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Abstract: Polyolefins ( mainly polyethylene and polypropylene) are one of the most widely used polymers. However, it’s
widespread use has caused severe environment pollution problems, posing unprecedented challenges to humanity and the
Earth’s ecosystem. The synthetic strategies to synthesis polymers by ring-opening metathesis polymerization (ROMP) exhibit
various advantages, such as simple synthesis steps, well control of polymer composition, molecular weight and molecular
weight dispersity could be achieved by ROMP. Environmentally cleaner and greener degradable polyolefin-like materials can
be synthesized by adding polar functional groups. Three types of diene ester monomers were synthesized using diol and unde-
cyloyl chloride as raw materials by Grubbs II catalyst, two types of polyolefins, namely thermoplastic and thermosetting,
were generated from cyclohexene and dimer cyclopentadiene, and their structures were characterized and performance tests
were conducted. The research results indicated that the synthesized polyolefin-like materiasl had good mechanical properties
and can be chemically degraded.
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Fig. 1  Schematic of ring-opening metathesis polymerization
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Fig. 2 Schematic of cyclic-acyclic monomers metathesis polymerization
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Fig. 3 Synthesis of polyolefin-like thermoplastics materials
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Fig. 4 Synthesis of polyolefin-like thermosets materials
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R (LERE 98%) . AR AT (L 99% ) . ¥4 ( COE,
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S 2= A R
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Fig. 5 Synthesis of diene monomer M1, M2, M3
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Fig. 6 Synthesis of thermoplastics
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Fig. 7 Synthesis of thermosets
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2.4.2 #E R (M-DCPD 344 ) b %

Y5 JIT ) 25 B A 1 A AL TR AR AR T, A R V2 T
LA U T SRR W, 12 h 5, MRS
IR RAE IR, YRR, AW EERT R G,
TR R R IS IR AT,

3 HREWE

3.1 WEREKHRLE

N F'H NMR AP C NMR 3RS AL &4 M1, M2 il
M3 FEAT T RAE, FEAIEEE AT .

M1;'H NMR (400 MHz, CDCL,) 6 = 5.83-5.73 (m,
2H), 4.99-4.88 (m, 4H), 4.25 (s, 4H), 2.30 (t, J] =
8 Hz, 4H), 2.04-1.98 (m, 4H), 1.63-1.56 (m, 4H),
1.37-1.27 (m, 20H);"”C NMR (101 MHz, CDCL,) &:
173.63, 139.19, 114.25, 62.08, 34.21, 33.88, 29.39,
29.30, 29.17, 29.15, 28.98, 24.96,

M2;'H NMR (400 MHz, CDCL,) 6 = 5.83-5.73 (m,
2H), 4.99-4.89 (m, 4H), 4.10-4.05 (m, 4H), 2.27
(t, J = 8 Hz, 4H), 2.04-1.98 (m, 4H), 1.70-1.66
(m, 4H), 1.63-1.56 (m, 4H), 1.41-1.27 (m, 20H);
“C NMR (101 MHz, CDCl,) 8 173.60, 138.89, 113.93,
63.48, 34.08, 33.57, 29.07, 28.98, 28.91, 28.83,
28.67, 25.13, 24.74,

M3;'H NMR (400 MHz, CDCl,) 6 = 5.85-5.74 (m,
2H), 5.01-4.90 (m, 4H), 4.05 (t, J = 6 Hz, 4H),
2.28 (1, J = 6 Hz, 4H), 2.05-1.99 (m, 4H), 1.66-
1.56 (m, 8H), 1.40 - 1.28 (m, 24H);"C NMR

(101 MHz, CDCl,) &: 173.81, 138.96, 113.95, 63.98,
34.16, 33.74, 33.60, 29.10, 29.07, 29.02, 28.99,
28.86, 28.84, 28.69, 28.34, 25.43, 24.79, 24.48,
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Fig. 8 'H NMR before (a) and after (b) M1-COE polymer hydrogenationr
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Fig. 11 Dynamic testing of thermoplastic materials ( M1-COE, M2-COE, M3-COE): (a) stress-strain curves , (b) tensile toughness,

(c¢) strain at break values
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Ry T g B S RS W PERE RS2, I BE
BB OIS (gel permeation chromatography, GPC) F1Z/R
AP ( differential scanning calorimetry, DSC) X} Iy il
%E’J%A%Lﬁ&{'ﬂ' R as R 1, NF 1AL,

M2 il M3 LR PIBVERRL O T AR SR R
ﬁﬁﬁiﬁiﬁ%%iﬁﬁﬁijﬁ, X Ul B LA

*x1 BRAYRKSEGEN(CPC) MERAMEML(DSC) #iE

Table 1 The gel permeation chromatography (GPC) and differ-
ential scanning calorimetry (DSC) result of polymers
Entry Polymer M (x10*)° PDI* T,./Ch
1 MI1-COE 3.94 1.51 124.8
2 M2-COE 4.36 1.50 127.5
3 M3-COE 5.92 1.55 128.7

Notes: “determined by gel permeation chromatography ( GPC) ;
® determined by differential scanning calorimetry( DSC)
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Fig. 12 Dynamic testing of thermosetting materials ( M1-DCPD, M2-DCPD, M3-DCPD) .
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Fig. 13 "H NMR of degradable thermoplastics
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Fig. 14 Chemically degradable reaction of thermoplastics
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F2 4T M1~3/COE BE YIS 1Y GPC Fl DSC

®2 BEEY GPCFDSC #iE
Table 2 The GPC and DSC result of polymers

Entry Polymer M (x10*)“ PDI* T,./Ch
1 M1-COE 0.52 1.43 116.5
2 M2-COE 0. 63 1.23 119. 1
3 M3-COF. 0. 65 1.42 119.8

Notes: “determined by gel permeation chromatography ( GPC) ;
® determined by differential scanning calorimetry ( DSC)
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Fig. 16 Chemically degradable of thermosets

4 4 it

ACE S Tl 5 — IR B G T 3 Bl OBUR TR 26
B, TE Grubbs INEALFIBIPERT T 25 534G . R
PRI A R B BRI B 2 B BRI i 4 TR
B, IFHEAT TETMRAE . BEJR, X TG R AR )2
PERE M R PEREREAT T FSE, BFIE4E SRR WIS W HEH
A RGHIIEIERE, HBEE AR K, RS
Y- e e BB SO, 2 SR B RAF 69 1 = PR REAN
DO B HEIN TR RE . 2 W ik S 983 W1 i 5 B 6 6 T
VASE oAb~ R A ) D5 0 BEA T A

S#ECHE  References

[1] SUNH, KABB C P, SUMERLIN B S, et al. Progress Polymer Scienc
[J1, 2019, 89: 61-75.

[2] ALAAS, MARKKUS A, STAFFILANI M, et al. Macromolecular
Chemistry and Physics[J], 2020, 221; 200-216.

[3] JIANG D H, AATOH T, TUNG S H, et al. ACS Sustainable Chemie-
try & Engineering[J], 2022, 10; 4792-4806.

[4] ARRINGTON A'S, BROWN J R, WIN M S, et al. Polymer Chemistry
(1], 2022, 13; 3116-3125.

[5] YAN T W, GUIRONNET D. Polymer Chemistry[J], 2021, 12; 5126—
5138.



e

555 SR FESE AR AR IR S e A il Sk RERT ST

/

447

[13]

[14]

[15]

[16]
[17]

GRYER R, JAMBECK J R, LAWK L. Science Advances[J], 2017,
3 7007-7008.

RAHIMI A, GARCIA J M. Nature Reviews Chemistry[ J], 2017, 1.
1-11.

VOLLMER I, MCHAEL J F, WECKHUSEN M B. Angewandte Che-
mie International Edition[ J], 2020, 59. 15402-15423.

CHEN C C, DAI L, MA L, et al. Nature Reviews Chemistry[]J ],
2020, 4: 114-126.

WEI R, TISO T, BORNSCHEUER U T, et al. Nature Catalysis[J],
2020, 3. 867-871.

ZHU Y, ROMAIN C, WILLIAMS C K. Nature[J], 2016, 540. 354-
362.

LASHANDA T J K, THOMAS H E, BRETT A H, et al. Science[]],
2021, 373; 66-69.

HOU Q D, ZHENM N, JUMT, et al. Cell Reports Physical Science
[J], 2021, 2: 1005-1014.

TAN C, ZOU C, CHEN C L. Macromolecules[]J], 2022, 55(6):
1910-1922.

PEARCE A K, FOSTER J C, EILLY R K. Journal of Polymer Science
Part A: Polymer Chemistry[J], 2019, 57. 1621-1634.

XUE Z, MAYER M F. Soft Matter[J], 2009, 5. 4600-4611.
MONFFETTE S, FOGG D E. Chemical Reviews[J], 2009, 109:

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

3783-3816.
FEIST J D, LEE D C, XIA Y. Nature Chemistry[J], 2022, 14; 53-
58.
FEIST J D, XIA Y. Journal of the American Chemical Society[]],
2020, 142; 1186-1189.
ELLING B R, SU J K, XIA Y. ACS Macro Letters[ J], 2020, 21;
180~ 184.
SATHE D, ZHOU J F, WANG J P, et al. Nature Chemistry[J],
2021, 13 743-750.
CHOI T L, RUTENBERG I M, GRUBBS R H, et al. Angewandte
Chemie International Edition[ ], 2002, 41(20) : 3839-3841.
CHAUVEAU C, FOUQUAY S, GUILLAUME S M, e al. ACS Ap-
plied Polymer Materials[ J], 2019, 1. 1540—1546.
CHAUVEAU C, FOUQUAY S, GUILLAUME S M, e al. ACS Ap-
plied Polymer Materials[ J], 2020, 2. 5135-5146.
SI G, CHEN C L. Nature Synthesis[ J], 2022, 1; 956-966.
XIS, fRitse, EXL. PEEERI], 2022, 41(1): 7-
13+66.
LIU X H, XU S M, WANG Y Z. Materials China[ J], 2022, 41(1) ;
7-13+66.

(3 K@)



