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Abstract: Using 3-aminopropyl triethoxysilane (APTES) as the reactive compatibilizer of polyurethane and silica, water-
borne polyurethane/silica nanocomposites were synthesized via sol-gel process. The effects of the amount of hybrids
formed by the reaction of polyurethane prepolymer and APTES on the morphology, tensile property, water resistance, sur-
face property, thermal stability and dynamic mechanical behaviour were investigated. The formation of urea between
NCO in polyurethane prepolymer and NH, in APTES was confirmed by FTIR. As increasing the amount of hybrids, sil-
ica particles in the composites appeared to be more uniform and reduced in size. Tensile strength, surface hardness, water
resistance increased with increasing the amount of hybrids in the composites. Thermal stability and dynamic mechanical
behaviour were also affected by the amount of hybrids in the composites.

Keywords: waterborne polyurethane, silica, sol-gel process, reactive compatibilizer, 3-aminopropyl triethoxysilane.
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Scheme 1. Overall reaction scheme of WPU/silica nanocomposites.
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Figure 1. Schematic representation of WPU/silica nanocomposites
preparation.
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Table 1. Formulation of PU and PU/Silica Composites
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SN FE AL AL 7R B33 EA (UV/Vis
Spectroscope, Optizen 2120UV, Mecasys Co.)5 A3l &
A&t F(0.5 mm)= A2 A 552 250~750 nm G olA
o] F FH=E AL

¥ Y 2M. TGA(thermogravimetric analyzer, TA-2050,
TA Instruments Co.)& AFE-3le] AAFUEE 100 cm’/min,
TEEE 20°C/mine] 20 Z -0l 800 °C7HA] AlEL]
T ¥t AsS ST

SH-JIAXN 24 =M. DMA(dyanamic mechanical
analyzer, TA2980, TA Instruments Co.)E A& 3}9] tension
mode®Z, X% 10 um, F3= 1 Hz, 5245 3°C/mine] %=
702 -100~150 °C HeIeIA A 52 A E(E)H tand
s SAAT

QIZEMI Y=, ASTM D820l me} THael A3 7]
(AGS-X, Shimadzu Co.y& A3l g4 500 mm/min®]
S22 AGATE A2olX 43190, W= densimeter
(YDK-01, Sartorius Co.)& A3l 23 °CollA] 43It

EHZAE. ASTM D3363°] w} A4 =A(CT-PC2,
Coretech Co.)E ©]-83l] AF20lA] 500 g2 YA 35 3l
Al 735kt

B8, §U3 719 MRS FES] AR 7, gl

ol

FRool B2 & 72 29 BAMsE 2Aslon 4 (1)
2 olg, F82 AN,
wW—=Ww,
% water content = ——X 100 €))
0

wy: dry weight
w: weight of swollen sample

HEZ &5 57 2797)(C-L ERMA Co)g AHg31]
FR5 2 2N A AR Aele] §E2E 247} 24

sto] Alge] ®AAAAIE AtsAt). FHAUAE= Young

Polyurethane (wt ratio)

PU/SIO, (wt/wt)

Sample code

PTMEG DMPA IPDI TEA APTES EDA FS“ Ss?
PU 100 6.707 44.456 5.060 - 3.005 -
FS 100 6.707 44.456 5.060 - 3.005 95/5 -
A0 100 6.707 44.456 5.060 - 3.005 - 95/5
Al 100 6.707 44.456 5.060 2214 2.705 - 95/5
A2 100 6.707 44.456 5.060 4.427 2.404 - 95/5
A3 100 6.707 44.456 5.060 6.641 2.104 - 95/5

“FS: Fumed silica. ”SS: Silica prepared by sol-gel process.
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Figure 2. FTIR spectra of (a) NCO-terminated PU prepolymer; (b)
PU prepolymer modified with APTES.
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Figure 3. TGA thermograms of the samples with increasing
amounts of APTES.
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Figure 6. Dynamic mechanical behaviors with temperature of the
samples: (a) storage modulus; (b) tan 6.
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Figure 7. Stress-strain curves of PU and PU/silica nanocomposites.
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Table 2. Tensile Properties, Density & Surface Hardness of the Samples

Samples Tensile strength Elongation at break 1% modulus Densigy Surface

(MPa) (%) (MPa) (g/em’) hardness
PU 32.3+1.6 870+£50 15.9+0.4 1.025 HB
FS 36.0+£0.9 580+10 20.8+1.6 1.050 2H
A0 39.2£1.6 670+30 26.6+1.6 1.049 2H
Al 47.6£2.4 755425 18.0+0.8 1.052 3H
A2 51.7+2.1 735+15 15.3+0.8 1.056 3H
A3 40.6+2.3 665+45 13.2+0.8 1.061 3H
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Figure 8. Change of water content with time of the samples.

Table 3. Contact Angle & Surface Energy of the Samples

T

Sample Contact angle (°) Surface energy
code Water Glycerin (mJ/m?)
PU 74.27 75.96 30.20
FS 72.90 75.70 31.81
A0 72.20 75.94 32.92
Al 71.96 74.67 32.51
A2 69.03 72.66 35.39
A3 66.49 70.86 37.94
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