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Abstract: Poly(lactic acid)/Somasif fluoromica nanocomposites were prepared by melt blending and their thermal 
properties investigated by DSC, TGA and DMA. Three different types of synthetic mica (Somasif ME-100, Somasif 
MAE and Somasif MPE) were used at different contents (2.5, 5.0 and 7.5 wt %). The melt blending of PLA and these 
micas is characterized by a considerable reduction in the matrix molecular weight, which decreases when the nanofiller 
content is increased. For all nanocomposites, the thermal stability increases when mica is added to the polymer, with 
the Somasif MPE, producing the highest increase of the degradation temperature and highest reduction of T

g
.
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Introduction

Currently, aliphatic polyesters such as poly(lactic 
acid) (PLA) have many applications, due to their 
biodegradability and/or biocompatibility. They are 
involved inthe manufacture of medical devices, bone 
surgery, suturing, chemotherapy, etc. and are largely 
studied as an alternative solution to the environmental 
problem of plastic waste accumulation, with a special 
focus on packaging[1,2]. In order to improve the 
performance of PLA, many studies have been done 
involving the addition of organophilic nanoclays to the 
polymer[3-5]. However, little attention has been given to the 
use of synthetic mica/fluoromica, which is characterized 
by its high ion exchange capacity and high aspect 
ratio[6]. In the literature, we have found few studies using 
synthetic mica nanocomposites[7-9]. We have investigated 
the preparation of PLA/synthetic micas nanocomposites 
by melt blending[10-14]. The main purpose of this work 
was to study the effect of the type and amount of filler 
on some important thermal properties of these PLA 
nanocomposites.

Experimental

Materials

Poly(L-lactic acid) (PLLA) Ingeo 2002D from 
NatureWorks were used to prepare the nanocomposites. 
Three different synthetic fluoromicas (Somasif ME-100, 
SomasifMAE and SomasifMPE) were obtained from CO-
Op Chemical Co (Japan). Somasif ME-100 is a hydrophilic 
swellable mica with a cation-exchange capacity (CEC) 
of 120 meq/100 g. Somasif MAE and Somasif MPE 
are organomodified fluoromicas containing a di-methyl 
di-hydrogenated tallow ammonium (2M2HTA) and 
a methyl-diethyl-polypropylene glycol ammonium 
(M2EPG) as intercalant, respectively[10], where HT are 
hydrogenated hydrocarbon linear chains, with typical 
composition C18: 65%, C16: 30% and C14: 5%[15]. 
According to the manufacturer, the Somasif mica have 

the general chemical composition: (Na)
2x

(Mg)
3‑x

(Si
4
O

10
)

(F
y
OH

1-y
)

2
·nH

2
O, where 0.15 < x < 0.5; 0.8 < y < 1.0.

Sample preparation

In order to eliminate PLA moisture, the polyester 
was dried for 4 h at 90 °C in a vacuum oven before 
processing. The synthetic micas, which are also capable 
of absorbing moisture, were dried under the same 
conditions.

PLA/Somasif mica nanocomposites with different 
clay loadings (2.5, 5.0 and 7.5 wt% mica) were prepared 
in a Coperion ZSK 18 (Werner & Pfleiderer GmbH & 
Co. KG, Stuttgart, Germany) co-rotating twin-screw 
extruder, with L/D ratio of 40, at temperatures in the 
range of 180-200 °C, and screw speed set at 120 rpm. 
Neat PLA was also processed under the same conditions 
for comparison purposes.

Gel Permeation Chromatography (GPC)

Molecular weights of composite matrix (PLA) as well 
as non-processed PLA granules were measured by using 
gel permeation chromatography (GPC). Measurements 
were carried out using an Agilent chromatograph with a 
Polymer linear column at 25 °C. Chloroform was used 
as the solvent and the flow rate was 1.0 mL/min with 
an injection volume of 20 µm. The molecular weight 
and polydispersity were calculated from a calibration 
curve made from polystyrene standards with the results 
expressed as “polystyrene equivalent” molecular weight.

Thermogravimetric analyses (TGA)

In order to investigate the thermal stability of the 
composites, thermogravimetric analyses (TGA) were 
performed. The analyses were done in a TA Instruments 
Thermoanalyser Q500 from (New Castle, DE, USA). 
Measurements were carried out under nitrogen flow 
from room temperature to 700 °C with a heating rate of 
20 °C/min.
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Differencial Scanning Calorimetry (DSC)

The glass transition temperature (T
g
) and the melting 

temperature (T
m
), as well as the crystallization behavior of 

the processed materials were evaluated by DSC analysis. 
The analyses were performed in a TA Instruments 
equipment, Q1000 model. The samples were thermally 
treated as follow: 1) heating from 20 to 180 °C and 
maintained for 1 min at this temperature; 2) rapid cooling 
to 20 °C; 3) 2nd heating from 0 to 180 °C; 4) cooling to 
0 °C at 10 °C/min, and 5) 3rd heating from 0 to 180 °C. 
All heating runs were performed with a heating rate of 
10 °C/min. T

g
 was obtained from the second heating and 

T
m
 from the third heating.

Dynamic Mechanical Analysis (DMA)

Dynamic mechanical properties (storage modulus 
E’ and tan δ) of neat PLA and various PLA/synthetic 
mica composites were measured with Q800 dynamic 
mechanical TA equipment. Experiments were carried out 
in the temperature range -20-120 °C at a frequency of 
1 Hz with a heating rate of 3 °C/min using a tensile film 
clamp in strain mode at 0.01 N controlled force. The glass 
transition temperature, T

g
, was defined as the temperature 

at the tan δ peak. The sample specimen dimensions were 
around 16.5 x 6.5 x 0.6 mm.

Results and Discussion

Molecular weight of PLA

Table  1 shows the average molecular weight and 
polydispersity of PLA before and after melt processing 
with synthetic micas at different compositions.

As expected, PLA processed in the extruder with the 
synthetic mica has lower molecular weight than that of 
PLA granules, indicating a certain level of degradation 
during processing. The reduction in the molecular 
weight is proportional to the increase in synthetic mica 
content. The organomica showed the highest effect on 
the molecular weight reduction when compared to the 
sodium mica. The degradation during processing leading 
to reduction in molecular weight has also led to a highest 
polydispersity (M

w
/M

n
) of the PLA with organomica. 

These results suggest that, although the synthetic mica 
presents a high degree of purity as compared with natural 
clays like montmorillonite, it slightly increases the degree 

of chain degradation, probably by some catalytic effect. 
Both, the synthetic mica and its intercalant have hydroxyl 
groups in their structure which can attack the ester 
bonds in the PLA chains, causing alcoholysis. Thus it is 
reasonable to think that the increase of the mica content in 
the composites generates also an increase of the number 
of hydroxyl groups, promoting more chain breaking.

Thermal stability

The thermal stability of the nanocomposites was 
studied by TGA. Figures 1, 2 and 3 show the derivative 
weight loss versus temperature for the PLA/ME-100, 
PLA/MAE and PLA/MPE nanocomposites, respectively.

The TG curves of the nanocomposites show an 
increase in thermal stability compared to neat PLA. The 
onset temperature (T

onset
), the maximum decomposition 

temperature (T
peak

) and the concentration of inorganic 
material (residue), in this case mica, obtained from the 
TG curves are shown in Table 2.

Although not very significant, the nanocomposite 
containing sodium mica ME-100 showed an increase 
in the thermal stability with increasing concentration of 
mica compared to neat PLA. The organophilic micas led 
to nanocomposites with better thermal stability. However, 
with increasing concentration there was a decrease in 
the T

onset
 and T

peak
. This decrease in thermal stability 

was associated to the intercalating agents, which begin 

Figure 1. DTG curves of PLA and their nanocomposites with 
Somasif ME-100 synthetic mica.

Table 1. Molecular weights and polydispersity of neat PLA and PLA in the PLA/synthetic mica composites.

Material Mica (%) Mn (g/mol) Mw (g/mol) Mz (g/mol) D (Mw/Mn)

PLA 0 121100 197000 289400 1.63

PLA/ME-100

2.5 81100 144100 214000 1.78

5.0 85000 137700 206200 1.62

7.5 84000 137400 209000 1.64

PLA/MAE

2.5 53500 112900 183500 2.11

5.0 47900 106000 173500 2.21

7.5 59400 102300 159500 1.72

PLA/MPE

2.5 52300 112700 180000 2.15

5.0 34200 91000 159800 2.65

7.5 42000 94000 151600 2.24
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to degrade before the PLA[10,16]. Therefore, the increase 
in the intercalant content with increasing concentration 
of mica leads to a decrease in thermal stability of the 
nanocomposites. The real concentration values of mica 
were very close and, in the majority of the cases, slightly 

superior to those theoretically calculated by carrying out 
the mixtures.

The higher increase in thermal stability was observed 
for the nanocomposites containing the MPE mica. 
This may be due to a better affinity of PLA with the 
intercalating agent of this mica, which in this case is a 
quaternary ammonium salt containing a polyether chain, 
differently from the MAE mica that contains only more 
apolar alkyl groups. This more polar structure of MPE 
seems to lead to a better dispersion of this mica in the 
PLA matrix[10].

PLA and nanocomposite thermal transitions

Table  3 presents data on some thermal properties 
obtained by DSC. No significant change in the T

g
 was 

noted when the synthetic micas are added to PLA, except 
for Somasif MPE, in which addition of the mica caused 
a marked decrease in the T

g
. In this case, as the amount 

of mica is increased, the T
g
 decreased reaching 33.7 °C 

when the concentration was 7.5 wt%. Both, PLA and 
the nanocomposites presented bimodal melting peaks 
on heating (T

m1
 and T

m2
) and addition of mica to PLA 

promoted a decrease in melting temperatures.The major 
decrease was observed when Somasif MPE was used as 
the filler for PLA. All the composites did not crystallize 
during a cooling at 10 °C/min, except the nanocomposites 
containing the Somasif MPE mica. These differences in 
the behavior of the Somasif MPE-based nanocomposites 
and the other PLA/Somasif nanocomposites can be 
attributed to the high content of intercalant in this 
commercial synthetic mica[10]. The intercalant seems to be 
responsible for decreasing the T

g 
by a plasticizing effect 

and to promote the speed up of crystallization.

Composites dynamic mechanical properties

Figures  4, 5 and 6 show the dependence of tan δ 
with temperature for the PLA and their nanocomposites 
with Somasif micas. Table 4 shows the T

g 
obtained from 

the peak of tan δ curves. Note that the addition of mica 
ME-100 resulted in a small increase in the T

g
, probably 

due to a restricted mobility of the chains caused by mica 
layers. The addition of mica MAE had no significant 
effect on the T

g
. However, the addition and increase in 

mica MPE content led to a decrease in the T
g
, which is 

related to the previous mentioned plasticizing effect of 
the intercalant present in this mica. This is also confirmed 
by the broadening of the tan δ curves in Figure 6 with the 
increase in mica content.

Figures 4, 5 and 6 also show that the addition of mica 
led to a decrease in the intensity of tan δ curves. Since 
tan δ is a measure of the relative energy distribution 
in the sample, i.e. it is the ratio between the dissipated 
energy and the elastic energy of the system, this decrease 
in tan δ is due to the more pronounced increase of the 
storage modulus as compared to the loss modulus, which 
is related to a lower dissipation of mechanical energy in 
the sample. The addition of mica helped to distribute and 
store the energy during deformation. This is reflected by 
a decrease in tan δ as the mica content increases[17]. The 
decrease in tan δ intensity is more pronounced for the 

Figure 2. DTG curves of PLA and their nanocomposites with 
Somasif MAE synthetic mica.

Figure 3. DTG curves of PLA and their nanocomposites with 
Somasif MPE synthetic mica.

Table  2. Onset temperature (T
onset

), maximum decomposition 
temperature (T

peak
) and mica content (residue) of PLA and their 

nanocomposites with Somasif ME-100, MAE and MPE.

Material Degradation 
temperature (°C)

Mica content (%)

T
onset

T
peak

Theoretical Experimental

PLA 350 373 0 0

PLA/ME-100

351 375 2.5 3.1

352 376 5.0 5.7

354 378 7.5 7.8

PLA/MAE

357 380 2.5 2.7

351 377 5.0 5.6

350 376 7.5 7.5

PLA/MPE

357 391 2.5 2.5

355 385 5.0 4.7

349 383 7.5 7.6
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Conclusions

Somasif synthetic micas which are non-expensive 
nanofillers can be used to produce PLA nanocomposites 
by melt processing with possible application in 
packaging. The melt processing of PLA and these 
micas is characterized by a considerable reduction in 
the molecular weight, which decreases with the increase 

Table 3. Crystallinity and thermal transitions of PLA and PLA/synthetic mica nanocomposites.

Sample Mica (%) Tg (°C) Tm1 (°C) Tm2 (°C) ΔHm (J/g) Tch (°C) ΔHch (J/g) Tcc (°C) ∆Hcc (J/g)

PLA 59.9 153.3 - 17.5 131.2 16.9 - -

PLA/ME-100

2.5 59.6 152.1 - 26.5 128.5 23.2 - -

5.0 59.6 151.9 - 27.9 126.2 25.6 - -

7.5 60.2 153.0 157.4 31.1 124.2 28.7 - -

PLA/MAE

2.5 60.6 149.0 157.5 32.0 109.2 34.1 - -

5.0 59.9 147.6 156.4 32.6 105.9 30.8 - -

7.5 58.4 146.6 155.6 32.8 103.6 29.1 - -

PLA/MPE

2.5 53.5 144.8 154.8 33.1 96.5 29.0 91.7 3.6

5.0 40.6 138.0 149.8 33.9 131.2 16.9 90.1 28.5

7.5 33.7 132.6 146.4 29.9 128.5 23.2 91.9 26.2

T
m1

 and T
m2

 = T
m
 of bimodal melting peak; T

cc
 = crystallization temperature during cooling; T

ch
 = crystallization temperature during heating; 

∆H
m
, ∆H

ch
 and ∆H

cc
 = enthalpies of melting, crystallization during heating and crystallization during cooling, respectively.

Table 4. T
g
of PLA and PLA/Somasif composites obtained from 

tan δ.

Material Mica content (%) Tg (°C)

PLA 0 69.3

Processed PLA 0 70.1

PLA/ME-100

2.5 70.2

5.0 70.6

7.5 71.2

PLA/MAE

2.5 69.4

5.0 68.8

7.5 69.5

PLA/MPE

2.5 67.4

5.0 66.6

7.5 65.1

Figure  4. Dependence of temperature on tan δ for neat non-
processed PLA, processed PLA and PLA/Somasif ME-100 
nanocomposites.

Figure  5. Dependence of temperature on tan δ for neat non-
processed PLA, processed PLA and PLA/Somasif MAE 
nanocomposites.

Figure  6. Dependence of temperature on tan δ for neat non-
processed PLA, processed PLA and PLA/Somasif MPE 
nanocomposites.

composites with the MPE mica  that could be explained 
by the better dispersion of this mica in the polymer matrix 
and by the higher amount of intercalant present in this 
mica[14].
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of nanofiller content. All micas increased the thermal 
stability of the composites, but the Somasif MPE which 
contains a polyether-based ammonium salt produced the 
highest increase in degradation temperature (T

max
). This 

mica also led to the most significant decrease in the T
g
 

of PLA/Somasif nanocomposites and increase of the 
crystallization rate of PLA.
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