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Table 1-1  Production ratio of various plastics (%)

Civil engineering
Factory equipment
Film and sheet
Board

Pipe and joint
Vessel

Daily goods

Others

4. 64
11.80
39.35
2.54
10.??
11.88
5.39

13. 47

i REFEEEE (LFE IR (2005 £F)
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Table 1-2 Consumptions of Plastics

Nations

Japan

France

USA, Germany, Belgium

Mexico

Consumption (kg/man-:year)

81

90

>150

41
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Condensed polynuclear

PVC pol polyene
polymer Y hydrhydrocarbons

Fig. 1-1 The changes of PVC polymer by pyrolysis
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Fig.1-1 Wave length and microwave zone
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Fig.1-3 Model of PVC polymer molecular
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Fig.1-4 Mechanism of heat generation by microwave irradiation
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Table 2-1 The specifications of PVC resin sample

PVC materials Polymerization Content of PVC Additives
degree polymer (%)
Binder holder 800 82.5 Sn-stabilizer
Flooring material 500- 800 6.0 Phthalic plasticizer
Hose 2200 48. 2 Ba/Zn stabilizer

Pipe cramp 700 63.7 Sn-stabilizer

*PVC content in the resins are determined by thermal decomposition process
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Detail of sample and
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<5l \ ‘ Power monitor transformer
« 115—> . Microwave
Reactor holder absorbent

Fig. 2-1 Schematic view of microwave irradiation set-up and

detail drawing of reactor holder
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Fig. 2-2 The effect of microwave energy of decomposition yield on

PVC polymer for different microwave energy absorbents
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Fig. 2-3 Results of dehydrochlorination yield on each PVC resins

by microwave irradiation
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Fig. 2-4 The influence of irradiated microwave power on
decomposition yield, dehydrochlorination yield and the ratio
of volatilized materials
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Fig. 2-5 Relation between irradiated microwave energy and
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Fig. 2-6 Results of thermo-gravimetric analysis:
(a) PVC polymer (b) PVC pipe wasted
( heating rate: 40°C/min, Atmosphere: N, gas, flow rate: 200ml/min)
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(b) Schematic of temperature measurement

Fig.3-1 Schematic drawing of experimental set-up

37



EI3E A7 ulBHICLHEEOEET T AP

<A 7 aERINES (E,) 1%, 3- (DR TRT LD, #ITET —8 =7 —BEHEE,)
LB R —F = 7 —BIEE Bep) DZEDBRDT,

Ewp = Ein — Erer 3-(1)

i b ARTRERIL, RO X SITFHm L7,

WERY = — 1307 X0 BEEREOIZ 56. 8% DHLKREN AT D, B ILARRIGIC
X o TAEMRT BHAKER, HIR & FEHCF ¢ b — 3 212 L BHEH H 2 ORITA 3k
RNie, v A 7 i RHEEREE 400°C, 35 pMERTAFHARP CHLML, BEL
7 HAEKRFRE A A % 0. IM NaOH /K¥EIRIZRIN & 7z, BRI H DALk IX JIS K0107 (2
LD WEERIAEEZ AV CER Lz, BELKEE DI, 3-Q XL VKD,

C
D= 1——_ 3-(2)
C

C, : R <=—hOMRENMKEER &
C =47 viEBHEESOHEKER BRI L0534 Lk
KFEE)

v%&ﬂﬁ%%¢®ﬁﬂﬁgmFgﬁﬂ%MT%#iﬁw,%ﬂ$®%ﬁ%%ﬁ%~
TP — (RIEFHEERFS400 - M) L2 A L CRIE Lz, Xy —FtP—
BRI A LV B, T ORIEER T, SOMEAEE & > T
ST ARBMENTTAEERAL NS ED, A 7 nEoRBr 2%,
LTERE CREZRIECES, LiL, AFEOBE, <17 nlREICLVREL
IRALARBT AL VB U —RROEWERRET I L, HIWITE Y —E
e RN EE L BB B0, BHICHA LR, T TR —

38



BI3E <47 oEBHICLAECOEEE)CET AN

A B ICBEFERMECER LERELRY) —TI2LD, v~/ 7 nEERYD, Hk
BB EIOREREZ AJREL T AREFEZER LEM L=,
oA 7 aERIVEEX, Ry MU —27 T 55 A % — (HP8753C/HP85044) 5 L &

e Ve

Agident Technology HP85070C FHFERME 7 v —7 % AVT, 2.45GHz (2R DA ER
MEIEDOEBEERIZHEN, AL, AEBEIZLDIFBHRIERE T, WIEORIENHE
ge 7o, WEW (ZZERIEe > 7L —F FEEL) AW TiT-o72,

3.3 EBRERBIUBER

3.3 1 IRERERSFR

BEEKIL, ~A 7 oEERTToA 2 nEENZWIRL TRAT 5, ZORREET S
BT 1-3) RTFET LI, BHEHEBICLVRELEMN( £ £ ) BN—EDOK, HE
BEOFEREICL > THREEND, HEIE Table3-1 [TRT LI, OT T RAF v 73§
LR THBRENE VD, BAET T AF v 7 hOE EHRIRINC < A 7 0% WY

L, IEAEnDERHFTE D,

39



FI3E ~A 7 oEREICLAE COBERICET 5B

Table 3-1 Dielectric properties of plastics

Specific Specific Heat Dielectric tan o
Material Gravity (cal/deg-g) constant (at 1MHz)

(g/cm®) (at 1MHz)
PVC resin (hard) 1. 35~1. 45 0. 26~0. 32 2.8~3.1 0.01~0.02
PVC resin (soft) 1.16~1. 35 0. 30~0. 50 3.3~4.5 0.04~0. 14
Polystyrene 1.05 0. 32 2.5~2.7 0. 0001~0. 0004
Polypropylene 0. 90~0. 92 0. 46 2.2~2.6 0. 0005~0. 0018
Polyethylene 0.91~0. 96 0.55 2.3~2.4 0. 0005

-7, iﬁf@%%ﬁ%&i?ﬁ)ﬁ&:iofz"a{tﬁ“é%i;bif%z%méf:esb, i R E A &
WTOIREIZ L A2FEREAOE(LERE LIz, FORE% Fig 3-2 1257 LT,
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Fig.3-2 Dielectric characteristics of PVC resin plate (2.45GHz)

Fig. 3-2 IZ/R L TW5 L 91, MERDOFERKIT 120CRE» 6 RMITHEMT 5 2 &
;5“59% B ENT, #E->T1- Q)E»D, A4 7ozl v, HEWRIE 120CaE
No~A Y BN REICRIR LisD, BWRRE EAPEGTSLTFRENS,
1 7 DR X B AREE FRICEE T 3 ERERO L L, Gasgnier Hix”
Cub & CDBRAWIZ~A 7 v BH Lo, 130CHEFE CRMRRELREZBRLIZZ
EERELTEY, 0L RBMRIRE LA ZEEE (Thermal runaway : LAT TR)

EHRLT,

41



BIE <A/ oERFCLSECOREHICET SR

Fig.3-3(a) 1z, &~A 7 uiEITEEN UUTvA 7 alEEN) CEIE LCE YR
) —REBOBREHBETT, <A 7 nEEINMECRE, BE EFSE LT, Bl
AERIGOBEI NP -7, BHENEEL T2 L, BEBMOKBICHE, REH
R Lth®, 228 TR BB LZ 0%, BETESRECEET 5 CEARHIT, v—
) BERAEICEER TREE 2ERBIESNE, £/, Fig 3-3 [RT LI ICHEED
<A 7 OB RE TR E— 7 REAHBICTERT 2 ERW SR T,

42



E3E A7 oEBAICLAEEOBEEICET AR

b P Rl Led
S22 2

3

Lh
o

Temperature (°C)
-
L
-

-

0 300 600 900 1200
Irradiation time (sec)

(a) Temperature change on PVC polymer during microwave irradiation
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(b) Time transition of temperature rise rate during microwave irradiation

Fig.3-3 Temperature change and temperature rise rate change

on PVC polymer by microwave irradiation
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Fig.3-4 Relationship between incident microwave power and

terhperature rise rate before thermal runaway of PVC polymer
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~ Fig.3-5 Relation between incident microwave power and

thermal runaway temperature(TRT) on PVC polymer
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Fig.3-6 Temperature profile as a function of time at low and high microwave

power for different preliminary heated temperature conditions
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Fig.3-7 Schematic diagram of TRP and CPTR on PVC polymer

for different irradiation conditions
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Fig.3-8 Mechanism of TRT generation by the changes of

irradiation conditions
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3.3.2 BUEALKFES L U4 HEE

Table3-2 |2 &' — 7 BEICEIELUR O~ A 7 0 FREHRERT & D ARE R & UMk %
FERLTNDR, =7 REICENE LIRS AR SIS T LT B H 03
b ERNT,

Table3-2 Relation between decomposition and dehydrochlorination

yield on each retention time after peak temperature destination

(1000 W irradiation)

Holding time of microwave irradiation after peak
temperature destination

6 sec 18 sec 50 sec 165 sec
Decomposition yield ‘ 0. 630 0.634 0.632 0. 630
Dehydrochlorination yield 0. 991 0.992 0.991 0. 989

Fig.3- 9z~ /7 niERHNE LHERY) ~—O SR L OB /KEREL R L
TN, KEBRIZAWIEEIER T SV =2k B~A 7 aEliEibkEICL-> T,
500WLL ED~<~A 7 ajEEIIT, 95 %EEz 2BV ELKEZENTTEETH A2 50

W72 o7,
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Fig.3-9 Result of decomposition and dehydrochlorination yield

by microwave irradiation on PVC polymer

(Irradiation time 3 min)
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(a) Relation between microwave absorption and temperature transition

5 : 40
o snnnmenann TENpETANOTe Tise Tate (Chsec) °
R 4 r 'g v £ 507Y e8] MiETORS e pawer {Wisec ) =
53 130 £ &
L L .y
55 | ‘ s 3
RO L} vy S =
53 % WEE
=2 1 B h T
-1 i 1 i 0 {
0 100 200 300 400

Irradiation time (sec)

(b) Relation between temperature rise rate and microwave absorption

Fig.3-10 Time course of temperature and absorbed microwave power

(incident wave power: 380 W, non-resonant  applicator)
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Fig.3-11 Microwave absorption model on PVC
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Fig.3-12 Time course of microwave absorption on different

microwave power and pre-heat temperature conditions

Case a incident microwave power;482W, temperature;100 °C
Case b incident microwave power;359W, temperature;110 °C
Case c¢ incident microwave power;491W, temperature;128 C
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Table 5-1 Details of wasted PVC samples

PVC polymer

contents Plasticizer Filler Others
Wall paper A 31 (%) DINP  (17%) Caco%ég%g? Paper
Wall paper B 29. 7 (%) DOP  (16%) CaC03 (26.1%) Paper
Wall paper C 30.9(%) DOP(IG.?%)" CaC03 (27.2%) Paper
Floor material 16.3(%) DOP (4. 4%) 80. 6% Stabllizer
Agricultural Plasticizer,
waste ca 50 (%) stabilizer
PP, PE, PS pellet
(wasted)
Vinyl acetate
Co—polymer 90 (%)
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Fig. 5-1 Experimental results of dielectric loss factor on plasticizers
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Fig. 5-2 Temperature transition on PVC polymer, DOP/PVC mixers

and wall paper (C) at 90 to 100W microwave irradiation
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Fig. 5-3 Results of thermogravimetric analysis on PVC polymer/
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(heating rate: SC°/min)
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Fig. 5-5 Dehydrochlorination yield on PVC polymer mixed with

calcium carbonate by microwave irradiation method
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Fig. 5-7 Result of dehydrochlorination yield on PVC polymer and
- CaCO; mixture (1:1) by thermal decomposition

(heating time: 35 min in N, gas)
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Fig. 5-8 XRD patterns on microwave irradiation residue
(A) PVC polymer mixed with equal amounts of CaCOs

(B) water extracted residue after microwave irradiation
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Table 5-2 Result of dehydrochlorination yield on PVC wall paper A

and C by microwave irradiation (490 W, 3min )

HCl yield recovered in  HCl yield HCIl yield Balance of HCI

dehydrochlorination gas (A) (B) (C)
Wall paper A 0. 5697 0.3113 0. 0317 0. 0873
Wall paper C 0. 3992 0. 3137 0. 0522 0. 2349

(A) Recovered in water extraction
(B) HCl gas in water extraction residue (calcined at 800°Cin air)
(C) Including volatilized organic chlorides, metal chlorides and others
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Table 5-3 Influence of plasticizer on dehydrochlorination yield

Dehydrochlorination yield (Yield

Content of DINP
ontent o of gaseous HC1)

DINP+PVC polymer 0. 3597 0.9443

DINP+PVC polymer 0.3741 & 0.9210

Dehydrochlorination yield (Yield
of gaseous HCl)

DOP+PVC polymer 0. 3989 0. 9557

Content of DOP

DOP+PVC polymer 0. 2290 0.9975
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Fig. 5-11 Results of the yield on released HCI for PVC floor material
by microwave irradiation
O : Released HC1 gas by microwave irradiation

® : Result of HCI content in microwave residue by thermal decomposition
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EEDEKEFEEZHL DT D20, w17 D%j’i%&ﬁ%f&%é H1Z 400°C, 35 4rfElZL
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HLARICE A 7 D HERIC L 5 BHSLEL SN, FEBHIARIBT 5
BEFECEL T, SHFEMEBRINLETH B,

Table 5-4 Results of HCI recovery ratio by microwave irradiation on

PVC floor material

HC1 recovery yield as gaseous

Microwave power (W) HCI recovery as CaCl,

HC1
365. 0 0. 3222 0. 4002
375. 7 0. 3859 0.92638
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Fig. 5-12 Temperature transition of agricultural PVC waste

during microwave irradiation (100W)
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Fig. 5-13 Dehydrochlorination yield on the agricultural PVC waste

pellet by microwave irradiation
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