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SUMMARY

I. Title

Development of Recycling System of the Dry Process for Waste Mulching
Vinyl

II. Purpose and Importance

Produced amount of waste mulching vinyl is estimated about 261,000 ton
but only 959% is collected in Korea 2004. Waste vinyl left in the ground
cause environmental pollution and reduction of agricultural productivity. The
major cause of leaving of waste mulching vinyl in the ground is that there
1s no technology of inexpensive recycling for it. The wet-type technology
using water for cleaning has high treatment cost, so it could not be
supplied broadly.

The purpose of present research is development of dry-type recycling
system for waste mulching vinyl that has no washing process using water.
The organic materials contained in soil can be pyrolized and changed to
char and other inorganic materials can be used as aggregates by grinded
to homogeneous small particles. This aggregates increase strength of
recycling products made from waste mulching vinyls. The gel contains the
grinded soils can make great products of water-service protector, blocks
for blind persons, etc.

Waste mulching vinyls can be treated easily treated and recycled by
commercialized dry-type recycling system, so development of the dry-type

recycling system is urgent task.

III. Contents and Scope



1. Development of recycling system for waste mulching vinyl

1) Dry-type application technology for crushed waste vinyl;
The purpose of present research is development of dry-type recycling
system for crushed waste vinyls that allows 20wt% of the foreign

substances.

2) Development of technology of pyrolysis, melting, and extrusion press
of waste vinyl;

The key technology of recycling system for waste mulching vinyls is
grinding and pyrolysis. The most part of recent waste mulching vinyl is
polyethylene of thermoplastic material, so it can be easily converted to gel
and small amount of black char. by heating. In the present research, the
optimum operation condition is searched and applied to design, construction,

and operation of recycling system.

3) Design, construction, and installation of 0.5ton/hr recycling system for
waste vinyl;

Dry-type recycling system having twin screw made by Al-Cr-Mo alloy
steel is designed, constructed, and installed in participated company. Ist
developed system is electric heating type and is approved to combustion
type using waste heat of burning of combustible gas produced in pyrolysis

process.

2. Analyzing and evaluation of recycling system

1) Test and normal operation;
Analyzing and evaluation of performance of completed system are
accomplished, and then the system is complemented. The performances as

capacity, and yield etc. are identified through normal operation.



2) Analyzing of dioxin concentration;
Dioxin concentration that can be produced in treating process of waste

vinyl is analyzed and evaluated and the safety of system is verified.

3) Evaluation of harmfulness

An 1mportant factor for production of recycling goods from waste vinyl
is safety for human body and environment. In the present research, the
existence and non-existence are confirmed by evaluation of harmfulness for

recycling products.

4) Evaluation of economical efficiency

Planned target of treatment cost is lower than 100,000Won/ton. In the
present research, reduction of treatment cost and selling of recycling
products attempt the maximization of economical efficiency. Planned target
of treatment cost is lower than 100,000Won/ton.

IV. Results and Recommendation

1. Results

1) Analyzed results of waste vinyl show averaged contents of vinyl are
56.00%, water contents are 25.66%, and other incombustible materials are
20.93%. Optimum operation temperature is estimated 250C by equilibrium
estimation and experiments. The characteristic of production is good at
higher revolution of screw. The averaged yield is 68% for wet waste vinyl,

and higher than 83% for dried waste vinyl

2) Electric heating type b500kg/hr recycling system is designed and
constructed, then wide wusable approved combustion type system Iis

completed. The operation results show capacity of system is 506.3kg/hr,



and averaged yield is 68% as same as results of model test. Recycling
products of water service protector and blocks for blind persons is made

from produced gel.

3) Evaluation results of economical efficiency of system show the cost is
135556Won/ton of waste vinyl, and net profit by selling of blocks is
584,444 Won/ton. It shows good economical efficiency of the developed

recycling system.

4) Measured results of dioxin concentration show 1.11ng-Teq/Sm® at inlet
of cyclone, and 1.66ng-Teq/Sm® at stack, so they are profitable in
environmental restriction. The exhaust concentrations of CO and NOx
profitable in environmental restriction, so it is confirmed developed system

has no problem in supply and application.

5) Evaluation of harmfulness for recycling products show no any other

toxic symptoms, so commercialization of them is encouraged.
2. Recommendation for application
Developed recycling system can be immediately commercialized, so the

collected waste vinyl stocked in many place in Korea and funds for

commercialization and operation should be offered continuously.

_10_
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Table 2-2 State of waste vinyl recycling factory

X =2q4(E
T =s 2 T
A7 89, 10 27 125 5,000
o574 oL 11, 15 12 5,000
BdE 9. 9. 11 12 5,000
A5 %, 12. 20 15 6,000

A2 WGl 2004d AA 0RAHOE W mow, AAAT FEAA
Qob A7 wAST A Aol el AF, E, $, As 5 A=
7] AR A Az SHE A2 21,000t Bl

o] B& WA HFo] Ael FAo| A M go] A4 714 A Az
g =ge e A AL ARG ATE F e Ao

=
ZolE wa Adel B Bage]l FUE A0E Hol £Fe) A% ul$
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Fig. 3-1-2 Waste mulching vinyl (crushed)
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Table 3-1-1. Composition of waste vinyl (after drying)

A2 SR H O N S 7| E} Al
#1 8260 | 11.01 | 0428 | 0062 = 0014 | 5896 | 100.00
#2 7813 | 1444 | 0433 | - - 6.997 | 100.00
43 8276 | 1583 | 0419 | - - 0.991 | 100.00
W 4 | 81163 | 13760 | 0427 | 0017 | 0005 | 4628 | 100.00

able 3-1-2¢} v}, F59 ¢

32 3
=

Table 3-1-2. Composition of waste vinyl (before drying and cleaning)

o= C H o) N S |7IEt| HO |=2d=| A

Ht wt% | 45.4513| 7.7056 10.2391]0.0095|0.0028|2.5917| 25.66 | 18.34 | 100.00

g;%éﬁ 3.7876 | 77056 10.0149/0.0007/0.0001| - | 14256 | - |12.9345
mol % |29.2830|59.5741|0.1155|0.0053|0.0007, - |11.0214| - |100.0000

XHAH - C 12011 = 12, H: 1.00794 = 1, O : 1569994 = 16, N :
14.00674= 14, S : 32.068 = 32, 0 : 18

A2A Ard W B AN

F7) Al E4 ARE o]&ste] FAnEY FAaba AJEidlA daAE 2

wall wkgo]l HAG A mEstdls ddd AdHs =dEs Addons

B
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Fig. 3-2-1 Variation of mole fraction of C and H with
temperature (before drying)
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Fig. 3-2-4 Variation of mole fraction of CoHg and CsHs with
temperature (before drying)

_30_

Mole Fraction of C2Hy4



Fig. 3-2-5 Variation of mole fraction of COz and Nz with
temperature (before drying)
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Fig. 3-2-6 Variation of mole fraction of HxO and SO; with
temperature (before drying)
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Fig. 3-3-4 The whole view of experiment
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Fig. 3-3-5 Samples for experiment

Fig. 3-3-6 Discharging gel
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A ¢ 18.34wt%
71 ZIEAE 2.59%= 2R EEete] A ANE fg FHRde

& 2L Y-S o] Z2AE

Table 3-6-1 Averaged composition of waste vinyl

o= C H 0 N S = 3= A

Gt wt%| 4545 | 771 024 | 001 | 0.00 2566 | 20.93 | 100.00

dE719 2A

kg F9 -

2) d&dl &

o
s
= Hdd
r=

Sh

R

o|\

)

o]

A

—_

25.66wt% ©]

- EQR 2NE 0CE /MY,

0.2566 kg x 1 kcal/kg'C x 100C = 25.66 kcal
- SH4d 1 539 keal/kg  »x 0.2566 kg = 138.3 kcal

- 100C oA 7FE2%]] 250 C7kA 9] 7t Hagh A, o] ke 3

Hld 0476 kcal/kg TS AH-&31o,

0.2566 kg x 0.476 kcal/kgT » (250-100)C = 18.32 kcal

o AL 18228 kcal o]m=

webd, HAed 1 kg Fo £E shdel e
500 kg/hr& ol A i St 2 71dd a3k d3-& 91,140 kcal/hro] #
=

de dask 47 olEA FgiEo] 2093 %

HAHE 1 kg ¢ ol&d 714 3
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ojmE, 250C7HA ] 7t dad AL,
0.2093 kg x 0.33 kcal/kg’T x 250C = 17.27 kcal
kA, 500 kg/hr& el A ol&2 7Fdd dad Ak 8634 keal/hro] €
=
W A 5341%¢] #Hulde] Jide 2Fad dFFe, AREY &§ &7
138¢C, B]<d: 0.55 kcal/kgC w3l 55~66 k
kgs @A3 &5 2717 HaA Do I
0.5341 kg x 0.55 keal/kg’t x 138C + 05341 kg x 66 kcal/kg = 75.79
keal
138C ol A FH 250C 749 71ded] 2t d3F2
RAFEN 7L obd Ao Aejolnm nAGHY WEH sdeA HEE F
omw
0.5341 kg x 0.55 keal/kg'T x (250-138)°C = 32.90 kcal
webA, HHE kg T AEES & =7k shdstsdd] dag d
2 108,69 keale] €tk 500 kg/hre] & %ol thafi A= 54,345 kcal/hro] €t}
uhebA, HH|E 500 kg/hre] & dagh 7A@ F 164,119 keal/hr
179 kW~ €u},
B oAM= o] Ala"el ol JtEE sHe FE & EAR A
b & 20%2 aLelste] 216 kWel dd l% Aty = dAs i
U 23578 AACdAM s F959 feF= AAE 44 2dst=s 63l
o

a
= oAnde Fje] golsE® 2 ¥R 74 250 mmz &9

Eole
AgHAS W 1AL 8 mmE 513
2 Hoe A9 EolE 40 mmE Wao] A 2z 7 A A
Fie] 100 mm, 4AFY F-&o] 200 mm~7t €
2A4%9] sdes A E AR £ 5 dojof R AHd 60 rpm7t
EE v 2aFFe dole FYF 900 mm, o] F 7t~
H & 574 o] &6 1800 mm, 7k~ #jEH 650 mm, ¥ &8 Y¥EFE 1520

mmzZ 8t F 4960 mmz A A ]
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3) Az 2
Table 3-6-19] A ol Aol tiste] BAH = D¥a) has A2A7)
7] g% Aade) AR et da AN Vad oo 2,

<Ax AL

-3(}% O]i o]i
A Adsla denag dedrg % 1 A%
3 3 3 =8 | T o ]
= (kcal/kg) | (Nm’/kg) | (Nm’/kg) | (Nm’/kg) (Nm¥/kg)| (Nm¥/kg)
0.4545x1.86
C=a5.450 |91 Wig- g | QPODRET0 DI T g8
' (CO) ' ' (COy)
0.0771x11.1 .
=710 |00~ gggg |07 THO070 0L 0863
' o) | ' (H0)
~(0.0024)
) ) ~0.0024%0.7=|~0.00242.6
0=0.24% | x28700 = ~0.002 3 = -0.006
-68.9
0.0001x0.8= | 4811
_ o
N=0.01% 0.000 (N2)
5-0.00%
H,0-25.66 -0.2566x600 ) 2000 o 2! 0.319
% =-154.0 ' ¢ (ILO)
0)
5%-2093
%
@A | 56713 2.03 1.278 4811 | 565 | 1182
olZF7IH A = o]E4k2/021 = 1.278/0.21 = 6.09 (Nm¥/kg)
CORAEE Gy = o RUALG + OB 4271

= 5659 + 1.182 = 6.841 (Nm*/kg)
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AR A2 G o= o BAEF + AAFAY - BT/ Y

gro] Aol Fiol 9}% 745 # A
2, 500 kg/hre] & el 4
32 5341% o|m= o
2 A TS

_4_|_,

500 kg/hr x 05341 x 0.06 x 8179 Nm¥kg = 131.1 Nm®hro] €t}

ol szt &x¢l 500CE Zldstes dd 283 dEE davtae) Her
H €8 0.34 keal/Nm®C & FAH3}o]

131.1 Nm¥hr x 0.34 kecal/Nm*C x 500C = 22,287 kcal/hr

S T THY 2566%7F IR Aol dEs] Jhad FAEEE,
500 kg/hre] &AM FF7|2 HA3E FL

500 kg x 0.2566 = 1283 kg oItk 74, 100C oA 5719 A 4L o
1.673 m¥/kg o=

128.3 kg/hr x 1.673 m¥kg = 2146 m’hr 7} 9o},

A SEst 575 HOC7HA ZFEst=dd 2Rs e,

128.3 kg/hr x 0515 keal/kgT x (850-100) T = 49,555 kcal/hr

wpahr, 7paol 25719 spde] s Adr)e] S

71842 keal/hr = 83.0 kW

o) ke ARaslxe) WAL nelshA @ FolHmE ARFslae) W
S uyete] 80 kW ALA7E Axddo] AAshd @
&, ARALE mEd] Ande) AHE Fovh F oRAsAFe, WA

dAEal b2 AaoA gsks wjzbA~® 1311 NmYhrel sl
Axd ZFEE 850C oA
273.2+850
131.1 x Tomn - 502.2 (m¥%hr) = 0.139 (m%/s) ©] 3,

FZ7)E 80Tl nA o] oF 506 mYkg o] ==,
128.3 kg/hr x 505 m¥/kg = 647.9 (m*/hr) = 0.180 (m*/s)
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Hate] AEF 540 mm, =°]
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TEE AMOlEE dY AFs ved 22 AldE AAdd
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HEHEE st ol 7 2AfFA JtdEEE v =olA W Hud
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Fig. 3-6-8 Twin screw (1)
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Fig. 3-6-9 Twin screw (2)

Fig. 3-6-10 Twin screw (3)

- 106 -



Fig. 3-6-12 Feeding hopper and driving gear
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Fig. 3-6-14 Combustor Fig. 3-6-15 Cyclone
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Fig. 3-6-16 Discharging part

Fig. 3-6-17 Twin screw for discharging
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Fig. 3-6-20 Drawing of Improved model (front view)

PROJECT

AFDT10

TITLE

Il BEINNEY)

Appro Drawm

Custoner| Tashwa

KIMM

Jate.

Scole

Fig. 3-6-21 Drawing of Improved model (plane view)

- 112 -




[P ETEELEES

PROJECT| AFDI10

TITLE 2= GfEE)

#ppro|Drawn |Custoner] Tachwa

| KIMM

Jote. Scole

Fig. 3-6-22 Drawing of Improved model (piping diagram)

x5

&
L)

1!

TITLE MOIZE/HE

appro|araun |Custorer| Tashwa,

i e
ﬁﬁ PROJECT| AFO0100

\ KIMM

Date. Scale

Fig. 3-6-23 Drawing of Improved model (cyclone and ejector)

- 113 -




Fig. 3-6-25 View of Improved model (inlet)
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Fig. 3-6-26 View of Improved model (outlet)

Fig. 3-6-27 View of modified electric heating type system
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Fig. 3-6-30 2nd products
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Fig. 3-6-31 Inset process

Fig. 3-6-32 Completed products (blocks)
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Fig. 3-6-34 Bur removing process
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Fig. 3-6-35 Completed product (water—service protector)
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Fig. 3-7-3 Sampling apparatus
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£ 3 A
= = 715 chel
Mo|22HMEH 3 =513

SEAF(95~105%) I 100.1 101.7 %
Pitot Tube A Cp 0.84 0.84 -
AL &l s UE Dn 6.35 12.70 mm
SHIET g 9.81 9.81 m/sec?
S5E0IE 2t Orificextet 4dH 21.0 13.0 mmH20
ZHEMe S AP 13.7 0.4 mmH20
EFX| Mol Ao Tzt Pb 760 760 mmHg
SHE M M) Pg -1.8 -1.6 mmH20
HZEIIAMENDGM) 7tA2E tm 34.6 341 'C
EMH JiART ts 348.5 205.3 i
SEXLE FEZ Vic 209.7 179.8 n, g
HEIIAMEHDGM) JtA B0l B2t Vm 1.7573 1.3322 m
DGM Calibration Factor Yd 0.9998 1.0045 -
A2 FOlAIZt 0 120 120 min
UZIIAS MrEE 0,% 15.80 16.43 %
UZIAE COEE COy% 2.85 2.50 %
AZIIAZ ArsE Ny% 81.35 81.07 %
AHE B0l E CHHA An 0.317 1.267 onf
HETIAS 28 Bwo 14.30 15.87 %/100
UETIA BRI Md 29.09 29.06 g/g—mol
S7tA 2R Ms 27.50 27.30 g/g—mol
EZXHOIMe Moyt Ps 759.9 759.9 mmHg
7laae r 0.571 0.742 g/m
A Lol L rd - - g/m
slAdE r0 1.8 1.3 g/m’
DGMO| A 9] ZIARI2 & Tm 307.6 307.1 °K
SHHEWMO fAdg s Ts 621.5 478.3 K
DGMOIM Folst FEAEf H4ItAZ | Vmstd 1.5629 1.1856 Nm'
ZHHOAM S 2tARS Vs 18.20 2.66 m/sec
HEHAT F22 BRAE| 2122 | Vwstd 0.28 0.24 Nm’
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) ol 4l BAE A% AYs EEEd TF 2 F9Y
Analyte s CS2 CS3 CS4 CS5
(ng/mf) (ng/mf) (ng/mé) (ng/mf) (ng/méf)
2.3.7.8-TCDD 0.5 2 10 40 200
1.2.3.7.8-PeCDD 2.5 10 50 200 1000
1.2.3.4.7.8-HxCDD 2.5 10 50 200 1000
1.2.3.6.7.8-HxCDD 2.5 10 50 200 1000
1.2.3.7.8.9-HxCDD 25 10 50 200 1000
1.2.3.4.6.7.8-HpCDD 2.5 10 50 200 1000
QCDD 5 20 100 400 2000
2.3.7.8-TCDF 0.5 2 10 40 200
1.2.3.7.8-PeCDF 2.5 10 50 200 1000
2.3.4.7.8-PeCDF 2.5 10 50 200 1000
1.2.3.4.7.8-HxCDF 2.5 10 50 200 1000
1.2.3.6.7.8-HxCDF 25 10 50 200 1000
1.2.3.7.8.9-HxCDF 2.5 10 50 200 1000
2.3.4.6.7.8-HxCDF 2.5 10 50 200 1000
1.2.3.4.6.7.8-HpCDF 2.5 10 50 200 1000
1.2.3.4.7.8.9-HpCDF 2.5 10 50 200 1000
OCDF 5 20 100 400 2000
¥C,,-2.3.7.8-TCDD 100 100 100 100 100
¥C,5-1.2.3.4-TCDD 100 100 100 100 100
¥’C1 -2.3.7.8-TCDD 0.5 2 10 40 200
¥C,,—1.2.3.7.8-PeCDD 100 100 100 100 100
¥C,,—1.2.3.4.7.8—HxCDD 100 100 100 100 100
*C,,—1.2.3.6.7.8—HxCDD 100 100 100 100 100
¥Cy,—1.2.3.7.8.9—HxCDD 100 100 100 100 100
¥Cyp—1.2.3.4.6.7.8—-HpCDD 100 100 100 100 100
¥C,,—~0OCDD 200 200 200 200 200
¥C,,—2.3.7.8-TCDF 100 100 100 100 100
¥Cy,—1.2.3.7.8-PeCDF 100 100 100 100 100
¥C,,—2.3.4.7.8-PeCDF 100 100 100 100 100
¥C,,—1.2.3.4.7.8-HxCDF 100 100 100 100 100
°C,,-1.2.3.6.7.8-HxCDF 100 100 100 100 100
'¥C,,~1.2.3.7.8.9-HxCDF 100 100 100 100 100
'%C,,—2.3.4.6.7.8—HxCDF 100 100 100 100 100
'¥C,,~1.2.3.4.6.7.8-HpCDF 100 100 100 100 100
'%C,,=1.2.3.4.7.8.9-HpCDF 100 100 100 100 100
Internal standard e Syringe standard Felgt
C,,~2.3.7.8-TCDD 1ng|°C;,-1.2.3.4-TCDD 1ng
1¥C,,~1.2.3.7.8-PeCDD 1ng|'®*C,-1.2.3.7.8.9-HxCDD 1ng
%C,,-1.2.3.4.7.8-HxCDD 1ng|'*C1,~TCDD 10ng
"3C,,—1.2.3.6.7.8—HxCDD 1ng
¥Cy,~1.2.3.4.6.7.8-HpCDD 1ng
'3C,,-0CDD 2ng
'¥C,,—2.3.7.8-TCDF 1ng
"8Cy,—1.2.3.7.8-PeCDF 1ng
'9C,,-2.3.4.7.8-PeCDF ing
%Cy,~1.2.3.4.7.8-HxCDF ing
'¥C,,—-1.2.3.6.7.8-HxCDF 1ing
'¥C,y,-1.2.3.7.8.9-HxCDF ing
'¥C,,—2.3.4.6.7.8-HxCDF ing
¥C,,—1.2.3.4.6.7.8-HpCDF 1ng
'¥C4,~1.2.3.4.7.8.9-HpCDF 1ng

- 125 -




) el g EAE G/C 2 4EE7

Operator name KS KIM

Instrument HP6890GC with Autosampler

Column SP-2331 60m=*0.32mm=0.20um

Oven. Temp 100C(1min)-20C/min-180"C-3C/min-260C (24min)
Carrier gas He(11.5psi)

Injector splitless

inj. Temp 260C

Purge. Time 90 sec

Class T4DD/F - OCDD/F

) Hol&4 B4 9 MS 2 #4x4
Operator name KS KIM
Instrument JMS-700 Mstation
Principle Double focusing type
Resolution 10,0000] 4
Detection method HRSIM(High Resoltion Selected lon Monitoring)
lonizing Mode El(Electron Impact)
Temp. of lon chamber| 250C
Temp. of Pipe line 250T
Temp. of Glass line 250C
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) Abo]lEE AG A8 AFZA Ag-1
B = - e
Sh=1 ALl
e st=2J|Jei gl & 132 29~ 0.84
= X
[:igg = SEo HEe Jd & 31 (T)
508 S Jloe 760
oo Z2nE | (mmHg)
S Y | 20044 88 272 22| 1430 (%)
= H =
I L SI=RE _ 192
) (mm) oz
(mm) |2 ol L
K factor| 1.54 m =
e <mH 10 (mm)
s
| factor| 100.1 (%) Duct 37| 150 (mm) |25, | 6.35 (mm)
A _ 2
Soo| 158 o) 200 9@ =3F Yo g 21 wker
WS H |37Cl4-2,3,7,8- [2==0 3m ZX¥2&0l 3m
TE2 |T4CDD LANAIEY : S| Total
R 10 ng —oAd-NOBE-2S vie | 20970 ()
Fog 0] B Ef B
A | A2 | J2H | W=D} | IS} HHEOH | @2/ | IS | YK DGM 2%
S HAG|OKNY | AR | AN | Asg AT FHIHA | &2 (T)
(min) | (inHg) T [(mmH,0XmmH,0fmmH,0f (m) | (C)| 942 [ = 3
1 120 | 51 | 348.5 | -1.78 | 13.65 | 20.99 |1.7573 | 32.8 | 35.9 | 332
2 34.6
3
4
3z
DOHENHARSY  -0.13 (mmHg)
@R2lIAXe  1.54 (mmHg)
QHEZMENHHE 1.5629 (Sm')
H D (2S5 0.018 (m)
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b e AR AREd de-l
T D=2 o84
grag | FAAERE @ 452 2| % '
= x
Qo |2 22N HEE s [ 32 ()
5 4 sad o | 760 (mmHg)
X o .
EH2 | 2004 88 27Y 22| 15.87 (%)
= , T 452
- 2=13] =k
3 5 Probez! 0 600 (mm) |&o
o 2 100 mm) |2 o i
34.24 = Gl b
LHel <M 10 (mm)
sol:
101.7 (%) | Duct 3l 400 (mm) | 255 1270 (mm)
n
16.43 (%) 2S00 Y S5 we O wikst
¥ [37C14-2,3,7,8- [2=%0] 10m ZHDZE0 4m
TR sgT-gE
T4CDD X AL A= Total | 000 (g)
10 ng —HAAMSHOIZEE-Z2S Vic
—O0| R ™
N | ZBH | WEdt |z | wadt [ um Az |2mm]| oav oo
HANZ | oX | cs | Ao | Asy | Axte | 50A | 22e ()
(min) | (inHg) T [(mmHO}(mmH,0f(mmH,0) (m) [=(C)| &2 [ =2
120 | 8.9 |2053 [-159 | 0.38 |13.01 |1.3322| 223 | 350 | 333
34.1
o

OHSHAZY  -0.12 (mmHg)
@2TWAY  0.96 (mmHg)
@HEEMENUAZ 1.1856 (Sm')
@20 0.126 (m)
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13:@8: 88 27-88-84 P 13:48:27 27-82-84 O

Fugl Tupe : Fuel Ture :
Coal Coal
0z : 16.8 X Oz & 14,2
CO @ 45 FRm CO o 283 pem
COz : - 4 Chz ¢ A8 %
Taas: 293 o Taas: 319 of
Tamb: 29 °C Tamb: 33 ¢
Eff : 48,2 % Eff : 52.9 X
1 5.88 a1 3,828
cooe 45 FPEM O @ 283 pen
MO : 12 rEm Hx s 19 pPm
S0z @ 17 FEm S0z ok 12 rEm
0z Ref D Oz Ref & 15 &
oo 322 pEm CO ' 271 FPm
W i 28 pem NOx ' 25 pEm
S0z : 37 FPm S0z : 16 prm
14:87:51 27/8894 R 14123128 27-88-84 R
Fuzl Tupe . Fuel Ture :
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(b) NMR chromatogram of hexane fraction of gasification product.
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TFig. 3-8-2 (a) NMR chromatogram of acetonitrile fraction of waste vinyl

(b) NMR chromatogram of acetonitrile fraction of pyrolysis product.

- 149 -



—florisil cartrigeS ©]-&3t¢] 10% acetone/hexane® @ A A& sl ¢
Fxo A ALE ol&ste] &riE FHAFIAL L A MC bt s ek
GCEAE Alsdoz g4t Ass5de TLCE +gstder NMRE %
5 e, GCAA 4 EX27E S AYHS. Mark et al, 1991; Lee

%
réd
o
=
e
tj

EFd A= 4w EEE O 10mes A2EA FHskel  100ml
volumetric  flaskell %31 methanolol ¢ 100ppmo.2 ZAs4  stock
solution®. = 8k & o] &g ThA] methanolo 2 &3l A8 st 5
A dtel ARgSEAT d=asledTd EAERAAHY sREF
carbophenothion, chlorpyrifos, chlorpyrifos—-methyl, diazinon, dimethoate,
ethionEdifenfos, EPN, ethoprophos, fenitrithion, malathion, metalaxyl,
methidathion parathion, parathion-methyl, pirimicarb, pirimifos—methyl,
pyrazophos, terbufos, triazophos & 2052 #2354

AN BEAS MC 2meo A g8id 5 LC-florisil cartriges ©]&3te] 1
Acetone/hexane .2 A A8}51 FEZAA HAAE ol &3l Suls LAY
o Rkl MC g 7Hete] GCEA S AR e S3lth Fig 3-8-3¢] 2.0
Ae AFH} ol HuLd=AdnR dEdl JAEAY HFT FEEIA 24
acetonitrile I E& ARZ ZA% & GC-MSD7|7|2 EA 519

Fig 3-8-4°= ALsIA 39 wF EFE stock solution® H-2 methanol &
2 A5t dAZg FwxE7F HA % F GC-MSD7|7]2 RluEAg A3
spectrums-o HWEFHSH EE ARELAEE AFFeF &7 2 AE W
H*(’“*«P—F A Al Al 1999-5%)0] HAe] HAo] FRste] AZE 48
7F Eal Aok ARyl W AL HAstaAl CDFA (California Department
of Food and Agriculture)?| A Al&3sl= YAAE BAIFEHS S48t F=

A

- 150 -



File D: \MSDCHEM\1\DATA\03050302.D
operator
Acquired
Instrument :
Sample Namei A
Misc Info
Vial Number: 2

2 May 2003 12:50

Instrumen

Abundance
7000000
6500000
6000000
5500000¢
5000000
4500000
4000000
3500000
3000000
2500000
2000000
1500000/
1000000|

500000

3 88
) FRAT o
S SIS

3
000 1500 2000 2500

Time—>

File
Operator
Acquired
Instrument :

Sample Name: E
Misc Info :

vial Number: 6

2 May 2003 19:58

Instrumen

Abundance
j2a

4000000

3500000

2500000,

2586
21.39

4 2359

1000000
I

2592

19.
wot Tl

14.47

$m
3000 3500

: D:\MSDCHEM\1\DATA\03050306.D

using AcgMethod SHS-1

Tic: 03050302.0

786

Tpes 4% :

UJIMMM«\AIJ
ettt

4000 4500

(a)

using AcgMethod SHS-1

TIC: 03050306.0

36.63

47.03

e

5874
%

39.02 87 sig

A

ekl

7142

7112

6649

J 69.17
73.48 80.45 —
A e

Time—> 500 1000 1500 2000 2500

Fig. 3-8-3 (a) GC-MSD chromatogram of acetonitrile fraction of waste
vinyl. (h) GC-MSD chromatogram of acetonitrile fraction of pyrolysis

30.00

300 4000 4500 5000

(b)

product.

- 151 -

5500 6000 6500

e

7000 7500 8000 8500 9000 9500



File + D:\MSDCHEM\1\DATA\03050903.D
Operator  : MIMIKIM

Acquired : 9 May 2003 13:29  using AcgMethod SHS-1
Instrument :  Instrume:

Sample Name: SB
Misc Info :
Vial Number: 3

Abundance

1000000

M@W (162.08)

1000 1500 2000 2500 3000 3500 4000 45( Y

4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500
‘Scan 2200 (12.684 min): 03050903.0

Time—>
Abur

35000,

25000, ®

15000

10000

61 n 107

hid
8 6 9 S 94 9 98 100 102 104 106 108 110 112 114 116

/m= : D:\MSDCHEM\1\DATA\03050907.D
MIMIKIM

9 May 2003 20:37 using AcqMethod SHS-1
Instrumen
i

g
g
"
S

vial Number: 7

Abundance TIC: 03050907.0

Vinelozolin (285 >

6377 B
5500 6000 6500 7000 7500 8000 8500 9000 9500

T T
Time—> 500 1000 1500 2000 2500 3000 3500 40 5. X
‘Abundance Scan 7833 (44,848 min): 030509070 e s
10 |
200000
187
18 | |
150000
|m‘ 124
o %

\ |
73 gy 88 a7 109
Loulg D07 T T |l oo NN S
e & 2 0 0 0 om0 o o o 7

o i
miz-> 0 6 70 8 % 100 10 120

(b)

- 152 -



File + D:\MSDCHEM\1\DATA\03050904.D
Operator  : MIMIKIM

Acquired  : 9 May 2003 15:16  using AcqMethod SHS-1
Instrument :  Instrumen

Sample Name: SC

Misc Info :

Vial Number: 4

Abundance TiC: 030506040

Dicofol, (= KeHhone )
(367.¢1)
G

L A B G o v ; e
10001500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 %000 6500

Abundancs Scan 255 47460 min): 020500040
1

100000, 75

50 | |
s561 6o 808 B 00104 | 1o1as s || e’ te 17s 180188 109 2 o3 |ljass
: e 190 7 e 22 2. -

miz-> 45 50 55 60 65 70 75 80 85 %0 95 175180185 1

(©)

~— " File : D:\MSDCHEM\1\DATAY03050902.D )
Operator  : MIMIKIM s
Acquired : 9 May 2003 11:42 Using AcqMethod SHS-1
Instrument :  Instrumen
Sample Name: SA
Misc Info :
Vial Number: 2

TIC: 03050902.0

Carbaryf (MW 201.08)

3113

“ i —
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500
‘Scan 5433 (31.132 min): 03050902.0

1

400000

200000|
100000 »

S0 s | [ |5 18 L) 9 101 105 10, |18 122 126 129 141 | a7 .
miz-> 45 50 ss 60 65 70 75 80 8 9 95 100 105 110 115 120 126 130 135 140 145 150 155

(d)

TFig. 3-8-4 (a) GC-MSD chromatogram of pesticide standard I. (b)
GC-MSD chromatogram of pesticide standard II. (¢c) GC-MSD
chromatogram of pesticide standard III. (d) GC-MSD chromatogram of
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- 153 -



ﬁ ~ oK T
— E o X v
of o o o N H
P o o 2z o o
il SE R i 7T o
™ J < al — ) — o o —
il L o ad h e £ ECCNC IO
= o I L — T X :.L - X =T
B0 7 B x° 0| w0 o= ~ o= o
<0 ‘me ﬂﬂ Z‘.ﬂ To ) ‘wu o) ~— o \l/. K o = = ~ ™ 7o =
o - i mﬁ - o m Wn s m . o @ rH No o_o S
\I—l )
@M%{E %ﬂoLﬂ% ,d.%ao%o_oioﬁﬁ
_ ~ % e @ ° o - QL o ~ o] B m
oF X° :.L il < o) = oF < . _—— 9L o m_! .
N 0 ﬁ ~ ‘_@E ﬂﬂ = | = EE = — w0 ‘muy X 0 J 0 o T
DI A HET w2 kupﬂamﬁmA%ﬂuﬂ
T 5 e Loy T oo N w e3P X
b - do D 5 <= %0 5 & %0 o No ok
R E ! o) =] o= N = o 5 ) 0 o ﬂly =
~ m 0 A o X N o — 8 A U o) iy Nlo K 3 = Y
~ o) i R~ o o X pb = g
ro@ega,wcv ﬁ“wgea iy T %_Xbby smX
W i~ = o X9 L % ) o’ T fuy o 0 T =
o ; 0o N P B Wr zT < N ,m_ﬂ = o ﬂ__ﬂ —_ o+ T o0 o
%ﬁ@L.G% =g R %Urwﬂ.%;ao}
P e U EE seed e i oty
E%EMTMQ@H% on ﬂﬂ@ 2%@{%
of ol N i zn QO = By =) ™ T .- ~ Mok o s o
ngﬂomoGﬂo%.ﬂig ﬂefﬂmﬁoﬂﬁ%m??
alo WH_ ~ %0 ) ¥ Mw Y " 0| = o T ﬂ? ok g o N " -
=z = o T H® 2 Mo U XV 3 TN " N
H1r1r€g wo Ao B I F S iy
=~ ° w2 SR B %o OB o oo S
ﬂﬁo%mﬂowﬂﬂommﬁov@ ) @o@w&mﬁﬂlmlw%lia_.
HT_ o 3 NI 1Zro ﬂﬂ ﬂe s o) X ﬂ ~ m‘_ ~ T Nro = oﬁ o S _i ,ﬁ
DU g il w N CN <oy B = T W
= o x° G~ ) X 3 il - mﬂ .% _ b o ﬂm =
s 5%% lEiWﬂﬂouﬁxﬂ %%ﬂ}bmour By 2
—_ = EO ‘_lww._ 1m O © NJ I Z.o 03 G Ew oH .El Drﬂ o =y
T = N B B X w SN E N al
h ﬁllu w%%ua T oo X VEEETﬂ
2. 1%@.@%mﬂm.5x®ﬁeuom aomodr.au%mﬁauﬂiﬂ
ﬂ__o%ﬂmﬂmnﬂilzm %@%M@ﬂﬂ%%?
.rv ﬂu _ TR WI _z.rv £y =) =~ < ‘Hor — ET —_ _Jlmﬂ —
T X T e = N o e N - X
= up o X = ~ ] O o Nlo o i
G ~ Nr ol Nlo s T o
— EE 1 “_u_,m|| ) ﬂbn_._ —_— =
s Mo X Ty ~ X
T T
Y REa T mo
o

R

EESL
4 800mg/ke

=

- 14 -

i
=

gl

e A &koktt

sl A eg
=0 XH/@%@ 300 /
mg/kg

S

=

=

H] x}o]

o) =
T 5.89g¥
9g3} GA}3E AL o]

662g0ﬂ H]

==
K3



1
R

bt

ato] ol ol

3
Q)
=
=
#Aé o]

il

1

ow, 100mg/kg ©]

| e g

ez ]
A

A E 14U 7R
o

[e)Kel}
>

919 (prone position)
mj AIZE, o
AEEAd 9

=

(decrease of locomotor activity), 25 ZF2(decreased respiration rate),
l

fF(lacrimation)

o}
o

i

SA 7}

o] Fof o)A

o

A

T A
A

5

A3} 100mg/kg ©]

ki3

=

-
gl

100mg/kg o] Fotol A Fo

ale] 100, 200, 400 % 800mg/ks &Fo=2 o9 67}

S

KN
N

\
I
=

5] 9

]

S

3l o
in

k. Al

o A ol
o3

3}

135

2]
1l

-

K

%l

&5

23 100mg/kg ©]&e] F ool A
9/]

S
o] o EHOZ et Ao Mo} AY B Folof

1

FE A

-5

14 A g A

o SEAA F

i3

<
T

1

tel 100, 200, 400 3 800mg/kg & FO =

i

o]
s

o]

=
- 156 -

17

3k o
71 9
/6]_
A
(e}

o]

1

=

o i
= %

_"

7d

o) BEA ol
%

Fol T

AT o
6ot o) SDEAL AN 19



Table 3-8-3. The effects of recycling product or waste vinyl on

the body and liver weight changes in rats.

Treatment Body weight  Liver weight Body/
Dose(me/ke) (g) (g) Liver wt.
Untreated 285.5+6.56" 5.89+1.81% 2.06£3.76
CCly 286.6+4.23" 7.24+4.11° 2.52+1.35"
100 280.4+9.28 6.75%14.40 2.43£3.52
Waste 200 276.8+0.67 6.29%7.60 2.27£4.11
plastic 400 278.3+£3.43 6.66+5.68 2.58+2.88"
800 276.7£0.217 6.32+7.32° 2.2844.49
100 281.0+9.22 6.75%£1.40 2.47+2.59
Recycling 200 277.3£3.73 6.50+4.35 2.45+£3.53
product 400 282.919.8 6.75%x4.21 2.3914.78
800 279.3+3.69° 6.62+5.04" 2.36£3.92

# The results presented are mean*S.E. (n=6).

* Significantly different from the untreated group (p<0.01).

th 2| ehA vzt
Fig 3-8-59] &|%-3t kA3 Fig. 3-8-69 %2 #ests HrAdate] A}
oA Hol= npel o], o gt M|k abA] gF Aol Hluste] CCly
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(©) #Arjd (d) &3 Ag=d

Fig. 3-8-5. Morphological changes of liver of waste vinyl, pyrolysis
product and CClyintoxicated rats. (a)CClsi-intoxicated, (b)Untreated, (c)waste
vinyl, (d)pyrolysis product
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Fig. 3-8-6. Histopathology of liver after treatment with (a)CCly-
intoxicated, (h)Untreated, (c)waste vinyl, (d)pyrolysis product (H&E *x400).
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Fig 3-8-7¢ YEld vie} o] & GOT &2 At steta
© AATS 52.4£2.63 unit/IS] Aol H]sle], AFFEIErA Fol w2
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(Fig. 3-8-8).
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Fig. 3-8-7 Effect of recycling product or waste plastic on the serum

GOT activities in rats. The results presented are means+S.D. (n=6).
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alkaline phosphatase, total bilirubin, albumin, creatine kinase, blood urea
nitrogen, total bilirubin, total protein, triglyceride, albumin, Y-glutamyl
transpeptidase, lactate dehydrogenase, albumin/globulin ratio,
triglyceride #'8 37} SolA #Fo43%e HstsrA= WA SFdes &
Q15He T,
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Table 3-8-4. The effects of single oral injection of recycling product

or waste plastic on the CK, LDH and TBI changes in rats.

Treatment CK LDH TR
untreated 4574+47.83%  359+121.81%  0.22+0.13%
CCly 707+38.97°  581+180.31"  0.26+0.12
100 533+33.67 327+21.89 0.25+0.15
W 200 624+17.39° 519+32.21°  0.24+0.10
aste
plastic 400 874463.60° 606+44.50° 0.2340.11
800 1134+475.70°  8724219.5°  0.21+0.08
100 436+42.25 289+37.26 0.27+0.04
Recycling 200 544420.21 373+46.95 0.19+0.06
product 400 557+49.50 386+110.4 0.240.02
800 664+47.40 530+63.61 0.2+0.05

# The results presented are mean*S.E. (n=6).

* Significantly different from the untreated group (p<0.01).

- TB: total bilirubin, CK: creatine kinase, LDH: lactate dehydrogenase
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Table 3-8-5. The effects of single oral injection of recycling product

or waste plastic on the BUN, Glu and UA changes in rats.

Treatment

BUN Glu UA
Dose(ing/ke) (mg/de) (mg/de) (mg/de)
untreated 28.9+4.23%  101.3+6.46* 1.85+0.81%
CCly 20.3+4.39 154.6+6.25°  1.49+0.35
100 41.4+1.95° 107.04£5.13  1.45+1.79
W 200 27.3+8.37 141.1+£5.59°  1.93+0.17
aste

plastic 400 23.344.27 123.44£6.08  1.06£0.58
800 26.24+2.34 112.947.77  1.49+0.17
100 38.24+1.39 99.940.70 1.53+0.41
Recycling 200 25.7+2.62 118.145.70  1.03+0.11
product 400 30.1£0.78 103.448.50  1.41+0.21
800 29.840.49 88.449.79 1.01+0.06

# The results presented are mean*S.E. (n=6).

* Significantly different from the untreated group (p<0.01).

- BUN: blood urea nitrogen, Glu: glucose, UA: uric acid
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Table 3-8-6. The effects of single oral injection of recycling product

or waste plastic on the Alb, TP and A/G ratio changes in rats.

Treatment

Alb TP oG rat
ratio
Dose(mg/kg) (g/dz) (g/dﬁ)

untreated 3.474+0.21% 6.844+0.29%  1.15+1.10*
cCly 3.59+0.27 6.3840.38 1.2540.16

100 3.99+0.21 7.2+0.23 1.240.88

W 200 3.75+0.28 6.92+0.17 1.240.21

aste

plastic 400 36140.15  6.56+0.70  1.240.55

800 3.55+0.20 6.52+0.44 1.240.42

100 3.21+0.28 6.46+0.28 1.140.26

Recycling 200 3.56+0.14 7.040.42 1.340.30

product 400 3.82+0.67 7.21£0.10 1.14+0.08

800 3.71+0.37 7.08+0.21 1.140.09

# The results presented are mean*S.E. (n=6).

* Significantly different from the untreated group (p<0.01).

- Alb: albumin,

TP: total protein, A/G ratio: albumin/ globulin ratio
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Table 3-8-7. The effects of single oral injection of recycling product

or waste plastic on the TG, ALP and GGT changes in rats.

Treatment

TG ALP GGT

untreated 88.24+46.76" 301+£51.62* 1.5+0.76"
CCly 138.8+£22.50°  586+95.63° 2+1.33*
100 113.8+7.37°  412+65.63 0+0.06
W 200 84.24+15.44 427+74.61 2+1.01°

aste

plastic 400 77.2421.21  487+55.54* 3+1.42°
800 51.34£7.51 548+43.44° 1+0.96
100 65.5+9.54 331+24.88 0+0.04
Recycling 200 57.5+7.78 357+14.85 0+0.05
product 400 72.6+16.30 375+25.60 2+1.49°
800 74.7412.80  489+66.34" 2+0.34*

# The results presented are mean*S.E. (n=6).

* Significantly different from the untreated group (p<0.01).

- TG: triglyceride, ALP: alkaline phosphatase, GGT: Y-glutamyl

transpeptidase
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Fig 3-8-17 Standard gas chromatogram for pesticides HP-1 capillary
column.  13.916min, chlorpyrifos—methyl;  12.742min,  diazinon;
19.277min, edifenfos; 14.947min, malathion; 14.313min, metalaxyl,
16.668min, methidathion; 15.300min, parathion; 23.444min, pyrazophos;
18.903min, triazophos
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Fig. 3-8-18 Standard gas chromatogram for pesticides HP-5
capillary column. 19.175min, carbophenothion; 15.083min, chlorpyrifos;,
18.526min, ethion; 20.930min, EPN; 10.671min, ethoprophos; 14.714min,
fenitrithion; 14.095min, parathion—methyl; 13.373min, pirimicarb;
14.643min, pirimifos—methyl; 12.566min, terbufos
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Table 3-8-8. Recovery(%) and retention time of analytical pesticides by
GC-NPD and GC-MSD

Pesticide Molecular MW RT TI Recovery(%)+SD
formula
carbophenothion CioH12Nz03PS, 3429 21.13 145 150.1£32.8
chlorpyrifos CoHiINOsPS 3506 17.81 314 98.9+13.8
chlorpyrifos—methyl C/H/CIsNOsPS 3225 1695 286 100.2+12.1
diazinon CoHaN-OsPS 3044 1585 179 93.1£34
dimethoate CsHipNOsPS:; 2292 1495 87 126.6+4.1
edifenfos CuHis50.PS; 3104 2097 310 110.6£21.8
EPN CuHNOPS 3233 2274 157 81.33+8.25
ethion CoHnO4P2Ss 3845 2043 231 104.0£2.9
ethoprophos CsH150oPSs 2423 13.82 200 71.2+34
fenitrithion CoH12NOsPS  277.2 1740 277 96.8+12.1
malathion CioHi190sPS2 3303 17.76 173 93.5£6.6
metalaxyl CisHnNO4 279.0 1727 206 76.9+14.5
methidathion CsH1iN-O4PS3 3023 1893 145 94.9+10.4
parathion CioH14NOsPS  291.3 1803 291 99.7+£8.5
parathion—-methyl CsHioNOsPS 2632 1697 263 113.3+154
pirimicarb Ci1iHisN4Os 2383 1649 166 100.4+14.5
pirimiphos-methyl  CiiHgN3OsPS 3053 1754 290 87.8+31.6
pyrazophos C14H20Nz0s 3734 2546 221 127.8+16.7
terbufos CoHz0PS3 2884 1654 231 70.9£13.6
triazophos CioHisNzOsPS 3133 2066 162 106.4+12.1

% Recovery(%)=[(spiked sample)conc-(blank sample)concl/(added
standard)concx100

X% Each result of recovery is the averagetstandard deviation of 3
determinations.

X MW, molecular weight; RT, retention time; TI, target ion
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Table 3-8-9. Residual concentration of pesticides in derived product of
pyrolysis  gasification system for recycling of waste Dplastic by
GC-MSD(ppm)

Pesticide WP RP Ppesticide WP RP Pesticide WP RP
carbophenothion < 001 < 001 ethion < 001 < g1 PArathion o o0
methyl

chlorpyrifos < 0.01 < 001 ethoprophos < 0.0l < 001 pirimicarb < 0.02 < 0.02

chlorpyrifos=me _ 0/ 01 fenitrithion < 004 < o1 PIHMIOS o0 b0
thyl —methyl
diazinon < 003 < 001 malathion < 0.02 < 0.02 pyrazophos < 0.02 < 0.02

dimethoate < 0.03 < 003 metalaxyl < 007 < 007 terbufos < 0.01 < 0.0l
edifenfos < 002 < 0.02 methidathion < 0.02 < 002 triazophos < 0.02 < 0.02

EPN < 00l < 001 parathion < 0.0l < 0.01

X RC, residual concentration; WP, waste plastic; RP, recycling product
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