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Tung Oil 
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Poplarville, Mississippi 

T 
UNG OIL, or Chinese wood oil, was used in China 
and J a p a n  for many  centuries for water-proof-  
mg  wood, paper,  and fabrics;  and at a very  

early period both the Chinese and Japanese  discov- 
ered how to t reat  the oil so that,  upon drying,  it 
would give a clear hard  film. 

In  China the oil was obtained f rom a specific tree 
with the species name of Aleurites Fordii f rom cen- 
t ra l  and western parts .  In  southwestern China the 
species that  grew best was the Aleurites Montana. 
There are m a n y  botanical differences between the two 
trees, but  f rom the s tandpoint  of the user of tung 
oil the difference lies in the gelling time of the two 
oils. The Montana var ie ty  is somewhat slower. In  
China  the two oils were usually mixed before ship- 
ping. No harm was done since both oils made excel- 
lent end-products in spite of the different gel times. 

F rom about 1923 tung tree plant ing on a commer- 
cial scale has been i~l progress in the United States. 
In  the beginning this was confined to Florida,  but  
now it is spread over par ts  of Florida,  Georgia, Ala- 
bama, Mississippi, Louisiana, and Texas. Probably  
the largest  individual  plantings are in Mississippi, 
Florida,  and Louisiana. An acid soil, p lenty  of rain- 
fall, and good root drainage are needed; an area 
about 50 miles wide and just  north of the Gulf  of 
Mexico seems to sat isfy these conditions. 

The product ion of the oil f rom the f ru i t  is usual ly 
done by breaking the outer hull of the fruit ,  remov- 
ing and then pressing the seeds. The oil content of 
the seeds ranges f rom 50-60%, and based on the whole 
f ru i t  this analysis is 18-22%. The pressing of the oil 
in China was on a pr imit ive  basis. The f ru i t  was 
allowed to fe rment  so that  the hulls would be easily 
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cracked open to get at the seeds. The seeds were 
roasted in iron pots and then pressed in crude presses 
that  derived their  force f rom driven wedges. In  the 
United States the f ru i t  is first freed of dirt, sand, 
and branches, then seat  to hulling machines tha t  re- 
move the outer covering of the seeds. The seeds are 
dried and then pressed in expellers. The crude oil is 
filtered and stored for marketing.  No fu r the r  refining 
is necessary. 

The high react ivi ty  of tung oil is explained some- 
what  by its f a t t y  acid composition. I t  has a very  
high concentration of a t r ip ly  conjugated bond acid 
called eleostearic acid. The total  f a t t y  acid composi- 
tion is about 79.5% eleostearie acid, 15.0% oleie acid, 
and 5.5% saturated acid. 

These fgures  change somewhat f rom year  to year,  
depending on the quali ty of the crop of fruit .  Eleo- 
stearic acid is described as: cis, trans, trans 9,11,13- 
octadecatrienoic acid. I t  is p r imar i ly  the react ivi ty  
of this conjugated system tha t  gives us the gellation 
test for  tung oil. 

When  the oil is heated above 536~ it has the 
unique p roper ty  of Solidifying to a jelly-like mass 
in 9 to 12 min. This test, the Browne heat test, has 
become a measure of the quali ty of the oil. 

I t  is this fast  rise of viscosity to the gel state that  
permits  rapid  product ion of varnishes, The gel t ime 
of 9-12 rain. is characteristic of the oil derived f rom 
the Aleurites Fordii var ie ty  of tree contrast ing with 
longer gel times and correspondingly lower eleostearic 
contents f rom the Montana var ie ty  of oil. 

The presence of conjugated sys tems  in the eleoste- 
arie acid permits  cis-tra~" isomerism, so we find eleo- 
stearie acid existing in two forms: the alpha var ie ty  
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or the cis, trans, trans and the beta form or the trans, 
trans, trans. The alpha acid melts at l l 8~  and the 
beta acid at 160~ This is remarkable  for an unsatu-  
rated acid if we remember  that  the sa turated stearie 
acid melts at  156~ When we consider the oils, 
alpha oil (oil containing mostly alpha acid) is re- 
ported to melt  at - 4 5 ~  and beta oil is solid at room 
temperature .  The conversion of alpha oil to beta is 
accomplished by means of various catalysts, e.g., 
iodine, potassium iodide, sulfur,  and strong acids. 
Ultraviolet  l ight will also promote the isomerization. 
The beta fornl of the oil is the most stable, and 
alpha oil will tend to convert  slowly but  will take 
several years without  catalysts. When tung oil is 
heated, it will increase in viscosity; this probably  
happens by means of the diene reaction between 
neighboring fa t ty  acids. The diene reaction can take 
place either in cis or trans systems (at  different rates, 
of course), therefore varnishes prepared  f rom either 
beta or alpha oil are indistinguishable af ter  cooking. 
In  general, alkyds and varnishes can use either oil 
and get the same end-results. In  polymerization and 
pure  diene reactions it is advisable to use the beta oil. 

All commercial tung  oil contains alpha and beta 
acids, but  beta oil contains sufficient beta acid (ap- 
proximate ly  10-15%) to make the oil solid at room 
temperature .  The A.S.T.M. specification recognizes 
that  some pure  tung oil may  be solid by  stat ing that  
the appearance of the sample under  test should be 
clear and t ransparen t  at 149~ At  this t empera tu re  
all beta oil will be liquid. 

F ~O~t early recorded his tory in the Orient  tung oil 
has been used pr imar i ly  for coatings even though 

f requent ly  it was used as a fuel for light and heat. 
Pr ior  to the use of tung oil by western countries, 
varnishes were made f rom linseed oil and na tura l  
resins. A fossil resin, such as Congo' eopal, was fused 
at 550~ When the resin was thoroughly liquefied, 
linseed oil, raw or bodied, was added and the batch 
was reheated to 580~ and held at tha t  t empera ture  
unti l  the proper  viscosity was obtained. This process 
could possibly take 8 hrs., a little less if bodied 
oil were used. The varnish dried in about 12 hrs., 
and the result ing film was glossy but not hard or 
water-resistant.  When  the conversion to tung oil was 
made, varnish-makers  had to revise radical ly their  
methods because tung oil bodied so rapidly.  Fo r  ex- 
ample, a 20-gal. tung  ester gum cook could only be 
held at 560~ f rom 2 to 4 rain. and then had to be 
chilled back with 5 gal. of bodied oil. F u r t he r  ex- 
ternal  cooling was necessary before thinning. In-  
stead of taking 8 hrs. to make a varnish, the new 
total time was about an hour. Fur the rmore  the var-  
nish dried in 6 hrs. and was very water- and alkali- 
resistant. As a result, one of the largest  uses for  tung 
oil was in the product ion of pract ical ly every type of 
industrial ,  t rade sales, and marine varnish and paint .  

Tung oil is used in some alkyd resins. I t s  inclusion 
in a formula  will yield a resin of high viscosity and 
good water  resistance. I t  is usually not put  in 
formulae as the sole oil since gellation will occur 
because of the general ly long reaction time of al- 
kyds. However  high concentrations of tung  oil can 
be used if some rosin or other f a t ty  acid is used in the 
reaction mass since it is well known that  the gel t ime 
of tung oil is re tarded in the presence of free acidity. 
One way of producing a 100% tung oil a l kyd  is to use 
tung f a t t y  acid or tung methyl  ester with a small 

quanti ty,  say, 1% of zinc resinate. The la t ter  acts as 
an ester interchange catalyst  and as a gel-retarding 
agent. However,  as mentioned above, tung oil is usu- 
ally used with soybean oil to increase the water  re- 
sistance of the alkyd, or it is used with the long-oil 
tall oil alkyds, which suffer f rom a slight tack af ter  
drying. The tung oil snaps up this drying trine. 

Dur ing World  W a r  I I  tung  oil was under  alloca- 
tion, and dur ing the Korean conflict it was selling 
for as high as 40r The unavai labi l i ty  of the oil 
and its unstable price dur ing these conflicts discour- 
aged users of the oil, consequently nlany substitutes 
were devised. The result  was that  tung oil lost quite 
a bit of the marke t  it had. Today 45,000,000 lbs. are 
used year ly  in varnishes and alkyds;  varnishes take 
a larger  portion. Af te r  World  "War I I  tile United 
States used as much as 130,000,000 lbs. The Tung 
Research and Development  League has a t tempted  to 
regain some of the loss by developing new uses for  
tung oil, and a few developments will be mentioned. 

Tung  f a t ty  acids and tung methyl  esters were easily 
prepared,  so we looked for ways of using these deriva- 
tives. Some of the compomlds p repared  were epoxy 
esters, polyesters, and polyamides. A very  fast-dry-  
ing epoxy ester can be made f rom i equivalent of 
epoxy resins (Shell 1001) (Araldi te  6071), 0.2 equiv- 
alent of tall oil f a t t y  acid, and 0.2 equivalent of tung  
oil acid. I f  maleie anhydr ide  is adducted on tung 
acid, a tr icarboxylic acid anhydr ide  is formed. The 
anhydr ide  r ing can be broken by  merely heat ing the 
product  with an alcohol and forming an ester dicar- 
boxylic acid compound. This lat ter  compound can be 
reacted with di-amines to form polyalnides which can 
cure epoxy resins. 

We have successfully hydroxyla ted  tung  oil but  
only 1 of the 2.6 average double bonds per  f a t ty  acid 
molecule. I t  is a viscous liquid, unstable in air, and 
skinning over immediately upon exposure. We have 
blended this product  with tolytenc di-isocyanate and 
cured a film cast on steel. I t  had a Sward hardness 
of 80 yet  was easily bent over a 1/s-in. mandrel .  The 
film was unaffected af ter  one month of immersion in a 
5% alkali solution. 

We have exposed tung oil to high-energy radiat ion 
in order to explore possible new reaction products  
that  would be formed. When  the oil was exposed to 
a 763,000 r /h r .  Co-60 source for  24 hrs., it suffered 
a slight loss of refract ive  index, reduct ion of I.V., 
and a small conversion of alpha oil to beta. In  seven 
days the oil gelled to a white powder. Next  the oil 
was placed in a water-cooled hole in the Brookhaven 
neutron pile and exposed to a flux of 10 ~2 neu t rons /  
ce./sec. Af te r  2 hrs. the oil was bleached almost 
white, and af ter  24 hrs. the oil was gelled. The oil 
which was exposed for 8 hrs. was mixed, cold, with 
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ester gum. The mixture  dried in the same t ime as a 
cooked varnish of the same composition. In  another  
experiment  the oil was exposed to a 1 MEV electron 
beam for increasing lengths of time. In  general, the 
longer the exposure, the more alpha to beta conver- 
sion; in the longer exposures we found the ahnost 
complete disappearance of eleostearie acid. We had 
to assume the oil was polymerized. Again the poly- 
merized oil was very light in color and made a 
fas t -drying vehicle by mereIy mixing the oil with 
an ester gum-mineral  spiri t  solution. 

A MOI~E detailed discussion will be given of our 
latest development, one which is most promis- 

ing for the increased use of tung oil. This is the 
increased adhesion for chalked surfaces, caused by 
the addition of tung oil to emulsified polymers.  As 
is well known, it is difficult to make exterior paints  
f rom PVA, acrylic, and butadiene styrene latices 
mainly  because of their  poor adhesion to powdered 
surfaces. I t  has been the practice to use oil pr imers  
on such exterior surfaces;  but  now by the mere addi- 
tion of raw tung  oil containing a wett ing agent  we can 
overcome poor adhesion of the polymers.  We have a 
three-year exposure of house paint  containing 15% 
tung oil based on vehicle solids ( remaining vehicle is 
polyvinyl  acetate) .  The previous coating on the house 
was well chalked, but  a f ter  three years there are no 
visible signs of cracks, breaks, or flaking. 

A s tudy by laboratory methods showed an increase 
of adhesion in tung-polymer  paints. Table I indicates 
the composition of a conventional interior paint  with 
and without  tung oil. 

The emulsifiable tung oil 's composition is 92% raw 
tung  oil and 8% nonionie wett ing agent. The oil 
contained 0.03% Co and 0.4% Pb as naphthenate.  
The nonionic agent  could be pract ical ly any commer- 
cial brand. We used Tergitol  N P X .  

F igure  1 indicates the effect of tung  oil on the 
hardness of P V A  paints.  Fi lms of paints  L-622, 
L-623, and each of the intermixes were cast on glass 
plates at 3 rail (.003 in.) wet film thickness, using a 
Bird  applicator.  These films were dried for  24 hrs. 
at 78~ and 70% relatively humidity.  Sward-hard-  
ness was measured on each film, and a curve (Fig- 
ure 1) was plotted, relat ing hardness to tung  oil 
content. F igure  1 shows that  the addit ion of tung 
oil plasticizes the film with the greatest  effect evident 
a f ter  the first additions. F u r t h e r  additions of tung  
oil however have only a slight addit ional plasticizing 
effect on the film. At  the level of 50% tung  oil and 
50% PVA there is a hardness of 6.6% compared to a 
16% hardness for  100% P V A  resin. 

Hardness  measured on these films with pencils bear 
out the Sward-hardness data. These data show that  
tung  oil definitely plasticizes the film of these emul- 
sion paints.  

• 

F l a .  1. 

T A B L E  I 

L-622  L-623  

W a t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
W e t t i n g  a g e n t  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P o t a s s i u m  t r ipo ly  phosphate,2 . . . . . . . . . . . . . . . . . . . . . . . .  
D e f o a m e r  8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E thy l ene  glycol ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B u t y l  cel lusolve ace ta te  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i t a n i u m  dioxide 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ca l c ium ca rbona t e  7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S i l ica  s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clay 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i c k e n e r  lo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Po lyv iny l  ace ta te  emulsion11 . . . . . . . . . . . . . . . . . . . . . . . . .  
Emuls i f i ab le  r a w  t u n g  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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These  two p a i n t s  w e r e  i n t e r m i x e d  to give  n i n e  pain~s wi th  v a r y i n g  
amoun t s  of t u n g  oi l :  

T u n g  oil on 
P a i n t  vehic le  N.V. 

L - 6 2 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L -623  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ .......... 

% 
0 
6 .25  

12 .50  
18 .75  
2 5 . 0 0  
31 .25  
37.50 
4 3 . 7 5  
50 .00  

F i h n s  w e r e  appl ied  and  v a r i o u s  aspects  w e r e  s tud ied .  
1 Advawe t -33 ,  Advance  Solvents  and  Chemica l  Corpora t ion ,  New 

B r u n s w i c k ,  N. J .  
P o t a s s i u m  t r ipo ly  phosphate ,  V ic to r  Chemica l  Works ,  Chicago,  I l l .  

a Foamic ide  5 8 1 B ,  Colloids of Ca ro l i na  Inc . ,  N e w a r k ,  N. J .  
4 E thy l ene  glycol, U n i o n  Carb ide  Chemical  Company,  At lan ta ;  Ga.  

B u t y l  cel lusolve aceta te ,  U n i o n  Carb ide  Chemica l  Company 
6 T i t a n i u m  dioxide, E .  I .  du  P o n t  de Nemours  ~-and Company  
7 Snowf lake  W h i t i n g ,  Thompson,  W e i n m a n  and  Company  
s Goldbond R, T a m m s  I n d u s t r i e s  Inc .  
9 I c ebe rg  Clay, B u r g e s s  P i g m e n t  Company,  Sandersv i l l e ,  Ga. 
lo Cellosize W P - 4 4 0 0 ,  U n i o n  Carb ide  Chemica l  Company  
11 Resyn  1 2 K 5 5 ,  N a t i o n a l  S t a r ch  P r o d u c t s  Company  

~ ADHESION is a difficult quant i ty  to measure,  a 
method was devised to evaluate adhesion by using 

a Reverse Impac t  Tester. Fi lms of the paints  were 
applied to a luminum "Q" panels by spraying.  Pan-  
els were air-dried 2 hrs. then aged for  24 hrs. at 
220 ~ F. in an electric oven. Reverse impacts  of 10, 
20, 30, 40, and 50 inch-pounds were run  and evalu- 
ated by  the following ratings:  

Desc r ip : i on  R a t i n g  

N O  c r a c k s  o r  b r e a k s  i n  f i l m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V e r y  s l i g h t  c r a c k ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S l i g h t  c r a c k i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C r a c k i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C r a c k i n g  a n d  s e p a r a t i o n  o f  f i h n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S e v e r e  c r a c k i n g  a n d  f l a k i n g  o f  p a i n ~  . . . . . . . . . . . . . . . . . . . . .  

Readings were  taken, and an Adhesion Factor  was 
derived by a summation of the ra t ing for  the five 
impacts  at increasing loadings;  thus the lower the 
Adhesion Factor  number ,  the bet ter  the adhesion of 
the film to the substrata.  These data for  each film 
were plotted against  percentage of tung oil in the 
film (F igure  2). This shows tha t  the best adhesion 
was obtained with high loadings of tung oil. The 
curve is almost a straight-line function. Therefore 
the d ry  adhesion of PVA- tung  oil paints  is improved 
as the quant i ty  of tung  oil is increased. 
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This curve shows that the wet adhesion of PVA- 
tung oil flat wall paints is greatly improved by in- 
creasing the amounts of tung oil. 

These adhesion tests were done on aluminum, but 
the results correlate with work on test fences and 
houses in southern United States. The oldest coating 
on one house is three years old with no sign of ad- 
hesion failure. 

In  order to demonstrate the low degree of yellow- 
ing caused by the addition of tung oil, the following 
was devised. Films were applied to aluminum " Q "  
panels by spraying, air-dried 2 hrs., and then aged 
in an oven for 2 4hrs. at 220~ After  cooling, the 
color of each panel was measured with the Gardner 
Color Difference Meter. Yellow readings were plot- 
ted versus the amount of tung  oil in the respective 
paints (Figure 4). The curve shows that small addi- 
tions of tung oil increase yellowing to a very marked 
degree; a plateau is reached from 12.5% to 25%, 
then the curve increases again. 

Effect of Tung Oil on Wet Adhesion 
Paints were applied to aluminum " Q "  panels by 

spraying, air-dried 2 hrs., then aged for 24 hrs. at 
220~ in an electric oven. The panels were cooled, 
then immersed in boiling water for 5 min., and 
reverse impacts were run immediately after removal 
from boiling water at 10, 20, 30, 40, 50, and 60 inch 
pounds. The indentions were read by the previously 
established rat ing scale, and their Adhesion Factor  
Nmnbers were determined. These data were plotted 
similarly against the percentage of tung oil in the 
films (Figure 3). 

IlIFT/L  L . . . . . . . . . . . . . . . .  
I I I I I I 1 [  [ 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 [ I  I I  
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. h l l l l t t l  

I I I I 1 [ 1 [  
I ! ! ! ! ! ! !  

At the time we applied the emulsion series of paints, 
we also used a conventional alkyd flat wall enamel on 
two panels; one was air-dried and the other baked 24 
hrs. at 220~ and the yellow color was measured. 
The amount of yellowing of the alkyd panel was 
measured at 14.5, which is much greater than any of 
the tung oil-PVA paints examined. 

In  conclusion, we would like to point out that  we 
are at tempting to regain the market we lost because of 
two wars and consequent high prices by developing 
new uses wherein we hope to make a contribution to 
quality and merit and not necessarily to lower cost. 

Driers for Drying Oils 
CHARLES GARDNER, Paint Chemicals Division, Witco Chemical Company Inc., 
New York, New York 

T 
HERE IS NOTHING in the world that so challenges 
man 's  scepticism as a " W e t  P a i n t "  sign on a 
newly painted surface. His disbelief can only 

be satisfied by his own tactile experience. I f  the paint 
is dry, he is invariably disappointed. I f  the finger 

comes away sticky and colored, he is rueful ly annoyed 
but at least he has verified what he has been warned 
against. 

He little knows or cares that millions of dollars are 
spent annually to insure him that  paint  will dry. 
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That  there is scieBtifie equipment to test the drying  
time of a paint  is an irrelevancy (1). Nor is he aware 
that the oils, varnishes, or alkyds in a paint  are lab- 
oratory-selected with almost as much care as is his 
food. His prime concern is whether or not the paint  
dries. 

Through experience the average person realizes 
that paint  does dry. He has, although he may be 
scientifically naive, two built-in insurance clauses: 
the vehicles with which paints are made and the 
catalysts. For  our purposes the vehicles emphasized 
will be drying oils, and the catalysts discussed will 
be the metallic soaps or driers. 

The oils most used by the paint  industry are lin- 
seed, tung, soybean, dehydrated castor, oiticiea, saf- 
flower, fish, tall oil, and occasionally perilla. They 
are mixed glyeerides of saturated and unsaturated 
fa t ty  acids, and their properties depend upon the 
types and proportions of the component acids. These 
oils d ry  chiefly by the addition of oxygen at the un- 
saturated bonds. 

With the exception of truly, oiticiea, and fish oils, 
the oils used to make a paint  are mixtures of pahnitie, 
stearic, cleft, linoleic, and linolenic acids with minute 
amounts of arachidic (20C), lignoceric (24C), and 
other acids. 

Tung oil, a t r ip ly  conjugated 18-carbon acid, con- 
tains a large quant i ty  of elacostearic acid. 

Oitieica oil contains licanic acid, an 18-carbon acid 
with one keto group. In  other respects it is identical 
with the elaeostearic acid present in tung oil. 

Fish oils contain highly unsaturated,  straight- 
chain acids of 20-, 22-, and 24-carbon chain lengths. 
Menhaden oil has as one of its principal  acids 17% 
of clupanodinic acid, a 22-carbon chain acid with 
5 double bonds. 

The drying efficiency of an oil is generally ex- 
pressed by the iodine number. This iodine number 
indicates the degree of unsaturat ion of a fat  or oil 
as determined by allowing a known weight of the 
material to react with iodine, in this ease the number 
of grams of iodine combining with 100 g. of fat  or oil. 
Theoretically the higher the iodine number, the better  
the drying qualities of the oil. In the ease of con- 
jugated oils, such as tung or oiticica, the iodine num- 
ber is not a measure of t rue saturation for these oils 
d ry  faster than some of the other oils with a higher 
iodine number. I t  has been suggested that  the co.m- 
positions of the oils should be used in determining 
their drying powers, not the iodine number. Thus, 
in England, EIilditch (2) and Greaves (3) formu- 
lated a "qu ick-dry ing  index ."  

This drying index formula is based on the linoleic 
and the linolenic contents of the oils. 

(Len) (Lin + Len) = D.I. 
Hildi teh 's  formula is 

100 
Greaves'  formula is Lin  + 2 Len = D.I. 

Lin = % linoleie acid 
Len : % linolenie acid 

D. I. = drying index 

Typical  drying-index values are (4):  

�9 . n . I .  D.~.  Off L t t t  Lert~.~ _ _  _ _  ( t I i l d i t e h )  . ( G r e a v e s )  

T u n g  .......................................... 10 77 ] .... / 163" 
P e r i l l a  ........................................ I 5 I 68 I 50 / 141  
L i n s e e d  ...................................... [ 20  [ 50 / 35 [ 120  
D e h y d r a t e d  c a s t o r  ..................... / 87  j . . . . . . . .  87  
S o y a  ........................................... ] 50  I 0 [ 5 I 68 
Saf f lower  .................................... I 67  } .... I .... I 67 
T a l l  o i l  f a t t y  a c i d s  ...................... 48  5 { .... [ 58  
Ta l l  oi l  f a t t y  a c i d s  ...................... 45  . . . . . . . .  45  

F o r  the paint  indust ry  the more important  drying 
oils can be classified in the following groups (5) :  
I. linoleic oils, II .  linolenie oils, III .  conjugated oils, 
IV. miscellaneous, and V. tall oil. 

I .  Linole ic  Oils 

This group includes oils containing more than 50% 
of linoleie acid, based upon the total f a t t y  acid con- 
tent, with iodine values ranging from about 120-170. 
Typical  f a t t y  acid compositions--percentage by  weight 
are given in a tabulation. 

Oil~ . I o d i n e  N o _ _  S a t u r a t e d _  Olei___._~c Lin.o.lei_____~c L i n o l e n i c  

S o y b e a n  ................... [ 1 2 5 - 1 4 0  / 17 [ 24  [ 50 [ 9 
Sa f f lower  .................. ] 1 4 0 - 1 5 0  I 10 ~ 13 ] 77  ] .. 
Tobacco  seed ............ ] 1 3 5 - 1 4 7  I 10 [ 15 ] 75 I .* 
G r a p e  seed ............... ] 133  I 12 ! ]_7 f 71 [ ., 

I I .  L i n o l e n i c  Oils 

The distinction between oils in the linoleic and lino- 
lenie groups is an a rb i t ra ry  one since both acids may  
be present in either. 

The more important  oils with the highest linolenic 
content are given in detail. 

Oils  

L i n s e e d  .................. 
Perilla .................... 
S t i l l i n g i a  a .............. 

o d i n e  No. S a t u r a t e d  Oleic  L i n o l e i e  L i n o l e n i c  

1 9 3 - 2 0 4  9.5 [ 18 .0  ] ...... 72 .5  
146- -188  9 10  30  45  

a S t i l l i n g i a  o i l  n o w  b e i n g  u s e d  i n  E u r o p e  is  o b t a i n e d  f r o m  k e r n e l s  of  
t h e  C h i n e s e  " t a l l o w  t r e e "  a n d  is  u s e d  i n  C h i n a  fo r  m a k i n g  soaps  a n d  
cand le s .  

I I L  Conjugated  Oils 

The conjugated oils, to over-simplify a definition, 
are the known standard oils whose double bonds have 
been conjugated or isomerized either by heat or 
chemicals. 

I V .  Misce l laneous  

Fish oils are derived from sardines, menhaden, 
whale, herring, and pilchard. 

Castor oil, which is not a drying oil in itself, is 
made so by dehydration, giving a " c o n j u g a t e d "  oil. 

Fo r  want of a better place the polyurethanes are 
included. Many of the urethane polymers offered to 
the paint  indust ry  are oil-modified and will combine 
with most of the s tandard drying oils now used. 

V.  T a l l  0 i l  

Tall oil is not a natural  d r y i n g  oil but is a by- 
product  of t h e  wood pulp industry.  I t  is a mixture 
of f a t t y  and resin acids together with about 10% of 
unsaponifiable matter.  The fa t ty  acid mixture con- 
tains oleic and linoleic acids. 

Mechanism of Oil Drying 
There are many theories, all having some validity, 

on how oils dry. 
Most oil fibns d ry  natural ly  through polymeriza- 

tion and oxidation. Addition of metallic driers ac- 
celerates this drying. A simple explanation of poly- 
merization is that during the process the oil molecules 
combine at the double bonds of the unsaturated fa t ty  
acids to fbrm larger molecules. E v e n t u a l l y  this 
molecular growth produces a viscous film that  will 
turn  solid. Polymerization can be accomplished with- 
out oxidation. Oxidation is the absorption of oxygen 
at the double bonds of the unsaturated fa t ty  acids. 
Eventual ly  oxidation leads to polymerization. 

I t  has been suggested that  there are four  steps in 
the formation of a film; inhibition, peroxide forma- 
tion, peroxide decomposition, and polymerization (6). 

During the induction period no significant oxygen 
is absorbed by the oil. Peroxides begin to form as 
soon as oxygen begins to be absorbed. These inter- 
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mediate peroxides readily decompose into free radi-  
cals, which initiate the oxidation and polymerization 
reactions. Driers  accelerate these reactions, part icu-  
lar ly  cobalt and manganese, since their  ions behave 
both as oxidant  and as reducing agent  (7).  

As with the oils, there are also many  theories as to 
how these driers work. The way a film will d ry  is 
dependent  upon many  factors. Temperature ,  mois- 
ture, light, the metals, and the amount  of metals 
used, to mention but a few items, can influence drying.  

The present-day oil-soluble and compatible dr ier  
bea r s  l i t t l e  r e s e m b l a n c e  to i t s  p r edeces so r s ,  the  
"cooked- in"  dr ier  and the " a g e d "  drier,  wherein 
metallic oxides were introduced direct ly into the 
paint.  Autoxidat ion and sludging have been vi r tual ly  
eliminated. Moreover dr ier  manufac tu re  is now 
r igidly controlled to meet definite A.S.T.M. speci- 
fications (8) (Table I ) .  

T A B L E  I 

Naphthenic  Dr i e r s - -Spec i f i ca t ions  and Typical  Pro ,erties 

% l~etal  ......................................... 
Viscosity ( G a r d n e r )  

Spec. (max.)  .............................. 
Typical  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Color (Gardner) 
Spec. (max.)  ............................... 
Typical  ....................................... 

% Nonvolat i le  
S p e c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Typical  ....................................... 
Specific g r av i t y  (25~ ................ 
Density, lbs . /ga l .  (25~ .............. 
F l a sh  point ,  ~ (TCC) (rain.)  ........ 
Solubi l i ty  (25~ 

~s spirits 
1 : 1 0  b y w t  .................................. 
R aw l inseed oil 
1 : 1 9  by vol .................................. 

Cobalt 

L0 +--- 0,1 

Purp le  
Purp le  

4 8 - 5 8  
52 -55  
0.94 
7.84 
100 

Miscible 

Lead Manganese 

24.0 ~--- 0.1 6.0 ~-~ 0.1 

A C 
< A  A 

lO 17 
8 16 

5 5 - 7 0  5 0 - 6 5  
60 -65  5 5 - 6 0  
1.15 0,95 
9.59 7.92 
100 100 

Permanen t ly  
miscible ...... 

Miscible Miscible 

Of the various acid carriers for drier  metals, the 
three impor tan t  ones are naphthenie  acid, 2-ethyl- 
hexoic acid, and the tall-oil acids. 

In  the pa in t  indus t ry  the naphthenate  driers are 
at present  the most popular .  The refined naphthenic  
acids with which driers are nmde usually have an 
acid number  of 220-260. Since naphthenie acid is a 
good wetting-agent,  its use impar ts  a slight flow to 
the products. 

The naphthenate  driers have taken precedence 
because originally they showed greater  solubility in 
oils, thinners,  and alkyds. They did not oxidize 
readily and allowed for  greater  metal  combinations 
than  other acids. To some extent most of these ad- 
vantages have disappeared.  

A good example of progress is the tall-oil driers 
now being marketed.  These are driers of excellent 
stabil i ty and color, metal  contents are equal to those 
of the naphthenates  and octoates, and most are prac- 
t ically rosin-free. Moreover they are less expensive 
than naphthenates.  

In  a choice between uaphthenates  and tallates it 
should be remembered that  the former  act as good 
wetting-agents whereas the la t ter  do not. Moreover 
tallates cannot be used in Government  Specification 
paints  that  prohibi t  "ros ins . "  

The octoate driers, which are the most expensive, 
are, in a sense, specialty driers. They are made f rom 
2-ethylhexoic acid, which is an odorless acid; con- 
sequently the octoates can be used in odorless paints. 
Because the acid is pract ical ly  water-white, octoate 
driers are used where color is a factor.  F o r  example, 
some vehicle-makers who add driers  t o  their  products  

find that  these driers give l ighter  colors than other 
types. Too, some paint  manufac ture rs  st ipulate cobalt 
octoate for  less discoloration in their  high-priced 
white enamels. One manufac tu re r  of silicone resins 
recommends octoate driers as best for  catalyzing these 
resins. Under conditions where extreme humidi ty  is 
a factor, films will reaeh a quicker tack-free time with 
octoate driers. Wi th  some alkyds the dry ing  time 
has been cut in half  over tha t  obtained where either 
naphthenates  or tallates have been used. 

Printing-Ink Driers 

The pr int ing-ink indus t ry  requires some variat ions 
in the vehicles carry ing the dr ier  metals. While the 
paint  driers are cutbacks of acid soaps in petroleum 
solvents, pr int ing-ink driers  are made f rom soaps of 
f a t t y  acids or rosin dissolved in a d ry ing  oil. The 
principal  raw materials,  other than the metals, are 
raw linseed and soybean oils or f a t t y  acids, rosin, 
heat-bodied linseed oils (litho oils), and tall  oils. 

A slight change in the viscosity of a drier  may  
change the consistency of an ink so as to make it 
unsuitable for  use. Because of these special consis- 
tency requirements nlost ink driers are compounded 
f rom more than  one-viscosity oil. The thin-bodied oils 
are employed for shortness and penetrat ion,  medium 
oils are used for  wett ing and flow, and the heavy oils 
give tack and body to the ink and also the driers. 

Individual Driers 

Of the many  metals listed in the periodic table of 
elements only six seem to predominate  as driers. 
These are lead, cobalt, manganese, ealcimn, zinc, and 
iron. 

Lead 
Lead is known as a " t h r o u g h "  or bottom drier and 

is obtainable in solutions having 16% or 24% lead as 
metal. I t  promotes dry ing  by polymerizat ion and, if 
given enough time, it could be the only metal  used. 
Even now it is used more than  any other drier  metal. 
The amounts incorporated vary  f rom 0.1 to 5.0% 
metal, depending on the vehicle and product.  

Lead naphthenate  may  be added to the mixing 
paste so that  advantage can be taken of its wett ing 
propert ies for pigments  tha t  are hard  to grind. I t  
is also a rus t  inhibitor. 

Although it is a universal  drier, certain precau- 
tions must  be taken with lead. I t  should not be used 
in a luminum coatings because it will destroy leafing, 
but there are specialty a luminum finishes where leaf- 
ing is undesirable and lead can be used. Nor is lead 
advisable where sulfur  fumes are present ;  there is 
the likelihood of a paint  darkening because of the 
format ion of lead sulfide. A third prohibit ion against  
lead is its use in toys and baby-furn i ture  paints.  
Some state laws that  require paints  to be labelled as 
containing " p o i s o n "  if they have more than 1% 
lead metal  prevent  some people f rom using it. Rarely,  
if ever, is the 1% lead eontent a t t r ibutable  to the 
drier. 

Calcium 
Calcium, available in solutions bearing 4% or 5% 

calcium as metal, for years had never been considered 
a drier. Many  chemists refused to use it because they 
believed it in jured  the water  resistance of a fihn. But  
when it was introduced as a naphthenate,  it was 
found to have some unusual  properties.  F i r s t  and 
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foremost  was its effect on lead driers. Vehicles such 
as alkyds and phenolic varnishes made with oiticiea 
or tung oils, would haze and lose d ry  when lead was 
pa r t  of the dr ier  system. The introduction of a small 
amount  of calcium naphthenate  stabilized the lead by 
prevent ing its precipitation,  thus mainta in ing dry ing  
efficiency as well as prevent ing hazing. 

Dur ing  World  W a r  I I  and the Korean  War ,  when 
cobalt was allocated to the paint  industry,  it was 
found that  with calcium naphthenate  only half  the 
amount  of cobalt normal ly  used was necessary. 

Calcimn is now used as a replacement  for  lead in 
those finishes where lead is not advisable. 

Like lead, calcium can be added to the mixing 
paste. I t  is a good wett ing agent  for  hard-to-grind 
pigments  and in m a n y  eases helps overcome loss of 
dry. As a wet t ing agent  calcium naphthenate  will 
help prevent  " b l o o m i n g "  and " s i l k i n g "  while cal- 
cium octoate is effective in forestal l ing " g a s  check- 
i n g "  or " f r o s t i n g . "  

Cobalt 
Unquest ionably the most powerful  drier  metal  

available to the paint  chemist is cobalt. I t  can be 
obtained in solutions of 4, 6, or 12% cobalt as metal. 
I t  is the one drier  tha t  must  be used most cautiously 
and should be added on the thin-down of the paste. 

Cobalt is a " t o p "  drier, i.e., it is an oxidizing 
drier  working at the surface of a film, and the 
amounts used are small, usually f rom 0.005 to 0.2% 
of cobalt metal  based on the vehicle solids. Excessive 
amounts of cobalt will cause wrinkling in a film. 
Although this wrinkling is desirable in some specialty 
finishes, it is not desirable in s tandard  finishes. Should 
there be an overdose of cobalt, it can be rectified by 
adding zinc in two to three times the amount  of 
cobalt present. 

Cobalt naphthenate  is also used as a catalyst,  along 
with the usual peroxides, for  curing polyester-fiber- 
glas reinforced resins at room temperatures.  

Cobalt driers are used extensively in pr in t ing  inks 
since they are the most effective. The amount  of 
cobalt in the ink is critical. An excess of cobalt will 
produce too hard  a surface for  over-pr int ing in multi- 
color processes; too small a percentage of cobalt will 
cause smudging of color. Pr in t ing- ink driers, unlike 
paint  driers, have a wide range of metal  contents. 
For  example, cobalt paste driers are available with 
1.8, 2.1, 3.6, 4.6, 5.6, and 6.0% cobalt. 

Manganese 

Manganese, obtainable in 4 and 6% solutions, is 
one of the most useful dr ier  metals, but it is used 
sparingly,  p r imar i ly  because of its color. The "stain-  
i n g "  factor  of manganese par t icu lar ly  limits its use 
in white paints. Were it not for  that,  it would be 
used much more extensively. I t  is both an oxidizing 
and 'po lymer i z ing  metal, combining the characteris- 
tics of lead and cobalt. Thus it gives a through and 
surface d ry  at the same time. Nonetheless it cannot 
be used alone because the resul tant  film will be hard  
and brittle. The amount  used will range f rom 0.005 
to 0.2% metal. 

Bake finishes f requent ly  employ small amounts of 
manganese, ranging  f rom 0.005 to 0.03%. Like cobalt, 
manganese is added in the thin-down of the paste. 

Fo r  pr in t ing  inks the metal  contents vary,  i.e., 
3.5, 5.6, 6.0, 6.5, 7.0, and 8.2%. 

Zinc 

Zinc is both an auxi l iary  drier  and an excellent 
wet t ing agent. As a drier  it helps fihns to d ry  harder  
because it holds the film surface open longer, thus 
allowing more oxygen to be absorbed by the film. 
Some lead-free formulat ions have successfully in- 
corporated zinc along with calcium and cobalt. As a 
wett ing agent, zinc naphthenate  will shorten the 
mixing and gr inding time of such pigments  as tolui- 
dine reds, cadmium reds, and iron blues. 

Iron 

Iron,  like manganese, is one of the drier  metals 
whose use has been hindered in a large measure be- 
cause of its color. 

Fo r  years  iron served, probably  not knowingly, as 
a drier.  Varnishes cooked in the old iron kettles had 
incorporated into them enough iron to serve as a 
catalyst.  Some of the old dr ier  formulas  cOntained 
iron oxide as pa r t  of their  ingredients. Later  iron 
was the pr incipal  catalyst  in bake finishes, part icu-  
lar ly  in the manufac ture  of pa tent  leather. I t  was 
not considered as an effective a i r -dry metal. 

With  most medium- and long-oil a luminum vehicles, 
iron, in combination with cobalt, wilt contr ibute to- 
ward obtaining a through d ry  to a luminum films. 
t te re  iron does what  lead should do but  without loss 
of leafing. In  paints  pigmented with iron oxides Or 
carbon blacks, iron naphthenate  will eliminate, either 
par t ia l ly  or completely, loss of dry. The af ter- tack in 
paints  made with fish oils may  be cured with iron 
drier.  

As a wett ing agent, iron naphthenate  will help 
obtain quicker and better  grinds and consequently 
bet ter  glosses in carbon black-pigmented finishes. 

I t  will help eliminate the "orange-peel ing" that  
sometimes occurs when a carbon black finish is baked 
on metals, as in the automotive industry.  

Other Metals 

There is hard ly  a metal  in existence that  has not 
been examined for  its d ry ing  effectiveness. Some 
show possibilities; many  have fallen by  the wayside. 

Vanad ium has drying, powers equal to that  of co- 
balt, but because of its bad staining qualities and the 
diff• encountered in p repar ing  an efficient com- 
pound it is not yet commercial ly practical.  

The rare earths, such as cerium or cerium and 
lanthanum combinations, are excellent in finishes 
baked at 300~ and above. In  a i r -dry  finishes the 
cerium type of dr ier  is not too efficient. 

Zirconium, which is actual ly n o t  a dr ier  but  a cata- 
lyst for  other metals in a i r -dry  finishes, works some- 
thing like zinc in tha t  it keeps the film open longer, 
which means a longer tacky period. I t  is extremely 
effective in force-dry finishes, i.e., between tempera-  
tures of 180~176 I t  is also helpful  in maintain- 
ing gloss, according to some authorities. 

Drier Calculations 

F r o m  earliest times it has been recognized that  
a single drier  metal  alone is not as effective a catalyst  
as a combination of two or more metals. The manu- 
fac turer  of the paint  or varnish usual ly  mixes his 
own combinations. Wha t  these mixtures  are depends 
on the type of vehicles used. As a rule of thumb, we 
ahvays have the s t a n d a r d  combination of 0.5% lead, 
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0.05% cobalt, and 0.02% manganese based on the 
total  vehicle-solids in the paint.  In  paints  made with 
varnishes the solids calculations are made on the 
pounds of oil in the varnish;  in the case of alkyd 
resins, on the pounds of resin in the alkyd. 

Calculations are simple. For  example, given 100 
lbs. of oil, the requirement  is to add 0.5% Pb;  0.05% 
Co; 0.02% Mn. The driers to be used are 24% lead, 
6% cobalt, and 6% manganese. The formula  is given 
thus: 
( l b s .  o f  o i l )  • ( cone .  o f  m e t a l  r e q u i r e d )  

= l b s .  o f  l i q u i d  d r i e r  
c o n c e n t r a t i o n  o f  d r i e r  u s e d  r e q u i r e d  

100  X .005 
l e a d  2.08 l b s .  l e a d  d r i e r  

.24 
100  • .0005  

c o b a l t  - -  .833 l b s .  c o b a l t  d r i e r  
.06 

100  • . 0002  
m a n g a n e s e  - -  --  .33 l b s .  m a n g a n e s e  d r i e r  

.06 

Figure  2 can be used as a handy  reference guide 
for determining drier dosages. 

Now as to the amount  of driers used for  any  given 
formula,  there is considerable aid f rom the m a n y  
suppliers  of the various vehicles. Their  efforts to give 
the indus t ry  exacting details of the chemical and 
physical propert ies  of their  products  have resulted in 
a series of drier  recommendations tha t  serve as good 
s tar t ing points. Tables I I  and I I I  list some of the 
recommendations suggested by the vehicle suppliers  
(11, 12). 

The use of driers with these oils and alkyds is 
fa i r ly  routine although modifications and combina- 
tions of these vehicles may  cause some problems. I t  
must  be remembered that  these recommendations are 
for unpigmented  vehicles. In  practice, when pigments  
are present,  slightly more drier  is used. 

More complex is the d ry ing  of the epons, the sili- 
cones, the conjugated oils, and the s tyrenated alkyds, 

T A B L E  II 

Drie r  Recommendat ions  for Alkyds 

Type of oil 

Linseed,  blown or 
heat-hadied . . . . . . . .  

Linseed,  r aw  .......... 

Linseed, refined .... 

Oitieiea .................. 
Per i l l a  ..................... 
Safflower ................ 
T u n g  ...................... 
Dehydra ted  

castor, bodied ..... 
Fish,  bodied .......... 

Fish,  pressed ......... 

Fish,  refined ........... 
Soybean, blown ...... 
Soybean, 

heat-bodied ......... 
Soybean, r aw ......... 
Tal l  oil .................... 

% Metal on oil 

Co Pb 

0.03 [ 0.25 .... 
0 .02-0 .03  0.20 0.25 

.... 0 20-0.25 0.0~'-"0.03 
0.08-0 .04  . . . . . . . .  

0.015 

0.01--0.03 

0.025 0.05 

0.02 

0.01 

0.03-0 .10  
0.02 
0.05 
0.02--0.04 

0.03--0.10 
0 .04-0 .08  
0.05 

0 .05-0 .10  

0.05 
0 .05-0 .10  

0.05-0.10 
0.02-0 .03  
0 .01-0 .05  

0.15 

0 .3-0 .6  

0 .15-0 .20  
0 .15-0 .20  
0.10 

0.3 
0.15 
0.5 
0 .15-0 .40  

0 .2-0 .5  
0 .5-0 .8  

0 .2-0 .5  

0.5 

0.4-%'.5 
0.5-1.0 

0.01 

0.02 

0 .02-0 .04  

0 .025-0 .05  

0.02"'" 
0.01 

0.02 

0 .0-0 .03  

0.02 

0 .0-0 .02  

0.05"" 

o o~'-"o.o7 

Remarks  

"Boi led  Oil" 
16-hr.-dry 

"Boi led Oil" 
16-hr.-dry 

Ex te r io r  white  
paints 

Iron oxide 
paints 

"Boiled Oil" 
16-hr.-dry 

"Boi led  Oil"  
16-hr.-dry 

0.3 % Fe  for  
da rk  paints 

For  h igh  stearin 
content oil use  

low Fb, h igh  Co 

T A B L E  II] 

Drie r  Recommendat ions  for  Alkyds 

Type of oil 

Dehydra ted  
castor .................... 

Linseed ..................... 

Soybean .................... 

Tall  oil ....................... 

Lengt l  

Shor t  
Med. 
Long  

Shor t  
Med. 
L o n g  

Shm't  
ICfed. 
Long  

IVied. 

Driers ,  % metal  on NV 

Ca 

0.1 

0.1 
0.I 
0.I 

0.0-0 .5  

Co 

0.05 
0 .05-0 .07  
0 .05-0 .10  

0.05 
0 .03-0 .05  
0 .02-0 .05  

0.05 
0 .01-0 .05  
0 .03-0 .07  

0 .05-0 .10  

For  baking,  0 . 0 1 - 0 . 0 2 %  Co. 

P b  

0.3 0.6 
0 .4-0 .7  
0 .5-0 .8  

0.3--0.5 
0 .3-0 .5  
0.5 0.8 

0.1 
0.2--0.3 
0.3--0.6 

0 .0-0 .2  

3a2a 

0.0--0.3 

0.03 
0.03 
0 .02-0 .03  

0.03 
0 .0-0 .03  
0 .0-0 .03  

0 .0-0 .02  

and other chemically t reated eopolymers. Some of 
these do not require driers, others only minute  
amounts. 

Epons 

The epons, which can be used for a i r -dry  or bake 
finishes, require driers only for a i r -dry  purposes. A 
catalyst, such as tr iethylamine,  is usual ly present. 
Wi th  some epons 0.05% cobalt has been found helpful  
in a pigmented finish. 

Silicones 

As previously mentioned, the octoate driers seem to 
give the best results with silicone resins. 

Cobalt (0.02-0.05%), zinc (0.05%),  and manga- 
nese (0.01-0.05%) are considered safe driers because 
of their weaker catalytic action on the silicones. 
Usual ly  these three can be added to solutions that  
contain 50% or less of the silicone resin without 
causing undue gelation and thus cutt ing down on 
the shelf life of the paint.  Lead (0.01-0.1%) and 
iron (0.01-0.02%) can be used but  with caution. 
Lead is a fas t -cur ing agent  and should be added only 
at  the time the mater ial  is to be used, otherwise it 
will shorten the heat life of the resin and may  cause 
gelation. The warning about lead may be extended 
to the container. I f  the container is soldered and 
unlined, the lead in the container may act as a cata- 
lyst for the resin. I ron  too should be added in small 
amounts  because it may promote gelation in the 
container. 

Conjugated Oils 

Films east f rom conjugated or isomerized oils with- 
out driers show frost ing and wrinkling. Driers pre- 
vent this. Because of the differences in the oils, i .e . ,  
linseed oil vs .  isomerized linseed oil, the drier  com- 
binations will vary.  For  example, a fo rmula  effective 
in linseed oil will not work with isomerized linseed 
oil, bu t  the reverse can be true. 

Pb . 13'o 

Linseed oil ................................ 0 . 2 %  0 .02% / 
I .L .O ........................................ 0 , 3% 0 . 0 3 %  [ 

1Via 

0 .5% (poor for  I . L . 0 . )  
0 .01% (good for  both) 

Theoretically, given the best drier combination, isom- 
erized linseed oil dries five to eight times faster  than  
ord inary  linseed oil. 

Pigments  affect drying times of conjugated oils. 
Chrome yellow, lithopone, zinc yellow, zinc green, 
zinc chromate, and Pruss ian blue slowed drying time 
in isomerized linseed oils and tung  oil. By  replacing 
a dr ier  combination of 0.3% Pb, 0.033% Co, 0.01% 
Mn with only 0.15% Co, d ry  time was cut f rom one- 
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half to two-thirds the time with the other driers. The 
explanation given is that  these pigments probably 
containing Zn, Mn, or Fe exert some negative catal- 
ysis (13). 

Styrenated Alkyds and Other Chemically-Treated 
Copolymers 

Styrenated alkyds for air-dry finishes employ the 
s tandard combinations of lead and cobalt. The amounts 
used are much less than those in conventional finishes. 
The ranges vary  with the types of treated oils and 
their par t icular  uses. Based on the nonvolatile, the 
amounts suggested have wide latitudes: 

cobalt 0.0125 %-0.1% 
lead 0.1% -0.8% 
manganese 0.1% -0.04% 

I f  oils, such as castor, fish, soya, or safflower, are 
present, small amounts of calcium (0:1-0.2%) are 
advised as supplementing driers. 

Polyurethane Coatings 
The drier  needs of polyurethanes generally follow 

those of the conventional drying oils. Usually 0.4% 
lead and 0.04% cobalt will serve to air-dry a poly- 
urethane finish. Bake finishes will cure without 
driers, but  additions of small amounts of manganese 
or cobalt (0.01-0.02%) will give harder  films. 

A few of the polyurethanes will a ir-dry with the 
use of various amines. 

Emulsive Driers 
Although we have discussed driers with respect to 

dry ing  oils and alkyds, they are also used in some 
water-emulsion paints, par t icular ly  with such latices 
as styrene-butadiene. Moreover driers are a necessity 
with latex paints that  have been oil- or alkyd-modified 
and with emulsifiable oils and alkyds. The s tandard 
driers are fa i r ly  efficient, but formulation complexities 
have resulted in special driers tailored for emulsion 
paints. Two drier  manufacturers  are marketing such 
catalysts under  the trade names o f "  Emulsive Dr i e r s "  
(9) and "Cyelodex  Dr i e r s "  (17). 

Emulsive driers, unlike conventional driers, may 
be introduced at any stage in the production of latex 
emulsion paints and their oil or alkyd modifications. 
These driers readily disperse through the batch, with- 
out any tendency to agglomerate in the water phase. 
They can also be used in typical oleoresinous or alkyd 
finishes. 

The emulsive driers are manufac tured  in the stand- 
ard concentrations, 6% cobalt, 24% lead, and 6% 
manganese, which are employed in today 's  paint  for- 
mulations. Thus the quant i ty  of emulsive drier  re- 
quired may be calculated in the conventional manner. 
There is no need for reformulat ion by the paint  
manufacturers .  

Loss of Dry  

A problem that  constantly plagues the paint  and 
ink industries is the loss of d ry  with aging. I t  has 
been postulated that this results from adsorption of 
the drier  by the pigment because of the strong molec- 
ular forces of at traction in the pigment surface to- 
ward the metal compounds of the driers. Among the 
pigments affecting dry ing  are carbon blacks, t i tanium 
dioxide, ochres, iron oxides, Prussian blues, chrome 
green, china clays, and asbestine. 

COBALT & HANGANESE DRIERS 
Pounds of Drier Solution Required for 100 Pound~ of  Oil or Alkyd $olid$ 

o.lo' i l ! i ~ ; i ! ~ 0.10 

o.o,', I I I , ' l  : i . = ~ i '  i j : r . ~ : , /  I i 
I I I L i i  ' ' " /  ' '  

oo., i ! i  i~4~:" ; : ~  * DO, 

i i ! !  ~ i 0 ! ! I ' ] i i i " 

i 'I i I , i ~ ~ i j i , i I ' 
/ I i ' L ~ ' 001 

i i I I ~ I ! d i I , i I ~ i i ; , i ~ i ! ~ ,  , * ~ i ! ~ i 
0.2 0.3 0.4 0,5 0.6 0,7 O.8 0.9 �9 "1.0 1.1 1.2 1.3 1.4 h$ 1.6 

POUNDS Of DRIER SOLUTION REQUIRED 

These  char ts  are based on the d r i e r  ~ e t a l  ~ e r c e n t a g e  necessary f o r  ~ho 
t o t a !  amount o f  the dry ing  o i l  ( o r  o i l s )  in the f o r m u l a t i o n .  For 
a l k y d e ~  t h e  r e q u i r e d  percentage of  d r i e r  metal is g e n e r a l l y  c a l c u l a t e d  
I c c o r d i n g  to the amount o f  r e l i n  s o l i d s  present ,  

LEAD, .ZINC, CALCIUH DRIERS 
Pounds of Drier Solution Required for /00  Pounds of Oil or Alkyd Solids 

1.0 

0.9 

0.8 

~: o.7 

~ O.l 

0.1 

LO g.O 3,0 4.0 5.0 6.0 Y.O , 8,0 g.O 

!POUNDS OF DRIER ,SOLUTION REQUIRED 

FIG. l. Guide for determining drier dosages. 

The ink industry  has found that certain alumina 
hydra te  lakes are subject to this loss of dry. There 
may be other factors, moisture may be present, the 
pigments may be acidic in nature,  there may be a 
dry-inhibit ing wetting agent present, such as Turkey 
Red Oil (14). 

Some salts and acids will re tard  the drying" time of 
l i thographic varnishes and inks. The drying efficiency 
of lead and manganese is diminished in linseed oil and 
linseed oil varnishes that  contain phosphates, sulfates, 
silicates, or borates. Cobalt however is not affected 
(15). 

Investigation of drier  adsorption by the Philadel- 
phia Product ion Club in cooperation with various 
raw-material suppliers has brought to light some 
interesting facts. Work was done with t i tanium di- 
oxide and carbon black. There was no significant 
difference between the adsorption capacities of rutile 
and anatase T~Og. A treated white, i.e., t i tanium di- 
oxide t reated with either alumina or aluminum sili- 
cate, will absorb 50% of the drier  present. An un- 
treated white will absorb 65% of the drier. By per- 
eentages cobalt, calcium, and manganese are adsorbed 
twice as much as lead. 

Adsorption for T~O2 is very  rapid in the beginning, 
and this holds t rue for carbon blacks where drier  
adsorption duplicates the behavior of white pigments. 

There is strong evidence that  driers do not lose 
their  catalytic activity by being adsorbed. Perhaps 
this adsorption is a reversible process. Actual ly 
paints that  have lost their dry ing  efficiency usually 
can be made to d ry  by regrinding (16). 

The question is how to overcome this loss of dry.  
One way is to add excess drier  although this can be 
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dangerous. The addit ion of 3 to 5 lbs. of l i tharge to 
a 100-gal. batch of paint,  where l i tharge can be tol- 
erated, will serve as an antidote. Li tharge is excep- 
t ionally effective in carbon-black paints. 

Calcium or zinc naphthenate  will help with white 
paints  while iron naphthenate  will do a good job 
with carbon blacks and iron oxides. 

There are some p ropr ie t a ry  products  on the mar-  
ket that  claim to diminish loss of d ry  by acting as 
feeder driers, such as Nuact  Paste, which contains a 
minimum of 44% lead. Cobalt HR-254, a paste com- 
pound containing 21.0% cobalt as metal, has been 
recommended as an addit ion to inhibit  loss of d ry  in 
lead-free systems (17). Cobalt hydrate ,  a d ry  pow- 
der with a cobalt metal  content of 62%, is beginning 
to find favor  for similar purposes (18). Another  
catalyst, nonmetallic in composition, is Aetiv-8. I t  is 
composed of o-phenanthroline, 2-ethylhexoic acid, and 
n-butanol and is extremely expensive compared to 
s tandard  driers. But  it is claimed tha t  only minute  
amounts are needed to activate other driers. I t  seems 
most effective with manganese and cobalt (19). None 
of these " f e e d e r  d r i e r s "  actually replace the normal  
amounts of driers needed. 

Conclusion 
Research is constant for  bet ter  driers. I t  may  be 

recalled that  t r ie thylamine is used as a catalyst  for 
a i r -drying of epon resins. Other studies have un- 
covered amines which prevented excessive loss of 
dry ing  on aging in certain pigmented vehicles and 
have boosted the efficiency of the other drier metals 
(20). In  1958 a patent  was granted  to a drier  accel- 
erator  composed of " e i t he r  iron, lead, or manganese 
soap and various amines"  (21). To show how exten- 
sive this research is, some of the many  projects  are 
reported.  

An oil-soluble heroin oleate which worked well as a 
catalyst  (in linseed oil) was produced and was par-  
t icular ly active in pigmented systems; of course, 
hemin is obtained only at  a prohibit ive price. 

Work  has been directed toward complexes (combi- 
nations) synthesized around a central  metal. This is 
a eostly proposition. There are other restrictions 
besides economies, on the uses of complexes. Cobalt, 
for  example, has resisted improvement  by complex- 
ing. The relationship between a complex drier  and 
the components of an oleoreSinous system is less pre- 
dictable than when the eonventional driers are used. 
Occasionally a product  of different physical charae- 
teristics has resulted f rom the use of a complex (20). 

I t  has also been noted that  pure  chlorophyll  acts 
as a drier  and anti-skinning agent  in linseed oil (22). 
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Drying Oils m Varnishes 
A. E. RHEINECK, North Dakota Agricultural College, Fargo, North Dakota 

O 
UR EARLY K N O W L E D G E  o f  v a r n i s h e s  (1) i s  d e r i v e d  

f rom documentary  evidence and preserved speci- 
mens which have come through the ages not nec- 

essarily in their  original form. The surviving records 
are heterogeneous and have been subjected to changes 
brought  about by the wr i te rs '  whims and idiosyn- 
crasies. These include recipes and various descrip- 
tions of coatings and works of art.  

The early artists painted with oleoresins, linseed 
oil, gums, glue, and the like. The use of oil varnishes 
and resins is described by Theophilus in the l l t h  
century. In  the 9th century Erael ius described a pre- 
para t ion  of linseed oil t reated with lime and litharge. 
These finishes were used largely on works of art ,  the 
t rade for which was s t imulated by  the prosper i ty  of 
the era. The Van Eyeks are generally credited with 
being the f i rs t  to realize the advantages  of oil media 
and were the first to use oils on a large scale. 

Varnishes found uses in larger  volume in fu rn i tu re  
and home finishing in the 16th century.  In  this period 
the way of European  life changed, and people took 
more pride in home decoration and consequently de- 

manded more finishes. Dur ing  this same period highly 
finished ar t  objects were being introduced f rom the 
Orient. These were known as lacquer ware. In  1773 
the first p r in t ing  of Wa t in ' s  book on the subject of 
coatings appeared.  I t  contained innumerable  formu- 
lae on varnish making, some of which are not too fa r  
different f rom those in use today. 

The 18th and 19th centuries were the beginning of 
our modern varnish era. Wi th  the tu rn  into the 20th 
century China wood oil (2) was introduced, followed 
by phenolic resins, one of our first synthetics. 

I t  is not uncommon today to find references in the 
l i terature  in which violin makers  are much concerned 
about duplicat ing the finishes used by the old I ta l ian  
masters. Appa ren t l y  our modern  varnishes omit cer- 
tain propert ies  desired by  them. 

Definition of Varnish 
Historical ly varnishes have been discussed in gen- 

eral terms. However,  to clar ify any discussion of dry- 
ing oils and varnishes, it is imperat ive that  the te rm 


