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Abstract: In this study, the surface of biodegradable microcrystalline cellulose (MCC) powder was modified with 3-ami-
nopropyltriethoxysilane (APS) to introduce -NH, functional groups on the surface by silanization. After mixing APS
modified MCC (MCC-APS) powders in poly(tetrahydrofuran) (PTHF, Mw= ~1000 g/mol), they were reacted with 4,4'-
methylenebis(phenyl isocyanate) (MDI) to make prepolymers, and chain-extended with 1,4-butanediol (1,4-BD) to pre-
pare polyurethane (PU) composites. The effect of MCC-APS fillers on various properties of PU composites were studied
using thermogravimetric analyzer (TGA), universal testing machine (UTM) and dynamic mechanical analyzer (DMA).
The interfacial binding between MCC-APS and PU matrix was characterized by scanning electron microscope (SEM).
We observed significant increase in tensile moduli and significant decrease in elasticity with increasing MCC-APS con-
tents in PU composites, due to the strong urea bond formation at the interface between the MCC-APS and the PU matrix.

Keywords: microcrystalline cellulose, (3-aminopropyl)triethoxysilane, polyurethane, mechanical property, interface.

M B Al S7FskAL let. oledt BAIRES slds}r] flsh
olollM = Al Blel L PU Allxdl| #7t A+-

24,9 A9 Folrh

Z2]9-d S (polyurethane, PUY =31 71418 B4, T
A, TATT, T579 2 Hold 7 59 A o
-"Oﬂ AR A D] ARRE AL Q) SEA 9 PUS] AL

F 7k A e 9 HrlE Aok 22 Ad 9

13

7F, ﬂrﬂ %g} carbon black(CB) = tjeks vt
de] AR /o, e 13 AAlE X

"To whom correspondence should be addressed.
E-mail: ryongi@kmu.ac.kr
©2018 The Polymer Society of Korea. All rights reserved.

147

o] FAAR AFEsl] vlo] Q. PUE AXsHE
ghks] ZIgE| L ekt

X127 24191 microcrystalline celluloseMCC)E L&A}
B o] =AAZE d] ARREHI 9o zpAdA 71 =



148 Fo - Aot

FetaL, BAE, A7, Asld B eERIsHe A

= Hlele ZEHeltt. MCCe AAd 4829224, MCC

2 pust 7He TEA} BEA| o] 2AAZ ARSI, 213k

7“40]““1 7IAA =7de] Zdske AEA BAE A=
T S Zlow Actdn.

MCC FHo] tho g EAJshs alo] =2 A](-0H)7 ) =
?_]’8]—0# 40]7] Uﬂ—r‘oﬂ _Lg]:/g]‘_oa 7};(]": PUQ} 7]—‘?— alE

XPUHEQ—*— el abo] olel g R0 o et wet
Aok ATYAZ Aol MCC AL HGAA 33274 o)
Eg20} 3g4 L ARAM AP B Bast ek

A ABYAE A5Y T1E} 259 TEAS B
WSO R AYANE FHAE A§UTh AT ASIAE

Rn-Si(OR),¢] 728 7PAH, Wh-g7] F4<) OR'S 7H

317} =" Rn-Si-(OH);2] 7%= dAsle] M c F¥e] -OH
719} F§hgo 2 518t Ag] 7ksslith Rne Be7]1=2 2

§3t] 7] TRA HE 20 48 T BE ATS
Yt Ao deid ek

2 AFelME Rn Fiol NHY17E A%50] gl A
AEDAE AHESel MCCE AT US| SR K

f3lo] PU A2 Alxst2A4} gtk MCC o) &g
= -NHy7]= PUE AZT u AH8-5= MDIQ] -NCO7| <}t
1E‘°ﬂ*1 S-HloH(urea) Aol 7hssitt. o Akl 4o]
Sder 43te] dolut} gola, $-dloF hard domain®]

—rﬁﬂ‘?} hard domain®.t} T 78ttt Gz Aok’ uleba

= 0
HO 0Si™""NH,
0
WO]‘H + C"'O'§;M H2
n
C OSIV\NHz

PTHF MCC-APS

150 rpm, 65 °C, 3 hr m\ /%g/

Prepolymer

3 - 1R

MCC ¥ A AZHAE ARl NHY 1S =Y 5]
ZAAZ AMEH MDIQ] -NCO71$} HES-3 }04 AHolA] -
et AR 7ek Sdlof 43S FAAT & 7] wFol

B7} a3 =249 Ao = JArET

A& AZSHAE AH-Ste] MCCE 7 sk A= o9
A7kl olsl E up lom 2 AFelM = g 23
o #571E 12k -NHyY] VIS 7H= A7 AEHA 3-
aminopropyltriethoxysilane(APS)E A3l 75 F=3)3lL
A} gtk APSE A 7P el 2ol A7 AZSHA T st
tolr, o FA] F2]9] FA B T 1SS 5
MEAA7E S22 de] AREAL T APS H thegst
AT AZHAE AFESF] MCCE ®1H /1A 3, poly-
propylene(PP) H== poly(ethylene terephthalate)-poly(trimethylene
terephthalate)(PET-PTT)9} 72 §7] AEAIESA| 2] 714
2 ARgehe dAae 2ds] AgE L JARESY pUe| S

A& AHgehe dTe FEot] & A5 Tt

PU$] prepolymerE A 23171 98t poly(tetrahydrofuran)
(PTHF)3} 4,4'-methylenebis(phenyl isocyanate)(MDI)2] A] 7}
o w2 ¥H-$-X == Fourier transform infrared spectroscopy
(FTIRYS AFE-31e] 2481910t A28 MCC7} PU B8]
g7 ol v Y &€ T £47](thermogravimetric
analyzer, TGA)Z g1l oM, 71414 A2l A= 9&F
2 THEAISATE 7] (universal testing machine, UTM)$} 54
71A14 54171 (dynamic mechanical analyzer, DMA)Z. 413}

+
O-C-N N-C-0

MDI

0 Sl/\/\NHz
150 rpm, 25 °C, 3 hr ...0 51
’\/\NHZ

C OSl

MCC-APS / PU

Scheme 1. Schematic diagram for the preparation of polyurethane composites with modified MCC-APS as fillers.
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Scheme 2. Schematic diagrams showing urethane/urea reactions occurring at the interface between MCC or MCC-APS with MDI.
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Figure 1. ATR-FTIR spectra of PU films with (a) different prepo-
lymerization time; (b) after completion of polymerization.
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Figure 3. TGA thermograms and DTG curves of PU and PU com-
posites with 5.0 wt% MCC and 5.0 wt% MCC-APS.
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Figure 6. The upper (Voigt) and lower (Reuss) bounds of elastic
modulus for PU/MCC composites, as predicted by the rule of mix-
tures. The actual Young’s modulus for PU/MCC and PU/MCC-APS
lies between the curves, illustrating isotropic distribution of filler
materials.
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Table 1. DMA Results for PU and PU Composites with MCC
or MCC-APS as Fillers
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Figure 7. DMA curves of PU and PU composites with 10.0 wt%
MCC and MCC-APS: (A) storage modulus curves of PU compos-
ites; (B) tan o curves of PU composites.
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10.0 wt% MCC-APS.
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