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30, 40, 5002 W3IA7|HA A4 7159 brabender mixerS &3} 200 °Colld A3t AjAl|EQ ek
< 5 wi%= IYSISITE HEAOA At MB 8% Blshs A9 47| (FT-IRE ol838to] 4ab7]9] &0y ¢} 9]
A 7% BiglE ERISIGITE PPAIE MBAIZIAICIE 539 H4538 ARAIESE-47(DSC) 183 g5
A7 I(TGA)E ol8ste] B3It PP MBAIEIAICIES] g2kl & s e ] 3-8 &
R, W HiE MB ol wEh Aabd o 7hAdhs AdE HolFoith B AgAlolE #APd =
XA 38(XRD) TR (TEM)S: ol-8-3te] Z7g310itt. H3A2] AejAlo|E 1k i MB2 el ©
AL, AE MB7F 20 wt% ©14 7S Wl despacingd} Tlo]A el & W3E BTt B3] fsk
5738 A MBO] &=kl w2} shear thinning effecte} TS/l 9lo] 5718 HERIGITE. B8k At S0l 20 wi%
ol H7IEIE wl o]5 e Bl QlojA & WEE YERISIL o) 200 °Colld FHFAESHIE ol%
3lo] ERIISITE
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Abstract — Polypropylene (PP)/corn starch master batch (starch-MB)/silicate composites with different corn starch
compositions of 10, 20, 30, 40 and 50 were prepared by melt compounding at 200 °C, using lab scale Brabender mixer.
The content of silicate was fixed at 5 wt%. The composition of starch-MB in composites was confirmed by the exist-
ence of hydroxy group and peak intensity in fourier-transform-infrared (FT-IR) spectrum. The thermal properties of the
PP/starch-MB/silicate composites were investigated by differential scanning calorimetry (DSC), and thermogravimet-
ric analyzer (TGA). There was no district change in melting temperature, and TGA curve indicates a decrease in deg-
radation temperature with the increase of starch-MB content. The silicate dispersion of the composites was measured
by X-ray diffraction (XRD) and transmission electron microscope (TEM). The degree of silicate dispersion in PP/
starch-MB/silicate composites depended on the content of starch-MB. There was detectable change in d-spacing and
peak intensity of the composite when the content of starch-MB was higher than 20 wt%. The rheological behavior of
the composites was explained by both shear thinning effect and elastic property with the starch-MB amount. These
effects were remarkable when the content of starch-MB was higher than 20 wt%. These were confirmed by an oscil-
latory viscometer at 200 °C.
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e 5gAE o 4 Aol e 7= ke 248 Uk
o, o]ef st FAFSA] O & QlEl] 7]E2] mlo] A E w12 aldE 7t
A E3A <) wle- e 553 B8 Holu g, ' {714
7] EAEEA tigk AT I F/HE olFa vt EEx=d
A (PP) Tkl Fofell de] o] 1 gl tisEAl HErA|=
A AV et EA0R Qe W A7 AAE I gloH,
Ag|A|EgLe] v Bl tigt A7 Y29 e 55 F
Aoz Eks] gE|o] FrH1-5]. KA PP HISA S B7] W)
ol 7] R o]l ® X3k ATA|ER ARSI St
Alol fA dofubA] ot v BEAIE AZshs dl ofefEol
it} ol& =53] f8l S E H7REAY, B gt
(maleic anhydride, MAYS 18F2E HH3-A17] ] X2 A (MA-g-
PP)S =J3to] aldste] = A7 JBEAHs, 7]. A o] &
3782 PPell MA Z1EFZE W3- Tl o8l $42] Zx50] 7
Elo] F7FAQ1 vlgo] whAEkA Hct.

Tk A A SRR £553 (corn starch)®] 73-9- 23]
A AFER delA] o] X3 AAIE 1 o8] STIEAlell it
Tsk 5749715 7 QoA Aol Eg) 2 F7]Ee] £4)o]
Ao golsith= RS 7 AL vt whEbA EeEwa
GG RS MR 1] 3 ERT Azl digh A
T7F A= [10-12], PP} &FFHAEE 42 vpAE A
(master batch, MB)= PP2}] E31do] 9<=5lo] PP/EIAIOIE &
A AACIES] AR A e AER dijt F
shtE A4 & qlot

ZoEE 9 e/ AC E S5 g
IAF AR AFTEAl T8 Mg she]7] it B
TEo] s} $LOLH13-17), PP AR /AT A0 E B3t
o] fRIgH A4l tigk A7 vlEst Ao, 2/
E AgH Aol digt A1 A7 H sl

webA, 2 Aol A= Brabender 375 o838l S
9] gkl w2 PP/AE MBAIFACIE HEAE Alxsle] 7|25
‘& BrkstaL, Awgrel W AgA|ES A EE XA 3]
AEA7) 9} TRt A4S o] gste] argatars) gt 55k PP/
A MB/AZAO|E Al AejAlo|EQ] Al fHEH &
) aAlE skt gk
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2-1. AR =

Aglof A8 Ze|Z2IA(PP)S 230 °C, 2.16 kg 2N &
X7} 3.2 ¢/10min WE7}F 0.9 glem’Q! (GF)oeh3le) AES
AR oW, SeRRT Al 82571 3.5 /10 min W=7}
1.1 g/em’Q] E-eHa)|7] vlAE] ] (matster batch, 3% MBS A}
L3130, B8k Sk A FA0)Ex= vl Southern clayAle] 20A A

FL A,

2-2. A&

2-2-1. PP/ARE MB/AEAICIE B3] Az

AAPIE kS 5 wi%e 175 5 2l 2JEl<] ppell A MB2)
RS Table 19 FAJ o2 2315)a1, 200 °C2] Brabender mixer©]]
A 50 rppme] 2~TF SEZ ST FF EHsle] PP/ARE MBAE
AlIE EFAE AzsIAr

2:2:2. 4

3ol B2 93t A9 H4E37|(FTIR)E Bomen-MB-1002
o] &ato] 400~4,000 cm™ 37 W QJellA] A7 FE 1605 17de}
3 AEE TSI AAARE SR 71 (DSOS EEE
7I(TGA)Y] 57> TA Instruments DSC 102 ©]8313 01, 52
&5 20 °C/minZ? I3IGITE BE G2 AAEH7I8leIA
BTk, HiAle] Aol E FAE WHelE elshy] £18)
o] XA 818247 (XRD)SH FrHAREn] 3 (TEMYS ©8:3}3ich,
XRDT RigakuAke] X-ray Diffractometer(Cu Ko radiation with
2=0.15406 nm)E ©]- 833t FAEEE 59/min® &2 13T
&, 40 kV, 40 mAS] %712 0]831lth TEMS Pillips CM20< ©]
319 120 kV 7F5ALNA SHEATE 70 nm A9 AJHES
ultra-microtome(Leica EM FCS)S ©]8-31o] A|z3l9it). fHsk4
E2d AstE #E57] $13l cone and plate® o] F4 4 EE577]
(Physica, Rheo-Lab MC 120)% ©]-2-5}q disk )7 25 mm, gap size
1.0 mm= 3}o] 200 °CollA] A8t A&EA o] FA 5=
oM A Fsl] 8l ¥ (strainy 0.052 1PAIA e}
Q). §HE=A AJAL 200 °C 7FIZ G AN FAZF 1.5 mm,
Z)7Jo] 25 mm=E 3] A=A
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Table 1. The compositions and thermal properties of the PP/MB/silicate composites

Sample PP(Wt%) MB(Wt%) Silicate(wt%) T, (°CY/AH(/2) T, (°C)/AH(/g) T(°C)
PP 100 0 0 - 165/51.3 R
PP-5 95 0 5 - 166/50.7 -
PP90 90 10 0 106/1.0 164/48.5 268
PP90-5 85.5 9.5 5 107/1.3 166/49.0 293
PP80-5 76 19 5 107/1.4 167/47.3 274
PP70 70 30 0 107/1.6 164/42.1 223
PP70-5 66.5 285 5 107/2.4 167/45.7 251
PP60-5 57 38 5 107/3.1 166/43.6 237
PP50 50 50 0 107/3.0 165/33.0 185
PP50-5 475 475 5 108/4.1 167/41.5 219
MB 0 100 0 109/14.0 . -

*The temperature at 3 wt% weight loss
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A A EL TS 5 wi%E g5t HE MBY| S-S W
3270 A ZE Bgkglel] AR MBO EoiRE Felsly] s
HE MBollA HojF= B4 1]0]391 3,500 cm™ 24 47 (-
OH)2] W12 &3t Fig. 1 PP/AE MBAIEAICIE 23
A9 FTHR ~HEHE HolF= Zlo|t}, A MBE| ¥o] 5718
o wbx 2718 wjo)32] 717 Jat STk s HolFal
%131, ©]i= PPAIRE MB/AEIAIIE E&Alel A2 MB7} T4t
FEo g E3Eo] Sl Ale vEhllE AR Mg 5 Qv

Table 19 PPAAEMB/AIEFIOIE E3A] S8 59) 3 wi%eo]
T AT dojd wo] RECRIAEE)E FEsisict. A MB
S ST 2 AEFo|E Aol el Aaglo] -850l Slo]
= & AolE HeRiA] gkgkom (¢F 2 °C olu), 107 °C A llA
o] g-g<lekulo] Qlojx= AR MBS §k S7to) wket S7ksh=
S WoFSIT) TGA 23t 3 wi%e S A7F Lojuhs &0
= AR MBY o] 10914 50 wi%eZ 571 g w268 °CollA
185 °C7HA] & ZF o7 7143311, ol FAEAJo] A Hit
MBY] & Z7to]l 71913 R0 A= 4= gir}, it AejA|o]
EZ H7bekA] 982 PP90, PP70, PP50 Al =8} Bl w3l o A
Alo|EZ} X7k A|521 PP90-5, PP70-5, PP50-52] 3> %7} 2+
7} 25, 28, 34 °C Z7}e1}.

A AR E BitAlelA] Aol EL] it HEE B
$13l XRD A}ollA] AEJAO]ES] dyy-spacing>® ¥ A S+
229 nm?] o] A FEE T2 FESIh dyy,-spacing(©]3F
d-spacing® = A 001 plane ZAFA-S YERY= 2 0= 24,
sin0=A2] Bragg 'HZ& o]&3to] Aitet gholth. Fig. 2= PPAIE
MBAIEAC|E Hatq2] XRD A3E 2E MB2| g wlz} o}
Ehdl Zolt}. 2.29 nm$} B WSS wf PP-5 A|5.2] -9 d-spacing
°] 337 n7H S7Fhk= 2& & 7 Sl ol= pP7E Aol
Eo] Fko® HRE A 2] Y EAE FAdskar 9l
v Aoz a5 olrh ppAlElAlo| Bl Mt MB7E gl
w2} d-spacing®] F7HQ1 S7kel @A Tlola AErt & FoE
Aadhis AE 4 4 A3, o) AR MBS S qlE) Ae
Alo|ERAle] Folg S8 veh = AnE s|ae 5= Sict. o9} 2
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Fig. 1. FT-IR spectra of the PP/MB/silicate composites.
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Fig. 2. XRD patterns for the PP/MB/silicate composites.
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Fig. 3. TEM image for the PP/MB/silicate composites; (a) PP90-S and
(b) PP70-5.
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Fig. 4. Complex viscosity(a) and dynamic modulus(b) of the PP/MB/
silicate composites at 200 °C.
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Fig. 5. Storage (G') modulus of the PP/MB/silicate composites at 200 °C.

Table 2. The summary for rheological properties of the PP/MB/silicate

composites

Sample IPPower law index(n) °Slopes  G'at G"=5000  °ER
PP 0.633 1.508 601 1.07
PP-5 0.616 1.297 1143 2.04
PP90 0.624 1.318 931 1.66
PP90-5 0.622 1.287 1117 1.99
PP80-5 0.585 1.276 1175 2.09
PP70 0.581 1.253 1396 249
PP70-5 0.532 1.196 2328 4.15
PP60-5 0.493 1.181 2396 4.27
PP50 0.514 1.165 2558 4.56
PP50-5 0.457 1.140 3177 5.66
MB 0.366 1.009 6839 12.18
an=my™,

bSlopes calculated by linear regression of plot logG' against logG".
°ER calculated by ER=0.001781 * G' at G"=5,000.

1ol 7P 3E BojFar glom, 8642 ©4E WEhl= ER 4t
S PP o] i MB §o] F7Islel wet SUkshRE s HolF
32 Qlek. Ppell Fi MB2] =4& vH] F7kE HRAEAe] o
Fe Jeh 7 Sguidel 384 avE ZgE 5o
of| St

PP/AAE MBAEIAICIE H3tAolA X MB Eegol| uke A7
Ao)EL] Fito] FHEH] EAe] n|X& o3-S AR st
A MBS 5] 10, 30, 50 wi% AlEel Al ES H7lsHA|
92 73-9-(PP90, PP70, PP50)9} 718t 73-9-(PP90-5, PP70-5, PP50-5)
of tiato] FAFHTAH S AT Fig. 62 ©o]= PP/
MB/AZIACIE E§A9] &5, AT EG) Y &4 E
(G"E HolF= Aot} 8552 79 PPo0S] 7% AejAle| E2
%77} shear thinning effectel] 71xl= &7} v|=]st vbH PP70%}
PP502] 739 A]A0|E7} 7= shear thinning effect’} 5715}
I A5S & = QlT}. o] Table 29| power index Ao Z% &l
AT} 0]} & shear thinning effecti= i MBS &5o] 57}
S AEAlo|EL] A4 W Al A o] Fok &g E oA
AA | Eef| &gt mASA o] AL §-gAlel TS Fof YEk
L= R0 7 e = gtk ol BEA1 ' ¥ 95 o)
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