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Abstract
Nowadays, extensive environmental problems due to the use of synthetic polymers have provoked efforts for their replace-
ment with biopolymers as the most important research priorities. Polylactic acid (PLA) is one of the well-known biodegrad-
able biopolymers. In this work, for the first time, PLA was modified with hydrophilic triazine-based dendrimers to obtain 
PLA with improved hydrophilic properties. In this regard, at first, dl-lactic acid (DLLA) was polymerized through the melt 
polycondensation to obtain poly-dl-lactic acid (PDLLA). The effects of reaction time and catalyst types on the molecular 
weight of the PDLLA were investigated. Also, the thermal behavior of PDLLAs with different molecular weights was evalu-
ated using differential scanning calorimetry (DSC) technique. The obtained results from the DSC analysis showed that the 
PDLLA with higher molecular weight has a higher glass transition temperature (Tg) and melting point (Tm). In the following, 
various generations (G) of the triazine-based dendrimers were synthesized. To increase the hydrophilicity of the prepared 
PDLLA, chemical modification of PDLLA with the different generations of triazine-based dendrimer  (G1,  G1.5 and  G2) 
was performed. Due to the modification of PDLLA with dendrimers, the number of functional groups and hydrophilicity 
of PDLLA increased. Based on the obtained results, it is expected that the prepared systems could be a good and promising 
candidate for the production of biocompatible plastics with more hydrolytic degradation ability.

Keywords Lactic acid · Condensation polymerization · Triazine-based dendrimer · Hydrophilicity · Biodegradable

Introduction

Plastics are commonly used materials in various areas such 
as food packaging, clothes, construction, transportation, and 
healthcare industries. These materials usually are prepared 
from the petrochemical products and are resistant to deg-
radation [1–3]. Due to the environmental pollution which 
originates from the use of plastics, there is an increasing 
request for designing bio-based plastics that will be eco-
friendly. Bio-based plastics are prepared from biodegradable 
polymers and they could degrade under living environmen-
tal condition [4]. The use of biopolymers as raw materi-
als for the production of plastics reduces the environmental 

problems that is commonly dominated by petroleum-based 
plastics [5–7]. Nowadays, the research activities on biopoly-
mers have attracted a lot of attention especially because of 
their biocompatibility, environment-friendly, non-toxicity, 
and biodegradability characteristics [8–10]. Biopolymers are 
usually produced from renewable natural resources [11–13]. 
These polymers could originate from plants, microorgan-
isms, and animals as a biological system or could be syn-
thesized chemically from starch, sugars, or natural fats. 
Depending on different factors, degradation of biopolymers 
could take few weeks to several months. Polyglycolic acid, 
polylactic acid, polycaprolactone, polyvinyl alcohol, poly-
saccharides, gellan gum, pullulan, laminarin, and curdlan 
are examples of the commonly used biopolymers [14–16]. 
Among the various types of bio-based plastics, PLA is one 
of the most studied plastics, because its mechanical proper-
ties are similar to the commodity plastics such as polysty-
rene, polyethylene, and polypropylene [17, 18].

PLA is a thermoplastic and crystalline polyester which 
has high strength, modulus, and clarity. Hence, this poly-
mer is appropriate as a raw material in applications such 
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