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T 
HE following r e m a r k s  
should be understood to ap- 
ply only to the common al- 

kali refining process, as applied to 
hydraulic pressed crude cottonseed 
oil. They are mainly intended to 
emphasize the more important 
points brought out in the study of 
the refining method, made under 
the direction of the Refining Com- 
mittee during the past year. 

We should first consider the ob- 
ject to be attained. This consists 
in removing, with the lowest pos- 
sible loss, those bodies which are 
not wanted in the product as sold 
to the ultimate consumer. These 
are of three general classes: (1) 
free fa t ty  acids; (2) coloring and 
resinous matters, together with 
various other bodies containing 
phosphorus and nitrogen, all of 
which are soluble in the oil, or may 
actually be combined with the gly- 
cerides; (3) insoluble matter, such 
as settlings of meal and moisture. 

Generally speaking, the refining 
procedure consists of two stages: 

1. The chemical action between 
sodium hydroxide and some of 
those constituents of the crude 
oil which are to be removed. 

2. The conversion of the prod- 
ucts formed in the first stage 
into a form that will separate 
readily from the refined oil. 

We often think of the refining 
procedure only as a mixing opera- 
tion, because it is carried out in 
a mixing apparatus. It  is just as 
important, however, to bear in mind 
the equally necessary second stage, 
not a mixing at all, but a separat- 
ing operation, and this stage should 

not take on the nature of a mixing 
operation. 

The principal points to be briefly 
discussed here are:  

Choice of lye 
Agitation 
Temperatures 
Separating foots from refined oil 
Practical application 

Choice  o f  L y e  

The sodium hydroxide is neces- 
sarily dissolved in water before be- 
ing applied to the crude oil, for 
two reasons : 

1. To bring it into a condition 
where it will react chemically. 

2. Because water is necessary to 
dissolve and emulsify the 
products formed. 

The relative amounts of sodium 
hydroxide and water constitute 
what we usually speak of as the 
concentration of the lye. It  is 
found that some oils refine best 
with strong lye and others with 
weak lye, even when there is no 
difference in free fa t ty  acid con- 
tent. This is at least partly due to 
the fact that the quantity of impu- 
rities present in certain oils re- 
quires a lye with more water to 
form the desired emulsion. 

When the F.F.A. in an oil in- 
creases, more NaOH is required for 
neutralization, but the amount of 
water required does not necessarily 
increase correspondingly ; hence, 
we generally find stronger lyes best 
on oils with high F.F.A. On oils 
of usual average quality, however, 
it is generally found that lower 
losses result when relatively weak 
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lyes a re  used, as less saponif ica t ion  
takes  place wi th  such lyes. 

I t  is found  in p rac t i ce  t h a t  i f  we 
use only j u s t  enough sodium hy-  
d rox ide  to combine wi th  the  ac id i ty  
as found  by the  usual  t e s t  fo r  f ree  
f a t t y  acids,  we will  not  remove all 
of the  color ing  m a t t e r s .  The pres -  
ence of a ve ry  cons iderab le  excess 
of sod ium h y d r o x i d e  t h r o u g h o u t  
the  en t i r e  re f in ing  is necessa ry  fo r  
r emov ing  all of  the  undes i r ed  im- 
pur i t ies .  I t  is found  t ha t  if,  d u r i n g  
the  process  of ref ining,  the  excess 
sod ium hyd rox ide  becomes neu- 
t r a l i zed  by  saponif icat ion,  we do 
not  ob ta in  as  l igh t  a color in the  
ref ined oil a t  the  end of the  opera -  
t ion as when an excess of  sodium 
hyd rox ide  remains .  While ,  the re -  
fore ,  a ce r t a in  excess is neces sa ry  
in o rde r  to ob ta in  p rope r  color, an  
unnecessa r i ly  l a rge  excess causes  
inc reased  saponif icaion of  n e u t r a l  
oil wi th  a r e su l t i ng  increase  in loss. 
A ce r t a in  amount  of  such saponifi-  
ca t ion  a lways  t akes  place unavoid-  
ably,  and  due to th i s  and  to o ther  
compl ica t ing  fac to rs ,  i t  has  never  
been poss ible  to p r ed i c t  or  to cal- 
cu la te  exac t ly  the  p r o p e r  q u a n t i t y  
or  s t r e n g t h  of lye to give the  bes t  
qua l i ty  of  ref ined oil w i th  the  low- 
est  loss. A t  p resen t ,  th i s  can only 
be de t e rmined  by  expe r imen t a l  re-  
f inings.  

The  bes t  we have so f a r  been able 
to do is to set  an upper  l imi t  fo r  
the  amoun t  of sod ium hyd rox ide  
which  m a y  safe ly  be used, and  
spec i fy  ce r t a in  s t r e n g t h s  which  
have been found  to g ive  good re-  
sul ts  on oils of  va r ious  F . F . A .  
content .  

I t  is  to  be hoped t h a t  we m a y  
even tua l ly  know more  about  the  
va r ious  cons t i t uen t s  of  c rude  oil, 
so t h a t  by  some t e s t  we m a y  de- 
t e r m i n e  the  q u a n t i t y  present ,  j u s t  
as  we now de t e rmine  the  F .F .A . ,  
and  then  calculate  f rom these  tes t s  

the  p rope r  amoun t  and s t r e n g t h  of 
lye to use. 

A g i t a t i o n  

The f irst  essen t ia l  in ref ining is 
to cause the  sodium hyd rox ide  sol- 
u t ion  and the crude  oil to come into 
ve ry  i n t i m a t e  contact ,  so t h a t  
every  molecule in the  oil comes in 
contac t  w i th  f r ee  sodium hydrox-  
ide. As  oil and  w a t e r  do not  mix  
na tu ra l ly ,  the  des i red  contac t  can 
only be a t t a i n e d  by  ex t r eme ly  vig-  
orous  ag i t a t ion .  Th is  i n t i m a t e  
contac t  is especia l ly  difficult to a t -  
t a in  on oils w i th  h igh  F .F .A . ,  
where  the  l a rge  amoun t  of  soap 
f o r m e d  tends  to h i n d e r  or obs t ruc t  
the  ac t ion  of  t he  caust ic  on the  
o the r  unacted-on par t ic les .  Even 
wi th  the  most  v igorous  possibe 
ag i t a t ion ,  the  e lement  of t ime  is of 
impor tance .  I t  is found  t h a t  the  
a g i t a t i o n  m u s t  be con t inued  fo r  a 
cons iderab le  t ime  in all cases, in 
o rde r  to b r i n g  the  reac t ion  to any-  
t h i n g  a p p r o a c h i n g  completeness .  
On the  o the r  hand,  i f  such a g i t a t i o n  
is con t inued  unnecessa r i ly  long, ex- 
cess ive saponi f ica t ion  of g lyce r ides  
t akes  place, r e su l t i ng  in an in- 
c reased  loss wi th  no improvemen t  
in the  color. Our  work  shows t h a t  
a g i t a t i o n  at  250 R P M  wi th  a paddle  
hav ing  one-inch b lades  for  a per iod  
of five minu t e s  is sufficient in mos t  
cases, bu t  on some oils ten minu te s  
g ives  a no t i ceab ly  b e t t e r  resu l t .  
Beyond th i s  po in t  our  expe r imen t s  
do not  show any  improvement ,  bu t  
do show an increased  loss. Hence,  
ten minu t e s  has  been adopted  as 
the  s t a n d a r d  t i m e  fo r  all oils. 

T e m p e r a t u r e  
The  t e m p e r a t u r e  of  m i x i n g  is of 

g r e a t  impor tance .  The  above men-  
t ioned  a g i t a t i o n  fo r  ten  minu te s  is 
based  on a t e m p e r a t u r e  of  18-22~ 
or  a p p r o x i m a t e l y  70~  Our  ex- 
p e r i m e n t s  showed t h a t  when mixed  
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at lower tem0eratures,  down to 
50~ sa t i s fac tory  r e su l t s - -bo th  as 
to color and los s - - a re  obtained, but 
it  is not considered pract ical  to 
require chemists to operate much 
below ord inary  room tempera tures  
where there is no decided advan- 
tage to be obtained. Temperatures  
of 80~ or above resulted in dark- 
er color or higher  loss. Hence, 18- 
22~ has been adopted as s tandard.  
At ord inary  temperatures ,  the 
F .F .A.  react readily, and apparent-  
ly the resinous and coloring mat-  
ters  are likewise at tacked easily, 
while the glycerides are not saponi- 
fled to any grea t  extent. At high- 
er temperatures ,  saponification of 
neutral  oil takes place much fas ter .  

Separating F o o t s  
At  the end of the mixing opera- 

tion at  18-22~ we have a mix- 
ture of refined oil and finely di- 
vided foots, the la t ter  te rm com- 
pr is ing the soap, coloring mat ter ,  
and other impurit ies,  together  with 
excess of lye and some emulsified 
oil. This mixture  in i ts present  
s tate of division and tempera ture  
will not settle and separate  the 
foots  readily. I f  the mixture  be 
filtered at  this  stage, the refined 
oil will be found to have the de- 
s ired good color, and to this  ex- 
tent  the refining operation has ac- 
complished its purpose. I t  is only 
necessary then to separa te  the 
foots, for  which purpose they must  
be brought  into a condition where 
they will settle readily, and do so 
without  ca r ry ing  down a large 

amount of neutral  oil. This is ac- 
complished by heat ing to such a 
temperature  as will cause the small 
part icles  to soften and coalesce in- 
to la rger  and heavier  masses, a t  
the same t ime l ibera t ing  most of 
the oil original ly enclosed or en- 
t rained in the small particles.  We 
then find tha t  the loots  settle so 

tha t  the refined oil can be drawn 
off, leaving only a minimum 
quant i ty  of neutral  oil in the foots. 
I t  is impossible to produce a loots 
containing no neutral  oil. The 
opt imum tempera ture  for  soften- 
ing the foots so they will settle 
readi ly varies great ly  with dif-  
ferent  oils, and with the relat ive 
amount of water  present.  Crude 
oil containing only a relat ively 
small amount of impuri t ies ,  or oil 
which is refined with a weak lye, 
will usually make a foots which 
will soften at  a relat ively low tern- 
perature,  and vice versa. The min- 
imum tempera ture  can only be 
determined by experiment in each 
case. I t  has been found, however, 
that  temperatures  h igher  than 
about 60 or 65~ frequently give 
trouble by causing the foots to r ise  
to the top, due apparent ly  to the 
expansion of a i r  bubbles contained 
in same, so we have set a maximum 
limit  of 60~ or about 140~ If  
the foots do not settle prompt ly  
when this  tempera ture  is reached, 
they will usually do so a f te r  being 
held for a few minutes at  this  tem- 
perature .  One of the most es- 
sential points developed by our 
experiments is, that  in heat ing the 
mixture  to soften the foots, it  is 
very impor tant  to heat  quickly. 
The former  theory of heat ing slow- 
ly resulted in no advantage  what-  
ever,  but  on the contrary  has led 
to extremely variable ~ resul ts ;  and 
generally speaking to poorer re- 
sults, especially as regards  loss. 
The longer t ime taken in heat ing 
can only resul t  in an increased 
saponification of neutral  oil. 
Hence, we find by experiment  tha t  
the l ight  color obtained in the cold 
mixing is preserved and the refin- 
ing loss kept at  a minimum if  we 
heat  the sample to the desired final 
t empera ture  rapidly.  Heat ing  
beyond the minimum softening 

170 



temperature up to the before- 
mentioned limit does not injure the 
refining, provided the sample is 
not mixed vigorously during this 
operation. Mixing during heating 
is unnecessary and undesirable, 
except to the extent that we keep 
the mass moving just sufficiently 
to hold a uniform temperature 
throughout the mass while heating. 
A speed of 70 RPM with the 1" 
paddle has been found sufficient. 
Additional agitation results only in 
breaking up the particles of foots 
or preventing them from properly 
coalescing so as to settle well. 

What we are really trying to do 
at this stage of the refining opera- 
tion is to separate two constituents 
of the mixture, and not to mix 
them. 

P rac t i c a l  A p p l i c a t i o n  
This may be considered from the 

standpoints of both laboratory and 
factory operation. 

For laboratory work, the prin- 

ciples described have been em- 
bodied in a revision of the official 
refining method recommended for 
adoption by the Refining Com- 
mittee. It  will be necessary to 
obtain new paddles, and to modify 
existing refining machines to meet 
the requirements of two speeds 
with positive drive, and quick heat- 
ing. Then it will be necessary for 
chemists to religiously follow in- 
structions to the letter to obtain 
results equal to those obtained by 
others. 

In applying these principles to 
factory work, it is a difficult me- 
chanical problem to obtain the same 
thoroughness of mixing in a given 
time on such a large scale, or to 
heat a large mass of oil to a high 
temperature as quickly as it can be 
done on a laboratory sample. 
Hence, while the same principles 
should apply, it will probably never 
be possible to get quite as low 
losses in a large kettle as in the 
laboratory. 

Report of the Chevreul Prize Committee 
By DAVID WESSON 

T 
HE Chevreul Prizes are be- 

ing offered for the three 
best original articles pub- 

lished in OIL & FAT INDUSTRIES 
during the season 1926 and 1927. 

The judges of the article will 
be selected from members of the 
American Chemical Society and 
the American Institute of Chemi- 
cal Engineers. 

The first prize will be $150.00; 
the second prize $100.00, and the 
third prize $50.00. 

The Contest closes with the July 
number of the Journal. 

The announcement of the win- 
ners will be made at the earliest 
possible moment. 

DAVID WESSON, Chairman. 
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