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Effect of type and loading of surfactant on ultrasound-assisted
synthesis of CaZn2(PO4)2 nanoparticles by chemical precipitation
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A B S T R A C T

In the present work, calcium zinc phosphate nanoparticles were synthesized from phosphoric acid by an
ultrasound assisted precipitation method using zinc oxide (ZnO) and calcium hydroxide (Ca(OH)2). The
demonstration of the controlling of particle size of calcium zinc phosphate nanoparticles by the
concentration of different types of the surfactants has been carried out. The application of ultrasound
during the synthesis causes a supersaturation of Ca2+ ions in the synthesis leading to a rapid nucleation of
calcium zinc phosphate nanoparticles and improves the solute transfer rate. The particle size of calcium
zinc phosphate nanoparticles is significantly affected by anionic (sodium dedocyl sulfate) and cationic
(CTAB) type surfactant compared to non-ionic (Span 80) surfactant. The results are well supported by
employing the transmission electron microscopy (TEM), X-ray diffraction (XRD) and particle size
distribution (PSD) analysis.
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1. Introduction

Inorganic oxide nanoparticle pigment synthesis is growing area
of research because of their excellent anticorrosive properties in
coating industry. The change in properties of materials with
nanometric scale in comparison with their bulk counterpart makes
them increasingly suitable for a variety of applications. Some of the
properties of nanomaterials such as large surface area, different
crystal geometries, hydrophobicity make them more suitable for
applications such as surface coatings, photocatalytic degradation,
and catalytic activity and as flame retardant filler. Phosphate
inhibiting pigments are considered the most feasible replacement
for toxic chromates and red lead in the organic coatings of iron and
steel [1–4]. Zinc phosphate is a new type of non-toxic,
environmental friendly anticorrosive pigment used in coating
industry with excellent anticorrosive properties. However, due to
its low activity resulting from weaker solubility in electrolytes with
pH 6.6–8.0, the aqueous extract of zinc phosphate weakly inhibits
the corrosion of unprotected low-carbon steel and it cannot
completely replace traditional toxic anticorrosive pigment [5]. As a
result, to get a new generation of zinc phosphate pigments with
high performance, many efforts have been made to modify zinc
phosphate. To improve its activity, zinc phosphate can be modified
* Corresponding author. Fax: +91 712 2561107.
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with the addition of cation (Ca2+, K+, etc.) [6] or an anion (SiO4
4�,

MoO4
3�, etc.) [7]. Dispersion of pigments having micrometer size

in three-dimensional structured polymers is very difficult and also
the motion of phosphate ions from the coating into the medium
becomes significantly slower, which leads to an inferior anticorro-
sive property profile of the formed coating. This constrains need
further improvement of in process for the synthesis of nanometric
anticorrosive pigment.

Ultrasound is a promising technique for the synthesis of nano
sized materials with narrow size particle size distribution [8–13].
Further, control of nucleation and growth rate of crystal are key
factors, which decides the narrow size distribution of particles.
Nucleation rate can be controlled using the addition of surfactant
or using ultrasonication. Number of authors studied nucleation
and growth kinetics of pigments during synthesis [14–17]. Ding
and Wang [18] have prepared calcium zinc phosphate nano-
powder in the presence of supersonic field by chemical precipita-
tion using phosphoric acid, zinc oxide and calcium hydroxide as
raw materials. They have studied the effect of supersonic radiation,
stirring speed, reaction time and the reactant addition rate on the
structure and morphologies of the new zinc phosphate media.
With the aids of supersonic field, it is possible to accelerate
nucleation of the media and control the growth and agglomeration
of crystal nucleus effectively, which leads to the formation of
spherical nanometer sized calcium zinc phosphate with uniform
distribution of grain sizes. Lyczko et al. [19] have also studied the
consequence of ultrasound on primary nucleation of potassium
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Fig. 1. Effect of SDS loading on structure of calcium zinc phosphate.
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Fig. 2. Effect of Span 80 loading on structure of calcium zinc phosphate.

0

500

1000

1500

2000

2500

3000

3500

4000

20 30 40 50 60 70 80

2θ (Degree)

In
te

ns
it

y 
(C

P
S)

0.3 g CTAB 0.7 g CTAB
1.0 g CTAB 1.5 g CTAB

Fig. 3. Effect of CTAB loading on structure of calcium zinc phosphate.
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sulfate by measuring the induction time and metastable zone
width of unseeded solutions. They have reported that ultrasound
reduces induction time and the metastable zone width signifi-
cantly in the sonocrystallization process of potassium sulfate. By
thorough literature survey, only one report was found regarding
the synthesis of calcium zinc phosphate by supersonic technique.

The objective of this paper is to synthesize highly active
anticorrosive calcium zinc phosphate nanoparticles by using
sonochemical precipitation involving the reaction of zinc oxide
and calcium hydroxide in the presence of H3PO4. In this work, the
effect of type of surfactant, and surfactant concentration on the
structure and particle size distribution of the calcium zinc
phosphate nanoparticles are discussed.

2. Experimental details

2.1. Material

Analytical grade zinc oxide (ZnO), calcium hydroxide (Ca(OH)2)
and phosphoric acid (H3PO4) were purchased from S.D. Fine Chem.
and used as-received without further purification. Analytical grade
sodium dodecyl sulfate (SDS, NaC12H25SO4) as a surfactant was
procured from S.D. Fine Chem., Mumbai and was used without
further purification. Analytical grade Sorbitan monooleate (Span
80) and Cetyl trimethylammonium bromide (CTAB) were pur-
chased from Sigma Aldrich and used without additional purifica-
tion. Millipore water was used as a medium during all the
experimentation.

2.2. Preparation of CaZn2(PO4)2 nanoparticles

The preparation of CaZn2(PO4)2 nanoparticles was carried out
according to the method reported by Bhanvase et al. [12]. To begin
with, the preparation of calcium zincate media was carried out
with the chemical reaction between zinc oxide (2.2 g) and calcium
hydroxide (4.8 g) in 250 mL surfactant solution in the presence of
ultrasonic irradiation (ultrasonic horn, frequency = 22 kHz, power =
240 W) and magnetic stirring for 20 min time. Further the
dropwise addition of stoichiometric amounts of dilute H3PO4

was carried out to the above prepared calcium zincate media
mixture in the presence of ultrasound. The reaction mass was then
heated and its temperature was maintained constant at 60 �C
throughout the experimentation. The addition of H3PO4 was
accomplished within 30 min. Then the resulting reaction mixture
was kept under ultrasonication for the period of 1 h. Effect of
surfactant concentration of different type of surfactants such as
SDS, Span-80, and CTAB on the structure and particle size
distribution was studied. The white precipitate of calcium zinc
phosphate material obtained was filtered and washed with water
so as to remove unreacted reagents and dried in oven at 80 �C. The
resultant product was characterized using XRD, TEM and particle
size distribution techniques.

2.3. Characterization

The crystal structure of calcium zinc phosphate nanoparticles
was recorded by using powder X-ray diffractometer (Rigaku Mini-
Flox, USA) of the dried sample. The morphology of calcium zinc
phosphate nanoparticles was investigated by using transmission
electron microscopy (TEM), (PHILIPS,CM200, 20–200 kV, magnifi-
cation 1000,000�). Particle size analysis was performed with
NICOMP 380 (Particle Sizing Systems, Inc., Santa Barbara, Calif.,
USA) submicron particle size analyzer.

3. Results and discussions

3.1. Reaction mechanism

It has been reported that during the preparation of calcium zinc
phosphate using above-mentioned process initially calcium
zincate media gets formed by the reaction between calcium
hydroxide and zinc oxide [18]. This calcium zincate media, then
reacts with H3PO4 leading to the formation of calcium zinc
phosphate according to the following reaction mechanism in the



Table 1
The effect of different surfactant loading on crystallographic parameters and crystallite size of the calcium zinc phosphate.

Surfactant loading a (Å) b (Å) c (Å) Volume (Å3) Crystallite size (nm)

0.3 g SDS 17.8(1) 7.42(2) 6.67(4) 847.09 34.8
0.7 g SDS 17.8(2) 7.42(2) 6.67(5) 845.71 23.4
1.0 g SDS 17.8(1) 7.41(1) 6.67(4) 844.81 23.2
1.5 g SDS 17.83(4) 7.41(1) 6.67(1) 844.50 22.9
0.3 g Span 80 17.8(2) 7.41(1) 6.67(5) 844.52 23.2
0.7 g Span 80 17.9(2) 7.41(2) 6.67(4) 848.65 23.2
1.0 g Span 80 17.85(5) 7.42(2) 6.68(3) 848.88 34.4
0.3 g CTAB 17.8(2) 7.42(2) 6.67(4) 847.64 23.2
0.7 g CTAB 17.85(7) 7.42(2) 6.67(3) 847.02 22.9
1.0 g CTAB 17.84(6) 7.42(2) 6.67(3) 846.29 22.9
1.5 g CTAB 17.8(4) 7.50(5) 6.65(2) 844.47 17.2

Fig. 4. TEM images of calcium zinc phosphate nanoparticles prepared with 1.5 g
SDS loading in the presence of ultrasound.
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presence of ultrasound.

CaðOHÞ2 þ H2O ! Ca2þaq þ 2OH� (1)

OH� þ H2O þ ZnO ! ZnðOHÞ�3 (2)

2ZnðOHÞ�3 þ Ca2þaq þ 2H2O ! Ca½ZnðOHÞ3�2 � 2H2O (3)
H3PO4 ! Hþþ PO3�
4 (4)

Ca½ZnðOHÞ3�2�2H2O þ 6Hþþ 2PO3�
4

! CaZn2ðPO4Þ2�2H2O þ 6H2O (5)

CaZn2ðPO4Þ2�2H2O !�H2O CaZn2ðPO4Þ2�H2O !�H2O CaZn2ðPO4Þ2 (6)

In the present work the mixture of zinc oxide and calcium
hydroxide was sonicated for a 20 min. and due to strong alkalinity
of calcium hydroxide, OH– ions gets released in its aqueous
suspension [20–24]. These OH– ions can destroy the structure of
ZnO in the presence of ultrasonic irradiation due to the amphoteric
property of zinc oxide, leading to the formation of calcium zincate
media [18]. Zinc is a reactive amphoteric metal. Further it has been
reported that the generated OH– ions forms “zincates”, ZnO2

2�,
which are hydroxo complexes such as Me+[Zn(OH)3]�, Me2+[Zn
(OH)4]2� and Me2+[Zn(OH)4(H2O)2]2� [25] and the formed OH�

ions in the presence of ultrasound can destroy the ZnO structure.
Then the reaction between this zincate media and phosphoric

acid leads to the formation of final calcium zinc phosphate product
in the presence of ultrasonication.

The reaction rate gets enhanced at higher temperature. Also in
an ultrasound assisted process, the nucleation rate gets increased
significantly since the conditions of high temperature and high
pressure generated due to cavitational effect provides energy for
the nucleation and nanosized particles could be obtained. The
collapse of cavities generated due to ultrasound increases the
micro-mixing. This micro-mixing reduces the non-uniformity of
reactant concentration in the reaction medium and accelerates the
diffusion of species in the reaction medium and therefore the
controlled growth of particles can be obtained. Also the powerful
shock waves generated due to cavity collapse can frequently
breakdown the agglomerates present in the reaction mixture and
the surface adsorption of particles on each other can be avoided
which results in detachment of particles in separate form and
nanosized particles were obtained in this study.

3.2. X-ray diffraction analysis

The effects of different surfactants such as SDS, CTAB and Span
80 have been studied on the structure of calcium zinc phosphate
nanoparticles. The X-ray diffraction patterns of ultrasonically
prepared calcium zinc phosphate nanoparticles are depicted in
Figs. 1–3 for various loadings of SDS, Span 80 and CTAB surfactant
respectively. The X-ray diffraction patterns of the all samples have
been matched with CaZn2(PO4)2�2H2O in JCPDS file (Card no. 00-



Fig. 5. Effect of SDS loading on particle size distribution of calcium zinc phosphate nanoparticles in the presence of ultrasound (A) 0.3 g, (B) 0.7 g, (C) 1.0 g and (D) 1.5 g.

Fig. 6. Effect of SPAN 80 loading on particle size distribution of calcium zinc phosphate nanoparticles in the presence of ultrasound (A) 0.3 g, (B) 0.7 g, (C) 1.0 g and (D) 1.5 g.

Fig. 7. Effect of CTAB loading on particle size distribution of calcium zinc phosphate nanoparticles in the presence of ultrasound (A) 0.3 g, (B) 0.7 g, (C) 1.0 g and (D) 1.5 g.
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Fig. 8. Effect of surfactant on particle size of calcium zinc phosphate nanoparticles.
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035-0495). The diffraction peaks at 25.9, 29.4, 31.8, 34.4, 36.4, 47.6
and 56.6� correspond to pure calcium zinc phosphate without the
presence of the reactants and calcium zincate media (Ca[Zn
(OH)3]2�2H2O). There are no peaks of impurity observed in X-ray
diffraction patterns which is confirmation of the formation of pure
calcium zinc phosphate nanoparticles. Further, all the peak
positions in XRD patterns indicated in Figs. 1–3 are identical,
indicating successful formation of calcium zinc phosphate
particles. Although the peak positions are identical, the intensities
of the diffraction peaks are different. In case of Fig. 1, where the
effect of loading of anionic SDS surfactant on structure of calcium
zinc phosphate has been studied, the peak broadening is observed
with decreased intensity of peak when loading of SDS surfactant is
increased. This is attributed to the change in the size of calcium
zinc phosphate with SDS surfactant loading. The size of the peaks is
narrower as the particle becomes bigger. Further the intensity of
diffraction peaks increases with a decrease in the full width at half
maximum (FWHM) of calcium zinc phosphate nanoparticles,
which an indication of a possible change in the grain size. In the
present study, diffraction peaks become broader with decreased
peak intensity when the loading of SDS surfactant is increased
from 0.3 g to 1.5 g. This indicates that calcium zinc phosphate
nanoparticles are well stabilized with the increased concentration
of anionic SDS surfactant by steric stabilization which inhibits
coagulation of suspensions. In Fig. 2, marginal increase in the
intensity of narrower peaks has been observed with an increase in
the loading of non-ionic Span 80 surfactant. This indicates the
increase in the particle size of the calcium zinc phosphate
nanoparticles with the loading of non-ionic Span 80 surfactant
from 0.3 g to 1.0 g. This is attributed to the non-ionic effect (no
steric stabilization) of the Span 80 surfactant which leads to
agglomeration of formed calcium zinc phosphate nanoparticles
leading to the formation of larger particles. Fig. 3 depicts decrease
in the intensity of broadening peaks with an increase in the loading
of cationic CTAB surfactant from 0.3 g to 1.5 g. This is an indication
of a decrease in the particle size with an increase in the loading of
CTAB surfactant, which is attributed to stabilization of the formed
calcium zinc phosphate nanoparticles by steric effect.

Further the effect of surfactant loading on the lattice constant
(a,b, and c), volume and crystallite size estimated using Debye–
Scherrer equation is depicted in Table 1. The volume and crystallite
size is found to be reduced with an increase in the SDS and CTAB
surfactant loading and decreased with an increase in the Span
80 loading. The possible reasons are reported above. The crystallite
size is the size of one unit of calcium zinc phosphate. This is
different than the particle size of the calcium zinc phosphate as
particles are formed by the several units of calcium zinc phosphate
molecules and gives ordered crystal shape. The observed phase of
the calcium zinc phosphate from the XRD analysis is Parascholzite.
3.3. Transmission electron microscopy (TEM)

The TEM images of calcium zinc phosphate nanoparticles
prepared with 1.5 g loading of SDS surfactant in the presence of
ultrasonic irradiations is reported in Fig. 4. The particle size of
calcium zinc phosphate nanoparticle is observed to be lesser than
50 nm. Further spindle shaped morphology of calcium zinc
phosphate nanoparticle has been observed with consistent size
and shape. Further, it can be seen that the morphology of the
particles is homogeneous, but some nanoparticles agglomerate
owing to small particle size and high surface energy. Also the
observed particle size distribution is narrow with lesser agglom-
eration, which can be explained on the basis of the effects of
ultrasonic irradiation. The particle size and shape is controlled by
smaller induction period and better control of the growth rate of
crystal due to ultrasonic irradiations during chemical precipitation
method [10].

3.4. Effect of type and concentration of surfactant on particle size
distribution

The effects of the type and the loading of the surfactant on
particle size distribution of prepared calcium zinc nanoparticles in
the presence of ultrasound are depicted in Figs. 5–7. Fig. 5 shows
the effect of loading of SDS surfactant on particle size distribution
of calcium zinc phosphate nanoparticles. The particle size range for
0.3 g loading of SDS is 230–500 nm. This size range is found to be
decreased significantly with an increase in the SDS loading from
0.3 g to 1.5 g. The particle size range in case of 0.7 and 1.0 g loading
is 100 to 200 nm and 70 to 120 nm. The particle size of calcium zinc
phosphate nanoparticles prepared with 1.5 g SDS loading is found
to be around 50 nm. Further the calcium zinc phosphate particles
were formed with a fairly narrow size distribution and uniform
shape could be observed. It is attributed to the significantly
improved micromixing, enhanced solute transfer rate, rapid
nucleation, and formation of a large number of nuclei due to
the physical effects of the ultrasonic irradiation. The probable
justification for this decrease in the calcium zinc phosphate
nanoparticle size is also the fast kinetics of the ultrasound assisted
reaction, which does not give sufficient time for the growth of
particle leading to a reduction in the particle size [12]. These
formed particles well stabilized with anionic SDS surfactant.
However, at a low surfactant loading there is less effect on
stabilization of formed nanoparticles. Hence, larger particle size is
observed attributed to insufficient stabilization leading to the
significant agglomeration of forming particles resulting in the
formation of larger particles. With an increase in the surfactant
loading formed particles were well stabilized by the SDS surfactant
by steric effect and significant reduction is particle size is observed.

In case of non-ionic Span 80 surfactant such stabilization of
nanoparticles by such steric effect is not observed therefore
significantly larger size is observed and is found to be marginally
increased with an increase in the Span 80 surfactant loading and is
depicted in Fig. 6. The particle size range is observed to be 50 –

80 nm with a loading of 0.3 g surfactant. Whereas it is found to be
increased to 80–130 nm, 80–170 nm and 80–185 nm when loading
has increased to 0.7, 1.0 and 1.5 g respectively. Further, in case of
cationic CTAB surfactant loading the particle size is found to
decrease significantly and is depicted in Fig. 7. At 0.3 g loading of
surfactant the calcium zinc phosphate nanoparticle size is found to
be in the range of 230–650 nm and is found decreased to 200–
470 nm, 170–370 nm and 110–200 nm with surfactant loading 0.7,
1.0 and 1.5 g respectively. This is again attributed to cavitation
effects of ultrasound and stabilization of formed nanoparticles by
steric effect.
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The reduction in the average particle size with the loading of
SDS, Sapn 80 and CTAB surfactant is depicted in Fig. 8. The average
particle size in case of SDS surfactant is found to be decreased from
349 to 54 nm with SDS loading from 0.3 g to 1.5 g. In case of Span
80 surfactant loading from 0.3 to 1.5 g, it is found to be increased
marginally from 60 to 115 nm and with an increase in the loading of
CTAB from 0.3 to 1.5 g it is found to decrease from 471 to 115 nm.
The possible reasons are explained as below.

The agglomeration of nanoparticles has been significantly
reduced due to coating of the surfactant molecules on the particle
surface and inhibits agglomeration. For the larger loading of
surfactant, the surfactant allows for coating of the larger surface of
nanoparticles, and this factor limits the size of the particles. At
some optimum level of surfactant quantity, all the nanoparticles
are coated, hence they are stabilized and the obtained particle size
can be controlled. Further increase in the loading of the surfactant
can only decrease the size of the nanoparticles, which finally
allows for coating of all the particles. This results in the inhibition
of the growth of the nanoparticles and we get lesser sized
nanoparticles with an increase in the surfactant loading.

4. Conclusion

The ultrasound assisted preparation of calcium zinc phosphate
nanoparticles was successfully carried out using phosphoric acid,
zinc oxide (ZnO) and calcium hydroxide (Ca(OH)2) precursors. It
has been found that the particle size and structure of the calcium
zinc phosphate is greatly affected with the loading of the different
type of surfactants like SDS, Span 80 and CTAB. The use of
ultrasonic irradiation during the preparation of calcium zinc
phosphate causes a supersaturation of Ca2+ ions in the synthesis
leading to a rapid nucleation of calcium zinc phosphate nano-
particles and improves the solute transfer rate. The particle size of
calcium zinc phosphate nanoparticles is significantly decreased
with the loading of anionic (sodium dedocyl sulfate) and cationic
(CTAB) type surfactant whereas it is found to be marginally
increased with the loading of non-ionic (Span 80) surfactant. The
lowest average particle size is found to be 54 nm with 1.5 g loading
of SDS surfactant in the presence of surfactant which is well
supported by TEM images.
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