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T HE DEVIATIONS of steam deodorization curves f rom 
theoretical calculations have been a t t r ibuted by 
Bailey (1) to two possible factors: a) hydrolysis  

of the oil by steam s t r ipp ing;  b) a negative deviation 
of the o i l / f a t ty  acid system f rom ideality. 

In  a former  work (2) the existence of a negative 
deviation, because of molecular association, has been 
demonstrated,  and the true vapor  pressures have been 
determined. In  the present  work the hydrolysis  of 
oil has been studied, and experiments have shown 
that  the extent to which it occurs may  be sufficiently 
great  to cause serious errors when the vaporizat ion 
efficiency is calculated on the basis of the free f a t t y  
acid reduction. F a t t y  acids have catalytic action on 
hydrolysis, which may  be a t t r ibuted to the nonasso- 
eiated acid molecules. 

:Experimental 

Invest igat ions were carried out into the hydrolysis  
of peanut  oil a) dur ing steam deodorization and b) in 
a static system, under  specific absolute vapor  pres- 
sures. The experimental  conditions were as follows: 
a)  7g-g. s amples  of  p e a n u t  oil, con ta in ing  var ious  a m o u n t s  of  

f a t t y  acid, were deodorized a t  a specific abso lu te  p ressure  
in  a condensa t ion- f ree  deodorizer (3) ,  in which s team-con-  
densa t ion  was  avoided by  hea t i ng  the  uppe r  pa r t  of  the  
appa ra tu s .  The  f a t t y  ac ids  f o rmed  by  hydro ly t ic  sp l i t t i ng  
were de te rmined  by t i t r a t i on  of bo th  the  oil and  the  con- 
t en t s  of  the  condenser .  

b)  60-g. samples  were hea ted  in f lasks unde r  var ious  specific 
abso lu te  wafer  vapor  p res su res  ( removM of a i r  by  evacua-  
t ion)  ; and  the  increases  in the  f ree  f a t t y  acid con ten t s  
were u l t ima te ly  deter /a ined by  t i t ra t ion .  T h r o u g h o u t  a 
g iven  exper iment  the  w~ter  vapor  p ressure  was  kep t  con- 
s t un t  by the  t he rmos t a t i c  control  of  a wa te r  supp ly  reser- 
voir, connected to the  reac t ion  vessel by  a capil lary.  I n  
th is  me thod  the re fo re  s t eam is not  led t h rough  the  oil, no r  
is s t i r r i ng  appl ied.  

In  both methods the f a t t y  acid content of an oil 
sample dur ing  the experiment  was taken as the mean 
of the initial and final concentrations since the reac- 
tion is autocatalyt ic  and the difference between the 
concentrations is small. 

The first method was used for oils of low free f a t t y  
acid content;  the second method is more suitable for  
higher free f a t t y  acid contents. In  comparat ive ex- 
periments the two methods yielded pract ical ly the 
same results;  thus with the relat ively shallow oil 
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FIG. 1. t t yd ro lys i s  of  peanu t  oil con ta in ing  s tear ic  acid. 

layers of method b) it is not necessary to employ 
blowing steam. 

The increase in free f a t ty  acid content observed 
when oil is deodorized, for 4~% hr., with steam at a 
pressure of 400 mm. and a t empera ture  of 180~ 
is shown in F igure  1. The two lower points on each 
eurve were obtained by method a),  the others by  
method b). Using method a),  the amounts of free 
f a t t y  acid found in the flask and in the receiver were 
added together. The results are plotted as a function 
of the free f a t t y  acid content of the oil, for  which, 
as stated above, the average of the initial and final 
contents is taken. The increase is small in compari-  
son with the initial content;  however, in view of the 
fact  that  the format ion of free f a t t y  acid is acceler- 
ated catalytically by the free f a t t y  acid originally 
present,  it was considered advisable to plot the amount  
of free f a t t y  acid formed as a funct ion of the average 
amount  present. 

The catalytic effect is clearly indicated by the t rend 
of the result ing curve since the amonnt  of hydrolyt-  
ically formed free f a t t y  acid increases sharply  with 
the amount  of free f a t t y  acid present, despite the 
fact  tha t  the amount  of dissolved water  increases 
only very  slightly with the amount  of free f a t t y  
acid available. The concentration of dissolved water  
was measured, at 105~ as a funct ion of the stearie 
acid content, by passing through steam, at a pres- 
sure of 1 atm. The water  content was determined 
by means of the Kar l  Fischer method. The result ing 
curve is also shown in F igure  1. The increase in 
free f a t t y  acid content found on deodorizing oil that  
contained 1% stearic acid with steam at various pres- 
sures and 180~ for  4 hr., is shown in F igure  2. 
The three lower points were obtained by method a),  
the remaining three by method b). 

I t  will be seen that  at pressures between 0 and 600 
ram. and in the presence of a constant amount  of 
free f a t t y  acid (1% stearie acid) the rate  of hydroly-  
sis is direct ly proport ional  to the pressure.  F rom 
these data  it is therefore possible to calculate the 
influence of hydrolysis  in fac tory  deodorizations. I t  
is found that  with a fac tory  oil column (3 m. in 
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height) and using a pressure of 122 ram. H g  (i.e., 
average pressure exerted by a steam pressure of 20 
ram. abs., above the column),  the free f a t ty  acid con- 
centrat ion increases f rom the initial 1% to 1.042%, 
in 4 hr. ( i .e . ,  by 4.2% of the initial  concentrat ion).  
On using a pressure of 20 ram. in the laboratory  
deodorizer, on the other hand, the increase obtained 
is only 0.007%, that  is, 0.7% of the initial concen- 
tration. 

Eff• measurements  made in laboratory  de- 
odorizers are generally completed in less than 4 hr., 
and as a result  the increase in the free f a t ty  acid 
content, because of hydrolysis,  is small. Although the 
error  f rom this source is insignificant, even af ter  4 
hr. of deodorization, it must  nevertheless be taken 
into account in accurate measurements,  as is evi- 
denced by Figures  1 and 2. An exantple will dem- 
onstrate the effect of hydrolysis upon deodorization 
efficiency, as determined by f a t t y  acid s teaming at 
higher absolute pressures. A sample of refined pea- 
nut  oil containing stearic acid was deodorized under  
the following conditions: 

Weight  of sample (g.) .................................. 75 
Dura t ion  of steaming (hr.) ......................... 4 
Tempera tu re  (~ ...................................... 180 
Absolute pressure (ram. Hg)  ....................... ..390 
Amount  of steam (g.) .................................. 201 
Ini t ial  percentage F . F . A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 8 2 7  
Final  percentage F .F .A  .............................. 0.707 
Percentage F.A.  in condenser .................... 0.265 

The reduction in the percentage of free fa t ty  acid was 
therefore 0.120% while 0.265% fa t ty  acid was found 
in the condenser, giving an over-all increase in fattj~ 
acid of 0.145%, calculated as stearin acid. 

The vaporizat ion efficiency may  be calculated f rom 
Bai ley ' s  equation (1) 

( s = gi , ln- 2 ) 

where the value corresponding to the vapor  pressure 
of the pure  acid is in this ease 1.14 ram. (2). 

Calculation of vaporization efficiency on the basis 
of the reduction in free fa t ty  acid in the sample gives 

390 • 0.08 0.827 
E = • 2.3 log ~ = 0.41 

1.14 • 11.18 0.707 

while calculation f rom the steam-distilled fa t ty  acids 
gives an efficiency of 

390 • 0.08 0.827 
E =  •  - - - - 1 . 0  

1.14 • 11.18 0.562 

I t  will be seen that  the influence of hydrolysis  on the 
vaporizat ion efficiency, as determined f rom the amount  
of f a t ty  acids distilled with the steam, is slight (in 
the absence of hydrolysis,  the efficiency would be 
1.0 • 1%) ,  whereas the calculation based upon the 
reduetion in free fa t ty  acid content of the oil gives 
rise to serious errors. 

NIechanism of the Catalytic Action 
The relationship established between the catalytic 

action and the concentrat ion of stearic acid is ex- 
pressed in curve a of F igure  1. The nonl inear i ty  of 
this curve is surpr is ing as it might  have been expected 
that, with homogeneous catalysis, the catalytic action 
would be direct ly proport ional  to the concentration, 

thus giving a s t ra ight  line. The explanation for this 
can be found in the association of the f a t ty  acids. 

The catalytic action can originate only f rom the 
- C O O H  group which acts as a H+-ion donor. Since 
association of the molecules results f rom the forma- 
tion of a hydrogen bridge, dimeric molecules cannot 
release H+-ions. The catalytic action is determined 
therefore not by the total concentration of acid (as 
plotted in curve a, F igure  1) but  solely by the con- 
centrat ion of monomerie acid. 

Recently the degree of association of ehenfically 
pure stearin acid (4), in paraffin solutions at vari-  
ous temperatures ,  has been determined by infrared,  
spectrometric measurements.  I t  has been shown that,  
at higher temperatures,  the degree of association va- 
ries great ly  with var ia t ions  in concentration. At  the 
reaction tempera ture  of the hydrolysis  measurement:~ 
(180~ the following values were found:  

Moles/kg. 

0.007 
0.02 
0.10 
0.50 
2.0 

Concentration 

% by weight 

0.20 
0.57 
2.8 

14.2 
56.9 

Degree of assoeiution 

0.09 
0.19 
0.45 
0.70 
0.85 

The concentration of the monomer does not there- 
fore increase propor t ional ly  with the total concentra- 
tion of acid. I f  the above-mentioned considerations 
are correct, a s t ra ight  line should be obtained when 
the increase in the f a t ty  acid concentration result ing 
f rom hydrolysis is plotted against  the concentration 
of the monomeric acid content (calculated f rom the 
degree of association), i t  will be seen f rom Figure  3 
(line c) that  this is, in fact, true. At  higher concen- 
t rat ions however, deviations occur (dotted line d).  
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This is to be expected since, dur ing the measurements,  
no a t tempt  was made to remove the mono- and diglye- 
erides formed as a result  of hydrolysis ;  as their  con- 
centrations increase, the shif t ing of the hydrolysis 
equilibrimn in the opposite direction becomes pro- 
gressively more pronounced. I t  is seen however that, 
up to a total  concentration of 8% fa t t y  acid, the rate  
of hydrolysis  is direct ly proport ional  to the monomer 
concentration. 

The effect of the dissolved water  and  of the solvation 
by the oil was not taken into account. The la t ter  
effect reduces the number  of free - C O O H  groups 
while the former  plays a role in the spl i t t ing off of 
H+-ions, which results in the shif t ing of the mono- 
mer /d imer  equilibrium in the direction of the disso- 
ciation. Neither effect is appa ren t ly  very great, and 
one may  be expected to counterbalance the other. 

S u m m a r y  

The hydrolysis  of peanut  oil at subatmospheric  
pressures and 180~ has been studied, using' both a 
static and a dynamic method. The conditions applied 
to the lat ter  method are identical with those used in 
the current  s team deodorization process. 

I t  has been found that,  as a result  of catalytic 
action, the rate of hydrolysis is a funct ion of the free 
f a t t y  acid content and moreover increases in direct 
proport ion with the absolute pressure. 

From data of the degree of association it has been 
shown that  only the monomerie acid has catalytic ac- 
tion. I t  is clear therefore that  acid catalysis by H + 
ions must  also be involved. 

I t  was fu r the r  established tha t  when the calculation 
of vaporizat ion e~eieney is based upon the reduction 
in free f a t ty  acid content, hydrolysis  may  give rise 
to serious errors. 
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Solubility and Fractionation of Lipides in 
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Sulfur Dioxide 

IQUID SO2 is recognized as an impor tan t  solvent in 
petroleum refining (9) and in certain areas of 
chemical research (1) but seems to have received 

little at tent ion as a solvent for  lipides. The first 
applicat ion of SO2 to lipides was. probably  that  of 
Grillo and Schrhder (10), who used it for  extract ing 
oils f rom seeds and other materials.  The development 
of the Edeleanu proeess (9) for  f raet ionat ing hydro- 
carbons in liquefied S02 did not promote equally in- 
tense studies of this, solvent with lipides. Zerner, 
Weiss, and Opalski (21), deternlining the mutua l  
solubilities of S02 and easto.r, rapeseed, olive, and 
other oils at  different temperatures,  found that  solu- 
bil i ty is higher when double bonds or hydroxyl  
groups are present  in the fats. Several patents  sug- 
gest the use of SO2 for  f rae t ionat ing lipides, but few 
fundamenta l  data  on the solvent propert ies  of this 
compound are given (8). In  the eourse of studies on 
cetene and diolefins Seyer and Ball (18) determined 
the solubility of eetyl alcohol in liquefied S02. Cox 
and Reid (5) f ract ionated unsaponiflable lipides of 
marine source into sa tura ted  and unsatura ted  por- 
tions by Soxhlet extract ion with SO2 at atmos- 
pheric pressure. These authors indicate that, when 
the same proeedure is applied to f a t t y  acids, con- 
siderable amounts  of sa turated mater ial  are extracted 
along with the unsa tura ted  components. DeCarli  (6) 
had repor ted however tha t  pahnitie, stearic, and 
oleie aeids are insoluble in liquid SO2. These seat- 
tered observations apparen t ly  have no.t been reins 
vestigated or supplemented even though extensive 
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studies on the solubility of lipides in organie sol- 
vents have been published (3, 4). 

We repor t  the solubilities of some long-chain f a t t y  
acids and methyl  esters in S02 at tempera tures  be- 
tween --50 and 25 ~ 5Iethyl  esters of unsatura ted  
f a t t y  acids are highly soluble in this solvent, and no 
detailed measurements  have been made with them. 
Using the solubility data as a guide, mixtures  of 
lipides were f ract ionated in S02, at atmospheric 
pressure, below the boiling point of SOe ( - 1 0 ~  

Solutions of saturated acids and esters in S02 are 
colorless while those of unsa tura ted  lipides are yel- 
lowish. The intensi ty of color depends great ly  upon 
impuri t ies  in the materials.  When S02 is evaporated 
to recover the solutes, unsa tura ted  lipides are ob- 
tained as yellow oils, which are difficult to decolor 
under  high vacuum. The last traces of SO2 are held 
ra ther  t ight ly  but  may  be easily removed by  wash- 
ing the solutions of such lipides in an inert  solvent 
with water  or dilute alkali (recoveries 95-99%).  
Neither  UV and IR  spec t ra  nor iodine values were 
changed when linoleie and linolenie a d d s  were dis- 
solved and stored in SO~ for  a day  or longer at - 2 0  
to - 3 0  ~ Storage at  room tempera ture  causes slow 
darkening to a brown oil, which is pa r t ly  insoluble in 
petroleum ether. The soluble fract ion can be deeol- 
orized by washing, as above, a f ter  which the lipides 
appear  unchanged. Normal  yields of the characteris- 
tic polybroInides were obtained f rom the unsatura ted  
acids recovered f rom SO~, providing fu r the r  p roo f  
that  they had no{  been changed by the procedures .  
The solubilities of sa tura ted  esters remained un- 
changed af ter  storage for  one to three days in SO2 


