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Fig. 1 Number of the publications searched from web of science about CPVC-related topic since 1950: (a) patents excluded,

(b) patents only.
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Fig. 2 Chain structure diagram of PVC and CPVC.
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Fig. 3 Scheme of chlorination of the structural PVC unit.

EICPVCTE—CCL— & &, k¥ PVCIFHI A0
FOTRIFNEEFE PR 25 MR
LR, % 5L 7 41 (mm/mr/rr) S TE A
I, CCL& AN AR MEIERIAH T 2K
BIFIR) M5 PVC & & [0 T 51 (rr 3k 40%~
44%); FESHH T2 (AL RS E ARV 28 5 Ak
¥ % & = %1 (40 [220], CH,=0, CHCI=I,
CCL=2), HERE PVC )T AN, 1% 5T 3R BH i
ik U A R T (i R T R T s b —
CCL—E %), ML CPVC KT #vi: 5 n T
P, N TR T — iR T

FHE AL, R CPVC HI AL S AL EE 7 i
FARE FEA TG — e, (HNCH IR
RIERE, HIext —CH,— &5 kAT SN
IV R AR Z RN T AN, B TEE R
MR A —CHCl— 45 M B2 5 &I
N7, A EE A EAR I AL R BRI R F A
[ RRNSYSY S
1.2 CPVCERIEZfEN

CPVC# WM& R T EA wmik. A E Mk
KA RIFIE . B FEAELPVC (1) E & P2 5%
HAI#5H CPVC B REF=A4E B2 Rem, N 7153
TR R CPVC AR, EINAMA R K — e
TER B ik F T &AL L& F PVC AR .l
WINA: T EALH PVC WIS SRR R A% 1E
A3 RS YE L (100~300 pm), = FLBR 2.(25%~
40%) F1 15 HE T AH(5.0~8.5 m/g), LA hn &< A
PVC 4 Jig (2 b T AR, AT FRAIE SAK I ) 78
Gy AT B A S T,
1.2.1 ¥k

VB R e AR E LG VEA A vl i R

KA R CPVC [ T2 %A Bl & CPVC a2
I PVC AR R VA AR 2 RIS (i — & Sk
P&t DU SR B AR SE), @A E AT
FAIR L. R A6 5] R B ot 51 &7 51 &
A EmE, MEABHEMPVCKAERH
BB, TSN PVC FI &AL 2 CPVC. [l
Jagidid g, vikE. TRAERICPVC B, Eib
T3 IR R I 7R [ A L VS VR A A 4 CPVC
W J7 7 1 R BEAE T IROBLIR W) PVC B B
PVC IR E X A A SR MANY SRS
HRP= A W B A

K FH ) £ B CPVC A iR 5 U
IS FNEfRYE, && TRE A HEM A 455
CPVC 7= b I . AELIE 05 1) 46 100 7= i 4
WAL E R ) PR B R AR, IR & T V5%
Bl R, I HH & A BOd R R R X
RIEFH, 5B AR KFE B AR R A0 751 m]
W g, BRIV L 2 Cg B Ik
1.2.2 A [EAHE

AL T ZE R B PVCH BN RN
AL IR SRR R R A5 H, BN, R AE
T IE R AR S RS KA R S R E AR
L, PVCH A FH SR R A IR B35 Hh 7890 42
fiilr, I KA E AR PR CPVC. & U CPVC
B BRIER AT KPR TR S 1R B A

o, SONIREE. WA SR EE AR Bk
TE SN HH IR 23 1) 3 A #AR O R FE sz e 1 &4k
RS RE . B S EAE E ARG &
SIPEELZER IR R, 1M K% Cheng S8 B G N7
1E 28 UV-Vis Z 4t 52 if W A J5 L+ 7 H (DB D)
LEE TR CPVC & M shA I f2 . oA R B0,



1930 [T

R 2025 4F

DBD % B 78 51 R = B a2y, w
i 7 #4255 AU V) 5] R A AT 5 1 i 3L
S B A B B AU e R A L CPVC, R
FINRIAR SRS TH IR SRR I B R 3%, TSRS 1
A o JURL % T o5 1k g — 20 e i T A A A
PER8), Bt 5, Cheng 25129148 H 1) FH &5 85 -1 A 18 24
AR N 2 SE A [ A i CPVC, B 46 5
TEPUE S| R G8RE T DT, BIERS
NI R S, RAAEME T 24
AR &S EIL 67.5 wt% I CPVC, HHEA %2
(o0 A AR BR R 25, 1t RE R R Ak CPVC
P RE MR S S EPVC kLR T 5 A AL
ALY, TERRAEEPERURL . Yang 55BR HL CPVC
(IR R 32 70 7 45 F(CCLy RURE . BRI & &
SRR N FFEEE W fRE)N
SLEggm, IR S AR, AT DA A H
PHEANIZE B B R 471 CPVC.

S ERK BRI, SEMEAS
HEBEPIAEFIECREK, TR, A
KB FIA R EE ) . R E AR AN RR AT
AFRJE, RHrta] DUSEELREICRIH, PR ORPEE
U . I HACTE ARV ) H B FE AT 7K BE AE AR LUK
TRESCHER . BRI, AT AR R R A P Al R
T2 B GG mA A SR
FR BN A [E AL L E T B 7L E Arkema 24 5
RIHFFRH kA CPVC, HEWAH LR A FH
T 24 i CPVC, 1 4 58 RO & B A PR &
H L BN A AL SE A R A B AL D5 BRSO A R
ANE] LRI, AR AR R B A BhS s AT
AEVE B FH ) 5 2 L 45 4 52 2 L 0 ARG 12 52
VIR O . PR Gy . R SRR AR R
W A EAmHAELES . & S
ZEAEGR L BRI, AEAVE R O E R
CPVCHM T Z.

1.2.3  JKAERE

KA BT M AT 4Bk CPVC TR & T
2, EIEK PVC W IR Ry B T K B 2R
PR BRI EA, HEAT S AR B P
CPVC &I I R/KBE . AR BEA B0 7 B FF T
CYSECE oAl

KAFEIRZ R — N A W =R R
B, PVCHFE BV P IR R OCH 2. WKE
AT, SEARCERAIR AR, AR TSR B

17: WEE MmN, AL BTN A HANH T8
W, BIER PVC B IFIK N 15%~30%. S 0E
IR KB 5 I S 6 24 CPVC 77 i i
BT e MR AE . Li SR BUK A B i
RN RN S, AR R, RBE R
18 SRR S, KRR, L],
SNk AR I AE 80~140 °CH Ny &,  H S ML
¥ 58 R VU IRB2, Zhu 2538 1@ 1T 43 B (45~
55°C. 65~75°C. 80~85 °C) =il ;x MR JE, 4
HEOOMAMEALF], IR MRS b2, 15
P S Em s, #Aae g CcPvers
B3 KAHBIFIE T &, 1R MR R IR K
A0 DY AL B B A7), BE R R A BN R
204, Chen SEBSA - R ] 7= PV C B4 Jiig Bz i JE A1
FLBR AR AME LA 8, @A 1,2- 28 4
Bt e BT, RAMER R T IEME St
WEI R, EEMEKEMAEE T, SZB T CPVCF=
VIS 1k 70.86%, HBA KAWL . AN
fR A A A S EA LA, Qian
SOOI YA R FH R I 57— S A R TR I 0 )
AFEPVC, i KA B VR S A B I
Ft CO,- A i T b BE AT A5 20 A IR PVC 3R THI i 2 I
FRAHILIR, B RAE MRS MIE
P . 118 CPVC & & &15 0.664 g/g, HAZEHTF
BT T TR e

I BVFE IR I S E KT RER R &
P2 LR R BE P AR 20 20 W R K L R Ik, K
FHBIF IR IR AL R AR H S H . H AR AR X
e, REPELE, W DUE RSB AR
W, MR R T Hh % ) CPVC 7= TP &
&, LU A FE S = CPVCH i N 7K .
[F, TEKMEFE LS H, S4¥ys)Enr LUE
P AN TR SRS B PR AN S B N ok
BEAT AT . H AT 28 CPVC 27 i K KM B
R, 2ERCPVC & kALK It
HEE R CPVC, BiEEEBEREAR . HA
PUKAL 2 Tl Ak R 24k i H A S e bk Qe ik 25
5 A Al Al 2 SR P K AR B, 0 i SR AL
TRWAMRAA . RS ELERGARA

00

2 CPVCHIKEM R E
CPVC FHEME RSB, SRR T,



1134 KIS

AR LI N RRL 2 DhRe A6 B2 RO Fet e 1931

D% AR, BRERHCL,  HR A TR K. B
WF A 5 B W14 % CPVC BRI T Ak BE K 1 1)
A, ARSI T TR TS . E AR At —
WHE T CPVC 5 Z MR E Y IR R
Fi, DL R S B A S R AL R,
CPVC M EIA & B RAT N BRIAYE . SR K&
it Z A1 RE AT 2 T T IZ AL
2.1 CPVCHEMIMR

CPVC HHi A EHUKE . WK E R Tk
B LI T AR A L CPVCE A
A ORI 2 205 45 7 it P 0 2 R FH 5 HE I T Rl
A, {H CPVCIEMREEEARK, X h 43 (1 4 H
HUAEHEH T E m R E R . H CPVC R 5 # B A,
I TR H & AR, JCHREDNEREM B
A7 AE K Pk R, Martin Z5078F 78 K B/
HZCPVCEMF R HEL TR E, BF
JEAE A Y TR, BLSREl/NRS) CPVC & M 1R
B RPAT SUBAT B T 5 B ML AL s 45 H 1
THRNHI G — e 32 BRI, TSP A7 BB AT XS
CPVC X R BV A RE I B B A RO U Be).
T 44 T SRR AT 455 R AL S P A 2t 48 L 2% — i 1)
Feffy, HOEER RS 2 BEE & AR, X R
T 7 HEXUE AT 57 LR 08 AR E R HLAE, H
TEHF 1 T CPVC A ki B A B & 1 4R #4000,
Bian“F] F§ POLYFLOW X AN [] 45 #4) fit) 4 71 B2
FEBF R AURT L A3 #T, FEEEAT T BUE LR BT
WF 5025 AR B T B BB S0e 4 7= A2 1 85 DR
BN, AR T CPVC iX 28 6 85t 41 8
Bawiskar SE4HE H [ 57 1) HE 00 4 Rk B 1) 28 4k
fign iz AL B S SR URLTE 57 1) WE AT e 5% R B R
= AR BB VEAR Y, DR S I A OB A 5 LA
AT H N T CPVC AL, QuSERIg Y 1 i 4E
RARBLAR AR B TS, R R T KREL.
BT AR AR A FOME S, BTN TR
1Ol O B LG O LR CPVC. 5
FE S8 1 HE BT DI sh AR L, %8 % B L
FEEIH DOESLARRA R AR £ T AR
WmEN “aiiy” BRARZN A ax e
(o B« REE IR B HE AR . VR AR
WA REREAR S A WAL Rk — %) CPVC 1E
IR A B AL AT T A FE42, Sy CPVC
I C3REERIR S, A REES) T CPVC I RAY N
TAUK SRR .

2.2 CPVCYEE4LREE

BT ESN R EE N ST, IR
FFE T CPVC A& &R LIE, Hd, 55
ANFIRERA4, RBIRERY). PVCIO, NIRIE-T
T -TE L LB Y (ABS) U4 AL R 2
(CPE)3481, 58 Ffl JE P AA 2 1 I (PMIMLA) ) &5 4
BATYHSNE, CLSCELE SRR IR AL AN B
FAHT. —Mims, 2T CPVC YIRStk
WEETUT=AHM: H—, BT CPVCHE
WA, BN T Hvda ez, MR
ORI ARG BETEAR . 0 T RE SR AR ARk 2
# CPVC I LA tE, PASEEUIN L fE Ao 1
Ja =AM e, s ABS. PMMA.
PVCEYHILR; K=, HT CPVCHEHHY)
PR, SRRSO R E AR, RN SR
FH 0 4 5 5 1 A R OR 2038 CPVC B 9018,
ABS. CPE K PMMA %; H =, i T CPVCH
1% 60% HIAAREL, AT MR — k2 A 5
BRAPRL, TEPA A A M RTER ORAIE N, CPVC AT
TR A S BAF IR, oCE HoAth 5 AR
BHIAPERE, WABS. REeZAR].

Georges I | CPVC (A& = 67.2%) 5
ZAREEMA A, FFARE: SREEM T
BB A EE R LE>3 1, RO WBS(PCL). RO
O EERE(PHMS) 5 a-H J-a- 1E A 55-B-TH PN T
(PMPPL). XM H&(PVL), 5 CPVC B A& F
FHAEPE; W H B/ Fe R B R L3 B, RO R
L ERS(PEA). BT MR 4 —EFE(PES). M %
B-RNER(PAL) S CPVC AHIZS, ESE T S m &
TR T CPVC 5SRBEMMHTAER, N¥iHE
PERE CPVC/ RS SRR AL T R s .

Marvin 2558 T PVC 5 CPVC LR LK
AN [EV AL E 1R CPVC LR P I AH 25 14 . 1 98 R B
SR A AR 25 1 S B CCL, 3 A BE 2R 4 $ (1t R A
A& E)E, CPVCH CCLE & 1.5 mol%
(HEE 6%, MAEMEEE TR, T EE
CPVC (A& 69%), Hfi CCl, 2% 51X 6.6 mol%
T RE R FFAH A ME . IR A ) 4% 1) 294 CPVC
LR Y b B VR S AR AR A CPVC AH 2 P
C/S

Neill S FLER T T )L 5 B IR 16 220 SR )
K ALTEY) 5 PVC J CPVC [FAE M . Y S0 A
B R R R (TCPC) 5 & & & A T 70.2% 1



1932 =

n T

R 2025 4F

CPVC K PVCTERTA LU NIMZ; M & &
F70.2% 1 CPVC | 5 TCPC AAHZE . DUIRAU A
R R R BE (TBPC) 5 PVC [z CPVC R B H &6 4)
A, W5 A RURERIR IR (BPC). U FF 2R X
A T BB TR 16 (TMPC) S 7N SO0 iy A 78 6 Tk R i
(HFPC)5 ZJdE R G MIE AR &%) . CPVC
DR A 7 V(I R A 5 27 &) S B oW 45
P 22 S 0 AH MR 45 SR T W 3 5 ) . 4y L IR IR
fg/CPVC LRI R I AN ANE, B S5ILRWAH R
FHC.

Zhang Z54F 55 T CPVC/ABS HHR A & 17
BV SRR IES . R ARG &

(a)
Cl H [ > W H H
ColL
T—C—C—(‘—C—C
Cl

1 H H H Ca C

HC—CH,—cH—cH,

f

ABS H I S (AN) & & € T ABS 5 CPVC 1
AN, WE4AFR, AN ELE 15%~30% I,
AR AT, 25% &M aE AL . Zhang 13—
il AR EE G T — &R 51 ABS S,
I B B R 7T e S AR EE (TDDM) 1 4% ABS
(RS FE S TR NI I - I (SAN) LRI 7 7
& . JHiT ABS 5 CPVC iR, #FAsi RERH
ABS FH 355143 85T CPVC £ 4k, i TDDM &
BN, CPVC L5 SAN [AHZ MG o . phhi o g
b TDDM & & 39 i £ 30 Je 1 5 ek e 35, 3%
BAR AP A S KA IR M — R 55

(b) 800

600 core-shell ratio of 40/60

S
400 \

v/\.\

200 / core-shell ratio of 70/3N\

izod impact strength(J/m)

1 1 1 1
0 10 20 30 40 50

AN content in the shell(wt%)

Fig. 4 (a) Intermolecular interactions between CPVC and ABS; (b) Influence of AN content in ABS on impact performance of
CPVC/ABS blends (Reprinted with permission from Ref.[47]; Copyright (2010) John Wiley and Sons).

Liu ZZOWF 7 7 PMMA # I % CPVC/PMMA
& 4 WHLIE P RE AN B Tk B B B2 . F 5t K
PMMA 5 CPVC A5 AH%E, 4 PMMA W&
915 43, CPVC/PMMA I8 4 i ok o 5 43
FPE R, IR TR I RO LA 08 B A 2 PR
b5 PMMA & & 1E 5, &4 RN RR IR
B, RIERIET RIS .

2.3 CPVCERERXM

PRl LR FH — 2 S B M FRLAAS CPVC 4y
THE AT B A M, DA O R 1
PERE .

Zhao ZEWIHF R I K T —Fi PVC 5 & 406
(PE) SRR LRI T2, @ 5 &AL
HERINE R T CPVC 5 CPE R 3L R . K H
Z LR . . EACHk
WIBAR o T 450, SRS EMTTEREAR. X
FhEE MR T RS R ERE, BT 2%, £HA
MUAAIEE R, LT &S BIEHFI A

Wang Z550% F A% 2L 3R 1) 77 Uil 4 T CPVC

BRIRNEEARIREE 2 . B — P RINIFIR(PAA)
A CPVC i J Az 4% 77 il % CPVC-cg-AA,
55 750y i A AN RN R R R R R L [
B EIHFRIR EIL TR . Pifh CPVC FRIR b ek
WIS ARR T, LRt . BE)S, @i
R R 3L B Th Be Ak etk CPVC, i Th il 4 1 o A
CPVC BRIR 5 1 R A W(CPVC—CO0—). i J&5 1
WA, B4 B (Zn2 ) FR R % 2 T RS B Y
% WARHRBERAGING, BTFREMNIE
AT SIS A AR T FE (T 3T 15~20 °C. 24 Zn?>
FEEN 60% B, A4 KL A 38 B2 38 2] 35.2 MPa (¢
4 CPVC 1217 58%), WrZ K R LR RFTE 210% LA
v o Ll 1 G e R e A B X N O E e
oy, AR Rk R] B 2L 6 v i R s ) 1

Li 5501% F J A7 #4307 0K 1 SR R I 4
FICPVC or Tk b, Pl s MR R G SHR
AIAHLEL, CPVC 4T85 I 1) — CH, — RO B hi XUBEE
GERET RN, PR AT e e P 15

BB .



1134 KIS RARA LN NS B D se A0 R BT et i 1933
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Fig. 5 Schematic diagram of the self-designed apparatus for the solution spinning of CPVC (Reprinted from Ref.[13];

Copyright (2020) Open Access).
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Fig. 6 The formation process of CPVC-derived carbon fiber from CPVC (Reprinted from Ref.[13]; Copyright (2020) Open

Access).
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Fig. 7 FTIR analysis of (a) CPVC fibers and (b) CPVC-
derived carbon fibers (Reprinted from Ref.[14]; Copyright
(2021) Open Access).
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Fig. 8 Schematic representation of a film/bath interface: J,
is the non-solvent flux and J, the solvent flux. X is the
position of the interface between the coagulation bath and
the cast film (Reprinted with permission from Ref.[72];
Copyright (2013) Elsevier).

T K 2 Su 5K F PVC/CPVC F R A kL
il g IR IR, I AR R b - BRI
ft- B e — ik B AL TR W (RS & 4 Pluronic
F127)F1 5 2, (7 & 44 PEG2000) F 93 T 2k
PEFRI AL A, DL S B &, PSRt
Pluronic F127 B8 1% 11 i 2 1 SZ B 5 /& 1Y — CH, —
CH,—O— FE Bt 75 . i 35 A4 kL CPVC 1 B
Bl FI 3 =, PVC/CPVC FE TR R () 7K 3 &0 7 $2



113 ks, SALRE LM S R 2 T AL S I 7T 2 1937

[T I B - S i R e R S A RS N < B [
Pluronic F127 ] PVC/CPVC FLiR I #S B A 8 53 1
PriG G PERET). Ak, W FLN 51 BAPVC/CVPC i
MRHE £ 17 17 IE F AR IERR, FEA T A3 & A b
RN G R K, ST AR SR R I
WA AT . R, B SEEL T R85 pH A Y 1 Yk
I8 B 3k 2 R 100% PR F %6 AF 50 N B i i i 5|
AN TE TR B AR PGPS R IR, DA
JEE (R BT Gy fe 704,

T Tl K5 Wu B 78 [ BA R B 7 — BE AR
A CI-20- 1L BB B H AR IE (Tween-20)E N &
AR, R SRR S AR B 2%

(@) [ wmo

) CPVC JESE MR T oy B fe . 4R, &
G IR BB R S SO R, DRGSRV 3L
BRI 5 7 AR 4> B Eh A0 . IR, 4% B A e
IFLER R AN FLAR I 5P (B 9(a)). FT3RT3 CPVC
EE M S I T Sk 955.2 L/(m?+h-bar) B 46 /K &
i, I & (BSA) B i it 95.0%, XHL
18 L T 7R N 57 1038 (1 CPVC IR i 11 1%, 539
FEUEMS A 2 . kA, BT CPVC IR A A
LA A G AR T, FT3R15H CPVC itk
P RAFIIBT S PERE . R AT IR AR e PR AN B A fa
FATERE(EI9(b)), FA Bl iR 09,

(b) c N A: Deionized water B: Lake water

A B A B A B A B A B A

| 9
604 ) Y

°
° o ° b

Normalized water flux (%)
g

w . . ) S Ran, Sy,

0 5 10 15 20 25 30 35 40 45 50 55 60
Operation time (h)

Fig. 9 (a) Cross-section SEM images of CPVC membranes with various additives and (b) continuous running and reuse

performance of the CPVC membrane (Reprinted with permission from Ref.[15]; Copyright (2020) Elsevier).
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Fig. 10 Schematic diagram of preparation of the membranes (Reprinted with permission from Ref.[16]; Copyright (2021)

Elsevier).
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(post-treatment)
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Drying Heater
Non-woven PET
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CPVC + tetrahydrofuran HPC solution winding

+ lower alcohols

Hydrophilic process
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Fig. 11 Schematic of membrane production and atomic force microscope images (AFM) of the T2 and B2 membranes: (a) T2
surface, (b) T2 3D image, (c) B2 surface, and (d) B2 3D image (Reprinted with permission from Ref.[76]; Copyright (2015)

Elsevier).
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Fig. 12 SEM images of CPVC membranes prepared at different cooling temperatures: (A) 0 °C, (B) 20 °C, (C) 40 °C,
(D) 60 °C (Reprinted with permission from Ref.[77]; Copyright (2016) John Wiley and Sons).
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Fig. 13 Schematic of the working mechanism of a lithium-ion
battery (Reprinted with permission from Ref.[79]; Copyright
(2016) The Royal Society of Chemistry).
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Fig. 14 Schematic of the segmental motion assisted diffusion of Li" in the PEO matrix. The circles represent the ether
oxygens of PEO (Reprinted with permission from Ref.[95]; Copyright (1998) John Wiley and Sons).
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Fig. 15 Schematic of the preparation of GPE pouch-type stacking full-cell (Reprinted with permission from Ref.[20];

Copyright (2020) Elsevier).
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Fig. 16 (a) Schematic diagram of the proposed co-treatment process; (b) Interaction route of PVC and LiCoO, during co-

treatment in subcritical water (Reprinted with permission from Ref.[22]; Copyright (2016) Elsevier).
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Fig. 17 (a) Experimental design of proposed leaching process; (b) Schematic mechanism of the reaction between CPVC and

LiCoO, in hydrothermal subcritical water (Reprinted with permission from Ref.[23]; Copyright (2020) Elsevier).
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Table 1 Comparison of cost analysis data of recycling cathode materials of LIBs from reported studies so far.

Leaching efficiency (%) Consumption amount of Price ($/kg

Reagents with cathode powder Li Ni Co Mn reagent kg/kg cathode cathode material) Ref.
Acetic acid + ascorbic acid 99.07 96.61 97.50 95.93 3.26 5.81 [115]
Acetic acid + H,0, 99.8 N/A 997 N/A 10.92 54.63 [116]
HCI 99 N/A 98 99 0.41 9.69 [117]
Malic acid 99 N/A 98 N/A 10.06 11.13 [118]

HCI (used as control data) 96.21 97.56 97.04 98.12 3 70.92
PVC + water 97.08 98.57 9821 99.16 3 1.2 [25]

CPVC + water 99.13 98.10 99.30 100 3 1.23

(a) CPVC/PMDI blend CPVC/PMDI blend foam CPVC/PUA nanocomposite foam Carbon foam

Organic.
Semiconductor
Materials

Fig. 18 (a) Schematic drawing for the preparation process, upgraded method (Reprinted with permission from Ref.[120];
Copyright (2024) Elsevier); (b) Scheme of porous carbon blended organic OFETs-based gas sensor (Reprinted with
permission from Ref.[121]; Copyright (2024) Elsevier); (c) Schematic diagram of the CPVC/PVP membrane, along with the
ion-transport mechanism (Reprinted with permission from Ref.[123]; Copyright (2021) Elsevier).
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AR E K FaE . 5IRG CPVC AR, #HbBE % HIhTE 80 mA/em? AR T IS AT IT 300 IRTEFE,
JEREM A B BRFERRAR, HF AR A, £ KU CPVC/PVPIEEAG T IR v X
625 MV/m Hil T2 9.4 Jem® s RE 22 BEA PR RRIEAT R VEB R (1 1 e 40t 1o ik
82.7% TR AL ZR LW AL NP RE kv & Jd@ 1k RS b R e BAA B .
%ﬂﬁ%?‘r%ﬁﬁﬁ?*ﬂﬂﬁ%El"]ﬁ%ﬂrﬁt%f@%. H 4 HEEEEE

] b 2 B R A 2 ) BT T BT Li S 02830 1 —
T LA {12 1 H BEL AN S5 9 1% RE 1Y) CPVC JEE ALER B T CPVC MBI R IR, M
F T AP i (VEBs). J8 % R e B 2000 551 10 B A A B AR W, $2010 4E 5
(PVP)5| N CPVC i, il FH i B 70 g 1 A4 WF=REMIARWT a4 535 43k 4 e
TR AR S B T S (B 18(). T ARIFERE, CPVC P K & B AT b i & il
WIS BETE O B P IR S TAREIEIE, & MRS AR R RIBE RN AR S48 T A Ak
RESE T 2 g R U B AR B AR O S 5. T CPVCEAL M IHLEE, Gk B R AAY
UbAh, B ARAERR T SOD RTINS EE e & 518 210 CPVC @& 4 14 1 45



1134 KIS RARA LN NS B D se A0 R BT et i 1947

¥, MM CPVC AR 2R, 1] an 5
T, RUEMERIN TS, B2 UiE CPVCH KL
(R ELAR R 375

AR HFE T CPVC AR NS ¥R N
FARORE FE Bk, 45X CPVC A RHEE A i 1.
BT PEILIR G Sb . fh 2R oot S A
AH I 5L . CPVC BT £ FL AL 5 1 BE A % BE
i vl RPN A4 572 T S 1 R, R D R LA R
TARKEE. HHEEMTIEESERS, F
N ER B R S e R BN .

{H CPVC [ R FH iz A JRy B T S el v 28k
AR E A T CPVC I RAE L MR Th
ReAL N, B35 CPVC £F 4. CPVC i FL I -
CPVC EREAWIHMAR . CPVC {E A £ R IF i3
BB RIS SE R L i, CPVC 44 B % iR
BAL I A AR BRAR B AT 4, 35 R VR4 Tl B4t 4
oK, BRA e &R AL TR R A 2
251 CPVC A JE LR 556 5 AU R AT B A T K
WhER Je oy AR, WoR i —E MM /1 CPVC
VE R AAE BEIEAA L7 £ Pt R 5 S 565 0 LR IR
(PIRLHT, 2 BH LA A REBA 54 LA o B A (17
71; CPVCAEAZRERYR, 6 FH LI F 7K K IH
LIBs HFi2 A E Li Al Co 25 4, Tk 4R
e —FMERAS . mR. PR IR S A
ELES% N

JEHE CPVC AR KRB, 39AH LA
7 TH B I RN AT B, E CPVC _EiE

BRI TR R I REAR IS

G . EH 10~20 FFE B A 7R = Be B T
AN R, AHSRTEBORYTIE I R BV ST E 4
CPVC &R I, ENKHEFETLZ] KX
se kT CPE A U N k%, HZHCPVCHIL
" HZ B HAR%CPVC & H PVC i M kL& Bifig
71, I CPVC & U & F I 3% B R T K
CPVC % H PVC JEHM EH2 A B it 78 1 P A~ H 22
JiTE], AKX T CPVC A i L 2 I 78 81 A2 4
/INCPVC &3ty JE 4 R 22 B ) B8R4 . H AT X T
CPVC 1) Ihae A S 1045 B8 76 i HA SE 38 = ot 7 b
Bt BRI e F O G . AR A S B R AR R
F B B EEAHE . CPVC 41 4 2 i 41 4k (1) & 20 AR
F= B AT REME S CPV C JE Rk 21 4 5it P55 RIS 1 (g ik —
WEFERTE, CPVC B R RS K THI AR 1] % 1) 55 5 1
i, FSREYERENESTHSRE
v 2500 A2 P 5 Y AR . SRR 2 Tl P AR 41
YRR TR T A L ) 75 R % R A F b ) ]
W s SRR S BRI, SR TAEE L
FBHEARTFKMILFESZS T, XL CPVC IRebRL
FAERREIZE A AL, A 40 T R R 75 3Ry ok
QUF R S . bbb, BEE BTN G AR5
I, CPVCHPRMEIT AT I H 1) — L858 N
BB aERE, B, CPVCHER N T
IR B #8 . CPVC 2 FLEI A RL L TS kA 2
#%+ CPVC BN FH T 28 38 . A HLIR It
SERFF TSI

EEBI: ke, B, 19934F4:. 20164F 6 J1 FIUJII K& F ek TR Rl el HR15541
2207, 2021 4F 6 A TAER B T R“FM BB 2 5 TR 2EBE R, SR L2207 . 2021~2024 4E7E DY
NIRRT T 5 4 R RHE A IR wl TG L R 9%, TR fE e RBHE A AT BR A
R NFBER TAE . SRS JT 1008 @ T2 AR TN, RS E ) RE bk

EERN: WP, Y, 1962484, 1992 FFFRMUN | R 2 (R AR K T2 12= 60, 1993 4F
WA TERIZAZ, 1995 FERMETHEAZ, 1996 4EFINEEK Laval Kb TR ER 2% # 5 2005 4F
BEPP R U1 A E AR ARA SN, 2016 4F 3K 5 55 Be BUR ARG . /50 H 458 N 8¢ T EER
B ARBHE LG AU LG/ F i W H /i FIH | E5K863. 973, EWIR IR, HPR T2
H. b AETESE R, EENERES TR THEA . FrEtieuts, RHESS T
i . AW Tt R b AR . AN Ty i AT T R Ge kP AIE5E AR
B0 KUY PVC L2 AR L PVC b2 B s 5 R KA T e RS 40t

BrEoR, ST TR S A — M E i TR A



1948 P M S-S 3 2025 4F

REFERENCES

1 Komoroski, R. A.; Parker, R. G.; Shockcor, J. P. Carbon-13 NMR microstructural analysis of chlorinated poly(vinyl
chloride) in terms of three-carbon sequences. Macromolecules, 1985, 18(6), 1257-1265.

2 Lehr, M. H.; Parker, R. G.; Komoroski, R. A. Thermal property-structure relationships of solution-chlorinated poly(vinyl
chlorides). Macromolecules, 1985, 18(6), 1265-1272.

3 Allen, V. R;; Young, R. D. Investigation of the mechanism of chlorination of poly(vinyl chloride) as influenced by chain
microstructure. J. Polym. Sci. A-1 Polym. Chem., 1970, 8(11), 3123-3133.

4 Komoroski, R. A.; Parker, R. G.; Lehr, M. H. 50.3-MHz carbon-13 NMR study of chlorinated poly(vinyl chloride)
microstructure and the mechanism of chlorination. Macromolecules, 1982, 15(3), 844—-848.

5 Lukas, R.; Svétly, J.; Kolinsky, M. Structure of chlorinated poly(vinyl chloride). X. Conclusions on the chlorination
mechanism. J. Polym. Sci. Polym. Chem. Ed., 1981, 19(2), 295-304.

6  Lehr, M. H. Miscibility in poly(vinyl chloride)/chlorinated poly(vinyl chloride) blends, and blends of different
chlorinated poly(vinyl chlorides). Polym. Eng. Sci., 1985, 25(17), 1056—-1068.

7  Carty, P; White, S. Anomalous flammability behaviour of CPVC (chlorinated poly vinylchloride) in blends with
ABS (acrylonitrile-butadiene-styrene) containing flame-retarding/smoke-suppressing compounds. Polymer, 1997, 38(5),
1111-1119.

SRS, R, TRIEAT . RAR R LM/ AR LIRITRIR R TERE . &2 T 57 4R, 1990, 21(3), 349-352.
Liu, Z. P.; Cui, Y. Y. Study on the performance of CPVC/PMMA blends. Appl. Mech. Mater., 2013, 320, 473-477.

10 Cai, X. L.; Jiang, T. T.; Qiao, C. M.; Cheng, B. W.; Kang, W. M. Effect of electrospinning process on electrospun
chlorinated polyvinyl chloride (CPVC) nanofibers. Appl. Mech. Mater., 2014, 633-634, 11-14.

1 BIESC B R, H 5B, A8, RiZ2¥, KE . WO RA OB YR & KL ST . & M4 % Tk, 2018,
41(4), 43-45.

12 BHASC, BRAS, HW R, P28, 0000, Ria 7, K H . SULEA OHZ LA 4L & R A5 HPERERT T . & m 4 T
dk, 2019, 42(3), 60-63.

13 Liu, J. C.; Shimanoe, H.; Ko, S.; Lee, H. S.; Jo, C.; Lee, J.; Hong, S. H.; Lee, H.; Jeon, Y. P.; Nakabayashi, K.;
Miyawaki, J.; Yoon, S. H. Highly chlorinated polyvinyl chloride as a novel precursor for fibrous carbon material.
Polymers, 2020, 12(2), 328.

14 Kim, J; Lee, J.; Jo, C.; Kang, C. Development of low cost carbon fibers based on chlorinated polyvinyl chloride (CPVC)
for automotive applications. Mater. Des., 2021, 204, 109682.

15 Liu, S. H.; Chu, Y. J.; Tang, C.; He, S. T.; Wu, C. R. High-performance chlorinated polyvinyl chloride ultrafiltration
membranes prepared by compound additives regulated non-solvent induced phase separation. J. Membr. Sci., 2020, 612,
118434.

16  Chen, G. J; Yang, Y. Y.; Kang, D. D.; Qin, Q. Q.; Jin, J. B.; Shao, H. J.; Qin, S. H. Enhanced performances of
chlorinated polyvinyl chloride (CPVC) ultrafiltration membranes by styrene-maleic anhydride copolymer. Sep. Purif.
Technol., 2021, 258, 118043.

17  Zhan, X. M.; Cheng, J. F.; Xiang, L.; Shao, H. J.; Qin, S. H. Constructing microstructures of chlorinated polyvinyl
chloride microporous membranes by non-solvent induced phase separation for high permeate flux and rejection
performance. Fibres. Polym., 2021, 22(5), 1189-1199.

18 Li, J.; Chen, G. J.; Luo, S. S.; Pang, H. X.; Gao, C. T.; Huang, S. W.; Liu, S.; Qin, S. H. Tuning the microstructure of
SMA/CPVC membrane for enhanced separation performance by adjusting the coagulation bath temperature. J. Appl.
Polym. Sci., 2022, 139(20), 52148.

19 Chen, G. J.; Xie, W. C.; Chen, C.; Wu, Q. D.; Qin, S. H.; Liu, B. C. Preparation of high flux chlorinated polyvinyl
chloride composite ultrafiltration membranes with ternary amphiphilic copolymers as anchor pore-forming agents and
enhanced anti-fouling behavior. Ind. Eng. Chem. Res., 2023, 62(3), 1390-1403.

20 Peng, X. L.; Zhu, Y. L.; Song, S. P.; Zhang, X. K.; Xiang, Y. Improved battery safety via in situ dip-coated composite gel
polymer electrolytes. J. Power Sources, 2020, 455, 227963.

21 5. SR G L) K ELYR B L i ol RS AT FL AR 5 PR A 2% S PR REBIE I . BRI TR AR 22 1 3, 2022,

22 Liu, K.; Zhang, F. S. Innovative leaching of cobalt and lithium from spent lithium-ion batteries and simultaneous
dechlorination of polyvinyl chloride in subcritical water. J. Hazard. Mater., 2016, 316, 19-25.



1134 KIS RARA LN NS B D se A0 R BT et i 1949

23 Nshizirungu, T.; Agarwal, A.; Jo, Y. T.; Rana, M.; Shin, D.; Park, J. H. Chlorinated polyvinyl chloride (CPVC) assisted
leaching of lithium and cobalt from spent lithium-ion battery in subcritical water. J. Hazard. Mater., 2020, 393, 122367.

24 Nshizirungu, T.; Rana, M.; Jo, Y. T.; Park, J. H. Rapid leaching and recovery of valuable metals from spent Lithium lon
batteries (LIBs) via environmentally benign subcritical nickel-containing water over chlorinated polyvinyl chloride. J.
Hazard. Mater., 2020, 396, 122667.

25  Nshizirungu, T.; Rana, M.; Jo, Y. T.; Park, J. H. Recycling of NCM cathode material from spent lithium-ion batteries via
polyvinyl chloride and chlorinated polyvinyl chloride in subcritical water: a comparative study. J. Hazard. Mater., 2021,
414, 125575.

26 Lu, L. H.; Li, W. M.; Cheng, Y.; Liu, M. Chemical recycling technologies for PVC waste and PVC-containing plastic
waste: a review. Waste Manag., 2023, 166, 245-258.

27 WRIE, W, B SULRE LI AR IR . R R TH, 2011, 39(2), 1-4.

28 Lu, W.; Yang, Q. L.; Yan, B. H.; Cheng, Y. Plasma-assisted synthesis of chlorinated polyvinyl chloride (CPVC)
characterized by online UV-Vis analysis. Chem. Eng. J., 2012, 207, 923-930.

29  Yang, Q. L.; Lu, W.; Mao, D.; Yang, R.; Cheng, Y. Plasma-assisted synthesis of chlorinated polyvinyl chloride (CPVC)
using a plasma circulating fluidized bed reactor (PCFBR). Plasma Process. Polym., 2016, 13(3), 387-396.

30  Yang, L.; Wang, J. C.; Luo, L. Z.; Li, S. F.; Zhao, J. R.; Feng, Y. Structure and solubility of chlorinated poly(vinyl
chloride) prepared by a gas-solid phase method. J. Appl. Polym. Sci., 2018, 135(48), 46880.

31 SRIT5IE, AR, FhER, REHTRH . N ANEAC IR R O AT ROR B e B AR H . b B Ak, 2024, (8), 28-32.

32 ZEE, B, XDGHE, K . KAHEIFE AT SR A SRR . R ATH, 2002, 30(3), 18-20.

33 REERTE, WU, B, B RAGEE . KAEIRE CPVC A= 2. RA T H, 2010, 38(11), 7-9.

34 Shun, W. C.; Morikawa, H.; Inoue, H. Conversion distribution in diffusion-governed chlorination of poly(vinyl chloride).
AIChE. J., 1988, 34(10), 1683-1690.

35 BRESC, MIARER, 5KoRE . KAHEIREH & AR A LIEH T Z . 24 Tk, 2012, 40(9), 26-29.

36 Qian, Y. H.; Cao, G. P; Li, X. K.; Wang, N. Synthesis of chlorinated poly(vinyl chloride) with uniform distribution of
chlorine assisted by supercritical carbon dioxide and a cosolvent. Ind. Eng. Chem. Res., 2017, 56(23), 6562-6571.

37  Grohman, M.; Holloway, S. Successful extrusion of small diameter CPVC pipe. J. Vinyl Addit. Technol., 1997, 3(1),
28-32.

38 Rauwendaal, C. Polymer Extrusion. Polym. Extrus., 2014, 6(5), I-XVI.

39  Cao, Y. H.; Chen, J. N. Effect of wall conditions on PVC-R co-rotating conical twin-screw extrusion. Adv. Mater. Res.,
2011, 314-316, 419-427.

40 3LvE . AN [FISEIUHETE SR AL ik BERO R BT . AR B E R 5 3 4%, 2016, 42(14), 26-28.

41  White, J. L.; Kim, B. J.; Bawiskar, S.; Keum, J. M. Development of a global computer software for modular self-wiping
corotating twin screw extruders. Polym. Plast. Technol. Eng., 2001, 40(4), 385-405.

42 P, RE . RARRNR AR BB A s SR B ST RLEET R R L AT 3R, 2020, 38(14), 54-62.

43 Bélorgey, G.; Aubin, M.; Prud’homme, R. E. Studies of polyester/chlorinated poly(vinyl chloride) blends. Polymer,
1982, 23(7), 1051-1056.

44 Aubin, M.; Prud’Homme, R. E. A study of aromatic polyester/chlorinated polymer blends. Polym. Eng. Sci., 1984, 24(5),
350-354.

45  Neill, J. T.; Karasz, F. E. Miscibility of some polycarbonates with polyvinyl chloride and chlorinated polyvinyl chloride.
J. Therm. Anal. Calorim., 2000, 59(1), 33-58.

46 Lu, L. F; Price, D.; Milnes, G. J.; Carty, P.; White, S. GC/MS studies of ABS/CPVC blends. Polym. Degrad. Stab.,
1999, 64(3), 601-603.

47  Zhang, L. X.; Zhou, C.; Sun, S. L.; Ren, L.; Ma, X. L.; Zhang, M. Y.; Zhang, H. X. Study of compatibility, morphology
structure and mechanical properties of CPVC/ABS blends. J. Appl. Polym. Sci., 2010, 116(6), 3448-3454.

48  Marossy, K.; Téth, J. Anomalous behaviour of PVC-CPVC-CPE blends. Plast. Rubber Compos., 2005, 34(10), 438-442.

49  Zhao, J. R.; Li, J. Y,; Feng, Y.; Yin, J. H. A novel approach to synthesis of functional CPVC and CPE or graft
copolymers: in situ chlorinating graft. Polym. Adv. Technol., 2007, 18(10), 822-828.

50 Wang, B. X.; Wan, G. P,; Zhao, J. R.; Feng, Y.; Yin, J. H. Synthesis and mechanical properties of chlorinated polyvinyl
chloride (CPVC) carboxylate ionomer. Polym. Plast. Technol. Eng., 2008, 47(11), 1101-1104.

51 Meng, L.; Xu, C.; Jing, Z.; Zhao, J. R.; Feng, Y.; Hu, H. Q. Preparation of anhydridized chlorinated polyvinyl chloride
with enhanced properties and investigation of the factors affecting the chain structure of the graft copolymer. J.
Elastomers Plast., 2015, 47(2), 136-152.



1950

[T M S 4 2025 4F

52

53

54

55

56

57

58

59

60

61

62

63

64

65
66

67

68

69

70

71

72

73

74

75

76

77

78

BEAL, BRI, F0/0 2 . BERE IR PVC SR A6 S I R b oWl 5 4 B 2 WM RE AL R 52 . & 20
41(6), 660-665.

L300, sk IEAE, BUE R SRR QIE T YW 7E: IV, 20 iE AER A 7L . & 21
20(6), 752-755.

Carty, P.; White, S.; Price, D.; Lu, L. Smoke-suppression in plasticised chlorinated poly(vinyl chloride) (CPVC). Polym.
Degrad. Stab., 1999, 63(3), 465-468.

Carty, P.; Price, D.; John Milnes, G. Chlorinated poly(vinyl chloride) and plasticized chlorinated poly(vinyl chloride):
thermal decomposition studies. J. Vinyl Addit. Technol., 2002, 8(4), 227-237.

Elakesh, E. O.; Hull, T. R.; Price, D.; Carty, P. Effect of stabilisers and lubricant on the thermal decomposition of
chlorinated poly(vinyl chloride) (CPVC). Polym. Degrad. Stab., 2005, 88(1), 41-45.

Li, A.; Huang, B. Q.; Wu, H. M.; Zhang, W. L.; Zhou, R.; Ding, Y. M. Effects of sample thickness on the combustion and
smoke characteristics of chlorinated polyvinyl chloride. J. Appl. Polym. Sci., 2022, 139(4), 51541.

Khan, Z.; Merah, N.; Bazoune, A.; Furquan, S. Low velocity impact resistance of CPVC pipes exposed to natural
outdoor weathering conditions. Adv. Mater. Res., 2012, 445, 959-964.

Merah, N.; Bazoune, A.; Khan, Z. Artificial and natural weathering of chlorinated polyvinyl chloride (CPVC). Adv.
Mater: Res., 2013, 652-654, 1277-1282.

WL, BRI, D= ﬁ%bﬁ;ﬁaakﬁaﬁk%4£ﬁ’13{éﬁfﬁ 5y TN . JaT 5 4R, 2017, (08), 1374-1381.
K, R, B0, M. o TR AW RN LR . & 5T 5 R, 2018, 49(4) 445-455.

arAR e, MHfE, KR, BER, EH/%L KFTT . M E G T YR R RS R SK R . & o F 3R, 2020, 51(1),
39-54.

BEHE, I, 5, B, EAR A, B R . PVC/CPVC K 4460 T e Je i A PERE . KiE Tk K 52 52 4R, 2018,
37(2), 117-122.

Peijs, T.; Kirschbaum, R.; Lemstra, P. J. Chapter 5: a critical review of carbon fiber and related products from an
industrial perspective. Adv. Ind. Eng. Polym. Res., 2022, 5(2), 90-106.

HF I, AR L v R SR P i 2 B £ A 1) 46 BRI FEHERE . AHL 4R, 2018, 36(19), 32-42.

Kammakakam, 1.; Lai, Z. P. Next-generation ultrafiltration membranes: a review of material design, properties, recent
progress, and challenges. Chemosphere, 2023, 316, 137669.

Liu, B. C.; Chen, C.; Zhang, W.; Crittenden, J.; Chen, Y. S. Low-cost antifouling PVC ultrafiltration membrane
fabrication with Pluronic F,,;: effect of additives on properties and performance. Desalination, 2012, 307, 26-33.
Krishnamoorthy, L.; Arif, P. M.; Ahmedkhan, R. Separation of proteins from aqueous solution using cellulose acetate/
poly(vinyl chloride) blend ultrafiltration membrane. J. Mater. Sci., 2011, 46(9), 2914-2921.

Mei, S.; Xiao, C. F.; Hu, X. Y. Interfacial microvoid formation of poly(vinyl chloride)/polyacrylonitrile blend hollow-
fiber membranes. J. Appl. Polym. Sci., 2012, 124(S1), E6-E16.

Zhang, W.; Yang, H. H.; Wang, J. Effects of inorganic nanoparticle/PEG600 composite additives on properties of
chlorinated polyvinyl chloride ultrafiltration membranes. Desalin. Water Treat., 2019, 142, 114-124.

Kang, J. S.; Kim, K. Y.; Lee, Y. M. Preparation of PVP immobilized microporous chlorinated polyvinyl chloride
membranes on fabric and their hydraulic permeation behavior. J. Membr. Sci., 2003, 214(2), 311-321.

Lalia, B. S.; Kochkodan, V.; Hashaikeh, R.; Hilal, N. A review on membrane fabrication: structure, properties and
performance relationship. Desalination, 2013, 326, 77-95.

Liu, J. Z;; Su, Y. L.; Peng, J. M.; Zhao, X. T.; Zhang, Y.; Dong, Y. N.; Jiang, Z. Y. Preparation and performance of
antifouling PVC/CPVC blend ultrafiltration membranes. Ind. Eng. Chem. Res., 2012, 51(24), 8308-8314.

Su, Y.; Zhao, Q.; Liu, J.; Zhao, J.; Li, Y.; Jiang, Z. Improved Oil/Water Emulsion Separation Performance of PVC/CPVC
Blend Ultrafiltration Membranes by Fluorination Treatment. Desalin. Water Treat., 2015, 55(2), 304-314.

Be T, MR i, B, BUE G, XG0 . S5 S0 S0 BRSO 45 16 J 0k R 2 DR 3R (W AR 9T . AL 32 5 4K, 2016,
36(3), 54-61.

Higashi, M.; Morita, J.; Shimada, N.; Kitagawa, T. Long-term-hydrophilic flat-sheet microfiltration membrane made
from chlorinated poly(vinyl chloride). J. Membr. Sci., 2016, 500, 180—189.

Zhang, C. F.; Min, Y.; Bai, Y. X.; Gu, J.; Sun, Y. P. Fabrication and characterization of chlorinated polyvinyl chloride
microporous membranes via thermally induced phase separation process. J. Appl. Polym. Sci., 2017, 134(4), app.44346.
BB, BKE T, M, IVARE, T . ARSI 43 BRI 4% S8 S SR IR L I R LA M4kl S RE AT AL IR AL B RK,
2016, 36(6), 36-41.



1134 KIS RARA LN NS B D se A0 R BT et i 1951

79 Long, L. Z.; Wang, S. J.; Xiao, M.; Meng, Y. Z. Polymer electrolytes for lithium polymer batteries. J. Mater. Chem. A,
2016, 4(26), 10038-10069.

80 Xtk SRR, T, R, AT, EAE, AO6E . HTHE ORISR =IaE M R AT R R SR . &
HF 53R, 2020, 51(7), 710-727.

81 Peng, L. Q.; Kong, X. B.; Li, H.; Wang, X.; Shi, C.; Hu, T. X.; Liu, Y. Z.; Zhang, P.; Zhao, J. B. A rational design for a
high-safety lithium-ion battery assembled with a heatproof-fireproof bifunctional separator. Adv. Funct. Mater., 2021,
31(10), 2008537.

82  Manthiram, A.; Yu, X. W.; Wang, S. F. Lithium battery chemistries enabled by solid-state electrolytes. Nat. Rev. Mater.,
2017, 2, 16103.

83 WAMEHh, BESUR, 5, WL R T It e A R R T R . & 4T F AR, 2022, 53(05), 457-473.

84 TRMS, ZEBIK, FTPHAR, RTT, WOKE . B TR R RS R BT S R . & T SRR, 2011, 42(2), 125-131.

85 Zhu, M.; Wu, J. X.; Wang, Y.; Song, M. M.; Long, L.; Siyal, S. H.; Yang, X. P.; Sui, G. Recent advances in gel polymer
electrolyte for high-performance lithium batteries. J. Energy Chem., 2019, 37, 126-142.

86 Khurana, R.; Schaefer, J. L.; Archer, L. A.; Coates, G. W. Suppression of lithium dendrite growth using cross-linked
polyethylene/poly(ethylene oxide) electrolytes: a new approach for practical lithium-metal polymer batteries. J. Am.
Chem. Soc., 2014, 136(20), 7395-7402.

87 Zeng, X. X.; Yin, Y. X.; Li, N. W.; Du, W. C.; Guo, Y. G.; Wan, L. J. Reshaping lithium plating/stripping behavior via
bifunctional polymer electrolyte for room-temperature solid Li metal batteries. J. Am. Chem. Soc., 2016, 138(49),
15825-15828.

88 Han, L. F,; Liao, C.; Mu, X. W.; Wu, N.; Xu, Z. M.; Wang, J. W.; Song, L.; Kan, Y. C.; Hu, Y. Flame-retardant ADP/PEO
solid polymer electrolyte for dendrite-free and long-life lithium battery by generating Al, P-rich SEI layer. Nano Lett.,
2021, 21(10), 4447-4453.

89 Zhang, X. K.; Xie, J.; Shi, F. F.; Lin, D. C.; Liu, Y. Y.; Liu, W.; Pei, A.; Gong, Y. J.; Wang, H. X_; Liu, K.; Xiang, Y.;
Cui, Y. Vertically aligned and continuous nanoscale ceramic-polymer interfaces in composite solid polymer electrolytes
for enhanced ionic conductivity. Nano Lett., 2018, 18(6), 3829-3838.

90  Manuel Stephan, A. Review on gel polymer electrolytes for lithium batteries. Eur: Polym. J., 2006, 42(1), 21-42.

91 Agnihotri, T.; Ali Ahmed, S.; Tamilarasan, E. B.; Hasan, R.; Su, W. N.; Hwang, B. J. Transitioning towards asymmetric
gel polymer electrolytes for lithium batteries: progress and prospects. Adv. Funct. Mater., 2024, 34(13), 2311215.

92  Zhou, X. Y.; Zhou, Y. F;; Yu, L.; Qi, L. H.; Oh, K. S.; Hu, P; Lee, S. Y.; Chen, C. J. Gel polymer electrolytes for
rechargeable batteries toward wide-temperature applications. Chem. Soc. Rev., 2024, 53(10), 5291-5337.

93 Zhou, Y. G.; Fan, L.; Li, H. Q.; Cui, Y. J.; Yu, S. F.; Wei, Z. Z.; Zhao, Y. Fibrous separator with surface modification and
micro-nano fibers lamination enabling fast ion transport for lithium-ion batteries. Chinese J. Polym. Sci., 2023, 41(2),
222-232.

94  Gong, X.; Xiao, Q.; Li, Q. Y.; Liang, W. C.; Chen, F.; Li, L. Y.; Ren, S. J. Cross-linked electrospun gel polymer
electrolytes for lithium-ion batteries. Chinese J. Polym. Sci., 2024, 42(8), 1021-1028.

95  Meyer, W. H. Polymer electrolytes for lithium-ion batteries. Adv. Mater:., 1998, 10(6), 439-448.

96 Fenton, D. E.; Parker, J. M.; Wright, P. V. Complexes of alkali metal ions with poly(ethylene oxide). Polymer, 1973,
14(11), 589.

97  Armand, M. Polymer solid electrolytes-an overview. Solid State Ion., 1983, 9, 745-754.

98 Rajendran, S.; Sivakumar, P.; Babu, R. S. Studies on the salt concentration of a PVdF-PVC based polymer blend
electrolyte. J. Power Sources, 2007, 164(2), 815-821.

99 Ahmad, A.; Rahman, M. Y. A.; Su’ait, M. S. Preparation and characterization of PVC-LiClO, based composite polymer
electrolyte. Phys. B Condens. Matter, 2008, 403(21-22), 4128-4131.

100 Arunkumar, R.; Babu, R. S.; Usha Rani, M.; Kalainathan, S. Effect of PBMA on PVC-based polymer blend electrolytes.
J. Appl. Polym. Sci., 2017, 134(27), 44939.

101 Rajendran, S.; Babu, R.; Sivakumar, P. Optimization of PVC-PAN-based polymer electrolytes. J. Appl. Polym. Sci.,
2009, 113(3), 1651-1656.

102 Shembel, E. M.; Chervakov, O. V.; Neduzhko, L. I.; Maksyuta, I. M.; Polischyk, Y. V.; Reisner, D. E.; Novak, P.; Meshri,
D. Investigation of the stability of chlorinated PVC-based polymer electrolytes for lithium batteries. J. Power Sources,
2001, 96(1), 20-28.



1952 P M S-S 3 2025 4F

103 Gil-Alana, L. A.; Monge, M. Lithium: production and estimated consumption. Evidence of persistence. Resour. Policy,
2019, 60, 198-202.

104 Hu, Y. C.; Yu, Y. J.; Huang, K.; Wang, L. Development tendency and future response about the recycling methods of
spent lithium-ion batteries based on bibliometrics analysis. J. Energy Storage, 2020, 27, 101111.

105 Zhang, J. L.; Hu, J. T.; Zhang, W. J.; Chen, Y. Q.; Wang, C. Y. Efficient and economical recovery of lithium, cobalt,
nickel, manganese from cathode scrap of spent lithium-ion batteries. J. Clean. Prod., 2018, 204, 437-446.

106 Armand, M.; Tarascon, J. M. Building better batteries. Nature, 2008, 451(7179), 652-657.

107 Swain, B. Recovery and recycling of lithium: a review. Sep. Purif. Technol., 2017, 172, 388-403.

108 Kang, D. H. P.; Chen, M. J.; Ogunseitan, O. A. Potential environmental and human health impacts of rechargeable
lithium batteries in electronic waste. Environ. Sci. Technol., 2013, 47(10), 5495-5503.

109 Dutta, D.; Kumari, A.; Panda, R.; Jha, S.; Gupta, D.; Goel, S.; Jha, M. K. Close loop separation process for the recovery
of Co, Cu, Mn, Fe and Li from spent lithium-ion batteries. Sep. Purif. Technol., 2018, 200, 327-334.

110 Chanda, M. Chemical aspects of polymer recycling. Adv. Ind. Eng. Polym. Res., 2021, 4(3), 133-150.

111 Al Alshaikh, A.; Bara, J. E. Chlorinated plastics offer unique opportunities and challenges in upcycling. Polym. Int.,
2024, 73(5), 341-348.

112 Zhang, S. Y.; Han, H.; Cao, M. H.; Xie, Y. P.; Chen, J. X. Upvaluing chlorinated plastic wastes. Interdiscip. Mater., 2025,
4(1), 5-23.

113 Xing, M. F.; Zhang, F. S. Degradation of brominated epoxy resin and metal recovery from waste printed circuit boards
through batch sub/supercritical water treatments. Chem. Eng. J., 2013, 219, 131-136.

114 Zhou, R.; Huang, B. Q.; Ding, Y. M.; Li, W. J.; Mu, J. J. Thermal decomposition mechanism and kinetics study of plastic
waste chlorinated polyvinyl chloride. Polymers, 2019, 11(12), 2080.

115 Yan, S. X.; Sun, C. H.; Zhou, T.; Gao, R. C.; Xie, H. S. Ultrasonic-assisted leaching of valuable metals from spent
lithium-ion batteries using organic additives. Sep. Purif. Technol., 2021, 257, 117930.

116 Wang, M. M.; Tan, Q. Y.; Li, J. H. Unveiling the role and mechanism of mechanochemical activation on lithium cobalt
oxide powders from spent lithium-ion batteries. Environ. Sci. Technol., 2018, 52(22), 13136-13143.

117 Barik, S. P.; Prabaharan, G.; Kumar, L. Leaching and separation of Co and Mn from electrode materials of spent lithium-
ion batteries using hydrochloric acid: laboratory and pilot scale study. J. Clean. Prod., 2017, 147, 37-43.

118 Zhang, Y. J.; Meng, Q.; Dong, P.; Duan, J. G.; Lin, Y. Use of grape seed as reductant for leaching of cobalt from spent
lithium-ion batteries. J. Ind. Eng. Chem., 2018, 66, 86—93.

119 Li, Y.; Sun, B.; Feng, X. X.; Guo, M. F,; Li, Y. B.; Hashimoto, M. A novel electroactive plasticized polymer actuator
based on chlorinated polyvinyl chloride gel. RSC Adv., 2021, 11(58), 36439-36449.

120 You, J. G.; Cai, L.; Yu, R. H.; Xing, H. P.; Xue, J.; Li, Y.; Jiang, Z. W.; Cui, D. M.; Tang, T. High-performance
chlorinated polyvinyl chloride/polyurea nanocomposite foam with excellent solvent resistance, flame-triggered shape
memory effect and its upcycling. Compos. Part A Appl. Sci. Manuf., 2024, 177, 107931.

121 Hong, M.; Do, P. U.; Lee, C. H.; Park, Y. D. Harnessing the potential of porous carbon derived from chlorinated
polyvinyl chloride as an effective gas analyte channel for NO, organic sensors. Sens. Actuat. B Chem., 2024, 421, 136463.

122 He, Y. J.; Zhu, B. F.; Tan, S. B.; Liu, Z. X.; Zhang, X.; Zhang, Z. C. Improving the energy storage performance of a
chlorinated poly(vinyl chloride) film at elevated electric field and temperature via a simple annealing process. ACS App!.
Energy Mater., 2023, 6(10), 5407-5415.

123 Lu, W. J.; Shi, D. Q.; Zhang, H. M.; Li, X. F. Advanced poly(vinyl pyrrolidone) decorated chlorinated polyvinyl chloride
membrane with low area resistance for vanadium flow battery. J. Membr. Sci., 2021, 620, 118947.



113 ks, SALRE LM S R 2 T AL S I 7T 2 1953

Review

Advances in Chlorinated Poly(vinyl chloride): from Modification to

Functional Applications

Long Zhang'?*, Qi-ning Ke?, Le-wen Liu?, Yan-an Chen?, Sheng-wen Zou?, Peng Qin?, Shao-yun Guo'”
(!National Key Laboratory of Advanced Polymer Materials, Polymer Research Institute, Sichuan University,
Chengdu 610065)

(°National-certified Enterprise Technology Center;, Kingfa Science and Technology Co., Ltd.,

Guangzhou 510663)

Abstract Chlorinated poly(vinyl chloride) (CPVC), owing to its unique physicochemical properties, has
garnered extensive research interest in both industrial and academic fields. This review systematically
summarizes CPVC from three key perspectives: (1) synthesis and chlorination mechanisms, (2) early-stage
research as a modified plastic, and (3) recent advances in functional applications. A comprehensive overview of
the development of CPVC materials globally, chlorination mechanisms, and typical production process (including
solution method, gas-solid phase method, and aqueous suspension method) of CPVC have been briefly
introduced. Research on the processing and molding of CPVC was summarized. Studies on the physical blending
modification of CPVC with various polymers (such as PVC, ABS, and PMMA) were comprehensively reviewed,
while progress in chemical modification via graft copolymerization was briefly presented. Additionally, the
pyrolysis behavior, flame retardancy, smoke suppression, and aging resistance of CPVC materials were discussed.
More importantly, highlighting progress in emerging functional applications, including CPVC fiber and its
derivative carbon fiber, CPVC microporous membranes, CPVC-based solid polymer electrolytes, and metal
recovery from spent lithium-ion batteries have been systematically reviewed, which indicates that CPVC play a
critical role among multidisciplinary research fields. These insights aim to inspire researchers working on CPVC
materials and scientists across various application fields. Finally, in this review, an outlook on the future
development of CPVC has been proposed, emphasizing the need for diversification and high-quality
advancements in both upstream synthesis and downstream applications.
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