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Poly(butylene adipate-terephthalate) (PBAT), as one of the most common and promising biodegradable
plastics, has been widely used in agriculture, packaging, and other industries due to its strong biodegrad-
ability properties. It is well known that PBAT suffers a series of natural weathering, mechanical wear,
hydrolysis, photochemical transformation, and other abiotic degradation processes before being biode-
graded. Therefore, it is particularly important to understand the role of abiotic degradation in the life
cycle of PBAT. Since the abiotic degradation of PBAT has not been systematically summarized, this review
aims to summarize the mechanisms and main factors of the three major abiotic degradation pathways
(hydrolysis, photochemical transformation, and thermochemical degradation) of PBAT. It was found that
all of them preferentially destroy the chemical bonds with higher energy (especially C-O and C=0) of
PBAT, which eventually leads to the shortening of the polymer chain and then leads to reduction in
molecular weight. The main factors affecting these abiotic degradations are closely related to the energy
or PBAT structure. These findings provide important theoretical and practical guidance for identifying
effective methods for PBAT waste management and proposing advanced schemes to regulate the degra-

dation rate of PBAT.
© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia
Medica, Chinese Academy of Medical Sciences.

1. Introduction

methane, and biomass) by microorganisms under specific con-
ditions [3-5]. Among the biodegradable plastics, poly(butylene

In recent years, the global plastic production has witnessed a
notable increase as reported by Plastics Europe, and it is antic-
ipated to continue growing. This surge in production has led to
a substantial influx of plastic waste into the environment, where
it accumulates. The difficulty in degrading most plastics due to
being petroleum-based materials has resulted in an adverse im-
pact on the global environment, driving extensive research into
the degradation of plastics [1,2]. Consequently, there has been a
significant focus on biodegradable plastics (BPs) due to their en-
hanced degradability, bioaffinity, and oxidation properties. These
BPs differ significantly from ordinary plastics as they can be bro-
ken down into small molecules (such as water, carbon dioxide,
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adipate-terephthalate) (PBAT) has garnered particular attention
due to its complete biodegradability and high flexibility, with an
elongation fracture rate of up to 710% [6,7]. It is widely utilized in
various fields, such as packaging, agriculture, and biomedicine. Fur-
thermore, it is worth noting that PBAT’s production has been the
primary driver behind the growth of biodegradable plastics in the
past five years [8].

PBAT is a copolyester composed of aliphatic and aromatic
groups, and the properties of this material are closely related to
the ratio of these two raw materials. As the aliphatic chain seg-
ments increase, the material’s elongation at fracture first increases
and then decreases, while the tensile strength exhibits the oppo-
site trend. Moreover, higher aliphatic chain segments also lead to
increased sensitivity to erosion [9]. Additionally, in the produc-
tion process, parameters like mold temperature, injection speed,
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and pressure will impact the mechanical properties of PBAT. Ex-
perimental evidence demonstrates that PBAT composites subjected
to lower mold temperatures and injection speeds exhibit increased
flexural strength and tensile strength [10]. In addition to control-
ling the raw material ratios and process parameters, adding ad-
ditives to PBAT is an effective means of modification. For exam-
ple, the addition of oxalic acid can alter the aliphatic unit of PBAT,
providing stronger gas barrier, hydrophilicity, and degradation abil-
ity [11]. Furthermore, to enhance mechanical properties, reduce
costs, and accelerate degradation, PBAT blends with poly(lactic
acid) (PLA), starch, and various nanoparticles are utilized [12-15].

PBAT waste undergoes natural weathering, mechanical wear,
hydrolysis, photochemical transformation, and microbial degrada-
tion. However, the limited variety, quantity, and activity of mi-
croorganisms in the natural environment means that aged PBAT
cannot be fully degraded [16-18]. Therefore, to achieve complete
degradation of most waste plastics, industrial methods such as
landfilling, composting, pyrolysis, or incineration are employed
[19]. The degradation of PBAT waste can be divided into two cat-
egories: abiotic degradation (physical and chemical degradation)
and biotic degradation. The former uses microorganisms or other
organisms to degrade PBAT into carbon dioxide and water, while
the latter degrades PBAT into small molecules by various abi-
otic means. In terms of degradation rate, biodegradation is slow
and abiotic degradation is fast. However, considering energy con-
sumption, biological degradation is superior to abiotic degrada-
tion techniques [20]. It is worth noting that abiotic degradation
often precedes biodegradation, for example, PBAT waste needs to
be converted into small molecules first and then absorbed by mi-
croorganisms [16]. However, the so-called “precedes” here is not
a strict sequence relationship, as PBAT waste can undergo multi-
ple degradation reactions simultaneously in both natural and in-
dustrial environments. For instance, in ocean, hydrolysis, photo-
oxidative degradation, and biodegradation often occur concurrently
[16,21]. Therefore, combining both degradation methods shows
great promise. However, few reports have systematically inves-
tigated the abiotic degradation of PBAT [6,22-24]. Water, light,
and heat are widely present natural elements in the environment.
Studying their impact on the degradation of PBAT is of significant
practical importance, as the degradation caused by them occurs ev-
erywhere in the natural environment. Although PBAT also under-
goes abiotic degradation through other pathways, these alternative
abiotic degradation pathways are undoubtedly inferior in practical
applications. Furthermore, compared to the biodegradation path-
way, existing research lacks in-depth exploration of abiotic degra-
dation mechanisms and discussion of the factors influencing abi-
otic degradation.

Based on the above discussion, this work aims to provide a
comprehensive review of current research on the abiotic degrada-
tion of PBAT, with a focus on summarizing the hydrolysis, pho-
tochemical transformation, and thermochemical degradation pro-
cesses. Additionally, it will briefly introduce the basic synthesis
methods and properties of PBAT, and analyze the influence of raw
material ratio and process parameters on its degradation. The main
objective of this study is to establish a theoretical foundation and
offer practical guidance for identifying an economical, efficient, and
environmentally friendly approach for managing PBAT waste.

Table 1
Proportions of different components of PBAT before and after degradation [33].
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2. Characteristics and variations of PBAT

PBAT, a copolymer, is composed of two chemical units: butane-
diol adipate (BA) and butanediol terephthalate (BT). Its synthe-
sis entails the condensation of three raw materials, namely 1,4-
butanediol, adipic acid, and terephthalic acid [25], with the ratios
of these raw materials impacting the processing conditions, com-
mercial application, and end treatment of PBAT. Various studies
have delved into the effects of different BA to BT ratios on PBAT’s
characteristics and degradability. For instance, Herrera et al. com-
pared three PBATs with different BA to BT ratios (2:3, 1:1, and 3:2)
and found their thermal properties and degradability to be closely
linked to these ratios [26]. It was observed that the melting point,
crystallinity, glass transition temperature, and tensile modulus in-
creased with higher BT content, while the hydrolytic degradation
rate and enzymatic degradation rate depended largely on BA con-
tent. Furthermore, research by Wang et al. revealed that an in-
crease in BT content led to a less favorable enzymatic degradation
of PBAT [27]. The Kijchavengkul et al. research also concluded that
compared to the rigid aromatic domain (BT) and the crystalline re-
gion, the soft aliphatic domain (BA) and the amorphous region are
more vulnerable to hydrolysis and biodegradation [28].

The changes in surface morphology and chemical structure of
PBAT after degradation are worthy of attention. Using scanning
electron microscope (SEM) and differential scanning calorimetry
(DSC) can accurately characterize the changes in PBAT before and
after degradation [26,29-35]. If ultraviolet (UV) radiation or fresh-
water with sediment are involved in PBAT degradation, the surface
of the PBAT sample becomes rough, generating numerous corro-
sive holes, and the position of the infrared absorption peak also
changes [33,34]. The increase in the melting point of PBAT with
the progression of degradation is attributed to the degradation of
aliphatic BA, leading to a higher proportion of the crystalline struc-
ture of BT [33]. Furthermore, the O/C content ratio in PBAT in-
creased during natural hydrolysis, rising from 0.37 at the begin-
ning to 1.44 after 24 months. This ratio increased rapidly in the
first 12 months, followed by a slower increase in the subsequent
12 months (Table 1). This observation can be attributed to the ester
bonds’ degradation by hydrolysis, resulting in a higher number of
carboxyl groups in the molecule, consequently increasing the O el-
ement content. Moreover, hydrolysis is demonstrated to occur pref-
erentially in the non-crystalline region and proceeds more rapidly
in the first 12 months, leading to a more pronounced change in
the O/C content ratio [28].

In addition to the changes in surface morphology and chemical
structure, the toxicity of PBAT also warrants attention. Recent re-
searchers have discovered that due to the biodegradability of PBAT,
bacterial communities are more easily attached to its surface, lead-
ing to a potential elevated risk of the spread of antibiotic-resistant
genes [36]. Hence, while the oligoesters or monomers resulting
from PBAT degradation do not display clear toxic effects, further
research is necessary to assess whether the benefits of using PBAT
in substantial quantities justify the drawbacks.

As shown in Fig. 1 [23,37,38], we have conducted a brief sum-
mary on factors that can influence the degradation of PBAT. Based
on the relationship between factors and PBAT, the factors affect-
ing PBAT degradation can be divided into two categories: endoge-

Material Degradation time 0 1s (Atomic%) C 1s (Atomic%) 0/C content ratio
PBAT Before 26.03 70.33 0.37

12 months 43.89 31.77 1.38

24 months 43.84 30.42 1.44




H. Ye, Q. Li, J. Li et al.

PBAT
degradation
D

® microbial species
® microbial content

endogenous
factors

exogenous
factors

® molecular weight
® hydrolysis rate

® crystallinity

@ hydrophilicity

® product concentration
©® temperature
® ultraviolet light

biological factors /

Fig. 1. Classification of factors affecting PBAT degradation.

nous and exogenous factors. Endogenous factors are closely related
to PBAT, mainly referring to the properties of PBAT itself, such as
molecular weight, hydrolysis rate, crystallinity, and hydrophilicity.
Exogenous factors mostly originate from the external environment,
including product concentration, temperature, ultraviolet light, mi-
crobial species, and content. Similarly, we can classify the influenc-
ing factors as biotic or abiotic, depending on whether they are bio-
logical or not. The ratio of synthesized monomers being discussing
in this section belongs to exogenous factors, and the specific ef-
fects of more endogenous and exogenous factors are discussed in
the following section.

3. Abiotic degradation of PBAT

The degradation of PBAT in the environment encompasses both
abiotic and biotic pathways. This dichotomy hinges on the involve-
ment of organisms. Biotic degradation involves the breakdown of
plastic polymers into H,0, CO,, CHy, and biomass due to the ac-
tivity of microorganisms, differing from abiotic degradation [39].
Both abiotic and biotic degradation involve physical and chemi-
cal processes. Physical changes primarily manifest at the material
level, such as rupture and embrittlement, while chemical changes
occur at the molecular level, including breakage and the forma-
tion of chemical bonds [40]. Four commonly utilized methods to
assess PBAT degradation are macroscopic observation, mass loss
measurement, evaluation of changes in rheological properties, and
detection of degradation products [41,42]. Each method differs
in its approach to evaluating degradation and should be applied
based on research objectives. This section will concentrate on the
degradation mechanisms, influencing factors, and current research
on hydrolysis, photochemical transformation, and thermochemical
degradation, aiming to address the gap in the systematic summary
of PBAT’s abiotic degradation.

3.1. Hydrolysis

Hydrolysis, a crucial mechanism for the degradation of
biodegradable polymers (BPs) due to the presence of hydrolyzable
covalent bonds, such as ester bonds, ether bonds, and anhydrides,
is a significant process influenced by the widespread occurrence of
water in the environment [40]. As an aliphatic/aromatic polyester
compound, PBAT is bound to be hydrolyzed by the presence of es-
ter bonds (-COO). In the presence of water, these ester bonds are
susceptible to attack and subsequent cleavage by water molecules
[43]. This hydrolytic cleavage results in the formation of new hy-
droxyl and carboxyl groups at each end of the PBAT molecular
chain, leading to a reduction in chain length (Fig. 2).

The hydrolysis of PBAT commences from the amorphous re-
gion, and then the crystalline region will begin to degrade [6].
The aliphatic chain segment will be hydrolyzed faster because of
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Fig. 2. Schematics of hydrolysis mechanism of PBAT.
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Fig. 3. Erosion mechanism of PBAT during hydrolysis.

the existence of an amorphous region. As illustrated in Fig. 3, the
hydrolysis of PBAT encompasses two erosion mechanisms: surface
erosion and bulk erosion [44]. While the erosion principles at the
molecular level are comparable for both mechanisms, surface ero-
sion initiates degradation from the material’s surface, while bulk
erosion entails simultaneous degradation within the material and
at the surface. When the rate of water diffusion into the material
is lower than the rate of hydrolysis, surface erosion dominates the
degradation process, with bulk erosion prevailing in the opposite
scenario [45].

Deshoulles et al. hydrolyzed PBAT at different temperatures (80,
90, 100 °C) [46]. The experimental results show that the hydrolysis
rate of PBAT accelerated with the increase in hydrolysis tempera-
ture, which may be due to the intensified reaction between wa-
ter molecules and ester bonds at high temperatures. In addition,
they found that the ester bond located between BA and BT moi-
eties would be hydrolyzed preferentially, followed by the internal
ester bond of BA. Research has shown that certain bacteria can ac-
celerate the degradation of PBAT because these bacteria can secrete
lipases that promote the hydrolysis of PBAT [25,47,48]. For exam-
ple, Jia et al. isolated Stenotrophomonas sp. YC]1, a bacteria found in
farmland, that secretes a lipase capable of recognizing and catalyz-
ing the hydrolysis of the ester bond between BA and BT in PBAT,
resulting in the formation of oligomers or monomers after several
hydrolytic reactions [47]. The catalytic hydrolysis of other bacte-
ria generally follows a similar scheme. Tang et al. found that the
addition of a chain extender (e.g., Joncryl ADR 4370) can accel-
erate the degradation rate of PBAT [49,50]. When the quantity of
chain extender is decreased, the molecular chain of PBAT is hori-
zontally extended. This is because the epoxy group on the extender
reacts with the terminal carboxyl group or hydroxyl group of PBAT
to produce a hydrophilic hydroxyl group. The hydrophilic hydroxyl
group accelerates the attack of water on the ester bond. On the
other hand, with an increased concentration of chain extender, the
PBAT chain becomes vertically interconnected, forming a network
structure in addition to its horizontal extension (Fig. 4) [50]. In ad-
dition to the above factors, compounding PBAT with other mate-
rials can also affect its hydrolysis. For example, when it is com-
pounded with PLA, the degradation rate of the composite is re-
duced compared to that of pure PLA or PBAT [33].
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Fig. 4. Reaction mechanism between PBAT with (a) low and (b) high content of ADR (a chain extender). Reprinted with permission [50]. Copyright 2021, Elsevier.
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Fig. 5. Mechanisms involved in the photochemical transformation of PBAT. Reprinted with permission [24]. Copyright 2021, American Chemical Society.

Hydrolysis of PBAT can occur through surface erosion and bulk
erosion, leading to the breakdown of the ester bond and carbonyl
group [44,45]. Various factors such as higher temperatures, specific
lipases, and certain additives can influence the hydrolysis rate of
PBAT. It is noteworthy that these mechanisms have different ef-
fects. For instance, elevated temperatures can accelerate hydrol-
ysis by providing additional energy, lipases can reduce the reac-
tion activation energy through catalysis, and the addition of an ex-
tender can facilitate hydrolysis by altering the structure of PBAT
[46,47,50].

3.2. Photochemical transformation

The carbonyl group and the benzene ring are two types of pho-
tosensitive groups in PBAT that easily initiate photocatalysis [49].
The carbonyl group is particularly sensitive to photochemical trans-
formation and undergoes Norrish I and Norrish II reactions upon
absorption of ultraviolet radiation energy [24,51] (Fig. 5a). In a Nor-
rish I reaction, the adjacent carbon-carbon single bond (C-C) and
carbon-oxygen single bond (C-O) to the carbonyl break, yielding
benzene radicals and acyl radicals, which eventually form alkane
radicals and acyl groups. Conversely, the Norrish II reaction in-
volves the carbonyl group capturing a hydrogen atom at the y -site,
followed by the «-8 C-O bond breaking to produce olefins and
carboxyl groups. Both reactions lead to the main chain breakage
of PBAT and its subsequent photochemical transformation. Subse-
quent to the Norrish I reaction, the intermediate products (ben-
zene radical and acyl radical) enter into another crosslinking mech-
anism (Fig. 5b) [24,52,53]. The terephthalic acid ester reacts with
these radicals, resulting in the destruction of the original struc-
ture and the formation of new products, namely benzophenone
and biphenyl substances. Maurer-Jones et al. conducted fluores-

cence emission spectroscopy to measure the degradation of PBAT
under three conditions (without UV, UV with oxygen, and UV with-
out oxygen) [24]. The results demonstrate that the photochemical
transformation of PBAT in the presence of oxygen is more com-
plete, as photooxidation is another crucial mechanism contributing
to the photochemical transformation of PBAT (Fig. 5¢) [24,53,54].
In an oxygen atmosphere, the O-O bond of hydroperoxide breaks
to form a hydroxyl radical, which subsequently replaces the hydro-
gen on the benzene ring in terephthalate to induce hydroxylation.

Interestingly, different types of photochemical transformation of
PBAT generate products with different molecular weights. Accord-
ing to Stloukal et al’s photooxidation experiments on PBAT films,
the rearrangement of PBAT chains by cross-linking would increase
the molecular weight of PBAT, and this phenomenon becomes
more obvious with the increase in the content of aromatic compo-
nents [55]. Kijchavengkul et al. determined the molecular weight
of PBAT film that had been dissolved in tetrahydrofuran (THF) af-
ter being photochemically converted [22]. Experiments have shown
that the chain breakage and cross-linking of PBAT occur in the
non-crystalline region under UV irradiation and that chain break-
age reduces the molecular weight of PBAT (Table 2), while cross-
linking will produce an insoluble polymeric gel [56].

In agricultural activities, PBAT film can preserve heat and mois-
ture, inhibiting the breeding of pests and the reproduction of
weeds, if its good mechanical properties preserved [57]. However,
the growth of crops often requires a lot of sunlight, and PBAT
film undergoes photochemical degradation under sunlight irradi-
ation, resulting in the decline of mechanical properties, which is
not conducive to the protection of crops. Therefore, it is desired
to slow the photochemical degradation of PBAT films to achieve
a longer service life. Several strategies have been proposed in re-
search to slow down the photochemical transformation of PBAT.
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Table 2
Changes in molecular weight of the biodegradable films [22].

Week number of photodegradation Molecular weight (kDa)

0 84.4 + 1.7
2 60.0 + 8.5
4 N/A
6 N/A
15 N/A
28 51.0 £ 0.5
37 432+ 03
46 452 + 25

NJ/A represents the film is insoluble in THF.

For instance, Yang et al. discovered that incorporating calcium car-
bonate (CaCO3) into PBAT under consistent weathering conditions
effectively retards the degradation of PBAT. They found that the
more uniformly CaCOs is dispersed, the greater the effectiveness
in slowing down photo-oxidative degradation. This was attributed
to the ability of CaCO5 to block the penetration of ultraviolet rays,
thereby reducing the photo-oxidative degradation of PBAT [58]. Ad-
ditionally, Qiao et al. developed PBAT films with anti-UV aging by
integrating new UV absorbers, allowing for controlled functional
cycles by adding different UV absorbers [59]. Furthermore, the in-
clusion of carbon black has also been found to inhibit the photo-
chemical transformation of PBAT [49].

The photochemical transformation of PBAT involves scission,
crosslinking, and oxidation. Scission breaks the C-O and C-C
bonds near the carbonyl group, yielding acyl groups and alkenes.
Crosslinking increases the molecular weight of polymer segments,
leading to the formation of an insoluble polymeric gel. Meanwhile,
oxidation introduces hydroxyl groups into the original structure.
These distinctions aid in identifying the specific type of photo-
chemical transformation that has taken place in PBAT. Furthermore,
measures to delay such transformations reveal that both CaCO3
and UV absorbers achieve their objectives by reducing the energy
(light energy) capable of breaking down the polymer chain seg-
ments.

3.3. Thermochemical degradation

Thermochemical degradation of PBAT can be categorized into
pyrolysis and thermal degradation. Pyrolysis is the decomposition
of polymers at high temperatures under anoxic conditions to pro-
duce hydrocarbons of varying chain lengths for energy recovery
[60]. Thermal degradation is a milder thermochemical reaction
that can occur at lower temperatures and under aerobic condi-
tions. The complex nature of PBAT pyrolysis has been summarized
by Zhang et al., who identified four main mechanisms, consisting
of end-chain cracking, side-chain cracking, random cracking, and
chain cross-linking [20]. End-chain cracking and random cracking
will decompose PBAT into corresponding monomers or fragments
of uneven lengths, while chain cross-linking always occurs during
the carbonization stage. The pyrolysis process can be categorized
into slow pyrolysis, fast pyrolysis, and flash pyrolysis based on the
speed of the heating rate, yielding four main products: liquid oil,
pyrolytic gas, char, and wax [61]. In general, the composition of
pyrolysis products is heavily influenced by the raw material; how-
ever, plastics typically yield predominantly liquid oil due to their
high volatile content and low ash content. Furthermore, investi-
gations into the pyrolysis of PBAT/PLA mulch film have indicated
that the temperature and pyrolysis atmosphere play crucial roles
in the process [62]. Specifically, when PBAT/PLA mulch film under-
goes pyrolysis in a nitrogen or carbon dioxide environment, it has
been observed that PBAT pyrolysis in the latter produces a greater
quantity of monomer compounds and fewer polycyclic compounds,
with higher pyrolysis temperatures resulting in increased yields of

Chinese Chemical Letters 36 (2025) 109861

(o] o i)
CHy, CH, CH, O O
Ho%\@/\/ *J;f\m/ S N N }

|
H

B N

Fig. 6. B-C-H hydrogen transfer of PBAT. The arrows represent the direction of
movement of hydrogen atoms or electrons.

gaseous products. In terms of thermal stability, other researchers
have shown that the addition of nanometals can improve the ther-
mal stability of PBAT, due to a barrier effect of the nanoparticles
toward polymer decomposition product ablation, which enhances
the overall thermal stability of the system, making it less suscep-
tible to pyrolysis, but this is limited to small additions (under 5%
(w/w)). When the nanometal load was at 5% (w/w), agglomeration
began to occur and the barrier effect decreased [31,63].

PBAT can be also degraded by thermal degradation, the dif-
ference between thermal degradation and pyrolysis is the operat-
ing temperature. The temperature required for thermal degradation
is lower than that required for pyrolysis. For thermoplastics, this
temperature is near the melting point, and for PBAT, the structure
changes when the temperature exceeds the glass transition tem-
perature [40]. There are two ways of thermal degradation to de-
stroy PBAT: one is random chain breaking, and the other is termi-
nal degradation [64]. The former reduces the molecular weight of
the PBAT, and the latter leads to the production of volatile sub-
stances.

Al-Itry et al. (Fig. 6) concluded that the thermal degradation
of PBAT occurs with B8-C-H hydrogen transfer reactions in addi-
tion to the breakage of the main chain [42]. They also suggested
that the thermal degradation of PBAT can be better assessed using
functional group titration compared to Fourier Transform Infrared
Spectroscopy (FTIR) spectroscopy. This is attributed to the increase
in carboxyl group content of PBAT after degradation. Signori et al.
investigated the effect of temperature on the thermal degradation
of PBAT by heating it from 30 °C to 600 °C. Their findings revealed
that the molecular weight of PBAT remained unchanged when the
temperature was less than 200 °C, indicating that PBAT is ther-
mally stable below 200 °C [65].

When oxygen is present, thermal degradation can be named
thermo-oxidative degradation. The reactions involved in thermo-
oxidative degradation and photo-oxidative degradations are similar,
and both are classified as oxidative degradations. But the principal
difference between the thermo- and photo-oxidative degradations
is the sequence of initiation steps leading up to the auto-oxidation
cycle; thermo-oxidative is thermally initiated and the other is pho-
tochemically initiated. In addition, selectivity is also different for
the degradation pathways, thermal reactions occur throughout the
bulk of the polymer sample, not just on the surface for the case
of photo reaction [64,66]. Researchers have demonstrated that the
rate of thermo-oxidative degradation is influenced by temperature
when the oxygen concentration is maintained at 5%-20% [20]. Ad-
ditionally, the use of catalysts has been explored to facilitate the
thermal degradation of PBAT. For instance, Li et al. investigated
the application of halloysite nanotubes as catalysts for the ther-
mal degradation of PBAT, and their findings revealed that the ad-
dition of halloysite nanotubes altered the pyrolysis pathway of
PBAT. Specifically, they observed that at temperatures below 200
°C, PBAT underwent partial hydrolysis, followed by SB-H transfer,
and ultimately, the volatile gas was carbonized upon entering the
lumen [67].
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Although both pyrolysis and thermal degradation belong to
thermochemical degradation and can lead to random breakage of
the main chain of PBAT, the reaction temperatures and the in-
fluencing factors of pyrolysis and thermal degradation in PBAT
are different. Pyrolysis is affected by temperature, pyrolysis atmo-
sphere, and other factors, while thermal degradation is affected by
temperature and catalyst. The temperature of thermal degradation
is often lower than that of pyrolysis. In addition, the objectives of
the two methods are different, pyrolysis is for energy recovery and
material recovery, while thermal degradation aims to achieve an
efficient treatment.

Through the observation of PBAT hydrolysis, photochemical
transformation, and thermochemical degradation mechanisms, it
becomes evident that each type of degradation leads to different
“damages”. For instance, hydrolysis results in the destruction of
the ester bond, photochemical transformation leads to the destruc-
tion of the carbonyl group, and thermochemical degradation can
cause the destruction of C-C bonds. This indicates that identifica-
tion of the degradation type is possible by detecting the changes
in the functional group. The key to the abiotic degradation of PBAT
is to use abiotic factors to break chemical bonds of PBAT, thus re-
ducing the molecular weight of PBAT. By summarizing the mech-
anisms of influencing factors, it can be seen that different factors
have a common “bond”. For example, temperature, light intensity,
lipase, calcium carbonate, and nanometals are related to energy;
changing the ratio of raw materials, and adding chain extenders to
synthesize composite materials are related to the PBAT molecular
structure. This can provide new ideas for the treatment of PBAT
waste. Since multiple abiotic factors always coexist, these three
degradations cannot happen independently. Therefore, it is more
practical to study the combined effects of multiple degradation
pathways, which are currently lacking. Notably, certain relation-
ships exist between the main factors. For instance, photochemical
transformation and thermochemical degradation, both associated
with oxygen, and temperature, have an impact on all three degra-
dations. Furthermore, certain substance additions can also affect
these degradation processes. This suggests potential breakthroughs
for future research.

4. Conclusion and prospect

This review offers an in-depth analysis of the abiotic degra-
dation mechanisms of PBAT, focusing on hydrolysis, photochemi-
cal transformation, and thermochemical degradation, and their key
influencing factors. The degradation of PBAT leads to significant
changes in the molecular-level structure of the polymer chain seg-
ments. Moreover, the primary factors affecting these degradation
processes, including temperature, additives, and catalysts, exhibit a
commonality in their direct or indirect impact on the energy re-
quired for degradation or the structural integrity of PBAT. On this
basis, we further draw two conclusions: (1) The common ground
of hydrolysis, photochemical transformation, and thermochemical
degradation is to preferentially destroy the chemical bonds with
higher energy (especially C-O and C=0) of PBAT, which eventu-
ally leads to the shortening of the polymer chain and then leads
to a reduction in molecular weight. (2) It is possible to alter the
structure of PBAT or impacting the energy required for degrada-
tion reactions to affect the pace at which it degrades. Comprehend-
ing the mechanisms and primary factors of abiotic degradation of
PBAT can furnish a theoretical framework and practical direction
for identifying effective approaches to degrade PBAT waste.

Further research is essential to enhance our understand-
ing of the abiotic degradation of PBAT, particularly focusing on
mechanical-chemical degradation and reactive oxygen degradation.
Additionally, it is crucial to conduct further studies to investigate
the interactions between hydrolysis, photochemical transformation,
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and thermos-chemical degradation, as these factors often coexist
during the degradation of PBAT. In conclusion, to broaden the ap-
plication of PBAT materials and minimize environmental impact,
it is imperative to intensify research on the influence of various
abiotic degradation factors and the interplay between abiotic and
biodegradation of PBAT.
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