Talma SEM-EDX Analysis by TF Kiel University Workgroup Synthesis and Real Structure 14.11.2017

100 um : =
: ; Signal A = SE2 Date :14 Nov 201

Signal B = SE2

Mag= 181X EHT = 20.00 kv WD = 8.3 mm Mixing = Off  Signal = 1.000

SEM image of Mokume Gane Ring with Shakudo* (96% Cu, 4% Au). EXP. 23 (Nov. 2017 : wearing on hand). Soldering seam?
*Alternative terminology, see: Ford Hallam, Japanese Metalworking Technique (Mommersteeg Vormgeving, forthcoming).
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Talma  Mokume Gane ring with Shakudo (1) — Exp. 23. Wearing on hand (2017). 14.11.2017
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Talma  Mokume Gane ring with Shakudo (1) — Exp. 23. Wearing on hand (2017). 14.11.2017
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Talma  Mokume Gane ring with Shakudo (1) — Exp. 23. Wearing on hand (2017). 14.11.2017

Spektrum 2 Massen% Massen% Sigma

C 9.68 0.48
0] 0.81 0.14
Cu 81.40 0.54
Ag 1.37 0.14
Au 6.74 0.30

Gesamt 100.00

Spektrum 2 Atom %

C 36.90
O 2.30
Cu 58.64
Ag 0.58
Au 1.57

Gesamt 100.00

The Business of Science®



Talma

Mokume Gane ring with Shakudo (1) — Exp. 23. Wearing on hand (2017). 14.11.2017

— - Signal A = SE2 Date 14 Nov 201

. ' _ - Signal B = SE2
Mag= 206KX  EHT=20.00kV WD = 8.3 mm Mixing = OFf  Signal = 1.000

SEM image of Mokume Gane Ring — Shakudo (black part).
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Talma Mokume Gane ring with shakudo (2) — Exp. 23. Wearing on hand (2017) 14.11.2017
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Talma Mokume Gane ring with shakudo (2) — Exp. 23. Wearing on hand (2017) 14.11.2017
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Talma Mokume Gane ring with shakudo (2) — Exp. 23. Wearing on hand (2017) 14.11.2017
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Talma Mokume Gane ring with shakudo (2) — Exp. 23. Wearing on hand (2017) 14.11.2017
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Talma Mokume Gane ring with shakudo (2) — Exp. 23. Wearing on hand (2017) 14.11.2017

Elementverteilungs-Summenspektrum Atom %

C 37.82
Cl 0.26
Cu 59.56
Ag 0.59
Au 1.77
Gesamt 100.00

Elementverteilungs-Summenspektrum Massen% Massen% Sigma

C 9.75 0.31
Cl 0.20 0.03
Cu 81.23 0.35
Ag 1.36 0.09
Au 7.46 0.21
Gesamt 100.00
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Talma Mokume Gane ring, silver part — Exp. 23. Wearing on hand (2017). 14.11.2017
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Talma Mokume Gane ring, silver part — Exp. 23. Wearing on hand (2017). 14.11.2017
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Talma Mokume Gane ring, silver part — Exp. 23. Wearing on hand (2017).

Spektrum 3 Massen% Massen% Sigma
Cu 4.42 0.21

Ag 95.58 0.21

Gesamt 100.00

Spektrum 3 Atom %
Cu 7.28

Ag 92.72
Gesamt 100.00

14.11.2017
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Talma Mokume Gane ring, copper part — Exp. 23. Wearing on hand (2017). 14.11.2017
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Talma Mokume Gane ring, copper part — Exp. 23. Wearing on hand (2017). 14.11.2017
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Talma Mokume Gane ring, copper part — Exp. 23. Wearing on hand (2017). 14.11.2017

Spektrum 4 Massen% Massen% Sigma

C 11.34 0.52
@) 0.74 0.15
Cu 87.92 0.53

Gesamt 100.00

Spektrum 4 Atom %

C 39.78
0] 1.95
Cu 58.28

Gesamt 100.00
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Talma Alloy 2al- Exp. 24. Seawater (Kiel-Schilksee, pH 8, November 2017) 14.11.2017
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Talma Alloy 2al- Exp. 24. Seawater (Kiel-Schilksee, pH 8, November 2017) 14.11.2017
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Talma Alloy 2al- Exp. 24. Seawater (Kiel-Schilksee, pH 8, November 2017) 14.11.2017

Spektrum 8 Massen% Massen% Sigma

C 7.04 0.43
0] 10.11 0.22
Cl 1.19 0.06
Cu 80.93 0.45
Ag 0.73 0.13

Gesamt 100.00

Spektrum 8 Atom %

C 23.15
o) 24.96
Cl 1.32
Cu 50.30
Ag 0.27

Gesamt 100.00

The Business of Science®



Talma Alloy 2al- Exp. 24. Seawater (Kiel-Schilksee, pH 8, November 2017) 14.11.2017

20 Jim i =
; ; Signal A = SE2 Date ‘14 Nov 201

: _ _ Signal B = SE2
Mag= 137 KX  EHT=20.00 kv W= smm Mixing = Off  Signal = 1.000

SEM image of Alloy 2al. Patinated with seawater. No cuprite observed.
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Talma Alloy 2al- Exp. 24. Seawater (Kiel-Schilksee, pH 8, November 2017) 14.11.2017

20 um : =

g'g"?‘; -SSEE22 Date 114 Nov 201
= = ignal B =

Mag= 454 X EHT = 20.00 kV WD = 8.5 mm Mbing = Off _ Signal = 1.000

SEM image of Alloy 2al. Patinated with seawater. No cuprite observed.
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Talma 14.11.2017
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Talma 14.11.2017

B Spektrum 9

cu I
c N
c N
Ca

c |

As |

S

Massen%

[eXER

The Business of Science®



Talma

Spektrum 9 Massen% Massen% Sigma

C 10.62
@) 25.84
S 0.52
Cl 2.93
Ca 4.35
Cu 52.76
As 2.52
Ag 0.47

Gesamt 100.00

Spektrum 9 Atom %

C 24.74
0 45.18
S 0.45
cl 2.31
Ca 3.04
Cu 23.23
As 0.94
Ag 0.12

Gesamt 100.00

0.49
0.30
0.05
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0.08
0.40
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14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands (2017) 14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands (2017) 14.11.2017
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Talma

Spektrum 10 Massen% Massen% Sigma

C
@)
S
Cl
Ca
Ti
Cu
Ag
Sn
Au
Gesamt

52.79
7.45
0.21
0.07
0.16
0.12
36.87
0.65
1.01
0.67
100.00

Alloy 5al — Exp. 25. Sweaty hands (2017)

0.32
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0.03
0.02
0.03
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Talma

Alloy 5al — Exp. 25. Sweaty hands (2017)

Spektrum 10 Atom %

C
@)
S
Cl
Ca
Ti
Cu
Ag
Sn
Au
Gesamt

80.29
8.51
0.12
0.04
0.07
0.05
10.60
0.11
0.15
0.06
100.00

14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands (2017) 14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands (2017) 14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands (2017) 14.11.2017

Spektrum 11 Massen% Massen% Sigma

C 9.76 0.47
@) 1.27 0.14
Cu 86.29 0.53
Ag 0.92 0.13
Sn 0.78 0.12
Au 0.97 0.23

Gesamt 100.00

Spektrum 11 Atom %

C 35.78
0 3.51
Cu 50.82
Ag 0.38
sn 0.29
Au 0.22

Gesamt 100.00

The Business of Science®



Talma Alloy 5al — Exp. 25. Sweaty hands 14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands 14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands 14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands 14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands

Elementverteilungs-Summenspektrum Atom %

C 39.73
0 4.12
Cu 54.33
Ag 0.64
Sn 0.88
Au 0.31
Gesamt 100.00

Elementverteilungs-Summenspektrum Massen% Massen% Sigma

C 11.28 0.31
@) 1.56 0.10
Cu 81.63 0.34
Ag 1.62 0.09
Sn 2.48 0.09
Au 1.43 0.15
Gesamt 100.00

14.11.2017
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Talma Alloy 5al — Exp. 25. Sweaty hands 14.11.2017

B Ss'ignialBA =SSEE22 Date :14 Nov 201
A _ _ ignal B =
Mag= 102X EHT = 20.00 kV WD = 9.7 mm Mixing = Off  Signal = 1.000

SEM image of Alloy 5al- Exp. 25. Sweaty hands (no cuprite observed. Flat secretions are mostly carbon).
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Talma Alloy 5al — Exp. 25. Sweaty hands 14.11.2017

00 “[ : -

== g_lgn?lBA -89;2 Date :14 Nov 201
_ _ ignal B =

Mag= 39X EHT = 20.00 kV WD = 8.5 mm Mixing = Off  Signal = 1.000

SEM image of alloy 5al, Exp. 25. Sweaty hands (2017). No cuprite observed.
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Talma

Alloy 1al - Niiro (1) — Exp.22

Thenumberinbracketsreferstoadifferent
analysis position on the same sample

24.11.2017
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Thenumberinbracketsreferstoadifferent
analysis position on the same sample

Talma Alloy 1al - Niiro (1) — Exp.22 24.11.2017

EDS-Uberlagerungsbild 1
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Alloy 1al — Niiro (1) — Exp.22
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Thenumberinbracketsreferstoadifferent
analysis position on the same sample

Alloy 1al — Niiro (1) — Exp.22 24.11.2017
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Thenumberinbracketsreferstoadifferent
analysis position on the same sample

Talma Alloy 1al - Niiro (1) — Exp.22 24.11.2017

S - Signal A = SE2 Date :24 Nov 201

Mag= 17.68 KX  EHT = 20.00 KV WD = 7.5mm gk

SEM Image of Alloy 1al - Niiro (Exp. 22)
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Talma Alloy 1al- Niiro (2) — Exp. 22 24.11.2017
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Talma Alloy 1al- Niiro (2) — Exp. 22 24.11.2017
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Talma Alloy 1al- Niiro (2) — Exp. 22 24.11.2017
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Alloy 1al- Niiro (2) — Exp. 22 24.11.2017
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Talma Alloy 1al - Niiro (3) — Exp.22 24.11.2017

Elektronenbild 3

QXFORD

The Business of Science®



Talma Alloy 1al — Niiro (3) — Exp.22 24.11.2017
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Talma Alloy 1al — Niiro (3) — Exp.22 24.11.2017
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Alloy 1al — Niiro (3) — Exp.22 24.11.2017
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Talma Alloy 1al — Nikomi Chakusoku (1) — Exp. 2 24.11.2017
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Talma Alloy 1al — Nikomi Chakusoku (1) — Exp. 2 24.11.2017
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Talma Alloy 1al — Nikomi Chakusoku (1) — Exp. 2 24.11.2017
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Talma Alloy 1al — Nikomi Chakusoku (1) — Exp. 2 24.11.2017
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Alloy 1al — Nikomi Chakusoku (1) — Exp. 2 24.11.2017
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Talma Alloy 1al — Nikomi Chakusoku (1) — Exp. 2 24.11.2017

Signal B = SE2

Mag= 250K X EHT = 20.00 kV WD = 7.0 mm

SEMimage of Alloy 1al—Nikomi Chakusoku—Exp.2
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Talma Alloy 1al — Nikomi Chakusoku (1) — Exp. 2 24.11.2017

= Signal A = SE2 Date :24 Nov 201

Magz 179KX  EHT=20.00 KV WD = 7.0 mm SAgnal B =5E2

SEMimage of Alloy 1al—Nikomi Chakusoku—Exp.2
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Talma Alloy 1al — Nikomi Chakusoku (1) — Exp. 2 24.11.2017

P i i
—_ Signal A = SE2 Date :24 Nov 201

Mag= 520KX  EHT=20.00 kv WD = 7.0 mm signal B=oE2

SEMimage of Alloy 1al—Nikomi Chakusoku—Exp.2
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Talma Alloy 1al — Nikomi Chakusoku (2) — Exp. 2 24.11.2017
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Talma Alloy 1al — Nikomi Chakusoku (2) — Exp. 2 24.11.2017
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Talma Alloy 1al — Nikomi Chakusoku (2) — Exp. 2 24.11.2017
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Talma Alloy 1al — Nikomi Chakusoku (2) — Exp. 2 24.11.2017
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Talma Alloy 1al — unpatinated (1) 24.11.2017
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Talma Alloy 1al — unpatinated (1) 24.11.2017
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Talma Alloy 1al — unpatinated (1) 24.11.2017
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OXFORD

INSTRUMENTS

The Business of Science®



Talma Alloy 1al — unpatinated (1) 24.11.2017

O Kal

The Business of Science®



Alloy 1al — unpatinated (1) 24.11.2017
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Talma Alloy 1al — unpatinated (1) 24.11.2017

, Signal A = SE2 Date :24 Nov 201

Mag= 582KX  EHT =20.00KV WD = 8.4 mm Slgnal B-=2E2

SEM Image of Alloy 1al (unpatinated)
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Talma Alloy 1al — unpatinated (1) 24.11.2017

20 Jm - "
—_ Signal A = SE2 Date :24 Nov 201

Mag= 642X  EHT=20.00kV WD = 8.4 mm wignal B = oE2

SEM Image of Alloy 1al (unpatinated)
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Talma Alloy 1al - unpatinated (2) 24.11.2017
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Talma Alloy 1al - unpatinated (2) 24.11.2017
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Talma Alloy 1al - unpatinated (2) 24.11.2017
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Talma Alloy 1al - unpatinated (2) 24.11.2017
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Alloy 1al - unpatinated (2)
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Talma Alloy 3al — Niiro (1) — Exp. 22 24.11.2017
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Talma Alloy 3al — Niiro (1) — Exp. 22 24.11.2017
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Talma Alloy 3al — Niiro (1) — Exp. 22 24.11.2017
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Talma Alloy 3al — Niiro (1) — Exp. 22 24.11.2017
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Alloy 3al — Niiro (1) — Exp. 22 24.11.2017
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Talma Alloy 3al — Niiro (1) — Exp. 22 24.11.2017

Signal A = SE2 Date :24 Nov 201

Mag= 6.95KX  EHT=20.00 kv WD = 8.3 mm Pignal B-=-9E2

SEMimage of Alloy 3al— Niiro (Exp. 22)
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Talma Alloy 3al — Niiro (1) — Exp. 22 24.11.2017

2 r i >
Ss'lgnlaIBA -SSEE22 Date :24 Nov 201
Mag= 4.22KX  EHT=20.00kV WD = 8.3 mm Lot

SEMimage of Alloy 3al— Niiro (Exp. 22)
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Talma Alloy 3al — Niiro (2) — Exp. 22 24.11.2017
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Talma Alloy 3al — Niiro (2) — Exp. 22 24.11.2017
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Talma Alloy 3al — Niiro (2) — Exp. 22 24.11.2017
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Talma Alloy 3al — Niiro (2) — Exp. 22 24.11.2017
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Alloy 3al — Niiro (2) — Exp. 22 24.11.2017
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Talma Alloy 7a2 — tapwater + natronmix (with NaCl and NaSO4) — Exp. 19d 24.11.2017
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Talma Alloy 7a2 — tapwater + natronmix (with NaCl and NaSO4) — Exp. 19d 24.11.2017
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Talma Alloy 7a2 — tapwater + natronmix (with NaCl and NaSO4) — Exp. 19d 24.11.2017
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Talma Alloy 7a2 — tapwater + natronmix (with NaCl and NaSO4) — Exp. 19d 24.11.2017

i Elementverteilungs-Summenspektrum

Cu I
o N

sn B

Si |

ey

cl

(v's ]

Weight %

e

N

Cu
Au Au

O T T R L R T T R R T B R R R R R R R R RO IO

4 3 { / g kel

(X

The Business of Science®




Talma Alloy 7a2 — tapwater + natronmix (with NaCl and NaSO4) — Exp. 19d 24.11.2017

3 .r':' . oo :
g'_'g“T'BA "89:5522 Date :24 Nov 201
Mag= 5.00KX  EHT=20.00 kV WD = 8.7 mm e e

SEM Image of Alloy 7a2 — Tapwater + Natronmix (Exp. 19d)
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Talma Alloy 8a2 — Heat treatment “Black Satin”— Exp. 21 24.11.2017
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Alloy 8a2 — Heat treatment “Black Satin”— Exp. 21 24.11.2017
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Talma Alloy 8a2 — Heat treatment “Black Satin”— Exp. 21 24.11.2017
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Talma Alloy 8a2 — Heat treatment “Black Satin”— Exp. 21 24.11.2017
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Talma Alloy 8a2 — Heat treatment “Black Satin”— Exp. 21 24.11.2017
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Talma Alloy 8a2 — Heat treatment “Black Satin”— Exp. 21 24.11.2017

— giQ“T'BAszéEZZ Date 24 Nov 201
Mag= 6.00 KX  EHT=20.00kV WD = 9.1 mm Lot

SEM image of Alloy 8a2 — Heat treatment “Black Satin” — Exp. 21
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Talma Alloy 8a2 — unpatinated (1) 24.11.2017
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Talma Alloy 8a2 — unpatinated (1) 24.11.2017
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Talma Alloy 8a2 — unpatinated (1) 24.11.2017
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Talma Alloy 8a2 — unpatinated (1) 24.11.2017
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Alloy 8a2 — unpatinated (1) 24.11.2017
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Talma Alloy 8a2 — unpatinated (1) 24.11.2017

0 m i =
; . Signal A = SE2 Date :24 Nov 201

Mag= 1.30KX  EHT=20.00 kv WD = 9.0 mm Pl =k

SEMimage of Alloy 8a2 (unpatinated)
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Talma Alloy 8a2 — unpatinated (1) 24.11.2017

% Mm i -
g'Q“T:BA_'SSEEzz Date :24 Nov 201
Mag= 582KX  EHT=20.00 kv WD = 9.0 mm St

SEMimage of Alloy 8a2 (unpatinated)
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Talma Alloy 8a2 — unpatinated (2) 24.11.2017

Elektronenbild 13

25um

QXFORD

The Business of Science®



Talma Alloy 8a2 — unpatinated (2) 24.11.2017
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Talma Alloy 8a2 — unpatinated (2) 24.11.2017

Cu Kal CKal_ 2 Ag Lal

Au Mal

The Business of Science®



Alloy 8a2 — unpatinated (2) 24.11.2017
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Talma Alloy 8a2 — unpatinated (3) 24.11.2017
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Talma Alloy 8a2 — unpatinated (3) 24.11.2017
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Talma Alloy 8a2 — unpatinated (3) 24.11.2017
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Alloy 8a2 — unpatinated (3)

24.11.2017
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Talma Alloy 5a2 — unpatinated (1) 24.11.2017
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Talma Alloy 5a2 — unpatinated (1) 24.11.2017
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Talma Alloy 5a2 — unpatinated (1) 24.11.2017
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Talma Alloy 5a2 — unpatinated (1) 24.11.2017
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Alloy 5a2 — unpatinated (1) 24.11.2017
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Talma Alloy 5a2 — unpatinated (1) 24.11.2017

200 m
. H
I 1

Mag= 127 X EHT = 20.00 kV WD = 9.0 mm

Signal A = SE2 Date :24 Nov 201
Signal B = SE2

SEMimage of Alloy 5a2 (unpatinated)
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Talma Alloy 5a2 — unpatinated (1) 24.11.2017

20 Jm o 2o
— Signal A = SE2 Date :24 Nov 201

Mag= 522X  EHT=20.00KV WD = 8.8 mm SAdnalB=aE2

SEMimage of Alloy 5a2 (unpatinated)
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Talma Alloy 5a2 — unpatinated (2) 24.11.2017
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Talma Alloy 5a2 — unpatinated (2) 24.11.2017
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Talma Alloy 5a2 — unpatinated (2) 24.11.2017
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Talma Alloy 5a2 — unpatinated (2) 24.11.2017
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Alloy 5a2 — unpatinated (2) 24.11.2017
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Talma Alloy 5a2 — Wu-tong — Exp.15 24.11.2017
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Talma Alloy 5a2 — Wu-tong — Exp.15 24.11.2017
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Talma Alloy 5a2 — Wu-tong — Exp.15 24.11.2017
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Talma Alloy 5a2 — Wu-tong — Exp.15 24.11.2017
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Alloy 5a2 — Wu-tong — Exp.15 24.11.2017
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Talma Alloy 5a2 - ‘Wu-tong’ (sweaty hands) — Exp.15 24.11.2017

e Signal A = SE2 Date :24 Nov 201

Mag= 779X  EHT=20.00 kv WD = 10.5 mm Pignal B=oE2

SEMimage of Alloy 5a2 (Wu-tong) - Exp. 15, Note that no cuprite was formed (also not on the bi-metallic ‘shakudo’ alloy in the
beginning of this document and a retry in 2017 on another sample of alloy 5al). This supports the notion expressed by master
goldsmiths Ford Hallam and David Loepp, that objects from Chinese Wu-tong copper alloys with a patina layer consisting of
cuprite were likely patinated with a method similar to the Japanese patination method of submersion in aqueous patination flui lDXF:) RD
like ‘Niiro’. See for more information and a discussion on origins of the alloys: Ford Hallam, Japanese Metalworking T T ENT S
Technique (Mommersteeg Vormgeving, forthcoming.) The Business of Science®




Talma Alloy 5a2 - ‘Wu-tong’ (sweaty hands) — Exp.15 24.11.2017

=i Signal A = SE2 Date :24 Nov 201

Mag= 2.95KX  EHT=20.00 KV WD = 10.5 mm sl B=aEe

SEMimage of Alloy 5a2 (Wu-tong) - Exp. 15, Note that no cuprite was formed (also not on the bi-metallic ‘shakudo’ alloy in the

beginning of this document and a retry in 2017 on another sample of alloy 5al). This supports the notion expressed by master

goldsmiths Ford Hallam and David Loepp, that objects from Chinese Wu-tong copper alloys with a patina layer consisting of

cuprite were likely patinated with a method similar to the Japanese patination method of submersion in aqueous patination flui OXF‘:) m I
like ‘Niiro’. See for more information and a discussion on origins of the alloys: Ford Hallam, Japanese Metalworking T T ENT S
Technique (Mommersteeg Vormgeving, forthcoming.) The Business of Science®



