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Morphological Characteristics of PET/PP Blend Type by Melt Extrusion
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ABSTRACT : PET/PP blend sheets were prepared at various extruding conditions and weight
ratios, and films were prepared from the blend sheets by biaxial stretching method. The frac-
tured surfaces obtained from SEM showed that PP phase in the blend sheets was in spheroi-
dal shape, isolated from the interface with PET phase. Its size in PEP/PP(90/10 wt%)
sheets was ranged from 4 to 14 um depending on the extruding conditions. That is, the size of
PP phase was decreased with increasing the screw speed and with decreasing the extruding
temperature. The microvoids were formed at the interface between PET and PP phases in
the blend films and their content was ranged from 23 to 36% depending on the extruding
conditions. The density of blend films was decreased due to the formation of microvoids, and
thus PET/PP blend film of lower density than PP polymer was obtained by the controlling
conditions. With decreasing the size of PP phase in PET/PP (90/10 wt% ) sheets, the density
of the blend films decreased when its size was larger than 5 um, whereas the microvoid con-
tents and the tensile modulus of the blend films were increased. The observed changes with
the extruding conditon were explained on the basis of the effect of their compatibility influ-
enced by the viscosity difference between PET and PP polymers.
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Table 1. Characteristics of the PET and PP Poly-
mers Used in This Study

M, M, MFI®  density m.p.
(g/mol) (g/mol) (g/10min) (g/cc) (')
PP 2003x10° 2917x10 41 0910 1490
PET 4750x10* 2.290x 10* — 1.341 2543

“Melt flow index (in units of g per 10 min); ASTM D1238, 230
C, 2.16 kg.

polymer

mm twin-screw extruder (Brabender Ltd., Model
PDL-651)& o| &3l PP §gfo] 10, 20, 30 wt%
Hx% PET/PP EH= & AxsAd. ¢2719
424E 2x9 23aF &= 47 270 €9}
300 rpm o 2 A Agle] % (water bath)E o] &3
337 HAHs] (chip cutter)E o] &3l 15x2
x3mm YFE = HE AUt

U= AE FZE. AzE BU= J& NFeBe
o] g3fo] 120 CTAIA 6A]%E, 160 TN 322 A=
A &, 1Z28 BA= HE slit width 150 mm
T-dieg H#3% L/D=28, 0=195mm single-
screw extruder (Haake Bucheler Instruments,
Inc., Rheocord System40)& Alg-8ld 42448 &
k. Aol dAS PET/PP (90/10 wt%) 23
o] &V AL £8%E &5 2654, 275, 285,
295 ‘Co] 4z o2 Pon, AaF 5= zjzte
2X9A 80, 100, 120, 140 rpme.& AAslETh =
A3} (PET/PP; 90/10, 80/20, 70/30 wt% )] u}
E &8USE U2 £8%E &% 285°C, 2a%
£x 100rpme 2 143l dAstPH. o] &§ &
A= E& lip-gap 25 mmE ¢E2dla] 40 CE XA
g Y& o8 £ 140mm, ¥4 ¢ 1mmo] )
2% BHl= AEE AU £4U4F 2% 265C
olate] 2xoA= PET Ag¥o] F83| %3] ¢}
n)g-§ Bdo] v B #Ud Al AES
Az3s7] ol ek =3 vlwE §7) Yl PET
4 PP d5A4dEo AEL A3t PP gE4E
o] ANEE £§49E &% 25T, 23R &%
100rpme 2 A|Zson, PET @54 AE
= 4892 &5 285 °C, 232 &% 100rpmo.2
Az &t ot

e TEe H=x. EUW= FE9 ARE 25X
A7 FEd oA EAAA (Iwamoto
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01% (indium) §H g 7| E2EE RAFY
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HewE 265~295 C7HA 10 € 7tAo = sy
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FT-IR (Digilab Ltd., Model FTS-6000)& o]&-3}
o ATR ez &4} IR (ATR) spectrum
o7 XE] PET9] vibration absorption sensitivity
7} 74 £& carbonyl stretching peak (1715 cm™)
o} YR 7z 146078 A"sld, o]E w3
F35H) (Ans/ Auso) S S8, ©f ghe] 0.04
olatold A A= 2] k& PET §ao] 0.1 wi% FF
o2 PET7} A9 AA=AdTL Bdcth ATR A&
= QujBe|E& 150 C hot plate $J9A] thermal
pressed cast filmo 2 233}

Aot o IE

PET/PP B3lE AE9 HXMA. FY &§%%
2A(232% &% 100 rpm, £8%E &% 2857C)
|4} A (PET/PP; 90/10, 80/20, 70/30 wt%)
wsld & BAc A|Est PET ¥ PP d=4+%
ANES dRAdHY Wi DSC 32745 Table 2
o] Jehi%, 2nd rund} cooling rune] DSC
thermogram$ Fig. 13} Fig. 2¢] 27zt TA|3 T
Bz ANE zizte] g el AWl wet ¥g
o] A9l flo] HAIEH vebrdd & F U PET
wEgH AEE T, (PET fedelex) 814 T,
T. (PET ¥333 &%) 1435C, T,, (PET &
) 252.9 CcollA wart delgon, aen T,
(PET ZAs2E)E 1944 CAAM Hart et
t}). L3t PP random AEX 1473 CAA T,
(PP §3) =7} dehgten], 1123 Cold Ty
(PP 2R 52%) yart vepdcth AW &
PET/PP Bd= AE Zizie] AAE i 92
exx T,8l%¢C, T, 1382~134°C, T, 148~
149 °C, T 253~254 Col™, Ty 104~108 C,
T 191~194 C2A 248 g wet ¥go] A

Eo|H A219 A|43 199739 74

Table 2. Thermal Properties of PET/PP Blend
Sheets Extruded at 285 C, 100 rpm

DSC2ndrun  cooling run

blend sheets () (c)
Ty T Ty T Ta Ta
PET homopolymer 814 1435 - 2529 — 1944

PET/PP (90/10 wi%) 80.7 131.8 147.7 253.1 107.7 193.6
PET/PP (80/20 wt%) 81.3 1342 1489 253.7 1035 191.9
PET/PP (70/30 wt%) 81.0 133.0 1485 253.0 104.4 190.8
random PP - - 1473 - 1123 -

(a) PET homopolymer/\\
e
(b) PET/PP(90/10 wt%)
.

(c) PET/PP
(80/20 wit%)

j)/_;%(e) PP polymer

80.00 90.00 12000 15000 180.00 210.00 240.00 270.00

Endothermic (Arbitrary Unit)

Temperature (C)

Figure 1. 2nd run DSC thermograms for PET/PP
blends sheets; (a) PET homopolymer, (b) PET/PP (90/
10 wi%) blend, (c) PET/PP (80/20 wt%) blend, (d) PET
/PP (70/30 wt%) blend, and (e) random PP copolymer.

(B,BF‘T homopolymer

(b) PET/PP(90/10 wt%)

\/ (c) PET/PP(80/20 wt%)

__________ fldiniin
i b (d) PET/PP(70/30 wt%)

Endothermic {Arbitrary Unit) ——
|

80.00 100.0C 120.00 140.00 160.00 180.00 200,00 220.00 240.00
Temperature {'C)
Figure 2. Cooling run DSC thermograms for PET/PP
blend sheets: (a) PET homopolymer, (b) PET/PP (90/
10 wt%) blend, (c) PET/PP(80/20 wt%) blend, (d) PET
/PP (70/30 wt%) blend, and (e) random PP copolymer.
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o] glo) fAksAl dehgth, Bd= Ul PP o
10, 20, 30 wt% 2 Z7}842 PET ZAA3aze
2, Toe v B (~2°C)9 Ao|z st BF
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e 7izie] AR AU FAARS Y fE 2 A
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34 AE7) Bl A ERT 9~12TC BE UL
o, T, To= PET 2 PP =3 A E7F 84
= AERT 27} 5~9°C 2 1~47C A= A o
ehdth. meld 584 PET Z2Ass Bdo AE
7} g=g AERT 47 AFEE & F U,
72 PET 2 PP AR sh= ojg9] 25 AE
7h Bale AERG 4A AFEE & 5 A

%4 (PET/PP; 90/10 wt%)o] 438, 8%
2 zAM) gas Bl A E Zhzhe] 4344
J W3 JaexE= T, 80~82 7T, T 132~134
C, Tw 147~149°C, Ty 252~254 ColH, Ty
= 105~108 C, T 193~195 CEA £84=
2Rz wet Agte] A9 glo] FARIAL, 24
Wl upg Ao FYYAAT A LAFHA
v}, wald &8s 240 BAglel, PET9t PP=
s AeAlel 98 ¢ 4 Aich PET 3 PP &
@4 NE Ao AR5 A §49E 200
s W e AEe A4 HEE v 2
W, T.= PET ©%§d AE7 Bd= AJERG
10~12 C A% =gon, T,= PP 958 A E
7} B ANERT 4~7C AL ®hon, Tee
g A E9 Bl AJES zlolE A (It
e e PET ZAshs Bz AEV 95d
A AERT g4 AREe o 5 Az, A
PP 243 ol5¢] BEgH AEZ B= AEXR
o {4 AFES ¢ 5 AT

PET % PP 2} $x|9 24, MptSro| mE
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Mz {8}, PET/PP Zdc=9] dFAE thsod
g% uie} o], PETS} PP 43 AH4Ae] ¢l
omz, £§5&d 2% AAH] EA=e FA4H
oA PETe} PP U4& &4A1717] M e
0|5 429 £gAEA} HAsHE £EUE TH
zdo) a7Ee AT = YA w2t FEY
Al Bdlg 42, PET9 PP 83 =a7 A&
2 & o)A wHo 244l PP7h A&7l PET
Well mjAlat FUsHA 2EE Foleti Bk, o
Az Bi=e] B4R §4E Aol o
e, By 25 A% (shear viscosi-
ty)ell tisld 42718 FARAQ EeESG A3
2 &50] o]&AL nFE Bt £§4E TA
Z 4279 2RZA BE 2 £ AA L83
2 2338 4 ¢glonZ, capillary rheometerg ©]
g3le] PET 2@ PP 7} 4o tjeted £x4 A
&5 sl met AGHES 33U, oY ¥
2525 2 25z AEE vFo] A
@t} Rheometer®] ZAL2EE AAEE 7T
2 PPrr} §do] & PETo| &d3 &§€8 &
9l 265 CHE 295 C7H 10°C A2 3y
3, 7t exdA] AgEed ue} AGHEE 538
o] Fig. 3] =AstEh AdE&EEet Add

—O0— 265°C(PP)
—0— 275°C(PP)
—6— 285°C(PP)
—o— 295°C(PP)
—eo— 265°C(PET)
—a— 275°C(PET)
—a— 285°C(PET)
—»— 295°C{PET)

1000 ——

100

Shear Viscosity (Pa-s)

bl v g
100 1000 10000

Shear Rate (sec™)
Figure 3. Effect of shear rate on the apparent shear
viscosity for PET and PP at various temperatures; 265
¢ (@; PET, O; PP), 275 C (W; PET, [0; PP), 285 C
(A: PET, &; PP), 295 € (¥; PET, V;PP).
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4842 we PET/PP BA=He 2E2x 54

10KV 3000X 10.0um PPM10%-285C- 80R-S

10KV 3000X 10.0um PPM10%-285C-120R-S

10.0um PPM 285C-100R-8

3000X 10.0um PPM‘IO‘V -285C-140R-8

Figure 4. Scanning electron micrographs of the freeze fractured surfaces for PET/PP (90/10 wt%) blend sheets ex-
truded under conditions of 285 *C and (a) 80 rpm, (b) 100 rpm, (c) 120 rpm, and (d) 140 rpm.

plot scale& common log typez &gt PET2] A

BHEE 2R obd4E 343 dass vy
AVEETL 271855 gurel asteith ojehs

& ugeiA Zasht exdses dadze] ¥l
b ALl glag & 7 AT o AHERY 8%

AT EE) rpm° FE7lel HE ZAH %
T (1) o]4sld P AVELE Faksle B
otk

Zajof A217 A4E 19973 79

(se 1y = T (D= ZED (Nyy/60)
Yen (S€EC - H

A

A7 yae 235 AddAMe] AdEE, DE
232 9%, He 23% Ad o], 2831 N,
AFF ET (rpm)e]t}.

Ao A AR 4EV1e D/H= 205028,
A (4)ef] 3 AaF Sro} AL i e
#He etk mEd B dpda d3YE 454
2 (2835 £%:80~110rpm, U2 L%;265~
295 C)oll A= PPe] 7t PETS H=uo} A
How Eovg TY 23R HTJA JE2enst
Pold4E, I Y £494E 22dM 23R &
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16

14k —8— 265°C
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Figure 5. Effect of screw speed on the average dia-
meter of PP phase in PET/PP (90/10 wit%) blend
sheets at various extruding temperatures; 265 C (@),
275 C (M), 285 C (A), 295 C (V).
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Figure 6. Scanning electron micrographs of the freeze fractured surfaces for PET/PP (90/10 wt%) blend films ex-
truded under conditions of 285 C and (a) 80 rpm, (b) 100 rpm, (¢) 120 rpm, (d) 140 rpm.
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Figure 7. Effect of extruding conditions on the ten-
sile modulus for PET/PP (90/10 wt%) blend sheets.
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Figure 8. Effect of extruding conditions on the ten-
sile modulus for PET/PP blend films stretched from
the PET/PP (90/10 wt%) blend sheets.
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Figure 9. Effect of extruding conditions on the densi-
ty for PET/PP blend films stretched from the PET/
PP (90/10 wt%) blend sheets.
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Figure 10, Effect of extruding conditions on the

microvoid contents for PET/PP blend films stretched
from the PET/PP (20/10 wt%) blend sheets.

Table 3. Effect of Average Diameter of PP Phase
in PET/PP (90/10 wt%) Blend Films Stretched
from Their Sheets

extruding condition ~ average diameter tensile modulus density” microvoid

temp. screw speed  of blend sheets of blend sheets content
(C)  (pm) () (kgf/mm?)  (e/cm’) (volume?s)
265 80 131 216 1182 107
265 100 102 295 0987 254
265 120 95 364 0954 279
265 140 5.2 404 0899 321
275 80 110 272 1102 167
275 100 71 405 0907 315
275 120 70 415 0891 327
275 140 42 282 1005 241
285 80 12.1 225 1177 111
285 100 93 360 0962 273
285 120 6.1 395 0910 313
285 140 40 303 1.002 243
295 80 140 210 1209 87
295 100 105 318 1029 223
295 120 9.8 362 0965 271
295 140 82 378 0907 315
265 100 - 217 0.910 -
985 100 - 452 1.394 -

¢ Random PP polymer. ® PET homopolymer.
g &, 2Hc AE, SRS TS W PP BN

o] HE. Bz o zHE L§4%4F HAAel o3}

o AMEE A|Zxda, o] AEREH o|FdAlst E
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Figure 11. Tensile modulus and density of the blend
films aganist the size of PP phase in PET/PP (90/
10 wt%) blend sheets.
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Figure 12. Scannng electron micrographs of the PP
extracted from (a) PET/PP (90/10 wt%) blend chip,
(b) PET/PP blend sheet, and (¢) PET/PP blend film.
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