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Linolenie acid of more than 95% purity was produced by 
liquid-liquid extraction of linseed oil fatty acids with wet 
furfural and hexane in a Podbielniak centrifugal extractor. 
The minimum ratio of furfural to linseed acids to obtain 
this purity was 10 to 1. There was no significant change in 
product purity for solvent ratios between 10 and ]5, operat- 
ing temperatures from 90 ~ to 110~ and furfural moisture 
contents between 1.0 and 2.8%. When the solvent ratio is 
reduced to 8 or the furfural moisture to 0.2%, purity de- 
creases. Oxidation of linseed acids before extraction also 
results in decreased separation. An estimate based on pilot- 
plant data indicates a "cost to make" (excluding administra- 
tive and selling expenses, profit, income taxes, and interest 
on investment) of 18.0 cents per pound of 97% linolenic 
acid for a process which includes hydrolyzing linseed oil, 
separating the fatty acids by liquid-liquid extraction, re- 
covering solvents by distillation, and distilling the fatty acid 
products. Potential uses for linolcnie acid are reviewed. 

S 
EPARATION of linoleic acid of more than  95% pur- 

i ty  f rom safflower f a t t y  acids by  liquid-liquid 
extraction was previously repor ted (2). In  a 

continuation of the studies on separat ing polyunsat-  
ura ted  f a t t y  acids f rom vegetable oils, linolenic acid, 
again more than 95% pure, was made f rom linseed 
f a t t y  acids. Liquid-liquid extraction is the most prac- 
tical commercial process present ly  available to sep- 
ara te  polyunsa tura ted  f a t t y  acids. A cost estimate 
has been prepared  for  product ion of linolenic acid 
by this method. 

An extraction process for f raet ionat ing linseed 
f a t t y  acids using f u r f u r a l  and naphtha  as immiscible 
solvents to obtain high and low iodine value fract ions 
was described by  Gloyer (5). Conducted in a vertical  
packed column, the separat ion repor tedly  gave a lin- 
olenic acid of 81% puri ty .  Fo r  many  potential  uses 
a higher pu r i t y  is desirable or necessary, provided 
the increased pur i ty  is obtainable without substan- 
tial increase in cost. 

Experimental 
Nonbreak linseed oil was hydrolyzed with water,  a 

cation exchange resin, and an emulsifier according to 
procedure (2).  Care was taken dur ing  hydrolysis to 
prevent  oxidation of oil and f a t t y  acids by evacuat ing 
the reaction vessei and placing its contents under  
h igh-pur i ty  ni t rogen dur ing operations. The linseed 
f a t t y  acids were dried and filtered af ter  hydrolysis  
and stored under  ni t rogen at 34~ in glass bottles 
(I.V. of acids 188.7, saponification equivalent 280.0, 
% F.F.A.  96.8). The undisti l led acids were fraction- 
ated by liquid-liquid extract ion with freshly distilled 
fur fura l ,  adjusted to desired moisture content with 
distilled water,  and with hexane as the immiscible 
solvents, in a Podbielniak "Doub le  P u p "  centr i fugal  
extractor.  

F igure  1 is a simplified flow d iagram showing the 
operation of the extraction equipment.  F u r f u r a l  con- 

1 Presented at the 34th fall meeting, American Oil Chemists' Society, 
New York, N.Y., October 17-19, 1960. 

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

ta ining a suitable amount  of water  was heated to 
110~ and pumped into extractor  #1. The extract  
or fu r fu ra l  phase flowing fronl #1 was pumped  at the 
same tempera ture  into #2 fronl which it flowed as the 
extract  product.  Likewise, the hexane was pumped  
into #2 at I I 0~  then to #1, again at  the same tem- 
perature,  and it flowed f rom there as the raffinate 
product.  Linseed f a t ty  acids were introduced into the 
intermediate raffinate stream, were par t ia l ly  and se- 
lectively extracted into the fu r fu r a l  phase in #1, 
and t ransfer red  to #2 and thus became distr ibuted 
throughout  the system. In  each extractor  the eoun- 
terflowing phases were mixed and separated 18 times 
for  a total of 36 mechanical stages for the 2 extractors.  

An impor tant  aspect in satisfactorily operat ing the 
extractors  was spraying  the cooling water  onto the 
centr i fugal  rotors which turned  at speeds of 4000 to 
5000 rpm. Without  this cooling the t empera ture  of 
the liquids within the rotors gradual ly  increased until  
complete miscibility of the raffinate and extract  phases 
occurred and separat ion was no longer possible. In  
our tests, t empera ture  of the water  used to cool the 
rotors was adjusted so that  the average of the tem- 
pera tures  of the extract  and raffinatc phases flowing 
f rom the uni t  extractor  was the same as the feed 
temperature .  This average was termed the operat ing 
temperature .  

The extract  phase, containing largely fu r fu ra l  and 
f a t ty  acids of high iodine value, and the raffinate 
phase, containing pr incipal ly  hexane and f a t ty  acids 
of lower iodine value, were separately freed of sol- 
vent by vacuum distillation. The two fa t ty  acid frac-  
tions were then vacuum-dist i l led and stored at 0~ 
until  analyzed. Distilled acids f rom the extract  were 
yellow in color (Gardner  color 6), whereas those f rom 
the raffinate were near ly  water  white. 

Iodine value determinations for the distilled extract  
and raffinate f a t t y  acids were made by the 1-hr. Wijs  
method. Generally, iodine values for  the linseed f a t t y  
acid feed and the raffinate f a t ty  acids were in agree- 
mea t  with iodine values calculated f rom f a t t y  acid 
composition as determined by gas-liquid chromatog- 
raphy.  However  iodine values determined for ex- 
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Linseed Fatty Acids 
I.u 
2 lb./hr. 

Extractor Extractor 
#1 #2 

Furfmral, 2.57. H20 Hexane 
20 lb./hr, v 4 4 9.5 Ib./br. 

1 .o.. 1 
Raffintn, |ztract, 
0.96 lb. Fatty Acids, I.u 1.04 lb. Fatty Acids, I.V.=266.8 

~Ferfmral, 2.5~. H20 fHexaae 23.6 lb. [Hexane 5.9 lb. IFerfural, 2.5% H20 

FIG. 1. S impl i f i ed  f lowshee t  f o r  f r a c t i o n a t l o n  o f  l i n seed  
f a t t y  ac ids .  
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t ract  f a t t y  acids were lower than values calculated 
from composition. The difference could not be as- 
cribed to conjugated triene present. 

To determine composition by gas-liquid chromatog- 
raphy,  f a t t y  acid samples were converted to methyl 
esters with diazomethane. Moisture content of fur- 
rural  used in the extraction tests was determined by 
the Kar l  Fischer method. 

Dur ing  operation of the double extractor, samples 
of the raffinate and extract  streams were occasionally 
taken for  short equal intervals. Neutral  ethanol was 
added to the samples which were t i t rated with 1 N 
aqueous sodium hydroxide to a phenolphthalein end 
point to determine the amount  of f a t ty  acids in the 
two product  streams. 

R e s u l t s  a n d  D i s c u s s i o n  

Data in Table I summarize results of tests made 
using various solvent ratios, operating temperatures,  

T A B L E  I 

:Relation of O p e r a t i n g  Condi t ions  t~ Linolenie 
Acid Conten t  of E x t r a c t  P r o d u c t  

L inolen ic  
Solvent  feed rat io ,  O p e r a t i n g  H~O in Ex t r ac t ,  ac id  in  

wt .  f u r f u r a l  to t empera tu re ,  f u r f u r a l ,  ex t r ac t  
wt.  l inseed acids  ~ % % fa t ty  acid,  

% 
Solvent  ra t io  

15 ................................ " 110 1.1 42 97.8 
10 ................................ 110 2.6 48 97.4 

8 ................................ 110 2.5 34 , 91.8 
T e m p e r a t u r e  

10 ................................ / 110 2.6  / 48 1 9 7 . 4  
10 ................................ 100 2.6 27 96.9 
10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 2.2 31 96,4 

W a t e r  conten t  of f u r f u r a l  
t 0  ................................ 110 0.2 26 / 93.7 
10 ................................ 110 1.0 22 / 95.8 
10 ................................ 110 2.6  4B 97.4  

and fu r fu ra l  moisture levels. The pur i ty  of linolenic 
acid obtained when the extractor was operated with 
solvent ratios of 15 or 10 was not appreciably different, 
but  at a solvent ratio of 8, pu r i ty  was considerably 
lower. In the range tested, operating temperature  had 
tittle effect on product  puri ty,  but  moisture content of 
the fu r fu ra l  had a perceptible effect on linolenie acid 
puri ty .  Operation at 120~ caused flooding. 

Linolenie acid pur i ty  was not affected by yield, 
up to the 52% extract  level, using feed acids con- 
taining 52% linolenie acid. Above these levels, the 
pur i ty  decreased as expected. This same general ob- 
servation was made in separating linoleic acid from 
safflower f a t t y  acids (2). 

Labora tory  tests were conducted to find the relation- 
ship between number of equilibrium eountercurrent  
extraction stages and pur i ty  of linoIenic acid in the 
extract  product.  A system of fu r fu ra l  (containing 
2.5% water) ,  hexane, and linseed oil fa t ty  acids was 
used for the tests conducted at 100~ with 6 sepa- 
ra tory  funnels immersed in a constant temperature  
water  bath, an adaptation of Alders '  method (1).  
Solvents and solutes in the funnels were agitated for 
5 rain. by air-driven st irrers unti l  equilibrium be- 
tween phases at the bath temperature  was reached. 
The phases were then allowed to separate for 5 rain., 
and the lower layer was t ransferred to the succeeding 
funnel  following Alders '  extraction pat tern  whereby 
12 eountercurrent  equilibrium stages are attained. 
Af ter  enough t ransfers  were made to reach steady 
state conditions, the extract  and rafflnate products 

were desolventized, distilled at 1 ram. absolute pres- 
sure, and analyzed for iodine value. With  6 extrac- 
tion stages the iodine value of extract fa t ty  acids was 
242.3 and with 12 stages, 259.8. By graphical com- 
parison with iodine values of other samples of known 
linolenic acid content, the product  f rom 6 extraction 
stages was estimated to contain 83% linolenie acid 
and from 12 stages, 94% linolenie acid. Thus more 
than 12 equilibrium extraction stages are required 
to produce linolenie acid of over 95% pur i ty  using 
a furfural -hexane system. 

T A B L E  II 

Composi t ion of Dist i l led Feed,  Rafltnate,  and  Ext raCt  F a t t y  Acids 
B a s i s :  1 0 : 1  Solvent  R a t i o ;  4 8 %  E x t r a c t  

Acid  

Linolenic  ............................................... 
Linole ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oleic ...................................................... 
S tea r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pa lmi t i c  ................................................. 
I o d i n e  value,  calculated ........................ 
I o d i n e  value,  de te rmined  ....................... 

Feed,  Raffinate,  Ex t rac t ,  
% % _ % 

52.4 9.7 97.4 
16.5 25.3 I 2.6 
22.9 47.6 I ...... 

3.5 I 7.4 i ...... 
4.7 10.1 ...... 

193.6 114.9 I 271.0 
192.6 i 116.0 / 266.8 

Table II  gives the composition of feed, extract, and 
raffinate fa t ty  acids obtained from a test made at a 
10 to 1 solvent ratio. The percentage extract  from 
this test was 48%, and the linolenie acid content of 
the rafflnate acids would have been lower at. 52% 
extract. 

Oxidation of the linseed fa t ty  acid feed has a sig- 
nificant effect on fraetionation. A batch of fa t ty  acids 
inadver tent ly  exposed to air at a temperature  about 
140~ became visibly darker  in color and gave an 
extract containing 92% linolenie acid. Another batch 
under  substantially the same conditions of operation, 
but  not exposed to oxidation, gave 97.5% linolenic 
acid. The difference is not surprising since fu r fu ra l  
is selective for  polar oxidation compounds as well as 
for unsaturated ones. 

Maximmn combined feed rates to the unit extractor, 
important  f rom an operating cost standpoint,  were 
not extensively investigated. Feed rates of fu r fura l  
and of linseed fa t ty  acids were held constant, and the 
relative amounts of fa t ty  acids recovered as rafflnate 
and extract  were controlled by the hexane feed rate. 
Reduction in hexane rate results in a larger propor- 
tion of the fa t ty  acids dissoiving in the extract  ( fur-  
fural)  phase. At the same time, the specific gravi ty 
of the rafflnate phase increases as the feed rate of the 
low gravity hexane decreases. The specific gravi ty of 
the extract  phase decreases because there are more 
fa t ty  acids in that  phase. Thus, decreasing the hex- 
ane rate to obtain a larger proport ion of extract fa t ty  
acids results in a less specific gravi ty difference be- 
tween phases and in greater  difficulty of separation. 
Feed rates given in Table I I I  are nearly the maxi- 
mum which can be used in the centrifugal extractor 

T A B L E  l I I  

Typ ica l  Feed Ra t e s  to E x t r a c t o r  '~ 

Solvent  r a t io  Feed  ra tes ,  lb . /h r .  

I-Iexane 
F u r f u r a l / f a t t y  F u r f u r a l  L inseed  (to g ive  5 0 %  

acids  acids  ex t rac t )  

15 25 1.7 9.0 
10 20 2.0 9 .5  

8 20 2.5 5.0 

a O p e r a t i n g  t e m p e r a t u r e - - l l 0  ~ 
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and still obtain 52% extract  f a t t y  acids without en- 
countering incomplete phase separation, termed flood- 
ing. When the linseed fa t ty  acid feed contains 52% 
linolenic acid, as in the present case, optimum separa- 
tion for maximum yield is at 52% extract. 

Cost Est imate  

Based on operating conditions shown in the simpli- 
fied flow diagram (Figure  1), a prel iminary cost esti- 
mate was made for a plant producing 10 million 
pounds of linolenic acid (97% pur i ty)  almually from 
linseed oil. I t  is assumed that operations are conducted 
300 days per year, 24 hr. per day, and when linseed 
oil with a linolenie acid content of 52~  ( fa t ty  aeid 
basis) is processed the yield of distilled linolenic acid 
is 48.5 lb. of 97% material from 100 lb. of linseed 
oil. Allowance is made for appropriate distillation 
losses. Operations in the process include continuous 
hydrolysis of oil, liquid-liquid extraction of fa t ty  
acids, removal of solvent from fa t ty  acid fractions, 
and purification of fa t ty  acid fractious by vacuum 
distillation. Linolenie acid and by-product  low iodine 
value acids are stored under  nitrogen to minimize 
oxidation. In  the extraction step 10 parts  fnrfnra l ,  
containing" 2.5% water, and 4.75 parts hexane are 
used per 1 par t  of f a t t y  acid. I t  is assunied that  the 
feed acids contained 98.0% free fa t ty  acids. The 
2.0% of unhydrolyzed material would be contained 
in the residue from the fa t ty  aeid distillation and 
could be recycled although this is not assumed in 
this estimate. 

Fixed capital investment, shown in Table IV, is 
estimated to be approximately $1,300,000. This fig- 
are  does not include equipment for glycerin recovery 
or steam generating facilities. A cost for steam how- 
ever is included as par t  of the production cost. The 
"cost  to m a k e "  reported in Table V is estinlated to 
be approximately 18.0r per  lb. of 97% linolenic acid 
including a combined by-product  credit for low iodine 
value acids and glycerin of 16.0r per lb. of 97% 
linolenie acid. Allowance for losses of raw materials 
in the process are as follows: f a t ty  acids, 1%;  fur- 
fural,  0.05%; and hexane, 0.2%. These amounts 

T A B L E  IV 

Est imated  ~ixed Capi ta l  7nves tment  for  Linolenic  Acid P l a n t  
( A n n u m  capaci ty 10,000,000 pounds  of 97% pure  product  f rom l i n s e e d  

oil. B a s i s :  300 opera t ing  days per  year, 24 hours  per  day)  

L a n d  and improvements  .......................................... 
Bu i ld ing ,  142,000 cu. f t  ........................................ 

E q u i p m e n t  del ivered : 
F a t  sp l i t t ing  column, s tainless  steel ..................... 
P u m p s  for  l inseed oil feed and water  to split- 

t i n g  column ...................................................... 
P rocess ing  t anks  for  fa t  sp l i t t ing  operat ion ...... 
Ex t rac t ion  system complete with pumps  ............ 
S t r i pp ing  column, s tainless  steel ........................ 
~Ieat  exchangers  and condensers  ........................ 
Vacuum receivers and en t r a inme n t  separators.  
V a c u u m  pumps  .................................................... 
:~[iscellaneous pumps  ............................................ 
Dowtherm u n i t  ..................................................... 
Linseed oil  storage tanks,  steel ........................... 
Fa t ty  acid s torage tanks,  a luminum-l ined  ......... 
Surge  tanks,  s ta inless  steel ................................ 
Solvent  s torage tanks,  steel ................................ 
Tanks  for raffinate and extract, s tainless  steel. 
Linolenic  acid s torage tank,  a luminum-l ined  ..... 
By-product  fa t ty  acid s torage tank,  

a luminum- l ined  ................................................ 

I n s t a l l a t i on  of equipment  ......................................... ' 
Piping' ,  wi r ing ,  and i n s t r u m e n t a t i o n  ..................... 
E n g i n e e r i n g  fees, cont rac tor  fees, contingencies. . .  

Total  fixed capital  i nves tmen t  ........... 

$ 25,000 I 
1 0 6 , 5 0 0  

125.000 

5.700 
6;5oo 

131,600 
30,000 
63,000 
50,000 

7,000 
11,200 
20,000 
18.000 
e21ooo 
10,000 
22,500 
14,000 
13,000 

12,000 

$ 131,500 

561,500 

140,400 
175,500 
307,100 

$1,316,000 

T A B L E  V 

Es t ima ted  P roduc t ion  Costs for Linolenic  Acid P l a n t  
( A n n u a l  capaci ty  10,000,000 pounds  of 97% pu re  product  f rom l in seed  

oil. B a s i s :  300 ope ra t ing  days per  year, 24 hours  per  day) 

I t em 
I 
I Dai ly  cost 

t 
Raw mater ia ls  : ] 

Linseed o i l - - 6 8 , 7 2 8  l h / d a y  a t  $0 14 / lb  . . i $ 9,621,92 
F u r f u r a l - - 3 2 2  lb . /day  at $0 .13 / Ib  ....................... ' 41.86 
H e x a n e - - - l l l  ga l . / day  at  $0 .16 /ga l  ...................... ! 
N i t r o g e n - - 2 , 5 0 0  cu. f t . / d ay  at  $1 .30 /100  cu. ft .... 

Ut i l i t ies  : 
S t e a m - - l l 5 , 0 0 0  lb . /day  a t  $0 .75 /M .................... 
E l ec t r i c i t y - -2 ,960  k w h . / d a y  at $ 0 . 0 1 5 / k w h  ....... 
V ~ r a t e r - - 4 8 5 , 0 0 0  ga l . / day  a t  $0 .075 /M ................ 
G a s - - 5 0 , 0 0 0  ca. ft. a t  $0 .25 /M ............................ 

Main tenance  : 
E q u i p m e n t - - 5 % / y r .  on $1,184,500 ...................... 
B u i l d i n g - - 2 % / y r  on $131,500 . . . . . . . . . . . . . . . . . . . . . . . .  

M i s c e l l a n e o u s  factory supplies and expenses ............ 
Labor  and superv is ion  ............................................... 

F ixed charges : 
D e p r e c i a t i o n - -  

E q u i p m e n t ~ 1 0 % . / y r .  on $1,184,500 ................ 
B u i l d i n g - - 5 % / y r ,  on $106,900 ........................ 

Taxes and insurance----3%/yr,  on $1,316,000 ...... 
Charge on work 'g  c a p i t a l - - 5 % / y r ,  on $375,000.. .  
P l a n t  overhead ........................................................ I 270.88 

Total  gross "cost to make".  ................. ]$11,330,78 
I 

By-product  c red i t :  lds 0 92 / 
"Low iodine  va lue  ac" - -  . lb. at  $0 .14 / lb  ...... 
G lyce r i n - -0 .20  lb. at $0 .16 / lb  .............................. 

T o t a l  net  "cost to make,"  cents / lb  ........ I 

Cen t s /  
lb. 

2~.87 
0 . I 2  

17.76 0.03 
32.50 0.10 

86.23 0.26 
44.40 0.13 
36.38 0.11 

7.5O O.02 

197.42 O.59 
8.77 0.02 

22.91 0.10 
335.57 :1.00 

394.83 1.18 
17.75 0.05 

131.60 0.39 
62.50 0.19 

0.81 

34.0 

16.0 

18.0 

compare favorably with those reportedly obtained in 
similar industrial  operations. This "cos t  to make"  
does not include administrative and selling expenses, 
profit, interest on investment, or income taxes. 

Potential  Uses 

The volume of linseed oil used in coatings has 
declined in recent years. The investigations reported 
here were undertaken as par t  of a program to develop 
new outlets for linseed oil. Possible industrial  uses 
for  linolenic acid are given in Table VI, although bio- 
chemical applications suggested in the l i terature are 
not included. Generally, the listed potentials, which 
are largely undeveloped, depend on high react ivi ty 
of the acid or high funct ional i ty  of its derivatives. 

In protective coatings, linolenic acid imparts fast 
d ry  and superior gloss; on the other hand, it tends 
to yellow (9). I t  should be par t icular ly  useful how- 
ever in dark-colored, high-gloss enamels where yellow- 
ing is not objectionable. Saturated monomeric cyclic 
f a t ty  acids made from linolenie acid have a pour  point 
of -40~ and esters of these acids, a substantially 
lower pour point, suggesting their use as low temper- 
atnre lubricants (3). In  flotation-separation of iron 
ore magnetite, as well as other oxide ores, the collect- 
ing capacity of f a t ty  acids increases with their  degree 

T A B L E  V I  

Po ten t i a l  Uses for  Linolenic  Acid 

Pro tec t ive  coat ings  (for r ap id  d r y i n g  and h igh  gloss) ........ 
Low pour  po in t  cyclic acids ................................................... 
F lo ta t ion  of ores (manget i te ,  FeaOt) ....................................... 
L iqu id  and ge l  s o a p s  ( lubr ican t s  and greases)  .................... 
~r d r i e r  soaps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Poly func t iona l  Diels-Alder adducts  (we t t ing  agents)  .......... 
Ant iozonant-plas t ic izer  for  rubbe r  and plast ics  .................... 

Vinyl  ether coat ings 
C o r r o s i o n  inh ib i to r  (hexadecylamine salt)  ............................ 
Po ly func t iona l  epoxides (acid accepter-plasticizer for v inyl  

chloride p las t ics ;  s tabi l izer  for  chlor inated  solvents)  ....... 
Coat ing  ing red ien t  for  solid rocket  propel lents  ..................... 
L a u r i c  acid by V a r r e n t r a p p s  react ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n g r e d i e n t  for  o in tments  .................................... , ................... 
I n sec t  a t t r ac tmen t  ........................................................ : ......... 
I n g r e d i e n t  of p l a n t  g rowth  s t imula tors  ................................ 

(9) 
(3) 

(10) 
(16) 
(16) 
(11) 
(12) 

(4) 
(15) 
(8) 

(14) 
(13) 
(7) 
(6) 
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of unsa tura t ion  (10), making linolenie acid a possible 
flotation agent. Linolenic-rieh acids are repor tedly  
used for nlaking liquid and  gel soaps and metallic 
drier  soaps (16). 

Up to 2% of high molecular weight polymeric acids 
which may  be p repared  by thermal  polymerization of 
lino]enic acid are added to a road-making asphalt  
composition to improve its weather  resistance. These 
polybasie acids act as wet t ing agents for the rock 
aggregate  and asphalt  (11). The polymeric acids also 
have potential  value in the prepara t ion  of polyure- 
thane coatings, resins, and rigid foams. One repor t  
suggests esters of lino]enic acid might  be used as anti- 
ozonant-plasticizers for  rubber  products  (12). Liuo- 
lenate esters probably  act as ozone acceptors to delay 
rubber  becoming brit t le.  

L i n o l e n y l  a lcohol  p r e p a r e d  f r o m  l ino len ie  ac id  
might  be useful  in the p repara t ion  of vinyl  ether-type 
coatings to give improved alkali resistance. The hexa- 
decylamine salt of linolenie acid is reported to be 
an outs tanding corrosion inhibitor for steel even in 
acidic-aqueous solutions (4).  

Polymeric  acids p repared  f rom linolenie or linoleic 
acids are among the p re fe r red  ingredients  of a poly- 
anfide coating to restr ict  the burn ing  of solid rocket 
propellents (8).  Laur ie  acid may  be p repared  f rom 
linolenie acid by  the Va r r en t r apps  reaction (14). As 
an ingredient  of  an ointment, ethyl linolenate is said 
to st imulate wound healing and sear tissue in cutane- 
ous lesions (13). Linolenic acid also has meri t  as au 
insect bai t  a t t r ac tan t  for  fir weevils and as a con> 
ponent  of p lant  growth s t imulators  (6,7). Epoxidized 
linolenate esters can be expected to be superior  plasti- 
cizer-stabilizezrs for  vinyl  chloride resins although 
complete epoxidation of linolenic ester produces only 
a small amount  of t r iepoxy acid because of r ing open- 
ing and polymerization dur ing the reaction (15). 

Epoxy  groups act as scavengers for hydrogeu chlo- 
ride formed when the resin breaks down. Epoxidized 
f a t ty  acid esters having a high epoxy content can 
also be used as acid-accepting stabilizers for chlo- 
r inated solvents. 

These potential  applications do not necessarily con- 
sti tute an exhaustive list, and others should materialize 
when high pur i ty  linolenic acid becomes available. 
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Preparation, Characterization and Evaluation o{ Mono- 

and Diesters of Carboxystearic Acid I 
EDWARD T. ROE, GEORGE R. RISER and DANIEL SWERN, Eastern Regional 
Research Laboratory, 2 Philadelphia 18, Pennsylvania 

Differences in the reactivity of the terminal and branched 
carboxyl groups of carboxystearic acid, prepared by ear- 
boxylation of oleic acid with carbon monoxide, have been 
utilized in preparing monoesters. Monoesters of both types 
have been prepared, those in which the ester group is ter- 
minal and those in which the ester group is a branched sub- 
stituent on the chain. Diesters of carboxystearic acid have 
also been prepared. 

Physical, chemical, and spectral characteristics of the 
products have been detelmained. In addition, the viscosity, 
viscosity index, pour point, and compatibility as plasticizers 
for PVC have also been studied. 

1Presen ted  a t  the spr ing  meeting of the American  0i l  Chemists' 
Society, St. Louis, ~:issouri,  May 1-3 ,  1961. 

2 E a s t e r n  Utilization Research and  Development Division, Agricul- 
t u r a l  Research  Service, U.S. Depar tment  of Agricul ture ,  

All the monoesters studied are incompatible with PVC, 
but dimethyl, diethyl, and dipropyl carboxystearate, as 
well as carbomethoxyoctadecyl acetate (from oleyl alcohol), 
are ei~icient, low temperature plasticizers at the 35% level. 
Di-n-butyl carboxystearate also has an exceptionally high 
viscosity index (169) and a low pour point (--54~ 

Each of the three types of esters described has a character- 
istic infrared absorption spectrum in the carbonyl region. 

N OUR WOrK on the carboxylat ion of oleic acid and 
other unsa tura ted  f a t t y  acids and esters (1),  i t  soon 
became apparen t  that  the introduced branched car- 

boxyl group is different in its react ivi ty  f rom the ter- 
minal  one. Esterifieation of the branched carboxyl is 
much slower than  that  of the terminal  group, and 


