Bulgarian Chemical Communications, Volume 49, Special Issue L (pp. 174 — 180) 2017

Preparing, properties and application of waterborne polyurethane-acrylate
oligomer as a matrix in UV-cured fiberglasses
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Waterborne polyurethane-acrylate oligomer-(WPUA) was prepared via in-situ and anionic self-emulsifying
method from Hexamethylene diisocyanate (HDI), polyether polyol (Lupranol 1000/1), dimethylolbutanoic acid
(DMBA), and capped with 2-Hydroxyethyl methacrylate (2-HEMA). Then Ultraviolet (UV) curable fibreglass
prepreg was obtained from WPUA oligomer, 2-hydroxyethyl acrylate (2-HEA) as reactive diluent, Irgacure 500
as photoinitiator and glass fabric of different weight (81; 163; 660g/m?). The physical properties of produced
WPUA oligomers, such as IR spectra (by Fourier transform infrared spectroscopy), particle size distribution and
apparent viscosity were investigated. Mechanical properties of UV-cured fibreglass composites, such as tensile
strenght, elongation at break and thermal properties DSC (Differential scanning calorimetry), of UV-cured
composites were determined. The specific UV-WPUA was selected as a material with many applications. The
results indicate that the prepared UV-WPUA is suitable as matrix material for UV-curable fibreglass composites.
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INTRODUCTION

Polyurethanes (PUs) are used in a surprising
array of commercial applications [1]. They are
also unique polymeric materials with a wide
range of physical and chemical properties [2].
Polyurethanes are usually used as adhesives,
coatings, foams, and different kinds of plastics
and elastomers, as well as matrix for polymeric
composites [3]. Recently, waterborne
polyurethane (WPU) has been developed largely
because of its excellent mechanical properties,

fire resistance, low toxicity and lack of
environmental hazards [4]. The waterborne
polyurethanes using ultraviolet (UV)-curing

technology have gained increasing interests due
to their advantages such as low energy
consumption, high chemical stability, cost
efficient and high curing speed [5]. Light-induced
polymerization of multifunctional monomers or
oligomers, also called UV-radiation curing, has
become a well-accepted technology which has
found a large variety of industrial applications
because of its unique advantages [6]. UV-
radiation curing has been successfully used to
produce polymer composites [7]. This is the
process of film transformation from a reactive
liquid (except a powder) into a solid by radiation
in the ultraviolet-energy region rather than by
heat. UV cure coatings involve the
polymerization and crosslinked polymer network
induced by photons and are one of the most

*) To whom all correspondence should be sent:
E-mail: andrey_matev@yahoo.com

174

important classes of coatings [8]. The most
extensively used UV-curable resins are based on
acrylate, which exhibit high reactivity, i.e. short
reaction times in the order of magnitude of
fractions of a second, and offer a large choice of
monomers and telechelic oligomers with
functional end groups. Acrylate-based resin
systems typically consist of three basic
components namely, acrylate functionalised
oligomer, which forms the backbone of the
polymer network, acrylate monomers (small
molecules containing one or more vinyl groups)
and photoinitiator, which generates free radicals
on UV exposure [9]. Furthermore the high
reactivity of acrylates leads to a fast
photopolymerization process and saves time in
industrial processes [10]. Also in the UV-curing
technology of waterborne polyurethanes is
usually used acrylates as a reactive diluents. They
are some of these ingredients which dilute the
oligomer to reduce its viscosity in order to
conveniently coat on a suitable substrate prior to
making the polymer film, and the second
function is the participation of the diluent in the
reactive process of the oligomer with a view of
making a polymer with a desired property for
some specific purpose [11]. In the present study,
WPUA was synthesized with polyether polyol,
2,2- dimethylolbutanoic acid 2-hydroxyethyl
methacrylate and hexamethylene diisocyanate.
WPUA synthesis was carried out in flowing
nitrogen atmosphere. These aqueous
polyurethane dispersions and their dried polymer
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films were characterized and confirmed for the
formation of urethane linkage. Laminated
products are prepared from layers of materials
bonded together forming a unit body. Laminated
plastics are produced in large volumes by the
industry in the form of laminated sheets, tubes,
rods and a multitude of products employing such
materials as paper, asbestos, cloth, wood
cellulose, glass fabric (fiberglass), etc., bonded
together by synthetic resins [12]. In these case
UV-curing waterbased polyurethane is a matrix
for bidirectional fiberglass reinforced composits.

EXPERIMENTAL

The materials, which were used in this
experiment are:

e Polyether polyol (Lupranol 1000/1, Mn =

2000g/mol) was produced by BASF

Polyurethanes GmbH, Lemf6rde, Germany

2,2- dimethylolbutanoic acid (DMBA)

2- Hydroxyethyl methacrylate (2-HEMA)

2-Hydroxyethyl acrylate (2-HEA)

Triethylamine (TEA) were supplied from

Sigma Aldrich Chemie GmbH

e Desmodur N3300 - Aliphatic
polyisocyanate (HDI trimer) was produced
by Bayer MaterialScience AG, Leverkusen,
Germany

e Dibutylbis (lauroyloxy) tin (DBTL) PC
CAT T12 was produced by Performance
Chemicals Handels GmbH Irgacure 500
were supplied from BASF Schweiz AG,
Germany.

Preparation of UV- PUA oligomer

A certain amounts of Lupranol 1000/1
(10.802 g) and HDI (8.325 g) were added into a
four-necked flask equipped with a mechanical
stirrer, thermometer and reflux condenser. Then,
PC CAT T12 was added as catalyst and the
mixture was heated to 45-55°C and keeping the
temperature for 1 h. to prepare the —NCO
terminated prepolymer. Next, the above
prepolymer was reacted with a certain amount of
DMBA (1.221 g) dissolved in small amount of
acetone at 45-55°C for another 2 h, and the —
NCO terminated prepolymer containing carboxyl
group was obtained. 2-HEMA (4.875 g) was
added into the system and reacted at 45-55°C for
3-5 h. When the temperature was cooled down to
40°C, TEA were added into the flask
subsequently and reacted at 40°C for 30 min. The
mixture was then dispersed into deionized water
at 30°C under vigorous stirring for 30 min. The
synthetic route of WPUA oligomer is shown in
Figure 1.

Particle size distribution of the oligomers

For the determination of the particle size
distribution of WPUA oligomers WPUA sample
materials were filled to 5-ml test tubes and
diluted with deionized water. The particle size
was determined by light scattering with the laser
particle size analyzer (Zetasizer Nano S Malvern
Instruments  Limited) according to ISO
13320:20009.

The apparent viscosity of WPUA oligomers

The apparent viscosity of the WPUA
oligomer was measured by a rotational
viscometer (Anton Paar Physica MCR 301)
according to ISO  3219:1993  Plastics-
Polymers/resins in the liquid state or as
emulsions or dispersions. Determination of
viscosity using a rotational viscometer with
defined shear rate; when the shear rate was 2000
s!, the high shear rate warranted highly reliable
measurements at a temperature 25°C.

IR spectra of the matrix

FT-IR spectrum of the matrix was obtained
according to ASTM E1252 - Standard Practice
for General Techniques for Obtaining Infrared
Spectra for Qualitative Analysis between 4000
and 400 cm™ with an FT-IR spectrometer (Varian
620- IR, FT-IR). A minimum of 16 scans was
signal-averaged with a resolution of 2 cm™ in the
4000 — 400 cm ranges.

Preparation of UV- curing fiberglass
composites

WPUA fiberglass composites were prepared
by casting the newly synthesized oligomer and
glass fabric of different weight (81; 163;
660g/m?) onto a teflone plate drying at 65°C for 3
h. Because water was used as diluents in this
system, a flash-off step is needed, to remove the
water by evaporation before UV-curing. During
the water removal from the aqueous dispersion,
physical entanglement occurred because of the
large molecular weight of the prepolymer. Then
was irradiated with the UV light from a lamp
(main wave length: 365 nm, the power of the
lamp: 400 W, Spectral UV-A emission 1200
mW/m? and distance between the thin film
samples and the center of UV lamp of 15 cm).
The Irgacure 500 was activated and radicals for
the polymerization could be produced. The
formed radicals react at the acrylate double bond
of the monomers and oligomers forming
polymers under crosslinking and the WPUA
fiberglass composite is obtained. The waterborne
WPUA matrix was cured through a two-step
process. The photo-dissociation mechanism of
Igracure 500 is shown in Figure 2.
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Figure 1. The synthetic route of the UV-WPUA oligomer.
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Figure 2. Preparation of UV- curing fiberglass composites.

Mechanical properties of UV- curing fiberglass
composites

Tensile strength testing and elongation at
break testing for all of the specimens were
carried out on ,, Zwick Z 020 ” Zwick GmbH &
Co. KG, Ulm, Germany at room temperature at a
speed of 50 mm/ min. All mesurmements had an
average of three runs. The dumbbell- type
specimen was prepared according to EN ISO
527-3:1995.

Fibre and matrix volume of the composites

Fibre volume ratio is easily determined by
simple weighing of a defined area of the
composit of known glassfiber mass. Typically, an
ASTM D3171-15 test method is employed which
requires weightening of the sample and
knowledge of the density of the componenets.
The resin volume is the difference between the
composite and fibre volume and was calculated
according to the following formula:

Viiber = Vcomposite — Vmatrix

Thermal properties of fiberglasses (DSC)

Differential scanning calorimetry (DSC) of
the UV-cured fiberglass composites were
performed on a ,, DSC 204 Phoenix”, NETZSCH,
Germany according to ISO 11357. The
programmed heating range was from -100°C to
300°C at a heating rate of 10 °C/min under a
nitrogen atmosphere. The measurement was
performed at with 6-10 mg samples. DSC curves
were recorded.

RESULTS AND DISCUSSIONS
Particle size of oligomers
The results from particle size determination
are presented at Figure 3 and Figure 4. For
WPUA average size is 145 [d.nm] in comparison
with Bayhydrol 2317 at about 88, 40 [d.nm].
These strong difference between polyols will
affect not only at the physical properties of the

polyols and also of the mechanical properties of
the fiberglass samples.
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Figure 3. Particle Size of Bayhydrol 2317.
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Figure 4. Particle Size of WPUA oligomer.

The apparent viscosity of WPUA oligomers

It can be observed at Figure 5, that there is a
difference in viscosity between WPUA and
Bayhydrol 2317 and WPUA oligomer is
preferable not only as a matrix in fiberglass
composites and also for a spraying method
because of its lower viscosity.
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Figure 5. Viscosity of WPUA oligomer.

IR spectra of the matrix

The FTIR analysis at Figure 6 was used
mainly to check the completeness of the
polymerization reaction, in terms of the
disappearance of the NCO band at 2255 cm™ and
the appearance of the N-H band at 3362 cm™.
The result indicated that the NCO had reacted
with OH into NHCOO and the NCO groups had
been completely bonded. Besides the presence of
a band at 1682 cm™ is characteristic for the
urethane group C=0 and the band at 1531 cm™
belongs to C-NH group from the urethane. The
strong bands at 2970, 2863, 1462 and 1373 cm*
are C-H asymmetric and symmetric vibration, as
well as asymmetric and symmetric stretching
CHs.

The FTIR spectrum of the matrix: There is a wide
peak at 3375 cm? , which belongs to the OH
groups from 2-HEMA (used by oligomer
synthesis).The peak at 1715 cm? peak is
characteristic for the carbonyl group (C=0), and
2-HEA. The peak at 1094 cm™ belongs to the (C-
O) bond. The intensity decrease of the peak at
922 cm™ is a polymerization result, whereas the
double bond (CH.=CH) in the acrylate moiety
breaks.

Thermal properties of fiberglasses (DSC)

The DSC curves of the WPUA fiberglass
composites are shown in Figure 10. From which,
it can be seen that the samples (1-3) have one
glass transition temperature, around 21, 24, 30°C
and exothermal peaks at about 160°C which is a
symbol of reactivity after the UV-curing,
expecting affects to the mechanical properties of
the samples. The concluions from the
abovementioned results are, that it is
recommended not only UV light and also
temperature treating for the fully completion of
the curing.

Fibre volume of the composites
It can be observed from Table 1, that the
fiber volume fractions of the samples ranged
from 50,61% to 69,52% .
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Figure 6. IR spectra of the matrix.
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Table 1. Composite fibre and matrix volume

Sample Matrix Fiber grammage Vabric V matrix
1 WPUA 81 g/m? 61,84% 38,15%
2 WPUA 163 g/m? 50,61% 49,38%
3 WPUA 660 g/m? 69,52% 30,47%

Mechanical properties of UV- curing fiberglass
composites

It can be observed in general from Figure 7- 9,

that optimal elongation at break properties was

observed in sample 1 glassfiber reinforced

composites with glass fabric weigth- 660 g/m?,
optimal tensile strenght and minimal Young’s
modulus by sample 2 glassfiber reinforced
composites with glass fabric weigth- 163 g/m2.
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Figure 7. Tensile strength of fiberglass composites.
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SUMMARY

The samples were prepared using UV-PUA
oligomer, the Irgacure 500 and the monomer 2-
HEA. The quantity of 2-HEA, the content of the
Irgacur 500, the drying time of the samples, the
temperature and the curing time have important
effects on the properties of the UV-cured
fiberglasses. The experimental results indicated that
the optimum irradiation time was 30- 50s after the
UV-PUA  being applied on a poly
(tetrafluoroethylene) -“TEFLON” plate at room
temperature, and catalyst (photoinitiator) dosage
was 4% (wt%) of the total amount. Almost all the

Figure 8. Elongation to break of fiberglass composites.
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Figure 10. DSC curves of the composites

UV-cured fiberglasses have a residue bonds and
that will be a topic for additional investigations.
The UV-curing PUA dispersions are especially
advantageous in high production open molding,
pultrusion and filament winding processes for many
different products and their quick fix, such as boats,
skylight panels, shower and tub enclosures, RV and
truck panels, poles, tanks, pipes. Manufacturers of
these and other products should evaluate photo-
curing as a way to increase production and lower
styrene emissions.
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M3rOTBSHE, CBOMCTBA U ITPUJIOXKEHUE HA BOJIOJVUICIIEPT UPAH ITOJINYPETAH-
AKPUJIATEH OJIMTTOMEP KATO MATPHUIIA 3A YB-BTBBPJAABAIIU CE
CTBKJIOITIACTH

A. Mares®”, I1. Benes?, C. Mcmamn®, M. Xepuor?

Xumuxomexnonozuuen u memanypauuen ynueepcumem (XTMY), Codpusa 1000, Bvreapus
2Texnuuecko Bucuie Yuunuwe-Bunoay TX- Bunoay, Bunoay 15745, lepmanus

Ilocrprmna Ha 18 okToMBpH, 2016 r.; npuera Ha 12 despyapu, 2017 .

(Pesrome)

W3roTBeH € BOZOIUCHIEPripaH MOJINypeTaH- akpuiateH onuromep -(BITY A) upes aniioHeH camoeMysIcU(H-Lpay
MeToJ oT XekcamerwieH nuusonuanat (XJN), nomuerep mommon (JIymparon 1000/1), mumernnonOyTaHOBa KHCEIHHA
(JIMBK), u ce BbBEXIAaT aKpUIIATHU KpaHu rpymnu ¢ 2-xuapokcueti metakpuiar (2-XEMA). Crien koeto e mnoiyueH
CTBKJIOIUIACT BTBBPJsBAIL ce cien oOmbpuBaHe ¢ ynrpaBuoseroBa (YB) cBermna ot BIIYA omuromep, peakTuBeH
pastBoputen 2-xuapokcuerwn akpunat (2-XEA), doroununmatop Uprakiop 500 u CTHKICHH IIIATOBE C Pa3IHYHO
terno (81, 163, 660r/m?. Uscnemsanm ca ¢u3ndHNUTE CBOiicTBa Ha mpom3BeaeHuTe BIIYA ommromepu upe3
WudpauepBena crieKTpoCKONHs, ONpPEEIeH € pa3MephT Ha YaCTHIUTE U BUCKO3UTETHT. ONpesiesieHn ca MEXaHUIHUTE
cBOiCTBa Ha YB-BTBBbpASBAaIIUTE CTHKIOYCHJICHH KOMIIO3UTH- SIKOCT Ha ONBH, YIB/DKEHWE IPH CKbCBaHE, W
tepmuuHuTe cBoiicTBa upe3 JCK (mudepenumanHo ckanupama kanopumetpusi). Crnermbuyanure YB-BIIYA ca
MaTepualii ¢ MHpoKa obyacT Ha mnpwilokeHue. [losmydenure pesynratu ompenenst u3rotBeHusT YB-BIIYA kato

MOAXOJ41I 3a MaTprlla Ha VB- BTBBPAABAIINA CC KOMIIO3UTH.
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