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ABSTRACT

This study investigated the red and brown pigment colors of twelve Mina'i samples
from sixth to seventh centuries AH from Alamut castle, Rayy and attributed to Rayy in
National Museum of Iran by Micro-PIXI, optical microscopy and scanning electron
microscopy. The main aim of the research was to explore various techniques for
applying red and brown pigments on the base glaze and to analyse the elemental
compositions and factors influencing the production of these pigments. This
investigation revealed six distinct colors of red. By examining the distribution of
elements, it was found that iron is the factor that produces red and brown colors in
these potteries. Also, the results of elemental compositions demonstrate that the base
glazes are divided into three groups: lead glaze, alkaline glaze, and lead-tin-soda
glaze. Other results confirm that increasing the amount of iron oxide in the lead base
glaze significantly impacted the production of the brown color. This paper's findings
confirm the technique for producing red color as described in the Islamic medieval
Iranian treatise.
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Figure 1: Sample of Mina'i sherds examined in this study. Group 1:
Sample RH2, RD2504, National Museum of Iran, Tehran: Exavated
from Rayy. Group 2: Sample M42, M43, M110 M35, M26, M12,
M15 National Museum of Iran, Tehran: attributed to Rayy, and Group
3: Sample A3, A10, A1l Exavated from Alamut castle, Qazvin-Iran.

56T Glagbs; 9 bl pl =YY

S35 3T YV

(3l S 5 (HgySee 4yl ookl b slge (5 paie 5L
450k jlesliial Lo (V) 055 o0 ouall (S 9 ,S0 (B9
9 0y s o Suse Hses glaw Olgiee o)k Sl (g S
33 09290 yolic spate @ig 5l Gum 93 Sppal 5 Sged S
Sl LS ol ez STV0) 951 vy (59,500 Sl )3 1 aiges
Syg o Lol 955 ol gme (ot S jo (e slraTiges
il claalaSs, s 45 lis laardlin aile ladige
1 oty el Caanl ()15 g kel it igas e 4o
L oS gope yioddeo aiz obal o alises gohaw ladiges ol
5 00l Uy s sl o0 3T o ol ilin ol
@ bgrye (onSyg)Son el iged )0 09290 polie s raie @)y
e S5 aSeed ool oS 5 Kbl o5 it slaailass,

0dds gl il polie Sig do s (6 Soslul g dnwle (gl el

POV-YV: E(\E-Y)\A /) 59 P ole & i



Ol )3 503 ()8 EKad B aaindd (5103w (lso SO )3 Slogid 9 03 pld (bduasuire /U5 AT 3913 9 (31 39 ko

ol 5158 gl b sl Caway bl duslie 5 Kis )65 o590 o lailinl sladiged 5 pate LT @l ) Jgdo

Table 1: The recommended and measured elemental composition of Corning standard glass A to D as appropriate standard samples.

B ) I ) e ) e e S 0 B R N Y

Measured(wt. %) 1459 2.69 112 66.66 0.14 2.70 4.58
A Quoted(wt. %) 14.30 2.66 1.00 66.56 0.10 2.87 5.03
Measured (wt.%) 17.33 1.04 4.24 6195 0.24 1.01 8.04
° Quoted(wt. %) 17.00 1.03 426 61.55 0.20 1.00 8.56
Measured (wt. %) 0.94 237 130 3487 0.15 2.60 4.66
© Quoted(wt. %)  1.07 2.67 0.87 34.78 0.10 2.84 5.07
Measured (wt. %) 1.27 4.05 584 56.42 012 10.7 13.1
0 Quoted(wt. %)  1.20 3.94 530 5524 040 11.3 1438

0.77 101 110 0.8 002 113 006 155 045 0.09
079 100 109 0.17 002 117 0.04 175 056 012
011 024 034 0.05 009 258 021 024 002 052
0.09 025 034 005 010 266 016 046 0.05 061
066 021 030 018 002 127 005 0.01 1151 37.76
079 089 034 018 002 113 0.05 0.03 1140 36.70
035 050 047 001 005 033 010 095 027 044
038 055 052 0.02 005 038 010 0.97 051 048
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Table 2: Optical microscopic image of variety of overglaze red and brown color applicant on the surface of Mina'i pottery

Red color/ on base glaze Red color/ cross section
> y 5 . e .

3 B e, .
. o - e Type 1: Red as an overglaze, directly on
s “ the base glaze
2 M43 Type 2: Red as an overgl_aze, over black
outline drawing.
Type 3: Brown as an overglaze, under
e BReC black and white outline drawing.
4 A3 Type 4: Red as an outline drawing
under leaf gilding.
5 RH2 Type 5: Red as an outline drawing over

leaf gilding.

Type 6: Red as an overglaze
overdrawing, under-drawing and
painting.
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Figure 2: Optical photo and elemental distribution maps of few
elements in surface of M12 with red color, obtained using a micro-

PIXE.
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Figure 5: Optical photo and elemental distribution maps of few
elements in surface of RD2504 with brown color obtained using a
micro-PIXE, Rayy.
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Figure 6: Optical photo and elemental distribution maps of few
elements in surface of A10 with red-orange color obtained using a
micro-PIXE, Alamut.
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Figure 3: Optical photo and elemental distribution maps of few
elements in surface of M42 with brown color, obtained using a micro-

PIXE.
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Figure 4: Optical photo and elemental distribution maps of few
elements in surface of RH2 with brown color orobtained using a

micro-PIXE, Rayy.
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Figure 7: Optical photo and elemental distribution maps of few
elements in surface of A11 with red color obtained using a micro-

PIXE, Alamut.
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Table 3: Elemental composition of red pigment and baseglaze in Mina'i wares, Alamut castle, Rayy and National Museum of Iran in weight percent
(wt. %) as oxides form.

e e Lo Lue Lol e Lo Lo

A3-brick red pigment Alamut 1.63 3.53 65.76
A3-Turquoise base glaze ~ Alamut 1.34 1.43 4.01 71.8 0 0.29 2.89
Al10-red orange pigment  Alamut 1.37 1.17 1.79 48.59 0 0.47 2.18
A10-white base glaze Alamut 2.93 1.28 1.41 54.11 0 0.33 2.17
Al1-brick red pigment Alamut 0.4 1.1 6.59 73.17 0.72 0.3 1.8
All-colorless base glaze  Alamut 0 0.32 6.69 82.17 0.49 0.14 1.79

RH2-red-brown pigment Rayy 4.26 1.66 4.85 43.73 2.93 0.68 1.94

RH2-blue base glaze Rayy 5.88 1.82 2.27 52.05 0.96 0.76 1.85
RD2504-brown pigment Rayy 5.8 0.6 4.68 43.52 0 0.22 1.1
RD2504-white base glaze Rayy 6.23 0.91 3.54 54.94 0 0 1.81
M12-red orange pigment Rayy 6.07 0.95 1.89 49.91 0 0.29 1.22
M12-white base glaze Rayy 4.92 1.23 1.34 48.14 0 0.56 1.67
M15-brick red pigment Rayy 0 0 4.48 31.79 0 0 2.44
M15-colorless base glaze Rayy 0.23 1.11 2.25 36.6 0 1.08 1.72
M26-brick red pigment Rayy 2.38 0.47 2.03 47.97 0 0 1.6
M26-Turquoise base glaze ~ Rayy 1.25 2.69 1.83 44.86 0 0.39 1.43
M35-red orange pigment Rayy 6.52 1.61 1.48 45.33 0 0 0.84
M35-white base glaze Rayy 7.1 1.54 1.53 46.66 0 0.28 0.99
M42-red brown pigment Rayy 2.62 0.62 1.85 48.86 0 0.19 2.46
M42-white base glaze Rayy 1.02 0.6 25 51.29 0 0.39 3.19
M43-brick red pigment Rayy 2.04 0.95 1.65 50.61 0 0.31 2.08
M43-white base glaze Rayy 1.74 2 1.16 51.07 0 0.35 212
M110-red pigment Rayy 311 1.05 3.19 33.44 4.65 6.78 2.37
M110-white base glaze Rayy 1.22 0.91 2.62 43.25 1.41 1.26 2.2
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Table 3: Continue.

A3-brick red plgment ALa}[m
A3-Turquoise base glaze ALatm 7.51 0.12 1.54 0 4.62 4.33 0 -
A10-red orange pigment A:im 524 017 543 0 016 2355 9.76 -
A10-white base glaze ALatm 412 011 092 0 01 2425 809 299
Alvbrickredpigment  AP™ 660 022 84 0 0 049 0 -
All-colorless base glaze A:im 568 016 253 0 0 0 0 -
RH2-red-brown pigment Rayy  4.07 0.19 115 0 012 1926 4.33 -
RH2-blue base glaze Rayy  3.57 0 0.79 0.3 0 2044  8.84 231
RD2504-brown pigment Rayy 1.87 0 22.33 0 0.32 16.54  2.05 -
RD2504-white base glaze Rayy  0.63 0 0.82 0 0 2211 853 2.59
M12-red orange pigment Rayy 1.83 0 5.44 0 024 2742 376 -
M12-white base glaze Rayy  2.85 0.11 0.64 0 033 3421 339 10.09
M15-brick red pigment Rayy 2.72 0.5 4.5 0 0 535 0 =
M15-colorless base glaze Rayy  6.26 0.11 1.02 . 0 46.36 0 -
M26-brick red pigment Rayy 5.36 0.16 6.68 0 287 2488 472 -
M26-Turquoise base glaze ~ Rayy  9.01 0.2 0.64 0 266 2611 < 7.99 3.26
M35-red orange pigment Rayy 3.2 0 3.71 0 0 26.37 10.23 -
M35-white base glaze Rayy  2.82 0 0.81 0 0 2943  8.36 3.52
M42-red brown pigment Rayy 3.31 0 14.73 0 0.26 16.51 8.25 -
M42-white base glaze Rayy  5.27 0.13 1.39 0 023 2022 1354 149
M43-brick red pigment Rayy 6.23 0.13 7.29 0 217  21.03 5.07 -
M43-white base glaze Rayy  6.87 0.18 0.94 0 2.3 22.3 8.67 2.57
M110-red pigment Rayy 8.22 0.17 6.65 0 0 21.39 8.71 -
M110-white base glaze Rayy 4.72 0 0.9 0 0 314 9.75 3.22
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Figure 8: Scatter plot of wt% of (a): Fe,O3 versus SiO, in analyzed samples, RD2, RH2, M42, A3, and Al1, and (b) Al,O3 versus SiO, in analyzed
samples RH2, A10, from Rayy and Alamut.
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Figure 9: Scatter plot of wt% of (a): PbO versus SiO; in analyzed samples, RH2, M12, M26, and (b) PbO versus SnO, in analyzed samples RH2,
A10, from Rayy and Alamut.
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Figure 10: Scatter plot of wt% of (a): Al203 versus CaO in analyzed samples, RD2, RH2, M12, A3, and (b) CaO versus SiO; in analyzed samples
M12, A3, from Rayy and Alamut.
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Figure 11: Left: SEM-BSE micrographs from the red and black overglaze of sample M43, Right: SEM-EDX (scanning electron microscope-energy-
dispersive X-ray analyzer) shows high rich iron oxide.
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Figure 12: Left: SEM-BSE micrographs from the red overglaze over white base glaze and gilding layer in sample Al1, Right: SEM-EDX (scanning
electron microscope-energy-dispersive X-ray analyzer) shows high rich iron oxide in red color.
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