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Abstract
Poly(butylene adipate-co-terephthalate) (PBAT) has been functionalized with Pluronic F127 as a secondary diol monomer 
by melt polycondensation. The variation of Pluronic content to max 12.2 wt% in the copolymer is investigated on micro-
structure analysis, molecular weight distribution, thermal properties, crystallinity, and thermo-responsive behavior. The 
microstructure in the Pluronic F127-functionalized PBAT (PPBAT) copolymer indicates that the amount of Pluronic unit 
which is attached to the PPBAT copolymers found to be increased from 5.9 to 9.1 to 12.2% (wt) with the feeding amount of 
1.0 to 2.0 to 3.0 mmol, respectively. The weight average molecular weight has also found to increase from 23,555 to 43,841 g/
mol in the PPBAT copolymers. The lowering of glass transition temperature has been also observed in the thermal analysis 
that indicates the improvement of the plasticization effect in the PPBAT copolymers with the increase of Pluronic from 0 to 
12.2% (wt). Moreover, the crystallization behavior also indicates the disappearance of crystallization temperature and the 
appearance of cold crystallization temperature before melting with the increase of Pluronic content. The X-ray diffraction 
analysis further signifies the decrease in degree of crystallinity with an increase of Pluronic in PPBAT copolymers. The 
PPBAT copolymers display thermo-responsive behavior under physiological conditions due to the attachment of Pluronic 
comonomer onto the structural backbone.
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Introduction

The rapid increase of global warming in the last decade has 
posed a major concern to prevent the environmental pol-
lution caused by the emission of greenhouse gases from 
non-degradable plastics [1, 2]. Aliphatic polyesters are the 
major class of biodegradable polymers, such as poly(lactic 
acid) (PLA), poly(caprolactone) (PCL), poly(butylene succi-
nate) (PBS), poly(3-hydroxy butyrate) (PHB), poly(glycolic 
acid) (PGA), and so on [3–5]. They are widely used in high-
performance applications from engineering to healthcare 
material, such as textile, packaging, tissue engineering, and 

drug delivery [6–8]. Poly(butylene adipate-co-terephthalate) 
(PBAT) is a fully biodegradable aliphatic–aromatic polyes-
ter, chemically composed of terephthalic acid (TA) as a hard 
segment and adipic acid (AA) as a soft segment prepared 
by melt polycondensation with 1,4-butanediol [9, 10]. The 
amount of terephthalic acid regulates the desirable physical 
properties and biodegradation [11]. PBAT polymers show 
flexibility with excellent elongation-at-break that makes 
it suitable for packaging/film applications [12, 13]. These 
products are commercialized as the trademark of  Ecoflex® 
by BASF Corporation [14]. PBAT has low thermal and 
mechanical strength making it inferior for blown film. How-
ever, this issue is overcome by the composite preparation 
with the incorporation of PLA, starch and other inorganic 
fillers, such as  CaCO3, talc, silica, ZnO, organoclay, etc., 
[15–17]. Antimicrobial food-grade packaging film can also 
be prepared by the incorporation of drug molecules like 
nisin, natural rosin, and silver nanoparticle to resist the 
pathogenic bacteria [18–20]. Moreover, PBAT polyester 
is biocompatible with many cells that make it a promising 
biomaterial for tissue engineering and artificial organs [21, 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1372 6-020-00860 -2) contains 
supplementary material, which is available to authorized users.

 * Virendrakumar Gupta 
 virendrakumar.gupta@ril.com

1 Polymer Synthesis and Catalysis Group, Reliance Research 
and Development Center, Reliance Industries Limited, 
Ghansoli, Navi Mumbai 400701, India

http://orcid.org/0000-0001-9334-984X
http://crossmark.crossref.org/dialog/?doi=10.1007/s13726-020-00860-2&domain=pdf
https://doi.org/10.1007/s13726-020-00860-2



