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8 oF vt Zeolgal e oA AR A tFo] o AM HEgol Brhsd i Yl shet
2 %’Evﬁr"ﬂ’\ﬂ‘t 24 &% & XLPE pipe scrap2 1.5~2.0cm ©|38l¢] 2712 @43t &
regrinding3} & sieve shaker® 1~0,.59 mme} 0.59~0.25 mme] 5 size® Ee|stgu}, ol & A} &%
grade®] HDPE(High-density polyethylene) resinoll banbury mixer$} single screw extruder@ 40%
74 A] blenddt &, o]59 712 BA 58 a9, o1 A3 XLPEE 40% 7+ 4] blend3le] 5t
cycle timeo] 7Aiglo]l AlE o] 7h5 6}%{4 “6} %7t XLPE geko] T7tg42 7 s
Hon, stdyeldel A& 9% 9 o1&, ¢ modulus & 4TS & F ARy 53]
A& %7 54 & XLPE scrap 20% blend4] virgin HDPE<| v & 7 vbebybed. A< XLPEY: vir-

gin resing] impact modifiero] & 83} fillers 4} 2 7}aro] 73S 4 4 YA,

- pulverizer it

Abstract | Crushed crosslinked polyethylene(XLPE) scraps of 1.5~2.0cm in size were pulverized.
They were separated into two groups having different granule sizes, namely, 1.0~0.59 mm and 0.59~
0.25 mm in diameter. These granules were, then, blended with injection molding grade high-density
polyethylene(HDPE) resin up to 40% by weight, using a banbury type mixer and a single screw ext-
ruder. The prepared pellets were examined in terms of processability during injection molding pro-
cess. Injection molding was possible without a loss in an injection cycle-time even for a sample blen-
ded with XLPE up to 40%. It was found that the impact strength at room temperature increased with
the XLPE granules concentration. The impact strength at cryogenic temperature, however, showed
a maximum for a blend system with 20% XLPE. We found that XLPE can be recycled as a useful
impact modifier to make products with other virgin resins.
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gEolth. YN o g AMS)3= silane 8129 o
HZQ EHZE vinyiA) silane SRR, F2 vi-
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7} sbssbutar sigoen,t ul=te] Good Develop-
ment Polymer Co.+ PCR-HDPE(Post Consumer
Recycled-HDPE) ¢} virgin HDPEZ Blend3}al 7F
AE YW 71E3tRe A o0& VAA dxy 2
£4ol glo] 17"7‘57} 9ok tEaid®
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AP A 5. HDPE resin® 190T, 2.16 Kg 359
o]ét 8§ =%(Melt Index, MI)7} 7.5 g/10 mino]
L7} 0,965 g/em’?] FFHF) £AE AHE
3}93 3. waste XLPE pipe scrap& HDPE based] si-
lane7}il type©. =2 xylene F&WHo=w 4% 7}
w7t 60~65%olu}, Aw=rh 0,935 g/cm®S] XL-
pipes: ol&&Hth

XLPE ¥4 A& 9], Waste XLPE pipe sc-
rap$ crushero] 1,5~2.0cme] =715 3t &
(5 )Fritsch Co. A& 2] pulverizerZ o] &3}a] 2800
rpm®] 112 3 ™o o)t knifesr H-E] 1 mm o]3}
2719 dAE AUk o] F sieve shakerE %3
1~0.59 mm(o]3} A size® H%)et 0,59~0.25
mm(o]a} B size® W)l A7) FHIIAt &
8] XLPE }#be] noke #dstA 37
rizer knife9] clearance @ 1 mm o)W v A|&A F
Fory 28] Wk Bagto 2 A Eoks Kot vt SHA
THE AT

Alg ANE AlF, MoriyamarH Q) €]
type mixerE o]&-stad 150 ToA] HDPE resinoj
e EE 5 Y As(A, B)E /Y HDPE
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xingdh & #£A] GBX 16 laboratory roll millef) ¥
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A2 g4 3gc), o} E blend A|H-E Gottfert Ex-
trusiometer& A3l 180~220To|A ¢t&35)e]
pelletizingdl g o™, ol5 AlHe FF FAHHE
Table 19 JERAT}. 24AWE 97442 77} 3
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=3 t& WallS Engelrle) 8oz Al& 7o) A1H
2837 £7](small container ; WXLXH=10X10
X9cm) F8& F33F ¥ Table 20] BAIE 7}
ZA0E AWAE, FAZE, FH7w, HDT,
Vicat A3l 248 AL Az3ch.

714 434 24, XLPE/HDPE blendA & 2]
XLPE}}#} A7)¢}t ol w2 7|AA HAE &3
3}7] €13] ASTM D-638¢] <A InstronA}e] 4204
type UTM(Universal Testing Machine) & AM-3}od
JVAR=E, FEZE, F4l ZA&AT. AlES

9 o
E=E=)

Table 1. The Formulations of XLPE/HDPE Blend Sa-
mples

HDPE XLPE granule! XLPE Total
Sample amount——mqt——— granule weight
(kg) A sample B sample content (ke)
(kg) kg  (wt.%)
A-33 29 0.1 - 3.3
A-10 2.7 0.3 — 10
A-20 24 0.6 - 20
A-40 1.8 1.2 - 40 3kg/
B-33 29 - 0.1 33 each
B-10 2.7 - 0.3 10
B-20 24 - 0.6 20
B-40 1.8 - 1.2 40
HDPE
resin 3.0 - - 0

! granule size A} 1~0.59 mm, B : 0.59~0.25 mm

CERRED

dumbell shape®] Zo] 65 mm, % 12.5mm, 57|
3mmyP ™ gauge length 25mm, 5 ton?] load
cello A 50 mm/min®] crosshead speed & =3 3}Y
o},
W34 54 4. ASTM D-2569) 23+

37
54¢ 43 —0TAM 27 FPsach 4L

Algoll+= Toyoseiki Izod impact tester()E A&
3l o A& chamberE 233 A& Nz AA
2 A3l —30C7HA] Hd@F Yasudaseiki [zod
impact tester(¥d)E AF3IAT, F 2% F2dA]
FEH o2 V-notched type A58 AMHE-8Fe 20 kef
9} 60 kgfe] weightoll A =7 3mme] A|H-g o] &3}
o 4sier),

F575% 27, Instron 4204& o] &3} ASTM
D-7909] #AE oz 3 point bending testE
AAIE et AlHE Zof 130 mm, & 13mm, 77
6 mmE AMR3lPY o spanZo]= 100 mm=E 3k 5
crosshead speed® 28 mm/min, load cell 100
kgfE AH&3kch

4x Ay, e s 437 fa ASTM D-1505
o TFRE W o 2 density gradient columng o]
g3t AlEE AFE AJHe 3mm 57 2] sheetE
7}, A2 5mm ol Zo)z & % acetonel.
& o} HDPEQ recrystallization 2% 120T
ovenol| A 30% 3+ FAIAZL F 308 (P G A
3] 1L density gradient columnel ¥-& th-g 147t
59 o] dx g& Fstch

qH 54, £§25(Tm) 9t 8FH(Heat of fu-
sion) ¥ ZA3 % (Degree of crystallinity) & &3
3}7) 9)& TA Instrument LTD. Co. (1))} DSCE

Ql

js

A-210
Ta=E

Table 2. The Operating Condition of Injection Machine in XLPE/HDPE Blend Samples

Temp. setting of injection Injection Cooling Injection Screw refill

Sample name . . . . . .
molding machine pressure(bar) time(sec) time(min) time(sec)

A33, B33 O T B e &
A10, B10 200-210-220-230-240C 60 15 3 10
A20, B20 same as the above 70 2 - v
A40, B40 210-220-230-240-250T 80 P P /,
HDPE 180-190-200-210-220T 40 3 2

(D Hopper zone, @ Cylinder 1, 3:Cylinder 2, -4* Cylinder 3. 5' Adaptor zone
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ol&3tAT. AT AFEAIHS ARSI AL
A 170 C74A] 10 C/min& 13} scandt ¥ FolH &
AAT H 2742 Wzsidon, g 2o 42
&2 2 23} scandld maximum melting 342 Tmo
2 FAYY. £89e 156.6 Co Tmg 7=
standard &9l metal Indiume] H82S 28.4]/
g2 3}o] calibration 8}$.2.™, percent crystallinity
%2 100% crystalline PE9] o]229l &¢ akyt
& 289])/g& ol &8t A4e gholr},®

VSP/HDT &3, XLPE/HDPE blend A]&9] Vi-
cat softening temperature(VSP) 2} Heat deflection
temperature(HDT) & Z#A3}7) 93] CSI Inc. 9
VSP/HDT testerZ )23ttt VSPE A 50
mm, F7 5mmel round¥ o] Algoly, HDT A
HE doj 4", % 0,25, %4 0.5"9) rectangulard
O = stress 66 psig 3l A 0,017 W& A9 e &
ZA3 st

MI(£§14) 24, XLPE/HDPE blend A]£.9)
88 524S 28] 98 292 Zwickrlel
Melt Index testerE o] &3tgu}, 190Ce &% =
o) A= XLPE granule 3t&Fo] %2 XLPE blend¢)
&8 &40l wie ol B FA4e A7) o
9] 230 CollA ZAFAOH AR 434 AlPs}
of HHRS ANk

% 54 A13. XLPE/HDPE blendA| 9] &%
E248 £43%}17] 98 Iwamoto( Q) ICR-701S capi-
llary rheometerE o]-&3} 240Ce &% 2159}
10%, 10°, 5x10%, 10%ec'] shear rate &fojA]
XLPE % F7tol w2 &3 52 484

M5 %A, XLPE/HDPE blend A% A|sie]
EE 47 98 AE 33 B3 AdE 3mm
FA, 274 50 mmel AH-S Minolta(¥) Chroma-
meter CR-200% ©]&& AL(HZ), Aa(A4),
Ab(A) @ ZFstcl.

A% 2 w3
#% 543 A2VBA. B4 4B Aol

Se|o 4189 A2 19949 3¢

FAe &8 BEAC] T3 Aoz dagojH ¢
th &6 A 5840] A9 gl XLPEE 1243 8
polyethyleneoll Ztj3dlt 40% %<3t blendslt =
Yol A9 AETbEo]l Ao Brbsd 4
o] g ot, Table 2014 By w9} 7ho] injection
timeo] F7Hglo] AME 2}do] sbEdtJoh. vk,
XLPE scrape] gtago] F71dE 7}3 o8 20~
30°C FgrlAok AMETbE o) VhsEtg o, AL
& Lxe dFoln Bslial A&t o)l XLPEY
e Zvkoll whel vlal A o7 Absw i,

230 CollM 24 ¢ BFAFMD HatE vehd=

Fig, 12 XLPE9] gheko] Z7ld o) whep MI7} v
vebseh, MIZE 45 ek XLPE granuleo)
54 2 stellA BgAe] A gl wo Hol
7191w ar olond, ol &g delol «He] 58
of A2l gli fillerE U 4¢ blend 2 Xr}li‘/}
Aok Al AubA el Aadat fAbehS Rodgech’
S Uit Soldk "o, XLPES] e i}ah’ﬂ*i
XLPE x#l7F # Alg(sample A) Btk ¢)zp7} 2o
A s (sample B) 7} 1] W& MIgHS Me)al dgeich
eIk © 32 particulate fillerZ AF8-3}i+ blending®)
A5 dAE 2Ee filler7F $9 dFaFol A ] e 9l
A H A zhar 9lar whebA filleret matrix {Fe)
interphase ‘B ALk v We dos ok Qv o
bhe el A B i) vl A ghe Al
sample Be] - XLPE]#9t HDPE matrix¢te]
interphase HA o] A =il o] & Qlete] &84 &
Fdel Asks farg b o] Fig. 13 ¢re 4
HE &Y S i

AETERS AL 3 ek Blol o] frE Al wiskE
28} 7) 918k capillary rheometer& A}&38}a] #
Ty o) ‘ﬁﬂ"ﬂ o el WHskE dHugtuh
Fig. 29} 4% Ml 2gdae npavizlst XLPEQ)
Fhedo] %’}doﬂ et HDPE blend A)g3= %2
s WP Creol 2 oA g ulaed A
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Fig. 1. Melt index data of the XLPE/HDPE blends.
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A, AAl 7hEA do] F2 At fillers}
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. o}
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T AN
o] ColorE 437l 943} Colorime-

ol &3t AL(EK), Aa(#4h),
Ab(9) iE EHgEkdth. Table 3o+ Hrol
XLPEQ] &tako] 40 wt, % 7} A &7HeH4=5
HDPEo| ujated ALGEE:
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& —1.85004 —2.11 W8 Abghe
vl

\1rgm°
28t
—5.

al glu

al, Aag
920l 4] —1.52% off-white color&
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Fig. 2. Melt viscosity vs shear rate of the XLPE/
HDPE blends.

Table 3. Colorimetry Data of the XLPE/HDPE ble-
nds

Sample Colority  Clearance Brightness
(4aL) (Aa) (Ab)
HDPE Virgin 67.03 - 1.85 —592
XLPE-A 10% 65.8 --1.97 —4.55
XLPE-A 20% 64.2 —~2.37 —2.56
XLPE-A 40% 60.4 2.10 -1.52
XLPE-B 10% 66.3 -1.84 —4.95
XLPE-B 20% 64.6 -2.24 -31
XLPE-B 40% 60.5 -2.11 — 154
i 713 XLPE scrap A4 WAL &, 7]} o]
0] S50 Uehi 648 e 990w ¥
F 9lo}, 9% XLPE granule®] &4Hs} 9121% wj
Ag 4 gt
wxel 45 Az, dvtE o2 polyethylene
41271 0,91~0.97 g/em®o) { ° 75 glon, B
ol A AbgE A% 7y8 HDPEL= 0,965 g/em’
2 HE gl ArE Ayal 21%* ~'X]°]Ur. HhA,

XLPE s}o]szo) scrapolir a3 ® XLPE= =7}
0.935 g/cm 2 Hlw A yholt}, Density gra-

3 e
TR
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dient columng A3l 2FE RE A|lgo UL
43 Z#E Fig. 30 =Al8 o, XLPE] Aj
Hog wd dx g Qste] XLPEY] o] wold
4% XLPE¢] 3avtd dmrt of wold g o gd
7 AR AY AFx o9} FALSHA vreERytT

Table 4<} Fig, 4o Weld DSC datae) 79 A}
2% XLPE scrap®] Tmgto] 125Co]ja virgin
HDPE+= 135.5C& XLPE &teko) whe}l Tm 747}
AU E Hojof 5, HAl U 48 2a2%
G e ko] WAL
percent crystallinity = XLPE & &ko] Z7}3}o) ule}
Akl ASE & oo, e HAsE A
b s Qlot, A 7lel g A= B AlE7FA A
woll wjal Tmgko] oFt wtod|, kol ButdsiAl
el 9loen ol XLPE #4be] Bty
XLPEAte] A717F AJH A 7]el v vlm 3 & 4
ol 711EE Ao wank?

7hast o gdo] Udrt Eejogddy e 3
2 7t Zs el we} 1o A o] Mg go] yo}

w3}t Degree of

El

Al 1 S NE 7|AAQ] o] fAHYRE H
0.975~—— —_—
A XLPE-A ® XLPE-B
0.97
% 0.965-
Q
o
>
%
& 096
[a]
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0945 —-alo 1L ! 1 L T
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XLPE content(%)

Fig. 3. Density data of XLPE/HDPE blends.

Z2|0 #4189 A23F 1994 3Y

ojth, o]9}zr e olf & XLPEE 24254 wj#F
2 AMgEkal lal @8 HAGH(KS M-3357) XLPE
W PHE-E 95°C 328kl A 10 kg/em®e) QS Ao
= 147} o4 zitiel €t XLPE scrapg blend
HDPE<|| thet d2j-d4de] wste Hotr7] fiste
Vicat ¢33} (Vicat Softening Point, VSP)3} &

Table 4. DSC Analysis Results of the XLPE/HDPE
blends

XLPE Melting Heat of Percent
Sample . ..
ame content teomp fusion Crystallinity
(wt%) © J/g) (%)
raw-HDPE 0 135.5 226 78
A-33 3.3 136.1 238 82
A-10 10 135.1 215 74
A-20 20 135.8 225 77
A-40 40 134.4 210 72
B-3.3 33 135.2 200 69
B-10 10 135.0 189 65
B-20 20 135.3 176 60
B-40 40 132.6 196 68
150 100

A XLPE-A @ XLPE-B

140
C Jeo R
3 2
£ €
2 3
g 135 g
5 G
= 40 s
8
130} S
g

20

\' :

|
O S S S N N S T A
0O 5 10 15 20 25 30 35 40

XLPE content({%)

Fig. 4. Tm & Degree of crystallinity data of the
XLPE/HDPE blends.

245



A7) - olgd - &

¥ 2% (Heat Deflection Temperature, HDT) & &
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XLPE?] & Z7}o w& VSPe} HDTe #aw
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Instron 4204 AME-3l4 ) U4 A3 5 F=&A
A Jehde #8442 virgin HDPEZ}F 493 2 nec-
king @4o] Y &5 ol WY § FUbol e
stress 79| Fo| sl Av, XLPES kol
Z7teol ate} R o] F stresse] 7 Fo] Fof
M]3 necking B} Wobziths Held.
Ao M e e Solgt He URtHor P&
By AT wste] FHo gAY dAlE
(elongation at break) 2] W 3}Eo] A33] Avk=
ojict. Fig. 69 Vel 15o] virgin HDPEo)
XLPE<9] 3o} 3718 4% shdhd A4l go] A3
Z48te] XLPE scrapo] 40% 38 g9 AL
virgin HDPE oju} ¢} 25% 39 & 38 1y
t}.

v slehy QAT = H| 2 XLPES] e
TWH G st 11 Wst o] A, Fole tha
Fashe U2 Jeiged, 4gea HyE 1w
g 1 gke Ao gox B Fx Q. olge
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Fig. 5. VSP & ‘HDT data of XLPE/HDPE blends.
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140
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XLPE content{%)

Fig. 6. Elongation & ultimated tensile strength of the
XLPE/HDPE blends.
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H3l= A A% Al necking o] ¥
HDPEo| A Yeh= 23} 2
ol A9 glo] necking o] F vtz Tk @Fe 4
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F AN
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,w,

rir URL

oo g
(S

-
ne

dozl o it o ZHdAM HER
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Hog spdko] Agd 5 A= AAWS 1] wol 3t
I gike] Yofd wAo] FE o uf Bl whiel
Y7t & sample Aol H|E| ] & AF Al A
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