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T 
HE RESINS ( 1 )  formed by the condensation of 

epichlorohydrin with 2 ,2 -b i s (p -hydroxypheny l )  
propane (Bisphenol A) comprise the bulk of 

commercially available epoxy resins. The theoretical 
s t ructure is as follows, but the actual s t ructure  ap- 
pears to be somewhat different, mainly insofar as the 
epoxy groups are part ia l ly  hydrolyzed:  
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The molecular weight of the resins, which range from 
viscous liquids to hard  solids, depends upon the ratio 
of reactants. These resins ,nay be cured in a var ie ty  
of ways: by diamines (5),  by polyamide resins (4), 
by phenolic or amino-formaldehyde resins (6),  or by 
other chemical agents. Air-drying vehicles, which rep- 
resent a major  use of epoxy resins, are made by  esteri- 
fy ing the resins with a var ie ty  of unsatura ted acids, 
such as drying oil acids (6, 7), tall oil (8), and rosin. 

The present paper  deals with the use of the hard  
epoxy resins as varnish resins for cooking with the 
oils themselves ra ther  than for cooking with fa t ty  
acids in the conventional way. These oleoresinous 
varnishes have properties which are distinctly differ- 
ent from the conventional epoxy resin esters. On the 
other hand, these varnishes are similar in most re- 
spects to conventional soft oil varnishes, but  they 
differ from the conventional varnishes in some note- 
worthy respects, as will be shown. To a lesser extent 
this paper deals with the simple aleoholysis of glye- 
eride oils by the hydroxyl  groups in epoxy resins and 
the subsequent conversion of an alcoholyzed mixture  
to an oil-modified alkyd resin by means of phthalic 
anhydride.  

Experimental 
Materials Used. Commercial epoxy resins used in 

this investigation were as follows: 
Epoxy  Resin A2: molecular weight, approximately 

860 (ebullioscopic in ethylene dichloride);  melting 
point, 68~ by Dur rans '  mercury  method;  epoxide 
value, 0.191 moles per 100 g. by the hydrochloric acid- 
dioxane method described by Jungnickel,  Peters, Pol- 
gar, and Weiss (3).  

Epoxy  Resin B2: molecular weight, approximately  
1,400 ; melting point, 96 ~ C. ; epoxide value, 0.103 
moles per 100 g. 

Epoxy  Resin C~: molecular weight, approximately 
2,900; melting point, 129~ epoxide value, 0.056 
moles per 100 g. 

Linseed oil: alkali-refined; Wolburn  iodine value, 
180 by method of Von Mikusch and Frazier  (9). 

* Presented at the Minneapolis meeting of the American Oil Chem- 
ists '  Society, October 11-13, 1954. 

2Epoxy  Resins A, B, and  C are, respectively, Epon~) Resins  1001, 
1004, and  1007 and  are manufactured by the Shell Chemical Corpo- 
ration. 
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Mineral spirits: b.p. 310-390 ~  Knur l -Butano l  
value, 44. 

Varnish Cooking Procedure. Varnishes were cooked 
in Open, stainless steel kettles equipped with mechani- 
cal s t irrer  but  no inert  gas sparge. Although resin 
and oil were charged all at once before the application 
of the direct gas heat, it is sometimes desirable, in 
order to avoid local overheating of resin, to heat the 
oil alone and add the resin to the hot oil on the up- 
heat. The top heat (usually 580~ was reached ill 
about 45 rain. A clear pill usually was obtained at 
about 510~ on the upheat. The end-point was taken 
as the time when a three-foot string could be drawn 
f rom a few drops of varnish on a cold t in plate. In 
order better to sinmlate larger-scale practice wherein 
the cooling time is slower than that  obtained in small 
laboratory cooks, the varnish was usually cooked at 
top temperature  for  f rom 2 to 5 min. beyond the end- 
point described. The part ial ly cooled varnish was di- 
luted with mineral  spirits and finally adjusted to 50% 
nonvolatile content. 

Discussion of Varnish Preparation 
A summary of the preparat ion and solution prop- 

erties of the epoxy resin varnishes is given in Table I. 
Moderate differences in viscosity of varnish solutions 
have little significance because viscosities could be 
changed easily by slight changes in cooking times. At 
50% nonvolatile content the viscosities ranged from 
about J to Y on the Gardner  scale. 

The effect of molecular weight of the epoxy resin 
upon cooking properties of 25-gal. linseed oil var- 
nishes at 580~ is shown by comparing varnishes 
2, 6, and 7 in Table I. U s i n g  the epoxy resin of high- 
est molecular weight (Epoxy  Resin C, MW 2,900, 
Varnish 7), react ivi ty with linseed oil was too great 
to provide desirable control over the reaction;  also 
compatibili ty was achieved at a slower rate than with 
resins of lower molecular weight. Resins of lower 
molecular weight (Epoxy  Resin A, MW 860, and 
Epoxy  Resin B, MW 1,400) were similar in cooking 
properties, but  Epoxy  Resin B was prefer red  because 
of somewhat better  film properties. 

A comparison of varnishes made at different cook- 
ing temperatures  is shown in varnishes 2, 8, and 9. 
The cooking times at top temperatures  were 190, 60, 
and 36 min., respectively, at 500, 550, and 580~ A 
temperature  of 500~ was not regarded as practical  
because of unduly  slow reaction and somewhat in- 
fer ior  film properties. Although a temperature  of 
580~ was favored because of marginal ly  superior 
film properties, 550~ may be prefer red  if better  
control of bodying is desired. 

Inspection of the cooking logs of varnishes 1, 2, and 
3 in Table I shows that  as the oil length of linseed 
varnishes was increased, the rate of body ing  was re- 
tarded. The cooking times for 15-, 25-, and 35-gal. 
varnishes were 18, 36, and 55 rain., respectively. 

When tung oil was heated to 575~ with epoxy 
resin (Epoxy  Resin B),  in most cases the varnish 
gelled by the time 575~ was reached. On one oc- 
casion the varnish gelled af ter  addition of bodied 
linseed oil as a chillback. Epoxy  Resin B could be 
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T A B L E  I 
P r e p a r a t i o n  of V a r n i s h e s  f rom E p o x y  R e s i n s  

Code No. of V a r n i s h  

Gal lons  oil  l eng th  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T y p e  of oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T y p e  epoxy r e s i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Top  cooking  temp.,  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R e a c t a n t s  

Epoxy  r e s in ,  g r a m s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oil, g r a m s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cooking  d a t a  
T i m e  to top temp.,  m inu t e s  ... . . . . . . . . . . . . . . . .  
T i m e  a t  top temp.,  m inu t e s  . . . . . . . . . . . . . . . . . .  
A d d i t i o n a l  m inu t e s  to gel .. . . . . . . . . . . . . . . . . . . .  

P r o p e r t i e s  of V a r n i s h  
% Nonvola t i l e  . . . . . . . . . . . . . . . . . . . . . . . . .  : ............ 
Viscosi ty,  G a r d n e r - H o l d t  ... . . . . . . . . . . . . . . . . . .  
Viscosi ty,  poises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Color, G a r d n e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Solvent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Acid  No on solids, rag. K O H / g  ........... 

15  
L i n s e e d  

B 
580 

4 5 4  
530  

42 
18 

4 9 . 6  
X - Y  

15.2  
9 - 1 0  

M i n e r a l  
sp i r i t s  c 

0 .4  

25  
L i n s e e d  

B 
580  

4 5 4  
381 

44  
36 
15 

50.3  
V - W  

9 . 8  
1 0 - 1 1  

M i n e r a l  
sp i r i t s  

2 .0  

3 

35  
L i n s e e d  

B 
580 

4 5 4  
1 2 3 4  

40  
55 

49 .8  
N - O  

3.6 
9 - 1 0  

M i n e r a l  
sp i r i t s  

1 .6  

4 5 

25  25  
Soya T u n g  -t- l in .  

B B 
580  5 0 0  

4 5 4  4 5 4  
8 7 7  712 -{- 185 

44  41 
33 2 a 

50 .0  50 .3  
J W - X  
2.5 11 .8  

9 - 1 0  9 - 1 0  
M i n e r a l  P a r t l y  
sp i r i t s  a r o m a t i c  b 

0.5 0 .1  

6 

25 
Linseed 

A 
580  

4 5 4  
881 

4 7  
37  

4 9 . 4  
S - T  

5.2 
1 1 - 1 2  

Mineral 
spirits 

0.6 

25  
L i n s e e d  

580  

4 5 4  
881  

5 

50 .0  

7-s  
M i n e r a l  
spirits 

0.4 

I s 
25  

Linseed 
B 

5 0 0  

4 5 4  
881  

44  
190  

50 .0  
J - K  

2 .6  
10  

Mineral 
sp i r i t s  

0 .2  

25  
Linseed 

B 
550  

4 5 4  
881 

45 
60 
25 

5 0 . 0  
V - W  

9.8  
11 

M i n e r a l  
sp i r i t s  

0 .6  

a Bod i ed  ( Z 2 )  l inseed  oil w a s  used  as a chin-hack.  
b Shed  so lvent  T S 2 8  w a s  used  as solvent.  T h i s  is a h y d r o c a r b o n  m i x t u r e  of boi l ing  r a n g e  318~  to 390~  a n d  K a u r i  B u t a n o l  va lue  of 70.  

Fo r  adequa t e  s tab i l i ty  a so lvent  c o n t a i n i n g  abou t  5 0 %  a roma t i c s  shou ld  be used.  

conveniently cooked with tung  oil at  the low temper-  
a ture  of 500~ ; in these cases bodied linseed oil was 
used as a chillback (varnish 5 in Table I ) .  This 
varnish however was not gas-proof and  had a tend- 
ency to wrinkle, par t icu lar ly  upon glass. Al though 
a lower molecular weight  grade of epoxy resin would 
seem to offer greater  promise for cooking with tung  
oil at gas-proofing temperatures ,  this was not tried. 

I t  is par t icu lar ly  interest ing to note tha t  a 25-gal. 
epoxy resin varnish (No. 4) made f rom soya oil bod- 
ied just  as rap id ly  as the corresponding varnish (No. 
2) made f rom linseed oil. 

The rapid  a t t a i n m e n t  of high viscosity in the 
varnish cooking process is one of the dist inguishing 
characterist ics of the epoxy resins. Wi th  most con- 
ventional varnish resins the cooking t ime was found 
to be at least twice that  required when the epoxy 
resins were employed. Fo r  example, the cooking time 
at 580~ of a 25-gal. Epoxy  Resin B-linseed varnish 
was about 35 rain. When  other resins were used under  
similar circumstances, the cooking times were as fol- 
lows: ester gum, 97 min. ; pentaerythr i to l  rosin ester, 
115 min. ; rosin modified phenolic resin, 85 min. ; ma- 
leic modified ester gum, 74 rain. 

The abil i ty of the epoxy resins to contribute to 
rapid  cooking of oleoresinous varnishes suggested its 
use in small quantit ies to accelerate the heat-bodying 
of oils. Alkali-refined soya oil required 14.3 hrs. of 
heating at 580~ in order to achieve a viscosity of 
Z4 (63 poises) on the Gardner  scale. When only 5 
par ts  of Epoxy  Resin B were added to 95 par ts  of 
soya oil, the same viscosity was achieved af ter  only 

6.5 hrs. at  the same temperature .  Moreover the acid 
number  of the la t ter  oil was much lower (13.9 vs. 
51.8 mg. ~ O H / g . ) ,  and the color was l ighter  (9 vs. 
16-17 Gardner ) .  The oil modified with epoxy resin 
dried dust-free  in 4.5 hrs. in the presence of 0.05% 
cobalt, whereas the s t raight  bodied soya dried in 5 
days. In  fact,  the epoxy resin-oil product  dried more 
rap id ly  than  soya oil bodied to equal viscosity by 
means of 0.5% anthraquinone;  this la t ter  product  
dried dust-free in 32 hrs. under  identical conditions. 

Dilution of the epoxy resin varnishes usual ly could 
be accomplished with regular  mineral  spirits. How- 
ever, to avoid opalescence, and especially when short 
oil length varnishes were concerned or when tung  oil 
was present,  it was found advantageous to include a 
portion of aromatic  solvent. The change of viscos- 
i ty with concentrat ion of a typical  varnish, a 25-gal. 
Epoxy  Resin B-linseed varnish,  is shown in Table II .  

F i l m  Propert ies .  Fi lm propert ies  of selected epoxy 

T A B L E  1I  

Viscosi ty  of a 25-GaUon L inseed-Epoxy  Res in  B V a r n i s h  
U p o n  Reduc t ion  w i t h  M i n e r a l  Sp i r i t s  a 

% Viscosi ty,  Viscosi ty,  
Nonvola t i le  G a r d n e r - H o l d t  Poises  

50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
47 .5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
45  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
42 .5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
37 .5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
32 .5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T - U  
Q - R  

M 
J - K  
G - H  
E - F  

D 
B - C  

A1-A 

:' The  m i n e r a l  sp i r i t s  was  a r e g u l a r  commerc ia l  
B u t a n o l  va lue  44,  bo i l ing  r a n g e  3 1 0 - 3 9 0 ~  

5.9 
4.5 
3.2 
2.6 
1.8 
1.3 
1.0 
0 .75 
0.4 

*roduct ; K a u r i -  

T A B L E  I I I  

P r o p e r t i e s  of Clear  F i lms  of V a r n i s h e s  

25-Gal lon  
! 5-Gallon 25-Gal lon  25-Gal lon  L in seed  Oil- 25-Gal lon  

Dese r ip t i on  of V a r n i s h  L inseed  Oil- L inseed  Oil- Soya Oil- Ros in  Modified L inseed  Oil- 
Epoxy  Res in  B Epoxy Res in  B Epoxy  R e s i n  B Pheno l i c  E s t e r  Gum 

Solut ion  P r o p e r t i e s  
% Nonvola t i l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Color, G a r d n e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Viscosi ty,  G a r d n e r - H o l d t  . . . . . . . . . . . . . . . . . . . . .  

D r y i n g  Time,  1 Mil D r y  F i l m s  
Set  Touch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dried H a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cot ton-Free  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S w a r d  H a r d n e s s ,  1 Week  Old . . . . . . . . . . . . . . . . . . .  
Cold W a t e r ,  18 H o u r s  a .. . . . . . . . . . .  i . . . . . . . . . . . . . . . . .  

Deg ree  of H a z e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Recove ry  T i m e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bo i l i ng  W a t e r ,  15 Minu t e s  a . . . . . . . . . . . . . . . . . . . . . . .  
Deg ree  of W h i t e n i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Recove ry  T ime  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Acid  No., rag. K O H / g . ,  Solids .. . . . . . . . . . . . . . . . . . .  

41 .2  
8 

E - F  

1.3 hrs .  
2 days 
6 - 1 0  hrs .  

8 

h e a v y  
10 min .  

heavy  
o v e r n i g h t  

0 .4  

37 .8  
9 

E - F  

1.3 hrs .  
5 - 1 2  h r s .  
1 - 3  days 

8 

s l ight  
5 ra in .  

s l ight  
1 ra in .  

2 .0  

4 3 . 0  
8 

E - F  

1.3 hrs .  
5 - 1 2 " h r s .  
3 days 

2 

s l igh t  
10  min .  

mod. 
5 ra in .  

0 .5  

5O 
12 
C 

1.3 hrs .  
2 - 3  days 
1 d a y  
18 

s l igh t  
12 min .  

s l igh t  
18 min .  
12.2 

5O 
14 
B 

2 hrs .  
2 - 3  days 
16  hrs .  
15 

sh-mod. 
11 min .  

s l ight  
4 min .  

7 ,6  

a F i l m s  48 hrs .  old on t i n  p l a t e  panels. 
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T A B L E  I V  

Outdoor  D u r a b i l i t y  of Clear  V a r n i s h e s  on W o o d  R 

No. W e e k s  
to ]~irst A p p e a r a n c e  A f t e r  

Desc r ip t ion  of V a r n i s h  Crack  o r  A p p e a r a n c e  A f t e r  7 Months  9 ~ o n t h s  
Check  

Oleores inous  V a r n i s h e s  f r o m  E p o x y  Res in  B 
25-Gallon L i n s e e d  Oil 
35-Gallon L i n s e e d  Oil.. 
25-Gallon Soya Oil 

Othe r  Oleores inous  V a r n i s h e s  
25-Gallon E s t e r  G u m - L i n s e e d  Oil ......................... 
25-Gallon E s t e r  G u m - T u n g  Oi l  
25-Gallon P e n t a e r y t h r i t o l  Ros ina t e -L inseed  Oil ......... 
25-Gallon P e n t a  R o s i n a t e - P e n t a  L inseeda t e  ....... 
25-Gallon Ros in  Modified Pheno l i c -L inseed  Oil ......... 
25-Gallon Ros in  Modified P h e n o l i c - T u n g  Oil 
25-Gallon Ros in  Modified Pheno l i c -Pen t a  L inseeda te .  
25-Gallon S t r a i g h t  P heno l i c -Tung  Oil ............... 
12.5-Gallon S t r a i g h t  Pheno l i c -Tung  Oil ........................ 
25-Ganon Maleic Res in -L inseed  Oil ................... 
18-Gallon H y d r o c a r b o n  Res in -L inseed  Oil 

6-Gallon Kopa l  Es t e r -L in seed  Oil ......................... 
33-Gallon S t r a i g h t  Pheno l i c -Tung-L inseed  Oil.. 

S t y r ena t ed  Vehic les  
Commerc ia l  S t y r e n a t e d  Alkyd  A ( 3 4 %  S ty rene )  
Commerc ia l  S t y r e n a t e d  Alkyd  B ( 4 4 %  S ty rene )  ........... 
Commerc ia l  S t y r e n a t e d  Alkyd  C ( 3 5 %  S ty rene) . ,  
S ty r ena t ed  S o y a - D e h y d r a t e d  (80-20)  E s t e r  of 

Epoxy  R e s i n  B ( 3 3 %  S ty rene )  
S ty r ena t ed  L in seed  E s t e r  of E p o x y  Res in  B 

( 3 3 %  S t y r e n e ) .  
Commerc ia l  S t y r e n a t e d  Soya Oil A.. . :  .... 
Commerc ia l  S t y r e n a t e d  Soya Oil B .................. 

0 i l  Modified A lkyd  R e s i n s  
Commerc ia l  Alkyd  A ( 37 % L inseed  Acids)  
Commerc ia l  A lkyd  B ( 4 0 %  D e h y d r a t e d  Cas to r  Acids)  .......... 
Commerc ia l  A lkyd  C ( 4 1 %  Soya Ac ids )  
Commerc ia l  A lkyd  D ( 4 9 %  L inseed  Ac ids )  ........................... 
Commerc ia l  A lkyd  E ( 6 0 %  Linseed  A c i d s ) .  
L a b o r a t o r y  A lkyd  ( 6 0 %  Linseed  Ac ids )  
Commerc ia l  A lkyd  F ( 7 8 %  Soya Ac ids )  

~ t r a igh t  Epoxy  R e s i n  E s t e r s  
D e h y d r a t e d  Cas to r  E s t e r  of Epoxy  R e s i n  B ( 3 0 %  Acids )  ..... 
D e h y d r a t e d  Cas to r  E s t e r  of E p o x y  R e s i n  B ( 4 0 %  Acids )  ..... 
D e h y d r a t e d  Cas to r  E s t e r  of Epoxy  R e s i n  B ( 5 0 %  Acids )  ..... 
D e h y d r a t e d  Cas to r  E s t e r  of Epoxy  Res in  B ( 5 5 %  Acids)  ..... 
D e h y d r a t e d  C a s t e r  E s t e r  of Epoxy  Res in  B ( 6 0 %  Acids )  ..... 
Soya E s t e r  of E p o x y  Res in  B ( 5 5 %  A c i d s ) .  
U p g r a d e d  Soya of Epoxy  Res in  B ( 5 0 %  Acids )  
L inseed  E s t e r  of E p o x y  Res in  B ( 5 0 %  Acids)  

a P a n e l s  for  outdoor  exposure  w e r e  m a d e  by  b r u s h i n g  

4 2 - 4 8  
42 
42 

] 7  
23 
18 
18 
22 
26 
26 
34 
26 
18 
17 

2 
43 

23 
17 
17 

47 

23 
4 
8 

29 
22 
27 
33 
22 
37 
58 

18 
52 
45 
31 
27 
4O 
45 
38 

10 crack,  E glass  
10 crack,  G-E gloss 
10 Crack ,  G gloss 

2 crack,  F - P  gloss 
4 crack,  P gloss 
2 crack,  P gloss 
2 crack,  F - P  gloss 
2 crack,  P gloss 
7 crack,  F - P  gloss 
8-9 crack,  F-G gloss 

10 crack,  F-G gloss 
8 crack,  V P  gloss 
6 c r ack  & lift ,  F - P  gloss 
2 check, P gloss 
0 crack,  no gloss 

10 crack,  E gloss 

8 c r ack  a n d  l i f t  
2 c r ack  a n d  l i f t  
3 c r ack  a n d  l i f t  

10 c r ack  

8 c r a c k  a n d  l i f t  
5-6 c r ack  a n d  lift,  G gloss 
0 c r a c k  

9 crack,  E gloss 
6 lift, G-E gloss 
9 lift,  E gloss 

10 crack,  E gloss 
6 lift,  G-E gloss 

10 crack,  G-E gloss 
10 crack,  G gloss 

8 c r ack  & lift,  F gloss 
10 crack,  G gloss 
10 crack,  G-E gloss 

9 c r ack  & lift,  G-E gloss 
9 c r ack  & lift,  G gloss 

10 crack,  G-E gloss 
10 crack,  G-E gloss 

9-10 c r ack  

10 c r ack  
10 c rack  
10 c r ack  

2 c r ack  
2 c r ack  
1 check 
1 c r ack  
2 c r ack  
2 c r ack  
5 c r ack  
9 c r a c k  
9 c r a c k  
0 c r ack  
2 check, 2 c r ack  

8 5 %  b a r e  wood 
10 c r a c k  

6 c r a c k  and  lif t  
2 c r a c k  and  lif t  

10 c r ack  

top coat pee l ing  
0 c r ack  
0 c r ack  

9 c r ack  
6 l i f t  
8 l i f t  
8 c r ack  
6 l if t  
9 c r ack  

10 c r ack  

3 c r ack  & l if t  
10 c r a c k  
10 c r a c k  

7 c r ack  
8-9 c r ack  
10 c r ack  
10 c r ack  

9 c r ack  

coats  (occas iona l ly  4 coats )  on W e s t e r n  r ed  cedar  a n d  expos ing  at  45 ~ f a c i n g  south  at  
Oak land ,  Calif. ,  on  Oct. 14-17. F a i l u r e  w a s  r a t ed  on a scale of 10 w h e r e  10 m e a n s  pe r fec t  (no  f a i l u r e  of type ind i ca t ed )  and  0 m e a n s  complete 
fa i lu re .  

A b b r e v i a t i o n s :  E ~--- excellent, G -~ good, F ~ fa i r ,  P ~ poor.  

resin varnishes which are representat ive of various 
types and which could be prepared without difficulty 
are shown in Table I I I .  Also shown in Table I I I  are 
film properties of two typical  soft oil varnishes. 

Compared to conventional oleoresinous varnishes, 
the epoxy resin varnishes had very  low acid numbers. 
They dried slowly at a rate similar to many other 
soft oil varnishes, had similar fa i r  water-resistance 
but  were softer than most oleoresinous varnishes. On 
the other hand, the epoxy resin varnishes were more 
viscous and consequently were lower in solids con- 
tent  at application viscosity. 

The outstanding feature  of the epoxy varnishes was 
the remarkably better  durabi l i ty  and gloss retention 
of clear films when exposed outdoors upon wood. Ex- 
posure tests were carried out on a great var ie ty  pf 
clear varnishes on western red cedar panels at Oak- 
land, Calif., as shown in Table IV. Panels were 
mounted at a 45 ~ angle facing south and first ex- 
posed on October 15. I t  is obvious that  the first few 
months of weather were relatively mild but, af ter  
about 6 months '  exposure the sunshine became quite 
intense, Durabi l i ty  therefore is not proport ional  to 
the number of weeks before failure because of the 
ever-changing degree of severity of weather. All the 
varnishes were first exposed on the same date, but  a 
few were exposed in a Subsequent year. Although 
severity of weather does differ f rom year to year, it 
has been observed, by repeated exposure of some con- 
trols, that fa i r ly  reliable comparisons could be made 
among panels exposed dur ing different years. A1- 

though typical  oleoresinous varnishes started to fail  
by cracking at 18 to 22 weeks, the 25-gal. linseed 
oil-Epoxy Resin B varnish did not s tar t  to develop 
cracks unti l  42 to 48 weeks af ter  first exposure. More- 
over the gloss dur ing this period was excellent. I t  is 
noteworthy that  the durabi l i ty  of the epoxy varnish 
exceeded that  of the clear alkyds, which failed by a 
combination of cracking and then l if t ing in the area 
around the crack. This typical  fai lure of alkyds 
leaves a film which has excellent gloss in many  por- 
tions but  is marred  by the unsight ly grayish-appear- 
ing areas. Several clear esters of epoxy resins also 
had very  good durabili ty.  

The film properties of epoxy varnishes were deter- 
mined by use of 0.05% cobalt as the naphthenate  on 
total solids. The use of 0.10% cobalt or of a combi- 
nation of 0.05% cobalt and 0.50% Pb led to only 
slight changes in propert ies such as drying rate, hard- 
ness, and water-resistance. Increasing the oil length 
of the varnishes resulted in slower surface drying 
rate, faster  th rough-dry ing  rate, improved water- 
resistance, and softer films. 

To avoid possible confusion it may be desirable to 
emphasize the differences between the epoxy resin var- 
nishes and the more commonly used esters of epoxy 
resins. In  the first place, the epoxy resin content of 
the esters is usually greater ;  for  example, although 
the 25-gallon epoxy varnish contains only 34% resin, 
the esters usually contain from about 43 to 60% 
resin. Also, although the esters can be made in open 
kettles, they are ordinar i ly  made in closed kettle 
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equipment.  On the other hand, the varnishes can 
easily be cooked in open kettles because no water  
is liberated. The epoxy varnishes do not have the 
outs tanding all-around propert ies  of s t ra ight  esters, 
but  they are cheaper. The esters d ry  more rap id ly  
and yield films with greater  hardness, abrasion-resist- 
ance, and chemical resistance. 

A fu r the r  favorable p rope r ty  of the epoxy var-  
nishes was discovered in artificial weather ing tests of 
p igmented gray  enamels sprayed upon steel. Af te r  
exposure in the Atlas Weatherometer  for  500 hrs., 
the chalk resistance of the enamels derived f rom the 
epoxy varnishes was decidedly bet ter  than  enamels 
based on a 25-gal. tung-phenol ic  varnish or upon 
epoxy resin esters. Moreover the chalk resistance was 
slightly superior  to that  of a lkyd enamels in the tests 
carried out thus fa r  (see Table V) .  Enamels  of this 
na ture  are suitable for exterior coatings on steel stor- 
age tanks and similar objects. 

T A B L E  V 

Art i f ic ia l  W e a t h e r i n g  Tests on Gray  Enamels  a 

Vehicle Gloss b Chalk ingb 

35-Gallon l i n s e e d - e p o x y  res in  e ...................... 7 l 0 
25-Gallon l i n s e e d - e p o x y  res in  e ...................... 6 9 
25 -Gallon s o y a - e p o x y  res in  e .......................... 7 10 
25 -Gallon tung-phenol ic  ................................ 5 6 
Commercial  a lkyd enamel .............................. 6 9 
L a b o r a t o r y  medium soya alkyd enamel  ......... 8 8 
Commercial  e p o x y  ester  enamel .................... 8 2 

a Coat ings  o n  steel  were exposed for  500 hrs. in  the  A t l a s  Weather-  
ometer. The composit ion of the enamels w a s  as  fol lows:  

45% P i g m e n t  
Rut i le  chalk r e s i s t an t  t i t a n i u m  dioxide ...................... 99 .5% 
Lampblack  ....................................................................... 0 .5% 

55% Vehicle solids 
b R a t i n g s  o n  a scale  of 0 to 10 where  0 ~ - n o  gloss or  vory severe 

cha lk ing  and  10 ~- perfect  gloss or no chalking.  
e The epoxy res in  was Epoxy Res in  B. 

Chemical Nature of the Reactions i/a Varnish Cook- 
ing. In  an effort to obtain some clue to the na ture  
of the chemical reactions involved in the cooking of 
glyceride oils with epoxy resins, the total  epoxy (3) 
and hydroxyl  (2) content of some varnishes were 
obtained. These values were compared with the orig- 
inal values of the mixtures  as calculated f rom the 
quant i ty  of epoxy resin present. I n  the case of 25- 
gal. linseed or soya varnishes cooked at 580~ it 
was found tha t  the total  hydroxyl  content remained 
unchanged dur ing the cooking process. I t  was also 
found tha t  the great  bulk  of the epoxy groups were 
destroyed at  varnish cooking tempera tures  of 580~ 
The actual  figures for  a 25,-gal. linseed o i l -Epoxy  
Resin B varnish were as follows: 

Original  epoxide value of Epoxy  Resin B ~ 0.103 
mole/100 g. 

Theoretical  epoxide value of epoxy varnish if no 
destruction of epoxy groups occurred ~ 0.035 
mole/100 g. 

Found:  epoxide value of varnish ~ 0.004 mole /  
100 g. (11% of epoxide groups remained) .  

Original hydroxyl  value of Epoxy  Resin B ~ 0.328 
mole/100 g. 

Theoretical  hydroxyl  value of varnish if no net 
change in total  number  of hydroxyl  groups oc- 
curred ~ 0.111 mole/100 g. 

Found:  hydroxyl  value of varnish ~ 0.118 mole /  
100 g. 

I n  the case of the 25-gal. soya varnish the theoreti- 
cal values for  epoxy and hydroxyl  values are the 

same as above. The values actual ly  found were as 
follows: 

Found:  epoxide value of varnish ~-- 0.008 (23% of 
epoxide groups remained) .  

Found:  hydroxyl  value of varnish z 0.12 mole /  
100 g. 

When the varnish cooking was carried out at lower 
tempera tures  of 550 ~ and 500~ the final epoxide 
values of the linseed varnishes were larger,  being 
0.014 and 0.020 mole/100 g., respectively. This indi- 
cates tha t  the higher the temperature ,  the greater  is 
the destruct ion of epoxy groups. 

The alcoholysis of glycerides by epoxy resins has 
been carried out readi ly  in the presence of catalysts 
at lower tempera tures  (250~ 482~ and  under  
these conditions the total  quant i ty  of hydroxyl  and 
epoxy groups remained essentially u n c h a n g e d ,  as 
demonstrated by the following experiment  utilizing 
an especially prolonged time of reaction. In  a Pyrex  
flask equipped with stainless steel s t i r rer  and  carbon 
dioxide atmosphere,  a mix ture  of 278 g. of Epoxy  
Resin B, 884 g. of alkali-refined soya oil, and 6 g. 
of calcium oxide was heated to 250~ over a period 
of 2 hrs. and held at 250~ for 2.5 hrs. Analysis of 
the product  showed that  the epoxy groups were un- 
affected and  no significant change in total  hydroxyl  
content occurred in the alcoholysis t reatment .  

Theoretical  epoxide value of product  if no destruc- 
tion of epoxy groups occurred ~ 0.0245 mole /  
100 g. 

Found :  epoxide value of product  ~-- 0.026 mole /  
100 g. 

Theoretical  hydroxyl  value of product  if no net 
change in total  hydroxyl  groups occurred ---- 0.079 
mole/100 g. 

Found:  hydroxyl  value of product  ~ 0.083 mole /  
100 g. 

The alcoholysis reaction was utilized in the prepara-  
tion of an a lkyd resin by reaction of the alcoholyzed 
mixture  with phthalic anhydride.  An example of this 
type of reaction is descr ibed ' in  the next  section. 

The analyt ical  data  are in agreement  with an alco- 
holysis reaction between the free hydroxyl  groups in 
the epoxy resin and the ester groups of the oil. This 
reaction could account for  the a t ta inment  of com- 
pat ibi l i ty  upon heat ing oils and epoxy resin. As the 
t empera ture  is increased, the epoxy groups are de- 
s t royed;  this could be accounted for  by  polymeriza- 
tion of epoxy groups with each other or by  addit ion 
of hydroxyl  groups to epoxy groups whereby an ether 
linkage and a new hydroxyl  group are formed. I t  is 
not possible to say which of these reactions (or others) 
may  occur, but  bot]~ are compatible with the analyt i-  
cal data. 

Alcoholysis of a Glyceride Oil by an Epoxy Resin 
and Preparation of an Alkyd Resin. This prepara-  
tion of an a lkyd resin is offered as an example of a 
distinctive method of use of an epoxy resin. The 
product  is not intended to represent  the best epoxy 
resin a lkyd tha t  may  be made. 

The fo rmula  used was as follows: 

Actua l  charge ,  
% g r a m s  

E p o x y  R e s i n  B .................................................. 30 .6  915  
L i n s e e d  o i l :  ......................................................... 59 .2  1 ,768  
P h t h a l i r  a n h y d r i d e  ............................................ 10 .2  306  
C a l c i u m  o x i d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
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According to functional groups present the charge 
can be represented as follows: 

E p o x y  R e s i n ,  e p o x i d e  c o n t e n t  ... . . . . . . . . . . . . . . . . . . . . . .  0 .94  m o l e  
E p o x y  R e s i n ,  h y d r o x y l  c o n t e n t  ....................... 3 .00  equ ivs .  
E p o x y  R e s i n ,  t o t a l  e s t e r i f i a b l e  c o n t e n t  .......... 4 .88  equ iv s .  
P h t h a l i c  a n h y d r i d e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .13  equ ivs .  

The oil, epoxy resin, and calcium oxide were 
charged to a Pyrex flask equipped with stainless steel 
stirrer and inert gas atmosphere. The charge was 
heated to 250~ in 1.4 hrs. and held for 1 hr. After 
cooling to 175~ the phthalic anhydride was added, 
mixture was heated to 250~ over a period of 2 hrs., 
and maintained at 250~ for 1.25 hrs. After cooling 
and dilution with xylene, the alkyd had the following 
properties: nonvolatile, 58.3%; Gardne r -Ho ld t  vis- 
cosity, W, Gardner color, 10-11; acid number on sol- 
ids, 20.2 mg. KOH/g. Upon further reduction with 
xylene the solution had viscosity E-F, color 8-9, and 
44.2% solids. 

In the presence of 0.05% cobalt, this alkyd had a 
good balance of surface- and through-drying proper- 
ties; it was dried hard in 7 hrs. and cotton-free in 8 
hrs. in films of 1 mil dry thickness. It had better ulti- 
mate resistance to alkali than conventional glycerol 
alkyds. 

Summary 
Epoxy resins derived from epichlorohydrin and 

Bisphenol -A have been converted into a i r - d r y i n g  
varnishes by cooking with vegetable oils. Compared 
to varnishes derived from ordinary varnish resins, 
the epoxy resin-oil varnishes have faster bodying rate, 
higher viscosity, lighter color, and lower acid number. 
Although the epoxy resin-oil varnishes dry slowly and 
yield soft films like many other soft oil varnishes, 
they have remarkably good exterior durability in clear 

films upon wood, and in pigmented films have good 
chalk resistance. The varnishes are quite different 
from epoxy esters derived from epoxy resins and fat ty  
acids. These latter products dry rapidly and yield 
hard, flexible films possessing good abrasion and chem- 
ical resistance. 

In cooking the varnishes at the high temperatures 
(580~ employed, epoxy groups are destroyed and 
the total hydroxyl content remains essential ly un- 
changed. At lower temperatures (480~ the alco- 
holysis of oils by the hydroxyl groups in the epoxy 
resin proceeds readily while the epoxy groups remain 
essentially intact. Such aleoholyzed products may be 
used for further cooking with acids of various types. 
Phthalic anhydride, for example, was used to con- 
vert the product to an alkyd having good drying 
properties. 
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Determination of Free Gossypol In Chemically Treated 
'Cottonseed Meals 'Containing Dianilinogossypol 
WALTER A. PaNS JR. and CARROLL L. HOFFPAUIR, Southern Regional Research Laboratory/ 
New Orleans, Louisiana 

C 
O M M E R C I A L  P R O D U C T I O N  0 f  solvent-extracted cot- 
tonseed meal in which free gossypol has been 
reduced to low levels by means of chemical treat- 

ment (1) is one of the more recent developments in 
the cottonseed processing industry. As a result of the 
chemical treatment employed, a portion of the gassy- 
pal originally present in the seed is converted to 
dianilinogossypol, in contrast to conventional meals 
where the major portion of the gossypol is b0und to 
constituents of the meal. The determination of free 
or unreacted gossypoI in such meals is of considerable 
importance, particularly when these meals are used as 
protein supplements in poultry feeds (2). Present 
analytical methods (3, 4, 5) for the estimation of free 
gossypol have been designed primarily for applica- 
tion to  conventional cottonseed meals. These methods 
utilize aqueous acetone for extraction of free gassy- 
pal, followed by calorimetric determination based on 

z One of th~ laboratories  of the Southern  Utilization Research  Branch,  
Agr icu l tu ra l  Research Service, U. S. Depar tment  of Agriculture. 

the difference in the optical density of duplicate ali- 
quots of the extracts before and after reaction with 
p-anisidine (3, 4) or aniline (5) under specified cam 
ditions. Such a system requires that the aqueous ace- 
tone extract and subsequent dilutions be stable for 
reasonable periods of time and that no substances in 
the extract other than gossypol pigments react with 
p-anisidine or aniline to produce colored products. 
For conventional meals these requirements are satis- 
fied, and the system has been shown to be valid (3, 5). 
In the case of chemically treated meals containing 
dianilinogossypol these methods cannot be assumed to 
be applicable, and it was therefore deemed advisable 
to investigate the factors involved in the extraction 
and analysis of free gossypol in the presence of di- 
anilinogossypol. A method is proposed for the deter- 
mination of free gossypol in chemically treated 
cottonseed meals. Since the procedure is not recom- 
mended for use with conventional meals, a rapid qual- 
itative test has been developed for  detecting the pres- 


