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Abstract: Replacing non-biodegradable to degradable polymers 

are very much in concern due to reduction of petroleum supply, 
environment and economical related to waste disposal. Polylactic 
acid (PLA) shows a promising alternative to produce 
biodegradable plastic. The polymerization happened in 
homogenous phase where the catalyst, mostly used tin octoate, 
and the lactide are mixed in liquid phase to form PLA. However, 
this method become problematic for the product because the 
catalysts remain with the PLA and the degradation of catalyst 
occurred. Therefore, this study aims to convert the homogeneous 
catalyst to heterogeneous using ceramic waste as the support and 
to characterize the PLA produced by using Ultraviolet Visible 
(UV-Vis) Spectrometer and Fourier Transform Infrared 
Spectroscopy (FTIR). The experiment was carried out at different 

temperatures which were 110℃, 120℃ and 130℃. From the 

results obtained, the highest concentration of PLA produced is at 

temperature of 130℃ by using heterogenous catalyst. Therefore, 

it can be concluded that heterogeneous catalyst can be a new 
method of producing PLA. 
 

Keywords : Catalyst, Heterogeneous, Polylactic Acid, Tin 
Octoate. 

I. INTRODUCTION 

Presently, the worldwide production of plastics had been 
dominated by petroleum-based polymers. Due to 
environmental and economical that related to waste disposal 
concern, the biodegradable polymers were introduced. 
Another reason of using biodegradable polymers is the price 
of petroleum nowadays is quite high and will continuously 
increase in the future. The first polymer that can replace the 
non-biodegradable polymers is Poly (glycolic acid) (PGA) 
then followed by Polylactic acid (PLA) [1]. The polylactic 
acid has received more attention time by time as it has been 
used in biomedical application in the form of implants due to 
its high biodegradability and biocompatibility. This 
biodegradable polymer can easily degrade and thus can save 
the country from the environmental pollution [2]. The 
polymers can be degraded by simple method which is 
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hydrolysis of the ester bonds that do not require the enzymes 
thus can prevent inflammatory reactions. 

There are many ways to produce PLA. However, all the 
methods are not easy to perform as the PLA synthesis need 
rigorous control of certain condition which are temperature, 
pressure, pH, catalyst and time for the polymerization 
process. The methods are ring opening polymerization of 
lactide, polycondensation and enzymatic polymerization of 
lactic acid. The polycondensation is the cheapest routes but 
difficult in producing high molecular weight of PLA. Among 
all these methods, ring opening polymerization is widely used 
in industry due to its ability in achieving high molecular 
weight of PLA. This method used lactide as monomer to form 
polymer in the presence of catalyst [3].   

 In the production of PLA, homogeneous catalyst was 
introduced in the reactor in order to increase the reaction rate 
and increase the product yield. Previously, catalyst was fed 
homogeneously inside the reactor either through injection or 
dissolving the catalyst into the solution. This cause a major 
drawback since the catalyst is miscible in the reaction 
medium, difficult and costly process to remove and hence 
may defect the final product. Unfortunately, the separation of 
catalyst from the product still remains a challenge [4] and 
expensive [5]. In order to overcome this problem, 
heterogenization of homogeneous catalyst was introduced 
using solid porous support to combine the advantages of both 
homogeneous and heterogeneous catalyst [6]. The recover 
catalyst can be used further in catalytic recycle and efficient 
for product purification as well as catalyst residues removal 
especially when involving toxic metals [7]. There are many 
factors that can affect the polymerization process which are 
temperature, pressure, concentration and also type of catalyst 
used [8]. For each factor, there is optimum parameters and 
suitable catalyst in order to produce high concentration of 
product.  In the characterization of PLA, there are many 
methods that can be used which are Fourier Transform 
Infrared Spectroscopy (FTIR), Differential Scanning 
Calorimetric (DSC), Scanning Electron Microscope (SEM), 
Thermogravimetric analysis (TGA) and Ultraviolet Visible 
(UV-Vis) Spectroscopy. 

II.  METHODOLOGY 

A. Materials 

PLA was purchased from Goodfellow Cambridge while 
3,6-Dimethyl-1,4-dioxane-2,5 dione (lactide, 99% purity) and 
tin octoate (Sn(Oct)2, 92.5%-100% purity) were from Sigma 
Aldrich.  
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Lauryl alcohol, polyethylene glycol (PEG), nitric acid, 
ethylene glycol (EG) and dimethylformamide (DMF) were all 
supplied by Merck, Germany. 

B. Tin octoate film preparation   

The tin octoate tin film was prepared by sol gel method. One 
mol of Sn (Oct)2 was added to 10 mol of ethylene glycol and 

heated up until it reached 90℃. Then, 0.1 molar of diluted 

nitric acid was added to the solution and mixed for 30 minutes 
to peptize the sol. 10 ml of PEG binder was added to the 
solution and stirred for 6 hours. After 24 hours of aging, the 
tin film was deposited on the ceramic support by dip coating 
technique at room temperature. The coated support was 

heated in the furnace at  200℃ for 2 hours. 

C. Buffer solution preparation 
The polylactic acid (PLA) was prepared to become a buffer 

solution by melting the PLA in the solvent which was 
Dimethylformamide (DMF). This buffer solution was made 
as reference to characterize the PLA and also the 
concentration in the polymerization of lactide. The melting 
process of PLA took about 2 hours at the temperature of 100

℃ . Then, the buffer solutions were diluted to create 

calibration curve by using the following equation:                                                            
 

M1V1=M2V2                 (1) 
  

Where M1 and M2 are concentration of PLA at initial and 
desired value in mg/L while V1(L) and V2(L) are the volume 
of stock solution and DMF. 

D. PLA production process 

The method used to produce the PLA was ring-opening 
polymerization. For homogenous catalyst, the tin octoate was 
directly mixed with lactide and lauryl alcohol while for 
heterogenous catalyst, a ceramic support was coated with thin 
layer of tin octoate catalyst before the reaction occurred to 
form the PLA. The sample of reaction was taken for 3 hours. 
The temperature used for polymerization process was 
followed from [9] which was between 110℃ to 130℃. 

E. Analysis of data  

The present of PLA was determined using Ultraviolet 
Visible Spectrophotometer (LAMBDA 750 UV/Vis/NIR, 
PerkinElmer, USA) and Fourier Transform Infrared 
Spectrometer (Spectrum One FTIR, PerkinElmer, USA). 
From the FTIR Spectroscopy, the active functional groups for 
the PLA was identified. The identification was performed 
within the wavelength of 2778 nm to 11534 nm. The spectrum 
that formed was compared with the standard for all functional 
groups. Furthermore, the UV-Vis Spectra was used to 
determine the concentration of PLA produced by interpreting 
the absorbance’s values of PLA ester groups. The saturation 

of the PLA spectra was range 225 nm to 300 nm.   
III. RESULTS AND DISCUSSION 

 
By referring to calibration curve in Fig. 1, the concentration 

of PLA by ring-opening polymerization can be identified as 
the absorbance is directly proportional to the concentration. 

 

 

 
Fig. 1: Calibration curve of buffer solution 

The concentration against time using homogenous and 
heterogenous catalysts at three different temperatures are 
shown in Fig. 2, 3 and 4. At temperature of 110℃, shown in 
Fig. 2, both catalysts show an increasing of concentration with 
respect to time of operation. It is seen that the concentration of 
heterogenous catalyst is higher than homogenous catalyst. 
The values obtained after 3 hours of operation is 57.4 ppm for 
heterogeneous while for homogeneous is 45.9 ppm. This 
result was also supported by Eonah Kim that proving 
heterogenous catalyst increased gradually and achieved 
higher final yield than homogenous catalyst [10]. On the other 
hand, although the conversion of heterogeneous (94.58%) is a 
bit lower than homogeneous catalyst (96.68%), reuse 
potential of up to 3 batches were reported for heterogeneous 
in biodiesel synthesis from microalgal lipids [11] 

 
 

Fig. 2: Graph of PLA concentration (ppm) against time at 
110℃. 
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Fig. 3 shows the PLA concentration against time produced 

from homogenous and heterogenous catalysts at 120℃. For 

homogenous catalyst, it is shown that the concentration of 
PLA produced increase from 54 ppm to 59 ppm at the first 
hour of operation before starting to decrease after that. While 
for heterogeneous catalyst, the concentration keep increasing 
from 53 to 64 ppm. This observation is caused by the 
concentration of PLA produced by ROP is not a positive 
correlation to long heating duration as it could reach the 
plateau of production within a short time. Instead, long 
heating duration may cause degradation of PLA [12]. The 
reaction in homogenous catalyst seems to be faster than 
heterogenous catalyst at the beginning and this will cause 
difficulty for the monomer to access the active sites of the 
catalyst due to mass transfer limitations [10]. The 
heterogenous catalyst seems to be higher exponential phase 
even after longer period of reaction time. It is shown that the 
trend is in lag phase for 30 minutes before starting to increase 
until 3 hours of operation.   

 
Fig. 3: Graph of PLA concentration (ppm) against time 

at 120℃.  

For the temperature of 130℃ as shown in Fig. 4, the 

concentration of homogenous catalyst is higher at the first 15 
minutes which is 68.5 ppm and start to decrease until reaching 
42 ppm at the end. The reaction is vigorous at high 
temperature and this causes faster degradation of PLA. For 
the heterogenous catalyst, it keeps increasing from 60 ppm 
and reach plateau of production at 90.1 ppm.  The trend is 
observed as the result of optimum temperature for the 
production of PLA is at 130oC. It is also reported by Lopes 
et.al (2014) that PLA was able to be produced at temperature 
of 140oC for two hours [13]. 

 
 

 
Fig. 4: Graph of concentration (ppm) against time of 

PLA at 130℃. 
 Table I concludes the effect of temperature on the 

production of PLA using two different phase of catalyst. It 
shows that the concentration of PLA from both catalysts at 
temperature of 130℃ is the highest among other temperature. 
However, for homogenous catalyst, the concentration 
drastically decreased due to degradation of PLA after 
achieving the optimum concentration at 15 minutes. For the 
temperature of 120℃, the optimum concentration is lower 
than 130℃ and has slower rate of reaction. The optimum 
concentration for 110℃ is the lowest and takes 3 hours to 
achieve it. Meanwhile, for the heterogenous catalyst, the 
optimum concentrations of PLA keep increasing with the 
increment of the temperature. All values are obtained after 3 
hours of operating. This finding was comparable to that of 
Singh et.al [14], where 2.5 hours was optimum for yield of 
97% using heterogenous catalyst, while only 1 hour for 
homogeneous catalyst. 

Table I: The optimum concentration of PLA by 
homogenous and heterogeneous catalyst at different 

temperature. 

 
 

Temper
ature (℃) 

Homogeneous Heterogeneous 
Tim

e 
(min) 

Optimum 
Concentrati
on (ppm) 

Tim
e 
(min) 

Optimum 
Concentrati
on (ppm) 

110 180 45.9 180 57.4 
120 60 59.1 180 63.8 
130 15 68.5 180 90.1 
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FTIR spectroscopy gives the qualitative information where 
the Sn (Oct)2 molecules are bonded to the lactide molecules. 
Fig. 5 and 6 show the comparison of FTIR spectrums of PLA 
that presence in the solutions that have been polymerized  
using homogenous and heterogenous catalysts. These data 
were collected after 3 hours of operation and for all 
temperatures. The FTIR analysis was recorded using a FTIR 
spectrometer in a range between 3500 cm-1 to 500 cm-1. Both 
figures give approximately the same trend of peaks due to 
similar molecular structure of PLA that presence in the 
solutions. The PLA spectrum shows the bands at 1047.82 
cm-1 to 1236.88 cm-1 from C-O-C stretching vibration. The 
bands around 3300 cm-1 is related to the stretching of OH 
group which is the highest peak because OH bond is polar, 
thus show intense absorption bands. This OH bond also 
depends on the concentration. The higher concentration of 
solution contributed to more OH containing molecules. 
Therefore, PLA at all temperatures give the highest stretch 
peak. This result was supported by Iriswguo [15] that O-H 
stretch in a concentrated hydrogen bonded solution of an 
alcohol occurs at 3550-3200 cm-1. Although the C-H and C-C 
bond are not showed in the spectrum, it definitely presence in 
the molecule of PLA. Based on the theory from Dr. A. Bacher 
[16], groups with a small difference in electronegativity such 
as C-H and C-C bond will usually show weak or medium 
sized peaks in the spectrum. Thus, that is the reason of the 
absence of peak for C-H and C-C bond. It is observed that a 
band shift related to the C=O stretch at 1636.11-1635.31 cm-1 
in the polymer. These bands that show shifts of monomer to 
polymer present difference in peak intensity which suggests 
the arrangement of molecules in the polymer chain [13]. 

 
              O-H                           C=O       C-O-C 

 
 
Fig. 5: FTIR spectrum of PLA by homogenous catalyst   
 
              O-H                           C=O       C-O-C 

 
 
Fig. 6: FTIR spectrum of PLA by heterogenous catalyst 

IV. CONCLUSION  

This experimental set up is to investigate the production of 
PLA by using homogeneous and heterogenous catalyst. From 
the results, it can be concluded that the production of PLA 
exists in the solutions by both catalysts as the FTIR and 
UV-vis spectra shows a positive result of characterization. 
The results show that heterogenous catalyst produces higher 
concentration than homogenous catalyst even it takes long 
time to achieve. In homogenous catalyst, the concentration 
increased with increasing temperature. The highest 
concentration is at temperature of 130℃ which is 68.5 ppm 
for homogenous catalyst while for the heterogenous catalyst, 
the highest concentration is 90.1 ppm.  
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