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Table 1  Copolymerization of I.-LA and e-CL at various reaction times at 130°C*
Time h Fiy Ciasan Cra Ca. L Ly R Ty
3 0.84 0.36 0.80 0.09 1.2 11.0 16.4 ca.0
6 0.78 0.42 0.87 0.15 2.5 9.9 16.1 ca.0
8 0.65 0.56 0.95 0.32 4.0 7.0 18.2 ca.0
24 0.42 0.91 ca.l 0.85 4.1 3.3 27.0 0.18
48 0.40 0.96 ca.l 0.93 3.2 2.4 35.7 0.33

* In bulk mole ratio of comonomers to catalyst 100 feed mole fraction of -LA=0.38 F|, mole fraction of lactidyl units in copolymers Cy,, cr

total conversion of the reaction Cp, conversion of I-LA C¢ conversion of e-CL  L¢*®

lactidyl blocks

R run number = 200/ L¢®+ Ly °

L- e-
. 130°C
1 mol %
10% ~15% " .  1-1A
M1 e-CL M,.

ry=kylky ry=kplky,y M /M, m,/

m,

Ross

Ty yield of the second mode of transesterification

average length of caproyl blocks L;;¢ average length of
"H-NMR
Fineman-
17
m MM+ M, |
m, M, M, + r,M,
M,/M, F= m,/m,
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Fig. 2 Determination of the reactivity ratios of L-LA
ria and e-CL r¢,  using the Fineman-Ross method 2.2
' Table 2 Probability of monomer addition to the copolymer chain in the copolymerization of L-LA with e-CL
pe
Chain end Added monomer New chain end -
Mg Oct , 130°C Sn Oct , 110°C Al acac ;3 150°C Al O'Pr 3 70C

~LA™ LA ~LALA” 0.96 0.98 0.98 0.95

~LA”" CL ~ LACL” 0.04 0.02 0.02 0.05

~CL" LA ~CLLA™ 0.82 0.74 0.74 0.63

~CL" CL ~ CLCL” 0.18 0.26 0.22 0.37

fPy=nrfil rnfi+f, =1-Pp caleulated for f1 = f,=0.5
Table 3  Copolymerizations of L-LA and e-CL with various feed monomer ratios catalyzed by Mg Oct , at 130°C for 48 h*

Sample S Fe Yield M, MM, L¢*® Ly* R Ty
Al 0.10 0.083 0.93 19 200 1.72 1.5 10.2 17.0 ~0
A2 0.35 0.359 0.94 17 300 1.88 2.4 4.6 28.7 0.03
A3 0.55 0.545 0.97 18 500 1.98 3.1 3.1 33.3 0.13
A4 0.75 0.768 0.95 20 800 1.86 5.2 1.8 29.5 0.15
AS 0.95 0.946 0.98 21 500 1.75 12.4 1.2 14.9 0.24

* In bulk mole ratio of comonomers to catalyst 100 f, feed mole fraction of e-CL  F¢, mole fraction of caproyl units in copolymers L:° average

length of caproyl blocks L1 average length of lactidyl blocks R run number =200/ L¢° + Ly °

TI]

yield of the second mode of transesterification
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Fig. 3 CO signals in ' C-NMR spectra of the P LLA-

co-CL  copolymers

IL-

Table 4 Peaks assignment of carbonyl resonances in > C-NMR spectra of
the P LLA-co-CL  copolymers

Peaks é Sequences
1 173.54 CCC
2 173.47 LLCC
3 172.88 CCLL
4 172.81 LLCLL
5 170.87 CLC
6 170.35 LLILC + CLILC
7 170.29 CILC
8 170.24 CLLC
9 170.08 CLLLL
10 169.74 LILLC
11 169.69 CILLC
12 169.58 CLLLL + LLLLLL
Kasperczyk " * % L-IA  e-CL
LL C
LL
CLC CLLLC
L
3 L
CLC
. LL
T, CLC 21
T, CLC = CLC / CLC 4
CLC ® C-NMR CLC
CLC
CLC
CLC y = K/ k+1° 5
k= C/ L C L
"H-NMR C e-
CH, L CH
3 4 Ty
CLC e-CL
e-CL C LL
LL C
CLC
LL C
LLL(', Lcc 20
L, = 1 Lu, + g + Tue 12 +1 6

2| Ty + e 12+ Ioe

Toe + Tie

Le = I + I

+1 7
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STUDIES ON COPOLYMERIZATION OF L-LACTIDE WITH &-CAPROLATONE
CATALYZED BY MAGNESIUM OCTOATE AND THE STRUCTURE AND
PROPERTIES OF THE COPOLYMERS

WEI Zhiyong' > LIU Lian' WANG Pei' GAO Jun' QI Min®

' College of Electromechanics and Materials Engineering Dalian Maritime University ~Dalian 116026

2 School of Materials Science and Engineering ~ Dalian University of Technology ~Dalian 116024

Abstract Poly I-lactide-co-e-caprolactone P LLA-co-CL copolymers with various L-lactide/e-caprolactone L-
LA/e-CL.  mole ratios were prepared by the ring opening copolymerization of 1-LLA and e-CL using nontoxic
magnesium octoate as a catalyst in bulk. The time-conversion curves of I-LLA and e-CL copolymerization were
recorded by 'H-NMR. The results showed significantly more rapid polymerization of L-LA relative to e-CL. The
carbonyl carbon signals in ° C-NMR are most sensitive to the sequence distributions of the lactidyl and caproyl units
and used for calculating their average block length L, and L.° .Two modes of transesterification occurred during
the copolymerization process and played an important role in the redistribution of comonomer sequences. With
polymerization progress L, decreased sharply and L. increased at first and then decreased gradually as a result

the run number R increased gradually and the extent of randomness enhanced.The CLC sequence formed by the
second mode of transesterification was observed at the end of reaction.Then the reactivity ratios of L-LA and e-CL

were measured to be r, =23 and ry =0.22 respectively using the Fineman-Ross method. The results r;, > 1 and
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ree < 1 imply that L-lactide monomer added preferentially into the copolymer chain end in the first step of the
reaction resulting in the formation of long blocks of lactidyl unit in the polymer chain. The copolymer composition
has a profound influence on the values of L;;“ and L;°.Both L;;“ and L.® increased as the relative proportions of
their respective monomers increased. The transesterification coefficient of the second mode of lactidyl units T
CLC  increased as the feed mole fraction of e-CL increased. In terms of the overall feed compositions the L;;"
values calculated from the reactivity ratio exceeded the L;;° values determined from the product however the L.
values were identical or shorter than the L.° values. Therefore the repeat unit sequence distribution of the
copolymers was varied more or less toward a random sequence distribution by variation in the comonomer feed ratio
and reaction time. The thermal properties and crystallization of the copolymers were investigated by DSC and XRD.
The results showed that a close relationship between copolymer crystallinity and the length of the copolymer
sequences. All copolymers of L-LA and e-CL exhibited a single T, determined from the second heating scan. The
experimental T, were in agreement with the calculated T, values from Fox equation. It can be concluded that the
copolymers are random or comprise a mixture of compatible block copolymers.
Keywords  Poly L-lactide-co-¢-caprolactone Magnesium octoate  Reactivity ratio  Transesterification

Microstructure  Properties





