
A Modified Liquid-Liquid Extractor for Routine 
Oil Analysis 
CHARLES R. BUERKI and KENNETH E. HOLT, Archer-Daniels-Midland Company 
Minneapolis, Minnesota 

T HE Official A.O.C.S. Methods (1, 2) for deter- 
mining the percentage of total fat ty acids and 
unsaponifiable matter involve a series of cum- 

bersome, batchwise extractions of these materials, 
using separatory funnels or extraction cylinders. The 
shortcomings inherent in this procedure have been 
the subject of considerable discussion. In general, 
the official procedures are laborious and time-consum- 
ing; consequently a rather high degree of skill is 
required to obtain reproducible results. In an attempt 
to minimize or eliminate these various faults, con- 
tinuous liquid-liquid extractors were investigated. 

Liquid-liquid extractors have become common lab- 
oratory tools, and the initial approach to the problem 
involved examination of available commercial equip- 
ment. 1 In 1938 Wood and Roschen (3) published an 
excellent paper on the use of liquid-liquid extractors 
for routine oil analyses and presented numerous data 
correlating their procedure with the Official A.O.C.S. 
Methods of the day. Although these investigators 
made a good case for  extractors, their work appar- 
ently was not widety accepted by the soapstock proc- 
essing industries. 

In the analysis of unsaponifiable matter no par- 
ticular difficulties were encountered in the use of the 
several simplified extractors examined. Total fa t ty  
acids, on the other hand, presented numerous prob- 
lems. Upon acidification of the saponified sample, 
fat ty acids along with undefined insoluble impurities 
precipitate. These acids in the presence of water 
have a rather high adhesion for glass and stick 
tenaciously to the surface of the apparatus. Conse- 
quently the fat ty acids are not quantitatively washed 
from extractors as the solvent has a tendency to 
channel through the liquid and does not adequately 
contact material adhering to the extractor walls. A 
number of devices for improving solvent dispersion 
were tried including extractors designed with inner 
tubes, utilizing fritted glass discs. Except for the 
high initial cost no objections were found to the use 
of fri t ted glass inner tubes for unsaponifiable matter  
analysis. In the case of total fat ty acid extractions 
however the heterogeneous nature of the acidulated 
sample frequently caused the discs to become plugged, 
thus reducing their efficiency. Those soapstocks con- 
taining large amounts of insoluble impurities, i .e. 
cottonseed, gave the most difficulty in clogging the 
openings in fritted glass discs. This, of course, hin- 
dered solvent dispersion and usually resulted in 
incomplete extractions. 

After a number of exploratory experiments it be- 
came apparent that some mechanical means of agita- 
tion and solvent dispersion must be devised. Although 
there is considerable literature on liquid-liquid ex- 
tractors incorporating various mechanical agitators, 
most of these are too cumbersome for routine control 
analysis. The magnetic stirring motor was chosen as 

Onty simplified extractors were examined, that  is, extractors with- 
out mechanical agitators. Since this paper  wa.s written, extractors 
with devices for agitation have become availahle commerciatl:~. 

the simplest and most efficient type of agitator for 
this work. Kaye and Burlant (4) recently described 
a continuous liquid-liquid extractor that utilized a 
magnetic agitator. Their apparatus is made with 
interchangeable parts designed to accommodate vol- 
umes from 50 ml. to 10 liters. No examination was 
made of the Kaye-Burlant design since it was felt that 
this device was too elaborate for use in routine 
analysis. 

The prerequisites used as a guide in developing the 
apparatus were as follows: a) the extractor should 
be simple to construct and easy to maintain; b) it 
should be low in cost; c) the extractor should lend 
itself to a wide variety of applications; and d) it 
should eliminate emulsion problems often encountered 
in manual procedures. 
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Fm.  1. L~quid-liquid extractor. 
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The Extractor 

The apparatus  i l lustrated in Figure  1 2 is self- 
explanatory;  however it has been the authors '  experi- 
ence that  difficulties are often encountered in making 
the proper  initial adjustment  of the inner tube. De- 
spite the apparent  simplicity of the inner tube, it  is 
the most critical pa r t  of the apparatus.  I t  is advisable 
therefore individually to fit each extractor  with its 
own part icular  inner  tube. 

The optimum conditions for the most efficient ex: 
t ract ion require a balance between minimum agita- 
tion and maximum solvent dispersion. Vigorous 
agitation may lead to the excessive carry-over of 
insoluble impurities in the total fatty acid analysis 
and may give emulsions in some unsaponifiable mat- 
ter determinations. Optimum conditions are best 
achieved by  use of an inner tube with an orfice 
approximately 1.0 ram. I.D. with the tip suspended 

a s  close as possible and directly above the magnetic 
bar. A magnetic ba r  approximately 5~ in. in length 
will efficiently disperse the solvent without setting up 
a vigorous agitation at the solvent inter-face. Actual 
operating conditions and experience will determine 
the correct orifice size for most efficient operation. 
I f  the orifice is too large, the solvent leaves the tube 
as a large drop and will not be proper ly  dispersed. 
On the other hand, an orifice that  is too small will 
result  in a flooded column. When an extractor  is 
functioning properly,  the dispersed solvent phase is 
composed of a mult i tude of t iny bubbles uniformly 
dis t r ibuted and quite regular  in size. Time spent to 
achieve proper  dispersion of solvent will be rewarded 
with rapid, efficient, and quanti tat ively accurate 
extractions. 

Total Fatty Acid and Oxidized Acids 
Determinations 

A .  TOTAL FATTY ACID PROCEDURE. 

The proposed methods have been adapted for 
liquid-liquid extractors  from the Official A.O.C.S. 
Methods. To determine total fa t ty  acids, follow the 
procedure in A.O.C.S. G 3-39 from C-1 through C-3, 
and then proceed as indicated below. 

1. Place the magnet ic  bar  in the extractor  before t rans-  
f e r r ing  the sample. I n  order to prevent  losses dur ing 
the t ransfer ,  clamp the extractor to a r ings tand so tha t  
the side a~m outlet is inclined slightly upward.  

2. Dissolve the saponified sample in 100 ml. of distilled 
water  and heat until  the soap has completely dissolved. 
Wash  the contents into the extract ion cylinder wi th  hot 
distilled water,  taking care not to use excessive amounts  
of water.  

3. Add 3 to 5 drops of indicator  and a small but  definite 
excess of dilute HC1. Agita te  the contents  with a mag- 
netic st irrer.  

4. Cool the contents of the extractor to 35°0. or below. 
Add cold distilled water  to br ing the level of the liquid 
up to a point  7-8 cm. below the side arm. 

5. Add f rom 175 ml. to 200 ml. of petroleum ether to the 
250-ml. reflux flask. 

6. Pu t  reflux flask in place, fill the inner tube with petro- 
leum ether;  and whiIe the solvent is running  f rom the 
orifice, slide it into position. The solvent escaping f rom 
the inner tube prevents the orifice f rom becoming 
plugged with insoluble impurities.  

7. Set up  the extractor  and s tar t  the solvent refluxing. 
8. Adjus t  the speed of the magnet  to ob ta in  maximum 

s o l v e n t  dispersion and minimum agitat ion.  
9. Let  the extractor  run for  a~ least 3 hours. 

~The basic extractor was obtained from the Ace Glass Company, 
Vineland, N. J. 

10. Carefully wash the 24/40 ground glass joint  with Skelly- 
solve F,  remove the reflux flask, and wi th  the aid of a 
small funnel  wash  the contents of the flask into the 250 
ml. separa£ory funnel.  
NoT~: Because of its tendency to " c r e e p , "  petroleum 
ether is ~ difficult liquid to pour without  losses. There- 
fore  the f a t t y  acid solution is t rans fe r red  to a 250-ml. 
separa tory  funnel  and dispensed gradually into the filter. 
This minimizes ' ' creeping ' ' and great ly simplifies the 
filtration. 

11. Fi l ter  the extract  into a previously desiccated, tared, 
rubber  extract ion flask. Care should be exercised in 
washing  the filter paper  and separa tory  funnel. This 
can best  be accomplished with a small syr inge or a wash 
bott le containing solvent. 

12. Complete the analysis and calculation according to 
A.O.C.S. Official Method G 3-39. 

B.  OXIDIZE]) ACID 1)ROCEDURE. 

The method for deterniining oxidized acids can be 
described briefly as follows: Af ter  the total f a t ty  
acids have been removed, the residual petroleum ether 
is siphoned from the extractor;  and the last traces 
of petroleum solvent are removed with a stream of 
clean, d ry  air. 

The extraction of oxidized acids is then carried out 
in the same manner  as the total fa t ty  acid extraction 
except tha t  anhydrous ethyl ether is used in place of 
petroleum ether. 

The extraction is completed when the solvent phase 
becomes colorless. This is normally accomplished in 
an hour or less. Upon completion of the extraction 
the extract  solution is t reated in accordance with the 
procedure for total f a t ty  acids. 

Results of Total Fatty Acids and Oxidized Acids 
Determinations 

Limited solvent requirements represent a distinct 
advantage of liquid-liquid extractors. The total f a t ty  
acid procedure uses approximately 100 ml. of solvent, 
less than ~ the solvent required in the A.O.C.S. 
procedure. In addition to a saving in solvent, con- 
siderable time is saved in the filtration step and in 
evaporation. 

The following tables present data ver i fying the 
accuracy of this method:  

TABLE I 
Duplicate Runs on One Sample af Acidulated Soya So~apstock, 

Using Liquid-Liquid Extractor 

1 . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mean ..................................................... 
Standard Deviation .............................. 

T.F.A. 

% 
96.11 
9,6.21 
96.13 
95.92 
96.16 
96.11 

0.12 
NOTB: Sample (5) was extracted for 6 hours. Samples 1-4 were 

extracted for 3 hours. 

In  Table I I  columns (a) and (b) show excellent 
agreement for T. F .A. ,  indicating that  3 hours is 
sufficient for  complete extraction. Columns (e) and 
(f)  correlate well with (a) and (b) ,  indicating that  
the several methods are in good agreement i r a  suffi- 
cient number  of manual  extractions are made. An 
outside laboratory repor ted 95.0% T.F.A. on this 
sample. 

The acid values were obtained by  dissolving the 
extracted fa t ty  acids in previously neutralized 95.0% 
ethanol, diluting to 100 ml., and t i t ra t ing an aliquot 
with N/10 K O H  solution. Although columns (e) and 
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T A B L E  II 

Oomparison of Several Extraction /¢iethods. One Sample of 
Acidulated Soya Soapstock. Run in Duplicate. 

A.O.C.S. 
L-L Ex t r ac to r  A.O,C.S. G 3-39 Modified a 

Analysis 
(a) (b)  (e) (d) (o) (f) 

3 Hr .  6 Hr .  4 Ext.  6 Ext .  8 Ext.  7 Ext.  

T,F.A. 95,4 95.2 94.1 94.6 95.4 95.3 
95.4 95.4 93.8 94.8 95.6 95.;1 

Oxi. Acids ] .58 1.95 1.75 0.58 1 . 6 4  
1.65 1.93 1.83 0.67 1.69 

Acid Value 181.0 181.0 175.0 177.5 
on T.E.A. 181.5 182.0 176.0 178.0 

a The modified A.O.C.S. Method is essentially the same as the Official 
A,0.C.S.  Method, using a separatory funnel in place o~ the extxactien 
cylindeT. 

(f)  show excellent agreement with respect to per- 
centage of T.F.A., the acid values of their extracted 
fatty  acids are somewhat lower than those obtained 
by using the liquid-liquid extractors. This indicates 
that materials other than fatty acids are carried over 
into the extract when using the A.O.C.S. Method. 
Physical appearance of the extracted fatty acids 
further substantiates this. In general, acids obtained 
by the liquid-liquid extractors are clear and clean 
while the A.O.C.S. Method produces grayish, cloudy 
acids. Table III shows similar results in the analysis 
of a group of samples submitted by the A.O.C.S. 
Soapstock Analysis Committee. In this case compari- 
son was made with Tentative A.O.C.S. Method G 3-53, 
a modification of G 3-39. 

The oxidized acid data in columns (a) and (b) of 
Table II were obtained by making 1-hr. extractions 
with ethyl ether after the total fat ty  acids were re- 
moved. In columns (d),  (e),  and (f)  the oxidized 
acids were obtained by making 3 or more extractions 
to give a colorless solvent phase. 

A limited number of oxidized acid analyses have 
been run; therefore only generalized observations can 
be made on the results at this time. In the case of the 
A.O.C.S. Method, the percentage of  oxidized acids 
varies inversely with the number of extractions made 
in the T.F.A. analysis. This would indicate that 
prolonged extraction with petroleum ether tends to 
sotubilize the oxidized acids, carrying them along 
with the fatty acids. The lower acid values of these 
fatty acids also show that more impurities are ex- 
tracted when the number of extractions is increased. 
When the liquid-liquid extractor is used, prolonged 
extraction apparently does not carry the oxidized 
acids or other impurities into the fatty acids. This is 
shown by both the oxidized acid results and acid 
values of the fatty acids. 

The data in Table IV are representative of analyses 
made in this laboratory over the past year. Correla- 
tion between the two methods has always been well 
within the accepted limits, of error. In general, the 

T A B L E  I I I  

Comparison of Liquid-Liquid Extractor with A.O.C.S. Tentative ~YIethods 

Percentage of Acid Percentage of 
Sample T.E,A. Value Unsaponifiable 
A.0.C'.S. 

Cooperative A.0.C.S. A.O.C.S. L-L A.0.C'.S. 
G 3-53 I~-L C~ 6b-53 L4~ 

No. 13 93.] 93.2 186.8 189.0 4 .66  4.98 
93.0 93,1 187.2 188,0 4.88 4.86 

No. 14 83,0 83.6 188.4 191,6 4.04 3.95 
83.4 83.3 19] .0 191.9 ...... 3.99 

No, 15 42.4 4').3 187.0 188.6 2.81 2,69 
42.4 42.4 ]86,7  ........ 2.68 ...... 

T A B L E  IV 

Comparison of Liquid-Liquid Extractor with A.O.C.S. G 3-39 

Sample 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 ........................................................ 
3 ........................................................ 

4 ........................................................ 
5 ....................................................... 
6 ....................................................... 

% T. F. A. 

A.O.C.S. L~L, 
G 3-39 Extractor 

92.4% 92.9% 
91.3% 92.0% 
90.2% 91.0% 

90.9% 90.9% 
92.5% 93 .0% 
94.6% 95.0% 

l iquid-liquid extraction results in slightly higher per- 
centages of T.F.A. of slightly higher acidity, indicat- 
ing more efficient extraction with less removal of non- 
fatty acid impurities. 

Unsaponifiable Matter Determination 

A .  P R O C E ] ) U R E .  

Follow the A.O.C.S. Official Method Ca 6a-40 up to 
and including C-1. Then proceed as indicated below: 

1. P l a c e  the  m a g n e t i c  bar  in the  extra,etion cy l inder .  C l a m p  
the  ex trac t ion  c y l i n d e r  to a r i n g s t a n d  so the side a r m  i s  
t i l t ed  s l i g h t l y  upward.  Care fu l ly  w a s h  the  contents  of  
the  flask into  the  cy l inder  wi th  hot w a t e r  up to the 8 0 - m l .  
mark .  I t  should be noted  that  this  step adjus t s  the  
a lcohol -water  rat io  a p p r o x i m a t e l y  3 to 5 or 3 7 1 ~ %  
alcohol  by  vo lume;  in order to prevent  emuls ion  f o r m a t i o n  
it  is n e c e s s a r y  that  this  rat io  be  m a i n t a i n e d .  This  can  b e  
done by  us ing  a 3 7 ½ %  aqueous  a lcohol  so lut ion to ad jus t  
the  l iquid leve l  in the  ex trac tor  to a po int  7-8 cm. below 
the  s ide  arm.  

2. C o o l  the  e x t r a c t o r  to s l i gh t ly  be low room temperature .  
F i l l  the  inner  tube  With pe tro leum ether  and lower  i t  into  
posit ion.  A d d  a p p r o x i m a t e l y  200, ml.  of  pe tro l eum ether  
to the  ref lux flask. Ref lux  for  6 hours or unt i l  ex trac t ion  
is complete .  

3. Care fu l ly  t r a n s f e r  the  ex trac t  so lut ion to a 2 5 0 - m l .  s e p a -  
r a t o r y  funne l ,  

4. Complete  the ana lys i s  and  c a l c u l a t i o n  according  t o  
A.O ' .C .S ,  C a  6 a - 4 0 .  

Results of Unsaponifiable Matter Determinations 

Table V illustrates analysis of a group of materials 
with a broad range of unsaponifiable matter. Severe 
emulsions made it impossible to extract No. 8 by the 
A.O.C.S. (1) Method. Correlation between the two 
methods is well within the accepted limits of error on 
all the materials investigated. Additional  data are 
presented in Table III. 

In general, it has been found that more time is 
necessary to extract unsaponifiable matter than is 
required for total fatty acid extraction. This. will 

T A B L E  V 

Comparison of Unsaponifiod Determintttions Using 
A.O.C.S. and Liquid-Liquid Extraction Procedures 

A.O.C.S. L -L  
Sample Ca 6~-40 Extractor 

7 Ext. 6 Hours 

1, Deodorized Soya 0il .................. 

2. Degummed Linseed .................... 

3. Lec i th in  ....................................... 

4. Fatty Acids No. l ......................... 

5. Fatty Acids No. 2 ........................ 

6. Fatty Acids No. 3 ........................ 

7. Fatty Acids No. 4 ......................... 

8. Cotto.n-Soya Still Pitch .............. 
All answers are correc ted  for 

titratable acids. 

1.15 

0,83 

1.01 

3.10 

4.42 

8,31 

0,52 
0.52 

1.16 
1.06 

0,86 

0.96 

3.01 

4.36 

8.21 

28.49 
28.38 
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va ry  with the nature  of the substance being analyzed. 
In  the work done 6-hour extractions have been more 
than  sufficient for  the wide var ie ty  of substances 
examined. I t  is believed that  the 6-hour figure can 
be safely reduced for  many  types of mater ia ls ;  how- 
ever the method as proposed is designed to analyze a 
wide range of products  (See Table V).  

No emulsion difficulties were encountered dur ing 
the extraction of unsaponifiable ma t t e r  f rom any of 
the samples examined. Although with some sub- 
stances, still pitches for  example, slight emulsion will 
tend to form if the agi ta tor  is rotat ing too fast  or if 
the solvent is refluxing too r ap id ly .  This difficulty 
can be corrected by  making appropr ia te  adjustments  
in agitation. 

Washing of the final extract  solution with 10% 
aqueous alcohol as required in the A.O.C.S. procedure 
can be eliminated since no soap is entrained in the 
solvent if the extractors  are operat ing properly.  How- 
ever one aleohot wash is recommended as a precau- 
t ionary  measure. The A.0.C.S. Method (1) requires 
correction for  traces of f a t ty  acids. This correction 
is included in the method proposed here ; however for  
most purposes the correction is so insignificant tha t  
it could be eliminated. A similar conclusion was 
reached by  Wood and Rosehen (3).  

Summary 
1. A continuous liquid-liquid ext rac tor  was de- 

signed and proeedures were devised for  the determi- 
nation of total f a t ty  acids, oxidized acids, and un- 
saponifiable matter .  These procedures give results 
that  are in agreement  with the present  A.O.C.S. 
Methods. 

2. The continuous liquid-liquid ext rac tor  has the 
following advantages : 

a) I t  is simple in design, easy to operate and keep clean 
The inner  tube which gives bet ter  solvent dispersion 
than  s tandard  commercial pieces can be made out of 
ord inary  glass tubing at  relatively low cost. 

b)  The operation is automatic.  Once a bank of these ex- 
t ractors  is set up, the operator  is free to do other work. 

c) The extractions are made rapidly wi thout  troublesome 
emulsions. 

d) Greater  accuracy is possible because of limited handling. 
e) The enclosed system minimizes health and fire hazards 

inherent in the present  A.O.G.S. Methods. 

R EFEI~ENCES 
1. A.O.C.S. Method, C'a 6a-40. 
2. A.O.C.S. Method, G 3-39. 
3. Wood, I. H., and Roschen, I-I. L., Oil and Soap, 15, 287-291 

(1938). 
4. Kaye, I. A., and Burlant, W. 5, Chem. Anal., Dec., 1952, pp. 95-6. 

[Received November  6, 19~53] 

A New Batch Solvent-Extraction Pilot Plant 1 

K. M. DECOSSAS, H. J. MOLAISON, and E. F. POLLARD, Southern Regional 
Research Laboratory, 2 New Orleans, Louisiana 

A• all-stainless steel, batch solvent-extraction pilot 
p lant  has been designed, constructed, and test- 
operated at  the Southern  Regional Research 

Labora tory .  The p lan t  is i l lustrated in F igure  1. I t  
is an improvement  over an earlier p lan t  (4), which 
was used for  more than  200 extractions. I ts  stainless 
steel construction makes it par t icu lar ly  useful as a re- 
search tool for  the extraction of a var ie ty  of vegetable 
and other materials,  either nat ive or specially pre- 
pared,  with suitable solvents, for  the production of 
meals, oils, pigments, and other constituents, of essen- 
t ial ly unmodified quali ty and pu r i ty  or with special 
qualities. Fea tures  of the p lant  are an improved 
batch extractor,  a high-velocity rising-film type evap- 
orator  with its vacuum and other auxi l iary equip- 
ment,  and pneumatic  control and mechanical record- 
ing instrumentat ion.  

Design and Installation 
The plant  is located outdoors to minimize dangers 

when solvents, such as ethyl ether are used, and is in- 
stalled on a s t ructura l  steel f r ame  mounted on rein- 
forced concrete pedestals, which are monolithic with 
a reinforced concrete slab. F igure  2 is a flow chart  
which defines the major  equipment  units  and their  
positions in the process. Designed for  versatile and 
labor-saving operations, and in accordance with the 
ASME Code for  Unfired Pressure Vessels, one of the 
existing extraction units  with a capaci ty  of 5 cubic 

1Presented at the fall meeting, Ameriea,n Oil Chemists' Society, 
Nov. 2-4, 1953, in Chicago, Ill. 

2One of the l~boratorie~ of the Souther~ Utilization Research Branch, 
Agricultural Research Service, U. S. Department of Agriculture. 

feet is shown at the center of F igure  1. Although the 
extractors  have capacities of 3.5 and 5.0 cu. ft., found 
dur ing  the past  8 years  to be the most practical  sizes 
for  the extraction of small lots of new and established 
materials,  extractors  of this design with other eapac- 
ities can be made and used by  increasing or deereas- 
ing the length of the unit.  F igure  3 i l lustrates the 
detail of the extractor.  I t  is made of 14-in. 304 stain- 
less steel pipe and is jacketed with 18-in. carbon steel 
pipe. I t s  accessories are of 316 stainless steel con- 
struction. Ho t  water  can be circulated through the 
jacket when extractions are to be made a t  other than 
ambient  temperatures ,  and the extractor  is provided 
with an agi ta tor  which is manual ly  operated at inter- 
vals to reduce ehanneling and at the same time not 
ereate too m a n y  fines. The agi ta tor  shaft  has two sec- 
tions to permi t  removal of the u p p e r  section along 
with the top head when charging flakes into the ex- 
tractor.  Two filter f rames  covered with cloth are 
mounted in the top head for  filtering the miscella as 
it leaves the extractor  on its way to the evaporator.  
For  easy discharge of the extracted meal into a large 
can, the bot tom head is hinged to the body with sili- 
con-bronze hinges. Immedia te ly  above the bottom 
flange on the interior of the ext rac tor  body is a re- 
ta ining s c r e e n  which restrains the meM f rom dis- 
charging while the bot tom head is swung down and 
the collector is slid beneath the extractor.  Since tilt- 
ing of the extractor  is not required fo r  discharging, 
it is bolted r igidly to the steeI through two suppor t  
lugs. There is a solid baffle above the solvent inlet in 
the bot tom head to reduce the channeling of the 
solvent. 


