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INTRODUCTION

S wybean ol (SBO} is an incxpensive, biorenewalle
commodity material, It is widoly used in alkyd
resing for coatings, and its derivatives are used to
mndify varicus resing.’! Blown soybean oil (BSEOY) is
preparcd divectly and economically from SHECHL It has been
a commercial commodity for decades ®# In view of the
patentially abundant supply of B5BO and its low cost, it
is surprising that few published studies have addressed
the properties and apphications of BSBEQ as a vaw malerial
[or coatings. Commercial BSBO, which is an oligomer of
5B, might be an attractive staring material for proparta-
Hon of coalings since its viscosity and molecular weighl
arc higher thun SB0. One consideration is that BSBO
contains hydroperoxide and /o7 peroxide residues from
the blowing process. These residues may be a drawback
or an advantage; i this study we try toma keuseof hem.

The possibility that these (hydropermxddes could be
utilived to generate free radicals and ndtiate polymeriza-
tion of monomers to form coating films was cxplored.
Our approach is o blend BSBO wilth di- and tri-
{methjactylate monomers and prepolyimers, o cast coat-
ing films, and to cure and cvaluale the coutings. Ty film
Froperlies such as poneil hardoess, MEK double rub
resislance, adhesion, and impact rogistance, have been
evaluated vsing slandard methods 19 The results of this
research show that low VO, high-solids coatings canbe
made by Lhis approach.

SOYBEAN OIL AND BLOWN SOYBEAN OIL

SBOY s a triglveeride of unsaturated and saturated ali-
phatic acids, Anidealized stuclure of SBO, showing only
the most prevalent unsalurated acids, is piven in the
following:
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Cammerciuf blown soybean ofl (BSBO) was
shown by Hiration to contgin a substantial level of
(Mydroiperoxy groups, presumably formed during
the blowing process. Thus, BEBO can initiake free-
radical pofymerization. Te explore the potentiaf
for film formation, BSBO was blended wilh
(methacrylate monomers and/for prepofymers in
different propartions. The monomers were
trimethylopropane trigerylate esters (TMPTAE),
1,6-hexanediol dimethacrylate (HDDMA), and
isobornyl acrylate (IBOAY the prepolyniers were
ethoxylated bisphenol A dimethacrylate
(EBDMAE), amid o hydrophobic aromalic wre-
thane acrylate (HALLA). Al blends requived a
catatyst (cobalt naphthenate) and temperatures of
about 100°C to induwe crosslinking and fitm for-
ation. Blends with wmonomers gave formudations
that could be applied with no added solvent, but
film properties (pencil hardness, MEK double rub
resistance, adhesion, and impact resisionce) were
nat very goud. Better fifin properfies were obtained
by blending prepolymers with BSBO and
TMPTAE; thesefornuddations requived solvent for
application, but VOC levels as lowaf 140 g/L were
possible. FTIR spectra showed that free radical
polymerization of the wimosners and prepolymers
gccurred during film formation, Gel content stid-
ies indicated that part ef the BSBO is incorporated
into the crosstinked fil, but a substantial fraction
is not chemically bound to the network.

Wal 73, Mo. 912, Janwary 2001 57



B, ™I, F.M, Jones, and 5. Fu

While the published literature contains considerable
informaticon aboul blown linsecd oil, relatively little in-
farmation about BSBC} has been published. Like blown
linseed wil, BSBO can be manufactured by heating SBCO o
140-130°C and passing air through the hot oil until the
viscosity incroases to 8 target level. 1 At this temperanom:
he process is slow, and it is probable that commaercial
processcs accelerate it with highoer temperalures or cata-
lwsts, The chemical mechanisms of the oligomerization
reactions thatlead to the viscosily build-up have notbeen
described in the recent literature. For purposcs of this
papcr, we presumc that they involve autooxidation reac-
tons analogous to those that occur when oils ¢ ontaining
pol:,-unsahualed fatty actds are crosslinked.

Lltiswell known that the autooxidalion of drying oils is
accompanied by the uptake of significant quantities of
oxygen and the evolution of volatile degradation prod-
ucts. ™18 Wexler roviewed the polymerization of drying
oils and presented a mechanism of drying oil
autooxidation in the presence of primary dricrs such as
ail-soluble cobalt salts 4 Subsequent studics, for example
by Muizebelt et al.* have provided additional informa-
tion about this complex process, but the details are not
fully knowt.

According to present knowledge, the first stepin the
thermal crosslinking reaction of BSBO is the decomposi-
tion of hydroperoxides present in natural oils.

FEOOH — R 4 =01 1

The resulting free radicals can abstract hydrogen al-
oms from lhe methylene groups bebw cendouble bonds of
ather faity acid moielies to form new {ree resonance
stabilized pentadieny] radicals which, in turn, can react
with oxygen lo form hydroperoxy radicals. As the con-
centrationof radicals increases, the frequency of coupling
reactions to form ROR and ROOR linkages between il
maolecules increases, leading, (o the observed build up of
molecutar weight and viscosity.

A number of secondary reactions may also oecur,
including decompasition of (hydro)peroxides to form a
complex mixtureof saturated and unsaturated aldehvdes,
ketones, eslers, and hydrocarbons. Several workers have
uvsed infrared speclroscopy to follow the changes in a
drying oil film throughout the autooxidation process.
They all came to similar conclusions. Vhere is a disap-
pearance of cis unsaturation and formalion of trans 118 A
band appears in the hydroperoxide /hydroxylregionand
a large shoulder on the ester band due to carbonyl/
carboxy| groups. Falla studied the structure of dry films
formed from both soybean oil and methyl linoleate by
using infrared spoctroscopy, gel permeation chromatog-
raphy, and liquid cheomatography-mass spectrometry, '3
Heestablished the chemvical composition of films formed
by air-drying oil-based coatings snd found the evidence
of typical autnoxidation reactions by comparing the in-
frared spectra of methyl Linoleate before and after dr it

Toble 1—Characterizalion of Commercial BSBC

Based om the assumptions that BSBO vndergocs simi-
lar reaclions during its tormation and that its subsequent
reaciions alse involve similar reaclions, we postulated
that BSEQ) should be capuble of indtiating chain-growth
polymerizalion ef vinylmonomers, such as acrylates and
methacrylates. Some of the possible initiating reackions
are Mustrated in the following, where & and M* repre-
sent the vinyl monomer and prepolymer:

ROOH — Rk + 110
B+ BIT — He - 2OLL
sH - RIL— Fe 4 Hald

e + b1 — Rhe
RO + 3 — ROMe
ROk e 1 W% — ROMA e

If M or M* is a di-, tri-, or pely {methlacrylale, this
process will lead to a crosslinked network.,

Further reaction of these termination products with
radical resulls in a progressive increase in molecular
weight and form the intermolecular crosslinking prod-
ucts between BSBO and acrylate prepolymers.

The crosslinking process maybeamplified by lermina-
tiom reactions of the: free radical process, some of which
join lwo oi] moictics together:

Fe ol = R-R
Ee+ R(Cw o B-O-R
EQe - Re - B-O-0O-R
Cither chain free radicals join each other to vield inter-
molecular crosslinking:
Eis + Ko — EL{-R
Flde + Rhe — BM-2MR
1%ie + B0+ HM-MOE
Fade + ROMBTY o+ KK-A*RIOR

EXPERIMENTAL SECTION

Materials

Comumercial B5BO and alkali refined SBO were obtained
from Cargill, Ine. with the CAS numbers 68152-81-% and
BO-22-7, respectively, They were used without further
purification. The characteristic values of BSBOY such as
pemx_ldemntml molecuhrwughl and maolecular weight
distribution, viscosity, glass lransition temperatures (Tg),
and VOU were determined (see Tuble 1),

Sartorner Company kindly supplied the propelymers
and monomers as follows: rimethylopropanc leiacrylate
{TMIFTAE, SR351), ethoxylaled bisphenol A dimethacrylate
(EBDMATL, SR34H), cthoxylated bisphenol A diacrylate
{EBDAE, 5K34%), hydrophobic aromatic wrethane acry-
late {TTAL A, CN9TH), isobornyl acylate (1A, SR308).
They wore used as received,

- The drier, six percent cobalt Nap-All, was provided by
G Americas Company. Monomers and solvenis were
obtained from Aldrich
Chemical Co. including
Lo-hexanediol diacrylate

(HIMAY, 1,6-hevanediol

Wiscoaily PFaroxide cortert MNernvralais YOG |
B, M MM, tmPo.s) img/g BSBD} 1% tgsly dimethacryvlate
= — " (HDDMA), methyl meth-
2o 10 L1 X e ATE0 123 283 164

acrylate (MALA), meth-
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acrylic acid (MAA), and methy] ethy| ketone (MOK). All
chemicals were used as received cxcept for MMA and
MAA, which were purificd by treatment with active
aiiminiun oxide before use. Steel wst pancls or phos-
phated steed pancls were purchased from O-Tanel Com-
pany and cleaned with acetone before use.

Codiings Formulatiens

To prepare the coatings, commerdial BSBO and other
components such as (methjacrylale monomers or
prepulymers were blended in the proportions shown in
Tables 227 and 0L02-01.4 wis drier based on the amount of
film forming composilions was added, Wet films ap-
proximately 73 pm (3 mils)in thickness were castonto the
tewt panels with draw down square. The films were then
healed to cure at 140} or 110°C for one hour and equili-
brated at ambicnt temperature for seven days before
testing, unless otherwise stabed. The coatings were evalu-
ated as clear films.

Measurements

Maolewular weight and malecular welght distribution
were measwted by a gel permeation chromatography
{GPCY apparatus equmpcd with TTewlett Packard (HI')
Series 1050 Chuad Purmypr and 1117 1047 A Differeritial Re-
fractometer. Tetrabvdroturan {THE) was wsed as solvent
ata flow rale of 0.9 ml./min, and polystyrene standards
waore used for calibration.

The infravid spectra were rocorded on a Nicolet Ma-
gna 510F FTIR spectromcter al 4 cmc? resolubion with 16
scans per spectrum. Film samprles were peeled off the
panels for DSC measwrements. ‘T, of film samples were
measured using a TA Tnst 2100 Modulated DSC instru-
ment, with theheating rate 00 10°C fmin, while anitrogen
ras purge wans used. Samples were encapsulaled in stan-
dard alumirum D5C pans and heated from -100 0 150°C.
Data processing was camicd oul with the software fur-
nished by an instrument manufacturer.

Viscosity was measured with @ cone and plate type
vizcomuter {Brookfield Model DV-II+) at 2.0-10 1o at
23%C. YOU was determined according to AS TN D 3960-
48, The pernxide comtenl in comrmercial BSBO was deter-
mined by titration according ke ASTM D 2340-%. This
ASTM procedure is designed for tilration of peroxides in
styrene monemer. Tt was adapted for use with BSBO by
using smaller B5SBLY samplas to adjust for the higher
peroxide content of BSBO.

Film thickness was measured by using an eddy cur-
rent/maghetic fitm thickness gaoge trom Twin City In-
ternalional Inc., according to ASTM [ 1166-93 MEK
double rub registance was meagured following ASTM 12
4752498 Peneil hardness tests were performed with a
Gardeo pencil serateh hardness kit according to ASTMD
3363-92a, Impact test was measured with a heavy duty
impact tester (Gardner Laboratory nc.} with 1.8 Ky (4 1h)
mass and 1.27 cm 0.5 in) diamcter round rose punch,
according o ASTM D 279493, Adhesion was determined
by the cross-hatch tape tosl, ASTR 1) 3339207,

The extent of czosslinking was characterized by a
solvent extraction method. It was performed at room

Mixtures of Blown Soybean Oil and Acrylate Prepolymers
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L_ Figura 1--FTIF spectra of commerciol 8380 and
s60

temperalure by immersing the weighed dry [ilm in p-
xylene for 24 b The swollen films were lilted, patted dry,
and weighed at regular intervals unll equilibrivm was
attained, Then the films woere heated in an oven at 120°C
to reach constunt wedghl, The gel comtent (%) was calow-
lated fromn the expression

Gel comtent (%) = (W /W) w100 {1}

whoro W is the initial weight of the film before extraction
with selvent, and W) is the weight of the dried film after
extracton. 122

RESULTS AND DISCUSSION

The characteristics of the commercial BSBO are given in
Table 1. The number average medecular weight (My} and
wetght average molecular weight ) were 29% 105 and
1.1 % 104, respectively. The polydispersity (M. /M) was
thereby 3.9, Comparcd to the molecular weight of pure
commetcial SBO around B0, the number average dcgree
of pulymerization of BSBO is about 3.3, The viscosily of

this sample of BSBO is 5780 mTa.s at room lemperature.
As expected, its VOO [s extremely low, only 16 6 il

Titration showed that the average “peroxide content™
of BSBOwas 12.3my per gram of BSBO, cotresponding to
Jo g of “pernxide”/ MOl BSBO om a rumber average basis.
The ASTM titration method probably does not discrimi-
nateamong peroxides (ROOK), hydroperoxides (ROOH),
and perhaps other oxidizing structures in BSBO. Tt as-
sumes that all oxidants are peroxides with an equivalent
welght of 17, Thus, this titration indicates that, on a
numboer average basis, there are about two equivalents of
{hydrojperexide per mol of BSBO. There is sorme wncer-
tainly about the resultsof thistitration because the method
was adupted from an ASTM method for titration of
pervxide comtenl nstyrene moneimer and was not vali-
dated for vegetable mils with higher (hydro)peroxide
levels. Even ai]nwingforpnssible erTor, itisexpected that
there is plenty of (hydro}peroxide present to ivitiate
polymerivabion under proper reaclion conditioms, and
that a subslantial fractiom of the BSBO should beeome
bound Lo the polymer during, poly merization.

The FTTR spoctra of BSBO and SBC are shown in Figure
1. Comparing the spectraof BSIO w1 it SBO, anew, brnad
absorption band al about 3500 cm Y was detected in the
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BSBO spectrum, congistent with the presence of substan-
tial lovels of hiydroperoxy groups (-OOH) but also possi-
bly attributable to-OH or ~-COOH groups in the materisl.
The sharp peaks of BSBO at about 310 eme? and 1710 ™
aresmaller, suggesting substantal consamption of double
bonds during the blowing process, These observations
are all consistent with published literature about
autoorxidation of sils and wnsaturated fatty acids, Variows
studics indicale Mal the producls of blowing wils contain
hydroperoxide, peroxide, and epoxide groups.%-212

Film Propertles of Coatings Formulated from
ESBO and HDDMA and HRDA

In order lo get crosslinked film, diacrylates were cho-
sen as co-reactants for BSBO because their C=C double
bonds would be susceptible ke initiation by the free
radicals generated by decomposition of the (lydra)-
peroxides in BSBO. HDDMA and HDDA woere blended
with BSBO, separately. Tuble 2 presents the film proper-
ties of coatings formulated from BSBO, HVTDDMA, and
HDDA. The wel films were cast on phosphated steel
panels and then heated at 145-120°C for one hour. Film
I3H-1, which comtains no drier, had very poor film prop-
criics, In the presence of dricr, howoever, both HDDMA

and HDDA reacted with BSBO at 120°C for one hour, and
oave oxcellent adhesion and impact resistance (films BH-
% and BH-2). This result ilustrates the nocessity for a
catalyst, presumabiy to accclerale decomposition of
(hydroyperoxides to form free radicals. However, the
films arc soft and would have little or no utility as
industrial coalings. Adding MM Lo increase T, {Flm
BI-5) did notinerease hardness, Appatrently, either mono-
mers with high molecular weights or more highly fune-
tienal acrvlate olimomers are required.

Film Properties of Coatings Formulated from
B5BO and TMPTAE

When mixtures containing trimethylolpropanc
riacrylaic (TMPTAE) and BSI3O containing drier butn
solvent were casi on sleel pancls as wel films and then
heated at 100°C for one hour, they formed hard, colorless,
transparcnt, and glossy films. The Alm properties for
coalings formulated trom BSBO and TMPTAL areshown
ir1 Tuble 3 {films BT-1-BT-3). Tor reference, a film was cast
from BSEO and drier, with no erosslinker. Ty and pencil
hardness decreased sharply as BSBO content of the coat-
ings increased. The film of 100% BSBO has the lowest 1
of =217°C after baking, while BT-1 with 5% BSBO has the
T, of 29°C.

Toble 2—Film Properties of Coafings Formulated from BEBO, HROMA, and HDDWA

Henting
Coamposifion Temperahce Pemeil Impreick Basitance
Sampls L) {'C, 1hm Adhasian Horddrvsss {in.-IE), VR
BlI-T o BEBO 75
HO Db, 25 145 s ;
B2 RSB 7S
HODWA 25
Crigr 0.1 145 ak 4B 180,160
BH-2 BSBEC 50
HDMAA 50
Drier O, | “#0 &B 3B |&0 180
BH-4 i B3RO 50
FODA B0
Tl 1.4 120 BB Kl 160140
BlIFS o BE30 20
HODA, 5
FARAA, T2 5
WAL TS
Crier 04 120 e filz) 150140
Tabke 3—Film Properties o Ceatings Formulabad from B380 and TMPTAE
WK Irnpeet
somple Compasillons  Thickness Pancil Rasdslance, Resistance Tq
Mo, L0 A {mila} Acdtvaslan Heirdiness Double Ruk an.-1e3, LR e
BT-1 .. ... [E5HRC 30
TrIF1AE 50
Crigr 0.02 0.ary EB 2H B 180140 2%
B1-2 cvin BABD &0
TRPTAE A0
Dler D.0OZ Q8" G5B H =200 | &0 1A 24
BT-3 ... BEBC 7O
THP™AE 30
Crrier 002 n.a& aB F 14 140,560 &
R5 1. RSB 100
Crier 0.02 3B &R i i el
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Table 4—izel Conlend of Film: Formulated BSES and TMPTAE

Sompde Mo,

BSRO-TMPTAE {w /v ol canlanl ()

.2
&89
2.5

A cornparison of the infrared spectra of TMPTAE and
BS130 as shown in Figure 2 with the FTIR spectra of BT-
lype [ilms as shown in Figure 3 demonstrates that the
crosslinking reaction occurred between BSBO and
TPMTAE. figure 3 s the infrared spectra on a fregquency-
expanded scale between 2000 and 700 cm-L As for origi-
nal BSBO/ TMPTAE {50/50, w/w} before curing, there
are abvigus peaks al 1633, 1296, 1266, and 1062 cn-' and
can be altributed tn C=C and -0 stretching, respec-
tively. After curing, changes in these regions occurred for
BT-1, 1512, and BI-3. Two peaks of cured films at 1296
and 1266 crn-t were merged mto one broad band, and the
peaks 1633 and 1062 ¢cm ! weakened, suggesting that
these muieties had bean partly consumed in a chemical
rieacion. On the ather hand, after the reaction of the {hree
curcd [ilms, the peaks of C=Crstretching at 1728 em~! and
C-0 steetching at 1182 o shifted to about 1740 and
1172 respeclively. The peaks at Y87 and 970 co-! can
be attribuled to the conjugated and nonconjugated trans
C=C stretching. After crosslinking, they became weak,
comfiTming that acrylate double bonds were partly con-
sumed.'®

While coatings such as BT-1 had excellent pencil hard-
ness and solvent rub resistance, subjective examination

Bixtores

of Blown Soybean Qil and Acrylate Prepolymers
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Table 5—Viscosity and VOO of Coalings Bosed on BSBC and TMPTAE In Diferent Praporfions

Somple Mo, BEBO-TRPTAE [w/w) Yiscaslty (mPa.z) Dm {gsmbd Momvolaie g3 YOO {g/L
1020 1.024 970 2.7
1440 1.022 o7 24,6
2050 1.010 P74 53
730 FRE QB3 14,6
Tabla &Flirm Propetles of Coatings Formulated kom B35S and Mulll-Cornponent Palyacrylalas
MEK,
Composlllons Penci Rt istoire s, impoct Resktaonce
Sumpde sy Adbmsion Hardness Doutds Rub {in.-lky, 0GR
BT i e e B35 60 aB an =201 140141
MFTAE 25
EE[CMAE 12,5
Fals 1245
Celar Q.1
rriylaney 126
A2 s LG AN bl B 140 140740
“MWFTAE 25
EBGMAE 7.5
HALA 7.5
Drlar 0.1
prayleney 12.6
BR-3 i i B3 T G 2B 120 120 160
ThF1AZ 25
EBOMAF 25
Hala 2.5
Dirizr 0.1
prrylensd 12,5
jeai I'I:}:Tr' ane was e as gabeatt o dlohe the eolet o oo s beanes son ke "olal revenn af BSEO and sthe prapahmns:,
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Tuble ?7—Fiim Froperties of Coalings Fermukaled from BSBD and Mulli-Component Palyacrylates Containing IBOA

Haating WEK Impoct
Cormposifion Temperohire Fencll Resistarea, Ruslskanca
Sample fwrtoh) 2y Thr Achegon Hardress Daubke Rub an-le, D/R
BRI i BSZ 40 100 GE 2H 150 14060
TRIFTAE 10
HALUA 20
|[BCHA, 20 1143 5B 211 =X 140y 60
Crrier 0.2
[ I B3 20 107 Sl 4H 150 140/ &0
TRMPTAE 13
HALLS 47
BT, 27 1110 el 3H 160 140, &0
Drier 0.3

with vigorous scraping susmested a lack of Hilm in tegrlfv
vsvally associaled wilh films with these properties. '|o
sludy lhe level of crosslinking of the coatings, the gel
content was messured with the resualks shownin Talle 4,
When the proportions of BSBO/ TMITAE were 30/5),
60/40, and 70/30 by weight, the gel contends (%) were
corresponding to 71.2, 689, and 62.3, respectively, As
expected, the higher the content of TMPTAE, the higher
the ol contenl, The unreacted material prcsu.mab]y ri-
sults mainly from molecules of BSBO that did nel have
thydrolperoxide groups from e outset, and for from
molecules that had (hydrojperoxide groups but did not
react umtil after all the TMTTAT was used up. Formula-
tHons containing more TMPTAE were not tested since
higher levels of IMPTAE caused brittleness and drasti-
cally reduced mechanical propertics,

The arealest advantage of these coatings Is that they
did not cortain any organic solvent. Table 5 presents the
viscosity, density, nomvolatile content by mass (NVM),
and VO of BSEQ and BT-type blends. The commercial
BSBO has extremely low VOO, only 186 g/L, but its
viscosity is hlgh 5780 mla.s ak roem bemperature, Since
the viscosity of TMPTAE is low, it acls not only as a
crosslinker and main ingredient of wet films, bul also as
a diluent for BSBC As TMWMFTAE was added to BSBO,
viscosity decreased, reaching about 2000 mPas at 35
TWMPTAE and 1000 mPa.s al 50%, VOO remained low,
always below 27 o/L. The NV was 97-98%. Thus, a
sorics of solventless coatings with high-solids content
and low VO has been obtained.

The possibility that lormudations such as BT-1 could
cute ab ambient temperatures was mvestigated, How-
cver, little or no curving eocurred n 3 days. The possibil-
ily that they would cure upon exposure to ultraviolet
{UW) light was also studied. However, irradialion of wot
films for one minute did not induce curing,

Efftact of Mulli-Component Systems on
Flim Properties

Further improvements in film properbies were sought
by introducing {methlacrylaie “propolymers”
such as hydrophobic aromalic wrethane acry-

prepolymers were mixed with BSBO and TMPTAE in
ditferent proportions, cast ol sleel panels, and baked al
LW~ for one hour, In order to redoce viscoosity foc
aprplication, it was necessary to add solvenk 12,5 wi'h of
rryleme was vsed. As shown in Tabie €, coalings with
good filin properties were obtained, the best being coat-
Ing BM-1. In commparison with BT-type films in Talle 4, the
properties of these BM-type filmes containing HALA and
KBIXMAE are similar to thal of the former. BM-1 has {he
best performance,

The use of solvent is undesitable from the envirom-
mental standpoint so a monomer with low viscosily and
loay wolatility, isobomyl acrylate (IBOA), was testedasa
diluent to replace p-xylene. It was hoped that the high
boiling point of TBOA, 119-121°C at 15 mm, would mini-
mive gvaporative losses, The wel [ilms weré applied on
phosphated steel panels, and then heated at 100 or 110°C
{or one hour, respectively, to give coatings B -4 and BM-
3. Table 7 presents the formuolations and cured filin prop-
ertics of these multi-componenls coatings, The VOC and
gcl content of BM-4 and BM-5 are given in Table 8§ The
VO data indicate that s high proportion of IBOA evapo-
rated from the film before 1t reacked under these condi-
fions, The modest ameounts of IBOA that became poly-
mcrized inlo lhe [m may have had o modest positive
effect onfilm propertios, pr b bly reflechng theinoreased
Ty expected from adding 1ROA

Effect of Hecting Time and Drier Concentration
on Film Formaton

Ak the same composilion and heating temperature, the
elfeci of heating time on the filon formation was invest-
gated. The film properbics tor the coatings miven in falle
Y were baszed on the tormulations as [ollows: BSEO (50
wih), TMPTAE (23%), FEBDMA (12 5%), HAT A (12.3%),
and drier (0.018%). Mo solvent was used. | he tesults of
peneil hardness and MEK rubbing show that the film
hardness snd solvent-resistance strenglhen as the heat-
g e Mereases.

Simnilar experiments were effected withmore drier (see
Table 10). The film comprositioms were thosame: BS1E0 (30

Table 8—Y0OC and Gel Content of Coallngs BM -4 and BM-5

lates {TTALIAY and cthoxylaled bisphenol A

dimethacrylate (EBDMAL)Y inte the formula-  Sample
liems, Ceoalings based on mixtures of these i
prepolymers and BSBCY would be expected o gr'r;{“g

have markedly different propethics. These

D f@/miL) honwlatile (% YOO g/l Gl Contant {3
e 1D 338 142 &h,g
e 102 49.4 37 . 758
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Table —Film Propeartias ot Diferent Hedting Times (10.018 wi% drien

Mixtures of Blown Soybean Qil and Acrylate Prepolymers

Heqllng MEK | rrpenect
Mime ThieKness Gal Contant Panci Resishmnce, Reglstares
rnallsy (%) Herdiness Double Rub Adheslon (A -y, VR
! EB ’ ! /
047 F |an AE 140120
050 s0TF HE 1964 aB [l 160
.51 i H 20 5B 1AL 1680
083 932 ZH =200 aB 160160
Tatsle 10—Film Proparties of Different Hegting Tirmes (0.04 wi% drier
Heating MEK Impact
Time Thickrrass Gl Content Pancil Rasistance, Resslonce
HNo. fmin) {mils) &3] Hardnmss Dbl Bub Adhesion an.-lk), DSR
B-1. s 10 ! ! ! !
B2 20 0.52 ! F 300 4 140, 1640
B3 a0 0.0 At F 380 4B 1407160
Bed A5 0.5% ! 2:10 am BB 180160
[ R &l 0.4 LK KB | 370 =111 1427160

with), TMPTAE (25%), EBDMA (12.5%,), ITTAUA {12.5%),
and drier ((L04%). No solvent was vsed m the formola-
tiem. All wet Ailms wore tested on phosphaled sleel pan-
¢ls, and then heated at 100 °C with different times, Inter-
eslingly, higher drier levels in better cure, as reflected in
the more rapid development of hardness and, especially,
MEK rub resistancy, although they had approximale gel
contents around 50%, While, as noted previously, some
minimum amount of drier is needed to offect curing of
BSECH polyacrylate coatings at practical tates, Howoever,
atambienttemperature, the wel films did not eure after 30
days, cvennwhen the concentration of drier was (.04 to (14
wi%; high drier levels caused films to darken.

Film Properfies for Coatings Formulated from
BSBO and SBO

Allempled film formation wsing BSBO and SB0 ways
carried out by directly casting them on steel test panels
and allowing them ko dry in ovenat various lemperalurcs
fur une hour. When drier was not used, the mixtures were
still slicky after heating, Tven when (14 wt'f drier was
used, gﬂﬂd Hlms werenot obtained. S gavea tacky and
soft film, and BSBO showed cven less evidence of
crosslinking. These results are not surprising. As s well
kmowr, SBO ilsell does not contain encugh polyunsatu-
rated fatty acids to enable it to cure to hard films. Appar-
ently, the Blowing process does nol improve its capacily
tey hardon.

The main shorteomings of the well-cured coabings are
the presence of uncrosshinked materials in the film, as
shown by gel fraction experiments, Practical ulilily of this
type of coating probably depends on finding a way to
increase the gel content of the cured films.

CONCLUSIONS

The work described has been carried owd with the aim of
demonstrating [he use of BSBC both as a free-radical
initintor and as a main ingredient to produce coatings,

MNovel, heat-eure coatings tesins have been oblained by
Blending BS130 with single or multiple mmmmer,.-’
prepolvmers. Their formulations and drymg film proper-
ties, such as pencil hardness, MEK double mub resistance,
adhesion, and impact Tesistance, have been investigated.
Two-type blends, which are individually composad of
BSEC and TMPTAT require nosalvent to reduce applica-
tion viscosity to about 1000 mPas. Blends thal include
prepudymers, such as HAUA and EBDMAT, are still Tow
n VOC but require some solvent. With incressing pro-
portion of BSBO in formulations, T, and gel content of
drying films decreased. Although the gel conlents were
emly 62-75'%, Hwe film propertics and FTIR spectra demaon-
strated thal crosslinking reactions occurred after heating
inthe presence of cobalt driers | he effects of heating time
and drier on film propertics were studicd, To gel Lhe
coatings films with good performance, it is necessary for
the wel {ilms 10 be heated at 10°C for (1.5 to one hoar in
ihe presence of drier.
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