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Surface coatings, i.e., paints and varnishes, pre- 
pared from semi-drying oils such as corn, cottonseed, 
or soybean, are generally inferior to coatings pre- 
pared from drying oils such as tung, linseed, or 
dehydrated castor. One major factor  responsible for  
this difference is the high proportion of "non-drying" 
constituents present in the semi-drying oils. Fo r  
example, each of these oils contains appreciable 
quantities of saturated and mono-unsaturated acids 
such as pahnitie, stearic, and oleic. 

The coatings prepared from unmodified semi-drying 
0ils are much slower to dry, becoming tack-free only 
after  long periods of time. They are softer and less 
resistant than coatings made from "drying" oils. By 
suitable modification of the semi-drying oils, it is 
possible to obtain coatings either equal to or superior 
to coatings made from linseed oil. Although several 
different modifications of semi-drying oils enhance 
their properties, our discussion will be limited to one 
method of modification, namely, polymerization of the 
fat  acid constituents of the oil to form dimeric and 
trimeric acids, the removal from the polymerization 
mixture of the unpolymerized fraction, and the sub- 
sequent synthesis of the glycerol, pentaerythri tot ,  or 
other esters of the polymerized acids. This method 
has received some attention by Hill  and Walker  (6) 
and ¥oorheen Noury (7).  Their work was directed 
toward the improvement of linseed oil, which is a 
drying oil, ra ther  than corn or soybean oils, which 
are semi-drying. As a par t  of a general program 
designed to increase the industrial utilization of cer- 
tain semi-drying vegetable oils normally produced in 
excess in this country,  the Oil and Protein Division of 
the Northern Regional Research Labora tory  initiated 
a s tudy of synthetic oils prepared from residual 
dimerized fat acids (2). 

The enhancement of the properties obtained by this 
method is pr imari ly obtained by the formation of 
dimeric and trimeric acids from the fa t  acids and 
their separation from the unpolymerized fat  acids. 
The unpolymerized fat  acids contain most of the 
non-drying fraction of the oil, and consequently 
their  separation constitutes an actual removal of the 
non-drying from the drying constituents. The resi- 
due, i.e., the drying constituent, now differs f rom its 
original form. I t  contains dimerie and trimerie fa t  
acids (3) which were formed from linoleic and 
linolenic acids. The mechanism of the formation of 
these acids is not known, but it can be represented 
graphically (see Equations A and B).  

Equat ion A : 
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L i n o l e i c  a c i d  D i m e r i c  f a t  a c i d  I 

The Nor thern  Regional Research Labora to ry  is one of four  Regional 
Labora tor ies  authorized by Congress in the Agricul tura l  Research Act 
of 1938 for  the purpose  of conduct lng research to develop new uses 
and  outlets for agr icu l tu ra l  commodities. These :Laboratories are, ad- 
ministered and  operated by  the Bureau  of Agr icu l tura l  and  Indus t r i a l  
Chemistry, Agr icul tura l  Research Administrat ion,  U. S. Depar tment  of 
Agricul ture .  

Equation B : 
0 0 0 
II H II 

t I O - - C - - - R - - R ~ - - O H  + R - - O - - O H  
o o 
II II 

- - - - - >  H O - - C - - I ~ - R - - C -  O H  

t ° rl 
R - - C - - O H  
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As shown in the equations, these acids may be con- 
sidered to be a dibasic fa t  acid, having a molecular 
weight of 560, and a tribasic fat  acid having a molecu- 
lar  weight of 840. 

Experimental  details of the polymerization of 
methyl esters of fa t  acids from a number of different 
oils and the separation of the polymerized from the 
non-polymerized fract ion have been described by 
Bradley and Johnston (2) .Unpubl ished work (5) at 
the Northern Regional Research Laboratory has 
shown that  the dimerized fat  acids obtained from 
polymerized corn, cottonseed, soybean, and dehy- 
drated castor oil are very  similar, if not identical. 
This similarity also persists in the trimerized fat  
acids. .° 

Synthetic oils were prepared from the residual 
dimerized fat acids with polyalcohols in conjunction 
with soybean and linseed fat  acids. The synthesis was 
effccted in a manner similar to that used in the prep- 
aration of alkyd resins. Equations C and D give a 
graphical representation of how the preparat ion of 
the oils was effected. 
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Fat A c i d  

2 Residual dimerize,d fa t  acids from soybean oil a re  somewhat  differ- 
c u t .  since soybean oil contains a small amount  of iinolenic acid which 
g{ves different polymerized products  than  linoleic acid. 
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Equat ion D : 
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The residual dimerized fa t  acids were heated with 
the polyalcohol to form the polynleric ester ( I I I ) .  
The ester was then reacted with fa t  acids to give a 
synthetic oil ( IV) .  Since tr imerized fa t  acids were 
present, these equations give only a part ial  picture of 
the synthetic oil preparat ion.  In  addition, the ratios 
of the polyalcohol, residual dimerized fa t  acids, and 
fa t  acids such as soybean fa t  acids which were used, 
determine the average value of x. Two groups of 
oils were p repared  by use of proper  ratio of reactants.  
In  the first, the ratios were controlled to give an aver. 
age value for  x of 1, and in the second to give an 
average for  x of 3. 

E x p e r i m e n t a l  
P R E P A R A T I O N  O F  S Y N T H E T I C  O I L S :  

The two general compositions of reactants were 
t r ied as follows: The first used equal par ts  of resi- 
dual  dimerized fa t  acids and soybean or linseed oil 
acids (x = 3 in Formula  I V ) ,  and the second, two 
par ts  of soybean or linseed oil acids to one pa r t  of 
residual dimerized fa t  acid (x ~--- 1, Formula  I V ) .  
In  some preparat ions,  small percentages of maleic or 
phthalic anhydride  were added in an a t tempt  to 
enhance the properties.  The following is a detailed 
description of the prepara t ion  of one synthetic oil: 
275 gm. of residual dimerized fa t  acids, 91.2 gin. of 

glycerol (5 per cent excess), and 0.5 gm. of PbO 
catalyst  were placed in a three-neck flask, fitted with 
stirrer,  thermometer,  inlet tube for  carbon dioxide, 
and reflux condenser which was heated with steam. 
The heated condenser allowed water  to escape but  
retained glycerol in the reaction flask. The mixture  
was heated at 185 ° to 195 ° C. for  one hour with stir- 
ring. At  the end of this period, 550 gin. of linseed oil 
fa t  acids were added. The mixture  was then heated 
for  9 to 10 hours more with a slow but  gradual  in- 
crease in tempera ture  to 230 ° C. The reaction was 
usually stopped at this stage provided a low acidity 
was obtained. The oil was cooled and stored under  
carbon dioxide until  such time as it was used for tests 
or varnish formulation.  

Table 1 gives the composition of the reactants used 
in the prepara t ion  of the synthetic oils and contains 
physical constants of the final products.  The viscosity 
of the synthetic oils could be varied by the amount  of 
vegetable oil acids used in their  preparat ion.  Gelation 
was encountered in some at tempts when te t rahydr ic  
or hexahydric alcohols, or maleic anhydride,  were 
used in the preparat ions.  The time required to obtain 
low acid values could be readily shortened by the 
use of reduced pressure af ter  the initial reaction had 
occurred. 

Varnishes From Synthetic Oils. Ester  gum var- 
nishes of-a 33~-ga l lon  oil length were prepared  f rom 
the synthetic oils and f rom bodied linseed oil, using 
the following formula  and procedure:  

31.9 g. Es ter  Gum 

4.0 g. Rosin (W W.) 

100.0 ml. Oil 

100.0 ml. Mineral Spiri ts  

1.1 ml. Cobalt Naphthenate  (6 per cent Co) 

2.3 m]. Lead Naphthenate  (24 per cent Pb)  

T A B L E  1 

Synthe t ic  Oils f r o m  Res idua l  D i m e r i z e d  F a t  Acids  

Oil No. D e s i g n a t i o n  
of Oil 

A m o u n t s  of  

F a t  Acid  Polyalcoho] Addi t iona l  
and  Source  Dibas i c  Acid 

P e r  100 P a r t s  of Res idua l  D i m e r i z e d  F a t  Acid 

1 1SG 2 100 
Soybean  

2 2 S G  200 
Soybean  

3 1 L G  100 
L in seed  

4 2 L G  200 
L in seed  

5 2 S P E  200 
Soybean 

6 1S)/[ 100 
Soybean  

7 2SM 200 
Soybean  

8 2S1V[ 200 
Soybean  

9 2 C S G  2OO 
Soybean  1 

10 2SG PA 200 
Soybean  

11 2 S G  MA 200 
Soybean  

12 2 S G  M A  200 
Soybean  

13 2 L G  IvIA 200 
L i n s e e d  

14 2 S P E  MA 2O0 
Soybean  

1 Alkali  con juga t ed  soybean  oil ac ids  ( 4 ) .  

22 .... 
Glycerol 

33.1 .... 
Glycerol  

22 
Glycerol 

33.1 .... 
Glycerol 

35.1 .... 
P e n t a e r y t h r i t o l  

35.5 .... 
Mann i to I  

50.3 .... 
Manni to l  

50.3 .... 
:Mannitol 

33.1 .... 
Glycerol 

46.3 30 
Glycerol  P h t h a l i c  A n h y d r i d e  

37.1 1 5.9 
Glycerol  Maleic  A n h y d r i d e  

39.2 [ 
Glycerol Male ie  A n h y d r i d e  

37.4 1 
Glycerol  Maleie  A n h y d r i d e  

38.8  I 5.8 
P e n t a e r y t h r i t o l  Maleic  A n h y d r i d e  

T i m e  of 
Reac t ion  

H o u r s  Acid No, 

8.8 

8.0 

F ina l  P r o d u c t  

11.5 

11.5 

12,5 

12.5 

16 

18 

19 

12 

14 

13 

11.5 

10 

12 

5.0 

7.6 

4.0 

8.7 

5.7 

3,0 

8.4 

24.0 

8.5 

12 

Color 
G a r d n e r  

11 

12 

10 

11 

11 

10 

11 

13 

11 

11 

11 

10 

Viscos i ty  
G a r d n e r  

Z~ 

T 

Z~ 

Almost  a gel 

Z4 

Z6 

X 

Z1 

Z 

Z~ 

7n 

Z~ 

2 T h e  oils have  been de s igna t ed  by symbols  for  ease in  r e f e r r i n g  f r o m  table to t ab le :  Fo r  example,  2 S P E  des igna tes  the  oil m a d e  f r o m  1 p a r t  
r e s idua l  d imer ized  f a t  acids ,  2 p a r t s  soybean  f a t  acids  wi th  pe ,n taerythr i to l ;  l S G  des igna tes  the oil m a d e  f r o m  1 p a r t  r e s idua l  d imer ized  f a t  acids,  1 
p a r t  soybean f a t  ac ids  w i t h  glycerol.  
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The oil and ester gum were heated in a 600 ml. 
beaker to 296-299 ° C. (565-570 ° F. ) .  This tempera-  
ture was held until  a 5- to 8-inch s t r ing f rom a cold 
plate was obtained. The heat was removed and the 
rosin added to check any fu r the r  reaction. The cook 
was cooled rap id ly  by vigorous s t i rr ing and when the 
t empera ture  had dropped to 149 ° C. (300 ° F . ) ,  the 
varnish was reduced with mineral  spirits. Final ly,  at 
room temperature ,  driers were added in amounts suffi- 
cient to give approximate ly  0.05 per  cent cobalt metal  
and 0.5 per cent lead, based on the weight of oil used. 
Later ,  if necessary, the varnish was reduced to vis- 
cosity of D, with additional solvent. Table 2 gives a 
resum6 of fifteen varnishes p repared  in this manner .  

the oils. P r i o r  to testing, oil films were allowed to d ry  
for  72 hours. The films were immersed in water,  and 
the a m o u n t ' o f  blushing at  24, 48, and 72 hours was 
noted;  also, the time required for  the film to recover 
to its initial appearance  was measured. F o r  alkali 
resistance, the oil films were dipped in 0.1 N sodium 
hydroxide,  and the time required for  fa i lure  of the 
film was noted. 

Varnish Films. The varnishes were flowed on glass 
plates and allowed to stand in a vertical position. The 
t empera tu re  of the drying cabinet was maintained at 
27 ° C. _ 1 ° C., and a relative humidi ty  of 45 to 50 
per  cent. Results of the dry ing  tests are given in 
Table 4. 

TABLE 2 

Varnishes from Synthetic 0ils 

Designa- I Cooking I 
Oil No. tion of I Time ] 

0il ] _ _ . ( M i n ' )  

1 I S G  2 [ 17 I 
2 2SG ] 72 
3 1LB { 16 { 
4 2LG { 60 l 
5 2SPE ! 20 
6 1SM 13 
7 2SM 18 
8 2SM 14 
9 2CSG 47 

10 2SG PA 111 
11 2SG )tIA i 53 
12 2 S G M A  ] 24 
13 2LG MA i 23 
14 2 S P E  MA [ 9 
15 Linseed [ 60 

Oil X 

Viscosity 
(Gardner )  

E 
D 
E 
D 
E 
U 
F 
J 
D 
D 
D 
E 
E 
L 
D 

Color 
(Gardner )  

15 
17 
14 
I5  
15 
13 
15 
13 
15 
17 
16 
14 
14 
12 
13 

Additional 
Solvent to 
Reduce to 

Viscosity of D 
(Gardner )  

8 

10 
90 
15 
42  

11 
8 

49 

TABLE 4 

Dry ing  of Varnishes  from Synthetic Oils 

Varn ish  Designa- 
from, tion of 

Oil No, Oil 

1 1 S G  s 
2 2SG 
3 1LG 
4 2LG 
5 2SPE 
6 1 S ~  
7 2SM 
8 2S~,[ 
9 2CSMG 

10 2SG PA 
11 2SG MA 
12 2SG MA 
13 2LG MA 
14 2SPE MA 
15 Linseed X 

Time Required for 

Init ial  
Set 

150-180 
120-150 
120,150 

90.120 
90-120 
30-60 
90-120 

120-150 
120-150 
15Od 80 
120-150 
210-240 

60-90 
60-90 
60-90 

Dust- 
free 

270-300 
330-360 
300-330 
210-240 
210-240 
150-180 
150-180 
270-3Q0 
330-360 
330-360 
240-270 
330-360 
240-270 
210-240 
240-270 

Film Condition After 

Eight  Twenty-four 
Hours  I tours  

Tacky SI. Tacky 
Tacky Tacky 
SI, Tacky SI. Tacky 
S1. Tacky V. S1. Tacky 
V. SI. Tacky V. SI. Tacky 
Not Tack)- Not Tacky 
Not Tacky Net Tacky 
Sl. Tacky V. S1. Tacky 
V. Tacky V. Tacky 
Tacky Tacky 
Sl. Tacky V. S1. Tacky 
V. Sl. Tacky V. S]. Tacky 
V. Sl. Tacky Not Tacky 
V, S1. Tacky Not Tacky 
V. Si. Tacky Not Tacky 

(See footnote, u Table 1.) 

E V A L U A T I O N  : 

Oil Films. The synthetic oils were compared di- 
rect ly with three different linseed oils: a commercial 
bodied oil of " X "  viscosity, a laboratory bodied oil 
of " Y "  viscosity, and a commercial  alkali-refined oil 

of " A "  viscosity. All oils were reduced to viscosity 
of " A "  with Skellysolve C, except the linseed oil A, 
and 0.1 per cent cobalt naphthenate  dr ier  was added. 
Table 3 gives the times required for  obtaining initial 
sets, dust-free and dry  surfaces. Observations on 
water  and alkali resistance of the oil films are also 
given in this table. Fi lms used for  water  and alkali 
resistance were prepared  f rom oils reduced to a vis- 
cosity of " A " .  The films used in tests with water  
were flowed on tin panels, while those used in tests 
with alkali were obtained by d ipping  test tubes into 

Fo r  the water  resistance tests, films were obtained 
by flowing on tin panels and allowing to d ry  for  72 
hours. Tests with cold water  were run  by immersing 
one-half of the film panels in distilled water  and 
examining the films at regular  iutervals.  Fo r  hot 
water  resistance tests, one-half of each film panel  was 
immersed in boiling distilled water  for  one hour. 
Table 5 gives the results of these tests. 

Alkali resistance of the varnishes was determined 
by noting the t ime required for  a film to fai l  on ex- 
posure to a 3 per  cent sodium hydroxide solution. The 
films were p repared  by dipping test tubes into var-  
nishes, inver t ing the tubes, and allowing the films to 
dry  for  72 hours. The films were immersed in the 
3 per  cent alkali and the time required for  the film 

TABLE 3 

Evaluation of 0il Films, Inc luding  Dry ing  Rate, Wate r  and Alkali Resistance 

Oil No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Linseed X 
Linseed Y 
Linseed A 

Designation 

1 S G  2 
2SG 
1LG 
2LG 
2SPE 
1S]¢I 
2S~[ 
2SM 
2CSG 
2SG P A  
2SG MA 
2SG MA 
2LG MA 
2SPE MA 

Time Required for Dry ing  (Min.) 

Ini t ia l  
Set 

30-40 
60-90 
30-40 
50-70 
30-45 
1.0-20 
20-30 
45-60 

180-210 
60-90 
60-75 
20 
50-60 
20 
90-120 
90-120 

120-150 

D u s t  
Tree 

50-65 
120-150 

50-70 
75-105 
50-65 
30-40 
45-60 

105-135 
210-240 

90-120 
90-105 
45-75 
70-90 
45-60 

150-180 
150-180 
165-195 

Dry  

75-105 
180-210 

75-120 
135-180 

75-105 
75-105 

105-150 
165-205 
240-270 

75-180 
120-165 

90-135 
120-150 

75-105 
210-270 
210-270 
225-285 

Appearance of Film After Immers ion  
in Wate r  for 

24 Hrs. 

V. S1. Blush 
S. Blush 
V. SI. Blush 
V. SI. Blush 
V, Sl. Blush 
V. St. Blush 
V. SL Blush 
V. Sl. Blush 
Sl. Blush 
V. SI. Blush 
V, Sl. Blush 
V, Sl. Blush 
V. S1. Blush 
V. S1. Blush 
S1. Blush 
Blush 
B. Blush 

48 Hrs .  72 Hrs .  

S1. Blush S1. Blush 
B. Blush B. Blush 
Sl. Blush Blush 
Blush B. Blush 
S1, Blush Blush 
Sl, Blush S1. Blush 
Sl. Blush S1. Blush 
SL Blush Blushed 
B. Blush V . B .  Blush 
B. Blush V . B .  Blush 
S1. Blush Blushed 
Sl. Blush S1. Blush 
V. Sl, Blush S1. Blush 
V. S1, Blush S1. Blush 
Blush B. Blush 
V. B. Blush V . B .  Blush 
V. B. Blush V . B .  Blush 

Recovery 
After 

Immers ion  
(Min.) 

2O 
> 6O 

3O 
2O 

> 60 
>6O 

2O 
3O 
6O 

120 
3O 
3O 
3O 
20 
3O 

>6O 
> 120 

Time Required for 
Film to Fail  in 0.1 

N-Sodium Hydroxide 
(Min.) 

> 8 
> 1 0  

4 
3 

> 1 0  
1 
5 
2 

> 1 5  
5 
2 
2 
2 
3 
1 
1 
1 

(See footnote, 2 Table 1.) 
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T A B L E  5 

W a t e r  Re s i s t a nc e  of V a r n i s h  F i lms  

V a r n i s h  Des igna -  
No. l ion 

1 1SG e 
2 2 S G  
3 1LG 
4 2 L G  
5 2 S P E  

6 1SM 

7 2SM 

8 2SM 
9 2CSG 

10 2SG P A  
11 2SG ]~[A 
12 2 S G  ~,IA 
13 2 L G  ~,~A 
14 2 S P E  MA 

15 L inseed  X I 

A p p e a r a n c e  of F i l m  Af t e r  
E x p o s u r e  to Cold W a t e r  for  

6 H o u r s  24  H o u r s  

V. S1. B lush  B lush  
Blush  B.  B lush  
S1. B lush  B lush  
B lush  B lush  
V.  SI. B lush  S1, B lush  

V. S1. B lush  V, Sl, B lush  

V.  Sl. B lush  SL Blush  

V.  S1. B lush  S1. B lush  
B.  B lush  B. B lush  
B. B lush  B.  B lush  
B.  B lush  B.  B lush  
V. SI, B lush  V. St. B lush  
V. SI, B lush  SI. B lush  
V. V,  St. V,  S1, B lush  

B l u s h  
B lush  B,  B lush  

48 H o u r s  

B l u s h  
B.  B lush  
B.  B lush  
B :  B lush  
SI. B lush  

V.  Sl. B lush  

B lush  

Blush  
V.  B.  B lush  
V.  B.  B lush  
V.  B. B lush  
Blush  
Bhtsh  
V. S1, Blush  

B.  B lush  

Reeove ry  
Af t e r  

48 H o u r s  
I m m e r s i o n  

(Min , )  

30-35 
30-35 
30-35 
30-40 
15-20 

5-10 

30-35 

15-20 
> 6 0  

60 
30-35 
15-20 
25-30 

5-10 

30-35 

75 H o u r s  

B.  B lush  
V,  B.  B lush  
V.  B.  B lush  
B.  B lush  
Sl. B lush  

V.  S1. B lush  

Blush  

Blush  
V.  B.  B lush  
V. B. B lush  
V.  B.  B lush  
Blush  
B l u s h  
V. SI. B lush  

V.  B.  B lush  

R e c o v e r y  
Af t e r  

75 H o u r s  
I m m e r s i o n  

( ~ i n . )  

35-40 
35-40 
35-40 
35-40 
20-25 

15-20 

35-40 

20-25 
> 6 0  
> 6 0  

35-40 
20-25 
30-35 
I5~20 

35-40 

F i lm Condi t ion  Af te r  1 H o u r  
in Boi l ing  W u t e r  

Bad ly  ~ V h i t eued - - N o  P i n  Holes  
Bad ly  W h i t e n e d - - N o  P i n  Holes  
Bad ly  W h i t e n e d - - N o  P i n  Holes  
Bad ly  W h i t e n e d - - N o  P i n  Holes  
V.  SL W h i t e n e d  P i n  Holes  a t  

W a t e r  L i n e  
V. S1. W h i t e n e d  P i n  Holes  at  

W a t e r  L i n e  
Sl. W h i t e n e d  P i u  Holes  at W a t e r  

L i n e  
W h i t e n e d - - N o  P i n  Holes  
V. Bad ly  W h i t e n e d  P i n  Holes  
V. Bad ly  W h i t e n e d  P i n  Holes  
V. Bad ly  Whi t ened  P i n  Holes  
W h i t e n e d  P i n  Holes  
W h i t e n e d - - N o  P i n  Holes  
V.  V.  Sl. W h i t e n e d - - N o  P i n  Holes  

Bad ly  W h i t e n e d - - N o  P i n  t to les  

Recov- 
e ry  

(Min . )  

15-20 
35-40 
30-35 
30 

5-10 

5-10 

5-10 

15-20 
80-90 
50-60 
30 

5-10 
5-10 
5 

30-35 

2 (See footnote,"- Table  1.)  

to dissolve or break was recorded as failure. Table 6 
gives the hardness of the varnish films as well as the 
alkali resistance data. 

T A B L E  6 

Alkali  Res i s t ance  a n d  t t a r d n e s s  of V a r n i s h  F i lms  

V a r n i s h  
N u m b e r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
15 

P l a t e  
Glass  

n e s i g n a -  
tlon of 

Oil 

1SG 2 
2 S G  
1LG 
2 L G  
2 S P E  
1SM 
2S~I  
2SM 
2CSG 
2 S G  P A  
2 SG ~IA 
2 S G  ~[A 
2 L G  :MA 
2 S P E  ~IA 
Linseed  X 

R o c k e r  H a r d n e s s  of 
V a r n i s h  F ihns  

24 H o u r s  72 H o u r s  

8 10 
10 14 

8 10 
8 12 

10 :]4 
26 30 
16 23 
23 28 

2 2 
6 10 
8 12 
8 10 

12 15 
10 16 

8 14 
100 

Time Requ i red  for  
,F i lm Fa i lure  in  

',1% N a O H  
in Minu te s  

65 
5() 
55 
60 

135 
6O 

120 
50 
40  
50 
50 
55 
65 
9{) 
45 

'-' (See  footnote,  2 Table 1.) 

Discussion and Conclusions 

In  the chemical sense, " d r y i n g "  of oils and some 
resinous materials is a phenomenon which is directly 
related to functionali ty and polymerization. I t  is a 
mechanism whereby essentially linear molecules, usu- 
ally liquid in nature, are converted into a cross-linked 
or three-dimensional polymeric molecule (1). Usually 
oil fihns are produced by oxidative polymerization or 
by a combination of thermal and oxidative polymeri- 
zation. Since the residual dimerized fat  acids are 
polymeric, i.e., dimeric and trimeric (3, 4) and give 
cross-linked, three-dimensional polymers with difune- 
tional molecules (3), these acids may be considered to 
be " d r y i n g "  constituents. 

The synthetic oils prepared from residual dimerized 
fat  acids and soybean and linseed fat  acids should be 
superior to the original oils, i.e., soybean and linseed. 
The total amount of available " d r y i n g "  constituents 
llas been increased. The amount of this increase is 
proport ional  to the amount  of residual dimerized fat  
acids used in the preparat ion of the synthetic oils. 

Fo r  example, soybean oil, which has approximately 
60' per cent tinoleic and linolenic acids, is converted to 
residual dimerized fa t  acids. Estimates based on 
Bradley 's  and Johnston 's  work (2) would indicate 

that polymerization gives 50 parts by weight of 
residual dimerized fat  acids and 50 parts of non- 
polymerized fat  acids. 

S o y b e a n  O i l  A c i d s  R e s i d u a l  D i m e r l z e d  F a t  A c i d s  
1 0 0  l~tarts ~ 50  p a r t s  

+ 
N o n - p o l y m e r i c  F a t ,  A c i d s  

50 p a r t s  

I f  50 parts of residual dimerized fat acids are reacted 
with polyalcohol and 100 parts  of soybean fat acids, 
the proport ion of drying constituents has been in- 
creased from 60 per cent in the original soybean oil 
to 73.3 per cent in the synthetic oil. I f  equal parts 
by weight are used, an increase of drying constitu- 
ents to 80 per cent is achieved. Table 7 shows the 
manner  of this increase more clearly. 

T A B L E  7 

I n c r e a s e  in D r y i n g  C o n s t i t u e n t s - - S o y b e a n  0i l  

Soybean  Oil 

5 0 - - R e s i d u a l  D i m e r i z e d  F a t  Acids ~ Synthe t lc  
5 0 - - S o y b e a n  F a t  Acids  J- Oil (1-1)  

5 0 - - R e s i d u a l  D i m e r i z e d  F a t  Acids  1 Synthe t ic  
1 0 0 - - S o y b e a n  F a t  Acids  [ Oil (1-2) 

" D r y i n g "  
Cons t i tuen ts  

P~rcent  

60 

80 

73 

If  linseed fat  acids are Used in a 1-1 ratio, the dry- 
ing constituents are increased from 75 to 88 per cent;  
if a 1-2 ratio is used, an increase 1;o 83 per cent is 
effected. Table 8 shows these relationships more 
clearly. 

At comparable viscosities, a synthetic oil should be 
superior to a bodied oil of equal viscosity. During 
the polymerization required in the heat bodying of 
the oil, the viscosity increases by the dimerization of 
the " d r y i n g "  fat  acid present. This reaction reduces 
the proportion of " d r y i n g "  fat  acid in the remaining 
monomerie fa t  acids. In the synthetic oil, the same 
viscosity can be achieved without reducing the pro- 
portion of " d r y i n g "  fat  acids remaining in the mono- 
merle fat  acids. Of course, some polymerization may 
occur dur ing the preparatior~ of the synthetic oils, but  
since the temperature  was usually kept below 225 ° C., 
the amount would be small. 
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TABLE 8 

Increase in Drying Constituents--Linseed ,Oil 

Linseed Oil 

50--Residual  Dimerized Fat Acids ) Synthetic 
50--Linseed Fat  Acids )" Oil (1-1) 

50--Residual  Dimerized Fat Acids ~ Synthetic 
100--Linseed Fat Acids )" Oil (1-2) 

"Drying"  
Constituents 

Percent 
75 

88 

83 

The experimental results support  the belief that 
these synthetic oils are superior. For  example, the 
synthetic oils dried faster and were more water- and 
alkali-resistant than linseed .oils used as test controls. 
The drying time was reduced as much as one-third 
using glycerol, soybean fat  acids, and residual dimer- 
ized fat  acids. The oils containing equal portions of 
residual dimerized fat  acids and of vegetable fat  acids 
(Formula  IV, average value of x ~ 3), i.e., oils 1 and 
3 dried faster  and possessed better  water and alkali 
resistance than when a 1-2 ratio was used (Formula  
IV, average value of x is 1), i.e., oils 2 and 4. The use 
of polyalcohols, such as mannitol and pentaerythri tol ,  
gave better oils (see oils 5, 6, 7, and 8), but  the im- 
provement over the synthetic oils prepared from equal 
parts of residual dimerized fat  acids and vegetable 
fat  acids was not marked. Indeed, in some tests, the 
oils from polyalcohols were inferior, but the higher 
polyalcohols improved all synthetic oils where a 1-2 
ratio of residual dimerized fat  acids to soybean or 
linseed fat  acids was used in the preparation.  The 
use of maleic anhydride reduced the drying times of 
oils having the 1-2 ratio of acids, increased water 
resistance, and apparent ly  reduced alkali resistance 
(see oils 11, 14). 

The alkali resistance of the synthetic oils studied 
depended on the amount of residual dimerized fat  
acids used. Roughly, the alkali resistance was pro- 
portioned to the amount of residual dimerized fat  
acids and inversely proportional  to the amount of 
vegetable fat  acids. Of course, the ratio of residual 
dimerized fat  acids used would determine the initial 
concentration of C-C bond. Apparent ly ,  alkali re- 
sistance is some function of amount of C-C bonds pres- 
ent. The superior alkali resistance of films from conju- 
gated oils supports this observation since it is believed 
that  more C-C bonds are formed in these films than in 
films from non-conjugated oils. Also, heat polymer- 
ized oils like bodied linseed, perilla, and tung have 
greater alkali resistance in oil films and varnishes 
than do unbodied linseed, perilla, and tung oils, 
respectively. I t  is interesting to note that the syn- 
thetic oil prepared from one par t  residual dimerized 
fat  acids and two parts conjugated soybean fat acids, 
oil No. 9, had the best alkali resistance of any of the 
oils tested. 

By the incorporation of the synthetic oils into ester 
gum varnishes, the time required for dry ing  as com- 
pared to the oils alone was increased, the water re- 
sistance only slightly improved, and the alkali re- 
sistance measurably improved. While the oil films 
made from the synthetic oils were definitely superior 
to the oil films from the linseed oils, this superiori ty 
in properties of films was not evident in the ester-gum 
varnishes. I t  appears that  the formulat ion of the oils 
with ester gum had an equalizing effect on the films, 
i.e., the varnish films prepared from the oils were 
more nearly equal in dry ing  rate, water and alkali 
resistance than the films made from the original oils. 
I t  is quite evident that  the method of varnish formu- 
lation used was not satisfactory for  these oils. I t  is 
believed that varnishes prepared from the residual 
dimerized fat  acids ra ther  than from oils containing 
these acids will show definite superiori ty over the 
parent  oils, i.e., soybean and linseed, as constituents 
of varnishes. Fur the r  investigation is in progress. 

Summary 
Synthetic oils have been prepared from residual 

dimerized fat  acids with soybean and linseed fat  acids 
by esterification with polyalcohols, and with or with- 
out maleic anhydride or phthalic anhydride.  Pre- 
l iminary evaluation indicates that  these oils give films 
which dry  faster  and are more resistant to water and 
alkali than linseed oil films. This enhancement of 
water and alkali resistance may result f rom an in- 
crease in C-C bonds present in the films. Ester  gum 
varnishes made from these oils were not markedly 
superior to similar varnishes made from linseed oil. 
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