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Abstract

PVC is the thermoplastic offering excellent material properties. PVC is used in wide
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variety of applications, however, it causes environmental problems when it is discarded
because of its high chlorine content. Since dechlorination reaction of PVC is taking place
relatively low temperature compared to the pyrolysis temperature of plastics, study on. the
dechlorination reaction has been carried out as a pre-treatment process. Twin screw reactor
which shows excellent mixing capabilities is employed. Experimental variables are first and
second reactor temperature, PVC content in mixed plastics, viscosity of mixed plastics, feeding
rate, rotational speed of the second reactor. Over 90% of dechlorination rate can be obtained
under proper operation conditions. Chlorine gas evolved from reactor is absorbed in water and
can be recovered as a hydrochloric acid. Analysis had been done on chlorine flows by taking

material balance over reactor.
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PVCE E7taA A ol™ vinyl chlorideZ 48 @tZF kgl dste Zadq. PVCe 33
T24 Ze9 chain® J428A7 =@ EAEEL 7] WEA 7AEA F2ERT GA
ZolA vrte @Rl ey AFAE Adst ol AR EF shiA (plasticizer) 2
Edetel gedN @48 Ad £ Y= dFGu’. PVCe 5 BHS XL Q7] wE
OgE AE 952 AHEHD JIAT A7 EH 4F EAE oPI¥T PVCE da¥FE F
2 o 56%8 AAL gl7] HEel FtAY Exr2 Hf, ARFEZY I, APdiete
BAE G2dBR Ao ATEo] AFHAZT WM PVCE EHE AEHRLHE ALEA
gdavled AMYEHes eHolt, HEG2E] FRHEEL off Heoz dEd = 3
o

d =E
L = pe FT(1-x" ()

A7l A xE AEE, kot UERSF, EE EA4FAUA, nd & A5E Yetdo, PVCE 7|8
724 E8 24 (PP, PE, PS¥)l Hlgt Hzds 2 @484 x7t geuz gozd A
Sl % PVCERE Y dg4itgo] g E2kAage 83 Rt ¥ 2EA dojdrh
wekr PVCE X3 EFAEARLEE AgA grle] 2528 2EPe2 PVCERE 9L
TAE 7e EPd2€e] AT AMYTH22 FHAEFUY. dbHos PVCY EE3
B2 thgo 2dAZ dojdth A4 327% oldtdME FES ARFAVE LY edad
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wgoz JHEZIY o)F AT FAEHUA HClol RASY ol ofF Aol WAl EEATo
A AH 32TE o)A e gd4std EEWY E3wrgo]l U UAA linear £ cyclic
TZ2 7MW ARAFEY @isiaE AP PVCERY €948 44 3505 o | A9
AHE Aoz geA qUth

YE 2 SUojA FL3E BEEXZ PVCE X3¢ HEG2E S AEFUEe QRAFTH A
gEa glon IR FAHNAME GAFAIAE HF3ld Aol L] A% EFE JEAGe=
P

2. 49

2.1. 283FA

A&d ulel Zo] PVCY R E44 F2EANES HA BT o)t dojutm HH
400= o) gl A FHEEALO 9] Af o] BoXE ESH N0l doldth wetA PVC/H E3E &
2~8g AH 270-350=2 7tEdte thE ZoxEe R gdn 44 211716}” Aol o234
o2 b5t SAT AR SYLEANA HAsdot ¥ BAYSOIAG. AAE PVCIH 29
Bgate B Eedol A4 AgHE Agol AT, of HE ARAFHNN TS
o] eyl wat wpgFol ZAAXL UEe FPihutgo]l RojA7] wWEd WRE7A FLEA
7tdstn EgstE 71€0] 9Lt EAE PVCAE A&d vie Zo] a9 GAZAT 45
HA7bgo] T¥HO Jorn FHAA staAY Eirixrt B HFAHo HEEsens
olE Jt29 BEEo] sl gk HEg2EHozRE ] SPLLAIZA FHEE Fig. 17
2}

YA H&2 EFE ESH2EL A 2FE 23 F VUG E FIAY 1A FF
gt 1xwgr)el A8t FFEHE E9E AT AFd 2749 HAV|SEHE Ao 2EE =
AEFAEE Y o] w&r]e AV EHE MAAsE SN Fdd EFESTLE]
Aoz ¢ty EAYRIE Fof A2 S A 7E HEFAT TEFL 23 F JAS
EE W3AA A Egxgg aw B oFde & IJMAII= EEe 30119 S
AAH ANEAM BE P& BIHIAES S Frh el EGTgaHoztY dFd5it2E
A7) g8t Bad 227X 7tEE FUAE AVIEHS AFALE dd2 2HEF e
HAxAA7| 5 15 £4FH29E #E2E F JAE THE AU 1AL g7
488 ELEF2EL JABE Tt 2ag Tl o)t 12 R 23S e 249 &
AF7E d¥Fo g M HA ol FAM EHAHQY TS o dEHEzRTG ¥ X
A olgHE 27t E HFEI 5L £§4E2Y EFRE UFERYH JFE viEATE 98
ok 24|l e 1xpS oM 9 o] muk d o]Fo Yt FAvt2aE &8E EFESH
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Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Picture of the second screw reactor.

Fig. 3. Picture of the gas vent port.

Jb2ujE el AL aYoA Reuist Zo] JtawET wer tolrh Hojglol whgu)
AM WEHE 7tA7 $5A SN TE HEWUIES Ao SSHHA &L 7t2E Jt2A
gz MEHEE STk 13RS 58 SSRLEHS d28S HEA 2341EV2 o
o7}7] W Eol 1Ak 7lelAM EAAF staEs I Fez o
Bol 78S L 7tEE JTHIZE o83t FUste WU 1A 28T Lt
g 5= wEdd. 1AnE7)%

2
AHe 570N &57H5T & &

N

=
A impingerol M @A7tA7E FHF EFF
He EFFeadgede 93 PVCIE E£3H Sl 243 dd 949 EASFAE He
FAe] B0l dAine E3E T3t S0t EFFd2d"d T¥PE diolm Yrie
Zlou)e 22L& 7IdA HiEEHe §§4E 2" TEHAJYE A4 AP st

_.87_



3 impingerol EHolgle At EXIM $HE Folde dieolth ZEE 23S ETFAA
458 Zg2go] wpAUsPAA 727t dAse 7l 2 GVt ERHoNeY HEF
L uj$ Houv EgFTAHAA BT dAtx0 Eodgiet §=7F 7] WEO impingerE &
#H3lo] R I wiEHE 94 £ FALSF U AEE Ho.

2.2. A8y

2218718 B3t wWiEHE RYEFT TFHNE F42EY FAYEL OsH 2o 2%
screw BH87] &7l wjE&E Fg2d §§EY Cl#FE Eschka method (ASTM Method D
2361-66)% o438t £33}’ Eschka methodt Al Cly =8 Z4ste wyoz 49 ¥
He e 2o AE(EE2Y £88)s I 2ot No. 60 sieveZ AAA FH| g} 1g9] Al
g9} 3g9 Eschka Mixture(MgO:NaCl;=2:1)& &3t 50mle) =7Fdol T3 2g9 Eschka
Mixture(MgO:NaCl=2:1)2 Y&t A8 E ¥ E7IYE  furnaced] ¥ 1A o] 675£25T
A F& AA 675:25TolA 2212 30EAE B2k old Ze2¥ &§E0] BHEA LAHE
Cl 7}27t Eschka Mixturedl F& =+ Zolt, FF4 o] € A8E 100ml HlojA &3, &
o] HEE(I0mDe 40mlel HNOx(1+1)& #H7bstedl &aiAzich &8 ANae AY43%7
(Model 960 pH/Ion Selective Electrode meter, Orion)& o} &3te] AgNO; £do g A AYdd
oz A7Y Cl 358 &43At. =% Eschka method& o]&3te AEHNSTITAH FUH
£ 4 A& PVCY Cl ¥=5 #4383t Impingerd]l E£FE CIFE AAAHA7](Model 940
pH/ISE meter, Orion)< o]-43to AHBAYo g Cl 0|29 FEE SAHIIAL

g

3. 4325 2 23

sgzZdadoatyge BU4dY FLAYAANE UeT BT ARSI E, 23407 E,
E¢EdAEE PVCHE, EREA2GYE ARTFE, 29087 23 FA5e|, 44U
o i@ BHedsE HTARANE WAANEN Yo E THNA 4 QA7 Gl ¥
g#e zASE PVCEEE EREd292 PVCEPz zdon FEE 23S
~¥% LDPE #4202 A 744 A9 WEL Table 1o] Bastgch 2AYel AHE
PVCE QAPVColn FAadzxke F#HE 3633%°At. 1a08-7] 23 F 3 AF=RPM) =
6672 A LAIAT

Fig. 4= 1337 €5 2 PVCHPo] ge 298usE Jehdch Table 19 No. 12-15
of Aste APATolth EHTeAY £YFL 800[g/hrlolw 1Sy R 2wy A3F
Sa%E 27 667, 13330100 APASE 14HLr L2 EFEG2EF PVCHBoITh 27
WerEES M 20052 nHW AHdA 14HErSEE ZANY Tt gdgol Fe

s
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Aot =7 Itk ERECLEHY PVCERH FadEEol F7137] wWEe GartaFol
7t =Y EFEH2EY HxIl Z4sted 4" EFEEZREH dastat WAL

H& o)t

Table 1. Experimental condition for screw reactor

No. ’ll‘:tmperature(;i: C&’;’;&;gn Fe(e;c}h l;z)ate Zn% ersl\a/stor
reactor reactor PP PVC LDPE
1 290 290-330 92 8 0 800 13.33
2 290 290-330 94 6 O 800 13.33
3 290 290-330 9% 4 0 800 13.33
4 290 290-330 98 2 0 800 13.33
5 290 310 92 8 O 600-1200 13.33
6 300 300-330 86 4 10 800 13.33
7 300 300-330 76 4 20 800 13.33
8 300 300-330 66 4 30 800 13.33
9 290 310 % 4 0 600-1200 13.33
10 290 330 9% 4 O 600-1200 13.33
11 290 290 9% 4 0 600-1200 13.33
12 280~-320 290 92 8 0 800 13.33
13 280~-320 290 94 6 O 800 13.33
14 280-320 290 9% 4 0 800 13.33
15 280-320 290 98 2 0 800 13.33
16 290 310 98 2 O 800 10-23.33
17 290 310 9% 4 0 800 10-23.33
18 290 310 86 4 10 800 10-23.33
19 290 310 76 4 20 800 10-23.33
20 290 310 66 4 30 800 10-23.33

Fig. 4 old %2 718 %At 22te £88d2d 2404 $e5dd 498 BaFeds
2 Yehdch EgES2"dA PVCHZel FHl meh gagol S o= PVCHP
of Wb wAse Gavtast waHez Fbey] WEe £48 EdagURzRE davte
7 MAULIIT BE §ol87] Wt
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Fig. 4. Chlorine removal rate with first reactor temperature and PVC content.
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Fig. 5. Chlorine removal rate with second reactor temperature and viscosity.
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LDPE# & F7HA AEE F7HA A wet 2g&e] #ae B J=7F S8 &%
¥ bulk EFETTHAE WRAA BAYE 7t2=E YRz wjEsted AFo] FrEAHET ole
A#AHoZ LY ZFAZE Uedrh Fig. 68 E¥EANLEY TIFF 71 2SI E0 &
gl nAE SFS HERAH
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Fig. 6. Chlorine removal rate with feed rate and second screw reactor temperature.
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Fig. 7. Chlorine removal rate with PVC content and second screw reactor temperature.
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Fig. 8. Chlorine removal rate with rotational speed of the second screw reactor.
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Fig. 8elA x&o] %718 AAFE EZe3AF+E Yehlin &7eA 30112 Z&3teg b¥g7]
23AFIAFE REIAFE 0202 YEgeltt. 23AFIAFIT F71EA 2F &0l FHEHA
gt Rets A7t 5000144 & 23 FI AR 166018 G E 23F AL St &
dE&F7E s AL2Ag Edn. AA 2aAFHATE 27 17019 o] o¥dA= &858 &
gt2g aygte]l FESA o]Fojx stAuFo] YFEA o]FAFE AUt LDPEFHo] F71
ol wet &§Eet29e Fxot FUrEen oo mE BF&o] FAFHAT

ST AN BAGE Jt2E SEV1AM $5HE vt $5H 1 BHe FYPZE A
1t} impingerd] F&F ol A% 7E2 HAFoF EALET Impingere 27018 A ¥R d43
qem FHT sty AR NEFE EFEG2Y S2ELTACAAM WMEHs 2% R
25 9% davtze EFdo] $F714dAM &&H AABY. Impingertl FFHFE Aol B3
Sto] we} gAIMAE FFeto Ax A 3et). Table 28 4@l £59%F impingerl /S
9] pH 2 chlorines =& YehiAch.
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Table 2. Chlorine concentration and pH of distilled water in impinger

pH Cl conc.(ppm)

No- T i _ 2nd st _ 2nd

impinger impinger impinger impinger
1 0.02 0.77 56000 8800
2 0.13 0.71 48150 10450
3 0.21 0.97 47200 5050
4 0.65 1.09 12450 3930
5 -0.09 0.57 77500 15000
6 0.32 1.27 28800 2785
7 0.21 1.40 37850 1855
8 0.22 1.47 39650 1720
9 0.36 0.92 25000 6050
10 0.28 0.95 33300 6300
11 0.35 0.91 28800 8650
12 -0.07 0.95 71500 5850
13 0.06 0.70 55000 11050
14 0.22 1.15 35750 3530
15 0.51 1.29 18700 2210
16 0.31 0.82 26500 7650
17 0.18 1.02 34850 4465
18 0.27 1.06 29050 6250
19 0.1 0.92 41300 4300
20 0.43 1.23 19800 2840

FR4GE Agduit o Aol: YA oF liter] P Eolth. Table 2004 Hizvhsh ol
QFHAN LA} d27taZ Askd impingerd] FHET M3 Mo WAL &

€}
FAth £33 £33 £ ZAAHF PVCEFo] 2 No. 15124859 42557 JHos &

¢t

Azdure Zo] Z2AAFANN B4 EAFA(mass balance)E Adste AL AAAHA &
o 5% ¥ 5 A3 A% AFHA 2ETHE TN HAsq FTAY sk dEANE
2 AR 1214159 ¢ H3d AFAE Tk Byten ALZAE Table 3% 2ok 42902
AH4E PVCE 97 PVColn Eschka BAMHd 9ste 243 PVCU A4&AETFE F 3|
2 36.33%°] 4t
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Table 3. Chlorine material balance calculated from dechlorination experimental results

Amount | Chlorine | Average . :
No of mixed | in mixed | chlorine g)mgi};]lgg“ilg (2) Impinger (g ottl?:rs
- | plastics | plastics | removal product (g) 1st 2nd (1)+(2) Cl (2)
(®) (2) rate (%) Cllg) | Cl(® £
12 3293 95.7 91.6 8.04 74.05 6.85 88.94 6.76
14 3707 53.9 86.7 7.16 36.38 6.25 49.79 4.11
15 3880 28.2 81.0 5.36 18.36 2.66 26.38 1.82

159 Ag9 A 29248 F TS EFEG2g7LE 3880goI e Arld £3dE diE
282golAtt. 1xwr-g 7o} 2xRbE71E AA 23E] SFAM AHT AEe ATEHEEL
81%°lB2 2xputgr|E U2 EFEe2de IR GA4FL 536goith BEHAMEF LA
Qa7tcE 487} £27)dA 253 UHAE impingerdl 275 E599% FH5Y 92
FE=E Table 29 Zo] ZAgALER 12 B 2% impingerdl Al AAE G2F2 FHTHA 4
2%EE F3¥ gk 12 R 27 impingerdl X F5€ 92%F2 ZH2 1836g3 266g0IAth o
ghA 22712 TE U AT AR FHT F4 9 impingerdl A F5E 4 F S 26.38g°)
o FEE ¥94%S 282g019 HlEE HiaFe 2638goln2 Aol: 1.82golth FYUT di 9
28 g4 Aole S5 e LT A2 EH 2247 EFAAN AL HE vigd g4 &
th 92EAFLRAE T 23 R d2E impingerdl A Eo FFHE Aoz YEygon
T EZ u)$ =gith 23832 dolHZRE A A werld FIFE 94 1009 ulEd

12 593 £¢Zz529y AEE g94E 116, 1A impingerdl F+8 947}
724, 22t impingerdl EFF¥ 94T 89, 71E7t 710Ut AAFAHA L FAAE 1x scrubber
A Bol A28 FFAIFIL 2% scrubberdlE ZHAT £9¢ THAA FAES 9423
A7 R E wWjEA7] L 12} scrubberd] §48 AL FFAA GALE IFLFISAL
2 7ldd.
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PVCZYE Y dxAego] F713l7] fRolu}

2. EFEF29] PVCEFl F71ee wet Ed&e Frhste A% JYedsicth PVCHFd
et wAse davtavh vEA ez F8] Wi £6€ EFgAguURa Ry Ayt
H& &olst.

3. EFZg2d A7t FUMeE Favtert wxvesd Aol Frlste ggfo) #AE
t}.

4. EF 28 FFF) T/l wet 2SS gL FAEE FFE B ok EgrH
Fol T4 Foll wet tx7t WAV 6 Aggto] Frtey] HEo|)

5. 23 w719 2ARAAFIE ST Wt LIS FUMEE AFE HANT HAFI
17RPM o]l A9 F7H&L vl ¢ @i

6. Br&7) AFoMY HAEAFAE Astd B A wbgrld FFE g4 1000 et 2aF
He71E B3 §8Zg2gu IS 94 116, 13 impingerdl F4@ d4 724, 23
impingere]l &8 94 89, 7Igt 7.10IAt}. 71l FZ2 impinger Adol HAXd SF7]0]A <]
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