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suspension while Mieronex (as well as other carbon 
blacks) forms relat ively large aggregates  in water.  
These aggregates are par t i a l ly  dispersed by vigorous 
agitat ion in a W a r i n g  Blendor  but  are more com- 
pletely dispersed by rotat ion in the Launder -Ometer  
in the presence of fabric,  yarn,  or fiber of cotton or 
other textile material .  The influence of hard  water  
and of other inorganic salts on suspending power 
data  is discussed. The need for careful  selection 
of type of soil and fabric  and for  careful  in terpreta-  
tion of data  is stressed. 
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Preparation of Pure Fatty Acid 
Countercurrent Distribution I 

Methyl Esters by 

C. R. SCHOLFIELD, ]ANINA NOWAKOWSKA, and H. J. DUTTON, 
Northern Regional Research Laboratory, Peoria, illinois 2 

C 
OUNTERCURRENT DISTRIBUTION constitutes a use- 
ful  physical  tool for the isolation and prepara-  
tion of pure  f a t t y  acids and methyl  esters be- 

cause of its inherent ly  mild fractionating-conditions,  
high resolving power, and comparat ive ly  large sample- 
capacity.  Like chromatographic  methods and frac- 
tional solvent crystallization, it separates unchanged 
the na tura l ly  occurring isomers of unsa tura ted  acids. 
In  contrast,  chemical methods involving the poly- 
bromides give products  containing some unna tu ra l  
isomers, and urea  f ract ionat ion usually gives prod- 
nets containing at least small amounts of other f a t ty  
acids. 

Various solvent combinations have been used for 
the separat ion of f a t t y  acids and of methyl  esters. 
Ahrcns  and Craig (1) studied systems formed by 
mixing heptane with acetic acid, methanol, and either 
formanlide or aeetonitrile for  the countercurrent  dis- 
t r ibut ion of the higher f a t t y  acids. Cannon, Zileh, 
and Dut ton (3) reported the use of a ni tromethane,  
nitroethane,  pentane-hexane system for the separat ion 
of methyl  esters. 

This communicat ion describes the use of acetonitrile 
and pentane-hexane for  the analytical  countercurrent  
distr ibution of methyl  ester mixtures  as well as the 
prepara t ive  separat ion of methyl  esters of pure  fa t ty  
acids. Aeetonitri le is selective for esters of different 
degrees of unsaturat ion.  I t  has a low boiling-point 
and forms azeotropes with the hydrocarbon solvents 
so that  it is easily removed by evaporation.  I t is 
stable under  the conditions used, and when the frac-  
tions are removed in port ions of upper  pentane-hexane 
layer by the single wi thdrawal  procedure (4),  the 

1 Presented at the 50th meeting, American Oil Chemists' Society, 
New Orleans, La., April 20-22, 1959. 

2'This is a laboratory of the Northern Utilization Research and 
Development Division, Agricultural Research Service, U.S. Department  
of Agriculture. 

lower layer  may be re-uscd. Thus operations are con- 
s iderably simplified, an<l it is not necessary to enlpty 
the appara tus  and refill with fresh solvent for caeh 
SliCCeSslve batch. 

Experimental 
Methyl Linolenalc. Since prepara t ions  of this ester 

have f requent ly  been required in this laboratory,  ex- 
perience with this estcl' and the acetonitr i le-pentane- 
hexane system is nlost COlnlllcte. Beeallse the weight 
of esters that  call be t'l 'aetiolmled per  batch is l imited 
by the size of the tubes of the countercurrent  distri- 
bution apparatus ,  it is advantageous  to s ta r t  with 
esters having as high a concentrat ion of methyl  lino- 
lenate as possible. For  this reason a methyl  linolenate 
concentrate,  p repared  by the urea-coniplex procedure 
that  was devised by Pa rke r  and Swern (10), was used 
as the s ta r t ing  material .  This concentrate contained 
84.7% methyl  linolenate, 15.4% methyl  linoleate, and 
0.2% methyl  oleate as measured by gas chromatog- 
raphy.  

Countercurrent  distr ibution was carr ied out in a 
200-tube appa ra tus  which contains 40 ml. of lower 
layer  in each tube. To s tudy separat ion under  opti- 
real conditions, only 10.0 g. of methyl  linolenate con- 
eentrate  were used. The concentrate was dissolved in 
200 ml. of lower phase and 50 ml. of upper  phase of 
the solvent system and was placed in the first five 
tubes of the instrument .  Seven hundred  t ransfers  
were applied, using 10-ml. portions of uppe r  phase 
for  each transfer .  Af te r  the first 200 t ransfers  the 
uppe r  layers were wi thdrawn f rom the appara tus  
according to the single wi thdrawal  procedure. These 
fract ions were caught, one in each tube of the col- 
lector, and were evaporated in tared flasks. Because 
nothing was found in fract ions corresponding to 
t rans fe r  200 through 300, these fract ions are not 
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]~"m. 1. Coun te rcu r r cn t  d i s t r ibu t ion  of me thy l  l inolenate  con- 
cent ra te .  Solid l i n e - - w e i g h t  curve.  Dot ted  l i ne - - ca l cu l a t ed  
theoret ica l  curve for  me thy l  ] inolenate.  

shown in the weight curve given in F igure  1. In  this 
figure there are well-separated bands corresponding 
to the elution of linolenate, linolcatc, and oleate of 
the s tar t ing  material .  Par t i t ion coefficients calculated 
f rom the position of the max imum of the weight curve 
for  each component  (4) a r e  Klinolem~te : 2.1, Klinoleat e 

= 3.5, and Kol,,,t,. = 5.9. The calculated theoretical 
curve (4) for limflemttc indicated by the dotted line 
corresponds closely to the ( 'xperimental curve an(1 
indicates " i d e a l "  conditions of <>peration. The ma- 
terial  represented by transfeF's 490 through 650 was 
combined to give 6.24 g. of methyl  linolenate. 

To prepare  larger  mnounts of methyl linolenatc, 
runs  were made with 40-g. portions of linolenate con- 
centrate placed in the first 2(} tubes. Af te r  2(10 trans- 
fers  the fract ions were collected by combining the 
eluate f rom two t ransfers  in each collector tube. A 
weight curve foF' such a run is shown in F igure  2. 
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~ICT. 2. P r e p a r a t i v e  scale eoun te reu r ren t  d i s t r ibu t ion  of  me thy l  
l inolenate  concent ra te .  

Fract ions  f rom 480 to 640 were combined and com- 
prised the methyl  linolenate prepara t ion.  Another  
40-g. sample of linolenate concentrate was then placed 
in the first 20 tubes, and the procedure was repeated, 
using the same lower layer. Addi t ional  lower layer  
was passed through the ins t rument  ahead of the 
sample to insure re-establishment of interfaces in the 
proper  position. Upper  layer  was also passed through 
to insure that  the phases were mutua l ly  saturated.  
F r o m  328 g. of linolenate concentrate processed in 
eight such runs, 238 g. of ulethyl linolenate were 
recovered. This was distilled to give 214 g. of prod- 
uct, which analyzed 100% methyl  linolenate by alkali 
isomerization (2) and contained only about 0.01% 
impur i ty  as measured by gas chromatography.  I t  has 
an iodine value of 258.7 and n 3~ 1.4675. 

Methyl Linoleate. A similar procedure has been 
used to p repare  methyl  linoleate except tha t  no pr ior  

enrichment by urea fract ionat ion was required. A 
40.1-g. sample of safflower methyl  esters containing 
77.7% linoleate was put  in the first 20 tubes of the 
appara tus .  Distr ibution was carried out as described 
for  the linolenate except that  four  t ransfer  samples 
were combined in each collection tube. The weight 
curve is shown in F igure  3. Fract ions  were combined 
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Fro. 3. Coun t e r cu r r en t  d i s t r ibu t ion  of safflower oil me thy l  esters.  

as indicated in the figure and analyzed by gas chroma- 
tography.  Frac t ion  A consisted of 22.8 g. of methyl 
linoleate of greater  than 99.5% pur i ty  by gas chroma- 
tography.  Alkali  isomerization indicated 100% lino- 
leate. Iodine value was 172.8 and n a~ 1.4578. FF'av- 
tion B contained 70.4% methyl  oleate aFn] 26.9% 
methyl  palmita te  while f ract ion C contained 55.5% 
oh'ate and 44.5% pahnitate.  While oleatc and palmi- 
tale are found  in the same group of tubes, there is a 
par t ia l  separation,  i f  it is desired to recover pure 
oleate, relnoval of pahni ta te  pr ior  to eountercurrent  
separat ion could readily be per formed by distillation 
or urea  crystallization. 

Soybean Methyl Esters. The fraet ionat ion of a more 
complex mixture  is i l lustrated by the conntercurrm~t 
distr ibution of soybean methyl, esters. A 10.97-g. 
sample was placed in the first five tubes, and the 
distr ibution was per formed as described above, co l  
le t t ing the fract ions corresponding to each t ransfer  
in separate  tubes. The weight curve is shown in Fig- 
ure 4. Fract ions  were combined, as indicated in the 
figure, and were analyzed by gas chromatography  
(Table I ) .  The firs~ fract ions are largely C2o and C,~,, 
sa tura ted  esters followed by methyl  stearate. Methyl 
palmita te  and methyl  oleate appear  together in sub- 
sequent fraet ions but  are par t ia l ly  separated as we 
observed before with safflower esters. Analysis  by gas 
chromatography  shows tha t  the methyl  linoleate con- 
tains a small amount  of impur i ty ,  probably  palmi- 
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FIG. 4. Ooun te rcu r ren t  d i s t r ibu t ion  of soybean  oil m e t h y l  esters .  
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T A B L E  I 

Composi t ion of Soybean Methyl Ester  F rac t ions  

F rac t ion  Composit ion,  % 

A ........................ 51.3 Behenate  32.6 Arachida te  16.1 Steara te  
B ........................ 1.8 Arachida te  93.6 Stearate  3.67 Fa lmi t a t e  
C ........................ 56.1 t?almitate  4 3 . 9 0 l e a t e  
D ........................ 39.1 Pahn i t a t e  6 0 . 7 0 l e a t e  
E ........................ 25.2 Pa lmi ta t e  7 4 . 5 0 l e a t e  
F ........................ 6.1 Pa lmi ta te  9 2 . 3 0 l e a t e  
G ........................ 96.2 Linoleate  
I-I ....................... 97.1 Linolcate  

toleate. The last component  wi thdrawn f rom the 
countercurrent  distr ibution ins t rument  is linolenate. 

Methyl Arachidonate. To investigate the feasibil i ty 
of this procedure  for  p repara t ion  of methyl  arachi- 
donate, one countercurrent  distr ibution was made of 
methyl  esters f rom hog liver lipids. Difficulty was 
ant icipated because of the expected similari ty of the 
par t i t ion coefficients of arachidonate and linolenate. 
While arachidonate has one more double bond than 
linolenate, i t  also has two more carbon atoms. The 
effect of increasing polar i ty  by adding a double bond 
has been found to be near ly  equal in effect to that  of 
subtract ing two methylene groups. For  this reason 
the two esters would be expected to have similar par-  
tition coefticients and to emerge f rom the appara tus  
in the same fract ions and in: a way similar to the 
oleate and palmitate.  

The crude lipids were p repared  from hog liver by 
the alcohol-extraction procedure of Holman (6). Af te r  
the fa t ty  acids were isolated by sapolfification, they 
were esterified by  refluxing with lnethanol and sul- 
furic acid and were distilled, giving a product  c.on- 
taining 9.3% ntethyl arachidonate.  For tnna te ly  these 
esters were f<)ulld to contain only a trace of linolenate. 
I Iowever  to establish the location of linolenate in the 
distribution, 31 rag. of C ~a labeled m(~thyl linolenate 
(5) were added to 15.1 g. of the liver esters used for 
the distribntion. This sample was placed in the first 
five tubes of the instrument,  and 1,000 t ransfers  were 
applied by using 10-ml. portions of upper  layer and 
(~oml)ining two fractions in each collector tube. The 
weight curve and the measurement  of radio-act ivi ty 
are shown in F igure  5. The maximum for ra:tio- 
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FIG. 5. Countercurrent distribution of hog liver lipid methyl 
esters. Solid line--weight curve. Dotted line--radio-activity 
caused by adding C ~4 methyl linolenate. 

act ivi ty of the C 14 methyl  linolenate appears  in the 
same fract ions as the max imum weight in the araehi- 
donate band ;  therefore little separat ion of linolenatc 
and arachidonate would have occurred in this system 
had linolenate been present. 

Composition of the fract ions was investigated by 
gas chromatography  and by alkali isomerization, using 
21% potassium hydroxide in ethylene glycol (2).  Gas 
chromatography  indicated that  the composition of 

some of the f ract ions was quite complex, each with 
'several minor unidentified components, but  that  f rac-  
tions in the region f rom t ransfer  510 to t rans fe r  570 
contained about 90% methyl arachidonate with two 
other components. Alkali  isomerization indicated the 
presence of a pentaenoie ester. From its position in 
the countereurrent  distr ibution curve this would be 
presumed to be methyl  docosapentaenoate. I t  appears  
that  if liver lipid methyl  esters were first distilled to 
give a 20-carbon acid fraction, as was done by Mon- 
tag et al., (8) pure  methyl  arachidonate could be 
p repared  with this type of solvent system. 

Small amounts  of mater ial  were also recovered by 
combining fract ions corresponding to t ransfers  720 
through 820 and 840 through 940. Based on ul t ra-  
violet absorption a f t e r  alkali isomerization and their  
position on the distr ibution curve, it is believed that,  
in addition to unidentified materials,  Frac t ion  720- 
820 contained methyl  eieosapentaenoate and docosa- 
hexaenoate and Frac t ion  840 940 contained methyl  
eicosahexaenoate. 

D i s c u s s i o n  

Countereurrent  distr ibution employing an aceto- 
nitrile and pentane-hexane solvent system is a prac- 
tical procedure for  separa t ing pure  " n a t u r a l "  methyl  
esters of f a t ty  acids in quanti t ies sufficient for  m a n y  
laboratory  uses. Since weight curves are quite repro- 
ducible front run to run, it is necessary to check only 
the general shape and position of the bands before 
combining samples. In recent prepara t ions  this loca- 
tion of bands is being done hy following the ref rac t ive  
index change of th(~ solutions issuing f rom the ap- 
para tus  with a recording <tiff(,rential refractometer ,  
thus obviating the need to evaporate and weigh the 
fracti<>ns. Additioll of automatic  refra( ' tometrie  moni- 
toring of eluates to th(, alm,ady automatic  operation 
of the countercurrent  distribution appara tus  elinti- 
narcs much tedi<)ns labor, which has discouraged the 
use of countercurrent  distribution methods in tiE(, 
past. Approx imate ly  4(1 g. (>f methyl  esters can be 
processed in each four  clays of automatic  operation, 
usin~ a 200-tube eonntercurrent  distribution appa-  
r a t u s  (80-ml. c a p a c i l y  tubes )  and  a p p l y i n g  650 
transfers .  

Although this a<'etonitrile-pentane-hexane solvent 
system separates  methyl  esters on the basis of unsatn-  
rat ion (isologous series) and to some extent on chain 
length (homologous series), it has little selectivity for 
some other mixtures  encountered. For  example, a 
mixture  of methyl  linolenate and methyl  pseudo- 
eleostearate (10 trans, 12 trans, 14 trans-octadecatri- 
enoate) gave only one max imum for  the two com- 
pounds in its weight  curve. According to spectro- 
analysis, the maxima for the two components were 
separated by  not more than 10 transfers .  Also as 
described in another  paper  (11), distr ibution of esters 
of cyclic monomers f rom alkali-isomerized linolenic 
acid gave only one band al though ul traviolet  absorp- 
tion indicated incomplete f raet ionat ion had taken 
place. 

Appl icat ion of this solvent system is described for 
a 200-tube automat ic  appara tus ,  but the system should 
also be useful  in smaller instruments.  Suitable con- 
ditions would have to be established for each sepa- 
ration, but the following i l lustrates the type of results 
anticipated.  Consider the separat ion of linoleate and 
linolenate. I f  the volume of uppe r  phase in each tube 
is one-fourth tha t  of the lower phase and if the sample 
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is placed only :in the first tube, we may  calculate f rom 
Nichols '  equation 5 (9) that  in a 50-tube ins t rument  
123 t ransfers  would be applied before the f ract ion 
which corresponds to tile point of intersection of the 
curves, i.e., the fract ion in the distr ibution of a two- 
component  system which contains equal amounts  of 
each component,  leaves the instrument.  Wi th  a 100- 
tube ins t rument  245 t ransfers  would be appl ied;  with 
a 200-tube ins t rument ,  490 t ransfers ,  which cheeks 
our exper imenta l  value in F igure  1. Then if equal 
amounts  of linoleate and linolenate are present  in the 
s ta r t ing  mixtures  and if the f ract ions arc divided at 
the intersection point, we may  ealeulate f rom the 
equations of Lancaster  st al. (7) tha t  each component  
f rom the 50-tube ins t rument  would contain 4.5% of 
the other component  as impur i ty .  Each component  
f rom the 100-tube ins t rument  would eontain 0.8% 
of the other component. Greater  pu r i ty  can be 
achieved by  s tar t ing  with mater ia l  enriched in the 
desired component,  by discarding the small f ract ions 
near  the intersection point of the curves, or by using 
a smaller rat io of upper-to-lower-solvent volumes. 

S u m m a r y  

Acetoni tr i le-pentane-hexane makes a desirable sol- 
vent  system for  p repara t ion  of pure  methyl  esters 
because of its immiscibility, selectivity toward unsatu-  
ration, low boiling point, stability, and ease of re- 
covery. Since separated esters are removed f rom the 
appa ra tus  dissolved in the pentane-hexane layer, 

successive batches may  be f raet ionated without re- 
moving the aeetolfitrile layer  f rom the instrument .  
Appl icat ions have been i l lustrated for  the prepara-  
tion of methyl  linolenate f rom an 85% linolenate 
concentrate, methyl  linoleate f rom safflower esters, 
and methyl  araehidonate f rom pig l iver lipids. 

This procedure provides a source of " n a t u r a l "  
f a t t y  acids with the double bond configuration un- 
changed, in contrast  to those f rom the conventional 
bromination-debronfination process. Automat ion  of 
the process is completed by use of a recording refrae-  
tometer  which monitors concentration of solutions 
issuing f rom the extractor.  I~esolutions to be antici- 
pated with lesser numbers  of extract ion tubes than 
200 are ealeulated for  an equal mixture  of linoleate 
and linolenate. 
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Theory of the Washing Process 1 
W. K L I N G  and H .  L A N G E ,  Henkel  and Cie. G m b H ,  Dusseldorf, Germany 

T 
HE SOIL usual ly  occurr ing on the textiles to be 
washed is a complicated mix ture  of very  differ- 
ent components.  For  the sake of simplicity, they 

m a y  be subdivided into mater ia ls  which are liquid 
at  the washing t empera tu re  and others which are 
solid under  the same conditions. Regarding  the wash- 
ing process theoretically, it is useful  to consider the 
displacement  of both types of soil separa te ly  because 
they are taken away f rom the textile fibers by quite 
different mechanisms. 

Liquid soil, or as we may  call it, oily soil is ehiefly 
displaced by  preferent ia l  wetting. I t  has been shown 
by  microscopic observations tha t  the oil original ly 
spread over the fiber as a thin and near ly  un i fo rm 
layer  is pushed together to fo rm spherical  droplets  
a f t e r  immersion in the washing liquor. F r o m  a 
detailed s tudy  of this process it follows that  the 
pre fe ren t ia l  wet t ing  is governed by the interfacial  
tension gAR between the oil and the washing liquor 
as well as by  the difference •  between the adhesion 
tensions for  the washing l iquor/f iber  and for  the 
oil /f iber interfaces.  I f  •  is greater  than  gaB, the 
droplets  are spontaneously detached. The work Aw 
done by  the system dur ing this process is given by  the 
following fo rmula  derived by Kl ing  and Koppe  (6) : 

1 Presented at the 50th Anniversary Me,eting, American Oil Chemists' 
Society, New Orleans, La., April 20, 1959. 

- A w  - ~  F ( A j  - - , B ) ,  ( 1 )  

where F is the area exempted f rom the oil. 
In  most of the pract ical  eases however • is smaller  

than ~an. The oily droplets  a t ta in  equil ibrinm in the 
form of spherical  segments with a definite contact 
angle. A " re s idua l  work of wash ing"  An must  then 
be done to detach the soil completely. For  AI~ the 
following equation has been derived (7) : 

AR = y �9 ~AB (2)  

y is a funct ion of the contact angle, which in tu rn  is 
correlated to Aj and aAB by the Young relation. The 
funct ion is expressed by  the following equation: 

y = ~ 4 - -  ~ / 2 -  3 Xo + Xo 3 (2a)  

where Xo = -  • The te rm AR as calculated by 
the equations (2) and (2a) is related to an oil drop 
of the volume 

v = l / 3 \ / ~ r )  cm 3 

The equations (2) and (2a) permi t  expression of 
the effectiveness of a detergent  in removing oily soil 
by physical ly  defined and measurable quantities, i.e., 
Aj and aAB. This m a y  be demonstra ted by measure- 
ments with a model system, namely, a foil made f rom 
poly-e-eaprolaetam, liquid paraffin, and aqueous solu- 
tions of sodium dodeeylsulfate.  F igu re  1 shows, as 


