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Abstract: Modified calcite CaCO3 (M-CaCO3) was synthesized from calcium nitrate, sodium carbonate,
ethylene diamine tetraacetic acid and sodium dodecyl sulfate. Then, poly(L-lactic acid) (PLLA)/
M-CaCO3 composites were fabricated using melt blending and hot-press forming technologies. The ef-
fect of M-CaCO3 on the thermal and mechanical performance of PLLA was investigated. The results
showed that the crystallization temperature and M-CaCO3 content significantly affected the crystalliza-
tion of PLLA but the effect of M-CaCO3 on the crystallization of PLLA was very complicated. Compared
to neat PLLA, 1 % M-CaCO3 decreased the t1/2 from 3999.4 s to 342.7 s at 100 °C. The melt index measure-
ments indicated that a small amount of M-CaCO3 could block the fluidity of PLLA. However, the addition
of a high content M-CaCO3 increased the fluidity of PLLA. The results of tensile strengths and elongation
at break of PLLA/M-CaCO3 composites showed that both M-CaCO3 content and defective modification
CaCO3 affected the mechanical performance of the PLLA/M-CaCO3 composites.
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Wp³yw modyfikowanego wêglanu wapnia na termiczne i mechaniczne w³aœ-
ciwoœci biodegradowalnego poli(kwasu L-mlekowego)
Streszczenie: Z zastosowaniem azotanu wapnia, wêglanu sodu, kwasu etylenodiaminotetraoctowego
i dodecylosiarczanu sodu syntezowano modyfikowany kalcyt (M-CaCO3), a nastêpnie mieszaj¹c sk³ad-
niki w stanie stopionym wytwarzano kompozyty poli(kwas L-mlekowy)/M-CaCO3. Badano zale¿noœæ
w³aœciwoœci termicznych i mechanicznych wytworzonych kompozytów (z matryc¹ polilaktydow¹) od
zawartoœci M-CaCO3.Wykazano, ¿e istotny wp³yw na krystalizacjê PLLA wywiera temperatura oraz
zawartoœæ modyfikowanego kalcytu. W temperaturze 100 °C czas po³owicznej krystalizacji (t1/2) kompo-
zytu z udzia³em 1 % M-CaCO3 znacznie siê zmniejszy³ (342,7 s) w porównaniu do wartoœæ t1/2 czystego
PLLA (3999,4 s). Pomiar masowego wskaŸnika szybkoœci p³yniêcia (MFR) dowodzi, ¿e dodatek modyfi-
kowanego kalcytu (powy¿ej 3 %) do matrycy polilaktydowej wp³ywa na zwiêkszenie wartoœci MFR. Wy-
niki wytrzyma³oœci na rozci¹ganie i wyd³u¿enia przy zerwaniu kompozytów PLLA/M-CaCO3 wykaza³y,
¿e zarówno zawartoœæ wêglanu wapnia, jak i jego modyfikacja wp³ywaj¹ na wytrzyma³oœæ mechaniczn¹
wytworzonych kompozytów PLLA/M-CaCO3.

S³owa kluczowe: poli(kwas L-mlekowy), wêglan wapnia, w³aœciwoœci termiczne, w³aœciwoœci mecha-
niczne.

Calcium carbonate (CaCO3), as a very crucial inorga-
nic material, is one of the most widely added fillers to po-

lymers because of its low cost and good performance [1].
Furthermore, greater scientific and technological atten-
tion has been paid to polymer/inorganic composites with
low cost and good performance in recent years [2, 3],
which significantly has promoted the development of the
CaCO3 industry and also makes studies on CaCO3 a hot
research field again. For example, to achieve the synthe-
sis and morphological control of CaCO3 crystals with
complex structures, Mao et al. [4] reported that vaterite
CaCO3 with a flowerlike appearance was synthesized by
a nanoparticle-mediated self-organization process and
research further showed that the total carbonate content
and the volume ratio of ethanol/double-distilled water
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could significant affect the polymorphs and morpholo-
gies of the CaCO3 crystals. Zebarjad et al. [5] investigated
the effects of CaCO3 on the mechanical properties of po-
lypropylene. The addition of CaCO3 decreased the yield
strength of polypropylene while increasing modulus.
Similarly, the effect of high-density polyethylene and
CaCO3 on the crystallization of polypropylene has been
reported [6]. This result indicated that CaCO3 was disper-
sed in the polypropylene and CaCO3 could improve the
crystallization of polypropylene. However, the high-den-
sity polyethylene and polypropylene was phase separa-
ted in their blends.

Poly(L-lactic acid) (PLLA) as a typical biodegrad-
able polymer materials is paid more and more atten-
tion by scientists [7, 8]. Moreover, many excellent pro-
perties of materials based on PLLA have been obtained
by utilizing advantageous technologies. To further im-
prove the degradation rate of PLLA, SiO2 was introdu-
ced into PLLA to evaluate the hydrophilicity of
PLLA/SiO2 nanocomposites. The experimental results
indicated that SiO2 had a good dispersion in the PLLA
matrix and that the hydrolytic degradation of PLLA
was accelerated with an increased content of SiO2. At
the same time, the addition of SiO2 can promote the
microstructure reorganization of PLLA [9]. Liang et al.
investigated the tensile properties of PLLA/PCL/na-
no-CaCO3 composites at different tensile rates, and the
tensile rates affected slightly the tensile elastic modu-
lus and tensile strength [10]. Besides, the results
showed that PCL could improve the tensile fracture
toughness of the composites [10]. Graphene oxide
grafted with PLLA was added into PLLA matrices as a
promising reinforcement. Measurements showed that
the dispersion of graphene oxide and interfacial inter-
actions between PLLA and graphene oxide were en-
hanced because of the functionalization of graphene
oxide. Furthermore, compared to neat PLLA, the fle-
xural and tensile strength of PLLA/graphene oxide
grafted with PLLA materials were increased by
114.3 % and 105.7 % [11]. However, to the best of our
knowledge, it is still a major challenge to improve the
thermal and mechanical performance of PLLA for wi-
der applications.

In this paper, to further reinforce the thermal and
mechanical performance of PLLA, CaCO3 modified by
EDTA and SDS (M-CaCO3) was first synthesized, then
PLLA/M-CaCO3 composites were prepared by a simple
melt blending method, and the thermal and mechanical
performance of PLLA/M-CaCO3 composites were evalu-
ated by a comparative study.

EXPERIMENTAL PART

Materials

Poly(L-lactic acid) (2002D) was purchased from
Nature Works LLC (USA). Calcium nitrate and sodium

dodecyl sulfate (SDS) were purchased from Mianyang
Rongshen Chemical Reagents Company (Sichuan Pro-
vince, China), ethylene diamine tetraacetic acid (EDTA)
and sodium carbonate were purchased from Beijing Che-
mical Reagents Company (Beijing, China).

Synthesis of M-CaCO3

EDTA (0.001 mol) and SDS (0.001 mol) were added
into 100 cm3 the calcium nitrate solution [0.1 mol/dm3

Ca(NO3)2]. Then, the mixture was heated (80 °C) to make
EDTA and SDS dissolve with stirring. Then sodium car-
bonate solution (0.1 mol/dm3 Na2CO3, 200 cm3) was ad-
ded slowly (dropwise add) into the mixture solution, the
white precipitate was obtained after 1h (this is the time to
complete the reaction after the addition of the Na2CO3),
and the obtained precipitate was washed four times by
water and then four times by 99.7 % ethanol at room tem-
perature. The resulting product M-CaCO3 was dried in
vacuum at 80 °C for 24 h.

Preparation of PLLA/M-CaCO3 composites

PLLA and M-CaCO3 were dried before blending and
the blending process of PLLA and M-CaCO3 was similar
to that performed in our previous paper [12].

Methods of testing

Wide angle X-ray diffraction (WAXD)

WAXD experiments were performed on a diffracto-
meter (D/MAX2550, Rigaku, Japan) using Cu Ka radia-
tion (wavelength, 1.54 Å) at room temperature in the
range of 2� = 5—80° with a scanning rate of 2°/min.

Isothermal crystallization measurement

The isothermal crystallization of PLLA/M-CaCO3
composites were investigated on a GJY-III optical depola-
rizer (Donghuang university, China) in the region from
100 °C to 120 °C. The values were directly measured by
optical depolarizer.

Thermogravimetric analysis (TGA)

TGA measurements of M-CaCO3 were carried out
using thermal analysis Q500 from TA Instruments-Wa-
ters LLC with a heating rate of 10 °C/min under air flow
of 50 cm3/min from room temperature to 950 °C.

Melt index

The fluidity of melting PLLA/M-CaCO3 composites
was measured by a melt index instrument (Beijing Guan-
ce Testing Instrument Co., LTD, China), the measurement
temperature was 180 °C and load 10 kg.
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Mechanical performance testing

Normal tensile tests were conducted on a M-4010 elec-
tronic tensile tester (Shenzhen Reger Instrument Co.,
LTD, China) at the speed of 50 mm/min at room tempera-
ture. The tensile strength and elongations at break were
obtained by averaging over four specimens.

RESULTS AND DISCUSSION

Structure of M-CaCO3

The structure of M-CaCO3 was investigated by
WAXD. As shown in Fig. 1, the M-CaCO3 exhibits a
strong, characteristic diffraction peak at 2� = 29.5° due to
diffraction from (104) plane and other peaks at 2� = 23.1°,
35.9°, 43.2° and 48.6° occurring from the (012) plane, (110)
plane, (202) plane and (116) plane, respectively [13]. The
appearance of these relevant characteristic peaks con-
firms that the crystal phase of M-CaCO3 is calcite CaCO3.

The thermal properties of M-CaCO3 were also investi-
gated using TGA. Figure 2 shows the TGA curve of
M-CaCO3 at a heating rate of 10 °C/min under air flow, it
is clear that the mass loss is about 3 % at 600 °C, resulting
from the combustion of organic materials on the surface
of M-CaCO3 under air flow. Then, M-CaCO3 begins to de-
compose at higher temperatures and the onset decompo-
sition temperature (T0) of M-CaCO3 is 712.1 °C, which in-
dicated that the decomposition temperature of M-CaCO3
is lower than that of ultra-fine CaCO3 synthesized using a
solid-state reaction at supersonic speed airflow [14], the
possible reason is that the addition of EDTA and SDS ma-
kes the crystal of synthesized CaCO3 imperfect. How-
ever, this imperfect structure of M-CaCO3 may result in a
larger specific area that can improve the performance of
the polymer [15]. The final mass loss was 46.2 %, inclu-

ding organic materials, and the remaining product was
calcium oxide.

Isothermal crystallization of PLLA/M-CaCO3
composites

CaCO3 is an important additive of polymers. The ad-
dition of CaCO3 can significantly reduce the cost and im-
prove the performance of polymer matrices, particularly
the thermal performance [16, 17]. Thus, the isothermal
crystallization behavior of PLLA/M-CaCO3 composites
was investigated with an optical depolarizer. Figure 3
shows the effect of crystallization temperature and
M-CaCO3 content on the crystallization of PLLA. With
increasing crystallization temperature, the half-time of
overall crystallization (t1/2) of neat PLLA becomes shor-
ter, and the t1/2 has a minimum value of 2359.9 s at 115 °C.
Then, the t1/2 of neat PLLA becomes longer at higher crys-
tallization temperatures. In contrast, higher crystalliza-
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Fig. 1. WAXD analysis of M-CaCO3
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tion temperatures do not make the t1/2 of PLLA/M-CaCO3
composites shorter. Generally, the t1/2 of PLLA/M-CaCO3
composites in the low crystallization zone is smaller than
that in the high crystallization zone. That is to say, there
exists a minimum t1/2 of PLLA/M-CaCO3 composites at
100 °C. Compared to neat PLLA, 1 % M-CaCO3 can de-
crease the t1/2 from 3999.4 s to 342.7 s at 100 °C. It is clear
from Fig. 3 that the M-CaCO3 content also affects the
crystallization of PLLA, the t1/2 significantly becomes
shorter after addition of M-CaCO3, which indicates that
M-CaCO3 as nucleating agent could improve the crystal-
lization of PLLA, and increase the crystallization rate of
PLLA. The t1/2 of PLLA with high M-CaCO3 content is
shorter than that of PLLA with low M-CaCO3 content.
However, 1 % M-CaCO3 gives the minimum t1/2 at 100 °C.
The possible reason is that 100 °C can improve the forma-
tion of nuclei although 1 % M-CaCO3 as nucleating agent
can significantly increase the crystallization rate of PLLA.
However, 1 % M-CaCO3 does not hinder the movement
of PLLA molecular chains. The isothermal crystallization
results indicate that the effect of M-CaCO3 on the crystal-
lization of PLLA is very complicated.

Melt index and mechanical performance of
PLLA/M-CaCO3 composites

The addition of functional additives can affect the flui-
dity of polymers [18]. Thus, the melt index was investiga-
ted, using a melt index instrument, as an important para-
meter of fluidity of the polymer. As shown in Fig. 4, the
melt mass flow rate (MFR) is lowered with increased
M-CaCO3 content, and with 1 % M-CaCO3 there is a mini-
mum of value 0.912 g/10 min of PLLA/M-CaCO3 compo-
sites. Then, the MFR begins to increase with larger
amounts of M-CaCO3. These results indicate that a small
amount of M-CaCO3 can block the fluidity of PLLA.
However, the addition of a high content M-CaCO3 can in-
crease the fluidity of PLLA. The possible reason of this

phenomenon is that a low content of M-CaCO3 with a
small amount of EDTA and SDS mainly serves as a nu-
cleating agent of PLLA for the crystallization to decrease
the chain movements of PLLA. However, a high content
M-CaCO3 can improve the chain movements because of
a larger amount of EDTA and SDS that serve as a plastici-
zer of PLLA.

The influence of M-CaCO3 on the mechanical perfor-
mance of PLLA was investigated. The tensile strengths
and elongation at break of PLLA with different M-CaCO3
contents are presented in Fig. 5a) and Fig. 5b), respective-
ly (the fitted lines was made using origin7.0, and the me-
chanical properties of PLLA/M-CaCO3 with increasing of
M-CaCO3 content is not linear. Thus, we used non linear
fitting. The error bars is different of four specimens mea-
surement).

The tensile strength moderately increased with the
larger M-CaCO3 contents. Upon the addition of 0.8 %
M-CaCO3, compared with neat PLLA, the tensile
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strength increases from 76.4 MPa to 77.9 MPa. And the
tensile strength of PLLA/M-CaCO3 composites with
other M-CaCO3 content is lower than that of neat PLLA. It
is clear that the trend of elongation at break of PLLA with
different M-CaCO3 contents is irregular, which shows
that the mechanical performance of PLLA/M-CaCO3
composites is not only affected by M-CaCO3. This irregu-
lar trend may result from the defective modification of
CaCO3 with EDTA and SDS.

CONCLUSION

The effect of M-CaCO3 on the thermal and mechanical
properties of PLLA was investigated. The isothermal
crystallization behavior indicated that M-CaCO3 as a
nucleating agent could improve the crystallization of
PLLA and the M-CaCO3 content and crystallization tem-
perature significantly affected the crystallization of
PLLA. The addition of M-CaCO3 also could affect the
melt index and mechanical performance of PLLA/
M-CaCO3 composites.
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