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Abstract A series of two-component UV-curable
waterborne  CO,-based polyurethane dispersions
(UV-PUDs) with excellent flexibility and mechanical
strength were synthesized from poly(propylene car-
bonate) diol (PPCD), isophorone diisocyanate (IPDI),
2,2-bis(hydroxymethyl) propionic acid (DMPA), 2-
hydroxyethyl acrylate (HEA), pentaerythritol triacry-
late (PETA) and 1,4-butanediol (BDO). One compo-
nent was UV-curable waterborne polyurethane
terminated by HEA and PETA (molar ratio 1:1), and
the other component was linear waterborne polyur-
ethane. The content of the UV-curable component in
UV-PUD was 15%, 30%, 45%, 60%, and 100%
(weight content). The obtained cured films exhibited
superior flexibility without loss of tensile strength,
accompanied by excellent acid and alkali resistance. In
particular, the dried UV-PUD films without curing
showed good mechanical properties.

Keywords UV-curable waterborne polyurethane,
Two-component, Poly(propylene carbonate) diol,
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Introduction

UV-curable waterborne polyurethane dispersion (UV-
PUD) has the characteristics of fast curing speed, low
volatile organic compounds (VOCs), low viscosity,
non-toxic, non-flammable and low cost. UV-PUD is
widely used in wood and automotive paint, textiles,
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leather, ink and other fields.' In the past decades,
UV-PUD has been extensively researched.”® How-
ever, the existing literature showed that the flexibility
and mechanical strength of the cured film were difficult
to coexist. The common synthesis method of UV-PUD
was to terminate the NCO-end prepolymer with
hydroxyethyl acrylate (HEA), hydroxyethyl methacry-
late (HEMA), pentaerythritol diacrylate (PEDA),
pentaerythritol triacrylate (PETA) and the mixture of
acrylic hydroxyl esters.”® The low density of double
bonds could bring about excellent toughness, but
inferior mechanical strength and chemical resistance
of the cured film. Although the mechanical strength
could be improved by increasing the content of the
double bond, the toughness and adhesion of the cured
film extremely decreased. The UV-PUD film synthe-
sized by the common method tended to stick to each
other after the evaporation of water. Moreover, the
surface properties and mechanical strength of the film
was particularly poor in the areas where the ultraviolet
light was not available. Therefore, the UV-PUD
prepared by the common method is not suitable for
the coating of the special-shape parts and applications
demanding toughness. In order to solve this problem,
Wu et al.'* proposed that the partial polyurethane
prepolymer was terminated by acrylic hydroxyl ester,
followed by the reaction of the un-terminated poly-
urethane prepolymer with the diamine for the chain
extension after the neutralization and emulsification
process. Some researchers prepared UV-PUD with
double bond on the side chain through the reaction
between the carboxyl unit of DMPA and the epoxy
group of glycidyl methacrylate (GMA). However, the
unreactive GMA could react with diamine which was
used as the chain extender, which ultimately, could
affect the subsequent chain extender reaction and the
storage stability. Some researchers synthesized diols
with double bonds and then, used the diols as the raw
materials to synthesize the UV-PUDs. These ap-
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proaches were not feasible in industry due to the high
cost in the synthesis of the raw material.

In this paper, the acrylic hydroxyl ester and NCO
unit terminated polyurethane prepolymers were sepa-
rately synthesized using poly(propylene carbonate)
diol (PPCD) as the raw material. PPCD is derived
from carbon dioxide and propylene-epoxide; therefore,
the preparation of UV-PUD used PPCD as the raw
material is a way of carbon fixation. Two kinds of
polyurethane prepolymers were mixed and then fol-
lowed by the neutralization, emulsification and chain
extension process. Finally, the UV-PUDs consisting of
two components were prepared. One component
terminated by HEA and PETA (molar ratio 1:1)
provided the curable double bond under the ultraviolet
light. The other component formed waterborne poly-
urethane with the long chain, which provided the
toughness of the cured film. The obtained cured films
exhibited excellent flexibility, adhesion of waterborne
polyurethane dispersion, outstanding mechanical
strength and chemical resistance of UV curable
waterborne polyurethane dispersion. Meanwhile, the
dry film without carrying out the crosslinking reaction
had good mechanical strength and surface properties.
Therefore, two-component UV-curable waterborne
CO,-based polyurethane dispersion has the potential
applications in the special-shape parts and toughness
demanded coatings.

Experimental
Materials

Poly(propylene carbonate) diol (PPCD) (Mn=
1000 g/mol) and poly(propylene carbonate) diol
(PPCD222) (Mn=2000 g/mol) were provided by
Guangdong Dazhi Environmental Protection Technol-
ogy Co., Ltd. (China). Isophorone diisocyanate (IPDI,
AR), stanmous octoate (T-9, AR) and 4-ethoxyphenol
(MEHQ, AR) were purchased from Aladdin Chem-
istry Co., Ltd. 2,2-Bis(hydroxymethyl) propionic acid
(DMPA, AR), 2-hydroxyethyl acrylate (HEA), pen-
taerythritol triacrylate (PETA) and 1,4-butanediol
(BDO, AR) were purchased from Shanghai Maclin
Biochemical Technology Co., Ltd. (China). N, N-
Dimethylformamide (DMF, AR) and ethylenediamine
(EDA, AR) were received from Tianjin Zhiyuan
Chemical Reagent Co., Ltd. (China). Acetone (AT,
AR) was provided by Guangzhou Chemical Reagent
Factory (China).

PPCD, PPCD222 and BDO were dehydrated under
vacuum at 110°C for 3 h before use. DMPA was
dehydrated at 120°C for 4 h prior to use. DMF, HEA,
PETA, BDO, and AT were dehydrated by 4 A
molecular sieves prior to use.
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Synthesis of UV-PUD

PPCD (37.00 g, 37.0 mmol), DMPA (4.08 g,
30.4 mmol), DMF (12.00 g, 164.2 mmol) and IPDI
(30.00 g, 134.9 mmol) were charged into a three-neck
flask equipped with a digital stirrer for mixing for
approximately 10 min at 30-40°C. Ten drops of T-9
were added into the mixture, and then the mixture was
heated up to 90°C to react for 4 h. After that, the
temperature of the mixture was reduced to 50°C, and
MEHQ (0.0358 g, 0.3 mmol), HEA (8.22 g, 70.8 mmol)
and PETA (21.14 g, 70.8 mmol) were added. The
temperature of mixture was then raised up to 80°C to
react for 4 h. After the reaction, the mixture was
cooled to 50°C, and then AT (20.00 g, 344.4 mmol) was
added to adjust the viscosity. The obtained prepolymer
terminated by HEA and PETA was marked as
prepolymer A and sealed for use. The synthetic route
is illustrated in Fig. 1.

PPCD222 (69.19 g, 34.6 mmol), DMPA (4.42 g,
33.0 mmol), DMF (15.00 g, 205.2 mmol) and IPDI
(30.00 g, 135.0 mmol) were charged into a three-neck
flask equipped with a digital stirrer to mix for approx-
imate 10 min at 30-40°C. Eleven drops of T-9 were
added into the mixture, and then the mixture was
heated up to 90°C to react for 4 h. After the reaction,
the temperature of the mixture was reduced to 50°C.
BDO (2.60 g, 28.9 mmol) was added, and then the
mixture was heated up to 70°C for reacting for 2 h. AT
(20.00 g, 344.3 mmol) was added to reduce the viscosity
of the prepolymer. The obtained prepolymer termi-
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Fig. 1: Synthesis scheme of prepolymer A
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Fig. 2: Synthesis scheme of prepolymer B

nated by NCO unit was marked as prepolymer B, and
the synthetic route is shown in Fig. 2.

Prepolymer A and prepolymer B were mixed in a
three-neck flask equipped with a digital stirrer at
various ratio (the weight content of prepolymer A was
100%, 60%, 45%, 30% and 15%, respectively) to form
a homogeneous mixture, followed by the neutralization
process using TEA as the neutralizer. After the
neutralization, the mixture was poured into cold
deionized water (approximately 5°C) to carry out the
emulsification process at 2000 rpm for 15 min. After
that, stoichiometric EDA diluted by deionized water
was added to perform the chain extension process for
30 min. Acetone was then removed at 55°C for 3 h
under normal pressure. The UV-PUD emulsion was
obtained after the addition of photoinitiator Irgacure
2959 (4.5 wt%). The synthetic route is illustrated in
Fig. 3, and the reaction proportions are listed in
Table 1.

Preparation of UV-PUD Film

Some certain amount of UV-PUD sample was sepa-
rately coated onto the polypropylene and tinplate with
a 150 pm coater. The coatings were stored at room
temperature until the surface was dried, and then dried
at 80°C for 12 h. The uncured films were obtained. The
uncured films carried out the curing process under
365 nm UV irradiation at 600 mW/cm” for 30 s to form
the cured films. The emulsion coated on the tinplate
performed the curing procedure more than three times
to ensure the thickness for the flexibility testing.
Another certain amount of UV-PUD sample was
evenly coated onto a bidirectional stretch polypropy-
lene film (BOPP) with an 80 pum coater. The uncured
films were prepared in the same method mentioned
above. Then the curing process of the coating on the
BOPP film was monitored by a real-time infrared
spectroscopy, and the conversion rate of double bond
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Fig. 3: Synthetic route of UV-PUD

was calculated. The UV intensity was 80 mW/cm?, and
the illumination time was 180 s.

Characterization

A fourier transform infrared spectrometer (FTIR)
(Sainz Instruments Co., Ltd., N6700) was used to
characterize the structure of the polyurethane prepoly-
mers terminated by hydroxyl acrylate esters at a
resolution of 2 cm ' over a wavenumber range of
4000 cm '~400 cm'. The attenuated total reflection
(ATR) technique was used to analyze the UV-PUDs
films at a resolution of 2 cm ' over a wavenumber
range of 4000 cm '~650 cm™'. The unsaturation
conversions of UV-PUDs during the curing process
were monitored by a real-time infrared spectroscopy.
The light density at the sample was 80 mW/cm?, and
the duration time was prolonged to 180 s. The
conversion percentage of double bond was calculated
according to the following equation:

Agio—0 — Aglo-c « 100%

Conversion(%) = 2
810-0

where Agio.0 and Agjo.c were separately the intensity
of peak of 810 cm™! before and after UV-curing.

Particle sizes and distributions of UV-PUDs were
analyzed by Zeta potential analyzer (Backman Coul-
ter) at room temperature. The solid content of UV-
PUD was controlled to be 3-5 wt% with deionized
water. The experiment was carried out 3 times and the
average was taken as the final value.
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Table 1: Reactant proportion of UV-PUDs

UV-PUD 1 UV-PUD 2 UV-PUD 3 UV-PUD 4 UV-PUD 5

Prepolymer A /g 70 42 315 21 10.5
Prepolymer B /g 0 28 38.5 49 59.5
TEA /g 1.67 1.69 1.69 1.69 1.70
H-0 /g 104 103 102 102 97

EDA /g - 0.20 0.27 0.30 0.42
2959 /g 2.54 1.52 1.14 0.76 0.38
Weight content of prepolymer A 100% 60% 45% 30% 15%

Adhesion of the cured film on the tin plate was
tested according to the cross-cut adhesion test method
(ASTM D3359).

Water and solvent absorption tests were performed
according to the following procedure. The UV-PUD
cured films were cut into squares of 20 mm x 20 mm
and weighted (). The sample films were immersed in
deionized water and solvent for 24 h at room temper-
ature. After the immersion, the water and solvent
attached to the films were wiped with filter papers. The
film was weighted and recorded as m;. The water and
solvent absorption rate were calculated by the follow-
ing formula:

m —moy % 100%

Absorption rate(%) = =
0

Gel content of the UV-PUD cured film was tested at
room temperature. The films were cut into squares of
20 mm x 20 mm and soaked in anhydrous ethanol. The
weight of the film was mg. After 24 h immersion, the
film was dried at 80°C to a constant weight (/721). The
gel content was calculated according to:

Gel content(%) = % x 100%
0

Tensile properties were tested by an electronic
universal tensile testing machine (CMT4204, MTS
Company) at room temperature according to ASTM
D412-1998-2002. The film was cut into the dumbbell
type sample with a length and width of 25 and 4 mm,
respectively. The testing rate was 200 mm/min.

The acid, alkali and salt resistances of the cured
films were measured at room temperature. The dumb-
bell type samples with a length and width of 25 mm and
4 mm were immersed in the solutions of 10% sulfuric
acid, 10% sodium hydroxide and 10% sodium chloride,
respectively. After 24 h immersion, the samples were
taken out and dried at 80°C to a constant weight. And
then, the tensile strength was tested.

Wear resistance of the film was measured according
to ASTM D4060-2010.
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Flexibility of the film was tested according to ISO
1519-2011.

Thermodynamic stability of the UV-PUD film was
detected by a thermogravimetric analyzer (SDT-2960,
TA, USA) under nitrogen atmosphere (flow rate:
20 mL/min). The heating rate was 10°C/min, and the
heating range was 30~700°C.

Glass transition temperature of UV-PUD cured
films was determined using differential scanning
calorimetry (DSC3, METTLER TOLEDO, Switzer-
land) under nitrogen atmosphere (flow rate: 20 mL/
min). The heating rate was 10°C/min at the tempera-
ture ranges of —30~60°C.

Results and discussion
FTIR analysis

FTIR was used to monitor the variation of the
functional groups with the reaction time. Figure 4
shows the FTIR spectra of the prepolymer terminated
by HEA and PETA after reacting for 3 and 4 h. The
characteristic peaks at 3338 and 1533 cm™ could be
assigned to the stretching vibration and bending
vibration of the N-H group and C-N group, respec-
tively. The peak at 1724 cm ' was attributed to the
stretching vibration of the C=0 group. These charac-
teristic absorption peaks indicated the formation of
urethane groups through the reactions of isocyanate
groups and hydroxyl groups.'> It can be seen that the
NCO characteristic peak at 2270 cm™! was visible when
the capping reaction lasted for 3 h, which indicated the
presence of unreacted isocyanate group (-NCO) in the
prepolymer. When the reaction lasted for 4 h, the NCO
characteristic peak nearly disappeared, which indicat-
ing the complete reaction of the NCO group. Partic-
ularly, to prevent the reaction of the double bond, the
inhibitor (MEHQ 0.1 wt%) was added into the
reaction mixture. An excess of 5% HEA and PETA
mixture was used to ensure the complete reaction of
the NCO unit.'®

Figure 5 showed the FTIR spectra of UV-PUD
cured and uncured films. Since the UV-PUDI1 uncured
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Fig. 5: FTIR spectra of UV-PUD cured and uncured films

film was sticky, the FTIR spectrum of UV-PUDI1
uncured film is not presented in Fig. 5. Compared to
that of uncured films, the peaks of cured films at
810 cm™ were not obvious, indicating the reaction of
double bond upon the exposure of UV light.

Effect of photoinitiator dosage on unsaturation
conversion

The properties of the UV-PUD cured films strongly
depend on the final unsaturation conversion of double
bond after the UV irradiation. The photoinitiator
dosage and duration time affect the unsaturation
conversion. Irgacure 2959 was used as the photoinitia-
tor of UV-PUDI, and the effect of the weight content
on the unsaturation conversion was discussed. The
weight content of Irgacure 2959 was 3, 3.5, 4, 4.5 and 5
wt%, respectively. Irgacure 2959 was dissolved in
anhydrous ethanol to form a homogenous mixture
prior to being added into the UV-PUD1 emulsion. To
prevent the oxygen inhibition, the UV-PUD film
coated on the BOPP film was covered with another
BOPP film. The slope of the conversion curve at the
initial curing stage represents the UV-curing rate, and
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Fig. 6: Effect of photoinitiator dosage on unsaturation
conversion of UV-PUD1
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Fig. 7: Particle diameter distributions of UV-PUDs

the plateau value at the final of curing stage indicates
the ultimate conversion.'”'® As shown in Fig. 6, with
the increase in Irgacure 2959 dosage, the unsaturation
conversion rate gradually increased from 64% to 98%,
and then decreased to 81%. When the content of the
photoinitiator was 4.5 wt%, the unsaturation conver-
sion was the highest. A small amount of photoinitiator
was not sufficient to initiate the reaction of double
bond. Excessive photoinitiator, however, could lead to
the coupling reaction of free radicals. Therefore, the
optimum content of Irgacure 2959 was 4.5 wt%.

Performances of UV-PUDs

Figure 7 shows the particle diameter distributions of
UV-PUD emulsions with different prepolymer B
contents. The diameters, polydispersity indexes and
storage stability of UV-PUDs are listed in Table 2. The
emulsion was considered stable (storage duration>
6 months) when no precipitation appeared after the
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centrifugal test at 3000 r/min for 15 min."” From
Table 2, the average particle diameter of UV-PUDs
gradually decreased from 130.0 to 69.6 nm with
increasing the content of prepolymer B. All the UV-
PUD emulsion showed excellent storage stability.

Unsaturation conversions of UV-PUDs

The unsaturation conversion of the UV-PUD samples
were measured and calculated, as shown in Fig. 8. The
variation of C=C peak at 810 cm ' with the irradiation
time was monitored by a real-time infrared spec-
troscopy. Under the UV irradiation, the rapid increase

Table 2: Performances of UV-PUDs

Sample Diameter/nm Polydispersity Index Storage life
UV-PUD 1 130.0 0.293 >6 months
UV-PUD 2 78.5 0.276 >6 months
UV-PUD 3 73.9 0.289 >6 months
UV-PUD 4 72.8 0.316 >6 months
UV-PUD 5 69.6 0.321 >6 months
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Fig. 8: Dependence of unsaturation conversions of UV-
PUDs on irradiation time

Table 3: Properties of UV-PUD cured films

in the unsaturation conversion in the first 10 s could be
attributed to the rapid crosslink reaction. With the
prolongation of the irradiation time, the crosslink
network restricted the movement of the molecular
chain segments, therefore, resulting in the reduction of
the unsaturation conversion. The unsaturation conver-
sion remain unchanged at the later curing stage. When
the content of prepolymer B increased, the density of
the double bond in the mixture decreased, resulting in
the decline of the unsaturation conversion.

Performances of UV-PUD cured films

The adhesion, flexibility, abrasion resistance, water
absorption and gel content of UV-PUD films with
different prepolymer A contents are shown in Table 3.
As can be seen, the UV-PUD cured films exhibited
excellent adhesion on the substrates. The flexibility is
the ability of coating to adapt to the deformation of
substrate, which is related to the comprehensive
properties of coating such as toughness, strength and
adhesion. The incorporation of prepolyner B improved
the flexibility of the cured film. For the UV-PUDI film
on the substrate, the minimum diameter of roll rod was
10 mm, indicating the inferior toughness. For the two-
component UV-PUD films (UV-PUD2 to UV-PUDS)
on the substrates, the diameters of roll rods were 1 mm
(the minimum diameter of the test instrument), illus-
trating the superior flexibility. Prepolymer A was a
component with the double bond at the end of the
molecular chain, while prepolymer B was a component
with high molecular weight. With the content of
prepolymer B increasing, the density of the double
bond in the mixture decreased, which resulted in the
reduction of the crosslink density in the cured films.
Therefore, the gel content and wear resistance
decreased, companied by the increase in the water
absorption.?’

Figure 9 shows the absorption rates of the UV-PUD
cured films to various solvents, and the data are listed
in Table 4. The amount of DMF absorption by the
cured film was most sensitive to the crosslinking
density among all the solvents. With the crosslinking
density decreasing, the amount of solvents absorption
by the cured films increased. Among all the solvents,
which are listed in Table 4, the UV-PUD cured films
had the minimum absorption rate to tetrahydrofuran,
while the maximum absorption rate to DMF.

Sample Adhesion level Flexibility/mm Abrasion resistance/g Water absorption/% Gel content/%
UV-PUD1 0 10 0.0105 3.88 91.00
UV-PUD2 0 1 0.0181 7.38 89.08
UV-PUD3 0 1 0.0233 7.53 86.54
UV-PUD4 0 1 0.0258 6.74 87.47
UV-PUD5 0 1 0.0268 12.12 83.23
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Table 5 records the mechanical properties and
chemicals resistance of UV-PUD films. To further
illustrate the advantages of the two-component UV-
PUDs, the mechanical properties of UV-PUD films
without UV irradiation were also tested. The corre-
sponding stress—strain curves are shown in Fig. 10a
and b. UV-PUDI cured film was too brittle to cut into
the testing samples; therefore, the mechanical proper-
ties and chemicals resistance were unable to be
characterized. The UV-PUDs with different content
of prepolymer B had the similar tensile strength.
However, the elongation at break gradually increased
with the content of prepolymer B increasing. This
suggested that component B with long chains provided
the flexibility in the two-component UV-PUD cured
films.

Conventional UV waterborne polyurethane film
without UV irradiation after the evaporation of water
exhibited sticky surface and inferior mechanical prop-
erties. Consequently, the application of UV-PUD in
the special-shape parts was limited. In this research,
the obtained UV-PUD cured films without UV irradi-
ation showed certain tensile strength and elongation at
break. The tensile strength of UV-PUD2 uncured film
containing only prepolymer A was 2.2 MPa. The
tensile strength and elongation at break of the UV-
PUDS uncured films were 204 MPa and 892%,
separately. Due to the high molecular weight, compo-
nent B provided sufficient mechanical strength and
toughness for the uncured films.

400
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Fig. 9: Solvent absorptivity of UV-PUD cured films

As shown in Table 5, the UV-PUD cured films had
excellent acid, alkali and salt resistance. With the
content of prepolymer B increased, the acid and alkali
resistance of the two-component UV-PUD cured film
gradually deteriorated. In our past experiments, the
waterborne polyurethane had good acid resistance
(70% ~80% stress retention rate) and poor alkali
resistance (10% ~20% stress retention rate). Com-
pared to the waterborne polyurethane, the two-com-
ponent UV-PUD cured films showed excellent acid,
alkali and salt resistance.

Thermal properties

Thermal stability of the UV-PUD cured films were
determined by TGA. TGA curves of the UV-PUD
cured films are shown in Fig. 11. Table 6 lists the
characteristic thermal decomposition temperatures of
UV-PUD films 5% mass loss (75 wio,), 10% mass loss
(T10 wee ), 50% mass loss (T'sp wie) and the maximum
decomposition temperature of two stage (7Tmax; and
Tmax2)- Generally, there are two distinct stages in the
thermal degradation of polyurethane.”’** The first
stage in the range of 240~380°C was attributed to the
decomposition of urethane and ether units in the
molecular chains. The second stage in the range of
380~470°C could be due to the decomposition
crosslinking bonds and other chemical bonds. Due to
the special structure of the carbonate and ether groups
in the poly(propylene carbonate) diol molecule, the
density of intra-molecular hydrogen bond enhanced
with the content of component B increasing. Conse-
quently, the maximum mass loss rate peak at the first
stage was improved. On the contrary, the maximum
mass loss rate peak at the second stage decreased with
the increase in component B, which could be ascribed
to the decrease in the crosslink density.

Glass transition temperature of the UV-PUD cured
films and PUD film were determined by DSC, and the
curves are shown in Fig. 12. Due to the strong polarity
of the carbonate group in the structure of PPCD, the
phase separation of the soft segments and the hard
segments of PUD was inferior, which lead to the single
glass transition (=7.6°C) of soft segment in the DSC
curve without visible glass transition of the hard
segment. However, the content of linear macro-
molecules in UV-PUDI1 was low, so the glass transition

Table 4: Absorption rates of UV-PUD cured films to various solvents

Sample Toluene/%  Methanol/%  Ethanol/%  Acetone/%  DMF/%  Ethyl acetate/%  Tetrahydrofuran/%
UV-PUD1 14.63 19.32 22.58 27.56 62.86 16.11 7.34
UVv-PUD2 47.93 46.69 28.35 30.85 136.11 20.60 15.73
UV-PUDS3 62.21 54.04 54.11 34.37 188.07 26.89 18.69
UV-PUD4 98.63 71.01 70.48 38.58 285.93 32.14 19.98
UV-PUD5 107.44 74.48 116.55 59.27 395.32 35.47 23.29
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of the hard segment region at 36.6°C appeared in the
DSC curve. The glass transitions of UV-PUD2, 3, 4
and 5 were not obvious, which could be attributed to
the excellent compatibility between component (A)
and component (B).

Conclusions

Two-component UV-PUDs were synthesized using
poly(propylene carbonate) diol as raw material. One
component (A) was UV-curable waterborne polyur-

ethane terminated by HEA and PETA (molar ratio
1:1), and the other component (B) was linear water-
borne polyurethane. The obtained UV-PUD cured
films exhibited excellent flexibility, superior adhesion
of waterborne polyurethane dispersion, outstanding
mechanical strength and chemical resistance of UV
curable waterborne polyurethane dispersion. Mean-
while, the dry film without carrying out the crosslinking
reaction under the ultraviolet light showed good
mechanical strength and surface properties. Therefore,
the two-component UV-curable waterborne CO,-
based polyurethane dispersion has the potential appli-

Table 5: Mechanical properties and chemicals resistance of UV-PUDs films

Sample Cured Uncured Acid resistance
Strain/ Stress/ Strain/% Stress/MPa  Strain/ Stress/ Strain retention Stress retention
% MPa % MPa rate? rate®
UV-PUD2 48 30.1 1181 2.2 10 42.2 21% 140%
UV-PUD3 147 29.7 981 7.2 115 33.0 78% 111%
UV-PUD4 215 32.8 870 11.0 252 35.7 117% 108%
UV-PUD5 417 29.9 892 20.4 423 32.7 101% 109%
Sample Alkali resistant Salt resistance
Strain/ Stress/ Strain retention Stress retention Strain/ Stress/  Strain retention  Stress retention
% MPa rate rate % MPa rate rate
UV-PUD2 8 33.3 17% 111% 9 42.3 20% 141%
UV-PUD3 133 28.7 90% 96% 103 27.9 70% 93%
UV-PUD4 188 32.1 87% 97% 187 33.8 87% 102%
UV-PUD5 364 24.4 87% 82% 397 33.6 95% 112%
& Strain retention rate: Strain retention rate (%) = resistance strain = cured strain x 100%
b Stress retention rate: Stress retention rate (%) = resistance stress - cured stress x 100%
(b)
0 100 200 300 400 500 0 200 400 600 800 1000 1200

Strain (%)

Strain (%)

Fig. 10: Stress-strain curves of UV-PUD cured films (a) and uncured films (b)

1576



J. Coat. Technol. Res., 20 (5) 1569-1578, 2023

100+ —UV-PUD1
—UV-PUD2
. 801 ——UV-PUD3
X ——UV-PUD4
= 60 UV-PUD5
= 60
R
D 404
=
201
0

100 200 300 400 500 600 700
Temperature (°C)

Fig. 11: TGA curves of UV-PUD cured films

Table 6: TGA data of UV-PUD cured films

(%/min)

o o o
2 28 3
N oo E

DTG

0.000 e
— UV-PUD1
—UV-PUD2
—— UV-PUD3
_0.016- —— UV-PUD4
UV-PUD5

100 200 300 400 500 600 700
Temperature (°C)

Sample Ts wie(°C) T10 wio(°C) Ts0 wies(°C) Tmax1(°C) Tmax2(°C)

UV-PUD 1 254.6 283.3 341.0 322.3 424.5

UV-PUD 2 248.3 281.6 332.5 328.1 410.7

UV-PUD 3 266.5 289.5 334.3 331.0 404.8

UV-PUD 4 266.8 284.8 326.3 327.1 392.7

UV-PUD 5 261.0 284.1 326.6 334.3 388.2
References

/36.6 °c
UV-PUD1

UV-PUD3
UV-PUD4
7 UV-PUD5
~7.69C
PUD
20 0 20 40 60

Temperature (°C)

Fig. 12: DSC curves of UV-PUD cured films and PUD film

cations in the special-shape parts and toughness
demanded coatings.
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