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ABSTRACT

EFFECT OF ACRYLIC MONOMERS ON THERMAL, STABILITY OF
ELECTRON BEAM - CURED POLYKSTKR ACRYLATE. Effeot of

acrylic/ monomers on thermal stability of eleotron beam
(EB) - oured polyester acrylate has been ptudied by using
thermogravimetric analysis. Polyester aorylate oligomsr
with the trade name of Setacure AP KPS 688,/03 war curesd by
EB-irradiation after being added with aocrylate monomers
i.e., difunctional monomere (EGDMA, TPADA, HDDA), and
trifunctional monomer (TMPTA). Monomer concentrations in
the mixture were 0, 10, 30, and 50 ¥ by weight, whereas
irradiation doses for curing were 20, 40, 60, and 80 kGy.
The resultse show that ooncentration of monomer and
irradiation dose do not affeot very much the thermal
stability of cured polyester acrylate produced, except 1in
the use of TMPTA. In this oase, inoressing TMPTA
concentration and irradiation dose, increage the thermal
stability significantly. Initial decomposition temperature
and temperature for 10 ¥ weight loes for all samples were
between 319 and 378°C. Activation energy of come oured
filme were also determined using a multiple heating rate
method,

ABSTRAK

: PENGARUH MONOMER AKRILAT PADA KHESTABILAN THERMAL
POLIESTER AKRILAT HASIL CURING DENGAN BERKAS KLEKTRON.
Percobaan pengaruh monomer akrilat pada kectabilan termal
poliester akrilat haseil guring dengan berkas elektron
telah dilakukan menggunakan analigis termogravimetri.
Oligomer poliester akrilat dengan nama dagang Setaoure AP
EPS 88/03 diiradiasi menddunakan berkns elektron netelah
dicampur dengan monomer akrilat vaitu, monomer difung-
sional (EGDMA, TPGDA, HDDA), dan monomer trifungsional
(TMPTA). Kongentrasi monomer dalam campuran adalah O, 10,
30, dan 50 X by berat, nedangkan douls iradiasi dalam
percobaan adalah 20, 40, 60, and 80 k(y. Hamil percobaan




menun jukkan bahwa kongentrasi monomer dan dosie iradiasi
tidak banyak besrpengaruh terhadap kestabilan termal film
vang dihasilkan, kecuali pada pendgunaan TMPTA, Dalam hal
ini, kenaikan kongsentraci TMPTA dan dosis iradiaei
terlihat Jelas menalkkean kestabilan termal. Suhu awal
terjadinya dekompoeiml, dan suhu untuk pengurangan bugnt
10 % pada semua contoh uji terjadi antara 319 dan 378
Energi aktivaei beberapa film ditentukan danuan
menggunakan metode multinle heatind rata.

INTRODUCTION

Typical components of ultra violet (UV)/eleotron beam
(EB) curable coating usualy contain : a reaotive reesin of
intermediate melsoular weight, a multifunotional orose-
linking constituent, and reactive diluent (1). The
diluente are usually mono- or polyfunotional monomers.

‘ Most of the radiation curable coating systems are
based on molecules containing sorylate functional groups
and are oroese-linkable by both UV and KB, dyvetems
containing acrylic monomers and acrylate-bearing oligomere
have diven these formulations the major eshare of the
radiation-cured coating market due to the higher ouring
speed (2-3).

The reactive monomers suitable for UV or HEB ouring
can be mono- or polyfunotional, and their properties vary
considerably and are thus having a gignifioant effect on
+the final film performance. The important properties in
selecting any reasotive monomsr for a particular applica-
tion are : viscosmsity, solubility, volatility, flash point,

odour, toxicological properties, ranotivity, funotio-



nality, glase transition temperature, percentage of
gshrinkage, and surface tenuion (4).

In congidering sapplications such as for printed
circuit boards, solder masks for photoresiste, gasket coa-
tings, wire/cable coatings, tapes, and nolar oollectors,
.or reflectors, thermal stability of the ocured film are
important. A oomparison of the thermal stability of
materiale oured via EB, UV, and thermal ouringes showsd
that EB curing gave greater thermal stability than Uy, and
catalyzed or unocatalyzed thermal ourings (5).

The objective of this investigation wae to detesrmine
tﬁe relationshipe, if any, between type and oconaentration
of acrylio monomers i.e., ethylene glyool dimethaorylate
(EGDMA), tripropylene glyocol dimorylate (TPGDA), hexandiol
disorylate (HDDA), and trimethylol propane triaorylate
(TMPTA) on thermal gtability of EB-oured polyester aocry-

late (PA) mixed with thote monomers.

MATERIALS AND METHODS

Materials., Polyester aorylate oligomer with the
trade name of Setacure AP EPS 88/03 was supplled from
AKZO (NMetherland), wmonomer EGDMA and TMPTA from Merck
(Germany), HDDA from Cray Valley Product (England), and
‘TPGDA from BASF (Germany). These cohemicals were uaed

without further purifioation,



Equipments, Irradiation was conducted uging an
slectron beam machine from Misgin - High Voltage Co.,
Ltd., Japan. Maximum operation voltage and ocurrent of the
machine were 300 kV and %0 mA, respeoctively.

Nethods . Setacure AP EPS 88,03 was mixed with the
monomers to get the mixtures of 0, 10, 70, and 50 % by
weight of monomer. The mixture were ooated on aluminum
plates (200 % 100 »x 1 mm) by usind a dlane rod to get a
fi;m thickneen of around 100 um. The wet filmes wero expos-
ed to eleotron beam radiation in a nltrogen atmouphere
(O0p cone. < 500 ppm) at varioun dosen, 1.0, 20, 40, 80,
and 80 kGy. The operation voltage wan 300 kV with beam
ocurrent of 20 mA, Thermogravimetrio analysiea (TGA) was
conducted on the cured materials after stripping them from
ﬁbe aluminum plates. The TGA meagurements were carried out
in a nitrogen atmosphere at a flow rate of 40 ml/minuts,
with a constant heating rate of 10°C/minute, and evaluated
from 25 to 500°C using & TGA-30 Thermal Analyzer produced
by Shimadzu. The weight of the samples were between 5 and
8 mg.l In case of activation energy measurement, the
heating rate was varied from 5 to 309C/minute. The weight
‘1653 percentages versus temperature were raad from the

graph.



RESULTS AND DISCUSSIONS

Some properties of acrylic monomers used in the
expériment are chown in Table 1. EGDMA, TPGDA, and HDDA
have 2 @functional groups, but each group has different
moieoular weight. EGDMA ocontaine methacrylate froup,
whereas the three other ocontain ascrylate group.

Thel initial decomposition temperature (TO) and tem-
perature for 10 ¥ welght lose (TIO) are among the main
ariteria for determining the heat atability of polymere.
with dynamic heating (8). The higher the value of T,y and
T1g» the higher the heat stability of a given polymer.
Tﬁéla 2 shows Tpn and TlO of the polyeuter acrylate (PA)-
acrylic monomer cured filme which was obtained from ther-
mal decomposition thermograme for various monomer concen-
trations and irradiation dosec. There is no signifioant
difference 1in thermal stability at low monomer oonoen-
tration (< 30 %) and low dose (< 40 kGy) between KEGDMA,
TPGDA, and HDDA. Theee monomers have the same number of
functional group. At a higher monomer ooncentration (50 %)
and low irradiation dose, PA-EGDMA film has a slightly
lower Tg & Typ than the other two mixtures. This result ie
in line with that reported by THALACKER and BOETTCHER (5),
that acrylate functional materiale are more thermally
stable than methacrylate, when oured under euch 1like
conditions using EB. The higher ooncentration of HADMA

(50 %) ocauses a reduction in curing oftficlency aue the



final product should now be a mixture of cross-linked
copolymer gel plus homopolymer. Thiw ie indantioalr with
curing mechanism of polyester gtyrene mixture using KB
irradiation (7). Since the effiociency of homopolymeriua-
tion of EGDMA was lower than TPGDA or HDDA, the thermal
gtability of its film war aleo lower. Above 60 k@y, the
irradiation dose will be auffioient to form PA-HEGDMA
gelation. SETO, et al. (8) found bthat peroentade of
folvmerization was highor for oligomera/polymers with
greater molsoular welght per funotional group. For the
same functionality, RAEDMA hae esmallor moleocular weight per
functional group than TPGDA or HDDA.

Figure 1 chows the thermal decomposition of oured
filme at 30 ¥ acrylic monomer concentration. The mixtures
of polyester aoryvlate with EGDMA, TPADA, HDDA, and TMPTA
at the dose of 40 kGy exhibit T, at 332, 321, 330, and
339°C, and Ty at 341, 337, 348, and 352°C, respectively.
The residual weight at B00YC were between 6 and 10 % of
the original weight. In general, it has been proven that
PA-TMPTA gave higher thermal etability than the other
three. Thie ie due to the higher funotionality of TMPTA,
and can aleo be seen in the data of T,y and Ty in Table 2.
The higher funotionality dave the higher renmitivity
toward 1irradiation, whioh in turn gave higher oroea - link

deneity in the cured polymere. Samples of PA-difunotional
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monomers cured at 20, 40, 60, and 80 kdy exhibit nearly
identical thermal stability.

Effect of TMPTA concentration on thermal decomponi-
tion of PA-TMPTA cured filwm can be seen in Figure 2. The
thérmogr&ms indicate that thermal mtability Iincreases
with monomer concentration. Thie is not the care for PA-
difunctional monomer mixtures ae shown by the data in Ta-
ble 2. The concentration of difunotional monomers (EGDMA,
TPGDA, HDDA) does not affect very much the thermal
stébility of oured filme produced an indiocated by their
To_and T10-

Thermal decomposition of PA EGDMA cured at various
irradiation doses is shown in Figure 3. The irradiation
dose has no meaningful effect on the thermal stability.
However, it appears that at 80 kGy samples have slightly
mo&e thermal stable than at lower doses. Thie fact ie
probably due to the limited ouring level in PA-EGDMA
mivture. In case of PA-TMPTA, the effeot of irradiation
dose on thermal stability ie more mignificant. The thermal
stability increases with increasing irradiation dose as
indicated by the Ty & Ty in Table 2. The +two other
ménomers ({TPGDA & HDDA) follow the same pattern as KEGDMA.

Activation energy for decomposition process o¢an be
used to determine the thermal utablility of a material,
wbereas material decomposition e Inflummoead by heating

rate. Figure 4 shows the weight lowe versun temperature at



various heating rate fof PA-TMPTA wample. According to the

method | propoused by O0ZAWA, at the same welght 1039; there

ie a ogorrelation betwesn hoating rate nnd  tewmpersture,

whioh can be axpreceed by the following equattion (0).

- log By - 0.457 E/RTy = - log Bp  0.457 E/RT,
whare,

)

i

heating rate, °C/min.

activation energy, oal/mole.

gan congtant, 1.987 cal/mole “K.

E
R
T

i

abrolute temperature, .

By uging a selected welght loses (10, 30, %0, and
70 %), the temperature (in °K) at that weight loee level
can be measured for each thermogram. A plot of the
logarithm of the heating rate versus the corresponding
reciprocal temperature at constant weight lous ie
prepared. By assuming that the reaction order ig 1, the
plotted data ehould produce a gtraight line. Figure 4
showe a series of guch lines obtained from the four
thermograms shown in Figure 3 by plotting data from
different weight loeses. The slopes obtanined from theae
dines are the values of - 0.4%7 E/R, and sc E oan be
caleulated. Table 3 precente values for the aoctivation
energy and the correcponding - 0.44%7 K/R caloulated for
four weight loes levels as wshown Iin Figure 3. For
different lope, the value of activation energy 1is also

different. Activation energy for PA-TMPTA waec between 39.1



and 44.8 keal/mole at the dose of 40 kGy ‘and TMPTA
qoncentration of 30 ¥. The average activation energy was
42.5 keal/mole. By the mame method, the activation energy
for PA-EGDMA, PA-TPGDA, and PA-HDDA irradiated at the same
doge (40 kGY) and monomer concentration (10 ¥) were fﬁuna
to be 39.1, 40.9, and 40.9 koal/mole, veupeotively. Thie
inaioatﬂ, that, PA-TMPTA hau bettor thormel stability  than

PA-TPGDA, PA-HDDA, and PA HGDMA.

CONCLUSION

Functionality and molecular weight per funotional
grgup of monomer in an oligomer - monomer mixture affect
the thermal stability of its film cured by EB irradiation.
The thermal stability of cured film from PA-TMPTA mixture
ig better than that obtained from PA-TPGDA, PA-HDDA, or
PA-EGDMA mixtures.

Irn general, monomer difunctional ooncentration and
irradiation dose, do not affect very mucoh the thermal
stability of ite film. By increasing the TMPTA concentra-
tion (trifunctional monomer) and irradiation dome, the
thermal etability will algo inoreaco.

The wvalues of initial decomposition temperature and
temperature for 10 % weight lowse of all mamples were
between 319 and 378°C. The activation eanerdgies for the PA-
acrylic monomere at the dome of 40 kdy and 30 ¥ monomer

concentration were between 38 and 42 keal/mole.
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Table 2.

Initial
rature
aorylic
min, Nz

14

decompogition tomperature (TO) and - tempe -

for 10 % weight lose (T\q) in 9C of PA-

monomer oured film. Heating rate : 10°9C/
40 ml/min

. Mixture

Irradiation doga, kGy

(PA-Acrylic 20 40 80 80
monomer ) Bt e e 14 o 3 S o e 5 Lt 0 ek 8t
To Tio  To Tio  To Tig  Tp  Tyg
0 321 333 328 338 327 335 330 330
10 338 348 328 340 328 340 332 340
% EGDMA 30 332 338 332 341 333 346 338 343
50 324 3290 325 320 326 329 328 338
10 324 333 323 338 323 331 328 331
% TPGDA 30 322 338 321 837 319 2332 320 331
50 321 335 320 335 332 2337 330 338
10 325 339 333 3468 332 344 335 339
% HDDA 30 322 340 330 348 434 349 338 349
50 330 342 333 346  a4% 384 380 387
: 10 319 339 322 340 327 342 328 345
% TMPTA 30 331 351 390 352 349 351 348 935
. 80

3va 371 3728 373 378 388 370
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