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2 24 & dA7dME AviEe 233G AdeERE dold 4 e XLPE(crosslinked
polyethylene)e] A&-gof A3t mstyrt. XLPE 233 9 Hr|E9 A& S °F 100m
o|stRE oF 1000m7tA] YAEA L] FHo| 71EE F EH EAVE ARSIk BEid A
T S A o]F AZE 2 9FE7)(modular intermeshing co-rotating twin screw extruder)Z
olgstof # XLPES] x4, ¥ XLPES] ¢zl=A7] A FF/, ~4F ZH, WEH= $29 FF
(LDPE, HDPE, PP, PS) 22-& WgAI7|UA wFE- Axsta 259 7AH 2 FHsH
A S s ZAEgnh gukR e e dixss ¥PE ) XLPE wiEEY FA%
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oF 80 wi% /b4 FHSAR FAzde EFH0) st AaFEREe OE sy &
ABET YEU2A &5(kneading disc block)e] #7F B2E w2 g WepH WA
27 XLPES] ol 71842 uighZel §93x7t F71et92 HE ATESET A A
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ABSTRACT : The recycling of waste XLPE(crosslinked polyethylene), which is a major source of scraps
from high voltage power transmission cables, has been discussed. The waste XLPE scraps were ground
into fine powder with various sizes from less than 100um up to about 1000um using two types of tailor-made
pulverizers. The compounds were prepared in a modular intermeshing co-rotating twin screw extruder at
various conditions such as different compositions, types and powder sizes of waste XLPE, screw
configurations and various polymer matrices (LDPE, HDPE, PP, PS). The mechanical and rheological
properties and the fracture surface of the compounds were investigated. It was found that an improved
impact strength was obtained from the compound with white XLPE powder pulverized from the scraps

without outer/inner semi-conductive layers. Generally, the impact strength increases with the content of
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XLPE but decreases with the size of XLPE. Especially for LDPE, the extrusion was possible up to 80
wt% loading of XLPE. Also, the impact strength increases with the number of kneading disc blocks in
the given screw configurations. The melt viscosity of the compounds increases with increasing XLPE

loading. However, the higher shear thinning behavior of the compounds at common shear rates implies

proper processibility of the compounds. In addition, the impact strength for other polymer matrices used
increases with XLPE and it is noticeable that the impact strength of PS/XLPE (80/20 wt%) compound

was improved twice that of pure PS.

Keywords : XLPE, intermeshing co-rotating fwin screw extruder, compounding, screw configuration,

impact strength, mechanical properties
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A FAle) EAEE =4 2 (Flgure Ak
#Az2)e AAS F, Figure 19] 315y} go] & 2 2 dAFoMe b 22 7 A dwe=
7ol aAlg pREYE E o] 7 XLPE 43| ¥ XLPEE EH3tdch Bde 27 A=A 3

Conductor

Conductor shield
(inner semmiconductor layer)

| XLPE (msulation) |

PVC sheath

Metallic shield

Insulation shield
(outer semiconducter layer)

M\

o White powder: Pulverized with the XLPE part only

o Black powder: Pulverized with the XLPE containing the inner and outer insulation layers

Figure 1. Schematic illustration of a waste high voltage power transmission electrical cable.

Table 1. Specification of Materials Used in the Present Work

MI (g/10min) I Density (g/cm3) Gel Content:
Material Grade ) Extracted with Manufacturer
ASTM DI1238 ASTM DI1505, D792 Xylene
XLPE - - - Over than 90% -
LDPE 610A 4 0.920 - a3 test
HDPE 22001 5 0.965 - A= ESER-RY
PP HJ 730L 5 0.910 - 23 E3kest
GPPS 20 HRE 6 1.050 - LG3}8t

Elastomer Vol. 39, No. 2, 2004



134 44

Atk A WA EH-e 9 del(Figure 19
3the] AARE 5~10 em =72 Adsiar F3)
7)(DHG-28, Dae Hung Co)E %3la] 1 cm ©]3}¢]
2712 13 A4 F Bl FRE| e
o A2 olgste] Hd 1 mme] YAS
Fg A71Z Bk 7 oA B
XLPEZ 30~50 cm Zeo]e] vl ez 4
B27l0] ARse] Qe mAEnel ¥
Al iFe 2ERlY FAE o83t
o3t =719 Fue Atk BAY XLPEE F
B QA7 EE S5kt XLPE B89 A
3 QAR me R B4 Aolg 24
7] glstel HeT ol 3 71H FRE WYrof A}
L3R A WAZ ey wEdse AR
T 23 100 gm o)3te] SR A(white powder
A), T ¥AZ 500~1000 wm o3k FAEY
B(white powder B), Z2]iL A WxZ /&) v
AE A B 100 m olste] & (black
powden) 2 EF3IATL /R HlEAES A AT
ZAETS 100 ym ©]3}, 100~200, 300~500, 500~
700, 700~1000 me] =72 EFSIYPT, /LR
WEAES B EHT SALLS 100 m ol
100~200, 300~500, 500~700me] =72 EF3}
o A}t

1

(TR Y o
N
oo & O

_,d
olr

3

,H
fllo

ar —
N

o

(=)
=
=

Mr du

3. HiEE M=

LDPE, HDPE, PP ¥ PS 4=%|9} XLPE ®j§-&-&
LGAHRZ D™ BT-30-S2-42h9 4 AZe A2 30
mm, /D ®i&o] 4291 REE X3y FUsd
o]& 2~=5F2) ¢F&7|(modular intermeshing co-rota-
ting twin screw extruden)E ARSSt] Al ZstgTh
HIRHE-& AZ37] 93 FA) AR V|Ee] He

. HL;H}H . o]

[} =

to e x2

4.
£

e
Z7A
P~

P=Yms X
o

AIF X

DZ olFo]7

o o S

mm

v}

ek
X

Table 2. Standard Processing Conditions Used for Twin-screw Extruder

(Screw Configuration)
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Figure 2. Four different screw configurations of a twin
screw extruder used in the present study. A: all right-
handed screw elements. B: right-handed screw elements
plus one left-handed screw and one kneading disk block.
C: right handed screw elements plus one left-handed
screw and two kneading disk blocks. D: right-handed
screw elements plus one lefi-handed screw and three
kneading disk blocks.
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Figure 3. Young's modulus and Izodimpact strength of
LDPE/XLPE compounds with different XLPE com-
positions (white powder A, white powder B, and black
powder).
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Figure 4. Yield stress and yield strain of LDPE/XLPE

compounds with different XLPE. compositions (white
powder A, white powder B and black powder).
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Figure 5. Variation of the melt viscosity of LDPE/XLPE
compounds with different XLPE compositions (white
powder A).
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Figure 6. Variation of the mechanical properties of
LDPE/XLPE compounds with different particle sizes of
XLPE. (LDPE/XLPE =80/20 by weight, open: white
powder, closed: black powder)
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Figure 7. Variation of the melt viscosity of LDPE/XLPE
compounds with different particle sizes of XLPE.
(LDPE/XLPE = 80/20, white powder)
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Figure 9. SEM micrographs of the fracture surfaces for various polymer/XLPE (80/20) compounds (white powder A).
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