PVC

1. .
PVC
( PVC) , ,
/ ) , 34 1960
PVC
2005
. PVC 300 PVvC
2,700 / 84 / z
(recycling) PVvC

1980 « ) 1993 « )
1982 « ) 1996 « )
1986 « ) 1996
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/
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1994 « ) 1977 « )
1999 Claude Bernard Lyon 1 1983 C )
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2 1997
2000
, 4.1% 2001 2004
PVC 5%
, PVvC 1998 2,391
PVC 2001 2,735 4.8%
2003 3,024 5%
. 1
PVC 16 kg/ , 2 ka/ , 1 kg/
12 kg/
, 1
PVC 2001 PVvC
PVC PVC PVC
61% 28% 1 PVC
Pipe & Fitting
38% 1,033
. 2001~2004
2.PVC Pipe & Fitting
7% (
2.1 7%) 4.9% .
PVC IMF 3 )
1998 55
1 2001 Others Bottles Film & Shee
84 IMF 17% > 17%
Wire & Cable
. LG , %
73 / , 50 /
40 !
Profiles &
2.2 Tubes oo &
18% Fitting
38%
L PVC , ) 1. 2001 PVC
1997 1998 1999 2000 2001 3. 2000 PVC
1,080 | 1,089 | 1,157 | 1,203 | 1,210 ( . )
36 15 26 26 30
1,116 1,104 1,183 1,229 1,240 Bottles 165 156 50
861 | 554 798 820 | 839 Film & Sheet 1,113 458 285
255 550 384 409 401 Injection 143 310
1,116 1,104 1,182 1,229 1,240 Pipe & Tubing 1,715 6,280 621
Window 1,292 566 134
2 PVC Fabrics 217 436 151
( . ) Flc?o_ring 305 1,225 68
Siding 2,136 67
1998 | 1999 | 2000 | 2001 | 2002 | 2003 Wire & Cable 172 670 185
2412 | 2477 | 2590 | 2736 | 2878 | 3021 Others 395 1,963 118
2391 | 2489 | 2590 | 2,735 | 2,878 | 3,024 Export 390 746
41% | 41% 5.6% 5.2% 5.1% 5,817 14,590 2,425
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Pipe & Fitting PVvC
; : /o
(siding),
/
PVC

pipe, ,

3.4

3.PVC

PVC

, PVC

3.1 ,
PVC

, PVC

PVvC
, PCB,

75
PVC

PvC )

PVC

, PVC, PP,

PE
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3.2
PVC - ,
, PVC
PVvC
, PVvC
PVC
6
3.3
, PVC
board,
PVC
lone, gravity table, ,
PE
, PE PVC
PVC
34
PVvC

PvC

PVvC

PVvC

dash—
PVC

, hydrocyc—

PVvC

PVC
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PET HDPE

. PET (PETG),
, K—Resin (styrene butadiene co—
polymer) 41PVC
PVC . , ®
) ® / / /
® ®
35
PVC
PVC
HCI
. PET PVC PET
PE/PVC
PVC RDF
2 “\V (refuse derived fuel)
‘3 . , PVC
PVC
PVC
4,
411
PVC PVC
( ) (mechanical or
material recycling) PVvC
(chemical recycling) ) )
: : / : :
: @
(@ » (3)
, (4) XRF
) ) PVC
) .5
) ) 3 PVvC
! PVC
C-Cl
PETE HDPE LDPE PP PS v Other
LAY EAY . LAY £y A N\
£ | £ 8D |5 |88 | &8 | 8
2.
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DTST (dynamic ther—
mal stability time) 4
DTST

PP, HDPE, PVC, PS

PVC

35
0 RBPVC
© RBPVC+1 phr Stabilizer
E O RBPVC+2 phr Stabilizer
% & RBPVC+3 phr Stabilizer
=]
o a
o o ;
[ /
0 A
pe T o o™
. 1l
15 —
0 2 4 6 8 10 12 14 16
t/min
3. PVC
melting
4, PVC DTST
( :sec)
Temperature ( ) | n=20rpm | n=50rpm | n=100 rpm
180 765 405 205
200 436 250 119
220 180 130 68
5. PvC
T =180 T=220
(phr) (%) | (MPa) | (MPa) | (%) | (MPa) | (MPa)
0 10 51 925 9 50 880
1 12 53 940 11 52 895
2 14 54 955 13 53 905
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PE, PP, PS

PVC .
4 HDPE/PP/PVC 3 CPE
(chlorinated polyethylene), EPR (ethylene—pro—

pylene rubber) 1/1 (w/w)
8
4 CPE, EPR, CPE/EPR 1/1
EPR
PE
PVC
30 — —
=
25 | -
g S h
S | ' '
< 20 |
s | |
o i ' :
§ 15 L |
7 ' |
% 10
5 |
= 5 % .
|
(O ‘ S ‘ | !
None EPR CPE EPR/CPE
Compatibilizer
@
50 —
= 1 ’
ol ‘ N T
=t |
S 30 : - ;
o | |
o) l | | .
® 20| : : i
g | ' \
o
T | .
[ | |
|
N O I A A O ‘
None EPR CPE EPR/CPE
Compatibilizer
(b
4, HDPE/PP/PVC(8/1/1)
3 - @ . (b)
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, PVC/PE

) , CPE,® ethylene— propyl—
ene—diene rubber (EPDM),**™ styrene—bu—
tadiene—styrene terpolymer (SBS),° natural
rubber (NR), ° ethylene—vinyl acetate co—
polymer (EVA),*** ionomer*?

dicumyl peroxide
Jam1e 5 PVC/PE
(50/50)

EVAL (VA:25
wt%), EEA (ethylene ethylacrylate copolymer),
EEA—MMA (ethylene ethylacrylate—graft—methyl—
methacrylate copolymer)

2
et 6

EVA

EAA(ethyl—

ene acrylic acid copolymer)

6. PVC/PE
PVC/ PE/EVA (47.5/47.5/5), (c) PVC/ PE/EAA (47.5/47.5/5).

13 3 2002 6

"? 18 SSSYRPVC/RPE:50/50 Compatibilizer S5wt%
o
= 15
g 2] N N N
> s~ | K
< NN S
g 94 N NN N N\ N <« N
el B EE
2 TN N N NN N N NN NN
2 NN N NN NN NN NN
i il
g 310 NN N N N NN N NN
NN N NN N N N N NN
NONE  EVAL EVA2 EMA  EEA EAA EEA MMAIONOMER CPE EVA MA LLDPE MA
Compatibilizer
5. PVC/PE
412
PVC , (fit—
ting), “

(cradle—to—grave)”
(voluntary commitment)
European Council of Vinyl Manu—
facture (ECVM)

2005 PVC 50%

PVC
. Solvay Plastics
2001 2 7
PVC
Vinyloop®
Ferrara 18
10 cm
closed loop , MEK (methyl ethyl ketone)

SEM . (@ PvC/

PE (50/50), (b)
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% Preparation of the raw
A materials

Regeneration of the solvant

5 A4 3 - .
Era " ol o

Introduction of the solvant

Dissolving

.—l Filtering
‘@

Recuperation of secondary
materials to be valorized

Vinyloop® - Copyright Sclvay S.A.

7. Vinyloopa PVC (Solvay Plastics).

granulation

aspiration  — g fines, film, paper

‘ walter bath (80°C) l

I_“—L"'—l
sink float
PVC, PET, PC PE, PP, paper

calcium nitrate solution
(density = 1.35 g/em?)

f

I 1
sink float
PET, | i ]
*T, Al din PVC, PET copolymer, PC
calcium nitrate solution
(density = 1.30 gfem ¥)
™ I 1
sink float
pure PYC PET copolymer, PC
8. PVC Geon

MEK
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Precipitation

Introduction of the steam
' Filtering and drying
@

® —

Treatment of the
agueous slurry

Packaging of the
precipitated PVC

, PVC ,
350mm PVC
Geon PVC
8 (cal—
cium nitrate) density bath
5
Hoechst 9
hydrocyclones
PVC
.5
4.2
Wacker Chemie
PVC HCI
( 10)
HCI slag .
Iserlohn & Hamburg ( ) closed—loop
salt cycle ( 11)
ethylene HCI
PVC S
Linde
1,400~1,500 bath
PVC ) ,

feedstock recycling
19

Yoshioka group 12 PVC
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S

lighter than
scrap PVC film PVC (8.9. PE) 12<p <15 gienr 5 gler®
o washing | | density _7 F’
shredder tank solution (1)
hydrocycione (1) r:yﬁro{:yc!one (2)
| p = 1.2 glem®
watar purification
u}
I
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PVC fraction
density
solution (2) [ "
p=15 gf’cma
) T
micronizer ‘—‘ centrifuge
H"_O
purified PVC
powder
9. Hoechst PVC
PVC waste
. electrical power
Lignite & sand (29 MW)
i air T
Rotary kiln Boiler ) Combustion
oven Combustion | (steam 40 bar) Gas cleaning clean gas
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qgenching+ Combustion
absorption Gas treatment
HCI | 20% T
” HCI distillation | €— DC'aCIZb
aste water rying by
—  p| treatment Over CaCl, evaporation
HCI | 95%
A
HCI cleaning, | VCM
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150~260 oxygen— PVC
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fabrication —p service life —p recovery
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polymerization >

mechanical recycling
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PvC ‘

vinyl chloride

ethylene———p|

incineration |— energy recovery

sodium hydroxide

lI v

chlorine
N

HCI scrubbing

NaCl formation

electrolysis HCI neutralization
11. Salt Cycle Process ( PVC HCI NaOH NacCl
ethylene pPvC ).
| pvC ]
{a) -HCI n
i 0,
“CH—‘-CH—E'W’ (COOH]E + COZ—‘
(b) 02 02 OH’ () 02
(c)
|
—¢ | COOH
|
[ ICH=CH—"I}-{CH=GH = o, | Hoocl_Jeoom
CH, oH |
I (CH=CHj- COOH
' © @cow
CH=CH
( lu COOH
0 -
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[
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0
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Polymer Science and Technology Vol. 13, No. 3, June 2002



PE

PVC

PVC

[EY

. S. Lim, , 109, 11 (2001).

. Gremnpeace Toxic Ste—PVC Indudry, http://Amww.
greenpeace.org

. Modern Plagtics, 42, Feb. (2002).

. Japan Plagtics, 53, 35 (2002).

. J. Scheirs, “Polymer Recycling”, p.222, John
Wiley and Sons, 1998.

. B. K. Mikofalvy and H. K. Boo, “Technical
Aspects of Recycling”, in “Emerging Tech—
nologies in Plastics Recycling”, eds. by G. D.
Andrews and P. M. Subramanian, ACS Symposum
Series 513, Chapter 23, 296 (1992).

13 3 2002 6

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.
20.

. F. P. La Mantia, Macromol. Smp., 152, 201 (2000).
. C. S. Ha, H. D. Park, and W. J. Cho., J. Appl.

Polym Sci., 76, 1048 (2000).

. H. Pexin, X. Weidong, H. Shigiang, and C.

Shiyuan, J. Appl. Polym. ci., 64, 2535 (1997).
A. Ghaffar, C. Sadrmohagegh, and G. Scott, Eur.,
Polym. J., 17, 941 (1981).

M. Hajian, C. Sadrmohagegh, and G. Scott, Eur.,
Polym. J., 20, 135 (1984).

P. Bataille, C. Jolicoeur, and H. P. Schriber, J.
Vinyl. Tech., 2(4), 218 (1980).

A. Ajji, Polym. Eng. &i., 35, 64 (1995).

J. Francis and K. E. George, J. Elagt. Plag., 24,
151 (1992).

C. E. Locke and D. R. Paul, J. Appl. Polym. i, 17,
2597 (1973).

D. R. Paul, C. E. Locke, and C. E. Vison, Polym.
Eng. &i., 13, 202 (1973).

J. C. Park, J. C. Won, K. Y. Choi, J. H. Lee,
and M. K. Kim, Polymer (Korea), 26, 37 (2002).
Chemweb, Newsround-up, 26, Feb. (2001).

Modern Plagtics, 38, Dec. (2001).

T. Yoshioka, S. Yasuda, K. Furukawa, T. Sato,
and A. Okuwaki, Proc. 2™ Int. S/mp. East Asan Re-
sources Recycling Technal., Seoul, October 14—186,
p.100 (1993).

341



