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1.2 PBS/POSS £ & # £y %l &

PRI — 5 Jt f i POSS B T B A & B A 05 1
BEA b, #E 1 fiFE 30 min, 540 B 5 B 1) PBS &
D5V IR A BB A 43 HE 2 b BB A v WE A B 7
ML BSR4 & 24 h LLRBRE R, ris &2 & Bk A
FLZS WA 50 C T 3 K, 58 4 BRI, #UE B
& L MG POSS 78 & A kR B R E S
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D3 TR R 1) S5 56 3k A (S5 V8 4 U 0 ) 1
S, ie i PBS.
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4 7 B -X-0 2R BB 1% 4 A ( SEM-
EDX) M3, 4 He i Y 9 B 2% 76 e W7 I w5 4 R
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X-GF AT AL (XRD) sk, 76 H A # 2% D/
Max-Ultina + B X §F£e A7 50 k47, Ni i 3€ , Cu
Ko 514k (40 kV,30 mA) , A =0. 154 nm, ¥ A=
20 M\ 5°F 30°, K 0.02(°) /s, A 1.2
(°)/min.
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2 BR5UE

2.1 POSS 7 PBS A S8 HES

T eI 1 BT PBS/POSS 4k B &
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H 7T T A B 5 A
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Z97E 19.5° 21. 9°F1 22. 5°, 4> B %t )i % PBS [ «
SR (020) L (021) F(110) &y . PBS/POSS
YK A R PBS (AT S 0 A B T R AR, 3R
W] POSS By A Jf- & A 248 PBS ) & 2. POSS 3
A AT BT 064 B S 8. 0°,8.9° 1 20. 0°, 5\
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Fig. 1 SEM-EDX images of (a) PBSI and (b) PBS5 nanocomposites
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Fig. 2 XRD patterns of POSS, PBS and PBS/POSS nanocomposites
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25 S 2 an &l 3 (a) Fros , Al L B #8727 2880
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A — M8 i B A 45 A R, POSS AN {H 3 A7 i ifF
PBS &5 ffy, i BELAS T 45 i 25 fhim o T 10 45 S i
TR AL FE SAZ I BRI S A K A A B BT LAZ
A P AR AR R A A AR KH B (1) DSC
15 POSS 1) 45 i ik B2 FG mll B2 43 3l o 39.9 C
56,1 °C YK AR Y PBS 45 S Ak il
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e 75 LA 45 Fal &5 2 104 R A R A A
MR R R IR AR B R A ik 9 oK A 2 SR
JAZ BRI W AR H /N POSS (KR E =1) 1Y
IR ROR 22 (2) POSS 43 F E 4 3k 5 PBS
BEBL b0y BT o ] B AR T, POSS 1y 8 Y
SER R Y B A BK /R H L, 7E PBS/POSS 4Kk & &
WARE I B = 4 9 2 25 4 BRI T PBS BE B is
Ml T PBS (145 &, 7E DSC I G Hh 2 B4
SR T, POM I 2 Bk 5 2B K i A8 /N, 7 PCL/
P EE (TA) , PCL/\E ZE 3 POSS il PCL/ =T
FRELOR L POSS IR R R BF A bl B2 LB
G20 TA F1POSS (A M IR T PCL ) 45 &
HOR R TA F1 POSS o F R R £ 1
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Fig. 3 (a) DSC cooling curves and (b) sequent melting curves of nonisothermal crystallization of PBS and PBS/POSS nanocomposites at

cooling or heating rate of 10 K/min

Table 1 Parameters of nonisothermal and isothermal crystallizations of PBS/POSS nanocomposites

Sample T.(C) AH ()/g) T,(C) AH ()/g) T..(C) n E(min~") ty,, (min)
POSS 39.9 18.3 56.1 17.7 — — — —
PBS 58.6 59.7 104. 1 58.4 87.8 2.21 0. 0076 7.87
PBSI 57.1 57.5 104.0 55.6 87.0 2.23 0. 0058 8.71
PBS5 56.7 53.8 104. 1 52.1 86. 8 2.30 0. 0039 9. 66

FATHEMDEFE 1 POSS X PBS A&l 45 AT SR BZEL | . T LA Hh PBS J2JL POSS
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POSS YA RIS f 8, S5 4 b I FH B I [E) 2 B K (R AR /), Ud I 45 A R AR R Y
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Fig. 4 (a) DSC thermograms and (b) Avrami plots of In [ —In(1 - X,) ] versus Int for PBS and PBS/POSS nanocomposites of isothermal

crystallization at 80 °C
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Heqe, LI 80 C Nl , BR i~ A2 Y - 24 {5 A0 A 8] )
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Fig. 5 POM images of (a) PBS, (b) PBSI and (c¢) PBS5 nanocomposites isothermally crystallized at

80 °C for indicated crystallization times
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Fig. 6  Spherulite radius versus time of PBS and PBS/POSS

nanocomposites during isothermal crystallization at 80 °C

SCIG A5 80 °C B PBS . PBSI fl PBS5 () Bk
AR K EZAMK K F: (8.60 £0.02) wm/min,
(8.48 £0.02) pm/min, (8.18 £0.03) pwm/min.
W% POSS & & (19 38 i, PBS 145k fh 2E K 3 26 %

# R R, X U] POSS BB AG T PBS 5 BEH)
B, MG T PBS BER K. IR EE R E
NI - LR B (PP-BaSO,, ) 2 [] 56 F) 5t 1 4 F B
T 1 PP &5 0 BEAIR 1 R AR R R 1T R S Rt

50

o PBS
o PBS1
A PBSS
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Fig. 7 Spherulite grow rate of PBS and PBS/POSS

nanocomposites at various crystallization temperatures
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A5 LN L POSS R T iR (TA) MR T
PCL Bk i Az Ko R 18 7 R 60 C ] 90 C
23 L T Y R N O BR 2 KGER (6) AT LR
X TR RE G G XSS & 5B T AR, R
W A 45 T 19 38 K TE AR IR R G B, T 2
FFIBEE POSS M4 N, ¢ T W B X WiFse T
TR A 25 L 20 o5 R 58 L % S 2 SR e ) D

PBS 4r T4 Bk 5 POSS By 4 5L 2 18] i FE 1
AR 1) A
2.4 POSS 3t PBS ;1= RE R 8200

K T REiR B ML X PBS/POSS 44 >k & A b &t
PEAT T PR SE I, P AR B A IO A | R
REER L 2.

Table 2 Mechanical properties of PBS/POSS nanocomposites

Sample Tensile strength ( MPa) Young’ s modulus ( MPa) Elongation at break (% )
PBS 32.5+0.6 423 £9.0 208 +9.5

PBS1 34.7 £0.5 573 +7.5 104 +7.8

PBS5 31.6 £0.7 487 £8.5 42 £8.2

Al LLAE H, (1) POSS [ fin A XF PBS (1) 1 4%
AV AT ik 2 1 5 VR . AT W 5% 3% W SR0RE Y 1 58 A
FAR# T BRI AR OB KN (RER S Kz
FE 3 TR A2 AR O P R R R AR
& POSS 7£ PBS Fefk oy B AR 45, o & &
POSS %5 5 kA= AL, 7= AL BB, 5% W) T 487 1) 1%
i, ST REAR AL BL Y 07 2 PE g POSS By K42 oK
LRI BRAIOR R B — NIRRT 5 A
JEEFNBK b /N 45 v RS W 5 A ORI g 2
AEf7 % E S 0, /i i DSC F1 POM 45 3 3 B
POSS (% LA AE AR /IS | 1 3R i 2R K BOR BRI A
B, e 208 R S B 25 R R /INBEA 8 3 2200 (2)
POSS [ i A & 3 #2857 PBS (4% K5 i , PBS]
Fi1 PBS5 ()47 G433l 4 573 MPa £l 487 MPa,
AH X T4l PBS (423 MPa) 23 9425 T 35% 15% .
(3) K% POSS & 15, 52 & M ki) i 24 K 2%
B BEAR , 3X 7T 8 [K] Ry 78 B A i Iz 04 B B, PBS 43
FHEZ UL HES , % POSS ki T HEH 5] — i, &%
e R e s S b L

HETIHFSE T POSS Xt PBS [ 3h 2 J1 24 M fig 1
SR, 43 AT R B X PBS Je H AT A b4 ) I it RE A
(E") W52 ma. WK 8 (a) hal LLE H, ZEKIR T
( =50 °C), PBS,PBS1 #il PBS5 ()% & 4 %1 K
2930 MPa, 3980 MPa #1 3580 MPa, 4> & & T
36% \22% ,JEPANHT IR A & 2 () POSS %5 5 Al
B R SR B T OB R LR B IR R PBS
()43 4 BE BEAS B8 Bl , ELAR X &5 5 58 4, IR 6k
REME B 40 7E % IR (25 °C) ,PBS PBS1 Al PBSS
(A5 43 ) 4 413 MPa 570 MPa 1 512 MPa, 4}
T 38% \24% . iX IR R BEAE PBS (9 T,

VAL, PBS JuiE I X i 4 B Al Lz 3, A I il RE AL
AR, X B POSS X PBS A 4 B 4 BR i 7 FH 42
B, 32 PBS i RERE R ) 77 0 LA W] A2

104
E a) PBS
L b) POSSI1
= RGeSy ¢) POSSS
o B
2
Ei
S 10°t
=] 3
g C
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Fig. 8 Temperature dependences of (A) storage modulus

and (B) tand of PBS and PBS/POSS nanocomposites

BIFEDE T (tand) W] i WAL X6 52 45 WA A} 3 38
AEE AR IR (T, ) By 52 e SEORL 2 3 340 2 BR ) 2R 5
Yoy Fic s, 3 R AW T, (5% WA 48— 18
B A WE5E R W PEO (4 fin A PBS [ T, F
W2 A RE B N K R T R A
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PBS [ T, [T} o Ay SCHRIA g BORE X T, 3%
S0 55 AR N | 8 (b) R PBS/
POSS 9K 52 4 b4} i) 453 48 PR 5 Bl i B2 1) 22 4k W]
DL, B POSS & 2 (1 38 i, 451 4 IR 1 fi R U Xof
o7 B 3R 2 7 TH s, N4 PBS /Y -30. 6 °C L%
PBSI ) —29.8 °C ,PBS5 [ —28.3 C. X & H N
Bt POSS I A, POSS 4 K ki 1 6 i 1Y 48 3k 5
PBS (¥l JE 0 % T S5 A BAE A, W EF POSS 11
GERIGE R B T W) B AR VR B PBS R g
T X 4% B 1) iz 3l 52 B, 5 30 PBS 3% 35 16 7 22 il B
9;[_%[21,22].
2.5 POSS %t PBS #%a E 14 1 &

TCAILGA KL T (A 2306 3R B P S AR 1) #08
FEME P A — E B SZ R, A B 9T R BT POSS By 51 A
S5 REW o 8K E Y VAR 7 W) 18] 77 A A LA
FH AT 3 35 3R A 0 i AR e o A — 2 I BELBR A
HIP . POSS Xt PBS J A $A R 5 1k 9 52 i 4 18] 9

100

Residual weight (%)
I o o0
(=) (=) (=)

[
(=]
T

0 . . L Nossaceee -
100 200 300 400 500 600
Temperature (°C)

Fig. 9 TGA thermograms for PBS, POSS and PBS/

POSS nanocomposites

Jin , POSS 7€ 250 °C gk ¥ 4 43 ff , Lt PBS 43 fif ik
FEAR T 29100 C. — ks b4 R 5T a2 48t 2% 5% /YR
JE 5 S B i I B, PBS (PBS1 Fil PBS5 (1) [ fiff ifi
4350k 362 °C 367 C 1368 °C, Ui B PBS 1k
R M LT A 32 AR08 1 22 19 POSS [ 52 ]
POSS 43 7=y %t PBS #4 F& fift 43 -1 8 W7 24 G i 1k
YEFT, R PBS (1 R a2 k. % fige 7 B /DN i T
&L AL IE T POSS 1 PBS 2 [l £ 7 Lt B o i 4
HAER .

3 #ig

K RALR 6 £ T PBS/POSS 44K & &
MoRL, 7R POSS BEME AR 4 4> B 7E PBS Jefkp,
SRR UK, 2% 10 A A SR 5 T, ROEFE 50 ~
100 nm Z [8]. POSS [ il A4S 52 W PBS 1) iy 8,
POSS 75 B 44 v DL fy iR T2 20 #2 76 DSC I3 e R
POSS 1 i A BEAIR T 5 55 45 b LR, S T AR I
45 s ), 3R W] POSS 9 i fig J1 1R 55, H POSS
B ABHAS T PBS &5 B iz o)), BRI T PBS £k
A K R POSS 215 T PBS 1A% FC AR & Al g
AR o, 1 SR AR A 2, FRAIR T PBS (1 Iy 24 i
KR, 45 T PBS A9 3 5 4k % A8 i B POSS 7E
250 CHLIF UG 50 f , o fif I8 AR T PBS, {H 4 ff
PIASTE i JE AR PBS 1 #0 R s M. AF 5T 45 R % W
POSS 2+ F L4 L 5 PBS £ Bt I (9 3 3L 08 L8R
SR 3 F ) SR A, iz POSS Y 8 7R 245 4 i
W BRAC B 5 A L 72 PBS/POSS 4K & & 1 kL
JE RN = 4k ) 2% 254, 2 Bl PBS 4% Bt 1912 3l 1
il PBS (1425 iy ) 2 22 JL A
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RETARDED CRYSTALLIZATION IN POLY (BUTYLENE SUCCINATE)/
POLYHEDRAL OLIGOMERIC SILSESQUIOXANES NANOCOMPOSITES

. -1,2 2 . 1 . 1 . . 3
Zhi-yong Wei ' °, Cheng Zhou", Ping Song , Guang-yi Chen , Mei-qiu Zhan”,
. . . 3 . 1,3
Ji-cai Liang"’, Wan-xi Zhang
(" School of Automotive Engineering, Faculty of Vehicle Engineering and Mechanics, State Key Laboratory of Structural
Analysis for Industrial Equipment, Dalian University of Technology, Dalian University of Technology, Dalian 116024 )
(* Liaoning Key Laboratory of Polymer Science and Engineering , Dalian 116024)
8 Rey ¥ ¥ g g
(* School of Materials Science and Engineering , Jilin University, Changchun 130012)
g g Y g

Abstract The poly(butylene succinate ) ( PBS ) and aminopropylisobutyl polyhedral oligomeric
silsesquioxanes (POSS) nanocomposites were prepared by solution-casting method. The effects of POSS on the
microstructure , crystal structure, crystallization behavior, spherulitic morphology and spherulite grow rate,
mechanical properties and thermal stability of PBS/POSS nanocomposites were investigated with various
techniques. Scanning electron microscope measurements revealed that POSS particles were well-dispersed
uniformly on the nanoscale in the PBS matrix and had a good interfacial interaction with PBS chains. Wide-
angle X-ray diffraction patterns showed that the POSS molecules are able to crystallize in PBS matrix, but do
not affect the crystalline structure of PBS matrix. Differential scanning calorimetry results indicated that the
incorporation of POSS particles into PBS matrix, unexpectedly ,decreased the crystallization temperature during
nonisothermal melt crystallization and prolonged the crystallization time during isothermal crystallization. The
nucleation effect of such POSS on the crystallization of PBS is extraordinary limited; furthermore,it hindered
the motion of PBS chains and decelerated the spherulite growth rate, as confirmed by polarized optical
microscopy. Mechanical properties were evaluated by Instron and dynamic mechanical analysis. The Young’ s
modules and storage modules of the nanocomposites were enhanced relative to PBS by the addition of POSS,
however, the tensile strength was not much improved and the elongation at break was reduced for the
nanocomposites. Glass transition temperature (T,) of the PBS/POSS nanocomposites increased slightly with
increasing POSS content, which indicated that the molecular mobility of amorphous PBS chains was constrained
in the nanocomposites. The above results indicated that the retarded crystallization of PBS and the variation of
mechanical properties of the nanocomposites in the presence of POSS were ascribed the stronger hydrogen-
bonding interactions between the POSS molecules and the PBS matrix as well as the network formation based
on the POSS physical crosslinking points in the PBS/POSS nanocomposites.

Keywords Poly ( butylene succinate ), Polyhedral oligomeric silsesquioxanes, Nanocomposites, Retarded

crystallization



