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Preparation and performance of polyester/polysiloxane composite self-crosslinking

waterborne polyurethane
DAI Wendou, FAN Shuhong, WANG Zhengxiang, SONG Jie, LI Jiaxin
(School of Packaging & Materials Engineering, Hunan University of Technology,Zhuzhou 421007, China)

Abstract : To prepare aqueous ink linkers suitable for application on BOPP(biaxially oriented polypropylene) films and PET
(Polyethylene terephthalate) films. NV, N'-dibis (acetone acrylamido)ethylenediamine (DDA) chain extender was synthesized using
ethylenediamine and dibasic acetone acrylamide as raw materials. Subsequently, a series of polyester/polysiloxane composite self-
crosslinking waterborne polyurethane (WPU) dispersions were prepared using DDA, bis (hydroxymethyl)silicone oil (PDMS-OH),
polycarbonate diol, and dihydroxymethylpropionic acid as raw materials. The cured films of WPU(WPU-1~WPU-5) were also fabri-
cated and characterized by Fourier transform infrared spectrometer, ultraviolet-visible spectrophotometer, differential scanning calo-
rimeter, thermogravimetry, contact angle, solid mass fraction, water absorption, surface free energy, and tensile properties. The
results indicate that DDA functional chain extender and target polymers containing polysiloxane functional groups, ketocarbonyl
functional groups,and ketohydrazide cross-linking reaction functional groups are successfully synthesized. Furthermore, the incorpo-
ration of polysiloxane chain segments and the increase of the content of ketocarbonyl functional groups significantly enhance the
phase separation and cross-linking degree of cured WPU films. However, this result in a gradual reduction in the transparency of the

cured films. The increase in the degree of cross-linking improve the tensile strength of the cured films while decreasing the elonga-
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tion at break. Conversely, the introduction of flexible polysiloxane enhance the elongation at break of the cured films. Additionally,
the glass transition temperature of the cured films increase with the degree of cross-linking, leading to improved thermal stability for
all polyurethane cured films. Simultaneously, the water resistance of the cured films is improved, with WPU containing polysiloxane
chain segments demonstrating superior water resistance. Excluding WPU-1, the remaining WPUs exhibite better water resistance
compared to polyurethanes without polysiloxane segments. However, the cured films are less transparent than WPUs. All disper-
sions, except for WPU-1, exhibite good adhesion properties on BOPP and PET films. When PDMS-OH mass fraction is 5% and
DDA mass fraction is 9%, WPU-4 demonstrate the most comprehensive performance: the visible light transmittance exceeds 70%,
water contact angle is 68.32°, and water absorption rate decreases to 5.62%. Initial decomposition temperature and decomposition
temperature corresponding to a weight loss of 5% values reach 131.2 °C and 220.7 °C, respectively, while the tensile strength is
21.27 MPa. Additionally, the adhesion properties of WPU-4 on BOPP and PET films exhibite lower interfacial tension, greater adhe-
sion energy, and higher spreading coefficient, indicating excellent adhesion performance. It is anticipated that WPU-4 will serve as
an effective linker for WPU inks for printing on BOPP and PET films.

Keywords : chain extender ; bis(hydroxymethyl)silicone oil ; self-crosslinking ; modification ; waterborne polyurethane
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Tab.1 Formulation of WPU dispersions

g
Material WPU-1 WPU-2 WPU-3 WPU-4 WPU-5
PCDL 100 90 90 90 90
PDMS-OH 0 10 10 10 10
IPDI 61.266  59.010  56.756  54.502  52.247
DMPA 14.544 14.544 14.544 14.544 14.544
DDA 6.000 9.999 14.001 18.000  21.999
BDO 6.942 5.207 3.471 1.736 0
TEA 10.973 10.973 10.973 10.973 10.973
ADH 2.623 4371 6.120 7.868 9.616

Notes: Mole ratio of soft and hard segments is 1:1; R(mole ratio of
isocyanate and hydroxyl groups, i.e. NCO: OH)=1.12; DMPA mass frac-
tion is 7.3%; PDMS-OH mass fraction is 0% and 5% ; DDA mass frac-
tion is 3%,5%,7%,9% and 11%, respectively.
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Tab.2 WPU dispersions properties

Item WPU-1 WPU-2  WPU-3 WPU-4  WPU-5
Emulsion Blue, Blue, Blue, Blue, Blue,
appearance clear clear clear clear clear
No No No No No
delamina- delamina- delamina- delamina- delamina-
Storage tion or tion or tion or tion or tion or
stability of precipita- precipita- precipita- precipita- precipita-

emulsion tionseen tionseen tionseen tionseen tion seen
in six in six in six in six in six
months months months months months
Mass frac-
tion of 30.3 29.7 31.0 30.6 29.8

solids/%
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Tab. 3 T, of WPU films

Item WPU-1 WPU-2 WPU-3 WPU-4 WPU-5
T, /°C —36.7 —38.6 —38.4 -38.3 —38.1
T,/°C 103.2 105.4 108.6 113.6 115.0
AT /°C 139.9 144.0 147.0 151.9 153.1
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Fig. 7 TG and DTG curves for WPU films
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Tab.4 Major thermal decomposition temperatures of WPU films

WPU Type WPU-1 WPU-2 WPU-3 WPU-4 WPU-5
T, /°C 182.0 185.3 197.6 220.7 228.8
T\y,/°C 247.0 2532 252.6 259.1 268.1

T 0/°C 94.9 97.7 106.1 131.2 108.2

T, tectionns °C 369.1 381.7 381.0 382.5 385.2
T /°C 448.4 456.1 456.2 454.5 463.2

Notes: T o0 » Lectionts » Lanaes 1S initial decomposition temperature,

turning point temperature, final decomposition temperature; Ty, T},,is
decomposition temperature corresponding to a weight loss of 5%, 10%

respectively.
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Fig. 8 Water contact angle and ethylene glycol contact angle of
WPU films
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Tab.5 Adhesion properties of WPU

Item WPU-1 WPU-2 WPU-3 WPU-4 WPU-5 BOPP PET
. BOPP 3 0 0 0 0 - -
Adhesion level
PET 2 0 0 0 0 - -
v /(mN-m™) 52.27 34.95 32.83 34.26 35.38 37.62 43.19
yY(mN-m™) 2.05 8.30 7.14 8.36 8.46 14.21 17.43
y/(mN-m™") 50.22 26.65 25.69 25.90 26.92 23.41 25.76
N BOPP 87.424 70.47 68.60 70.31 71.47 - -
W, /(mJ-m™)
’ PET 91.373 74.51 72.74 74.55 75.72 - -
§ 5 BOPP -17.12 0.57 2.94 1.79 0.71 - -
S/(mJ-m™)
PET -13.17 4.61 8.85 8.89 4.96 - -

Notes:S is spread coefficient; W, _is adhesive energy.



RO, 5 - SRR AR S5 T Sk PR SR AR il o5 M VR RE 43

2.8 NEsk

326y WPU [EMLRR Y Ty 2= BE . & 125 WPU
A RS A P - AR ik . 45 A2 6 A 12 4
Hr Al 1%, PDMS-OH [ 5] A, {f WPU [ £k i () iy 24
KR, 3% 2 i T PDMS-OH H £ 7E 1Y Si—0
—SifbA AR A B I S T WPU BREE B
FMGPE . >4 DDA JT 43 FO8 I #) 11% B, 4 fifi s
PERLIE M 235.74 MPa¥§ | T 369.52 MPa; fiifiiig
£ M 15.648 MPa 3 finE] T 21.944 MPa; Wi %
M 81.936% N [ F1) 43.820% , 3¢ W [F] 1k JIE5 12 i 735 i
MG, X T DDA HE 3G, 35 im T WPU
AR P A2 B T, 52 1Bk 19X 4% 235 g 728 45 B M 5 3 2
B EE AR BEAS T 4> F 4 7 PR AR TE 0 72 (1 B
#)j; [A] i, PDMS-OH H' (9 Si—O—Si #% 4 GE7E WPU
53 FRE o0 [B) S0, 3 E— 25 1958 T WPU [#
PRSI EE . XL 2R, BT WPU [k AR A 4
AP RS S RTA AFR BE HG K, DRI SR SR A1

F6 WPUEMLIRRIS151ERE
Tab. 6 Mechanical properties of WPU cured films

Item WPU-1 WPU-2 WPU-3 WPU-4 WPU-5

Tensile elastic
modulus/MPa

Tensile strength/MPa  15.648 18.329 19.693 20.824 21.944

235.74 34521 355.83 360.08 369.52

Elongationatat ¢\ o) g1936 72500 56008 43.820
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Fig. 12 Tensile stress-strain curves of WPU films
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