






Figure 3-0nset of skinning in tung oil formulations. 9 
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Figure 4-Tung oil only (no cobalt; left image) and skin formation in 
tung oil using MEKO after four days (right). 
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Figure 5a-Electrosta­
tic potential isosur­
face of Co(II) octoate. 38 May 2005 

Figure 5b-Electrostatic 
potential isosurface of 
Co(II) with a co-promoter. 

agent; one part co-promoter), 320 (three parts antiskin 
agent; two parts co-promoter), 230 (two parts antiskin 
agent; three parts co-promoter) and 140 (one part anti­
skin agent; four parts co-promoter). The samples were 
placed in an exhaust hood with air flowing over the top 
of the unsealed bottles at approximately 100 ft/min. 
The onset of skinning was monitored using a load of 
200 g/cm2. If the load penetrated through the 9il
quickly, it was given a ranking of 0. The formation of a 
light sheen on the top of the oil was ranked a 2 until 
the load no longer penetrated the skin ( see Figure 2 for 
rankings). 

The drying of the seven samples was also studied 
using FI'IR. Samples were prepared on NaCl mystals 
and infrared spectra were recorded every two hours up 
to 24 hours. To account for subtle changes in coating 
thickness of the coatings during the curing process, the 
IR bands for an individual sample were normalized to 
the band at 1700 cm-1 since this band did not change
in absorbance during the 24 hours. 

RESULTS AND DISCUSSIONS 
Tung oil is composed of several fatty acids (Figure 1 ). 

The largest fraction is o.-eleostearic acid (9-trans, 11-cis, 
13-trans) with minor amounts of oleic, linoleic,
linolenic and saturated fatty acids. The mixture of con­
jugated ( o.-eleostearic) and nonconjugated (linoleic,
linolenic) acids results in a complicated drying process.
For example, Faulkner12 showed methyl eleostearate
forms 1:2, 1:4, and 1:6 endo-peroxide intermediates
such as those in Figure 2. However, as discussed by
Wexler, 13 oxidation of conjugated triene fatty oils such
as eleostearic acid also forms hydroperoxides
(O-O-H), commonly found in many fatty acids. 14• 15 

Skinning studies shown in Figure 3 clearly show the 
beneficial effects of an antiskinning agent in slowing 
the onset of skinning on the surface of tung oil. The oil 
itself without any cobalt catalyst never cures ( data along 
the x-axis). Tung oil with only cobalt and no anti­
skinning agent cures very quickly as a heavy skin 
formed after only one day of drying. An impenetrable 
skin formed on the surface of the oil after three days. 

The sample containing MEKO skins at a slightly 
slower rate than the sample containing no antiskinning 
agent but a noticeable skin was observed after one day. 
The skin thickened after two days and the oil was com­
pletely skinned after four days, as seen in Figures 3 and 
4. MEKO is currently the most common antiskinning
agent in today's alkyd formulations. It is commercially
available as a 25% active solution and is typically used
at about 0.1 % in the final alkyd. Because of its rela­
tively high volatility, MEKO quickly escapes from the
tung oil during use and as such produces the skin seen
in Figure 4. With MEKO being a single-component anti-
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Figure 6a-IR spectra of tung oil with MEKO showing curing. 
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skinning agent, it is difficult to properly balance the 
skinning requirements ( necessitating high levels of 
MEKO in the alkyd due to its high volatility) and dry­
through performance ( requiring low concentrations of 
MEKO to ensure rapid dry-through). 

Samples containing Prevaskin skin more slowly than 
the sample containing MEKO. Unlike MEKO, Figure 3 
shows it is possible to control the skinning rate by con­
trolling the ratio of the antiskin agent to co-promoter. 
Changing the concentration of the antiskinning agent 
in the samples to meet the skinning requirements of a 
given alkyd formulation is offset by changing the activ­
ity of the cobalt drier. The activity of the drier is con­
trolled by the addition of a co-promoter to the anti­
skinning formulation. For example, Figure 5 shows two 
electrostatic potential maps16 of a cobalt drier, one
without and one with a cobalt co-promoter. It is clearly 
seen that the co-promoter alters the activity of the 
cobalt drier. Therefore, if a high level of antiskinning is 
required, the concentration and composition of the co­
promoter is concomitantly adjusted to ensure a high 
level of cobalt activity-thus ensuring rapid dry­
through of the tung oil in the alkyd. The use of a high 
concentration of MEKO would address the antiskinning 
problem but its high concentration would undoubtedly 
cause serious delays in the dry-through of the alkyd. 

The correct ratio of the antiskinning agent to the 
cobalt co-promoter permits one to control the rate of 
skinning of tung oil ( and therefore alkyds formulated 
using tung oil). At a ratio of 1:4 (Prevaskin 140), skin­
ning is slowed compared to MEKO, whereas alkyds us­
ing high concentrations of tung oil in an alkyd formu­
lation may require a higher ratio of antiskinning agent 
to co-promoter (Prevaskin 320 or 410). In fact, at the 
highest level of antiskinning agent (Prevaskin 410) 
complete skinning was delayed until about 20 days. 

The drying of tung oil monitored using infrared 
spectroscopy is seen in Figures 6a-6d. The spectrum in 
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Figure 6b-Loss of unsaturation in tung oil after five hours. 
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Figure 6c-Disappearance of cis-unsaturation in tung oil during drying, 
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Figure 6d-Typical changes in IR band intensities during drying of tung 
oil. 
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24 Hr 120 Hr Figure 6a for the drying of tung oil with MEKO is repre­
sentative of all the IR spectra recorded for tung oil with 
the various antiskinning agents. The spectra typically 
show the HC=CH bands at 3015 cm-1; the C-C
stretches at about 2950 cm-1 and 2850 cm-1; the car­
bonyl band, C=O, at 17 40 cm-1; the C-C bands at 
1456 cm-1; the C-O-R bands at about 1100 cm-1; and 
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Figure ?a-Formation of the hydroperoxide from 1,2 endo-peroxide 
intermediate. 
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Figure 7b-Loss of cis-unsaturation and migration of double bonds 
formed from the 1,4 endo-peroxide. 
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the H2C-CH=CH-CH2 bands at about 990 cm-1. The
bands seen at about 720 cm-1 are associated with those 
at 3015 cm-1 and are due to cis-unsaturation.4 Drying 
of tung oil produces changes in the structure of the oil 
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Figure 7c-Loss of cis-unsaturation during the formation of the 1,6 
endo-peroxide. 13 
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easily followed with IR. The most noticeable changes 
are seen in Figure 6d: loss of intensity of the bands at 
3015 cm-1 and 720 cm-1; the decrease in intensity of 
the bands at 1456 cm-1; and the increase in intensity of 
the band at about 3400 cm-1. 

The loss in intensity at 3015 cm-1 and 720 cm-1 is 
indicative of a loss in cis-unsaturation within a­
eleostearic acid and at 3400 cm-1, the hydroperoxide 
entity forms during curing. 4 There are several routes to 
the formation of this hydroperoxide seen in Figures 6a 
and 6d and all involve intermediate endo-peroxides of 
the types seen in Figures 7a-7c, which eventually trans­
form into the stable O-O-H structures. In each case, 
the loss of cis-unsaturation occurs and in Figures 7a-7c 
it is also seen that the trans-unconjugation may change 
positions, similar to that seen during the drying of 
methyl oleate. 17-19 The isomerization from cis to trans
isomers can be envisioned similar to the free-radical 
mechanism as proposed by Knight and co-workers.20 

The effects of the new additives on the controlled 
curing in tung oil monitored using IR are seen in Figures 8a and Sb. Slowing the loss in cis-unsaturation 
is indicative of slowing the drying rates. Tung oil con­
taining MEKO shows a rapid loss in unsaturation dur­
ing the first four hours of air exposure whereas tung oil 
containing high ratios of co-promoter (Prevaskin 140 
or 320) exhibits a slower loss in unsaturation. If a par­
ticular alkyd is formulated using various concentrations 
of tung oil, it is possible to adjust the formulation by 
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Figure Sa-Slowed loss of cis-unsaturation (delayed curing) in tung oil 
by additives combining antiskinning agent and co-promoter 
(Prevaskin 140 and 320). 
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monitoring the rate at which cis-unsaturation disap­
pears and then balancing the ratio of the antiskinning 
agent to the co-promoter. 

CONCLUSIONS 
A new type of additive designed to prevent prema­

ture drying of tung oil shows promise in selectively 
controlling the drying profile of the oil. Combining an 
antiskinning agent with a cobalt co-promoter allows 
one to tailor the drying characteristics of tung oil. 
Structural changes during drying are easily followed 
using infrared spectrometry. Iii 
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Figure Sb-Slowed loss of cis-unsaturation (delayed curing) in tung oil 
by additives combining antiskinning agent and co-promoter 
(Prevaskin 140 and 320). 
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