 
reversion.  Similar s tab i l i ty  w a s  found with t h e  s y s t e m s  
obtained a t  40" and 50°C., but to  a lesser e x t e n t ,  in  tha t  
revers ion t o  s i n g l e  l iquid p h a s e s  and precipi ta t ion of 
sodium s u l f a t e  occurred af ter  2 and 5 hours ,  respec t ive ly ,  
a t  23°C. Seeding  with sodium s u l f a t e  c a u s e d  ins tan t  
prec ip i ta t ion  and  reversion t o  one l iquid p h a s e  i n  a l l  
i n s t a n c e s .  

Table II. Stability of Complementary Phases  
at Several Temperatures 

Appearance of Phases  

After 5 hours cooling 
Initial temp., "C. At initial temp. to room temp. 

Room (23°C.) Solid plus 1 liquid Solid plus 1 liquid 
30 Solid plus 1 liquid Solid plus 1 liquid 
40 Two liquid Solid plus 1 liquid 
50 Two liquid Solid plus 1 liquid 
60 Two liquid T w o  liquid 

DISCUSSION 
At 30°C. and lower temperatures ,  t h e  so lubi l i ty  of 

sodium s u l f a t e  in  aqueous  isopropyl  a lcohol  i s  normal, in  
tha t  a s i n g l e  l iquid p h a s e  is formed. A t  t empera tures  of 
40°C. and above ,  two 1 iquid .phases  a r e  formed, confirming 
t h e  f ind ings  of Vener  and Thompson (5). 

Although t h e  to ta l  a r e a s  of immiscibi l i ty  a r e  prac t ica l ly  
equal  a t  40" and 60"C., t h e  t i e  l i n e s  a r e  of different  s l o p e ,  
with t h e  resu l t  t h a t  t h e  curve  is d i s p l a c e d  a s  i l lus t ra ted  in  
F igure  1. T h u s  a t  high concent ra t ions  of a lcohol ,  t h e  
maximum solubi l i ty  of sodium s u l f a t e  i n c r e a s e s  with in- 
c r e a s i n g  temperature;  a t  low concent ra t ions  t h e  r e v e r s e  i s  
true. F o r  a par t icular  dis t r ibut ion of components  within 
t h e  immiscible  region,  t h e  concentrat ion of sodium s u l f a t e  
in  t h e  lower aqueous  layer  is l e a s t  a t  6 0 ° C .  T h i s  p h a s e  

i s  therefore  l e s s  supersa tura ted ,  af ter  cool ing,  than  o n e  
obtained at a lower temperature  confirming t h e  observa t ions  
in  T a b l e  11. Revers ion  t o  a so l id  and o n e  l iquid p h a s e  
occurs  more readi ly ,  af ter  cool ing,  when t h e  two l iquid 
p h a s e s  a r e  obta ined  a t  lower temperatures .  For prac t ica l  
purposes  i t  would therefore  b e  bet ter  t o  maintain a tem- 
perature  of 6 0 ° C . ,  unt i l  s u c h  l a y e r s  were separa ted .  

A s imi la r  phenomenon of two-phase formation w a s  ob- 
se rved  with raw sodium su l fona te  so lu t ions  in aqueous  
isopropyl a lcohol  but not in  aqueous  e thyl  a lcohol .  T h u s  if 
the  sour oils a f te r  sulfonat ion of petroleum d i s t i l l a t e s  a r e  
neutral ized with sodium hydroxide and ex t rac ted  a t  60 "C. 
with t h e  cor rec t  proportion of aqueous  isopropyl  a lcohol  t o  
sodium s u l f a t e  .(which may b e  ad jus ted  by addi t ion during 
neutral izat ion)  t h r e e  p h a s e s  a r e  obtained:  refined o i l ,  
middle raw s o a p  l a y e r ,  and lower aqueous  sodium s u l f a t e  
layer .  On ex t rac t ion  with e thyl  a lcohol ,  however ,  t h e  raw 
s o a p  appears  a s  a s i n g l e  phase .  

Further  exper iments  us ing  raw s o a p s  ind ica ted  t h a t  a t  
concent ra t ions  of sodium su l fona tes  l e s s  than  25% (by 
weight) t h e  dis t r ibut ion of sodium su l fa te ,  isopropyl  a lcohol ,  
and water  b e t w e e n  t h e  two p h a s e s  fo l lows  t h e  curve  for t h e  
pure components  fa i r ly  c lose ly .  T h e  boundary be tween t h e  
miscible  and immiscible  regions is ac tua l ly  lowered,  
par t icular ly  near  t h e  water-sodium s u l f a t e  s i d e  of t h e  
t r iangle ,  and  t h e  t i e  l i n e s  a r e  of different  s lope .  B y  
separa t ing  t h e  lower aqueous  p h a s e  t h e  concentrat ion of 
sodium s u l f a t e  in  t h e  raw s o a p  i s  cons iderably  reduced.  
In one pilot experiment  the  sodium sulfonate-sodium s u l f a t e  
ra t io  w a s  i n c r e a s e d  f r o m  5 to  1 t o  60 t o  1 by t h i s  means .  

P r a c t i c a l  appl ica t ion  of t h i s  method of d e s a l t i n g  sodium 
su l fona tes  i s  l imited t o  opera t ions  where  fair ly  low con-  
cent ra t ions  of inorganic  s a l t  may b e  tolerated in  t h e  f inal  
product. Comple te  d e s a l t i n g  cannot  b e  obta ined  by t h i s  
means,  a s  t h e  boundary between t h e  misc ib le  a n d  im- 
miscible  reg ions  of t h e  graph is lowered by t h e  p r e s e n c e  of 
sodium s u l f o n a t e s  and  oi l .  

T h u s  t h e  upper a lcohol ic  s o a p  p h a s e  conta ins  a higher  
concentrat ion of sodium s u l f a t e  with increas ing  concentra-  
t ion of sodium su l fona tes .  Furthermore, t h e  proportion of 
sodium s u l f a t e  t o  aqueous  a lcohol  i s  c r i t i ca l  and  r e l i e s  on  
t h e  a c c u r a t e  control  and rapid determinat ion of t h e  in- 
organic  a c i d i t y  of t h e  sour  o i l s  i n  t h e  p r e s e n c e  of organic  
su l fonic  a c i d s .  
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