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Abstract

In the current study, the samples of Nare tile (glazed bricks) of the Sheikh Safi Al-Din Ardabili's
Shrine and Dome of Soltaniyeh were studied to understand the techniques of the tiling decorations
applied in the architecture of the dome in the Safavid and Ilkhanid eras, with emphasizing on two
prominent buildings of these two historical periods. The transition chromophore elements of the
glazes were determined using Inductively Coupled Plasma (ICP) and constituent phases of the bodies
by X-Ray Diffraction (XRD). According to the results, the nature of the glaze, its erosion, and
chemical structure of the bodies of the studied samples was determined, and the possibility of the
technical comparison of the samples of the two periods was provided in terms of the constituent
compositions of the body and glaze and the rate of the erosion as well as the estimation of the
historical Nare tile firing temperature.
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Introduction

Using glazed bricks in the buildings dates back to the Mesopotamian civilization, the first half of
the third millennium BC. Sumerians and Akkadians covered the surfaces of their buildings with
glazed bricks [1]. This tradition spread to Iran during the second millennium BC. The Elamites and
then Achaemenid used glazed bricks to cover temples and palaces [2]. During the Seleucid,
Parthian, and Sassanid periods, painting and plastering were mostly used to decorate buildings.
However, in 903, in the early centuries of Islam during Abbasid Caliphate, Ibn Rasta stated about
the Great Mosque of Baghdad: "the whole mosque was decorated with azure glazed bricks."
Yaghoubi, a tenth-century writer, also described the green minaret of Bukhara in eastern Iran [3].
Tiling has been observed in the decoration of buildings since the Ghaznavids period and has
reached its peak since the Seljuk period. At first, glazed tiles and bricks were used next to molded or
carved bricks. At the end of the sixth century AH, patterned tiles were used in the altar of mosques,
and faience mosaics were created by placing different pieces of monochrome tiles [4] [5]. Nare tiles
were often used for the coverings of the domes. The difference between ordinary tiles and Nare
tiles is in the thickness of the clay behind the tile glaze. The thickness of the Nare tiles is considered
more to be better placed in the mortar and have more resistance [6].

Materials and Methods
The studied samples of the current research were three turquoise Nare tiles of the Sheikh Safi Al-
Din Ardebili and two specimens from the Dom of Soltaniyeh. S1 and S; were related to the Sheikh-
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Safi Al-Din dome and were older than Ss. S3 was in the Shah Ismaeil’s dome and was made in the
contemporary era. S4 and S5 were in the Soltaniyeh Dome in the Ilkhanid era (Table 1) (Figure 4 &
5). The used devices were as follows: Celestron Digital Microscope, Philips X-Ray Diffraction, and
Agilent Radial 375 Inductively Coupled Plasma. To identify the element and the possibility of
scientific-technical comparison, the glazes were analyzed by the ICP method, and the bodies were
examined by the XRD method to recognize the existing phases and estimate the firing temperature
range.

Results and Discussion

Quantitative analysis of glazes by the ICP method showed that the studied glazes contain more
than 3% lead (Table 2). Copper ions in different pH environments can produce different shades of
blue. Its value is 2% in S», 2.3% in Si and 1.4% in S3 (Figure 1-6), (Figure 2-6), (Figure 3-6). Cobalt
also produces blue color. It has been less used compared to copper; Its maximum values are in Sy,
Ss, S3, So, S4, respectively (Figure 8). The amount of alkaline elements of the glaze such as potassium
in Sy is 1.7%, $2%2 and in Ss 1%, and sodium in Si is 5.7%, Sz 8.4%, and S3 3.2%. In Soltaniyeh
samples, the amount of copper as a turquoise agent is 1.3% in S4 and 1.8% in Ss; Potassium in S4,
S5 is 3.8%, 2.4%, and sodium is 3.8% and 6.7%, respectively. The amount of alkaline elements such
as sodium and potassium as well as aluminum is a proper criterion for analyzing the erosion
processes of glazes [30]. In the ion exchange process, the concentration of other ions, such as
aluminum, increases as the alkaline ions are excluded from the glaze structure. The average
amounts of sodium and potassium involved in the ion exchange process are: S1%4, $:%5, S:% 2,
S4% 4, and Ss 4.5%. The amount of aluminum in Sy is 1.7%, Sz 1.3%, S3 0.6%, Ss %2, S5 0.7%
(Figure 7). The body of the bricks was analyzed by XRD to identify the constituent phases. The
main and minor phases were identified in them (Table 3) (Figure 9). Si has the main phase of
quartz, anorthite, augite, and cristobalite. Its minor phases are calcite and gypsum. Due to the
presence of high-temperature phases such as anorthite, cristobalite, the presence of a partial phase
of calcite can indicate the formation of this phase over time as secondary calcite, because when the
firing temperature reaches about 700 © C, calcite and dolomite decomposes and disappeats at about
870 ° C. Studies have shown that the conversion of quartz grains to cristobalite occurs at about
1200 ° C and the melting point of this phase is 1722 ° C [32]. Sz is composed of the main phases of
quartz and anorthite, and the minor phases of hematite are made of orthoclase. The anorthite phase
is formed at about 1200 ° C. The process of its formation is as follows: first, gehlenite, which is the
middle phase, is formed around 900 ° C, and gradually turns into anorthite by increasing
temperature [33]. S; consists of the main phases of quartz, gehlenite, and the minor phases of
orthoclase, wollastonite. S4 has the main phase of quartz, augite, and minor phases of calcite,
microcline, albite, gypsum, gehlenite. S5 consists of the main phase of quartz and the minor phases
of gehlenite, Illite, calcite, and amorphous phase.

Conclusion

According to the results, the transition chromophore element for creating the turquoise color in the
glazes is the copper and less amount of cobalt. The amount of copper in the sample glazes of
Sheikh Safi Al-Din Ardebili's Shrine is more than samples in the Dome of Soltaniyeh, except for Ss.
S4, then Si, Sz and Ss have the highest erosion, and the samples of Shah Ismail's dome have the
lowest erosion, which, considering its contemporaneity is not an unexpected result. Firing
temperatures of S; and S, can be more than 1000 ° C due to the presence of the cristobalite phase
as well as anorthite. Due to the presence of gehlenite and its formation at 900 © C, the firing
temperature of S3 can be around 900 ° C. Due to the high-temperature phase of augite (from the
group of pyroxene minerals) in S4, the firing temperature can be around 1000 ° C. Due to the
presence of gehlenite in Ss, the firing temperature can be around 900 ° C. The calcite phase
indicates its secondary formation. Estimation of firing temperature has been reported in the case
studies and only based on the XRD test.
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Fig.3: Soltaniyeh dome and east fagade of monument
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Fig.4: samples (glazes and bodies)

Table 1: aspects of samples

Wiges K
(kg) w905 1js Color of
Weight of (cm) #5905 slal samples
samples Dimansion of 4y b Lol Joee Wges &S
samples body glaze Place of sample code
1.4 23x9x10 ; (s s ol o Gl 25 Sk
Sheykh Safi-al-din dome
1.4 23x8x8 = s ol o e et S
B Sheykh Safi-al-din dome
035 >x5.5x4 s 5o Jeelowl ol 15 S
Shah Esmaeil safavi dome
15 25x8x7 B ] el 35 S
e Soltaniyeh dome, Ilkhani
12 11x0x12 L bl eglbls 25 Ss
= — Soltaniyeh dome, Ilkhani
139 (£ S 030l LB g yasuie 45" S (g3l 4 bgspo odbosld (sl il
The given dimensions correspond to the dimensions that were definite and measurable
This sample has a curvature.d,ls lool diges oyl s
qVv ™99 uth;.w_jg_jtgz_spgaoJLoﬂupﬁui:dbu
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Table 2: Results of quantitative analysis of glazes by inductively coupled plasma (ICP)

Ag Al As Ba Be Ca

Cd Ce Co Cr Cu Fe K

DL 0.1 100 0.5 5 0.2 100

0.1 7 7 1 1 100 100

S 2.6 17000 >100 234 1 27228

0.42 21 164 34 32443 7770 17774

Sz 48.9 13143 43 357 1 49962

0.36 19 9 43 19956 12721 20284

S3 5 6309 4.3 127 0.8 35457

1.8 9 8 8 14250 3747 11416

Sy 3.9 19760 41.8 297 1 47779

0.35 20 30 80 12688 6145 37973

Ss 7.3 6860 433 91 0.9 28705

0.36 9 37 11 18462 5967 23916

La Li Mg Mn Mo Na

DL 1 7 100 5 0.5 100

S 10 88 10435 229 1.52 57683

3846 813 >3% 1992 1.03 4.5 292

Sz 11 69 12142 296 1.7 84968

2519 | 1578 | >3% | 2043 21.7 29 | 704

S3 4 33 3090 90 0.71 32920

>3[) 0

1561 143 845 64.4 1 152

Sy 9 103 9690 318 1.05 38333

1647 | 868 | =37 | 2062 57 3 | 465

Ss 5 37 12686 240 0.86 67453

2708 469 >3% 1076 49.4 12 353

Th Ti U A4 Y Yb Zn Zr
DL 0.5 10 0.5 7 0.5 0.2 1 5
S 5 2480 3.6 19 5 0.6 123 111
Sz 7.7 1463 4.7 19 5 0.6 77 57
Ss 41 51 3.6 2 3 0.4 418 60
Sy 6.1 939 4.6 15 6 0.7 157 60
Ss 3.6 173 4.5 8 3 0.4 64 21
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Fig. 6-1: Elemental comparison bar chart of the studied glaze samples
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Fig 6-2: Elemental compatison bar chart of the studied glaze samples
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Fig. 6-3: Elemental compatison bar chart of the studied glaze samples
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Fig. 6-4: Elemental comparison bar chart of the studied glaze samples
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Fig. 7: Comparison diagram of some alkaline elements, aluminum and lead in the studied glaze samples
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Fig. 8: Comparison diagram of some cobalt and copper elements in the studied glaze sample
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Table 3: XRD analysis results

samples Major phases Minor phases
S, Quartz, Anorthite, Augite, cristobalite Calcite, gypsum
amorphouse,
S, Anorthite, Quartz, amorphouse Hematite, orthoclase
S3 Quartz, gehlenite, amorphouse Orthoclase, zirconolite, wollastonite
Sy Quartz, augite, amourphouse Calcite, microcline, albite, gypsum, gehlenite
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Fig. 9: Diagrams of decomposition of ceramic bodies by XRD
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