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F(AHY ~ 0), ZAHRREH K E(AGR<0), FFHR
SN I AR 4 2K F 0 (ASE>0), At PDL )
ROP & i 3X 2 Jx B, — M 7E 50 i B~ it
f7041) Rk 120 4E 5, PDL 14k ROP 15 £
TTZHW9E, AR R AERGre 7, 4R i
B AIS-201, 2% T T I B K222V R0 A AT B2 29146
Horr, & a0 AR 1R AR L 4k
TR SRR AL A B, HL B ISR RER
BHEAED = AU R, To 4 @ bk B 1A AL,
AL A R U AR 34028 7 2 BT RIBE A, B
P& H IR ER = 1 B Bl (CTPB) i Al B ] DAL &
-CL M1 6-VL Z5 34 A i 5144 12F 47 ROPR9-32, B 5 %L
2, A ATGE KA HUEGR R, CTPB R
Pt X PDL B e PR A 5 1133,

W 7i 32 B PPDL MR R I B A 5 8 4062
AIB K PE, RIS T E S 78 i P B 4 5%
7 B K R 134331, 5 PPDL A EL, e-CL Fl16-VL
LS BRTF IR R A 145 I R BE M B EAA R AT I P A
P, WRALE PPDL [¥8E Hh 51 N X S8 5 5 B4 fift (1) 45
PR TT, REREEI 51 AR B RN B A

FATAE LAHT ) TAEH SEIL T CTPB {44 1)
PDL FJ [ # IR A, (HJ2 A MU PPDL 14>
EARMRE, FIEAE 2R T Fin R
G B R G SR TR EEA
2FNHERE, — IR E U — 25 E R o
TRERER, A—MESRS TR RN,
SR B 1) 7 AR R,

BT BRI s, AL CTPB AR
fi (BnOH) ZH B 1 f# 16 4 % PDL i3 47 ROP, i
ik AN I 0 0 R A Ak, & RUE 7 7 & 1 PPDL
(HM,,-PPDL), Ff#F 503 ) i 5 4 1 & 2 []
ff)5% 2 . i it PDL 5 e-CL JT 3R 3L S5 i) £ 2 Ffr 45 K
BICA I L e 3L Y, i3 — 5875 PPDL
[ FPE RN D125 . 4k, B XUE RER 51 R
7 A K 5 F 2 W2 3 5 PPDL (PPDL-
diol), FHiIEBA AT LU I 5 R R 19 8 I Sk $i
B Ay TR EVE, R 2 Fh7
A B R T PPDL R B R S PEREREAT T
KFEE.

1 SEIGERS
BX

11 BARMNEY RN
B4 N AE 25 mL ¥ Schlenk 5t 4T, fF

KGR 2K Schlenk B AE 120 °CHEFE 1524 h.
ERSGE FHFERM T, mRBE R IMATE
H W CTPB. BnOH FIH, Z &5+ 10 min. ¥
Schlenk & M\ F-EFE R EUH, BN TUE iR (1) 7
WHFRE 10 min J5, FRJ5 FHE 9T 48 s PDL
) 2R IR (2.5 mol/LY MR R h #EAT PR R A
23 — B R R A, IR B R I &7 1 T
(10 mg/mL)RZ 1 5EE . B4 I NI AT
WG AR A (H-NMR) IR AR 2 5540 2R . 4
RSN B UsE fE i, JEDTH R
BB R R RPN, REHRAEVWIREE
35°CHA AT TR R lEE.

PPDL-diol ] & &% 7E 120 mL ] Schlenk & /1
BT, TER AT 206 Schlenk & 7E 120 °CHEFE
R 24 h ERURBEI I TFEM T, R
B NTIE B 1,5,7- =8 4% [4,4,0]%%-5-
5 (TBD). %t 7 — FEZ(BDM) M1 PDL. ¥ Schlenk
EEHENFERPICGE, BONTUE R E S
HIEAT R RS & — B RIMEESE, A
2R (A VAR (10 mg/mL) & IERE . BE
TN B DU R I8, JEDFFH B
R EAR, BRI, REHREEWIE
E3S CCHRZTMA T 2 1HE, 15%]PPDL,-
diol (x X3 PPDL )4 ). 415 £| PPDL-diol /il
A = H B & Schlenk Jifi 1, £ 100 °C T HE A FR7K
Lh, MOAZ=SH GO, 2SR A
T £ PR 7S I HH 5k — S SRR iR (HDD) A — H B R
— T R (DBTDL)HTH B | N . £ 3k — B[]
IR R, TN =S R AR, XA &
R LU S I U8, SR F R BRI BR AR R
L SRR R, K R AW B TR 35 CCH S HLA
HhfE R EE, MM 2] PPDL,-E.

1.2 RERWEEME

7N 2 4 AR (DSC) F 14 22 78 ' X
(DSC 25, FH TA A ")FEATIN, %A
2l EEATE 10 °C/min (INHGE R R TR HE . K
FEL LA 10 °C/min TR ZENEE] 120 °C, FEAELLIR
JE T ORI 3 min LAV BR #4752 . 85 BA 10 °C/min
[P 26 H 2 -80 °C,  FFAE MLIR B T PRI 2 min.
FE LA 10 °C/min 3 AN E] 120 °C, M IR
FHE A B I R T).

1.3 RIfi Rz F7-R7 Z5 i
. 73R AF P FH 7 A L (Instron 5943, 3¢ i
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R R RIS & R A AR AR AT, e
Jfc R AN ) AE ELTE B R AL Hp s v B, A U
W BAEM B T, 2 1 20~30 °C. 4R J5 FH br ik 7]
(50 mm x 4 mm x 0.3 mm)# MR TFES, 7EH
15T LA 20 mm/min [N AR 3R Fiy A 2 T BEAL
FEREHEFME3 IR, HEAEAERZERFIIE.
1.4 JKfRMEEEMHK

W AR BB PPDL A 2538/ 3 mm * 3 mm x
0.3 mm ()77 TEFE M, K HIRIELE 20 mL NaOH %
(5 mol/L)yH, Jn#ia] 37 °C. fEkE 3 KHEUH 7%
TKPEe, S TG E, RN EHTT
) NaOH ¥ .
2 #R5itE
2.1 FREEHIES5S FE=PPDLEEE

DA TAFIESE T CTPB 5 8 4 B (i fi A A
0] DU SO i 1k PDL 15 5 P K 5 /N3 B4k
(L-LA. &-CLf16-VL)FLERP), FILIEAR TAFH
BANHERBRARS KRG BE S TR
PPDL. 1% A CTPB 4L, BnOH N5 K5,
#£ 80 °C A1 [PDL] [HauBler, 2021 #213]: [CTPB]:
[BnOH] = 100:1:1 [ [# & B /K B N34T 7 PDL I
FHERS, Wil E % A (GPC)MIE
ZA M F 133 1) PPDL 414 1 8:(M,) 4 33.9 kDa,
S FRAAD)N1.70 (R 1, run 1). K PDL K
FIRRAEBAR ™ H BRI R, 24
S FRBARM IR ERS, A0 5 A I ] 45
PE. BEE EER LIS R, A R Z I B
PEf%, JF H Ao FEHMERER 1, un2,3). XAEE
FE FH T RS FR AR R P A ik & 1)
TETE N E . CAIPDL AR A R A RIS R A1
R, SWREREGER RS, Fik

m R A R T RA AT . SRk & (M), =
2 mol/L I, RERMIERDERI, f£20 min
KF)95% AR (K 1, rund). tboh, e RNIE
FEAR AR S B 2 5 M A IR R IO TEYE, IF HoAk
i 412 =1 PPDL 58 & W0 10 ¥4 il P8 RSP i 1 2
W RAREHRT 2120 °CJ5, PDL IR AT
P #F — 25 4% & . #F [PDL] [HéuBler, 2021 #213]:
[BnOH] =400:1 25 F, 30 minSZH T 86% HifA
AL, 192\ PPDL /> 7 & =ik 95.7 kDa (% 1,
run 5), IXANGE BT IR AN B AR L AR T AE
[PDL][HéuBler, 2021 #213]: [BnOH] = 600: 1 i ,
AR R IR TR 1, run 6). HENE H
V12 A2 DRI A A 7] 47 3 B A ELA BT 1) ) v JL
SN R A IZ TR ZvE e, TR A
M2&ikE . GPCRAFZE R TR, BEFEEE/REEM 100:1
BT EEI400:1, FTSEEE AP H I [A)Z8 A
B2, I H AR ORISR FRIEE AT (F SRS B S ).
AT IH E 50 v B4 S AR VA 2 (2 mol/L) MV 1 9 2R
MHFE(120 °C) %, 153 1 3 m5rF &1 PPDL
BIRY.

N T VRS PDL P 0 B A, FRATTBTHAE
Kl B SR e 5]\ — SRR R R W R BR SR T, A
SR I A SR W SR R B R ) T i R R D )
RV H RS . KUk, 7F 80 °C NI —4Rik
& 1 PDL 5 CL ) o #l 3% 2R ¥ (PPDL--PCL).
TR FEIE R Y+ PDL 5 CL A% L6 AR
JREIFA, it T PDL AT CL 7E B8 /K LA 90/10.
70/30~ 30/70 F110/90 F15E & L. BE#E CLIEA
BB, RGN 7 B I (AR a4, I
LA AEAEH 6 R 18] Y (<30 min)ik B4 = 510
#(298%). H1 T 'H-NMR il () PDL 5 CL f# .

Table 1 Results of solution ROPs of PDL 2.

Run M]y/[Blo/[1o [M]y (mol/L)  Temp. (°C) Time (min) Conv.® (%) M, 4 ¢ (kDa) M,cpcd (kDa) B¢
1 100/1/1 1 80 10 98 23.7 339 1.70
2 200/1/1 1 80 30 58 28.0 36.1 1.82
3 400/1/1 1 80 120 19 18.3 N.A.¢ N.A.
4 200/1/1 2 80 20 95 45.8 64.4 1.88
5 400/1/1 2 120 30 86 82.8 95.7 1.91
6 600/1/1 2 120 120 56 80.9 90.5 1.74

2 Conditions: M/B/I = monomer/CTPB/initiator; the base and initiator were mixed first in toluene, followed by addition of

PDL. ®Determined by 'H-NMR. ¢ The theoretical molecular weight was calculated based on: M, g0, =

(IM]y/[1]o) x conv.% x

(molecular weight of monomer) + (molecular weight of BnOH). 4 Determined by GPC at 35 °C in chloroform relative to

polystyrene standards. ¢ The molecular weight is low, so it is not determined.



4 [

n T

Fok

3L LR PRI B e 2B S, R RS
(AL A0y CL 5 PDL #6402 L il 13-
NMR R AE X Fr S 3 R M BE S5/ 34T T 207 s
7E0=174.01. 173.95. 173.64 F1173.56 kb B
& 4> 5| ) J& F PDL*-PDL. PDL*-CL. CL*-PDL
AT CL"-CL % Ffr of B P e = e (P91 1). 9 HLad i 43
HT BC-NMR A B g 2 [a] e L], o B0 3 25
VI PDL 5 CLBEB L9, &5 R IEARF & FATT il
W BE R B (FL - SRR B 58 S1). 1@ it DOSY-
NMR SE80 i —HE B T TE R R )& BT
XHHE B S2).
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Fig. 1 BC-NMR spectra of the PPDL-+-PCL copolyesters
with different compositions in CDCl; (Table S1 run 1-4).

22 FIRSYH#EhEER S5 F=PPDL RS

# & 3| CTPB 4L 7 PDL K& & s 40 1
2 PPDL 75 B 2 4L, WiiRGEas LUERIN 2
1S HA B AL & IS 73 7 & ¥ PPDL,-diol 9
JERE, 38 I R B Bk i) 4 = 4> & PPDL-E,
e BA E AP ARG 2 s RiE, AL
B8 TBD e { 1L PDL HF A R A A KPS T =
() PPDLI2539), [A] it DA TBD A4 7], BDM Jy 3|
KA, TE130 °C AT PDL AR RS, @il
W AR 5] R A L 18 BN [F A TR N
PPDL -diol (Fi ¥ 3 {5 B 3£ S2). i i 'TH-NMR
SN S B EREAT S 0T, 4 BIAE 6=4.05 (15
Sd). 228 (55 b)AI1.61 (5 )b BRt 34
REVEREIE, 6=7.33 (55 h)F15.10 (5 5 a)kk
Sy A JE T 51 R A AR R EE AT A, R
PDL ¥ % /1 BDM 5| & (K 2).

T HDI 2 Kb nf DUk 5] AR,
Ik HDIL/E Ao 85577 . 48 )5 LA DBTDL A L
7, =&, £ 50 °C R iE4T PPDL (1)

(5] b d
! a l ) L

7 6 5 4 3 2 1

Fig. 2 'H-NMR spectrum PPDL, j,~diol in CDCl; (Table S2
run 3). * Indicates solvent.

Pk N, JFaE kT R A NCO/OH) 1 B 41
PRGNS FESWR . EAFNRET, 2
S%F PPDL; g-diol. PPDLs y-diol 1 PPDL, ,,-diol
BEATY 8E /R B, 152] T — &% PPDL-E# KL (H
TFIRHE B3R S3). R m R R sE A R R
P, fESEIE . RIERUKEER A RN . K ITE
KA A GPC & 7 T B, FFARAGIN R
(PR AT Ve B AR 555 (D IR ST U, HEIL AR i 5 il
FER AR EAEH G S5
23 BHFEPPDLEERGERITAHRIE

R T f X 5 26417 5 5 56 (WA XS) % PPDL
HI4E mPEHEAT T RAE, 4R E/RPPDLER TS
I % LR 2 (HDPE, E = a e IRA
F))FHACL S PR AL, 3K U5 B A A 5 A 2 ol T
S ITHES S LE SO A — NN
P, IXATREEREEE S 545 e A . X WAXS £
Wt — A B9, AT LTS PPDL &5 i S
Twaxs = 49.0% (& 3(a)). il i 78 2 1 6l & Ak
(DSC)FIHEE 73 HT(TGA) X T 5 44 i #A14: J5i Fi
FaE M T 7 3R1E . TGA 45 B2 B PPDL 5% & &
T R I A3 P (Tas00) 9 393.3 °C, e KIAVK E IR
JE (Tyma) 79 427.1 °C, iE B PPDL H 5 1R 47 () #4
FesE M (I 3(b)). A Lt T PCL Al PVL 45 i B B 5%
s, PPDL F#F L FR#E% LK, [tk PPDL #4453
FRUR FE e 0, A DSC FI 3 i & P T DL
2 YRR FAA 5 350 I Rl e %) R AL 3 B
PRI £E, i5E T PPDL (M AlE B (T, N
95.5°C, HULrEMT IR JZ, PPDL LG PCLAH
FEK 1) N Y B9, J@ PR IR £, w7
PPDL (1) 45 54 IR FE (T) N 79.0 °C, I H.45 s 1R
A, UL PPDL [ 45 & idi % 4E 5 PR . Gross & i id
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Fig. 3 (a) WAXS diffractograms of PPDL and commercial HDPE; (b) TGA and DTG curves of PPDL (Table 1, run 5);
(c) DSC curves of PPDL (Table 1, run 5); (d) 2" heating DSC curves of PPDL-+-PCLs (Table 1 run 4, Table S1, runs 1-3,5).

(The online version is colorful.)

MRS T PPDL 58 4 45 &I AR (AH) N 227
Vg, g IR AT O HZ R A
(1145 6 ypse = 61.9% (& 3(c)). Bl J5 %F PPDL-7-
PCL#47 7 DSClliX, 253 %EH PDL S CLIME
FUIL IR Y2 T LGS 1 . LR B0 i B AR R
T2 P R s 2 1A, FF HLBE%E PDL LA
(1038 K 1T 48 K (B 3(d)). X 24 PDL [ A X 5 & 4%
IS, LRV S CL I Bk, X2
LT B T 25 R A T 58 6 4 B S A A
B2, DRILFEAR 1 BG4 fn .

PPDL-E () DSC A4 B Bor, ¥ 8577 2t
A3 MR 45 Rl 255 % A4 A T X0 B2 1) PPDL-diol ,
Al RE R S IR IR B IR T R G F
B, M BAR T R &4 f vk . F B R
PPDL-diol ¥ #4715 5| () PPDL-E ¥4 s B % R 5
AN E FRERES, XAFE— RS
o RAE M 4 T B 4 # . PPDL-diol {4 T &3

ey DL B4R A R R AR AR L,
T IRAA 73T 5 PR3 2 PR AR el e Y g T
2L, NS AR 46 (K 4).
2.4 SO FEPPDLEAEHF MR

JE I A S 77 R AR SIS PPDL (1) /7 7 M i
HEAT IR . 1, O A R s % R
0.3 mm [P W24 B 2%, il 28 R O R R B
BRI, FEMR DG, XG0 R
IS 2= 52 A4 R} B R0 T 4R 5 XA ) 43
TN PPDL AT T K, JFE A r &
R CIFAE IR TR EUK(31.8 kDa)
f) PPDL, oo W1 2411 K % &, = (6.89+0.39)%, FK I
RHETERIR, SEH S TR TSy T, i
PRMER D> TR VE R . 4 2R AR il R B
T ARIBYEIERLY ) 54T N, PPDLaygo JE IR 7
o,= (18.2+0.36) MPa, WiZHK % o, = (696+57)%,
X e i 5 7 A HDPE 7724 M 5 AH LB 5(a)).
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Fig. 4 (a) 2™ Heating DSC curves of PPDL; g-E synthesized by chain extension reaction; (b) 2™ heating DSC curves of PPDLs; ;-E
synthesized by chain extension reaction; (c) 2™ heating DSC curves of PPDL,;,-E synthesized by chain extension reaction.
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Fig. 5 (a) Stress-strain curves of PPDLs (Table 1, runs 1, 4, 5) and commercial HDPE; (b) Stress-strain curves of PPDL-7-PCLs
(Table 1, run 4 and Table S1, runs 1, 2). (c) Stress-strain curve of PPDL; ¢ -E polyesters synthesized by chain extension reaction;
(d) Stress-strain curve of PPDLs ,-E polyesters synthesized by chain extension reaction. (The online version is colorful.)

W78, ATCLBRARTIAP R 2 KR AT 1838 T Mecking 25 ) £ (1) HoAth SR R 2K I 2 5 44
Wrdsm i, Rk IEE AR e sE g [EAE 8l #lanPE-2,8 FIPE-18,18 &0, Jf: H AAH
B, REHIAREEERIME, HovLL GF WK 28 (7 3 RHE BB S3). PPDL [
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5 25 140 KR L0 R 0 T AR 7

AR B T T AR A K], X T BE R B R e
AR TRV R R 7R ER, i
H5R T MR BIME . SR JEWF S T PDL-~CL 323
MBI, SRR YIAM B 2 BE % CL
Eb A7) 38 B0 B, K IH & T 15 MPa, 1] BA
9 — b RS (B 5(b)). CL Y SIAIE R 175K
HVEE R I ER R, ERERNG N T BE ISR,
I H LR 0 TC 53 A1 [0 546 FEAR SR A 0 () ST A
RS, TSR A4 b A0 )2 PE i T RE

A 7 U ) & T & PPDL A RLR
I IRV SR J1 25 AT N, FEH S BE R
H 2PN 5 AR B, HBEE aT kg
PPDL-diol 7 T &M, FHEE—RIVESE
W) Fy 2 R R R s, XM
AH . [ DSC 45 B AR 4 . 11 PPDL-diol 4 ¥ & M
5.1 kDa & #]9.1 kDa J5, Fi#3 PPDL-E J7%: 4k
iR R /ME$E T, X158 24 PPDL-diol 4>+ & F+
E 3 E S, PPDL-diol ) T EX BA& M
R RS AR N A R, AR
(] PPDLs 1y-E 11 PPDLy -E £ /) 5 PR 57 3 2w T
FFIRE A58 78 PPDL (K 5(c), 5(d)fH# T
X HHE B K S4~S6).
2.5 PPDL /Kf#MMI

N T IE RS IR R, 1
Bl P 4% 14 (5 M NaOH) K 43 %l % PPDL #f i 5
PPDL-+-PCL ¥ ft @47 1 ik . KR 45 R W,
PPDL FESLTEM 210 75 KB, A8 FFRAKAE 2%
18, KMFEMERZ . PPDL SR &9 3 4 o i 2k 2
AR, HEMRIRITEABERMEKNE, Fikt
K A R AE 2218 . 1 PPDL-+-PCL K 5 7E 20 K
FEA TR EIT IR RIS BEAR, 7E 39 KRBT FE 25 2L Rl
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Fig. 6 Mass changes in PDL copolymer and homopolymer

studied in accelerated degradation conditions.
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Research Article

Ring-opening Polymerization of w-Pentadecalactone Catalyzed by
Organobases toward Degradable Polyethylene-like Plastics
Bing-zheng Huang!, Rui Han?, Zheng Li?, Zhi-bo Li'-%"

(College of Chemical Engineering, *College of Polymer Science and Engineering,
Qingdao University of Science and Technology, Qingdao 266042)

Abstract This study reported that an efficient and controllable ring-opening polymerization of w-Pentadecalactone

(PDL) by using cyclic trimeric phosphazene base (CTPB) as a catalyst and benzyl alcohol (BnOH) as an initiator.

* Corresponding author: Zhi-bo Li, E-mail: zbli@qust.edu.cn
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High molecular weight PPDL was obtained after optimizing the experimental conditions. The PPDL film with
high molecular weight not only showed similar mechanical properties, crystallinity and high melting point (7,,=
95.5 °C) as polyethylene, but also exhibited the degradability of aliphatic polyesters. Differential scanning calorimetry
(DSC) proved that PPDL had good crystallinity. Wide-Angle X-ray Scattering (WAXS) showed that PPDL had a
unit cell structure similar to that of commercial high-density polyethylene (HDPE). Moreover, bishydroxyl-end-
capped PPDL (PPDL-diol) can be easily prepared via ROP of PDL with BDM as initiator. Then the PPDLs with
high molecular weights were obtained by chain extension reactions with diisocyanates and showed enhanced
mechanical properties. In addition, we synthesized a variety of random copolymers with different ratios of PDL
and e-caprolactone (¢-CL). The melting points and hydrolysis of the copolymers could be adjusted by changing
the ratio of e-CL. The melting points of the obtained random copolymers could be adjusted in the range of 53.0—
95.5 °C by changing the ratio of ¢-CL. Finally, the hydrolysis of PPDL copolyester was achieved under alkaline
conditions. Compared with PPDL homopolymer, the hydrolysis of random copolymers showed faster hydrolysis
rate and adjustability.
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