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Abstract: A series of polysiloxane modified waterborne polyurethanes(WPUs) were prepared by using
polyoxypropylene glycol (PPG) and bihydroxy hydrophilic polysiloxane polyol(UC3667) as soft segments,
isophoronediisocyanate (IPDI), 1,4-butanediol (BDO), dimethylolpropionic acid (DMPA) and
ethylenediamine (EDA) as hardsegments. The particle size and membrane structure of aqueous waterborne
polyurethane emulsions were characterized by DLS and FTIR. The properties of waterborne polyurethane
films were characterized by thermogravimetric analysis, tensile test, contact angle test and X-ray
photoelectron spectroscopy. The results showed that when the content of polysiloxane increased, the tensile
strength of waterborne polyurethane films firstly increased and then decreased.Moreover, the introduction
of polysiloxane improved the thermal stability,elongation at break, contact angle of waterborne polyurethane
films and reduced surface energy. When the mass fraction of polysiloxane was 5.0%, polysiloxane
migration on the surface of the film reached saturation, and the surface energy was 27.27 mJ/m>.
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Table 1 Raw materialcompositions of waterborne polyurethanes
FE IPDI/g PPG/g UC3667/g DMPA/g BDO/g EDA/g TEA/g w(UC3667)"/%
WPU1 19.98 40.00 0.00 2.31 2.43 1.05 2.42 0
WPU2 20.16 40.00 0.65 2.34 2.45 1.06 2.45 0.99
WPU3 20.57 40.00 2.04 2.41 2.48 1.08 2.52 3.02
WPU4 21.00 40.00 3.50 2.48 2.52 1.11 2.60 5.04
WPUS 21.43 40.00 5.00 2.56 2.56 1.13 2.68 6.99
WPU6 21.90 40.00 6.64 2.64 2.60 1.15 2.72 9.00
e O w(UC3667)/ % =2ueset 100, Hir, My = Myppy + Mppg + Mycagsr + Mpypa + Mo o
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1.3 RRRE®I& JE B K P R A B LI SR BB TEAR (my,g )
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AATHR 3 d, BRIOKAMER IR, BIRFEAT (1) BB A (g % ).
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ELH, WRHTE IR PRI RGENE . B B2 A A, F RSO 32, TATE
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VTR, P TR, TROANFUREE 6 M 145 BTG 4

K VL ERAifasE . R I AT SO R S AT IR Ak, AE
142 sk AARAT, FEMBE N 7~10mg, HEER K

5 FHOE R B A SO 5 Ui L Rtk A 1R A T 30~600 °C, FHE#ZE K 20 °C/min,
IR R R R KRR R 0.3% (JRESH0), M 1.4.6 JREEAFHE4

SR EERRILE 25 °C, WOLBU FI R h 90°. FS MR 4 mmx25 mm HOREESIRE S, S
143 ik EAENE 4 3 9% 5 LI AT B L L e R
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Table 2 Surface parameters of the testing liquids
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Fig. 1 Particlesize distribution curves of waterborne
polyurethane emulsions
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Table 3 Particle size and stability of waterborne polyurethane
emulsions

y/(mIm?)  yEV/(mI/m®)  yi/(ml/m?)  yr/(mI/m*)
7K 72.8 21.8 25.5 25.5
T 50.8 50.8 0 0
Py 48.0 29.0 1.92 47.0

vs=rs" 180 =ygV 42y xy5 (2)
=+t =N w2 < (3)
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Fig. 2 FTIR spectra of waterborne polyurethane films
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Fig. 3 XPS spectra of waterborne polyurethane films
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Table 4 Surface element content of waterborne polyurethane

films
s TCE %
C N (6} Si
WPU1 76.44 3.04 20.52 0.00
WPU2 73.73 3.14 21.10 2.03
WPU3 65.89 3.27 23.35 7.49
WPU4 63.34 2.61 23.65 10.40
WPUS 64.62 3.13 23.77 8.48
WPU6 63.71 3.12 23.85 9.32

24 KUEBEMEEAEEM
K 4 AR AR TG 5 DTG K, Hik
BHEH T3 5,

110 220 330 440 550
Temperature/ °C



53

W2, S BEEE S K v 5 R B G n e R T M RE - 405 -

DTG/(%/C)

100 200 300 400 500 600
Temperature/ °C

K4 KPEREBRE TG #iZk (a) 1 DTG #iZk (b)
Fig. 4 TG curves (a) and DTG curves (b) of waterborne
polyurethane films
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Table 5 Testing results of waterborne polyurethane films

P Skl /°C
Tsv, Tsov, Toov, Tsotmax
WPU1 251 340 388 370
WPU2 271 354 396 383
WPU3 271 364 407 394
WPU4 282 359 403 392
WPUS 277 355 399 386
WPUG6 267 356 399 385
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L B 2 i RN 22 3 Y R IR T 4R 43 f . WPUI~WPUG6
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Fig. 5 Stress-strain curves of waterborne polyurethane films
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Table 6 Contact angles and surface energy parameters of
different tested liquids on the surface of
waterborne polyurethane films

. Feffas () F I RES U/ (mI/m’)
iTi]
. ft | .
it oS — Lw + _
=2 7J( Eﬁﬁ Z;;-@i‘ Vs Vs Vs Vs

WPU1 84.00 53.63 79.00 32.24 1.10 14.19 40.16
WPU2 90.75 56.75 75.00 30.46 0.18 593  32.50
WPU3 9525 63.88° 90.50 2636 1.19 1.08  32.68
WPU4 9492 68.75 93.50 23.59 0.44 8.40 27.27
WPU5 94.50 70.50 90.00 22.61 0.74 9.69  27.97
WPU6 94.50 71.00 89.50 22.34 0.64 9.48 27.27
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FEMBLE AN 1.79 MPa,

A 3 X K T SR G R R R A A i S R TR
WEFEAALS A, T LIS A HLREEXT R RE MR, X
X AN 58 7K P B A TR 2R T PR BB 4t T B — 25 1Y)
LB AT o

S 23Tk

[11  Yang G Song J, Hou X. Fabrication of highly hydrophobic
two-component thermosetting polyurethane surfaces with silica
nanoparticles [J]. Applied Surface Science, 2018, 439: 772-779.

[2]  Zhang Y, Shao L, Dong D, et al. Enhancement of water and organic
solvent resistances of a waterborne polyurethane film by incorporating
liquid polysulfide[J]. RSC Advances, 2016, 6(21): 17163-17171.

[3] Jofre-Reche J A, Garcia-Pacios V, Costa V, et al. Role of the
interactions between carbonate groups on the phase separation and
properties of waterborne polyurethane dispersions prepared with
copolymers of polycarbonate diol [J]. Progress in Organic Coatings,
2015, 88: 199-211.

[4]  Patel C J, Mannari V. Air-drying bio-based polyurethane dispersion
from cardanol: Synthesis and characterization of coatings[J].
Progress in Organic Coatings, 2014, 77(5): 997-1006.

(3]

(el

(7]

(8]

[l

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Zhu Jiangin (REESR), Dai Wengi (F3C3H), Li Xiangyu (W ).
Synthesis and application of siloxane-modified aliphatic aqueous
polyurethane finishing agents for synthetic leather[J]. Plastics
Additives (JEHIF), 2017, 124: 16-19.

Hao Lifen (#fWHZF), Pei Mengmeng (FEHHY), Xu Wei (F4H).
Synthesis of fluoroalkyl-terminated hyperbranched polyurethane
nanohybrid latex and its waterproofing application on fabric[J].
Journal of Shaanxi University of Science Technology (B Fi} K24
#4R), 2018, 36(3): 23-28.

Zhang Ruofei (535 ), Chen Xianping (MEL#), Cheng Shigiang
(T£¥F5#R), et al. Research progress of waterborne polyurethane
adhesives and their application in interior[J].
Adhesion(Kii{%), 2018, 39(2): 24-28.

Huang Yiping (# % #), Xu Gewen (iF X ). Waterborne
polyurethane and its application[M]. Beijing: Chemical Industry
Press (fk2% Tl Hi At 2015.

Yang F, Zhu L, Han D, et al. Effects of fluorine and silicon
components on the hydrophobicity failure behavior of acrylic
polyurethane coatings[J]. Journal of Coatings Technology and
Research, 2017, 14(3): 691-699.

Hui B, Ye L. Highly heat-resistant silicon-containing polyurethane-
imide copolymers: Synthesis and thermal mechanical stability[J].
European Polymer Journal, 2017, 91: 337-353.

Zheng G, Lu M, Rui X, et al. Surface and bulk properties of
waterborne polyurethane modified with fluorinated siloxane[J].
Journal of Applied Polymer Science, 2018, 135(28): 46473.

Ge Shoushou (% filifiit), Zhang Pingbo (7K #iH), Jiang Pingping (Ff
). Preparation and properties of castor-oil-based polyurethane
modified by polyether-polysiloxanePolyols[J]. China plastics(" ¥4
k), 2017, 31(6): 28-35.

Go C W, Yang J H, Kwak D, et al. Waterborne polyurethane
modified with silicone macromer and the nylon airbag coated with
it[J]. Textile Research Journal, 2016, 86(19): 2015-2021.

Yu Chenxi (4%/=M#), Zhao Chen (#%/2), Chen Zhenghan (¥EELHH)).
Linear Polysiloxane modified polyether polyurethane/epoxy resin
interpenetrating polymer networks[J]. Polymer Materials Science and
Engineering(# 7 F AT BB 5 T ), 2017, 33(1): 125-129.
Standardization Administration of the People's Republic of China (H
] E AR UL A5 3 ZE D1 23). Methods of test for package stability of
paints:  GB 6753. 3-1986[S]. Beijing: Standards Press of China (Jt
s ERRIED ), 1986: 1-4.

Shalel-Levanon S, Marmur A, Kim H D, et al. Validity and accuracy
in evaluating surface tension of solids by additive approaches[J].
Journal of Colloid and Interface Science, 2003, 262(2): 489-499.

Li Q, Ye J, Qiu T, er al. Synthesis of waterborne polyurethane
containing alkoxysilane side groups: Study on spacer linkages[J].
Journal of Applied Polymer Science, 2018, 135(36): 46628.

Rahman M M, Hasneen A, Kim H D, ef al. Preparation and properties
of polydimethylsiloxane (PDMS)/polytetramethyleneadipate glycol
(PTAd)-based waterborne polyurethane adhesives: Effect of PDMS
molecular weight and content[J]. Journal of Applied Polymer
Science, 2012, 125(1): 88-96.

Yu Xuekang (432:5%), Chen Xin (B5lT), Wang Wusheng (£ /).
Preparation and characterization of organosilicone modified
waterborne polyurethane dispersion [J]. Paint & Coatings Industry
(BB, 2017, 47(3): 44-48.

Xu Gewen (¥F X 3), Huang Yiping (% %%t ). Waterborne
polyurethane material [M]. Beijing : Chemical Industry Press(fb2% T.
Al H R AL), 2007.

Du Y, Zhang J, Zhou C. Synthesis and properties of waterborne
polyurethane-based PTMG and PDMS as soft segment[J]. Polymer
Bulletin, 2016, 73(1): 293-308.

Xiahou Guolun (% [E1£), Liu Weiqu (XIJffi[X), Tan Jianquan(i&i#:
#X). Preparation and properties of polyurethane elastomer composites
modified by polydimethylsiloxane and organic-montmorillonite [J].
Acta Polymerica Sinica(f5 43 F2¢4), 2014 (4): 444-450.

Caki¢ S M, Risti¢ I S, Krakovsky I, et al. Crystallization and thermal
properties in waterborne polyurethane elastomers: Influence of mixed
soft segment block[J]. Materials Chemistry and Physics, 2014,
144(1/2): 31-40.

Huang Q, Lu H, Deng B, et al. Effect of hard segments on the
thermal and mechanical behaviour of a novel hybrid silicon
thermoplastic elastomer[J]. Materials Research Express, 2017, 4(7):
075305.

automotive



