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Kaolin for Production of Souvenirs

Ruedee Niyomrath

Abstract—Ranong province has the best kaolin, and it is the most
useful of all the clay types used in ceramic making. Until recently,
there has been only one community business making ceramics in
Ranong province. And this business could not build the mix of body
and glaze from their raw material without assistance. Considering
these problems, this research is aimed to test the composition of
ceramic body and glaze which suit. Kaolin from Ranong is the raw
material which these search focuses on. All other raw materials use in
the investigation will come from southern Thailand, kaolin and
limestone from Ranong province, ball clay from Surat Thani
province, white sand from Songkhla province, and feldspar from
Nakhon Si Thammarat province. Results can be used to develop the
efficiency of industrial production which in return will enhance the
business process.

Keywords—Ceramic body and glaze, Ceramic material, Ceramic
production from kaolin, Ceramic souvenirs.

1. INTRODUCTION

ANONG is a small province at the upper southern region

of Thailand. The region has many mountains and is a
place where Tin is found along with natural hot springs. There
is a strategy to create jobs for the community and to promote
tourism for health [1]. Health conscious Thai and foreigner
tourists visit Ranong generating 1,000 million baht per year. A
significant source of income and employment for the local
economy, some of this income is derived from souvenirs.
These souvenirs also have an additional benefit of being a
perpetual advertisement in reminding tourists of their visit to
Ranong.

Ranong not only has economic and social asset but is also
rich in mineral resources. At the present, Ranong has the best
white clay or kaolin, and it is used for ceramic work more than
other types of white clay. Moreover, Ranong people do not
promote this white clay to add value. There are many mines
that export the kaolin to ceramic factories to all parts of
Thailand. Until recently there is only community business to
produce ceramic for souvenir. From this reason, the researcher
now interested to develop to add more value to this type of
clay from Ranong province.

The aims of this work were to test the composition of
ceramic body and the glaze of the kaolin from Ranong. The
other raw materials used in the investigation were from
southern Thailand including ball clay from Surat Thani
province, white sand from Songkhla province, feldspar from
Nakhon Si Thammarat province, and limestone from Ranong
province. Triaxial diagram was used for finding compositions
of body and quadaxial diagram used for finding compositions
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of glaze. Results can be used to develop the efficiency of
industrial production, which in return will enhance the
business process.

II. RESEARCH OBJECTIVE

To test the composition of ceramic body and glaze that is
best suited for the production of souvenirs.

III. RESEARCH METHODOLOGY

All raw materials used were the commercial grade from
southern Thailand. Kaolin from Ranong province, ball clay
from Surat Thani province, white sand from Songkhla
province, feldspar from Nakhon Si Thammarat province, and
limestone from Ranong province. The ceramic body and glaze
were investigated in laboratory experiments.

A. Test of Ceramic Body

Triaxial diagram (Fig. 1.) was used for finding thirty six
compositions of the ceramic body; these came from four
materials, which were kaolin from Ranong province, white
sand from Songkhla province, feldspar from Nakhon Si
Thammarat province, and ball clay from Surat Thani province.
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Fig. 1 Triaxial diagram used for finding the composition
of ceramic body

Specification test of body compositions were the
characteristic of slip body, drying behavior, and firing
properties.

1) Characteristic of slip body by finding the specific
gravity, deflocculates, and cast of rate at 5 minutes and 10
minutes were calculated by the following equations

Specific Gravity = Density of Slip / Density of Water (1)

% Deflocculation = (Density of Deflocculating / Weight of
Dry Body) x 100 (2)
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2) The drying behavior was described in term of linear
shrinkage. The dried samples determined by the following
equation [2]

% Drying Shrinkage = [(Plastic Length - Dry Length) /
Plastic Length] x 100 3)
The firing properties at 1,230 degrees Celsius, oxidation firing
was described in terms of linear shrinkage, water absorption,
and color. For the linear shrinkage, fired samples were
determined by the following equations

% Firing Shrinkage = [(Dry Length - Fired Length) / Dry

Length] x 100 @)
% Total Shrinkage = [(Plastic Length - Fired Length) / Plastic
Length] x 100 ©)]

Water absorption after firing at 1,230 degree Conscious was
calculated as:

% Water Absorption = [(Wet Weight - Dry Weight) / Dry
Weight] x 100 6)
The color of the bodies fired at 1,230 degrees Celsius were
measured and classified in terms of L*, a*, and b* parameters
from the CIE Lab system. Then the best body composition
was selected and tested with suitable glaze.

B. Test of Ceramic Glaze

Thirty six glaze compositions were designed by a quadaxial
diagram from four types of material include kaolin from
Ranong province, white sand from Songkhla province,
Feldspar from Nakhon Si Thammarat province, and limestone
from Ranong province. Zinc oxide was used as an additional

material which shown in Fig. 2.
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Fig. 2 Quadaxial diagram used for finding the composition of
ceramic glaze

The electric furnace was fired at 1,230 degrees Celsius,
oxidation firing. After firing, the best body composition and
glaze compositions were discussed in term of color and
suitability with the ceramic body.

For the suitability with the ceramic body, the considerations
involved were the characteristic of surface glaze (gloss, semi
matt, matt), transparency of glaze (clear, opacity), and glaze
defects.

C. Research Stage

1)Specification of body composition used a triaxial diagram
with 36 in measurements.

2)Test of body composition were the characteristic test of
clay slip by finding specific gravity, deflocculated, and rate of
cast, the drying test to find the characteristic by drying
shrinkage test, and testing after bake at 1,230 degrees Celsius,
oxidation firing testing by firing shrinkage, water absorption,
and color.

3)The selected best body composition was tested to find the
best suited glaze.

4)Testing to found the composition of glaze that was suited
with the body by using quadaxial diagram in 36 mixtures.

5)Tested the characteristic of glaze after baking at 1,230
degrees Celsius, oxidation firing.

6)Selected the suitability of glaze composition for the
ceramic body.

IV. RESEARCH RESULT

A. Ceramic Body

Test results found that 36 compositions of clay mix with
water as the mixture in forming a body at 40 to 50%, specific
gravity from 1.60 to 1.70, deflocculates at 0.17 to 0.37%, rate
of cast at 5 minutes between 0.20 to 1.10 centimeter, and the
rate of cast at 10 minutes between 0.30 to 1.40 centimeter

shown in Fig. 3.
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Fig. 3 Rate of cast at 5 minutes and 10 minutes

The test of dried characteristics found 17 mixtures with a
drying linear shrinkage between 1.29 to 5.31%, firing linear
shrinkage at 1,230 degrees Celsius in oxidation firing found to
have about 4.97 to 6.45 %, total of linear shrinkage between
6.85 to 11.17% (Fig. 4), water absorption about 4.96 to
17.96% (Fig. 5).
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Fig. 4 Linear shrinkage of ceramic body
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Fig. 5 Water absorption of ceramic body after being fired at
1,230 degrees Celsius

The ceramic bodies after being fired at 1,230 degrees
Celsius had a very white near to cream color (Fig. 6). A
colorimeter found the brightness (L*) to be between 84.36 and
92.51, having a comparison value between red and green (a*)
at 1.02 to 2.45, and a comparison value of yellow and blue
(b*) from 5.25 to 14.38 which is shown in TABLE 1.

Fig. 6 Color of ceramic body after being fired at
1,230 degrees Celsius

B13 89.04 1.2 9.22 B31 86.4 1.77 13.37
B14 90.58 1.13 7.6 B32 85.7 1.68 12.33
B15 90.45 1.19 7.01 B33 86.43 1.55 12.18
B16 88.67 1.78 9.82 B34 85.75 1.49 11.35
B17 89.01 1.52 9.71 B35 84.36 1.49 10.39

B18 89.16 1.35 9.16 B36 85.88 12 8.08

TABLE1
COLOR OF CERAMIC BODY BY USING CIE COLORIMETRIC SYSTEMS
No. L* a* b* No. L* a* b*

B1 92.51 1.25 5.31 B19 89.23 129 9.32

B2 91.67 1.32 5.62 B20 89.31 1.27 8.6

B3 92.39 1.1 525 B21 89.87 1.24 7.62

B4 91.25 1.31 6.5 B22 87.04 2.02 12.48
B5 91.79 1.16 6.29 B23 86.98 1.86 11.97
B6 92.41 1.02 5.83 B24 87.48 1.5 11.94
B7 88.78 1.67 8.33 B25 88.21 1.37 10.93

B8 89.65 1.39 7.39 B26 88.56 1.45 9.76

B9 90.28 1.28 7.38 B27 87.56 1.31 9.34

B10 91.64 1.09 6.45 B28 88.08 1.31 8.26

BI1 88.93 1.65 8.59 B29 85.19 245 13.57

B12 89.74 1.45 8.85 B30 85.55 2.13 14.38

Finally, one formula was chosen with the composition of
kaolin (Ranong) 70%, ball clay (Surat Thani) 20%, white sand
(Songkhla) 5%, and feldspar (Nakhon Si Thammarat) 5%.
This mixture used 42.50% water for the making of slip body
which had a specific gravity of 1.67, deflocculates (Sodium
Silicate) were 0.30%, rate of cast at 5 minutes equal to 0.5
centimeter, and 0.6 centimeter at 10 minutes. Characteristics
of the body when dried and after fired at 1,230 degrees Celsius
in oxidation firing found to had drying linear shrinkage at
2.58%, frying linear shrinkage equal to 6.11%, total linear
shrinkage was 8.53%, white body, and water absorption was
14.44%

B.Ceramic Glaze

The results of suitable compositions after being fired at
1,230 degrees Celsius in an oxidation atmosphere, found that
the glazes were white color in 15 formulas, cream color total
in 6 formulas, very white total in 5 formulas, white color 5
formulas, and yellow in 5 formulas. The surface of glaze was
found to be matt glaze in 21 formulas, gloss glaze in 5
formulas, and semi matt glaze in 10 formulas shown in Fig. 7.
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Fig. 7 The surface of glaze after being fired at 1,230 degrees Celsius

Clear glaze occurred in 11 formulas and opacity occurred in
25 formulas shown in Fig. 8.
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Fig. 8 The transparency of glaze after being fired at
1,230 degrees Celsius

The defects of the glaze included crazing, pinholes, peeling,
and crawling.

The selected glaze composition of formula 27 (Fig. 9) has
characteristics of clear glaze, gloss and shiny with crackle
glaze and pinholes lightly. This mixture was kaolin 10%,
feldspar 40%, white sand 30%, limestone 20%, and Zinc oxide
10% used as additional material.

Fig. 9 The glaze composition formula 27

V. RESEARCH DISCUSSION

The test result found that the clay body composition after
being fired at 1,230 degrees Celsius in an oxidation
atmosphere had an absorption between 4.96 and 17.96 percent
clay bodies with this absorption are categorized as white
earthenware. This finding agrees with Pimpawan Wattanopas
[3], Khomol Rugsawong [4], Grebanier [5], and Norton [6];
all the above used four types of main material. The find
characteristics after being fired are caused from different
material, different composition, and different firing
temperature. Therefore, this test composition can be the
stoneware body by suggest a firing at the higher temperature
such as between 1,250 and 1,280 degrees Celsius.

For some reason, some item are better suited with matt
glaze or semi matt glaze. Therefore the composition of
formula 3 can be selected for white matt glaze, yellow matt
glaze formula 17, semi matt glaze formula 20, and the
crawling glaze formula 29. All glaze formulas can be used to
decorate the ceramic items as shown in Fig. 10.

No.3 No. 17

No. 20 No.29

Fig. 10 Glaze formulas can be used to decorate the souvenir

The tested compositions of glaze were mature and every
shine had 20 percent kaolin, feldspar mostly 30 percent. In the
case of kaolin and feldspar less than 20 percent, the glaze was
matt like. This was due to feldspar can decrease the
temperature (fluxing agent) and kaolin are refractory. In
addition, feldspar can be the source to create a cracked glaze.
Specifically feldspar from Nakhon Si Thammarat province is
soda feldspar. It has melting point lower temperature than
potash feldspar. This problem is solved by adjusting the
composition of glaze or adjusting both composition of glaze
and clay body.

VI. RECOMMENDATION

A. Suggestion for Research Use

1)To make a coffee cup or food container a higher
temperature needs to be used or an adjustment to the mixture
using the quadaxial diagram to decrease water absorption.

2)In order to use color glaze, the body composition can be
adjusted to decrease the white color or coloring oxide can be
added into the glaze while maintaining the some body
composition.

B. Further Suggestion for More Research

1) Study and create a test in the field of souvenirs
production and marketing to enhance Ranong tourism.

2) Creating a test of clay body and glaze in a variety of
types for the need of different production. Also including the
test to find the glaze and clay body which those establishments
can produce by themselves.
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