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Poly(s-caprolactone-co-1, 2-propanediol oxalate)
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(1. College of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042,
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Abstract: A series of poly(e-caprolactone-co-1,2-propylene glycol oxalate) (P(CL-co-POx)) copolymers were synthesized
via bulk ring-opening copolymerization of e-caprolactone (CL) with cyclic 1,2-propylene glycol oxalate (1,2-POx) as a
modifying monomer. The polymerization behavior, physicochemical properties, mechanical properties, and degradation
performance of P(CL-co-POx) were systematically investigated. Results demonstrated that the monomer conversion exceeded
94%, the number-average molecular weight (M,) reached up to 131.5x103, and the crystallinity was determined to be 39.0%.
The copolymer exhibited favorable mechanical properties with a tensile strength of 26.9 MPa and an elongation at break of
1 928%, as well as excellent degradability, showing a mass loss of 66% after 28 d of degradation. This strategy provides an

effective route for designing aliphatic polyesters with superior mechanical performance and tunable degradability.
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AR T ORHEA LR | i 2R UL S AR S A VEAE SR AR e L R 2y L ML AR
SUAS BN N, COC IR AL S AT B i SE R A RIS, SR, XY i AR 2R U T R 1 <A - -
LR S T BO R SR HE R, R R s it AT, X AR RGN 2R 5 O i R 1T 3 R ST
B Ay T AR A I RARAEE R AT A A A R 0% 5 B AR IR R T YR AR S BHE R R ), e BT
s R, ATRRRR G I B B G A i S MR} | SR AR A BE 5 B IR S AL I T BRI O Ty I i 32 DG . Horh, R
U5 1% 28 i R e L 407 10 26 AR 50 5 P 4 %) 2 BB Ry e L7 b A v g 1 T R A b e 2 — 100,

RO NER(PCL)E y— 2 LR A S ME DR T 16 SR B, B IR S i PR Be L I TR 5 A WM 25 1, 7236
BRI RAE | Af y E H aA  m  T SEA ARAE ATUE R I R 0 N TR SN 12, PCL 43 1B B
FRAE SR RAAE, 43R 0o, 25 fh BE A i, SRl AR A SR BRBE a2 B4 R 1 00 e i i R AR S 92108, JC
FEG IR IR EE R LT AN M o X Tl 7 12 % I g 5 e U L R AT S 7 FH 3 5t (O — Y i i ) X e e fe
REAY TR SRS, Ak, 7RO B8 PCL A K B9 772 5 0 TPk R A0 A 35 T, S 300 G o ik 38 5 A9 0 o 9 1 J2 9 )] PCL
JNEFH S BT SRR AR

BE X PCL Y Bl SR s 2 BAL 4G TR ot 09| A28 3g e S AL SR el pe 05190 45 R PR SR ok RS o R 4 2R
B FRESEH, SR BE A SE A1, BA R Rt ELE A e - BE . Tonks F1BARO 3 TR H CO, 1 5-
I TR AT A= ) 3- 2, 3-6- 20 FE DU S IR -2 (EtVP) &5 e-CL PN TR (CL) 5k L-TN 38 Fig (LLA) (4 35 5 5 i, 3 3 3
P BRI AT, PR SRR ) SROW S R, AT AR A LA S M RE S B AR A A kL . /N BA Y
i3 E R e TS AN 1,3-38 T 3 85600, M TRl s ke e kL = R BB L T Ak 2206 0 1 2R B, 5% 4
RAEURE (Tys0) 15 380 C, M HRMAR . SR /K M, P00 3k M0 B BROPR 3L SR G 45 e 5 ) 24 v, MR RB I 56 v
AR IR 2K 20 SR BE R 0 o R, 51 AR 2546 1) 2 R SRR il 5 508 3R PCL 4314 19 45 it 0 4
P, B80S B i T R R R AL, DI I SEAT B K A i R . SR R RR R AR U — 284 3% O 14 ] i 3R
B2, TG i e R R T R i 1T 3 S A K Ak G Y AR B AL 2 CO, 38 i AR S (0 345 440 S I R RIS E ol 5
T OGR4 2, SRR TR AR v R ) TR e LA W e K S T, FETR L RSB IE T R & & R
WL, W R W PR R i R, R BV SRS g U T R IR R 732527, Miller AT BARST R e F 5%
TR TR ot Fe Bl K 1 RS R R TR A 6 SR S, T ek 4 e A AR R RS e S A B T LR W I S O A
SR ILR TR, SO T R AR e S R R R A PR IR 4R . AR B AT BRI 29300 Sl i 4 BRVE UL T T
RAR £ —FERE (PEOX) A A, IIESE PEOx At H B 4714 77 2458 B 5 /K B APk Be; 1% B BAE— 25 L) PEOx 5
R LR (PGA) NS BT, H 45 1 nl DL g K B 10 R 50 R T B AR (PBOx) $L W) . RS iR 98 iE 52
SR R TR AR DR I i SR ) 1N R 0, L R AT R PR T R SN i AR S I R A i AR R T A
¥ o 2K R TR AL A AR R TR LA, JF 5 o-CL FEATFF IR LR, Al o 6 4 R R R R i A o0 5| A PCL &
i, P AL AT P R AR R S L ) 2 PERR (R T L R R AR

ARTRATZE B I FH R 2 Al i R VP I 5 0 0 e — B i B o 4% HE LA P B A BE T A BRIR 1,2-19
FRRME (1,2-POx) ik, ABFFEHE—2 DL 1,2-POx AL AIT, 5 CL F Al i FF 3R A S0 il 45 3R (e~ I g -
co-1,2-TN "B R g ) (P(CL-co-POx) ) o i ixf 95 2 SR L0 Lb ) 15 2R 6 45 1, SR L SRR 405 o B 5 IR A (37 4
B PN RD A S AR AT i 1 56 0 S B T L ) 2 M 8 R A 1) 0 78 T A B T I SR B . AR AR R AUA i
P& PCL P A 22 1% 1) ) AL T RT 4705 58, b Ry v R BE VT B At SR e A A 10T T 5 TR R B0 177 Lt
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1.1 ERSiRH

CL(w=99%): Z s MR FI A B2 A, 22 S ALES 45 24 h J5 Uk R 8 1 L 4l ¥R — 1 i (DMO, w=99%) .
1,2-N ZBE(PGO, w=99%) . 2K VU T i (TBT, w=98%) . & V. %% (Sn(Oct),, w=95%) . “F i (BnOH, w=99%) .
1,8- A 24 WIF [5.4.0] T —Bk-7-%5 (DBU, w=98%) . 1-51 ] 3-4,4,4-— (" H 2 3)-2,2- X [ = (ZH 2 L) Wit
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VB3 1-205, 4057 B A (1Bu-Py, w=98%) . =R I WIF %4 (TBD, w=98%) . —. £ 3&4¥ (ZnEt, 1.0 mol/L C
BEv i) . = H 345 (AlMes, 1.0 mol/L C BE A W) « BTHE T 3500 47 BR 23 w5 DU Sk i ( THF, w=99%) . VK i 2
(w=99%) : [ 25 4 FI {b 2470 A7 BR A Wl o SCH R B i il 156 BH A0 2 T 2 f .
1.2 WX 5 RAE

R IR I (NMR ) » 2R 72 [ 45 & 5523 5] AVANCE I 400 MHz A% % F R 3 A%, LURACE 7 (CDCls)
SR PO H AR BE (TMS) S AR, IR 3 2 0, 4300 >R 48 TH-NMR FlC-NMR i ], 38 i FEAF AR 1
[ERap=RERY Nz g

i L AR 2T AN (FT-TR) : SR H AR JASCO 28 &) FT/IR-4700 Y6354, F AR fh i — & H b (DCM) i 7
TR B R B O L, B s AT R BRI R, RS FH JASCO Spectra Manager 50412 SREL AR B RE,
FHNBR A E R IR R AW s

FRSFHEBH (3 (SEC) : R FH 28 Bl 18 /A Rl BE S 5 Lk A HE 17 %2 , X R 4t iR 1260Infinity [T %! Hip i
L. Iso ZEMZRATOCK M ZF A AL, B 258 HPLC R, A4 —M 5 pm £29 4 (PLgel MIXED)
J 3 M43 HiAE (PLgel 10%A. 500A. 10°A(1A=1071m) ); ¥ 5 it W BE A 5~ 10 mg/mL, LA THF R i gl AH, Ji sk
9 1.0 mL/min, R 503t 4340 09 SRR S MG bn b AT A HE, 05 B804 43 8 (ML) JE A 1x109~6x10°, 3L
A Mo K F A (B) $4H SEC M4 o

2578 A H 1 Ak (DSC) 2R H S -+ 3 55 1 45 R £ 28 5] DSC3 22 7 H1 4 i A, 78 AR AUH (O 3
50 mL/min) F#EA7IL, B2 5 mg BES, 560 10 °C /min THEH FEM-80 °C FFZE 200 °C, fHIR 5 min DL #
I3, FELL 10 °C /minff IR HE R HI 280 °C, fiem L 10 °C /min TR FEIRTF 2 200 °C. LIS 2 I THE
L2 R AW 0B AR R (T,) PG A5 (T o

E 5317 (TGA) : R 26 B TA {XEF2A F] Q500 A 434X, 78 A A4 Bl (J 8 20 mL/min) T #4703
W2y 5 mg i, LA 10 °C/min FHEE AR 30 °C T+ 600 °C, icsg R B2k, JFfiE Tasvo

X BHEAT S (XRD) : 2R [ Xenocs 24 7 Xeuss 2.0 X SR ATHMY, FHH#57E Fl 50~60°, 39443 % 5(°) /min,
K FH A WL i X 37 0 1% R R A T AT, O SR B 4t i B (X o

Ak fg: P8 ASTM D638—22 i, SR H 36 H Je ki W24 7 Instron 5967 J7 BRI S HL#EA I, #55R
BRI EE 2 0.5 mm B L, £ U0 RObR A R URE, BRIE 25 mm, $7H5H R 50 mm/ min, B g 2D
M 5 A PATEURE, BOP-SBE TR 2 | W 24 2 M ot IOt

Rk i R B SR v R A T IR AN A S 56, 0 53 LK L HCL I 3%(0.5, 2, 4 mol/L) . NaOH & (0.5.
2. 4 mol/L) K FEM#A BT, 75 25 C THIR/K B AT . $ R G W ERe i TR 21 (29 0.05 ), K % R H ot i
ICH mo, SEAIR T B 2840 R L 20 mL: 1 g) 5 @ WIBUH BE S, 2B ok bike, T 40 C B TR E
R, FRH BT IC A m,, IR B BIRF(r) : r = (mo — my) / mox100%. [A]I %55 "H-NMR 5 SEC K AiE [ fif
HIGFE AL A A 2540 5 50 T8 i . AR AR E 20 3 AT, BOFHIME,
1.3 XBRHTEH

P(CL-co-POx) & IR AN A 1 B .

(0] (o]

o} Condensation o NaAc
\o)ﬂ(o\ /—< — /Hj(o 01/ — %

+
5 HO OH TBT o j/\ " Depolymerization )—/
DPMO PGO 1, 2-F0x
(o) o O
(39— N
Sn(Oct),
CL 1, 2-POx P(CL-co-POx)

El 1 P(CL-co-POX) £ U2k
Fig. 1 Synthesis route of P(CL-co-POx)

1.3.1 B4RAR KRR —HIEE(300 g, 2.54 mol) . 1,2-P4 (230 g, 3.05 mol) 5EkIRIY T T5(0.09 g)filA 1000 mL
B P e, e I 25 B A 5 I v B A 7R AU T, 5T 80 °C i 1 h, BEJE FHELE 110 °C R
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1 h, 140 C JR i 2 h, 150 °C N 1 h, FeJ57E 150 C F B SR E 50 Pa, 4545 2 h LUBBR H EE S & 1,2-I9
B, A E A FRBURY . FEASARYT, W LR BUERY PO AR B0 3% 1) CEERREE N R R AE A7,
KA E 2 2 50 Pa, T 180 °C I 2 h, 15 5] 1,2-POx M /=9, Mr=#LAEigaifbs, 55854+ 48 h, 1
PR 2808, 4 Witfr T FER T M.

132 ERER HERXWAIWTEMS, [ 15 mL Schlenk Ji # 4#& & it A CL(0.8 mL, 7.7 mmol) . 1,2-
POx(1g, 7.7 mmol) . BnOH(5.5 pL, 0.05 mmol) . 0.05 mmol 4k % 1.925 mL THF, 45 844 4494 B 4 4 mol/L,
BB HAR(CL, 1,2-POx) . 5| &5 (1) . AL (C) ¥ BT 1 & 2 H (n(CL):n(1,2-POx):n(1):n(C)) A 150:150:
1:1; ¥4 Schlenk JH% 3 /5 7% th T4, T 60 °C fHESFESY 36 hy SV A5 05, A UK S BRI K S, 7= 9
A P B R TOE, S8 SRR R E T 40 °C BAs HRAE T 24 h, 153 P(CL-co-POX) TTHLILRY)

133 AKER  ZERWESWTEH D, 7 15 mL Schlenk Ji H A CL. 1,2-POx, BnOH 5 Sn(Oct),, i
n(CL):n(1,2-POx):n(1):n(C) 533 1940:60:1:2, 1900:100:1:2, 1860:140:1:2, 1800:200:1:2, 1400:600:1:2,
il £ AN A 1,2-POx B /R 4341 (x(1,2-POx) ) YL Wy, £ 1K R SHBORHR 24 3 g ¥ Schlenk % 35 8 1 T4,
F 130 °C TEEBEFE R 6 hy 45 H 5 A VKBS FRIE K o A 7= s T S B e, SR 5 A LT A A e e
UUVE ., Y€, T 40 C E2s T 24 h, 53 AL R Y.

2 HREIR

2.1 EBRRIE

K H'TH-NMR 5 BC-NMR X it il £ /9 1,2-POx FRARIEAT 4509 FRAE, 255 01K 2 R o ufk sy F i & &R
T 5 R A B 1 5 R T — 2, HRRAE DRI T I . JC A 4R, GIESE 1,2-POx FAARZE Y IE A,
B VL B R e s FE A -, HE— 20 e A aE AR ), SEEE 1,2-POx 5 CL WY FF IR E R A 0, iy il 4 3t
25 P(CL-co-POX) .

(a) o, © . b o, 0
>‘>_l< a H aj
Q [} [0} [o)
n)_/b l)_/c b
c d d
b
. aal
CHCly a I } CHCl3
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 160 140 120 100 80 60 40 20 0

J J

&2 1,2-POx [J(a) 'H-NMR 5 (b) 3C-NMR i%/#
Fig. 2 (a) '"H-NMR and (b) '*C-NMR spectra of 1,2-POx

22 HEEEHIE

JEEHE CL 5 1,2-POx 1Y w8 R Ny, B e R IE R G KR, REITJRAMEATNIEG P L S5 . L5
WA ML A 4L 7] (TBD. DBU. tBu-Py) 5 4 J& A ML AL (ZnEt . AlMes) 1E RAFFEXT 4, 5 5% 584N [F]
PEARTN BT BLAR AR () L JLER Y M, S DI SZ B, F 1M 07 48 3 Be iz L R AR R 0 s fbn) . 5
B2 SR AN R ST R

TELL THF S0 . SO i EE S 60 °C YV iR SR AR & oy, A DL i fb ) 4 AL JiT 7% P(CL-co-POX) [ M,
JHEA 0.2x103~2.9x103, 43 F LB, ME LA R SEBR I 3K o 7E ZnEw LR R v, SLRY M, i — D%
Z 0.5%10°, fEALSCRINAREIA; JS4 AlMes AT 1,2-POx FARHE (L3253 98%, KI5+ 1Y 1,2-POx FF 3 i
sV, (HIC A 851 & CL R IF IR G, Rk BAndRY) . HRS SRR, UL THF A n %
WAL RIARZMELLL I CL 5 1,2-POx WYt 2 o 45 G S i HLEE 5 S5 50 254 43 A, DU H: 32 22 R AT e 7E T
THF s £5(66 °C) AR, H T HAMEAFIE A E

Y TR A MELU 2 5 o T AL IR A A BUEDR, i — 20 R AR SR A X AN R AL R A T 0 18 (6 1) o
7 TE B AN ] 288 B Ak ) 72 IS PR S HE AL TG PR 10 101 D7 TRAFAE 83 22 57, AIRGE R T 22 S AL 1 IR 32 428 o1 5K
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W&, 254 SCHk [31] i4E, A HLIE AL H] (TBD, DBU. tBu-P,) 5% ¥l 4 J& L S AL ) (ZnEt, . AlMes) 19 5
AR E N 60 C, i Sn(Oct), ALK Z IR A 130 °C #4754 . TBD, DBU, tBu-P, 7£ 60 °C 514 F X} 1,2-
POx P H A2 AL TG M, BAREE AL R I B 3k 97%. SR, AR A5 1E T, A MLBE AL XF CL AL T
PERAR, e LLSEIE CL 1Y R U R A, R TG 125 1 4 &5 44 T 4% 1 P(CL-co-POx) LR #) (3£ 1, Run 1~3) .
ZnEt, 5 AlMe; BT [AIAf AL CL 5 1,2-POx & A TR IR A, S 30 5 i SR04 1 T 1) 52 Ak, fF o 4 A 3% 4 O
%, HBAIRIAI R AT 2 5 5% CL LR 90 8%, 21%, 1,2-POx FEALR 70510 31%. 96%., FrfgdtEy)
P REARN, REWEERZE(E 1, und~5) . HHLLZ T, LL Sn(Oct), LT, 78 130 °C I 6 h BRI AT 5K
M CL 5 1,2-POx My E 3L, CL 5 1,2-POx (L3531l 1k 94% 5 98%; TR Y1 M, 2 23.0x10°, DAy 1.8, &
PGS T F i 5 RAFR R A T . LA X LL AT AL, Sn(Oct), S AR LR 1A R i S A AL 1)

1SRN CL 5 1,2-POx JFFRILIR SR ) 2 )
Table 1 Influence of catalyst type on the ring-opening copolymerization of CL with 1,2-POx

Conversion'

Run Catalyst n(CL):n(1,2-POX) :n(1):n(C) t/h M, Mec p?
CL 1,2-POx
1 TBD 150:150:1:1 6 0 549, 10.5x10° 6.2x10° 13
2 DBU 150:150:1:1 6 0 97% 18.9x10° 7.6x10° 14
3 tBu-P, 150:150:1:1 6 0 74% 14.4x10° 10.7x10° 13
4 ZnEt, 150:150:1:1 6 21% 96% 22.3%10° 15.6x10° 1.3
5 AlMe; 150:150:1:1 6 8% 31% 7.4x10° 4.6x10° 13
6 Sn(Oct), 150:150:1:1 6 94% 98% 35.2x10° 23.0x10° 18

Conditions: The initiator system was composed of BnOH and Sn(Oct),, and the reaction was conducted at 130 °C; for all other systems, the reaction temperature was set at 60 “C; Upon
completion of the reaction, glacial acetic acid was employed for quenching; 1) Determined by 'H-NMR spectra; 2) Calculated from the feeding molar ratio and monomer conversion;

3) Determined by SEC in THF relative to PS standards

) Sn(Oct), FAHEALH, 7E n(CL):n(1,2-POx):n(I):n(C) = 150:150:1:1 B4 F, REHELT 110, 130, 150,
180 °C iX 4 R AGWEEXT CL 5 1,2-POx ARTF AL IAT R A 5E 0, Z5 R A& 3 frzR . Sn(Oct), AT [ I 2 A
b CL 5 1,2-POx I FF ARG, AT X W & LR 3 )y 2 Sl fstk oA B m . MR EHEE N 110 C
B, 2R N R, [ 360 min B 1,2-POx % k323K 98%, Tl CL #HbRAUK 64%, KX E T CL &
B HEAR R, Hglh 2l R B R T 1,2-POx(E 3(a), B3 S1) o 130 °C R30S by R | HUpREE A lm) 25t
SR T A B A, 1R 451 T )M 360 min, 1,2-POx 5 CL # 4L 343 1il3k 98% 1 94%, HIER A
HI RN B R A A L SR R 20 1 5 W, SRR WG M, BE AR AL e BRI K, 55 23.0x10°, HD=1.8.
Xf L R Yy AT B 12, 25 SR W] RGBS 130 °C B, 1/(1-y) 5 R0 i ] 522 R AP PE R (R? =
0.99), BLH CL Ml 1,2-POx Wy FF AR G i B 45 A AT & R sl J1 A4 AE; il ad HRAPRITEA S CL 5 1,2-
POx F4) 2 WL 1% R 5 B0 (K) 4351 4 0.0094 L/(mol-min) 55 0.031 L/(mol-min), 1,2-POx A% 52 i 3% P i # & F CL
(& 3(b), B2 S2 5 1E S3., S4) . MEAIRIE N 150 °C s, [ W 491 3 R g A, {6 5 min P 1,2-POx 5
CL (AL R B B W 35 22 5, 5 2L CL 7% Ab 3R BRI AP T, BT JEk S B & (4 [R5 ik, BALRYIHY M,
55 D34 B 0k B, AR A . B S AL AT R SOV E IR BB, A TN R R (K 3(c), B4 S3) . MREGRE
h 180 C i, H: B Rz 7 3 R 4, 10 min N CL 5 1,2-POx 3 I Ffr 8L A 1 5 Ak 5243 13k 94% F 96%, 183 25 1
TR 255 2 7 I AR A I RN, SR M, MRTLR 1Y) 14.0x103 KIRFE = 5.8x10%, DFF 2 2.3, i FRETEEK
¥, BRA SRR 22 (] 3(d), IR S4) . LRSS IREW, SOV IRE X CL 5 1,2-POx A AR SE IR 1 5 17 1
P BRREL AL [R5 R R A e A T s e 3 B SR MR . IR IR BT AR O 2R A 1 T 1, (8 2
FARTR] (10 507 3% 1 22 5, [R) B PRI AR R A 0% s TR L BB R TH IR A R, A1 50175 K Bl R fit . B G B 5
A, FECAREEAL R A T R, HILRY) e ORI TS o 25K, 130 °C it RIK R it i
o7 Y B, 7 S e B v A A 1 [T, SR 3 B g 1) [R) 251k 5 P s i, I3RS e TR 4R L TRy
A ¥J—14 PCL-co-PPOx LM LE Yy,
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100  (a) 110 °C_ . 100 ¢ (b) 130 °C
80 | 80
X X
£ 60t 5 60
w w
5] 5]
z 40t z 40
(e} [e}
@) O
20 | —a—CL 20 —=—CL
—e— 1, 2-POx —e— 1, 2-POx
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
t/min t/min
100 - (¢) 150 C _ 100 . (d) 180 °C _
80 80
X X
£ 60 £ 60
5 5
z 40 Z 40
(o} o}
@) @)
20 a CL 20 —=—CL
—e— 1, 2-POx —e— 1, 2-POx
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200

t/min t/min

3 ANTRRREE T SA Al A2 5 7 e i) g2 e i 2

Fig. 3 Monomer conversion as a function of reaction time at different temperatures

2.3 HEBRYMELEHST

TESEARAAL S , R 'H-NMR %I P(CL-co-POx) £ 4 (55 1, run 6) M HELEFY HEATRAE, 25 R WKl 4 BF
Ro WIHRHRRIR AR R T, 1,2-POx SR IR FERR TR 0 RFAE T 106 (ARic R a) 7 T 4.8 4b, CL HL4 P4 il S 4B 037 3
FH L AP AR BT 108 (BRI b) 2 T 4.4 Kb BEE FL 3R SO0 IR T, B ACRA TR I a | b (14 04 98 28 W 0l 55 , [) IF 7
5.3 5 4.0 Kb BUBT A RRAE MGG, 3550 % i 3L R 9 PPOX 4% Bt iUk F 3L 5T 7 (— OCH(CH3)OCO—, FRid A ar)
5 PCL i Bt 1 W 1 3L i 1 (— OCHy(CH)sCH.CO—, ARic A by) o RS B, B A i a il b S8 24 K, a1 5 by
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Fig. 4 In-situ '"H-NMR spectra of copolymerization system as a function of time
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Wi g T W — R AW 4%, IF4E PCL 5 PPOx R WM W HILRY); H a5 by WE 5 2SI 00 R E,
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NMR (&35 11 s [ AR AiE 1] 10— 25 O 3, B 52 17 ] 79 0B 4, 00 0 7 A 10 6 B 235 A0 R T D 2 A T 2%, e ¢
W a1 5 by (553850 504 915 el I, 05 R W] SO AR 2 A7 78 B 0 A B 5 % S TR A S 0 o IS I 2
I AT TR WD 6 T8 A I ik B P 9 4544, R A 24 P i PCL 5 PPOX i B J BT HEAR , a0 1 41 £ 2L 28 4 M BBt
] JC IR | Be BT T 5 S5 A6 4 ) 1) P(CL-co-POx) JCHIL Y (M E 1R ST, S2) .
24 HRYMERFRIESHH

BT R A IR S AE S IR A LR SR RRAE, S R GIRTT 1,2-POx BE IR 43 Bt L 3 W) 22 A BE Y
PR, B ek S YEREZ A ROE R, AIFST &5 T 43 F AR L x(1,2-POx) 530 51K 3%, 5%. 7%.
10%. 30% i P(CL-co-POx) JC KL L F Wy, 43 il fiv 44 & PCL-PPOx-3%. PCL-PPOx-5%. PCL-PPOx-7%. PCL-
PPOx-10%. PCL-PPOx-30%, J- A%l PCL 3454 h 4 HE (BHF R S5), X ke S Itk ge | 45 A 254 . 124 bE
A K MR AT AT T RGERAME G XA HT o 24 x(1,2-POX) =10% I, 2B M1 M, MELLIA T HARE, PR
A58, MR RTE A, I, ARBFIE R 1,2-POx FEE/R 0 B AR A I R b A7 5 B2 R AR5, A G RE 28K
CRTFHR2, %3,

2 PCL #5¥) J P(CL-co-POx) LML R 1Y RAE L
Table 2 Results and characterizations of PCL homopolymer and P(CL-co-POx) random copolymers

Conversion"
Sample n(CL):n(1,2-POx):n(I):n(C) M:,’lhco Mifsac Py X,
CL POx

PCL 2000:0:1:2 96% n.d. 218.9x10° 138.8x10° 13 44.6%
PCL-PPOX-3% 1940:60:1:2 94%, 97% 215.5x10° 129.6x10° 1.8 42.9%
PCL-PPOX-5% 1900:100:1:2 94%, 98% 216.3x10° 131.5x10° 1.6 39.0%
PCL-PPOX-7% 1860:140:1:2 95% 96% 216.7x10° 120.8x10° 1.6 38.6%

PCL-PPOx-10% 1800:200:1:2 96% 97% 222.2x10° 68.8x10° 2.0 n.d.

PCL-PPOX-30% 1400:600:1:2 95% 98% 228.1x10° 63.2x10° 1.9 n.d.

Conditions: The initiator system consists of BnOH and Sn(Oct),, reacting at 130 °C for 6 h; Upon completion of the reaction, glacial acetic acid was employed for quenching; n.d. = not

determined; 1) Determined by 'H-NMR spectra; 2) Calculated from the feeding molar ratio and monomer conversion; 3) Determined by SEC in THF relative to PS standards

%3 PCL ¥JERY) I P(CL-co-POx) L HLIL B Y By I fiE 5 1 2 1 fig

Table 3 Thermal and mechanical properties of PCL homopolymer and P(CL-co-POx) random copolymers
Sample TYC  To/C Tys/C  Tyma/C  Tensile strength/MPa  Elongation at break/%  Toughness/(MJ'm™)  Young’s modulus/MPa
PCL —64.1 57.3 350 380 39.8 1553 322.0 119.8
PCL-PPOx-3% —63.2  48.7 340 375 23.1 1786 251.4 429
PCL-PPOx-5% —62.4 41.5 330 370 26.9 1928 300.8 104.3
PCL-PPOx-7% —59.5 343 320 365 8.5 1249 79.0 40.6

Conditions: The initiator system consists of BnOH and Sn(Oct),, reacting at 130 °C. for 6 h; Upon completion of the reaction, glacial acetic acid was employed for quenching

T VAl 1,2-POx BE IR 43 B0 SR TR 45 it BE I 5200, SR ] XRD 455G 70 W00 Gk, X TG R IR i Y 45 b
SR 2E AT RIE . 4l PCL 7E 20 A 21.5°F1 23.8°4b H PR 5 11 2R B8 19 R AE 71 S g, - 31 X6 o7 1E 38 &b &R 19
(110) F1(200) Fh I, 25 & B S ik 44.6%, RILE LR S5 MPERE . 24 x(1,2-POx) 2l 3% I, FL 5 i £ 5 g it
JiF W2 AR ELIG TR S S Ak, 45 i BE A 28 42.9%; 24 x(1,2-POX) 14 2 5% If, 4% fb B E— 5 KR A 2= 39.0%; 24
x(1,2-POx) kLI 2 7% BF, 45 & (38.6% ) A DL W FEAR (] S7) . 1,2-POx FETTi 5] AW IR PCL 45 & (1 #1
H, NI RIS B . PPOX i B2 i F SR UL 5 B R IR S AE. PCL 285 i A T 7 X4 BB o507, BELAS 58
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Fig. 5 (a) DSC and (b) TGA curves of PCL and P(CL-co-POx) random copolymers
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Fig. 7 Mass loss rate of PCL and P(CL-co-POx) copolymers degrading in alkaline media of different concentrations
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Fig. 8 SEC chromatograms of (a) PCL, (b) PCL-PPOx-3%, (c) PCL-PPOx-5% degraded in 2 mol/L NaOH solution
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