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ABSTRACT

According to the research of the effect of grinding time, temperature during
glost firing and feldspar ratio relating to warping after glost firing in a case study of]
bone china using Triaxial Diagram to fix the formulary of components found a total of
7 formulas. The time used in the grinding process were about 30 hrs. and 50 hrs. The
temperatures use were 1,210°C, 1,220°C, 1,230°C, 1,240°C. For the forming process,
we decided to use a 0.5 X 2.0 X 12.0 cm. test piece of bone china for the warping test
of each formula (7 formulas) by adapting ASTM. Standards 1996; 15.01 : 32 — 35
and ASTM. Standards 1996; C67-95a 04.51 : 38 — 47. We then observed the least

warping by comparing with bone china imported from England.

The result indicates that the 7" formula gets the least warping of bone china of
only 0.5 mm. after the ignition process. At a temperature of 1,230°C, comparing with
the one from England, it will warp around 2.5 mm. at a temperature of 1,250°C.
When grinding times were 30 hrs. and 50 hrs, we got the same result of 0.5 mm.

Warping after gross firing for 30 hrs. is economical.
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CHAPTER1
INTRODUCTION

1.1 Background and statement of problem

There are many types of pottery which can be classified into categories as

follows:

1. Classified in accordance with shapes such as plates, bricks, vases, etc.
2. Classified in accordance with utilization such as sanitary equipment, dining
sets.
3. Classified in accordance with the type of earth used for making products
which consist of .
3.1 Terra Cotta, the product with red brown color after ignition, the texture
is not solid with 30% water absorption, such as, pots, and decorations.
3.2 Earthenware, the white products, not solid with about 15% water

absorption, such as, cups, plates, dishes, vases.

3.3 Stone ware, the solid products with non-water absorption, opaque, not

transparent in white, for examples, household decorations, bowls and tubs, water jars.

3.4 Porcelain, the white, fine texture products, solid and transparent with
non-water absorption, for examples, decorations, vases, cups, plates and dishes. They

are considered as the first class ceramics such as bone china.

Bone china is one of the white ceramic products with the higher value than
other types of ceramics. With its fine texture and high percentage of transparency due
to the mixture of 25% of bone ashes. Bone china is therefore so delicate and

transparent.

Bone china had been first produced in England, with a small amount of bone
ashes were mixed in the white ceramics, in A.D. 1748 and after A.D. 1748 the small
amount of bone ashes were again mixed with the white texture of the same ceramics
in Chelsea, Darby and Worchester in England. However such products had not been

made since then.
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Later in A.D. 1948 the products were made once again in England and large
amount of the same products were produced for sale in A.D. 1789. The come about
Spode’s method that obtained the mixture of famous bone china popularly used in the
present time were not clear, however, his name was inscripted for that matter because
he was so successful in producing bone china products for sale as the business like

which later on many initiation of bone china products were made for sale in England.

In Sweden, the bone china products were made in Gustavsberg in late 19"
Century. For the United States the bone china products began to be made in the
beginning of this century by Binss C.F. (1910) who first produced the bone china in
the United States. In Canada, the bone china was made by Salt D. (1978) and only
small factories in Germany had been known to produce the bone china products at the
time in 19" — 20™ century: Villeroy & Boch, Mettalach and Wallerfangen. In France
the production of such products had just begun in the beginning of the year 1930. The
successful country in producing the bone china, apart from England and Sweden, was

Japan (1).

In the present, there are several high development of bone china production
factories in English, the United States, Sweden, Russia and Japan. Most products are

in the form of cups, dishes, tea sets, coffee sets and other decorations.

In Thailand, many ceramic factories have to order the earth textures from
abroad, particularly from England and Japan, to produce the bone china products
which is the cost increasing as it cannot develop its own raw materials for use of

making bone china in Thailand as the same quality as in foreign countries. (1)

Today, the Department of Science Service, Ministry of Science, Technology
and Environment has been developing the texture of bone china made from the raw
materials found in Thailand and has the close property as that in the foreign countries.
However, the obtained bone china has the higher rate of warping after ignition that of

the foreign countries, causing to lose more products in firing. (1)
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In this research study the Triaxial Diagram of the bone china origins was used
to obtain the rate of mixture of raw materials used to make bone china which consist
mainly of feldspar, China clay, bone ashes and quart. In this research, the number of
feldspar will be reduced as it has the lower melting point than the China clay (2), (3),
thus it effects directly against the warping. In addition, the study is made about the
effect against the warping at the ignition temperature and the grinding time of the
bone china at the ignition temperature, including the comparison of those of the

foreign countries.

1.2 Objectives

1.2.1 To study the factors effecting amount of against the bone china warping
after firing. The present study is the amount of feldspar, duration of bone china

grinding time at firing temperature.

1.2.2 To compare the rate of warping after firing between the formula at time

of his research and bone china imported from England.

1.3 Research Concept

Factors effecting against the warping Differences of the warping

after firing. rate after firing

- Amount of feldspar
- Duration of bone china grinding time.

- Temperature used in firing.

v

- Comparison of the rate of warping
after firing from 3 factors.

- Comparison of the rate of warping
after firing between the formula at
time of the research and the English

formula.
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1.4 Scopes
The factors of study are:

1.4.1 The amount of feldspar have been reduced at 1% of all ingredients by
weight: 28%, 27%, 26%, 25%, 24%, 23%, 22% respectively.

1.4.2 The duration of grinding bone china time is at 30 hrs. and 50 hrs.

1.4.3 Temperatures used in firing are at 1,210°C, 1,220°C, 1,230°C, 1,240°C.

1.5 Expected Results

The feldspar is obtained at certain amount. The duration of grinding bone
china time and the suitable temperatures used in firing that causes less warping after

ignition is the benefit to the production in the ceramic industry.

Moreover, the comparison of the bone china formula obtained from this
research and the English bone china formula has made the import of bone china from

abroad to be reduced at certain level.

1.6 Definitions of Terms
Technical term definitions used in this research study are:

1. Warping after ignition is the forming process of products and are taken to
be ignited in kiln and the products obtained after the ignition are warped.

2. Bone china is any kind of pottery with at least 25% ingredients of bone
ashes (1).

3. Triaxial Diagram is the triangular figure showing the ratio of ingredients
that form the products. The ingredients which cause the bone china texture are shown
in the research (1).

4. ASTM standards is the USA’s methodological standards for testing
materials, the short form of American Society of Testing and Materials Standards.

The ceramic warping test is used in testing the warping effect . (4,5)
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CHAPTERII
LITERATURE REVIEWS

2.1 Bone china Texture

Bone china product is one of the good quality ceramic product that is
classified in the white ceramic type with high percentage mixture of bone ashes. Its
distinguished characteristic is the extreme whiteness which is up to 80% and
transparent, that is the light will be allowed to go through but some of them are
reflected back, not going through glass. Therefore if the bone china product is
observed through the light by placing hand against the bone china from the outside,
the shadow of finger shall be seen but not as clear as looking through the glass. The
bone china is shining clear and more gentle look. The bone china product is four
times stronger and tougher against nicks and chips of cup and plate edges than
porcelain products, stand against the sudden change of temperature effectively under
normal use, for example, the bone china cup is put in the freezer until frozen, then
take it out and put the boiling water in it immediately, the cup shall not broken. The
bone china, under extreme ignition, has low percentage of perforation and not absorb
water. With such property it is suitable for the production of cups, plates, dishes,
coffee sets, vases and decorations because besides the beauty and gentleness, it is
endurable too.

The major raw materials for the preparation of bone china are bone ashes,
china clay and feldspar and small amount of mixture of some other things such as
quartz which is put in it for more strength. After the product is fully fired, the range
of firing span is made longer and the organic binder is added to increase the viscosity
for easily forming before putting into the kiln for ignition.

Dodd, A.E. (1964) gave the definition of bone china as the transparent pottery
with the approximate ingredients of mixtures as follows:

1. 45-50% of bone ashes.

2. 25-30% of china clay.

3. 25-30% of china stone (Cornish stone).
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In the United States, according to ASTM-C 242 (1), the definition is given for
the bone china as any kind of transparent pottery with at least 25% of bone ashes

ingredient.

Preparing the bone ashes, the cow leg bone will be cleaned and the bone fat is
taken out and put on fire at temperature in between 900-1,000°C. The important thing
is the atmosphere in the kiln must be oxidation with complete combustion, otherwise
the carbon remained in the bone will be formed into the solid carbon, causing some

obtained bone ashes to become blackened as the result of carbon.

After firing, the bone ashes will be finely ground in ball mill, then going
through the sieve to separate the iron from the ashes and fermented in water for at

least 6 weeks, baked until dry with the moisture of about 10-15%.

In 1901 someone attempted to use pumice in place of bone but not successful,
the same way as using tri-calcium phosphate and dicalcium phosphate. However, it is
found that if the phosphate rock with less amount of chromium and iron is used to
react with phosphoric acid in the steam at the temperature of 1,200 — 1,350°C, it can
be successfully used in place of bone. In Japan the study of this matter was made and
the bone was successfully replaced by calcium hydrogen phosphate which was the by-
product of the gelatin production industry (1).

The successful country in producing the bone china, apart from England and
Sweden, was Japan. For the United States the bone china products began to be made
in the beginning of this century by Binss C.F. (1910) who first produced the bone
china in the United States. In Sweden, the bone china products were made in
Gustavsterg in late 19" Century. In Canada, the bone china was made by Salt D.
(1978) and only small factories in Germany had been known to produce the bone
china products at the time in 19™ — 20" century: Villeruy & Boch, Mettlach and
Wallerfanger. In France, the production of such products had just begun in the

beginning of the year 1930.
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In the present, there are several high development of bone china production
factories in English, the United States, Sweden, Russia and Japan. Most products are

in the form of cups, dishes, tea sets, coffee sets and other decorations.

Feldspar ore used in producing the bone china product should be of the pure
potassium feldspar as it will obtain the white the endurable product against the
warping rather than using sodium feldspar. The china clay used in the bone china
should be mixed with as less of iron as possible or no more than 1% in order to obtain
the white product as the iron would have made the color presented in the product

which the whiteness will be less shown.

2.2 Production and forming process of bone china products
2.2.1 In preparing the bone china texture

In preparing the bone china texture, the cleanness must be cautioned
because if the dust is presented in the texture, after firing, the blemish or defect
marking would be clearly seen as the result of its whiteness. The bone ashes, china
clay and feldspar shall be ground in the ball mill with ingredient fineness of 10
microns in size at about 70-80% in volume (1).

Special care must be taken for the forming process as it has less
strength and firing must also be cautioned as the firing range is very short, that is, if
the firing is made at the temperature of only 20°C, the product obtained will be

warped and out of shape after ignition.

2.2.2 The forming process of the bone china products

1. Independent molding by hand such as flowers, souvenirs.

2. Jiggering is used for forming the plates, dishes and cup. However,
the jiggering has been lately replaced by the roller method as the product obtained
from the latter method is better and faster.

3. Molding or slip molding is one of the most suitable forming process
for the bone china texture with less viscidity. The slip used in molding consists of

65% of bone china,
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33% of water, 1.5-1.7 specific gravity (approx.) and the floating substance of about

0.3% of sodium silicate is used.

2.2.3 The ignition of bone china products

Generally, the ignition of bone china product is made twice. The first
ignition shall be made at the maximum temperature between 1,220 — 1,250°C, glazed
and brought into the second ignition at the lower temperature between 1,062 — 1,120 °
C. The ignition at such temperatures was studied by Warunee: 1989, which the first
ignition of the firing point was at 1,230 °C, then glazed and brought into the second
ignition at the lower temperature of 1,080°C. This time of research, however, such
temperature has been used as the fundamental and then extended to the higher

temperature.

The first ignition is called the biscuit firing and the temperature must
be well controlled as the firing range is very short. If the temperature is too high the
product would be out of shape and warped. If the temperature is too low the product
would have had the perforation and less transparent and that the product must be fired
in the sufficient oxygen or oxidation. The props or supporters may be erected during
the ignition of products or buried them in the alumina powder if such products are
easy to be warped, for example, the large plate. Anyway, the setter is used for
supporting the products in today’s ignition which is made of cordierite, according to
the shape of products to be fired. After ignition, if any products is fired at too low

temperature, it cannot be refired.

Prior to the second ignition, the biscuit fired products are to be glazed with
lead-Boro-Silicate frit. After being well fired the products shall be slippery with

shining smooth surface.

Glazing the bone china product is more difficult than glazing other ceramics
because in the biscuit firing (the first firing) the bone china texture is so hardened and
not absorb the water, so the glazing is difficult to be done. Glazing the bone china

by hand dipping must have more concentration than general glazing and the products
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should be first baked before glazing in order to have them easier to be glazed. The
great skill is required, however, to do the biscuit glazing of bone china for the equal
thickness. Today the glazing spray is often used on the products and the glazing kiln

and today’s kiln is the gas based kiln or the electric tunnel kiln.

The group of feldspar which consists of autoclase (K (Al Siz) 0g), albite (Na
Al Si3) 0g), anorthite (Ca (A; Si3) Og) are the fiux substance, causing the products to
have low melting point and are easily to lose shape, particularly the group of albite

(Na (Al Si3) 0g) shall give the stronger effect than other groups (3).

23 Raw material properties and the effect against bone china texture
2.3.1 China Clay

China clay is the raw material used to making the bone china products
that helps increasing the strength to the bone china products before ignition, even
though it has less strength than the ball clay. However, the china clay is selected for
making the bone china because it has the lower amount of iron than being found in
ball clay. The iron is the major factor to cause the brown color to present, making the
bone china to be looked tanished, so the china clay is selected for the reason of having
the amount of iron less than 1%.

China clay is formed by the breaking up of granite rock and the
chemical formula is Al, Si; 0s (OH)4. After ignition the color becomes white or
nearly white with the melting point at about 1,760°C. To get the china clay, the large
hole is dug until the pieces of granite rocks are found, then high pressured water is
sprayed directly to the granite rocks. The muddy water shall be sucked up to the tank
to have the mica and quartz settled. Then the water is separated by way of setting
until the wet soil is obtained. The wet soil is baked to dry in the kiln and the china
clay is obtained as needed. Today, the china clay consists of several standards but the
extract efficiency and the source of soil used in this experiment shall be the source of
china clay in Thailand which can be found abundantly in the southern part of

Thailand, at Narathiwat Province, for example.
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China clay shall have the shrinkage percentage after the ignition of about 10%
- 12% at the temperature of about 1,230°C. About 25-30% of china clay used in
making the bone china shall be added to the ingredients.

2.3.2 Feldspar

Feldspar is the rock with the characteristic of cloudy, solid white or
pink. It is in the group of aluminosilicate with either sodium or potassium alkaline.
It’s general formula is K Al Siz 0, Na Al Si; Og, Ca Al, Si; Og, and having the
melting point in between 1,100 — 1,523°C and hardness is in between 6-6-5 mot scale

).

Feldspar has the effect against the products, acting as the reducer of the
product’s extremity, being fired at the lower temperature. However, potassium
feldspar with K Al Si; Og shall stand against the misshappenness better than sodium
feldspar (Na Al Si3 Og). In this experiment the potassium feldspar with tarnish, such
as low iron, shall be used for the whiteness of the products where about 25-30% of

feldspar shall be added to the ingredients.

2.3.3 Bone ashes

This bone ashes are obtained from cow bones which have been fired at
the temperature of about 800-1,000°C, then grind it to get about 75-80% of molecules
with lower than 10 microns, washed by soaking in water and leave it for setting. Pour
the upper part of water away repeatedly for several times through the sieve for
separating the iron out of the ashes, then soaked in fermented water for at least 6

weeks, 10-15% of them are baked to moist.

The unfired bone shall contain hydroxyapatite, but after firing parts of
calcium shall become tricalcium phosphate that reacts against the group of feldspar

and becoming the complex glass, causing the product to become transparent.
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2.3.4 Quartz

Quartz consists of silica which contains different characteristics with
muddy white and solid color or clear pink and gray color. Quartz shall be used to mix
with the ingredients at the proportion of 5-10% to increase the strength and can stand
against the warping for the products and to extend the firing range for longer time to

obtain the gloss texture within the products.

Quartz, Si0; for chemical formula, has the melting point at the temperature of
about 1,710°C, its hardness at about mot scale. It can be found in the mountains of

Thailand, however, the good ore can be found in Rayong and Chanthaburi Provinces.

2.4 Department of Science Service’s (Thailand) production of bone china

products
2.4.1 The ingredients of bone china (See Table 2-1)

Table 2-1: Department of Science Service’s bone china ingredients.

Ingredients Weight
Water 1,000 g.
Bone Ashes 470 g.
China Clay" 250 g.
Feldspar (K-11)? 280 g.
Quartz”) 50 g.
Bentonite ¥ 30 g.

Data Source : Department of Science Service’s (Thailand)

Note: Before taking bentonite to grind in the ball mill, the ore should be mixed with
water, mold into lumps and put them in the blender to disintegrate into muddy water,
then going through the iron separator first which probably requires more than once.

" From Narathiwat Province

) K-11 means feldspar with 11% of potassium

3 Ceramic grade

) Bentonite is acting as the retaining substance (To increase the viscosity).
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The ingredients shall be ground in ball mill for 50 hours, then shift through the
120-160 mesh sieve, going through the iron separator, filter press and finally stored

for fermentation waiting for forming process.

2.4.2 Bone china glazing

Glazing solution for bone china is the type of Lead-Boro-Silicate with

the mixture of lead and borax, so it has to be made into frit.

2.4.3 Glazing procedures are as follows:

1. Weighs the ingredients and put them in the ball mill grinder with
the mixture of 67.4% of frit, 16.9% of feldspar, 0.9% of limestone, 3.9% of china clay
and 10.9% of quartz.

2. Add 60% of water of the glazing ingredients by weight.
3. Grinded for the period of 8 hours
4. Sifted through the 140 mesh sieve

Going through the iron separator.

2.4.4 Frit making

Frit making is to melt the ingredients into glass in order to reduce the
toxicity of lead or transform the soluble substance into in solution substance, for

example, borax.

Frit making procedures

1. Weighs the ingredients according to the formula

2. Grinds the ingredients in mortar or plastic bag

3. Put in the crucible within the frit blast furnace and fired for 1-2
hours.

4. Let the complete melted frit to flow into water container.
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After the completion of the 4™ step, the frit shall be obtained in the
form of pieces of glass leftover at the bottom of the container. Bring them out to dry
outside.

Equipment used to make frits are:

Frit blast furnace, rotary burner jet spray and diesel oil.

2.4.5 Firing of bone china
Generally, the firing shall be made twice or three times as follows:

1. Biscuit firing is made at the temperature of about 1,230°C, taking
about 10 hours.
2. Glost firing is made at the temperature of about 1,080°C, taking
about 8 hours.
3. Decorating firing is made at the temperature of about 800°C, taking
about 5 hours.
All three procedures of firing are made in the oxidation atmosphere where the
gloss firing and decorating firing are made the same way as the general ceramic
firing. The special care must be taken for the biscuit firing where good or bad result

shall depend on this procedure (fired before blazing and refired until well baked).

Bone china biscuit firing shall be made at the firing range high temperature of
about 1,230°C to obtain the hardened and transparent. At the firing range point, large
amount of bone china of about 30% - 40% shall probably become soft and warped

glasses.

Bone china has the very short firing range if the firing is made at 20°C over
the firing range, the product shall become soften and warped to complete damage. In
contrary, it the firing is made at lower temperature than the firing range, the

transparency of the product shall be reduced or disappeared.
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2.5 Product warping protection after ignition
2.5.1 Careful control of ignition

1. Ignition control is made to allow the temperature to be slightly lower
than the firing point, that is, the perforation rate of 0.3% - 0.2% has still maintained.
2. Control of atmosphere in the kiln is always in the form of oxidation.

If reduced, the green color shall be presented on the product.

2.5.2 Placing the products in the kiln

1. Flatware products shall be placed on the setter that is made of
fireproof material of cordierite — mullite specifically in accordance with sizes and

shapes of products.

2. Cups are set in the kiln by placing one cup upside down to cover
the mouth of another cup or placing the raw earthen ring between both cups. Such
earthen ring is made from the same texture as the product as it shall have the same

percentage of shrinkage and can be disposible.

2.5.3 Product design
Some kind of products are easy to be warped so that the special
supporters must be made for that particular products which are made of the same

texture.

2.5.4 The setters should be kept maintained at all time.

Always check and chip away pieces of product, glazed product
leftovers and apply alumina powder or aluminium mixed with china clay on them at

the ratio of 1:1

2.5.5 The settlers should be placed to level with that of the kiln, not
tilted.
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2.6 Texture analysis of bone china imported from England

2.6.1 Chemical compositions (see Table 2-2).

Table 2-2: Chemical compositions of bone china imported from, England

Compositions Ratio (%)

LOI (Loss on ignition) 4.74
Si O, (Silica) 30.42
Al; 03 (Alumina) 13.12
Fe, 0; (Feric Oxide) 0.03
CuO (Copper Oxide) 27.96
MgO (Magnesium Oxide) 0.05
Na,O (Sodium Oxide) 0.74
K,0 (Potassium Oxide) -

P,Os (phosphorus pentaoxide) 20.89

Data Source: Department of Science Service’s, Thailand.

Bone china properties

According to the standard, over 80% of the bone china should have the sizes
of molecules smaller than 10 microns and the brightness and whiteness value after
ignition more than 80%, water absorption value is nearly zero which show that the
bone china has reached the firing range after ignition(1). The value of total shrinkage
means the total shrinkage after ignition. In this study, according to the tested samples,
the more shrinkage, the more number of products have to be extended after ignition to

obtain the required amount of products.
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2.6.2 Dispersing of particles of bone china imported form England

(See Table 2-3)

Table 2-3: Dispersing of particle of bone china imported from England.

Diameter Cumulative Mass in
(L m) Mass Finer Interval
(%) (%)
50.00 100.9 -0.9
40.00 100.3 0.7
30.00 99.5 0.7
25.00 98.7 0.8
20.00 96.9 1.8
15.00 93.8 3.2
10.00 87.8 6.0
8.00 83.6 4.2
6.00 77.8 5.8
5.00 73.8 4.1
4.00 68.5 53
3.00 61.0 7.5
2.00 49.1 11.9
1.00 40.4 8.6
0.80 29.5 10.9
0.60 10.0 4.9
0.50 17.7 4.6
0.40 15.1 23
0.30 12.0 3.1
0.20 8.9 3.1

Data Source: Department of Science Service’s, Thailand.

Remark: Calculation from measuring instrument more than 100 is the mistake of
the instrument; if practice is made, the diameter will be considered, if
the value shown has size of 10 um more than 80 %, it will be deemed

as standard.
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Figure 2-1:  Equivalent spherical diameter (um) (Cumulative mass percent finer Diameter) of
bone china imported from England.
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Figure 2-2:  Equivalent spherical diameter (um) (Cumulative mass percent finer Diameter)

of bone china imported from England.
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2.7 Texture analysis of bone china from Department of Science Service,
Thailand
2.7.1 Analysis result (see Table 2-4)

Table 2-4: analysis of bone china from Department of Science Service, Thailand

Raw Percentage

materials Lol SlOz Aleg F6203 CuO MgO NaZO K20 P205

China clay 12.40 | 44.10 | 38.60 1.40 0.30 0.30 0.70 1.90 -

Feldspar 6.60 | 63.10 | 22.90 0.20 1.60 Trace 8.60 3.60 -
Quartz 0.20 | 97.10 1.40 0.30 0.10 0.60 0.10 0.04 -
Bone ash 2.70 2.20 1.80 0.10 50.50 1.30 0.90 1.10 39.70

Data Source (1)

2.7.2 Dispersing of particle of bone china of Department of Science

Service (as shown in Table 2-5)



Fac.of Grad.Studies, Mahidol Univ.

M.Sc.(Appro.Tech for Res.&Env. Dev.)/19

Table 2-5: Dispersing of particle of bone china of Department of Science Service

Diameter Cumulative Mass in

(L m) Mass Finer Interval
(%0) (%)
50.00 100.4 -0.4
40.00 99.5 0.9
30.00 99.2 0.3
25.00 99.0 0.1
20.00 98.4 0.6
15.00 97.3 |y
10.00 93.2 4.0
8.00 89.8 3.5
6.00 84.5 5.2
5.00 80.6 3.9
4.00 75.4 5.1
3.00 68.2 T2
2.00 56.5 Vg7
1.50 473 9.2
1.00 36.0 11.3
0.80 31.0 5.1
0.60 %Y 53
0.50 23.0 2.7
0.40 20.3 2.7
0.30 17.4 2.8
0.20 13.8 3.6

Data Source: Department of Science Service’s, Thailand.

Remark:

Calculation from measuring instrument more than 100 is the mistake of

the instrument; if practice is made, the diameter will be considered, if

the value shown has size of 10 pm more than 80 %, it will be deemed

as standard.
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2.8 Use of feldspar in replacement of cornish stone or china stone

China stone is the rock with high purity as the result of the disintegration of
pegmatite which consist of soda feldspar, potash feldspar, quartz and small amount of
kaolin and fluorides. In England and Japan, the cornish stone is used in replacement
of feldspar, however, in the United States and Canada, the nepheline syenite are used
in place of feldspar since nepheline syenite contains nepheline, potash feldspar and

soda feldspar (1).

In this master thesis, the feldspar is used to replace china stone because of its
availability and since many required materials are mixed to be within the Triaxial

Diagram of the bone china origin.

St. Pierre studied the molding soil texture of fired bone china and pointed out
that the fired molding soil texture consisted of tricalcium phosphate [Ca; (Pos)a],
anorthite [CuAl2 Si; Og] and parts of glasses accounted more than other potteries in

volume.

Making bone china, if the temperature is too high parts of glasses shall be
more presented and the molding soil texture can be easily warped. In part of the

advantage of glasses is that more brightness is presented.

W.L. German wrote the report about the choice of phosphate prepared in
replacement of bone ashes, for examples, using tricalcium phosphate, dicalcium
phosphate and hydroxyapatite, which found that the soil texture could also be made
transparent. However, in some occasions, the firing temperature range could be made
shorter and more percentage of shrinkage after drying in the sun before ignition, so

they were considered unsuitable for use in the industry (1).

2.9 Problems related to production from bone china

Problems often emerged during the production is the less viscosity of the
molding soil texture resulted in the difficulty of forming process and having short
firing range. Problems on the firing with respect to the firing point means that if the
temperature is increased just a little bit, the products shall happen to be warped very

easily. In this experiment, the bone china ingredients are adjusted to have the longer
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span of firing range by reducing the amount of feldspar and the firing temperature is
controlled in suitables stage and the ignition is made in the state of oxidation. In the
event that the ignition is made in the reducing atmosphere the bone china shall be

made blue color.

Moreover, the long duration of grinding time shall make the bone china soil
texture fined and densed and easy to form. They will be less warped after ignition

than those of short duration of grinding (1).

Since the experiment to find the suitability on various aspects of the bone
china could not be clearly appeared or having sufficient numbers. For example,
making the suitable parts in the experiment. This experiment is therefore modified by
taking all test pieces contained in the documents mentioned about the warping test of
other ceramic texture (4,5). The testing piece may have different shapes such as
cylinderal shape. So in this experiment the rectangle is selected for the test as it is

easy for molding and measuring.
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CHAPTER III
MATERIALS AND METHODS

3.1 Instruments

3.1.1 Yamada Co., Ltd.’s ball mill at Department of Science Service
(See Figure B-2).

3.1.2 Nabertherm ceramic kiln, model N 300/14 NR 81557 year 1991
(See Figure B-4).

3.1.3 Slip water molding equipment (See Figure B-7, B-8).

3.1.4 Bed Thai’s delicate measuring scale with 2 decimal notations, model

Precisa 4200 CSCS (See Figure B-9).

3.2 Raw materials

3.2.1 Feldspar, its chemical formula in general is K Al Si; Og, Na Al Si3 Osg,
Ca Al Si, Os.

3.2.2 China clay, its chemical formula in general is Al (Si; Os) (OH)a,

3.2.3 Bone ash, its chemical formula in general is Ca; (POs4),

33 Experiment method

3.3.1 Mold for making testing piece with the dimension of 2 cm X 12 cm X
0.5 cm is made.

3.3.2 The total of 7" formula of raw materials are provided by adjusting from
the Triaxial Diagram chart (Figure. 3-1) and Table 3-1. The ratio of all 7" formula of

raw materials used in the experiment added 10 grams of quartz for all formula.
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3.3.3 Setting the time using in grinding process 30 hrs and 50 hrs.

3.3.4 Setting the temperature for ignition at 1,210 , 1,220 , 1,230 ,
1,240 °c.

3.3.5 Molding the testing pieces 39 pcs. From each formula from
grinding time 30 hrs and 50 hrs (Totally 224 pcs.)

3.3.6 Firing the each test peces in each formula according picture 3.1

at temperature 1,210, 1,220, 1,230, 1,240 °c

......
s,

.....

Figure 3-2:  Warping after ignition AX of testing each piece

3.3.7 Measuring the warping after ignition of each piece. The
Warping is Ax according to Picture 3-2

3.3.8 Molding the test piece bone china imported from England and
firing at the temperature 1,250° ¢ according to picture 3.1
4 pieces.

3.3.9 Measuring The testing piece from England after ignition.

3.3.10 Comparing the least warping bone china with the piece from

England.

3.4  Analysis of general properties

- The water absorption ,% = Saturated weight — Dry weight.*100 (3,6)

Dry weight
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Saturated weight is the bringing of test piece to boil. After 2 hours of boiling,
leave it to cool off for 12 hours.
Dry weight is the weight of the dry piece of test.

3.4.2 Shrinkage

Shrinkage, % Length at forming process-Length after ignition X100 (3,6)

Length at forming process

- Diffusion of particle from the sedigraph 5100 of Sunohine Model : PSH — 200.

- Value of whiteness and brightness using elrepho 2,000 Datacolor.

- Chemical analysis to find the chemical compositions with Varion’s Atomic
Absorption Spectrometer, Model Spector A.A. 300 and Corning’s Flame
Photometer, Model 410.
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CHAPTER IV
RESULTS AND DISCUSSION

Table 4-1 to 4-7 show the result of the experiment related to the warping
after ignition, water absorption (%), total shrinkage (%) at the grinding period of 30
hours and 50 hours at 4 temperature ranges as follows: 1,210°C, 1,220°C, 1,230°C,
1,240°C.

Whereas the water absorption demonstrates the firing range of testing piece,
that is, if the value of water absorption is close to zero, it shows that the products are
well fired and that the products would have the brightness and strength.

Total shrinkage demonstrates the testing piece shrinking after ignition, which
means, the more shrinking of the testing piece, when making into the product the
extra shrinkage must be made, just in case. Another word, the product forming
process must be made large according to the shrinking percentage to obtain the actual

size of the product.

4.1 Testing piece using in experiment for each formula at various setting of

grinding time and temperature for ignition.
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Table 4-1 : Result of the 1 formula experiment

Results and Discussion/28

1,210°C 1,220°C 1,230°C 1,240°C
Result of the

. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs.

experiment
grinding | grinding | grinding | grinding | grinding | grinding grinding | grinding

Warping after
ignition (mm.) 8.40 8.40 8.70 8.80 15.10 15.00 16.00 16.00
Water Absorption %) 0.16 0.17 0.14 0.14 0.02 0.09 0.02 0.08
Total Shrinkage (%) 9.00 10.00 10.90 10.90 11.70 11.80 12.10 12.20

According to 1% formula no.1 experiment result, as shown in Table 4-1, the

testing piece is found to have the value close to zero at temperatures of 1,230°C and

1,240°C but the warping has still presented after the ignition at about 15.00 mm. That

means the testing pieces is unable to be processed as the product, otherwise the

product would be warped after ignition 30 hrs. and 50 hrs. of grinding give no

different effect to the warping.

Table 4-2 : Result of the 2™ formula experiment

Result of the 1,210°C 1,220°C 1,230°C 1,240°C
: 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs.
experiment
grinding | grinding | grinding | grinding | grinding | grinding | grinding | grinding

Warping after ignition
(mm.) 7.20 7.00 7.70 7.60 11.10 111.00 11.20 11.30
Water Absorption (%) 0.15 0.16 0.12 L)) 0.09 0.09 0.08 0.09
Total Shrinkage (%) 10.00 10.00 10.80 10.90 12.70 12.70 12.70 12.80

According to the 2" formula for experiment result, as shown in the Table 4-2,

the testing piece is found to have the value close to zero at the temperatures of 1,230°

C and 1,240°C respectively, but high percentage of warping has still presented after

the ignition and that the testing piece is unable to be processed as the product.

However, the warping has begun to be reduced, lower than that of formula 1 at about

4.00 mm. Likewise, the ignition at the temperatures of 1,230°C and 1,240°C and 30

hrs. and 50 hrs. of grinding give no different effect to the warping.




Fac.of Grad.Studies, Mahidol Univ.

M.Sc.(Appro.Tech for Res.&Env. Dev.)/29

Table 4-3 : Result of the 3" formula experiment

1,210°C 1,220°C 1,230°C 1,240°C
Result of the
. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs.
experiment
grinding | grinding | grinding | grinding | grinding | grinding | grinding | grinding

Warping after ignition
(mm.) 6.20 6.10 5.80 6.60 10.40 10.40 10.60 10.60
Water Absorption (%) 0.15 0.17 0.14 0.14 0.08 0.10 0.07 0.09
Total Shrinkage (%) 10.40 10.50 11.20 11.10 12.50 12.60 12.70 12.80

According to the 3™ formula experiment result, as shown in the Table 4-3, the

testing piece is found to have the value close to zero at the temperatures of 1,230°C

and 1,240°C, which means the firing range has been reached at the said temperatures.

Meanwhile, the testing piece has begun to be less warping than that of the formula 2

at about 1.40 mm. which is still too high. The testing piece can not be processed as

the product and the said temperatures and the grinding time have no different effect to

the warping.

Table 4-4 : Result of the 4™ formula experiment

Result of the 1,210°C 1,220°C 1,230°C 1,240°C
. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs.
experiment
grinding | grinding | grinding | grinding | grinding | grinding | grinding | grinding

Warping after ignition
(mm.) 3.30 3.25 4.10 4.00 5.00 5.00 5.10 5.00
Water Absorption (%) 0.17 0.16 0.14 0.15 0.10 0.10 0.90 0.10
Total Shrinkage (%) 10.40 10.5 11.50 11.50 12.70 12.80 12.70 12.80

According to the 4" formula experiment result, as shown in the Table 4-4, the

testing piece has begun to warp after less ignition time than that of formula 3 at about

5.10 mm. The firing range and the grinding time of the testing piece give the same

result as previously mentioned for other formulae.
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Table 4-5: Result of the 5™ formula experiment

Results and Discussion/30

1,210°C 1,220°C 1,230°C 1,240°C
Result of the
. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs.
experiment
grinding | grinding | grinding | grinding | grinding | grinding | grinding | grinding

Warping after ignition
(mm.) 2.80 2.75 3.10 3.00 4.80 4.75 4.85 4.80
Water Absorption (%) 0.18 0.16 0.16 0.16 0.10 0.10 0.11 0.09
Total Shrinkage (%) 11.00 10.20 11.20 11.10 12.80 12.70 12.9 12.90

According to the 5" formula experiment result, as shown in the Table 4-5, the

testing piece has begun to warps after less ignition time than that of the formula 4 at

about 0.20 mm. The firing range and the grinning time of the testing piece give the

same result as previously mentioned for other formulae.

Table 4-6 : Result of the 6™ formula experiment

Result of the 1,210°C, 1,220°C, 1,230°C, 1,240°C,
experiment 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs.
grinding | grinding | grinding | grinding | grinding | grinding | grinding | grinding
Warping after ignition
(mm.) 1.50 1.40 1.70 1.60 2.20 2.10 2.20 2.20
Water Absorption (%) 0.14 0.15 0.13 0.14 0.08 0.09 0.09 0.09
Total Shrinkage (%) 10.00 10.10 11.30 11.20 12.60 12.70 12.60 12.60
Table 4-7 : Result of the 7" formula experiment
Result of the 1,210°C 1,220°C 1,230°C 1,240°C
experiment 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs. 30 hrs. 50 hrs.
grinding | grinding | grinding | grinding | grinding | grinding | grinding | grinding
Warping after ignition
(mm.) 0.03 0.10 0.03 0.02 0.05 0.05 0.05 0.05
Water Absorption (%) 0.14 0.13 0.12 0.12 0.08 0.09 0.09 0.08
Total Shrinkage (%) 10.00 10.20 11.00 11.10 12.30 12.40 12.30 12.50
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Warping after glost firing (mm)
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Figure 4-1: Warping after glost firing among formula 1% — 7" Formula (millimeter)

temperature of 1,210 ° C, 1,220° C, 1,230° C, 1,240° C (average grinding time 30 hours) and

bone china imported from England at firing temperature 1,250° C
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Figure 4-2: Warping after glost firing among formula 1* — 7" Formula (millimeter)
temperature of 1,210 ° C, 1,220° C, 1,230° C, 1,240° C(average grinding time 50 hours) and

bone china imported from England at firing temperature 1,250° C
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Water absorption (%)

20—
154 A
Bone chinja
. imported form
| England
4™ Formul
T th
3" Formula Formula
.10 0
i \rx *
2™ Formula
i 5™ Formula
i 1* Formula
6™ Formula
.05 —
>
1,210 1,220 1,230 1,240 1,250

TEMPERATURE (°C)

Figure 4-3: Water absorption (%) among 1% — 7™ Formula at temperature of 1,210 ° C,
1,220° C, 1,230° C, 1,240° C (average grinding time 30 hours) and bone china imported from
England at firing temperature 1,250° C
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Figure 4-4: Water absorption (%) among 1% — 7™ Formula at temperature of 1,210 ° C,
1,220° C, 1,230° C, 1,240° C(average grinding time 50 hours) and bone china imported from
England at firing temperature 1,250° C
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Total Shrinkage %

A 5™ Formula
3" Formula
2" Formula
13 —
4" Formula
12 ] 1% Formu
6™ Forpfula
7™ Foymula
Bone china
11 imported form
England
10 7
9_|
3
| | | | |
1,210 1,220 1,230 1,240 1,250

TEMPERATURE (°C)

Figure 4-5: Total shrinkage (%) among 1% — 7" Formula at temperature of 1,210 ° C,
1,220° C, 1,230° C, 1,240° C(average grinding time 30 hours) and bone china imported from

England at firing temperature 1,250° C
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Figure 4-6: Total shrinkage (%) among 1% — 7" Formula at temperature of 1,210 ° C,
1,220° C, 1,230° C, 1,240° C(average grinding time 50 hours) and bone china imported from

England at firing temperature 1,250° C
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According to the 6™ and 7" formula experiment result, as shown in the Tables 4-6
and 4-7, the testing piece has begun to warp much less, nearly the same bone china from
England (see Table 4-8), particularly for 7" formula , the warping is less than that of the bone
china from England. So, these two formulae could be used to make the product. In case of
making into the product about 12.35% shrinkage should be made for the extra for the 7"
formula and 12.65% extra for the 6™ formula. For the firing range and the grinding time will
give the same result as that of other formula. In fact, the grinding time of 30 hrs. and 1,230°C
ignition temperature seem to give more sense for the energy saving, Graph showing the

warping after ignition for the 1-7™ formula are as follows:

4.2 Comparison between the least warping formula of bone china the study and bone

china imported from England

Table 4-8: Comparison of the bone china for 6" and 7™ formula to that from England.

Properties Bone china Bone china Bone china imported
formula 6™ formula 7™ from England
Warping after ignition at firing PAN] 0.50 2.50
range (mm.)
Water absorption (%) 0.85 0.09 0.09
Total shrinkage (%) [ 2485 12.40 12.90
Diffusion of smaller particles | Did not measure 93.20% 87.80%

than 10 microns "

Brightness + Whiteness *) Did not measure 85.50% 80.00%

" Diffusion of smaller particles than A microns over 80% shall be deemed as standard.

) The value of brightness over 80% shall be deemed as standard.
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In addition, the researcher has analysed the chemical elements of bone china 7"

formula and the English bone china (see Table 4-9).

Table 4-9: The analytical result of the 7" formula bone china chemical composition and the

bone china imported from England

Bone china Lol Si0, Al04 Fe,05 CaO MgO | Na,O K,O P,0s
7" Formula 4.96 32.18 | 16.82 0.55 25.69 0.76 2.54 1.87 19.85
From England 7.74 30.42 | 13.12 0.30 27.69 0.05 0.74 - 20.88

According to the Table 4-9, the analytical result of the 7" formula bone china chemical
elements showed that 7" formula bone china has more NayO than the English bone china.
Thus the firing range after ignition has been less than that of bone china from England. The
firing range after ignition is at the temperature of 1,230°C, seeing from the water absorption
that is close or nearly close to zero. The bone china from England has the firing range at the
temperature of 1,250°C, however, the 7" formula bone china has the warping value after
ignition less than that of the English bone china. With more value of Al,O3, and SiO, in 7"
formula bone china, the strength is added to the products after ignition while Na,O will act as

the molding assistant to make the products to have the low firing range.
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CHAPTER V

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The study at this time we have found that the bone china with less warping
after ignition has been obtained from the use of 6™ and 7" formula. The 6™ formula
has the rate of warping after ignition in between 1.40 mm. and 0.10 mm. while 7"
formula has the rate of warping after ignition in between 0.02-0.20 mm. which is the
least warping obtained from the test comparing to the English bone china that has the
warping rate after ignition at 2.50 mm. Bringing 6™ and 7™ formula for use of the
bone china ignition will therefore cause less damage from the result of the warping
after ignition than the English bone china. The grinding time of 30 hours and 50
hours has the similar effect against the warping, so the grinding time of 30 hours
should be the choice for the reason of saving of time and electricity cost in grinding.
The firing range of bone china is at the temperature of 1,230°C by seeing from the
percentage of water absorption. By comparing with the bone china from England the
warping after ignition at the firing range is nearly the same but the brightness is over

the standard of 85.5% (80% is considered standard).

5.2 Recommendation

In this experiment, the testing pieces are used, leaving more space in the kiln and
less raw materials are used which is contrary to the other experiments that the
products are formed before being put in the kiln. After reaching the required firing
range for 6" and 7" formula, the testing product were brought to the Support (The
Foundation of Supplementary Occupations and Related Techniques) at Taksin
Ratchaniwet, Narathiwat Province in October 2001, particularly for the 7t formula,
for the purpose of knowledge transfer. Such transfer in replacement of the English

bone china, it is found that the products obtained after the ignition has been in
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accordance with the required target, that is, the warping is not presented after reaching
the firing range at the temperature of 1,230°C and the firing range is extended longer
when being taken to fire together with other products at the temperature of 1,250°C.
The products obtained, not only unwarped, instead, they are more glossy and

smoother look (as shown in Figure A-1 to A-7).

However, in this research study, the comparison of production cost is made
between the 6™ and 7" formula 7™ formula , as the 7" formula has yielded 0.5%
more bone ashes than those presented in 6™ formula which is costed more than
feldspar. However, according to the damage occurred to the products, 7" formula is
likely to yield less damage after the ignition, so the 7™ formula is simply the favorite

choice for use in making the products.

At for next research, The cost comparison of the raw materials for each
formula should be made in term of different ingredients and the cost of bone ashes is
somewhat more expensive than that of feldspar. According to the research of each
formula, in case more bone ashes and less feldspar are presented in the products by

weight the warping after ignition would be lower.

The analysis of bone china and raw material of companies have the possibility
that the chemical elements obtained shall not be in accordance with presentation
proposed by such companies. In this research, the experimental analysis is not made
to obtain the chemical elements, however, in this particular research the same raw
materials have been used as did in the previous research (1) which the chemical

elements had been searched (See Table 2-4).
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Figure A-1: Decoration of product before glost firing
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Figure A-2: Product after firing
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Figure A-4: Finished product 2
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Figure A-5: Finished product 3
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Figure A-6: Finished product 4
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Figure B-1: Apparatus for brightness test (elepho 2000 datacolor)
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Figure B-2: Ball mill manufactured by Yamada Co., Ltd., at Department of Science

Service, Thailand
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Figure B-3: Inside ball mill of Yamada Co., Ltd., at Department of Science Service,
Thailand
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Figure B-4: Ceramic kiln, Nabertherm Model 300/14 NR81557 (Jan. 1991)
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Figure B-5: Inside ceramic kiln, Naberthern Model 300/14 NR 81557
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Figure B-6: Mould of plaster for slip
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Figure B-7: Mould of inner plaster for slip
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Figure B-8: Slip for moulding of test piece

Copyright by Mahidol University
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Figure B-9: Analytical balance model Precica 4200 CSCS
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Figure C-1: Test piece from 1% formula inside the kiln after glost firing
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Figure C-2: Test piece from 2™ formula inside the kiln after glost firing
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Figure C-3: Test piece from 3" formula inside the kiln after glost firing
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Figure C-4: Test piece from 4™ formula inside the kiln after glost firing
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Figure C-5: Test piece from 5" formula inside the kiln after glost firing
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Figure C-6: Test piece from 6™ formula inside the kiln after glost firing

Copyright by Mahidol University
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Figure C-7: Test piece from 7" formula inside the kiln after glost firing
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Figure C-8: Test piece bone china from England (glost firing at specified temperature

of 1,250°C)

Copyright by Mahidol University
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Figure C-9: Comparison of warping among products from 1% — 7% formulae.
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