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Abstract:  

This work approaches the Islamic coinage as a rich resource for understanding 

the Islamic metallurgy. Interdisciplinary scientific research of Islamic coin, using 

numismatic and multi-analytical studies, provided complementary data to overcome 

the limitations of the current numismatic research by conservators, curators, and 

scholars in the Arab region. The chemical analysis of the coin alloy using XRF, EDS, 

LIPS, and XRD showed the presence of silver-Copper alloy, and the corrosion 

products. Moreover, the use of Nd: YAG ns laser cleaning (1064 nm) for removal of 

the tarnish and corrosion layers for conservation and aesthetics purposes was assessed 

using scanning electron microscope couples Energy Dispersive X-Ray Spectrometer 

(SEM-EDS), Laser Induced Plasma Spectroscopy (LIPS), and X-ray Florescence 

spectrometer (XRF).  

The sensitive surface of the Islamic silver coin was treated safely using ns 

laser (1064nm) with fluences of 0.5-0.6 J/cm2 without inducing thermal side effects 

or chemical damage while a slight surface contrast loss was detected. Following the 
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laser cleaning, the numismatic analysis of the selected coin’s features showed that the 

coin was minted in the Abbasid period in Kofa (Iraq) dated to the Abbasid Caliph Al-

Mustakfî billâh (333-334 A.H.; 944-946 A.D.). 

Keywords: Numismatic, silver, Abbasid Dirham, laser cleaning, LIPS, corrosion.  
 الملخص:

يقدددا البحدد  العلرددي دراسددص ، العمدد ا الاسدد ميص رمصدددر هنددي لفلمددد علددد ا عدداد  الاسدد م  البحدد يدددره ادد ا 

ا تعددددددت لتددددوفت  بياندددداا ، باسددددتتداا الدراسدددداا النقديددددص والتحلددددي ا ال يفيددددص متعددددددت التتصصدددداا للعملددددص الاسدددد ميص

مندددالم ا تددداعف والعلمدددالم  ددددي أمدددب ثبدددئ القددددالمت  علدددب ال ددد ميد و يدددص للت لدددق علدددب ثيدددود البحددد  اعمددددا ي  دددي علدددد العمددد ا تكميل 

وجددود سددبال  الف ددص  XRD و LIPS و EDS و XRF أظلمددر التحليددئ الكيميدداا  لاددبال  العملددص باسددتتداا، ا ن قددص العربيددص

زالددص نددانوم  ( لا  1064) Nd: YAG ns اسددتتداا التنفيددف بدداللت ر، تددد تقيدديد عدد وت علددب  لدد  ، الصدددأ ومرربددااوالنحدداه 

 آكدددئ اهدددراظ اعمفددد  واعخمددداز باسدددتتداا أزوان ااخلمدددر الالك  ويددد  ا اتدددل لقةدددعص الادددي يص ا  دددتتص لل اثدددصالبقدددا والت 

(SEM-EDS) فدد بدداللت ر التحليددئ ال ي  صا اددتحد  ، الب زمددا  (LIPS) يصال ددوا  لقةددعص الاددي   ه ال يددف، ومقيددا (XRF). 

 / J 0.6-0.5بمددر راا  ns (1064nm) سدد ميص بامددا  باسددتتداا اللتدد رتمددم معاعخددص الادد ا اعمادداه للعملددص الف دديص الا 

cm2  دو  إعددداآ ا ددار جانحيددص عراريددص أو أيددرار ريمياليددص بفنمددا تددد الك ددف عددب فقدددا  طفيددف  ددي التبددايب الادد  ي   عددد

اسدد ي  ددي ال وفددص                                                     الص العملددص اا تددارت أ  العملددص ثددد يدد ربم  ددي العصددر العب ، أظلمددر التحليددئ النقدددي ع صدد رالتنفيددف بدداللت 

 .ا( 946-944 /اد334-333بالله )  ا اتكف اع ليفص العباس ي  بف  ت  )العراق( مررخص 

   تحليئ باللت ر ،صدأ ،دراد عباس ي ،ف ص ،ما وكاا :الكلمات المفتاحية

1. Introduction  

The Islamic numismatic collections in museums and private collections are 

source of significant historical information of Islamic documentary heritage which 

need to be documented, preserved, and interpreted to visitors and scholars1. In 

addition, the Islamic coinage is very rich resource for understanding the Islamic 

metallurgy and political and economic history across the Islamic eras and 

geographical territories. The Islamic coins are characterized by its distinctive shape, 

design, and inscription. The Umayyads (661-750 A.D/ 41-132A.H.) established a 

standard for all-epigraphic dirham (a quarter-dinar) where the dirhams were written 

mainly in an Arabic Kufic script ignoring the figural compositions inherited from 

Byzantium and Sasanian civilizations. likewise, the Abbasids (750-1517 A.D/ 132-

 
1- M. Rodrigues, M. Schreiner, M. Melcher, M. Guerra, J. Salomon, and M. Radtke, 

Characterization of the silver coins of the Hoard of Beçin by X-ray based methods, Nuclear 

Instruments and Methods in Physics Research B, vol. 269, no. 24, pp. 3041-3045, 2011. 

http://www.zeno.ru/showgallery.php?cat=3051
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750 A.H.), for example, dropped Qur’anic verses (sura) from the center of their coins 

and replaced it with the phrase “Muhammad rasul Allah”. However, Islamic 

numismatists define the coin obverse as the side with the affirmation of God’s unity 

(shahada). Previous studies of Islamic coinage and minting centers1, proved that the 

Islamic dinars-made of gold, dirhams-made of silver and fals-made of copper were 

started to be struck in 76 A.H2.  

These coins were characterized by their low relief where the script and layout 

are the dominant elements with no concern on producing deep relief of humans or 

animals’ depictions with relatively thin flans. The Islamic coins normally bear Arabic 

inscriptions of the names of caliphs and where the coin was struck in the minting 

centers which were distributed in different Islamic territories such as Damascus, 

Baghdad (Madînat as-salâm), Kufa, Isfahan. Rayy, Bukhara, Nishapur and Balkh3. 

Interdisciplinary scientific research of the Islamic coins using multi-analytical 

analytical techniques can provide complementary data for the research activities of 

the curators, conservators, numismatists, and scientists, and overcome the limitations 

of the current numismatic research in the Arab region4.  

Local numismatists focus mainly on the study of the decorative and 

inscriptional content disregarding the study of the coins alloy, microstructure and 

degradation which could provide integration with the historical studies. 

Interdisciplinary teams in the Egyptian and Arab museums should work together to 

preserve, authenticate, and interpret the historical values of the numismatic collections 

to visitors. Therefore, preservation of the numismatic collections requires 

characterization of the metal alloys, tracing the provenance of the metal and ore 

sources, and understanding the deterioration mechanisms, and providing well assessed 

conservation treatments. Precious and sophisticated metalworks were created for 

different purposes (such as jewelry, armor, and coins) through the Islamic 

 
1- Z. Al-Saad, Chemical Analysis of Some Umayyad Dirhems Minted At W§SiT, Journal of the 

Economic and Social History of the Orient, vol. 42, no. 3, p. 351–363., 1999; J. L. Bacharach, 

Islamic History through Coins: An Analysis and Catalogue of Tenth-Century Ikhshidid Coinage, 

Cairo: The American University in Cairo Press, 2006, p. 6. 
2- A. A. D. M. Hakiem, A critical and comparative study of early Arabian coins on the basis of Arabic 

Textual evidence and actual finds, 1977. 
3- A. Ghouchani and S. Canby, Rare Coins from Nishapur, 2000. 
4- Z. Al-Saad, Chemical Analysis, 1999; M. Hess, L. W. MacDonald and J. Valach, Application of multi-

modal 2D and 3D imaging and analytical techniques to document and examine coins on the example of 

two Roman silver denarii, Heritage Science, vol. 6, 2018; T. S. Noonan, Early Abbasid Mint Output, 

Journal of the Economic and Social History of the Orient, vol. 29, no. 2, p. 113–175, 1986. 
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civilizations using gold, copper, iron, lead, tin zinc and silver-based alloys and various 

production methods1. However, the study of Islamic metalworks has received a little 

emphasis by heritage scientists and art historians2. 

Islamic metalsmiths commonly used brass alloy through the cementation 

production process for producing metal products3, silver-copper alloy (Ag-Cu) was 

mainly used for fabrication of early Islamic silver dirhams. Furthermore, the 

silversmithing was intensively used by Islamic craftsmen to product different types of 

artworks such as ornaments, jewelry, and household items using beaten metal 

industry4. The chemical compositions of the archaeological Ag-based alloys in the 

Mediterranean civilizations are mainly consist of Ag, Cu, and other elements such as 

Pb5. However, the chemical analysis of Islamic silver-based alloy of some early 

Abbasid coins (769-812 A.D/152-196 A.H.) showed the high presence of silver (Ag), 

with other elements such as copper (Cu), lead (Pb), and other impurities like P, Zn, 

Al, Mg and Si) using the cupellation process for silver alloying6.  Different corrosion 

products (including copper and silver chlorides) on silver coins may grow on the 

surface during the burial, exhibition and storage times causing a serious damage. 

Formation of thin or thick black tarnish (Ag2S) on silver coins is a common 

deterioration aspect when the coins stored or exposed to an oxidative humid polluted 

environment, mainly rich of hydrogen sulfide (H2S) or carbonyl sulfide (OCS)7. 

Moreover, due to the weathering agents and the presence of copper in the silver allow, 

different corrosion products could be formed on the silver coins such as Covellite 

(CuS), Brochantite (CuSO4.3Cu(OH)2), Chlorargyrite (AgCl), and Cuprite in reddish 

 
1- P. T. Craddock, The copper alloys of the Medieval Islamic world‐inheritors of the classical tradition, World 

Archaeology, vol. 11, no. 1, pp. 68-79, 2010; J. M. Bloom and S. S. Blair, Metalwork, Oxford Islamic Studies 

Online. In The Grove Encyclopedia of Islamic Art and Architecture, 1 June 2021. [Online]. Available: 

http://www.oxfordislamicstudies.com/print/opr/t276/e596. [Accessed 1 June 2021]. 
2- J. W. Allan, Nishapur: Metalwork of the early Islamic period, New York: The Metropolitan 

Museum of Art, 1982.  
3- P. T. Craddock, The copper alloys of the Medieval Islamic world, vol. 11, no. 1, pp. 68-79, 2010. 
4- J. W. ALLAN, Silver: The Key to Bronze in Early Islamic Iran, Kunst des Orients, vol. 11, no. 1/2, 

pp. 5-21, 1976/1977. 
5- M. P. Casaletto, G. M. Ingo, C. Riccucci and F. Faraldi, Production of reference alloys for the 

conservation of archaeological silver-based artifacts, Appl Phys A , vol. 100, p. 937–944, 2010; A. 

M. Gójska, K. Kozioł, E. A. Miśta-Jakubowska and R. Diduszko, Determination of the Kβ/Kα 

intensity ratios of silver in Ag-Cu alloys, Nuclear Instruments and Methods in Physics Research B, 

vol. 468, pp. 65-70, 2020. 
6- Z. Al-Saad and M. Bani Hani, Corrosion behavior and preservation of Islamic Silver Alloy Coins, 

in Strategies for Saving our Cultural Heritage, the International Conference on Strategies for Saving 

Indoor Metallic, Athens, 2007.  
7- J. P. Franey, G. W. Kammlott and T. E. Graedel, The corrosion of silver by atmospheric sulfurous 

gases, Corrosion Science, vol. 25, pp. 133-143, 1985. 
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color where the coin’s aesthetic, eligibility are altered1. Different cleaning methods 

have been tested for cleaning tarnished and corroded silver2. Mechanical, chemical, 

and electrochemical cleaning methods showed moderate and inhomogeneous cleaning 

effectiveness and aggressiveness on silver objects with need of special set up3.  Laser, 

comparing to other traditional techniques, could be more controllable, non-contact, 

very selective and self-limiting cleaning technique, when optimized can provide a 

satisfactory cleaning of the archaeological delicate and sensitive silver surfaces 

without involvement of mechanical actions4. It was demonstrated that silver exhibit 

low absorptivity in the range of nm where the Nd: YAG 1064nm and 532 nm 

wavelengths were successfully exploited in laser cleaning experiments of pure and 

alloyed metal and silver artefacts comparing to other cleaning methods5.  

The paper aims to assess the potential of Nd: YAG nanoseconds laser cleaning 

using the fundamental wavelength (1064 nm) for removal of the tarnish and corrosion 

layers for conservation, aesthetics and improving the text readability. Moreover, the 

aim of the proposed study is to integrate both chemical analysis and numismatic 

information towards the characterization of corroded Islamic silver coin from the 

Abbasid period. Scanning Electron Microscope coupled with Energy Dispersive X-

 
1- O. Abdel-Kareem, A. Al-Zahrani and A. Al-Sadoun, from previous studies of Islamic coinage 

(Bacharach, 2006), Islamic dinars-made of gold and dirhams-made of silver are characterized by 

their low relief where the script and layout are the dominant elements with no concern on producing 

deep relief of hum," Mediterranean Archaeology and Archaeometry, vol. 16, no. 2, pp. 107-118, 

2016.; P. Vassiliou and V. Gouda, Ancient silver artefacts: corrosion processes and preservation 

strategies. Corrosion and Conservation of Cultural Heritage Metallic Artefacts, 213–235., in 

Corrosion and conservation of cultural heritage metallic artefacts, D. W. E. A. A. A. P. Dillmann, 

Ed., Woodhead Publishing, 2013. 
2- E. Ioanid, A. Ioanid, D. Rusu and F. Doroftei, Surface investigation of some medieval silver coins 

cleaned in high-frequency cold plasma., Journal of Cultural Heritage, vol. 12, pp. 220-226., 2011.; 

C. Degrigny, R. Jeanneret, D. Witschard, C. Baudin and H. Carrel, A new electrolytic pencil for 

the local cleaning of silver tarnish, Studies in Conservation , vol. 61, no. 3, 2016.; A. Viljus and M. 

Viljus, The Conservation of Early Post-Medieval Period Coins Found in Estonia, Journal of 

Conservation and Museum Studies, vol. 10, no. 2, pp. 30-44, 2012.; A. Elnaggar, P. Fitzsimons, A. 

Nevin, I. Osticioli, M. Ali and K. Watkin, Investigation of Ultrafast Picosecond Laser System for 

Cleaning of Metal Decorations of 17th C. Gloves of King Charles I, e-Preservation Science, vol. 12, 

pp. 14-19, 2015. 
3- T. Palomar, B. R. Barat and E. Cano, Evaluation of Cleaning Treatments for Tarnished Silver: The 

Conservator´s Perspective, International Journal of Conservation Science, vol. 9, no. 1, pp. 81-90, 

2018.; V. Costa, The deterioration of silver alloys and some aspects of their conservation, Reviews 

in Conservation, pp. 18-34., 2001.; T. Palomar, A Comparative Study of Cleaning Methods, vol. 17, 

pp. 20-26, 2016. 
4- T. Palomar, Evaluation of laser cleaning, vol. 387, pp. 118-127, 2016. 
5- O. Abdel-Kareem, Evaluating laser cleaning, vol. 16, no. 1, pp. 119-127, 2016.; C. Degrigny, E. 

Tanguy, R. Le Gall, V. Zafiropulos and G. Marakis, Laser cleaning of tarnished silver and 

copper threads in museum textiles, Journal of Cultural Heritage, vol. 4, p. 152s–156s, 2003; S. 

Siano, F. Grazzi and V. A. Parfenov, Laser cleaning of gilded bronze surfaces, Journal of Optical 

Technology c/c of Opticheskii Zhurnal, vol. 75, no. 7, pp. 419-427, 2008. 
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Ray Spectrometer (SEM-EDS), Laser Induced Plasma Spectroscopy (LIPS), X-ray 

Florescence Spectrometer (XRF), X-Ray Diffraction (XRD) analysis were applied for 

the characterization of coin alloy, soiling products, and assessment of laser treatment.  

2. Materials & Methods:  

2.1 Object:  

Silver coin, from of private collection of the Numismatic Research Center at 

the Fayoum University in Egypt was selected for this study. The coin is dark and has 

uniform thin tarnished and corrosion layers, and soiling particles between the 

inscriptions where cleaning is necessary to improve the coin readability and stop 

further degradation (see fig. 1. a, b). The coin has no missing parts with a thickness of 

˜ 0.89 mm, a weight of ˜ 3.68 g and diameter of ˜ 25.5–25.8 mm. The SEM 

investigation showed brittle surface with pitting and cracking by corrosion products 

(see fig. 1.c).  

2. 2 Analytical Methods:   

2.2.1 Microscopy  

The surface morphology, technical analysis and assessment of laser cleaning tests 

of the coin were investigated using stereo microscope ZEISS (Stemi 2000-C, Germany), 

Scanning Electron Microscope coupled with Energy Dispersive X-Ray spectrometer 

(ESEM-EDS Quanta-200 FEI) in secondary electron (SE) and backscattered electron 

(BSE) modes with an acceleration voltage range from 25 to 30kV, low vacuum pressure 

(0.50–0.70torr) and working distance of 10mm. SEM Benchtop microscope Joel JCM-

6000 was also used for assessment of coins conditions.  

2.2.2 Laser Induced Plasma Spectroscopy (LIPS):  

The portable LIPS apparatus1 has been used consisting of a compact Q-switched 

Nd: YAG laser (1064 nm, 7-ns pulse duration, 0–20-Hz pulse repetition rate) as the 

excitation source. The laser emits an almost top-hat, low-divergence beam (0.8 mrad, 

using a graded reflectivity mirror), with a spot diameter of 2.5 mm and a maximum 

energy of 50 mJ /pulse (Ultra 50 CFR, BigSky). Such a laser source allows a sufficiently 

high intensity to be achieved using common planoconvex lenses. Here, it is about 

 
1- J. Agresti, A. Mencaglia and S. Siano, Development and application of a portable LIPS system for 

characterising copper alloy artefacts, Analytical and Bioanalytical Chemistry, vol. 395, no. 7, p. 

2255–2262, 2009. 
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100 GW/cm2 using a focusing length of 60 mm. Under this condition, the laser spot on 

the sample has a diameter of about 120 μm and a corresponding maximum intensity of 

about 63 GW/cm2. Quantitative analyses of the main elements of the alloy and corrosion 

layers before and after laser cleaning were derived through the examination of the depth 

profiles (100 laser pulses; ablation rate 1m/pulse). The estimation of the top-layer 

depth from the measured depth-profile is not trivial due to the instrument response 

function, determining the measurement depth resolution1.  

2.2.3 X-Ray Fluorescence (XRF) spectrometry 

The employed XRF Spectrometer (ELIO, XGLab srl, Italy) used to analyze the 

silver alloy and assessis based on a 25 mm2 active area Silicon Drift Detector and on a 

50kV-4W X-ray tube generator, which employs a Rh anode. The excitation X-ray beam is 

collimated to a ~ 1.2 mm spot diameter on the sample surface. The typical energy 

resolution of the spectrometer is below 135 eV. The XRF head has been mounted on a 

stable tripod equipped with a lateral side arm (60 cm long). For all measurements, the 

following experimental conditions have been used: working distance ~ 1.4 cm, tube 

voltage = 40 kV, tube anode current = 40 µA, acquisition time = 40 s. 

2.2.4 X-Ray Diffraction (XRD) spectrometry 

In situ XRD analysis of the coin surface was performed using XRD 

spectrometer (XRD-6100, Shimadzu, Japan), at 40Kv, current 30.0 (mA), scan range 

5.000-80.000, scan speed 12.0000 (deg/min) in continuous scan mode and multi-

functional auto-search/match quantitation software using the base standard absorption 

correction method2. 

2.3 Laser Cleaning Tests 

An optical fiber-couple long Q-Switched Nd: YAG laser with 120ns pulse 

duration and the fundamental wavelength 1064 nm was used to perform the laser ablation 

tests. The laser is equipped with a single-lens handpiece of homogenized laser beam 

distribution to allow a fine control of the laser spot diameter (∅ 1.6 mm) with a minimal 

overlapping. In all the cases a pulse repetition frequency of 2 Hz was operated with a wet 

irradiation condition using distilled water (which brushed once over the surface) to reduce 

 
1- J. Agresti, I. Osticioli, A. A. Mencaglia and S. Siano, Laser-induced plasma spectroscopy depth 

profile analysis: a contribution to authentication., in SPIE Optical SPIE 8790, Optics for Arts, 

Architecture, and Archaeology, Munich, Germany, 2013. 
2- A. Bearnot and A. Greene, Study and Comparison of Coins by X-ray Diffraction ( XRD ); 

Preliminary Findings,[Online]. Available: https://blogs.brown.edu/archaeology/files/2015/07/Study-and-

Comparison-of-Coins-by-X-Ray-Diffraction.pdf. [Accessed 29 May 2021]. 

https://blogs.brown.edu/archaeology/files/2015/07/Study-and-Comparison-of-Coins-by-X-Ray-Diffraction.pdf
https://blogs.brown.edu/archaeology/files/2015/07/Study-and-Comparison-of-Coins-by-X-Ray-Diffraction.pdf
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the thermal effect of accumulated heat of laser irradiation. The pulse energy ranged from 

5-50mJ which allowed a sufficiently wide variation of the operative fluences. Energy 

meter and neutral density filters were used to finely set the fluence. The laser fluence 

threshold (the lowest fluence at which ablative texturing of the unwanted layers was 

observable under the microscopes) for safe removal of the encrustation was determined 

through optical microscope and SEM observations, which were also exploited for 

measuring the alteration threshold of the silver substrate. 

3. Results and Discussion  

3.1 Technical Analysis and Laser cleaning:  

The chemical analysis of the coin alloy using LIPS, XRF, EDS and XRD 

shows the presence of silver (Ag) as the main component (~94%) with substantial 

amount of copper (Cu, ~4%), with other impurities such as Pb, to make it harder and 

cost effective1. However, lead was normally found in a low concentration (2 wt%) in 

the Islamic metal alloys such as beaten brass and probably added foe economic 

reasons2. With LIPS analysis, a semi-quantitative evaluation of the bulk composition, 

in correspondence of the last fifty laser pulses, can be performed assuming a binary 

alloy (Ag-Cu) composition (neglecting other minor components) and using previously 

calculated LIPS calibration curves where the calculated copper concentration amounts 

to 4.4 (0.4 wt%). The absence of lead in the chemical composition of the coin may 

indicate improvement of the production process and deliberate removal to avoid long-

term embrittlement of the silver alloy3.  

The high content of silver and copper in the coin with the absence of gold could 

be an indicator of technological attempt during this Abbasid period to remove the gold 

from the silver alloy with better extraction quality of silver ores, or the use of difference 

silver ores of low gold content4. However, further analysis of Abbasid silver alloys is 

needed to track such hypnosis. ESEM-EDX, XRF and LIPS analysis evidenced that 

soiling and corrosion encrustations (fig.2.a) were mainly composed of Mg, Al, Si, Fe, Ca 

 
1- Z. Al-Saad, Chemical Analysis, vol. 42, no. 3, p. 351–363., 1999.; M. P. Casaletto, Production of 

reference alloys, vol. 100, p. 937–944, 2010.; Z. Al-Saad, Corrosion behavior, Athens, 2007. 
2- S. La Niece, R. Ward, D. Hook, and P. Craddock, Medieval Islamic Copper Alloys, 1990. 

[Online]. Available:  

https://www.researchgate.net/publication/285879804_Brass_in_the_Medieval_Islamic_World. 

[Accessed 1 6 2021]. 
3- P. T. Craddock, the copper alloys of the Medieval Islamic world, vol. 11, no. 1, pp. 68-79, 2010.; Z. 

Al-Saad, Corrosion behavior, Athens, 2007. 
4- M. Al-kofahi and K. F. Al‐Tarawneh, Analysis of Ayyubid and Mamluk Dirhams Using X-ray 

Fluorescence Spectrometry , X-Ray Spectrometry, vol. 29, no. 1, pp. 10-14, 1997. 
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S, Cl, and Cu with respect to Ag peaks1 (see fig. 2. b, c). These elements could be 

associated to earthy deposits from burial and Ag-Cu alloy corrosion products2. The 

presence of black tarnish layer on the coin may indicate the presence of silver sulfide 

(AgS) due to the reaction between the silver alloy and pollutants from the surrounding 

environment or the use of the coin. LIPS profile and XRF analysis reveal the presence of 

chlorine which may indicate the Cl rich burial or exhibition environments. The XRD 

analysis detected the crystalline compounds of atacamite (Cu2Cl (OH)3 and silver oxide 

(Ag2O) (see fig.)3. The LIPS analysis confirms the presence of sequence of corrosion 

layers including the cuprite, atacamite and tenorite4 (see fig.2.d).  

For the coin conservation, readability, and aesthetic reasons, revealing details 

hidden by the encrustations layers is necessary. The laser cleaning of silver objects is a 

reliable technique which was standardized to minimize the risk of damaging the 

aesthetical appearance or chemical structure. However, the challenges of laser cleaning of 

silver include the preservation of the original surface and laser induced physic-chemical 

surface alterations. Following the characterization of the coin core and corrosion layers, 

laser irradiation at 1064 nm was conducted using a range of fluences to optimize the 

cleaning process using microscopic and spectroscopic analysis. Due to the expected high 

optical absorption of laser radiation by the black tarnish layers, and the high reflectance 

of the silver surface at 1064 nm comparing to the tarnish layers5, and the relatively high 

alteration threshold of the latter favored by the present pulse duration (120ns) and 

repetition frequency of 2 Hz, satisfactory uncovering results were achieved within a 

rather wide operative fluence range6. Soiling was safely removed (fig. 3.b, c) with 

fluences of 0.6 J/cm2 and no surface micro-melting features were observed under ESEM 

examination. XRF analysis confirmed the effectiveness of the laser cleaning for the 

 
1- A. Buccolieri, G. Buccolieri, E. Filippo, D. Manno, G. Sarcinelli, A. Siciliano, R. Vitale and A. 

Serra, Nondestructive Analysis of Silver Coins Minted in Taras (South Italy) between the V and the 

III Centuries BC, Journal of Archaeology, 2014. 
2- M. P. Casaletto, Production of reference alloys, vol. 100, p. 937–944, 2010.; L. Fabrizi, F. Di Turo 

and C. D. Vito, The application of non-destructive techniques for the study of corrosion patinas of 

ten Roman silver coins: The case of the medieval Grosso Romanino, Microchemical Journal, vol. 

135, pp. 419-427, 2019. 
3- M. P. Casaletto, Production of reference alloys, vol. 100, p. 937–944, 2010. 
4- A. Mezzi, C. Riccucci, T. de Caro, E. Angelini, F. Faraldi, S. Grassini and V. K. Gouda, 

Combined use of SA‐XPS, XRD and SEM + EDS for the micro‐chemical characterisation of 

Ag‐based archaeological artefacts, Surface and Interface Analysis, vol. 46, no. 10-11, 2014. 
5- O. Abdel-Kareem, Evaluating laser cleaning, vol. 16, no. 1, pp. 119-127, 2016. 
6- S. SIANO and R. SALIMBENI, Advances in Laser Cleaning of Artwork and Objects of Historical 

Interest: The Optimized Pulse Duration Approach, Accounts of Chemical Research, vol. 43, no. 6, 

p. 739–750, 2010. 
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removal of the main elements constituting the soiling and corrosion layers which has an 

average thickness of 8µm. However, the shiny cleaned area showed a slight loss of 

surface contrast while the LIPS depth profiles acquired presenting an almost constant 

Cu/Ag ratio from surface to bulk (fig.2.b)1. 

The LIPS profiling shows the high level of Cu on the surface which act as a 

deoxidant and form copper oxides2. There is also a considerable value on the bulk is 

related to the formation of copper compounds such as cuprite (CuO) which is also 

responsible of the reddish appearance in some cleaned area (see fig.3a). As copper is 

more reactive with oxygen than silver3, the cuprite thin layer is usually the first 

produced compound in Ag-Cu alloy oxidation phenomena and could be taken as an 

indicator of the effectiveness of the cleaning test (fig.4)4. Higher fluences, using pulse 

energy of over 35mJ, caused micro-melting of the silver coin surfaces due to the 

photo-thermal effects of laser radiation (fig. 3.d) as reported by previous studies5. 

Moreover, thorough inspections of the coin allowed to observe that the surface of the 

silver may be porous, and residues of material deposits and oxidation products 

trapped within the complex surface texture of the metal surface showing high 

roughness and interstices (fig. 3.e). These were not removed since they required too 

high fluences and then involved the risk of micro-melting.  

3.2 Numismatic Analysis:  

Following the optimized laser cleaning of the coin, the numismatic analysis to the 

study coin’s features shows that the coin was minted in the Abbasid period and 

represents written Arabic Kufic inscriptions only (no depictions).  The silver dirham 

from Kofa (Iraq) dates to the Abbasid Caliph Al-Mustakfî billâh (333-334 A.H.; 944-

946 A.D.)6. The coin thickness is ˜ 0.89 mm with a wighet of ˜ 3.68 gm and diameter 

 
1- O. Abdel-Kareem, Evaluating laser cleaning, vol. 16, no. 1, pp. 119-127, 2016.; A. Doménech, M. 

T. Doménech‐Carbó, T. Pasies and M. d.  Bouzas, Modeling Corrosion of Archaeological 

Silver‐Copper Coins Using the Voltammetry of Immobilized Particles, Electroanalysis, vol. 24, no. 

10, pp. 1945-1955, 2012. 
2- M. P. Casaletto, Production of reference alloys, vol. 100, p. 937–944, 2010. 
3- P. Lejcek, J. Kovac, J. Vaníckov, J. Ded, Z. Samardzija and A. Zalar, Copper surface enrichment 

of Ag–Cu alloys, Surface and Interface Analysis, vol. 42, p. 662–665, 2010. 
4- A. AL-Zahrani and M. Ghoniem, A Characterization of Coins from The Najran Hoard, Saudi 

Arabia, Prior To Conservation, International Journal of Conservation Science, vol. 3, no. 3, pp. 143-

152, 2012. 
5- T. Palomar, Evaluation of Cleaning, vol. 9, no. 1, pp. 81-90, 2018.; J.-M. Lee, J.-E. Yu and. Y.-S. 

Koh, Experimental study on the effect of wavelength in the laser cleaning of silver threads, Journal 

of Cultural Heritage, vol. 4, no. 1, pp. 157-161, 2003. 
6- the Met Museum, List of Rulers of the Islamic World, 2004. [Online]. Available:  

https://www.metmuseum.org/toah/hd/isru/hd_isru.htm. [Accessed 25 09 2020]. 

http://www.zeno.ru/showgallery.php?cat=3051
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of ˜ 25.5-25.8 mm which is sligtly higher than the earlier Umayyad period1. The 

observe of the coin has the inscriptions in three annulets where the outer margin 

shows circular qur’anic inscriptions: “God commands in the past and the future; and 

on that day the believers will rejoice in God’s Victory” ( عددد ويوم دد لله اامددر مددب ثبددئ ومددب   يفددر   

 while the inner margin shows the place and date where the coin was (ا رمنددو  بنصددر ه

made “In the name of Allah, this dirham was struck in El-Kufa in 333 A.H.  ( اددد ه 

صيددره ادد ا الدددراد بال وفددص سددنص  دد آ و   ددت  و ل مالدد  ). The center shows inscription of “there is deity 

but God Alone; al-Muzaffar Abu'l-Wafâ” (“أبددو الوفددا ا ففددر لا ةددري  لددإ ه وعددد  لا إلددإ إلا”). The 

reverse has inscriptions in two annulets where the margin shows qur’anic inscriptions: 

“Muhammad is the messenger of Allah, he sent him with guidance and the religion of 

truth to manifest  it over all religions even if polytheists dislike it” ( محمددد رسددوز ه أرسددلإ

 while the center shows inscription with the (”باللمدددو وديددب اعمددر ليفلمددر  علددب الددديب كلددإ ولددو رددر  ا  ددركو  

name of the Caliph: “Belongs to God; peace be upon him; Caliph Al-Mostakkfi 

Bellah” (   .(" محمد رسوز ه صلي ه عليإ وسلد ا اتكف  بالله اع ليفصلله

4. Conclusion:  

In conclusion of this research, the application of LIPS, XRF, XRD and EDS analysis 

techniques allowed the characterization of the silver dirham coin as Ag-Cu alloy with 

high percentage of silver and slightly high content of copper (which maybe 

deliberately added to harden the alloy or for economical purposes). The absence of 

gold may indicate of the use of different extraction technique of silver ores, but such 

hypnosis requires further analysis on Abbasid dirhams collections. LIPS provided 

depth profiling of the coin alloy to better understand the chemical composition of the 

Ag-Cu alloy and deterioration mechanism comparing the surface analysis techniques 

such as the XRF and EDS. The nanosecond laser (1064nm) has removed the 

unwanted layers safely as attested by the morphological and elemental study of the 

surface showing the selectivity of the laser that allowed to protect the cuprite layer. 

Following the laser cleaning, the numismatic analysis of the silver dirham proved that 

the coin dates to the Abbasid period and was struck in Kufa in 333 A.H.  
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