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Abstract

ZA fertilizer waste (Ammonium sulfate) is waste generated from the industrial process of producing ZA
fertilizer. The waste contains very high calcium and has the potential to be used as a raw material in the
manufacture of Precipitated Calcium Carbonate (PCC). PCC with certain qualities can be developed in
the field of advanced materials, with size modification into nanoparticles. One method to produce
nanoparticles is using the coprecipitation method, with the help of a polymer solution. This study aims
to produce Nano-PCC by finding the best conditions of CaCla: Ethylene Glycol mole ratio and stirring
speed. Nano-PCC is synthesized by reacting fertilizer waste with HCI to form a CaClz solution. Then,
the solution is mixed with ethylene glycol to prevent particle agglomeration so that the size obtained will
be smaller. The mixture is then reacted with Na2CO3 to form precipitated calcium carbonate (PCC). In
this study, the variables were the mole ratio of CaCla: ethylene glycol (1:12, 1:14, 1:18, 1:20) and stirring
speed (350, 500, 650, 800, and 950 rpm). Based on PSA analysis, the Nano-PCC obtained at the smallest
CaClz: ethylene glycol ratio 1:12, stirring speed 950 rpm was 51.83 nm. Based on Scherrer’s calculations
with XRD, the particle size obtained was 48.25 nm. SEM analysis showed that the crystals formed were
dominated by vaterite crystals, with a size range of 55.71-607.79 nm.

Keywords: ZA fertilize waste, Nano Precipitated Calcium Carbonate (PCC), Coprecipitation, Ethylene
Glycol

1. Introduction interest in both the scientist and the industrial

community due to their wide field of applications

ZA fertilizer waste (Ammonium Sulfate) is
waste generated from the industrial process of
producing ZA fertilizer. The amount of ZA
fertilizer waste increases along with the increase in
ZA fertilizer production in Indonesia. From
several studies, ZA waste produced is known to
contain high calcium, amounting to 92.52%.
Therefore, ZA fertilizer waste has the potential as
raw material for Precipitated Calcium Carbonate
(PCC) manufacture.

Precipitated Calcium Carbonate (PCC) is a
widely studied material. The versatility and design
of CaCO3 particles have aroused considerable

and biocompatibility. PCC is widely used as filler
in paints, pigments, plastics, fibres and cement,
according to its characteristics, such as
morphology and size [1].

PCC has been widely used in various fields of
health, food, and industry. Generally, PCC has a
particle size from 0.1 to 3 m. PCC with certain
qualities can be developed as an advanced
material, by turning it into nanoparticles. The
synthesis of nanoparticles can change the
properties and functions of a material. The
research of [2] stated that the addition of Nano
PCC can increase the tensile strength and

DOT: https://doi.org/10.33005/ijeise.v3i01.57

35


https://ijeise.upnjatim.ac.id/
https://doi.org/10.33005/ijeise.v3i01.57
mailto:sanisjamsu@gmail.com

International Journal of Eco-Innovation in Science and Engineering (IJEISE) Vol 3 (01), 2022

resilience of a composite. Research by [3] states
that the use of nano PCC in the manufacture of
PVC is proven to increase hardness, density,
tensile strength, resistance to heat, and
temperature onset, but decrease eclongation at
break.

Synthesis of nanoparticles can be processed
by  the  coprecipitation  method.  The
coprecipitation method is a bottom-up synthesis
method that can be used in the manufacture of
nanoparticles.

Various ways to control the morphology,
structure, and size of nano PCC have been
developed, one of which is by using organic
compounds, such as surfactants and polymers.
Surfactants and polymers can control the size and
morphology of PCC by preventing particle
agglomeration [4]. One of the polymers that can
be used is ethylene glycol. The ethylene glycol
molecule is small and can form network hydrogen
bonds similar in nature to water, but differ greatly
in structural details. Ethylene glycol also has a
fairly high cohesive energy and dielectric constant
[5].

In the research of [6] have conducted research
on the synthesis of Nano CaO using several
polymer solutions such as water, PEG 400,
ethylene glycol, diethylene glycol, and glycerol, the
smallest size obtained using ethylene glycol is
67.59 nm. Based on the research of [7] on the
synthesis of CaCO; with the addition of PEG 1:16
and stirring for 12 hours at room temperature was
able to reduce the particle size to 15 nm. The study
showed that the greater the polymer
concentration, the smaller the particle size.

In shortening the synthesis time, it can be
done by using a higher variation of stirring speed.
[8] stated that the higher the stirring speed, the
smaller the particle size. This is because collisions
between particles will often occur so that the
agglomeration process will be avoided. If the
agglomeration process can be avoided or stopped,
the particle size can be maintained at the
nanometer scale.

This study aims to find the best polymer
concentration and stirring speed that can produce
nano PCC.

2. Material and Method

2.1. Material

In this research, the main raw material is ZA
fertilizer waste obtained from PT. Petrokimia
Gresik.

2.1.1. Equipment

1 = Statives and

1 Clamps

2 = Magnetic stirrer

3 = Beaker Glass

L

4 = Thermometer
[@]===19]

5 = Burette

Fig. 1. The equipment of Nano-PCC synthesis

2.1.2. Nano-PCC Synthesis

ZA fertilizer waste was reacted with 2M HCI
for 30 minutes. After filtering, the filtrate CaCl;
was mixed with ethylene glycol with a mole ratio
1:12, 1:14, 1:16, 1:18, and 1:20 for 8 hours and
stirring speed 350, 500, 650, 800, and 950 rpm.
Subsequently, the pH was adjusted to 7.5 using
NaOH. Then a precipitation process was carried
out to obtain PCC by adding 1.5 M Na;COs3. The
precipitate was allowed to stand for 12 hours and
then dried in an oven to remove other substances
and other solvents. The nano-PCC will be
analyzed using Particcle Size Analyzer (PSA), X-
Ray Diffraction (XRD), and Scanning Electron
Microscopy (SEM).

3. Results and Discussion

PCC is a modern paper and plastic industry.
[9] teports the effect of various otrganic and
inorganic additives used in the synthesis of the
different polymorph of calcium carbonate. The
use of precipitated calcium carbonate fillers is the
recommended choice in enhancing optical
properties, durability, smoothness and ink
adsorption in papermaking and improving the
mechanical properties of plastic. PCC can best be
synthesized using solid-liquid route or the gas—
solid—liquid carbonation route, which consists of
bubbling gaseous CO2 through a concentrated
calcium hydroxide (Ca(OH);) and/or calcium
magnesium hydroxide (CaMg(OH)2) slurry with
suitable organic additives.
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3.1 PSA Analysis (Particle Size Analyzer)

In the research of the synthesis and
modification on nano-PCC particle size from ZA
tertilizer industry waste using a polymer solution,
with the variable mole ratio of CaClz: ethylene
glycol and stirring speed, the results of PSA
(Particle Size Analyzer) analysis were obtained as
shown in Figure 2.
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800 rpm —X— 950 rpm
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‘g 800
o)
ﬁ 600
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that with high cohesive energy and dielectric
constant, the electrostatic force on the bound ions
is greater, this causes aggregation of PCC particles
which causes If the concentration is too high, the
particle size obtained will be even greater.

Figure 2 shows that at a stirring speed of 350
to 950 rpm, the particle size decreased in all
variables. It is because, with increasing stirring
speed, the intensity of the molecules colliding with
each other will occur more often to prevent
particle agglomeration. The length of the stirring
time also affects the particle size, because as the
stirring time increases, the smaller the particle size
obtained. This is due to the increasing number of
particles that are split into nano-sized particles.

In this study, the best PCC nanoparticle size
was obtained at a mole ratio of CaCly: Ethylene
glycol 1:12 and stirring speed 950 rpm is 51.83 nm,
with a yield is 70.1117%. The result of the PSA
analysis is shown in Figure 3.

Fig. 2. Effect of CaCl, : ethylene glycol mole ratio
on nanoparticle size at various stirring

Figure 2 shows that the higher the ethylene
glycol concentration, the larger the particle size of
the PCC produced will also tend to be. The higher
the stirring speed, the smaller the PCC particle
size. These results are not under the research of
[6] which states that the higher the polymer
concentration, obtained smaller the particle size.

In the study of [7] using PEG polymer with
mole ratios of 1:4, 1:8, 1:12, and 1:16 the sizes
were 39, 30, 21, and 15 nm. While in this study
using ethylene glycol polymer at a stirring speed of
950 rpm, the smallest size was obtained with a
mole ratio of CaCly: ethylene glycol 1:12, 1:14,
1:16, 1:18, and 1:20, the sizes were 51.83, 198.4,
237.7,256.4, and 348.7 nm. It can be seen that the
use of different types of polymer can also affect
particle size. PEG polymer requires a high
concentration to get a small particle size, while
ethylene glycol requires a concentration that is not
too high or tends to be lower. According to the
research of [10], stated that the formation of
nanoparticles is only possible in certain ratios
between polymers and crosslinkers (CaClz). Too
high a polymer concentration maybe also not be
good for forming nanoparticles. The higher the
polymer concentration, the higher the particle
viscosity. This can make the particles stick
together, causing agglomeration and larger particle
size [11]. In addition, ethylene glycol has a fairly
high cohesive energy and dielectric constant [5], so
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Fig. 3. PSA analysis of nano-PCC at the ratio of
moles of CaCly: ethylene glycol 1:12 and stirring
speed 950 rpm

3.2 X-Ray Diffraction (XRD) Analysis

XRD analysis is used to determine the
structure and size of the crystals contained in the
product. XRD analysis on the best result of nano-
PCC is at a size 51.83 nm. The result of the XRD
analysis are shown in Figure 4
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Fig. 4. XRD analysis of nano-PCC at the ratio
of moles of CaCly: ethylene glycol 1:12 and stirring
speed 950 rpm

Based on Figure 4, it can be seen that the types
of crystals formed are vaterite with a hexagonal
morphology and calcite with a rhombohedral
morphology. From Figure 4, it can be seen that
the vaterite dominates about 93.7% and calcite by
6.3%. From the XRD characterization data, the
crystal size can be estimated using the formula of

the Scherrer equation.
K2

b= pcos(0) @
Using equation (1), the crystal size can be
calculated and obtained D = 48.25 nm. The results
of calculations using the Scherrer method are not
much different from the results of PSA analysis,
which is around 51.83 nm. So, it can be concluded
that the particle size obtained is appropriate in the
nanoparticle size range of 1-100 nm.

3.3 Scanning Electron Microscopy (SEM)
Analysis

SEM analysis aims to determine the shape and
uniformity of the crystals of nano-PCC and their
size. SEM analysis is shown in Figure 5.
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Fig. 5. SEM analysis of nano-PCC at the ratio of
moles of CaCly: ethylene glycol 1:12 and stirring
speed 950 rpm

Based on the results of the SEM analysis in
Figure 5, shows that the crystals formed are
dominated by vaterite crystals because vaterite
crystals have a hexagonal crystal system, where
these crystals tend to be spherical. In addition to
vaterite, there are small amounts of calcite crystals,
this can happen because of the metasable nature
of vaterite crystals where when vaterite crystals are
expoed to water and at low temperatures, they can
change shape into calcite crystals. Meanwhile, at
high temperatures, vaterite crystals will turn into
aragonite crystals.

In the research of [12], it was stated that the
formation of the vaterite phase was influenced by
many parameters, such as pH, temperature, and
reactant concentration. It was also explained that
vaterite forms calcite crystals for several hours and
aragonite forms calcite forms several months at
room temperature. Higher temperatures speed up
the transformation. Vaterite can be transformed
into calcite by solvent mediation [13]. The results
of the SEM analysis are by the previous XRD
results, vaterite crystals equally dominate in the
product.

The results of the particle size range from the
SEM analysis are shown in Figure 6.
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Fig. 6. Particle size Range of SEM analysis

Based on the analysis, the particle size ranged
from 55.71 to 607.79 nm. From Figures 5 and 6,
it is explained that the existence of non-uniformity
of crystals shape and particle size is due to the
crystal transformation that occurs and also the did
not have pretreatment of raw materials such as
milling and screening. So to get uniform results
can not be achieved. It is known that the smallest
size is 55.71 nm and the largest size is 78.79 nm.
These results are almost the same as the previous
two analyzes using PSA and XRD, wherewith PSA
the particle size was 51.83 and with XRD was
48.25 nm.

In the [14] Carbonation was achieved by
CO; bubbling and aqueous sodium carbonate
addition. Precipitation was performed under
different pH values of 7.5, 10.5 and 12.5 in the
absence of an anionic surfactant and in the
template of sodium dodecyl sulfate (SDS)/
calcium-sucrate at pH 12.5. It was found that
COs bubbling slightly promotes smaller particles.
The anionic surfactant enables particle size and
agglomeration reduction while introducing some
hydrophobicity. The smallest particles were
achieved at a range of 40-55 nm in the presence
of SDS/sucrose template and were of spherical
morphology.

4. Conclusions

In this study, from the results obtained, it can
be concluded that the larger the mole ratio of
CaCly:  ethylene glycol, the larger the PCC
nanoparticle size will be. The higher the stirring
speed, the smaller the patticle size obtained.
Nano-PCC synthesis can be carried out by adding
ethylene glycol polymer. The best results were

obtained at a mole ratio of CaCly: ethylene glycol
1:12, with stirring speed 950 rpm to produce a
nano-PCC size on PSA analysis of 51.83 nm and
using Scherrer equation is 48.25 nm. The yield
obtained is 70.1117%. For further research, it is
recommended to do pretreatment on raw
materials and use a smaller variable mole ratio of
CaCly: ethylene glycol.

Acknowledgement

The authors would like to grateful to
Universitas Pembangunan Nasional “Veteran”
Jawa Timur for support.

References

[1] Liendo, F., Arduino, M., Deorsola, F. A.; &
Bensaid, S., “Factors controlling and
influencing polymorphism, morphology and
size of calcium carbonate synthesized
through the carbonation route: A review”,
Powder Technology, 117050, 2021

[2] Wang, J., Chen, ].S., Zong, ].Y., Zhao, D., Li,
F., Zhuo, & Cheng, “Calcium
Carbonate/Carboxymethyl Chitosan Hybrid
Microspheres and Nanospheres for Drug
Delivery”, Journal of Physical Chemistry, 114(4),
pp- 18940-18945, 2010.

[3] Nurhajati, SD.W., & Brotoningsih, P.,
“Pengaruh ~ Nano-Precipitated ~ Calcium
Carbonate terhadap Kualitas Komposit
Polivinil Klorida”, Jurnal Riset Industri, V1(2),
pp. 129-136, 2012.

[4] Somarathna, Y.R, Mantilaka,
MMM.G.P.G.,, Karunaratne, R.M.G,,
Rajapakse, Pitawala, K.G.U., Wijayantha,
“Synthesis of High Purity Calcium
Carbonate Micro and Nano-Structures on
Polyethylene Glycol Templates Using
Dolomite, Crystal Research and Technology.
51(3), pp. 207-214, 2016.

[5] Qi RJ. & Zhu, Y.J. “Microwave Assisted
Synthesis of Calcium Carbonate (Vaterite) of
Various Morpholgies in Water-Ethylene
Glycol Mixed Solvents”, Journal of Physical
Chenmistry B, 110(16), pp. 8302-8306, 2006.

[6] Rahmawati, S., Prasetyo, D., & Ediati, R.,
“Sintesis Partike] Nano CaO dengan Metode
Kopresipitasi dan Karakterisasinya”,
Prosiding Tugas Akhir, Jurusan Kimia,
Fakultas Ilmu Pengetahuan Alam, Institut
Teknologi Sepuluh Nopember, Surabaya,
2012.

DOT: https://doi.org/10.33005/ijeise.v3i01.57

39


https://doi.org/10.33005/ijeise.v3i01.57

International Journal of Eco-Innovation in Science and Engineering (IJEISE) Vol 3 (01), 2022

[7] Mishra, S., Sonawane, S.H., & Singh, R.P.,
“Studies on Characterization of Nano
CaCO; prepared by the in situ deposition
technique and its application in PP-nano
CaCOs Composites”, Journal of Polymer Science,
Part B: Polymer Physics, 43(1), pp.107-113,
2005.

[8] Taurina, W., Sari, R., Hafinur, U.C.,
Wahdaningsih, S., & Isnindar,
“Optimization of Stirring Speed and Stirring
Time Toward Nanoparticle Size of
Chitosan-Siam Citrus Peel (Citrus nobilis
L.var Microcarpa) 70% Ethanol Extract”,
Traditional Medicine Jonrnal, 22(1), pp. 16-20,
2017.

[9] Jimoh, O. A., Ariffin, K. S., Hussin, H. B., &
Temitope, A. E., “ Synthesis of precipitated
calcium carbonate: a review. Carbonates and
Evaporites”, 33(2), pp. 331-3406, 2018.

[10] Wu, Y., Yang, W., Wang, C., Hu, J., & F'u, S,
“Chitosan nanoparticles as a novel delivery
system for ammonium glycyrrhizinate”,
International journal of pharmacentics, 295(1-2),
pp- 235-245, 2005.

[11] Gupta, R., “Synthesis of precipitated calcium
carbonate nanoparticles using modified
emulsion membranes”, Doctoral
dissertation, ~ Georgia  Institute  of
Technology, 2004.

[12] Han, Y. S., Hadiko, G., Fuji, M., &
Takahashi, M, “Factors affecting the phase
and morphology of CaCO3 prepared by a
bubbling method”, Journal of the European
Ceramic Society, 26(4-5), pp.843-847, 2000.

[13] Lopez-Macipe, A., Goémez-Morales, J., &
Rodriguez-Clemente, R., “Calcium
carbonate  precipitation from aqueous
solutions containing Aerosol OT”, Journal of
crystal growth, 166(1-4), pp. 1015-1019, 1996.

[14] Abeywardena, M. R., Elkaduwe, R. K. W. H.
M. K., Karunarathne, D. G. G. P., Pitawala,
H. M. T. G. A, Rajapakse, R. M. G,
Manipura, A., & Mantilaka, M. M. M. G. P.
G., “Surfactant assisted synthesis of
precipitated calcium carbonate nanoparticles
using dolomite: Effect of pH on morphology
and particle size”, Advanced — Powder
Technology, 31(1), pp. 269-278, 2020

DOT: https://doi.org/10.33005/ijeise.v3i01.57

40


https://doi.org/10.33005/ijeise.v3i01.57

