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Abstract: The high chlorine content in
municipal solid waste (MSW) was caused by

the large use of polyvinyl chloride (PVC). The
PP
efficient removal of chlorine, especially organic -

chlorine, by hydrothermal reaction was the ‘ ‘

premise to achieve harmless treatment and “, % e
PVCsgs PVCip.es

@

resource utilization of waste. The plastic

components in MSW were complex and organic

chlorine mainly came from PVC. Therefore, it

PVCs.s PVCup.es

was of great significance to study the factors s ABS

affecting chlorine migration characteristics in PVC hydrothermal dechlorination. Two types of PVC (HB-65 and S-65)
and polyethylene (PE), polypropylene (PP), polystyrene (PS), acrylonitrile-butadiene-styrene (ABS) were selected as
raw materials to explore the effects of PVC's own performance and hydrothermal conditions on chlorine removal and
investigate the characteristics of chlorine migration in the hydrothermal reaction of mixed plastics. The results showed
that PVC's own performance was the internal factor affecting the hydrothermal dechlorination. Hydrothermal
conditions such as hydrothermal temperature, residence time and reactant concentration were the key external factors
affecting the hydrothermal dechlorination. There was a synergistic effect in the mixed plastics hydrothermal reaction
due to different thermal expansion. The addition of PP and ABS decreased the dechlorination rate of PVChyg.¢5 by
71.66% and 70.96%, respectively, and decreased the dechlorination rate of PVCses by 19.05% and 18.15%,
respectively. The addition of PE and PS decreased dechlorination rate of PVCpg.¢s by 71.06% and 43.06% respectively,
while increased the dechlorination rate of PVCs.gs by 8.20% and 46.70%, respectively.
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1o = it . Endo ZE019045 H7E 300 ‘C AT 19.3 MPa HIZK 1
= T, PVC [ 502 AT 1A 31 100% . 9 7E R IR B B 5 PVC
MRS, KN SEIR W AERR KA, SRR AR R TR - Li S0 s
(Municipal Solid Waste, MSW) R & SRk =, J0 25 R IIEKPGREE 240 C AR MR INEN 1wt%
LIk 11.15%02), & B3l m— e F2 A BRI 7 MSW ) B, PVC BIBEERILR] T 94.3%. £ PVC HMUK
THFWACFRFI G IEACRI o S RS B 5 g fl JEAE B, PVC SRR AW A T . Yao 25T
PHIRIR O OO At R SL RIS A Sl s B — 2R3 7 PVC 5T FHUKIRME, I EAEAE D R R,
MYERL G T BEIE AR IR, (H 2 MSW R IR R AN I, FE/KIRE 200 ‘CHE, 77723 PVC K#BL S TEZKHA
M L E BRI H . MREE 230~260 CHF, 173 PVC KBS ZKIAEAR
G R IR B R F B A Bk, g AT RABEC, i ELPE B R B AR T (R LA 3
A, SORHEE R A, BRI ais et He SISRIFIK AR 5 Y (b i W e, B al i
At NKBL, SRR R T SAAE A R SR SR mIL 88%, AMBRHIMFRBERIAR] T 60%. K#MEH,
BEVEPII, 3G B BB I G S SRR RN T2, HETX R — PVC KIS AR 7T CLEUS
b B RE A A ME IR RN, EAERMAR T E TG 7 FEBSER, EZFEENEEKHANT PVC ST R
PR ERET, FHG, FEREFERITHENAAEM R A>T
BERAGH FH A 2807 5 B — e BRI S 3 3 ATAELAR CH(PE) RIAME(PP). K ZM(PS).
KRR IR E B BT AR AT ZB-K CMABS)M PVC i 5kl 4 4
AR, (RIEENIRERUKIE, 50 FRGMAM  MEESNS PVC RE, HHTIRAEEKIALL,
AL N/ING FRIBRAR, B OBACPRR AN ISR, F8 T ARG R ENE A /KA PVC HEUTE
ToIR 2R IR RF S8, Shen SFUWEMF LS IENE S BAREMR W, USUTBRENFIES L, %M EHE
Y o B i K AR B R S CIBPVO) FIEE R ETTAE S/KRGE B I RIER . te4h, EHCH AR AN [F) S5
AEIEA WSO PTIEMETCHLS, WSS AR RN ER PVC(PVChs.ss M1 PVCs.es), 5T PVC H
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PE, PVC, PP, PS fll ABS ¥4 6 T AEH K.,
KifE A 100~200 H(74~149 pm). PVCup.es NILIEM I
(HiEER), HAT e, MBIRNRS, BREE
900+50, F M 0.60+£0.10 g/em?®s PVCs.gs NETFH—
PRR(E VS G TR A R AR, HA S mT 85
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56.7wt%.
22 LWRIERFGE
2.2.1 JKISLIE

KIS KRG 1 Fion, FEES AR
By KIS FE i 20 8 BRI B s A B3R
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IEHR G /KA FEHE G PVC H S &5 MRS
IKPRFE . SEBGIE /7. (RIRINE] . SO FE R EERLR
A X PVC UL RS R REm . S50 T PVCab.es
F PVCss HFA A RS 1) PVC, 7K #li BE T Bl R
210~230°C, FKISLE 77 K BUREE T REAIK 25
JE71, JuFEN 1.91~2.80 MPa; {fIEFA] 1~5h, KN4
WEH 0.0167~0.0500 g/mL; ¥EWEA LN PVC 5 4 Fh
AR R, B0 101, HARSZIG TH a1 pT
7No

* 1 BRURAKASE TR

Table 1 Experimental conditions for hydrothermal treatment (HT) of mixed plastics
PVC Plastic type Temperature/'C Residence time/h Reactant concentration/(g/mL) Mixing ratio/(g/g)
PVCig.65/PVCs.65 - 210~230 3 0.0500 -
- 220 1~5 0.0500 -
- 220 3 0.0167~0.0500 -
PE/PP/PS/ABS 220 3 — 1:1

222 FESZL

BT RE T, TR MRS R AR S A
R, IE DN OO E E ZERE RS A J A1
Labsys Evo STA [F2F #5256 264 R 8 mg.
ZAE 20 mL/min, #AEFHEIEE 20 C/min, ELHIE
FENMREIIRE, KRN 600°C. MNFEME, LLaifE
99.999%. = 20 mL/min f{I% KT 30 min, FFHAE
SFTUE SRR, MEELL 20 °C/min FIFHEEZ N
A 900 CJEfF 1L IFA, BALREEMRA 30 min J5 {7 1ESE
5o NORIESEIGHAE 1T S, AR EE =K.

2.2.3 K R

PVC FE & SDRL R IK 1 5256 7E 7K #0856 v ik
17, BARZAT: BUPVC AR 4 Mud RS 2.5 g IR
GRS BN N ENAHPVC FHIARE LR RA),
BN B R BT R AAMEIRAE T, WERLL 15 °C/min
RN E 220°C, fRiE 3 h JFEUH RN EE. 1§
RV R =R G, TR S, MEEFE ML .
2.3 BRSEERAE

KPS, fEET PVC AEBIENLA, e
S W BEEMPhIER . BTOKBEERR, At
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PVC, PE, PP, PS Al ABS K HE i Z& W&l 2 fii 7~ . PVC
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IEEE S0 430, 410, 360 F1 360 °C, W LAE ) LR R
1 PVC [faE i %, Sanchez-Jiménez ZESHEAFE B
YRR T PVC N AR e 45 1 B B B SR & W e 1 ik
Bea, JHC AR TR RN = S R B O 3 AN R
P LB SRR 0L, K 2 2SRRI 3, K3
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390°C, Z_ABBURALE 390~550°C. FiFf PVC 1k
HAR A AR AFIEAAAE, H, PVCup.es K HALZ
HHZRTE 304 F1 477 CHIHILH AN, B Kok HE 2R 55 7
N 22.58%/min 1 6.84%/min; 1] PVCs.es % EAF AR
ZRAT 309 1 474 CHY HBLF NI, 5 KK B R BRI,
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Fig.2 Weight loss curves of plastic thermogravimetric
experiments
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5 PVC AN, PE, PP, PS Al ABS HI#E L —A
MrEt, PE (MM EERATE 430~530°C, 490 CHIFIK
HREK, N 58.69%min. PP /i 3 B kA& 4H
410~520°C, 475 CRIHIRER K, N 47.94%/min. H
IAIE H, PE L PP HA AL R I # AR € 1% . PS AT ABS
()0 R T R AR TE 360~480°C, PS 7F 433 CIFHIIL T
R ER A 41.12%/min, ABS 7 435 CHFH LT ok
REFN 41.13%/min. 5 PS ML, ABS WAL s 5N
TRPEHS &, REEAAY, KU ABS #VRE ERS T
f T PSe T LA BT, Al H 6 FPEEH FER T T K
YN PE>PP>ABS>PS>PVCs.65>PV Cip.s-

3.2 JKIHEMHRT PVC BREZERFNT

3.2.1 KRN PVC i &R I

KPR EXT PVC B mseman B 4(a)fiR. 15
210~230 C (iR FE T Y, PVCrp.es 1 PV Cs.6s i S B
K AR T 2 IS A AR 3 KRR 210 °C
2GR /7 1.91 MPa i, PVCup.es fil PVCs.gs FI IR 50
A 1.84%F1 2.04%, AL THAKMIKF. X2 F N PVC
(AR AR/ IR N 220°C, 210 CHERAERSHIR PVC H
Gaimtaert, R EREL. KGR E T2
220°C+ SEEGIE SIBEZ FhEi#E] 2.32 MPa, PVCup.es I
ARMEKZE 67.99%, HEKEHN 66.15%, RIFTFEKH
T RAERE PVC BRI KB R . PVCs.es MIILER
9 3.25%, THIRIGK . —J71H, PVCses bt PVCup.es F
A R ERE M, BT DU R K IR T, PVCsies H
G SRR, SR EBAK: B — 7, PVChpugs
ZRERBIEMER, BNETEREE LR, 1
KT PVC SKMEARTF, A FTF KA PVC WEBIE,
PR T AERAR U S, KT SRR AR . KRR
TFHE 230°C, SZHJE 14 2.80 MPa I, PVCrp.es R 52
RYRLLIKIA R 82.35%, (HIGKE TR 14.36%. It
B PVCses HIBLE R IHE A1, A 3.75%, B
PV Cs.os K it AL 4517 B2 5 T 230 °C o T PVCuip.os 1
PV Cs.6s H A A [ [ 8 PEA B M, BT AAE K FOR
B s iR A, MK EERT PVC A
I FRIRIERT, SR AETBARIIKF . PVChp.es KHU
SURGEE EAE 210~220°C 2 [0],  [A] b 24 7K AR B N
210 CHH 2 220 'CHY, PVCupses MM S R HHIE K
PVCsyes 7K #4 it &2 U5 iR 5% = T 230 °C, B 7E
210~230 C 7K R FETE I A, PVCsues LS Z
.
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Fig.3 Weight change rates of plastic thermogravimetric experiments

3.2.2 RIEFTEIXT PVC BSR40

TEI I 7K R L 25 1 T, S ORI T (7] 72 (2 a3k
PVC iR KM 5 — R R . fRIRR X PVC i
AEM I E 4b)Frr. TRIEE ] 1~5h, PVChp.es A
PVCs.es it 5% B il B 18] 2E 4K 1) AR 34 20 N = A4
FIRIFT B, S — W BON ISR ARAE AR B, PVChp.es
FELRIRITE] 1, 2 h BIBLEEE S A9 0.80%A1 1.04%, &
A BB AR I SR 71 T PV Cipoos ZKFA Bt UK AR AR IR, R

N T IE BB SR AT R — € OB ] . 5 PVChp.es
FIF, PVCs.s BUECRIERIEAS A 1, 2 h oAb FHHKK
o, BN 0.52%F1 0.71%. 25 i BN i Sl ok 1
KB B, PVChp.es Bt R EBAERIRIN 7] 2~3 h KA T PRk
K, M 1.04%HKZE 67.99%, MKEHN 66.95%.
Jo s MEECRAEARIRINTA) 3~4 h PH4RLEIEK:, M 67.99%1
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472 U = B

20 %

BK, M 0.71%H 2% 3.75%, HKIEEN 3.04%. i
BRAELRURIS 7] 3~4 h PP, I 3.75%38 28 85.58%,
B KM T A 81.83% 0 PV Ciiposs Al PVCs g5 it 5K Bl
PRI [R]85 B 7 PR I B, {HL HH B PR R )
A, PVCpus fE 2~3 h P, PVCs.s7E 3~4h 4, 4ff
UL )/ 4 h B, PVCip.es Al PVCs.es HI I SR LEM A 7K
o PVCs.es E A H R IF R E VEFNIR 5 AR, P

DA ] 7K #1380 [t 52036 7 TR A 1R S [
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Fig.4 Effects of hydrothermal operating conditions on dechlorination rate of PVC
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Fig.6 Effects of mixed plastics hydrothermal on dechlorination rate of PVC
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I ARSI, RIEERI RS R AR 5K,
PIFRIFE A . PV Capoes PR RRURZE T HORRE L IR 2K

HF A REER, TR BERR, AN T F
B LB EEH o PV Cs.es MARRUR K AEW] R IZAK, B4
EERVER, 5 PVCupes MLL, WHBSLERED . XER
NPFN PVC A2 EMEATE, PVCap.es #VERE MERLSS, 1E
SIS T AR AL T 58— 2B, HCL AUARR& 742
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20 %

S, R TR AR K AN P A LR S M I R T
PVCsgs A MR8, AL TRl B, SR RAUK
BB, NEFLER R . KPGEREF, BT PVCup.es
Az, RIEIKER, NEER S RILBREN,
HRITHEI/K S SR AR EIAR, 32 sk PG s R,
MRS T PV Cses MRS R TR GT, IR PEES
7, MFEZFME TR, MM ERmADN, 5
PVCup.es fHEL, 7K5 SRR AT D, AFIT
SRR S5 RER I, NRHCE S IS, PVCs.es 1
SONLZCAE TR AT, B 1) 7K AR R B K P SRR
8] o
PVC /KA A HCT ¥ 25 &8 3 Eg 4204,
S M B 3= Bl i v B L (Zipper Mechanism), #H45
Fy A s TEE iR S C-C MIER-H-F1-Cl-, JERL
HCI LSRRl RN R E R HCL A%
TREFKPIER HCL IR, Kb G PVC A
MUEFEA N HCL W eI . HCL R I ECh
PVC /KHAGEFE A BRI A8 A, BTS00 iR R,
PVC 7K HGTFE A 72 A IR AN 45 1 SR A 2D, DR S =
Yk 2 s AP K oR , FEE R (e R A,
S — ML B A RRRE, JF B RAATERE . SR
A TR B 77 o AR R o7 2 5 R R R 1, HCI
VST TSR K #oR R IAE HLE AR PVC
K. PVCupes 5 PEIRAN, PE &7E PVCup.es R [HITE
M—MMUEE, BEE PVCupes THVATUZNK, PE (5
ER M RORETYE . PE AR AANE] T PVCup.es £
FUEZMC, i BLFHES T HCl S K b ik, PR AE TR &K
I, P EBK . PVCss 5 PE VAR, PVCs.es ZRIH
[FIFEERL T — PE BFE, H5 PVCses FAAEAH
E, PVCs.os FUR A THONIZAK, THE R~ B BRI A
FLERGE M, M EZEE I HCL SRk, RILfER A /K
A, PE B INARIE T RES I RZIK, S T RE R I ELER
i, BT KRR ST, MITiHEE PVCs.es it
AFX. Pifh PVC 5 PPIREARS, PVC Fl PP SE4fl &,
WRUAR R A R IZRK , T ELYE PVCs.es R IHI PT AL EE 3 3%
o PP JRZ, PHES HCI ARt , Bk PP s gl
#] 7 R PVC KBS . PS 5 PVC JR AR, Wil
KIE 4R, PS {2 PVCs.es #IEMK, MiHH] PVCup.es
PN, SurPdaALL, RIER T — 2 IR, Hi
IR R AT & . 5 PVCses /KIAHEL, PS i
HE PVCs.os FIPZAK, FRKIAHR IR B FLER 58 K0k
TSR E . WRE/KMET, PS i1l PVCusss MIEZAK,
FERTAER /)N, 5 PVCup.gs AR AR L, i S
PVCup.es 55 ABS JRA/KFANS, A Z 2406, B3R

THFLB M A JS 1) ABS 3 %€, HCl SRR H 32 IR,
TARAEE S R S B EAG, BSEAK. PVCses 5 ABS
TRA KIS, R AR 2R 3E, HRIFEE N
ABS %, HClAARSMNGRSZBIPRE], DA i 052 BR )
it SHAR

4 %

AR PVC H S MERAEE—ENER, &M
PVCug.es fl PVCs.es TENIEMELIHEE PVC H SPERE. K
PR SO TE 7 ORI ] S A9 B %o 7K R S
R . (ERENRA/KASLIEH, BT PVC Hl
Y5 PE, PP, PS, ABS V& /K #lit & P [FI 208, 453000
ghib:

(1) PVCupes #MF2EMETS, STHMBIUBKER, K
i SRR A 210~220°C, ZKHRGEFE 220 C I i
RIEARURIT ] 2~3 h BRI PV Csles VR E PER,
ZRAETIZIKE N, K SRR IR =T 230°C, K
PR 220 CIN I SR AE DRI 18] 3~ 4 h PROEIE G

(2) PVChp.s 5 PVCs.qs #E2 8 T 22 7 A2 T BUK #i
AW RN E R FEAN R N TE R 2R . K AR
PRGN [ A0 B S AR BE 2 52 PVC B S IR DG B AME
K25 PVChs.es 55 PVCs.es TEIMAL M 5 H ) S 7K 4
WRPEHRAE 0.0417 g/mL.

(3) HRHRA KIS BN A o 7S50 561
T, PP 1 ABS XIS PVC KHGTFE 1 & B B
IR, PVCrp.es M S BRARE 2518 71.66%F1
70.96%, PV Cs.os i 2 FEAKE 7377 8 19.05% 51 18.15%.
PE 1 PS X} PVCup.es S IBEBREIPHIER, I S PRI
BN 71.06%H1 43.06%; 1M PE A1 PS X} PVCs.gs S
(0 5t B S PR VR, e U T s 23 il v 8.20% A1
46.70%.
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