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5HYLVHG)HEUXDU\$FFHSWHG0D\

$EVWUDFW6UL/DQNDLVULFKLQH[WHQVLYHGHSRVLWVRIGRORPLWLF
marbles with large quantities, which have not yet been exploited
RQDQLQGXVWULDOVFDOHWRSURGXFHYDOXHDGGHGSURGXFWVVXFKDV
precipitated calcium carbonate (PCC) nanoparticles. PCC is
XVHGH[WHQVLYHO\DQGLVLPSRUWHGE\6UL/DQNDQLQGXVWULHVIRU
DSSOLFDWLRQDVD¿OOHUDQGH[WHQGHU+HQFHWKLVZRUNDWWHPSWV
WRH[DPLQH6UL/DQNDQimpure dolomitic marbles as a source
for the synthesis of pure3&&QDQRSDUWLFOHVVRDVWRIXO¿OOWKH
current industrial demand and to add value to the cheap and
mundane marbles. $VUHSRUWHGLQWKLVSDSHUWKH calcium (Ca)
components of the marbles can be extracted from impurities
by preparing solutions of saturated calcium hydroxide, calcium
citrate, Ca2+ethylenediaminetetraacetic acid complexes and
calcium sucrate, separately from dolomite. PCC nanoparticles
are then synthesized by adding sodium carbonate to each
calcium extract. The results shows that the best extract to
synthesize PCC nanoparticles with high yield and purity is
calcium sucrate. Here, calcium sucrate has been used for
surfactant assisted hydrothermal synthesis of PCC nanoparticles
with particle sizes ranging from  í  QP ZKLFK LV  D
novel effort. This method could be applied to manufacture PCC
QDQRSDUWLFOHVRQDQLQGXVWULDOVFDOH
.H\ZRUGV Calcite, calcium carbonate, dolomitic marble
nanoparticles, precipitated calcium carbonate, value addition.

INTRODUCTION
Extensive deposits of crystalline limestones, which are
also known as marbles cover over 20 percent of the land
DUHDRI6UL/DQND &RRUD\ 7KHVHURFNVZLWKODUJH
quantities are only distributed in places of the Highland
Complex such as Kandy, Matale, Nalanda, Habarana,
* Corresponding author (mantilaka@gmail.com)

Badulla, Welimada and Balangoda (Cooray, 1984;
Madugalla et al. 0RVWRIWKH6UL/DQNDQPDUEOHV
contain dolomite as the major mineral (Cooray, 1984).
The accessory minerals found in these rocks are calcite,
apatite, spinel, phlogopite, olivine, pyrite and iron oxides
(Madugalla et al., 2013). Throughout the world, marbles
are of economical importance owing to their broad range
of applications including preparation of dimensional or
decorative stones, as a refractory material, as a catalyst, in
the production of lime, as a fertilizer and as an additive in
glass, paper, plastics and rubber industries (Varela et al.,
2006; Rabaha & Ewais, 2009; Sun et al., 2012; Karatas
et al., 2013). These applications mainly depend on the
grain size and purity of marbles (Varela et al., 2006).
The high variability of chemical and mineralogical
composition (Pitawala et al.   KLJK LQWHQVL¿HG
fractures in the rock, coarse grained nature and higher
quantities of impurities (Cooray, 1984; Madugalla et al.,
  LQ 6UL /DQNDQ PDUEOHV PDNHV LW XQVXLWDEOH IRU
most of the above applications. Hence, the current use
RI 6UL /DQNDQ PDUEOHV LV OLPLWHG WR WKH OLPH LQGXVWU\
construction activities and the production of fertilizers
(Mantilaka et al., 2013a). However, based on the
chemical composition, these rocks have a high potential to
synthesize chemical products such as precipitated calcium
carbonate (PCC), magnesium hydroxide, magnesium
oxide and their nanomaterials (Mantilaka et al., 2013 a;
b; 2014 a;b). Of these products, PCC has a high economic
potential as it is in great demand in industries such as
paper, textile, rubber, plastic, paint, cosmetic, sealant,
tooth paste and food stuff (Kim et al., 2009; Price et al.,
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2011; Yamanaka et al., 2012). Most of these industries
DUHZHOOHVWDEOLVKHGLQ6UL/DQNDZLWKODUJHSURGXFWLRQ
FDSDFLWLHV&XUUHQWO\WKHGHPDQGIRU3&&LQ6UL/DQNDQ
LQGXVWULHVLVIXO¿OOHGE\LPSRUWLQJLWIURPFRXQWULHVVXFK
as India, Malaysia and China at a high cost. However, the
synthesis of PCC nanoparticles on an industrial scale has
QRW\HWEHHQFRQVLGHUHGE\WKH6UL/DQNDQLQGXVWULDOLVWV
despite the fact that several simple procedures have been
documented by Mantilaka et al. (2013 b; 2014 a) and
RWKHUUHVHDUFKHUVWKURXJKRXWWKHJOREH (O6KHLNKet al.,
 7KHUHIRUHWKHV\QWKHVLVRI3&&IURP6UL/DQNDQ
marbles is timely and needed and it also serves as a
PRYHWRZDUGVYDOXHDGGLWLRQWRD6UL/DQNDQUHVRXUFH
Furthermore, nanoparticles of PCC are much more
attractive to industries than the conventional coarse
PCC particles because of the dramatic increase in the
VXUIDFH DUHDWRYROXPH UDWLR LQ WKH QDQRPHWHU VFDOH
This contributes to astonishing catalytic powers and
H[WUDRUGLQDU\LQWHUDFWLRQVEHWZHHQWKHVH¿OOLQJPDWHULDOV
and their host materials when the nanoparticles are used as
¿OOHUVLQYDULRXVSURGXFWVVXFKDVSDSHUWH[WLOHVUXEEHU
plastics, paints, cosmetics and sealants (Periago et al.,
 (O6KHLNK et al., 2013; Senarathna et al., 2014).
PCC nanoparticles are very expensive when compared to
FRQYHQWLRQDO3&&SURGXFWV7KHUHIRUHPD[LPXPYDOXH
DGGLWLRQ WR 6UL /DQNDQ PDUEOHV FDQ EH DFFRPSOLVKHG
through the manufacture of PCC nanoparticles and its
use in industries. However, due to the dolomitic nature
RI6UL/DQNDQPDUEOHVLWLVQHFHVVDU\WR¿UVWH[WUDFWDQG
separate the calcium components from impurities prior
to the synthesis of PCC nanoparticles (Mantilaka et al.,
2013 b; 2014 a). Therefore, novel, simple and economical
techniques to synthesize PCC nanoparticles from the
6UL/DQNDQPDUEOHVDUHUHTXLUHG
The present study focused on three theoretically
possible methods to extract the calcium components of
dolomite in order to synthesize pure PCC nanoparticles.
These methods were: (1) extraction of calcium
components from dolomite into an aqueous solution
through preparation of a saturated calcium hydroxide
solution, (2) preparation of calcium citrate and FDOFLXP
ethylenediaminetetraacetic acid (Ca2+('7$ FRPSOH[HV
and (3) preparation of calcium sucrate by extracting
calcium components to a sucrose solution. We have
already documented the calcium sucrate method
elsewhere (Mantilaka et al., 2013 b; 2014 a). Out of
these possible methods, the best method that meets the
requirements for industrializing the production process
of PCC nanoparticles was selected.
The best and most suitable method to synthesize PCC
is through calcium sucrate route since the productivity
of this method is higher compared to the other methods.
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Furthermore, the present study reports for the ¿UVWWLPH
WKHV\QWKHVLVRI3&&QDQRSDUWLFOHVWKURXJKDVXUIDFWDQW
assisted hydrothermal method, starting from calcium
sucrate prepared using dolomite. This method can
be applied to manufacture PCC nanoparticles on an
LQGXVWULDOVFDOHLQDQHIIRUWWRIXO¿OOWKHFXUUHQWGHPDQG
for PCC nanoparticles in local industries as well as for
YDOXHDGGLWLRQWRGRORPLWLFPDUEOHV
0(7+2'6$1'0$7(5,$/6
Materials
Sodium carbonate, sucrose, ethylenediaminetetraacetic
DFLG ('7$ , trisodium citrate dihydrate and Triton
;RIDQDO\WLFDOJUDGHZHUHSXUFKDVHGIURP6LJPD
$OGULFK'RORPLWLFPDUEOHVDPSOHVZHUHFROOHFWHGIURP
a working marble quarry located in the Naula area in
6UL /DQND 7KHVH URFN VDPSOHV ZHUH FUXVKHG JURXQG
and the sieved fraction less than 150 µm was used for
the synthesis. The powdered marble sample was heated
at 900 °C for 3 h to produce calcined dolomite (CaO.
MgO).
3UHSDUDWLRQRI3&&IURPVDWXUDWHG&D 2+ 2 solution
REWDLQHGIURPFDOFLQHGGRORPLWH
$ VDWXUDWHG VROXWLRQ RI &D 2+ 2 was prepared by
dissolving 0.265 g of calcined dolomite inP/RI
distilled water and the mixture was stirred for 1 h. The
VROXWLRQZDVVHSDUDWHGIURPWKHSUHFLSLWDWHE\¿OWHULQJ
$ VRGLXP FDUERQDWH VROXWLRQ 0.10 M,  P/  ZDV
DGGHG WR WKH ¿OWUDWH RI VDWXUDWHG &D 2+ 2 solution to
precipitate calcium carbonate. The PCC product was
FROOHFWHG E\ ¿OWHULQJ DQG WKH SURGXFW WKXV REWDLQHG
was dried in a vacuum oven at 45 °C and 600 mm Hg
conditions for 12 h.
PCC nanoparticles from Ca2+- ligand complexes
Calcined dolomite (0.50 g) was added separately to
WULVRGLXPFLWUDWHDQG('7$ P/RI0HDFK 
VROXWLRQVWRSURGXFHFDOFLXPFLWUDWHDQGFDOFLXP('7$
complexes. The resulting solutions were collected by
¿OWHULQJ6RGLXPFDUERQDWH 0.50 MP/ ZDVadded
GURSZLVH WR WKH FDOFLXPOLJDQG FRPSOH[HV LQ RUGHU to
synthesize PCC. The PCC product was collected by
¿OWHULQJDQGGULHGLQYDFXXPRYHQDW&DQGPP
Hg conditions for 12 h.
PCC nanoparticles using calcium sucrate solution
Calcined dolomite (5.00 g) was added to 0.50 M sucrose
Journal of the National Science Foundation of Sri Lanka 42(3)

)LJXUH  ;5' SDWWHUQV RI 3&& SURGXFWV SUHSDUHG IURP D  VDW
Ŷ

Synthesis of pure PCC nanoparticles from dolomite

 P/  DQG VWLUUHG IRU  K WR SUHSDUH D FDOFLXP
sucrate solution. The resulting calcium sucrate solution
ZDV FROOHFWHG E\ ¿OWHULQJ XQGHU VXFWLRQ 7ULWRQ ;
P/ ZDVDGGHGWRWKHFDOFLXPVXFUDWHVROXWLRQDQG
VWLUUHG IRU  K $ VRGLXP FDUERQDWH VROXWLRQ 0.50 M,
P/ ZDVDGGHGGURSZLVHWRWKHUHDFWLRQPL[WXUH
while stirring in order to allow calcium carbonate to be
precipitated. The precipitate was collected by centrifuging
DQGGLVSHUVHGLQP/RIZDWHU7KHGLVSHUVLRQZDV
DGGHGWRP/7HÀRQOLQHGVWDLQOHVVVWHHODXWRFODYH
for hydrothermal treatment at 160 °C for 15 h. The
V\QWKHVL]HG3&&SURGXFWZDVZDVKHGZLWKP/RI
HWKDQRODQGWKHQZLWKP/RIGLVWLOOHGZDWHUWLPHV
WRUHPRYHWKHLPSXULWLHVLQFOXGLQJ7ULWRQ;DQGLW
was dried afterwards in a vacuum oven at 45 °C and 600
mm Hg conditions for 12 h.

)LJXUH
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major mineral in the collected marble sample is dolomite
-&3'6FDUGQR 7KH7*$SORWRIWKHPDUEOH
)LJXUH  )LJXUHE
D  7*$ SORW EUHYHDOVDVLQJOHVWHSGHFRPSRVLWLRQ
 6(0 LPDJH RI 3&& QDQRSDUWLFOHV SU
VDPSOH
ZLWKDPDVVORVVRILQWKHWHPSHUDWXUHUDQJLQJIURP
í °C, which is attributed to the decomposition
)LJXUH
of CaMg(CO3)2 to CaO.MgO (Mantilaka et al., 2013b).
This single step decomposition of dolomite takes place
under atmospheric pressure conditions (Samtani et
al., 2001). Based on the analyses, mass percentages of
CaCO3, MgCO3 and impurities of the marble sample are
DQGUHVSHFWLYHO\
)LJXUH

Characterization
The Ca2+ and Mg2+ contents of calcium citrate, saturated
calcium hydroxide and calcium sucrate were measured
using %XFN 6FLHQWL¿F $ DWRPLF DEVRUSWLRQ
VSHFWURSKRWRPHWHU $$6  ;UD\ GLIIUDFWLRQ ;5' 
analysis was performed to identify the crystalline
SKDVHVRIWKH¿QDO3&&SURGXFWVIURP6LHPHQV'
;UD\ SRZGHU GLIIUDFWRPHWHU ZLWK &X .Į UDGLDWLRQ RI
ZDYHOHQJWKȜ QPDQGVFDQQLQJUDWHPLQ. The
;5'SDWWHUQVZHUHDQDO\]HGZLWKWKHDLGRI,&''3')
database. The average particle size of PCC products was
HVWLPDWHGE\PHDQVRIWKH'HE\H±6FKHUUHUIRUPXODXVLQJ
WKH IXOO ZLGWK RI WKH KDOIPD[LPXP RI WKH ;5' PDMRU
peaks. Morphology of the PCC was examined with the
help of Hitachi SU6600 scanning electron microscope
(SEM) at the acceleration voltage of 10 kV. The dynamic
OLJKWVFDWWHULQJ '/6 SDUWLFOHVL]HGLVWULEXWLRQFXUYHVRI
PCC nanoparticles prepared from calcium sucrate were
REWDLQHGZLWKWKHDLGRI&,/$61DQR'6GXDOVFDWWHULQJ
particle size analyzer. The fourier transform infrared
(FTIR) spectra of PCC products were recorded on
Shimadzu IRPrestige 21 instrument with the KBr pellet
method. Herein, KBr pellets were prepared by mixing the
sample and KBr in the mass ratio of 1:40 and pressing
the mixture by applying a pressure of 5 tons. Thermo
JUDYLPHWULFDQDO\VLV 7*$ ZDVSHUIRUPHGXVLQJ6FLQFR
67$ 1 VLPXOWDQHRXV WKHUPDO DQDO\]HU DW D KHDWLQJ
UDWHRI&PLQLQWKHSUHVHQFHRIDLUÀRZ
5(68/76$1'',6&866,21
&KDUDFWHUL]DWLRQRIGRORPLWLFPDUEOHV
7KH;5'SDWWHUQRIGRORPLWLFPDUEOHVDPSOHLVJLYHQLQ
)LJXUHD7KH;5'SHDNVRIPDUEOHVDPSOHFHQWHUHGDWș
YDOXHVRIDQGFRQ¿UPHGWKDWWKH
Journal of the National Science Foundation of Sri Lanka 42(3)

)LJXUH D  ;5' SDWWHUQ E  7*$ SORW RI WKH PDUEOH VDPSOH
FROOHFWHG IURP 1DXOD 6UL /DQND ZKHUH µ'¶ UHSUHVHQWV
)LJXUH dolomite.

6HSDUDWLRQ WHFKQLTXHV RI Ϯϭ&D2+ and Mg2+ from

dolomite
7KH¿UVWHIIRUWWRH[WUDFW&D2+ in dolomite to synthesize
PCC is through the preparation of a saturated Ca(OH)2
solution by dissolving calcined dolomite in water. The
required calcined dolomite (CaO.MgO) content to
SUHSDUHP/RIVDWXUDWHG&D 2+ 2 solution can be
calculated by means of solubility product constant (Ksp)
of Ca(OH)2 (Ksp= 6.5 × 10 mol3 dm at 25 °C). In the
hydration step of calcined dolomite, MgO component is
converted to Mg(OH)2, which has a very low solubility
(Ksp= 7.1 × 10 mol3 dmat 25 °C) than that of Ca(OH)2.
7KHUHIRUHDVFDOFXODWHGPRUHWKDQRI0J2+ ions
of dolomite are precipitated under saturation conditions
of Ca(OH)2.
In the second method, the Ca2+ content of dolomite
LV H[WUDFWHG WR OLJDQGV RI WULVRGLXP FLWUDWH DQG ('7$
These ligands form strong chelating complexes with
Ca2+ ions (Jeffery et al.  ;LDQJ et al., 2002;
Westin & Rasmuson, 2005 a;b) and the complexes are
generated by dissolving calcined dolomite in the aqueous
solutions of these ligands. Mg2+ ions also form similar
type of complexes with these ligands (Jeffery et al.,
1989). However, the stability constants of each Ca2+
September 2014
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ligand complexes are greater than that of their Mg2+
ligand complexes (Jeffery et al., 1989). Therefore, the
formation of Ca2+OLJDQGFRPSOH[LVPRUHIDYRXUHGRYHU
that of the Mg2+OLJDQGFRPSOH[7KLVFRQFHSWLVXVHIXO
for the extraction of Ca2+ component of the dolomite
to synthesize PCC through the extraction of Ca2+ as
complexes.







In the third method, a sucrose solution is employed
to extract Ca2+ component from the calcined dolomite.
Herein, CaO of the calcined dolomite is allowed to react
with sucrose to form water soluble calcium sucrate (Wu
et al., 2007). MgO and other impurities in calcined
dolomite do not react with sucrose and they will be
present in the precipitated form (Seil, 1943; Mantilaka
et al.E 7KH$$6DQDO\VLVSHUIRUPHGWRGHWHUPLQH
the amounts of Ca2+ and Mg2+ that may be present in the
extractions reveal the following information. The Ca2+
and Mg2+ mol percentages, can be calculated using the
following equation,
୫୭୪ୣୱ୭େୟమశ ୧୬୲୦ୣୱ୭୪୳୲୧୭୬

  ൌ ୫୭୪ୣୱ୭େୟమశ୧୬୲୦ୣୢ୭୪୭୫୧୲୧ୡ୫ୟ୰ୠ୪ୣ  ൈ ͳͲͲΨ

The Ca2+ and Mg2+ percentages of saturated Ca(OH)2,
calcium citrate, Ca2+('7$ FRPSOH[ DQG RI FDOFLXP
sucrate are tabulated in Table 1. The remaining Ca2+
ions are present in the precipitated components of
calcined dolomite. Therefore, in all these methods, the
separation of Mg2+ from Ca2+ has been almost completely
accomplished. However, the Ca2+ content extracted in
the citrate solution has been very low compared to the
RWKHUVROXWLRQVEHFDXVHFDOFLXPFLWUDWHKDVDORZZDWHU
solublity. Hence, the use of citrates to extract Ca2+ is
not suitable to prepare PCC in industrial scale. The best
method to separate Ca2+ and Mg2+ from dolomite is the
PHWKRG WKDW LQYROYHV WKH XVH RI ('7$ +RZHYHU WKH
Ca2+('7$FRPSOH[LVKLJKO\VWDEOHGXHWRWKHIRUPDWLRQ
of hexadentate chelating complex (Jeffery et al., 1989;
;LDQJ et al., 2002; Westin & Rasmuson, 2005a;b).
Therefore, even after adding Na2CO3 at different pH
FRQGLWLRQVLWGLGQRWUHVXOWLQ3&&%DVHGRQ$$6UHVXOWV
the use of saturated Ca(OH)2 solution and calcium sucrate
was found to be the best Ca2+ sources to prepare PCC.

XRD studies on PCC products
7KH ;5' SDWWHUQV RI 3&& SURGXFWV synthesized
from different methods are depicted in FLJXUH7KH;5'
SHDNVRIDOOSDWWHUQVORFDWHGDWșYDOXHVRI°, 29.4°,
36.0°, 39.4°, 43.1°, 47.4°, 48.5°, 56.5° and 57.3° reveal
the presence of calcite as the only polymorphic form of
CaCO3. CaCO3 occurs in 3 polymorphic crystalline forms
of calcite, vaterite and aragonite (Wang et al., 2013), out of
which, calcite is the thermodynamically most stable form
of CaCO3 (Park et al., 2008). The remaining less stable
forms are not found in any of these synthesized products.
$UDJRQLWH LV XVXDOO\ IRXQG LQ 3&&V V\QWKHVL]HG DW
temperatures over 80 °C (Wang et al..RQRSDFND
à\VNDZD  /DFNRZVNL   +RZHYHU LW ZDV QRW
formed in the PCC synthesized using calcium sucrate
at the high temperature used in this work. Hence, it can
be concluded that the sucrose molecules have inhibited
the formation of aragonite and have stabilized the calcite
phase. The average crystallite sizes of PCC synthesized
using calcium sucrate and calcium citrate solutions as
HVWLPDWHGE\'HE\H6FKHUUHUIRUPXODare 41 and 30 nm,
respectively. The particle sizes have been maintained in
the nanoscale by sucrate and citrate together with Triton
;2XWRIWKHVHDGGLWLYHVFLWUDWHLVWKHEHVWDGGLWLYH
to keep the particles in nanoscale compared to Triton
;VXUIDFWDQW7KHGLVSHUVLYLW\RIWKHUHVXOWLQJ3&&
particles has been improved by the negative charges
RI FLWUDWHV /HHXZHQEXUJK et al., 2010). Therefore,
the aggregation of PCC nanoparticles is prevented by
citrate anions through electrostatic repulsions. Triton
;DOVRIXQFWLRQVWRSUHYHQWWKHDJJUHJDWLRQRI3&&
nanoparticles during formation by covering the particles
by the micelles of these amphiphilic molecules, which

7DEOH Ca2+ and Mg2+ mol percentages of each calcium extraction
EDVHGRQ$$6DQDO\VLV

Calcium extraction

Ca2+ mol
Mg2+ mol
percentage percentage

Saturated Ca(OH)2
Calcium citrate
Ca2+('7$FRPSOH[
Calcium sucrate

77.0
26.0

87.0
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0.64
0.04

0.18

)LJXUH ;5'SDWWHUQVRI3&&SURGXFWVSUHSDUHGIURP D VDWXUDWHG
solution of Ca(OH)2; (b) calcium cirate complex and
F FDOFLXPVXFUDWHZKHUHµŶ¶UHSUHVHQWVFDOFLWH

)LJXUH
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is commonly known as steric stabilization (Zhang et al.,
/Let al., 2010). However, the electrostatic forces
are more effective than steric forces in the colloidal
VWDELOL]DWLRQ /L et al., 2010). Hence, citrate has more
ability to keep PCC particles in nanoscale than that
RI 7ULWRQ ; Further particle aggregation can be
prevented by hydrothermal treatment.
)7,5VWXGLHVRIWKH3&&SURGXFWV
)7,5UHVXOWVRIWKH3&&SURGXFWVDJUHHZHOOZLWKWKH;5'
results. The FTIR bands of PCC products (Figure 3a, 3b,
and 3c) centered at 874 and 712 cm reveal the presence
of calcite (Sarkar & Mahapatra, 2010; Yao et al., 2011;
Zhao & Wang, 2012). The IR absorption bands of citrate
are not found in the PCC product prepared by calcium
citrate complex (Figure 3b and 3d). Therefore, the
citrate ions in the calcium citrate complex have not been
included or absorbed to the PCC product. The citrate ions
in the complex may be recovered during the preparation
of PCC product by exchanging Ca2+ ions with Na+ ions of
Na2CO3 at the carbonation stage. Furthermore, the FTIR
bands of sucrose are not found in the PCC prepared from
calcium sucrate and hence the sucrose used is recoverable
at the end of CaCO3 precipitation.



DQGUHVSHFWLYHO\7KHUHPDLQLQJSDUWRIFDOFLXPLV
present in the precipitate obtained during the preparation
RI WKHVH H[WUDFWV$OWKRXJK WKH \LHOG RI 3&& SUHSDUHG
from saturated Ca(OH)2 is high, the productivity is very
low, which is about 1.34 g of PCC that can be prepared
XVLQJ  / RI DTXHRXV VDWXUDWHG &D 2+ 2 solution.
Therefore, this method is not suitable for industrial scale
production of PCC. However, about 33.20 g of PCC can
EHSUHSDUHGIURP/RI0FDOFLXPVXFUDWHVROXWLRQ
which is a better productivity for industrial purposes.
Moreover, in the calcium sucrate method, sucrose is
recoverable after precipitating PCC. Therefore, the
recovered sucrose is reusable to synthesize PCC to devise
DFRQWLQXRXVSURGXFWLRQSURFHVV$VDUHVXOWWKHXVHRI
calcium sucrate is the best option to synthesize PCC and
WKHLU QDQRSDUWLFOHV IURP GRORPLWLF PDUEOHV $V VXFK
we have further characterized the PCC nanoparticles
SUHSDUHGIURPFDOFLXPVXFUDWHXVLQJ6(0DQG7*$DQG
the corresponding results are given in Figure 4.
)LJXUH

)LJXUH

)LJXUH D  7*$ SORW DQG E  6(0 LPDJH RI 3&& QDQRSDUWLFOHV
prepared from calcium sucrate
)LJXUH

)LJXUH FTIR spectrum of PCC prepared from (a) a saturated
solution of Ca(OH)2; (b) calcium citrate complex; (c)
calcium sucrate; (d) trisodium citrate and (e) sucrose

ϮϮ

Industrials
aspects of the devised methods

The yields of PCC products prepared using saturated
Ca(OH)2, calcium sucrate and calcium citrate are 71, 78
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Ϯϯ

)LJXUH Particle size distribution curves of PCC nanoparticles
prepared from calcium sucrate



September 2014



7KH 7*$ SORW RI 3&& V\QWKHVL]HG E\ FDOFLXP
VXFUDWH GHSLFWHG LQ )LJXUH  D  VKRZV D VLQJOHVWHS
GHFRPSRVLWLRQ LQ WKH WHPSHUDWXUH UDQJH  í  °C,
ZKLFKJLYHVDPDVVORVVRIWKDWFDQEHDWWULEXWHG
to the decomposition of CaCO3 to CaO and CO2 (Wang
et al., 1999). Other than the CaCO3 decomposition curve
LQWKH7*$WKHUHDUHWZRPDVVORVVHVDWWKHWHPSHUDWXUH
ranges of 41 í 84 °C and 174 í 226 °C, which can be
attributed to the removal of physically and chemically
bound water of the PCC product, respectively (Mantilaka
et al., 2013b). However, the total mass loss due to the
UHPRYDORIZDWHULVDSSUR[LPDWHO\6LQFHWKHVXUIDFH
area of a nanoparticle is high, water molecules can easily
be adsorbed on to the surface of PCC nanoparticles
during preparation (Mantilaka et al., 2014a). Therefore,
the presence of physically bound water is possible in PCC
nanoparticles. The SEM image of the PCC product shown
in FLJXUH E FRQ¿UPVWKDWWKHSDUWLFOHVDUHLQVSKHULFDO
PRUSKRORJ\ZLWKORZSDUWLFOHDJJUHJDWLRQ$OVRWKH6(0
LPDJH FRQ¿UPV WKH SUHVHQFH RI SDUWLFOHV LQ nanometer
scale with the average particle size around 40 nm. The
particle sizes of PCC synthesized from calcium sucrate
DUHIXUWKHUDQDO\]HGZLWKWKHKHOSRI'/6SDUWLFOHVL]H
analysis. There are two particle size distribution curves
for PCC nanoparticles prepared from calcium sucrate
as shown in Figure 5. The mean particle sizes of PCC
nanoparticles based on these two size distribution curves
are 38.9 and 51.6 nm. Therefore, it isIXUWKHUFRQ¿UPHG
that the particles are in nanometer scale.
&21&/86,21
6UL/DQNDQGRORPLWLFPDUEOHVFDQEHXVHGWRV\QWKHVL]H
PCC nanoparticles with high purity. The extraction of
calcium components of calcined dolomite to sucrose is
the best way for the preparation of PCC nanoparticles.
Surfactants can be used to prevent the particle
aggregation during the preparation of PCC nanoparticles
using calcium sucrate. The sucrate ions stabilize calcite
in the conditions favourable for aragonite. The synthesis
of PCC nanoparticles for use in local industries and for
the export market is a good method to add a very high
YDOXHWRWKH6UL/DQNDQGRORPLWLFPDUEOHV
$FNQRZOHGJPHQW
7KH DXWKRUV DFNQRZOHGJH WKH ¿QDQFLDO DVVLVWDQFH E\
WKH 1DWLRQDO 5HVHDUFK &RXQFLO *UDQW 1R  
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