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l imited both by degree of resolution and by the dif- 
fuseness of the spots~ especially at  low l~f values. Wi th  
na tu ra l  mixed tr iglyeerides there is much over lapping 
and the separat ions achieved do not become appa ren t  
unti l  the second dimensional  separat ion of the f a t t y  
acids is done. However,  since any  given f a t t y  acid 
can be present  in several  different t r iglycerides  the 
methyl  ester appears  as a s t reak elongated in the 
first dimension. The major  tr iglycerides can be esti- 
mated  f rom the relative densi ty  of the f a t t y  acids at 
any  given first dimension Rf zone. The analysis of 
t r iglycerides presented here is less exact than  tha t  
of P r ive t t  and Blank  (4 ) ;  however, it is a s impler  
procedure  in that  it is all done on a single chromato- 
gram. 

Incomplete  transesterif ieation of f a t t y  acids may  
he caused by a high relative humidi ty ,  d ry ing  of the 
ehr<)matogram in lhe methanol vapor,  or excess sodium 
methoxide. Cholcste, ryl esters ineompletely trans-  
esterify.  Spreading  or unwanled  migrat ion can be 
vaused 1)y l(~o heavy spray ing  or eomtensation of 

the methanol vapor.  
The total length of t ime to complete a two dimen- 

sional ehromatogram is 7 hr  for  the tr iglycerides and 
4 hr  for  the mixed lipids. 

The transesterif ieation by e la tography has been 
very  useful in our hands, par t i cu la r ly  with mixed 
lipids. I t  is also useful  with column chromatography  
for  quickly determining the f a t t y  acids in fract ions;  
in which ease different f ract ions are spotted on a 
single ehromatogram, transesterified, and the methyl 
esters separated.  
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Catalysts for Selective Hydrogenation of Soybean Oil.' 
I. An Experimental Method for Evaluating Selectivity 
C. H. RIESZ and H. S. WEBER, Illinois Institute of Technology Research Institute, Chicago, Illinois 

Abstract 
The umtesirable flavor rew~rsion propert ies of 

soybean oils may  be counteraeted by selective hy- 
drogenat ion of the linolenate components. Sereen- 
ing of catalysts for this purpose was accomplished 
by a s tandardized laboratory  hydrogenation of a 
refim~d, bleached soybean oil under  atmospheric  
pressure. A mathemat ica l  derivat ion utilizes 
amtlytieal chromatographic  data to determine 
l inohmate/l inoleate reaction rates as a selectivity 
index ,St for a given catalyst.  

Introduction 

T in,: VALlU,: of soybean oil as an edible product  has 
long becn recognized. However,  the format ion  of 

flavors is an undesirable aspeet which has received 
considerable attention. I t  is ra ther  general ly ac- 
cepted tha t  the linolenic acid consti tuents are a pri-  
mary  precursor  of flavors (1).  Thus, if linolenie con- 
st i tuents  can be selectively hydrogenated,  improved 
soy/)ea/~ oil could find expanded use both as a cooking 
and a salad oil. A major  problem is to evaluate 
whether  present  catalysts are sufficiently selective to 
accomplish the specified hydrogenat ion and if not, 
to develop heterogeneous catalysts which can achieve 
the desired goals. 

[n order  to obtain such information,  the conven- 
t ional  approach  would involve periodic sampl ing of 
an exper imenta l  reaction, plot t ing COhen of compo- 
nents against  t ime or percentage converted and then 
empir ical ly  ad jus t ing  constants for  speeifie reaction 
ra te  (2). This approaeh  would not be useful  for  a 
screening p rog ram where m a n y  catalysts would re- 
quire evaluation. Dut ton  (3) has developed a proce- 
dure  based on the kinetic equations for  consecutive first 
order  reactions which determines the ratio of reaction 
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rale coils|anls of lilloletlate aml ]hloleate earlnm-earbon 
donble bomI hydrogenat ion.  The melhod requires that  
the test ntixture be comprised of equal amounts o[ 
linolenate and linoleale componenls, either triglye 
erides or n l o t l o e s t e r s .  T h e l l  a s iu~ ' le  cxpcrhneutal  
hydrogenat iou (with 0.5 mole hytlroven/moh~ mix- 
lure)  and analytical determinalion of the, triene, 
diem', mid monene components provides all t;hc infor- 
malioa tlee(ted to give the ratio of the l inolenate/  
linoleate reaction rates. 

While Du t ton ' s  method is precise and uscful, it 
does not evaluate catalyst  selectivity for the oil 
product  of immediate interest, i.e., soybean oil. There- 
fore, it was deemed more direct to use a typical  soy- 
bean oil in a s tandard  hydrogenation experiment 
and employ the analyt ical  data to provide similar 
kinetic informat ion for  evaluat ing a wide var ie ty  of 
catalysts.  

Criteria for Selectivity 
The max imum selectivity would occur if hydro- 

genation would reduce only the linolenic component 
of soybean oil without  apprec iably  changing any other 
constituent.  This result  would provide an equivalent 
increase in linoleie eonen, but no change in oleic or 
stearie COhen. Thus, a cursory examinat ion of a hy- 
drogenated product  by  gas ehromatography  would re- 
veal m a n y  catalysts which had little or no selectivity. 
Sueh an approach does not take full  advantage of the 
available data  nor does it permi t  relative rat ings 
where differences are small. 

Assume tha t  the rate  of hydrogenat ion of each com- 
ponent  is given by a relation 

- - dA/d t  = k' A (tI~) F tO) [1] 

where A is Ln, t o ,  0 (linolenie, linoleie, oleic) eoncn 
I-I2 is hydrogen Cohen 
F ( C )  is a funct ion of catalyst  eoncn. 

I f  all experiments  are per formed at constant pres- 
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FIG. 1. Catalytic hydrogenation apparatus.  

an electrical circuit. I n t e r rup t ion  of this circuit  
by  absorpt ion of hydrogen within the reactor  acti- 
vated a solenoid value to force hydrogen f rom buret  
B through stopcock V3 until  the pressure was again 
balanced at PR. 

Pr incipal  features  of the hydrogenat ion system 
are shown in F igure  2. The oil bath  OB was posi- 
tioned by means of a labora tory  jack L J  stat ioned on 
a plat form.  The dr iving force for  the mercury  in 
buret  B was obtained by elevating the leveling bulb 
LB. Oil vapors  f rom the vacuum p u m p  VP or the 
system were t r apped  by cold t r ap  T1. Hydrogen  f rom 
a cylinder was passed through a Deoxo uni t  to re- 
move oxygen and then through cold t r ap  T2 con- 
ta ining act ivated charcoal to remove moisture  and 
any  adsorbable impurit ies.  

The procedure for  pe r fo rming  exper iments  var ied 
slightly with different catalysts.  Cata lys ts  which 
were a l ready in a reduced form ready  for  use were 
entered direct ly  into the oil (normal ly  15 g).  Where  
the catalyst  was in an unredueed form, the catalyst  
was placed in the side a rm while oil was added to the 
bottom of the reactor  flask. Air  was removed by al- 
ternate  evacuation and flushing with hydrogen several 
times. Then the system was filled with hydrogen and 
the catalyst  was heated in the side a r m  at  reducing 
temp as desired or unti l  hydrogen reduct ion ceased. 
The excess hydrogen was pumped  off and the catalyst  
was added to the oil by ro ta t ing  the reactor  flask. The 
reactor  was brought  to temp under  vacuum and hy- 
drogen was entered into the system. No hydrogen 
absorption occurred unti l  the magnet ic  s t i r rer  bar  
was activated. The total  hydrogen was equivalent 
to an excess of 200% above that  needed to sa tura te  
one double bond of the linolenie eomponeat  present.  
Various reaction temp were used, main ly  35,50,65,80, 
100, and 150C. Following an experiment ,  the s t i r r ing 
was stopped and the excess hydrogen was immediate ly  
pumped  off. The oil was separated f rom the catalyst  
by filtration through a Gooeh crucible. I f  oil holdup 
in the catalyst  appeared  appreciable,  the catalyst  was 
washed with thiophene-free benzene. The excess ben- 
zene was boiled off on a water  bath. 
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Fio. 2. Flow diagram of hydrogenat ion apparatus .  

A l-g sample of the produc t  was added to 300 ml 
absolute methyl  alcohol and anhydrous  hydrogen  
chloride was added unt i l  the solution was sa tura ted .  
The esters were refluxed overnight  and then were re- 
covered by  water  washing and extract ion with  ethyl  
ether. The methy l  ester p roduc t  (3-4 td) was then 
injected into a 8-ft gas chromatographic  column 
packed with 20% of polyethylene glycol sueeinate 
on 60- to 80-mesh chromosorb (acid-washed).  E i ther  
a Barber -Coleman or an Aerograph  A-90C ins t rument  
was used. The peak areas recorded were cal ibrated 
with known standards.  Since pahnit ie  acid would be 
p resumably  unaffected, it served as an in terna l  stand- 
ard  and confirmation of the analyt ical  results. Iso- 
lated trans-double bonds were de termined by  I R  
spectroscopy (4).  

The soybean oil used was obtained f rom Swif t  & Co., 
Chicago, 111., th rough K. F. Mattil .  The sample is 
described as refined in the p lan t  wi th  caustic, water-  
washed twice and bleached in vaeuo with a mix tu re  
of neut ra l  and act ivated earths. The sample was then 
washed in the labora tory  with dilute phosphoric  acid 
and rebleaehed with neut ra l  clay. The sample was 
stored a t  --10 to --20C unti l  used. 

Discussion 

The method outl ined has proved useful  in provid-  
ing a rap id  evaluation of catalysts.  As Bai ley (2) 
indicated, the rat io of reaction rates  of l inolenate 
to linoleate in t r iglyceride oils containing linolenic 
ester is ca. 2. I f  under  specific conditions the cata lys t  
provides a lower ratio, e.g., 1.7, the hydrogena t ion  is 
considered non-selective. On the other hand,  any  
values of SL over 2.0 indicate a selective catalyst .  On 
such a basis, i t  becomes meaningfu l  to ra te  catalysts  
on the basis of a l imited number  of experiments .  How- 
ever, since slight errors  in gas ch roma tog raphy  analy-  
sis could provide  erroneous SL values, i t  is well to 
consider any  specific exper iment  within a f r amework  
of re la ted experiments .  Wi th  this viewpoint ,  use- 
ful  conclusions can be drawn with a l imited n u mb er  
of experiments .  Confirmation by  other methods, such 
as tha t  of Du t ton  (3),  and th rough  use of radioiso- 
topic t racers  (5),  would be valuable.  Also, other 
analyt ical  determinat ions such as trans-ester fo rma-  
tion by  I R  spectrophotometry,  conjugat ion of double 
bonds by ul t raviolet  speetrophotometry ,  as well as 
position of double bond by  nuclear  magnet ic  resonance 
(NMR) or by  oxidative cleavage and character izat ion 
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sure and if hydrogen diffuses rap id ly  enough to the 
catalyst  surface  so that  depletion does not occur, then 
(II2) can be considered constant.  Since the catalyst  
remains  un i fo rm in a given experiment ,  F (C) remains 
constant  [although slight changes due to reduction 
dur ing  reaction, competi t ion by  react ing species for  
active surface sites, specific poisoning, etc., might  
change the function,  F ( C )  ]. 

Thus, we can write 
--aa/dt  = kA [2] 

where k = k '  ( H 2 ) F ( C )  = a eonstant.  

Upon  integration,  we get 
log A/Ao = --kt  [3] 

where A o i s t h e c o n e n o f A a t t = 0 .  

]~et the conch of the reactive species at  any t ime x 
be wri t ten  as: 

Ln~, Lo~, O~ 
and at x = (t 

Lno, Loo, 0o. 

We can define selectivity in terms of the solution to 
the above rate  equation as: 

S, :-: log ( L n x / L n . ) / l o g  (I~o./Lo,,) [4] 
a n d  

S,, -- log (Ln ~/Ln o) / log  ( Ox/O,, ) [ 5 ] 

where, SL represents the selectivity of linolenie rela- 
tive to limfleie eomponent  and So represents  the selec- 
t ivi ty of linohmic relatiw~ to oleie component.  

It  is evident that  So and SL represent  the relative 
reaction rates sinee 

S,, = --kL. t/(--kL,, t)  = kL~/(k,.o) [1611 

So = --kL. t / ( - - k o  t) = kr . . / (ko)  [7] 

The time te rm (t)  can be cancelled since the compo- 
nents are a[[ exposed to the catalyst  for  the same time 
period. 

C a l c u l a t i o n  P r o c e d u r e  

To calculate the values of SL and So for each ex- 
pe r iment  t)erformed in an identical  manner ,  the 
amount  of each component  hydrogenated  must  be 
determined.  These quanti t ies can be deduced f rom 
the analytical  data  for  the initial removal ;  it is a 
negative quant i ty  of each component.  

Thus, the stearie component  can increase in eonen 
only by hydrogenat ion of the oleic component.  There- 
fore, the actual hydrogenat ion of oleic component  is 
equal to the increase in stearic;  since hydrogenat ion 
represents  removal,  it is a negative quant i ty  in terms 
of oleic conen. 

~o = - ( s ~ -  s,) IS] 
where AO is the conen increment  due to hydrogena-  

tion of oleic component  
S~ is the initial  stearic concn 
Sf is the final stearic concn. 

Similarly,  the decrease in linoleuic component  can 
be due only to hydrogenat ion  of linolenic. Hence 

ALn = (Ln t  -- L m )  [9] 

where ALn is the incremental  change in concn due 
to hydrogenat ion  

Ln~ is the init ial  concn of linolenic 
Ln~ is the final conch of linolenic. 

The linoleic component  increases in concn because 
of linolenie hydrogenat ion  but  decreases f rom its 
own hydrogenat ion.  This m a y  be expressed as 

L o ~  - -  L o i  = A L o  - -  t L n  [ 1 0 ]  
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where ALo is the incremental  change in linoleie com- 
ponent  due to hydrogenat ion  

Loi is the initial eonen of linoleie 
Lot is the final eonen of linoteic. 

Equat ion  [10] can be solved for  ALo in terms of 
known quantities, i.e., 

ALo = Lot -- Lo, + Lnf  -- L m  [10a] 

I t  is possible to derive one more equation which 
can be used to cheek the results given in equations 
[8] and [10a]. Thus, the oleie component  conen 
decreases due to hydrogenat ion of oleie and increases 
f rom linoleie hydrogenat ion.  This m a y  be wri t ten 
similar to equation [10], or 

O f - -  O~ = AO -- ALo [11] 

where • is the incremental  change in oleie eompo- 
nent  due to hydrogenat ion 

O~ is the initial  oleie conen 
Ot is the final oleic eonen. 

This equation may  be solved for AO and • as 
.follows, 

AO--  O2 -- O, + ALo I l l .a]  
~r~o = ~ o  - (o2  - o , )  [ U b ]  

Thus, to find mO f rom equation [ l l a ] ,  the value 
of • obtained in equation [10a] is used. To find 
AlJo from equation [ l l b ] ,  the value of AO from equa- 
tion [8] is used. Equat ions  [81 and [ l l a ]  are hence 
separat:e methods of determining oleie eomlmnent 
hydrogenat ion and similarly, equations [10a] and 
l l l b l  are separate  solutions for  ~Lo. I f  the analyses 
are precise, these solutions should agree. In  applica- 
tion to a large number  of experimental  determina- 
tions, the two equations gave values within the range 
of accuracy of gas chromatography  (i.e., within 
~ 0 . 2 % )  and accordingly, the average values of AO 
and aLo  were used in calculating SL and So. 

A p p a r a t u s  a n d  P r o c e d u r e  

The nature  of the equipment  has no bearing on the 
proposed evaluation method sinee it is general in 
scope and applicable to any  repeti t ive hydrogenat ion 
exper iment  in which access of hydrogen to the cata- 
lyst surface is not a controll ing factor. However, the 
equipment  whieh was used is believed to have cer- 
tain novel features which made its applicat ion of par-  
t icular  value and convenience. 

The appara tus  is shown in Figures  I and 2. The 
main features  are shown in F igure  1. The reaction 
vessel ( g )  comprised a 125 ml flat-bottom flask whieh 
had three indentations to destroy the vortex action 
of the Telfon-encased magnet  bar  (M).  The st i rrer  
bar  was actuated by  a 1140 rpm rota t ing magnet  (not 
shown).  The reaction flask was mainta ined in an oil 
bath  (OB) heated by  an internal  coil (C) of ni- 
ehrome wire. The oil bath  was agi ta ted by st i rrer  S 
and its temp controlled by the mercu ry  thermoregu- 
lator  (TR) .  The temp control was general ly within 
•  

Another  fea ture  of the reactor  flask was the side 
a rm for use in act ivat ing catalysts. Here,  up to 550C 
could be at ta ined for  reduction with oil present  in the 
flask. Complete f reedom in manipula t ing  the eatalyst  
was derived f rom the two spherical  joints SJ. 

Pr ior  to any experiment,  the oil and catalyst  were 
degassed by  evacuation through stopcock V2. Hy-  
drogen was entered through stopcock V~. In  conduct- 
ing either reduction of catalyst  or hydrogenat ion of 
oil, the pressure of hydrogen was mainta ined at at- 
mospheric pressure by pressure regula tor  PR. This 
comprised a mercury  manometer  which maintained 
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of fragments would also provide insight in the per- 
formance of heterogeneous catalysts. Obviously, a 
pre-screening survey must be made before such de- 
tailed investigations are made. The proposed method 
has proved exceedingly useful in this respect. 
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Analysis of Fatty Acid-Ethylene Oxide Adducts 
by Countercurrent Distribution 
F. P. WETTERAU, V. Lo OLSANSKI, C. F. SMULLIN and J. D. BRANDNER, Chemical Research Department, 
Atlas Chemical Industries, Inc., Wilmington, Delaware 

Abstract 
Countercurrent distribution (CCD) has been 

found to be a very satisfactory means for the 
direct determination of free polyol, monoester 
and diester in a wide range of fat ty acid-ethylene 
oxide adducts in which the average polyoxyethyl- 
ene (POE) chain length varies from 1 4 0  ethylene 
oxide units. A suggested procedure with three 
solvent systems, providing optimum separation 
over the entire scope of products, is presented in 
this paper. 

Several fa t ty  acid-ethylene oxide derivatives 
were analyzed and good separations were ob- 
tained as indicated by well-defined wt distribu- 
tion curves. The results on POE-8-stearate verify 
earlier conclusions that the product consists of 
unesterified POE glycols and POE glycol mono- 
and diesters in the approximate molar propor- 
tions of 1:2:1. 

CCD was also used to effect partial fraetionation 
of the monoester according to POE chain length. 
The fraetionation, although incomplete, is suf- 
ficient to permit estimation of polymer distribu- 
tion. 

Introduction 

T HE LITERATURE (1,2,3) reports several methods for 
the analysis of the products resulting from the 

reaction of long-chain fat ty  acids with ethylene oxide 
or POE glycols. The overall reaction results in an 
equilibrium mixture of free POE glycols, monoesters 
and diesters of the fat ty acid as discussed by Birk- 
meier and Brandner (2). 

Malkemus and Swan (1) developed a method for 
the analysis of POE glycol esters which they applied 
both to products made by esterifying POE glycol with 
fat ty acid and to adducts of fa t ty  acid and ethylene 
oxide. The free POE glycol is extracted from the 
product and discarded. The remaining ester portion 
is analyzed for saponification and hydroxyl numbers. 
From these constants and those of the original ma- 
terial, the quantities of free polyol, monoester and, 
diester are calculated. The procedure is quite simple, 
but requires great accuracy in the determination of 
the analytical constants. 

Birkmeier and Brandner (2) reported a procedure 
for the analysis of POE-8-stearate (Myrj| 45, Atlas 
Chemical Industries, Inc.). This method requires re- 
covery and analysis of both the unesterified POE 
glycols and the mixed esters. The relative amounts 
of monoester and diester are calculated from the 

x Presented in part at the AOCS meeting in St. Louis, 1961. 

saponification and hydroxyl numbers of the mixed 
ester portion after  correcting for the small amounts 
of free fa t ty  acid, ash and water which are present. 

There is disagreement among the several investiga- 
tors on the mole ratios of free polyol, monoester and 
diester in the products. Malkemus and Swan and 
Wrigley, Smith and Stirton (1,4,5) reported mole 
ratios of monoester to diester varying from 1:1-2:1. 
In the previously mentioned paper (2) the authors 
determined the mole ratio of free polyols to mono- 
esters to diester to be ca. 1:2:1, and pointed out that 
this is the mole ratio expected if ester interchange 
is established during the ethylene oxide addition. 

Since all of the foregoing estimates of composition 
were indirect, and, at most, involved separation of 
free polyol from the ester portion, but not of mono- 
ester from diester, a search for a more satisfactory 
separation procedure appeared desirable. Some trial 
was made of column chromatography which had been 
reported to be applicable (3), but incomplete sepa- 
rations were observed in our laboratory. Attention 
was then directed to the CCD technique developed by 
Craig (6). 

The present paper describes the application of the 
CCD technique for the direct determination of free 
polyol, mono- and diesters in long chain fa t ty  acid- 
ethylene oxide adducts. A solvent system, which 
had been reported by Drew and Schaefer (7) for 
the separation of reaction products resulting from 
the addition of ethylene oxide to long-chain alcohols, 
was found satisfactory for the analysis of products 
prepared with 1-8 moles of ethylene oxide/mole fat ty 
acid. Modifications of the system were necessary for 
satisfactory separations of similar derivatives in which 
20 and 40 moles ethylene oxide were added. 

Experimental 
Apparatus and Solvent Systems. The CCD ap- 

paratus employed is the Model No. 5-B (H. O. Post 
Scientific Instrument Co., Inc.). I t  has 100 ceils with 
a capacity of 40 ml in either phase. Flasks for the 
evaporation of extract are extraction type, flat bottom, 
wide neck and 150 ml capacity. 

The solvent systems used are as follows: 

S o l v e n t  S y s t e m  C o m p o s i t i o n ,  % ( V / V )  

S y s t e m  ........................................... I A B C 
S o l v e n t  

H e x a n e  ....................................... 35 34 32 
C h l o r o f o r m  . . . . . . . . . . . . . . . . . . . . .  15 16  18 
A b s o l u t e  e t h a n o l  ....................... 1 40  . . . . . . . .  
3 -A d e n a t u r e d  e t h a n o l  .............. 40 40 
W a t e r  ......................................... "i0 10 10 


