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ABSTRACT

Long term out-door uses of polymers are very common. Therefore, the weatherability of

polymers becomes an important consideration. Photostabilization of polymers can
be achieved by different means. These include screen of ultraviolet light,
deactivation of excited states, addition of radical scavengers, and uv absorbers. Use
of uv absorbers to dissipate the photo energy and convert it into a harmless heat, and
therefore, to retard the adverse effect of irradiation is widely applied in polymer
technology. However, most commercial uv absorbers are low molecular weight
derivatives of o-hydroxybenzophenone. When these low molecular weight uv
absorbers are incorporated into polymers, many drawbacks occur quite often, such as
leaching problem during long term out-door application and evaporation problem

during thermal processing.  Furthermore, when these uv absorbers are
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incorporated into polymer in large quantities, drawback of mechanical properties are
often observed. In order to avoid these drawbacks, we are interested in innovative
high molecular weight polymeric types of photostabilizers. In a kinetic and
mechanism study of photo-fries’ rearrangement for poly(phenyl acrylate) (PPA) and
poly(p-methylphenyl acrylate) (PMPA), both acrylic polymers underwent
photo-fries’ rearrangement, leading to the production of o-hydroxybenzophenone
moiety at the pendant group in different rate constants, and both were expected to be
inherent photostabilizers, with PMPA a better one (chapter 1). Both PPA and
PMPA were then used to protect thermoplastics against photodegradation and their
protection to PET was confirmed (chapter 2). The same idea also applied to
thermosetting polymers. Thus, an interpenetrating polymer networks (IPN) based
on epoxy and bisphenol-A diacrylate was proved to produce o-hydroxybenzophenone
moiety when this material was under uv irradiated. And its photostabilization of
IPN materials was successfully achieved (chapter 3). In conclusions, innovative
polymeric types of photostabilizers via photo-fries’ rearrangement has been

successfully developed in this research.
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Chapter 1. Kineticsand Mechanism of I ntramolecular
Photo-Fries Rearrangement by M odel Polymers:
PPA and PMPA

1.1 ABSTRACT

Poly(phenyl acrylate) (PPA) and poly(p-methylphenyl acrylate) (PMPA)
were synthesized and characterized. Upon irradiation of ultraviolet light
ranging from 275 to 360 nm, both PPA and PMPA underwent intra-molecular
Photo-Fries rearrangement, leading to the formation of both o- and
p-hydroxybenzophenones from PPA, and only o-hydroxybenzophenone form
PMPA. The intra-molecular hydrogen-bonded six-membered ring structure
of o-hydroxybenzophenone moiety is well known as a UV-stabilizer. A
kinetic study of this photo-Fries rearrangement was investigated by using FTIR
to monitor the functional group changes. Experimental result revealed a
continuous 0O-cleavage of the ester group at Ve 1750 cm” and Veo.co
1195-1202 cm™ .The kinetic data fitted a first-order of reaction, with a rate
constant of 3.91 x 10" day' for PMPA and 3.10 x 107 day' for PPA.
Furthermore, conversion of PMPA was found to reach an earlier leveling off
than PPA. Resonance stabilization of a tertiary radical intermediate adjacent
to the p-methyl group in PMPA accounts for the experimental result and
supports a dissociative radical mechanism for solid photo-fries’ rearrangement,

similar to the solution cage mechanism reported in literature.

1.2 INTRODUCTION

O-hydroxybenzophenone and its derivatives are believed to be effective
photostabilizers against photodegradation and photo-oxidation [1,2,3].
Poly(phenyl acrylate)(PPA) is able to undergo Photo-Fries rearrangement upon
irradiation of ultraviolet light [4-9]. In search of literature, two mechanisms
were proposed to interpret the production of o- and p-hydroxybenzohenones.

In bondage mechanism, the acyl portion and phenoxy portion are bonded to the



benzene ring all the way through the whole process [5,6,7]. While in the
solvent cage mechanism [7,8,9], the homolytical a-cleavage at the ester group
leads to separated acyl and phenoxy radicals, which are included in solvent cage,
followed by rearrangement and recombination to form o- and
p-acylcyclohexadieneones and, finally to o- and p-hydroxybenzophenones via
tautomerism. However, there is lack of evidence to identify which mechanism
is right. Of the two products, only o-hydroxybenzophenone is able to form an
intra-molecular hydrogen-bonded six membered ring structure which acts as a
UV-absorber [1]. In order to study the reactivity of Photo-Fries reaction,
kinetic studies of PPA and PMPA were carried out by irradiation with
ultraviolet light. A comparison of rate constants between PPA and PMPA
would be able to interpret the mechanism and suggest a better polymer type of

inherent photo-stabilizer. In this article we report such a study.

1.3 EXPERIMENTAL

1.3.1 Syntheses of Phenyl acrylate and p-M ethylphenyl acrylate

Into a 300-mL four-necked flask, equipped with a mechanical stirrer, a
thermometer and a dry tube, phenol (0.5 mole) and triethylamine (0.5 mole)
were charged. Acryloyl chloride (0.5 mole) was then added dropwise, keeping
the temperature below 10 °C. Esterification proceeded for 10 hours. Then
the reaction mixture was washed twice with distilled water to remove the
triethylamine salt, followed by washing with 6 % NaOH solution to remove the
unreacted phenol and, finally by washing with distilled water again until the
solution became neutral. The oily product was dried with MgSO, and distilled
under reduced pressure (72 °C/3 torr) to yield 85 % of phenyl acrylate.
P-methylphenyl acrylate was prepared exactly by the same way, except using
p-cresol to replace phenol. The pale yellow oily p-methylphenyl acrylate thus
obtained (under 83.5 °C/3 torr) was 69 % of yield.



1.3.2 Syntheses of PPA and PM PA

Into a three-necked flask, equipped with a condenser and a thermometer,
was charged one volume of phenyl acrylate in ten volumes of benzene.
Recrystallized benzoyl peroxide (0.5 % on phenyl acrylate) was added as
initiator. The mixture was heated to reflux for 22 hours, then was coagulated
in petroleum ether. A pale yellow PPA was filtered and dried in a vacuum

oven at 60 °C for 10 hours. PMPA was prepared exactly by the same way.

1.3.3 Instruments

Chemical structure identifications were done with a Brucker AM-300
'HNMR and a Nicolet 520 FTIR with a resolution of 1 cm™. Glass transition
temperatures were obtained with Seiko SSC 5200 DSC. Solution viscosity
was measured with a Ubbelohde capillary viscometer at 25 °C. Molecular
weights and molecular weight distribution (MWD) were characterized with

GPC, calibrating with standard polystyrene.

1.3.4 Photo-Fries Rearrangement

Commercial UV lamps (UVB-313), emitting UV range 275 to 360 nm
with a maximum intensity at 313 nm were selected for our study. PPA (or
PMPA) films was cast on Al plate and dried, and were irradiated in a QUV
accelerated weathering tester [10] with eight UVB-313 fluorescent UV lamps
(with 40 watts of each lamp). The functional group changes at various time
were monitored with FTIR by placing the sample in a reflecting type sample cell

(Buck Scientific). The conversion, d, is defined by

a= (Ct_ Co)/(coo - Co) = (At - Ao)/(AOO - Ao) (1)

Where A,, A;, A are the absorbances of Vc.o.c before irradiation, at irradiation
time t, and at infinitive time (level off). C,, C,; and C, are the corresponding

concentrations of the specific group. The difference spectra A, — A, were
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obtained by subtracting absorbances at t from that before irradiation, using

benzene absorption at 1595 cm™ as internal standard [11].
1.4 RESULTSand DISCUSSION

The synthesized phenyl acrylate shows its 'H NMR spectrum in Figure
1-1 Integration of peaks at d 7.10 to 7.39 ppm (multiplet) shows five protons
on the phenyl ring. The peaks at d 6.55 ppm (doublet) indicates one proton on
the vinyl group (trans), that at & 5.94 ppm (doublet) is another proton on vinyl
(cis). While the other cis proton on vinyl group occurs at 6 6.30 ppm (quartet).
Figure 1-2 shows its FTIR spectrum. The carbonyl absorption of the ester
group occurs at 1750 cm™, that of C-O-C stretching occurs at 1195 cm™.
While the absorption of C=C occurs at 1631 cm '.  Figure 1-3 shows the FTIR
spectrum of PPA.  Absorptions of Vc—p and V¢.o.c occur at 1750 and 1195 cm’,
respectively. Missing absorption at 1631 cm™ indicates the disappearance of
C=C by forming PPA. Figure 1-4 shows the 'H NMR spectrum of
p-methylphenyl acrylate. Integration of peaks at d 6.98 to 7.19 ppm (multiplet)
indicates four protons on the phenyl ring. The trans H occurs at & 6.56 ppm
(doublet). The other two cis H’s occur at 5.97 ppm (doublet) and & 6.30 ppm
(quartet). The three protons on the methyl group occurs at & 2.30 ppm
(singlet). Its FTIR spectrum (Figure 1-5) reveals a carbonyl stretching of the
ester at 1748 cm’', that of C-O-C at 1202 cm™, and that of C=C stretching at
1636 cm”. PMPA shows its FTIR spectrum in Figure 1-6 The Ve and
Vc.o.c absorptions occur at 1745 and 1202 cm™.  Again, the missing absorption
at 1636 cm™ indicates the disappearance of C=C by forming PMPA. The PPA
and PMPA have inherent viscosities of 0.13 and 0.17, respectively. The PPA
has an average molecular weight of 9600 with a molecular weight distribution
of 1.50 obtained with GPC. While PMPA has an average molecular weight of
9700 with a molecular weight distribution of 1.46. Both PPA and PMPA have
sharp glass transition temperatures at 59.5 and 64.6 °C, respectively (Figure
1-7).



During irradiation of ultraviolet ranging 275 to 360 nm, the
intra-molecular photo-fries rearrangement were evidenced from the continuous
decreasing absorbances of Vc—gand Vc.o.c for both PPA and PMPA. Typical
difference spectra of A;— A, (t in days) are given in Figure 1-8. It is noted that
a newly increasing absorption of Ve for the products of o- and/or
p-hydroxybenzophenones at 1725 interferes with the decreasing absorption of
Vceoat 1745-1750 cm™ for ester group. Fortunately, in view of the Norrish I
reaction where the a-cleavage at C-O-C indicates a smooth decreasing of
absorption, without interference of other groups. We, therefore, chose the data
of C-O-C disappearance for our kinetic analyses. Integration of A, — A,
divided by the area of A,- A, gives the conversion, O, according to equation (1).
Plots of the conversion of C-O-C disappearance, O, versus time for PPA and
PMPA are given in Figures 1-9 and 1-10. The kinetic data fit a first-order of
reaction according to

- In(l-a)=kt
Where k and t represent the rate constant and irradiation time. It is noted that
the conversion of PMPA reached an earlier leveling off than PPA, meaning a
faster reaction of PMPA than PPA. Plots of — In (1 - a) versus t for PPA and
PMPA are given in Figure 1-11. The rate constants for the photo-fries reaction
can be found from slopes, which are 3.10 x 102 day™ for PPA and 3.91 x 10 '
day' forPMPA, respectively.

Two mechanisms are proposed for the photo-fries rearrangement in
literature [4-9]. Sanders, Hedaya and Trecker proposed a bondage mechanism,
in which the acyl and phenoxy portions of the molecule remaining bonded to

each other throughout the entire course of the rearrangement [7].
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The other, known as the solution cage mechanism, was proposed by Kobsa [8].
This mechanism involves a homolytical a-cleavage at the C-O-C bond of ester,
giving rise to acyl and phenoxy radicals which are held within a solution cage,
followed by recombination of radicals to form o-acylcyclohexadieneone and
p-acylcyclohexadieneone and, finally to o- and p-hydroxybenzophenones by

tautomerism.
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Li and Guillet, in their study of photo-fries reaction in solid PPA, reported
that the formation of both o- and p-hydroxybenzophenone groups in solid PPA
required similar activation energies as for solution cage processes in simple
radical recombination [6]. In comparison of rate constants for PPA and PMPA
in our present study, it appears that the higher rate constant for PMPA support Li
and Guillet’s result. During photo-fries reaction, the separated phenoxy radical
in the intermediate is stabilized by resonance form of a quinone type structure
with the odd electron on the para carbon connecting to the methyl group, forming

a stable tertiary free radical in the resonance forms:
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Therefore, in view of the higher rate constant of PMPA, almost an order higher
than that of PPA during photo-fries rearrangement, it can be reasonably inferred
that due to the resonance stabilization of the intermediate in the form of a stable
tertiary radical, the intra-molecular photo-fries rearrangement follows a
dissociative radical pathway, similar to the solution cage mechanism as proposed
by Kobsa [8].

During photo-fries’ reaction, PPA produced at a lower rate both o- and
p-hydroxybenzophenones. As is well known in literature, only the ortho
derivative is an effective uv-absorber [1,2,3]. Since PMPA produced only the
effective ortho derivative at a faster rate, therefore PMPA 1is believed to be a
more effective photostabilizer than PPA. Paper on this confirmation of
photostabilization based on fibers of PPA/PET and PMPA/PET blends are
submitted to Polym. Degrad. & Stab. [12]

1.5 CONCLUSIONS

In a comparison of the photo-fries rate constants for PPA and PMPA, the
higher rate constant of PMPA supported a dissociative radical mechanism similar
to the solution cage mechanism as proposed by Kobsa. PMPA produced the
effective uv-absorber, o-hydroxybenzophenone, at a higher rate than PPA and

consequently PMPA is expected to be a more effective photostabilizer.
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Figure 1-2 FTIR spectrum of phenyl acrylate.
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Figure 1-3  FTIR spectrum of poly(phenyl acrylate).
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Figure 1-5 FTIR spectrum of p-methylphenyl acrylate.
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Figure 1-6  FTIR spectrum of poly(p-methylphenyl acrylate).
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Figure 1-7 DSC thermograms for PPA and PMPA.
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Figure 1-8 Typical difference spectra, A;—A, (t in days), using benzene
absorbance at 1595 ¢cm™ as internal standard.
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Figure 1-10 Plot of C-O-C disappearance conversion, O, versus irradiation time
for PMPA
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Chapter 2. Protection of PET Against Photodegradation by the
| nher ent Photo-stabilizers of Poly(phenyl acrylate)
and Poly(p-methylphenyl acrylate)

21 ABSTRACT

Poly(phenyl acrylate) (PPA) and poly(p-methylphenyl acrylate) (PMPA)
were used as inherent photo-stabilizers for PET in this study. PPA/PET and
PMPA/PET in weight ratios of 0/100, 5/95, 10/90, 20/80 and 100/0 were blended.
These blends were then cast into films and drawn into fibers and were irradiated
with an accelerated weathering tester (QUV). Functional group changes in the
films during irradiation were monitored with FTIR and the absorbance changes
for different samples were compared with one another. Tensile strength of
fibers after 42 days of irradiation were tested. Experimental results revealed
that when incorporated with 5 % of PPA or PMPA into PET, good stabilization
of the film and fibers were observed, with PMPA exhibiting more
photo-stabilization capability and better retention of tensile strength after 42 days

of accelerated ageing.

2.2 INTRODUCTION

PET is a commercially available polymer and is widely used as fiber,
textile, bottle, video tape, food trays and other consumer products. Outdoor use
of PET is very common. Therefore, its weatherability becomes an important
consideration. Photo-stabilization of PET can be achieved by various means.
These include screen of ultraviolet light, deactivation of excited states, addition
of radical scavengers, and so on. Use of UV absorber to retard the adverse
effect of irradiation is another possibility. The UV absorber absorbs harmful
UV and converts it into a harmless form. However, discoloration may,
sometimes, be a drawback. The most widely used UV aborbers are low

molecular weight derivatives of o-hydroxybenzophenones, salicylic esters, and
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benzotriazoles [1,2]. However, leaching might be a problem for these low
molecular weight UV absorbers. Therefore, we are interested in using
polymeric type of photo-stabilizers to avoid leading problem and, in addition, to
avoid the mechanical drawback. In our previous study on the kinetics of
photo-fries rearrangement [3], both PPA and PMPA, upon irradiation of UV
ranging from 275 to 360 nm, underwent intra-molecular photo-fries’
rearrangement [4-9] with a first-order of reaction. We found that PPA produced
both o- and p-hydroxybenzophenone moieties with a rate constant of 3.10 x 107
day’, while PMPA produced only o-hydroxybenzophenone moiety with a rate
constant of 3.91 x 10" day'[3]. Of the o- and p-hydroxybenzophenone, only the
ortho form acts as an effective uv-absorber [1-3] since PMPA produced
o-hydroxybenzophenone more effectively and therefore was believed to be a
more effective inherent photo-stabilizer than PPA. In this paper, we report our

further study on their field tests of photo-stabilization to PET.

2.3 EXPERIMENTAL

2.3.1 Sample Prepar ations

PPA and PMPA were synthesized as reported elsewhere [3]. PET with an
intrinsic viscosity of 1.0 was obtained from Far Eastern Textile Ltd. (Taiwan).
PPA/PET and PMPA/PET in weight ratios of 0/100, 5/95, 10/90, 20/80 and
100/0 were dissolved in phenol. Films were spin-coated on aluminum foil and
dried in the vacuum oven overnight. The same weight ratios of PPA/PET and

PMPA/PET were also blended with a brabender mixer, and then were drawn into
fibers.

2.3.2 Instruments
Glass transition temperatures (Tg's) were detected with Seiko SSC 5200

differential scanning calorimeter (DSC). Accelerated ageing tests were studied
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with a Q-panel Company weathering tester with eight UVB-313 fluorescent UV
lamps (each lamp 40 watts, wavelength ranging from 275 to 360 nm). Tensile
strength of fibers "were tested with an Orientec Tensilon RTA-1T with load cell
of 1 Kg.

Functional group changes were investigated with a Nicolet 520 FTIR
spectrometer with a resolution of 1 cm™. Difference spectra, A—A, were
obtained by subtracting the absorbance at an irradiation time t from that before

uv ageing, using the benzene absorbance at 1595 c¢m™ as internal standard.

24 RESULTSAND DISCUSSION

PET undergoes photo-degradation and photo-oxidation when it is exposed
in outdoor application. The degradation mechanisms and products are
extensively reported in literature [10-12].  Degradation could result in
deterioration of physical properties, such as loss of tensile strength and impact
resistance, embrittlement, surface crazing and discoloration. Photodegradation
degradation products include CO, CO,, hydrogen, methane, ethane, benzyl end
groups, etc.. By-products that are hydroxidized in the benzene ring and
aliphatic position and few crosslinking molecules are also found. Figure 2-1
shows the ir spectrum of PET before degradation. Absorption at 3420 cm ' is
the overtone of Vc—o at 1710 cm™ for the ester group. Vcy of benzene ring
occurs at 3050 to 3100 cm™. vy of saturated aliphatic hydrocarbons occurs at
2900 to 2980 cm'. The strong carbonyl absorption occurs at 1712 cm.
Benzene ring absorption occurs at 1500 to 1570 cm™. &y.cy of the ethylene
group occurs at 1460 to 1480 cm™. Absorption at 1420 cm™ is due to 8¢y of
benzene ring bending in plane. Absorption at 1350 cm™ is wyy of wagging for
ethylene glycol. Those at 1240 to 1280 cm™ and at 1105 to 1130 cm™ are due
t0 Varceoro and Vceoyo, respectively. Absorption at 745 cm’! s a typical
frequency of the interaction between the polar ester and the benzene ring.
Figure 2-2 shows the difference spectra of PET after various days of accelerated

UV irradiation. It is noted that a continuous decrease of absorbances at 1712,
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1270 to 1290 and 1135 to 1160 cm™ are resultant of bond cleavage of ester group
and ether linkage. The breakdown of 1,4-disubstituted bonds to the benzene
ring was evidenced from the decreased absorbance at 745 cm™. These results
agree well with reports in literature.

Figure 2-2 compares similar difference spectra of films for blends of
PMPA/PET (10/90, 20/80), PMPA, PPA/PET (10/90, 20/80) and pure PET after
6 days of UV irradiation. The significant protection of scission at ester group
can be evidenced from the retarded decreases of absorbances at 1712, 1270 to
1290 and 1135 to 1160 cm™ Our previous study on the kinetics of photo-fries’
rearrangement for PMPA and PPA indicated that PMPA produced
o-hydroxybenzophenone moiety linked to the side chain with a higher rate
constant of 3.91 x 10" day™, compared with a lower rate constant of 3.10 x 10
day for for PPA which produced both o- and p-hydroxybenzophenone moieties
in the side chain (Figure 2-3). Of the two products, only
o-hydroxybenzophenone contains a 6-membered ring structure with a labile H-
bonding between OH and C=0 and acts as a UV absorber [1,2]. This implied
that PMPA would be a better inherent polymeric photo-stabilizer than PPA.
Such a significant stabilization can be attributed to the good compatibility of
PET/PMPA and PET/PPA. The miscibility of PMPA and PPA in PET in
molecular level would provide good protection to PET. Figure 2-4 compares
the Tg’s for PET, PMPA and PET/PMPA blends. PET and PMPA have Tg’s of
74.9 and 61.1 °C, respectively. An inner shift of a single Tg at 66.0 °C for the
PET/PMPA blend indicates a good compatibility of PET and PMPA. Similar
finding was observed for the PET/PPA system (Figure 2-5). Figure 2-.6 shows
the percentage retention of tensile strength for fibers of PET, PET/PMPA (5/95,
10/90), and of PET/PPA (5/95, 10/90) blends after 7 days of accelerated uv
irradiation. It is noted that PMPA played more significant photo-stabilization to
PET than PPA under the same environment. This experimental result is well
consistent with the functional group changes in FTIR monitoring (Figure 2-2)

and our kinetic study for the photo-firies’ rearrangement for PMPA and PPA
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(Figure 2-3). Surprisingly enough fibers of the 10/90 of PMPA/PET and of
PPA/PET indicate less retention of tensile strength, presumably because more
low molecular weight portions of PMPA and PPA (with an average molecular

weight of 9,700 and 9,600, respectively) in the blends drawback the mechanical
property.

25 CONCLUSIONS

Both PPA and PMPA show good compatibility with PET and indicated
significant stabilization of PET fiber against photo-oxidation in an accelerated
weathering tester. PMPA indicated better photo-stabilization efficiency
because PMPA, upon irradiation of UV, produced o-hydroxybenzophenone
moiety linked to the side chain more efficiently. Tensile tests of fibers agreed
well with functional group changes, as evidenced from FTIR difference spectra
and the result of kinetic study. Higher level of low molecular weight PMPA or

PPA incorporated into PET showed an adverse effect on the tensile strength of
fibers.
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Figure 2-1 IR spectrum of PET before photodegradation.
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Figure 2-2 Typical difference spectra of samples (Ag-A,, with benzene

absorption as internal standard) after accelerated uv irradiation for 6
days.
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Figure 2-3  Plots of first-order rate expression, - In (1-a) vs. time, for
photo-fries’ rearrangement of PMPA and PPA, where a is
conversion. (A) PMPA with a rate constant, k = 0.391, and (B) PPA

with k =0.0310.
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Figure 2-4 Comparisons of Tg’s for PET, PMPA and PET/PMPA blends.
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Figure 2-6  Percentage retention of tensile strength for fibers of PET,
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days of accelerated ageing.
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Chapter 3 Photostabilization of an Epoxy Resin by Forming | PNs
with Bisphenol-A Diacrylate

3.1 ABSTRACT

Bisphenol-A diacrylate (BADA) was synthesized from the reaction of
bisphenol-A and acrylol chloride. Interpenetrating polymer networks
(IPNs)based on diglycidyl ether of bisphenol-A(DGEBA)and BADA in weight
ratios of DGEBA/BADA=100/0, 75/25 , 50/50 and 25/75 were prepared by
using 4,4’-diaminodiphenylmethane(MDA) and benzoyl peroxide (BPO) as
curing agents. Samples were irradiated with ultraviolet in a Q-UVA
weather-o-meter to study their ageing behavior. Experimental results indicated
that the BADA thus incorporated in the IPN structure confers significant
photostabilization of the epoxy, as shown by less chain scission at C-O-C in the

epoxy, with less property loss in mechanical tests.

3.2 INTRODUCTION

Epoxy resins exhibit excellent physical properties and good adhesion,
and are widely used in such areas as coatings, adhesives, composites,
encapsulants, etc. Photodegradation of epoxies is important and was reported
by DICKENS ET AL. [1] and also by others [2-6]. A survey of the
photo-oxidation of DGEBA indicates damage of the epoxy resin, resulting in
chain scission, leading to deterioration of physical properties. It is well known
in literature that phenyl benzoates, upon irradiation with ultraviolet, undergo
Photo-Fries’ rearrangement, leading to the formation of o-hydroxphenyl
ketone which contains a hydrogen bonded six-membered ring structure and
acts as a UV absorber [7-10]. Incorporation of such a moiety into an epoxy
may significantly stabilize the epoxy resin against photodegradation. In view
of the structure of bisphenol-A diacrylate, the Photo-Fries’ rearrangement

would lead to a structure similar to a UV absorber. It is highly that an IPN
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containing such a moiety would act as a photostabilizer. In this article we

report such results in our studies.

3.3 EXPERIMENTAL

3.3.1 Preparation of bisphenol-A diacrylate (BADA)

Into a 3-1 three necked flask, equipped with a mechanical stirrer and a
thermometer, 1 mol of bisphenol-A was charged. Enough methyl ethyl ketone
(MEK) was added to dissolve the bisphenol-A. Two mol of NaOH (80g) and
2 mol of triethylamine were added. The mixture was kept below 5 . Then 2
mol of acryloyl chloride was added dropwise keeping the temperature near 5

. The acrylation continued for 10 h. The reaction mixture was poured into a
large quantity of deionized water. A crude yellow product was obtained with a
yield of 96%. A white crystal with m.p. 95-96 was obtained after
recrystallization from N-hexane/ CH,C1,(v/v 4/1).

3.3.2 Preparation of DGEBA/BADA IPNs
Blends of DGEBA/BADA in weight ratios of 100/0, 75/25 , 50/50 and
25/75 were prepared. BPO (1 phr based on BADA) and MDA (in
stoichiometric equivalence of DGEBA) wear added as curing agents. To
prepare specimens, each composition was mixed and deformed thoroughly
and poured into Teflon moulds, then precured at 80  for 4 h, followed by
curing at 140 for another 4 h, and finally post-cured at 180  for 2 h.

3.3.3 Instruments
Functional group changes during ageing were monitored with a Fourier
transform infrared spectrometer (FTIR, Nicolet 520 with a resolution of 0.5
cm”). Thin films were spin coated on Aluminum plates and cured, then
irradiated in a QUV-A weather-o-meter for various times. The difference

spectra were obtained by subtracting the spectrum at time t from that before
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ageing, using benzene absorption 1609 cm as internal standard. Test
specimens were prepared according to the method mentioned and were also
subject to irradiation in the QUV-A weather-o-meter. Impact resistance was
examined with a falling dart type impact tester, with a dart weight of 3.3kg.
The energy under the curve was integrated automatically. Tensile and
elongation tests were performed according to an ASTM D638 type 1. The test
speed was set at 5 mm min”' . An average of 5 test values reported for all

mechanical properties.
34 RESULTSand DISCUSSION

The synthesized BADA has the following chemical structure

Figure 3-1 shows its 'H NMR spectrum in CDC1;. The 6 H s of the two methyl
groups occur at & 1.63 ppm. The 8 H s of the two phenyl rings (He) occur atd

7.01 and 7.26 ppm (quartet). The 4 H s at the two terminal vinyl hydrogens occur
atd 5.98 ppm (cisHy, doublet), while the other 2 H s at the two vinyl groups (Hc)
occur atd 6.35 ppm(quartet). Figure 3-2 shows its FTIR Spectrum. The strong
carbonyl absorption of the ester group at 1733 ¢cm™ and the moderate absorption
of C=C at 1623 cm' confirm the structure. Free radical polymerization of BADA
by BPO resulted in a network structure via a chain mechanism, while curing of
DGEBA with MDA resulted in another network structure via step mechanism
[11]. Simultaneous curing of various blends of BADA(BPO)/DGE-BA(MDA)
would lead to various compositions of IPNs via two independent reaction

mechanisms. The two components, BADA and DGEBA, have good compatibility,
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as evidenced by a single glass transition in dsc thermograms (Figure 3-3) and a
single damping peak from the rheometric dynamic spectroscopy (RDS, Figure
3-4)for each IPN [12].

Upon long term irradiation with ultraviolet, the BADA moiety underwent
Photo-Fries’ rearrangement and led to a six-membered ring structure with an

intramolecular H-bonding [10].

P 2
z 2
o= =0

This reaction is well known in literature [10,13]. The o-hydroxybenzo-
phenone thus produced indicated a strong intramolecular hydrogen-bonding
between the hydroxyl and carbonyl groups. This intramolecular
hydrogen-bonded six-membered ring structure dissipated the UV energy through
a physical process [10]. The miscibility of BADA and DGEBA in the IPNs
provided good photo protection of the material. Figure 3-5 shows the difference
spectra of FTIR for the cured DGEBA, BADA, and 50/50 IPN. The difference
spectra Ai-Ay means the spectra obtained by subtracting the absorbance at t (in
days) from that before irradiation. It is obvious from Figure 3-5 that the
decreasing absorbance at 1265 cm™ indicated the bond breaking of the C-O-C
bond in the main chain of cured DGEBA [13]. This type of bond breaking has
been well known in literature [1-9]. Continued decrease of absorbance at 1265
cm’ with time is clear from Figure 3-5. Similar phenomenon, but less decrease
at 1265 cm™ in the 50/50 IPN is observed from Figure 3-6, indicating less chain
scission at C-O-C bond in the IPN. This result strongly supports a significant
photostabilization of DGEBA by BADA.

Figures 3-7 and 3-8 show the % retention of stress and of strain for
DGEBA/BADA IPNs of 100/0, 75/25 , 50/50 and 25/75 after 45 days of
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irradiation. Figure 3-9 shows the corresponding % retention of impact resistance.
All these mechanical property retention strongly support the photostabilization of
the epoxy by forming IPN with BADA.

3.5 CONCLUSIONS

Long term accelerated UV ageing of DGEBA resulted in a main chain
scission at C-O-C bonds as evidenced from the decreased absorbance at 1265
cm” in FTIR spectra. Photostabilization of the epoxy resin by forming IPN with
bisphenol-A diacrylate can be achieved. This protection resulted in mechanical
property retention of the DGEBA/BADA IPN materials.
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IPN, B:DGEBA.
100
B

g 8o r »
e
=] ——
25 6ot -
M A
v 5

40

20 &

I:I Il L 1 i

o 10 20 a0 T

days

Figure 3-8 Plots of % retention of strain at break versus irradiation time. A:
IPN, B:DGEBA.
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Figure 3-9 Plots of % retention of impact resistance versus irradiation time. A:
IPN, B:DGEBA.
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