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Abstract
Feldspar and quart from the local source is used as a base material for dental porcelain. The physical and

chemical properties have been performed. The x-rays fluorescence is used to analyze the chemical composition.
The composition of material and temperature preparation of dental porcelain contributes to shrink of burning
and hardness, which is increased along with the increasing of treatment temperature.
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I. INTRODUCTION

South Sulawesi as well as another region of Indonesia has
feldspar, quartz, kaolin and many other mineral compounds.
All of these materials need to be developes. Feldspar, quartz,
kaolin are the base materials of porcelain.[1–3] It can be used
to produce an artificial dental porcelain, and it will increase
its economical value. Porcelain has an esthetic value, strong,
easy to form, low thermal conductivity, resistance from chem-
ical reaction. [4]

Heat treatment of dental porcelain is at 1200◦C - 1400◦C
for a high fusing, 1050◦C - 1200◦C for medium fusing, and
800◦C - 1050◦C for low fusing. The low fusing method is
used for restoration of all porcelain. The chemical content
of dental porcelain is SiO2, Al2O3, CaO, and K2O. Further,
physical properties of dental porcelain are grain size of mate-
rial: 0.18 mm - 0.075 mm, shrink of burn is less than 30%,
hardness: 68 kg/mm2, and coefficient of thermal expansion
83 x 10−6/◦C to 114 x 10−6/◦C.[2, 5]. In this paper the study
on physical and chemical properties of dental porcelain is pre-
sented.

II. EXPERIMENTAL METHOD

The sample of dental porcelain used feldspar from Tan-
jung Bira and quartz from Tonasa, the South Sulawesi region.
The chemical composition of material is determined by X-

TABLE I: Chemical composition of dental porcelain material.

Material Percentage (%)
SiO2 Al2O3 Fe2O3 CaO MgO K2O SO3 Cl

Feldspar 2.75 0.37 0.20 50.46 0.42 0.54 40.12 94.91
Quartz 70.24 13.59 5.62 0.02 0.37 0.96 0.07 0.42
Kaolin 43.08 44.01 1.91 0.60 0.22 1.96 0.05 0.72
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TABLE II: Composition of base materials.

Composition Total mass material (5 grams)
Feldspar (g) Quartz (g) Kaolin (g)

1 : 4 : 4 0.556 2.223 2.223
1 : 4 : 3 0.625 2.500 1.875
1 : 4 : 2 0.714 2.857 1.429
1 : 5 : 3 0.556 2.778 1.667
1 : 5 : 2 0.625 3.125 1.875

ray flourescence. The fineness of grain size is determined by
filtering it on different size of mesh. There are 5 types mix-
ture of feldspar, quartz and kaolin for the experiment. Each
composition of the base material is determined its chemical
composition.

The low fusing temperature (800◦C, 900◦C, and 1000◦C)
is used in vacuum fired porcelain (Vita Vacumat 40) to pre-
pare the samples of dental porcelain. The physical properties
of the samples are determined by shrinkage percentage, and
hardness.

III. RESULT AND DISCUSSION

Feldspar, quartz, and kaolin are determined its chemical
composition by x-ray fluorescence. Dental porcelain mate-
rials need high percentage ofSiO2, Al2O3, CaO, but low per-
centage ofFe2O3, MgO.

Feldspar is non elastic material; it used to reduction the
shrinkage and increases the hardness of the product. Feldspar
has high concentration of CaO but low concentration of SiO2

and Al2O3. It will be suitable by mixture with quartz and
kaolin, which have high concentration of SiO2 and Al2O3, as
show on Table 1. All the base material has low concentration
of MgO and Fe2O3 and it will not give an effect on color,
specially for dental porcelain.

This experiment used 5 types mixture of feldspar (F), quartz
(Q), and kaolin (K), see Table 2. Combination on certain
amount of the three base materials could get a good chemi-
cal composition, high percentage of SiO2, Al2O3, and CaO.
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TABLE III: Chemical composition of dental porcelain, depend on its
composition.

Type F : Q : K Percentage (%)
SiO2 Al2O3 Fe2O3 CaO MgO K2O SO3 Cl

I 1 : 4 : 4 51.01 22.25 0.58 9.49 0.32 1.26 0.01 7.81
II 1 : 4 : 3 52.00 23.79 2.24 6.43 0.32 1.29 0.03 5.40
III 1 : 4 : 2 54.05 20.41 2.03 7.67 0.32 1.19 0.04 6.38
IV 1 : 5 : 3 55.34 23.09 1.92 5.52 0.32 1.27 0.05 4.69
V 1 : 5 : 2 56.44 20.61 2.44 6.76 0.34 1.18 0.04 5.68

TABLE IV: Grains size of Feldspar from Tanjung Bira - South Su-
lawesi.

Mesh no. Diameter (mm) Fineness (%)
50 0.35 96.79
80 0.18 93.51
100 0.15 85.18
120 0.13 73.39
170 0.09 58.94
200 0.075 41.16

X-ray fluorescence is used to determine its chemical compo-
sition of 5 types of combination material as show on Table
3.

All the sample type has 50 - 60 percentage ofSi2O, close
to 62.2% for dental porcelain [6]. Concentration ofAl2O3

is 20 - 24 percent; it is higher than 18.7 percent. The
Fe2O3,MgO,K2O,SO3, and Cl have a small concentration,
and it will give a good effect on color quality.

The dental porcelain material has to have a fineness grain
size in order 0.075 mm - 0.18 mm. The grain size of the base
material (feldspar, quartz and kaolin) was determined by fil-
tering it on different size of mesh.

The grain size of the base materials (feldspar, quartz, and
kaolin) have a good order and suitable for dental porcelain.
It has more than 93% of the grain size 0.18 mm, as show on
Table 4, 5 and 6. The refinement of grain size will effect on
elasticity during preparation.

Feldspar, quartz, and kaolin were pre-drying at 100◦C, to
eliminate its water content. The dental porcelain was then
baked in vacuum fired porcelain at temperature of 800◦C,
900◦C, and 1000◦C. The shrinkage of the sample is deter-
mined by measuring the reduction of its size after baked it in
vacuum fired porcelain. The maximum shrinkage is 30% for
dental porcelain.

The experiment has shown that it shrank in a good range,

TABLE V: Grains size of quartz from Tonasa - South Sulawesi.

Mesh no. Diameter (mm) Fineness (%)
50 0.35 98.75
80 0.18 95.61
100 0.15 88.42
120 0.13 78.91
170 0.09 65.64
200 0.07 63.59

TABLE VI: The grains size of kaolin.

Mesh no. Diameter (mm) Fineness (%)
50 0.35 98.35
80 0.18 96.23
100 0.15 92.26
120 0.13 87.25
170 0.09 79.93
200 0.07 71.19

TABLE VII: Shrinkage on temperature 800◦C, 900◦C, and 1000◦C.

Sample Shrinkage (%)
800◦C 900◦C 1000◦C

I 14.75 22.15 31.12
II 11.32 15.44 30.46
III 7.41 11.31 26.05
IV 7.00 10.67 21.68
V 6.74 9.54 15.80

less than 30% [7]. The shrinkage increases as increasing the
temperature of preparation. Some mineral oxides are melting
on high temperature. It will affect the increasing shrinkage
and hardness.

The acrylic is used as comparison with dental porcelain ma-
terial for the hardness test. The acrylic is used as artificial
dental material because it is cheap, like a gums color, elastic,
and easy to form [8, 9].

The hardness of sample increases as temperature of furnace
increase. The hardness of dental porcelain is 8 - 14 kg/mm2.
The dental porcelain is better than acrylic artificial dental.
The hardness is higher than that of acrylic artificial dental (7
kg/mm2). The sample’s hardness is less than that of standard
sample [2]. It may probably be as an effect of concentration
of SiO2 which was found to be less than the standard.

IV. CONCLUSION

The local feldspar and quartz are promising material for
dental porcelain. Its grain size are suitable for prepare the
dental porcelain. The composition of material and temper-
ature preparation of dental porcelain influences the shrinkage
and hardness. The shrinkage is compatible with standard. The
hardness is increase as temperature of preparation-increase.

TABLE VIII: The hardness of dental porcelain.

No. Sample Hardness (kg/mm2)
type 800◦C 900◦C 1000◦C

1 I 10 11 13
2 II 8 11 13
3 III 8 11 12
4 IV 10 12 14
5 V 11 13 14
6 Acrylic 7

110105-2



J. FIS. DAN APL., VOL. 7, NO. 1, JANUARI ,2011 NURLAELA

[1] Claus, Heinz,The Structural Bases of Dental Porcelain(Verlag
Neuer Merkur GmbH : Germany,1998).

[2] Craig, R.G and Power, J.M.,Restorative Dental Materials(11th

edition, The C.V. Mosby Company: USA.2002)
[3] O’Brian, William, Dental Material and Their Selection(3rd edi-

tion, Quintessence Publishing Co, Inc.: Canada, 2002)
[4] Hamdar, HS.,Teknik Pembuatan Inlay Porselen(Skripsi, Fakul-

tas Kedokteran Gigi Universitas Hasanuddin : Makassar, 2004)
[5] Rovani, Peter,Ilmu Bahan Kedokteran Gigi(Fakultas Kedok-

teran Gigi Universitas Hasanuddin : Makassar, 2004)
[6] Yamada, H. and Grenoble, P.,Dental Porcelain, The State Art.,

University of Southern California Proceeding,26(1997)

[7] Anusavice, J.Kenneth.,Philips Science of Dental Materials
(11th edition, Elsevier Science: USA. 2003)

[8] Fadhilah, Nikmah. Material Of Denture (Akrilik,
Porselen & Valpast); Available from: http://nikmah-
fadhilah.blog.friendster.com/2008/07/material-of-denture-
akrilik-porselen-dan-valpast/.[cited 2008, 17 January
2009](2008)

[9] Ulunati, Benaeng. Mencari Gigi Tiruan Murah, Available from:
http://www.halamansatu.net/index.php?option=comfacileforms
&Itemid=78&w=149. .[cited 2007, 20 December 2007] (2007)

110105-3


