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 Abstract:  
In numismatics, coins are considered as a reflection of the 
economy and culture of a nation or civilization. Relative proportion 
of major/minor elements in coins provides valuable information on 
changes in monetary theory, economic conditions, material techn-
ologies, political aspect, religion, cultural heritage and art of minting at 
the time. Ten silver coins issued by Shamsuddin Ilyas Shah, a 
ruler of the Bengal Sultanate, were selected from the collection of 
Bangladesh National Museum and analyzed using EDXRF for 
elemental composition and comparative study. Shamsuddin Iliyas 
Shah ascended the throne about the end of the year 1342 CE 
(743 Hijri) and had a reign of 16 years and some months. The 
main element, silver was estimated along with trace elements 
copper and gold. Silver was found in all coins and varied between 
97% and 99% indicating the better economic condition of the 
regime of Shamsuddin Ilyas Shah. Moreover, copper was delib-
erately added to silver during coin fabrication for hardening 
purposes. 

1. Introduction 
Coins are the mirror of any nation’s economy 

and culture [1]. Coins are usually found in 

large numbers in archaeological excavations, 

because they have high survival rate when 

compared to other types of metal artefacts. 

In numismatics, relative proportion of major/ 

minor elements in coins provides valuable 

information on changes in monetary theory, 

economic conditions, material technologies, 

political aspect, religion, cultural heritage 

and art of minting at the time [2]. Different 
materials such as silver, gold, copper, bronze 

etc. were used as raw materials for the 

fabrication of the old coins. Many nuclear 

techniques are available for elemental ana-

lysis of coins. Among these techniques, 

EDXRF is of special interest because of 

non-destructive nature, fast, sensitive and 

capable of simultaneous multi elemental 

analysis [3]. The Bangladesh National Mus-

eum has been exuberant with an enormous 

collection of coins with diversified ele-

ments and ranges of time [4]. Coins issued 

by Bengal Sultanate have important contri-
bution to this collection. At present, Bengal 
comprises modern Bangladesh and West 

Bengal of India. Little analytical work has 

been done so far on Bengal Sultanate coins, 

though it gives valuable information. The 

research on the determination of elemental 

mailto:aksar_ru06@yahoo.co.in


 

198 

 

composition of these sultanate coins colle-

cted in the Bangladesh National Museum of 

is absolutely inadequate. Ten silver coins 

issued by Shamsuddin Ilyas Shah, a ruler 
of the Bengal Sultanate, were selected from 
the collection of Bangladesh National Mus-
eum to put down this scarcity. EDXRF was 
used to determine the elemental composition 
and comparative study. Shamsuddin Iliyas 

Shah ascended the throne about the end of 

the year 1342 CE (743 H.) [5]. The histories 

give Shamsuddin Iliyas Shah a reign of 16 

years and some months [5]. Coins issued by 

Ilyas Shah have been rarely collected and 

recorded in museums or collections. Nu-

mismatic research interpreted the social, 

economic, religious and cultural aspects of 

this regime of Bengal Sultanate in the last 

150 years subject to the mass, size and 

exterior structure, images, letters, numbers 

or texts on coins. But, the elemental comp-
ositions of all types of coins of Shamsuddin 
Ilyas Shah have not been determined yet. 
Remarkably, limited publications on elemental 

compositions of coins of Shamsuddin Ilyas 

Shah are only available in which 1-3 coins 

were taken as sample from private collections.  

As a result, clear idea or conclusion cannot 

be put in a place from any published paper 

regarding the elemental compositions, man-

ufacturing techniques, sources of the metal 

for coins of Shamsuddin Ilyas Shah. John 

Deyell published several papers on his 

personal collection of coins of the Bengal 

Sultanate and reported that the silver coins 

issued in Bengal during the regime of 

Shamsuddin Ilyas Shah were almost pure 

and contained 97-99% silver [6]. But he did 
not reveal elemental compositions other than 
silver present in the coins. Asiatic Society 

of Bengal was also reported in 1867 CE 

and in 1929 CE in two publications that 

the silver composition in the coins issued 

by Shamsuddin Ilyas Shah was calculated 

98-99% with the assessment of specific 
gravity. Moreover, Monwar Jahan mentioned 

in his doctoral dissertation that the silver 

content of Shamsuddin Ilyas Shah's silver 

coin is 57% [7]. Mohammad Abu Al Hassan 

reported using XRD technique that the ele-

mental composition of a silver coin issued 

by Shamsuddin Ilyas Shah was 70.6% [8]. 

Mohammad Abu Al Hassan et.al also ana-

lysed more three silver coins of Ilyas Shah 

and reported that silver compositions of 

these coins were 92.6733 %, 91.7396 % 

and 90.8025 % respectively [9]. All these 

cases, Hasan took the silver coins from 

personal collection as sample for analysis 

[9]. Data published by the Asiatic Society 

of Bengal and John Deyell significantly 
differ from that of Jahan and Hasan provi-

ded. It is necessary to pick out the adequate 
compositions since the previous studies 
stated different results on coins of same ruler 
and time of the Sultanate period. Analysis of 

more admissible samples may be a remedy 

to come an end from this controversy. Dete-

rmination of the compositions of silver and 
other metals present in the admissible silver 
coin of Shamsuddin Ilyas Shah using EDXRF 

was the aim of this study. Moreover, pro-

viding an idea about the source or mining of 

these silver coins was also another objective. 

 

2. Materials and Methods 
2.1. Documentation of coins before 

conservation treatment  
In this work, ten silver coins of Sham-
suddin Ilyas Shah were selected from the 
collection of Bangladesh National Museum 
to conduct the study. All the studied coins 
were in good condition with a well-built 
metal core and with very little surface dete-
rioration. The coins were secured accession 
number in Bangladesh national museum 
(the then Dacca Museum) on 24 August 
1968 CE. The place of finding of these coins 
was Chapainawabganj district of Bangladesh. 
Chapainawabganj was a part of Gaur, one 
of the largest medieval ruin cites in the 
Indian subcontinent. In accordance with the 
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registration data in the museum, the period 
of these silver coins is from 1342 to 1358 
CE. Prior to the conservation treatment, the 
mass and other relevant information of these 
coins including photographs were recorded. 
They are circular in shape with irregular dia-
meter. The photos of coins of the analysed 
set are shown in fig. (1). The weight, average 
diameter and average thickness of these coins 
against their accession number are also ment-
ioned in tab. (1).  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure (1) Shows accession number; a. E-66.55, b. 
E-66.56, c. E-66.59,d. E-66.60, e. E-

66.62, f. E-66.70,g. E-66.71, h. E-66.72, 

i. E-66.74, j. E-66.75,  
 

Table (1) weight, average diameter and average thi-

ckness of the coins. 
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2.2. EDXRF analyses and conservation 

treatment 
EDXRF measurement produced a fluores-

cence spectrum showing the presence of 

different elements. In this study, analyses 

were carried out using the EDXRF model 

(XRF-W9, Korea). The x-rays only pen-

etrate about 20 microns for which this is 
considered as a surface analytical technique 
[10]. Therefore, it must be expected that the 

volume (area×depth) analyzed is represse-

ntative of the whole object [10]. However, 

Beck, et al. [11] have revealed that there is 

a full agreement between surface and bulk 

methods for the silver content greater than 

92% and although some surface aggregate 

of dirt was found on the some of the coins 

[10]. On the other hand, coins with a copper 

content of less than 3% can be considered 

massive and not enriched with silver on 

the surface. In accordance with the general 

objectives of this study and being mindful 
of the limitations of the technique, the study 
endeavoured to determine the type of alloy 

used for the coins and to investigate if any 
groups demonstrated homogenous characters 
concerning metal composition which would 

suggest a common ore source [3]. In this 
regard, the dirt and other substances deposited 
on the surfaces of coins were suitably removed 

before determining the compositions of silver 
and other metals. After that, the coins were 

washed with acetone and then air-dried. 

Subsequently, the coins were immersed in 

10% formic acid solution for 24 hours and 

then dried in the oven [2]. The calibration 
of the EDXRF system was obtained through 

direct measurements of a standards and a 

program based on the method. The coins 

were then placed in the exact place of 

EDXRF chamber where the position was 

ensured with the assistance of a camera con-

nected to monitor. Then, the samples were 

irradiated with x-ray and data processed by 

interactive software were also collected. 

Two measurements, on the obverse side 

and on the reverse side, were performed on 

the coins and the reported concentrations 

represent the average values of both meas-

urements [12]. This technique was applied 

owing to the superficial structures and the 

lack of homogeneousness of the samples in 

order to consider the irregularity and under-
stand the composition variability from point 
to point [12]. From these data, the com-

positions of silver and other metals in the 

coins under investigation are shown in tab. 

(2). Silver coins were then coated with 5% 

paraloid B-72 solution to prevent future 
deterioration. Finally, photographs were taken 
for documentation. 
 

Table (2) Composition of metals in silver coins (wt%) 

Accession 

no. 

Silver 

(Ag) 

Copper 

(Cu) 

Gold 

(Au) 

E-66.55 98.9678 1.0322 0.0000 

E-66.56 98.8850 1.1150 0.0000 

E-66.59 99.0313 0.9687 0.0000 

E-66.60 98.5942 1.2089 0.1969 

E-66.62 98.9176 0.6978 0.3847 

E-66.70 98.2479 0.7837 0.9684 

E-66.71 97.2262 1.6806 1.0931 

E-66.72 98.2201 1.5105 0.2694 

E-66.74 97.6175 1.3598 1.0227 

E-66.75 98.6604 1.1522 0.1874 

 

3. Results 
3.1. Visual observation 
All the studied coins were in good condition 
with a well-built metal core and with very 

little surface deterioration as shown in fig. 

(1). The coins tended to bend with slight 

pressure during conservation treatment. Mo-

reover, the weight, average diameter and 

average thickness of the coins under exam-

ination were found between 10.10 to 10.69 

grams, 24.20 to 26.36 mm. and 2.42 to 2.85 

mm respectively, tab. (1). 

3.2. EDXRF analyses 
In the analyses of the coins, the detected 

elements were silver, copper and gold. The 

concentration of the elements Ag, Cu and 

Au of the analyzed coins are presented in 

tab. (2). Each coin has Ag concentration in 



 

201 

 

the range 97-99% whereas Cu concentration 
in the range 0.70- 1.68%. Trace amounts 

of Au were found in the range 0.19-1.09% 

in seven coins among ten studied coins. 

Other elements like zinc, nickel, lead and 

tine were not detected in the present study.  

3.3. Correlation among Ag and Au 
with Cu 

Correlation among of silver and gold with 

copper were calculated and presented in tab.  

(3). According to this table, copper was 
negatively and significantly correlated with 

silver but positively and non-significantly 

correlated with gold.  
 

Table (3) The relationship (r value) of copper (Cu) 

with silver (Ag) and gold (Au) 

Element Ag Au 

Cu -0.722* 0.303
ns

 

Ns: Not significant, *: 5% level of significant 

 
4. Discussion 
The earliest observation to be made concerns 
the silver and copper contents of the coins. 

The results show that all the coins are made 
of a similar silver-copper alloy and each coin 

has silver concentration in the range 97-99%. 

That is, high quality silver was produced by 
purification process and subsequently almost 
pure silver was used to these coins. It also 

indicates that metalworker of Bengal had a 

high capacity to refine silver. The average 

concentrations of silver and copper in each 

coin are very close to each other and, res-

pectively, around 98.45% for silver and 

around 1.15% for copper. Several studies 

have shown that copper contents above 0.5-

1 wt.% indicate deliberate additions, most 

probably to increase the strength and wear 

resistance in high-silver alloys, and also in 
larger amounts to make lower-quality artifacts 
and coins [13]. In this study, copper was 

detected above the range. Copper additions 

appear to have been conducted since about 

3000 BCE [14] whereas studied coins fab-
ricated in 14th century. Moreover, the strong 
negative correlation between silver and cop-

per is an indication that copper was delibe-

rately added to silver fig. (2) & tab. (3) [3] 

rather than an impure alloying agent. In 

addition, the absence of lead in the silver 
artefact means that silver was not produced 
by cupellation [15]. Similarly, absence of 

zinc, nickel and tin indicating the copper 

was added as pure metal not as copper alloy. 

It seems that the slight addition of copper 

was not related with debasement but rather 

monetary policy or economic necessity [3]. 
However, the presence of some small quantity 

of copper also suggests that it was added 

for hardening purposes [3]. 
 

 

 

 

 

 

 
 

 

Figure (2) Shows the relationship between copper 

(Cu) and silver (Ag) contents in the studied 

coins. 
 

The analyses also show that seven coins 

comprises trace amount of gold except the 

accession number E-66.55, E-66.56 and E-

66.59 respectively, tab. (2). The presence 

and absence of gold in the coins suggests 

that these were of two groups. That is, the 
ores used to prepare two groups of metallic 
silver coins were collected from different 

sources. Each group is categorized in the 
study to easy interpretation as group 1: coins 

comprising gold and group 2: coins not 

comprising gold. However, the quantity of 

gold in group 1 can also be considered as 

impurities or as a gangue element of the pri-

mary ore, because in ancient times it could 
not be easily removed from main component 
[16]. Although, it is expected to identify 
gold at trace amounts within the composition 
of historical silver objects, it could also 

likely be used to determine the ores used 

to prepare metallic silver [17]. Moreover, 
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gold is a noble metal and is not removed 

during the smelting or cupellation process, 

meaning that it can be used as a fingerprint 

for ore mining [18]. The data obtained in 
this study suggests that the gold composition 
is below 1wt.% for group 1, tab. (1). So, the 
silver was made from cerussite because the 

amount of residual gold was detected bet-

ween 0.2 and 1.5 wt.% within the coins 

[19]. Moreover, the quantity of gold does 
not change during the smelting and cupell-

ation processes suggest that ores extracted 

from the galena mines were not used [20]. 

Meyers also believes that this amount of 

gold in old silver objects indicate the use 

of cerussite ore [21]. The observation can 

also be considered that the coins tended to 
bend with slight pressure during conservation 

treatment. This physical property aligns 

with that of highly pure silver alloy with 

copper. The results of the EDXRF exam-

ination are also reasonably similar to that of 

published by the Asiatic Society of Bengal 

and John Deyell. In some cases, personal 
collections do not provide authentic sample 
for historical research. In this study, the sam-

ples for this examination were selected from 

more admissible and authentic source that 

is Bangladesh National Museum.  Moreover, 

modern technology was applied to conduct 

these analyses. Therefore, it can be conc-

luded that compositions of silver coins of 

Shamsuddin Ilyas Shah are 97-99% and 
simultaneously indicating a better economic 
condition of the regime. Moreover, the 

presence of copper and the absence of zinc 

and nickel will make an advantage for 

identification of Ilyas Shah's coins because 

it is quite difficult to fabricate a trace 

element from metal ore or to remove any 

metal at all. In addition, the weight of the 

coins under examination is between 10.10 

to10.69 grams. Several numismatic studies 

also reveal that the weight of the Ilyas 

Shah's silver coins is almost 10.5 grams as 

well which is similar to the present data. 

Historians take account of the Gaur as the 

most influential region of Ilyas Shah from 

where the coins under investigation were 

also collected. In the period of Ilyas Shah, 
there was no native source of silver in Bengal 

for the minting and other uses of silver [7]. 
In other words, Bengal was totally dependent 
on imports for the use of silver. Siberia, 

Manchuria, Hunan, Yunnan and Japan were 

the Asian sources of silver on that time. In 

contrast to the other sources, only Yunnan 

in China is relatively close to Bengal.  Many 

historical studies have shown that Bengal 

had an established communication system 

with this region and had trade relations 

during the reign of Shamsuddin Ilyas Shah 

[7]. That is why it may be borne in mind 

that silver was imported to Bengal from 

this region. In modern techniques, isotope 
analysis can lead to a crystal-clear conclusion 
on provenance study which requires further 

research.  

 
5. Conclusion  
Results of this study improved our knowledge 
of the metallurgical technology in Shamsuddin 
Ilyas Shah's era in Bengal. The high purity of 
silver in the coins clearly points to metalworker 
of Bengal had a high capacity to refining and 
extracting silver at that time. The high silver con-
tent (>90 wt%) in all coins indicates the precise 
and controlled application of refining process 
of silver and separation of other impurities 
from the primary ores. On other hand, the high 
content of silver in coins also indicates an 
economically and politically powerful regime. 
Results of this study concerning elemental ana-
lysis of samples will provide a credible evidence 
or reference for validation of the authenticity of 
Shamsuddin Ilyas Shah's silver coin. 
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