458

Polymer (Korea), Vol. 27, No. 5, pp 458-463 (2003)

HES 4] PP/AE Yx53Age] 8¢ vixe 9%

A’ Ay - £48 - A - o5
g=3let AP S ARG TR, S 2E ATy}
(20033 64 5% A4, 20039 949 32 A=)

Effects of Dispersivity of Clay on Thermal Stabilities
of PP/Clay Nanocomposites

Soo-Jin Park T, Byung-Ryul Jun, Si-Yong Song,
Kil-Yeong Choi, and John-Moon Rhee*
Advanced Materials Division, Korea Research Institute of Chemical Technology,

P. O. Box 107, Yusong, Daejon 305-600, Korea

*Department of Polymer Science and Technology,

Chonbuk National University, 1ga Duckjin-dong, Duckjin-gu, Jeonju 561-756, Korea
te-mail : psjin@krict.re.kr
(Received June 5, 2003;accepted September 3, 2003)

& 2HA" 2rd2YolE (montmorillonite, MMT)7} PP Wi Bgtal 5 9] At Alof mixje 3k
ZAF8F5i}. Na'-MMT+= dodecylammonium chlorideE ©]-8-81%] #7182 2 ZfAslgc) v]EdA (S,
HPERE (1), 282 ¥FA 84 oHE EEIE X9 542 N, FHE o)E3= BET WS

43l mAslgdel =3, B dadae AAFALHA (DSOS 95 B47) (TGA)
3 eolmottt Ad Ay e EA2E dodecylammonium chloride (DA-MK (03)9) 7 pe 1.7
7 35 mim’® SV e, ol wAlZIgel 18] wlEe R @ty DSC A#HEEE, PPDA-
MK} PP/DA-MK (0:)2] &8¢ 259 AAs ext £438 pprct v =9ked], o83t A7 Jr3a
719l DA-MK7} PP AA3E A% Y EHE FE3P) WiEo s shbksich £33 PPDA-MK (0;) Y
EEZAF ] DUdAAL 64 ki/mol FFAME T, o] PP wWlEE XA Y DA-MK (05)9) #4H3 kAo
7108k o2 gkl

b

i O o8 o

o

ABSTRACT : The effect of ozone surface treatment of montmorillonite (MMT) was investigated in thermal
stabilities of polypropylene (PP) nanocomposites. Sodium montmorillonite (Na'-MMT) was organically
modified with dodecylammonium chloride. The surface properties of MMT, including the specific surface
area (Sggr), equilibrium spreading pressure (7.), and London dispersive component (ys"), were studied by
the BET method with N, adsorption. Also, the thermal stabilities of the nanocomposites were investigated
in DSC and TGA. As experimental results, 7, and ys" of the ozonized dodecylammonium chloride (DA-MK
(03)) were increased in about 1.7 and 3.5 mJ/m”, resulting from the increasing of the micropores. From the
DSC results, it was found that the melting temperature and crystallization temperature of PP/DA -MK and
PP/DA-MK (O3) were higher that those of pure PP. These results were explained that dodecylammonium chloride
of nano-scale led to a nucleation effect for PP crystallization. Also, it was found that £, of the PP/DA-MK (O3)
nanocomposies was increased within about 64 kJ/mol. These results were probably explained by the
improvement of dispersivity of DA-MK (Os) in a PP matrix.

Keywords - montmorillonite, polypropylene, nanocomposites, ozone treatment, thermal stabilities.

N
©
. oo
off f}j
R
4 o
)
it
i
ofl
]
o
=
[+

E2/0, #2778 A)5E, 20034, pp 458-463

A} Ao G P A5 FHe Slol A2

$/57) FAANE



Polymer (Korea), Vol. 27, No. 5, 2003

Ho| o]Folx g}

HZ, H3AEs Uxries o]L3)y
9] AEE 3 RA FAHATE A7)
o ukd o 2 Ur Bl V7]
A wE o] $hAs] FAAA HEA
AL dAYeE Eeay £E7HA] T 7124 8t
= MEelA AlZE o webA wlAlgE Y
A= YeE3AgE vlojaz B9l 71&9 {4k A)
Bt vlusA 53 AgAA, 71AE A 2 g
AL 7RG A 2rldle S FUIE] BEER
Uo)E (monmorillonite, MMT)<] F-7+ol] YdE A&}

.
N
N

upo] wo) dpEglontt Hole 443 A
Dhey TEAD D 1R So o2rbA AT
do) s giv)k. wEA YreBFAR Azl de
AHEE MMTE AgAo] 328 wiat 71219 2
3ol 7] wEe] A S Eolx FA EEUF 2
HEE 3l7) s MMT7}F 2t 9 Na & 254 7)
2 AZA7= A #AHe AR F U
A5k 3ol AR S AZsT )
FrIHe R MAR FA g e® o4
(organically-modified layered silicate) el HEE 27}
24 A Well dear)z FdstA £k ol2nt
A7}aA YB3 8 (thermoplastic nanocomposite)” |
YA D7l Y BJANEE sk Ee 2
A FHAR) FEE FUske THE (polymerization)
H? 712 GE7] T& ol83te &8 AduleA £
AlA FAE= 2§43 (melt intercalation) 22" U
o] B o olud, WHEA FHNA 54 E
A5k FUARG vr B4 el Folg ¥ab
oluz}, &7y intensive mixer 52| 7|1& 73 Adw]
of H-go] 7}5ete, Surt AREHA] 7] ajEel FF
7 AzpAolgs ARE 7HAL
dubd e g pFAL WE2e Yrar|E F7EE
ANA AzF A NEL2S) FAH Aol 2T
2 izke) =7, wEHA, B4 A=, 293 YA
54 2 Bl B AAey Zzhe Ad &

A

BN 19, ofw

=2

A g3k ukeriy 9 A gtk &, vjEgA
AA Abole] AwelM 2gsle 22T AP
& HgARe 240 2AHGD F 5 lehtP
Agel AR, J5H B4 B4 A% Py
A, 338, A7|setd, 2 39 (1R
A 38, Zek=vl @ e EAer} glon

b o) shiel eEAE Eea), 2w

2 oo

%
w}

dnt e |o

o, ke
Ol

LN pe S

>

ol::

Z2)H, #2748 A5%, 20034

Thermal Stabilities of PP/Clay Nanocomposites 459

U abA, b 2AF S5 vl v)go] AA B,
ot ZE1 7 A9 A4 TAS ke AEE 7R
olo]] B AFo)A+ Na'-MMTZE dodecylamine &3
i FIA F, o] eEAI MMTS 4
E4 W37} PPMMT YB3z e] delgAe] u
e S nZEch

2. A¥

A, £ AgA A3 =234 (polypropyl-
ene, PPy 347318 (J-150)ll 4 Algwtol A-§313
om 8§x4 (ASTM D-1238 71¥)E= 1 gmin®| 3L,
2% (ASTM D-1505 7]15)E 09 glem’oj vt 24 3
£33 A= Na'-montmorillonite (©]3} Na-MMT)+=
Southern ClayA}2] Closite series® ARE3} T, oFo]&
335 (cation exchange capacity, CEC)2 154 meq /100g©]
Aok E3 AYA|ES Foj w37 s At
£-3} dodecylamine-2- Junsei Chem. Co.ol* T3} Ak
435t

Dodecylammonium chloride®] 4 ¥ 2&X.
Dodecylammonium chloride:= dodecylamine 19.64 g-& 80 C,
200 mL2] Eof o), of7]e) z3k G4 8.8 mLE A
7Vele) FAdsleick w&h 80 C, 800 mLe] Eojl 40 g
Na-MMTE #4kA7 dehale Azslgle) o] &+ &
N-g E3sle] 1A17F 59 800 pmo g EHIAZ)
QAR 7S o|g3le] FElslglon], #2¥ MMT
800 mL9] =AL Eo] ¥z, 1X3 ¢ YA F,
thA] Al Re)7|2 ¥2)3t] dodecylammonium ©]-<
o] xjgxl MMT (°]3} DA-MK)E €3lch <] AA4=
HHEsle] ol ol ofuld Ah o]2g A A7
ala1, FA Az e PeA F83] AT b, free-
zermill® W) A)3}LA Ea3le] Agel| AH8-3hgict

E Age Ag® oF WA AHE FUVIE IERE
e Ao gY 9FE WY 2E:YoMAt
9] LAB 2BE °|&39 %, oldf & wARH s
77} 8 g/hr¥} 8 mg/lLE Fr A5k 3087 HE)shgdck

F2 9 71T B4 A AREE 573 Keld ARt
< 107 torr ©J3kE FAIBFH oF 5~6A1ZF FF B A
71 &, ASAP 2010 (Micromeritics)& ©]-&3}] 77 Kol A
A & @ryel WE N, 7IAY FaEE SASH
ok BET A& ¢ - plorE? o]&3te] S3% »)

et ob

ol




460 Parketal.

93 EA. 2 phre] DA-MKS} 2E4 2% DA-MK (©]
3} DA-MK (05)% 2+ PPS} 200 C, 100 pmo. 5 63
-} brabender (brabender instruments plastic-corder)S- ©]
|3k E¥sta, 170 CellA] 158 5 €42 71 A
¥ 7] (Carver Laboratory Press Model 2518)& ©]-&3}o]
A& A=k

AlHe) 4§ £59 243 25§ dolry] H3ly
A ZEAFD A (DSC, Perkin Elmer DSC-6)E ©]-2-31<
on, A 7)F dlolA 10 T/ming] $& £E2 30 C
o4 200 T7}A] 528 &, thA] 50 CT/mino] Y Z44%
2 30 C7kA] Y2ste] SA3gioh

3 yeEdAse] 27 4¥3H 2% (DD £
3 A3t A (E) Y 2L A" IAE
ZF3}7] f3l dF5% £47] (du Pont, TGA-2950)5 ]
stglon oja A F4]7] sle|A 30 THE 850 C
7FA] 10 C/min®] & $X& 2|8l #4351}

3. 47 Y &8

% 4 71¥ 54. DA-MK$®} DA-MK (03¢ 7%
Tz WEE AER7) 98] 10°~10° torre] A
ANA N, F2EE 5438l v BdE (Sprr), BET A
(Cpen), 283 71 27) Rp)E Lokxglt)

Figure 1 DA-MK?®| & - 2% 52 348 e
Aoz, o] TAL [UPACHA AT &5 el 3 1Y
A2l Type I FeHE o] F3 SUch Figure 114 &
%l DA-MKe]l ¥]3] DA-MK (057} W& A ¥
|4 F2EFe] & S & 4 JdPed, olEE 2y

=

2

2 T MR AT
2 &R QlF|] wlA| 7]Zo] Wdsly] wjEe 2 3
2w, g2k 52 FAA Yelds oA (hys-

1

¢

250
A  DA-MK (adsorption)
A DA-MK (desorption)
2004 ® DA-MK(O 5 (adsorption) e
|2 DA-MK(O,) (desorption) j‘::::"‘
Lo
1504 o - . At

Volume Adsorbed (cm®/g STP)

0+ ——

T T L
0.0 0.2 04 06 0.8 1.0

Relative Pressure (P/P )

Figure 1. Adsorption/desorption behaviors of N, gas at 77 K
on the clay studied.
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Figure 2. Horvath-Kawazoe pore volume plots of the clay
studied, (a) differential pore volume and (b) cumulative pore
volume.

EoH, #2798 As5E, 2003



Polymer (Korea), Vol. 27, No. 5, 2003

Table 1. Adsorption Values, Equilibrium Pressure
(r,), and London Dispersive Component of Surface
Free Energy (vs") of the Clay Studied

SBETa CBETb Ry ﬂed L
(m’/g) A)  (mym)) (mJ/m )
DA-MK 204 128 66 10.4 235

DA-MK (05) 224 242 6l 127 270
Percent variation(%) 9.80  89.1 -76 221 14.9

”Speciﬁc surface area from BET-method by N,/77 K adsorption.
*BET constant.

Average pore diameter from empirical equation of R, = 4V/Sger -
Equlhbrlum spreading pressure.

“London dispersive component of surface free energy.

’Percent variation=(DA-MK (0O;) - DA-MK) / DA-MK x 100.
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Figure 3. DSC of the PP/clay nanocomposites studied.
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composites studied.
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Figure 5. TGA curves of PP/clay nanccomposites.
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Figure 6. Plots of ln[ln(l—a)'l] vs @ for PP/clay nanocom-
posites.

Table 2. Initial Decomposition Temperature (IDT)
and Decomposition Activation Energies (E,) of the
PP/Clay Nanocomposites

IDT (C) In[ln(1-0)"] O(T-Toe) E/RTu’ E/(kimol)

PP 362 00108 8.1 0.0520 m
0.1901 4.1
0.6049 40
0.9853 8.0
PPDA-MK 400  -03893 80 0.1067 486
00509 40
0.9041 40
1.2861 8.1
PPDA-MK 407  -05121 82 0.1158 542
(0y) 01263 41
08647 40
13534 81
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