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2 2 484l gle poly(ethylene terephthalate) (PET)$} polyethylene (PE)E o] Zojx &
deo 484 FXE 58 ZAA3l® PET/PE Ed=9] Az 14 FHE JAE #©3d
o AF3}¥T. WA ALR3A 2= poly(ethylene-co-acrylic esterate-co-glycidyl methacry-
late) (EAG)E At&-stdlcdl, o] EFS FAEQ ddd REo] PE9} F8&40 An
glycidyl methacrylate (GMA)W o 2 ¥4 #e71¢) ol ZA)7]7F PETe -COOHs$} wt
& 39 4EA4e FAANUYE Aol WAL WA AE3A A=A AW Aol
ZAada 24 wel BAAge A7t Eolme AL FAMEAED A (SEM)ez #ldy,
ZIAE &4 &3 AR AW HA=Ho| FAdREo]l A=A EAG2] Fo] F7igte] whe}
374 9 wggo] stz A %4 (70/6/24 PET/PE/EAG)I A HUWAE Bc)
ol o] 2AoA HA7IE EAGYI #4bde] @vlg AW F2AREE 71 g arnz
29 F=d 7 n A4

ABSTRACT: The compatibility enhancement of poly(ethylene terephthalate) (PET)/ poly-
ethylene (PE) blends by incorporating a reactive compatibilizer and the factors related to
toughening of the PET/PE blends were investigated. For this purpose, pecly(ethylene-co-
acrylic esterate-co-glycidyl methacrylate) (EAG) was employed as a reactive compatibilizer.
This material is expected to enhance the compatibility because ethylene, the largest compo-
nent in EAG, i1s miscible with PE and epoxy group in glycidyl methacrylate (GMA) reacts
with the carboxylic acid in PET. As a result of compatibilizer addition, the reduction in inter-
facial tension and consequent decrease in the size of dispersed phase was ascertained by the
scanning electron microscopic observation. The mechanical properties of blends were also
measured and the results indicated that the interfacial adhesion was improved with EAG
addition. With increasing the amount of EAG, the mechanical properties and the fraction of
reacted molecules were increased. The maximum values of mechanical properties were ob-
tained at 70/6/24 PET/PE/EAG composition.

Keywords: poly( ethylene terephthalate), polyethylene, reactive compatibilizer, toughening, poly( eth-
ylene-co-acrylic esterate-co-glycidyl methacrylate).
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Table 1. Characteristics of Materials Employed
in this Study

Table 2. Compositions of Blends Employed in
this Study

sample . source & sample PET PE
code chemical structure arade remarks number BB BL HDPE LLDPE EAG

PET Poly(ethylene SKI, L.V.=0.806 1 30 - 70 - -
(BB) terephthalate) SKYPET BB  (dL/g) 2 50 - 50 - -
PET Poly(ethylene SKI, 1.V.=0.820 3 70 - 30 - -
(BL) terephthalate) SKYPET BL.  (dL/g) 4 - 30 70 - -
HDPE High density Daelim, M.I=6.50 5 - 50 50 - -
polyethylene 6060 (g/10min) 6 - 70 30 - -

LLDPE Linear low density Yukong,© M.I1.=0.60 7 70 - 30 - 0
polyethylene FD110 (g/10min) 8 70 - 24 - 6

EAG Poly(ethylene-co— Atochem, PE 68 9 70 - 18 - 12

acrylic esterate-co- Lotader mole% 10 70 - 12 - 18

glycidyl methacrylate) 11 70 - 6 - 24

12 70 - 0 30

. L 13 - 70 30 - 0

¢} digel HDPEE Algsiacth. A&sAlze 14 ) 70 24 ; 6
Atochem A}oflA ABAtE]l= QA EQ] Lotader- 15 _ 70 18 _ 12
8660 Alg-dtedl, of BHE A (68 E%) 16 - 70 12 - 18
of 7 HE wRAlY UniN(3z £%)E 7.0 6 - 2
acrylic esterate®} glycidyl methacrylate (°]3} ig 7'0 70 0 3'0 38
GMA)2 o]Rox 44 FF A (e]3 EAG=E 20 70 } } 24 6
A2 A E ductiled 4AE 7R Qo 4434 21 70 - - 18 12
® ol 37 nAle e s AzEy. 22 70 - - 1z 18
EAGe ®¥¥¥ GMAe @3¢ ASTM D 1652- 23 70 - - 6 24
24 70 - - 0 30

739 BAE BH-& wEl HBr& o] 43l ol FA|
718 AT An FPu|2 7.7%7F TEHA e
Rez ¥EA

g9 NH=. PET, PE 2 EAGE Table 29
Zo]A ZgH|2 Fdle HaakeAle] Rheocorder
6008 A}L-3led mixer walle] 25 265 CE 1
A1 80rpme) £z WYHe A 5EFS &
de Yilo EA=E AZIHAC 4 AE= £
A FERAAE 93 JFA=xI|E AHSsld PET
= 130 ‘colA, PEx 80 ColA, EAGE 60 Coll
A 2417 Az

DEEX| g T4 AxE ARE ZH2E AR
&l 265 ‘CAlA 16 ton) L 718 4 1 mme]
AHE AR notchE A F HA) Fad] 1083
g e Ao Sddoh. gdEg FFseA
Au/Pd Z®AE] ¥ Hitachirle] FARAEDH
(SEM) S5-2150¢ Al8-3ld maie] RE2x &g @
3t 483 4$ PETE £3]A171%] €31 PE

624

9} EAGRE £8A)7]e A9d Loid BE xy-
lened] sigtel AJEE 3087 FF F Aol oA
9 vdde w2248 B3

AN 24 5. 7IAA B4E S A3ty
28 Az" ARE ZHAE ARl 265 CAA
16 ton?] P& 71 F7 3mme] ABE A o] F
Ags] 65mmx14 mmx3mm 379 FAZEE
ANRE AFsiHch. AZE AlHe] notchE W F
Izod 2F3E7]& o] 4319 &M 2EARE &
Al £33, FY% $Hoez 10 mm x 100 mm
X1mm =Z7]8] <AFA=L AHE  AzFE
InstronAte] REFAIE7|(UTM)E o] &3] 49
A 500 kge] 31%E& 7131HA 5 mm/ming] 1S
T2 AEE A s 2 A 23

REY. £d Axd A8E ZH2E AHE3
265 CollA 16tong] #& 718 £ 30 umele] oF

Polymer(Korea) Vol. 20, No. 4, July 1996



24 AHg-31A| & o] £ 3t Poly(ethylene terephthalate)/Polyethylene E-&l=9] A&4 =3

LEL AZF F MattsonAle] FTir. GL-5020
AHg-3le) PETS) 2ed7|9l -COOHS} EAGH] ¢
w3 P78 AT e GMA Aloje] whe
A L gy oz 245t

o rif wo rlo

#n o O

PET/PE g3, &4 A|lx¥ PET(BB)/HDPE
Bal= Ao ddeig SEMoz i3 Axs
Fig. 19 A Als}dc}. Fig. 19 A~CE SJgE g o
AsHA| 91 adiz #ES Aaeln). A 71z 2%
THo EAEC] A4 Wl EAdoz e
B HdeY EdEdA dPH oz AAHE By
HoZE5 gtk BaAze) xAe] 30/707 50/50%

(A)

A%} Bel A% d&4e] mddo] olunyx] 23 A
o2 Ho}l A&Ao] PETe} HDPE % ductiledt &
d2l HDPEZ TAEHAYR F5E = vk Cd
RAAIE 70/30 23] B4 d4A9 mdde] A, B
ob= 24 e Aes Hol ALite] PETSY
HDPE % brittled 82¢] PETZ o]0 quin =
2% + QUr. o|F I3 93l PET+= &34l
717 931 HDPERF &8j4)7]& A93d Soiel #e
xylened| A Std AHE-L 3083t A A F o3
H He] REIAE BASA 2 AHE Do AA
At DE Ce} vims] i ColA fass 24
ol xylened] o3 WUzt A& & 4= gled, o
= #4do)] HDPEZ FAHUSS S8t} 99 2
AE& 3 29¥ PET(BB)/HDPE Edxz9 7

W

(B)

©

#*2of A208 A45 19969 74

(D) 10m

Figure 1. SEM micrographs of the fractured surfaces for PET(BB)/HDPE blends : (A) 30/70; (B) 50/50; (C)
70/30( As fractured); (D) 70/30(Etched).
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Figure 2. Izod impact strength as a function of PET
content in the PET/HDPE blends.

626

PETs} HDPE AlojollE 4840l givhke 248&
W = Ao

Fig. 4¢] A2} B HDPEE uA & E}go]
t& PET ¥ /& AME3Ee | EA=3 AR
o] AL xyleneo 2 JAF % SEMoz &
% Aztold T PETY HErt 3A t2x o}
HDPE #ibde] z@rldle & Aol7t gled HAF:
3 9tt. Be} C&= PETE nAszn F7/71 t&
PE 5 7}H & AM-3il& W Bd= AHe] wd
€ SEMoz #&§ ZAaely Co A€ LLDPE
o} ER=% AEe S A5 YR UF
ox]7] Bul= A3 943 (co-continuous){l FEZ
A& Holi .

PET/PE/EAG g3I=. 484¢] ¢l PET/PE
Ed=d 484E 73 Adsig AR Yoy &2 \
288 W) sNE A4se PETZ 2ase
PE2 745ojo} @t el AnelA PET/HDPE
Bdze 34 70/30 24& XY PETY} 44
& HDPE: 244€ olg& ¢ 4 dth ol & o
439 PETY & 70wt%, PEs} EAGE 3
G 30wt% 2 LA A PES} EAGE] A3
¥ HIIEA BAEE A2 §F mE2A Y
71418 EAS &334} Fig. 55 Table 24 A
Al® gem 2 A 29 PET/PE/EAG Edlco =t

2500 T . .

—O— PET(BL)/HDPE
—3— PET(BB)/HDPE

2000
1500

1000

Tensile modulus (MPa)

500

1 1
0 20 40 60 80 100

PET (wt%)

Figure 3. Tensile modulus at 2% strain as a function

of PET content in the PET/HDPE blends.
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Figure 4. SEM micrographs of the etched surfaces for the 70/30 PET/PE blends : (A) PET(BL)/HDPE; (B)

PET(BB)/HDPE; (C) PET(BB)/LLDPE.

9HE xyleneo 2 o Y3 F SEMog #HAF 2
#ojrt. Fig. 59 AAE AHE Fig. 49 AA€
EAG7} HJisA] & 70/30 PET/PE o] &4
=9 d9d A} i BFs BH EAGY 7}
o] F7HEFE e vl A73 205
g T Ao ol EAGTE 71 A EA Be=9
¥+ EAG7L w184 283iAle] 9 3l ok
Ag %30, 1 olf= EAGE FA 8= g &
9] 3l GMAC] 23 94 #5711 AEA
71¢} PET®] 7}2 844k Alojo| A whg-o] doju} 4
E4E FAWrl W& Aoz Amdn. Fig. 59
A xylened] o3 &3f=o] WAzt =77} & R
2 43 Ade B4 PEZE AARA Rio)
th. 8 PETS wh3-31x] %3 EAGY} o} it
d o] B3 FAHE ol& AoX|qt e 3hE m
AzkE Reojth. 3iA, Fig. 58 AH3] AHEA
0.l ym BFEo] wj¢ e =7)9] L3EA ge &
igo] A=W ol EAG7} PET?} whg3ie
TIZE FFTHRES YAYEEA S8ER] gu At
e o] F3 e Aog AzEn o] w3 EAGS}
PET Ato]o|A] whg-o] Aot LallF2 Ut
EAG7} vhg4 A8-3A 2 Bgdite g 3

#2{ A20¥Y A43 19963 79

+ Fig. 69 AAE &£ A ZA 2Ad g 29
HslE A Holx & £ gtk AlRE RQE %
o 127 A8t 5ed A88E Azolnz
ZAe daglel vy E3 & et EAG
7} A7 €A &e 70/30 PET(BL)/HDPE &=
o] B¢ Alzte] AHgte wel B3 o] Zadh,
EAG7} E012t b8 A8 A% Zylde Eav)
At ghgo] dojuEs E=r) oA Frske
gAo] #AFEh. HDPEZ} ¥§=Ex &L 70/30
PET/EAG £d=9] 3% EAG7} PET¢} w3l
JIEE FFHES 43 14 wa) PETe &
o] Z71H HEE J1R B B3 e Hol:
Aoz gwoE

EAGS} PET AolollA dold & e ¥hgg
Fig. 79 Yehfdth. EAGe] TAGRA = sl
GMAd 23 984 #5719 oZA ¢} PET ¢
doll AE T2 EAL AloldA #3HH uhgo] o]
W dEA nge AdRn 2mE TEPEL
AN 23 Y432 ARH Fig. 79 A<t
W& FTIRE o] &3t FFEA L Az}
EAG We] dl&A EA5jola: Fig. 89 gz
FAE 918 cm™ o4 vteh=tl PET/EAG &3

627



AEA - 4AY - 3L - AAY - WA - oldl - AL - AR S
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Figure 5. SEM micrographs of the etched surfaces for the 70/(30-x)/x PET/PE/EAG blends : (A) x=6; (B) x=
18; (C) x=30.

ZoME olE LAY AN AL, AFA & EBd=dM 28 #F3A X¥ 2] EAGS} PET
4 Holas €4 EAGAME I 277} wi¢ FHof Atolof|l A REgo] oyttt HHA FA7t HAle

628 Polymer(Korea) Vol. 20, No. 4, July 1996



We-4 443841 & o] &3 Poly(ethylene terephthalate)/Polyethylene Ed=29] AlgA =R

2eth 39, gl Fig 79 AAF whgo] AA=z
dojyirld Halzel A9 23 YFLo] AT
a9 #Fete SA4TelaE oF 1100 em oA &A
®rh &xut o] wd PETe] Siduolast FHo)
=7l Bl whg HFo] ¥islE FPHgoz EAY
4 gidch. wHdd), Fig. 9o AAl3 Azl 2o
1712 em™ell A vehb= PET 29 gl stasad
g9 C=0 SAujolas'® EAGY o] Z713}
d wal T Fol(Ain) 7t Mtz ZAsigc). ual

20

Torque (Nm)

Time (s)

Figure 6. Torque as a function of mixing time for the
PET(BL)/HDPE/EAG blends : (1) 70/30/0; (2) 70/
24/86; (3) 70/12/18; (4) 70/6/24; (5) 70/0/30.
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Figure 7. Proposed reaction between PET and EAG.
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Figure 8. FTIR spestra of : (A) PET(BB); (B) 70/
30; PET(BB)/EAG; (C) EAG.
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Figure 9. FTIR spectra as a function of EAG/
(HDPE+EAG) ratio in the 70/30 PET(BB)/(HDPE
+EAG) blends.
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Figure 10. Reaction percent of -COOH as a function
of EAG/(PE+EAG) ratio in the 70/30 PET/(PE+
EAG) blends.
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Figure 11. Izod impact strength as a function of EAG/
(PE+EAG) ratio in the 70/30 PET/(PE+EAG)
blends.
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Figure 12. Elongation at break as a function of EAG/

(HDPE+EAG) ratio in the 70/30 PET/(HDPE+
EAG) blends.
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Figure 13. Tensile modulus at 2% strain as a func-
tion of EAG/(HDPE+EAG) ratio in the 70/30 PET/
(HDPE+EAG) blends.
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