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Abstract — PP-g-MA/layered silicate nanocomposites were prepared by melt intercalation method using PP modified with
maleic anhydride (PP-g-MA) by solid-phase grafting process and montmorillonite modified with octadecyl ammonium ion
(C18M). The graft level of PP-g-MA was about 2.0% when measuréd BYMR and elemental analysis. XRD patterns and
TEM micrographs showed that PP-g-MA was successfully intercalated into C18M. A PP-g-MA/layered silicate nanocompos-
ite had higher tensile strength and modulus than PP and PP-g-MA. Especially, it showed a dramatically increased tensile mod-
ulus up to the silicate content of 3wt% and the constant modulus over silicate content of 5wt%. Dynamic storage modulus and
complex viscosity of the nanocomposites were higher than those of PP-g-MA. They increased considerably up to silicate con-
tent of 1wt%, but increased slowly over this content like the tensile modulus. It was found that the nanocomposites showed the

faster crystallization than PP-g-MA.
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2 o) AL X EE0] Table Bl AA0] Tk, PPIPP-g-MA:

PP(62.5 wt%), MA(10 wt%), trially cyanurate(5 wt%), benzene(10 wt%),

benzoyl peroxide(12.5wt%g) 120°Ce] L-=ollA] 158 F<t Whg-A]HA
Azt He-gE MAE AASE] $8k FFrE 727 o)
St ., 100°Ce] ZIFstollr] 3] Azsteh. AtelA] A8
24 AdARIEE octadecyl ammonium ich® X8k montmorillonite
(C18My3T}. Cation exchange capacity(CEE)108 meq/100 glt}. PP-
g-MAS} C18MS 200°Ce] Aait9)7]elA] 152 52t 8-8-E3 st 1}
LEIAE Azt C18Me] TR 1wi%, 3wtd, 5 wid%eZ 10 wi%
Fom, A2 FAY|ZH5E CIPPMA, C3PPMA, C5PPMATLE] 3L
C10PPMAI 2. 3T}

&

2-2. =4
PR} A3t PP-g-MAY] H-A1%FS 1,2 4-trichlorobenzerge &=

Table 1. Starting materials and their sources

AHE-Ete] GPC(Waters 1500742 53 E<18tt}. PP-g-MAIA
MAS] ZZEEES |R(Bomem-MB-100)'H NMR(Bruker-AMX-500),
Za)7 94 B2 (HERAEUS; CHN-O-Rapidy ©]&3te] 24skar),
Ve B3 9] Az Fe} A47xe] sl Rigaku X-ray generator
(CuKa radiation,A=0.15406 nm& AR8-sle] #AsISI Tt st 27149
F2ReR= TEM(Philips CM-208 A1831e] Elels15it). PP-g-MA/C18M
V=83 o] 4] A 54 (thermomechanical proper§)E4st7] 93l
A1 DMA(Universal V2.5H TA Instrumentsf-g-2- 31%12.#, Frequency
= 1Hz, 52 $=% 3°C/minglt}. 174542 ASTM D 17081 o}t
243519t §Hetd 542 Parallel-platefl S: 25 mmy| &3kd
ARES Rheomet& ©o|&3to] 220Ce] 2Zoll &48l92, A8
B FetellA FalEiant. v=EgAH 9] 245 A5 DSC(Du Pont
model 910 thermal analyz&)o]-&-3te] #2313t}

3. €y ® oF

b=}

3-1. PP-g-MAS| S5}

Table 2| PR} PP-g-MAY] 573-& AlsIdrh A9 ¥ EE
PP-g-MAY] 735 PRET}H &% ZA3Ie-5 4 4 vt PP-g-MAY
FT-IR ~fE#-S Fig. 1 =A1390h Fig. 1cplA MAE 1,860 cmit
7} 1,780 cm™lA] C=02] anti-symmetric stretching ba#ll symmetric
stretching bang 7} Ve, Fig. 1@ PP= C=0 band} $loH,
Fig. 1(bp] PP-g-MA2] 73-%-9&= 1,850 c*z} 1,770 cm™l|4] C=C¢)
anti-symmetric stretching bafl symmetric stretching ba& z}2t Vel
Wit} o= MAS] C=C bond} 7IX|HA PP Z8lZE HEZA PP-
g-MA2] Z9ol= C=0 ban&°] ¢F7H4 wavenumbett 32 o=
olFa Zlow, o] eE PP-g-MAIA TIHkg MAZE A9 EAIEH]

00 0 Q) 22 9]
e =E 2 1 M-T.

PP-g-MA?] MA ZERZESS 3k WHAE NMR, U4 A
AU FTIR[9] & 2] 7E7F Siv). FT-IRE o835t PP-g-MAY
aEpEEge Fahe Pl 4 7] gEd) AR Bol
AR Slet AEErt "olA] 7] mie] B dolAe NMR ¥
oy AAE A et

'H NMRo] ©J5te] PP-g-MA 22h2ed MAY 8 Aitshs
e MAY )= methine protofl peak®#-2- propylenell $J& methine

Table 2. Basic properties of PP and PP-g-MA

PP PP-g-MA
T,2(°C) 163.1 159.1
TP (°C) 110.3 110.8
M, 36,479 32,894
M, 225,778 185,163
PDI(M,/M,) 6.19 5.63
Graft level(%) 'H NMR - 2.4
Elemental analysis - 19

8Values obtained from second heating scan with heating rat€Gfrhi.
byalues obtained from cooling scan with cooling rate ofCénin.

Reagent Company Molecular weight
Polymer Polypropylene Samsung Co. Mn=36,479, Mw=225,778
Comonomer Maleic anhydride Aldrich 98.06
Free radical initiator Benzoyl peroxide Aldrich 242.23
Catalyst Triallyl cyanurate Aldrich 249.27
Interfacial agent Benzene Katayama chemical 78.11

stst=8t ®M38H M55 20004 108
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Fig. 1. FT-IR spectra of (a) PP, (b) PP-g-MA and (c) maleic anhydride.
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Fig. 2.*H NMR spectrum of PP-g-MA.
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Fig. 3. Magnified spectrum of Fig. 2.
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Fig. 4. XRD patterns of (a) C18M, (b) CIPPMA, (c) C3PPMA, (d) C5
PPMA, and (e) CLOPPMA.

I5-2 3] 98] X-ray} TEME o83t} Fig. 4= £ 7
A ARRE 24 delAle] 29 PP-g-MA/C18MY X-ray 31E wH-2
RojFEr) B AFor= octadecyl ammonium ishZ &= mont-
morillonite(C18ME- AH&-313 8] Fig. 4(@pl] By nks} 7ho] 28=
4.8794] (001) peale- R.oF=1L S)t}. Bragg's lavg ©]-8-3e] C18M
o 57+ ALE Alrele] 18.13 A 3he At). 24 AEAo)E &7
of A12HH alkyl chair® dojdl we} dAC)E Z Ale]elA] mono-
Ex bi-layeg @484 AHARIE 3 9, 78 3 7)o
e = wjd et} BE octadecyl ammonium ich® X #1598 7%
alkyl chaire bi-layerz 2#Ao|E9} HEsA Tod9e sloz &
234 UTH13, 14]. ALEAE 4 AFYACIEL S7H0E AP H A=A
o] oJ¥= basal spacid =712 & & EH, Fig. 4(b-d) 18]
(e 77 AEACIEY T ufE X-ray 34 H¥olr;. BE AH$-
o] (001) peak] B ZHE R o] F RS 1T + 2

Fig. 4(d)= C5PPMAY] X-ray 3 siElold], CEPPMAY] 7% 26=
2.66= C18Me] (001) peak] ¥Zo= o533 a 20=5.78%4 (002
peaks- HelF7 ¢lr). o|we] basal spacing 33.19 %1% o]=4 Z7)
o] A7t oF 15.06 A% HolHS-S & & Ak Fig. 4} 2o 2
T WY A4 (001) peak] 9Z0.= 58Il ot} peak] Hol
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Table 3. Basal spacings of C18M and PP-g-MA layered silicate nano-

composites
Sample B, degree Basal spacing
C18M 487 18.13 A
C1PPMA 2.78 3222 A
C3PPMA 2.50 3531 A
C5PPMA 2.66 33.19A
C10PPMA 2.48 36.03 A

[a)

(&

Fig. 5. Transmission electron micrographs of (a) CLPPMA and (b) C10-

PPMA.
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Fig. 6. DSC cooling scans of PP-g-MA and PP-g-MA/layered silicate
nanocomposites with cooling rate of 8C/min.
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o3 it} Table 4] W7r&wd b2 AX38 £29 10°C/mine.&
71 W e §-89-E gAY Fig. 64 B niel o] PP-
g-MAS} PP-g-MA 22 ATAC|E b §A 25 shipe) &g A
ol& Bt} ey}, Aolpge] velvhs &% d90] vhmE A ¢
29 PP-g-MA} THES & <+ k. Fig. 64 PP-g-MAS] T 117.9C
ld) ¥ElA], CIPPMAY Ti= 126.5°C2 9F 9°C AXE ®olia-& &
T At} ole veEFA EAlss YA ES AAR 2Este]
FP7r FFE kSRl ASRE AT = UTH15]. S Ve
9] A% PP-g-MART} g Hoj9] Fo] 1 Fols & & e,
ol ARE &1 ek d4oR AeAols A A (nu-
cleating agent &= 1ste] o B2 Aol F=v7] oz o
AR} YzE7E 1°C/min, 2°C/min, 10°C/mingt 15°C/ming] 73-9-
o= 22 7S HUL Table& TN & ¢ Sith Fig. 2 C3PPMA
o] YZh&o| wE AR S L9 HElE BT Slet), WiEe
7F AR oy iz ZFHIF AX ARE Lx0F 2AAate ¢
o

Fig. 8& PP-g-MA%} PP-g-MAF HEACIE Vie83x2] wide
angle X-ray3d Hjelg RS oleH o] 3A el Zzhe] A
BE 130°ColA] 305 £t annealingle] 98 Zlojty, BE A EE9|
Al PP o form 287+ 54 peak(B=14.1%, 16.95, 18.66,
21.28, 21.88)5-2 VIERY AL RiT. o 2HE] AA | E o A+
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Table 4. Crystallization temperature, melt temperature and the heat of fusion of PP-g-MA and PP-g-MA/layered silicate nanocomgesiwith various

cooling rates

T,(°C) at different cooling rate

Sample , , , , , T(&H)* [°CQ/g)]
150°C/min) 100C/min) 5CC/min) 2€C/min) 1CC/min)

PPMA 107.3 112.3 117.9 123.2 126.2 159.1 (92.5)

C1PPMA 120.3 123.0 126.5 130.4 132.8 157.1 (92.6)

C3PPMA 1205 123.1 126.7 130.6 133.1 157.2 (90.2)

C5PPMA 119.0 121.7 1254 129.4 132.0 157.2 (90.7)

C10PPMA 116.8 119.8 123.9 128.4 131.3 157.4 (86.0)

30btained from ®scan with heating rate of 2G/min.
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Fig. 7. DSC cooling scans of C3PPMA with various cooling rate.
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Fig. 8. Wide angle XRD patterns of (a) PPMA, (b) CIPPMA, (c) C3PP-
MA, (d) C5PPMA and () CLOPPMA.
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Fig. 9. Tensile strength of PP-g-MA/layered silicate hanocomposites as
a function of clay content.
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Fig. 10. Tensile modulus of PP-g-MA/layered silicate nanocomposites as
a function of clay content.
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Fig. 11. Curve fitting for XRD patterns of (a) PP and (b) PP-g-MA.
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Table 5. Dynamic storage moduli of PP, PP-g-MA and PP-g-MA/C18M

@ PP . ) d their gl
20x10°F e - ---PPMA nanocomposites at various temperatures and their glass tran-
. C1PPMA sition temperature obtained from tand
——C3PPMA

Storage modulus, GPa

1.5x10* Ny PSRN Samples 20 oc  aoc  soc o
T R PP 1117 855 399 2.01 6.60
S o0t . PPMA 8.34 7.79 464 2.03 9.21
T D o C1PPMA 15.03 11.67 5.16 2.33 8.39
C3PPMA 15.58 12.04 5.39 2.47 9.27
5.0x10°f C5PPMA 16.02 12.67 5.89 2.59 8.90
C10PPMA 16.79 13.03 5.87 2.68 10.10
0.0 ) ) ) ) ) @The glass transition temperatures were measured at the peak tops of tan
-100  -50 0 50 100
Temperature (°C) PP-g-MA Lh=S319] SL4EHES UehiIE. PRE PP-g-MAY 7
020 pp ®) ° 747} 1.1 GPa, 1.2 GPa PP-g-MA] AX =] =rl= ols) o3
----PPMA BAEe] /RIEE & ¢ otk dejAolE Tkl 1wios] we )
SR s A5 143GPE PP-g-MA BT} 023 GPadxrt 7k,
——C5PPMA ol 3wty] AEACIES IFPS A= L65GPE 1wosd u Hrh
0.12} T CIOPPMA 4 0.22 GPad = Z7HAIT, dEACIE Fe] 1 o]} Fhshd <
w BAES A I BE & F Utk &, JABHEY SIS
§ 0.08} Ag]AC|ES] g Fotel| wegt Hadthe 218 4 4 2t} Burnside
9} Giannelig= dejAlo|E 2] F3] 80| S7HEFS 2EAL fEE 29
A A& 7he] Aol e Frkeh, AdalA g Aol A
0.04¢ ) ore 54 ofa) Wge) Sv} St felee ARE Bl
ATH16-17]. FlA 2875 B4 23}, PP-g-MAY} PP-g-MA/

0.00—+ ‘ x ' ‘ C18M ‘B3 o] AXslwx »5 v|Lglons ofzfsl 7|44 &

-100 -50 0 50 100 : . : , o op o o1
o Ao Z7h= 4 E &3 5 F 9L 2 o
Temperature ( C) 0-4 5/ eEVﬂ ] ? Zﬂoﬂ -46 —9—"’]'\: 2 T A

Fig. 12. (a) Dynamic storage moduli(B and (b) tan é of PP, PP-g-MA
and PP-g-MA/layered silicate nanocomposites as a function of
temperature.
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PP, PP-g-MA1E]X PP-g-MA/C18M =83 =9 mE &
A A edEF) tande] H3}E Fig. 121 =418t} —40°C, 0°C, 40°C
2]% 80°CHlA dynamic storage modéli 7k f] Ao 2x=

33MP2IT ol MAZL PP ZetZEd w o3 #AF 4 Table 81 A8}, fe] o] 2= ofstelX= PP-g-MA’t PPET}
o &Jair A3} Lot Flkete] AR ER S8l MERl 2 4 w3 7 A% GHES Bolu fEjde] % ool PP
o2 Wl PR} PPl AFES vnsh ] A AF A F RS R 09lE & 5 A oLE PRoMAT fel Ao
52 ABRE Xray #4& &3 AAs=E Hlws) HSkt Fig. 11 oM BT & FARTRES Hlgo] A7 wie] v d
] PR} PP-g-MA?] XRD 5ol that curve fittingZ 25 =A1E90E ’%}OM. B -40°CoA] PP-g-MM &4 A4 ©9E2 8.34 GPalH|
PP-g-MA2] AR}z 0.6°]2 PR AAQ3l== 04% PP-g-MA’} kel 1 wt%ed] AEACES A3S 299y 15.03GPa % F
PRIt AR etert 258 Eeld 4+ . Wl AE 271188 o 4 gt a8y, deFA o) B ko] Zo1ae
Fig. Plx &) Zo] AaA | ES] dhgko] Z=713ke| whab 1A Awst Z =27 A4 g8 2o} ZhAske] Ak dE a9} e A TES
Z7RIPE 10wos] 739 E4o] Wold & B 5 Tk Fig. 104 PR} HSAL.
10'k (a) o 10tk (B) o C18M weight (©)
2% ] fraction (%)
ooeggf. 033322. °°°
3 ’S - o -
19°F G 18m weight o%8 Zat | oo5u0m" 10 o,
fraction (%) ooo we - C18M weight OOES-I S
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° Xgo-. = 1 TR,
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Table 6. Terminal slopes of Gand G" vs w for PP-g-MA/layered sili-
cate nanocomposites

Sample G' G"

PP 1.72 1.00
PPMA 1.27 0.96
C1PPMA 1.00 0.82
C3PPMA 0.94 0.79
C10PPMA 0.64 0.68
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