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ABSTRACT 

The polylactide (PLA) is the most common biodegradable material. However, its biodegradation 
requires hydrolysis of PLA to oligomers or monomers before microbes can act. Hydrolytic degradation 
of PLA depends on temperature, time and relative humidity. It takes months and years until complete 
biodegradation. If a catalyst is introduced, i.e. alkali or alcohol, it can be done in weeks. In this article, 
the alkaline hydrolysis was performed at low temperatures 40-60°C without and with the addition of 
cationic compound as an accelerator for the purpose of saving energy and time for complete PLA 
degradation. It has been shown that complete degradation can be achieved in only 10 min at 40°C. 
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INTRODUCTION 

The polylactide (PLA) or poly(lactic acid) is produced from renewable sources (vegetables, corn, sugar) 
and is the most commonly used biodegradable material. It is the most frequently used biodegradable 
polyester, due to its good strength, biocompatibility, and biodegradability. However, its biodegradation 
requires hydrolysis of PLA to oligomers or monomers before microbes can act in a certain medium. 
These monomers are crucial for reducing the necessity of raw materials as well as the environmental 
impact related to PLA production and disposal [1–9]. Its degradation depends on the chemical, physical 
and biological agents that are used, the molecular and supramolecular structure of the polymer, i.e. the 
crystalline form, pH, the rate of hydrolytic degradation, the content of the D-lactide isomer, temperature, 
the content of nanomaterials. When chemical/physical processes have been done, hydrolysis is random, 
whilst when enzymes are applied hydrolysis occurs at the end of polymer chains. The hydrolysis occurs 
in amorphous regions, which results in an increment in crystallinity [6–9]. 

During hydrolysis the ester linkages on PLA backbone chains are cleaved and the polymer is converted 
into soluble oligomers and monomers. The cleavage of ester linkage results in carboxylic and hydroxyl 
end-groups on polymer chains (Figure 1). 
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Figure 1. The alkaline hydrolysis of ester bond in PLA. 

At neutral or alkaline medium, the hydrolytic degradation occurs through backbone of PLA polymer, 
while hydrolytic degradation of D, L-lactic acid oligomers in alkaline media show random ester 
cleavage. Hydrolysis can take place not only in water and alkali, but also in alcohol and alcoholic 
solutions, or acetonitrile solutions [6]. However, in the absence of any catalyst, the hydrolysis of PLA 
consumes plenty of energy and time. 

According to literature, hydrolytic degradation of polymer structures takes a few weeks and it should be 
conducted at the temperature near to the glass transition of the polymer. The time required for PLA 
hydrolysis highly depends on the temperature and relative humidity. Testing of PLA in real conditions 
lead to the degradation in several months depending on the conditions and the initial material. PLA 
degradations carried out in laboratory conditions are artificial weathering, composting, and thermal 
degradation. These PLA degradation processes require months and years until complete biodegradation, 
i.e. at 4°C needs 2-5 years, at 25°C 1 year, at 60°C 15-30 days [3]. Some researchers [1,3] hydrolyzed 
PLA at the temperature of 90°C in distilled water what took 21 days. For quicker degradation, high 
temperature is necessary; i.e. more than 95 % of PLA can be hydrolyzed within 120 min at 160–180°C 
[4]. Chen et al. [9] studied alkaline hydrolysis at temperature range 40–60°C, and found that for at 60°C 
120 h is necessary for 50% degradation.  

It is well known that some cationic surfactants and polymers accelerate the process of polyester 
hydrolysis [10,11]. Therefore, in this article, the alkaline hydrolysis was performed at low temperatures 
40-60°C without and with the addition of cationic compound as an accelerator for the purpose of saving 
energy and time for complete PLA degradation. 

MATERIALS AND METHODS 

The PLA fibers were spun as multifilament in the laboratory at Lodz University of Technology, Łódź, 
Poland from IngeoTM Biopolymer 6201D (Nature Works LLC, Minnetonka, USA). Fibers were cut to 
5 cm. These staple fibers were needle-punch into the non-woven fabric on Asselin machine (Elbeuf, 
France).  

The non-woven fabrics were hydrolysed in the Linitest, Original Hanau with LR 1:50 owf. 0.5 g of 
fabric was hydrolysed in 1.5 mol/L sodium hydroxide (NaOH) without or with addition of 1 g/l 
HDTMAC (hexadecyltrimethylammonium chloride, 25 % aqueous solution, Fluka), cationic surfactant 
(Figure 2).  

Figure 2. HDTMAC (hexadecyltrimethylammonium chloride). 

Fabrics were treated at 40 and 60°C for 5, 10, 15, 20, 30, 45, and 60 min. After hydrolysis, the fabric 
was rinsed in hot, warm, and cold distilled water and neutralized in acetic acid then rinsed in cold 
distilled water and dried overnight at 102°C and cooled in a desiccator. 

Weight loss was determined by measuring the PLA nonwoven fabric before and after degradation using 
KERN ALJ 220-5DNM digital scale with a precision of 0.1 g. The weight loss (Δm) was calculated 
according to the following equation: 
𝛥𝑚 =

𝑚0 −𝑚ℎ

𝑚0
∙ 100 [%] [1] 

where, m0 is the weight of the PLA before hydrolysis and mh is the weight of the PLA after hydrolysis. 
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RESULTS AND DISCUSSION 

For the purpose of studying PLA degradation with catalyst and accelerator at low temperature, the 
alkaline hydrolysis was performed at 40 and 60°C. NaOH was used as catalyst and cationic surfactant, 
hexadecyltrimethylammonium chloride (HDTMAC) as an accelerator, which was proven to accelerate 
alkaline hydrolysis of poly(ethylene terephthalate) at low temperatures [11].  

The results of weight loss are calculated and expressed as a function of the time, considering the 
temperature of process. The results are shown in Figures 3 and 4. 

Figure 3. The weight loss of PLA non-woven fabric in alkaline hydrolysis with 1.5 mol/L NaOH without and 
with addition of cationic surfactant HDTMAC at 40°C. 

Figure 4. The weight loss of PLA non-woven fabric in alkaline hydrolysis with 1.5 mol/L NaOH without and 
with addition of cationic surfactant HDTMAC at 60°C. 

Alkaline hydrolysis carried out for 60 min at 60°C, results in complete degradation of PLA. Reducing 
the time, degradation is low, i.e. weight loss of 22.24 % is achieved after 5 min. Introducing accelerator 
to alkaline hydrolysis, HDTMAC, led to complete degradation after only 10 min, while after 5 min the 
weight loss was 99.49%. 

5 min 10 min 15 min 20 min 30 min 45 min 60 min

NaOH 40°C 9,19 15,85 20,48 29,88 34,24 47,18 47,58

NaOH + HDTMAC 40°C 98,90 100,00 100,00 100,00 100,00 100,00 100,00
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Lowering temperature led to lower degradation if only NaOH was used. Weight loss after 60 min was 
47.58 %, and after 5 min only 9.19%. However, when HDTMAC was used as accelerator, similar 
degradation was observed as at 60°C. After 5 min weight loss was 98.9% and in 10 min it was complete. 

CONCLUSION 

In this research 1.5 mol/L NaOH was used as catalyst and hexadecyltrimethylammonium chloride 
(HDTMAC) as accelerator of PLA hydrolysis. Both catalyst and accelerator significantly help PLA 
degradation. When only alkali is used, PLA can be completely degraded in 60 min at 60°C. If HDTMAC 
is used as accelerator of alkaline hydrolysis, it takes only 5 min to degrade 99% of PLA, and in 10 min 
PLA degradation is complete. It can be concluded that this process saves energy and time, what makes 
it more sustainable. 
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