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SHORT COMMUNICATION

Control of calcium carbonate particle
size and shape by precipitation from
CTAB/alcohol/hexadecane mixtures

Abstract When used as a precipi-
tation media, emulsified mixtures of
cetyltrimethylammonium bromide/
n-butanol (E), hexadecane (O) and
water (W), controls the size and shape
of calcium carbonate particles.
Monodisperse 2-micron spherical-
calcite particles were obtained in

a water-rich region of the mixture,
while 2-micron rhombohedral-
calctte particles with an aspect ratio
near one were obtained in the middle

region of the mixture. Replacing
n-butanol with i-butanol led to
consistent formation of monodisperse
spherical particles, while using n-
propanol in place of n-butanol limited
the number of spherical particles
produced in the water-rich region.
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Introduction

Microemulsions and other organized media have a pro-
found effect upon precipitation and crystallization
processes [1-7]. Variations in particle size, phase, and
porosity all reflect upon the structural identity of the
mesophase from which precipitation or crystallization oc-
curs. The phase and shape of growing crystallites are
influenced as surfactants and other polar organic compo-
nents of these media adhere to the surface of a growing
particle [2, 8], while the complex solution structure of
these mesophases affects the porosity of the precipitated
solid [9-11].

To understand the influence of a complex media upon
crystal growth, the composition of an emulsified mixture
was varied and its effect upon the precipitation of calcium
carbonate explored. We elected to investigate reactions
producing calcium carbonate since its controlled precipi-
tation is important to its use as a filler and whitener in
paper [12]. Control of the phase, particle size and the
layering of calcium carbonate are also of biological im-
portance where aragonite and calcite are commonly

found in the endo and exoskeleton of marine organ-
isms [6,7,13]. In this work, monodisperse 2-micron
spherical and 2-micron rhombohedral calcite particles
were obtained at specific compositions of the emulsified
mixture.

Experimental
Materials

Reagent grade cetyltrimethylammonium bromide (CTAB),
n-butanol, i-butanol, n-propanol, hexadecane, ammonium
carbonate and calcium chloride dihydrate were purchased
from Aldrich Chemical Company Inc. and were used with-
out further purification.

Equipment

All electronmicrograph images were recorded on an en-
vironmental scanning electronmicroscope (Electroscan
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model E3). To obtain a thin layer of the solid, the samples
were dispersed in water, and the dispersion was placed on
a standard platform where the water was allowed to evap-
orate. Powder X-ray diffraction (XRD) data for all samples
were collected at 25°C on a modified Phillips XRG 2000
diffractometer (Cu K) interfaced with a RADIX databox
and an MDI software system. Data were matched against
the Powder Diffraction File of inorganic phases published
by the International Center for Diffraction Data [14].

Preparation of emulsified mixtures

Optically clear mixtures of CTAB/n-butanol (1:1 by
weight, 1:5 molar ratio) (E), water (W) and hexadecane
(O) were prepared as described by Mackay and coworkers
[15]. The four areas of the phase map investigated were: (a)
water; (b) a water-rich region composed of 50% emulsifier,
0-4% hexadecane, and 46-50% water by weight; (c)
a middle region consisting of 75% emulsifier, 5-12.5%
hexadecane and 12.5-20% water; and (d) an oil rich region
with 50% emulsifier, 6% water, and 44% hexadecane
(Fig. 1). Four other emulsified mixtures were prepared by
replacing the CTAB/n-butanol emulsifier with CTAB/i-
butanol (1: 1 by weight), and CTAB/n-propanol (55:45 by
weight) at regions (b) and (c¢) of the phase map. The
reagents of the emulsified mixtures were combined,
warmed to 30 °C and stirred for an hour to ensure dissolu-
tion of the surfactant.

Precipitation of 1-3 um spherical calcite particles

Ammonium carbonate (25 mg, 0.26 mmol) was dissolved
in mixture (b) (20 g) and added with rapid stirring to
calcium chloride dihydrate (380 mg, 2.6 mmol) dissolved in
mixture (b) (6 g). The reaction was stirred for 5 min as
a precipitate formed. The reaction mixture was centrifuged
and the precipitate collected, resuspended in 50 ml of
water and centrifuged five times. The resulting solid was
air dried.

Precipitation of 1-3 um rhombohedral calcite particles

Ammonium carbonate (100 mg, 1.0 mmol) was dissolved
in 14 g of mixture (c) by warming to 30°C. The mixture
was cooled to 22 °C and added dropwise to calcium chlor-
ide dihydrate (150 mg, 1.0 mmol) in 3 g of mixture (c). The
reaction was stirred for 5 min as a precipitate formed. The
reaction was centrifuged and the precipitate collected, re-
suspended in 50 ml of water and centrifuged five times. The
resulting solid was air dried.

A\ O

W
[F77] Turbid Region  E= 1:1 CTABI butanol (by wt)
O= Hexadecane
W= water
Fig. 1

Results and discussion

The emulsified system composed of cetyltrimethylam-
monium bromide (CTAB)/n-butanol (1:1 by weight) = E,
water = W and hexadecane = O, was developed by Mack-
ay and coworkers (Fig. 1) [15]. This system was selected as
a precipitation media since the cationic surfactant (CTAB)
was expected to interact with the carbonate anion, yet not
precipitate under the relatively high calcium concentra-
tions used in this study. Qur studies were conducted at
points (a)—(d) on the phase map (Fig. 1), and images of the
precipitated calcium carbonate obtained at these points
are shown in Fig. 2.

Precipitation in water at botha 1:1 and 10:1 calcium
to carbonate ratio produced irregular rectangular platelets
up to 10 mm in length with preferential growth along one
plane. In contrast, at the mid-range region, (c), monodis-
perse 2 mm rhombohedral particles with an aspect ratio
close to one precipated at both calcium to carbonate
ratios. With a 1:1 calcium to carbonate ratio precipita-
tions at region (b) produced 2 mm spherical particles in
addition to the 2 mm rhombohedra. However, if the car-
bonate concentration was kept low (0.074% by weight)
and a 10: 1 calcium to carbonate ratio used, monodisperse
2-micron calcite spheres were precipated at region (b).
These spherical particles were stable in water, but when
allowed to stand in mixture (b), an irregular rhombohedral
morphology was adopted in =12 h. Precipitation in the
oil-rich region, (d), produced poorly formed 3-5 mm crys-
tallites with little discernible structure.

The effects of replacing the cosurfactant on calcite
precipitation were investigated at regions (b) and (c) of the
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Fig. 2A Platelets of calcite formed in water (region “a”). B Calcite
particles formed at region “b” of a CTAB/n-butanol emulsified mix-
ture with a 10:1 calcium:carbonate molar ratio. C Calcite particles
formed at region “b” of a CTAB/n-propanol emulsified mixture with
10:1 calcium:carbonate molar ratio. D Calcite particles formed
at region “b” of a CTAB/i-butanol emulsified mixture with 10:1
calcium:carbonate molar ratio. E Rhombohedral calcite particles
formed at region “c” of a CTAB/n-butanol emulsified mixture with
a 1:1 calcium:carbonate molar ratio

phase map using both a 1:1 and 10:1 calcium to carbon-
ate ratio. Using similar CTAB to alcohol molar ratios,
n-butanol was replaced by n-propanol and i-butanol. Cal-
cite precipitated at the (¢} region using either n-propanol
or i-butanol as cosurfactant produced crystallites that
were essentially identical in shape, size, and phase to those
obtained with n-butanol as the cosurfactant. However,
when the precipitation conditions were optimized for ob-
taining spherical particles in the water rich region (b), the
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CTAB/n-propanol emulsified mixture produced only
a limited number of spherical particles, while spherical
particles similar to those from the CTAB/n-butanol emul-
sified mixture were obtained from the CTAB/i-butanol
emulsified system (Fig. 2).

All of the precipitated calcium carbonate was rhom-
bohedral (hex) calcite with a well resolved X-ray diffrac-
tion pattern. Infrared spectra taken of the solid when
crushed and pressed into KBr pellets showed no bands
other than those associated with carbonate. This suggests
that there was no encapsulated or residual surfactant,
cosurfactant or oil.

Although the emulsified system within the boundaries
of the phase map are clear and homogeneous in appear-
ance, their micro-structures vary with the ratios of their
components. In region (b) an oil-in-water microemul-
sion/or micelle is present, at region (c¢) a lamellar or con-
tinuous biphase is present, and in region (d), an inverse
microemulsion, or water-in-oil microemulsion is likely
[16]. Formation of small and regular rhombohedral par-
ticles at region (c) may be due to the surfactant in the
lamellar media or the continuous biphase adhering equally
to all faces of the growing crystal, supporting non-prefer-
ential growth. In region (b), where the formation of spheri-
cal particles is observed, the carbonate that is associated
with the cationic ends of the surfactant on the surface of
the aggregates may be serving as a seed surface for the
growth of the spherical calcite particles. The low carbonate
concentration necessary to obtain only spherical particles

ensures that all of the carbonate is associated with the
aggregate surface, and the high calcium to carbonate ratio
promotes rapid precipitation. Uniform precipitation of
spheres did not occur when the size of the cosurfactant was
changed by substituting n-propanol for n-butanol. Since
the smaller cosurfactant is likely to decrease the micro-
emulsion or micellar surface area, less carbonate can asso-
ciate with the surface and hence fewer spheres are ob-
tained. In all cases, it is likely that the viscosity of the
emulsified mixture limits particle size [17, 18].

Conclusions

The size and shape of calcite crystallites precipitated from
a complex emulsified system can be controlled. The shape
of these particles reflect upon the solution structure of the
mesophase. Microemulsion/micellar micro-structure of re-
gion (b) serves as a nucleation site for spherical particles,
while the laminar/biphasic microstructure of (c) leads to
the precipitation of regular rhombohedral particles. The
size of these particles, 1-3 um, appears to be limited by the
viscosity of the emulsified mixture. Since precipitation of
silicates from surfactant containing water solutions has
been shown to lead to the production of desirable micro-
porous materials [9, 10], porosity measurements of the
calcite spheres are underway.
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