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Abstract 
Two heat-bodied linseed oils, with Gardner  vis- 

cosities of 37 and 55 rain, were saponified, con- 
ver ted to their  methyl  esters, and separated into 
2 fract ions with urea  and . methanol. Gas-liquid 
chromatography  showed the adduet  fraction, 
which comprised 38-41% of the total  methyl  
esters, to contain: pahnitie,  stearic, oleic, " l i n -  
oleic," and trace amounts  of "linolenic" acid. 
The nonadduct ing fract ion (59-62%) of the 
total  methyl  esters was separated by molecular 
distillation at  140C/7 ~ into a distillate and resi- 
due. The distillate amounted to 18-25% of the 
total  methyl  esters and had an iodine value 
([.V.) of 142-145; its absorption at  232 m~ in- 
dicates 2.5-3.0% conjugated diene. Hydrogena-  
tion of this distillate gave a liquid product  with 
an iodine number  of 4 and a pour  point of 
- 5 0 C .  Gas chromatograms of the distillate and 
its hydrogenated derivative indicated at least 
5-7 components. Comparison of these peaks with 
known f a t t y  acid methyl  esters indicates that  
the components of these fract ions were either 
cyclic or branched esters. The nonadduct ing 
residue fract ion was composed main ly  of poly- 
meric acids. 

Introduction 

C ONCURRENTLY with a p rogram on the prepara t ion  
of emulsion paints  based on linseed oil, two heat- 

bodied linseed oils were analyzed to gain a better  
unders tanding  of the effect of oil composition on paint  
stability. Certain advantages, such as more rapid  
drying,  increased durabili ty,  and better  t int  reten- 
tion, are realized by using bodied oils in paints.  

Previous work has shown tha t  bodied linseed oil 
contains a complex mixture  of glycerides result ing 
f rom polymerization and cyclization of the unsatu- 
ra ted acids, main ly  linoleic and linolenic. These stud- 
ies on the acids or esters f rom ~ponif ied  bodied oils 
have given much information on the reactions occur- 
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r ing dur ing heat bodying. Acids were separated by 
urea  fract ionat ion and distillation and  were charac- 
terized mainly  as adduet ing monomeric acids (AMA),  
nonadduct ing monomeric acids (NMA),  and nonad- 
duct ing polymeric acids (NPA) .  Bodied linseed oil 
contains up to 16% of a cyclic NMA since aromatiza- 
tion and oxidation reactions yield phthalic anhydr ide  
(5).  We fu r the r  separated and characterized these 
acids using gas chromatography.  A flow diagram of 
the separat ion scheme is outlined in F igure  1. 

I~xperimen.tal 
Heat-Bodied Linseed Oils. The M-37 bodied linseed 

oil examined was a commercial mater ia l  p repared  as 
follows: Bleached, alkali-refined linseed oil was heated 
for 6 hr and 53 min at 300-10C under  27 in. vacuum. 
Sp ray  steam was sparged through the oil dur ing heat- 
ing. The product  oil (M-37) had an acid number  of 
2.5 and a viscosity of 35 rain 27 sec. M-55 oil was 
p repared  by  the supplier  f rom M-37 oil by beat ing 
at 230-55C under  29 in. vacuum for  5 hr  15 rain. The 
product  had an acid number  of 2.3 and a viscosity of 
54 rain. The M-55 linseed oil (793 par ts )  was diluted 
with mineral  spirits (54 par ts ) ,  and cellosolve (23.] 
par t s ) .  

Methyl Esters o[ M-37 and M-55 Linseed Oils. Heat-  
polymerized M-37 linseed oil (200 g; mol wt, 2,600; 
acid number,  2.8; I.V., 115.4; eonj diene, 2.6%) was 
saponified by  refluxing with 80 g K O t I  in 400 ml of 
methanol  for  3.5 hr. The reaction mixture  was acidi- 
fied with dilute sulfuric acid, the f a t t y  acids were ex- 
t racted with hexane, and the hexane layer  was washed 
free of mineral  acid. The hexane was distilled to yield 
186 g of acids (I.V., 116; conj. diene, 3 .6%).  The 
recovered acids were esterified with 2,2-dimethoxypro- 
pane, methanol,  and d ry  HC1 (4).  Data  on methyl  
esters are listed in Table I. M-55 oil s imilarly saponi- 
fled yielded f a t t y  acids (I.V., 114; conj. diene, 3.2%) 
which were esterified to yield methyl  esters (Table I ) .  

Urea Fractionation of M-37 and M-55 Esters. M-37 
methyl  esters (120 g),  480 g of urea, and 3,000 ml of 
methanol  were warmed on a steam bath  (50C) and 
then cooled overnight  'to 0-5C. Af te r  the precipi tated 
adduct  was filtered, the filtrate was first concentrated 
to 2,500 ml, then sa tura ted  with more urea  at 50C, 
and again cooled and filtered. This process was re- 
peated unti l  no more adduet  formed (6). The com- 
bined adduct  fract ions and filtrate were t reated with 

T A B L E  I 
U r e a  F rac t iona t ion  of 1~-37 and M-55 Linseed  Methyl  Es ters  

Methyl  esters  

M-37  a 
A d d u c t  (A) .............. 
N o n a d d u c t  (B)  ........ 

lVL55 b 
lVleOt{ insol. (C) ...... 
A d d u c t  (D)  .............. 
N o n a d d u c t  ( E )  ........ 

Wt .  % Conjugat ion ,  % so 
tota l  I .V. n D 

esters  Diene Tr iene  

100 113 3.5 0 1.4715 
80 0 1 2  1 . 4 2 4 3  

130 3.7 1.4827 
1OO" 111 3.0 0 1.4697 

21.8 117 3.4 0.4 1.4878 
38.7 83 2.6 Tr  ace 1.4504 
39.5 130 3.1 0 1.4801 

a Acid No., 0.2. 
b Acid No., 0.1. 
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T A B L E  I I  

C'ompositio~ of Linseed Methyl  Es te rs  in  Addue t  F rac t ions  

M-37 adduc t  (&) M-55 adduet  (D)  
Es te r  w t  % w t  % 

total  esters to ta l  esters 

Pa lmi ta t e  ........................................... 
S teara te  .............................................. 
Oleate ................................................. 
"Lino lea te" .  ....................................... 
"L ino lena te" .  ..................................... 

Total  ........................................... 

4.9 
3.5 

28.2 
3.1 
0.7 

40.4 

4.8 
3.3 

27.4 
3.2 
0 

38.7 

T A B L E  I V  
Gas -L iqu id  Chromatography  of Nonadduet  Dis t i l la te  F rac t ion  

Approx imate  I Probable  na tu re  
P e a k  wt. % of f rac t ion  [ of fa t ty  acid 

in  peak a M-37 (F )  M-55 (H)  

I .............................................. 9.3 6.4 Cyclic 
I I  .............................................. 24.4 23.2 Cyclic 

I I I  .............................................. 28.2 31.6 Cyclic 
I V  .............................................. 35.5 35.6 I Cyclic 

Y .............................................. 2.6 3.2 I Oleate or cyclic 

a Based  on comparison wi th  peaks  f rom au thent ic  samples of methyl 
stearate, oleate, l inoleate,  and l inolenate.  

water  and  extracted with ether. Evapora t ion  of the 
ether layers gave adduet  (A) and nonadduct  (B) 
methyl  esters (Table I ) .  

Since the M-55 methyl  esters were only par t ia l ly  
soluble in methanol, 145 g of esters were extracted 
10 times with 200-ml portions of methanol  to yield 
31.7 g of insoluble polymeric residue (C) having a 
molecular weight of 720. The methanol solution of the 
soluble esters was t reated with u rea  as before, and 
the adduet  (D) and nonadduct  (E)  fract ions were 
recovered as described for  the M-37 esters (Table I ) .  

Ga~s-Liquid Chromatography of Adduct Esters. Ad- 
duct esters f rom M-37 (A) and NL55 (D) were placed 
on a Pye-Argon gas-liquid chromatograph (column, 
4 f t  • �88 in.) packed with 10% Craig suceinie poly- 
ester and operated at  170C. Gas flow rate was 35 
ee/min.  All the Pye-Argon ehromatograms described 
were obtained under  the same conditions. The iden- 
t i ty  of the esters in these fractions, as shown in Table 
l I ,  was confirmed by comparison of retention times 
with authentic samples. 

Characterization of Nonadduct Distilled Esters. 
Nonadduet  ester fract ions of M-37 (B) and M-55 (E)  
were distilled at 140C/7/~ in a wiping film molecular 
still to produce a monomerie distillate ( F , H )  and a 
residue (G,J)  (Table I [ I ) .  Fract ions  (F ,H)  were 
separated on a gas-liquid chromatograph (Pye-Argon 
succinic-polyester column) into three main peaks (Ta- 
ble IV) .  The components in the distilled fractions in 
F and H appear  to be identical since the ehromato- 
grams could be superimposed. Fract ion F was mixed 
first with methyl  s tearate  and oleate, and then with 
methyl  linoleate and linolenate. These fract ions were 
ehromatographed on the Pye-Argon,  and unknown 
and known peaks were compared. 

Hydrogenation of the Nonadduct Distilled Esters. 
Nonadduet  distilled esters (F ,H)  were dissolved in 40 
ml of acetic acid and 0.4 g palladium-on-charcoal 
catalyst  was added. The Inixture was hydrogenated 
at 150C/2,200 psi for  6 hr. The catalyst  was filtered, 
and fract ion K obtained f rom F was an oil ; I.V., 4.0 ; 
n~ ~ 1.4649. Fract ion  H also gave an oil, L ;  I.V., 4.0; 
n~ ), 1.4607. 

Frac t ions  K and L were chromatographed on a Pye-  
Argon to yield four  major  peaks of approximate ly  
equal :intensity (Table V) .  A comparison of the chro- 

TABLE III 

Dis t i l l a t ion  of Nonaddue t  F rac t ions  f rom Linseed  Methyl 
Es te r s  ( 1 4 0 C / 7  /~) 

Cmnposit ion 

I.~r ~ ....................................... 

~ . W  ..................................... 
Conj. diane, % ..................... 
Co~j tr iene,  % ..................... 

W t  % tota l  esters ................. 

M-37 nonadduc t  (B)  

Dis t i l la te  Res idue  
(F) (G) 

1 T - - - ~  
294 622 

3.1 1 3.9 
0 0 
1.4732 1.4898 

25 L 34.6 

M-55 nonaddue t  (E)  

) is t i l la te  Res idue  
(H) (J) 

4 ~  121 
l 0  650 

2.5 3.5 
0 0 
1.4728 1.4871 

18.5 21.0 

matograms of fractions K and L show them to be 
essentially the same in composition. 

Low-Temperature Crystallization of Fraction K. A 
portion (7.32 g) of K was dissolved in 70 ml of ace- 
tone and cooled to - 5 2 C  in a low-temperature  crys- 
tallization appara tus  (1). The crystals  formed were 
filtered and recrystallized at  - 5 8 C  to yield 0.63 g 
(8.6% of K)  of product,  M, mp 30-34C, 4.4% OH 
(eale. as a C18-hydroxy acid).  The filtrates were com- 
bined, and the product  was isolated as an oil, N, 6.69 g 
(91.4% of K ) ;  n3, o, 1.4668; pour point, -50C.  Gas 
chromatography  of N on the Pye-Argon showed three 
major  components and several minor peaks while gas 
chromatography  of N on a Barber  Coleman instru- 
ment (capi l lary column, 200 f t  • 0.01 in. I.D. coated 
with suecinate polyester) at 166C showed four major  
peaks and at  least eight minor peaks (Fig. 2). Frac- 
tion N was mixed wfth an authentic sample of methyl 
stearate containing a small amount  of methyl  palmi- 
tate and reehromatographed on the Barber  Coleman. 
Two addit ional  peaks appeared  (dotted lines, Fig. 2) 
showing tha t  fract ion N contains no methyl  stearate 
or palmitate.  

Saponification of Fraction N. A mixture  of 2 g of 
N, 1.5 g potassium hydroxide,  and 25 ml of methanol 
was heated on a steam bath for 3 hr. The methanol 
was distilled off at reduced pressure and water  was 
added to the residue of potassium salts and alkali. 
The product  was acidified and the aqueous layer  ex- 
t racted with ether. Af te r  washing free of mineral 
acid and dry ing  with CaSO4, the ether was removed 
to yield a yellow oil, N.E., 290'. 

Discussion 

The urea  t 'raetionation of M-37 and M-55 methyl  
esters is shown ill Table I. Comparison of data on the 
total  esters obtained f rom the two oils show only small 
differences. The esters front the M-55 oil appear  to be 
more polynleric in nature  than those f rom M-37 oil as 
judged by the lower iodine number  and conjugated 
diene and by the format ion of a methanol insoluble 
fract ion front the composite esters. Subsequent stud- 
ies on the residue materials  f rom the fractionated 
esters confirm this suggestion. For  example, Table I I i  
shows the molecular weight of the residue composite 
esters (G) f rom M-37 oil to be 622 while the molecu- 
lar weight of the residue esters ( J )  f rom M-55 oil was 
650 and f rom the methanol insoluble fract ion (C, un- 
der Exper imenta l )  was 720, giving an average mo- 
lecular weight for  the residue esters f rom M-55 of 686. 

Only a small amount  of conjugated diane and 
triene is in the esters f rom both oils (Table I ) .  These 
data are consistent with the mechanism proposed by 
Wheeler,  Paschke, and others f rom work with the 
heat polymerizat ion of methyl  linoleate and linolenate 
(7,8). Isomerization to the conjugated form was slow 
(rate  determining step) compared to polymerization 
and eyelization. Essential ly all the unreacted methyl  
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TABLE V 

Gas-Liquid Chromatography of Hydrogenated Distilled Nonadduct 
Esters from ~-37 and M-55 Oils 

Peak 

I .......................................................... 
I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

] I I  .......................................................... 
IV  .......................................................... 

VI .......................................................... 
VI I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE VI 
Methyl Ester Composition of Bodied Linseed Oils 

Approximate wt % of fraction 

1~-37 (K) M-55 (L)  

3.6 7.9 
1.9 3.1 
6.2 6.1 

21.9 20.7 
20.3 25.3 
18.0 17.7 
28.1 19.2 

linoleate and linolenate left  in the bodied oils (Tables 
[ and I I )  were conjugated. 

Table I I  also shows that  the amounts of methyl  
palmitate, stearate, and oleate in the esters of both 
bodied oils are abont the same as ~he amounts in a 
typical  sample of unbodied linseed oil. Apparen t ly  
the esters involved in the polymerization-cyclization 
were mostly linoleate and linolenate. This conclusion 
is in agreement with data published by Greaves and 
Laker  (3) f rom their s tudy of the unreacted acids 
found in heat-polymerized linseed oil. Table I I I  shows 
data  obtained on the distilled and residue fractions 
f rom the nonadducting fract ion of the methyl esters 
f rom the two bodied oils. The monomeric fractions 
(F ,H )  represent  nonlinear products which are prob- 
ably cyclic. In f r a red  spectra f rom these fractions were 
essentially identical with the spectra f rom McDonald's 
(5) cyclic material and showed a band at 15.2 /~ at- 
t r ibuted to a cyclic structure. 

These monomeric cyclic esters are different in struc- 
ture  f rom those obtained by heating linseed acids with 
alkali and glycol at 200-295C. With the lat ter  process, 
mainly conjugated cyclic hexadiene products  are 
formed as judged by examination of ultraviolet  
spectra (2,9). 

Table IV lists data on fractions F and H obtained 
by gas chromatography on a Pye-Argon instrument.  
The chromatogram from F is essentially identical with 
that  f rom H and 88-90% of the material  was con- 
tained in three major  peaks (II,  I I I ,  IV) .  Fract ion F 
was rechromatographed first with authentic samples 
of methyl stearate and linoleate, and then with methyl  
oleate and linolenate. Peaks I - I V  did not correspond 
with peaks from the known linear esters and are prob- 
ably cyclic. Peak V (2.6% of total) had the same re- 
tention time as methyl oleate. 

Hydrogenat ion of F and H with palladium-on-char- 
coal catalyst increased the number of components re- 
solved in these fractions from 5 to 7 (Table V) .  The 

Me S~ea~nte 

Pnlmilate 

~,, 

1 I I I 
20 - - 3 2 ~  44 56 68 

Retention Time, Min 

FIG. 2. G as  c h r o m a t o g r a m  of  h y d r o g e n a t e d  d is t i l l ed  f r a c t i o n  
( N )  f r o m  a c a p i l l a r y  co lumn .  

Ester  

Palmitate ............................................................. 
Stearate ............................................................... 
Oleate ................................................................... 
"Linoleate". ......................................................... 
"Linolenate". ....................................................... 
Monomerie nonlinear .......................................... 
Res idue  ................................................................ 

Oil 

M37 

4.9 
3.5 

28.2 
3.1 
0.7 

25.0 
34.6 

289 

M55 

4.8 
3.3 

27.4 
3.2 
0 

18.5 
42.8 

explanation may be that  their hydrogenated products  
are more easily resolved on the colunm used. Again, 
the peaks on the chromatogram from K have the same 
retention time as those from L and show the similarity 
of these fractions. 

Low-temperature crystallization of K from acetone 
showed it to contain 8.6% of solid (M), mp 30-34C, 
which appears to be a hydroxyla ted ester possibly re- 
sulting from oxidation or hydrat ion of double bonds 
dur ing bodying of the oil. 

The filtrate f rom these crystals was recovered from 
acetone to yield an oil (N),  which had a pour point 
near  --50C. Gas chromatography on a capillary col- 
umn shows N to be a complex mixture  containing four  
major, and at least six minor, constituents. McDonald 
(5) demonstrated by aromatization and oxidation 
studies that  at least some of these materials contain 
a six-membered ring because phthalie acid was ob- 
tained as a degradation product. Five-membered rings 
also appear  to be a possibility and might be formed 
from the noneonjugated acids: 

R R 
/ I 

C H = C - 1 I  C H - - C - H  

1 J - C - I t  / > Ct{ [ 

~ C  I CI t ,~ -C- t{  
\ \ 

R R 

Fract ion N was mixed with methyl steara.te (contain- 
ing some pMmitate) and rechromatographed on the 
capillary column. Two additional peaks (dotted lines 
in Fig. 2) corresponding to the admixed esters ap- 
peared on the chromatogram demonstrat ing that  N 
does not contain linear C16 and Cls saturated esters. 
Saponification of N with alcoholic potassium hydrox- 
ide gave a pale yellow, liquid acid, N.E. 290. This 
product  remained clear and did not solidify at  --12C. 

The composition of the methyl  esters f rom bodied 
linseed oils is summarized in Table VI. This work has 
shown that  up to 25% of the fa t ty  acids in highly 
bodied linseed oil have presumably cyclic structures. 
The hydrogenated esters and acids f rom this oil are 
liquids with good low-temperature properties. Whe:ther 
commercial heat bodying gives a maximum yield of 
cyclic monomerie esters is not known. 
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