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ABSTRACT

Kaolin from Karangnunggal had been characterized. This kaolin has a brownish white in color and is
associated with tuff. To identify characteristics, the samples was analyzed by XRD, optical microscope,
AAS, and SEM. The results showed that the kaolin consisted of kaolinite, halloysite, cristobalite,
dickite, muscovite, illit and hematit while petrographic analysis describes halloysite, kaolinite, dickite,
and quartz. SEM analysis showed the crystal forms such as kaolinite, halloysite and dickite; while
chemical analysis confirmed that kaolin composition comprised SiO; = 65.78 %, Al,O3 = 19.55 %,
Fe;03 = 0.90 % and LOI = 8.29 %. Based on characterization results Karangnunggal kaolin originated
from tuff alteration. Referring to such properties, this kaolin can be used as raw material for white
ceramic products such as sanitary, ceramic tiles and insulation.
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ABSTRAK

Telah dilakukan karakterisasi percontoh kaolin daerah Karangnunggal. Percontoh kaolin berwarna
putih kecoklatan berasosiasi dengan batuan sekitarnya berupa tuf. Untuk mengetahui karakteristik
percontoh kaolin, dilakukan analisis XRD (X-Ray Diffractometer), petrografi, analisis kimia, dan SEM
(Scaning Electron Microscope). Hasil masing-masing analisis percontoh kaolin sebagai berikut: analisis
XRD menunjukan kandungan mineral berupa kaolinit, haloisit, kristobalit, dikit, muskovit, ilit dan
hematit; analisis petrografi menggambarkan haloisit, kaolin, dikit, dan kuarsa; hasil analisis SEM
memperlihatkan bentuk-bentuk kristal kaolinit, haloisit dan dikit; dan hasil analisis kimia menunjukkan
komposisi: SiO; = 65,78 %, Al,O; = 19,55 %, Fe>O3 = 0,90 % dan LOI (hilang pijar) = 8,29 %.
Berdasarkan hasil analisis XRD, petrografi, dan SEM percontoh kaolin Karangnunggal terbentuk dari
hasil alterasi batuan tuf yang menghasilkan endapan kaolin, sedangkan dari komposisi kimia,
kandungan mineral dan sifat-sifat keramik; kaolin Karangnunggal dapat digunakan sebagai bahan
baku untuk pembuatan produk keramik putih seperti sanitari, ubin keramik dan isolator.

Kata kunci: kaolin, XRD, petrogafi, SEM, kimia, pemanfaatan

INTRODUCTION

Indonesia has a lot of kaolin deposit
showing variation in types and qualities.
Kaolin is a rock consists of kaolinite mineral.
Besides kaolinite, other minerals available
within kaolin include dickite Al,Si,Os[OH],,
smectite (AIMQ)4 Sig Oz (OH)40), illite,

{(K,H30)(Al,Mg,Fe),(Si,Al),019(OH)2,(H.0)},
and haloysite Al,Si,Os[OH], (Ajayi and
Adefila, 2012). Kaolin is a hydrous aluminum
silicate composition (Al,O; 2SiO, 2H,0).
Volcanic rocks and hydrothermal alteration
are indicators of kaolin formation.
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In nature, there are three types of kaolin,
namely residual kaolin (weathering the acid
rocks such as granit and rhyolite),
hydrothermal (alteration of alkali feldspar
minerals by hot ground water) and
sedimentary kaolins (deposition process from
the origin to another sedimentation
environment). The quality of kaolin is
determined by chemical composition, mineral
composition, brightness, shape and size of
the granules. Kaolin in general can be used
as raw materials for ceramics, paint, rubber,
cosmetics, paper, and pesticides (Boch and
Niepce, 2007; Kamseu et al., 2007).

Fialips et al. (1999) stated that kaolin
crystallography and chemical characteristics
of kaolin vary significantly and depend on the
origin of the sediment deposits. Kaolin can be
resulted from weathering the source rock
(granite, feldspar, mica, and tuff) and was
contaminated by other minor minerals to get
different color. Cases et al. (1986) and
Murray (2007) stated that detailed inves-
tigation of crystallography and mineralogy are
needed to identify possible applications of the
minerals within industry it was combined with
chemical and physical characters. Identifying
kaolinite minerals can be used X-ray
diffraction analysis (Berry et al., 2006).

Specifically in ceramic industry, kaolin is
usually used for manufacturing white
ceramic such as tiles, sanitary and
insulators. To make white ceramic hard
porcelain is also used additional materials
such as feldspar and silica with the ratio of
50 % kaolin, 25 % K-feldspar, and 25 %
silica (Fialips et al., 1999). In ceramic body,
kaolin serves as a binder or plasticity,
feldspar as a buster and silica as a filler.
Such composition when burned at high
temperature will produce mullite, but mainly
depended on the use kaolin. Pure kaolin that
well-ordered kaolinite can give good results
of mulitisation after a burning process above
1.000° C. For disordered kaolinite, mullite
will be formed at temperatures of bigger
than 1.200° C (Septawendar et al., 2007).

The purpose of this study is to determine
kaolin characterization including mineral
content, chemical analysis, grain size,
moisture content, and the properties of the
ceramic. This data are used to determine
potential utilization of raw material for white
ceramic (whiteware ceramics) such as
tableware, sanitary and ceramic tiles. The
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expected benefits of this research is to
increase the value-added of Karangnunggal
kaolin.

METHODOLOGY

This research used primary and secondary
data. The secondary data included internet,
books, and existing literatures. This
secondary data is used as supporting data
during research activities in the field and
laboratory to help find solutions in
discussion. Primary data was obtained
through two activities that is field and
laboratory researches.

The field research consists of identification
kaolin deposit and kaolin sampling; whereas
laboratory research consists of chemical
analysis, X - ray diffraction ( XRD ),
petrographic analysis, scanning electron
microscope (SEM), water content, grain
size, and properties of ceramic. The results
of chemical analysis, XRD, petrographic,
SEM, water content, and a large grain size
is used to determine the quality kaolin as
ceramic raw materials. To evaluate kaolin
properties for ceramics, a specimen of 1 cm
x 1.5 cm x 12 cm was made and burned at
1.050° C for 6 hours. The specimen was
then characterized by measuring the dry
shrinkage, shrinkage fuel, dry flexural
strength, and thermal flexural strength.

Kaolin sample (Figure 1) were taken from
Sarimanggu, Karangnunggal within
coordinates of 7 ° 36' 45.7" S and 108° 7'
36.9" E. The sediment was found in a lens
form. The material showed yellowish-white in
color, and it was slightly oxidized as well as
rather plastic. The source rock was supposed
to be from tuff breccia alteration. Kaolin also
came due to sedimentary occurrences.

RESULTS AND DISCUSSION

Based on petrographic analysis Karang-
nunggal kaolin shows flow structure and gas
holes due to the differences in lava density
and viscosity, and gas evaporation as well.
Based on petrografic analysis, its composition
comprises colloform halloysite (45 %), flake
dickite (10 %), kaolinite 6 %, iron oxide 5 %,
feldspar 3 %, and quartz 2 %. The thin
section of such a material is shown in Figure
2.
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Figure 1. Karangnunggal kaolin deposit showing
brownish white color

Kaolin for ceramics should contain the alkali
(K,O and Na,0). Such materials help in
sintering process due to its smelted
character is not too strong. Quartz may
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control and enhance mechanical strength of
the ceramics while the iron oxide results in
color change of the ceramics to creamy
brown after burning process.

Based on SEM analysis (Figure 3),
Karangnunggal kaolin was composed by
kaolinite, illte and halloysite. Kaolinite
minerals looked like fan sheets while
halloysite was in fine grains, and illite was in
a flake shape. Karangnunggal kaolin was
formed from feldspathic due to hydrothermal
alteration and is associated with tuff, which
then formed kaolin minerals such as
kaolinite and halloysite. The content of illite
in kaolin was smaller than that of kaolinite
and halloysite. If the illite was greater than
that of kaolinite, it would affect the color of
white ceramic body due to the iron content
within illite.
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Figure 2. Result of petrographic analysis for Karangnunggal kaolin

Figure 3. Result of SEM for Karangnunggal kaolin
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XRD analysis showed (Figure 4) that
Karangnunggal kaolin contained kaolinite,
dickite, halloysite, cristobalite, illite, muscovite
and hematite. After peak -calculation
Karangnunggal kaolin comprised of dominant
cristobalite (45.0 %), halloysite (25.2 %),
kaolinite (8.8 %), dickite, illite, and hematite
with a small peak intensity (Table 1).

Referring to Table 1, halloysite and kaolinite
were the dominant minerals within Karang-
nunggal kaolin. This clay mineral is similar to
Cameroon kaolin (china clay) that can be
used for manufacturing the body a white

ceramic types for both hard and soft
porcelain (Berry et al., 2006). Halloysite can
reduce the combustion temperature in the
sintering process of ceramic (Murray, 2007).

Chemical analysis showed that Karang-
nunggal kaolin comprised several oxides
such as SiO, - 65.78 %, Al,O; - 19.55 %,
Fe,O; = 0.90 % (Table 2). The SiO, and
AlL,O; belonged to the main compound in
ceramic material. The compound of Fe,O;
may reduce the ceramics brightness, so its
content should be less than 1% (Celik, 2010).
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Figure 4. XRD diffractogram of Karangnunggal kaolin

Table 1. Quantitative mineral of Karangnunggal kaolin

No Mineral Formula Content (%)
1 Cristobalite (SiOy) 45.0
2 Halloysite (Al2Si205[0OH]4) 25.2
3 Kaolinite (Al>Si205[0OH]4) 8.8
4 Dickite (Al;Si205[OH]4) 6.9
5 Muscovite {(KF)2(Al203)3(SiO2)s(H20)} 8.5
6 lllite {(K,H30)(Al,Mg,Fe)2(Si,Al)4010(OH)2,(H20)} 4.8
7 Hematite (Fe203) 0.8
Table 2. Result of chemical analysis for Karangnunggal kaolin

No Oxides Unit % Weight Method

1 SiO, % 65.78 Gravimetric

2 TiOz % 0.64 Spectrophotometry

3 Al;0O3 % 19.55 Titration

4 Fe,03 % 0.90 Atomic Absorption Spectroscopy (AAS)

5 MnO % 0.01 AAS

6 MgO % 0.02 AAS

7 CaO % 0.12 AAS

8 Na,O % 1.54 AAS

9 K20 % 0.60 AAS

10 P20s % 0.56 Spectrophotometry

11 H,O % 0.66 Gravimetric

12 H0" % 0.98 Gravimetric

13 SO3 % 0.35 Gravimetric

14 (LOD % 8.29 Gravimetric
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Compared to SiO, and Al,O; compounds
counted by Suhala and Arifin (1997) that
was around 46.54 % and 39.50 %, it may be
said that Karangnunggal kaolin was low
level kaolin. However, the content of alkali
(K,O and Na,O) at 2.14 % is almost the
same as kaolin from Jebus West Bangka, at
which such kaolin can be made for
decorative ceramic using casting or slip
casting system (Subari and Primasari,
2013). High content of SiO, and low content
of Al,O; affect to decreasing dry shrinkage
and shrinkage of fuel when burned at
temperature of 1,050° C (Hartono, 1993).

SiO, and Al,O3 oxides in ceramic materials
serves as a framework/filler of ceramic body.
The content of Fe,O; and TiO, provides a
certain color on the ceramic body. The
oxides of alkali can serve to lower the
melting temperature in the combustion
process while loss of ignition (LOI) which
consist of organic compounds and water,
affect the nature of the plasticity of kaolin
(Septawendar et al., 2007).

Fe,O3 can provides the unwanted color, on
white ceramic namely beige brown
(Choudhary et al.,, 2012). However, Fe,Os,
CaO, and MgO as impurities of
Karangnunggal kaolin do not affect the color
of white ceramic body after a burning
process at high temperatures (above 1,050°
C). The iron oxide (Fe,O3) will also affect
degree of whiteness and serves as one of
the parameters to determine the kaolin for
ceramic raw materials. If the content is
below 1.0 %, when the material is burned at
high temperatures (above 900° C) will
appear white. On the contrary; if the Fe,O3
content above 1.0 % it will yield cream color
after burning process.

Yellowish brown color of impurities iron
compound will reduce the whiteness, inhibit
proliferation properties of optical fibers,
lower the translucent nature of the product,
and limit use in the industry. Luévanos et al.
(2011) examined concentrations of iron
contained in kaolin. The study discusses the
reduction of iron content in kaolin influenced
by oxalic acid concentration. Iron content in
kaolin will decreases with the increase of
oxalic acid concentration. Decreasing iron
content up to 0.5 % will not affect the color
of the white ceramic body (Lee et al., 2007).
Based on whiteness analysis (Table 3) it is
known that the quality of Karangnunggal

kaolin has a degree of 48.05 %. This means
that Karangnunggal kaolin has lower quality.

Table 3. Result of whiteness analysis for
Karangnunggal kaolin

No Sample Whiteness (%)

1 Kaolin 48.05

2 Kaolin + 5 % Citric 51.48
acid

After using a mixture solution of 5 % citric
acid, kaolin whiteness turns into 51.48 % or
increased to whiteness of 3.43 %. To
improve kaolin whiteness can actually be
conducted by magnetic ferro filter. The
increase reaches above 50 % (Subari and
Wahyudi, 2014). The 5148 % of
Karangnunggal kaolin whiteness is lower
than that of whiteness from Bangka kaolin
that retains 65%. Based on the results of the
burning test fuel at 1.400° C shows that
whiteness of 51.48 % within Karangnunggal
kaolin did affect the color after it burned at
high temperatures. When combustion
temperature is lowered, the color after the
burning process do not change in
atmospheric conditions.

The water content of the Karangnunggal
kaolin sample, analyzed by moisture content
method, is 4.75 %. Such a figure is suitable
for ceramic raw materials for either porcelain,
solids pottery or non solid pottery (Nuntiya
and Prasanphan, 2006). Meanwhile, results
from grain size analysis show that the amount
of >2 micron is 56.30 %. The results are quite
good and can be used as raw materials in the
manufacturing of glaze and ceramics body
(Nugroho et al., 2000).

Kaolin grains size will affect the flexural
strength of ceramic products; the larger the
grain size of the material, the more reduced
the bending strength (Johnson et al., 2012).
Kaolin with grain size < 2 ym is estimated to
produce a dry flexural strength and flexural
strength. Large grains size will affect the
flexural strength of ceramic products, while
the grain size result in smaller flexural
strength of the ceramic body (Johnson et al.,
2012). Kaolin with a grain size of <2 um
retaining quantity of 56.30 % are less
plastic. As a result, both dry flexural strength
and thermal flexural strength of the ceramic
body will save fuel if incinerated at 1,200-
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1,300° C. Yet the kaolin with similar size but
its quantity is bigger than 80% normally
retains plasticity and high dry strength
characters. As a result, such a kaolin can be
used for stoneware-ceramics type (Johnson
et al., 2012). The fact that the large grain
size fraction of <2 ym is less and the content
of SiO, is high enough (65.78 %), means
that Karangnunggal kaolin is less plastic. To
increase the Karangnunggal kaolin plasticity,
it can be added ball clay materials.

After burning at 1,400° C, the kaolin showed
white in color and it is almost melt rather
dense as well as non-porous. Referring to
such characters Karangnunggal kaolin can
be used as a raw material for manufacturing
white ceramic products as porcelain body to
stoneware. According to Johnson et al.
(2012) kaolin with such properties can also
be used for porous ceramic, but it needs to
be mixed with sawdust material. After
burning process 1,050° C, seven specimens
of Karangnunggal kaolin (KK1 to KK7)
showed dry shrinkage of 7.54 %, firing
shrinkage of 2.48 %, dry flexural strength of
18.29 kg/cm?®, and thermal flexural strength
in of 47.58 kg/lcm? (Table 4).

The total amount of shrinkage factors, as a
combination of dry shrinkage (7.54 %) and
firing shrinkages (2.48 %), is 10.02 %. This
result is smaller compared to the amount of
dry and firing shrinkages of ball clay that is
10.50 % (Septawendar et al., 2007). The
fact that the average value of dry shrinkage
is 7.54 %, shows that this kaolin has plastic
properties. Compared to kaolin studied by El
Quahabi et al. (2014) that has less plastic
characters, the plasticity of Karangnunggal
kaolin is much better because the dry
shrinkage of El Quahabi kaolin is around 2-6
%.

[M,O,](aAl,03bSiOz)cH,O >
mullite phase glass phase

Referring to firing shrinkage value,
Karangnunggal kaolin has firing shrinkage of
2.48 %. It is better than the kaolin studied by
Baccour et al. (2009). Such kaolin is burned
at temperature of 1,050° C producing firing
shrinkage of 3.12 % (KK6). The differences
in the amount of firing shrinkage is due to
the different content of the alumina. Kaolin
studied by Baccour et al. (2009) has 18.8%
of alumina. It is lower than that of
Karangnunggal kaolin with alumina content
of 19.55 %.

The average value of dry flexural strength of
Karangnunggal kaolin is low (18.29 kg/cmz),
because the X-RD semi-quantitative data
showed cristobalite content is bigger than
that of clay minerals such as halloysite,
kaolinite and dickite. Similar condition
occurred to the average value of thermal
flexural strength of 47.58 kg/cmz. Such a
strength (47.58 kg/cmz) is also low, because
most kaolin when burned at temperatures
1,050° C is still in metakaolin form and
mullite did not occur. Mullite can increase
mechanical strength of the ceramic body,
especially when it is in needle shape
(Leonard and Kjell, 2004).

Karangnunggal kaolin including types of
disordered kaolinite, will form mullite and
can improve the mechanical strength after
being burned at temperature above 1,200° C
(Kamseu et al., 2007). After the burning
process at a temperature above 1.100° C,
kaolin will change to mullite and cristobalite
(Septawendar et al., 2007). Its reaction can
be seen in equation 1.

However, Georges-lvo et al. (2008) stated
that kaolin was already changed into mullite
the burning kaolin at 1,050° C. Its reaction
can be seen in equation 2.

3Al,032Si0; + SiO, + MXOY[SIO,.2A1L0z] ....ooovvveiee, (1)
M,O, = alkali which contained in clay

AlLSi,O4(OH)4 + AlLSi,O5(OH), + KAL(AISi2)010(0OH); + SiO; > 5Si0, + KoSiO, + ALO3SIOs..... (2)

Kaolinite dickite illite
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Table 4. Ceramics properties for Karangnunggal kaolin

Firing shrinkage

Dry flexural strength, Thermal flexural

Code Dry shrinkage (%) (%) (kg/cmz) strength (kg/cmz)

KK1 7.68 2.60 16.89 47.10

KK2 7.10 3.05 18.67 46.25

KK3 7.72 1.96 16.98 49.17

KK4 7.84 2.14 17.53 45.89

KK5 8.03 1.98 20.12 49.37

KK6 6.95 3.12 19.45 46.92

KK7 7.47 2.53 18.37 48.35
Average 7.54 2.48 18.29 47.58

Combustion of kaolin at high temperatures REFERENCES

will produced different color due to
differences in Fe,O5; content. Kaolin contain
19-26 % Al,O3; and 1.5-3 % Fe,O; and after
burned at high temperatures (>900° C)
produced material with creamy yellowish or
brownish in color (Subari and Wenas, 2007;
Ramaswamy and Raghavan, 2011).
Karangnunggal kaolin containing 19.55 %
(Al,O3) and 0.90 % (Fe,0s3), and burned at
1,050° C produced light beige kaolin due to
its iron content is <1.5 %, (0.90 %).

CONCLUSIONS AND SUGGESTION

Based on characterization of Karangnunggal
kaolin, the material can be used for white
ceramic products such as sanitary, ceramic
tiles and insulation. Low composition of
Fe;0,4 in Karangnunggal kaolin (0.90 %) is
an advantage as it can be used for white
ceramic without affecting the brightness of
the colors when it is burned at high
temperatures (21,050° C). To increase
ceramics strength, it is suggested to mix
kaolin with mullite. Drilling exploration needs
to be conducted in terms of assessing the
potential kaolin deposit.
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