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Figure 1 (Color online) Illustration of circular plastics upcycling.
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Figure 3 (Color online) (a—g) The ROPs of d-valerolactone derivatives.

703



GRS SR UEr R

B, 202248, 2B IR WLBBCA AL, S2
BT MVLFS-2 N s (5-CL) AR A (K3, ¢). iE—
B IMAEMVLAS-CLA R A T, 5 7893 F142 °C, Fir
BPEAESN(Oct),s 130 °CH A& Nl mre
T 9 JEL AR (77 43 59 996%H195%).  Chen 7
S- RN BRI aAL BIN T A e SR IUAREE, DL 48 2%
BV, SZIL T RS B AR IR R A
(E3d). Hrh, ZIERERRT N B R & B A BUF
J12EVERE, B SR A B 2 K 2R 4 i 44 MPafll
209%. FT{F8Fh AN [FI(E = b FEHAR M VLI TAH M
67~115°C (K3c). T, Frf8 REsEHE300 °C
AT &R LA ZnClL A AL 150 °C TR 37 it K 453
B Ji AR

W1, ChenZCE G- 1% 9 B, o7 51 N FHER3E f5%
(BRI, W& T — R BN JOIR I P EE(SLs,
Kl3e). JEId ¥ BAARARAR, W DL AT ERES TR
RH BSRTEVr. DA 4B AT, TS R R
B> TR (M, ATIA1000 kDa). Fif3 S EEPSLI .
PSL2. PSL3FIPSL67EHEIE300 °C /M1 hBJA] 5 4=
iR, A PSLSTEREAHR (PMA) N MELL 11100 °C5%
PER AR AR, [FICR BT 100%, 8 i SE36
PSLSH IR B A (TN 135 °C. JefE i 2 B ) 7
IHIRIG . 2R e R T RIR f S N IR R BT A
BT — R BN TN ER(E3S). DL IR IE IR (DPP) N
fEALT, X 2R I EE(BDM) A5 AR, EERFAT
BB T — RYNAIGEIRBEATA RS, X LR R I
T RUFHUB P RS AL A8 PR M L RS SR G o A 5 [ 3
Ji ERLAAR.

FES- RN ERIA E 5 N R F-(10 Sy N&) ]
DL TR R A 10T, F-AE20004E, TokiwaZs il
T A CEH(PDO) I IR R A, T N38 °C, At
BRAEWTERR 2 2 T R MR RN 20024, £
HBAEPHRE T PDOMIT IR B A, a2 45 i PPDO A
B RIFIEDM AN VIR e Re. 5k,
5K 1F J% A Hadjichristidis 2" i 5t 78 0- 1% A g FR_E 51\
AR IR R, RSERFF TN S,
O3 N EUAR -5 P G C-5 AR S5 7 X6 B S i 11 2 5
e, AR MU AL, SRR 5 R, =
PR (M ~M;, E3g)ISEIl T IR A, ¥R =F
RESVAR T DCM Y, 76 LLTBD AL I &4t R 3T
FafiER, ML AT, [ ISR 23T 100%, 1 2L AT 358 1 TLHIM,L,

704

[FSCRAN59% (M MOAIMG I T 20 51 71,50 176.2
F142.9 °C). IbAh, FETMALFI A S KM T, =FEREH
Al E AR, HAM T sE 53, MAIM, = 2R
H20%M161%. Xt — LU T BRESENTHEREY
AT e B SR G AN AR SR (S AT, AT SR 43 1 AL B
IR,

I [ 6-VL A 7 5] NBUREEBIR F5] N0 JR
T, BN THANBEREERNETHTE. 2% 1
E, XA BT R R SR TR B R T IR
BT, FTSRA YR B BT AR e M DL A R T
i SRR

R(e-CWER) LT, *HT-E7TH N lige-C N g
(e-CL), HTHEAHMAK, ik LHT,H142060 °C,
RUAH R SR AR R. 83 m 3R _E 5] N U 3 ol i
RS T B A ET Me-CLATAEYI(KE4). 20164E, Sha-
ver& M2 3. -5 H-1,4- 3 R A3 B A -5
(2,3-DHB, &4) My 54k, Pl(salen)Al. Sn(Oct),EX TBD A
AL, S8 T 2,3-DHBHIAE A, i RER{EKH
BRUR R R AR R A, B, kB
WAFE T — /BRI LU W EEM1~M17), H
MR (Kl 4a) e I B AF i VAL S R A M. DA
[(BDD)ZnN(SiMes), NfEALF, 75 FiR A RS2l 7
WEA, 3%/ T 514494 kDa. fELa[N(SiMe;),];
RHEAF160 °CFPMI1TR] DL A 5N JE Sk, A1
#98%, PRI KT 99%. FE Bl e
WlE EGINEE AR, 193] 7 LI mERE3 4- —
H-2H-ZRFF[b][1,4] ~ A Be)d-2-B(BDXO, [El4b),
ATTESn(Oct), EMW ™ RIS, HT 197 °C. Ji
BREMEIH RIFRAERE. 5tae. EYHE
PERNSE /K R RRYE, B3 7275 Sn(Oct), 160 °C%%
PE T AR AR Z BABDXO, IR K T-92%, Hik
4% K T95%.

wn FRTIR, VR O PR S LTS R
Befb EE A EEF B (HR2EA%R0], STk
TR &, WP R A BT PR T R SE AL
RN R B L o 1 N s Al o 9 A A
Y3 K IR g R (HOD, [&15), LAAKER DU 5 1A fis
(Ti(Oi-Pr),) AT, 170 °C% A4 T 928 T HOD I
WRE. R EELA s, 5% ERRAR
JERTIA353 °C. LARUT BB AR, s SR Ee7E =
NEP A PO R, HODFFA R A N IRIEEE N115 °C.



REFR: b 2026 0 56 E 3 M

) (¢]
@ —> °
OJ

2,3-DHB

160°C, La[(N(SiMes)y)s]

60~120°C

M1
®) o Y\
o ]
BDXO

Bl 4 (a,b) e-CLETEMIRIP RS
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Figure 8 (Color online) (a—c) The ROPs of ¢-caprolactam derivatives.
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HA[1594%.
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PHES 7L, I S MRS, /53] 7 A ABAI
ABB (ANIRERRET. BJNCH,0)/F 41 25 14 (1 Wi 12 5= 5%
fig, M,ATiA32.2 kDa. 1ZJ7 %M1 & B & & TR,
AT ERENHLSAS wit%, AITEERZM T (Ei,
ALK BHEK) 78 4 B AR Dy —IRAN I BERKVE R, —RA
WS RIERET, WA T IR, PR sk
&, HTEERIThIINT HRESER, RS T 58
PR, TR TT AL 2208 F.
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ACHEPVOEY, FF5EE A% = ] 1k66 MPa. H T
RS R, TS RER AR, |
A 5GAHE TR TSR RS T,4°8109 °C, 1E
Sn(Oct), fE7E T 1180 °C N ANy, SR4ama i v] LA 5[]
B B, B R R 90%. R A — S AT A 210
WY

gi b, FET S AT LA IR = 1, HAks
EH P TR E RN RS ERRIRET, (%), &)
RA R Pr. 2  0) R KR B AR g5 M 5 2,
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Figure 10 (Color online) The preparation of recyclable polyesters via cationic copolymerization of aldehydes and cyclic anhydrides [66].

F 1 AP AR SR SR & L R BE AR R I 25

Table 1 The ceiling temperature of polymerization and related thermodynamic parameters for chemically recyclable monomers in this article

RN AH,” (kJ mol™") AS,” (J mol”' K7 T, (°C) FEfy BN
y-BL 5.4 -39.6 —136 2016 [24]
3,4-T6GBL 20 -72 0 2018 [28]
4,5-T6GBL -18 —65 4 2018 [29]
A-MVL -13.8 —46 27 2016 [31]
MVL -16.5 —45.1 93 2022 [33]
5-CL -12.8 —40.6 'y} 2022 [34]
v -17.3 —44.6 115 2023 [35]
PDO —14.1 —453 38 2000 [38]
PDO —14.5 —48.1 28 2024 [49]
BDXO —14.5 -30.9 197 2023 [44]
LR AW 222 -50.7 165 2021 [48]
TRAR T AE i 49 -23.9 -67 2023 [47]
ZHAPDO -103 -33.4 36 2022 [49]
ZHiAPDO -10.0 -32.6 35
LA R Cbe-2- T -15.6 -38.2 135 2024 [50]
LA IR EA Cbe-3- T -9.9 —44.2 —-50
5-TVL -3.1 —-14.0 -52 2025 [51]
T™MC -63 -10.7 316 1998 [52]
DMTC -8.0 -183 165 2025 [56]
- O N ki —-13.8 —13.3 776 2023 [60]
5/6-LM -10.6 -20.5 243 2024 [61]
BLM"™ -19.0 —-43.4 165 2025 [62]
ZE+GA -37.0 -101.5 91 2023 [66]
A+GA —34.8 —91.1 109 2024 [68]
4-MOHB —-26.4 -51.0 245 2022 [85]

X’Euirﬂﬁd%‘i%ﬁ\“ﬁﬁ R, BTSSR E IR B R TE  ETE N AR B A B A
A AR R RARS T A EHBERR BT IR AR K.
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Figure 11 (a, b) The synthesis of PE-like polymers and their alcoholysis.
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Figure 12 (Color online) Coupling reaction of H,O, COS, and diacrylates and chemical recycling of the obtained polyesters [81].
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Figure 13 (Color online) Coupling reaction of diols, COS with
diacrylates, and chemical recycling of the obtained polyesters [83].
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Figure 14 (Color online) Step polymerization of diols/diamines, cyclic thioanhydrides with diacrylates (a), and chemical recycling of the obtained

polyesters (b) [84].
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Chemically recyclable polyester materials
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Abstract: Synthetic polymers are fundamental materials indispensable for human survival and life. The application of
these polymers on a large scale has greatly improved living standards and promoted social and civilizational
development. However, traditional polymer materials rely on limited petrochemical resources, and due to the chemical
inertness of their carbon-carbon chains, they cause serious environmental pollution after disposal. The continued growth
in global polymer production poses a dual challenge to human resources and the environment. Researching and
developing chemically recyclable polymer materials is an important route to overcome this challenge. This mini review
discusses three pathways of polymer chemical cycling: closed-loop chemical cycling of monomer-polymer-monomer
(e.g., polyesters, polythioesters, poly(thio)carbonates, polyamides, and polyacetals), open-loop chemical cycling (e.g.,
PET, poly(thioether-ester)s, poly(thiocarbonate-ester)s), and the conversion of polymer A into another polymer B. The
corresponding chemical cycling mechanisms are summarized, and the main challenges in developing chemically
recyclable polymer materials are discussed.
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