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Ahatract

Prelimuinary investigations on selected number of Indian copper coms were carned out using non-destructive PIXF

techmque 3

Al pecton beam from a pelletron accelerator was used for irradiation of these samples The computer code GUPIX was employed o pet the
Lmental concentrations, and the oblained results e provided as well as discussed
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Cans aie archacological matenals, and their analysis throws
siehiton the cconomy and metallurgy of the minting time, These
4 vaduable testimonials and provide accurate information on
Jwanology The evolution of coins, thew changing design,
shapes and markings, patterns and epigraphs conjure up belore
0 wvistal and Tactual picture ol the contemporary culture.
A these are important in order to provide mformation
weardimy preparation methodology, provenance, and their
Jsthication plays a fundamental role in dating historical events,
imcomstiucung trade routes, in establishing the welfare of
ulawon [1]. Several nuclear techniques have been used for
haractenising various complex matrix systems [ 1-6]. Of these,
wilear analytical techniques like PIXE and EDXRF are
“pecially surtable for analysis of archacological samples as
ey e multiclemental, simultaneous quantitative and non-
dliucive in nature. Proton induced X-ray emussion (PIXE)
“lmgue 1s established as non-destructive, simultaneous
tuluclemental, and was used previously for various arts and
athacological (3, 8, 10] studics. Compared to X-rays, protons
“llier heavy charged particles have the advantage that
checiontane or clectromagnetic lenses can focus them and they
"y be ansported over large distances without loss of beam
eIy Henee compared to EDXRF, PIXE offers detection
"M which are often one order of magnitude better [6, 7]. In
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Non-destructive analysis, proton induced X ray emnsion (PIXE), analytical & quantitative method

the present investigation, a preliminary attempt has been made
to characterize Indian copper coins using PIXE technique

A total of six coins were selected for the present study. Out
of these samples, EIC-1 and EIC-2 are of East India Company
(EIC) rule; BR-1 and BR-2 arc ol Briush rule. whercas H-1 and
G-1 arc of Holkar and Gwalior dynasty respectively.

The 3 MeV collimated proton beam, obtained from the 3MV
Tandem pelletron accelerator at the Institute of Physics,
Bhubaneswar, India, was used to irradiate the coms in vacuum
(10 Torr) inside a PIXE chamber [5]. The targets were held at
45" (0 the beam dircction. Mcasurements were carried out with
low beam current (within 2-3 nA) in order to keep the count rate
below 1000 ¢ps. The Si(L1) detector (active area 30 inm?®) of
Canberra make with a resolution of 170 ¢V at S 9 keV beryllum
(8p) window placed at 90" to the beam direction was used 1o
detect characteristic X-rays cmitted from the targets. X-rays exit
the scattering chamber through a 95-pum mylar window hefore
entering the detector. The PIXE analysis was performed using
GUPIX-20009] software, which provides non-lincar least squares
fitting of the spectrum together with subsequent conversion of
the X-ruy peak mtensities lo elemental concentrations via a
user-defined nstrument constant, relative charge and X-ray
dependent H value.

The clemental compositions of coins provided in the Table 1
representing the analysed PIXE data indicate that these coins

©20021ACS


https://core.ac.uk/display/159813971?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

478 V Vijayan, Pranaba K Nayak and V Chakravortty

Table 1. PIXE results of coin samples (concentrations arc in ppm)

Com Code/

Elcments K Ca Tt Cr Fe Co Ni Cu* Zn As
EIC-1 bdl 184 4 49 .4 26.8 145.0 1115 22106 93 205 bdl 2761 7
EIC 2 873.2 5022 177 7 bdl 41917 134.6 856 0 94.209 bdl 545 0
BR-1 367 S 1511 632 2617 357 409 1248.4 95124 14084.6 bdl
BR-2 11700 523 74 5 318 118.8 216 1620.8 95.325 55820 4729
H-1 hdl Bd! 45 5 bdl 172 1 119 8 1968.5 95234 bdl 55429
G-1 118 393 310 379 429 703 1561.1 95427 123 4 17237

= Percentage, bdl = below detection himat

are solcly made up of copper with very low content of
contaminants including K, Ca, Ti, Cr, Fe, Co. Ni, Zn, and As
although some of these elements are missing in few cases. Two
typical PIXE spectra arc provided in Figures 1 and 2., which
indicate the dominance of Cu Kot and Cu Kf in the spectrum.
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Figure 1. PIXE spectrum of a zinc-rich copper coin (BR-1)
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Figure 2. PIXE spectrum ol a arsenic-rich copper coin (H-1)

From Table 1. itis evident that with increase time. tor (g,
from EIC to British rule, the use of pure copper has increqyg
significantly. However, the coins used during Holkar and Gway,
kings are of high purity (i.¢,95.234 % and 95.427 %, respecin cly,
"The high content of arsenic in samples EIC-1, H-1 & G 1 ytrong},
supports the use of sulfide ore for the preparation of lh;w
copper coins |2]. However, it should be mentioned here thy
relation to copper artifacts, the elements like silvey, bismuy,
antimony and lead were the most important metulhc\m[mnlm
[11]. In this study, there was no detectable amount ol these [y
clements, which is most significant as compared to other report
on vartous world copper coins [12-14]. But we should ik ¢
mention here that the present study indicating the absence f
these four elements in copper coins is supported by the repon
of ancient work based on characterisation of ancient Indin
Kushana coins [15]. Interestingly cnough, a study usmg PIXI
on Afghanistan copper material and ores [ 16] also suppoit ou
findings. There in the ore of Malachite. containing 76 7}
copper these four elements are absent. However. 1t v woith
noting here that in case of arsenic-rich coins the presence .
ncghgible amount of lead might have affected by the Inghe
concentration of the former element due to the overlap of the
K X-ray lines with their L X-ray lines. However, the presei
investigation will open the door for the characterizanon o
ancient Indian coins to find out the chemical composition e
various historical facts by using PIXE. which can eflectively e
used for interpreting various contemporary eco-sociologicd
situations. Further work is in progress and will be reportedin
near future.

Preliminary PIXE investigation was carried out on ot
representative Indian copper coins. The elements K, Ca, 11.C
Fe, Co, Ni, Zn, Cu and As were estimated by this technique I
was observed that the four elements namely silver. hismuth |
antimony and lead are absent in these coins. The study ndicile i
that PIXE can cffectively used for analysis of comns nov
destructively.
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