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) TOM TAT ) '
NGHIEN CUU TONG HQP NANO CaCO; TU TIEN CHAT CaO
VA Na,CO; BANG PHUONG PHAP KET TUA

Nano CaCOs la mot vdt liéu quan trong nho vao tinh twong thich sinh hoc, do on dinh hod hoc cao, phu hop
trong nhiéu img dung trong y hoc, dirgc pham, xir Iy méi trueong va mét sé nganh céng nghiép khac. Nghién
cibu nay mé ta qud trinh tong hop nano CaCOs bang phwong phdp két tiia véi cac tién chat ban dau CaO va
Na,COs. Qud trinh tong hop CaCOg duwoc 16i wu hod dwa trén dieu khién cdc yéu t6 anh hwéng (thoi gian
khudy, téc do khudy cia binh phan vmg) t6i qud trinh tong hop dung dich Ca(OH), trung gian dé dat ham
luong 16i wu, do sach cao. Nano CaCOg; thu dwoc sau do dwoc danh gia b&ng cac ky thuat hoa ly hién dai
nhuw phdn tich nhiét (DTAIDSC), phuwong phdp phdn tin ning heong bé mat (EDS), kinh hién dién tir quét
(SEM) va truyén qua (TEM), phicong phdp nhiéu xa tia X (XRD) va hong ngoai (FTIR). San phdm nano
CaCOg; thu dwoc co do sach cao, kich thuéc < 200nm dang twa khéi lap phuwong. Quy trinh dwoc dwa ra co
hiéu qua tot va cé kha ndng tmg dung trong thuec té.

Tir khoa: nano CaCOg, két tiia, tong hop cé diéu khién.

1 INTRODUCTION coptrollabl_e-size particles, but reqyired a

strict quality control of raw materials for
CaCOs nanoparticles (NPs) were known production[7,8]. Carbonatization offered a
as an important material for applications direct synthesis of CaCO; NPs via the
in medicine, pharmaceuticals, industries, blow of a CO, stream into Ca®"
and others. The common applications are (Ca(OH),) solution[9], whereas the sol-
drug delivery, calcium supplements, the gel method generated the particles with
manufacture of composite materials, highly uniform size and purity[10,11].
environmental treatments, and so on[1-4]. However, both methods required a high
CaCOs; NPs became a high priority in cost with the complicated equipment and
many aspects due to their highly procedures. In this study, the authors
biological compatibility, good chemical employed the simple precipitation method
stability, and highly specific surface and attempted to optimize several
area[5,6]. CaCOs NPs were typically synthesis conditions, mainly to control the
prepared by precipitation, carbonatization, step of Ca(OH); solution preparation, to
or sol-gel methods. The precipitation obtain the desirable particle size with high
method provided the advantages of purity and stability for specific purposes
simplicity, cost-effectiveness, and
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in medicine and industry. Calcium oxide
(CaO) and sodium carbonate (Na,COg3)
were used as the precursors for Ca®* and
COs* for this synthetic procedure to
ensure the high solubility in aqueous
media, the simple procedure (for the pre-
treatment, during preparation, and post-
treatment  steps), and the  cost-
effectiveness in comparison to other
inputs like CaCl,, NaHCO; or
NH;HCO3[7,12].

2. EXPERIMENT
2.1. Chemicals

Calcium oxide (CaO), sodium carbonate
(Na,COs3), ethanol (C,HsOH), ethylene
diamine tetraacetic acid (EDTA), and
eriochrome black T (ETOO) with analytic
grade were purchased from Xilong
Scientific Co., Ltd. (China) and used
directly without any further purification.

2.2. Preparation of CaCO3 NPs

First, Ca(OH), solution was prepared by
completely dissolving 25.0 g of CaO in 1
L of deionized water in a 2-L beaker. The
beaker was placed on a magnetic stirrer,
and the solution was kept stirring for
various durations (4, 6, 8, 10, and 24
hours) at different stirring speeds (200,
300, 400, 500, and 600 rpm). After the
dissolution, the solution was then
stabilized for 30 min. before being filtered
by a Buchner funnel to isolate the
impurities from the Ca(OH), solution
(solution A). The concentration of Ca** in
the as-prepared solution A  was
determined by the complexometric
titration with the EDTA solution in the
ETOO indicator. Similarly, solution B
was also prepared by completely
dissolving 47.3 g of Na,CO3 in 1 L of
deionized water in another 2-L beaker.
The solution was stirred for 1 hour at a
speed of 400 rpm. After that, CaCO3 NPs
were synthesized by equimolar mixing of
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solution A and B in a 5-L beaker. The
mixtures were agitated for 1 hour at a
speed of 400 rpm. Consequently, the
mixtures were kept stabilized for 30 min,
then filtered using the Buchner funnel and
washed several times with deionized
water and ethanol to obtain the final
CaCO3 NPs.

2.3. Material characterization

The obtained product was firstly
examined by thermal gravimetric analysis
and differential scanning calorimetric
(TGA/DSC) on a Labsys Evo equipment
by SETARAM (France). The structure
and phase of CaCOz; NPs were then
assessed by X-ray diffraction using a D8
Advance Diffractometer (Bruker,
Germany). The morphology and shape of
CaCO3; samples were captured on
scanning electronic microscopy (SEM)
and transmission electronic microscopy
(TEM) using a S-4800 model by Hitachi
(Japan). The elemental analysis of CaCO3;
NPs was then evaluated using X-ray
dispersion spectroscopy (EDS) method on
an equipment connected to SEM. The
functional groups of obtained products
were also determined by the Fourier-
transform infrared (FTIR) wusing a
Shimadzu spectrometer within 400 - 4000
cm™ range.

3. RESULTS AND DISCUSSION

3.1. The influences of stirring process
on the solubility of CaO precursors for
preparation of Ca(OH),

The dissolution of CaO in water to form
Ca(OH), was a Kkinetic process that
depended on stirring rate, stirring
duration, the grain size of CaO precursors,
and temperature. The adjustment of grain
size and temperature would be considered
in other work since these factors could
directly affected the stability of obtained
products. On the other hand, in this study,
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the effects of stirring rate and stirring
duration on the concentration of obtained
Ca(OH), solution would be evaluated.

Table 1 reports the resulted Ca(OH),
concentration ([Ca(OH),]) with different
stirring speeds and durations.

Table 1. The concentration of obtained Ca(OH), at various stirring speeds and durations

Feeding Stirrin Stirrin
No. CaO deionized H,0O duraﬂogf;1 SPeedg [Ca(OH).]
g mL hours rpm mol/L
1 25 1000 4 400 0.079 £ 0.002
2 25 1000 6 400 0.091 + 0.004
3 25 1000 8 400 0.112 £ 0.002
4 25 1000 10 400 0.112 £ 0.005
5 25 1000 24 400 0.111 £ 0.002
6 25 1000 8 200 0.072 £ 0.003
7 25 1000 8 300 0.098 + 0.002
8 25 1000 8 500 0.112 £ 0.005
9 25 1000 8 600 0.113 £ 0.002

Based on the obtained data, [Ca(OH);]
increased from 0.079 mol/L up to a
maximum of 0.112 mol/L as the stirring
duration increased from 4 to 8 hours and
insignificantly changed as elongated the
duration (to 24 hours) of stirring process.
If the stirring duration was not enough (<
8 hours), the contact time between CaO
particles and water, as well as the
dispersion of CaO particles in water, was
insufficient, leading to incomplete
dissolution. On the other sides, if the
stirring duration exceeded 8 hours,
because of the saturation of Ca(OH),
solution, an equilibrium was firmly settled
(Eg. 1). Consequently, the elongation of
stirring duration was unnecessary due to
the ineffective energy consumption[7,8].

Additionally, the stirring speed was
another factor that had an impact on the
contact between CaO particles and water
for the dissolution. The increase of
stirring speed facilitated the possibility of
CaO contacting water molecules, hence,
promoting the dissolution of CaO in
water. From obtained results in Table 1,
[Ca(OH),] grew from 0.072 mol/L at a
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stirring speed of 200 rpm to 0.112 mol/L
at 400 rpm, and showed no significant
change (to 0.113 mol/L) for further rising
of speed up to 600 rpm. Therefore, the
stirring speed would be adjusted to 400
rpm for an effective Ca(OH), preparation
step.

3.2. Characterization of

CaCO3; NPs

prepared
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Figure 1. Thermal analyses of CaCO3 sample

Fig. 1 described the thermal analysis of
the obtained CaCOj3; samples. A slight
change of about 1.6 wt% observed at
temperatures below 200 °C was due to the
evaporation of absorbed water on the
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surface of CaCOs; particles. Further
increase in temperature up to 600 °C
resulted in insignificant mass changes of
analyzed sample. The remarkable lost in
mass of 43.57 wt% occurred between 600
°C and 860 °C, corresponding to an
endothermic process from about 400 °C to
880 °C with the peak at 850 °C. This
process was attributed to the thermal
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decomposition of CaCO; into CaO and
CO,, as the lost of 43.57 wt% due to the
evaporation of CO,. This behavior was
characteristic of the stable calcite phase of
CaCOg3 NPs. It also indicated a high purity
of obtained CaCOs; NPs without the
presence of aragonite or vaterite phase,
which were decomposed at the lower
temperatures[10,11].
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Figure 2. (a) XRD and (b) FTIR curves of prepared CaCO3; sample.
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Figure 3. (a) SEM (inset: particle size distribution), (b) TEM images, and (c) EDS spectra of CaCO3 NPs.
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The XRD technique was then employed
to determine the crystalline phase of
obtained CaCOs; NPs (Fig. 2a). The
diffraction peaks were assigned to the
corresponding planes, which coincided
with the standard card JCDPS No. 01-
080-3277. The formation of calcite phase
with the absence of vaterite and aragonite
phase was once confirmed by the sharp
diffraction peaks at 29.4°, 39.4°, and
43.4°[13]. From obtained XRD data, the
Scherrer equation was applied for the
calculation of the crystalline sizes for
obtained CaCO3z NPs[14]. The calculated
crystalline sizes of examined CaCOs;
sample ranged from 37.39 nm to 64.63
nm (an average of 51.01 + 4.74 nm).

The FTIR spectra described the
characteristic peaks at 1395 cm™, 872
cm?, and 712 cm™ (Fig. 2b). These peaks
were ascribed to the stretching
asymmetric vibration of C = O bond in
carbonate (CO3%), the out-plane and in-
plane distortion vibration of C-O bonds,
respectively[8,10]. This also stated that
the CaCOz NPs existed in the stable
calcite  phase. In addition, no
characteristic signals of OH" of Ca(OH);
or HCO3™ of NaHCO3; were detected in the
FTIR spectra. Moreover, the signal due to
the vibration of Ca-O appeared at the
wavenumber < 700 cm™.

According to the material analyses, the
preparation procedure of CaCO3; NPs in
this study was well-controlled, and prior
to obtaining the calcite phase with high
purity[9,11]. It was so meaningful since
the calcite phase was the most thermal,
chemically, and mechanically stable form
of CaCOj; that was compatible with the
applications in medicine, additives in
composites, as well as environmental
treatment[10,11].

The morphology of obtained CaCO3; NPs
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was captured by the SEM and TEM. It
could be seen that the formation of
uniform cubic-like particles with the size
of 50 - 100 nm (Fig. 3a), which was also
in agreement with the calculated results
obtained from XRD curve. However, the
aggregation of CaCO3 NPs also happened,
leading to the large bulks (less than 200
nm) as displayed on the TEM images
(Fig. 3b). The EDS coupled with the SEM
also exhibited the elemental composition
of obtained CaCO3; samples (Fig. 3c). The
finding confirms the presence of Ca, C,
and O in the product with the atomic
percentages of 18.70%, 18.20%, and
63.10%, which was analogous with the
feeding. Besides, no impurities, such as
Na® or CI" were presented in the final
products, suggesting that the purification
step effectively removed the residues or
the by-products[12].

4. CONCLUSION

In this study, a procedure for the synthesis
of CaCOs; NPs using the precipitation
method was introduced. To ensure the
high purity of the CaCOs; product, the
conditions for Ca(OH), preparation from
CaO precursor, including the stirring rate
and stirring duration, were controlled with
the optimal parameters of 400 rpm and 8
hours, respectively. Materials
characterization later confirmed the
formation of calcite phase for CaCO3 with
a high purity and uniform cubic-like
particles of < 200 nm in size. This
suggested that the obtained CaCOj;
products could be wused for specific
purposes in  medicine,  catalysis,
environmental treatment, and others.
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