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The study of medieval ceramics is important in order to obtain information for development of ceramic production
during this period. Various medieval unglazed and glazed ceramic artifacts discovered during archaeological excava-
tions in the monastery of Karaachteke near Varna (Bulgaria) were chemically and structurally characterized by ICP-
AES, XRD, SEM-EDS and Archimedes method to understand the technology of medieval ceramics production. Water
absorption of unglazed artifacts is ranging from 10 to 15 wt.%, which indicates that the ceramics is good sintered and
possibly is fired at a high temperature, around 950—1050 °C. The phase composition of the ceramic artifacts indicates
the presence of crystalline phases of quartz and plagioclase, the amount of which varies in different samples. SEM
proves the presence of coarse quartz grains having a size of 0.05 to 0.3 mm in the sintered ceramic body. This leads
to the conclusion that it is used or highly sandy clay or ceramic body, consisting of red firing clay and coarse grain
quartz sand.

The study of glazed artifacts proves that a transparent lead glaze with firing temperature about 950-1050 °C was
widely used in the Middle Ages. Part of glazed artifacts is typical sgraffito pottery. Other part of glazed artifacts is of
the type of the famous Preslav ceramics of a white ceramic body and transparent green glaze with the Seger formula

Pb0.0,16A1,0,.25i0, and firing temperature above 1000 °C.
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INTRODUCTION

The most common and significant material as
volume found by archaeological excavation is the
ceramics. With its forms and decoration, chemical
and mineral composition it is among the main el-
ements, that in multilateral study give information
on the organization of production, business and
trade relations, cultural influences and differences
between ages and regions. The overall knowledge
of a ceramic material and its properties requires
knowing the relationship composition-structure-
properties that are strictly dependent on the applied
technology.

Subject of research are various unglazed and
glazed ceramic artifacts found during archaeological
excavations in the monastery Karaachteke by prof.
Casimir Popkonstantinov (University of Veliko
Tarnovo), assoc. prof. Rosina Kostova (University
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of Veliko Tarnovo) and Valentine Pletnyov (Regio-
nal Museum Varna) in the period from 2011 to
2013. Extensive excavation and research begin
only in 1995, and with some interruptions, continue
also today, as in a large scale they are in the recent
years. The monastery of Karaachteke near Varna
(Bulgaria) is one of the largest monasteries in the
Balkans. The found ceramics is varied — without or-
naments or decorated with relief and parallel or grid
cross lines, with green transparent glaze, so called
sgrafito ceramic of XII-XIV century and ceramic
from the Ottoman period — XV-XVIII century. A
sign of the intense life in the monastery is the found
textured and painted pottery from white clay. Some
of the dishes are imported from Byzantium, and
others are in the style of “Preslav painted ceramics”
from the end of IX and the beginning of the Xth
century [1-2].

At present is interesting the study of medieval
pottery in order to meet the level of development of
ceramics during this period. The authors of this re-
search have a big experience in the field of ceramic
glazed and bodies, frits and decoration [3—10].

The aim of the present study is a chemical and
structural characterization of unglazed and glazed
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medieval pottery found during archaeological ex-
cavations in Karaachteke monastery near Varna
(Bulgaria).

EXPERIMENTAL PROCEDURE

Studied artifacts

Unglazed ceramic artifacts are shown in Fig. 1.
The ceramic artifacts, indicated by UG1 are found
at depth of 1.0 to 1.2 m. The ceramic artifacts, la-
beled UG2 are discovered at depth of 1 m, others
ceramic artifacts, labeled UG3 and UG4 — at depth
from 0.60 to 0.80 m. The glazed ceramic artifacts
are found at depth of 1 m and are shown in Fig. 2,
indicated by G1, G2, G3 and G4.

Analytical methods for study
of the ceramic artifacts

— Chemical analysis — ICP — AES after alkali fu-
sion and dissolved in acid and the classical silicate
analysis.

— XRD - Diffractometer “TUR-M62”, CoK ra-
diation in the range of 26 from 5 to 60°.

— SEM — Scanning electron microscopy SEM
525 M, Philips with Energy Dispersive Spectrometer
EDS — EDAX 9900.

— Archimedes method for determination of water
absorption of ceramic artifacts.

RESULTS AND DISCUSSION

The results from the chemical analysis of the
composition of the unglazed artifacts are given in
Table 1. SiO, and AL O, are the most important ox-
ides in the ceramic body of unglazed ceramic ar-
tifacts. The coloring oxides (Fe,O, + TiO,) cause
the slightly red color in the ceramic body of the
unglazed artifacts. The artifacts contain more than
3 wt.% alkali oxides as K,O and Na,O. The water
absorption of unglazed artifacts is varied from 10 to
15 wt.%, which gives reason to believe that the arti-
facts are well sintered probably at high temperature
around 950-1050 °C. The phase composition of the
ceramic artifacts, established by XRD and shown in
Fig. 3, indicates the presence of crystalline phases
of quartz and plagioclase, which amount is varied in
the different samples.

The chemical composition and the microstruc-
ture of the glazed ceramic artifacts was character-
ized by SEM-EDS. Fig. 4 shows a scanning mi-
croscope photograph and local chemical analysis
from EDS of glazed ceramic artifact denoted in
Fig. 2 with G1. In the ceramic body are clearly vis-
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Fig. 1. Unglazed medieval ceramic artifacts from
Monastery Karaachteke (Varna, Bulgaria)
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Fig. 2. Glazed medieval ceramic artifacts from Monastery
Karaachteke (Varna, Bulgaria)

ible coarse quartz grains having a size of 0.05 to
0.30 mm, immersed in a sintered ceramic matrix.
The average chemical composition of the ceramic
matrix surrounding the quartz grains is shown in
Fig. 4. The presence of coloring oxides explains
light red color of the ceramic body of the artifact
G1. These results show that is used very sandy clay,
which apparently was not digested, but only passed
through a sieve of 0.5 mm or used in the form in
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Table 1. Chemical compositions of unglazed ceramic artifacts

Artifacts  SiO,  ALO, Fe0, MgO CaO TiO, MnO Na0O KO SO, PO, LI

UGl 70.55 15.47 5.60 1.43 1.40 0.78 0.05 1.05 2.57 1.38 0.09 0.26
UG2 70.75 13.57 5.0 1.54 3.14 0.69 0.07 0.74 2.54 <0.03 0.11 1.06
UG3 66.41 17.54 591 1.38 1.65 0.74 0.05 0.73 3.54 <0.03 0.14 1.06
uG4 65.3 18.56 5.89 1.46 2.05 0.86 0.05 0.83 3.09 <0.03 0.06 1.28
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Fig. 3. XRD patterns of unglazed medieval ceramic 0 10 20 30 40 50
artifact UG3 20 CuKa

Chemical
composition of the composition of the
glaze ceramic body

Al20s -  589% Al203 - 35.56%
Si0z - 2851% Si0z - 55.49%

Si0O2

K20 - 0.04% K20 - 1.69%

- 0.33% g
Fig. 4. SEM and local chemical R0 " €a@ b
analysis by EDS of the glaze and Fe203 - 0.93% TiOz - 1.04%
ceramic body of glazed ceramic PbO - 64.30% Fe:03 - 511%

denoted G1
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which it is extracted. The content of grains of quartz
sand is the ceramic body is needed from the pres-
ence of lead glaze having a high thermal expan-
sion coefficient. The glaze on the ceramic body is
a transparent lead glaze. This glaze probably is pre-
pared by two raw materials: PbO — 70% and clay
—30%. The glaze is applied by dipping of the green
ceramic body in the glaze following single firing
or on a biscuit ceramic body on at double firing.
Assumed, that the artifact is obtained by double fir-
ing, because it has relatively good water absorption,
which shows good sintering of the ceramic body at
about 950-1050 °C. The high percent of the lead
oxide (64.30%) in the glaze notes that the temper-
ature of the second glaze firing is lower with 50—
100 °C and is done in a strongly oxidizing environ-
ment, otherwise the lead would be reduced. The
oxidizing environment affects on the glaze color,
which is yellowish-brown due to the lead glaze,

-
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to brick-red with an effect of bleed of the ceramic
body through the glaze.

Fig. 5 shows a scanning microscope image and
local chemical analysis of the glazed ceramic arti-
fact marked on Fig. 2 with G2. SEM analysis shows
the presence of two layers on the ceramic body —
glaze and engobe. There is a relief decoration of
dark red lines and the color of the artifact is yel-
lowish brown. This artifact, visual and as a result of
the carried out analyzes, can be referred as a typical
sgraffito pottery. SEM of artifact G2 shows that the
ceramic body comprises open pores and grains of
quartz, which are smaller compared with the pre-
vious artifact G1. The ceramic body has a higher
content of Fe,O,, compared with the engobe and
glaze, which explains the dark red color of the relief
ornaments, in which the engobe is removed at the
manufacture of the product and there is direct con-
tact between the reactive lead glaze and the ceramic
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Chemical composition || Chemical composition || Chemical composition
ofthe glaze ofthe engobe ofthe ceramic body
A0z - 471% MgO - 124% MgO - 244%
Si02 - 29.39% Alz03—-34.06% Al203 - 25.95%
Fe203 - 290% Si02 - 50,52% Si02 -57.14%
PbO - 63.01% K20 - 6.70% K:0 - 3.13%
Ca0 - 263% Ca0 - 059%
TiOz2 - 1.29% Fe203 -10.75%
Fe203 - 271%
PbO - 0.85%

Fig. 5. SEM and local chemical analy-
sis by EDS of the glaze, engobe and
ceramic body of glazed ceramic de-
noted G2
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body. This interaction leads to dark red coloration
of the medium layer. Unlike the previous artifact
G1, in this artefact is observed also the presence of
engobe with chemical composition shown in Fig. 5,
which relatively more sintered of the ceramic body.
It can be argued that it is composed of fireclay,
potassium feldspar, quartz sand and dolomite, i.e.
during this period of ceramic development, ceramic
bodies, glazes and glazes for recipe composition
have been known and made. The role of the engobe
is to cover the ceramic body and to prevent reaction
between the glaze and the ceramic body or if such
one exists it to be controlled only if it is necessary
to obtain decoration ornaments with specific color.
The lead glaze is transparent with Seger formula
Pb0O.0,13A1,0,.1,3S510, and firing temperature
940-960 °C. Such ceramics can be produced by a
single firing or by double firing [9, 10].

SEM of glazed ceramic artifact G3 (Fig. 6) with
white ceramic body and green transparent glaze

shows that this artifact is glazed with also typical
lead glaze. The composition of the ceramic body
reveals that it is prepared from quite pure white
fireclay — possibly washed, which requires high fir-
ing temperature. The ceramic body has closed pores
and 15.0% water absorption. The lead glaze is trans-
parent with Seger formula Pb0O.0,16Al1,0,.25i0,
and firing temperature above 1000 °C. Apparently
this ceramic artifact belongs to the famous Preslav
ceramics.

SEM of the glazed ceramic artifact labeled as
G4 shown in Fig. 2 with red ceramic body, green
glaze and black lines ornaments is presented in Fig. 7.
The picture also reveals that it contains glaze, en-
gobe and ceramic body. Distinctively for this ar-
tifact is that these black decorative ornaments are
made by engraving the body after the application of
the engobe, so in the ornaments between the glaze
and the body there is not engobe, which makes the
thickness of the glaze larger. There is again a di-

Chemical composition of Chemical composition of
the green glaze the white ceramic body
ARO3 -  3.99% A0z - 39.84%
Si02 - 3389% Si02 - 56.46%
K20 - 0.10% K20 - 1.10%
Fig. 6. SEM and local chemical Ca0 - 023% Ca0 - 046%
analysis by EDS of the green trans- :
parent glaze, engobe and white Fe20s - 0.55% Ticz - 0.54%
ceramic body of glazed ceramic PbO - 6125% Fe20s - 159%
denoted G3
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Ceramicbody
MgO - 4.53%
Al203-19.45%
SiO2 - 48.45%

Engobe Glaze
Al203-16.16% Al2O3- 2,99%
SiO2 - 58.91% SiO2 - 34.84%
K20 - 4.70% FeO - 1.42%
Ca0O - 1.22% PbO -60.76%
FeO - 3.22%

K20 - 3.96% Fig. 7. SEM and local chemical

analysis by EDS of the engobe, green
Ca0 - 6.61% transparent glaze and red ceramic
TiO2 - 6.68% body of glazed ceramic artifact de-

noted G4

rect contact between the reactive lead glaze and the
ceramic body containing Fe,O, — 10 wt.%, a con-
centration at which the carved ornament gets this
black color. This is shown on Fig. 7. SEM observes
more porous engobe compared to the ceramic body,
which is more sintered. In recipe composition of the
engobe, in addition to clay, quartz sand and potas-
sium feldspar PbO is includes too, as probably the
engobe is only homogenized without grinding. The
reaction between the glaze and the engobe gives
green color which can be obtained in reducing
conditions at that content of Fe,O,. The glaze has
a Seger formula PbO.0,15A1,0,.1,9S10, and firing
temperature 1000-1020 °C [9, 10].

Figure 8 shows the chemical composition of the
boundary of the engobe and the glaze, the chemical
composition in the black line, the chemical compo-
sition of the boundary between the black line and the
ceramic body and the chemical composition of the
glaze. Areas near the contact between the engobe
and glaze, glaze and ceramic body were studied By
SEM — EDS. It has been found that chemical com-
ponents migrate in both directions. The lead from
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the glaze enters in the engobe and body, and K, Ca,
and Fe dissolve in the reactive lead glaze.

CONCLUSION

It has been established that the main oxides in the
ceramic body of the medieval pottery are SiO, and
Al O,. The artifacts contain also a certain amount
of coloring oxides (Fe,O, + Ti0O,), which cause the
slightly red color. The water absorption of the medi-
eval pottery is in the range 10—15 wt.%, which gives
reason to believe that the artifacts are well sintered,
probably at high temperature around 950-1050 °C.
The phase composition of the artifacts is represent-
ed by quartz and plagioclase, which amount varies
by the samples. SEM proves the presence of coarse
quartz grains having a size of 0.05 to 0.3 mm in a
sintered ceramic body. This leads to the conclusion
that it is used either highly sandy clay or ceramic
body, consisting of red firing clay and quartz sand
with dimensions of 0.05 to 0.3 mm, providing the
high thermal expansion coefficient of the ceramic
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MgO - 151% || AOs - 477% || AL20s - 669% || AOs - 4.05%
ARO: - 20.03% || Si02 - 3432% || Si02 - 3291% || Si02 - 34.00%
Si0z2 - 43.64% Fe203 - 1.48% K20 0.38% Fe20z - 0.75%

Fig. 8. Chemical composition of KO - 4.84% PbO - 59.43% Ca0 - 0.00% PbO - 60.31%

the boundary between engobe

and glaze, of the black line, of Ca0 - 267% Fez0s - 1.88%

the boundary between the black Fe:0s - 3.26% POO - 57.06%

line and the ceramic body and of

the glaze of glazed ceramic de- PbO - 24.06%

noted G4

body after firing, necessary for the coordination of
transparent lead glaze, also having a high thermal
expansion coefficient.

The study of the glazed artifacts indicates that
transparent lead glaze with firing temperature
around 950-1050 °C is widely used in the Middle
Ages. The sintered ceramic body of the glazed arti-
facts is obtained from ceramic body involving clay
with a high content of Fe,O,, quartz sand and po-
tassium feldspar. The conclusion is that the glazed
artifacts G2 and G4 are typical sgraffito pottery, a
fact indicating that during this period of ceramic de-
velopment, when these products have been created
(middle ages), the ceramic masters knew and made
ceramic bodies, engobes and glazes in recipe com-
position from different raw materials.

It is proven that the artifact G4 is of the type of
the famous Preslav ceramics with a white ceramic
body and transparent green glaze, with the Seger
formula Pb0O.0,16A1,0,.2Si0, and firing tempera-
ture above 1000 °C. It has been found that the
chemical elements are migrating in both directions
within the contact layers: engobe—glaze and glaze-

ceramic body. The lead from the glaze enters in the
engobe and body, and K, Ca, and Fe dissolve in the
reactive lead glaze.
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N3CJIIEABAHE HA CPEJJHOBEKOBHA KEPAMUKA OTKPUTA B MAHACTUPA
KAPAAUTEKE KPA1 BAPHA, BbJITAPUS

A. Vonesa, C. Jxamb6a3os, I1. [xam6a30B

Kameopa Texnonoeus na cunuxamume, XuMukOmexHoOI02UUEH U MemaiypeuieHr yHueepcumen,
Cogus, Boreapus

[Moctrenuna nexkempu, 2014 r.; npuera siuyapu, 2015 r.
(Pesrome)

W3cnenBaHeTo Ha CPETHOBEKOBHU KEPAMHUKH € BaYKHO, 32 J]a CE MOIy4d HHPOPMAIIKs 32 Pa3BUTHETO Ha TEXHOJIO-
T'UsTa Ha IPOMU3BO/ICTBO HAa KepaMHUKaTa Ipe3 TO3M Nepuo/. Pa3aiyuHu cpeJTHOBEKOBHH HETIa3HUpaHU U IN1a3upaHu Ke-
paMu4HU apTeakTH, OTKPUTH IIPH apXEO0JIOTHUECKH pa3Konky B MaHacTupa Kapaaureke 6mu30 1o Bapnua (benrapus)
ca XMMHUYECKH U CTPYKTypHO oxapakTepusupanu ¢ POA u CEM 3a ycTaHOBsSIBaHE Ha TEXHOJIOTHATA HA IPOU3BOICTBO
Ha CpeJHOBEKOBHATa KepaMmuka. BomororibiaeMocTTa Ha HerylazupaHuTe apredakT, ompejielieHa o MeToja Ha
Apxumen, e B uatepBaia ot 10 1o 15 tern. %, koeto mokasea, 4e kepaMukaTa ¢ J00pe crieueHa U BePOSTHO € U3~
Ha IIpH BUCOKa TeMieparypa okoiio 950-1050 °C. dazoBusT chcTaB Ha KEpaMUYHUTE apTe(akTH MOKa3Ba HATUIUETO
Ha KpHUCTaJIHU (Da3u OT KBapll M IUIArMOKJIa3, KOJMYECTBOTO HAa KOMTO Bapupa B paznuunute npoou. CEM nokassa
MIPUCHCTBUETO HA €JpU KBAPIIOBHU 3bpHA, nMaIu pasmep ot 0,05 1o 0,3 mm B criedeHOTO KepaMUYHO TsU10. ToBa BOIH
JIO 3aKJIFOYCHUETO, Y€ 3a MOoJydyaBaHe Ha KepaMHUKaTa ce € M3IOI3Balla MM CUJIHO NEeChKIINBA INIMHA HIH KepaMUYHa
Maca, ChCTOSIIA C€ OT YEPBEHO M3MUYAIIA Ce TNIMHA U €APO3bPHECT KBAPIOB ISACHK.

W3cnenBaneTo Ha riasupaHuTe KepaMUuHK apTedakTH J0Ka3Ba, e npe3 CpeqHOBEKOBUETO IIMPOKO € Ouiia u3-
MoJI3BaHa Mpo3paydHa OJIOBHA TJlazypa M KepaMuKaTa € M3MuuaHa mpu temmepatypa okojo 950-1050 °C. Yacr ot
rjasupaHuTe apredakTu ca TUNM4YHA crpaduTo kepamuka. /lpyra yact oT riia3upaHuTe apreakTd € OT THIa Ha
n3BectHarta [IpeciaBcka Kepamuka, XxapakTepusupalia ce ¢ Osul KepaMH4eH Yepen M Npo3payHa 3ejeHa riia3zypa ¢
3ereposa (opmyina PbO.0,16A1,0,.2510, u Temneparypara usnuuane "Hax 1000 °C.
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