Unlocking the Material Past through Material Science:
Preliminary Archaeometric Investigations of
Roman and Colonial Coins and the Weathering of
Historical Glasses



Comparison of Coins by X-ray Diffraction (XRD);
Preliminary Findings



From left obverse (top) and reverse (bottom): Maxentius (Rome Mint),
1698 Half Penny, Greene Farm Unknown Coin, 1975 US Penny



X-ray Fluorescence (XRF)
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Relative Composition (%) |[Cu Zn Pb Ag Sn Fe

Penny, 2005 47.15 52.68 0.01 0.17
Penny, 1975 96.57 3.26 0.17
Half-Penny, 1698 99.25 0.49 0.02 0.24
Maxentius, Mint 88.72 0.27 6.83 1.04 2.81 0.32
GFAP Unknown 0.20 4.99 1.95 92.87




X-ray Diffraction (XRD)

X-ray diffraction analysis uses
the interaction of x-rays with
the atomic structure of a
crystalline phase to deduce the
arrangement of atoms within
the lattice. X-rays are scattered
by the atoms (primarily by
electrons), and interfere with
one another to form a unique
pattern.

Each phase can be identified by
a unique “fingerprint” of peak
locations.
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XRD & Crystallography
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Diffractometry
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Relative Composition (%) |[Cu Zn Pb Ag Sn Fe

Penny, 2005 47.15 52.68 0.01 0.17
Penny, 1975 96.57 3.26 0.17
Half-Penny, 1698 99.25 0.49 0.02 0.24
Maxentius, Mint 88.72 0.27 6.83 1.04 2.81 0.32
GFAP Unknown 0.20 4.99 1.95 92.87
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2-Theta - Scale

WPenny 1975 theta 2 - File: Penny 1975 theta 2.RAW - Type: 2Th/Th locked - Start: 10.000 ° - End: 90.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 2 s - 2-Theta: 10.00
Operations: Import

[]04-0836 (*) - Copper, syn - Cu - Y: 97.75 % - d x by: 1. - WL: 1.54056

EO4—0836 (*) - Copper, syn - Cu-Y: 97.75 % - d x by: 10034 - WL: 1.54056
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1698 Half Penny
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2-Theta - Scale
BAlcoin 1698 Half Penny - File: UTRA 2008Coin 1698 Half Penny.RAW - Type: 2Th alone - Start: 10.000 ° - End: 90.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 2 s - 2-
Operations: Import

[®104-0836 (*) - Copper, syn - Cu - Y: 63.00 % - d x by: 1. - WL: 1.54056

[=l05-0867 (*) - Cuprite, syn - Cu20 - ¥: 100.00 % - d x by: 1. - WL: 1.54056

[=]o4-0836 (*) - Copper, syn - Cu - ¥: 63.00 % - d x by: 1.0012 - WL: 1.54056
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2-Theta - Scale

BAlGFAP Half Penny 2 - File: GFAP Half Penny 2.RAW - Type: 2Th/Th locked - Start: 20.000 * - End: 90.000 * - Step: 0.020 - Step time: 1. s - Temp.: 25 “C (Room) - Time Started: 2 s - 2-Theta: 20.00

Operations.
[W]04-0836 (=) - Copper, syn - Cu - Y: 100.00 % - d x by: 1 - WL 1.54056
[=los-0667 (*) - Cuprite, syn - Cu2O - ¥: 79.17 % - d x by: 1. - WL: 1.54056
[=104-0836 (%) - Copper. syn - Cu - ¥: 100.00 % - d x by: 1 o A A TR don



Maxentius Rome
(theta-2theta, 1hr)
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2-Theta - Scale
BAlMaxentius Rome Theta 2 - File: Maxentius (Rome) Theta-2Theta RAW - Type: 2Th/Th locked - [£111-0233 (D) - Lead Tin Oxide - Pb2SnO4 - Y: 31.25 % - d x by: 1.0146 - WL: 1.54056
Operations: Import
[S104-0836 () - Copper. syn - Cu - Y: 18.75 % - d x by: 1. - WL: 1.54056
[2105-0667 () - Cuprite. syn - Cu20 - ¥: 50.00 % - d x by: 1. - WL: 1.54056
[2]04-0783 (1) - Silver-3C, syn - Ag - Y: 22.57 % - d x by: 1. - WL: 1.54056
[4104-0836 (*) - Copper. syn - Cu - ¥: 18.75 % - d x by: 1.0062 - WL: 1.54056
[ £ 04-0783 (1) - Silver-3C, syn - Ag - ¥: 23.00 % - d x by: 1.0042 - WL: 1.54056
[¥111-0233 (D) - Lead Tin Oxide - Pb2SnO4 - Y: 31.25 % - d x by: 1. - WL: 1.54056
az0 =%
(theta-2theta, 18hr)
300
200
250
240
00
e =
200
B2
8 =
S 220
S oo
170
140
110 i
100 !

2-Theta - Scale
BAlMaxentius (Rome) Overnight (T-2T) - File: Maxentius (Rome) Overnight (T-2T).RAW - Type: 2T [2]11-0233 (D) - Lead Tin Oxide - Pb2Sn0O4 - ¥: 62.50 % - d x by: 1.0062 - WL: 1.54056
Operations: Import
[M104-0836 (*) - Copper, syn - Cu - Y: 77.08 % - d x by: 1. - WL: 1.54056
[2105-0667 (*) - Cuprite, syn - Cu20 - ¥: 100.00 % - d x by: 1. - WL: 1.54056
[£]104-0783 (1) - Silver-3C, syn - Ag - ¥: 27.08 % - d x by: 1. - WL: 1.54056
[W]04-0836 (*) - Copper, syn - Cu - ¥: 77.08 % - d x by: 1.0071 - WL: 1.54056
~ 05-0667 (%) - Cuprite, syn - Cu2O - ¥: 100.00 % - d x by: 1.0021 - WL: 1.54056
[£]111-0233 (D) - Lead Tin Oxide - Pb2SnO4 - Y: 62.50 % - d x by: 1. - WL: 1.54056
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2-Theta - Scale

BIGFAP Unknown (theta-2theta, shor) - Fie: GFAP Unknown (theta-2theta, short) RAW - Type: 2Th/Th locked - Start: 10,000 * - End: 90.000 * - Step: 0.020 * - Step time: 1. s - Temp.: 25 *C (Room) -

Operations: Import
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FAlGFAP Unknown 2 - Fie: GFAP Unknown (18hr, test 1) RAW - Type: 2ThiTh locked - Start: 10.000 ° - End: 90.004 * - Step: 0.006-* - Step tima: 4,5 - Temp.: 25 °C (Room) - Time Sterted- 25- 2-The:
Operations: Import

' | GFAP Unknown
(theta-2theta, 18hr, test 2)
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2-Theta - Scale
BAIGFAP Unknewn Cveright 2 - Flls: GFAP Unknewn Overnight 2 RAW - Type: 2ThTh locked - Start 10.000 * - End 80.004 ° - Step: 0.008 ° - Step tme: 4. 8- Tamp.: 25 “C (Room) - Time Stanted: 2
Operabans: Impart




Weathering of Historical Glasses:
A Record of Time?

Andrew Bearnot












Thin Film Interference
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EHT = 25.00 kv Signal A=RBSD  Date :8 Aug 2008 EHT = 25.00 kV Sign 008
Mag= 150X WD= 8mm Photo No.=5793  Time :9:35:13 WD = 12mm Photo No. =5290  Time :12:57:50

ol

20pm EHT = 5.00 kV Signal A =InLens Date :18 Jul 2008 EHT = 5.00 kV Signal A =InLens Date :18 Jul 2008
Mag= 1.58 KX |—| WD= 7mm Photo No. =5243  Time :13:23:48 WD= 7mm Photo No.=5239 Time :13:14:18










Some Intrinsic Properties

* Chemical Composition
e Surface Flaws (scratches)
* Heterogeneity (cord and ream)

e Seeds (bubbles)
 Thermal History (internal stress)



Some Environmental Factors

* Presence of moisture

* Time of exposure

* Soil chemistry, pH, etc.
* Temperature

* Microorganisms
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20um EHT = 25.00 kv Signal A=RBSD  Date :8 Aug 2008 20 = Signal A = RBSD 8 Aiic
b ; pm EHT = 25.00 kV ignal Date :8 Aug 2008
Mag= 600X  |— WD= 9mm Photo No. =5775  Time :8:45:19 Mag= 2.00 K X — WD= 9mm Photo No.=5776  Time :8:46:43

Layer Geometry?

Intersections?

Fracture?

10pm EHT = 25.00 kV Signal A=RBSD  Date :8 Aug 2008
Mag = 4.00 KX |—| WD= 9mm Photo No. =5777  Time :8:47:33
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EHT = 25.00 kV Signal A= RBSD  Date :1 Aug 2008
WD= 8mm Photo No. = 5951 Time :8:41:36




Signal A=RBSD  Date :1 Aug 2008 A Signal A= RBSD  Date :1 Aug 2008 10um EHT = 25.00 kV Signal A= RBSD  Date 1 Aug 2008
Photo No. = 5956  Time :9:20:13 Photo No. = 5857  Time :9:41:20 Mag= 400KX |——o WD= 8mm Photo No. = 5958 Time :9:58:06

EHT = 25.00 kV Signal A=RBSD  Date :1 Aug 2008
WD= 8mm Photo No. = 5955 Time :8:58:17



















