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ABSTRACT: PENT/PP (30/10 wt%) blend sheets were prepared at various extruding condi-
tions and the blend films were prepared from the blend sheets by uniaxial and biaxial stretch-
ing methods. The fracture surfaces observed by SEM showed that PP phase in blend sheets
was in spheroidal shape, isolated at the interface with PENT phase and its size was ranged
from 3 to 8 #m depending on the extruding conditions ; the size of PP phase decreased with
increasing the screw speed and decreasing the extruding temperature. The microvoids were
formed at the interface between PENT and PP phase in the blend films, and their content
were ranged from 3 to 13% for the uniaxial films and ranged from 9 to 30% for the biaxial
films depending on the the size of PP phase in the blend sheets, respectively. The density of
the blend films decreased due to the formation of microvoids, and PENT/PP blend film
which had lower density than that of PP film was obtained by the optimal conditions. The
surfaces of extracted PP phase observed by SEM revealed that the shape of the PP phase for
the blend chips was in threadlike shape with the width of about 3 p#m, and the PP phase for
the blend sheets and films were spheroidal shape having the same sizes.
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Table 1. Characteristics of the PP and PENT
Polymer Used in This Study

1 M, M, MFI®  density T, mp.
PVIET (gmol)  (g/ma) (@/10min) (glec) (C) (C)
PP*  2003x10° 2.917x 10* 41 0910 - 1490
PENT¢ 3970x10* 2.191x10* - 1331 90 -

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

¢ Random PP copolymer corporated 2~ 3 wt% ethylene unit.
“Poly(ethylene  2,6-naphthalate-co-terephthalate)  random
copolyester.

14.5eq./10%g $&o]9t}. PolypropyleneL ()
FELZRE AZEL Ao isotactic YAAL %
Yil, ethylene unit?} 2~3 wt% random PP co.
polymer 9]¢ infrared peak assign (CH, rocking ;
733cm™) A¥} FHelsiyct.

23E A=,

U= & MZE:PENT #A& AFQES o]&3}
o 110 TAAM 6X7F HEAZ 3, PP 2% 90 C
dlA 1417t Tk ARAA 2 AAsAC. PP
o o] 10wt% 7}t H=E 7 AzE Fx2 2
AL ™, screw length/screw diameter ( L/ D)
=300]1, @=47 mm twin-screw extruder (IKG,
PMT-47)q] F4]8le] PENT/PP10 Badl= & 4
3t 42719 deHPLEY 2afErs 7
7 280 °C} 300rpmo.z AA3led = (water
bath) & o] &% 3 ™7 (chip cutter) & o]
438l 2x3X3mm YEH EA= He dA)

BHE AR NZE: Az Bd= Je IFeEe
ol &3t 110 ‘CollM 6412t A=A ¥, L/D=28
o], slit width 150 mm<l T-dies 231 @=19.
5mm single-screw extruder (Haake Bucheler In-
struments, Inc., Rheocord System40)& A}g-3}d
sl 88de xdoE 2xE 275
285, 295 C= ¥WAsYH, AF2d&EEs 717 &
EoflA 80, 90, 100, 110 rpme] W[7}x] z@ o= Al
ABtdTh o] 4§ EH=22 lip-gap 2.5 mm= ¢
Zol 40CE FHE BB oy o
140 mmelx, FA7F ¢ 1 mm3l A8 Beo 4
EE AUt EF oj59 Bd= AE} vwsp]
93t PENT 2 PP @dEAE] AEE 922%
280 CollA ¥&45E 100 rpmeo 2 24z} A z8hgdc).

838

2HE EE M= 2= YA} Bid o)A
== =29
= ==

A 3] (Iwamoto Litd.) S A3l 2a

12em, M2 (TD) 12cmz AP A=
AE 10 CAM 387 ddagzn, dNexs
10T, dAi&Es 20 mm/secE A A7 &3kl A
AT A e d3AN T T4 o] HAAE
gatgon, &AM ws
Bt 57 300 ume] BA= WES Axatg, of
HAY gL vtz 4 29e 42 3.0x3.082
HAlste it 547} 100 imel B =
STk E3 o] B BWE slwEp] 95ty
PENT & PP d5A#o o2 &
3.0)3 o)A (W& 3.0x3.0) BEL 747 Az
BTt

PENT/PP g3ico| £M 3 M &£3.

PENT/PP g3lc AlEe| ZMEAM: Bilc $x|&
deld il trifluoroacetic acid (TFA)el| 43l
217151, chloroformo @ B4A|7] & ¥43)2 (PP)
£ A ofsle] Bl dae] 7= pore
size?} 2 pm o]dte] HWEE Algsld =7t e
PPe] 177}t o] Urix) k2 slgit). guf He
Sol PENT A#o| ehd3] AAstr] st AE
el Al TFA, chloroform, methanol 408 o a}E
S A guFeld PPE dzd & gl
o PPe| garg A&t

SHYE 2= 9 G5 Ee] PENTS} PPo) v
2 d#Ade differential scanning calorime-
try (DSC)ell 2J3ld A3l o™, Perkin ElmerA}
o] DSC7& AHg-sted ZARSRETh 10.00+0.01 mg
ANEE SFulE el War, A BejrldiA 300 C
7HA AT 287 $8417 & AxALR F
WAA Bl dgde NEE BE e, 20 C/min &
=2 300 CcN FHA $eA7IEAM DSC
thermogram& 2%t} ¢] 2nd run DSC thermo-
gram2 2HE fe|Holel daafo] Wty Al&eh=
2% (glass transition onset temperature, Ty, &
28 xolr7l P43 s 2% (glass transition
final temperature, T'), #eldol2% (T, Iax
S (T)E& 7o dAsle s (crystallization
temperature, 7)< TA] o] AJ&E 300 CollAH 2

c
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€&U42d @ PENT/PP Bd=9 nEax B9

B2 FAAD B, 20 C/min £22 2eA7|d
Al €& cooling run DSC thermogram ¢ 2 2§
&tdrth. DSC 249 2xuA L 9% (indium) ¢
Moz V|ELeng Bysid.

SZ AYSAZE tp 5. PENT/PP Bz 2
G542 PPo 5& AF3E DSCo o3l =74
slgom, Perkin ElmerAle] Pyris 12 A}g8}c]
ZABIAY. AlEE YFulE o ga, A4 297
A 260 C7HA 200 C/min £52 £A)7)51 28
b S94ds] 847 3 ER 5e AL
160 'C/min £52 Fyslo] W ANYslaags A4
o AlgRe B3y PP $Ekn gEA R PPo
BdHE A 37l A8t 47 20.00 +0.01 mg 3}
2.00+0.01 mge AME3IATh 52 Z2A8A7L, 15
Zt AR E, TolM 9L AAstulae) 1/2Z08
e Fct

=G +X|, PENT} PP2| MetXT (Shear Visco-
sity) &8 Addd = capillary rheometer (Rosand
Precision, Model Rh7-1)& A}£3led long die
length 32 mm, long die diameter 1 mm, short die
length 4 mm, short die diameter 1 mmdl|A =73}
AL, FHPL2E e 275, 285, 285 C zzre &xd|
M APLE (shear rate)o] Wzl uwel &A 34
o}

2T (0) B #-HT AFIELE BHo) LA
Z3ste] e g ARE £Yst 0.
1CollM 24417 A ots B sl UrE =
Fadth Uxe] WAL glass bead & AlgalT).

PENT/PP ERl=uf PP 2Mtale] RERX| U o|A|
718 (Microvoid) #&t: aixd o) osle] Fg Al
5S HEdd e, o]o) 9L scanning electron
microscope, SEM (Jeol, Model JSM-840A)& o] &
3lel PENT/PP 3= AJEY] PP BAlale] nxa
Aot 2= e YAE v)M 73S BEeigc)

2t PENT/PP ZR=go=2E &8 PP A9 &
o BE: EdE O PP 243 gujasd Ad
AEAN A& SEME AMgsle] U BE slgon,
SEM #HALH o] wlg-& 2000 = ahgich.

SEERE (Microvoid Content, Vol% )¥: Eel =
Well F4E nlAl7]3e g8 Bd=9] Zuyise
of g vy BREE o (FFHL)E

FalH A2l A53 19973 9%

i1, ke A (el olald 25 s,

oK

FHFE (vol%) =[1-dyeneZ (/d) 1 x 100 (1)

A7IM, ne BHZ Ul -8R RARE, 45 -
Ao FEZUE0 3, 28T dy s Ed=9 7
Br|gre|r}.

PENT Carboxyl Yzt7|, [-COOH] MZHEAM: A5
0.100g Y& HdatA ol Algde] Y2, 5mL
9] benzyl alcohol& 7}sled, 205 ColA] 28 2ot
wyksie] g A 7ict. o] 43 E A|RE Ao B
6~7% ¥t FYA1711, 10 mL chloroformo] Eo]
U 50mL HlejA K& %, 0.1% phenol- red/
benzyl alcohol &94& =JAleke =, 0.1 N NaOH/
benzyl alcohol #q o2 23147 syt ¥9AR
A& Aok g vleA g daol] wel, 4 (2)
off ma} AxbelHTt. TS 205 CTAAM 28 Fok AR
of B8 S22 F7Fd carboxyly] @3 205 Co
M gAItel e HEdogRE 114 (eq/10%g
PENT) & 4%t

Carboxyl B¢t7) 82 (eq./10°g PENT) =

(A8 %31 () - M98 AR (I X 01X ]|
PENT 48 %7 '(2)

«q7]M, f& 01N NaOH/benzyl alcohol €2
FLEA grolt,

A7t o g

PENT/PP gRI= AlES| ZAMEA 9 PP Ao
goja). $4¢2 27 We 4 A= AEe
#Ez 5 ATe FH3k] gojield o5 PP 2
el 3% WA (DI EZAR (HE HEa

4 BAE Az e

7ol dATE & A, eAPEYE £0.12 AR
2 823 F2 AEHdL LUtk Bz A E-
o)

PENT 9&4h) PP 24049) SHEEE 4332
A2¥ 4 A% g PPUl PENTS A
A 8¢ FT-IRE o] §3fe] xAtsidh. PENT)
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Table 2. Relationship between Feed Composition and Analytical Composition for PENT/PP Blend Sheets

with Extruding Conditions

biend sheets extruding conditions “feed composition analytical composition A. ratio®
temperature (°C) screw speed (rpm) PP (wt%) PP (x %3, wt%) Al1715/A1460
PENT/PP1 275 80 10 10.02+0.08 0.04
PENT/PP2 275 90 10 992+0.14 0.05
PENT/PP3 275 100 10 991+0.12 0.04
PENT/PP4 275 110 10 9.87£0.13 0.04
PENT/PP5 285 80 10 10.09%0.08 0.05
PENT/PP6 285 90 10 10.08+0.09 0.04
PENT/PP7 285 100 10 9.93+0.12 0.04
PENT/PP8 285 110 10 9.89x+0.14 0.03
PENT/PP9 295 80 10 10.10%0.09 0.03
PENT/PP10 295 90 10 10.08%0.12 0.04
PENT/PP11 295 100 10 10.04%0.11 0.04
PENT/PP12 295 110 o 5943014 0.03

?IR absorbance ratio(A1715/A1460).

AA &gle PENTY infrared vibration sensitivi-
ty7F 7V £& carbonyl stretching absorption
peak (1714 cm ™) & Aoz 381¢aL, PPY W&y
& peaks 1460 cm™' & Adsignt. oS £3E
H} (A1715/A1460) = 0.04 Ax2 &AsIH T, ol
o et PENT2] &3 <o 0.1wt% Hzolmz
guj 228 PPl PENT7} A9l AlAS i 2
orth. T3 PENTe} PPe] Meizl gojz TFA7}
Agge o 5 Yt

PENT/PP Eal= AlES| YNEAD} oy,
$5%E 20 e 7 BT A EY FHA
Ag nAH] Fsted wEL DSC 3¢ g,
aeln o BAS AEs) HuE a7 fakd
PENT 3 PP @54+ NER A 2Alatddtt. v]
52 DSC 23AWo& 2nd rung AAsl] d&
DSC thermogram© 2 H8 feldo|2x T,, fel
dolo] d&&o] Wty AFste 2x Ty, 4%
apol7t @A Bube 2% Ty, 283 §8 Toe
T390, cooling rung AAsled d& DSC
thermogram e 256 ZA3}E T.E 3o
Table 3¢ Yehii).

Ed= AE9 HFE FA4H (T,; 100~104
C, Ty-Ty,7~8C, T, ,;148~1497C, T.,; 97
~100 T2 &-§5+& sl BAiglel A9 ¢l
o] fAlstTt PENT @544 A2 Z9- feld
ole] @&Fo] W3ty A At &Y 2|7t &H

840

& Bue 2= P, Ty-Ty& 7Cola T2 96
CollA peak7}t vjeistom, PP @548 X ES 7
2= 148 CAA T, 113 CoAlA T, peak?} L}E}
wtrh. Table 3e|A1 WERd vle} Zo| PENT ©=4
 ANES BdE NES T 2 Tyu-Ty 2ol7t
Aol dAxFEn, T U= A EQ oxJ(Tm>
ol PP ©EA4E AE9 $d7 Ao HIERUUCH
%, 24 NEe dHA3Ee PENT# PPol &4
P #Algle] 7 wheEA %«l FHGdEE Ao 2t
2 vteRigieh ujEkd PENTS} PPE +4E =
Ao FAGle], 4E *‘%Ml Gre=y
PP 9= AE9 AAgler T & U= AE
Hr} 13~16 C 4% ®4 HrkE Aoz Hof PP
=R AE 243 Ay Ed=) PPRT 4
A Az g o AT

£4UE 27d W 7 B AE] IS
s 9l dF3EM% (DuPont 2100 TGA)

ol E¥l= AEo} HuE 3] 9

sled PENT & PP DEAR AMER 34 AR
t} z} A 8E FAVHE 2 gfr]Fd A 10 C/minE
FeAA 700 TR de mlRsEles Ty @&
Table 391 Uehith. Ed= A|Eg] 27| E&2%
[ T4(N,) ; 408~409 C, T4air) ; 391~392 Cl=
L5942 =0ds BAglol Ao A8t PP
o} PENT ©54% MNE9 Ty«Ny)e 7zt 404 C
o} 410 T2 Aol ¥MEe] gloy, Ty (ar)= PP

&%
N

L
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Table 3. Nonisothermal Properties for PENT/PP

Blend Sheets with Extruding Conditions

DSC 2nd run () cooling run () TGA ()
T, T, Ty T, T Ty0N) Tyair)
PENT/PPL 990 1008 1067 1482 974 4091 3914
PENT/PP2 982 1013 1054 1485 32 4000 3915
PENT/PP3 983 1014 1054 1476 984 4084 393
PENT/PP4 994 1024 1065 1480 980 4002 2013
PENT/PPS 982 1016 1059 1491 990 4091 3020
PENT/PPS 981 10L1 1052 1485 986 4081 3015
PENT/PP7 994 1026 1066 1478 984 4090 17
PENT/PPS 989 1021 1060 1481 983 4088 3915
PENT/PPS 10L0 1042 1075 1486 989 1089 3921
PENT/PPI0 987 1016 1055 1489 989 4090 3920
PENT/PPIL 970 995 1031 1491 1001 4091 3017
PENT/PPIZ §73 999 1034 1490 997 4092 %15

PP - - - 83 134 4044 2765

PENT 835 960 1004 - - 401 3979

blend sheets

Ty;; PENT glass transition onset temperature, 2nd heating run.
Tg; PENT glass transition temperature, 2nd heating run.

Ty PENT glass transition final temperature, 2nd heating run.
Ty : PP melting temperature, 2nd heating run.

T'.; PP crystallization temperature, cooling run.

GEAR NEHT 15T AT 24 37 H9od
PENT ©=4euchs 5°C Bk weith ujepy @
bdAo] PP ©=AE Rt} 42511 PENT whEAgdR
7 w523 PENT/PP BdlE AEE 98 4 2t

S2 HMSIE. Zddo] PP A4sl&tkd v

Ao 48E& 2P fslel dEew 280 €9 &
AFEE 100rpmo 2 AlxH HA= A 29} PP o
SR NEY T2 A38E 110~130°C %% 3
320l A 8ste] isothermal DSC thermogram
& AUk A7 AL EA de H AR

ZA A 7t w2 normalized crystalline content,
Xe (V)/Xc(0) & T3} Fig. 1 (PP GE4E 4
E)¢ Fig. 2 (Bd= AlE)d] =89t gEg 8
PPo] 9= 110~117 C 2ol AR5} 43
wel dofubs W Bal=y PP 4dE 110~
13T g A4y} wa) dojde gue 4
UATE. EF Z}zbo] T A stewdA de DSC
thermogram © 2 %8| crystallization of half time
& T3 Fig. 39 =Alsdr). old ofshH =4
+ PP7} Sd=W PPo Hsld Adizos 243}
el doids ¥ & Uitk B AR Ajgd
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Figure 1. Plot of X (t)/ Xc () vs. time of pure PP
at various temperatures.
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Figure 2. Plot of X¢(t)/Xc(0) vs. time of PENT/
PP blend at various temperatures.
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and PENT/PP biend.

7] A= olE 29 $H=A7 HasE s
L6942 XA 8TEHS AT + Ut
2tA A& HE A EdY (blending) 2], PENT$}
PPe] §§HEA7L A &8 2 o)A Fo] B
3l PP7} 4449l PENT o mdsta #d shA
229 Fojgta Mk, o] Ax Bdso BEAR
o 2 Aolgta d st

wetd Y FREe) AT el ¢
o A2 FE2re} 2aREE 2L
Zsto] BT £84UE FHF ¢EUY FH=E
o Mg 7zt $+R]o] d4 $4HEE 28 + ¢l
B2, capillary rheometer& o]£38}ed PENT %
PP Zt Ao tidted 259 da&s Wil ule}
AIHEE FA30, oo watzRe ¢E7)u
L8H5Y Z¥EE uFel AFsigrt. Rheome-
tere] EHXEE A dE e NMFLEEE PPRY 3
o] & PENT7} 2hd3] £842 4= & 275~295
T7A 10T HEom 39, 74 2&0A ks
T wet AHdEg EAstd Fig 49 L4819
g AdErel Abdre] plot scale common
log typeo 2 3ttt

Fig. 49iM Jelytizo], PENTY A3 c
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Figure 4. Effect of apparent shear rate on the appar-
ent shear viscosity for PENT and PP at various tem-
peratures . 265 C(@® ; PENT, O ;PP), 275¢C(B;
PENT, [J;PP), 285 C(A ; PENT, 2 : PP), 295 C(¥ ;
PENT, 7 ; PP).
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48¢&d & PENT/PP Bil=o RERZX EAWH3

ZU(H3FEE ; 80~110Tpm, YELE; 275~
295 C)dlME PP ®Mxy} PENTe HxHTh A
ooz gomg, Y AaR&vdA ¢2Ler}
Wold s, B FY 642 eRdM 2a%%
=7} 37Vd4% PP9} PENTY] Hxajole Zas
Atk weta ol Hmxlole Zaz sl =
TR 3L gdE Aol Bt}
SUE AEL PP 24MMol #A I 37|, £8%
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Figure 5. Scanning electron micrographs of the
freeze fractured surfaces for PENT/PP(90/10 wt%)
blend sheets extruded under conditions of 90 rpm and
(a) 275 C, (b) 285 C, and (c) 295 C.
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Figure 6. Effect of screw speed on the average diam-
eter of PP phase in PENT/PP(90/10 wt%) blend
sheets at various extruding temperatures.
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Figure 7. Scanning electron micrographs of the
freeze fractured surfaces for PENT/PP (90/10 wt%)
blend films extruded by uniaxial stretching (a: TD, b
: MD) and biaxial stretching (c) at 265 °C and 90 rpm.
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Figure 8. Effect of extruding conditions on the densi-
ty for PENT/PP blend films stretched from the
PENT/PP (90/10 wt%) blend sheets.
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Figure 9. Effect of extruding conditions on the
microvoid contents for PENT/PP blend films
stretched from the PENT/PP(90/10 wt%) blend
sheets.
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Table 4. Effect of Average Diameter of PP Phase in PENT/PP (90/10 wt%) Blend Sheets on the Density
and the Microvoid Content of Blend films Stretched from the Blend Sheets

extruding condition average diameter

density microvoid content

density microvoid content

temperature  screw speed  of blend sheets of uniaxial blend films® of biaxial blend films®
() (rpm) ) (g/cm?) (volumn %) (g/cm?) (volumn %)
275 80 6.2 1.211 5.6 1.120 13.4
275 90 45 1.154 10.0 0.999 229
275 100 3.7 1.127 12.2 0.934 27.8
275 110 3.0 1.111 13.4 0.901 30.3
285 80 7.0 1.224 4.6 1.150 11.1
285 90 54 1.171 8.7 1.034 20.1
285 100 4.3 1.142 11.0 0.962 25.6
285 110 34 1.123 125 0.921 28.8
295 80 8.4 1.239 34 1.180 8.8
295 90 6.3 1.199 6.5 1.090 15.7
295 100 52 1.168 9.0 1.002 22.5
295 110 4.0 1.143 10.9 0.942 272

¢ Uniaxial blend films were made from the blend sheet, Stretching ratio; 1.0 x 3.0.
® Biaxial blend films were made from the blend sheet, Stretching ratio: 3.0 x 3.0.
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10 wt%) blend sheets.
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Figure 11. Scannng electron micrographs of the PP
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Table 5. PENT Carboxyl Endgroups, [-COOH]
for PENT/PP Blend Types

PENT carboxyl endgroups, [-COOH]
of blend  of uniaxial ~of biaxial
blend types temperature screw speed  sheets  blend films® blend film®

extrud'mg conditions

() (rpm) {eq./10° PENT)
PENT/PPl 275 80 28 9 05
PENT/PP? 275 9% 21 333 307
PENT/PP3 275 100 205 87 31l
PENT/PP4 275 110 200 342 35
PENT/PP5 285 8 30 376 %0
PENT/PPS 285 % 39 37 %7
PENT/PPT 285 100 340 386 %1
PENT/PPS 285 110 4 389 %3
PENT/PPY 265 80 385 4l 42
PENT/PPI0 2% % 389 435 08
PENT/PPLI 2% 100 %7 444 a5
PENT/PPI2 265 110 400 49 47
PENT/PPchip 285 300 25
PENT chip - - 145

? Uniaxial blend films were made from the hlend sheet,
Stretching ratio; 1.0x3.0.

b Biaxial blend films were made from the blend sheet, Stretch-
ing ratio; 3.0 3.0
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