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Figure 1 (Color online) Incorporating reactive functional groups along the main-chain for circular polyolefin or polyolefin-like materials.
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Figure 2 (Color online) Recyclable polyethylene-like materials con-
structed from oleic acid-derived monomers.

N90 kg/mol [ R IKIREGPC-18 (D = 3.3). MikLERE
B, IX AR SR A 3 R S MR A R R R e L&
PE, R 5% R 2 (HDPE) M 24 5 2 a1 1
For fER Ik A (U 2K 2R 350%~400%).  FEAE IR [RI U T,
PE-18,18 5PC-18¥ Rl 7E =il T S0t £ 1 & AE B Ak
SNE, A5 ZIFH N 38 TR, [ K T96%, 4tk )5
AP AR L T 45 PE-18,18 5 PC-18, 3 H. 541X
BB RIG A EHERE A . SRS, 1285 AT
FAEKBE AN IERE, AR I 200 2 g 1 5]
AN TTIRWT AL S, L T SRR m RS S IR 1)
REIGIR MR AR R, N SEILR G R 4k 2 0] (5]
WCPESR AL T EE I RO

AU, ¥ R AT A SR AE AT IE IR R R R
HIRIFE, Miyake 8 F-202548 LAt R (1) 1 A JFRE,
FIFH IR AR TSR R K BE eSS AE, M T AR
AR SRR A RN (E3). 1E# B ol 2 A id i
IRAF R FEE JTCRARAE VAR B B S5 i 35 o A b ie
JiR 5 T T - s o S N T 45 A Tk S 1) 2 AR T
AR, ARSI AR B, T B S BB AN A L 4,
ERRMEAL AL T, LG AR A (ADP) 7
A2 T IR RIG B R, M, = 142.8~67.9 kg/mol,
D = 1.2~2.0. fE B LL@IE N, iR mtgen
TEARIB I PR b i 2 TSmO, WK R
FEl£9800%~1600%, WiZLas & &% & il 1520 MPa. #47&
TRk S BERI R AV BN . BEE. ARSI
RIS IR PERE, 508 FHI-B Kwik [ KAH Y. 78

631



TOARILAE: S TEBRGE R PR E A . B T 38 T4 1) S AR R 1L o

(1) Grubbs Il , 23 °C, 16 h

(2) PNP-Mn-iPr , THF, 5 min

*47’=Mﬁ\

OR

l(3)KO'Bu, Hy, Al, 130 °C, 24 h

OH Thiol, AIBN
16 h, 75 °

HO N AN

R = CgH43, C1oH21, C1gH37, C3Hy

[Mn] Cat., KO'Bu
Toluene, 130 °C, 48 h‘

~

[Mn] Cat.,KO'Bu, H,
Toluene, 140 °C, 48 h

tPO-3 + tPO-4

(1) Grubbs 1,50 °C, 8 h i
(2) Ciliatine, THF, 5 min_ | HO™ M "~
(3)KO'Bu, H, Al, 80 °C, 24 h tPO-3
R
A e ——————————
Ho NNy W B
N\ I /PIPI’Z
L P | Nco
ipr CO
2
o
~‘\)Lo/~‘. ......... [ .M.Ij]. .c.a.t. .......
rPO-REG-1

B3 (M RROR )2 Tl R AT AR B AR R SR T IR A S8 2R 2R A R

Figure 3 (Color online) Recyclable polyolefin materials constructed from oleic acid-derived monomers.
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Figure 4 (Color online) Recyclable ester-linked polypropylene materials constructed from propylene and butadiene.
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Figure 5 (Color online) Recyclable ester-linked polyethylene materials constructed from ethene and norbornene derivatives.
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Figure 6 (Color online) (a) Polyethylene-like materials with ester groups in the main chain constructed from ethene and cyclic ketals. (b) Recyclable

polyethylene-like materials constructed from ethene and CO.
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Figure 7 (Color online) Recyclable ester-linked polyolefin materials constructed from ethene and 1-octene.
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Figure 8 (Color online) Recyclable ester-linked polypropylene materials constructed from propylene.
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Figure 9 (Color online) Recyclable polyolefin materials constructed from ethene and 1-hexene.
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Figure 10 (Color online) (a) Recyclable block copolymer materials constructed from (hexyl)cyclooctene. (b) Recyclable block copolymer materials

constructed from cyclooctene and its derivatives.
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Yo FE N R RE, JF HROR TEIR A BEMA R (F
PET. JE )2 1F A% ] Sz 3l vy 4 Ak 5 A T A i U %
SE, I T RER AR R A R ik 5 R K
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Figure 11 (Color online) Recyclable polyethylene-like materials
constructed from cyclooctene.
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ECT-ROMP N, &Stk )E, B3 17 M, N
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55°C,2h
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o
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(o} MeOH/KOH, BHT R
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R =H or Me Ti(o Bu°)4
PO-20 Toluene, 180 °C, 19 h PO-HDPE-6

o) .0
R= f’”\o/ o \g/
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Figure 12 (Color online) Recyclable polyethylene-like materials
constructed from cyclooctene and cyclohexadecanolide.
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FRTERUAH S, SIS EIM, 18.2 kg/mol 2R TR
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AA TR K FHDPER /15 M RE (Wi 45 5 K+
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S FEEgRSE. TERI IO, 2RI R F R
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Figure 13 (Color online) Recyclable polyethylene-like materials constructed from cyclooctene and seven-membered cyclic lactone.
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Figure 14 (Color online) Recyclable polyolefin-like materials constructed from waste polyethylene.
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Figure 15 (Color online) Recyclable polyethylene-like materials constructed from silacyclooctene.
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Figure 16 (Color online) Recyclable polyolefin-like materials con-
structed from methyl 10-undecenoate and tetramethyldisiloxane.
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Figure 17 (Color online) Recyclable polyolefin-like materials con-
structed from isosorbide and 10-undecenoic acid.
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Figure 18 (Color online) Recyclable polyolefin materials constructed from oxazolidinone-fused cyclooctene.
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From inert carbon chains to closed-loop recycling: emerging polyolefin
chemistry enabled by telechelic (macro)monomers
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Abstract: Polyolefins have become the most widely produced class of organic polymers due to their low cost and
outstanding comprehensive properties. However, their intrinsic chemical inertness makes efficient recycling, especially
closed-loop recycling, highly challenging. In recent years, the modular assembly-reversible depolymerization strategy
using telechelic polyolefin (fPO) (macro)monomers has provided a new route for introducing controllable
depolymerizable sites into polyolefin backbones, which enable closed-loop chemical recycling. This review focuses
on the end-group chemistry and linkage modes of PO (macro)monomers, systematically summarizing the
polymerization and depolymerization chemistry based on ester and silyl ether, and olefinic linkages. The molecular
weight and dispersity, thermal and mechanical properties, and recyclability metrics (including depolymerization
conditions, (macro)monomer recovery efficiency, and property retention) of these systems are compared with those of
commercial HDPE, LLDPE, PP, and OBC. Finally, perspectives are proposed regarding the diversification of telechelic
modules, the balance between stability and reversibility, and the green, low-carbon synthesis and polymerization-
depolymerization cycles of fPO-based circular polyolefin(-like) materials.

Keywords: telechelic macromonomer, polyolefin, polyolefin-like polymer, modular assembly, closed-loop recycling
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