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Application of hydrolysis-resistant titanium catalysts in biodegradable copolyester PBAT
KUANG Jun, LI Yingcheng,ZHOU Wenle , XIONG Jingen
(Sinopec Shanghai Research Institute of Petrochemical Technology Co.,Ltd., Shanghai 201208, China)

Abstract: The hydrolysis resistance, catalytic activity, and impact on the performance of the obtained poly(butylene adipate
terephthalate) (PBAT) were thoroughly examined by comparing the homemade hydrolysis resistant titanium catalyst (HRTiC) with
tetrabutyl titanate (TBT). The hydrolysis test reveal that HRTiC exhibits excellent hydrolysis resistance and can be stably dispersed
in water/butanediol solutions at room and high temperatures. The polymerization experiment reveal that the catalyst's esterification
activity is equal to or slightly higher than that of TBT when the catalyst dosage is 100 pg/g or higher. Additionally, the condensation
activity is significantly greater than that of TBT catalyst within the catalyst dosage range of 80-120 pg/g. By combining with phos-
phate stabilizers, PBAT samples with higher intrinsic viscosity and better color than those prepared by TBT can be obtained, demon-
strating the excellent catalytic performance of HRTiC. Further investigation was conducted on the effects of HRTiC on the composi-
tion of the condensation solution, PBAT structure, and basic properties by using gas chromatography, nuclear magnetic resonance,
differential scanning calorimetry, etc. The results indicate that the composition of the condensation solution obtained through HRTiC
is similar to that obtained through TBT. However, the impurity content is lower, which would be beneficial for the reuse of 1, 4-
butanediol. The resulting PBAT structure is consistent with PBAT structure obtained from TBT, both of which are random copoly-
mers. However, the content of adipic acid is slightly higher and the length of adipic acid ester unit sequence is also slightly longer. In
terms of performance, the melt crystallization temperature of PBAT obtained from HRTiC is slightly lower, while the melting point
and thermal decomposition temperature are comparable. The tensile strength and elongation at break are 21.3 MPa and 993%,
respectively, which are better than the PBAT prepared by TBT, demonstrating the excellent application performance of the catalyst.
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Tab.1 Effect of catalyst dosage on esterification process and PBAT performances
Dosage of catalyst /(ng+g ") Esterification distillate volume/mL ~ THF content/g —COOH content/(mol+t ') n/(dL-g™") L/alb
80 89 20.5 51.2 1.611 50.2/24.2/21.1

HRTiC 100 89 19.3 47.6 1.657 53.2/19.6/19.1
120 89 19.2 46.5 1.373 60.8/21.3/20.6
80 90 20.6 47.8 1.196 61.2/28.1/39.0
TBT 100 90 19.2 473 1.242 60.4/26.1/42.7
120 90 18.7 47.4 1.282 63.8/25.0/41.7
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Tab.2 Effect of stabilizer dosage on polymerization activity and PBAT performance

Catalyst Stabilizer dosage/(ng-g ") Melt temperature at 120 min/°C n/[dL-g™"] Llalb
70 254.4 1.631 81.8/1.3/6.9
HRTiC 80 2532 1.529 85.2/-0.3/5.1
90 252.4 1.506 86.1/-0.7/4.9
70 251.6 1.474 82.9/2.0/6.3
TBT 80 251.4 1.459 83.8/1.1/6.2
90 251.1 1.435 84.9/-0.5/5.1
%3 HRTIC % TBT % PBAT K146k
Tab.3 Properties of PBAT prepared by HRTiC and TBT
Samples Polycondensation time/min n/[dL-g ] Molecular weight Lialb ~coon C(j?tent/
M, M, PDI [mol-t ]
PBAT-HRTiC 102 1.456 96 841 40 763 2.38 84.5/0.5/5.0 12.1
PBAT-TBT 120 1.459 99 221 41076 2.42 83.8/1.1/6.2 12.4

Note: M is weight average molecular weight, M, number average molecular weight.
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TIRERYZERY . INHTT A Y HRTIC-47 Rk 5 TBT-4

23.1

RN — B AAE S 1 A7 Fr AR, 13,52 min
Ak B DY R S i BDO FE R 7K A il L 5.78 min &b
Yo 07 S 0 28 1 R B I B 20 1 . 8.26 min Zb XTI
O B K R B S Ak ) R B I ()2 12.42,
12.95,13.35,13.63, 14.08, 14.48 min 4t 7] E 2 i J&
HF BDO it o (UM a3 rh g 2L iR (v
Bf ] 0%, 5 PBAT 2R A W JC 5%) . 17.42 min &b X L
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Fig. 7 Gas chromatograms of polycondensation distillate obtained
during preparation of PBAT using two different catalysts
R4 EHERRARPAERNEHREE
Tab. 4 Possible structures and contents in two kinds of

polycondensation distillate

Retention . Peak area percentage/%
. . Possible structure -
time/min TBT HRTiC
1.97 H,0 0.325 0.220
0O,
3.52 () 0.132 0.115
5.78 HO-~"~~OH 0.435 0.352
8.26 [O=o 0.006  0.006
11.52 HO -~~~ Ol 92.536 93.520
12.42 Oﬁ/"’v\/\o/l\) 0.077 0.096
12.95 OQ\ 0.024 0.015
OH
O O
13.35 KD/V\/ 0.014 0.011
13.63 unknown 0.020 0.008
14.08 Q\/\ 0.034 0.029
(0]
14.48 A~ 0.560 0.535
15.76 HO A~~~ 0.096 0.081
O
O
17.42 ) {J\/b 3.651 3292
20.86 unknown 0.018 0.017
O
22.63 Ay oy 1.478 1279
(0]
23.34 phosphate 0.267 0.181
25.28 unknown 0.096 0.084
O
28.63 P~y Pz 0.232 0.158
O
total 100 100

AA 5 BDO B PR ARBRAE Y L 22.63 min X L AA 5
BDO () B 1E L4 . 28.63 min 4L 7] fiE 2 1 AA 5
BDO A= i ) @ W 4- 5258 T ) o0 T B — 2 1
KAEH], FiRZFid3.52,8.26,17.42,22.63,28.63
min &b (4 W5 R 5 T PBAT il 85 4 78 rp & 2B 19 S o
TEIX S g A LT TBT-46 2R W, bR 248 3G 1 (8.26

min) & A [F 41 , HRTiC-45 58 W Hh LAy e kb 1) 2%
i R AR & i, X T g & i T HRTIiC B 5
T g 40 BRI T, (A B G R v 43— B A% T PR B
K, I AR AA 5 BDO i 43 5 4 5 (4 4l 1
HRTIC {1 71 i 75 4 58 W T 755 119 BDO Rk BE LA J T
IR 2% 5 & f7E BDO [ & — 2 e
2.3.2 PBAT % #) 4 &

&1 8 2 W A Ak 1) 1 45 1) PBAT 1Y) 'H NMR [&]
TEE 8 1, 8=8.08 AbXoJ 1 A J& AR 3 Y& .8=7.25 Ak
J& CDCL VA W 6=(4.5~4.0) B I X 1 it 2= BDO Ho
L5 S A I P 304 (OCH,) .6=2.31 Ab Xif 17 (1)
T 5 AA SR FLEEARE /) H () & (COCH,) , 6=
(2.0~1.7)4b %} 7 1 /& BDO R AN 5 %0 B 3 A0 3% 1Y F
F EL1%(OCH,CH,),8=(1.7~1.6)° 8 AA Bt h AN 55
FEAH % R F 08 (COCH,CH,)

4443 4&4.1 PBAT-HRTIC
) 0 Ll
PBAT-TBT

i

84787266605448423.63.024181.2
5
[¥18 PBAT-HRTiC }2 PBAT-TBT ) 'H NMR 1[4
Fig. 8 'HNMR spectra of PBAT-HRTiC and PBAT-TBT

TETE &, 5=8.08 4b Ay e T AR 5 6=2.31 Ab e T
FRUAT T35 L SR i b v 28— W R s ) o ) i
Fo(f) B C R BR AP T i 7 () (R AR 1) Utk
Fh, B 4% BDO BT i I A2 HY 3 5T (OCH,,
OCH,CH,) ¥ s 32 % £ 5L U [R) 1 & A A B ] fif 284
oy I 2 FVE (AAE PBAT J3 4 A 1 o vh 3 il
FHIR 2 6=(4.5~4.0)JE BN {5 5, X2 FiZfE %
IXIHTC AA FROTE IR S T, H,6=4.42,4.36,
4.13,4.08 Y = T & 43 531 X I {9 J& PTA-BDO-PTA
(TBT), PTA-BDO-AA(TBA), AA-BDO-PTA(ABT)
K AA-BDO-PTA (ABA)F5 i Bt RIME 5, IR I vl 42
K(D)-@)THEA NP i & 5 L, Hd 4o
VTR R EA N L

P A'[‘I!’I‘
f“‘ (A']'B'I' + A'I‘BA + A»\B’I‘ + AABA) (1)
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Ay, L =1 6
fTA (ATBT t Ay + A + AABA) 2) b A AT ©)
= A P, =f T 7
S (A + Ay + Ay + A ) (3) A fr 0
— Ay L. = 1 8
S (Aggr + Ay + Ay + Ayy) ) ot /P'm ®)

H—2, g (S A (6) 1155 AB P H1(AA-
BDO)5% H 816 2R H R g HL T I MER Py, SO
FREE S ICH P B L, o [FIRRMD, AT 3 (7)~(8)
33| TB F4(PTA-BDO) Y P, FIXT 25 — H R g Hi T
PP FE B (L) o T LR P00 TC R EE () 1 £R P
P MBI, S 2,1, <1 850 43 913 Rm 38 8

I3 AL RY) i Bola A s g R IR
P :J% (5)

2 550 1T PRl PBAT £ i 1 41 BRI 31 43
fli. WNFS5TFEH, PBAT-HRTIC HE 4 AA &1L
PBAT-TBT Hv B &1 , AJ BEJ2 B TR A il A v Ak
AERIE R AA T Z MR G ) Rk b, AT ELAS i
H ISR (L35 4 45 5Y) . A I PBAT-HRTIC 1 C
T RREREITHY P I L, MK R R R AT
P RE L W0 o PR SRR Y r Y9428 T 1, 0
TeHILERY) .

x5 T PBAT HRIARMFIF IS
Tab.5 Composition and sequence distribution of two PBAT samples

Samples f;\ f"l' -/:I'T -f:l'A -/;\T -f;\A PAT PTA LnA LnT r
PBAT-HRTiC 0.563 0.437 0.195 0.248 0.245 0.312 0.435 0.567 2.299 1.764 1.002
PBAT-TBT 0.561 0.438 0.198 0.244 0.248 0.310 0.442 0.557 2.262 1.795 0.999

2.3.3 PBAT# M

% HI HRTIiC 5 TBT i f# 1k 71 #l 45 PBAT 1Y
DSC £t 9 s, H BRI REEE 51 T3 6.
MNP 9 FIZR 6 W] 7 >R FH Rl e £k 0] il 75 9 2L 2R
PR AL REAR 2, B A% A2 IR B (T,) Mo s s(T,) ¥ 24
=37 °CI 110 °C. {E45 i PERETT I , >R F HRTiC
il 75 PBAT FZ5 fibiti HE (T K, 3 w] BB T 7K
il DA A R AT T R 750 K A T S R A
PIUTVE , NI REAR TR R A% B0, S 3004 il
FEAI

PE— 3 1 TG % %8 T PBAT-HRTIC 2 PBAT-
TBT H i A FR e P, 4 2R WAk 6 Je &1 10, Hrp 7,
NI R EIRE, T, e KRR ERRRE, W
600 °CHJ 5% f T it o 45 4 W, 9 i £k 551 ol 75
PBAT H A7 #H W] 1) TG 2k LA K HEA — S0y ik B
SR, U B T K A P AN 2 S R i AR T Y
R

PBAT-HRTiC

30 60 90 120 150 180

Temperature/°C
(a) Heating
PBAT-HRTiC
PBAT-TBT
-30 0 30 60 90 120 150 180
Temperature/°C
(b) Cooling

519 PBAT-HRTIC J PBAT-TBT V] i DSC [ &
Fig. 9 DSC curves of PBAT-HRTiIC and PBAT-TBT

%6 PBAT-HRTIC & PBAT-TBT it sE 54
Tab. 6 Thermal properties of PBAT-HRTiC and PBAT-TBT

Samples T/°C T, /°C T/°C T,./°C T,./°C W%
PBAT-HRTiC ~374 109.7 439 375.6 397.5 32
PBAT-TBT -37.8 110.4 48.2 376.2 397.4 3.1
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Fig. 10 TG curves of PBAT-HRTiC and PBAT-TBT

234 PBAT /¥ #
22 7% 1 T PBAT-HRTIC #1 PBAT-TBT i M

i 1) FE 22 72 MR RE R , N3% 7 & i, PBAT-HRTIC
FAEAR R SR RE , S A W7 54 i B KT 244 fif 52
43514 21.3 MPa 1 993%, 2104 = T PBAT-TBT
19.6 MPa#1921%,

%7 PBAT-HRTIC % PBAT-TBT K /12 146k
Tab.7 Mechanical properties data of PBAT-HRTiC and PBAT-TBT

Samples Tensile breaking strength/  Elongation at break/

MPa %
PBAT-HRTiC 21.3%1.1 993+68
PBAT-TBT 19.6+0.8 921+108
3 it

(1) 4 AL 77 HRTIC HAT B I A0 R K e
REME R M HIAE K 3 M 0.5%~10% (5 T M il
BDO % H -

(2) HRTIC AL EA L5 nfi A AR fE e Ak
T PR TR AL 7 P R T 100 pg/g 5 TBT A 24 Bk
WS v (T A P i YR A > B T AER) 5 4 SR P ) I 2%
=T TBT. i — 253 o Bl A B A2 e 7, A1 8] 5% 44
', 5 TBT A Lt , HRTIC 7] 45 n &, HAAFHEAL
) PBAT, 411 100 pg/g fEALTI .80 /g e I H
4 F , HRTIC #145 PBAT 1Y 5 24 1.529 dL/g, {4,
#H L/a/b 3 85.2/-0.3/5.1, 4t T TBT 1% 1.459 dL/g,
83.8/1.1/6.2.

(3) HRTIiC AL R A 15 40 M A L 5 TBT fie
1545 B WA I — 30, (B % o % AR, 6 oA R T
A5 RW ) 0] 5 A% RS AR IR, R LR A5 2 Y
PBAT ¥ 5 L AL R Y, {H HRTIC 15 21| ) H: 5 g v
AA FBg e, H] ZRERRIThF K E L K .
HRTIC J11% PBAT #5 s S A il 5 TBT il 54t
SRR AR 2, (EL5 &0 3 AT 5 7 fofy T 28 5 2 0

S S5 4 21.3 MPa F1993%, #5 1 TBT i il
PBAT ¥ 19.6 MPa F1921%.
2 % X ik
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