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Abstract: Recycling of waste polyvinyl chloride plastics has attracted much attention due to environmental problems, but
the poor mechanical properties, low thermal stability, frequent breakage of strands, and melt cracking of the waste plastics
have limited their widespread use. To overcome these disadvantages of waste PVC (W-PVC), recycled PVC powder blend
was prepared by adding high-density polyethylene (HDPE) and ethylene vinyl acetate (EVA) as a heat stabilizer and com-
patibilizer, respectively. An intermeshing co-rotating twin screw extruder was used to prepare the blend, and the charac-
teristics of the blend were analyzed by SEM and TGA, and by using a UTM and Izod impact tester. The impact strength
was improved as the EVA content increased for the W-PVC/HDPE (80/20 wt%) blend. As the HDPE and EVA contents
increased in the W-PVC/HDPE/EVA blend, the impact strength increased. SEM observations also revealed the improved

interfacial adhesion for the EVA-containing blend.
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7haA| 9] ghgo] ¥ A(-10%)E dEo] B PVCE 7
2o spo| 27} hF A Q] A|Folch. PVC A= ¢ Tdst
7] W2l 7Hgol &7Fs s 7HaAlE A7bete E7taAdE
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Experimental

1. XM=

£ AYOIH ALgE 1EA} s EZ AL TE 88Tl 100
C oA Bal7k AR $o] T M3 Y W-PVCE
(FPPI Baol A ABe L2 Agstch @ oA
WS giato] BE A Ql Cazn AHYRIE GRtAAL
o) e Abgatect. 34 549 FAL 9135 HDPES
AT, 15 2] EAS AW G YAl TRI44
A2 AHg ST HDPESH] AM-42 Holaly] $18 Ah4
A ()RR LY VA 28%01 EVAS AHgsteic.

2. g8l U A|H M=
2.1. YE3HE St 23 M=
orZ I Ao U4 W-PVCE HDPE, EVAS 40C AZoE

o] A} 8A17F AZRAH TS W-PVC £ = 2] sample formulation

Table 1. Formulations of Waste-PVC/High Density Polyethylene/
Ethylene Vinyl Acetate Copolymer Blend

Sample  W-PVC  HDPE EVA i?;bZiTiZ};iat
No. (Wt%) (Wt%) (phr) (ohr)
1 30 70 1 0.5
2 50 50 1 0.5
3 80 20 1 0.5
4 30 70 5 0.5
5 50 50 5 0.5
6 80 20 5 0.5
7 30 70 10 0.5
8 50 50 10 0.5
9 80 20 10 0.5
10 100 0 0 1
11 100 0 0 10
Table 2. Conditions of Extrusion Process
Extrusion
Temperature (C)
CY 1 80 Screw speed 100 rpm
CY 2 110
CY 3 120 q cadina.t
CY 4 130 conﬁcgrtfr\;]tion -revgfje ll];l%)ck
CY 5 140
CY 6 150
CY 7 155
Load 70~80%
Head 160
Die 170

*CY: Cylinder

Table 3. Conditions of Injection Process

Injection molding

Temperature (C) 60~70 kegem®

Injection pressure

CY 1 110

CYy 2 170 Screw rpm 10~170 rpm

CY 3 185 Cooling time 20 s

CY 4 200 Mold temperature 60T
*CY: Cylinder

2 Table 19] YEF AT EHE A ZF+= modular intermeshing
co-rotating twin-screw extruder (LG Machinery, MT-30-S2-
42C, L/D=42, ©30)5 AMESIATh &2 Table 23+ 2
o] feedert-¥ die7}A| 80~170CE HAASIAT. =A=F A
Z35}7] A W-PVCe} et A, HDPE, EVAS &£3| premixing
3R, died B3 U2 YEEL2 pelletizers £33} pellet
o2 Az

U= T4 Tl A= W-PVC EH=9 A Az &
Holl A 40T A 8ATt Bt F-E3] ARAIZTH ZEZ |9}
7)AE BAE 274517 918} A48 7] (Pro-WDS0, Dongshin
Hydraulics Co., Ltd., Korea)5 AME-3to] A|HES A|=3}4ct.
AFE 2702 Table 30| Yebd A3} Zro] hopperol 4] nozzle
7HA] 110~200C 2 AAsIETH A g2 60~70 kgi/ecm?2)
Z 79 A ASTM (American Society for Testing and Materials)
D638 W D256 F40] W& 1 9 4 A|FE AlHE A
iﬁ}ﬂq.g'lo

MEN

3.

m

31. REEX| 84

W-PVCS} Ca-Zn QSHFAI(1, 10 phr) BE, Thokeh W-
PVC&} HDPE &3H(30/70, 50/50, 30/70 wt%), EVA (1, 10 phr)
9} Ca-Zn GPEAN(0.5 phnE IS SNE=S BERA 5
Ao u)m, Baety] 9)ste] ZAbA2bEn| 7 (FE-SEM, JEOL,
JSM 6701, Japan)2 ARE-31TH BRE A|HE SZA|H & 1t
o H A EE AR e, 1802 Fot Wia o

&5
B

S

AN B4 S438H7] flsho] s AIF 7] (Universal testing
machine, UTM, AG-50kNX Plus, Shimadzu, Japan)& A&-3}
Attt A HE ASTM D638 +2 o] 23] A &+614 T} Load cell
2 50 kKN& A5 21, crosshead speed= 5 mm/min®. 2
AASHAT. A2olA 4% T Hdigh 2 HagE ALt
U] gho] Ht gk AlAste] JIFRAGE, I 2 A
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ANge 2R W-PVCe} Ca-Zn AFHA|(1, 10 phr) BE, chokst W-
PVC&} HDPE &¢H(30/70, 50/50, 30/70 wt%), EVA (1, 10 phr)
33 57 AlY 9} Ca-zZn A (05 phng EFF BA=0) FAZES

Figure 1. FE-SEM data of waste-PVC containing Ca-Zn heat stabilizer and different amounts of HDPE; (a) waste-PVC containing 1
phr of Ca-Zn heat stabilizer (X500 magnification), (b) waste-PVC containing 1 phr of Ca-Zn heat stabilizer (X10,000 magnification), (c)
waste-PVC/HDPE (30/70 wt%) with 1 phr EVA, (d) with 10 phr EVA, (e) waste-PVC/HDPE (50/50 wt%) with 1 phr EVA, (f) with 10 phr

EVA, (g) waste-PVC/HDPE (80/20 wt%) with 1 phr EVA, and (h) with 10 phr EVA.
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Z23}7] $1519 1zod impact tester (Tinius Olsen, Model 892)
2 218319t ASTM D256 18 o whet A|HE Zu]ste] 2
FA7E 10.16 + 0.5 mm7} = =Z notch cutterg AHE-5H
L4 AE B A 83y Sk g g Al
@ A ke BRe Tokck

to L oS

34. Hx| obEM BN

W-PVCe} Ca-Zn FHAA|(1, 10 phr) EAE, Tkt W-
PVC2} HDPE £3+H30/70, 50/50, 30/70 wt%), EVA (1, 10 phr)
¢} Ca-Zn E2HAA|(0.5 phr)E £33 Sd=9 €3 A=
£ golsly] Y dEMNex= =4 7|(Thermo Gravimetric
Analyzer, TGA, TA Q500, TA Instruments, France)E ©]-&3}
Aotk 4= 34S T E2 WIS oF 16 £ 1 mgﬂi =H
slo] A A 3o Ao 20T/ ming] $& £=2 700
A SRS Z7hAA AEe] 91 WEE Sy

Results and Discussion
1. W-PVC g3lce| mE=2x| EM

W-PVCo]| Ca-Zn GSHAA| 1 phrZ H7}sE EHE=o
Al# 9] gt H-E FE-SEMo 2 #ast Ayl Ca-Zn ot
.4 gHeFo] 1 phrel W-PVC Ed =94 Ca-Zn EAAA7

HALER] eFgkth(Figure 1a, b). 3L, 1, 10 phre] EV.
%kgg w3 E W-PVC/HDPE (30/70 wt%) Ed = o] A]
£42.2 HDPE flE2l20] PVCTL 84 9l AE 2 4 9
Siek(Figure Ic, d). o] Eojele] 7|7} Zobalt A 1}
shjmz Ag 4ol Z7HBE ojulghh. 1 phro) EVA ke
Z ujgE W-PVC/HDPE (50/50 wt%) S3 =of4= HDPE
7 A BEEe] Qi Bag ok ov] sekEo] A
e ThH(Figure le). 10 phre] EVA 3o 2 vljgtE W-PVC/
HDPE (50/50 wt%) 2@ o 4% 1 phre] EVA ko 2
AE A HET FHSE FHES TR BEE 4840 7K A
© 2 A2 Ech(Figure 1f). 1 phre] EVA &=Fo 2 vjgs W-
PVC/HDPE (80/20 wi%) £& Z of A= 48F2] HDPEZ} S0}
U s Bag epo2 wiakel AW
o|x== HDPEQ| =w[Q1¢] =7]7} Ztopd AL ghlstith
(Figure 1g, h).

o O{N'

)«rll":(>_,_4

O of mh Rl 2 QM

|

2. W-PVC HlES| 7|AIH &4

W-PV

e

Ao wiEtE oFRA 9 FrEko] 2R 9
AR &, Ui g, AR T} DA AL ol
o} AN EQ] 9, Ca-Zn XA F=Fo] S7H0.5,
1.0, 3.0, 5.0 phosteiet= & AtolE UehhA] ghgrort
(2,571, 2,535, 2,442, 2,431 MPa), AAZFE=E 0.5 phr} 5.0

O
ox,
gltl

of

32 o
o

phr Ca-Zn YA = vigHe Al HS H]23HE 55 MPaoj| A
36.1 MPaZ 0.668] ZrA 5= lth(Figure 2a, b). A1&2] 2% Ca-
Zn BRHA| o] Aol S7hhell wheh 50.8%)1 A 3.3%71A]

A35F9 S o (Figure 2¢), 87 = o) A= 0.5, 5.0 phre] Ca-Zn
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Figure 2. Mechanical properties of waste-PVC containing
different amounts of Ca-Zn stabilizer contents; (a) tensile modulus,
(b) tensile strength, (c) elongation, and (d) impact strength.
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A 9] ko] viRE AlHS B 104 J/mofA] 31
Jm=Z °F 70.2% 745 th(Figure 2d). 9 A3= Ca-Zn €
Al Aol FANEAS Ye 71AH 54 b
o, ol Ca-Zn GAA7E F7HE RS o 7 LsHA wiE =]
A A W-PVC S =9] spckdof tfgt 2 xket P A)etet
(Figure 1b). mebA, B Hto = W-PVC EHE9 Ca-Zn
QoA FFL 0.5 phr v At

thoFst EVA 8i3k(1, 5, 10 phr)z W-PVC/HDPE (80/20, 50/
50, 30/70 wt%) SR =9] QlAetdgo] =4 A3}, W-PVC/
HDPE (30/70 wt%) 2= EVAY 3Fhfo] Z71a42
1,263 MpadllA] 1,044 Mpa2 ZFAE 3 ow, W-PVC/HDPE
(50/50 wt%) Ed =L 1,345 Mpaol|A] 1,798 Mpa&, W-PVC/
HDPE (80/20 wt%) & =X 1,928 Mpac)| A 1,524 Mpa= 7}
A= th(Figure 3a). W-PVC/HDPE (50/50 wt%) E& = 9] 9]
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Figure 3. Mechanical properties of waste-PVC containing different amounts of HDPE and EVA; (a) tensile modulus, (b) tensile strength,

(c) elongation, and (d) impact strength.
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A EC] S7HE= A2 EVA g5Fo| 1, 10 phrZ vigtd
W-PVC/HDPE®] st A3k(Figure le, NZE QI3 4= 9=
g, 1 phre] EVA 3HeFo 2 wigte Edl= R} 10 phre] EVA
Ao uigE EAToA wetHe) 21 A3 & o]
FolA Slo] 7|AA EAo] F7tE= ALE AtmHT W-
PVC/HDPE Ed=9] A7} E &34 Az, W-PVC/HDPE
(30/70 wt%)®] 7% EVAQ] o] F71ghe] whel 25.4 Mpa
o| A 22.6 Mpa=, W-PVC/HDPE (50/50 wt%) £ == 26.3
Mpa©f| 4| 28.3 Mpa=Z F7}5t 4t 3] EVAS] gHeFo] 5 phr
d o 7 22 AAHE(31.8 MpayS LEFH, 10 phre]
EVAZ Hj&E W-PVC/HDPE (50/50 wt%) Edl=9] H< 9|
A7} 74 ek B3 W-PVC/HDPE (80/20 wt%)2] 7
< 21.7 MpaollA| 224 Mpa2 #@adS A o AN
(Figure 3b). W-PVC/HDPE E@=9] A& ZAx, W-PVC/
HDPE £31=(30/70 wt%)oll A= EVAQ] 35Fo] F7135to] ot
gk A1-80] 2.9% A 4.2%= Z7}5t92 1, W-PVC/HDPE &
A= (50/50 wt%)NA= 12.1%N A 3.7%= 7HAsta, W-
PVC/HDPE (80/20 wt%) BRI =X 14.4%0]4 11.0%2] A&
ZraE Yeh 9lch(Figure 3¢). W-PVC/HDPE 3l =29] 22
A= A, EVAY o] 371EE S AT B3 S8t
7% Holn HDPEY| o 5717t & 9= vlAl= A
© 2 gRI=th(Figure 3d). 2 A+ ZAitoA= A% &4
&, 3% A== EVA et HDPES] ghegoll A jlo] 2
3 UERA] gFgtoy, 4189 739 HDPES] 3§ 7t
EVA9| 3t F7tol| wet X =on, 34 =9
HDPE, EVAY] 3t S710) vl F oz FXEH= Ae 2
3ttt o] 27 Y%t W-PVC/HDPES] WjEZ]AE EVAZ}
HLSA A 7AH EAY TS UEbdS Yrigitt

1
.

U

o P f
do (& o

1o
o

3. W-PVC 30| 5| otEy 24

W-PVC/HDPE/EVA St 9] J23)] #%E9] TGA Ads
Figure 40] UE ¢l 1z, 0] &) &4 A= Table 40 YERH S
t}. 1 A3}, W-PVC} HDPE (30/70 wt%) Ed =] 4] EVA
o] gHegFo] 1 phrd o, 126TCAlA E3l7F AlZFE a1, 287~317
TolA 18%2] 13+ £38i7F Lojittt. 441~496T A 22} &
37k dojut 712%9] T HaE UEl It EVAY] ol
10 phrel % 182°C oA 3|7} A|&HE] 1, 291~376 Tl A 1
2} Bal7} A& o] 1 phre] EVA k9] W-PVC/HDPE (30/
70 wt%) SR =2} v wstH BF QHY Aol F7HE Jlth(Figure
4a). W-PVC&} HDPE (50/50 wt%) Sl =) x EVAS] FHef
o] 1 phrel 9] 12} Ealli= 282~318CollA Yt om, 2
2} B3| 428°C~497TC o A Urebstth. W-PVCS}F HDPE (50/
50 wt%) E@ oA EVAL] HeFo] 10 phrel < 282~306
CoNA 12} Baj7F ol W-PVCe HDPE (50/50 wt%) &
d=of A EVAQ] o] 1 phrel -9 v shH AR &

(a) 100 + W-PVC/HDPE (30/70 wt%) with 1 phr EVA
77 W-PVC/HDPE (30/70 wt%) with 10 phr EVA
N
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Figure 4. Thermogravimetric analysis of waste-PVC containing
different amounts of HDPE and EVA; (a) waste-PVC/HDPE (30/
70 wt%) with EVA (1, 10 phr), (b) waste-PVC/HDPE (50/50 wt%)
with EVA (1, 10 phr), and (c) waste-PVC/HDPE (80/20 wt%) with
EVA (1, 10 phr).

3 A% AL JeR)th(Figure 4b). W-PVCS} HDPE (80/
20 wt%) ERE=OA EVAS Fgo] 1 phre] 12 Edfi=
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Table 4. Thermogravimetric Analysis of Different Waste-PVC/High
Density Polyethylene/Ethylene Vinyl Acetate Copolymer Blend

Initial

. Residue

Sample degradation 5

P temperature at 6500

. (Wt%)

(Ti, ©)

W-PVC/HDPE (30/70 wt%) with 1 phr EVA 126 3.39
W-PVC/HDPE (30/70 wt%) with 10 phr EVA 182 2.51
W-PVC/HDPE (50/50 wt%) with 1 phr EVA 119 8.84
W-PVC/HDPE (50/50 wt%) with 10 phr EVA 171 6.39
W-PVC/HDPE (80/20 wt%) with 1 phr EVA 198 19.74
W-PVC/HDPE (80/20 wt%) with 10 phr EVA 207 18.07

290~3327C ] 2= o)A YEbIL, 455~499C ol A] 23} 23l 7F
et W-PVCS HDPE (80/20 wt%) Sd = oA EVAQ
FeFo] 10 phrel ¢ 292-336TollA 134 Eaj7F Lot
EVA $}teFo] 1 phrel W-PVC/HDPE (80/20 wt%) &l = ¢} H]
W = 97 oA 2AYS Bl Th(Figure 4c).

Conclusions

£ Ao A= HE2ta g o Qe S8 HE L' A F
sl PVCY 8|4 Ag-gol gt A5 sttt =
STtAE Y ol FeHEAdS Hebksty| 98l Ca-Zn B
AE A7bsta, 7148 EA4Y F4E HsliAl= HDPES 3
7ret o, A88S HdliA= EVAE 371t &, o543
FA AE71E AHESte] EREE AR AzxE £
EE 58 BEEX], 7|AE, 88 EAAS SHST RER
2] EAL W-PVCE HDPE (30/70 wt%) S@ = o] 4] T}k
HDPEZ} PVCE ZX 1 9= FEHE 0|21 9on, EVA
9] g=Fol 1 phrQl ¢ =19 2717} ufj-¢- A7t EVA
ol F7HEE =HQlY =27)7F Fotbxl A eIk
t}. W-PVC2} HDPE (50/50 wt%)o]] EVAS 1 phr 313t &
dEo)|x= HDPEZ} wi¢ 22 =Z7|2 FEZEo| §lon,
EVAE 10 phr 233t SR =0 = F43tE PVC HlEE A
7H eI o, HDPEZ R EAH 02 BRI E | JSS ¢ 4+
919tk W-PVCE HDPE (80/20 wt%) E3 =oj A HDPEZ}
FEAHOoR Hxro] gl9ler, EVA o] 371348 ¢
A7F ZopA| i AZ #WE YEUSIY EVAS kit
HDPE9] 3t5fo| 71t s AR EL A= 2 ¥
3= UEHA] 4k, EVAY ko] S8 eE 547
T7} 271522 EVAZF W-PVC/HDPES] AF8-4-& 271X
£ A AFSIth W-PVC/HDPES] €3] A%2 W-PVC/HDPE
(30/70 wt%)oll A EVA9] o] F7igtel wet 27| &3ii7t

doju= L7} 126ToA 182TE &2 97 RS U
El)|H, o]= W-PVC/HDPE E@=9] 8% Ca-Zn GO+
A7t FLdsHA i E A= AlAFRTE §3], W-PVC/HDPE
(80/20 wt%) E@ =0 A= EVAY] o] 27132 13} &
FHEe L7} 208C~332C ol A 437~466C 2 Z7}51e] A=
ok o] FrALE|QITt o] W-PVC/HDPE £ =0f AL
EVAS] 93O 2 Ca-Zn GAHAZ} #LsHA vid= oS
Al AFREE.
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