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The Research Trend of the Copolymer-Based Compatibilizers
for the Recycling of Waste Plastics
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Table 1. U.S. Plastics Sales in 1984
Materials 1984*  Percentage
Polyethylene, low density** 3,733 18.71%
Polyethylene, high density 2, 666 13.36
Polypropylene and copolymers 2,205 11.05
Polyvinyl chloride and copolymers 3,013 15.10
Polystyrene 1,766 8.85
Others 6,572 32.93
Total 18, 365 100
* unit ; 1,000metric tons

** include LLDPE

Table 2. Estimated Composition of Plastics in

Solid Wastes

Polyolefins 54~T71%
Polystyrene 17~20
PVC 11~13
Others 0~15
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Fig. 6. Lamellar domain structure for diblock co-
polymers, showing interface region(d/2 :
the spacing between the midpoints of

neighboring microdomains).
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Fig. 10. Tensile strength of low density polyethy-
lene-polystyrene blends with additive(EVA
and EPDM).
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Table 3. Typical Usage of Compatibilizer for the Blend Materials of Solid Wastes

Component - ]
Polymer A Polymer B Compatibilzer Remarks Investigators
High-density  Poly(ethylene- styrene-ethylene PP/PET is grossly incompatible. Block copoly- T.D.Traugott,
polyethylene terephthalate) butylene-styrene mer (SEBS) plays main role to improve impact et.al. &
(HDPE) (PET) triblock copolymer  strength with good adhension of HDPE/PET.
(SEBS) Blend : single screw extruder
High-density ~ Polystyrene Styrene-ethylene Addition of a SEBS block copolymer increases C.R.Lindsey,
polyethylene (PS) butylene-styrene the ductility. et.al,®
(HDPE) triblock copolymer ~ Blend : single screw extruder
(SEBS)
High-density  Polypropylene ethylene-propylene ~ Block copolymer improves the ductility. D.W.Bartlett,
polyethylene (PP) block copolymer Blend : single screw extruder et.al.®
(HDPE)
Low-density Polypropylene ethlene-propylene The addition of copelymer improves the interfacial W.E. Chiu
polyethylene (PP) random copolymer  adhension and obtain high impact strength. and
(LDPE) (EPR) Blend : single screw extruder S.J.Fang¥®
ethylene-propylene
block copolymer
(EPB)
Low-density Polystyrene ethylene vinyl ace-  The inclusion of additives like EVA or EPDM  A. Ram,
polyethylene (PS) tate copolymer increases both the tensile strength and toughness et, al.3!
(LDPE) (EVA) of the blends.
ethylene-propylene- Blend . twin screw extruder
diene-terpolymer
[sotactic Isotactic isotactic polysty- Diblock copolymer influences dramatically the L.D.
polystyrene polypropylene rene-isotactic poly- phase distribution and enhance impact strength  Giudice,
propylene diblock et. al, %
copolymer
Linear-low- Polypropylene ethylene-propylene ~ The addition of block copolymer increases M.M.Dumoulin,
density poly- block copolymer rigidity, strength, and brittleness. et.al. 3
ethylene (PP} Blend : single screw extruder
(LLDPE)
Polyamide 6 amorphous functionalized ru-  EPM-g-SA behaves as an interfacial agent, S.Cimmino,
random ethy}- bber-E PM-g-succinic improving the adhension between rubber EPM et.al. ¥

lene-propylene
rubbery copoly-
mer (EPM)

anhydride (EPM-g-
SA)

and polyamide, and improves impact strength in
the brittle region.

483 ool
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%@E.%ﬂﬂ%ﬂ~%ﬂﬂ%
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el 5
2 vehta
7}‘0}‘t‘ 740}:-“
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9}1\1—,}31. )

Blend : Brabendar mixer
o} FAZEE A7 o] Aol AEA FAR AEE ST A
4834 AE 6~18 IHE i A2 47} Uek,
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37}9}1—% 739 z terephthalate) / SEBS Copolymer Fig. 129}
55 AxAe7 F Fig. 13-2 high density polyethylene (HDPE) =}
0]—‘& EVA$ EPDM  poly(ethylene terephthalate) (PET) ol styrene
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Fig. 11. Tensile impact of low density polyethy-
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Fig. 15. Mechanical properties of PP/HDPE with

ethylene-propylene block copolymer (EPB).
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Fig. 16. Tensile impact strength of compression

molded blends with ethylene-propylene
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Table 4. Comparison of Mechanical Properties among Ternary Blends (LDPE/PP/Compatibilizer), Binary

Blends (LDPE/PP), and Hopolymer (LDPE)

Sample [S*** Modulus Yield TS Yield el. Nominal break break el
(kg cm/em?®)  (kg/em?)  (kg/cm?) (%) (kg/em®) (%)
PP70%/LDPE20%/RC10%* 33.3 3,730 254 27 183 280
PP70 /LDPE20 /BC10 ** 16.2 4,000 337 24 202 230
PP85 /HDPEI15 51 5,020 383 17 181 100
PP75 /HDPEZ25 52 4,810 374 17 161 -
PP85 /LDPE1S 57 4,000 326 19 154 120
PP75 /LDPEZ25 6.1 3,569 300 20 124 110
LDPE100 5.5 4,660 375 20 202 150
* RC : Random Copolymer (ethylene-propylene) (EPM) *** Impact Strength

** BC : Block Copolymer (ethylene-propylene) (EPB)

® PA §/EPM
240 O PA 6/EPM-g-SA
. A PA6/EPM/EPM-g-SA |
N
~ 140}
@
40

0 50 10 15 20
% Rubber

25

Fig. 17. Elongation at break(e,) for binary and
ternary blends versus rubber concentra-

tion.

A blends} polyamid 6/EPM/EPM-g-SA 2]
st A1) blenddl] 4 8] Al& (e,) ¢l sHdled plot
e} Aokt sha el 42 A& T2 gEkel
Zobehell wet ol EAldl A A A E ZAspA]nk
A BAof 45 LF E4 10% 4 2 o peak &
vrebd AS £ 57 gleh 5 PA6/EPM,PAG/

>

o

EPM-g-SA2| blendAlol 4= 45 m=4do] ¢l
< ulAE4dal 7/3€ 4 &8 b ded ole
Fig.18(a) ] SEM Abalol 4 & & 7k geb ol
AEANAE ok 20pme| Hd AAL 7HA A3t
Hejz B4R T4 domaind & U AU
cavities?] ¥ o] ul-¢ smoothdlriiz AHA4 2 HF-E
o] 4 2A 2] Aol Aol glebE AL AHT

T e
b B Ao sl A graftTEEAsE PAG
matrix®} rubber dispersed phase (EPM)4}o]€]
ERs gt ST Ao Y
oed ol Fig.18 (b)2] SEMA}FAlel 4 2]

4 e w2 @ b ek & A4RA

>

Fig. 18. SEM micrographs of fracture surface of
binary and ternary blend :
a) Polyamid 6/EPM (90/10), 320X
b) Polyamid 6/EPM/EPM-g-SA(90/5/5),
320X
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