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Effect of Mesoporous Silica on Isothermal Crystallization from 
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1 Instituto de Ciencia y Tecnología de Polímeros (ICTP-CSIC). t.diez@ictp.csic.es. 
 

Introduction  

Poly(lactic acid) (PLA) possesses several 
attractive characteristics. Among others, it is 
obtained from renewable resources, is biodegra-
dable, biocompatible, and semicrystalline. All of 
these aspects have led to its use in both specific 
and commodity applications [1,2]. 

PLA exhibits different crystalline structures: α’, α, 
β, and γ [3-7]. The α’ and α crystal forms are, 
however, the most common polymorphs, showing 
a remarkable similarity. Even so, the subtle 
structural differences between the α’ and the α 
phases can lead to dramatic changes in 
properties. Furthermore, a transformation from 
the α’ to the α form has also been observed and 
characterized [8]. 

A relatively low overall nucleation and 
crystallization rate are detrimental characteristics 
shown by PLA. Accordingly, numerous 
investigations are focused on the enhancement 
of PLA crystallization kinetics [9] by adding 
nucleants to increase nucleation density or by 
incorporating plasticizers to boost chain mobility. 

Ordered mesoporous silicas can be a suitable 
alternative as nucleating agents since they can 
interact with polymeric chains, either from the 
exterior of the particles or the interior of the 
empty pores existing in their structures if 
macromolecules are able to be included in that 
nanometric space. Santa Barbara Amorphous 
SBA-15 particles are one of the best-known 
members. They are constituted by hollow 
channels arranged in hexagonal ordered frames 
[10].  

The purpose of this research is to incorporate, by 
extrusion, SBA-15 particles into a PLA matrix, 
analyzing the effect on its crystallization capability 
(under dynamic or isothermal conditions), starting 
from samples of pristine PLA and the different 
composites which are initially amorphous after 
processing. Influence of mesoporous silica in the 
thermal stability and mechanical response is also 
evaluated. 

Experimental  

Composites with different contents of SBA-15 
particles (1, 3, 6, and 9% in weight, labeled as 
PLA-SBA1, PLA-SBA3, PLA-SBA6, and PLA-
SBA9, respectively) were processed by melt 
extrusion in a corotating twin-screw micro 
extruder (Rondol, Rondol Industrie, Nancy, 
France) at a rate of 60 rpm. Prior to extrusion, 
both the polymer and SBA-15 were dried. The 
former was placed in an oven at 100 °C for 20 
min, followed by drying under vacuum at 85 °C 
for 2 h. The SBA-15 particles were dried under 
vacuum at 100 °C for 24 h. In the extruder, screw 
temperature profiles of 125, 160, 190, 190 and 
185 °C were used from the hopper to the die, 
with the length-to-diameter ratio being 20:1. 
Then, films were obtained by compression 
molding in a hot-plate Collin press (Collin GmbH, 
Maitenbeth, Germany). The first stage was the 
maintenance of the material at a temperature of 
185 °C and at a pressure of 30 bar for 6 min. 
After that, a cooling process was applied to the 
different composites from their molten state to 
room temperature for 4 min at the relatively fast 
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rate of around 80 °C/min and at a pressure of 30 
bar. 

Results and Discussion 

Figure 1 shows the isothermal crystallization 
from the molten state for PLA and PLASBA9 at 
different temperatures. It is noted that presence 
of SBA-15 silica exerts an important effect and 
leads to acceleration of the PLA crystallization 
independently of the Tc

isothermMELT analyzed. Thus, 
crystallization is shifted to shorter times and is in 
the PLASBA9 narrower than in the pristine PLA 
at a given Tc

isothermMELT. The fastest crystallization 
temperature for the PLA chains from both 
specimens is 100 °C [11]. Crystallization times 
involved, even at the maxima, are very long. 
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Figure 1. DSC curves for PLA and its composite with SBA-
15 isothermally crystallized from the melt at the indicated 
temperatures. 

 

As mentioned, films of PLA and the different 
composites are initially fully amorphous, so that 
their crystallization from the glass turns out 
mandatory. Figure 2 depicts the differences in the 
peak crystallization times as a function Tc

isotherm 
when crystallization was initiated from either the 
molten or glassy states. 
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Figure 2. Dependence of peak crystallization time on 
crystallization temperature in PLA and PLA-SBA9 from 
either the molten or the glassy states.  

Summarizing, an important nucleation effect of 
the silica in the PLA has been found in isothermal 
experiments, either from the melt or from the 
glassy state (and also under dynamic conditions). 
Isothermal crystallization from the glass is 
considerably faster than from the molten state, 
with peak crystallization times around 4-5 times 
shorter in the former. These high differences are 
also responsible for the fact that the nucleating 
effect of mesoporous SBA-15 becomes more 
considerable when crystallization is initiated from 
the melt. Some interesting features related to the 
polymorphs developed have been also found. 
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