by Nicholas M. Martyak,*~ - ntishinatng agents ore wsed i control the exidietive cwing of tang ol oal-

Daniel Alford, Robert alyzed using a cohalt drien. Additives agents that are tow rolatlle resull in the pre-

Picker,” and Conor maire formation of g cured oil feg., shin), wharvas enrishinning agems that gre
D(‘.IWliﬂgT—Arkmna Ine. show to release from the farty il may delay doang allogethen Methpl ety keioaine

s currentdy the st popular antiskinning agent; but due To its velotively high
welatifity coupled with assoctated health hazards, new ariiskinaing agents are helng
songht for aguesus and sofueni-based alfoeds. T dhis avticle, wete formalations conl-
faining an aniistin agent aird 8 co-promater to activate the metallic dries, propid-
ang excellent antishinning perfermance while providing improvement in dn-through
performance, dare presenfed,

INTRODUCTION

Alkyd resins ave combinations of polvesters with oils thar cure oxidatively
inwolving fatty acids withio ihe oils The yale of alkyd diving is governed Lo a
large measure by the composition of the fatty oils as curing involves the re-
aclion ol singlet omvgen at the unsaturation siles o the acid 2 Commom oils
in alkyds include linsesd, oleic, tung, and saftlewer—and the rate of drying
of the allds is dependent upon the composition of the fatty oils and their
concenltations. Allords that contain high levels of unsaturation sites in the
fatty acids usually dry Gasier as inlermediale oxy-compounds sucly as hy-
droperoxidest and opcdic peroxddes™® ave producesd at these sites via oxida-
Uve attack. Uree radical formation assistedd Iy a colall catalyst™ ¥ aids in
chain propagalion reactions lorming the fully cured resin.
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Figure 1—Comman fatiy acids found in tung oil
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Tung il 1 evrmmon inmany fast-drying allosd for-
mulations and is composed ol several Tally acids as
shown in Figere 1. It contains small amounts {~5%] of
satturialedd Fadty acidys such as stearic and palmitic acidy
along with % oleic acd. 1 alzo conlaing small Mrac-
tioms of linoleic (4%) and linolenic (3% acids, The
major fally acid in Lung ail is e-elenstearic acid {abeoat
BU%b ). Fgure 1 shows that a-eleostearic conlains three
eloulle bonds—9-rrany, 11-cis, ang 13-trans—which
causes alkyds lormulated with wng oil (o quickly dry
and, in some cases, 10 skin prematurelsy,

Alkyd resins formulated with tng oil tpically con-
tain an antiskinning agent W control the premalare
drying of the resin in the storage can. Methyl ety ke-
toxime [MEKO) is today’s most popular antiskinning
agent but it has several deawbacks ineludiing high
virlalility; it 1s listed as a category 3 carcinogen in
Lurope causing liver lurnos inomice and mats, Tt may
also cause blood eftects {methemaglobinemia) follow-
ing repealed oral and dermal exposure and it has been
shown to be a sldn sensitizer In animal swudies as well
as irriating o skin and eyes.

Therelure, o new antiskinning agent 3s warranled that
nod ondy overcomes many of the health and exposure is-
sues associatecd with MEKD, but also ome that alloras the
user to corrl the rale of desired dryv-through of the resin
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and at the same time minimize he onset of premature
skin formation at the alkvd-air interface. A new antisikin-
ning acdditive, Prevaskin™, Y camrines an antiskinning
agent and a cobalt co-promoter. Lhe commbination allows
for rapid dre-through in solvent and agueous-based
allsyrls while minimixing the formation of the sldn com-
monly encountered with sl-drying alkyd wymiems. This
study shows the controlled skinning of tung oil using the
new additives comparned to MEKC, Air-drving and in-
framedd studies show the benelis of the two-additive wes-
Leniy, Lhe antiskinning agent in its abilivy 1o control skin
formation and the cobalt co-promoter in providing rapid
dr-through of the resin,

EXPERIMENTAL

Samiples tor air-oxidation studies were prepared using
tung oil {purchased from Aldvich) and cobalt 12 [ob-
tained Troro OMOG Americy, o), ad ioall cases 0.1%
Cn was added to the tung oil based on weight. A total
oof seven samples were prepared in glass bottles: ing
oil alone {no Co catalysi), wng oil with Co only (no
antiskinning agent). and tung oil with cobalt contain-
i the various antiskinning agenls. MEK (239 active
in mineral spirits] was added at 0.1%. Prevaskin addi-
tives were prepared in mineral spints [ 14% active} and
alue sdeesd a 001% based an resin solids, This material
conraing an antiskin agent along with an crganic ca-
promoter to activate the metal drier Four additive for-
ralaticrrs thal viried in the rtio of the antiskin agent
10 the co-promaoter were tested: 410 (four parts andskin

Figuse #a—Formation of 16 cyelic percside m iung uil.
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Figure 3—0nset of skinning in tung oil formulatians,
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Figure 4—Tung oil only {na cobalt: left image] and skin farmation in
tung ail using MEKD after four days (right}.
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agent; one parl co-prometer), 320 (three parts aniiskin
agenl; Lwo pants co-promoter), 230 (two parls antiskin
agent; three warts co-proimoter) and 144 {one part anti-
skin agent; tour parts co-promeoter). 'Lhe samples were
placed in an exhaust hood with wir flowing over the top
of the unseiled hottles 4l approximately 104 tfmim,
The onset ol skinning was monitored using a load of
200 gfora®, If the Toad penetrated through the oil
quickly, it was given a ranking «of 0, The [oeomtion of a
Light sheen on the wp of the oil was tanked a 2 until
the load o longer penetrated the skin {see Fgure 2 Tor
rankings}.

The drying of the seven samples was also sindied
using FLLR. Samples were prepared on NaCl erysials
andd infrared spectra were recorded every fwo hows up
to 24 hours, To account for subtle changes in coating
thickness of the coatings durning the curing process, the
IR bands tor an individual sample were normatized (o
thie Braned at 1700 cm~! since this hand did not change
in absorbance during the 24 hours.

RESULTS AND DISCUSSEONS

Tung ofl is composed of several {auy acids {t5gure 1},
The largest fraciion is g-eleosiearic acid {2 trans, 11-cis
13-trans] with minor amounts of oleic, linoleic,
linolenic and saturated latly acids, The mismare of con-
jugated {o-cleasteanc) and nonconjugated (linoleic
linolenic) acids resulls in a compliceted diying pricess,
For ezample, Faulkner'? showed methy! eleostearate
forms 1:2, 14, and 16 endo-peroxide inermediates
such as those in Pigure 2, However, as discussed by
Wexler,* axidation of conjugated vlene fatty oils such
as elecstearic acid also forms hydroperosides
{O—(-H), commonly found in many faty acids. 1415

Skinning studies shown in Digure 3 Jeanly show the
beneficdal ellecis of an andskinning agent in slowing
the oneet of skinniog on the surface of tng oil. The oil
itselt without any cobalt catnlyst never cures [data along
the x-axis), Tung oil with cnly cobalt and no and-
skinning agent cures very quicldy as a heavy shin
[ormed atter only ane day of drving. An impenelrable
skin lormed on the surface of the oil after three days.

‘The sample containing MEKCY skins at a slightly
slower rate than the sample containing no antiskinning
agent but a noliceable skin was observed alter one day.
‘Lhe skin thiclened alier rwo days and the oil way com-
pletely skinned after four days, as seen in Figures 3 and
4. MFEC is currenlly the maosl commen anliskinning
agend in (oday's alkyd Tormulations. Tt is commercially
available as & 2504 acive solution and is tvpically used
alalwut (1% in the Anal allypd. Becanse of it rela-
tiwely high veolatlity, MEKCY quickly escapes from che
wmg o1l during wse and as such produces the gkin seen
i Figure 4. With MEKO heing a siugle-romponent 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 maps'® 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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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™!; the C-C
stretches at about 2950 cm™! and 2850 cm™!; the car-
bonyl band, C=0, at 1740 cm~}; the C-C bands at
1456 cm~!; the C-O-R bands at about 1100 cm~!; and
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Figure Ta—Formalivn of the hydvoperudde from 1,2 endo-peroxide
intermediate,

Fgure Fo—Loss af cis-unsaturation during the fermation of the 1,6
eida-permdide.
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Figure 7b—Lloss of efs-unsaturstion and migration of double bonds
fommed from the 1,4 enda-paroxide.
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the 14,C—ClI=UCH-CIL, bands al about 990 cm ' The
bands seen at abonat 720 o™ are assodated with thaose
at 3015 et and are due to ch-unsaturation.? Drying
ol ung nil produces changes in the souclure of the oil
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casily [mliorved wilh TR, The maost noticeable changes
are seen in Fignre od: losy of inlensity of the bands af
3015 em™! and 7H) cm-'; the decrease in inlensity of
the bands ar 1136 el and the increase in nlensity of
the band ar alyonrt 3400 cm 1

e hass in ingensity at 3015 cro~ and 720 cm' s
indicative of a loss in cff-unsaturation within -
elengtearic aad and a1 3400 am!, the hydropernxide
entiy forms during ouring ” There are several routes Lo
the formaron of this hydroperngde seen in Fiares ba
aned Gd and all involve mtermedinte endo-peroxides of
the Lypes scen in Figures Fu-7¢, which eventually mans.
fenmm e the stabile O—O0-11 simictuees. Tnoeach case,
thie los of cis-unsaturalion ecculs and in Feures 7a- 7
it 15 also seen thal the mars-uneonjugalion may change
positions. similar 1o that seen dudng the drying of
methy! oleate "1 The lsomerization from eis 1o trans
imomers can be envisioned similar to the free-radical
merhanism a4 propesed by Knight and co-workery 2

The effects of the new additives on the controlled
curing in rmg oil imomitored using K ave seen in
Fisures 8a and 8b. Slowing the loss in cfs-unsaturation
1z indicative of slowing the drdng rates. Tung oil con-
taiming MEKO shows a rapid loss in unsaturaton due-
ing 1he first four howrs of ait exposure whereas ting ol
containing high ratios of co prometer (Prevaskin 140
or 3207 exhibits 2 slower Yoss by nnsaturation, If a par-
tcular allopd is formulated vsing variows concentrations
of tung oil, it is possible to adjust the formualation by

{CT CoatingsTech



Figure 8a—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. @
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Figure 8b—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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