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Isophorone diisocyanate(IPDI), poly(tetramethylene glycol)(PTMG), dimethylol propionic acid(DMPA), triethylamine
(TEA), ethylenediamine(EDA), 3-aminopropyl triethoxysilane(APS)S EUEHZ 310 4-2-4F Z2]-9-g|g(Waterborne
polyurethane, WPU)°| FAJ =] UL} o] WPUe 0~8 wi%E 7 0] 224 % tetracthylorthosilicate(TEOS)E 75t $-
Sol-Gel RF5-& F3A]7 WPUrssilica nanocomposites #1335+t WPUisilica nanocomposite®] H 9732 TEOS?]
¥l S7kekel wet S7ketitt. BEgk AlZE nanocomposite®] B2 YA =8 WPURE 9313t

Abstract — Waterborne polyurethane(WPU) was synthesized from isophorone diisocyanate(IPDI), poly(tetramethyl-
ene glycol)(PTMG), dimethylol propionic acid(DMPA), triethylamine(TEA), ethylenediamine(EDA) and 3-aminopro-
pyl triethoxysilane(APS) as a coupling agent. Subsequently, WPU/silica nanocomposites with different silica contents(0
to 8 wt%) were prepared by performing sol-gel reactions with tetraethylorthosilicate in the WPU matrix. The average
particle size of the nanocomposite solutions increased with increasing TEOS content. Also, the prepared nanocompos-
ites showed better thermal stability than pure WPU.
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Scheme 1. Overall reaction scheme to prepare waterborne polyure-

thane.
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Scheme 2. The scheme to prepare waterborne polyurethane/silica
nanocomposites.

Z% WPUS} TEOSE H&%’\]ﬁ WPUisilica nanocomposites #|Z=
sk e HERARITE 11 5 o] gl ARl 3 flof] A3
T8 5 dAsAA 719 5‘3}3 FA3IRITE. olwl TEOSS] 7=

o T 515 weste] A, ZAske] 2ty Sl g vl
£ 9L AT B ATl A MRS W % 24
Table 1= HYERASITE.

2-3. FAIEY

2-3-1. FT-IR

FT-IR(FTIR-8400S, Shimadzu)s ©]-&-3Fo #|Z=¥ WPUrsilica
nanocomposite®] T-Z-21S SFATE Prepolymeri= KBridtol] S|
sl A AEHR A F T8 de7E FRleglaL, 7
21 &31o] prepolymer Wl EAsH= wINEE- NCO712] & &Rl
a3t

2-3-2. TEM

A Z% WPUisilica nanocomposite?] A} 7719} Al&
7] 98] A EE ol 345 T TEM gridel] F3E81] *J% Az
% TEM(transmission electron micrographs, Jeol 2000-FXII, Japan)
A AR, o1 80 V) A A% £ S gk

Korean Chem. Eng. Res., Vol. 48, No. 4, August, 2010



430

Table 1. Recipe for the preparation of waterborne polyurethane/silica nanocomposites

Feed
Sample cod Soft segment Hard segment Catalyst Neutralizer Inorganic material
ample code
P PTMG IPDI DMPA APS EDA DBTL TEA TEOS DDI Water
mol mol mol mol mol mol mol wt% g
TO 0
T3 3
TS 0.03 0.0585 0.015 0.015 0.006 0.000045 0.015 5 120
T8 8
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light scattering ©]-23F %24 7](Nicomp, model 380, USA)E
AFg3te] SRS, o ]
c
2-3-5. AR = )
LA EE ALAE Z47)(CT- ALAE 5% °3 : ; ;
17 B35 5771(CT-PCL, Coretech.)el] T3 = 578 4000 3000 2000 1000

£ AFE 45° AEZE 7931, AT F(1 kgyS 7IsAA ol AE
o] Zgasitt. A4S Mitsubishi 382 AFEEIET], HOH, F,
HB, B-6B 52| =5 Hehl= 85 ARSIt

2-3-6. 743

ASTM D 3359¢] A3te[15] Zskd IH Sl cutter® v-=3
Toke] 5 i ¥ 1 ol 3M H|O|ZE 7 URAIA dAsE 1o
2 3] wojulo] 79 3 7|A9ke] WA EE AEeqivt. 2%
B AAA FH] 1 mm 7HEOE 11x11E AR 02 ZS ol
100702) e W, 71 Sjoll Hlo) (3 M Tape)E H-213t 5 F
28] FrotdA FHE BFsISith W= = 572 7i57} 100704 5B,
957 o142 4B, 857)] A& 3B, 657) ©]4- 2B, 3571 ©12 1B,
71 o]3k= 0BZ FERYSITE.

2-3-7. DAY 4]

A|Z%¥ WPUisilica nanocomposite?] @245 57335171 Sl3l
A A4 2997] 31IA 10 °C/ming] 52 5% TGA(SDT2960, TA
Instrument) 412 AAISISATH

2-3-8. A% &4

AZ% WPUjsilica nanocomposite £-42] AT=E- F7317] $181d
34 AE=Z77](LVDV-11+P, Brookfield, USA)S AF&-5}53t}. o] uf
spindle 62 °CE AM-3191.01 6, 12, 30, 60 rpm?] Z7q A=

& S350,

3, Zu 9 &t
3-1. Silane terminated Z2|R2ER| X =0I

Fig. 12 Z9E49 IPDI, PTMGS} o1 255 1 hr 53 HE-A1A
doj7l Z2]9-2I5 prepolymer?] FT-IR spectra =73 A& HERA
Z1o]t}. Fig. 1(a)2] IPDI= 2,270 cm™'oA] N=C=0 stretchS ¥.0]m,
Fig. 1(b)2] PTMGE 3,400 cm™'el4] OH stretching %! 1,750~1,760 cm™!
|4 polyester®] C=0 stretchE WE}W=H], Fig. 1(c)2] NCO/OH

sisi3st

483 HM4= 201041 8

Wavenumber(cm™)

Fig. 1. FT-IR spectra of a) IPDI, b) PTMG and c) prepolymer.
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Fig. 2. FT-IR spectra of silane terminated polyurethane obtained

after reacting during different reaction time with aminopro-
pyl triethoxysilane. a)0 hr, b)1 hr, ¢)2 hr.
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Fig. 3. FT-IR spectra of silane terminated polyurethane prepared from
different APS/PTMG molar ratios. a)APS/PTMG molar ratio
of 0, b)APS/PTMG molar ratio of 1/5, c)APS/PTMG molar
ratio of 1/3 and d)APS/PTMG molar ratio of 1/2.
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o = At
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prepolymerel] oF71E31A]Q) TEAS HRSAIA 0] 23131 & ZR742
7| A7) 1, AE3AIR] EDAS WHSAIF] 24 PUD
= $H3EkiTt &% PUDe silica Ad+%-9] tetraethylorthosilicate
(TEOS) 37135 Table 28} 7o) thekstA Wiglslo] 1 hr 57t ¥He
17 WPUisilica nanocomposites #1Z=3FSIt}. Fig. 4= TEOSS] 3
7Yl wk AlZ%E WPUr silica nanocomposite?] 34+ =17 Wisl=
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Table 2. Properties of coating films prepared from WPU with different
amount of TEOS

Sample Amountof  Amount of Pencil Adhesion
code WPU (g) TEOS (g)  Hardness
TO 40 0 3H 5B
T3 40 1.22 3H 5B
T5 40 2.04 3H 5B
T8 40 3.27 3H 5B
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Fig. 4. Particle size analysis of WPU/silica nanocomposites prepared
with different amounts of TEOS in Table 2.

Fig. 5. TEM analysis of WPU/silica nanocomposites prepared with
different amounts of TEOS in Table 2. a)T0 and b)T8.
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A A kol dete),

Fig. 5= TEOS?] A713S dajslo] %% WPUisilica nano-
composite®] U2} Z718} S dotrr] A% TEM 54 A7lo)
o 1l o) Togh T8 Al =0 et iAk A7 1= 27} 30, 43 nm®
TEOS7} 37} HA4] 952 TORTF TEOS7} 71 T8 A 5.2 Het ¢
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Fig. 6. Viscosity variation as a function of spindle rpm in the WPU/
silica nanocomposites with different TEOS content in Table 2.
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Fig. 7. TGA thermograms of (a)T0 and (b)T3 in Table 2.
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g. 8. UV-visible transmission spectra of coating films prepared with
different amounts of TEOS in Table 2.
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