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Abstract

Identifying the materials used in the construction and decoration of the building is of great
importance to complete the discussion of a historical monument and its restoration. One of the
buildings that need to be studied in this field as a prominent and valuable building is the green dome
of Kerman (Qobeh Sabz) that has not been technically studied on its mosaic tiles. The colors of the
tiles of this building are black, azure, white, and turquoise, yellow and green. This research has been
carried out in the field of applied research to better understand the architecture of the past and the
techniques of making architectural decorations. In order to achieve the goal, the method of scanning
electron microscopy equipped with X-ray energy separation analysis has been used to identify glaze
elements and body petrography in the studied samples. The results show that the black color of the
glaze is due to the presence of substances such as manganese in the glaze. The turquoise glaze color
is obtained by combining copper compounds in the rich glaze in alkaline elements such as potassium.
Also, lead antimony, iron oxide and cadmium cause yellow glaze and tin in white glaze causes white
color. The azure color is also caused by cobalt oxide, and the green color of the glaze is due to the
presence of copper and iron. Petrographic analysis, XRD and XRF analysis for qualitative
identification of minerals, existing phases, and elemental analysis of 4 samples of the tile body, shows
that quartz has been used as a filler and there are calcareous soils in the bodies. Petrographic and
XRD results on tile biscuits indicate oxidation baking environment and baking temperature less than
800 degrees for three samples BL, B-2, and B-4 and temperature above 850 for sample G-4.
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Introduction

One of the factors that have influenced the evolution of tile decorations is the materials used in the
body and tile glaze, which play an important role in its strength and beauty, and its knowing helps to
restore the building. Kerman is one of the cities whose tiles have adorned its historical monuments.
In the north of Kerman, there is a neighborhood called Green Dome, that there is an important
historical monument called Green Dome in it, which in 1276 earthquake, unfortunately, was
destroyed and only part of the mosaic tiles of this building remained. The point which increases the
importance of this build is the historical nature and antiquity of mosaic tiles in this building. The main
purpose of this study is to identify the elements and factors that create color in the glaze of building
tiles and to identify the minerals that make tile biscuits. In this regard, this research tries to examine
the body and glaze of colored tiles used in parts of the building by laboratory methods in order to

provide information to activists in this field for the restoration of this building.

Materials and Methods

This research has been carried out in the field of applied research in order to better understand the
architecture of the past and the techniques of making materials, which tries to deal with the
technology and knowledge of chemical materials and materials used in the manufacture of glaze for
mosaic tile decorations in the green dome of Kerman. In analytical laboratory studies, an electron
microscope at the Razi Foundation was used to identify the constituent elements of the glaze and the
factors that create the color in the samples. The analyzer (EDS) used in this device has a resolution
of 126 ev> and a resolution of more than 5000 ppm to identify the elements from element B onwards
in the periodic table. To study the structure of tile biscuits have been used from the thin section
petrography method by the microscopic, XRD, and XRF. This test was performed in Zarazma

Mahan Petrology Laboratory.

Results

Quantitative and qualitative identification of elements in glazes was performed using scanning
electron microscopy electron scanning system. Analysis of colored glazes showed that lead was
present in all samples and its amount in the green glaze was more than others and lead in the black
glaze was the lowest. (Table 2 to 7 and Figure 6 to 12). Lead makes the glaze shiny and creates the
fine and well colors. Calcium has also been used as a glaze modifier in all studied samples. Silica is
used as a lattice and in some glazes, potassium is used as a melt. The color factor was also identified
in all glazes. The results of petrography and mineralogy of tile biscuits also showed that the samples

contain abundant clay minerals and quartz is the most abundant mineral.

Discussion

In white glaze, tin is present in the amount of about 8% and tin has acted as a coloring agent in the
glaze. The black color of the black mosaic tile is due to Cobalt. Also, oxygen in the black glaze is
more than all the samples. The turquoise color in the studied glazes is obtained from the juxtaposition
of copper compounds in glazes rich in alkaline elements such as potassium. Analysis of the azure
glaze sample shows that azure paint is created by cobalt and in this glaze titanium is used as a stabilizer
and the use of zirconium has caused azure glaze fewer cracks in the green dome. Also, the results of
the yellow sample showed that there are several coloring agents in this sample that have made this
color stronger in the glaze. Lead antimony, iron, and cadmium helped to create the yellow color.
Titanium oxide and tin-vanadium pigments have also helped to strengthen the yellow color. The
presence of copper has caused a dark green color, and the presence of vanadium and chromium has
had a partial effect on this color. The high amount of calcium in this glaze (above 9%) has made it
more stable than other green glazes. The results of the biscuit analysis showed that quartz was used
as a filler in the body of the tiles and calcium carbonate was used as a smelter. The three compounds
(A1203, Si02, and CaO) make up the bulk of the sample compounds in the tile body of the test
material. These compounds indicate that a part of the body soil is related to the soils obtained from
SiO2 metamorphic rocks and also in the construction of the body of these tiles there are calcareous

soils of CaO, AI203.
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Conclusion

During this research, the colored glazes of six samples and the body structure of four samples,
probably related to the Safavid period, were studied. The results of the EDX analysis of glazes
identified the main coloring agent in glazes. The results of EDX analysis of glazes suggested that lead
was present in all samples. Lead polishes the glaze and shows the colors well. The analysis showed
that the glaze of the turquoise and black samples was of the alkaline type and the glaze of the other
samples was of the alkaline lead type, and in all the studied samples, calcium was used as a glaze
modifier. The results of the phase and chemical composition of the biscuits show that quartz has
been used as a filler to reduce the amount of shrinkage of the body. Also, the presence of calcite in
three samples shows that the baking temperature of three samples BL, B-2, and B-4 was less than
800 degrees, and the temperature for sample G-4 is above 850. The presence of calcite in addition to
increasing porosity in the biscuit caused the body of three samples Bl, B- 2, B-4 to have a lighter color

than the G-4 sample.
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Table 1: Summarizing the results of previous research on the studied mosaic tiles
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Table 2: Elemental decomposition results of

black glaze
A% W% Elt
ol 2oy Sig ke | paicpl

69.26 54.30 O
20.42 28.11 Si
1.81 3.46 K
2.57 2.90 Na
1.50 2.95 Ca
1.86 2.46 Al
0.95 1.13 Mg
0.73 1.26 Cl
0.17 0.27 S
0.50 1.33 Mn
0.07 0.22 Cu
0.16 1.61 Pb
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Table 3: Results of elemental decomposition of

white glaze
A% W% Elt
ol o> iy ey pais pb

6.19 3.92 Na
317 212 Mg
3.03 2.25 Al
73.19 56.63 Si
0.18 0.16 S
717 7.73 K
1.07 1.18 Ca

0.1 0.14 A%
0.47 0.72 Fe
2.39 7.83 Sn
3.04 17.33 Pb
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Fig. 6: Graph of the frequency percentage by weight of black glaze
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Table 4: Results of elemental decomposition
of turquoise glaze

A% W% Elt
3l Ao ()9 L2)d yais pl
7.19 4.71 Na
2.66 1.84 Mg
246 1.89 Al
72.84 58.2 Si
6.72 7.47 K
323 3.68 Ca
0.17 0.28 Fe
0.09 0.16 Ni
0.68 1.23 Cu
0.07 0.19 Zr
0.99 3.34 Sn
2.89 17.01 Pb

—d8 (Al S5y 5 s swST eiman iledg
ol 03,5 SaS 2y STy b (595 4 pasdlly
2 ol ) Ll 4 &S o (55 AenS]
L] S5, s 41 9 423135 31 (S, (sloeST g,
oy £ 51 55y 335 B Ol el 03,5 (SaS
oSl 03y Lt (6393 Y Ol o ploal LT
JlodSed plgis 4 g Gl (255lo Al 83l gl
o3 28.32 o 3Ll Gl j3 paie pl e sl
203 2.70 §3.63 b awlts g mots )] 51 S ol
g Hloals polaidl 393 4 1) (e o yider (S
=03y 3 elS’ 9 p93sS 05 e cporizogll oy
S5 03 polie )33 (liee a5l e slo
st pg)S g LS 3,558 (al ol Ll saimd
Ol (6232 Sl igad 3BTV S5 & o)

G B ) lojgyd Ol (gpaie Ul b
bgiye padld paic &5 a3 o U5 juw 4 b
5 oS Sl frlly 9 0 po0 by s A &,
it Ol (37,47 A7.01 582 5 doyd (5l
39 20y b mrdw 4 boyye (2l Sy (o)
@ bgpe S nelin g b g ey 471
Lopd gl i 4 oS Conl paiagll g 2ld g panndS
pole lo ¢ diwn 1.895 334 3.68 i

Slojord Sl polis (S59 8oy (SlglE i Jlages A S8
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Table 5: Results of elemental decomposition

of yellow glaze
Elt W% A%
paie pb 39 oy ol Aoy : ¢ Me
Na 0.63 0.69 Pb -
(0] 42.24 66.48 1c% ”
Mg 0.82 0.85 Na 0145
Al 3.28 3.06 - =
Si 21.48 19.26 21% 0.45
P 0.49 0.4 a 7
S 1.04 0.82 043
Cl 0.43 0.31 .
K 217 1.4
Ca 3.62 2.27 4?, Y T
Ti 0.14 0.07 - " .0 .
v 0.07 0.04 - S
Fe 2.7 1.22
- 0 008 355 ) pobie g 23 I climn oges A S
Zn 0.45 0.17 . .
Se 024 0.08 Fig. 9: Graph of frequency percentage by weight of yellow glaze
Zr 0.79 0.2 clements
Cd 0.86 0.19
Sn 1.27 0.27
Sb 0.6 0.12
Pb 16.47 2
Y Sl gpals 48 @ F s
Table 6: Results of elemental analysis of
azure glaze Na
A% W% Elt . 15
28% 2
sl ey SIS SH f.a;.cfb' 1 =
3.15 3.63 Na \
72.21 57.98 o \ =
1.05 1.28 Mg 0.47
1.09 1.48 Al = s
20.09 28.32 Si 036 | 18
0.08 0.13 S ’ 1
1.38 2.70 K 58%
0.32 0.64 Ca @k mrb @ 8 a
0.13 0.36 Fe
0.04 0.12 Co Y QW polis (S dopd (Slglh Gljee sloges )+ JS3
0.19 0.85 7t Fig. 10: Graph of frequency percentage by weight of azure glaze
0.08 0.47 Sn clements
0.20 2.03 Pb
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Table 7: Results of elemental analysis of

green glaze
Elt W% A%
raie pb | Gighey | (lhep
Mg 4.34 5.08
Al 1.31 1.38
o 31.68 56.35
Si 23.31 23.61
S 0.16 0.15
Cl 0.18 0.15
K 1.65 1.2
Ca 9.64 6.84
Ti 0.14 0.08
A\ 0.1 0.06
Cr 0.25 0.13
Fe 1.05 0.54
Ni 0.11 0.05
Cu 1.66 0.74
Zn 0.31 0.13
Cd 0.44 0.11
Sn 1.35 0.32
Pb 22.32 3.06
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Fig. 11: Graph of frequency percentage by weight of green glaze
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Fig. 12: Elemental decomposition spectrum of glazed tiles of green dome construction by SEM-EDX method
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Figure 14: the presence of Mineral Quartz & Op , 100x, PPL
XPL mode Figure 13: the presence of Mineral of quartz and clay

mineral, 100x, PPL mode
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Figure 15: the presence of Quartz & Op, 40x, XPL mode

Figure 16: the presence of Mineral Op, 40x, PPL. mode
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Figure 18: the presenclfp(f fol(l;:al Quartz & Op, 40%, Figure 17: the presence of Mineral Op, 40x, XPL mode
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Figure 20: Quartz mineral, feldspar, clay minerals, and Op,
100x, XPL mode
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Figure 22: the presence of quartz and clay minerals, ,
40x, XPL mode
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Figure 24: the presence of Mineral Op & Quartz, 100x,
PPL mode
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Figure 19: Quartz mineral, feldspar, clay minerals, and
Op, 100x, XPL mode
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Figure 23: clay minerals, Op, Quartz, 100x, XPL mode
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Figure 26: the presence of Mineral Op, 100x, PPL mode
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Figure 28: the presence of Mineral Op, 100x, PPL mode
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Figure 25: the presence of clay minerals, Op, Quartz,

100x, XPL mode

Figure 27: Op mineral, and Augite, 200x, XPL mode
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Table 8: Particle size obtained from the XRD pattern
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Figure 29: XRD pattern of tile body a) G-4, b) B-4, ¢) B-2 and d) BL.
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Table 9: Petrographic and XRD of green dome mosaic tiles
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Table 10: Results of XRF analysis of tile biscuits

Sr0 Zn Pb Cu Cr203 | Ti02 | SO3 | P205 | Na20 [ MnO | MgO | K20 | Fe203 | CaO BaO | AI203 | Si02 Element

0.06 <0.01 0.78 0.12 0.01 0.62 0.59 0.41 223 0.1 477 2.52 5.69 11.82 0.05 12.45 5243 B-2
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Table 11: Comparison of the results of elemental analysis of Kerman Green Dome glazed tiles with the results
obtained by other researchers in identifying the elemental composition of glazed mosaic tiles in Iran
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Table 12: Comparison of the results of body analysis of Kerman Green Dome mosaic tiles with the results obtained by
other researchers
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