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Abstract—Various techniques and approaches have been designed to synthesize precipitated calcium carbonate. We
used a continuous sprayed-mist technique that induced spontaneous precipitation reaction of the droplets with the
higher surface area when in contact with the gas. The effects of optimum reactant concentration, gas flow rate, and
reactant feeding rate including reaction conditions were investigated. The effectiveness of the techniques was scruti-
nized by analyzing the resultant PCC characteristics, especially the particle phase morphology and size distribution
using XRD, FTIR, and SEM. The variation of initial concentration of milk of lime with different gas flow rate was stud-
ied. Experimental results, as well as XRD and FTIR, indicated that all the products produced were favorable for the for-
mation of calcite. SEM revealed that the morphologies of PCC were all rhombohedral and tended to adhere to each
other (twinning). It was found that production of PCC by using spray-mist method is suitable for lower initial concen-

tration of Ca(OH), and higher gas flow rate only.
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INTRODUCTION

Precipitated calcium carbonate (PCC) is the preferred filler used
in many applications like paper making, plastics, rubbers, paints,
drugs and so on. Its high purity and close controlled particle size
and shape make it the white filler of choice. PCC in recent years
has gained commendable attention in filler industries as one of the
cheapest and best available fillers commercially [1,2]. The applica-
tion of calcium carbonate particles is mainly determined by the poly-
morphs of CaCO;. Calcium carbonate has three crystal polymorphs:
rhombic calcite, needle-like aragonite and spherical vaterite [3].
Calcite is the most stable phase at room temperature under nor-
mal atmospheric conditions, while aragonite and vaterite are meta-
stable polymorphs that readily transform into the calcite stable phase
[4-6]. Morphology of PCC can be influenced by the use of additives
either in carbonation route or solution reaction route [7]. Kim et
al. [8] used aspartic acid to influence the morphology of PCC.
Similarly, Stroescu et al. [9] reported the change in PCC morphol-
ogy when sodium dodecyl sulfate (SDS) and cetyltrimethylammo-
nium bromide (CTAB) was utilized. Song et al. [10] also reported
the influence of lysozyme and aspartic acid on the morphology
and particle size of PCC. However, the adsorption of additives at
solid-liquid interface is profoundly essential for various technical
applications [11]. Particle size distribution and polymorph of cal-
cium carbonate formed during synthesis are subjected to supersat-
uration level and the ionic ratio of the reactant in the solution [12].

Over the years, many techniques have been designed to synthesize
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specific quality of PCC in order to meet many downstream appli-
cation specifications. The most widely used method to obtain PCC
at industrial scale is the carbonation route, which consists of bub-
bling CO, gas through an aqueous slurry of slaked lime (a Ca(OH),
suspension) in a batch process [13-15]. Basically, it consists three
steps of preparing PCC in the industrial procedure [16, 17]:

(a) calcinations of the calcitic limestone
CaCO; (s)—>CaO (5)+CO, (g)

(b) slaking process
CaO (s)+H,0O ()—>Ca(OH), ()
(¢) recarbonation
Ca(OH), ())+CO, (g)—>CaCoO; (s)+H,0 ()

As the reaction (carbonation) proceeds, a reduction in the con-
centration of ions is present and this can be monitored by the meas-
urement of conductivity of the suspension. Also, the use of the hy-
droxyl ions from the calcium hydroxide dissociation for the cal-
cium carbonate production allows the study of the reactive pro-
cess on the basis of the pH value [18]. It was observed that the pH
of the suspension is the most important factor affecting the poly-
morphs of calcium carbonate [19]. Synthesizing PCC with precise
morphology and particle size is, however, difficult in the carbon-
ation process using traditional batch reactor [20].

In this work, sprayed mist technique was utilized to synthesize
PCC. The lime slurry was introduced continuously into the reac-
tant chamber as fine liquid droplets under high pressure together
with the CO, gas. Such situation created a cloudy environment rich
with the milk of lime vapors with high surface area. This led to a
better exposure and spontaneous reaction of the reactant with the
gas, thus PCC formation with specific polymorph. Our aim here
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was to give an insight into the influence of sprayed mist technique on
the production of PCC and the properties of the particles formed.

EXPERIMENTAL PROCEDURE

1. Preparation of Reactant

High purity limestone was crushed into manageable size range
of 10-20 mm diameters before being calcined in the muffle fur-
nace at 1,100 °C for 90 minutes. The resulting quicklime was then
hydrolyzed with distilled water to produce calcium hydroxide. Then,
the suspension was screened to remove any coarse grits and impu-
rities to below 75 um prior to experiments. As shown in Table 1,
the experiments were conducted at a few variety concentration of
the reactant like 0.1 M, 0.14 M, 2M and 2.5M to study the effect
of concentration of reactant using this technique.
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2. Carbonation Process in Sprayed Mist Technique

The experiments were run in a spray mist reactor that was ini-
tially filled with CO, gas; subsequently, the reactant Ca(OH), was
introduced to make an effective carbonation process. At the same
time, the reactant in the feed container was stirred by a magnetic
stirrer to make sure the suspension was homogeneous before the
feed passed through the spray gun. Immediately after gas was sup-
plied into the reactor, Ca(OH), was introduced into the reactor
chamber as fine liquid droplets through the spray gun under high
pressure together with the gas continuously. As, higher velocity
will deliver slurry particles more uniformly into reactant chamber
[21]. The Ca(OH), mists that were produced reacted with CO,
gas in the reactor for the precipitation process. The height of the
reactor enabled ample exposure of Ca(OH), mist in the reaction.
As the mist dropped at the base of the reactor, it accumulated as a

Table 1. Experimental conditions and results on the changes of pH, conductivity and temperature measured before and after the carbon-

ation (via spray mist technique)
] Reactant Gas flow rate pH Conductivity (mS/cm) Temperature
Experiment . .

concentration (M) (ml/min) Initial Final Initial Final Initial Final
SPCC Al 0.1 898.1 11.89 6.52 8.22 0.994 289 249
SPCC A2 0.1 1121.8 11.89 6.91 8.22 0.492 28.9 25.6
SPCC A3 0.1 5000 11.71 6.72 8.39 1.022 28.6 241
SPCC Bl 0.14 898.1 12.01 9.15 8 0.062 28.6 26.5

SPCC B2 0.14 1121.8 12.01 6.94 8 0.572 28.6 26
SPCC B3 0.14 5000 11.71 6.73 8.35 0.561 28.5 23.6
SPCC C1 0.2 898.1 11.78 11.63 8.69 7.64 29.3 26.3
SPCC C2 0.2 1121.8 11.83 8.68 8.24 0.188 29.2 25.8
SPCC C3 0.2 5000 11.71 6.98 83 0.74 29.3 25.7
SPCC D3 0.25 5000 11.8 7.45 8.69 0.37 28.3 24.1

calcium hydroxide solution
was fed into the reactor
through spray gun
gas inlet

(carbon dioxide)

the reactor was
filled with carbon —
dioxide gases.
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Fig. 1. Spray mist reactor used to synthesize the PCC particles.

Korean J. Chem. Eng.(Vol. 33, No. 9)



2758 J. A. Onimisi et al.

suspension before coming out through the drain outlet which was
located at a height of 1cm from the base. Stirring involved using a
magnetic bar at the base to mix the suspension properly and ensure
complete reaction (Fig. 1). Initial and final pH, conductivity and
temperature values, respectively, were obtained using a TPS pH
meter. The pH value was taken before and after the carbonation
process. Initially; the pH value of the reactant was measured and,
usually, the pH was or approximately 12 at the beginning. Once
the reactant passed the precipitation reactor and out from the reac-
tor, the product, which was the PCC solution, was measured to
see the changes of the pH value. The neutral pH value indicated
the reaction was completed and indicated there was no more excess
Ca;. All the experiments stopped at the nearly same pH value.

For the conductivity value, the reading could not be related ob-
viously for all the experiments, as the value for initial and final were
quite similar, which is around 8 mS/cm and less than 1 mS/cm,
respectively. But for SPCC Cl, the final value was not much differ-
ent from the initial as the value decreased just a little bit and not
less than 1 mS/cm compared to other experiments. This showed
that the precipitation process was totally incomplete (see Table 1).
3. Characterization

At the end of the experiment, the final precipitates were washed
with distilled water, filtered and dried at 105 °C for 24 hours to elim-
inate the water. Morphological analysis of the PCC’s products was
performed by scanning electron microscopy (SEM). The X-ray dif-
fraction (XRD) was obtained using a Bruker D8 Advance X-ray
powder diffractometer with filtered Cu-Ke radiation (1=1.542)
operating at a beam voltage and current of 40kV and 40 mA, respec-
tively. The XRD patterns were recorded in the range of 260=5°-90°
using a step size of 0.034” and scan step time of 71.6 seconds was
used for all analysis to identify the phase composition of the sam-
ples. The infrared spectra of the samples dispersed in KBr pellets
were recorded using Perkin Elmer FTTR spectrometer.

RESULTS AND DISCUSSION

In sprayed mist technique, the reactant (Ca(OH),) was converted
to fine mists, which tremendously increased the surface area of the
reactant. Due to the high surface area that occurs in the fine mists,
the carbon dioxide gas reacted with Ca™ ions enhancing quick
precipitation of PCC. The carbonation reaction is shown below:

Ca (OH), (liquid in mists form)+CO, (gas)—CaCO,; (liquid)

During the experiment, decrease in temperature from 28°C to
23 °C was observed (as shown in Table 1).The decrease in tempera-
ture for each experiment showed that spray mist technique gives a
cold situation to this process as the reactant was introduced as a
fine mist that created a cloudy environment in the reactor. And at
the same time, CO, gas was a cold gas supplied in high flow rate,
thereby affecting the temperature.

SEM observations in all the samples showed that the morphol-
ogy of PCC samples did not change obviously with the major view
of plate-like rhombohedral calcite. Some of the rhombohedral parti-
cles attached to each other and formed a layer of CaCO; plates as
a result of twinning, which is a crystal growth disorder. This result
indicates that lower temperature synthesis favors the aggregation
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of the calcite crystals due to low energy points on the surface of the
reaction.
As shown in Fig. 2(a), SPCC A1 with 0.1 M concentration at 898.1

Mag = 20.00 K X

Mag = 20.00KX =

Fig. 2. Variation in the rhombohedra calcite surface morphology
precipitated at different reactant concentrations and gas flow
rate, (a) 0.1 M concentration at 898.1 ml/min gas flow (b) con-
centration of 0.2 M and 1,121.8 ml/min gas flow rate (c) 0.2
M higher gas flow rate of 5,000 ml/min.
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ml/min gas flow rate, the aggregated rhombohedral calcite parti-
cles present well-defined plate-like edges with a crystal size of 30 nm
to 400 nm. On the other hand, the surface and edges of rhombo-
hedral calcite for SPCC C2 with increased concentration of 0.2 M
and 1,121.8 ml/min gas flow rate (Fig. 2(b)) is seen to be rough with
few lines of breakage. Further increase in gas flow rate to 5,000 ml/
min in sample SPCC C3 (Fig. 2(c)) yielded a highly corroded rhom-
bohedral calcite surface. However, the structures were observed to
be similar to sample SPCC C2. Fig. 3 shows SEM micrographs for

Mag = 10.00 K X

Fig. 3. SEM micrographs of PCC precipitated at gas flow rate of (5L/
min) at different concentration of reactants (a) 0.1 M (b) 0.2
M (c) 025 M.

three samples which were prepared at different reactant concentra-
tions (0.1 M, 0.2M and 0.25 M), SPCC A3, SPCC C3 and SPCC
D3, respectively, but at the same CO, gas flow rate (5 L/min) to see
the effect of concentration on each morphology. It can be seen that
there was slight decrease in particle size decrease when the reac-
tant concentration increase.

It is deduced that lower reactant concentration and the higher
CO, gas flow rate at ambient temperature by using spray mist tech-
nique may provide a favorable condition for the formation of twinned
rhombohedral calcite.

FTIR was used to identify the chemical bonding structure of mol-
ecules and it was useful to analyze the crystal morphology. FTIR
identifies chemical bonds in a molecule by producing an infrared
absorption spectrum. The FTIR spectrum contained absorption
peaks at 1,798, 1425, 876 and 713 cm™" which were assigned to
the CO; (as shown in Fig, 4). FTIR spectra of CaCO; polymorphs
display characteristic absorption bands in the region 1,850-650
cm™ corresponding to the four types of C-O bond vibrations, namely
symmetric stretching (v;), out-of-plane bonding (v,), a doubly de-
generate asymmetric stretching (v;) and a doubly degenerate in-
plane bonding (v,). The symmetric stretching mode v, is infrared
inactive, hence, only three bands due to v,, v; and v, are observed
in the FTIR spectrum of calcite at 876, 1,425 and 713 cm ™ respec-
tively. According to [22], the IR absorption bands at 1,423, 877 and
712 cm™" were attributed to a Ca-O stretching and bending vibra-
tions, respectively. The little difference of absorption bands showed
that the formed PCC have somewhat variation in crystal morphol-
ogy or atomic structure during precipitation.

X-ray diffraction (XRD) was used to characterize the phase of
the precipitates sampled. The lattice parameters were evaluated ac-
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Fig. 4. FTIR spectra of PCC samples for SPCC A3, SPCC C2, and
SPCC C3.
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Fig. 5. XRD diffractogram showing calcite in all the sample peaks.

curately as the pattern allowed. The correct indices can be assigned
to every line to the calcite pattern by using EVA analytical software
(a universal software use to evaluate X-ray diffraction data).

Calcite, CaCO; has a hexagonal crystal structure, a space group
R-3¢, a punctual group of symmetry -32/m with lattice constants
of a=b=4.990 A, c=17.061 A, 0=/4=90° and y= 120° [23]. Fig. 5 shows
the XRD pattern of a sample of calcite as prepared by the method
described above. All the samples show almost similar peak posi-
tion and intensity. It was compared with the data from EVA soft-
ware, and all peaks of the obtained product can be assigned to those
of calcite crystals, indicating the formation of single-phase calcite.
Although there are no shifts in peak positions, the sharpness, and
intensities of XRD lines have a little difference among these three
calcites. For all samples used, the strongest diffraction intensity is
the peak, which is a characteristic of calcite crystal lattice.

CONCLUSION

Spray mist technique hinted at an appreciable decrease of car-
bonation time and the process can be carried out continuously. This
is because the spray mist increased reactant surface areas which sped
up the reaction process and as a result, it allowed calcium carbon-
ate (PCC) to precipitate immediately with specific morphology. From
the SEM observation, the morphologies of PCC samples showed
that the major view particle structures were twinned rhombohe-
dral calcite. On the other hand, calcite is the only CaCO; polymorph
obtained by this technique based on XRD and FTIR results. This
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technique is indeed a promising solution to improve industrial ef-
ficiency in PCC production with specific morphology with reduced
lag time.
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