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lished, successful or unsuccessful, be brought together 
in a more usable form. 

Third, a comprehensive program of fundamental 
research on drying oils should be initiated, including 
the following phases: 

1. a t ho rough  inves t iga t ion  of the  bas ic  chemis t ry  of  d ry ing  
oils ; 

2. use of  th i s  knowledge of  the  bas ic  chemical  composi t ion  
of d ry ing  oils as a s t a r t i n g  po in t  for  resea rch  in the  
chemical  modif icat ion of  oi ls;  

3. u t i l i za t ion  of the  m a t e r i a l s  developed t h r o u g h  chemical  
modif ica t ion  of  oils to f o r m u l a t e  new p roduc t s  t h a t  will 
serve more  effectively as  raw ma t e r i a l s  in es tab l i shed  uses  
or  t h a t  will find a m a r k e t  in  ent i re ly  new uses ;  

4. as  an  i m p o r t a n t  corol lary  to the  p r o g r a m  of  resea rch  o n  

the  d r y i n g  oils themselves ,  t h e  u n d e r t a k i n g  o f  s tudies ,  
based  on f u n d a m e n t a l  phys ica l  a n d  chemical  knowledge,  
to de te rmine  the  m e c h a n i s m  by  which oil films d ry  and  
the  f ac to r s  t h a t  af fect  color re ten t ion  in  pro tec t ive  coat- 
ings  ; a n d  

5. the  in tens i f ica t ion  of  long- te rm b reed ing  research  on the  
, agr icu l tu ra l  p l an t s  f r o m  which oils a re  derived.  

We are firmly convinced that the carrying out of 
the above recommendations will contribute materially 
to improving the present competitive position of the 
drying oils in the American economy. We arc even 
more firmly convinced that there will be a continued 
steady decline in the use of drying oils from agri- 

cultural sources unless important new discoveries are 
made in the fields of research outlined above. 

In closing we would like to make one further ob: 
servation that seems pertinent to this discussion. The 
initial comment received from many of the drying- 
oil consumers, when they were asked to cite difficul- 
ties with drying oils, amounted to: " W e  don't  have 
any special problems with oils. We have troubles with 
them, of course, but we know what they will and won't 
do and we just accept them as they are ."  This state- 
ment, and the frequency of its occurrence, would indi- 
cate that many drying-oil consumers have pret ty much 
resigned themselves to taking the oils as they come, 
with little hope that they will get any better. Such 
an attitude, on the one hand, is a virtual invitation to 
synthetic-materials manufacturers to keep supplying 
new products that will give the drying-oil consumer 
less trouble and better results. On the other hand, it 
should serve as a ringing challenge to the drying-oil- 
producing industry, the Department of Agriculture, 
and all others interested in these oils to do all that 
can be done to develop new raw materials that will 
be received with greater enthusiasm by producers of 
paint, varnish, floor coverings, and other products. 
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II  

Autoxidation and Oxidative Polymerization 1'2 
W. O. LUNDBERG, The Hormel Institute, University of Minnesota, Austin, Minnesota 

I T IS WELL recognized that the fundamental chemi- 
cal basis for the use of drying oils in protective 
coat in~ and related applications consists of autox- 

idation of the drying oils at the unsaturated centers 
in the fa t ty  acid chains and a subsequent linking 
together of the fat ty acid chains by polymer-forming 
reactions. 

It  is not nearly so well recognized however that the 
presence of unsaturation, and that oxidation at the 
unsaturated centers, are responsible not only for the 
strong points of drying oils as film-formers but also 
for some of the weaknesses that have played a role in 
the displacement of drying oils by other types of 
film-forming materials. 

Solutions to some of these problems must be found 
through fundamental chemical research. One of the 
prime objectives of such research must be to deter- 
mine how to exploit to the fullest the desirable film- 
forming reactions based on oxidation at the unsatu- 
rated centers, and at the same time minimize, or even 
eliminate if possible, undesirable changes such as yel- 
lowing and other forms of film degradation, which 
also result in large measure from oxidation at the 
unsaturated centers. 

This is essentially the direction that has been taken, 
whether consciously or unconsciously, in the develop- 
ment of such vehicles as alkyds and other drying oil 
derivatives, without which the drying oil industry 
would have suffered even more than it has. The intro- 
duction of phthalic anhydride into oils permits poly- 
mer building via ester linkages as a partial substitute 
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for the functionality that must otherwise be provided 
by the unsaturated fat ty acids radicals. Thus, in al- 
kyds, oils with lower total unsaturation may be used. 
Because fewer unsa tu r a t ed  centers are needed for 
film-formation, fewer unsaturated centers will also be 
available for degradative oxidation reactions. 

In this brief presentation an avenue of research will 
be suggested that has not been explored appreciably 
and that could provide much useful information on 
how to exploit intelligently the desirable aspects of 
oxidation at unsaturated centers, and at the same time 
permit reduction in the undesirable aspects. Before 
doing this however, it may be well to summarize very 
sketchily the more important points that are known 
about autoxidation and oxidative polymerization. 

Conjugated fat ty  acids, such as eleostearic acid in 
tung oil, and the conjugated diene acids in dehydrated 
castor oil, possess actual polymerization functionality 
before being oxidized in a drying film. Oxidation is 
therefore not needed to produce polymerization func- 
tionality but instead serves to produce the peroxides 
that are needed as polymerization catalysts. Tung oil 
and dehydrated castor oil, although important, are a 
relatively small part of the drying oil industry from 
the standpoint of volume, and we shall not consider 
them further  at this time. 

The important drying oils are those that contain 
appreciable proportions of unconjugated polyunsatu- 
rated fat ty  acids. The mono-unsaturated acid, oteic 
acid, and saturated acids oxidize only very slowly 
and, even when oxidized, do not acquire any appre- 
ciable polymerization functionality. 

Linoleic, linolenic, and other polyunsaturated acids, 
a l though possessing no actual polymerization func- 
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t ionality in an u n o x i d i z e d  cond i t ion ,  acquire such 
funct ional i ty  upon autoxidation. I t  has been found 
that  the principal  reaction involved in the autoxi- 
dation of the polyunsaturated centers is a formation 
of peroxide and the simultaneous shifting of a double 
bond to produce a conjugated diene. When a suffi- 
ciently high concentration of conjugated diene has 
developed, polymerization takes place. 

The mechanisms involved in the polymerization re- 
actions and the structures of the products formed are 
not well understood, and these constitute a ve ry  large 
and potential ly f ru i t fu l  field for  research in them- 
selves. Impor tan t  as the nature  of oxidative polymer- 
ization reactions may be, it is not the area that  will 
be emphasized in this presentation. 

The Federa t ion  of Pa in t  and Varnish Product ion 
Clubs has recently completed an extensive program of 
research on film-formation, employing a number  of 
special vehicles and several ordinary  commercial ve- 
hicles. The special vehicles included a series of glyc- 
eryl, pentaerythr i ty l ,  and d ipentaery thr i ty l  esters of 
pure  oleic, linoleic, and linolenic acids. 

Pure  oleate esters failed to form solid films. Even 
though they did slowly oxidize, oxidation failed to 
impart  any appreciable polymerization functionality.  
The linoleate and linolenate esters readily yielded 
hard  films, but, in general, the films were inferior  in 
all cases to ord inary  linseed oil films in such charac- 
teristics as resistance to weathering, resistance to yel- 
lowing, gloss retention, water- and alkali-resistance, 
and adhesion. Of the important  properties ordinari ly  
desired in films for most purposes, only the speed of 
dry ing  of the special vehicles was satisfactory. 

What  was the reason for the poor performance of 
these pure  esters of linoleie and linolenic acids? At 
least a part ial  answer is found if one compares the 
average funct ional i ty  per molecule needed to give 
hard films with the total potential  funct ional i ty  actu- 
ally present in the form of unsatura ted centers in the 
fa t ty  acid chains. The studies of the drying  of the 
pure linoleate esters revealed that  setting of the films 
occurred when approximately two l ino lea te  g roups  
per molecule on the average had part ic ipated in the 
p o l y m e r i z a t i o n  reac t ions .  All of these compounds 
however contained three or more linoleate radicals. 
Since only two linoleate radicals on the average ap- 
peared to be needed, the extra linoleate radicals were 
largely superfluous. 

Not only were they superfluous, but  they were also 
points of weakness in the set film. To a large degree 
they were prevented by the setting of the film from 

par t ic ipat ing in polymerization reactions. Neverthe- 
less they were subject to oxidation, and the oxidative 
degradation that  occurred at these points undoubt- 
edly contributed direct ly or indirect ly to early break- 
down of the films. 

I t  is desirable to emphasize that,  on the average, ap- 
proximately two functional  groups per molecule were 
needed for film production. An oil consisting exclu- 
sively of b i - f u n c t i o n a l  molecules would yield only 
l inear polymers and thus would not develop insolu- 
ble three-dimensional structures. Some tri-functional 
molecules are needed for cross-linking. On the other 
hand, some mono-functional and zero-functional mole- 
cules may be needed as internal  and external plasti- 
cizers to achieve the most desirable film properties. 

These thoughts then point to a type of research 
that  is very  much needed, namely, research to ascer- 
tain what proportions of molecules with various de- 
grees of funct ional i ty  in the form of polyunsaturated 
centers will give films with good physical properties, 
without at the same time leaving appreciable quanti- 
ties of u n s a t u r a t e d  cen te r s  tha t  can only undergo 
oxidative degradation. 

Natural  oils, such as linseed oil, consist of mixtures 
of molecules with various potential  f u n c t i o n a l i t i e s  
that  make them superior to pure  synthetic oils with 
excessive functionalities such a s  trilinolenin, or P E  
tetralinolenate. There is no assurance however that  
the proportions of molecules with various function- 
alities in linseed oil or other oils are ideal. On the 
contrary,  there are various lines of evidence which 
suggest that  marked improvements could be made. 

I t  has long been recognized that  the composition 
of oils in terms of component f a t ty  acids is important  
to the properties of films. Wha t  is not so generally 
recognized, and what has been emphasized here, is 
that  oil composition, in terms of the proportions of 
molecules with various f u n c t i o n a l i t i e s ,  is also very  
important.  

Once fundamenta l  information has been obtained 
in this area, it is probable that  much can be done to 
improve oils more intelligently by solvent segregation 
methods and chemical modifications, such as are al- 
ready practised to a considerable extent on a purely  
empirical basis, and by plant-breeding methods. 

To summarize, fundamental  information about the 
most favorable compositions of oils or modified oils 
is needed so that  the modification of oils may be di- 
rected more intelligently toward the most favorable 
compositions. 
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III 

Unsolved Problems in the Modification of Drying Oils 
ROBERT L. TERRILL, Spencer Kellogg and Sons, Inc., Buffalo, New York 

T 
HE MODIFICATION Of drying  oils so as to improve 
their  properties for  a given application constitutes 
one approach toward maintaining or improving 

their  position as raw m a t e r i a l s  f o r  coat ings ,  floor 
coverings, etc. As evidence of this is the fact  that  
modified drying  oils have been and are of commercial 
importance, for  example, maleic modified soybean oils 
as outside house paint  vehicles. This par t icular  ap- 

ptication points up one problem, namely, that when 
some principle of modification of a dry ing  oil is devel- 
oped, it can in general be applied to one drying oil 
as well as another, and the net result may be to 
replace another dry ing  oil. Thus when a certain rel- 
ative price situation exists, maleie modified soybean 
oil will to some extent replace linseed oil in outside 
house paints. 


