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Abstract: Plant oil-based waterborne polyurethanes were synthesized from castor oil and hydroxyl-
terminated polyether modified polysiloxane (PEPSO). During the synthesis of prepolymer, different amount
of double-decker octaphenylsilsesquioxanetetraol (DDSQ-40H) was introduced into the waterborne
polyurethane main chains, which led to a series of PEPSO/DDSQ-40H modified waterborne polyurethane
nanocomposites with different amount of DDSQ-40H (WPU-15, WPU-15-2, WPU-15-4, WPU-15-6 and
WPU-15-8). FTIR, *"HNMR, TGA, SEM, TEM and particle size analyzer were used to characterize these
materials. The influence of nano-particle DDSQ-40H on the thermal stability, hydrophobicity and
mechanical properties of polyurethane materials was discussed. TGA results showed that the initial
decomposition temperature (Tsy) of the composite containing 8% (based on mole of the chain extender
ethylenediamine, as the below) DDSQ-40H increased by 22.5 °C compared with WPU which didn't
contain DDSQ-40H. Static contact angle test and SEM results revealed that when the DDSQ-40H amount
increased, the hydrophobicity of the obtained polyurethanes was improved, and the static contact angle of
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sample WPU-15-6 reached 90.4°. DDSQ-40H could disperse homogeneously in the WPU matrix, although
nanoparticles may occur to aggregate with increasing the addition amount of DDSQ-40H. Mechanical test
results demonstrated that the introduction of DDSQ-40H could enhance the tensile strength of polyurethanes
to some extent, the tensile strength increased from 9.7 MPa (WPU-15) to 16.0 MPa (WPU-15-6).

Key words. polyether-polysiloxanepolyol; double-decker octaphenylsilsesquioxanetetraol; plant oil-based
waterborne polyurethanes; composites; functional materials
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1 PEPSO/DDSQ-40H & A Wit B JFR i FE /K 1 2R (e 19 & Wi e 7
Tablel Formulation of the synthesis of waterborne polyurethane

FE S B ki/g PEPSO%g IPDI/g DMPA/g DDSQ-40HPg Z —Mlg =Wl Jklg
WPUO 3.42 0 2.78 0.32 0 0.26 0.24 30.05
WPU-15 2.91 1.64 2.96 0.32 0.00 0.29 0.24 37.07
WPU-15-2 2.91 1.64 2.96 0.34 0.05 0.28 0.26 37.27
WPU-15-4 2.91 1.64 2.96 0.36 0.10 0.27 0.27 37.45
WPU-15-6 2.91 1.64 2.96 0.39 0.15 0.26 0.30 37.63
WPU-15-8 2.91 1.64 2.96 0.41 0.20 0.25 0.31 37.81
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Fig. 3 TGA and DTG curves of DDSQ-40H
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Fig. 4 FTIR spectra of different WPU composites
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It . DDSQ-A0H %44 Hh fik: A2 Bk Y RRAIF W S I 5 3R ik
RESEUbE L Ak A RRIE NG S, L, 7R
ANBERH i 19 5] DDSQ-40H [ HRE WL i , 2T /M

E 45 B AE, WPU B &R E BEh & .

2.4 DDSQ-40H M 4B EEEHRIIZ D
DDSQ-40H A [A] F & & & 7L B kA% 43 A1 L

5,

0 40 80 120 160 200 240 280
Diameter/nm
a—WPU-15; b—WPU-15-2; ¢c—WPU-15-4; d—WPU-15-6; e—
WPU-15-8
K15 AN[a] DDSQ-40H F k% Ll LAz 43 A 1 52 i
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WREEH, WPU-15-8 kifeik3l 127.7 nm, X &
K> DDSQ-40H 7 F &A1 4 N Fa 0k, BhR T R4l
Iy FHER SRR, I LR % DDSQ-40H ¥ il i 3%
i, RABERRCHRE IR, B, FLRkARE
WiAE R, TR R SRR R, Ot A p R
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Fig. 6 TEM micrographs of emulsions WPU-15 (a) and
WPU-15-8 (b)
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Fig. 7 SEM cross-sectional images of nanocomposites
with different DDSQ-40H contents
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iz 2 LIE W, 24 DDSQ-40H H+ K 8%},
5 gl PEPSO M i BRI 36 WPU BRI EL, %)
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JEIE L FE BB SIO W B I AE WPU & 441K
b, BHIETRMS WPU &AMk 22 8] 14 i
P NIRRT WPU & SRR B i £ 120

100 —— WPU-15
—— WPU-15-2
g0l —— WPU-15-4
—— WPU-15-6
. —— WPU-15-8
$ 0L,
&
o
B 40"
92|
20 _88
84|
200 I220 240 f 260 280 f 300

100 200 300 400 500 600
6/°C

K8 Al WPU & AR I H 28
Fig. 8 TGA curves of different WPU films

2 AF WPU & BB R 550
Table2 Thermal degradation behavior of the films

T T 250 °C 500 °C
A% FRAIRI%
WPU-15 227.00 353.00 91.66 3.28
WPU-15-2  243.00 354.50 93.83 332
WPU-15-4  233.00 354.50 92.44 3.65
WPU-15-6  239.50 357.00 93.29 378
WPU-15-8  249.50 359.50 94.96 3.85

TE: Toowd /i AR I3 SOOI Xof 1z A9 3 L

2.7 DDSQ-40H X B & EEHY 1 M AE Mk
ERRIMIE WPU & A pHEH R i £ an &l 9 pr
No BERER, BREMEE WPU &AM R HL S
JEBEZE DDSQ-40H JH I (13 it 3R S 1 5 ek /s
MBS . Hi4li PEPSO B0 1Y BE RT3 WPU (i
55 FE FIIB 24 R 5] 9.7 MPa Fll 590.5%., 4
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