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a b s t r a c t

An experimental study was carried out for the development and characterization of innovative photopoly-
merizable siloxane-modified acrylic formulations for possible use as protective coatings. The kinetics of
the radical photopolymerization mechanism induced by UV and visible radiations in presence of suitable
photoinitiators was studied by a calorimetric analysis by varying the testing conditions (temperature,
light power emission, atmosphere).
eywords:
hotopolymerizable acrylic resins
inetics
hermal analysis
V radiation

The reactivity, expressed in terms of both heat developed and rate of reaction, was generally found to
decrease when the photopolymerization was carried out in air, due the inhibiting action of the oxygen
towards the free-radical polymerization. The addition of both a silane coupling agent or a high molecular
weight polysiloxane monomer to the acrylic resin was found to reduce the heat of reaction.

Experimental data were fitted to a kinetic model to quantify the effects of light intensity and tempera-
exte

neral

ture on reaction rates and
theoretical model was ge

. Introduction

Polymers based on acrylic and methacrylic monomers are
idely used for the protection and conservation of stone build-

ngs, due to their ability to form water repellent and optically clear
oatings [1–17]. There are, however, durability issues on the use of
crylic systems for the long term protection of historical buildings
nd are preferably used for indoor applications [18–20].

In addition to the insufficient intrinsic chemical stability the
eficiency of acrylic coatings can be also be attributed to two main
actors, respectively poor adhesion to porous substrates and insuf-
cient water repellence to allow the drainage of the water from the
urface.

In recent years water-borne silane modified acrylic resins and
artially fluorinated acrylic copolymers have been evaluated as
rotective coatings for porous stone surfaces [3–17].

In these specific applications the free radicals for the initiation
f the polymerization are generally produced by the decomposi-
ion of a peroxide initiator by the heat generated with the use
f IR lamps. This is a serious limitation for the coating of large

reas, particularly for outdoor applications. High energy radiation
uring, on the other hand, has been widely used industrially for
he curing of coatings, inks and even adhesives. These include
ltraviolet (UV) sources but little use has been made to-date of
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E-mail address: carola.corcione@unile.it (C.E. Corcione).
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nt of reaction. A good agreement between the experimental data and the
ly found.

© 2010 Elsevier B.V. All rights reserved.

such systems as UV-curable products for the protection of stones
[21,22].

The present work represents the initial stage of a programme
intended to overcome both the deficiencies associated with the
chemical composition of acrylic coatings as well as the curing
method through the use of UV and visible radiations expressly for
protection of stone historical buildings and artworks. To achieve
these objectives a methacrylate resin system was used as a basis
identifying the main structural parameters to improve water repel-
lence, increase adhesion to stone substrate and allow the use of UV
and visible light curing methods.

In this initial study the kinetics of the radical photopolymer-
ization induced by UV/visible radiations, and in the presence of
suitable photoinitiators for a particular siloxane-modified acrylic
resin system, were studied by calorimetric analysis using various
light power emissions and temperatures. A trifunctional acrylic
resin, selected for its high reactivity, was mixed with a silane
coupling agent, containing two types of reactive functionality –
inorganic and organic – in the same molecule. A silane coupling
agent places at the interface between an inorganic substance (such
as glass, metal or mineral) and an organic material (such as organic
polymer, coating or adhesive) to bond or couple the two dissimi-
lar materials [3]. The silane coupling agent can also be an effective

adhesion promoter when used as an additive to coatings or adhe-
sives. The silane must migrate to the interface between the adhered
product and the substrate to be effective. In order to increase the
hydrophobicity and the viscosity of the acrylic-silane mixture, a
high molecular weight polysiloxane monomer was also selected

dx.doi.org/10.1016/j.tca.2010.06.001
http://www.sciencedirect.com/science/journal/00406031
http://www.elsevier.com/locate/tca
mailto:carola.corcione@unile.it
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cheme 1. Chemical structure of: trimethylolpropane trimethacrylate (TMPTMA);
lkoxysilane methacrylate functionalized, MEMO; vinyl terminated polydimethyl-
iloxane (VT PDMS); and two differed types of photoinitiator, Irgacure 819 and
rgacure 784.

mong silane products. It is expected to provide water repellency
nd enhance the protection, either if it is used as a post-treatment
r is added in the mix [3].

. Experimental

.1. Materials

Trimethylolpropane trimethacrylate (TMPTMA) was chosen for
ts high reactivity and low viscosity (45 mPa s at 25 ◦C). The product
sed was supplied by Cray Valley.

A trimethoxypropyl silane methacrylate monomer, produced
y Dow Corning as Z6030, known as MEMO, was used as a cou-
ling agent to enhance the adhesion of the coatings to the stone

ubstrates.

A vinyl terminated polydimethylsiloxane (VT PDMS), supplied
y Aldrich, was added to the acrylic mixture to enhance the water
epellence of the coatings. The VT PDMS used has a number average
olecular weight in the region of 25,000.

Table 1
Composition of all the formulations produced.

Sample Weight compos

T819 TMPTMA + 1.5 p
MEMO819 MEMO + 1.5 pph
VT PDMS819 VT PDMS + 1.5 p
90T-10M819 90% TMPTMA + 1
97T-3PDMS819 97% TMPTMA + 3
87T-10M-3PDMS819 87% TMPTMA + 1
T784 TMPTMA + 1.5 p
90T-10M784 90% TMPTMA + 1
97T-3PDMS784 97% TMPTMA + 3
87T-10M-3PDMS784 87% TMPTMA + 1
ica Acta 509 (2010) 56–61 57

Two differed types of photoinitiator, Irgacure 819 and Irgacure
784 were supplied by Ciba. These were chosen for their broad
absorption characteristics and being capable to operate under both
UV and visible radiations, respectively. A poor initial solubility
of the photoinitiator Irgacure 819 in the siloxane VT PDMS was
observed and, as a consequence of this, the content of the ini-
tiator in all the mixtures was limited to 1.5 wt. part per hundred
(pph). Conversely, no solubility peculiarities were noticed when
the visible-photoinitiator, Irgacure 784, was added to the mixture
containing VT PDMS. In any case, the content of this photoinitia-
tor in all mixtures was again limited to 1.5 wt. pph for consistency
purposes. All the formulations obtained in presence of both the
photoinitiators were accurately stocked in dark conditions.

The structure and chemical nomenclature of all the components
are shown in Scheme 1.

2.2. Curing kinetics

The composition of all the mixtures is outlined in Table 1.
Curing of the mixture was carried out in a Differential Scanning

Calorimeter Perkin Elmer DSC-7, modified to allow the irradiation
of the sample by means of a UV/visible lamp. This technique is
known as p-DSC. The light source, produced by a 300 W Xenon lamp
Cermax LX 300, is limited to a wavelength of 370 nm (UV radiation)
or 470 nm (visible radiation) using a monochromatic. Small size
samples (0.9–1.1 mg) were used in order to achieve isothermal con-
ditions and a uniform degree of cure through the sample thickness
[23–25]. The photocalorimetric experiments were repeated at least
three times to check the accuracy of results. Isothermal scans were
run at different temperatures, respectively 10, 25 and 40 ◦C, and
with light radiations intensity ranging from 0.16 to 9.60 �W/mm2.
At each temperature and light radiation intensity curing of the mix-
ture was carried out until no residual exothermal signal could be
detected. The calorimetric experiments were performed in both air
and nitrogen atmosphere, as a way to evaluate the possible inhibi-
tion effect of oxygen on the reactivity of the mixtures. In all the DSC
experiments each sample was maintained in dark condition and
irradiated only after 30 s from the beginning of the test. During the
first 30 s, in fact, the sample was maintained under dark conditions.
The tangent to the heat flow curve during the test under dark condi-
tions was used as baseline for the peak integration. This means that
the isothermal temperature steady state has been reached before
starting irradiation. The latter procedure reduced the possibilities
that the slow recovering of the base line used for the kinetic analysis
is inside of the experimental errors.

p-DSC measurements were used to monitor the advancement of
polymerization, by considering that the heat evolved at any times
is proportional to the overall extent of reaction for the fraction of

reactive groups consumed. The extent of reaction, ˛, can be defined
as [26]:

˛ = H(t)
Hmax

(1)

ition

ph IRGACURE 819
IRGACURE 819

ph IRGACURE 819
0% MEMO + 1.5 pph IRGACURE 819
% VT PDMS + 1.5 pph IRGACURE 819
0% MEMO + 3% VT PDMS + 1.5 pph IRGACURE 819

ph IRGACURE 784
0% MEMO + 1.5 pph IRGACURE 784
% VT PDMS + 1.5 pph IRGACURE 784
0% MEMO + 3% VT PDMS + 1.5 pph IRGACURE 784
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ig. 1. p-DSC thermograms relative to the calorimetric isothermal scans on the
crylic formulations activated by radiation light with intensity of 1.6 �W/mm2 with
he photoinitiator IRGACURE 819 in nitrogen.

here H(t) is the heat of reaction developed at time t during a DSC
xperiment and Hmax represents the maximum heat of reaction
easured at each power light irradiation and temperature. The rate

f reaction (d˛/dt) is therefore obtained from the heat flow dH/dt
s [26]:

d˛

dt
= 1

Hmax

dH

dt
(2)

fter each isothermal p-DSC test, a second dynamic scan was
lways performed on the same specimen using the same Differ-
ntial Scanning Calorimeter Perkin Elmer DSC-7 without the UV
ight source equipment. The dynamic tests were always performed
n nitrogen atmosphere, at a heating rate of 10 ◦C/min, from −10 to
50 ◦C.
. Results and discussion

The p-DSC isothermal scans, performed in a nitrogen atmo-
phere at room temperature and activated by radiation with
ntensity of 1.6 �W/mm2, are shown in Figs. 1 and 2. The results

ig. 2. p-DSC thermograms relative to the calorimetric isothermal scans on the
crylic formulations activated by radiation light with intensity of 1.6 �W/mm2 with
he photoinitiator IRGACURE 784 in nitrogen.
Fig. 3. p-DSC thermograms relative to the calorimetric isothermal scans on the
acrylic formulations activated by radiation light with intensity of 1.6 �W/mm2 with
the photoinitiator IRGACURE 784 in air.

obtained in air atmosphere are shown in Fig. 3. The maximum heat
of reaction Hmax and the time to reach the exothermic peak for both
nitrogen and air atmosphere are reported in Table 2.

With regard to the UV activated reactions carried out in nitrogen,
the presence of MEMO in the mixture brings about a small reduction
in the heat of reaction (about 6%). This effect could be attributed
the low reactivity of the silane MEMO, which was confirmed by the
observation that, as seen in Table 2, the calculated heat of reaction
of MEMO in presence of 1.5 wt. pph Irgacure 819 is much lower
than that of the acrylic resin TMPTMA, using the same experimental
conditions.

The addition of 3 wt.% of VT PDMS was found to cause an even
greater reduction (around 25%) in the heat of reaction with respect
to the acrylic resin, when the reaction was carried out in an inert
atmosphere. The possible cause of the reduced reactivity can be,
again, related to the low heat of reaction measured for VT PDMS in
presence of 1.5 wt. pph of Irgacure 819, as reported in Table 2. Sim-
ilar results were found in a previous study conducted on a acrylate
functional polydimethylsiloxane (AF-PDMS) added as a reactive
additive in UV-curable coating formulations based on mixtures of
TMPTA (trimethylol propane triacrylate) and polyester acrylate,
although in that case the photopolymerization was carried out only
in air [27]. Moreover, one cannot exclude the possibility of a small
effect arising from the poor solubility of the UV-photoinitiator in
the liquid mixture with VT PDMS, as already pointed out.

Referring to the time to reach the peak value (tpeak), the effect
of MEMO is to slow down the reaction. On the other hand, a tpeak
similar to the value for the TMPTMA resin is obtained when VT
PDMS is also present in the mixture.

The reactivity, expressed in terms of both heat developed
and rate of reaction, was generally found to decrease when the
UV-photopolymerization was carried out in air, always at room
temperature and with a radiation intensity of 1.6 �W/mm2, due
the inhibiting action of the oxygen towards the free-radical poly-
merization [23].

It is known that oxygen inhibition of free-radical photopolymer-
ization causes numerous deleterious effects on free radically cured
products, including slow polymerization rates, long induction peri-

ods, low conversion, short polymeric chain length and tacky surface
properties [28–31]. The reaction mechanism of free-radical pho-
topolymerization can be represented with three subsequent steps:
initiation, propagation and termination. In absence of oxygen, the
initiation reactions can be schematically described by the follow-
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Table 2
Maximum heat of reaction (Hmax) and time to reach the exothermal peak (tpeak) for nitrogen and air atmosphere (operative conditions: room temperature; intensity of
radiation: 1.6 �W/mm2).

Sample Hmax (W/g) tpeak (s) Hmax (W/g) tpeak (s)
Nitrogen Air

T819 768.52 ± 43.4 14.01 ± 1.4 321.76 ± 32.1 16.02 ± 1.6
MEMO819 496.12 ± 13.1 23.08 ± 0.7
VT PDMS819 328.52 ± 21.1 37.69 ± 2.4
90T-10M819 722.98 ± 78.8 18.48 ± 2.1 289.47 ± 28.9 30.00 ± 3.0
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topolymerization was then examined by varying the power light
intensity from 0.16 to 9.60 �W/mm2, performing p-DSC isother-
mal scans on formulation 87T-10M-3PDMS819 at 10, 25 and 40 ◦C
both in nitrogen and in air atmosphere. At each temperature both

Table 3
87 T-10 M-3 PDMS819, I = 9.60 �W/mm2.

Temperature of first
isothermal test
(photopolymerization
process) (◦C)

Second dynamic scan performed after
the isothermal photopolymerization,
carried out in

Nitrogen Air
87 T-10 M-3 PDMS819 576.16 ± 43.9
T784 779.38 ± 44.6
90 T-10M784 596.05 ± 66.4
87 T-10 M-3 PDMS784 593.57 ± 11.8

ng:

+ h�
kd−→R∗ (3)

∗ + M
ki−→M∗

1 (4)

n the first step, Eq. (3) represents the photolysis of initiator, I,
o give two primary radicals, R*, while Eq. (4) is the chain initia-
ion process. In this latter reaction, a primary radical reacts with

onomer, M, to form the first repeat unit of the growing polymer
hain, M∗

1. The rate of both reactions is controlled by the kinetic
onstants for photolysis of the initiator, kd, and the chain initiation,
i, respectively.

The pathways of curing under nitrogen are modified by the pres-
nce of oxygen present in air [28–31]. In particular, in addition to
eactions schematized with Eqs. (3) and (4), the chain initiation
rocess comprises another reaction:

∗ + O2
k0−→RO∗

2 (5)

here k0 is the kinetic constant of the radical scavenging by O2
olecules. When the reaction is conducted in air, then, a part of

adicals, R*, are subtracted by reacting with the monomer since
hey can also react with oxygen molecules present in air. As a
onsequence, the reaction is slowed and proceeds with a lower
onversion.

The data in Table 2 confirmed that the heat of reaction of
MPTMA resin decreased when the reaction was carried out in air
nstead of in nitrogen (by about 58%). Under air atmosphere, the
alues of heat of reaction calculated for all the mixtures are similar,
nd can be attributed primarily to the reaction of the acrylic resin.
n fact, when the reaction is conducted in air, it was not possible
o register any heat for the reaction of MEMO or VT PDMS in pres-
nce of the UV-photoinitiator, when using a low power UV lamp,
uch as that operating in the p-DSC. In Table 2, in fact, null values
re reported for the latter compounds tested in p-DSC in air. The
rend observed for the time to reach the enthalpy peak of all the

ixtures is similar to that observed when the reaction is carried
ut in an inert atmosphere.

When the photopolymerization was activated by visible light,
he effect of presence of MEMO and VT PDMS on heat of reac-
ion and time to reach the peak is similar to what observed in
he UV-activated photopolymerization process, irrespective to the
tmosphere used.

From this observation it can be inferred that, irrespective to
he wave length of the light intensity, the presence of oxygen
lways inhibits the radical photopolymerization of these systems.
he reactivity of the additional components present in the acrylic
ixture, i.e. MEMO and VT PDMS, is very low under air atmosphere
sing a visible light source, similarly to what observed when the
hotopolymerization was conducted in air using an UV source. The
eat of reaction of the mixtures, in fact, almost corresponds to that
f the acrylic resin in isolation, which is, in turn, reduced with
espect to the value measured in nitrogen. As already stated, under
± 2.1 306.02 ± 3.5 21.00 ± 1.2
± 10.6 411.42 ± 0.8 61.09 ± 19.96
± 8.4 388.96 ± 5.0 105.09 ± 47.1
± 3.8 407.18 ± 7.8 97.02 ± 18.0

an inert atmosphere the presence of VT PDMS generally reduces the
heat of reaction of TMPTMA resin. This fact was mainly attributed
to the poor reactivity of the siloxane and only in a minor extent
to the poor solubility of both photoinitiators in VT PDMS. On the
other hand, the time to reach the peak is mainly influenced by
the presence of MEMO, which generally reduces the reaction rate,
particularly in air.

In Table 3 the values of residual heat of reaction (Hresidual) and
of the glass transition temperature (Tg), obtained through a second
dynamic scan performed after the isothermal photopolymeriza-
tion carried out in nitrogen and air atmosphere, are reported for
all the formulations realized. All the sample photopolymerized in
inert atmosphere does not exhibit any residual heat of reaction,
irrespectively from the temperature of photopolymerization. This
was taken as a confirmation that the reactions carried out in nitro-
gen reached completion during the photopolymerization stage. The
same samples showed a Tg ranging from 85.3 to 91.2 ◦C, again
reported in Table 3, depending on the temperature of the isother-
mal photopolymerization process.

On the other hand, when the photopolymerization was con-
ducted in presence of oxygen, in the subsequent dynamic DSC
scan the samples showed a residual reactivity, which was found to
decrease with increasing the isothermal photopolymerization tem-
perature, as shown in Table 3. The observed residual reactivity was
attributed to the effect of inhibition of the free-radical photopoly-
merization due to the presence of oxygen in the air atmosphere, as
already explained. Also in this case, the samples analyzed showed
a Tg depending on the temperature of the previous isothermal pho-
topolymerization process, reported in Table 3. It can be observed
that the values of the Tg of the samples photopolymerized in air
(ranging from 28.0 to 32.0 ◦C) are much lower than those mea-
sured on the same samples photopolymerized in nitrogen, as a
further confirmation of the adverse action of oxygen towards the
free-radical photopolymerization.

The effect of the UV power input on the kinetic of radical pho-
Hresidual (W/g) Tg (◦C) Hresidual (W/g) Tg (◦C)

10 0 85.3 ± 1.4 84.0 ± 0.4 28.0 ± 0.6
25 0 89.1 ± 1.2 72.2 ± 1.1 31.2 ± 1.0
40 0 91.2 ± 0.8 58.1 ± 1.3 32.0 ± 0.9
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ig. 4. Reaction rate (d˛/dt) versus time as function of UV light intensity at a constant
emperature of 25 ◦C for the formulation 87T-10M-3PDMS819.

he heat (H(t)), the rate (d˛/dt) and the maximum extent of reaction
˛max) were found to increase with increasing UV light intensity,
s shown in Fig. 4 for reactions carried out at 25 ◦C, in a inert
tmosphere. Similar results were found when the reactions were
onducted in air, as can be seen in Table 4.

It is possible to describe the kinetic behavior of the photopoly-
erization of the systems analyzed by a simple n order kinetic

quation, proposed by Maffezzoli and Terzi [32] for the free-radical
olymerization of unsaturated polyester and acrylic matrix com-
osites for dental applications:

d˛

dt
= K(1 − ˛)n (6)

here K is a kinetic constant and n is a positive setting parameter
hich does not depend on temperature. The latter gives an indi-

ation of the kinetic order of the reaction. The reaction rate, d˛/dt,
as calculated following Eq. (2) where the maximum heat of reac-

ion, Hmax, at each temperature, for the reaction performed in inert
tmosphere, was calculated as the heat developed during the reac-
ion carried out in nitrogen atmosphere at the same isothermal
emperature, since the reaction was proved to be complete when
he photopolymerization was carried out in a inert atmosphere.

All the curves of Fig. 4 were fitted to Eq. (6). The order of reaction
alculated for the formulation 87T-10M-3PDMS819 is 2 and it does
ot depend on the light intensity. The kinetic constants obtained at
ach temperature and light intensity are reported in Table 4.
The effect of the absorbed light intensity (I) on the kinetic con-
tant (K) at each temperature can be described by a power-law
xpression [32]:

= K0(T) ∗ Ib (7)

able 4
inetic constants obtained at each temperature and light intensity from Eq. (6).

87T-10M-3PDMS819

T = 10 ◦C T = 25 ◦C T = 40 ◦C
I (�W/mm2) K (s−1) K (s−1) K (s−1)

Nitrogen atmosphere
0.16 8 × 10−6 1.8 × 10−4 1.2 × 10−1

1.6 1.2 × 10−5 2.2 × 10−4 1.2
9.6 7 × 10−4 1.7 × 10−3 1.2 × 101

Air atmosphere
0.16 4 × 10−8 2.4 × 10−6 1.24 × 10−3

1.6 7 × 10−7 6.2 × 10−5 9 × 10−2

9.6 9 × 10−5 8.9 × 10−4 1.4
Fig. 5. Comparison between the experimental data and the prediction from Eq. (7)
at 10, 25 and 40 ◦C for the formulation 87T-10M-3PDMS819 in nitrogen atmosphere.

where b is a dimensionless parameter and K0(T) is a temperature
dependent kinetic constant [32]. As observed by Tryson and Schultz
[23], a value between 0.5 and 1 for the exponent b may be observed
if termination occurs trough both unimolecular and bimolecular
pathways.

The comparison between the experimental data and the predic-
tion from Eq. (7) at each temperature is shown in Fig. 5. The values
of K0 and b obtained at each temperature and light intensity are
reported in Table 5. For the exponent b, a value on the order of 1
is confirmed when the reactions take place in an inert atmosphere,
irrespective of the temperature used in the isothermic scan.

The change in the maximum extent of reaction, ˛max, with light
intensity, I, calculated starting from Eq. (1), was fitted to a power-
law relationship, similar to that of Eq. (7) [32]: i.e.

˛max = ˛0 ∗ Ic (8)

where c is a dimensionless parameter.
The data in Fig. 6 show that for the system 87T-10M-3PDMS819

there is a good agreement between the experimental data and the
predictions of Eq. (8) when the reaction is carried out in nitrogen
at 25 ◦C.

In the light of these findings the same measurements and model
predictions were applied for photopolymerization experiments
carried out in air atmosphere using 9.60 �W/mm2 power at each
temperature (10, 25 and 40 ◦C). In this case, since the reaction was
not completed when the photopolymerization process was carried
out in air atmosphere, the maximum heat of reaction, Hmax, used
to calculate the heat of reaction, d˛/dt, from Eq. (2) was obtained
by adding the heat developed during photopolymerization plus the
residual heat of reaction evolved during the subsequent dynamic

scan, reported in Table 3.

When the kinetic behavior of the reactions performed in air was
fitted with Eq. (6) the order of reaction calculated for the formula-
tion 87T-10M-3PDMS819 in air atmosphere was again found to be
approximately equal to 2 irrespective of the light intensity used.

Table 5
Values of K0 and b obtained at each temperature and light intensity from Eq. (7).

87T-10M-3PDMS819

Nitrogen atmosphere Air atmosphere

T (◦C) b K0 (s−1) b K0 (s−1)

10 0.98 7.47 × 10−6 1.42 3.58 × 10−7

25 1.01 1.3 × 10−4 1.44 3 × 10−5

40 0.99 7.4 × 10−1 1.53 4.4 × 10−3
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Fig. 6. Comparison between the experimental data and the predictions of Eq. (8) for
the system 87T-10M-3PDMS819, in nitrogen atmosphere at 25 ◦C.
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ig. 7. Comparison between the experimental data and the prediction from Eq. (7)
t 10, 25 and 40 ◦C for the formulation 87T-10M-3PDMS819 in air atmosphere.

The kinetic constants obtained at each temperature and light
ntensity are also reported in Table 4.

The effect of the absorbed light intensity (I) on the kinetic
onstant at each temperature was also determined using the
ower-law expression in Eq. (7). Once more the experimental data
ere in good agreement with the model predictions of Eq. (7), as

an demonstrated by the plots in Fig. 7. The values of K0 and b
btained at each temperature and light intensity are reported in
able 5. These show also that, in this case, b increases to reach val-
es in the region of 1.4–1.5 when the reactions are carried out in
resence of oxygen.

. Conclusions

The photopolymerization of a siloxane-modified methacrylate

esin mixture, initiated by the addition of an appropriate pho-
oinitiator for UV and visible activated free-radical reactions, was
nalyzed as potential coating systems for stone surfaces.

From kinetic studies carried out with calorimetric analy-
is in nitrogen atmosphere it was found that the presence of

[

[
[
[
[

ica Acta 509 (2010) 56–61 61

both methacrylate silane coupling agent and vinyl terminated
polydimethyl siloxane reduces appreciably the heat of reaction,
probably due to their low reactivity.

When the reaction is carried out in air, the reactivity gener-
ally decreases, due the inhibiting action of the oxygen towards
the free-radical polymerization, irrespective to the composition of
the mixtures. The reactivity of the mixture, in this case, is mainly
determined by the reactivity of the acrylic resin.

A kinetic model, accounting for the effect of light intensity, tem-
perature and atmosphere on the reaction kinetics, was applied to
the experimental data obtaining a good agreement. The numerical
values found for the model parameters proved that the termination
reactions occurring in an inert atmosphere take place through uni-
molecular and bimolecular pathways. Moreover, the order of the
photopolymerization reactions was found to equal to 2, irrespective
the operative conditions used, thereby confirming the reliability of
experimentally obtained calorimetric data.
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