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¥ 10 min, R AREABERZE - 100C, FLL 10K
mn ' ABEREABRME. RBRAFERLELE
Bw.5 w8 RTE" . KT CS-183 MMX
RGO S M A LA R B, R B
B 41.6xh 8 mm, TR MXEE(RH)40% T &
1A, 7 WD 4005 B2 F R LR (K FERA
87) FER K, MR B H EE 50 mmemin ',
BARA 10 kg-em™*, B S M HSEHE
MR _ A (DMT, b 54k T, CP);
1,4-T — 8 (SA, Alfa Alsar, AR); 1,4-T —®
(BDO, Arcos, AR); B Z —_ ¥ (M, (PEG) = 400
600,1000,2000, H A # O 4r 3%, CP); KRR U T B
(Ti(OBu),, Sigma, AR} ; F;BREE (Mg(OAc),, b &
T, AR); HLE M Liganox® 1010 & AT-168 (4t
EHAATHREMR). KGN aia.

1.2 EBANER

# PEG,BDO,SA & DMT Mifi E A —F It
i A 250 mL = N AEHR [ B 7 4 BDO: (DMT +
SA)=1.2:1 (mol) |, I E=/EEREBE 3 K;
RIE,ET 160CHMmAESP, HRHEL 30 min,
170C FIMAREALHR, HEHABRE 210C,3~4 h
T AT I 58 R 5 4% R LR A F — R A%
1, BEA(240 £ 5)C, ES/NT 60 Pa, B fu] 2y
45h. RMEEFR , ELKETEM N, THF,H¥
BRFYAEEABT 2 HEBFAARKMIE B
BT CHCL, ZR T AR &6 G mHE (60 ~
NC)PEINOEERIE, UXKPREEER,
ESOCTHETREEE, EERRT. A EEEL
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1.4-BDO(1)Esterifaction, N,
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g
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. *\/0‘};“240(: 30~50 Pa M\/\/\Of ,[)‘\/YO\/\O{\/O}/\OT

PBS PEGS
Soft segments

Scheme |  Synthesis moute of PTSG copolymer (where u,v=1)
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2 HR5iTE

iRy cPC Mg (A NERKES TR
A X PR ke Sy A, &5 B PSR B PDIL) ¥
e, s FEES, BRERLE L.
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Fig. 1 GPC clromatographs of some samples
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TR R B RE K E KX &8 m e
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2.1 HEWAR (1)SA #1 DMT [ PEG % BDO 5 iF i% #E# A .

LB HRM, @ PEGT/PBT S AR A FHEM—
TCHEM SA, IR IR LB WA B PBT( M,
=220} 5 PBS(M, = 172) MW FEX Bt PEGT( M, =
M, (PEG) + 132) & PEGS(M_ = M, (PEG) + 110)

(2) BBRERMATEHEE R 1V (3) EREH
FHEARE " TR ERBTHERER AT
IR .

Table 1 Composition, molecular weight and palymerization conditions of the copolymers

Mo W Mpps DP of PEG M, [ 7] T I3
Samples PDI

(%) (%) (%) (r} x 10° {dL-g™') () (min)
400-10 22.42 41.74 (39.24)* 11.87 (10.0)* 8.40 (8.68)" 6.16 1.99 1.47 170 190
400-20 20.90 40.18 (39.41) 22.01 (20.0) 8.41 5.03 1.77 1.55 172 180
400-30 21.05 40.82 (39.65) 29.15 (30.0) 8.36 6.26 1.92 1.58 172 190
600-10 20,97 47.54 (46.88) 10.68 (10.0} 12.47 (13.23)% 4.59 1.73 1.62 176 220
600-20 21.95 49.74 (47.54} 22.56 (20.0) 12.09 5.60 1.8 1.68 176 210
600-30 20.59 48.20 (47.63) 29.93 (30.0) 12.90 4.717 1.88 1.60 178 230
1000-10 21.60 59.35 (56.94) 11.55 (10.0) 20.52 (22.3)" 4.24 1.66 1.80 178 270
1000-20 20.77 58.76 (57.56) 20.79 (20.0) 19.97 5.06 1.50 1.88 180 290
1000-30 19.77 57.89 (58.25) 30.93 (30.0) 20_88 4.82 1.55 1.85 178 270
2000-10 21.67 73.46 (71.16} 11.89 (10.0} 42.91 (45.05)" 4.86 1.43 1.98 182 320
2000-20 20.43 72.45 (71.74} 20.72 (20.0) 42.60 4.93 1.38 1.99 184 310
2000-30 21.18 73.93 (72.33) 30.97 (30.0) 42.50 4.56 1.39 2.01 182 320

* Theoretical values are listed in brackets.

® Theoretical values can be cafculated by formulae: r = [ M, (PEG)-18(H,0) /[ 44(CH, CH;0)7 and listed in the brackets.

Frig Y H-NMR B i§ il 2 frR, Kb 5
=1.98,4.43 X 8.10 4h = 4b3%6% 1,2,11 HTEE
PBT %54 & 4 M Wiz ; B B2 PBS 45 1E iS5 WE 3,4,5 4
B BLAE 6 =1.71,4.17 K 2.67 4t ; M PEGT
MAH §=4.5,3.85 % 3.65 4t = &b 45 {F &% 6,
7.8: 2T, 5B PEGS B EF 5 PEGT R M
8=3.65 IFFAEES, & F AL FFIEEE 9(5 =
4.25),10(8 =3.69).

Hith b Z i BE 6=8.1,2.67,4.5 & 4.25
AHITEWE 11,5,6 F1 9 K7 4 54 % DMT.SA #I
PEG RIAFIEeE , KA AR EH &S A S 2T
A, B, AR ol 4508 1T
MMM,

IJ4 + 1,/4 I+ I,
M = g 75+ 1,8 X \00% = 7= x 100%
(1)
1,/4 ~ 1,/4 A A
AMPBS = mx 10% = l“ + 15 x 1009
(2)

P, 1 3R T br A7 o il e A X B SR
fsh, w B PEGT g T BE(EG) EEH T

HradmRAG)HMAIAE BERLERME

Fig. 2

"H-NMR spectra of sume samples

i
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Fig. 3 '>C-NMR specira of seme sample 1000-20

FE 5 1000-20 #° C-NMR BEE 0008 3 Biw , A
EHPKE,s =253 bW - EEM MRS S
e R MM TR ERET 1,1 WL ERW: 8
=20 .04 £ H KRR T RIS RO T R OB
JHF 6 MIAFAE L4k Mt ;6 = 63.87,64.85 R
69.10 &b 0 B 43 51 R 3K B PEGT R PEGS 4+ 7
SRBMMEBHEERET I 3 R@+4 )HLE
U EREPSEERAERET 2,2 HAENE
SRIEE 8 =64.17,64.53; 0L 50, 6 =70.57 4L W3R
W K B P B R MR A R S AR
W F 5 6 = 129.55 B9 PUE g A2 134.0 4L 8 T84 57 3

(4)
REH SRR EMMEHREF 99 KR
FEHEE; & = 165.71 K& 172.29 Y 8 43 51 S 3f %
CHEREENT _MEEPRERETSMNTIN
I i ik
2.2 EERENSEHASH
MTES FHEHELWHESYEUEEN
gRY NEERRBEETISHREHREZ
13 Yamadera HE R EMA T NS
WHENCHELRER AW I T A%
BRI RE D SHESEMHE R Ak, E#®
WA THEFEEHRARERET(ET &,8)/
HEATI PBS/PBTY IR _MT — -0 BT
TRT RS (PBAS)-b- B KW T Z &
(PRAS/PBT)'" R 1§ R KB N AR WEX
K _HMZ " Bi-co- BT BBV E L4 (PET/
PES) ™ S MOR S AL . AR I th 3 ok SRR
AEFMAFKES I B KW 4% (E)# PISG
SEY R BB PBT(Ar) & PBS(AD M FE ¥ Il &
B R sy 4 ¥ 4T T RIE.
meE 2020 ) i, 1 6 =1.81,1.86,4.17,
438 4b0 4 N=FE ¥ a,b,c,d FRH FEE PBT
5 PBS fRE — i WOR 2 A5 BT 8L B R KA X
FRER(T) ST ZREESONTE TREB)PLER
HEHETHERPGEE BIl: SOCH,(¢)CH,
(2)C H,CH, OT(SBT)}, TOCH, (d)C H, {(b)CH,CH, 08
(TBS). KR FHAFENZ LKL R E. B, &
BBk ML F R ATV R (E, S) (A FE FIHR(T)
(A)HL 2y B AT RERY 8 FFEE#9 A4S 9 ArAr(TBT),
ArAl(TBS,TEE) , AlAc{ EET, SBT) % AIAI(EES, SEE,
SBS) PUFh T U, £ HR & B Pl Y H 4 T A 1 4 1) B
SHEE,ZH— AR, BRE U S E N
Frens o fant s fure T Fu . BB B PBT M PBS B-FHyff
FIKE Ln, ()X Lny(y), B0 F R
Lag(x) = 1+ 2/ {fam + fun) = VP
(5)
1/ P,
(6)

Iny(y) =1+ ZfAIAll(fA;AI + f,um)
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Table 2 Sequence distribution analysis on two hard segments in PTSG copolymers

Sl Fraction of dyad Mole fraction of diester* Probability of finding unit  Average block length Degree of
ne Farae Sane * faen Fam P Pua P Patar Lng (%) Ly y) randomness B
400-10 0.4093 0.4915 0.0992 0.6550 0.3450 0.3751 0.7123 2.67 1.40 1.0875
400-20 0.3206 0.5156 0.1638 0.5784 0.4216 0. 4457 0.6115 2.24 1.64 1.0572
400-30 0.2399 0.5244 0.2356 0.5021 0.4979 0.5222 0.5267 1.91 1.90 1.0489
600-10 0.3957 0.5162 0.0880 0.6538 0.3462 0.3948 0.7457 2.53 1.34 1.1404
600-20 0.3108 0.52717 0.1615 0.5746 (.4254 0.4592 0.6203 2.18 1.61 1.0795
600-30 0.2453 0.539%0 0.2156 0.5148 0.4852 0.5235 0.5555 1.91 1.80 1.0790
1000-10 0.4504 0.4688 0.0808 0.6848 0.3152 0.3422 0.7437 2.92 1.34 1.0859
1000-20 0.3478 0.4787 0.1735 0.5871 0_4129 0.4077 0.5797 2.45 1.72 0.9874
1000-30 0.2900 0.5596 0.1503 0.5698 04302 0.4910 0.6505 2.04 1.54 1.1415
2000-10 0.4160 04993 0.0846 0.6657 0.3343 0.3751 0. 7468 2.67 1.34 1.1219
2000-20 0.3400 (.5239 0.1361 0.6020 0.3980 0.4351 0.6581 2.30 1.52 1.0932
2000-30 0.2388 0.5488 0.2124 0.5132 0.4868 0.5347 0.5636 1.87 1.77 1.0984

* P, (P,) means the molar fraction of Ar( Al) moieties in the copolymer, vice versa

BEH, 5 M, (PEG) XX ; M (PEG)—F , i My
W, La, (:)BEW/D, In (y)ZF WD . XH
FE B RE4E 1. 1 BHE, iR B 5 40 o B R B B
FH A A

2.3 #HaH

B DSC LW 4 . —/iE, T
SN MR TRE(T,,, T, &
AT, T.,), RHEKRFEAENRHATH
——XETHH PBT, & f& & PEG X PBT HIR & X

Exo

-50 0 50 100

Temperature ('C)

150

1
200

%%ﬁgm%ﬁ’%%ﬂ% 3. Fig. 4 DSC thermograms of the samples
Table 3 Thermal and mechanical properties of PTSG copolymers
Soft segments Hard segments
Samples
T (T To (T)  AHL(Jg™') W (%) TeulT) TanlT) AH:(Jg™') W.u(%)

400-10 -25.58 - - - 50.55 152.47 18.66 22.83
400-20 -28.70 - - - 47.97 134.36 9.18 11.23
400-30 -31.65 - - - 47.41 113.87 8.12 10.25
600-10 -33.81 - - - 43.21 159.07 16.54 22.39
600-20 -35.11 - - - 48.98 140.38 9.86 14.40
600-30 -38.44 - - - 51.63 120.20 8.19 11.83
1000-10 -45.4] - - - 48 .82 150.53 9.88 17.30
1000-20 -44.78 - - - 50.75 133.35 5.34 9.44
1000-30 -47.13 - - - 46.40 1§7.62 2.44 4.35
2000-10 -49.86 32.14 41.23 15.74 - 149.53 3.17 8.51
2000-20 - 49.50 38.71 55.64 21.24 - 125.71 2.13 5.63
2000-30 -50.07 35.28 60.81 23.21 - 109.48 1.05 3.02

* The heat of fusion of soft and hard segments. respectively
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BEREBWES. S M, (PEG) Ko, KERH
AU ZECEHEYEEER KB HHER
B, T, B B M, (PEG)¥ K, w 3,5 &
BE R HARBRRE A, T, BH I PEC B
EyHBesTRE" At iTREFHEN
KERAE T...

HTFHEBRFHFFKERRERES T, R
HRE W MEERRY M— %, ¥ EER
Mo BH,5 M (PEG)JLFEX(ER3) TERRE
BB Mo 7, PBT SE B 51 < E 0 /N, 1R 31 AT
BREKEEBRNKERMK, W25 K25 HM
BB PBS B L —E B E KR (co-
crystallization ) % B F- S T..5 w,.R¥$T
Rl g 5 MR, BRE S K
EARLZ {AEE M, (PEG) &, B B o+ BFER, W,

BEZ TR . FEME, TREWMULHETRE T,,
# M, (PEG) <1000 5F, F EE P 48CHIE, L
FARAR K M, (PEG)TEmEL, XFTERE
RHPBTHEHEAINE. ASZTHORERRE
S M, (PEG)SKEE 8 hn , B B 4y SO BT RE A, T
EEHPERSEME A, DSC & L L FRER
FIHE BB ERE .
2.4 NFEHENHR

HEFEHEERRAGRME 4 iR B M, (PEG)
B My S MR R ER ENEE o, BB
MRIREE o, BHPEE, BT REPA , FHHM,
RIERBTFEESEHPRESEOE M, N
Mo PRT BB, &R ERK, RN R T
7 M SR T

Table 4 Mechanical properties and equilibrium water up-take of PTSG copolymers

Elastic modulus Elongation at break Tensile strength Yield strength
Samples A e (%) Q
E{MPa) en{%) &, (MPa) o, {MPa}
400-10 42.31 671.56 24.37 12.16 1.96 1.2
400-20 30.61 697.30 20,59 11.02 2.25 1.03
400-30 15.13 908,28 16.49 9.12 4.15 1.05
600-10 35,14 620.90 22.99 11.09 13.82 1.16
600-20 25.13 645.34 17.20 9.4 14.38 1.17
600-30 12,27 750.45 14 9§ 8.62 15.48 1.19
1000-10 18.52 671.78 16.71 9.39 46.27 1.56
1000-20 15.81 739.606 15.60 9.4 51.06 1.61
1000-30 9.55 931.43 10.02 6.47 53.31 1.64
2000-10 8.60 1043 .46 14.22 7.96 116.56 2.40
2000-20 8.01 1292.91 13.40 6.86 140.89 2.69
2000-30 7.46 1438.51 9.28 5.54 168.39 3.02
40
- 400-510 (a) - 600-510 (b)
ol ™ 400-520 —— 600-520
—_ [ == 400-S30 - 600-S30
E
3 20
B3
10
40 M
= 1000-510 () | = 2000810 (d)
30+ ——1000-820 —— 2000-520
—-1000-830 - 2000-530
£ 20
E
B Ol0F
0 1 1 1 1
0 2 4 6 8 10 2 4 6 8 10

Time (week)

Time (week)

Fig. 5 The influence of soft segment length and Mpgs on the hydrolytic degradation rate of PTSG copolymers
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SYNTHESIS AND CHARACTERIZATION OF POLY(BUTYLENE
TEREPHTHALATE)-co-POLY(BUTYLENE SUCCINATE)-5-
POLY(ETHYLENE GLYCOL)BLOCK COPOLYMERS WITH

DIFFERENT SOFT SEGMENT LENGTH

ZHANG Yong, FENG Zengguo, WU Tong, ZHANG Aiying
( School of Materials Science and Engineering , Beijing Institute of Technology . Beijing  100081)

Abstract  The poly ( butylene terephthalate )-co-poly ( butylene succinate )-b-poly ¢ ethylene glycol ) block
copolymers ( PTSG ), employing PEG homopolymers with different number-averaged molecular weight from 400 to
2000 as precursors, with PBS molar fraction ( My ) varying from 10% 1o 30% were synthesized by melt
polycondensation technique and characterized by means of GPC,NMR,DSC and mechanical testing etc . The result of
GPC measurements shows single-modal curves with a polydispersity below 2.0 for the copolymers . Analysis on the
sequence distribution of the two hard segments in the copolymer chains reveals that the average sequence length of
PBT hard segments decreases while that of PBS increases with the increase of Mg, and the random distribution of
the two hard segments is also validated by the degree of randomness around 1.1.Microphase-separation structure is
demonstrated by the appearance of lwo glass transition temperatures ( T, ., T,,) and two melting points (T, ,,
T,.) in DSC curves of most samples. Especially, the decrease of the average block length of PBT and the co-
crystallization between the two hard segments may cause the depression of the meliing point and erystallinity of the
hard segments, when M changes from 109% to 30% under constant soft segment length. The increase of elongation
at break and equilibrium water up-take with the increase of PEG molecular weight and its weight ratic in the
copolymer, as well as the decease of crysiallinily of hard segments provide a promising method of medulating the
flexibility and hydrophilicity of copolymer chains.

Key words Block copolymer, Sequence distribution analysis, Polycondensation, Mechanical properties



