Polymer(Korea), Vol. 30, No. 2, pp 129-134, 2006

FIA =22 S E2|E LI=Seize] HxE ¥ 2y
e - gy’ - golg
Fgvista Foher AaAFER, “FFUSE FH kT

(20051 1149 259 #2006 349 9¥

el

Preparation of Urethane Nanocomposites with
Inorganic Nano Fillers and Their Physical Properties

Yun-Kyu Yang, Taek-Sung Hwang', and Eui-Hwan Hwang*
School of Advanced Material Engineering, College of Engineering,
Chungnam National University, Daejeon 305-764, Korea
*Kongju National University, Cheonan 314-712, Korea

(Received November 25, 2005,accepted March 9, 2006)

Z=& ! Na'Montmorillonitea(MMT), A&7}, g4kt D MMTE =9 7J23 &7
59 €44 BEAS 1At B3RS A& FeEledgte] Al
o & Fgo] gl om, o]E9] EATF EX = 1.5~20% vl YA Bz &3

E A|%3}a o)

I Y=dAE ol 88 i@
-2 20000~28000°] 3L F7H]
ZEAE(dspacing)= <=5

3 FRAL] SRR B SR 3 2] ARs 2R EUeU EYAED F w2 e
R Re] 27] GRs) 255 250~280 Tolth =3 A% A4 = ek 73%7} woker, g
sl = °F 50 T A vehsith Jg=s SakEE S B30 P w3hen, Aee MMT F4 v

B 27} 247%E JPY FA] UERTh =3 A7) 9] 3leko)

Ot

s Qs Fksgon devt 4 BY

Asi] AT} 1 Sl ek, B 34 BEAR] AR gl ek

Abstract :

Nanocomposites of polyurethane were prepared from inorganic nano particles, Na*-montmorillonite (MMT),

silica, CaCOj; and surface modified MMT and their properties were investigated. It was shown that the molecular weight
and polydispersity of nanocomposites of polyurethane were 20000 to 28000 and 1.0 to 2.0, respectively. d-Spacing for

nanocomposites of MMT were increased than that of pure MMT. Initial degradation temperature of nanocomposites were

250 to 280 C. And also, the range of weight loss for nanocomposites were decreased and the end of thermal degradation

was observed at higher temperatures about 50 ‘C. The elongation at break for CaCO; filled nanocomposites were the

highest among the nanocomposites used in this study. studied. It was found that the tensile strength increased with increasing

the filler contents while the silica nanocomposite exhibited the lowest increase and the CaCO; nanocomposite the highest.

Keywords :

inorganic nano filler, nanocomposite, polyurethane, flame retardant, tensile strength.

N B

e gage Hold /A - Beld SA4L AT ) Wi
A%g AR ED 79A, AT G ARN A5 A L o
24 A8 57} 2o] BT Fopol HeralAl AEHT 2k 3
A%, oleld el salae) et S840lE BTAT QA A
ol ghe gl glo] A o) F AN SF AT Bus A
BH3 gk oA @ AT Bas) Felguete] B4, Fel9o
o] EEAR EE Aol $5% FAAE A P 5
of PeA YUk olFolN FelSuRe] W5eE AN e
9l ke 7)) FRAE o), e 3

4% Foltlvil Agsi
Az ez f2] e FA A 5 vl ZzvlE 2]

+To whom correspondence should be addressed.
E-mail: tshwang@cnu.ac.kr

129

R

AAE EFet] AHgHM,
7AH 4T WA 5o BAE 7;5
& 20 3 kel SAR de) A8
Yo FPAAT &

L8E WAzl Y ©
A detk. o2 F Y EdA 5o o] § Eok=
1 AN H7} theksle] HieA AF

I X

%
&

g ?\% O{Nv

=
=4
[e)Xe)

=g
2

N
-~

=
N
%%
B
w4
°,
K
et ml
O

i
2

=T R O A O <
E.?‘.‘.
2
fr
rr

L= )
>
2
o

I
T
E o

1>

HE (m
o

il

S 12

O
ol

, o3},
FobaL A QUoh dubA o %X}/L} EAAE
Ax oz AelAolee] %3t 7&7%1 2R o5 WeAE 4k
& (intercalation)¥} A 0]E THEA o] R3] ] A
AolE 7+ Fo] 1EAF ulEZ 2 Yol BAkEo] Q= vle] ¥ (exfoliated)
ek T 4 5k 2 °o |EE slEe2 vo] =9
e A9, v aa e IR HEL el =
o AU R} 5 a4, Ag A a8 &

= BEE

_]N

>
AC)
X

o

)



130 F&t - Fe

4 Eah A S40] $aAE AOR Busw Yok £ 7]
o] mlolaz =)e] FAAN) wslel HlERAe] WA Wom

e FORE A 4% 44 4 PN FAel
A 2717t ZhAAd dd el vHE(400~800 nm)°ll HIs) #7]
ol ERARe] B 2 9T vIAA g e B 9l

o} e

SO BYS PR & Ao, A4 8l glo] miS g
ol
mehd, B AFME Besdas AN 4% dade ¢

HA717) 5ol HE, Aet, HABE 5 heAE EuAesh
Ahlslel v=elzl ol ST wops Sl et A
=3k B9, AES RS FHAY F
S A b
Ef2 dels} el pde g ne 24 Az 242 79
stk

4 ¥

A2 Y ARk B Aol A% Na'-montmorilloniteMMT)=
o] 1¥5(cation exchange capacity, CEC)] 93 meq/100 g&! Southern
ClayA+] Closite® Na*E 100 ColA FF Azxst] ALgatuTt =
3k MMTE] 77170148 $18F hexadecyl amine> Aldrich®] 15 Al<F

< A flo] ARESIAaL, olele] SRR AeFlel vhbdeEe 77
?,fl’% Rhodia Silica®llX] 34+t ZEOSI (amorphous precipitated silica,
size; 30 nm)2} AldrichAke] BHEEE-S ARSI Z2]8-2 Aldrich
AL FF g EA1E0] 200081 polytetra-methylene glycolPTMG)S-
F7F AA flo]l ARSI o]aAoMo|E toluene 2,4-diisocya-
nate(TDD)E AH-3M9 T, -@le ¥Hg-9] Zvl& dibutyltin dilaurate
(DBTDL, Aldrich)<, AFEARA|9} &= 2+ 1, 4-butanediolo}
acetone S FAEAA|4A)E FES AASI AHESIATH

1‘-’r7|§l—MMT°I A1 gl Alp|Fto| 2|, 1 mLe HCIE 50 mL
o] gol=po YWl & 22 %, o] -8o|| hexadecyl amine(Cy) 0.8 g
S 9y Z HAodA £98 80 CTE AXTT. T Na-MMTE
325 mesh®] A= 23 YAHI 37]94 UALE BHETE Poixl MMT
2 g 130 mLo] "ol ¥a, 80 TE FAI3AA 1A1XE &<

AdstA AolE F, o|v] FH|H hexadecyl amine &8 4101 14]
7t B 935 ATk o]2A 4% 7713 X E(hexadecyl ammo-
niummontmorillonite ; Cie- s A2 ol &, deg 183 o
Al & AR oY AEeT WSS Al o]20] A=A 01 M
AgNO; &0 Il & HHES AeA] Aol oF 2443t 5
QF H™T}, w3k XA o] AEFE Ao E MEATI] $E A
2 7181014 300 CTE 3 AlIZE X2k th

LS8 z2o| 3. 2 Aol AgS Z89-ae 34 % Figure
13} Zo] Aa £997] sfollA 25 Zdo] 7hsd 25 247, A
B FYE, ] 2 SR W7 529 500 mL 47 ¥ % 715 °]
3110, Figure 29} 22 Ao = FAITE A SHE

OFO
L

TYE Baks 9J5ke] anchor type?] WHE7)E ALE-51Th
TS W o|AAJop|o|EE o] 8ete] ZE|9HR e ERISE
A7) Yte] Table 13 2 FAZ7 3hollA] 20HA w0

E2/H, #3048 #2235, 2006

ox

SR

o

2 1

— Water

1. Condensor 2. Nitrogen bombe

5. Water bath

3. Dropping funnel
4. Mechanical stirrer

Figure 1. Scheme of apparatus for synthesis of polyurethane nano-
composites.
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Figure 2. Synthetic routes of nanocomposite based on polyurethane.
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Table 1. Compositions of Polyurethane Nanocomposites

PTMG* TDI’ BD° DBTDL!

(mole) (mole) (mole)  (Wt%)
005 008 005 0.01
005 008 005 0.01

Fillers(wt%)

MMT®  OLS Silica  CaCO;
M1 0 Ol 0 S1 0 C1 0
M2 5 02 5 S2 5 C2 5

0.05 0.08  0.05 001 M3 10 O3 10 S3 10 C3 10
0.05 0.08  0.05 001 M4 30 O4 30 S4 30 C4 30
“PTMG : Polytetramethylene glycol. °TDI : 2, 4-Toluene diisocyanate. ‘BD : 1, 4-

Butane diol. “DBTDL : Dibutyltin dilaurate. “MMT : Na*-Montmorillonite.
JOLS : Organic modificated layered silica.
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3Tt

LicSghi 2| 4 2M. S dn] S3Aet 244 A8t
A g3 AEdE e EXEe g1 915t Water
k2] gel permeation chromatography(GPC : Model LC-240)E ©]-83}]
2439t Standard sample-2 polystyrene, ©]5 32 tetrahydrofuran

, T2 1.0 mL/min, 23] &5+ 35 C, #E7]& refractive

indexE AHESFATE EZH Na-MMTE| 723 5434 5448 Al
Z ¥ HE9 FHAR e W= Cu Ko radiation?} cured graphite
crystal monochromator”} F-2H X-A1 314 S|-I(#D/MAX-2500, Japan)
< ©]-g3}] tube voltage= 40 kV, tube current 40 mA X714 1~15°
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D412 w2} A2 o H, TFsA 87 \(universal testing machine, Instron
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Table 2. Molecular Weights of Polyurethane and Nanocomposites

Sample code M. N M. w Polydispersity

PU 26000 38000 1.46

M-2 28000 43000 1.53

0-2 24000 41000 1.70

S-2 22000 39000 1.77

C-2 27000 41000 1.51
M4 20000 37000 1.85

04 23000 48000 2.08

S-4 19000 35000 1.84

C4 21000 42000 2.00

Relative intensity
z

1 3 6 9 12 15 18 21 24 27 30 33
2 0(degree)

Figure 3. XRD patterns for fillers. (a) Silica, (b) OLS, (c) MMT, and
(d) CaCOs.
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Figure 4. XRD patterns for polyurethane nanocomposites. (a) C-2, (b)
M-2, (c) O-2, and (d) S-2.
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Figure 5. FT-IR spectra of polyurethane and nanocomposites. ()
Prepolymer, (b) polyurethane, and (c) nanocomposite.
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Figure 6. TGA curves for PU and nanocomposites with 5 wt% fillers.
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Figure 8. SEM photographs of PU nanocomposites with different type of filler. (X 10000) ; (a) 0, (b) MMT, (c) OLS, (d) silica, and (e) CaCOs.
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Figure 9. Effect of fillers on the tensile strength and elongation.
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