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Degradation characteristics of poly(butylene adipate-co-terephthalate)-based
biodegradable plastics in offshore environment
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(College of Environment, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Understanding the real degradation of biodegradable plastics is crucial for comprehensively
evaluating their environmental safety. In this study, the degradation characteristics of poly(butylene adipate-co-
terephthalate) (PBAT) in offshore environment through field and laboratory researches were investigated. After
one year of exposure in the East China Sea, three types of PBAT-based products showed breakage and holes on
the surface, and the infrared signals of the oxygen-containing functional groups and hydroxyl groups increased,
but their thermal stability decreased. There was a poor degradation of plastics possibly due to low temperature
of seawater and the attachment of lots of algae and minerals to the surface. However, a degradation experiment
in laboratory found that strong ultraviolet irradiation accelerated the aging of PBAT mulching films. Both the
weight loss rate of plastics and the number of released microplastics increased as the irradiation period, and
reached 44.1%=+3.68% and 67.1+18.8 items/mg after UV radiation for 84 h (equivalent to approximately 340
days in nature), respectively. Dissolved organic matters (DOM) were also released from the films during aging

and main fluorescent organic compounds included tyrosine, protein-like substances, and aromatic proteins, but
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photodegradation occurred due to their photo lability. Therefore, the content of dissolved organic carbon

released from PBAT initially increased and then decreased.
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Fig. 1 Surface morphology of PBAT-based biodegradable plastics in marine environment for one year
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Fig. 2 Infrared group changes of PBAT-based biodegradable plastics in marine environment for one year
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Fig. 3 Thermogravimetry analysis of PBAT-based biodegradable plastics in marine environment for one year
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SR i 205 T/ T/ Tinax 1/ C T o/ C W\/(%) WHl(%)
XFHRZH 292.6 366.0 346.5 4413 73 84.2
PBAT .
S 293.3 338.4 319.6 439.8 2.8 81.5
X BE2H 294.1 522.4 438.0 604.0 553 12.5
MD _blend .
el 258.1 567.0 4283 611.3 48.6 5.9
XFHRZH 265.2 382.6 350.0 441.9 26.7 65.1
ST _blend
SEGEH 261.3 380.9 3533 431.2 14.4 325
T T, RS nBi BOVIRIRIE s T 2N B nB BUR RS TIRE; W, R S B R
S B, M R 2 D' IR [R] (04 38 g8 i e i, 2k " — T -
N N ~ \ / iy “\ ﬂv\ A A-'\\‘ ¢ .'w‘l\“ r/: :ﬂ ) ,/"\NE’YV“
SBR[ A K T K, 259608 84 h 5 26 Tk N A e A VAT
e N = | A YW y //‘c o-c| A “
1] 44.1%3.68%, W 1 THA 55 (K1 4) AR I AL e j
k t ;’ c—0—C ﬁ
SUFAN LA, SRR S PBAT MR i [ BE & Ay
N __ - " " " " " "
AR, 3 C-O-C. C-OH 2HI Al C=C 25y 1800 1600 1400 1200 1000 800 600
(~ 1550~ 1650 cm ) {5 ST (1] SA), Wt
R LA BTG R (18] 5B) . 3R W] PBAT % TR T\ A
RHESE SIS T %2 T O AR, 5 SCh T 2 | —sma e
N “ = YA
I A 8| -~ -36n w
---84h
50 + b . . . .
1 3800 3600 3400 3200 3000 2800
40 PeH/em!
2 ol 5 AEHEEREREER PBAT BRIINERTL
ﬁﬂ- Fig. 5 Infrared group changes of PBAT plastics after
Koot . . S
a a exposure for different illumination time
10 - = = ‘ NQES r=3
_ ﬁ S S S0 T B T YR
E— B 3 v, PRBEAL, I/ PR N A 5 5 1B
SR E] /b

4 A[EREEATERER PBAT BRILEER
Fig. 4 Weight loss rate of PBAT plastics after exposure for

different illumination time

2.2.2 PBAT B A Ao i iR A ALdh 69 FE K
PBAT %44 1 JE 5 K i 1 16 5 A ol 98 R 1
F (L 6) , TSRk ) B8tk i > R [ SE 4 1 184
Jn, 75568 6 hy 12 h, 36 h #1 84 h J5 7= A= 18 k)
BB 5 9 (11.143.65) > /mg, (24.6+£14.0) 1/
mg, ( 37.3£15.1) 4> /mg Al ( 67.1x18.8) /> /mg
(B 7A). Bao %™ % PBAT iR Wkl v i 5
WK P TE 0.68W/m” 24P T 257 15~ 90 d, [
B 5 BB TP Bl S Ak B s [ 28 448 22, 5t iA 3
(9.74+4.86) ~ (15.9£3.33) 1 /mg., ARSEffiH T

B Z (R, A R, FRAT & B kL
JRUST Fiti 25 Y HE s 18] 386 Jonn i 386 K (/] 7B), Wt g
6 h I P2 A2 f9<0.1 mm 1 1 ~ 2 mm AR 1)
7 TR L BB 81.3% 1 0.86%, 1M 7E G HE 84 h
IF A5 25 S 21.3% Fl1 6.88%. X 5 B 2 4 1%
45 YRk Bt ' R SF ) 398 0 R RS S s R G EL B
WA U B A R )P ST B R TR O AN AR
S AR R I SR L Bl SRR SRS Y PBAT
SRRLAC IR, FHRLEE AR S T AR A5 AH XS TN 2 5
HE— 25 WE R R B /N R SF . De Hoe 26" £ 3iF 52
PBAT (R AREE 12 2k e, 234 il B 1 2 pI
S BRI AR R AR

BPs 7EHE T R R, B T Sl i nl o
RO, 38 2 BEHCAN In 7 | AR 4 A B R S5 AL



% 4 # &, %

RO BRI R FER T B A8 A 4 7T % A B 12 10 55 3R 35 o 49 T A 4 4 587

y g g N
g;f —— /\,
> N -
< - ‘
- ]
1 mm \

6 FTHEHY PBAT ZBRIEB
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Fig. 8 Three-dimensional EEM fluorescence spectra of PBAT plastic degradation solutions at different illumination time
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