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Abstract: A series of acrylate functionalized samples based on hyperbranched hydroxy-termi-
nated polyesters with different molecular weights and different degrees of acrylation were syn-
thesized. The obtained urethane acrylates were slightly yellow viscose liquids. Their composi-
tion was characterized by FTIR and "H-NMR spectroscopy and their molecular weights were
measured by GPC. All the synthesized samples were diluted with 25 wt.% 1,4-butanediol
dimethacrylate (BDDM). The rheological properties of the uncured samples and the dynamic
mechanical properties of the UV cured samples were examined. All the samples exhibit New-
tonian behavior, which indicates the absence of physical entanglements in these polymers. The
viscosity increases with increasing number of acrylic groups per molecule. The glass transition
temperature of the UV cured samples increases with increasing the number of acrylic groups
per molecule. The value of the storage modulus in the rubber-elastic plateau and the cross-link
density increase with increasing number of acrylic groups per molecule. The formed networks
are inhomogeneous and the residual unsaturation is the highest in the samples with the largest
number of acrylic groups per molecule.

Keywords: urethane acrylate, hyperbranched hydroxy-terminated polyester, FTIR, 'TH-NMR,
GPC, rheology, UV curing, dynamic mechanical properties.

INTRODUCTION

Polymers have traditionally been classified according to their chain architecture
into three categories: linear, cross-linked and branched molecules. Recent develop-
ments in the synthesis of highly branched systems have led to the inclusion into the
general classification scheme of a new class of polymers that mimic the dendritic
branching of trees, appropriately called dendritic macromolecules.! The family of
dendritic macromolecules is further divided into two subgroups: dendrimers and
hyperbranched polymers (HBP).2:3 Dendrimers are well-defined, fully branched,
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monodisperse polymers. Their molecules have a three-dimensional, globular shape,
built up of AB,-functional monomers attached to a By-functional core (Fig. 1a). Each
repeating unit layer is referred to as a generation.

Dendrimers are ideal in the sense that all repeating units in the inner layers are
fully reacted, i.e. the degree of branching is equal to unity. The degree of branching
(DB) is defined according to Hawker et al.# as:

2t (1)

DB= term __dendritic

2P

term  dendritic linear
where 'term’, 'dendritic' and 'linear’ refer to terminal groups, dendritic groups and linear groups,
respectively. A hyperbranched macromolecule resembles a dendrimer except that the same
AB, monomers are linearly incorporated, leaving B groups unreacted in the interior layers (Fig.
1b). Dendrimers are produced via successive protection/deprotection procedures which are of-
ten difficult, and expensive. Hyperbranched polymers, on the other hand, can be synthesized by
"one-pot" reactions of AB,-type monomers, making them more interesting for commercial ap-
plications.

Hyperbranched polymers are polydisperse and not fully branched, but they may be a
suitable alternative because the synthesis is less complex and less time-consuming and the
properties of hyperbranched polymers are believed to be similar to those of dendrimers.5

Dendritic macromolecules exhibit properties different from those of their linear
counterparts, e.g., the melt viscosity for a hyperbranched molecule is considerably
lower than that of a corresponding linear polymer of the same molar mass. It has been
shown that dendritic polymers exhibit Newtonian behaviour,®7 which suggests that no
entanglements are formed. These results also indicate that the melt behaviour is mainly
determined by surface interactions. The thermal behaviour of hyperbranched poly-
mers is less well understood. Kim and Webster? proposed that the glass transition of
dendritic polymers has its origin in translation motion and should be more sensitive to
the nature of the terminal units and less to molar mass.

Dendritic polymers contain a large number of terminal groups. Their properties
are to a large extent dependent on the polarity and the structure of the terminal groups.
The physical and/or chemical properties of dendritic polymers can be modified by
chemical modification of the terminal groups.8-11

Dendritic polymers were considered as suitable for any application where a low
viscosity and a large number of functional groups are advantageous. Dendrimers are
used as carriers for metal ions, 13 as drug carrier molecules or in gene delivery in medi-
cine, as standards or models for biomolecules or as catalytically active molecules, as
thin films with electrical or sensoric properties.!415

Hyperbranched polymers draw much attention as melt modifiers, additives,? or
blend components!6-19 and coating components.20-22

Acrylate functional hyperbranched polyester resins as radiation curable coatings
and powder coatings have been investigated by Hult et al..23-25 The properties of un-
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Fig. 1. The structures of dendrimer (a) and hyperbranched molecule (b).12

cured and cured resin depend on the type of the end groups and on the degree of
acrylation. Variations of the end groups and functionality can be used to tailor a resin
for a certain application.

Culbertson et al. showed that hyperbranched multi-methacrylate-modified dental
resins have acceptable biocompatibility, lower polymerisation shrinkage and im-
proved mechanical properties compared to the commercially used dental resins.26:27

One of the most used type of resin in radiation curable coatings are urethane
acrylates. Today, the commercially used urethane acrylate resins have linear or slightly
branched molecules. Until now, no urethane acrylate resins with a hyperbranched core
have been reported. This paper describes the synthesis of urethane acrylates based on
hyperbranched hydroxy-terminated polyesters. Two groups of urethane acrylates
based on different generation hyperbranched hydroxy-terminated polyesters and with
different degrees of acrylation were synthesized. The chemical and rheological proper-
ties of the uncured and the mechanical properties of the UV cured urethane acrylates
are described. UV cured urethane acrylates were investigated using a torsional dy-
namic mechanical analyser. All samples of urethane acrylates were diluted with 25
wt.% 1,4-butanediol dimethacrylate (BDDM).

EXPERIMENTAL

Reagents

Di-trimethylolpropane and 2,2-bis(hydroxymethyl)propionic acid (bis-MPA) were obtained from
Perstorp AB. Isononanoic acid (3,5,5-trimethylhexanoic acid), from Hoechst, 4-tert-butylbenzoic acid,
from Aldrich, isophoronediisocyanate (IPDI), from Degussa, 2-hydroxyethyl acrylate (HEA), from
Aldrich, 1,4-butanediol dimethacrylate (BDDM), from Bisomer, Irgacure 184 from Ciba-Geigy,
dibutyltindilaurate (DBTDL), from Fluka, Desmorapid PP, from Bayer, were used as received without
further purification. Chloroform and n-pentane were obtained from Merck and used as received.

Synthesis

Synthesis of hyperbranched hydroxy-terminated polyesters. Hyperbranched hydroxy-terminated
polyesters (HBP) of the second and the third generation, based on 2,2-bis(hydroxymethyl)propionic acid
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as the AB, monomer and di-trimethylolpropane as the core, were synthesized. Details of the synthesis of
the HBP are given elsewhere.

I3C-NMR (CDCl3): 6 (ppm) 174 (-COO-, bis-MPA), 64.9 (-CH,~OCO-, bis-MPA), 46.5, 48.5,
50.5 ({(CH,),—C—COO, bis-MPA), 17.6 (-CHj3, bis-MPA).

"TH-NMR (CDCls): 8 (ppm) 4.0 — 4.4 (-CH,~OCO-, bis-MPA), 3.6-3.8 (-CH,—OH, bis-MPA),
1.0-1.3 (—<CHj3, bis-MPA).

Modification of HBP with isononanoic and p-tert-butylbenzoic acid. The modification of 75 % OH
groups of HBP was achieved via esterification with isononanoic (IA) and 4-tert-butylbenzoic acid
(pBBA). The synthesis of HBP4 is described as an example. HBP2 (79.27 g, 0.0226 mol) was placed in
a four-necked flask, equipped with a mechanical stirrer, a Dean-Stark apparatus, a thermometer and a ni-
trogen inlet, and melted at 140 °C. Then isononic acid (66.45 g, 0.420 mol) and p-tert-butylbenzoic acid
(24.20 g, 0.136 mol) were added and the mixture was heated to 170 °C. Xylol (6 ml) was added and the
reaction mixture was kept at 200-220 °C for 13 h, after which time, vacuum was applied for 1 h before
the reaction mixture was removed from the flask.

I3C.NMR (CDCls): 6 (ppm) 172.5 (-CO-, bis-MPA), 171.8 ((CH3);CCH,CH(CH;3)CH,~CO-),
166.0 (—CO—, pt-BBA), 157.0, 129.5, 127.1, 125.4 (Cy,, pt-BBA), 64.9 (—CH,—, bis-MPA), 50.5
((CH3);CCH,CH(CH3)CH,—CO-), 48.8, 46.5 (((CH,),—C—COO, bis-MPA), 43.5 ((CH3);CCH,CH
(CH3)CH,—CO-), 35.0 ((CH3)3—C—Ar, pt-BBA), 31.0 ((CH3);—C—Ar, pt-BBA), 29.8 ((CH3);CCH,CH
(CH3)CH,—CO-), 26.0 ((CH3);CCH,CH(CH3)CH,—CO-), 22.5 ((CH3);CCH,CH(CH3)CH,—CO-), 17.6
(CH3—, bis-MPA).

THANMR (CDCls): 6 (ppm) 7.9, 7.45 (H-Ar, ptBBA), 4.0-4.45 (-CH,~OCO-, bis-MPA), 3.6-3.7
(-CH,—OH, bis-MPA), 2.2-2.3 ((CH3);CCH,CH(CH3)CH,-CO-), 2.15 ((CH3);CCH,CH(CH3) CH,—CO-).

Synthesis of hyperbranched urethane acrylates. All samples of hyperbranched urethane acrylates
(HBUA), with a different number of acrylate groups as terminal units, were synthesized according to the same
general procedure as described for HBUA3-4 below. The urethane acrylates were synthesized in two steps:
firstly synthesis of the adduct with NCO and acrylic groups from IPDI and HEA and secondly modifcation of
the 75 % modified hyperbranched polyesters (previously described) with the synthesized adduct.

Synthesis of NCO-bearing adduct. IPDI (59.14 g, 0.266 mol), hydroquinone (0.119 g) and DBTDL
(0.236 g) were added to a three-necked flask equipped with a magnetic stirrer, a dropping funnel with a
water condenser capped with a drying tube, a thermometer and a nitrogen inlet tube. The flask was
placed in an oil bath previously heated to 50 °C. HEA (30.86 g, 0.266 mol) was added dropwise over 2 h
to the stirred reaction mixture. Stirring was continued until the absorption peak of the OH group in the in-
frared spectra had disappeared. The reaction mixture was not purified. All the reaction mixtures, slightly
yellow viscous liquid, were used as an adduct. FTIR (cm™!): 2267 (NCO), 1734 (ester carbonyl), 3360
(NH), 1638 and 812 (acrylate unsaturation).

Modification of the hyperbranched hydroxy-terminated polymers with the synthesized adduct.
Modification of hyperbranched hydroxy-terminated polymers with the synthesized adduct is exempli-
fied by the synthesis of HBUA3-4, HBP4 (25.14 g, 0.0253 mol OH), DBTDL (0.06 g), hydroquinone
(0.02 g), Desmorapid PP (0.07 g) and BDDM (3.22 g) were added to a four-necked flask equipped with a
mechanical stirrer, a dropping funnel with a water condenser capped with a drying tube, a thermometer
and a nitrogen inlet tube. The flask was placed in an oil bath previously heated to 80 °C. The adduct (3.66
g) was mixed with BDDM (2.45 g) and the mixture was added dropwise to the flask under stirring. The
reaction was followed by IR spectroscopy. After nine hours, the absorption peak of the NCO groups at
2267 cm! had disappeared and the reaction was stopped. The reaction mixture was not purified. BDDM
(4.03 g) was added to the mixture, up to 25 wt.% of the reaction mixture.

FTIR (cm): 1638 and 812 (acrylate unsaturation), 1734 (ester carbonyl), 3360 (NH). 'H-NMR
(CDCl3): 0 (ppm) = 6.35 — 6.45 (d, 1H, cis, -CH=CH,), 6.03—6.18 (m, 1H, -CH=CH,), 5.78-5.85 (d,
1H, trans, -CH=CH,). GPC: M,, = 3733 g mol!, M, = 9794 g mol"!, M,,/M, = 2.62.

Sample preparation

As the syntheses were performed in BDDM, the pure HBUA were isolated by precipitation in
n-pentane. These precipitated samples were used for FT-IR and NMR measurements.
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Photocrosslinkable systems were obtained by mixing urethane acrylate, 4 wt.% Irgacure 184
(photoinitiator) and 25 wt.% BDDM as reactive diluents.

A portable 2 curing system (UVPS, Inc) with a medium pressure mercury lamp (80 W/cm) was
used as the ultraviolet irradiation source.

The samples for dynamic mechanical measurements (63x12x1 mm) were cured in sandwiches be-
tween two thin polyester foils. The samples were irradiated from both sides at a distance of 10 cm from
the lamp for 20 min.

Characterization

FTIR and NMR characteristics. The composition of synthesized samples were determined by
'H-NMR and '3C-NMR (Varian-Gemini 200 MHz) using solution in CDCl; with tetramethylsilane
(TMS) as the internal standard. The characteristic absorption peaks of the functional groups were de-
tected during the synthesis reactions using a Bomem MB-102 Fourier transform infrared (FT-IR) spec-
trometer.

GPC Measurement of molecular weight. The molecular weight and molecular weight distributions
of the urethane acrylates were measured using a Varian 9010 GPC equipped with a refractive index de-
tector and five TSK-GEL H columns (from Tosoh Corporation). Tetrahydrofuran, 1.0 ml min™! was used
as the mobile phase. Calibration was carried out using linear polystyrene samples of known molecular
weight and dispersity.

Dynamic mechanical measurements. The complex dynamic viscosity (*) of the urethane acrylate
with 25 wt.% BDDM were recorded using a Rheometrics mechanical spectrometer RMS-605 operating
in the rate sweep mode, using a cone and plate geometry at 25 °C. The frequency range was 0.1-100 rad
s71, and the strain was fixed at 30 %.

The dynamical torsion tests of the UV cured samples (63x12x1 mm) were performed using the
same instrument, a Rheometrics RMS-605, in the temperature sweep mode. The examinations were car-
ried out between 20° and 220 °C at 6.28 rad s! at a fixed strain of 0.25 %.

RESULTS AND DISCUSSION

Synthesis and chemical characterization

The properties of the synthesized hyperbranched hydroxy-terminated polyesters
of the second and the third generation are shown in Table I. The content of each build-
ing unit was determined using 13C-NMR spectroscopy.* The degree of branching
(DB) was calculated from Eq. (1) and determined to be 0.44 for both samples. The DB
seems to be independent of the stoichiometric ratio between the core molecule and the
repeating unit.

TABLE L. The properties of the used hyperbranched polyesters

OH value

HBP Generation Olzfl{ill;):)erc)ule (Theor.) OPrlnva}él(e)gE/Xp,) A/itr]:gi' DB (NMR)
) mg KOH/g & £ &

HBP1 2 16 66.3 61.8 1642 0.44

HBP2 3 32 64.3 56.4 3498 0.44

The samples HBP1 and HBP2 were modified with isononanoic and
p-tert-butylbenzoic acid. The composition of the obtained modified HBP (HBP3 and
HBP4) was determined using 'H-NMR spectroscopy. The results are shown in Table II.
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TABLE II. The composition of the partially modified HBP

HBP Generation Mipeor. g/mol OH/molecule IA/molecule  pt-BBA/molecule
HBP3 2 3382 4 9 3
HBP4 3 6980 8 18 6

The urethane acrylates were synthesized from the adduct and partially modified
hyperbranched hydroxy-terminated polyesters. The reaction route for the preparation
of the adduct from HEA and IPDI is shown schematically in Fig. 2. The urethane link-
ages were obtained from the reaction of the OH groups from HEA with the NCO
groups from IPDI. In the FTIR spectra, the absorption peak of OH groups disappeared
and a new absorption peak of the NH groups appeared, which confirmed the structure
of the adduct.

H;C. _cH, —NCO

CH, + HO—CHZ-Cl-Iz-O*(lZI"-CH:CHz
NCO 0
CH,

40°C |DBTDL

H3C, _CH,—NCO

CH,

o
N—C—0-CH,CH,-0—C—CH=CH-
CH; I}

Fig. 2. Schematic representation of the synthesis of the adduct.

An idealized reaction scheme for the synthesis of the urethane acrylates from the
adduct and the partially modified hyperbranched hydroxy-terminated polyesters is
presented in Fig. 3. The synthesis of HBUA was performed in BDDM which served as
a reactive diluent in the photo crosslinkable composition. By using BDDM as a sol-
vent, the viscosity of the reaction mixture was reduced and the product was ready for
use without any additional treatment. Both the FTIR and NMR spectra (Fig. 4) con-
firmed the structures of synthesized urethane acrylates. An attempt was made to obtain
a pure sample by multiple precipitations in n-pentane. However, some amount of
BDDM remained, which can be seen in the lH-NMR spectrum. The peaks of metha-
crylic group are at 6.1 and 5.48 (CHj) and 1.9 (CH3). The results of the characteriza-
tion of HBUA are given in Table III. The number of acrylic groups per molecule of
urethane acrylates was calculated from the lH-NMR spectra as follows:
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I
N arom/molHBP = (7.38-7.95) 2
;5
N _ 4XN o/ moinsp X (1(5.70—6.48) =1 .) 3)
C=C/molHBP — 3%/

(7.38-7.95)

where: /(738 795) — integration of the protons from the aromatic ring; integration of
—CHy—O—CHy—protons(from di-trimethylolpropane in HBP core), /543 — integration of
the proton from the methacrylic group; /(570-6.48) — integration of the protons from the
acrylic and methacrylic groups

The number of aromatic rings attached to the hyperbranched core for each generation
was estimated using Eq. (2). Then, by comparing the intensities of the acrylic protons to
the aromatic ones, the number of C=C groups per HB core molecule was estimated.

j\)\><
HO, HiC, _CH—NCO
HO
N—C—~0—CH,~CH, O—C—CH=CH,

Cl, i

OH
HO o
0
QO 75°C l DBTDL
W
HO
H;C, CH,
H
HO . ‘
Oy E E 0O—CH,-CH -o—c—}'clh—-]ga
° CHy TR T
HO ¢

Fig. 3. Schematic representation of the synthesis of HBUA.

Comparing the NMR spectra of the urethane acrylates with the NMR spectra of
the corresponding unmodified hyperbranched hydroxy-terminated polymer, the num-
ber of acrylic groups per molecule of urethane acrylates was found to be less than theo-
retical, Table III. The reason for this behaviour is probably the reduced reactivity of the
OH groups due to steric hindrance. Before the calculations, the residual amounts of
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BDDM were subtracted. The number of acrylic groups per molecule of urethane
acrylates was also calculated from the hydroxyl value. The obtained values were dif-
ferent from the values obtained by 'H-NMR spectroscopy.

B TP AVIOW Vi

1 0 ppm

Jup=—mIey

Fig. 4. 'TH-NMR of HBUA3-4 in CDCl,.

The molar masses of the dendritic polymers determined by GPC were below the esti-
mated values, due to their highly branched nature.24 The molecular weight and molecular
weight distribution of the samples in this study were analysed by GPC, Table II. The GPC
instrument was calibrated with linear polystyrene samples which have a different correla-
tion between hydrodynamic volume and elution time than the analysed hyperbranched
polymers. The GPC values of hyperbranched polymers generally give lower molecular
weights than they should be, but the GPC values give reasonably accurate information
about the polydispersity of the polymers. The GPC values show that the molecular weight
differences between the theoretical calculation and GPC measurement increase and the
polydispersity index becomes larger with increasing molecular weight. There are two main
reasons for the increase of the molecular weight difference between the theoretical value
and the GPC value. The first reason is cyclization during the preparation of hyperbrancehd
hydroxy-terminated polyesters, which decreases the molecular weight, especially for the
higher generation.26 The second reason is that the hydrodynamic volume of HBP does not
increase linearly with increasing molecular weight. The increase of polydispersity index is
probably due to the presence of small quantities of unreacted IPDI that can lead to chain
extension. The FT-IR spectra of all the synthesized urethane acrylates had peaks at 1638
and 810 cm !, both corresponding to acrylates.

Rheology of uncured samples

The dependence of the complex dynamic viscosity on frequency is shown in
Fig. 5. For all samples, the viscosity was found to be independent of frequency, which
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TABLE III. The properties of the synthesized urethane acrylates

Sample HBUA2-2 HBUA2-3 HBUA2-4 HBUA3-4 HBUA3.6 HBUA3-8
Generation 2 2 2 3 3 3
C=C/molecule (theor.) 2 3 4 4 6 8
C=C/molecule
(lH—NMR) 2.38 3.03 3.28 2.80 344 5.50
C=C/molecule
(OH value) 1.4 32 2.6 451 - 4.87
Mipeor g/mol 4058 4396 4734 8332 9008 9684
M, g/mol (GPC) 2784 2984 2755 3733 3736 3414
My, g/mol (GPC) 4530 4674 5344 9794 10773 11880
M, /M, (GPC) 1.63 1.57 1.94 2.62 2.88 348
n/Pas (75 wt.% in
BDDM) 13.9 19.2 327 35.6 63.1 70.6
o _,,::::Af—::::A-—A—A‘_‘ —a— HBUA3-8
—&— HBUA3-6
—e— HBUA34 {4
—— HBUA24
1.. —&— HBUAZ-3 |
ST e e | o HBUR22
m o : b
@
o
=
~ —A—— A A e pe A A
10—+ T LI
1 10 100
o, rad/s

Fig. 5. Complex dynamic viscosity vs. frequency at 25 °C of the urethane acrylates with 25 wt.% BDDM.

is characteristic of a Newtonian fluid. It has been proposed that the lack of entangle-
ments in dendritic materials is the cause of their Newtonian features, which have often
been reported in the literature to date.28 The samples of urethane acrylates of the third
generation have a larger viscosity than the urethane acrylates of the second generation,
probably due to their higher molar mass. Comparing the samples based on the same
generation it can be seen that the viscosity increases with the degree of acrylation i.e.,
with the urethane bond concentration. The most likely cause for this behavior is the de-
gree of polar interaction between the urethane linkages and/or OH groups.

Mechanical properties of UV cured samples

All the urethane acrylate samples were UV cured to yield solid products. The cur-
ing was performed in sandwiches between two polyester foils which were used in or-
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der to provide samples having a proper form and to avoid oxygen inhibition of the cur-
ing reaction.

TABLE IV. The properties of the UV cured samples of urethane acrylates determined by DMA analysis

Sample HBUA2-2 HBUA2-3 HBUA2-4 HBUA3-4 HBUA3-6 HBUA3-8
G’J/MPa 10.04 14.60 33.85 13.63 16.33 39.75
Ty/°C 53 62 74 45 56 71

Residual unsaturation/% 18.0 16.4 23.7 11.8 16.3 19.0
1 T T T v T T T
- A
] &, ‘A\‘
S —O— HBUAZ-2
1 ié. \A\;‘A\ —— HBUA2-3
e N A
\ L!I}‘ A;,_,‘,A —4A— HBUAZ2-4
\@ L -—8— HBUA3-4 _
W —=— HBUA3-6
\ ; ﬂz‘ —a&— HBUA3-8
o 167 H - ad t
o ] A ]
CO taa, "
| " A, Fey
.o_u.h:!‘!i %‘mmmzma
i Ty, "
by ' Timm,
e, R
‘—‘Q. . uEHl Spmmgg®
R eag, - UNMT
80 5Te) G@E.. ae ;&
107_ ~ Oﬁ(.t‘)(“b ]
T T v T T T T T
Q0 50 100 150 200

temperature, °C
Fig. 6. Storage modulus vs. temperature for UV cured samples of urethane acrylates.

Dynamic mechanical measurements were used to determine the change in the me-
chanical properties of the UV cured samples of urethane acrylates with temperature. The
temperature dependence of the storage modulus (G’) is shown in Fig. 6. For all samples, a
rubber-elastic plateau was observed above 120 °C. Three pairs of curves were obtained,
which indicated that Gis independent of the generation of the HBP core. G ’is only de-
pendent on the degree of acrylation. G ’increases with increasing number of acrylic groups
per molecule, which corresponds to an increase in the cross-link density.

The value of glass transition temperature (7), obtained as the maximum value of
the tan(0) peak, increases from 45 °C for HBUA3-4 to 74 °C for HBUA2-4 (Fig. 7 and
Table IV). This indicates that a higher crosslink density is obtained by increasing the
functionality. The T increases with increasing number of acrylic groups per molecule
of urethane acrylates of the same generation while it does not depend on the HBP core
generation. The network homogeneity of the UV cured samples are expressed by the
width of the tan(d) peaks. Broad tan(0) peaks were obtained for all samples, indicating
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Fig. 7. Tan(d) vs. temperature for UV cured samples of urethane acrylates.

that the formed networks are inhomogeneous.2>

The residual unsaturation was determined by FTIR spectroscopy. The FTIR spec-
tra of the cured samples compared with the spectra of the uncured ones show that the
residual unsaturation is the highest for the samples with the largest number of acrylic
groups per molecule for both generations.

CONCLUSIONS

A series of urethane acrylates based on second and third generation hyper-
branched hydroxy-terminated polyesters with different degrees of acrylation were
synthesized and characterized. All the synthesized urethane acrylates showed charac-
teristics of a Newtonian fluid. The viscosity of these samples increases with increasing
molecular weights and degree of acrylation. All samples were UV cured. The mechan-
ical properties of the UV cured samples were less dependent on the molecular weight
than on the degree of acrylation. The glass transition temperature of the UV cured sam-
ples increases with increasing degree of acrylation. G’ and the cross-link density in-
crease with increasing degree of acrylation. The formed networks of all samples were
inhomogeneous. The residual unsaturation increased with increasing degree of acryla-
tion.

Acknowledgment: We would like to thank Vesna Aleksandrovi¢, M. Sc., for help with the DMA mea-
surements.
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N3BOJO

JMHAMNYKO-MEXAHNYKA AHAJIM3A POTOYMPEXEHUNX
XUTTEPPASI'PAHATUX YPETAH-AKPUJIATA

EHNC SYHY30BURI1, CPEA TACTR2, BPAHUCIIAB BOXWR2, IPATAH BABWh1 n BPAHKO OYBITHR2

1 Hnciuuitiyia 3a nykaeapre nayke "Bunua ", Jlabopaitiopuja 3a paoujayuony xemujy u gusuxy "Fama ", ii. ap. 522, 11001
Beozpao u 2[lyzaHosa, Buaune 600e 6, 11000 Beozpao

CuHTeTHCcaHa je cepyja aKpUJIOBaHKUX y30paka Oa3upaHa Ha XUIeppasrpaHaTUM XUAPOKCUTED-
MHHUPAHAM TIOMECTpUMA Ca Pa3INIUTHM MOJIAPHAM MacaMa M Pa3iIMuiTHM CTETIEHOM aKpHIIO-
Bama. [loOMjeHn ypeTaH-aKpuIaTh cy Ol cabo KyTe BUCKO3He TeuHOCTH. EbuxoB cacras ofipe-
ber je FTIR n 'H-NMR asammsowm, a MomapHa Maca MepeHa je Metogom GPC. CBY cHHTeTHCAH:
y3opuu pasbnaxkenu cy ca 25 mac.% 14-0yranmnomaumerakpunata (BDDM). VcnutuBana cy
PEOIONIKa CBOjCTBA HEYMPEXKEHUX Y30paKa M ANHAMIIKO-MEXaHIIKa CBOjCTBA y30paka yMpesxKe-
HEX JiejcTBOM YB 3pauersa. CBH y30pIM Cy MOKa3alli HBYTHOBCKO MOHAIIAE, IITO YKa3yje Ha
OJICYCTBO (PH3HUKOTr yMpexkera (IpemieTaja) y OBUM MOMMMEpHMa. BUCKO3HOCT HEyMpEeKeHHX
y30paka pacre ca nosehameM Opoja aKpWIHHX Tpyla II0 MOJIEKyny. Temreparypa cTakiaacTor
npesasa y3opaka ympexkeHux fejcrBoM UV 3pademsa pacte ca nosehameM Opoja akpUIHKUX Ipyma
10 MOJIeKyJTy. BpemHocTn Mopyia caduyBaHe eHepruje y IUIaToy TYMOJMKOENACTHYHOT CTamba 1
TYCTHHA YMPEKEHOCTH pacTy ca noBeharmem Opoja akpuIHKX Ipyma 1mo MoJeKkyty. Hacrana nomu-
MepHa MpeKa je HEeXOMOTeHa ¥ 3a0cTano Hezacuheme je Hajpehe 3a y3opke ca Hajsehum Gpojem
AKPUWIHKX IPyIa 10 MOJIEKYJTY.

(ITpumsbero 17. okro6pa 2002, pesuupano 17. genem6pa 2003)
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