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1.1 iR BR-BERR % (Sol-Gel ) il 44K 4 TiO,

HPEAE Ny R AR — % & /Y TiCly, Hi145 &
HCL 1 mol/L 1y TiCL 7K WK, & T8 M4 sh. fif
FHR SRR — e WL, S PRIEXS SJUTTE Y 25 1F,
WAATNNAGE B C L R TG PR, 7R % IR L)
BEFE T A TiCL M, Wil T S8 — & &
MZEK, TN EEZ) 2 mL/min, fREE AL 45 rpm,
JE1 pHAE 4.0 ~9.0 Z[A), FFAEE I T BRik 3 ~60
h, HiAF A FIA EE A /K BEIE (hydrogel) . KK BEIZ 2
BDAE, ZIRBEHRET CL, SRIGRHERTTK R
53 3 ~5 G S MK BEIE R K. R LABE RS T
T, 732 TiO,BEEENT (alcogel ) . MEEEME H 28
TG, 72500 CTRARE 1 h, BAREAD, RIS
@ TiO, KA.
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. JGIEPE 1. 5412 nm, £f#0, 44 H & 40.0 kV,
F 7 100.0 mA.

TEM iz : 4 Ti0, s HoK thIf 28 /4,
HITACH-800 %Y i, i ff SR lRL B Sk I TE 5.
1.3 I ERERYTEM

L TiO,-TBOT S AL )& i — F L BUA il A P
(BA-BT) L5 #5 97. 1 ¢(0.5 mol) X % — IR
— H g ( dimethyl terephthalate , faj F% 25 DMT) |
144.2 g(1.6 mol)1,4-T [ (1,4-butanediol , f&jFF
4 1,4-BD) Fl— 7€ & TiO,-TBOT 4k 5 i A 3] 500
mL = O, B SO B AE] 160 °C, FiEPE T
B2 ~3 h, FEHERACH SN A B R SE 228 e
$:73.1 g(0.5 mol) & — g (adipic acid, T&iFRN
AA) AR R B S8, B il B2 -2 180 °C,
V2 3.5 h, YHgAk O A R K e ez G,
THGZHE I E A, BRI THE) 265 C, il i
Y 1,4-BD, RGikE— i3] 60 Pa LR, i
TTH8 R SN 8 h, 133845 Ry, ¥4 A
i . a0k, SR0a AT B TE s, g, JFH
FBTIRVERIEECK, ¥ B B2 THRAE N
T4 24 h, BIFRERLEMY P(BA-BT) FL5 g™ i

PLE AL SRR B 25 S AR S ) A RE /R
AL P AT M. R A | TR AR SO B
(B A3 A A o FR R . K A 3B L K

INFTRIR T3, 4 SR IR DA 4 58 T Uh 22 40 3R R 2%
RITIAL, I 2Ry ) H R ORG B2 (Ui 3 Al
SRR, WG SO RS2 RS BERE R T R
1.4 HEERMERERYNK

LI R A AR 73 o A A ks SR IS
Waters 2\ 7] 208 BUEEIE 1235 (3% (GPC) {1,
TBHAH A U R , iy 1 mL/min, A g R
30 C, R ZIGANENbruEAE, X
M) %€ 3 B > 500 ~ 3 000 000.

LRI Sy 2RI . SR PRI T B =S84
BRI A BRZ 7] (1) CMT-4204 74 SANS fibLA% il v+
T REATEHRIAILINIR, HERE N 0.5 9%, 4= ISEE PR
#fE ASTM D638—03 { B BHTHLRRE B Am I 7 1)
AT, AR 50 mm/min, f7fiEFE 1 KN,

JLRBEAAE D) B RS0 . S IR E bRl GB/T
19277—2003 ( SZFHENE S5 T MORHR AT 5B AE W) 53
il R A BE T I A ) AR AT I, o SR I I )
1.2 ecm x2 ecm, EEZ5 0.1 mm S, FRE)S
AR, Jigs 1o IEH 847 B30 by 3 41
HENES 225 8 ~ 10 J g I3k 07 o A S , o ik
NAEIRAR P, IR (58 £2)°C, e M ialh, Uk
FRET IS FRAE DN E
2 HRE5HE
2.1 Z4K TiO, MK HH SR

1 23R ] Sol-Gel ¥4l £ 44K TiO, KL 128
e A B R XRD 518l RO, 2 A AR B
A A BT i A B B AT B TiO, A, I AR1EL
Fo, HAnmEREIPE R 3.52(101), 1.89(200) #1 2. 38
(004). ULHAZE 500 CREpeAb BES B il 1514 Ti0,
AR BAST Y, BRI H A, A% Tio,

[101]

|

/|
e T T TV L L,
0 20 30 40 50 60 70 80 9
26(°)

B 1 442K TiO, By ke ) XRD 35 4]
Fig. 1 XRD pattern of nanosized TiO, sample
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Fig.2 TEM photograph of TiO, nano-particle treated

at high temperatures

%1 TiO, 5 TBOT U FI B EILIEA LR
Tab 1 Comparing catalytic activity of TBOT with TiO,

Transesterification Esterification Polycondensation
Catalyst ) ) )
time(h) time(h) time(h)
TBOT(0.08% ) 3.5 3.8 8.8
TBOT(0.07% ) + Ti0, (0.05% ) 1.5 2.7 7.8
TiO, (0. 12% ) 4.8 3.2 6
TBOT(0. 12% ) 2 2.6 9.6
% 2 TiO, 5 TBOT L & RER I RELL
Tab 2 Properties of copolyesters prepared by TiO,-TBOT catalyst
o ) Tensile stress at Elongation
Catalyst M, pPD”
break ( MPa) at break ( % )
TBOT(0.08% ) 29000 2.2 8 20
TBOT(0.07% ) + Ti0, (0.05% ) 70000 1.8 21 840
TiO, (0. 12% ) 3800 1.7 - -
TBOT(0.12% ) 53000 2.0 16 750

a) weight-average molecular weight of the synthesized copolyesters

b) polydispersities of the synthesized copolyesters

HIZR 1 52 Al 0L, SOl AT TiO A S M fE
PEALFRIIN, P SO I )R A, 0 46 38 e Iz Ak
YERIAE, 46 R RN LT3 #E4 T, F ] 45 S R
A 714 M, {0 38005 4 TiO, 5 TBOT &4
RIS, LSl F TBOT (0. 08% ) I F T 52 46t |
ikt PR 206 2R S L P (W) A P 4 e, 0T B R g ol 1
B A TBOT (0. 12% ) IR 545 F145 58 S0 I 1) #5
TR, BRI RIAHGE. X 22 TiO,-TBOT g
Mz T TBOT BK A%, Uk AL TE YR AN R
T IouEERRIR 2R, T i RCHE AL R P RE T R A TR
AL, HE ] LGN OK TiO, 78 1 52 B H A P R A 7).
M2 0L, KA TiO, 5 TBOT &R, T

P R RIRON , 24 iR B A R A et
e, Pril LR E ) M WA 14, 255170 000,
e TE S AT TBOT (0. 12% ) B iy il L R R i M,
53 000, 1fij5>F 534 PD AR %, k1.8 LR
OIS SR e e = T = T T DAY 2
21MPa, WiZdfhE Rk 840% .
2.3 TBOT/TiO, A [E] be Bl A ExH I I RERI 20
AWF5EH Ti0, 5 TBOT B 45 G, AUk
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Tab 3 Catalytic activity of TBOT/TiO, catalyst with different TiO, contents

Polycondensation

No. TBOT/TiO, M, PD
time(h)

1 2.4 9.3 35000 3.2

2 1.5 6.8 67000 2.4

3 1.2 7.6 82000 1.9

4 0.6 7.7 52000 1.8

MR 3 SRR, HE A #AR TBOT/TIO,
FeB g 2.4 FREE 1.5 B, 1645 50 )i 2 1)
TEOLT, fil 5 B RERA B 4 F5 35 000 EFh&
67 000, PD f 3.2 &5 2.4, 24 TBOT/TiO, [t
1.2 B, BAREE ST IE] e TBOT/TIiO, bl 1.5 BFfY
SR YEIN, BT LR B B E Y Sy R AT IR
#|82 000, TN 1.9, MR ALY
A RE SR A
2.4 HEEEMEY AR

TERRNI G R BE S | A7 Aoy G, — e 1
IR R IAPEREFN )2 PERE, S0 — T iHSS T Em
MR ARE. BFEF I B X R T W RR IR ( BT) JEE
IRIYHCH 40% ~60% IR Bis BLAT A= WA, TR
R R R 2925 0.12 mm | K/h R 1.2 em x2 em /Y
BISEILALY 330 40% (M, =5.4 x10%) | 50%
(M, =4.8x10%) , 60% (M, =4.0 x 10*) fy 4t B fig
WA T T HENE AR S2 5, R AR 1 R F A
FEftEdabr, B2 1 ALREE oo R — W IR g % f Xt
LR A YIRE AR TR, SEORZs R LA 3.
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Fig. 3 Mass loss of copolyesters with various
terephthalate contents.
BA60BT40 represents a copolyester component
with 60% molar adipic acid and 40% molar te-
rephthalic acid.

MNIEN 3wy L& B, il 3R R v R — R i
(BT) S psfhn, JLRERAR AR TRE, MR

Asg. & BT BEIR RN 40% IR RERR B TR
TR LE Y, FEH R 20 d 5, MR L
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FE, PR AR Adipic/ DMT fBERHA UK & A
—ENR W/ 55 AL S R g, AR B BEA —E
TrzeERe L SHRA B R

3% it

3.1 sl 4y TiO, FIERAL Sy TBOT Xif 44 R g 11 4
RIS/, RN EHE, 11 TiO,-TBOT & &
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T2 A AL fE AT

3.2 X4 TBOT/TiO, ES /R Ll el 1.2 B, &
BRI AL PR RE SR, TR L R B 1y Y
Jr ik F] 82000, 4rEorA M 1.9.

3.3 SRR HREREE R 91BN 40% ~60% Y
RO IR T —BFR-X 28 W iR T g ) 44 R g
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() oM RE, Bl B 7 -0 A e 3 3R 1 v xR
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Synthesis Study of Biodegradable Aliphatic-Aromatic Copolyesters
with Nano TiO, -TBOT Catalyst

CHEN Xi-rong"*, ZHANG Wei’, YAN Yi-fan’, ZHANG Yan-xia’, ZHANG Jing-chang'
(1. Institute of Modern Catalysis, Beijing University of Chemical Technology, Beijing 100029, China;
2. Beijing Research Institute of Chemical Industry of Sinopec, Beijing 100013, China)

Abstract; Nanosized TiO, was prepared from TiCl, by sol-gel method. The structural properties of the particles
were characterized by means of XRD and TEM techniques. Aliphatic-aromatic copolyesters based on butanediol,
adipic acid and terephthalic acid were synthesized by condensation in TiO,-TBOT catalyst. Weight-average molecu-
lar weight and some properties were measured to explain the catalyst activity of TiO,-TBOT . Biodegradation behav-
iors of the copolyesters were tested by composting with weight loss rate. It can be concluded that the molecular
weight and material properties of the copolyester were enhanced by using TiO,-TBOT catalyst, and weight-average
molecular weight of the copolyester exceeds 80000 with the composite catalyst as the optimum molar ratio of n
(TBOT)/n(TiO,) is 1.2. And within a range of approximation 40% -60 mol% terephthalic acid in the acid com-
ponents such as copolymers showed good biodegradability and material properties and better degradability depended
on the lower aromatic composition.

Key words: Titanium dioxide; Catalyst; Polyester; Copolyester; Biodegradation



