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a) Heating rate 2°C/unfi

b) Heating rate 3°C/unfi

sun 3
IndoUFAS A BoicSaulassundou 3 ASDINIU
ICIWNIQEIURELUIUAD heating rate

DINOrURNOKOLIUED T3 1My 2, 3 1a: 5 °C/unfi

4

a) Heating rate 2°C/uni

A\ /4
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b) Heating rate 3°C/uni
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DINOrUKNTKOLIUED T3 1ImMru 2, 3 1a: 5 °C/uni

c) Heating rate 5°C/unii

sun 4
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b) Heating rate 3°C/unfi
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a) Heating rate 2°C/unf
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a) bU 1 ASD

b) U 2 ASD

¢) U 3 ASD

A\ 4
4 N

d) U 4 Ao

e) LU 5 ASD

f) sU 6 ASD

A\ 4
/

g) U 7 ASD
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¢) bU 6 ASD d) sU 7 Ao
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HELLENISTIC PERIOD CERAMIC UARES
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RAb'stract:

This study focuses on the characterization of two important ceramic groups of Hellenistic pottery;
“West Slope” wares and “Megarian” bowls, respectively. Different analytical techniques were performed
for the characterization of Hellenistic wares. Wavelength dispersive X-ray fluorescence (WDXRF) and
X-ray diffraction (XRD) were employed to study the chemical and mineralogical composition of the
bodies, respectively. Scanning electron microscopy (SEM) and energy dispersive X-ray spectrometry
(EDX) were performed for the microstructural and microchemical characterization of body and slip layers
of the ceramic pieces. The obtained results showed that Hellenistic ceramic wares from Dorylaion were
produced with different iron rich clays including siliceous, calcareous, dolomitic and also a mixture of
these raw materials. It may be suggested that the potsherds were fired in the temperatures from around
500 to 10500C. They were applied with an iron rich clayey suspension and different colors schemes of
slip layers concluded that the firing atmosphere could be adjusted.

Keywords: Characterization, X-ray diffraction, X-ray fluoresence, Scanning electron microscopy, Hellenistic ceramics.

S IMINTRODUETION "

Anatolia (Asia Minor) is an open air museum with its rich cultural heritage from different éiyiliz’ations
passed. Hellenistic period (330-30 B.C.) has left several artifacts in Anatolia. Ceramic artifacts are important_
group of that culture. Characterization of these artifacts may contribute to know better pottery production
technology and its spreading areas during Hellenistic period in Anatolia. There were important H i
settlements in Anatolia during that period. Dorylaion was one of them. Dorylaion is located about 3 km riorth-east

of Eskisehir (Turkey) and it is called Sarhoyuk today (Fig. 1). G
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Dorylaion
OEskisehir

Fig. 1. The location of Eskisehir and Dorylaion.

Dorylaion was at the junction of some of the most important roads of the central Anatolia leading to
Marmara Sea, Aegean coast and the Mediterranean region. Regular excavations have been carried out at
Dorylaion since 1989 by a team from Anadolu University in order to unearth the remnants of several civilizations
lived there. These excavations have brought to light a wide variety of material revealed from the cultures of
Ottoman, Byzantine, Roman, Hellenistic, Classical Phrygian, Hittite and First Bronze Period.

This study focuses on the characterization of two important ceramic groups of Hellenistic pottery; “West
Slope” wares and “Megarian” bowls, respectively. “West Slope” ware is named from early indings made on the
west slope of the Athenian Acropolis. It is a class of Hellenistic pottery that is essentially black glazed with relief
and polychrome decoration. Megarian bowls, a distinctive type of Hellenistic vessels, were uncovered as well,
which were produced as semi-spherical shape with no pedestal by forming in moulds with plant or figurative
relief decorations. Probably, these wares were very fashionable cups within the Mediterranean basins during the
Hellenistic period [1-3].

Different analytical techniques were performed for the characterization of Hellenistic wares. Wavelength
dispersive X-ray fluorescence (WDXRF) and X-ray diffraction (XRD) were employed to study the chemical and
mineralogical composition of the bodies, respectively. Scanning electron microscopy (SEM) and energy
dispersive X-ray spectrometry (EDX) were performed for the microstructural and microchemical characterization

fﬂbody and slip layers of the ceramic pieces.

Be MANERIALS (D METEES

20 sherds of Megarian bowls and 23 sherds of West Slope wares were selected. Representative
images of some selected Megarian bowls and West Slope wares are given in Fig. 2. As seen, they have the
lors of orange, red, brown and black glossy slip layers. There are also some plants or figurative
rations. The body layers have a buff or light brown color with a homogeneous medium and

) -gréined texture. Potsherd types are the handles and the rim of the wares.
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Fig. 2. Representative images of some selected Megarian bowls

(coded as M) and West Slope wares (coded as B).

Fine powders were prepared in an agate mortar after abrading the slip layers of the potsherds in order
to be analyzed by WDXRF and XRD techniques. Rigaku ZSX Primus and Rigaku Rint 2200 powder iffractometer
with Cu Kot radiation was used for WDXRF and XRD analyses, respectively. Glass tablets were prepared by
fluxing for the analysis with a ratio of 1/10 powder to LiZB4O7 by weight to study chemical analysis of major and
minor elements of the potsherds. XRD patterns were obtained by scanning 5° to 70° 26, with a goniometer speed
of 2°/min., operating at 40 kV and 30 mA. The bulk samples from the potsherds were cross-sectional
impregnated with polymeric resin in vacuum and then polished to obtain flat surfaces to investigate specifically
in back-scattered electron (BSE) mode. In order to prevent charging under electron beam, samples were
coated with Au/Pd target material. A Zeiss Evo 50EP scanning electron microscopy (SEM) attached with Oxford
instruments energy dispersive X-ray spectrometry (EDX) was used for the microstructural and microchemical

characterization.
ISNRESUI=SEandBISCUSSIGN

Chemical Analysis

Samples have various chemical compositions related to the raw materials used for the pr

Especially, variations in SiO2 and CaO contents are important for the indication of siliceous and calcareous

mineralogical assemblages used for bodies. Some of the samples have high amount of CaO but some of them

non calcareous sherds are given in Tables 1 and 2.
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Table |. XRF results of some West Slope wares.

Calcium rich

Experimental code
Calcium poor

Oxide
(wt. %) B20O B7 B2 B23 B22 B18
Si0s 52.99 52.36 52.14 58.01 58.57 61.85
Al>0O5 17.38 15.67 16.69 24.84 24 .29 19.81
Fea05 7.96 8.76 F.77 579 572 6. 72
MgO 4.98 457 4.80 1.50 1.44 2.79
NaxO 0.90 0.97 0.94 1.56 1.37 1.53
K2O 4.41 4.23 4.63 5.49 597 3.92
CalD 9.99 11.44 11.61 1.42 1.44 2.09
TiO2 0.87 1.06 0.83 0.82 0.80 0.90
P>0sg 0.15 0.15 0.20 0.08 0.09 0.09
SO3 0.02 0.05 0.04 0.02 0.02 -
Cr>03 0.05 0.08 0.05 - - -
MnNO 0.13 0.15 0.11 0.10 013 0.14
MNiO 0.04 0.04 0.04 - - 0.02
Cu 0.02 0.03 0.02 0.02 0.02 0.02
Zn0 0.01 0.03 0.04 0.03 0.03 0.02
As>05 - - - 0.01 - -
Rb2O 0.04 - 0.03 0.06 0.05 0.04
Sro 0.03 0.03 0.03 0.02 0.02 0.02
ZrQs 0.02 0.02 0.02 0.03 0.03 0.03
BaO - 0.36 - 0.20 - -
{-) : Not detected or below the detection limit
Table 2. XRF results of some Megarian bowls.
Experimental code
Calcium rich Calcium poor
Oxide (wt.
%) Mile M4 ME M7 M10 M17
Si0o; 5565 55.09 51.90 57.07 57.04 62.24
Al>0s 18.73 19.06 12.08 23.81 23.68 12.43
Fea0s .63 8.14 6.88 9.11 2.02 .80
MgO 3.75 3.19 4.10 2.24 2.16 2.53
MNa>O 0.69 1.20 1.01 0.52 0.48 1.43
KO 4.88 3.21 510 4. 77 4.86 4.20
Cal 7.14 8.68 10.33 0.79 0.80 2.00
TiO-» 0.86 0.91 0.80 1.24 1.16 0.89
P05 0.31 0.14 0.21 0.11 0.12 0.10
SO3 0.08 0.06 0.29 0.04 0.03 0.02
Crz03 0.04 0.05 - - - 0.05
MnO 0.08 0.11 0.12 0.11 0.12 0.15
C°203 - - - 0.01 - -
NIiO 0.03 0.02 0.03 0.03 0.03 0.03

¥ CuQO 0.01 0.02 0.02 0.02 0.03 0.02

Zno 0.02 0.02 0.04 0.02 0.02 0.02
As>03 - - - - - -

g RboO 0.05 0.04 0.04 0.06 0.07 0.05
Sro 0.02 0.04 0.03 0.02 0.02 0.02
ZrOs 0.03 0.02 0.03 0.03 0.03 0.03
SnO3 - - - - 0.34 -

() : Not detected or below the detection limit
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It may be considered that the source of CaO is not only dolomitic materials but predominantly the
calcareous materials. KZO usually originates from either feldspar or clay. These alkali contents should be supplied
by especially feldspathic contents, principally K-feldspars. As known, alkaline and earth alkaline oxides may act
as fluxes and promote neo-mineral formation at lower sintering temperatures, respectively. Iron oxide, expressed
as FeZOSShouId be the principal colorant for the bodies. Megarian bowls have slightly rich CaO content than West
Slope wares. The usage of calcareous raw materials for Megarian bowls should be more than West Slope wares
while vice versa for ferrous materials.

Phase Analysis

XRD results showed different mineralogical contents. Identified minerals are quartz (SiOZ), plagioclase
[(Na,Ca)AISiSOg], alkali feldspar (KAISiBOS), anorthoclase [(Na,K)(SiSAI)OB], illite/muscovite [(K,HSO)AI28i3AIO1O(OH)2]/
[(K,Na)(AI,Mg,Fe)2(8i3 A )O (OH)Z, potassium mica (KAI3Si30”), magnesiohornblende [(Ca,Na) _(Mg,Fe,Al)

1109 10 2.26 5.

15(Si,A|)8022(OH)2], anorthoclase [(Na,K)(SiaAI)Og], lepidocrocite [FeO(OH)], hematite (FeZO ), hercynite (FeAI2O4),

3
calcite (CaCOS), gehlenite (CazAIZSiO7), diopside/augite [Ca(Mg,AI)(Si,AI)206]/[Ca(Mg,Fe)SiEOG]. The results of
XRD and estimated firing temperatures of the potsherds are given in Tables 3 and 4.

Table 3. Phase analysis and estimated ring temperatures of Megarian bowls.

Grou Minerals/Phases Experimental Estimated firing
Cod " code temperature (°C)
ode
quartz, alkali feldspar, plagioclase M3, M9,
A1 ' ' : i
illite/muscovite, hematite M10, M11, 600-700
M14
A
uartz, alkali feldspar, plagiocl M5, M7,
duar par, plagiociase, MA7. M18 900-1000
A2 hematite ’ '
M20
i ; - M8, M12,
B1 quartz, al_k.ah feldsparl, plagloclgse, calcite, N1E 16 600-700
illite/muscovite, hematite ’ ’
M19
B
quartz, alkali feldspar, plagioclase, M6
B2 calcite, hematite 850-900
BC1 quartz, alkali feldspar, plagioclase, M1, M2, 900-1000
diopside, gehlenite, hematite M13 '
BC :
BC2 quartz, alkali feldspar, anorthoclase, M4 900-1000

plagioclase, diopside, gehlenite, hematite
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Table 4. Phase analysis and estimated ring temperatures of West Slope wares.

Group Minerals/Phases Experimental Estimated firing
Code code temperature (°C)
A1 quartz, alkali feldspar, plagioclase, B1 600-700
illite/muscovite, hematite
A2 quartz, alkali feldspar, plagioclase, B23 600-700
potassium mica, illite/muscovite, hematite
A A3 quartz, alkali feldspar, B3, B5, B6, 900-1000
plagioclase, hematite B11, B12, B18
A4 quartz, alkali feldspar, plagioclase B9 900-1000
A5 quartz, alkali feldspar, plagioclase, hercynite, hematite B22 1000-1050
B B quartz, alkali feldspar, plagioclase, calcite, B10 600-700
illite/muscovite, hematite
quartz, alkali feldspar, plagioclase, dolomite, diopside/
c augite, illite/muscovite, hematite B16 850-900
c o2 quartz, alkali feldspar, anorthoclase, plagioclase, B4 B7 900-1000
diopside/augite, hematite T
quartz, alkali feldspar, plagioclase, dolomite, diopside/
BCT augite, gehlenite, illite/muscovite, hematite B2 800-850
BC2 quartz, alkali feldspar, plagioclase, calcite, diopside/ B13. B15 800-850
augite, gehlenite, illite/muscovite, hematite ’
BC3 quartz, alkali feldspar, plagioclase, dolomite, diopside/ B17 800-850
BG augite, gehlenite, illite/muscovite, hematite
quartz, alkali feldspar, plagioclase, diopside/augite,
BC4 gehlenite, hematite B14 900-1000
BCS quartz, alkali feldspar, anorthoclase, plagioclase, 821 900-1000
diopside/augite, gehlenite, hematite
BC6 quartz, alkali feldspar, anorthoclase, plagioclase, B20 900-1000
diopside/augite
b D1 quartz, alkali feldspar, plagioclase, magnesiohornblende, B3 <500

illite/muscovite, lepidocrocite, hematite

The absence or presence some minerals/phases in the bodies are related to the temperatures exposed.
Some relevant studies in the literature may help to estimate the firing temperature of a potsherd. Structure of clay
minerals illite/muscovite breaks down in the range of 900-1000°C [4-7]. If the firing temperature does not exceed
this range, these minerals still continue to exist as components of the body. For further stages of firing
temperature, from destruction of illite, an intermediate phase between spinel (I\/IgO.Alzos) and hercynite (FeO.
AI203) originates [8]. The formation of spinel phases is affected by the presence or absence of interlayer cations,
substitutional impurities and accessory minerals in clays [9]. Calcite decomposition into CaO and 002 begins
Jaround 750°C and it is completed up to a temperature of 900°C. Trindade et. al. however, concluded that
| décarbonation of calcite may extend to 1100°C for calcite rich systems [10]. On the other hand, secondary
" calcite may take place in ceramics as a result of post-burial deposition processes due to recarbonation of lime
[4]. Dolomite decomposition begins around 650°C into calcite and MgO. Note that, identification of calcite as a
“transient phase at this stage is difficult by conventional diffraction methods [11]. Decarbonation of dolomite is
eted up to 750-800°C [6]. CaO is a highly reactive oxide and reacts with silica and forms wollastonite around
50°C. Gehlenite may be formed at 850°C with the reaction of CaO and illite. Pyroxenes like diopside and augite
~\ may be generated from dolomite and silica reactions at 800-900°C [12]. Moreover, these neo-mineral formation
\lemperatures may be affected by firing method such as pit or kiln firing. For instance; calcite decomposition ends
“atqund 825°C in kiln firing but it tends to complete at around 875°C in pit firing conditions [13]. Quartz and
Rars are the most abundant residual components of such kind of products which can persist up to 1000°C
. These reactions, of course, are related to temperature, soaking time at peak temperature, abundance and
th "type of minerals/phases present, atmosphere, pressure, specific surface area of components, etc.
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Group Ais a cluster of illitic/micaceous and iron rich siliceous clay contents. Group B differs from group
A with its calcareous content and group C with its dolomitic content. Group BC is a mixture of these groups. But,
group D with its only one sample, B8, has different mineralogical assemblages from the others. The subgroups
were generated from the mineralogical assemblage difference in the groups and there is a tendency for higher
firing temperature requirement between the subgroups. For example, the difference between BC1 and BC2
originates from the absence of dolomite in the subgroup BC2. Dolomite first decomposes into calcite and MgO,
as previously expressed. The other minerals/phases are the same. Calcite in the subgroup BC2 may be an end
product of dolomite decomposition. Therefore, the subgroup BC2 requires relatively higher firing temperatures
than BC1 for its minerals/phases. It should also be noticed that estimation of firing temperatures were evaluated
as the maximum temperatures reached during firing for the potsherds considering the presence of new mineral/
phase formations and excluding the presence of some trace amounts of primary minerals such as dolomite in C
and BC groupings. This should be reason of different firing temperatures reached inside the potsherds during
firing [15].

The bodies with clay minerals should not be exceeded the temperatures of 900-950°C while calcitic or
dolomitic bodies have lower temperatures of 850-900°C for the decomposition. The bodies without clay minerals
and carbonated minerals should have reached the temperatures of 900-1000°C. The bodies with clay minerals
and/or carbonated minerals have been inferred to lower temperatures in a range of 600-700°C. Lepidocrocite
readily transforms into hematite around the temperature of 500°C [16]. For this reason, sample coded B8 may
be concluded as it was fired in the lowest firing temperature.

Microstructural and Microchemical Analysis

The slip layers have a dense microstructure and are easily distinguished from the body layer of the
potsherds. Some slip layers include pore structures inside. These pores should have been originated from the
use of organic materials in slip batches or due to decomposition of slip components. There are also some
accessory minerals inside the slip layers. Iron oxide was expressed as Fe2O3 for the EDX results. Its amount
changes between 8.32-13.65 wt. % for Megarian bowls and 7.48-20.92 wt. % for West slope wares. The type of
iron oxide determines the color of the slip layer. Hematite, maghemite and magnetite minerals in the slip layer
and their characteristics were discussed in one of our previous study [17]. Representative back-scattered
electron images (BSE) and semi-quantitative EDX analysis results of some potsherds are given in Figs. 3 and 4.

M8 B8

Oxide wt. % wt. %

Sio, 48.60 49.62

ALO, 34.00 31.29

Fe,0, 8.32 7.48

MgO 2.83 1.69

Na,0 1.33 3.34

K,0 3.30 5.28 =

CaO 0.94 0.98 ||

TiO2 0.68 0.32 |

\
M16 B23 J

Oxide wt. % wt. %

Sio, 52.07 4328 | _

ALO, 27.48 30.84

Fe,O, 13.65 20.92

MgO 1.65 7142 Y

Na,0O 0.25 0.42

K,0 3.36 : : 2.37

it : ; ; CaO 1.11 LR 3o = | 016 .
o= B, . Tio 044 e ; i 059 /]
i ’ ) 2 > — 2 a
v 1

Fig. 3. Back-scattered electron images (BSE) of body and Fig. 4. Back-scattered electron (BSE) images of body. %/I
slip layers in cross-section and semi-quantitative EDX analysis layers in cross-section and semi-quantitative EDX analy;
results of (a) M8 and (b) M16 potsherd slip layers. results of (a) B8 and (b) B23 potsherd slip layers.
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KZO is higher than the other alkaline and earth alkaline elements. It indicates a typical iron rich clayey
batch. Pottery fragments should have been buried more than 2000 years, but they are still durable. Slip layers
should have principally similar thermal expansion coefficients to the body layers since almost all the slip layers
have no cracks or spalling. The thickness of slip layers change between from 5 to 40 ym. They might have been
applied to body surfaces in the form of suspension. They have nearly the same elemental composition but
different in colors. It shows that the redox conditions of the kilns in which they were fired could be adjusted
[18, 19].

Some interactions occur in the structure of clay based systems with the increasing temperature. Some
of them are welding between clay matrix and mineral grains, shape changes of mineral phases, an increase of
the aggregation rate within the clay matrix with the formation of secondary porosity and intergranular bridges
[20]. BSE images of the potsherds at different magnifications showed the effects of firing on the microstructures.
Atomic contrast both between the matrix components and at the rims of the grains can be noticed easily in this
imaging mode. It is evident that there is a progressive welding behavior between clay matrix and grains related
to temperature of firing of B4 (Fig. 5 (a)). Rounded pores may also be assigned as the indication of the vitrification
in the microstructure. Lower sintering temperature should have not made an impressive change such as the
microstructure of B8 sample (Fig. 5 (b)).

(b)
Fig. 5. (a) BSE image showing progressive welding behavior between clay matrix and grains related to temperature of firing of
B4 sample and (b) BSE image of B8 sample deduced with a low firing temperature.

(a)

ca
K jca F® Fe

(b)

?35!3!&

Fig. 6. BSE image of neo-mineral formation of pyroxenes for B20 sample.

\ Small crystallites of Ca, Mg and Fe rich alumina silicates observed at higher magnifications in a siliceous
Ofain i Fig. 6 and at the rim of another siliceous grain may be inferred as the neo-mineral formation of pyroxenes
related with firing temperature reached for B20 sample [20].
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Hellenistic ceramic wares from Dorylaion were produced with different clays including siliceous,
calcareous, dolomitic and also a mixture of these raw materials. They probably were applied with an iron rich
clayey suspension. These ceramic wares were exposed to different firing temperatures. Different colors among
slip layers concluded that the firing atmosphere could be adjusted. Ceramic wares without cracks or spalling
may be considered as proficiency of Hellenic potters.
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Thailand Indonesia Cambodia Singapore Philippine: Vietnam Myanmar

J \

Asian Exhibition Services Ltd. are pleased to announce the first pan-ASEAN ceramic technology and materials
exhibition. ASEAN Ceramics 2013 will be held in Thailand from 11-13 September 2013 at BITEC, Bangkok. The event
will be the first time for many years that a dedicated exhibition has been held in Southeast Asia.

With increased attention on the fast moving economies of Vietnam, Indonesia, Singapore and Thailand, and a
maturing of markets in Malaysia and the Philippines, South East Asia is becoming a highly competitive area to do
business. The positioning of ASEAN Ceramics 2013 will also provide direct access to the wider key markets of Ban-
gladesh, Japan and South Korea.

The global ceramic sanitary ware production is expected to grow from 325 million units in 2011 to 443 million units
by 2016. As of year 2011, Asia-Pacific leads ceramic sanitary ware production with a share of 52.6% followed by
Europe (17.9%), South America (12.6%), North America (9.2%), and ROW (7.7%).

“We are delighted to be pulling together this new platform, not just for Thailand, but for the whole region. This
new, biennial event will provide an exciting meeting place in the heart of a dynamic region” confirms Aitken. Thailand
is recognized as one of the three ceramic powerhouses of Asia alongside China and India. ASEAN Ceramic’s 2 year
cycle will alternate with Europe’s biennial event, Technargilla in Italy.

Leading international magazine, Asian Ceramics, will join an esteemed selection of government departments and
industry associations in supporting and promoting the event, a fact that AES is delighted about. “Having Asian Ceram-
ics to support us in promoting this event, and help shape its content is key to us” says Aitken. “Our extensive pan-
regional industrial and governmental network will help ensure a high quality of visitor, and this coupled with Asian
Ceramics’ global reach will help”.

“We are convinced that the timing of this show is right, with the full ASEAN trade agreement kicking in during
2015” says Andy Skillen, Publishing Director of Asian Ceramics, “and Thailand is a great, central location to get this
exciting new series off and running. We are fully behind the event, and look forward to working with exhibitors to
maximise their exposure to these regional markets” he adds.

The event will be held alongside the ICTA International Conference supported by the Thai Ceramic Society. The
conference will include break-out sections covering areas as diverse as technical ceramics and tableware design,
and these will certainly help to drive a fully diverse visitor base to the show.

7

)

For more information contact AES at ceramics@aesexhibitions.com,

visit www.aseanceramics.com, or follow the Asian industry developments

201 3' Bangkok and event on facebook at www.facebook.com/ASEAN.Ceramics
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ASEAN (Ceramics 2013

11 - 13 September 2013 | BITEC | Bangkok | Thailand

South East Asia’s 1st international
technology and materials exhibition
for ceramic manufacturing

Supported by: Organised by:
www.aseanceramics.com e rec X
NST—DQ ll:lﬂ:bernfﬂsfm AES

70 1Wisadng UNSIAY - LUYIPU 2656



£:10)098
oNuD.ID
ouwyf Swar.npy
D Jof aarap sny)
pa0ddns 0y

£:10)938
wpundxa
Apprdva pun
‘pyuawmpunysny
Jo paous o
Jsissp 0} a1qo
aq nol
ms

«

ymmod6 Buspuly st «

s|eusiew areudoidde jo e o
ybiy st
s1onpoud padinos-Ajjesnsawop 1o}
s| @duaJajaid ay) pue ‘syabiel ymolb
d@o |euoibai poddns 03 Aoy si syonpoud
paieonsiydos A|Buiseaioul 4oy pasu ay] o
1eak uo seak BuimolB si
DB} P|91JUSAID) JO) PUBISP SUBSW
‘syexew Buipuedxe Ajebny 1ng
‘uononpoud panwi| AjpAne|sy «

SOINVYHD
UNIA

Kouadiye 1500 J9yealb
3295 0} saluedwod asned
sooud ABisue se Juepodwi alow
Buiwodaq si Bunseds ainssaid YBIH «

uone|nwio} Apoq panoidwi
pue ‘uonewolne s1ealb spiemo) Buiues)

sl ‘seale 193/eW Mau ul yimolb pue
‘seli010e) Bunsixa 1e sued uoisuedxy o
sieak anly

1XaU 8y} Ul uoiBal sy} ssoide wnuue
1ad 97| pue %g usamiad Aq asii 0}
15e0810} S| pueWap alemAleliues o

HYVAAYVLINVS

1uspuadsp
-podwi sss| awodaq 01
$)@8s 1 se ‘sieaf G-¢ Buiwod
9U} Ul JUSWISAAUI IO} SBLIISNPUI
K> a1 Jo auo se ainloejnueW
9|1 pajjusp! sey WeudIA
Keys saiuedwod Buipes|
s,uoiBau ay1 Bulinsus ul Ao ae ubisap
panoidwi pue sanbiuyoa) aAnelodaq
wie siyy eAalyoe o3 poddns spasu
pue ‘sisliodxe pue siainjoeinuew
3|11 @21y} doy s,plIOAA 84 JO Buo
awodeq 03 pasiod si eissuopu|

SHTLL
DINVHHAD

sny) joa nok und
:SIDLIIDUI 12))3q
pumn LFojouyoa
Mou sunau
Jusurysaam
pamunuo)

¢

M

SXounnffo
dDI.S Jof paou
@ouaujwoud 0y
snyp 03 dn yoymu slomelqe: Ueisy
/ 3s ps|jedoud sey ‘euly) spisino
S$9113UNOD WOl 82INOS O} ssaubul||Im
e pue ‘sduspuadapul diwouods B

¥102/€102
1o} paie|s Apealje ale sali010e} ulej@dlod
pue euiyd auoq Joj sue|d JUSWISIAU| o
abess [eqo|6
a1 uo adussald Buiseaioul ue
Buryey ale pue ‘syluow g|-z| 1se| ay1 ul
101095 8y Ul yimoub Buosis panqiyxe
aAey Jejnoied ul puejiey]
pue elsauOpuU| ‘WEUIBIA e

HYVAATAVL

sieak sa1yy
1XaU 8yl Ul winuue
18d 9G] Jan0 Aq puedxe |jIMm
auoje uondwinsuod 3|11 JOOYy e
Buipues| aie
saunssaid [an} pue [eJUSWUOIIAUT o
sepe.sbdn Aousidiyye
Ul JUSWISOAUI SAISSEW
Jo @1e1s e ul aJe saLasnpul
9|13 Joou pue L 8Y] e

AVID
AAVHH

TIVHAAOD HOLIAS-ITINN

wewein sauiddiyg soe ershefepy aiodebuis eipoquen Ee1sauopuy| puejieyL teunig sewueAy wewein seuiddiyg soe eiskeiepy

puepey], [ yoxdueq | HILIG | £10g Pquordog ¢ - [

€10¢ SPTe.p) NVHSY

‘uses aq pue ‘aas 03 ade|d ay3 aq |Im

solwelta) NY3ISY uoibai ueisy ay1 ul usas Aue jo jeadde a|qissod
1S9PIM 8y} Sey 3 2INsuS [|IM Jiej 8y ‘UoNIgIyXe aY1 Y1m Ajpuaiindouod
Buluuni eduslejuUOD) 92UB||9XT [e2IUYdS] pue dnoig uBiseg
2]eMa|ge] ‘WNnJo4 dIWeIdY) aul4 8y} Se yans suoljeouul Buioxe

YUAA Aisnpul diweled ay) JO S10198S || WO} SIOYISIA [euoissajold jo
Jaguwinu 3seble| ay) s1oeI1R JUSAS BU) 1B] 9INSUS O} saduel||e [euoibal
SAISUSIX3 S1I JO 9SN 9w ||IM UORIGIYX® Solwelad) NYISY oYL

syadsoad Lyeng) ¢

'SI0ISIA Jo sauas Ajenb yBiy ‘queisuod e sey Uolgiyxe ayi ‘nok
Bulnsus ‘uoibal ay1 |je 4o} sndoj solwelsd-ued pajesipap-A|e101 Ajuo
ay) sapinoid uonIgIyxa Mau sIy| "PHOAA Yt punode 1yBu saiuedwod
Jo Kieip ay3 ut aumixiy e €10g S2Iwels) NYISY a3ew ||im suiioje|d
elpaw o|diynw ssouoe ubledwed uonowolid JOYISIA [eqO|6 BAISUSIXD
ue uonippe u| ‘syBnoyl s,Aiasnpul syl wolj Jey aq Aja.el ||Im €102
solwela) NYISY 1yl suesw — solwela)) uelsy — uonedijgnd [eijo
a1 jo poddns elpaw Jueisuod pue ‘edussaid a1isgam punol Jesh v
S[yoId YSIH ‘g

's@2IAIs / Aouensuod / Juswdojansp / yoieasal | Juswdinbe 191

% Kiojesoqe| | ABinjjeraw Jepmod pue solwelsd [ediuyoal | Aisuiyoew
pue ABojouydal olwelsd Aiooelyal pue auly | Juswdinba jueid Aepd
Aneay | Aisuiydew | yuswdinba pue sup | spie Buuy | sjelslew
Kioyoeujel | sjelsrew uondnpouid ‘sispmod ‘SeAIppE | s|elislew mel
:Jepes InoA uo si £z Solwesa) NYISY 2Ins 9xew ‘si0108s Buimojjoy
ay1 Jo Aue ui panjoaul aie noA §| *Aisnpul [eucibai ‘Buipuedxe ue

01 sponpoud pue sanijigeded syl 1qiyxa 01 wiope(d 10epad sy
Ansnpui oiwesad ayy o3 sialjddns aIb |jim €0z SaIwessd) NYISY
Suruin) 1095a9 T

aNqryxe Aym

“asijendes 0} 18y} 89 PINO> NOA pue1yBipods ays ui aq !

01 @ueyd s,NVISV S! sly| ‘sieak may Buiwiod ayy Jano Ayjen
pue Auoeded yyog ul spesbdn juediyiubis e spiemoy Juiod sainbi
ymodb se suoibai Buimoib Ajpides 1sow s Ansnpul aya Jo suo

Ul panjoAul 186 01 @dueyd JNOA si SIY| “JUBWUOIIAUS UORIGIYX
pJepueis [euoneusaiul ue ui saiiunioddo Buiyuomiau Ayjenb ybiy
‘Jus||@dx® ue apirold ||Im €| 0z SolWeIa) NVISY ‘Ysepe|bue
se 4yons AuNWWod Japim 8y} woly uoualie Buimelp se |jam

se sauiddijiyd ay1 ‘eishejely ‘weulsip ‘eissuopul ‘puejiey] i
saLasnpul Buluoabing ay1 01 ABojouyds pue sjelslew Ul 1se
oy} Buiseomoyg "sisinioejnuew s eisy 1se3 Yinos Jjo sbue.

[INs oY1 Buissedwioous ‘uoniqiyxe sojwelsd Aisnpul ssod

AN 1511y 343 89 [[IM UOIGIYX® €10 SOIWIEID) NVISY &Y

- pSipods ayy uy
vIsy jsej] yynog Sumng

siodeburs epoquen epsouopul puereL jounig seweAn




RESERVE YOUR SPACE AT ASIA’'S MOST EXCITING NEW CERAMICS EVENT

YES! | would like to reserve ... | | Raw Space: US$ 275/square Metre || walk On Package: US$ 335/square metre*

*Note: the walk-on package includes: fascia (nameboard), lighting, electric socket, carpeting, meeting table & chairs, shelving, cabinet & chair, plant and waste bin). Full details are
available on request.

Simply email us your request, or fax to the contact numbers below.

Contact Name =
EXHIBITOR NAME [ Al

postion .~~~ b 'r ‘ r 1
Company/Organisaton m .' '
Address 1 _ '

Country — — Telephone

Fax  Email

REMEMBER:
AS SOON AS YOU BOOK, YOU WILL BE PART OF THE PROMOTIONAL PROGRAMME!

About Bangkok International Trade
& Exhibition Centre

Bangkok International Trade & Exhibition Centre (BITEC). A fully
integrated state-of-the-art conference and exhibition centre with three
restaurants, an international food hall, parking for over 4,000 cars and
direct access to the new BTS Bangna Skytrain station to the downtown
hotels and airport link. Bangkok is situated right at the beating heart of
a vibrant regional ceramic industry.

For more information, turn to www.bitec.co.th

About AES Exhibition Services Ltd.

Asian Exhibition Services (AES) Ltd is an international, Board of Investment

listed company, managing specialised industrial trade events throughout Asia. AES is
headquartered in Bangkok and has representative offices in Europe, China, Singapore, India
and South America. AES's partner companies include Pico (Thailand) Plc, AES (UK) Limited and MP International
(Singapore). The high standing of AES in the region, and its extensive experience in organising international events

not just in South East Asia, but further afield, means that ASEAN Ceramics 2013 is assured of a successful inaugural event.

For more information, contact AES on: ceramics@aesexhibitions.com A
Tel: +66 2207 2412 // Fax: +66 2207 2626 A:.ANEXH.BENE.

Media Partner: Asian Ceramics

AES Exhibitions is delighted to announce that its principal media partner for the event will be Asian Ceramics magazine. Since 1997, AC has
disseminated news and analysis for the entire continent on a global basis, and is the only magazine renowned for the breadth and depth of
its market coverage. With the event taking place in one of Asia’s ceramic hubs, it was obvious that Asian Ceramics would be the best media
partner to support the event, and we look forward to working with them.

To take advantage of special advertising opportunities with the magazine, contact Graham Lovell:
glovell@asianceramics.com
Tel: + 44 (0) 208 123 3198 // www.asianceramics.com

Supporting Organisations:
Ministry of Science and Technology, National Science and Technology Development Agency, Thai Ceramic Society,
World’s Events Organisation, Thailand Convention and Exhibition Bureau

Conference Organiser:

ASEAN Ceramics is endorsed by the National Metal and Materials Technology Center (MTEC) as a part of the National Science and
Technology Development Agency under the Ministry of Science and Technology. The exhibition is also supported by the Thai Ceramics
Society and will be held alongside the annual international conference programme for the ceramic industry.

National Metal and Materials Technology Centre (MTEC)

Contact: somnuk@mtec.or.th
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Asian Exhibition Services (AES) Ltd. joined industry leaders to announce the launch of ASEAN
Ceramics 2013, the international ceramic manufacturing exhibition and conference for Southeast Asia to held at
BITEC from 11-13 September 2013 alongside the ICTA 2013 International Conference on Traditional and
Advanced Ceramics. Pictured left to right; Dr. Somnuk Sirisoonthorn, President of the Thai Ceramic Society;
Mr. Salanroj Sutaschuto, Board Director, Thailand Convention & Exhibition Bureau; Mr. David Aitken,
Managing Director of AES Ltd.; Mr. Panuwat Triyangkulsri, Director of the Bureau of Supporting Industries
Development, Department of Industrial Promotion, Ministry of Industry; Mr. Oskan Sirikaya, Managing Director

of Atiker (Thailand) Co., Ltd. For more information contact (+66) 02 207 2412, visit www.ASEANceramics.com

or join follows at www.facebook.com/ASEAN.Ceramics This Press conference was held at Windsor Suites

Hotel Sukhumvit 20 on 5" March 2013 from 14:00-16:00 pm
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ASEAN Ceramics 2013

11 - 13 September 2013 | BITEC | Bangkok | Thailand

South East Asia’s 1st international
technology and materials exhibition

201 3 Bangkok for ceramic manufacturing

' EAN Ceramlcs ]

Supported by: Organised by:
WWwWWw.aseanceramics.com aj.%q_ e @g

member of NSTDA AES
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Mega Exhibition of Porcelain Painting
Organized by Vanvipha Studio

and

Manoel Filipe Pereira
s e, o

Ve Ly ,‘f; i

- R :

19 - 23 November 2013

for more information please contact :
pereira@artfilipe.com, sandra@Z2011.artfilipe.pt,
vanvipha.studio@gmail.com and www.artfilipe.pt

A Remarkable Experience

2 3 g i
28 Charoenkrung Soi 70, Bangkholame, Bangkok 0120, Thailand. (=] =]
CHATRIU A e R

o T: +66 (0) 2307 8888 F: +66 (0) 2307 8899 E: info.chrb@chatrium.com
HOTEL * Riverside
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nternational Conference
on Traditional and Advanced
Ceramics 2013 (ICTAZ201L3)

In conjunction with ASEAN Ceramics 2013

September 11 -13, 2013

Bangkok International Trade & Exhibition Centre, BITEC, Bangkok, Thailand

‘hOINTLY ORGANIZERS

National Metal and Materials Technology Center

Thai Ceramic Society

Chulalongkorn University

Asian Exhibition Services (AES) Ltd.

Department of Science Service

Thailand Institute of Scientific and Technological Research
Kasetsart University

Suranaree University of Technology

Phranakhon Rajabhat University

Valaya Alongkorn Rajabhat University

Chiang Mai University

Thammasart University

Khaon Kaen University

Silpakorn University

Prince of Songkla University

King Mongkut's University of Technology North Bangkok
King Mongkut's University of Technology Thonburi

Mae Fah Luang University

Loei Rajabhat University

Sakon Nakhon Rajabhat University

Abstracts Submission

Participants interested in presenting a contribution in one of
specified areas are kindly requested to submit an abstract of up
to 200 words in half page A4 by June 30, 2013. See and apply the
abstract in the conference website.

Contact

For submitting the Technical Paper

Mr. Peerapong Pinwanich Secretariat of ICTA2013

Human Resources Development for Materials Science (HMS)
National Metal and Materials Technology Center (MTEC)

114 Thailand Science Park, Paholyothin Rd.,

Klong 1, Klong Luang, Pathumthani 12120, Thailand

lel.: +66-2564-6500 ext. 4680 Fax: +66-2564-6505

Email: peerapp@mtec.or.th

For the Payment of the Registration Fees
Ms. Punnapa Onsarn

Asian Exhibition Services (AES) Ltd.
Level 29, Centralworld

999/9 Rama | Road,

Pathumwan, Bangkok, 10330, Thailand

lel: +66-2207-2412 Fax: +66-2207-2626 =
Email: punnapa@aesexhibitions.com %(4

GECOPE

The scope of this conference is to provide an overview on recent progress and R&D
activities ranging from fundamental research to applied research in the field of
Traditional and Advanced Ceramics. The topics addressed in this conference include
{not limited ta):

Ceramic Industrial Technology
- Sustainability in Ceramic Industry
- Industrial Ceramic Processing
- Cement and Gypsum
- Clay based Ceramics
Refractories and Insulators
Geopolymer
Innovation of better productivity and Energy Efficiency for Ceramic Industry
Advanced Ceramics
Bioceramics
- Electroceramics
Nanaceramics and Composites
Energy Based Ceramics
Advanced Ceramic Processing

Glass Science and Technology
Raw Materials , Energy Efficiency, Control and Quality
Relaxation and Glassy State
Special Applications: Bioglasses, Fuel Cell, Sensors and Automotive and
Architecture Glasses

Ceramic Art and Design

Important Dates

June 30, 2013

July 31,2013

August 15, 2013

September 11, 2013 @ the conference site

Abstract Submission Deadline
Notification of Abstract Acceptance
Early Bird Registration

Full Paper Submission Deadline

and Fees
Early Bird
Before August 15, 2013 After August 15, 2013
250 USD / 7,500 THB 300 USD / 9,000 THB
Member of the Thai Ceramic Society 200 USD /6,000 THB 220 USD /6,500 THB
Students 150 USD / 4,500 THB 170 USD / 5,000 THB

The registration fees include admission to all technical sessions, lunches, banguet,
conference materials and 7% VAT.

Registration

Participant Type

General Participants
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