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ter ials  will eventual ly  give us an exact descr ipt ion of 
mechanical  fa i lure  in films and perhaps  suggest the 
most f ru i t fu l  exper imental  approaches toward solv- 
ing this. 

Swell ing measurements  are a l ikely approach to a 
s tudy of the change in the extent  of cross-linking in 
a fihn. Permeabi l i ty  studies also reflect the degree of 
cross-linking and the chemical composition of the 
film. In  this pa r t i cu la r  field much of the work in 
the l i t e ra ture  does not dis t inguish between t rue  
molecular t r anspor t  through the film and gross dif- 
fusion of l iquids or gases through mechanical  defects 
in the film. Admi t t ed ly  the probabi l i ty  of obtaining 
and main ta in ing  a per fec t ly  continuous film does 
depend on the polymer itself, the method of film 
prepara t ion ,  the film thickness, the extent of degra- 
da t ion;  and this is a problem wor thy  of s tudy,  but  
no useful  purpose is served in confusing this with 
permeabi l i ty .  In  the case of many  polymers the 
hazards of film defects are such tha t  a val id  perme- 
abi l i ty  exper iment  must demonstrate  the absence of 
gross t ransfer .  

Another  whole area of proper t ies  which arc affected 
by degradat ion  are the electrical proper t ies  of a film. 
These have been s tudied most f requent ly  by workers 
concerned with corrosion protection. Elec t r ica l  meas- 

urements provide an excellent cheek on film conti- 
nui ty,  and this is f requent ly  valuable information.  
I t  is cer ta in ly  t rue  tha t  the degrada t ion  of a film 
affects its electrical impedance,  pa r t i c u l a r l y  in the 
presence of absorbed water,  but  the re la t ion of these 
quanti t ies to other chemical or physical  data  is be- 
yond our present  l imita t ions  of theory so tha t  elec- 
t r ica l  measurements must  remain  an empir ical  though 
convenient method for following degradat ion.  

In  summary,  the basic chemistry of linseed oil 
oxidation is well known, but  the detai led quant i ta t ive  
descript ion of the process in the film is uncertain.  
That  this process leads to a film of complex chemical 
and mechanical proper t ies  has been demonst ra ted  in 
theory and practice. F u r t h e r  progress in this field 
may suggest routes to more desirable flhns. 
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T 
HE SUBJECT for discussion is essential ly tha t  of 
the reactions of unsa tu ra ted  f a t t y  acids. Such 
f a t t y  acids have two main points of react ion or 

reactive centers which are, of course, the carboxyl  
group and the unsa tu ra ted  hydrocarbon chain having 
one or more carbon-to-carbon double bonds. Linoleic 
acid provides a good example of these reactive points.  

Reactions involving the carboxyl  group are many 
and var ied  and are used to provide a large group 
of commercial ly impor tan t  products.  These reactions 
include those of salt  or soap formation,  estcrification, 
amidation,  ni t r i le  formation,  amination,  acid chloride 
formation,  and many others. Even though this group 
of reactions would fal l  under  the scope of this paper  
and numerous indus t r i a l  organizat ions or enterprises  
are based on them, the only concern will be with the 
reactions of unsa tu ra ted  f a t t y  acids or their  deriva- 
tives tha t  occur at  or are induced by the carbon-to- 
carbon double bonds present  in the re la t ive ly  long 
hydrocarbon chains. The reactions are, in general,  
f a i r ly  typica l  of those entered into by other non- 
te rminal  olefinic materials .  

F o r  the sake of simplici ty,  reactions of the double 
bonds or those induced by double bonds will be classi- 
fied in the following four main categories: 

a) the addition of chemical reagents across the double bond; 
b) the reactions in which cleavage of the hydrocarbon chain 

at the double bond occurs to give lower molecular weight 
products ; 

e) the reactions in which isomerization of the double bond 
occurs; this may be geometric (oleie acid, which is the 
cis isomer, and elaidie add, the trans isomer) or positional 

(oleie acid, which is A-9, and petroselenic acid, which is 
/%-6) isomerization, or skeletal (oleie acid and ll-methyl- 
7-heptadecenoic acid) rearrangement, or a combination of 
these. 

d) tile reactions that do not take place at the double bond 
but do occur because they are induced by its proximity, 
such as reactions at carbons 8 and 11 in oleic acid and at 
carbons 8, 11, and 14 in linoleic acid. 

In  the case of linoleic acid carbon atom number  11 
has the la rger  reaction potent ia l  because both double 
bonds have an influence on the reaction point.  

An  a t tempt  will  now be made to examine a number  
of processes, many  of them pract iced commercial ly 
today, and to show tha t  they usual ly  can be inter-  
pre ted  in the l ight  of one or more of the above-men- 
t ioned type of reactions. Where  possible, commercial 
ut i l izat ion of the end products  from such reactions 
or processes will  be mentioned or described. I t  is 
believed tha t  of special interest  will  be those proc- 
esses and products  which compete more or less di- 
rec t ly  with the corresponding ones in and of the 
conventional drying-oi l  indus t ry .  

Chemical Reactions of Unsa tura ted  Oils and Their  
Fatty Acid Components 

A d d i t i o n  R e a c t i o n s .  Chemical reactions in which 
two f ragments  add across a carbon-to-carbon double 
bond are quite common and numerous. Some os them 
are used for ana ly t ica l  purposes only, whereas others 
are used to p repare  mater ia ls  which are of consider- 
able commercial significance. A pa r t i a l  l ist  of such 
reactions would include the following where, for illus- 
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t rat ive purposes only, oleic acid is used because of its 
relat ively simple structure.  

T A B L E  I 

Addi t ion  l~eactions of U n s a t u r a t e d  Fa t ty  Acids 
CI-I3(CH~)7 CH -~ CI-I (CHe)7 C0eII 

Oleic Acid 

l~eagent  P roduc t  or purpose  

I J L . t ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1-I - O ]7I .................................................. 
t tO-OH ............................................... 
CI-CI .................................................... 
NCS-SCN ............................................ 
CI-I ...................................................... 
C1-OH .................................................. 
H-HSO4 ................................................ 
H0-02C CH3 ........................................ 
I{0-CHf0H ......................................... 
H Aromatic hydrocarbon .................... 
H-SCfH~ .............................................. 
I-ICN-HfS04 ........................................ 
N'~O4 ................................................... 

Stear ic  acid 
t fydroxys tear ic  acid 
I ) ihydroxystear ic  acid 
Diehlorostearic  acid 
Thiocyanogen number  
Iod ine  va lue  
Chloro-hydroxystearie acid 
Sulfated oleic acid 
Acetoxy-hydroxystcaric acid 
I fydroxy-hydroxymethyls tear ic  acid 
Aryls tear ic  acid 
Dia lkyl  sulfides 
Formamido-s tear ic  acid 
Din i t ros tear ic  acid 

Table I represents  a few examples of general addi- 
tion reactions involving carbon-to-carbon double bonds 
and are considered separately  f rom the following spe- 
cific reactions of unsa tura ted  f a t ty  derivatives. 

Reactions in which unsa tura ted  f a t t y  acids or their  
derivatives are polymerized are receiving increased 
interest  as their  ut i l i ty  becomes more and more estab- 
lished. Studies by Bradley  (2), Cowan (4),  Wheeler 
(13), and others have indicated that  polyunsatura ted  
f a t t y  acids or certain derivatives of these f a t t y  acids 
can be polymerized or " d i m e r i z e d , "  by the use of 
heat. In  such react ions these workers have indicated 
that  normal  9,12-1inoleic acid is first isomerized to a 
conjugated dienoic acid (either the 9,11- or 10,12- 
octadeeadienoie acid),  which then adds across the 
double bond of another  unsa tura ted  f a t t y  acid (di- 
enophile) as in a typical  Diels-Alder reaction. The 
result ing product  is then a dimeric acid containing a 
substi tuted eyclohexene ring. 

CH = CH 
/ \ 

CU~ (CIL)~ CU C~{ (Crab CO~H 
\ / 

CH~ (CI-I,.,), c g  = Ctt CH~ CH -- Cg (Cg~)~ CO~H 
Dimer  acid 

In  this over-all reaction it should be noted that  the 
first step is an example of a Type  c) or isomerization 
reaction, and the second step is an example of a Type  
a) or addit ion reaction. Polymerizat ion of unsatu-  
rated f a t t y  acids or their  derivatives can also be 
carried out by  the addit ion type of reactions in the 
presence of such catalysts as BF3, A1CI3, ZnCIf, 
reactive clays, etc. I t  is believed that  these reactions 
are examples of just  the addit ion type  of reaction 
and probably  occur by some ionic mechanism. One 
relat ively recent published s t ructura l  representat ion 
of " d i m e r i z e d "  oleie acid was shown graphical ly  as: 

CH3 ( e H ~ ) s  C H  ( e l l _ . ) .  CO,_,tt ( 1 1 )  

I 
cH~ (CH~)~ CH = C (CHub CO,~H 

Another  addit ion reaction of unsa tura ted  f a t t y  acid 
derivatives that  is current ly  receiving quite a bit of 
at tention is that  of epoxidation. In  this reaction an 
atom of oxygen is added across a carbon-to-carbon 
double bond to give an oxirane r ing 

cH~ (cm) ,  cH = CH (CH~), co~u (o) 

/ ~  k 
oH, (CH~)~ CH - oH (oH~)~ CO~H 

The chemical reactant  can be persulfur ic  acid, per- 
formic acid, peracetic acid, or hydrogen peroxide in 
the presence of ion exchange resins. The epoxystearie 
acid thus formed can be hydrogenated to hydroxy-  
stearic acid, hydra ted  to produce dihydroxystear ie  
acid, or reacted with a nunlber of other polar 
reagents to form substi tuted stearic acids. The prin-  
cipal interest  in this epoxidation reaction however 
is in the product ion of vinyl resin stabilizers and 
plasticizers through the epoxidation of soybean oil, 
octyl oleate, and other ester derivatives of mono- and 
polyunsatura ted  acids. 

One of the oldest additive reactions of unsa tura ted  
f a t ty  acids is that  of sulfurization. The chemistry of 
this reaction is not as well defined as that  of some 
of the others mentioned, and products  with widely 
va ry ing  sulfur  contents can be p repared  by heating 
the f a t t y  mater ial  with elemental sulfur  or certain 
sulfur-containing compounds. 

More recently unsa tura ted  f a t ty  acids or esters 
have been used as the olefinic component in the " o x o "  
reaction (1). In  this reaction, hydrogen and carbon 
monoxide are heated with the unsa tura ted  f a t t y  acid 
derivatives in the presence of a catalyst,  which is 
usually a cobalt compound, in an autoclave under  
ra ther  high pressures to yield a 19-carbon-atom satu- 
rated compound having both earboxyl and an alde- 
hydic carbonyl groups: 

H2 + CO 
c m  (ell_.)7 c u -  CH (CUf), CO~ 
c m  (cm)~ c m  - c ~  (cm) ,  co~g 

1 
CHO 

This product  can be readily reduced to the corre- 
s p o n d i n g  h y d r o x y a e i d  or can be ox id ized  to the  
corresponding substi tuted alkyldibasic acid. In  an- 
other version of the reaction the alkyldibasic acid 
can be p repared  direct ly by heat ing oleic acid in the 
presence of carbon monoxide, hydrogen, water,  and 
cobalt acetate. 

A special type of reaction is that  in which conju- 
gated dienoic acids, such as those found in tung  oil, 
oiticica oil, dehydra ted  castor oil, or in artificially 
conjugated linseed and soy oils are reacted with dieno- 
philes, such as maleic anhydride,  maleate and fuma- 
rate esters, acrylonitrile, crotonic acid, styrene, etc. 
The diene number  which measures the amount  of 
conjugated diene present  in a d ry ing  oil general ly 
utilizes this reaction with maleie anhydr ide  as the 
dienophile. These reactions presumably  all take place 
by a Diels-Alder mechanism and produce substi tuted 
eyelohexene derivatives. 

Cleavage Reactions 
The cleavage of unsa tura ted  f a t t y  acid derivatives 

at their  carbon-to-carbon double bonds to form a 
var ie ty  of lower-molecular-weight chemicals has led 
to the development of a number  of commercially im- 
por tan t  derivatives. Historically,  unsa tura ted  f a t ty  
acids have been cleaved at the double bond by oxi- 
dation processes. In  fact, the earlier work that  led 
to the s t ructura l  identification of oleic, linoleic, lin- 
olenic, and other mono- and polyunsatura ted  fa t ty  
acids depended in pa r t  on the oxidation of the f a t ty  
acids, using potassium permanganate  as the oxidant. 
The position of the carbon-to-carbon double bonds 
in the hydrocarbon chain was determined by identi- 
fy ing  the acidic f ragments  recovered. For  example, 
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oleic acid yielded azelaic and pelargonic acid whereas 
petroselenic acid produced lauric and adipic acids. 
More recently however chromic acid, nitric acid, and 
ozone have been used commercially or semi-commer- 
cially for  the product ion of mono- and dibasic acids 
by  the disruptive oxidation of oleic acid alone or ad- 
mixed with linoleic acid. The main products  f rom 
these oxidation processes are azelaic and pelargonie 
acids. 

The oxidation of oleic acid by  use of air or gaseous 
oxygen in the presence of normal  propyl  alcohol under  
controlled conditions also repor tedly  produces good 
yields of azelaic and pelargonic acids. Two recent 
and novel patented processes for oxidizing oleie and 
linoleic acids to mono- and dibasic acids utilize both 
the addit ion and cleavage type of reactions. In  the 
first, organic peracids are added across the double 
bonds of a mixture  of oleic acid and linoleic acids to 
fo rm acetoxy-hydroxy-fa t ty  acids, which are then 
cleaved by oxidation by using nitric acid as the oxi- 
dant  to form azelaic acid and a mixed monobasic acid. 
In  the second (8), d ihydroxystear ie  acid is formed 
by the in situ prepara t ion  and addition of persul fur ic  
acid to oleic acid. The dihydroxystear ic  acid is then 
oxidatively cleaved by fusion with sodium hydroxide 
(7) to fo rm the corresponding sodium salts of pelar- 
gonie and azelaie acids. 

Other double-bond cleavages that  involve a combi- 
nation of isomerization and cleavage reactions are 
fa i r ly  well known. Rieinoleie acid or castor oil when 
heated with an alkali metal  or alkaline-earth hydrox- 
ide first undergoes isomerization of the double bond, 
followed by an oxidative cleavage to form capryl  alco- 
hol and the corresponding salt of sebacic acid. 

N a 0 H  
CH3 (CtIf)~ C H O H  CH~ CH = CIt  (CHf)~ CO.~H - -  

lgicinoleic acid 

CH3 (CHf)~ C H O H  CH~ + NaO~C (CH_.)s CO2 Na  
Capryl alcohol Sorlium sebacate 

In  the V a r r e n t r a p p  reaction (9),  oleic acid is heated 
with concentrated potassium hydroxide to give the salt 
of palm]tic acid and potassium carbonate. This reac- 
tion is in terpre ted  as first having the double bond in 
the 9,10-position shift  to the 2,3-position. The oxi- 
dative cleavage then takes place at this point  to give 
the forementioned products.  

Another  specific cleavage reaction takes place when 
unsa tura ted  hydroxy  acids, such as ricinoleic acid or 
its esters, are heated to pyrolyt ic  conditions. Appar -  
ently isomerization precedes the pyrolyt ic  cleavage, 
as is evidenced by the products  that  result, undecyl-  
enie acid and heptaldehyde.  

Isomerization Reactions 

Reactions involving the carbon-to-carbon double 
bond, in which the position of the double bond in the 
molecule or the spatial  a r rangement  of other groups 
in relationship to the double bond is changed, are 
fa i r ly  common in f a t ty  chemistry. These changes or 
isomerizations can be either positional or geometric in 
nature  or can be accompanied by  skeletal rearrange-  
ment, as shown previously. One of the more impor-  
tan t  isomerizations is the cis-trans type,  of which the 
simplest example is the relationship between oleic and 
elaidic acids. Reagents such as ni trous acid, selenium, 
sulfur,  iodine, phosphorus, and nickel are repor ted  
as catalysts for this type of reaction. Positional 

isomerization carr be accomplished usually by  heat  
alone, or catalysts may  be employed. Various mate- 
rials, especially nickel and iodine-containing com- 
pounds (5), have been recommended as catalysts for  
effecting conjugation of linoleic and linolenic acids 
as well as for  the format ion of "iso-oleic" acids._ In  
addition, skeletal rea r rangement  of straight-chain un- 
sa tura ted  f a t t y  acids to fo rm branched-chain unsatu-  
ra ted f a t t y  acids has been noted. 

Reactions Induced by Double Bonds 
The four th  type of reaction is interesting and dif- 

ferent  f rom the others in that  the carbon-to-carbon 
double bond itself does not enter the reaction but  does 
provide the driving force for  the reaction to take 
place. When unsa tura ted  f a t t y  acid derivatives are 
subjected to oxygen contact under  prescribed condi- 
tions, hydroperoxides are formed. One recent publi- 
cation (3) repor ts  that  good yields and high concen- 
t rat ions of oleie acid hydroperoxide are obtained by 
t rea t ing  the acid or ester with oxygen in the presence 
of light and copper-free chlorophyll.  The hydroper-  
oxide groups ( - O O H )  almost invar iably  appear  on 
the carbon atom which is adjacent  or alpha to the 
double bond. The controlled action of sulfur  trioxide 
on unsatura ted  f a t ty  acid derivatives can result  in 
the format ion of sulfonic acid groups on these same 
alpha carbon atoms. When  unsa tura ted  f a t ty  acids 
are reacted with maleic anhydride,  adducts  are formed 
which most probably  result  f rom the addit ion o f  a 
methylenic hydrogen of an alpha carbon atom of the 
f a t ty  acid across the double bond of the maleie anhy- 
dride. The result ing product  is an unsa tura ted  sub- 
st i tuted succinic anhydride.  

CH~ (CR..)0 CH~ CR = CH CI-I~ (CH~)~ C0~H + nC = CH ---- 
I I 
C C 

Y\/% 
0 0 0 

Oleic acid ~Ialeic anhydride 

cH~ (c]~)0 CH~ CH = OH OH (OHm)~ C0~H 
l 

H C -- CH2 

I I 
c c 

/ / \ / %  
0 0 0 

Adduct  

Derivatives of fumarie, crotonic, and itaconic acids, 
etc., can be substituted for the maleic anhydride in 
this reaction. Another  version of the Type  d) reaction 
has been used by  Wheeler (12), McCaleb (6), and 
Sut ton (10) to produce dimeric or polymeric fa t ty  
acids f rom unsa tura ted  f a t t y  acid derivatives. In  
this process peroxides are used to remove hydrogen 
atoms f rom methylene groups which are alpha to the 
double bonds with the result ing format ion of a single 
bond between carbon atoms of the two f a t t y  chains 
as shown: 

CH~ (CH~), CH = CH CH (CH~)~ C0~H 
I 

CH~ (CH~)7 CH = CH CH (CH~)6 COfH 

Commercial Utilization of Products 

The products  result ing f rom the four  types of 
chemical reactions of unsa tura ted  f a t t y  derivatives 
outlined above have found extensive interest  in the 
marke t  place. The volume of business is large, and 
the use pa t t e rn  cuts a swath across near ly  the entire 
spect rum of our economy. 
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The addition of hydrogen to double bonds of f a t t y  
derivatives is used widely to produce saturated struc- 
tures. High-qual i ty  sa tura ted  f a t t y  acids that  are 
required for  present-day soaps, detergents, and eos~ 
metics usually owe in pa r t  their  exceptional color, 
resistance to rancidity,  and low iodine value to hydro-  
genation processes. The "hardening" or hydrogena- 
tion of f a t t y  glyeerides of both animal and vegetable 
origin produces many  of the improved shortenings 
and margar ines  now available. Par t ia l ly  selective 
hydrogenat ion is used to remove polyunsatura ted  
f a t t y  acids f rom the unsa tura ted  f a t ty  acids used as 
soaps in synthetic rubber  polymerization. Some of the 
latex or polymers produced are used in the so-called 
rubber-based paints  that  are proving so popula r  with 
the "do-it-yourself" painter .  Sulfat ion of unsatu- 
rated f a t t y  acids and their  derivatives produces a 
var ie ty  of surface-active agents. Sulfated oleate esters 
have also been used in the textile indus t ry  as wet t ing 
agents for  processing pre-shrunk cotton fabrics and 
in various detergent  uses. Acetoxy-hydroxysteara te  
esters have been recommended as vinyl  resin plasti- 
cizers and for  use in wax compositions. Halogenated 
f a t t y  derivatives have been used as oil additives, 
especially in E. P. lubr icant  compositions. 

Dur ing  the past  few years  more and more interest  
has been shown in the use of epoxidized derivatives 
of unsa tura ted  f a t t y  acid derivatives as vinyl  resin 
stabilizers and plasticizers. Epoxidized glycerides, 
such as soy oil, and epoxidized monohydric  alcohol 
esters, such as octyl oleate, now are being sold in this 
market.  At  least three new such materials  of undi- 
vulged composition have been put  on the marke t  
dur ing  the past  year. These materials  act both as 
stabilizers and plastieizers. The oxirane r ing ap- 
paren t ly  has the abil i ty to react with hydrogen chlo- 
ride that  is given off slowly f rom polyvinyl  chloride, 
thus prevent ing H-Cl f rom causing accelerated dark- 
ening and fu r the r  deterioration of the resin articles 
or films. Also the epoxidized products  have the proper  
carbon-to-oxygen ratio that  enables them to be com- 
patible with vinyl  resins and to give the flexibility 
necessary for plasticization. Epoxidized f a t ty  deriva- 
tives can also be used to modify  the conventional 
epoxy resins. 

Sulfur izat ion of unsa tura ted  f a t t y  acid derivatives 
represents a fa i r ly  old art.  Sulfurized sperm oil, 
glyceryl  oleate, and other f a t ty  esters have long been 
used as lubricant  additives. 

Perhaps  however the products  that  compete most 
direct ly with d ry ing  oils are the polymerized f a t ty  
acids or products  derived f rom them. Although these 
" d i m e r "  aeids have found use in oil additives and 
as eorrosion-inhibitors for  gasoline, turbine oils, and 
synthetic fluids as well as in a var ie ty  of miscellane- 
ous uses, their  main usage has been in the paint,  
resin, plastics, and coatings fields. Dimer acids have 
been incorporated as bodying agents in drying oils 
and as a flexibilizing agent  in the baking type of 
alkyds. They have especially been recommended for  
use in epoxy resin modified oils and varnishes be- 
cause they prevent  surface d ry  and promote " t h r o u g h  
d r y i n g . "  Dimer  acids or polymeric acids have been 
used as "curing" agents for  liquid epoxy resins be- 
cause of their  abil i ty to impar t  good electrical prop- 
erties and resistance to mechanical and thermal  shock 
to the resinous pot t ing compounds. The dimer acids 
also are used with the casting or molding type of 

epoxy resins as well as with films of these materials,  
p r imar i ly  because they impar t  flexibility to the fin- 
ished product.  In  a few instances dimer acid has 
been built  into the original epoxy compound to be- 
come pa r t  of a polymerizable monomer. 

Dimer  acids are also finding use in the polyurethane 
resin field where they are used mainly  in the form of 
hydroxyl  group terminated polyesters. Flexible ure- 
thane foams are prepared  by reacting such a poly- 
ester with an aromatic  di- or polyisoeyanate in the 
presence of a small amount  of water  or blowing agent. 
These flexible cellular materials  have found use as 
cushioning materials  for  upholstering, liners for  crash 
pads in automobi]es, rug  underlays,  clothing inter- 
liners, etc. Rigid cellular s t ructures  can also be formed 
that  have found use in "in p lace"  applicat ion for 
insulation. Iusula t ion of odd-shape cavities has been 
readily accomplished by inject ing a small amount  of 
the liquid resin mixture,  which then fills the cavi ty  
with foam that  sets to a r igidly closed cell s tructure.  
Solid urethane elastomers can be p repared  by  reacting 
the hydroxyl  terminated polyester with a di-isocyanate 
in the absence of water. Such "urethane r u b b e r "  has 
found use in the manufac ture  of s t ructura l  members  
in the automotive indust ry  and other specialty uses. 
Urethane resin formulat ions containing dimer acid 
have also been used as wire-coating materials.  In  this 
use a liquid blocked prepolymer  is used to coat the 
wire, and the coating is then set by heat. 

Dimer acids are used as flexibilizing agents for  poly- 
ester resin systems which use dry ing  or semidrying 
oils, maleic anhydride,  and styrene. These resins can 
be used in casting applications or in the lamination of 
glass fibers. 

Probably  the best developed use for  dimer  acids 
however has been in the polyamide resin fields. A 
whole series of products  has been prepared  f rom dimer 
acids and ethylene diamine and related polyalkylene 
polyamines. Some of the resins could possibly be 
refer red  to as polyamines having amide groupings. 
A very  great  volume of work has been done in this 
field, and the f ru i t s  of this work have provided prod- 
ucts with wide utility. Polyamides f rom dimer acid 
and ethylene diamine have found use in paper  coat- 
ings, as wood and metal  primers,  and in adhesives, 
sealants, and organic soldeT~s. Products  f rom the reac- 
tion of dimer acid with diethylene t r iamine and other 
polyalkylene polyamines serve as curing agents or 
hardeners  for  epoxy resins, a process in which there 
is a novel aspect of using one resin to cure another. 
Systems of these resins have been used to form excel- 
lent adhesives, surface coatings with exceptional re- 
sistance to attack, and various hard  and tough molded 
articles. Tools, dies, and machine par ts  have been ad- 
vantageously made f rom such resin mixtures.  I t  has 
been reported that  a major  automobile manufac tu re r  
is using an epoxy paint  as p r imer  for  one line of his 
cars, and such polyamine type of curing agents can 
be used in this product.  In  another  branch of the 
surface-coatings field, polyamide resins based on dimer 
acid fo rm a basis for the manufac tu re  of gelled or 
thixotropic paints. 

The main chemicals obtained from cleavage reac- 
tions have been azelaic acid, capryl alcohol, heptalde- 
hyde, pelargonic acid, sebaeic acid, and undecylenic 
acid. Capryl alcohol and azelaic, pelargonic, and se- 
bacic acids are used to manufacture a wide variety of 
monomeric, semi-resinous, and resinous plastieizers for 
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vinyl  resins. These products  impar t  excellent low 
temperature ,  low volatility, and low migrat ion prop- 
erties to the finished compounded resin. This same 
group of acids has in the form of esters also provided 
the backbone for  the production of the synthetic lubri- 
cants which are so necessary for the operation of jet  
a i rcraf t  at high altitudes. 

Sebaeie acid has been used very  extensively in the 
production of 6-10 nylon which is used for bristles 
and other monofilament applications. Felargonic acid 
has been used in a wide range of industries including 
the fields of baking alkyds, ore flotation, pharmaceu-  
ticals, and per fumery .  Undeeylenie acid has been used 
to manufac ture  a polyamide called Rilsan and cur- 
rent ly  is used ra ther  widely in the drug  t rade as a 
fungis ta t  and in pe r fumery  to form peach aldehyde, 
which is in reali ty undecalaetone. Hepta ldehyde  is 
used pr imar i ly  in the per fume industry.  

Isomerization reactions, al though occurring quite 
widely in chemical reactions of unsa tura ted  f a t t y  acid 
derivatives, have not led to a very  large number  of 
commercial products.  Conjugated dienoic f a t ty  acids 
have been used in the paint  field to a certain extent 
especially where more rapid  d ry  or reaction with 
styrene, cyelopentadiene, etc., are desired. Elaidini-  
zation of certain glycerides has produced substi tutes 
for the very expensive cocoa butter .  Other trans- 
isomers of f a t t y  acids have been reported to impar t  
unique and improved propert ies  to soaps made f rom 
them. Skeletal rear rangement  of unsa tura ted  f a t ty  

acids having an 18-carbon atom straight-chain has 
produced a branched-chain unsatura ted  f a t ty  acid (of 
the same carbon content) that,  when hydrogenated,  
gives a liquid ra ther  than  a solid product.  

Products  f rom the reactions of unsa tura ted  f a t t y  
derivatives that  are induced by double bonds have not 
to date found extensive application. Polybasie acids 
or their anhydrides,  produced f rom oleie or linoleie 
acids and maleie anhydride,  may  find use as epoxy 
resin cur ing-agen ts .  The ester fo rm of such products  
has been recommended as a vinyl  res inp las t i c ize r .  
Hydroperoxides  of f a t t y  acids or esters have been 
recommended as polymerizat ion catalysts for certain 
resin systems. 
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The Economics of Drying Oils 
j. E. McHALE, Merrill Lynch, Pierce, Fenner, and Smith Inc., Chicago, Illinois 

D 
URING THE COURSE of this series you have heard 
a great  deal of expert  information about fac tory  
and laboratory handl ing of d ry ing  oils. That  is 

as it should be for this is a technical group, gathered 
for a technical purpose. Yet on reflection we must  
realize that  at no stage, f rom plant ing of crop to 
consumption in end-use, can drying oils be divGreed 
f rom economics. For  economies dictates much of the 
pa t te rn  of production, distribution, and consmnption 
and eontrols much of the research. Despite these 
profound effects the economics of this field has en- 
joyed remarkably  little investigation. Appl ied eeo- 
nomies, which concerns us here, involves the s tudy  of 
business alternatives, determinants,  and decisions. I t  
is always easier to s tudy the last of these items as 
deeisions, for  bet ter  or worse, are mat ters  of record. 
Past  decisions are reflected in historieal statistics so 
let us take a look at them. 

The History. The most s t r iking economic facts in 
connection with dry ing  oils are, first, the fai lure of 
usage to expand in what  we usually consider to be a 
dynamical ly  growing eeonomy, and second, the steady 
decline in the use of oils as a percentage of a gallon 
of paint  (Tables I and I I ) .  The fai lure  of paint  and 
varnish sales to expand much despite the heavy 
housing construction of recent years and despite 
relative consumer prosper i ty  can seemingly only be 
explained as a merchandising problem. The loss of 

position of d ry ing  oils is more famil iar  to all of you. 
The first big loss came dur ing the oil-short days of 
World  W a r  IX when many  firms were forced to 
re-examine classical theories of p igmen t - to -b inde r  
ratios. The post-World W a r  I I  period saw the intro- 
duction of styrene-butadiene-latex emulsion paints. 
New oil products  and bet ter  methods of processing 
famil iar  oils were developed under  pressure of latex 
emulsion competition. Some of these oil-type of prod- 
ucts, notably alkyds, reduce oil consumption per  
gallon. 

Consumers have demanded, and have gotten, prod- 
ucts more suited to the do-it-yourself requirements 
of the average home-owner. In  large measure these 

T A B L E  I 
P r o d u c t i o n  of P a i n t  and Varnish 1 9 4 8 - 1 9 5 8  

Total  C o n t a i n i n g  d r y i n g  oils 

Y e a r  Million 
gallons 

1949 .............................. - - 4 8 5  
1950 .............................. 599 
1951 .............................. 542 
1952 .............................. 536 
1953 .............................. " 556 
1954 ............................. 545 
1955 ............................. 599 
1956 ............................. 587 
1957 . . . . . . . . . . . . . . . . . . . . . . . . . .  586 
1 9 5 8 ( p r e l . )  .................. 598 

0 i l  used  
pe r  gal lon 

1.4 
1.3 
1.4 
1.3 
1.3 
1.3 
1.1 
1.2 
1.1 
1.0 

Million I 0 i l s  used  
gal lons  I per gallon 

t 
349 I 1.9 
432 1.8 
389 1.9 
374 1.8 
381 2.O 
375 1.8 
371 1.8 
371 1.9 
353 1.8 
367 1.6 

Source :  U.S .D.A.  ]~OS 195, l~Iarch 1959, p. 26. 


