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Abstract
This paper identifies the materials used to make a brocade belt belonging to the Qajar courtiers in Iran. This belt consists of two fabric types: red support and golden brocade. Accordingly, this paper examined the skin and tannin type, fiber types, dyeing agents, mordant, and metal wrapping of brocade yarns and metal buckle. Technical imaging, ESI–MS, FORS, FTIR and SEM–EDS were used to identify the materials. Multi-band imaging methods included Vis, UVL, IRR, and UVR, in which UVFC and IRFC images were obtained after processing. The results showed that cotton yarn was used in both fabrics. The red fabric yarns were dyed using cochineal and alum mordant. Also, the yellow brocade yarns were dyed using catechins-rich plants, and in this dyeing process, polyphenols and alum have been as mordant. Madder-dyed yarns are also found in parts of the belt. Examination of the metal wrapping of brocade yarns suggests using strips of copper-nickel alloy with a thin layer of gold-silver alloy. This secondary coating protects the copper-nickel strips and increases their golden luster. The leather analysis of the leather parts also indicated the using cattle/calfskin tanned with gallotannins. Belt buckle analysis also shows the use of brass alloy with a high percentage of zinc, leading to a golden sheen and the buckle desired strength. The results show the use of low-cost materials in the manufacture of clothing for the lower levels of the Qajar court.
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Introduction
Various analytical tools and methods are used to study historical fabrics for over three decades. These methods and multi-analytical approaches are applied to identify the parts of historical textiles, such as fibers and dyes, and also dyeing and fabrication techniques [1–6]. Studying historical textiles contributes to a better understanding of art history, trade connections, popular culture, beliefs, and economic conditions [1, 3]. Textiles are a significant part of the cultural heritage of every region of the world, and Iran is one of the richest one. The delicacy of the art-industry of textile weaving in Iran has been such that the fabrics of the Safavid period were considered the one of the most beautiful fabrics of their time in the world. This importance and position, along with texture and design delicacy, was due to the use of gold and silver metal fibers in the yarns used in textile weaving. These yarns were called golabatun, and the fabric woven with this yarn was called zaribaft (brocade). This weaving method began in the Achaemenid era (ca. 550–330 BCE) and peaked in the Sassanid era (ca. 224–641 CE). However, during the Qajar period (1789–1925 CE), Iranian textile weaving generally lost its position in technique and design and suffered from a decline in quality [7].
Numerous examples of Iranian historical brocade fabrics, especially from the Safavid period, exist in museums worldwide [8]. The role of this fabric type in Iranian culture needs studying its materials and manufacturing process. However, studies on Iranian historical textiles have focused on the texture, fibers type, design, and especially the dye of ordinary textiles and carpets [3, 9–16]. Despite the brocade fabrics values, there are few studies concerning them, including Hardin and Duffield [7] report, which examined metal yarns in several Iranian brocade specimens at the Auburn University, United States. Therefore, although some of the information on the process of making historical artifacts can be obtained from traditional treatises and instructions, in many cases, analytical studies are necessary to understand the nature of the constituent materials of the artifacts. Fibers, metal strips, dyeing materials and methods can be examined in the historical brocade fabrics. The history of dyeing is started with the history of costume production, and in fact, analysis of dyes and dying techniques in historical textiles is a requirement for conservation measures and history of clothing research [17]. Various chromatographic [17–24] or spectroscopic techniques [18, 20, 23–30] have been used to analyze the historical dyed textiles. In addition, some studies on dyes identification in fabrics are based on hyperspectral and multispectral imaging [31–33]. However, mass spectrometric-based methods such as liquid chromatography-mass spectroscopy (LC–MS) [34–38] provide reliable results on dye identification. Using these methods to analyze the dye agents in Iranian historical textiles has shown the application of cochineal, lac, madder, yellow larkspur, safflower, weld, tannins, turmeric, tamarisk and indigo [9, 12–16, 20].
In addition, metal strips and mordant constitute other main elements used in textiles (e.g. brocades). In general, X-ray-based methods have a good performance in identifying the constituents of these inorganic matters. Meanwhile, due to the possibility of simultaneous evaluation of morphology and chemical composition of the material's microstructure, scanning electron microscopy-energy dispersive X-ray spectroscopy (SEM–EDS) provides good results in identifying the mordant used in dyeing and metals in golabatun yarns [1, 7, 15, 39].
Accordingly, this paper intends to examine a historical belt attributed to the courtiers of Qajar in Iran to identify the fiber types, dyes, mordants, and metals used in its construction for future conservation measures and interpreting the historical significance and traditional making materials and processes. Therefore, electrospray ionization mass spectrometry (ESI–MS), fiber optics reflectance spectroscopy (FORS) and technical imaging methods have been used to determine the type of dye agents. Also, a SEM–EDS was used to identify the fiber types, mineral mordants, and metals composition in the belt. In addition, Fourier transform infrared spectroscopy (FTIR) was used to identify the type of polyphenols used in tanning the leather part of the belt. In fact, the aim of this research is to use a multianalytical approach to clarify technical aspects of the production methods of materials used to manufacture this artistic work.

Materials and methods
Object
This paper examines a golden brocade belt belonging to a private collection in Tabriz, Iran. This belt was part of the ceremonial and formal clothes of the Qajar courtiers, which has been inherited by its current owners. According to the history of the owners of the work, it dates back to around 1850 -1900 CE. The length of the belt is 91 cm. The top fabric is brocade with a yellow background, with a red fabric as the lining. The belt metal buckle is golden with a lion and sun inscription as the national symbol of Iran in the Qajar period. Leather is also used in parts of the belt (Fig. 1).[image: ]
Fig. 1The belt consists of red fabric, golden brocade, a metal buckle with a lion and sun inscription, and a leather part. The studied samples were obtained from the marked sections; a yellow fibers and metal strips of brocade fabric, b red fiber of lining fabric, c the metal belt buckle (sampling from back of buckle), d leather part of belt, e the pink yarns used in sewing



SEM–EDS
Pieces of 0.5 cm length were selected from two red and brocade yarns, with a part containing metal wrapping and a part without. The SEM equipped with an energy dispersive X-ray spectrometer was used to examine the probable mordant used in dyeing and also the chemical composition of the metal wrapping. Scanning electron microscopy was performed using a TESCAN MIRA3 field-emission SEM with 15 keV accelerator voltage. The brocade yarns and buckle were examined without gold coating to investigate the possibility of gold presence.

ESI–MS
To extract the fibers dye, approximately 1 cm length of yarn was boiled in a test tube containing 0.5 cm3 of 3 M HCl aqueous solution. The acid was used to break the bond between the dye and the mordant. Then 0.5 cm3 of methanol was added to the test tube and reboiled for extraction. After concentration, 0.5 cm3 of methanol was added again and reboiled. This was repeated five times. The last step of this process was performed using 0.5 cm3 dimethylformamide. The extract was injected into an electrospray ionization mass spectrometry (ESI–MS) for analysis. ESI–MS was carried out on an Agilent 6410 Triple Quadrupole LC–MS device. Isocratic elution was performed with two solvents, water + 0.1% acetic acid and methanol, and an eluent flowrate of 0.3 mL/min.

Technical photography
Same as previous study [40], all images were captured by the modified camera Nikon D750 after removing the inbuilt UV-IR blocking filter to exploit the full sensitivity of the CMOS sensor (ca. 350–1100 nm). The camera was equipped with a Nikon AF Nikkor 50 mm f/1.8D lens. The camera was operated in fully manual mode. Two Youngenu NY660 xenon flashlights placed at 45 degrees angle to the subject were used as illuminating sources. An X-rite color checker was used as a spectral reference to correct images and compare them with reference samples.
Technical images, including Visible-Reflected (VIS), Infrared-Reflected (IRR), Ultraviolet-Reflected (UVR) and Ultraviolet-induced Visible Luminescence (UVL) were recorded in RAW format and highest resolution (24MP: 6016 × 4016 pixel) using the filters described in Table 1. Raw images obtained from the camera were converted into 16bit TIF format in Adobe Photoshop software. Post-processing and calibration procedures were performed according to Kushel method [41] and Cosentino recommendations [42]. False-color infrared (IRFC) and false-color ultraviolet (UVFC) images were obtained by combining VIS with IRR and UVR images, respectively, based on the method proposed by Dyer et al. [43].Table 1Summary of radiation sources and filters used for each imaging method


	MSI Technique
	Filter(s) in front of Radiation Sources
	Filter(s) in front of the camera
	Range investigated

	Visible-reflected imaging
(VIS)
	2 × Youngenu NY660 Xenon flashlight, each mounted with a softbox (without filter)
	Baader UV/IR Cut
	420–680 nm

	Infrared-Reflected imaging (IRR)
	2 × Youngenu NY660 Xenon flashlight, each mounted with a softbox (without filter)
	Schott RG830
	830–1100 nm

	Ultraviolet-Reflected imaging (UVR)
	 + 2 × Hoya U-360
	Baader U-Venus
	350–380 nm

	Ultraviolet-induced visible Luminescence imaging (UVL)
	 + 2 × Hoya U-360
	Baader UV/IR Cut
	420–680 nm





Fiber optics reflectance spectroscopy (FORS)
Fiber optics reflectance spectroscopy (FORS) was applied to the analysis of red dye on belt lining fabric. The UV–Vis-NIR reflectance spectrum were obtained using an AvaSpec-2048 fiber optic spectrometer, an AvaLight-DHc compact deuterium-halogen light source, and a glass fiber reflection probe (Avantes Inc., Netherlands), operating in the 190–1100 nm. Spectrum was recorded with a 1 s integration time and 3 average. Finally, the range of 400–800 nm was compared with the spectra of reference dyes. All reference spectra are from Pigments Checker v.5, a free spectra database of pigments from cultural heritage science open source (CHSOS).

Polyphenols identification
The extraction procedure followed the method of Wouters [44] and Falcão and Araújo [45]. Polyphenols were extracted from 10 mg leather fibers (precision 0.0001 g), from the reticular layer, with 1 mL of aqueous-acetone solution (1:1) in capped vials, under continuous shaking, for 48 h at normal room temperature. Then, the extracts were filtered by whatman® filter paper No.42 and used for spot test and fourier transform infrared spectroscopy (FTIR), after evaporating the solvent. The FTIR analysis was carried out using a FT/IR-680Plus (Jasco, Japan). Spectrum was collected in the range of 400–4000 cm−1 at 2 cm−1 resolutions with 64 numbers of scans.


Results and discussion
The different parts and layers of the belt and their arrangement are presented in Fig. 2. In this belt, between the brocade fabric and the red lining, a cardboard layer is also placed to create strength and maintain its shape. The red lining fabric shows a plain weave. Also, in both fabrics, brocade and lining, the yarns are double-ply and have a Z-twist. The fibers identification is an essential part of studying historical textiles. The fibers identification provides valuable information about economic conditions, agricultural or livestock prosperity, trade between regions, the prevailing cultural conditions in the target period, and sometimes the authenticity of materials attributed to a region. Examining the fiber’s micromorphology using a microscope makes it possible to distinguish fibers of animal and plant origin from each other. On the other hand, microscopy provides a better understanding of the structural condition and degradation of the fibers and the penetration of dust and contamination into the fabrics. The longitudinal view of cotton fiber appears ribbon-like with a smooth and twisted surface. Wool fibers are seen on top of each other with scaly layers, as the main characteristics of these fibers [46]. The longitudinal view of linen fiber is also smooth and bamboo-like with cross marking nodes [47]. Under a microscope, silk fibers appear straight with a smooth surface [48, 49]. Examination of the fibers using the backscattered mode (SEM-BSE), shows the ribbon-like form in both brocade and red fabrics, indicating the use of cotton fibers (Fig. 3). Both fabric’s yarn is plied S (2Z) (two Z-spun yarns, which are then twisted together in an S). In addition, the brocade yarn fibers show more degradation than the cotton fibers of the red fabric, probably due to their contact with the metal strip (Fig. 3b, d).[image: ]
Fig. 2The different parts of the belt and how to assemble them together

[image: ]
Fig. 3SEM-BSE (backscattered electrons) images of red yarn (a, b) and brocade yellow yarn (c, d); The fibers of both yarns represent the ribbon-like form as an index of cotton fibers. Brocade yarn fibers show more degradation, probably due to the corrosive effects of the metal strip


Figure 4 shows the Vis, UVL, UVR, IRR, UVFC and IRFC images of the belt to identify the red dye agents. Although the red dyes are varied in Iranian fabrics, madder and cochineal are generally the main agents used in red dyeing. Madder is obtained from the root of Rubiaceae family, including Rubia and Gallium species, [50] and has been repeatedly identified in Iranian historical textiles. In Iran, the most common species used in dyeing is Rubia tinctorum, which is also known as Persian Madder. As another of the most important dyes in red, cochineal is obtained from the body of the female insect of the same name. In addition, lac, which is mainly extracted from the body of the Kerria lacca insect, has been one of the leading dyes used in Iranian textiles. Of course, this dye is more common in India and was exported to other regions from India.[image: ]
Fig. 4The appearance of green and orange in UVFC and IRFC images of red fabric is a characteristic of cochineal. The yellow-gold and light green colors in the IRFC and UVFC images of the pink yarns, used to repair the belt, indicate the possibility of dyeing them using madder


According to Cosentino report [51], insect-based red dyes, especially cochineal, appear dark green in the UVFC. The UVFC image is a good indicator of the separation of cochineal from red plant dyes, especially madder. In addition, the red fibers in the IRFC image also appear in orange. Based on the literature, cochineal, madder and lac appear in orange, yellow and red in IRFC images [51]. This issue reinforces the hypothesis of the use of cochineal in dyeing the belt lining red fabric. In addition, this dyed fabric can be seen as red, dark and bright in the UVL, UVR and IRR images, respectively, which according to the report of Walthew et al. [52], are the characteristics of cochineal dye, especially with alum mordant.
Moreover, the pink yarns have also been used in sewing some parts. These yarns, added after the belt was made and during recent subsequent repairs, can be seen in the IRFC and UVFC images in light yellow and green, respectively. This is one of the characteristics of madder dye in technical imaging [51, 53], indicating the madder used in dyeing these yarns. In the UVL image, this yarn emit a weak pinkish luminescence, perhaps suggesting the presence of madder dye [33, 54]. Due to the fact that these yarns are newer than the belt and do not provide historical information, no further investigation was done on them.
FORS spectra of red dyed fabric and the reference dyes are shown in Fig. 5. Fourier self-deconvolution (FSD) was used to better observe the features of the spectra. The main absorption bands of madder lake, lac and carmine lake from 500‐560, 450–560 and 475–570 nm were visible, respectively. The reflectance spectrum of the red dyed fabric also shows a great similarity to the carmine lake, which is obtained from cochineal. In this dyed fabric, the absorption band is also observed around 475–570 nm, which confirms the possibility of using cochineal dye. Also, the lac dye shows more absorbance than red fabric and carmine lake in the range of 600–750 nm.[image: ]
Fig. 5FORS spectra of red dyed fabric and reference dyes, including madder lake, carmine lake and lac dye

[image: ]
Fig. 6a ESI-mass spectrum of dye extracted from red cloth; b Some of the significant fragments of carminic acid that can be identified in the mass spectrum of extracted dye [2]


Figure 6 shows the QqQ mass spectrum of the dye extracted from the red lining fabric. In this spectrum, ions 327, 339, and m/z 358 can be seen, which are the main fragments of carminic acid, according to Lech et al. [2, 55]. The fact that only carminic acid fragments were detected was probably due to the extraction method with hydrochloric acid and the destruction of the structure. Carminic acid is the main component of cochineal and its identification indicator. There are different types of cochineal, including Armenian (Porphyrophora polonica Linnaeus), Mexican (Dactylopius coccus Costa), or Polish (Porphyrophora hamelii Brandt), named depending on the geographical location [20, 56]. One of the most important sources of red dye extraction for dyeing is Armenian cochineal. Armenian cochineal is currently found near Mount Ararat. However, Armenian cochineal appears to have been harvested in other parts of the Caucasus, Turkey, and Iran [20, 57]. It has been reported in textiles found in Syria, Turkey, Khotan, Egypt, and Iran [20, 56–58]. As a consequence, although the results of this study do not support the identifying cochineal type, but it is more probable to use Armenian cochineal in this object, according to its period and geographical situation.
This dye must be part of the fibers to achieve proper stability. In this regard, fiber pre-treatment is performed using mordant, which has a long history. Mordanting is an important part of the dyeing process to achieve color stability and diversity and proper shade depth [9]. Mordanting involves adding fibers to hot water along with the mordant material, which can be done before, after, or during dyeing. The chemical bond between the natural dye molecule and the mordant leads to the formation of different colors in the fabrics. The final color depends on the type and chemical properties of the dye, the mordant, and the dye bath conditions (pH) [59]. Many synthetic and natural organic and inorganic materials have been used as mordant. The metal salts of chromium, aluminum, iron, tin, copper, and organic compounds such as polyphenols, citric acid, tartaric acid and oxalic acid, are some materials used in dyeing as the mordanting or dyeing assistants [9, 59, 60].
To identify the mordanting agent, the elements of the fiber surface were examined using SEM–EDS. The SEM–EDS results are presented in Table 2. The indicator element specified in the mineral particle on the fiber surface is aluminum. This indicates the possibility of using alum mordant in the dyeing process of this fabric. Alum mordant, one of the most common materials used in dyeing [61], provides good shade depth and excellent stability against light and moisture in dyeing with cochineal [62].Table 2Results of SEM–EDS analysis from mordant, two distinct phases in the metal wrapping of the yarn and the buckle in wt% (Figs. 8 and 9)


	Samples
	Elt (wt%)

	Na
	Mg
	Al
	Si
	S
	Cl
	K
	Ca
	Fe
	Ni
	Cu
	Zn
	Pd
	Ag
	Sn
	Au

	Fibers
	Red
	2.4
	4.1
	63.8
	7.8
	2.2
	3.5
	1.5
	1.4
	1.1
	1.5
	–
	3.4
	3.5
	–
	4.0
	–

	Yellow
	11.1
	5.0
	38.6
	4.4
	8.6
	5.7
	4.0
	9.0
	1.3
	1.9
	–
	4.0
	4.3
	–
	2.1
	–

	Metal wrapping
	A
	–
	–
	0.2
	–
	0.3
	0.4
	0.2
	–
	0.1
	7.1
	40.7
	–
	1.3
	34.8
	0.5
	14.4

	B
	–
	–
	0.1
	0.1
	0.1
	0.2
	0.1
	–
	0.2
	10.7
	87.6
	0.6
	0.2
	–
	0.3
	0.0

	C
	–
	–
	–
	–
	–
	–
	–
	–
	–
	37.5
	62.5
	–
	–
	–
	–
	–

	D
	–
	–
	–
	–
	–
	–
	–
	–
	–
	37.0
	63.0
	–
	–
	–
	–
	–

	E
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	1.9
	–
	–
	46.2
	–
	51.9

	Belt buckle
	F
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	72.9
	27.1
	–
	–
	–
	–

	G
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	4.9
	2.2
	92.9
	–
	–
	–




Figure 7 shows the mass spectra of yellow dye extracted from the brocade yarns. The m/z 443 ion has been identified as the main compound in positive ion mode. This ion indicates the presence of epi/catechin gallate (442 Da) [63] in the yellow dye. The negative ion mode also shows an ion at m/z 290, corresponding to epi/catechin [63]. The presence of epi/catechin gallate and epi/catechin indicate the use of flavonoid-rich plant dyes, especially catechin derivatives [64]. Although this type of dye can be used in protein fibers without mordant, polyphenols are commonly used as mordant in cotton dyeing. According to Fig. 7, the ion at m/z 786 with various fragments, especially at m/z 168.9 (corresponding to gallic acid), indicates the presence of hydrolyzable tannins and gallic acid derivatives. In addition, gallic acid, as one of the main components extracted from this dye, was detected with a specific negative ion at m/z 169 [65]. Tannins generally do not produce yellow tones in cotton fibers dyeing, alone. However, the identification of gallic acid and its derivatives suggests their use as mordant agents in the dyeing of yellow brocade yarns. In other words, gallic acid have affinity for dyeing substrates due to the presence of auxochrome groups –OH [66]. This not only introduces gallic acid as a biomordant but also brings the possibility of using it as a color modifier.[image: ]
Fig. 7The ESI-mass spectrum (positive ions) of the extracted dye from yellow yarns and the detection of an ion at m/z 443, related to epi/catechin gallate (a); The negative ESI-mass spectra shows ions at m/z 290 related to epi/catechin (b), m/z 786 related to gallotannins and gallic acid derivatives (c) and m/z 169 for gallic acid (d)


However, it should be noted that in the glycosidic dyes, flavonoid dyes particularly, some of the dye components are decomposed by HCl during the heat extraction [67]. Therefore, despite the identification of key components such as epi/catechin, epi/catechin gallate, and gallic acid and its derivatives, some components have also been decomposed. This makes it a challenge to identify the main source of color. Therefore, it is not possible to identify the type of plant used in the dyeing of this fabric.
Fiber surface elements were investigated using SEM–EDS, and the results are summarized in Table 2. Among the detected elements, aluminum was identified as the main element. The presence of 39% of this element indicates that the alum mordant was used in the dyeing of the fibers, as mordant, in addition to polyphenols. The simultaneous use of alum and polyphenols, especially tannins, as mordant has been common in the dyeing of cotton fibers using flavonoids and plants rich in catechins, including acacia [68, 69].
The metal wrapping surface of the brocade yarn was studied using SEM–EDS analysis. The SEM-BSE micrograph of the metal wrapping surface clearly shows the presence of a very thin layer on a metal plate (Fig. 8). According to the EDS results in Table 2, the composition of the metal plate of brocade yarns consists of an alloy of copper and nickel with about 87 wt% copper and 10 wt% nickel (Analysis A). However, a very thin silver-gold alloy coating is seen on this metal plate (Analysis B). The presence of significant amounts of copper and nickel in the thin metal coating composition can be due to the penetration of electrons below the coating surface during EDS analysis and measurement of these elements.[image: ]
Fig. 8SEM-BSE images of surface (a) and cross-section (b) of yellow yarn with metal wrapping; EDS analysis was performed at the marked points, which can be seen in Table 2


Also, to observe the thickness of the metal plate and the thin silver-gold coating, a cross-section of yarn with metal wrapping was prepared and analyzed using the SEM–EDS. However, the thin silver-gold layer is not visible at all at low magnification, but it is possible to analyze it at very high magnification. EDS analysis of metal plate cross-section (Analyses C and D) also indicates copper-nickel alloy. The EDS results of the very thin layer (Analysis E) also show the using silver-gold alloy. Based on this, it can be concluded that the metal wrapping used on the yarn is made of copper-nickel alloy, which is coated using a very thin layer of silver-gold alloy.
Figure 9 shows the SEM-BSE image of the cross-section of the metal buckle of the belt. The SEM image shows a single-phase structure with a scattered fine light phase on a metal background. The EDS analysis of the main phase indicates a combination of copper and zinc (brass alloy) with a zinc content of about 27 wt% (Analysis F in Table 2). This can be classified as alpha brass, a Cu–Zn alloy with less than 35 wt% of zinc that forms a single-phase microstructure with high ductility and tensile strength [70–72]. On the other hand, EDS analysis of one of the very fine phases in the microstructure indicates the presence of lead along with copper and zinc (Analysis G in Table 2). These results show that these fine and bright phases are, in fact, lead globules that have been segregated as very fine phases due to the immiscibility of lead in copper [72].[image: ]
Fig. 9SEM-BSE image of a cross-section of the metal belt buckle, based on the EDS results in Table 2, is made of brass. The G points indicate lead globules

[image: ]
Fig. 10stereomicroscopic photograph of follicle pattern on leather surface (a); Flowchart to identify tannin type based on FTIR spectrum peaks (b); FTIR spectrum of leather extracts with the position of the highlighted peaks of tannins, hydrolysable tannins, and gallotannins


There is ample evidence of using copper-nickel alloys, or cupronickel, in manufacturing artifacts throughout history [73–75]. However, this alloy has been more widely used in recent centuries. Cupronickel has been considered for its relatively silver luster and high corrosion resistance [76, 77]. Interestingly, this alloy is used to manufacture metal wrapping of yarns and a very thin layer of gold-silver alloy to cover it. It can be said that the metal wrapping of the studied brocade yarns was made using copper-nickel alloy, and to create glitter and a protective coating, a very thin layer of the gold-silver alloy was made used on it. Also, the belt buckle is made of alpha-brass alloy with a high amount of zinc, which also has a golden shine and, at the same time, provides the necessary hardness for shaping and using the buckle.
The follicles pattern on the leather surface was examined to identify the skin type. The stereomicroscopic photograph of this pattern is presented in Fig. 10a. The follicles in the leather are mostly equal in size and are arranged in regular rows. This arrangement of follicles indicates the use of cattle/calfskin to make leather [78]. In addition to the skin type, the type of tannins used in leather tanning was also investigated by FTIR spectroscopy. According to the studies of Falcão and Araújo [45], each group of tannins presents characteristic absorption bands in the FTIR spectrum. These indicator absorption bands are summarized and presented in Fig. 10b [79]. Accordingly, the type of tannin used in leather tanning was investigated by FTIR spectroscopy (Fig. 10c). Examination of spectral data has confirmed the presence of tannins in leather, by absorption bands at 1605 and 1445 cm−1 (aromatic ring stretching vibration), 1205 and 1035 cm−1 (C–O bond stretching vibration) and 1506 cm−1 (skeletal vibration of aromatic rings). The vibration of C–O–C stretching and OH deformation bands and the vibration of C=O stretching bonds of free gallic acid at 1330 cm−1 and 1710 cm−1, respectively, showed the existence of hydrolysable tannins. In addition, the absorption bands in 1073, 870 and 760 cm−1 related to aryl phenolic ester C–O–C symmetric stretching, C–C stretching, and sugar ring-breathing vibration, respectively, confirmed that the type of tannins in the leather was gallotannins [45, 79–81].

Conclusion
This paper investigated a brocade court ceremonial belt related to the Qajar period. Although the use of silk fibers has been common in Iranian brocade fabrics, the study of this belt indicated the use of S(2z) cotton yarns in both support and brocade fabric. The red-dyed support appeared in UVFC and IRFC images in green and orange, respectively, characteristic of cochineal dye. Identifying carminic acid fragments' ions in this dye's mass spectrum and FORS also confirmed the use of cochineal. This dye is commonly used in cotton fibers with a mordant. EDS analysis of particles on the fiber surface indicates aluminum accumulation, which has been used as a mordant. This shows the dyeing of cotton yarns of support fabric using cochineal dye and an alum mordant. Moreover, according to the technical imaging, evidence of yarns dyed with madder was evident in sewing parts of the belt. Cochineal and madder dyes can be considered the most common historical red dyes used in Iranian textiles.
The ESI-mass spectra of yellow dye extracted from brocade yarns suggest the presence of epi/catechin and epi/catechin gallate. This is evidence for flavonoid-rich plants, especially catechins, in the dyeing process, originating from an unidentified natural yellow dyestuff or use as polyphenolic biomordants. In addition, the negative ions at m/z 169 and 786 related to gallic acid and gallotannins were detected in this specimen. Identifying these compounds and catechin indicates the use of polyphenols as organic mordanting agents in fiber dyeing. However, polyphenols are not the only mordanting agents. The accumulation of aluminum on the surface of these fibers indicates the combined use of an aluminium metallic salt mordant like alum. SEM–EDS analysis of the brocade yarn's metal wrapping suggests using a hammered wire of copper-nickel alloy, or cupronickel, with a very fine coating layer of gold-silver alloy. In fact, a coating of gold-silver alloy has been placed on the copper-nickel plate to increase its luster and golden appearance. SEM–EDS analysis of the belt buckle also showed the using a standard copper-zinc alloy (brass). This alloy has a significant hardness and a golden shining due to its high zinc content. The analysis of the leather part of the belt also showed the use of tanned cattle/calfskin with gallotannins.
Although exquisite specimens of Iranian brocades are made of silk yarns with a wrapping of gold; but, cotton fibers with a wrapping of copper-nickel and only a thin layer of gold-silver alloy are used in this brocade belt. Therefore, it seems that high-quality and expensive materials were not used to produce the clothes of the people in the lower levels of the Qajar court.
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