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ABSTRACT OF THE DISCLOSURE 
A process for making a dicarboxylic acid having 21 

carbon atoms from fatty acids is accomplished by react 
ing the linoleic acid portion in a fatty acid mixture with 
up to 26% by weight of fatty acids of acrylic acid and 
with from 0.01% to 0.5% by weight of fatty acids of 
iodine catalyst at a temperature between 200 C. and 
270° C. The fatty acid-dicarboxylic acid mixture is then 
separated by distilling into an oleic-type fatty acid and 
a C21 dicarboxylic acid. This process is especially applica 
ble to separating tall oil fatty acids. 

BACKGROUND OF THE INVENTION 

This invention relates to the production of a dicarbox 
ylic acid having 21 carbon atoms. It also relates to a 
process for the separation of fatty acids. More specifical 
ly, this invention relates to a process for making dicar 
boxylic acid having 21 carbon atoms from tall oil derived 
linoleic acid. As used herein the term "dicarboxylic acid' 
is intended to mean a dicarboxylic acid having 21 car 
bon atoms, but in some instances includes minor amounts 
of dicarboxylic acid or other molecular weights. 
The invention outlined below is to be distinguished 

from treatment of tall oil fatty acids with iodine as set 
forth in U.S. Pat. 3,157,629 to P. D. Patrick. In the 
Patrick process, tall oil fatty acids are heated within a 
range of 450-550 F. (232 C-288 C.) in the presence 
of an iodine catalyst until the linoleic acid portion of the 
fatty acid is reduced below 15%, forming saturated acids, 
primarily oleic acid and 2-25% dimerized acids. In con 
trast, in the process of this invention, the linoleic acid is 
not converted to oleic acid. The process of this inven 
tion is also to be distinguished from U.S. Pats. 2,617,- 
792 to Floyd, and 2,811,386 to Hasselstrom. In these proc 
esses, the tall oil starting material contains a relatively 
large proportion of rosin acids and is subjected to heat in 
the presence of a catalyst, whereupon hydrogen is gener 
ated largely from the rosin acids and serves to hydrogenate 
certain rosin acids as well as the unsaturated fatty acids. 
The reactions above do not accomplish the results of 
this invention. 
The use of dicarboxylic acids is well known in the prior 

art as dicarboxylic acids are useful as plasticisers in the 
manufacture of alkyd resins and as curing agents for 
epoxy resins. A process for making dicarboxylic acid 
from fatty-type acids is disclosed in British Pat. No. 
1,032,363, wherein conjugated fatty acids are isomerized 
to a trans/trans form with iodine and subsequently re 
acted with a reactive dienophile to form the Diels-Alder 
adduct. However, the disclosed reaction has heretofore 
not been applied to fatty acids containing non-conjugated 
linoleic acid wherein the non-conjugated linoleic acid is 
converted to dicarboxylic acid. 

It is therefore a general object of this invention to 
provide a process for making dicarboxylic acid from all 
of the available linoleic acid in a fatty acid mixture. An 
other object of this invention is to provide a process 
whereby tall oil fatty acids may easily be separated into a 
dicarboxylic acid portion and an oleic acid-type portion. 

Other objects, features and advantages will be evident 
from the following disclosure. 
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2 
SUMMARY OF THE INVENTION 

It has been found that if a fatty acid mixture contain 
ing a significant portion of linoleic acid is treated with 
up to 26% by weight of fatty acids of acrylic acid and 
from 0.01% to 0.50% by weight of fatty acids of iodine 
at a temperature between 200° C. and 270° C., the linoleic 
acid portion of the fatty acid mixture is converted to 
dicarboxylic acid. Thus when the fatty acid mixture is a 
tall oil fatty acid mixture, and stabilized glacial acrylic 
acid, and iodine catalyst are heated together at 230 C.- 
250° C. for about one to two hours, they produce a di 
carboxylic acid along with the residual monounsaturated 
and Saturated fatty acids. Upon distillation, a high grade 
oleic acid is obtained; the residue being dicarboxylic acid. 
Such separation of the oleic and linoleic acids in tall oil 
is not possible by fractional distillation of the fatty acids 
prior to reaction with acrylic acid. 

DETAILED DESCRIPTION OF THE 
INVENTION 

There is provided by this invention a convenient proc 
ess for upgrading crude and distilled fatty acids by form 
ing different acids from one portion of the fatty acid and 
separating the fatty acids into distinct major fractions. 
Until this invention, it has been difficult to fractionally 
distille tall oil fatty acids into component acids because 
of their close boiling points. The invention is based on 
conversion of the total diene portion of fatty acids to di 
carboxylic acid, which has a significantly higher boiling 
point than oleic acid. 

Accordingly, tall oil fatty acids containing both non 
conjugated and conjugated linoleic acid are reacted with 
acrylic acid in the presence of catalytic amounts of iodine. 
The acrylic acid is added to the fatty acid mixture in an 
amount up to about 12% by weight of fatty acids. The 
catalytic amounts of iodine used is from 0.01% to 0.50% 
based on the weight of fatty acids, preferably 0.05%- 
0.2% by weight. The upper amount gives rapid reaction 
without unnecessary loss of color. If large percentages 
of iodine are used, i.e., above 0.5%, or if the reaction 
temperature is increased above 270° C. a portion of the 
linoleic acid is converted to oleic acid and the yield of 
dicarboxylic acid is thereby decreased. There is a lower 
limit of feasibility too, for at just slightly milder reaction 
conditions the rate drops to almost zero. In order to 
maintain the highest possible yield of dicarboxylic acid 
from a mixed fatty acid, conditions close to the lower 
catalyst level and lower temperature are maintained. Se 
lection of the ideal amount of catalyst will depend on the 
equipment, temperature and time of the reaction. The re 
action to produce dicarboxylic acid is carried out at a 
temperature between 200° C. and 270° C., preferably 
230 C-250° C. The reaction time at these temperatures 
and under the preferred catalyst level is about one to two 
hours. 
The following is typical of the general procedure which 

may be used in carrying out the process of this invention 
on tall oil fatty acids. 
To tall oil fatty acids is added up to 12% by weight of 

fatty acids of glacial acrylic acid and 0.1% by weight of 
fatty acids of iodine, at a temperature between 230 to 
250 C. The acrylic acid catalyzed by iodine readily under 
goes reaction with the fatty acids. Therefore, when tall 
oil fatty acids, acrylic acid and iodine are mixed together 
and heated to 250 C, the linoleic acid in the fatty acids 
is converted to dicarboxylic acid. In addition to the ad 
vantage of having a one step reaction in this case, it seems 
that the iodine catalyzes the addition reaction to get a very 
clean, rapid reaction. This one step process greatly im 
proves the overall yield of dicarboxylic acid from fatty 
acids containing linoleic acid because all of the linoleic 
acid is immediately converted to dicarboxylic acid, The 
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amount of dicarboxylic acid formed is approximately the tions A-D in Table I. As can be seen, the reaction occurs 
same as the starting content of linoleic in the fatty acid at 205 C., but for optimum utility and maximum yield of 
mixture. This process is equally applicable to fatty acids dicarboxylic acid within a reasonable time a temperature 
derived from sources other than tall oil, such as animal of about 250 C, is preferred. Reactions E-H show the 
derived and vegetable derived fatty acid mixtures contain- effect of various catalyst levels and again a variety of 
ing substantial amounts of linoleic acid. addition levels will promote the reaction but these results 
One of the major advantages of this process is that tall are shown with 0.075% to 0.15% iodine. 

oil fatty acids may be separated into two fractions by The time required for maximum conversion of Iinoleic 
distillation. In a fractional laboratory distillation a 5% acid to dicarboxylic acid depends on temperature and 
heads cut is taken and then, one gets 50% of the feed as 10 catalyst level. As is demonstrated in reactions H-J, if the 
distillate. The remaining 45% is dicarboxylic acid which temperature is 250 C. and 0.15% iodine is used about 
can be further purified, if desired, by molecular distilla- 45 minutes is required for complete conversion of the 
tion. Using the fractional distillation method of purifica- linoleic acid in the tall oil to dicarboxylic acid. The gas 
tion, a distillate which is very similar to oleic acid is ob- chromatography data shows that only the linoleic acid is 
tained. This product is about 75% C18 monounsaturated lö reacting (percentage decreasing). There is very litte 
fatty acids, has an acid number of 195, has only 3% diene, change in the fatty acids present in the tall oil except for 
and has a titer of about 20° C. the reaction of the linoleic acid, thus, one obtains a mix 
The crude dicarboxylic acid material, which accounts ture of tall oil fatty acid (virtually linoleic free) and the 

for 45% of the total, is about 92% dicarboxylic acid. dicarboxylic acid. 
ABLE 

Variations in reaction conditions for reaction of distilled tall oil fatty acids with acrylic acid 
—-_-_ 

Reaction number 
ret? ---------------- 

fatty acid A. B C D E. G H J 
-— 
A. Conditions: 

Teraperature, C. 25 219 232 ?53 250 250 250 250 250 250 
Percent iodine--- 0.06 0,{}8 Q.g?5 0.06 0.075 O 0.125 0.5 0.5 0.5 
Time, hrs--------- 2 3. 2.5 2.5 2 2 2 0.5 {}?75 
—_ B. Analysis by GLC assignment: 

Saturated fatty acid---------------------- 5.1 ??? 5.0 4.4 4.3 4,5 4.6 ???? 6 4. 5.8 5.6 
C13 Inonounsaturated fatty acid 45.0 45,7 ???2 46, 6 45. O 44,5 44.9 44.? 44.8 44.5 50 
Linoleic acid--------------- 4.4 25.4 7.8 15.2 5.5 6.3 2.4 2.0 1.4. 5. 4 0, 6 
Other fatty acids-------- 8.5 11.8 0. 9.8 10.2 0.7 9. 9.0 ?{}?? 8.3 6.8 
C2 dicarboxylic acid acid----------------- .0 2.0 20.0 24.0 35.0 34.0 39.0 40.{} 400 36.0 42.0 

The impurities are about 5% fatty acids and 3% dimer- EXAMPLE 2. 
type fatty acids. This material is rather dark since it is a 35 
bottoms product and must be purified to get a high grade 
dicarboxylic acid. The Cadicarboxylic acid from linoleic 
acvid with two acid groups is shown below. The theoretical 
acid number is 316 and that of the crude dicarboxylic 40 
acid is about 308 due to the impurities listed above which 

This example illustrates separation and characterization 
of C21 dicarboxylic acid. The acid mixture from the re 
action of distilled tail oil fatty acids, iodine, and acrylic 
acid can be separated into three fractions by fractional 
distillation in a short path still with an inch of glass beads 
in it to serve as plates. From this distillation a 4% heads 

are present. fraction (100% fatty acids); 50% distilate fraction 
? CH=C??? g (97.2% fatty acids, 2.8% dicarboxylic acid); and 45% 

CH3(CH-CH c?-(c?)–k–?? residue fraction (4.7% fatty acids, 92.1% dicarboxylic 
YoH-off 45 acid, and 3.2% other) was obtained. The analysis of 

each fraction was by gas chromatography. The other' 
X X portion of the residue fraction represents unidentified ma 

wherein one X is a hydrogen (H) and the other X is a terial which does not come out in the dicarboxylic acid 
carboxylic acid group (COOH). peak. Most of this "other” material is a dimer fatty acid. 

Another means, other than molecular distillation, for 50 For the sample reported above the residue had an acid 
purifying the crude dicarboxylic acid is by distillation of number of 300, a saponification number of 304, a Gardner 
its methyl or dimethyl ester. At 0.2 mm, vacuum the dio color of 16, and a Gardner viscosity of more than Z-6. 
carboxylic acid boils at 265 C., the monomethyl ester The residual dicarboxylic acid fraction was distilled at 
boils at 240° C., and the dimethyl ester boils at 220 C. 270° C. at 0.2 mm. to obtain a somewhat purer dicar 
Therefore, by converting the crude dicarboxylic acid to its 55 boxylic acid. However, at these high temperatures (300 
dimethyl ester and then distilling, a very pure product C. pot temperature) decomposition of the dicarboxylic 
can be obtained. The separation from dimer acid is very acid began to occur. One of the ways for purifying the 
good too, since the dimethyl ester of any dimer acid dicarboxylic acid is to convert it to its dimethyl ester 
present boils at least above about 260° C. The dimethyl and then distill this. The competitive distillation tem 
ester and the monomethyl ester of the dicarboxylic acid 60 peratures of various esters are reported in Table II. 
are readily purified by fractional distillation; whereas the 
free dicarboxylic acid is b ted by molecular di TABLE ree 1carboxylic acid is best separate y molecular d1S- Distillation temperatures formaterials in the dicarboxylic acid 
tillation. systern) 
The practice of this invention may clearly be seen in - - - - - ot Wapor 

the following examples. 65 ??? ??? Y??? 
o C. ? ?. Han.) 

EXAMPLE YSeYS SiSSS iSSS M S M S MMS SG MSiSiSuSiSSiS 

4- - #??????Her- ? ? ?? ??. illustrate the production of Ç2?dicarboxyliç acid, Faity acid methylest S5 ? 6. 
a series of reaction involving the addition of acrylic acid Monogethylester of dicarboxylic agid---- 265 240 0.2 
to tall oil fatty acids were run. The reaction conditions 70 Bälä?} ??????????? add. ? ? ?? 
and results are shown in Table II. SqS ee e eee eTTSTAee eTTTTS SMeM eeMS MTMeTMSMeMMMSLSLSLSLeeASLLLLSMSMSSTSLALLSS SS 

In these reactions 12% by weight of the fatty acids of As is illustrated by the results in Table II, by preparing 
glacial acrylic acid was added to the linoleic acid portion the dimethyl ester of dicarboxylic acid and purifying it 
of distilled tail oil fatty acids in the presence of an iodine by distillation, the fatty acid monomer and the dimer acids 
catalyst. The effect of temperature is illustrated by reac- 75 can be cleanly removed. In a Sample treated in this 
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manner and then reacidified, the gas chromatograph 
showed the sample to be 93% dicarboxylic acid. It has an 
acid number of 310. 
While the invention has been described and illustrated 

herein by references to various specific materials, pro 
cedures and examples, it is understood that the invention 
is not restricted to the particular materials, combinations 
of materials, and procedures selected for that purpose. 
Numerous variations of such details can be employed, as 
will be appreciated by those skilled in the art. 
What is claimed is: 
1. A process for the production of a dicarboxylic acid 

from a fatty acid mixture containing conjugated linoleic 
acid non-conjugated linoleic acid comprising, simultane 
ously reacting both the non-conjugated and conjugated 
linoleic acid portion of the fatty acid mixture with up 
to 26% by weight of said fatty acids of acrylic acid and 
0.01% to 0.50% by weight of fatty acid mixture of iodine 
at a temperature between 200° C. and 270° C. to convert 
the conjugated and non-conjugated linoleic acid portion to 
a dicarboxylic acid having the formula 

CBCH 
N ???? 
???? 

CEs-CH 

X X 

O 

20 

25 

6 
wherein one X is hydrogen and the other X is a carboxylic 
acid group. 

2. The process of claim 1 wherein said fatty acid mixture 
is a tall oil fatty acid mixture. 

3. The process of claim 1 wherein said iodine is present 
at 0.05 to 0.20% by weight and said temperature is be 
tween 230 C. and 250 C. 

4. The process of claim 1 further comprising, distilling 
the fatty acid mixture containing dicarboxylic acid and 
recovering a linoleic free fatty acid fraction and a dicar 
boxylic acid fraction. 
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