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Design and Synthesis of Calcium Carbonate Microsphere by the Synergistic
Effect of Poly (sodium 4-styene-sulfonate) and L-Glutamic Acid

ZHANG Qun' FANG Liang™? CHEN Chuan-Bao'?
(‘Faculty of Chemistry and Chemical Engineering, Anging Normal College, Anqing, Anhui 246011)
(College of Chemistry and Materials Science, Anhui Normal University, Wuhu, Anhui 241000)

Abstract: Calcium carbonate microspheres were synthesized using enriched Ca* ions at organic-inorganic interfaces
with the slowly infused CO, gas in a system of poly (sodium 4-styene-sulfonate) (PSSS)/L-Glutamic acid (L-Glu). A
systematic examination of various experimental parameters on the morphology and polymorph of CaCOs particles at
room temperature is presented. The results show that pH value, surfactants, and the concentration ratio between
PSSS and L-Glu play important roles in the morphology and polymorph of calcium carbonate. Crystals with
rectangle-like, cube-like and discus-like morphology were obtained in addition to microspheres by adjusting the
experimental parameters. The oriented aggregation mechanism accounts for the formation process of the microsphere
crystals. The synergistic effect of PSSS and L-Glu is considered to play an important part in the crystallization. The
products were characterized by XRD, SEM and TEM.
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In the past decade, much effort has been devoted
to the controlled synthesis of inorganic materials with
specific size and morphology due to their fundamental
and technological importance!". Various formation me-
chanisms are suggested, for example, the interfacial

recognition (or the polymorphic selectivity) and the ori-
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ented aggregation of nanoparticles®. Many studies
have shown that a wide range of additives and/or tem-
plates can affect the structures and shape of many crys-
tals (such as CaCOs, BaSO,, BaCO:;, etc). So a promising
approach is to use organic additives and/or templates to

control the nucleation, growth, and alignment of inor-
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ganic materials, which have received much attention in
recent years. CaCO; can crystallize as calcite, arago-
nite, and vaterite. Calcite and aragonite are the most
common CaCO; polymorphs. Vaterite, a less stable
polymorph, will transform to calcite via a solvent-medi-
ated process!'*',

We report the crystallization of CaCO; particles
obtained from the solution of PSSS and L-Glu here. Al-
so, we have quoted some results reported in our previ-
ous research to make this article integrated. The calci-
um carbonate microspheres and the effects of the con-
centration ratio between PSSS and L-Glu, surfactants
and pH value on the crystal form and morphologies of
the as-prepared CaCO; are investigated and discussed

in this system.
1 Experimental

1.1 Preparation

PSSS was obtained from A Johnson Matthey Com-
pany. L-Glu was of B.R. grade. Cetyltrimethylammoni-
um bromide (CTAB) and sodium dodecylbenzenesul-
fonate (SDBS) were of A.R. grade. And they were all
from Sinopharm Chemical Reagent Co., Ltd. The pre-
cipitation of CaCOs; was carried out in glass beakers at
30 °C according to the reported method ™. PSSS and
other kinds of reagents were dissolved in 20 mL of 0.05
mol - ™! CaCl, solution to give a series of solutions con-
taining different concentrations of the water-soluble ad-
ditives. The pH value of the solution was adjusted to 7
by using hydrohloric acid (1.0 mol - L™) or sodium hy-
droxside (1.0 mol - L™"). The cover glass-slips were put
on the bottoms of each glass beaker. The crystallization
wells were covered with aluminum foil, and several pin
holes were made to allow gas diffusion (about 24 h). The
whole assembly was placed inside a closed desiccator
with ammonium bicarbonate powder placed at the bot-
tom and left undisturbed.
1.2 Characterization of synthesized crystals

The resulting CaCO; precipitates were character-
ized by SEM (type JSM-3400LV, Japan) with an accel-
erating voltage of 20 kV. The powder XRD was carried
out on a Shimadzu XRD-6000 X-ray diffractometer

with graphite monochromatized Cu Ka radiation (A=

0.154 06 nm). TEM images were recorded by a JEM-
1400 transmission electron microscope operating at 120
kV. The samples dispersed in ethanol were directly de-
posited on a carbon film supported by a copper grid.

2 Results and discussion

2.1 Effect of the concentration ratio of PSSS to

L-Glu

Fig.1 shows XRD patterns of samples obtained in
different concentrations of PSSS when the concentration
of L-Glu is fixed at 0.5 g-L™". The polymorph of the
product will be calcite without PSSS (Fig.1A). When the
concentration of PSSS is 0.50 gL', the polymorph is
calcite and vaterite (Fig.1B). However, if the concentra-
tion of PSSS is further increased to 1.0 g+ L., the corre-
sponding XRD results show diffractions of vaterite and
aragonite in addition to the sharp calcite diffraction
peaks (Fig.1C). It can be clearly found that the poly-
morph of the products is mixed when PSSS is added to
the solution. It is most likely that PSSS changes the nu-
cleating directions. This indicates that the presence of
PSSS affects the polymorph of the product and is favor-
able for the formation of multiple polymorphs.
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(A) L-Glu (0.5 g-L™); (B) L-Glu (0.5 g-L™) + PSSS
(0.5 g-L™; (C) L-Glu (0.5 g-L™") + PSSS (1.0 g- L™
Peaks marked with C, V, A are the peaks for calcite,vaterite and

aragonite, respectively
Fig.1 XRD patterns of CaCO; particles from different
aqueous solutions
Fig.2A ~C show the morphological evolvement of
CaCO; crystals in L-Glu (0.5 g+ L™) solutions containing
different PSSS concentration of 0.0 g-L™" (A), 0.5 ¢- L™
(B), 1.0 gL' (C), respectively. When there is no PSSS,
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(A) L-Glu (0.5 g-L™); (B) PSSS (0.5 g+ L") + L-Glu (0.5 g-L™); (C) PSSS (1.0 g+ L") + L-Glu (0.5 g-L™);
(D), (E) are the higher magnifying SEM images of CaCO; microsphere and the sphere with concaves, respectively

Fig.2 SEM images of CaCO; particles from different aqueous solutions

the cubic and rectangular species are obtained. When
the concentration of PSSS is at 0.5 gL, the shape of
CaCOs particles appears as microsphere with smooth
surface. When the concentration of PSSS reaches 1.0 g+
L™, the morphology of the products is also sphere-like.
Interestingly, some of the spheres have concaves on
their surface (Fig.2E) and the number of the spheres in-
creases with the increase of the concentration of PSSS.
When the concentration of PSSS is fixed at 0.5 g+
L' and the concentration of L-Glu is varied, a little
variance is found from Fig.3 and 4. When the concen-
tration of L-Glu is 1.0 g-L~, the polymorph is calcite
and vaterite, and the morphology is regular micro-
spheres  (Fig.4C). However, when the concentration of
L-Glu is decreased to 0.0 gL, the corresponding XRD
results show the peaks from aragonite in addition to
calcite and vaterite (Fig.3A) and spherical aggregates
are obtained (Fig.4A). Some of the aggregates are with

concaves on the surface. Also, if the concentration of L-
Glu is 0.1 gL, regular spheres can be obtained (Fig.
4B). The above discussion indicates that there is a syn-
ergistic effect of PSSS and L-Glu on the nucleation, ag-
gregation and crystal growth of CaCO; particles.

C

C: Calcite
A: Aragonite
V: Vaterite

20 30 40 50 60

(A) PSSS (0.5 g-L); (B) L-Glu (1.0 g-L™) + PSSS (0.5 g-L7)

Fig.3 XRD patterns of CaCOj; particles from different

aqueous solutions

(A) PSSS (0.5 g-L):; (B) L-Glu (0.1 g-L7") + PSSS (0.5 g-L); (C) L-Glu (1.0 g-L) + PSSS (0.5 g-L)

Fig.4 SEM images of CaCO; particles from different aqueous solutions

2.2 Effect of pH value

The influence of pH value on CaCOj; particles is
studied in this section. Comparing Fig.5C to Fig.1A, we
find that only the intensity of the peaks is different but

the polymorphs are identical. It might be ascribed to the
same interaction although the pH value is varied.
Maybe the crystal lattice is similar at different pH val-
ue. When the pH value of the solution system is 6 and
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9, respectively, the morphologies (Fig.6) are almost the
same. They are both irregular microsphere aggregates and
some spheres have concaves, too. It indicates that the in-

fluence of pH value on CaCO; particles is little. It is most
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V: Vaterite
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(A) PSSS (0.5 g+ L") + L-Glu (0.5 g- L") + SDBS (1.0 g-L7);

(B) PSSS (0.5 g-L™") + L-Glu (0.5 g- L") + CTAB (1.0 g-L™);

(C) PSSS (0.5 g+ L") + L-Glu (0.5 g-L™), pH=9

Peaks marked with C, V, A are the peaks for calcite, vaterite and

aragonite, respectively

Fig.5 XRD patterns of CaCO; particles from different

aqueous solutions

(A) PSSS (0.5 g.L7") + L-Glu (0.5 g.L), pH=6;
(B) PSSS (0.5 g.L) + L-Glu (0.5 g.L7"), pH=9

Fig.6 SEM images of CaCOs; particles from different

aqueous solutions

likely that PSSS and L-Glu are both easily ionized un-
der these pH values. Then Ca* ions can easily adsorb to
the anionic microenvironments to produce crystals.
2.3 Effect of the surfactants of SDBS and CTAB
It has been proven in the literature!" that a surfac-
tant presented in the systems can influence the crystal
growth of the particles. Here we discuss the influence of
the different surfactants on the crystallization of CaCOs
particles. When keeping the other conditions constant,
only SDBS or CTAB is added into the solution, the cor-
responding XRD pattern in Fig.5A and Fig.5B could be
indexed to a single phase of orthorhombic vaterite (PDF
74-1867) and rhombohedral calcite (PDF 47-1743), re-
spectively. This is different from the polymorph of the
products obtained in the solution system without the
surfactant. SEM micrographs in Fig.7 show that the
morphology of these products is irregular microspheres
and discus-like plates, respectively. All these suggest
that SDBS and CTAB both have obvious effects on the

(A) PSSS (0.5 g-L™) + L-Glu(0.5 g-L™") + SDBS (1.0 g-L™), pH=
7; (B) PSSS (0.5 g-L™) + L-Glu (0.5 g-L™) + CTAB (1.0 g-L™),
pH=7; (C), (D) are the higher magnifying SEM images of CaCO,
crystals

Fig.7 SEM images of CaCO; particles from different

aqueous solutions
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CaCO; crystal. The clearer structure is shown in Fig.7C
and 7D.
2.4 Formation mechanism of microspheres

TEM and SEM images are shown in Fig.8. for the
microsphere-like morphology, the precipitates sampled
at various intervals.

As seen from Fig.8A and 8a, the morphology is ir-
regular spheres with rough surfaces at the aging time of
4 h. This indicates that the spheres are formed in the
beginning. After 8 h of CO,-infusing, the morphology of
CaCO; particles is regularly dispersed spheres with
smooth surface as shown in Fig.8B and 8b. Fig.8a and
Fig.8b both show that no concaves exist for spherical
structures. However, when the aging time is 16 h, Fig.
8C and 8c show the spheres with concaves in addition
to the regular ones. After 48 h of COx-infusing, spheri-
cal aggregates are obtained (Fig.8D and 8d).

The well-known Ostwald ripening and the oriented
aggregation (or the oriented attachment) are two forma-
tion mechanisms for the crystal growth in solution sys-
tems. Normally, the oriented aggregation of nanoparti-
cles into ordered structures is mainly directed by a spe-
cial binding interaction of the bridging ligands capped
on the surface of nanoparticles. Recent studies revealed
that the self-aggregation of the unstabilized particles
can be controlled. One of the critical factors responsible

for the shape determination of the CaCOj crystals is the

crystallographic phase of the initial seed during the nu-

cleation processes. Because of the electronegativity of
carboxyl groups (-COO"), the L-Glu has a similar stere-
ochemical structure to the C-Oj triangle and may espe-
cially bind surface Ca’* ions. During the CO,infusing
period, the dissolved CO, (or the resulting CO5* ions)
reacts with Ca?* ions bounding to the surface of “the
mixed PSSS and L-Glu”, resulting in the initially
formed CaCO; particles capped by organic molecules.
We propose that PSSS polar groups act as active sites
for CaCOj; nucleation, due to their electrostatic interac-
tion with calcium ions in every direction. Furthermore,
L-Glu has surplus negative charge. Then they together
form many active negative-charge centers by the syner-
gistic effect. So Ca’* ions can be strongly adsorbed to
the centers of opposite charge; hence, nucleation occurs
at a faster rate. The initial absorbed ions may form ag-
gregates and then the aggregates assemble together and
gradually transmit into nuclei of polymorph structure.
At later crystallization stages, -COO~ groups of L-Glu
mono molecules also bind Ca’>* and prevent queued
CO5*". These structures aggregate each other and PSSS
further adsorbs to the surface of the as-formed compos-
ite and prevents the further growth of particles along
specific planes. The movement and polarization of PSSS
and L-Glu under the interaction with water molecules
may result in transient, anisotropic microdomains for
the reaction system, facilitating the anisotropic growth

of CaCOs. Therefore, the sphere-like CaCO; particles

(A)4 h; (B) 8 h; (C) 16 h; (D) 48 h

Fig.8 SEM and TEM images of CaCO; particles obtained in L-Glu (0.5 g-L™) + PSSS (0.5 g-L™) solution
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are easily formed at the beginning of the reaction as
confirmed by SEM and TEM micrographs of CaCOs
particles (Fig.8A and 8a). This may explain why no mi-
crospheres are formed in the absence of PSSS. The con-

centration of enriched Ca’*

ions at the polymer/water
interface increases and the solution supersaturation of
CaCOj increases in the interface region with aging time.
Then the nucleation rate becomes so high that the mor-
phology control is already partially lost and the average
particle size slightly decreased. Hence spheres with
concaves and spherical aggregates are obtained.
Reduction in surface energy is the primary driving
force for crystal growth and morphology evolution. The
formation of sphere-like vaterite structures can not be
explained by the most cited Ostwald ripening process
where crystal growth is described in terms of growth of
larger particles at the expense of smaller particles. It
may follow the oriented attachment mechanism pro-
posed and demonstrated in anatase TiO, by Penn and
Benfield ™. In our work, the formation of sphere-like

structures is realized by the precise, crystallographical-
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ly oriented attachment of the initially formed active
negative centers here.

In the presence of SDBS and CTAB, they both
have influence on the crystallization of CaCOj; particles.
When SDBS is added to the solution, the solution has
much more negative charge because of the anionic sur-
factant. Then more Ca®* ions are adsorbed and the nu-
cleation rate rises. Then the morphology can not be
controlled. So the irregular and rough spheres or aggre-
gates are obtained. On the contrary, if CTAB is added to
the solution system, it weakens the active negative-
charge centers. Then the adsorption is weak and the
nucleation rate becomes low. So what we obtain is dis-
cus-like morphology. Except the above analysis, it will
form micelles no matter what surfactant is added to the
aqueous solution. It prevents the Ca** ions from being
adsorbed to the active negative-charge centers. So the
microspheres can not form in this condition. The
schematic illustration of the formation mechanism is

shown in Fig.9.

O Discus-like

-
ithout ot
factant i
il @@ Regular microspheres

R

.. Irregular spheres

% Alkyl © Hydrophilic anionic ions @ Calcium carbonate microsphere

Fig.9 Schematic illustration of the formation progress of CaCO; particles by oriented aggregation in the PSSS/L-Glu

aqueous solution systems in different cases

3 Conclusions

In summary, CaCOs microspheres are prepared by
slow COyinfusing in PSSS/L-Glu aqueous solution sys-
tem. The regularly dispersed microspheres with smooth
surface are obtained in L-Glu/PSSS solution. Cube-like,
rectangle-like and discus-like morphology have also
been obtained when the experimental parameters are
changed. The results show that the concentration ratio

between PSSS and L-Glu, pH and surfactants play im-

portant roles in the morphology and polymorph of CaCOs
particles. The oriented aggregation process accounts for
the formation mechanism of sphere-like structures. The
synergistic effect of PSSS and L-Glu is believed to play an

important role in the crystallization of CaCOs particles.
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