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Abstract 
Nano-zirconia and silica have been successfully produced from West Borneo zircon using a low-cost, facile 
method of sodium carbonate sintering, leaching, precipitation and calcination. Zircon and sodium carbonate were 
combined in a mol ratio of 2:3 and sintered at 1000°C. The sintered material was washed with water and leached 
with sulfuric acid at pH 1-3 followed by a caustic leach to hydrolyse and to dissolve the silica and to precipitate 
zirconium hydroxide. The zirconium hydroxide was calcined to produce nano-zirconia. Silica was recovered by 
precipitation from solution followed by calcination to form cristobalite at 800°C. The zirconia and silica had 
purities of 89.7% ZrO2 and 81.4% SiO2. Leaching at different pH values altered the zirconia form. Leaching at 
pH 1-2 resulted in mainly the tetragonal zirconia forming after calcination whereas leaching at higher pHs 
caused the proportion of the monoclinic zirconia to increase.  Addition of sugar to the calcination step decreased 
the particle size of the nano-zirconia from 20-200 nm to 10-100 nm. 
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INTRODUCTION 
Zirconia, one of the promising oxide materials, is 
often studied because of its excellent properties 
including high ionic conductivity at a high 
temperature [1], high compressive strength, high 
toughness, high hardness, high thermal stability, 
inert and biocompatible; thus, it finds application in 
many structural and functional purposes [2-9] such 
as electronic devices, catalysis [2,4,10], biomedical 
applications, refractories, pigments, and as 
abrasives [3,7,11]. 
 
Zirconia (ZrO2) can be synthesized from salts 
through chemical reaction [12-17], or hydrolysis of 
organometallic compounds, and from zirconium 
silicate (zircon) concentrate via thermal 
decomposition [3,7]. The last one is relatively more 
economic than the others because ZrO2 might be 
produced in a large-scale, at a relative low thermal 
treatment, and at low-cost. Some methods have 
been introduced to prepare zirconia from zircon, 
such as caustic pressure leaching [3], a chlorination 
method [18,19,20], carbothermal reduction process 
[18,21], plasma dissociation process [7,20,22], 
sintering process with calcium based alkalis 
[23,24], and alkali fusion with NaOH that is the 
most applicable [25-29]. In general, almost all the 

production technologies of ZrO2 and silica (SiO2) 
from zircon consist of thermal and chemical routes. 
For instance, zircon thermally dissociates at 
temperatures over 1750 °C, resulting in ZrO2 and 
SiO2 after cooling [7,20,22,30]. This technology 
however is considered very expensive because of 
high energy consumption at a very high 
temperature. Another method to produce of ZrO2 
and SiO2 from zircon sand is thermo-chemical 
decomposition process, involving reactive reagents 
such as alkaline and chlorine. The methods are 
known as alkali fusion with NaOH and 
chlorination, respectively [18,19,20,25-29]. 
Alkaline fusion with Na2CO3 was also introduced in 
the thermal decomposition of zircon, as reported by 
Ayala et al. [31] and El-Barawy et al. [32]. Ayala et 
al. [31], reported the use of 10 wt % Na2CO3 and 2 
h at 1500 °C to get monoclinic ZrO2 from zircon 
along with sodium zirconates as byproducts. El-
Barawy et al. [32], studied the effects of soda ash 
content and temperatures on the alkali fusion of 
zircon sand in a nickel crucible. However, these 
methods nevertheless are economically taking a lot 
of costs because of high energy consumption and a 
limited sample volume.  
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Sodium carbonate sintering is a thermo-chemical 
decomposition process of zircon into its 
constituents whose are amorphous and soluble in a 
suitable solvent. The process involves zirconate and 
silicate compounds that produced upon the alkaline 
fusion of sodium carbonate in solid zircon at higher 
temperatures. Zirconia production from zircon in a 
large scale and the use of sodium carbonate as a 
simple destructive alkaline in the process are the 
advantages of a sodium carbonate sintering 
technology.  
 
Our earlier work successfully prepared zirconia 
from local marketed zircon. The work concerned 
with finding “the best sintering temperature on 
zircon decomposition with sodium carbonate and 
followed by hydrochloric acid leach to form 
zirconium salts” [30,33].  In this work, the local 
zircon of West Borneo however was used as a 
zirconia and silica source. This work focuses on 
isolating and producing nano zirconia and silica 
from zircon in a large scale production through a 
sodium carbonate sintering technology at the 
temperature of 1000°C [30]. Besides, sulfuric acid 
and sodium hydroxide were used as leaching and 
precipitating agents, respectively. The isolated 
products then were characterized by X-ray 
fluorescence (XRF) and X-ray diffraction (XRD) 
studies. Another nano zirconia was also prepared 
from the local zircon by following the same 
procedure at the different pH values of leaching 
using hydrochloric acid and addition of sugar in the 
calcination step for comparison of the zirconia 
phase transformation and microstructures. 
 
  
METHODS AND PROCEDURES 
2.1 Materials and Instruments 
Materials used in this work were the micronized 
local zirconium silicates (ZrSiO4) of West Borneo 
obtained from PT. Monokem Surya Indonesia 
consisting of 64.51% of ZrO2, 31.31% of SiO2, and 
0.95% of HfO2 as major components; sodium 
carbonate (Na2CO3); a 96% sulfuric acid solution; a 
35% hydrochloric acid solution, sodium hydroxide 
(NaOH); ammonium hydroxide (NH4OH); carboxyl 
methyl cellulose (CMC); and commercial sugar 
from a local market, consisting of sucrose as a 
major constituent and the other organic 
constituents. Meanwhile, the equipments used were 
a ball mill with 500 kg capacity, a filter press with 
1500 kg capacity, an extruder with 120 kg/hour 
capacity, and a gas furnace with the maximum 
temperature of 1300 °C. The instruments used in 
this work were a Thermo ARL 9900 X-ray 
fluorescence system, Phillips Analytical PW 
3040/60 X’Pert Pro X-ray diffractometer, and a 
JEM-1400 120 kV Transmission Electron 
Microscope. 
 
 

2.2 Experimental Technique 
Zirconium silicate flour and sodium carbonate 
powder were dry mixed at a mol ratio of about 2 : 3 
with a total weight about 187.5 kg for 1 batch. The 
mixture then was dry milled for 24 hrs. It was then 
moistened with a 0.2 % CMC solution and was 
made in solid mass (chunks). The solid chunks 
were sintered at the temperature of 1000 °C for 8 
hrs. The process was continuously by milling the 
sintered mass in water medium using a 500 kg ball 
mill, resulting in dispersion or slurries. Both the 
filtrate and the residue of the slurries were 
separated using a filter press for the next process. 
 
2.3 Preparation of Nano Zirconia from 
Zircon Extracts 
The residue of the slurries was dissolved in sulfuric 
acid at a room temperature along with vigorous 
stirring. The process was stopped at the pH of about 
1-3, thus producing salts of zirconium 
oxysulphates. The salts were then precipitated with 
sodium hydroxides at a room temperature to get 
white gelatinous precipitates of zirconium 
hydroxides. The precipitates were washed with 
water for several times and filtered press until they 
were clearly free from alkalines. The purified 
zirconium hydroxides were dried in an oven at a 
temperature of 105 °C and then was calcined at a 
temperature of 850 °C. the final product was 
characterized by XRD, XRF, and TEM studies. The 
other batches were prepared following the same 
procedure at the different pH values of leaching 
(pHs 1-2, 3-4, 5-7) using a 35% hydrochloric acid 
solution and addition of sugar in the calcination 
step for comparison of the zirconia phase 
transformation and microstructures. The precursor 
to sugar weight ratio was maintained at 6:1 [9] and 
sugar was mixed into the precursor by milling the 
mixture in an alumina pot mill. These batches were 
labeled as according to the pH values, namely 
NZ2.6, NZ3, and NZ4.5 for the pH values of 1-2, 3-
4, and 5-7, respectively. 
 
2.4 Production of Silica from Zircon Extracts 
The extract solution (the filtrate) produced after 
milling was precipitated by adjusting its pH to 7-8, 
resulting in a gelatinous precipitate of Si(OH)4. The 
silicate compound was rinsed with water using a 
filter press for several times until it was impurities-
free. The silicate compound was dried and then 
calcined at the temperature of 800 °C. 
 
2.5 Characterization of Zirconia and Silica 
Products 
The crystalline phases of zirconia and silica were 
identified by powder X-ray diffraction (XRD) 
instrument (XRD, PW 3040/60X’Pert Procontrol, 
Philips, PAN analytical) at 40 Kv and 30 mA with 
Cu/Kα (λ = 1.54060 Å) radiation source. The 
diffraction patterns were scanned from 10.0084 to 
79.9804 (2θ) with an angular step of 0.0170. 
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Meanwhile, a Thermo ARL 9900 X-ray 
fluorescence system was used to determining 
chemical compositions of the isolated zirconia and 
silica. A transmission electron microscopy (TEM) 
study was also implemented to observe the 
microstructure of the calcined zirconia using a 
JEM-1400 120 kV TEM. 
 
 
RESULTS AND DISCUSSION 
3.1 Mechanism of Chemical Reactions on 
the Preparation of Zirconia and Silica from 
Zircon Using a Sodium Carbonate Sintering 
Technology 
Isolating ZrO2 and SiO2 from zircon sand by means 
of sintering destruction technology, Na2CO3 was 
chosen as a reactive alkaline because of 
inexpensive and simple. In this process, zircon 
reacted with the alkaline at a mol ratio of about 2 : 
3, according to the following chemical reactions: 
𝑍𝑟𝑆𝑖𝑂! + 2 𝑁𝑎!𝐶𝑂! →  𝑁𝑎!𝑍𝑟𝑂! + 𝑁𝑎!𝑆𝑖𝑂!  +
 2𝐶𝑂! (1) 
𝑍𝑟𝑆𝑖𝑂! +  𝑁𝑎!𝐶𝑂! →  𝑁𝑎!𝑍𝑟𝑆𝑖𝑂! + 𝐶𝑂! (2) 
  
The first chemical reaction explains that the 
products of alkaline fusion are a water-insoluble 
zirconate compound and a water-soluble silicate 
compound. Therefore, both products could be 
separated through hydrolysis by leaching the fused 
products with water. However, the mechanism of 
chemical reaction especially for reaction (2) 
produced Na2ZrSiO5 which a water-insoluble 
compound. If the two reactions are combined, the 
total reaction is as follow: 
 
2 𝑍𝑟𝑆𝑖𝑂! + 3 𝑁𝑎!𝐶𝑂! →  𝑁𝑎!𝑍𝑟𝑂! + 𝑁𝑎!𝑆𝑖𝑂!  +
 𝑁𝑎!𝑍𝑟𝑆𝑖𝑂! + 3 𝐶𝑂!   (3) 
 
Dissolving mechanism for fused compounds 
containing Na2ZrO3•Na2ZrSiO5 and a water-soluble 
silicate compound was by hydrolysis and then 
continuously by acid leaching at pH = 1-3, 
according to the following reactions [27,30,31]: 
 
𝑁𝑎!𝑍𝑟𝑂! (!) + 𝑁𝑎!𝑆𝑖𝑂! (!)  +  𝑁𝑎!𝑍𝑟𝑆𝑖𝑂! (!)
!!!,!"#$%&%' !"#$$

2𝑁𝑎!𝑆𝑖𝑂!!! ! +
𝑁𝑎!𝑍𝑟𝑂! ⋅ 𝑁𝑎!𝑍𝑟𝑆𝑖𝑂! (!)

   (4) 

𝑁𝑎!𝑍𝑟𝑂! ⋅  𝑁𝑎!𝑍𝑟𝑆𝑖𝑂! (!) + 3𝐻!𝑆𝑂! (!)
!!,!"!!!!

 𝑍𝑟𝑂 𝑆𝑂! (!) + 𝑍𝑟𝑂 𝑂𝐻 ! (!) +
𝑆𝑖𝑂! ⋅ 2𝐻!𝑂(!) + 2 𝑁𝑎!𝑆𝑂! (!)    (5) 
 
Both the liquid phases of ZrO(SO4), Na2SO4 and 
the solid phases of ZrO(OH)2, SiO2•2H2O were 
separated through filtration. Sodium hydroxide was 
added into the liquid extracts`, resulted in 
gelatinous of Zr(OH)4. Meanwhile, the solid phases 
of ZrO(OH)2 and SiO2•2H2O were mixed with an 
alkaline solution until the final pH of about 13-14, 
thus producing sodium silicate solution and a 
gelatinous precipitate of Zr(OH)4. All the reaction 

mechanism of dissolution and precipitation are 
described in reactions 6 and 7. 
 
𝑍𝑟𝑂(𝑆𝑂!)(!) +  2 𝑁𝑎𝑂𝐻(!)

!!! 𝑍𝑟(𝑂𝐻)! !"# +
𝑁𝑎!𝑆𝑂! (!)    (6) 
𝑍𝑟𝑂 𝑂𝐻 !(!) +  𝑆𝑖(𝑂𝐻)!(!) + 2 𝑁𝑎𝑂𝐻(!)
! !!!  𝑍𝑟(𝑂𝐻)! ! + 2 𝑁𝑎! +  𝑆𝑖𝑂!!! + 2 𝐻!𝑂  (7) 
 
The solid product from the reaction 7 was separated 
from the mother liquor using a filter press, leaving 
silicate anions in the solution. A sulphuric acid 
solution was dropped wisely into the silicate 
solution to get a gelatinous precipitate of Si(OH)4. 
 
3.2 Chemical Analysis by an XRF Method 
The chemical compositions of the isolated ZrO2 and 
SiO2 from zirconium silicates using a Thermo ARL 
9900 X-ray fluorescence system are given at Tables 
1, 2, and 3. 
 
Table 1: Chemical Analysis of the Fusion Products 
after Hydrolysis  
Oxide

s 
Amoun
t (%) 

Element
s 

Amoun
t (%) 

Std 

SiO2 19.7600 Si 9.2400 0.090
0 

TiO2 0.0474 Ti 0.0284 0.001
4 

Al2O3 0.4160 Al 0.2200 0.011
0 

Fe2O3 0.0558 Fe 0.0390 0.001
9 

MnO - Mn - - 
CaO 0.1470 Ca 0.1050 0.005

0 
MgO 0.1160 Mg 0.0700 0.003

5 
Na2O 17.7000 Na 13.1300 0.140

0 
K2O - K - - 
P2O5 - P - - 

S - S - - 
LOI 2.5400 - - - 
ZrO2 57.8600 Zr 42.8300 0.180

0 
HfO2 0.7800 Hf 0.6620 0.033

0 
Y2O3 0.1310 Y 0.1030 0.005

0 
U3O8 0.0210 U 0.0178 0.003

6 
La2O3 0.0260 La 0.0222 0.002

4 
Yb2O3 0.0259 Yb 0.0227 0.002

2 
Am2O3 0.0282 Am 0.0257 0.005

5 
MoO3 0.2310 Mo 0.1540 0.011

0 
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Table 1 represents the result of chemical analysis 
on the fusion product after hydrolysis (reaction 4), 
using an XRF system. According to Table 1, 
zirconia and silica yields after the treatment process 
of the fusion product (reaction 4) are 57.86% and 
19.76%, respectively. However having hydrolyzed 
the fusion product wisely by water, the soluble 
alkaline silicates of the fusion products were not 
fully hydrolyzed and still remained in the residue. 
This was shown by silica yield after hydrolysis 
process (Table 1). Thus, some of the soluble 
alkaline silicates still remained in the residue in the 
form of Na2ZrSiO5. Therefore, it is suggested that 
the maturity of fused product in a sodium carbonate 
sintering determines zirconia and silica production 
from zircon in a large scale.  
 
Nevertheless, leaching Na2ZrSiO5 in further 
treatment at pH 1-3 released a silicon compound as 
according to the reaction 5; whereas zirconium 
compounds produced from the treatment were 
precipitated at pH 13-14 based on the reactions of 6 
and 7, resulting in zirconium hydroxides. Table 2 
shows the zirconia purity after alkaline precipitation 
(Reactions 6 and 7) as according to the XRF results. 
According to Table 2, zirconia yielded has purity 
level of about 89.73%, accompanied by silica and 
sodium sulphate impurities at the concentration of 
1.50% and 2.20%, respectively. The presence of 
small amount of SiO2 in zirconia may be produced 
at the separation of ZrO(SO4) solution from the 
residues of ZrO(OH)2 and SiO2•2H2O (reaction 5). 
 
Table 2. The Purity of Zirconia after Alkaline 
Precipitation at pH 13-14 
Oxide

s 
Amoun
t (%) 

Element
s 

Amoun
t (%) 

Std 

SiO2 1.5000 Si 0.7200 0.028
0 

TiO2 0.0788 Ti 0.0472 0.002
4 

Al2O3 0.7340 Al 0.3890 0.019
0 

Fe2O3 0.1110 Fe 0.0774 0.003
9 

MnO - Mn - - 
CaO 0.4720 Ca 0.3370 0.017

0 
MgO 0.1830 Mg 0.1110 0.006

0 
Na2O 1.1300 Na 0.8370 0.039

0 
K2O 0.0246 K 0.0204 0.001

5 
P2O5 - P - - 
SO3 1.0600 S 0.4260 0.021

0 
LOI 2.8600 - - - 
ZrO2 89.7300 Zr 66.4300 0.110

0 
HfO2 1.2300 Hf 1.0400 0.050

0 
Y2O3 0.1940 Y 0.1520 0.008

0 
U3O8 0.0329 U 0.0279 0.004

9 
La2O3 0.0448 La 0.0382 0.003

5 
Sm2O3 0.0222 Sm 0.0191 0.005

9 
Lu2O3 0.0193 Lu 0.0170 0.002

7 
Yb2O3 0.0379 Yb 0.0333 0.002

9 
Er2O3 0.0184 Er 0.0161 0.003

5 
Se2O3 0.0135 Se 0.0088 0.001

2 
Am2O3 0.0320 Am 0.0291 0.007

5 
MoO3 0.3690 Mo 0.2460 0.017

0 
 

The soluble silicon compounds produced from the 
reactions 4 and 7 were precipitated at pH 7-8 
according to the following reaction: 
𝑁𝑎!𝑆𝑖𝑂! (2𝑁𝑎!, 𝑆𝑖𝑂!!!,𝑁𝑎𝑂𝐻) +  𝐻!𝑆𝑂! →
 𝑆𝑖(𝑂𝐻)! + 𝑁𝑎!𝑆𝑂!    (6) 
The results of XRF analysis for silica compounds 
isolated from zircon in a large scale production are 
listed in Table 3. 
 
Table 3: The Purity of Silica Isolated from Zircon  
Oxide

s 
Amoun
t (%) 

Element
s 

Amoun
t (%) 

Std 

SiO2 81.4100 Si 38.0600 0.090
0 

TiO2 - Ti -  - 
Al2O3 0.1680 Al 0.0892 0.004

5 
Fe2O3 0. 0150 Fe 0.0105 0.000

5 
MnO - Mn - - 
CaO 0.0481 Ca 0.0334 0.001

7 
MgO 0. 0527 Mg 0.0318 0.001

9 
Na2O 9.3000 Na 6.9000 0.110

0 
K2O 0.0298 K 0.0247 0.001

2 
P 0.0171 P 0.0171 0.001

1 
SO3 7.5000 S 3.0000 0.050

0 
LOI 2.8600 - - - 
ZrO2 0.4000 Zr 0.2960 0.015

0 
HfO2 0.0080 Hf 0.0068 0.001

0 
Cl 0.0075 Cl 0.1520 0.001

6 
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Based on Table 3, the purity of SiO2 isolated from 
zircon is of about 82% with Na2SO4 as the main 
impurity, having concentration of about 17%. The 
impurity might be removed by enhancing the 
leaching process of silica gel (reaction 6) with 
water using ball mill and filter press. 
 
3.3. X-Ray Analysis on the Mineral Phases 
of the Isolated Zirconia and Silica 
Figure 1 shows an XRD pattern of the fusion 
product (the residue) after hydrolysis (reaction 4) 
calcined at a temperature of 850°C. According to 

Figure 1, when the residue whose the product of 
hydrolysis process (reaction 4) calcined at a 
temperature of 850°C, showed sharp main peaks of 
Na2ZrSiO5 at diffraction angles 2θ of 20.777 °, 
32.810 °, 33.954 ° (2θ-CuKα), corresponding to the 
(-1 1 2), (0 2 0), (4 1 0) crystal planes of the 
monoclinic Na2ZrSiO5 structure, respectively. This 
result is in agreement with the XRF result on 
chemical composition of the residue in Table 1, 
showing the existence of sodium oxide, silicon 
dioxide, and zirconium dioxide. 

 
 

 
Figure1: The XRD pattern of the residue (reaction 4, Table 1) after calcination at 850°C 

 
 
 

 
Figure 2: The XRD pattern of the isolated zirconia after calcination at 850°C. 
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Figure 3: The XRD pattern of the isolated silica after calcination at 800oC.

Figure 2 shows an XRD pattern of the isolated 
zirconia after alkaline precipitation at pH 13-14 
(reactions 6 and 7) and calcination at a temperature 
of 850°C. Based on Figure 2, when zirconium 
compounds produced from the reaction 5 were 
precipitated at pH 13-14 based on the reactions of 6 
and 7, the resulting hydroxides was found to 
transform and to crystallize at a temperature of 850 
°C, with a main broadening peak of t-ZrO2 at a 
diffraction angle 2θ of 30.251 ° (2θ-CuKα), 
corresponding to the (1 0 1) crystal plane of the t-
ZrO2 structure. However, a small amount of the m-
ZrO2 was identified in the calcined zirconia with 
the very low main peak intensities at diffraction 
angles 2θ of 28.291 ° and 31.503 °(2θ-CuKα), 
corresponding to the (1 1 1) and (1 1 1) crystal 
planes of the m-ZrO2 structure. 
 
Meanwhile, the type of isolated silica depends on 
the desired silica structure whether a crystalline or 
an amorphous in the forms of cristobalite or silica 
gel (SiO2.xH2O), respectively. In this work, the 
desired silica is in a crystalline form, thus the 
starting material of the isolated silica was calcined 
at a temperature of 800 °C. The XRD result on the 
calcined silica in Figure 3 shows two main 

components consisting of cristobalite as a major 
phase and thenardite as a minor phase. The 
existence of thenardite (Na2SO4) as an impurity was 
detected with the main peaks at diffraction angles 2 
θ of 32.157 ° and 19.035 °(2θ-CuKα), 
corresponding to the (1 1 3) and (1 1 1) crystal 
planes of the orthorhombic thenardite structure. 
This result corroborates the XRF result on 
identification the purity of the isolated silica, 
showing the presence sodium oxide and sulfur 
trioxides as constituents of sodium sulphate. 
 
3.4. Microstructure of the Isolated Zirconia 
calcined at 850 °C 
Figure 4 shows typical TEM bright field images of 
the calcined zirconia isolated from zircon after the 
thermal treatment at 800°C, using a JEM-1400 120 
kV transmission electron microscope. The sizes of 
ZrO2 grains range from 20 nm to 200 nm at that 
calcination temperature. It is noted that phenomena 
of agglomerate formation can be seen in the 
sample. Nanoparticles, since they have a large 
surface area, often join each other through van der 
Waals forces attraction, forming lumps in order to 
reduce the total surface area [9]. 
 

 

 
Figure 4: Typical TEM images of the isolated zirconia calcined at 850°C 



Journal of The Australian Ceramic Society Volume 52[2], 2016, 92 – 102 98 

 

 
Figure 5: The XRD results on nano zirconia prepared at the different pH values in the acid leach after calcination 

at 800 °C 
 

 
 

Figure 6: The effect of pH in the acid leach on the mineral phase composition of the zirconia product formed by 
calcination at 800°C 



Septawendar et al.                           99 

3.5. Effects of pH in the Acid Leach and 
Sugar Addition on Zirconia Phase 
Transformation and Microstructures 
respectively in the Preparation of Nano Zirconia 
from Zircon   
Figures 5 and 6 show the effect of pH in the acid 
leach on the zirconia product formed by calcination 
at 800°C. 
 
Based on the XRD results in Figure 5, the effect of 
the different pH values in the acid leach can be 
observed on the zirconia product formed at a 
temperature of 800°C. Leaching at different pH 
values altered the zirconia form. Leaching at pH 1-
2 using a 35% HCl solution resulted in mainly 
tetragonal zirconia forming after calcination 
whereas leaching at higher pHs caused the 
proportion of monoclinic zirconia to increase, see 
Figure 6 and Table 4. These phenomena can be 
assumed as the following reactions: 
 
The lower pH 1-2 (NZ 2.6): 
𝑁𝑎!𝑍𝑟𝑂! ⋅  𝑁𝑎!𝑍𝑟𝑆𝑖𝑂! ! + 4𝐻𝐶𝑙 (!)
!!,!"!!!!

 𝑍𝑟𝑂𝐶𝑙!(!) + 𝑍𝑟𝑂 𝑂𝐻 ! (!) +
𝑆𝑖𝑂! ⋅ 2𝐻!𝑂(!) + 4 𝑁𝑎𝐶𝑙 (!) (8) 

The higher pH 5-7 (NZ 4.5) 
𝑁𝑎!𝑍𝑟𝑂! ⋅  𝑁𝑎!𝑍𝑟𝑆𝑖𝑂! (!) + 2𝐻𝐶𝑙 (!) + 𝐻!𝑂
!!,!"!!!!

 𝑍𝑟 𝑂𝐻 ! (!"#$"% !"#) + 𝑁𝑎!𝑍𝑟𝑆𝑖𝑂! (!) +
+2𝑁𝑎𝐶𝑙 !  (9) 
According to reactions 8 and 9, it is clear that the 
higher pH in the leaching process of fused samples 
leading to the faster hydrolysis of zirconium, 
resulting in gelatinous hydroxide compounds of 
zirconium mixed with Na2ZrSiO5. This is evidenced 
by peaks of the monoclinic Na2ZrSiO5 on the 
diffractograms of each sample. 
 
Table 4: The effect of pH in the acid leach on the 
zirconia product formed by calcination at 800°C  

Nano zirconia % Mineral Phase Composition 
t-ZrO2 m-ZrO2 Na2ZrSiO5 

pH 1-2 48.6 44.4 6.9 
pH 3-4 22.3 54.6 23.1 
pH 5-7 11.4 32.5 56.1 
 
 

 
 
 

  
Figure 7: Typical TEM and EDP images of the isolated zirconia prepared at pH 1-2 (NZ 2.6) with sugar addition 

and calcined at 800°C 
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Figure 8: Typical TEM and EDP images of the isolated zirconia prepared at pH 5-7 (NZ 4.5) with sugar addition 
and calcined at 800°C 

 
Figures 7 and 8 show the effect of sugar addition on 
the zirconia microstructures in the preparation of 
NZ2.6 and NZ4.5 from zircon. Corresponding to 
the microstructure results of both zirconia samples 
as given by TEM in Figures 7 and 8, the particle 
sizes of NZ2.6 and NZ4.5 are ranging from 10 nm 
to 100 nm at the calcination temperature of 800 °C. 
These zirconia particle sizes are smaller than that 
the as-prepared zirconia from zircon without sugar 
addition (Figure 4). Sugar is evidently a key in the 
preparation of nano zirconia from zircon. Our 
previous work explained that the presence of sugar 
molecules in preparation of nano zirconia had been 
obviously very important. They would cover the as-
prepared zirconia particle surfaces through 
hydrogen bonding between the hydroxyl and ether 
groups of sugar and the hydroxyl groups of as-
prepared zirconia surfaces. This mechanism results 
in reduced particle aggregation due to slower 
crystallite growth because of the steric hindrance of 
sugar molecules [12,14,16].  
 
The electron diffraction  patterns (EDP) of both 
NZ2.6 and NZ4.5 zirconia samples are indexed to 
the tetragonal zirconia phase with the crystal plane 
orientations of (101) and (002), and the monoclinic 
zirconia phase with the crystal plane orientations of 
(1 11), (0 2 1), (0 2 2), and (1 3 0). The EDP results 
of both NZ2.6 and NZ4.5 zirconia samples confirm 
their XRD patterns, exhibiting the formation of the 
tetragonal and the monoclinic zirconia. 
 
Overall, the work results indicate that the overall 
process of a new method of sodium carbonate 
sintering represents a promising and low-cost facile 
method on production zirconia and silica from 
zircon in a large scale. 
 
 
 

CONCLUSION 
For the production process of zirconia and silica 
from local zircon using a low cost, facile method of 
sintering destruction, sodium carbonate was used as 
a reactive alkaline, and a thermal treatment was 
conducted at 1000 °C. The mol ratio of zircon to 
the alkaline was maintained at 2:3. The materials of 
ZrO2 and SO2 produced from zircon with the facile 
method had a relatively high purity level of about 
89.73% and 81.41%, respectively. At 850 °C, 
zirconia consisted of the t-ZrO2 with a small 
amount of the m-ZrO2 and had grain sizes ranging 
from 20 nm to 200 nm, as given by the TEM 
analysis. Meanwhile, silica transformed and 
crystallized as cristobalite at 800 °C. Leaching at 
lower pH resulted in mainly the tetragonal zirconia 
forming after calcination whereas leaching at higher 
pHs caused the proportion of the monoclinic 
zirconia to increase. Effect of sugar on the as-
prepared zirconia is clearly shown in the 
microstructure of zirconia, having smaller particle 
sizes than that the as-prepared zirconia without 
sugar.   
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