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in meal as low as 0.006% to release enough solvent 
to a t ta in  the lower explosive limit in any  ordinary  
confined storage space. This would be due mainly  
to the "ho ld ing  p o w e r "  of the 1% oil content almost 
certain to be present.  The fai lure to obtain flashes 
at the lower solvent percentages is probably  due in 
par t  to absorption of hexane in the oil content of the 
meal. 

This method is believed to provide test conditions 
considerably more severe than those likely to be at- 
tained in commercial  operations. 

The appara tus  required is simple, and it should be 
possible to fabr icate  it in most small machine shops. 
The method is not elaborate and with careful  oper- 
ation should yield reliable and duplicable results. 
The pre l iminary  results indicate that  it may  be suf- 
ficiently sensitive. 

Recommendations 
I t  is recommended that  this method be tried by 

other members  of the subcommittee and by any  oth- 
ers in the indus t ry  who are interested. The results 

obtained should then be subject to rigorous analysis 
to determine whether  the method has sufficient meri t  
to be considered for plant  control purposes. 

A drawing of the concentric r ing copper cup tester  
will be made available on request to those interested 
in construct ing a cup for exper imental  or control 
purposes. 

Summary 
The hazards of excess residual solvent in solvent- 

extracted meals and methods current ly  used for  its 
measurement  are discussed. Pre l iminary  results are 
reported with a simple copper-cup flash-tester with 
concentric rings as heating surfaces. Solvent contents 
as low as 0.03% can be detected. The method is semi- 
quanti tat ive.  The method may  be useful  for  p lant  
control purposes.  
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Continuous Refining of 
Pressure System I 

Crude Coconut Oil in a 

FRANK E. SULLIVAN, The De Laval Separator Company, Poughkeepsie, New York 

R 
EFINING of crude vegetable oils has progressed 
f rom the ar t  of kettle refining as practiced 25 
years  ago to the science of modern continuous 

centr ifugal  processing. This s tatement  is eommonly 
accepted for such oils as soybean, cottonseed, peanut,  
and corn. IIowever when we discuss the short-chain 
laurie acid oils (1) such as eoeonut, babassu, and 
palm kernel, we find the general practice is still to 
use the ant iquated kettle method. 

A s tudy  of these laurie acid oils indicates tha t  they 
are readily saponified when processed in the earlier 
type of s tandard  continuous caustic soda process with 
its comparat ively  long mixing contact t ime of oil with 
lye. The high excess of caustic soda over the stoi- 
ehiometric amounts, as used in conventional refining, 
leads to large amounts  of saponification. These fac- 
tors in the phase system oil-soap-water, and often- 
times the added factor  of entrained air  when using 
open discharge centrifugals,  tend to fo rm stable emul- 
sions which defy  efficient separat ion even under  the 
high gravi ta t ional  field of centr i fugal  force. 

With  the development of the al l -Hermetic  continu- 
ous refining process (2, 3) the problem of air  entrain- 
ment dur ing  separat ion was eliminated. Af te r  much 
intensive research the other factors, such as reagent  
eoneentration, tempera ture ,  and mixing, were deter- 
mined and now may  be specifically controlled to give 
a high qual i ty  of refined oil and at the same time a 
high refining yield. 

Theoretical Background 
Afte r  considerable s tudy of the basic problem the 

MeBain (4, 5) phase diagrams for aqueous soap sys- 

1 Presented at the 33rd Annual Fall Meeting, American Oil Chemists' 
Society, Los Angeles, Calif., September 28-30, 1959. 

terns were selected as a s tar t ing  point. For l)Url)oses 
of ilhlstration, F igure  1 shows in I)arl the Ilhase be- 
havior of sodium laurate, ele('Irolyle, and water  at  
90~ (6).  This sysh,m with weight percentage of 
anhydrous  soap (sodium laurate)  as lhe ordinate and 
weight percentage of electrolyte as the abscissa i'~ 
divided into various phase areas. 

For  background ilfformation the <liagram will first 
be described before showing its relationship to the 
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Fro. 1. Sodium laurate at  90~ 
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TABLE I 

Coconut Oil Refining Data 

Sample N i .  

0 i l  I 
Oil I 
Oil I I  
Oil I I  
Oil I I I  I 5 

% ]PFA % Soapstoek Refining factor a 
NaOH - -  Refining" - - -  - -  

L r" I ~ . .  I d.b. I % I % [ V i s e o s i t y l  Phaseb  I loss I As  I As I 
a u . . . . . . .  . ~dde,(t a - S o a p  N a O ~  e.p. Area _ _ _ _ _  laurie  oleic . 

~.2 I 4 .5  I 0 .67  I 55 .2  I 0.5 I 6s,ooo D~ 6.6 I 2.1 I 1.5 
3.2 4.5 0.67 32.0 0.3 43 F 4.6 1.4 1.0 
2.5 3.5 0.56 49.0 1.3 22,000 D c 5.1 2.1 1.5 
2.5 / a.5 I 0..~6 [ 27.0 I 0.7 I 39 F a.6 / 1.4 ] 1.0 
1 . 7  / 2 . 4  I 0 . 4 2  2 7 . 0  I 1 . 0  I 5 0  I t i~ I 2 . 4  / 1 . 4  I 1 . 0  I 

a % N a O H  (d,b. on weight of crude oil. 
b p h a s e  on McBain diagram. 

a Refining factor -- 

Mixture neat and middle, soap, area between D and G. 
% Plant  loss 

% FFA 

refining of vegetable oils. In this par t ic ldar  diagraul 
there are four  angle-phase regions: A, l), F, and L, 
indicating homogeneous soa I) phase,. 

Area A is the neat soap phase existing only in the 
l'egiol~ betw(,en 56% and 76% soap at  a 0% electro- 
lyle (xlntent and de, creasing in area up to a 2% elec- 
t rolyte content. Neat  soap is an anisotropic flowing 
crystall ine nlaterial. 

Area D indicates a nlid(lle soap. This is also an- 
isotropic, differing froni neat  soap in that  it has 
an ext remely high viscosity. This abnornial viscosity 
causes it to act like a ruhbery  mass completely lack- 
ing in fluidity. 

Area  F is the isotropic nigre phase, li is ex t renMy 
fluid and is Uslmlly dark  ill e(flor on account of its 
tendency to dissolve imlluriiies from the fat. 

Area L is a kett le-wax whMl is a so-called " i s l a n d "  
phase, corltaining a high soal/ and electrolyte content. 
This phase has a much greater  viscosity than neat  
s o a l )  , h e n c e  i s  less fluid. 

( J e r t a i u  other areas Oil t h e  diagrani ('onsist of two 
phases and are shown with tie-lines, as for example 
Area  N. These areas show regions of heterogeneous 
conditions which contain two components. When the 
composition of the system is brought  into Area N, 
for  example at point  a, it would consist of 30% soap, 
17% sodium hydroxide,  and 53% water, which sep- 
arates at 90~ into kettle-wax (point  b),  containing 
60% soap, 6.5% NaOH,  and 33.5% water, and a free 
lye (point  el,  containing 0.1% soap, 27% NaOH,  and 
72.9% water.  This would be considered a typical  
salt ing-out area. 

There are also certain three-phase areas occurring, 
in which the composition of the three separa t ing  com- 
ponents  is the same throughout  the entire region. One 
such area is i l lustrated on the d iagram as K (7).  

Relationship of Phase Diagrams to Refining 

With  the soap phase diagrams as a theoretical basis, 
detailed and time consuming labora tory  research was 
pe r fo rmed  in order to correlate reaction time, reagent  
concentration,  tempera ture ,  and mixing. F r o m  this 
s tudy  several  basic rules were formula ted  for  the 
refining of coconut oil. S imply  stated, these are as 
follows: 

a )  The  o p t i m u m  r e f i n i n g  y i e l d  w a s  o b t a i n e d  w h e n  t he  s o a p  
w a s  f o r m e d  in  t h e  n i g r e  p h a s e  ( A r e a  iF) s p e c i f i c a l l y  b o u n d e d  
in  t he  zone  i n d i c a t e d  as  L .A .R .  

b)  The  m i d d l e  s o a p  phase ,  A r e a  D, m u s t  be  a v o i d e d  b e c a u s e  
of  t he  h i g h  v i s c o s i t y  of  the  s o a p  f o r m e d ,  w h i c h  w o u l d  h i n d e r  
c e n t r i f u g a l  s e p a r a t i o n .  

c) S o a p s  f o r m e d  in  the  A r e a  A, n e a t  soap ,  a n d  in  the  A r e a  L,  
k e t t l e w a x ,  a r e  n o t  d e s i r a b l e .  T h e s e  s o a p s  do n o t  r e a d i l y  dis-  
so lve  co lor  b o d i e s  a n d  o t h e r  i m p u r i t i e s  f r o m  the  o i l  

d )  L a r g e  excess  a m o u n t s  of  lye ,  or  l y e  a n d  sa l t ,  m u s t  be  
avoided otherwise the soap would be formed in the two-phase 

Comments 

27~ lye 
Dilate 27~ to 130B6 
24~ lye 
Dilute 24~ to 12~ 
12~ lye 

A r e a s  J a n d  N.  I n  a d d i t i o n  to  u n d e s i r a b l e  exces s ive  saponi f i -  
c a t i o n  of  n e u t r , d  oil,  a s a l t i n g - o u t  e f fec t  wouh l  occur  , tnd 
f o r m  a t h r e e - p h a s e  c o n d i t i o n  i n  t he  c e n t r i f u g ' d  s e p a r a t o r .  

These few rules formula ted  for this s tudy imticate 
the importance of forming the proper  type of soap 
dur ing the reaction of the reagent  with the free f a t t y  
acids of the crude oil. 

Commercial Processing 
Following the experiences gathered frolu the lab- 

o ra tory  work, pih/t-plant  trials, followed hy full-scale 
commercial  units for refining crude eoeonlfl oil, were 
placed in operation. 

Table I i l lustrates typical  data, condensed for ease 
of study, which was obtained f rom the refining of 
coconut oils on a commercial  scale. Oils 1 and II, 
shown as Samples Number  1 through 4, intlieale the 
great  increase fit refining yield possible when the 
soap is formed in the correct phase area. [n both 
eases the refining yiehl was increased approximate ly  
30% when the electrolyte concentration in the soap- 
stock was regulated, allowing the soap to form in the 
specified nigre phase. Sample Number  5 is another  
typical  refining result, indicat ing the high yield when 
coconut oil is processed under  the p roper ly  controlled 
conditions. In  all cases, as shown by the tyl)ieal :illus- 
trations, the refining loss has been equal to the free 
f a t t y  acid content calculated as oleic, or as a refining 
factor  of 1.0, when t reated under  correct conditions. 
I t  should be mentioned at this point  that,  al though 
laurie acid more closely corresponds to the average 
molecular weight of the acids present  in coconut oil 
tr iglyeerides,  common practice in this country  is to 
calculate the F F A  as oleic acid as a basis for  loss 
determinations.  I t  is for  this reason tha t  the refining 
factor  has been calculated for  both laurie and oleic 
acid. 

As may  be seen f rom a s tudy  of the phase diagram, 
F igure  1, and the processing data, Table I, viscosity 
of the soap phase has an extremely impor tan t  func- 
tion in obtaining high-yield refining. The viscosity 
phenomenon was discussed in a previous paper  de- 
scribing its relat ionship to the soap phases in the 
manufac tu re  of commercial  soap (8).  

Wi th  these data as shown in F igure  1 and Table I, 
a new zone has been added to the phase diagram, the 
so-called " l a u r i e  acid refining' zone ,"  and indicated 
as L.A.R. on the d iagram in phase Area  F. An en- 
larged schematic sectional view of this d iagram is 
shown in the uppe r  r ight-hand port ion of F igure  1. 
Although the limits of this zone have not been com- 
pletely defined, i t  may  general ly be stated that  mov- 
ing outside of this zone will result  in the following: 
a) decreasing the soap concentration, a t  a constant 
electrolyte content, tendu to form emulsion; b) in- 
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Fro..2. Flow sheet for emltinuous coconut oil refining process. 

creasing the soap concentration, at a constant electro- 
lyte eoatent, tends to move the system into a hi~'h 
viscosity area;  c) decreasing the electvolytc content, 
at a constant soap concentration, will produce umler-  
refining of the oil; and d) increasing the electrolyte 
content, at  a eonstaul soap c(meeut,'ation, will pro- 
duce a three-l)hase coudiliou in the centrifuge. 

The metho(l use(1 Io refine crude coconut oils is 
schematically shown iu F igure  2. This process, utiliz- 
ing a completely air-free i)ressurized system im,ludiu~' 
I Ie rmet ic  centrifuo'es (9), will alh)w control of the 
various conditions necessary to obtain a high refining' 
yield. In  this syslem both the oil and lye are sel)- 
a ra te ly  preheated. The oil and proport ioned reao'enl 
may be reacted in a high-speed, short-conta,~t mixer, 
then immediately separated in the t iermet ic  centri- 
fuge. The centr i fugal ly  separate(l refined oil then ix 
pumped  to the water-wash sectiou. Af te r  mixing with 
water, followed again by centr ifugal  separation, the 
washed oil is vacuum-dried and pmnped to storage. 

Recent  advances in centr i fugal  design have resulte(I 
in even more efficient separat ion at higher refi~)b)g 
capacities per centr i fugal  unit. P igure  3 i l lustrates 
such a unit, the model SRG-214 high-capaci ty Her-  
tactic centrifuge. This centr i fugal  with a disc bowl 
24 in. in diameter  may  be used to refne,  re-refine, 
or water-wash oils in the capaci ty range of 20,000 ]bs. 
per  hour which represents  a capaci ty  of eight t ank  
ears per  day per  centrifugal.  This machine has a 
built-in feed pump  attached direct ly to the inlet of 
the hollow spindle. 

]n this case the preheated oil is initially contacted 
with the preheated lye in the spindle feed pump.  
The mixture  is forced up the spindle and contaet,~ 
the high-speed mixing device located iu the. upper  

portion of the spimlle ( ]0) .  This mixing device, 
termed Ultra-Short-Mix (:l), allows a contact t ime of 
only a f ract ion of a seeou<l before separat ion of the 
oil front  the soapstoek. This separation, taking place 
in the Hermet ic  centrifuge, eliminates any  i)ossible 
contact with air. Air, especially in the case of coconut 
oil, will cause emulsions which will result  in oil en- 
traimm~nt and lower yields. 

]"IG. 3. ]ligh-capaeity Hermetic centrifuge. 

Conclusion 

A continuous process for refining crude coconut oil 
has been described. This I Iermet ic  system provides a 
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means  fo r  c o n t i n u a l l y  con t ro l l i ng  the va r i ab les  of 
t ime, t e m p e r a t u r e ,  and  r eagen t  on a scientific, pre- 
d ic table  basis. B y  u t i l i z ing  the phase d i a g r a m  as a 
guide  fo r  the cor rec t  condi t ions  and e m p l o y i n g  a 
cont inuous  process des igned to m a i n t a i n  these  con- 
dit ions,  i t  is a lways  possible to obta in  h igh  yield 
re f in ing  resul ts  on c rude  coconut  oil. 
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Estimation of Unsaturation of Fats and Oils, 
Using Hypochlorous Acid 
R. BASU ROY CHOUDHURY, Research Associate, Iowa Engineering Experiment Station, 
Iowa State University of Science and Technology, Ames, Iowa 

H 
YPOCHLOROUS ACID has bee,~ successfu l ly  employed  
by M u k h e r j e e  (1) an(l (~ l o u d h u r y  and  Mukher -  
jee (2) fo r  the de t e rmina t i on  of u n s a t u r a t i o n  of 

oils con t a in ing  both l m n c o u j u g a t c d  and con juga t ed  
unsa tu ra t i on .  One of th(, diffi(.ulties ill the  or ig ina l  
method  proposed by the above workers  is the p repa ra -  
t ion of the hypoch lo rous  acid reagcnt .  This  is usua l ly  
dolle by pass ing  a s t ream of washed (,hh)rine t h r o u g h  
a 4N solu t ion  of sodium hy(h'oxi(h,, m a i n t a i n i n g  a 
t en l l )e ra ture  below 1()~ then dilutil~g to 0.1N. It, is 
a l i t t le  difficult  fo r  o r d i n a r y  commerc ia l  l abora to r ies  
to p r epa re  the above reagent .  

It has been r ecen t l y  f (mnd by the present  worke r  
t h a t  commerc ia l  b leach ing  solut ions  sold in g roce ry  
stores, such as Clorox,  serve v e r y  sa t i s f ac to r i ly  as a 
r e a gen t  in the d e t e r m i n a t i o n  of the u n s a t u r a t i o n  of 
oils. W h e n  Clorox  is acidif ied with  acetic acid, hypo-  
chlorous acid  is l ibera ted ,  which adds  on to the double  
bonds q u a n t i t a t i v e l y .  The o ther  substances p re sen t  in 
Clorox  do not  in t e r f e re .  B y  us ing  Clorox,  the most  
difficult  s tep  in the  hypoch lo rous  acid me thod  fo r  the 
d e t e r m i n a t i o n  of u n s a t u r a t i o n  of oils can be elimi- 
na ted .  The  p resen t  me thod  is much easier  t han  the 
W i j s  method,  and  it  is bel ieved tha t  i t  is p a r t i c u l a r l y  
sui table  for  comnlerc ia l  and i ndus t r i a l  labora tor ies .  

Experimental 
A. Fats and Oils Containing Nonconjugated 

Unsaturation 

Reagents 
Clorox (or similar commercial bleaching agent); Clorox 

which was found to be 1.5N was diluted to 0.1N 
Potassium iodide---15% solution 
Sodium thiosulfate--0.11~ solution 
Starch indicator--l% solution 

Procedure 
Weigh 0.1-0.2 g. of oil into a 500-ml. glass-stoppered bot- 
tle and add 10 ml. of glacial acetic acid. Shake well to 
dissolve the oil, or disperse it thoroughly in the acid and 
add 25 ml. of 0.1N Clorox solution. Shake well again, 
and allow to stand for 10 mln. at room temperature. Add 
20 ml. of 15% potassium iodide solution, and after 1 
min. titrate the liberated iodine in the usual manner, 
using 0.1N starch as an indicator. Prepare a blank 
simultaneously, containing no oil. 

C a l c u l a t i o n  

(ml .  b l a n k - m l ,  s a m p l e )  X 0.127 • nor-  
m a l i t y  o f  t h i o s a l f a t e  

I o d i n e  v a l u e  -- 
wt .  of  s n m p l e  

T h e  iod ine  v a l u e s  o f  the  f o l l o w i n g  oils we re  d e t e r m i n e d  
t)y W i j s  m e t h o d ,  b y  u s i n g  p u r e  hy l )och lo rous  ac id  a n d  
also b y  u s i n g  Clorox.  T h e  r e su l t s  a r e  shown in T a h l c  I .  
I t  is seen t h a t  the  Clorox m e t h o d  a g r e e s  v e r y  well wi th  
t h e  W i j s  m e t h o d ,  also wi th  the  o r i g i n a l  h y p o c h l o r o u s  
ac id  m e t h o d .  

TABLE 1 
Iodine Numbers of Some Oils by Different Procedures 

Oil used 

Cottonseed .................. 
Soybean ...................... 
Peanut  ........................ 
Sesame . . . . . . . . . . . . . . . . . . . . . . . .  
Corn ........................... 
Linseed ....................... 
Beef t,allow. ................ 
Lard ........................... 

wi,is 
method 

108.8 
129.5 

93.2 
110.9 
120.7 
180.5 

42.8 
65.2 

Iodine number 

Pure  
H e  C1 

108.5 
129.2 

92.8 
111.2 
1 2 0 . 8  
181.0 

43.1 
65.1 

Clorox 

108.7 
129.3 

93.0 
110.9 
120.5 
180.5 

43.0 
65.2 

B. Fats and Oils Containing Conjugated 
Unsaturation 

Reagents 
Clorox solution made to a 0.3N strength 
Mercuric acetate, 2.5% in glacial acetic acid 
Other reagents as above 

Procedure 
Weigh 0.1-0.2 g. of oil or fat into a 500-ml. glass-stop- 
pered bottle, and add 10 ml. of a 2.5% solution of mer- 
curic acetate in glacial acetic acid. Shake well to disperse 
the oil thoroughly. Add 25 ml. of 0.3N Clorox solution, 
and shake well again. Allow to stand for 1 hr. at ap- 
proximately 20~ Add potassium iodide and titrate as 
above, running a blank simultaneously. 

Calculation 
As above. 
The iodine number of tung oil was determined by the 
following methods, as shown in Table II. The result by 
the Clorox method, also by the hypochlorous acid method, 
agrees fairly well with the catalytic hydrogenation pro- 
cedure (3) and is comparable with the other accepted 
methods for tile determination of total unsaturation of 
tung oil. The results are shown in Table II. 


