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Abstract

In the framework of the Ancient Charm Project (Analysis by Neutron resonant Capture Imaging and other
Emerging Neutron Techniques: new Cultural Heritage and Archaeological Research Methods, http://ancient-
charm.neutron-eu.net/ach), imaging potentials of non-destructive neutron analytical methods are evaluated for
archaeological applications. Prior to working on real archaeological specimens, so-called 'black boxes' were
constructed (and characterised) for tests of the various methods. This paper is about the construction of these
test boxes as realised by the team of the Hungarian National Museum.

Kivonat

Az Ancient Charm Program keretében (Analysis by Neutron resonant Capture Imaging and other Emerging
Neutron Techniques: new  Cultural Heritage and Archaeological Research Methods, http://ancient-
charm.neutron-eu.net/ach), kiilonféle neutron analitikai vizsgalatok képalkotasi lehetdségeit vizsgaljuk a
kulturdlis orokség korébe tartozo targyakon. Mielott a régészeti miitargyakat vizsgalnank, a kiilonféle
vizsgalatok lehetdségeinek felmérésére kisérleti tdargyakat, ugynevezett "fekete dobozokat" készitettiink,
amelyeken a mddszereket kiprobalhattuk. Az alabbi cikk a Magyar Nemzeti Muzeum restaurdtor miihelyében

kesziilt probatestek eldallitasat mutatja be.
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Introduction

In the framework of the Ancient Charm program,
part of the responsibilities of the Hungarian
National Museum was to prepare various test
objects and copies (benchmark objects) before the
specific methods covered by the project are to be
applied on the archaeological specimens
themselves. These test objects are important to
learn about potentials of the various methods and
find the "best practice’ solutions.

The “black boxes’

Test objects of known geometry and contents were
made after the plans of archaeologists (see Hajnal
2008, this volume). The task of constructing these
’black boxes” was shared between the Bonn
University and the Hungarian National Museum
(Kirfel 2008, volume). HNM produced boxes made
of iron, 4 x 4 x 4 cm large. At BonnUni, 5 x 5x 5
cm large aluminium boxes were made under the
same principles and by the same basic ideas.

Planning the boxes was accomplished with an eye
on existing archaeological situation foreseen, for
example, in the case of composite objects like the
round brooch from Kolked serving as an emblem
for the Ancient Charm program (76.1.45, disc
brooch with almandine inlays from Grave A 279)
or belt-buckle from Koérnye (61.1.205, iron belt
garniture with silver inlays, Grave 66), as well as
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other composite objects in the Archaeological
Collections of the HNM. They may contain various
metal components (iron, bronze, gold, silver, lead
etc. ...), ornamental stones, glass and a range of
other materials as well.

In the conservator’s workshops of the HNM, 9
different ’black boxes’ were made, typically of raw
materials generally used in our conservation
practice. They were analysed, subsequently, by the
Bonn University team: in the Appendix, the
analytical results are presented directly after the
data obtained from Armin Kirfel.

Box H-1.

In the first box, copper and brass rods of various
diameter (d=2, 5 mm), copper wire (d=1, 2, 5 mm)
as well as steel (1x36x10 mm) and zinc plates
(0,75x36x5 mm) were placed (Figs. 1. and 2). The
individual items were fixed into a 2 mm thick cast
layer of gypsum. The cover plate of the box was
glued to the walls by two-component epoxy resin
(Araldite).

Box H-11.

The second box was supplied with copper and brass
spirals made of bent plate (Fig. 3.). They were also
fixed to the bottom in a thin gypsum layer and
closed by a cover plate glued to the walls, same as
the previous box. (Figs. 3. and 4).
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Fig. 1. Box H-I, contents Fig. 2. Box H-I, mounted

Fig. 3. Box H-II, contents Fig. 2. Box H-II, mounted
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Fig. 5. Box H-III, contents Fig. 6. Box H-III, mounted
: copper plate width: 1 mm
Box H-111. O

: iron plate width: 3 mm

: brass plate width: 0,5 mm

: copper plate width: 1 mm

: iron plate width: 3 mm

: brass plate width: 1 mm

: iron plate width: 3 mm

: brass plate width: 1 mm

: copper plate width: 0,5 mm

The third box was filled with metal plates of 3,8 x
3,8 cm size made of iron, steel, copper and brass.
The thickness of the metal plates varies (see
below). They were also fixed in a thin gypsum
layer (~ 2 mm) and the cover plate glued on top
(Figs. 5. and 6).
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Fig. 9. Box H-V, contents

Fig. 11. Box H-VI, contents

Box H-1V.

There were three steel rods of different cross-
section (3, 4, 6 mm, respectively) placed inside the
box. Two different filling materials were used to fill
the whole volume separated by a thin steel plate.
On one side we used discarded chips of hammered
iron while on the other side fine-grained quartz
sand was used. Before closing this box, an
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Fig. 12. Box H-VI, mounted

aluminium plate was glued under the cover to
prevent the filling material from mixing and
moving. (Figs. 7. and 8).

Box H-V.

Use of various metals in one object is one of the
aspects for neutron imaging. We tried to simulate
this situation here. A cylinder shaped from brass
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plate, a triangle bent from lead sheet, a copper ring
and a tin rod in the middle were placed into this
box, fixed into a layer of gypsum. The box was
sealed with an iron plate, glued to the side of the
box. (Figs. 9. and 10).

1: brass plate width: 0,5 mm

2: lead plate width: 1 mm

3: copper ring width: 2 mm

4: soldering tin width: 8 mm, h=8 mm, m=36 mm

Box H-VI.

Box VI contained materials that are frequently met
on the surface of weathered objects. The internal
parts were divided into four, roughly equal parts.

Fig. 13. Box H-VII, contents

Fig. 14. Box H-VIII, contents Fig. 15. Box H-VIII, mounted

Fig. 16. Box H-IX, contents

Fig. 17. Box H-IX, mounted

Box H-VI1I

The first quarter contained fine-grained quartz sand, ) ] )
We were interested in testing the methodology,

the second iron scraps, the third rock salt (NaCly)

and the last one contained silver scraps hidden in
ground talcum powder (Figs. 11. and 12.).
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apart from metals, for objects made of ceramics as
well. We have made two boxes using discarded
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pieces of archaeological pottery with various
temper and burnt on different temperatures. They
were mixed in natural, unburned clay. (Fig. 13.).

Box H-VIII.

In Box Nt H-VII, archaeological pottery fragments
were placed cast in gypsum (Figs. 14. and 15).

Box H-1X.

Precious and ornamental stones frequently occur in
composite archaeological objects. The last box,
consequently, contained various minerals and
ornamental stones, embedded into gypsum (Figs.
16. and 17) .

: agate

: agate

: amethyst

: cornean

: blue glass

: cornean

: agate ball

: turquoise

: pyrite crystal
10: gypsum crystal
11: silver
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The different raw materials used for the production
of the boxes were sent to Bonn University where
our colleagues could perform the same analyses on
them as reported by Kirfel on UniBonn boxes. They
are presented here as an (appendix App.Figs 1-19.)

App.Fig. 1.
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Appendix: X-ray Powder Diffraction
Analyses of HNM ‘Black Box’ materials

Materials used for the production of the ‘black
boxes’ at HNM. Analyses made at Bonn University
by A. Kirfel and B. Barbier.

All measurements were carried out on a SIEMENS
D5000 powder diffractometer using Cu-Ko
radiation and secondary monochromator. Cleaning
of surfaces with fine emery paper. Qualitative
analyses, where necessary, by Rietveld fitting.

1 Lead (surface untreated)
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2-Theta - Scale

c groom

identified: Pb (fcc), Pb,O, (P2,), Pb.O, (Pmmm)
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n.i. = not identified
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App.Fig. 2.
pp-Fig 1 Lead (cleaned surface)
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EE Lot (surtsce taatedd) - Fae: LEADZ ravw= Tye 2TRITh locked - Stact 4 000 * - End: 70 000 * - Step: 0.020 "= Steptime: 13- Temp - 25 °C (Rocm)» Time Stated: 7 5- 2-Theta 4 000" - Theta: 2000 - Chi: 000" . P
Operations in port
[B9-067-0663 (C 1 - Lend - PD - ¥ 100,00 % - 0xby: 1 - WL 15406 - Cubic - 04 §2004 - b 4.92104 - £ 492104 - alghin S0.000 - Beta 0,000 - gamma 90,000 - Face-canternd - Fm-3m (22514 - 119171 - UCPDF 256 -

Identified: pure Pb (fcc)

App.Fig. 3.
2 Tin for soldering
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Bk tin tor skgening - File: TINES raw - Type: 2ThiTh locked - Start 4 D00 - End: 70000 * - S1ep; 0,020 "~ Step time: 1.5 - Temp . 25.°C (Room) - Time Started: 7 & - 2.7 heta: 4000 ™ Theta 2.000 " - Chi: 0.00 ° - Phi: 0.00
Operions mpo
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identified: Sn (red) (l4,/amd), Pb (green) (fcc)
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App.Fig. 4.

2 Tin for soldering
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Tin §1.72 %
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App.Fig. 5.

Lin (Counts)

67 8 010111242 9161617 121920 21 22 23294 2526 27 28 2020 31 32 323426 30 37 2230 041 242 445 4647 4940 50 51 5262564 5655 675260 606162 62 646566 57626070

Rietveld refined: Sn (red) 52 %, Pb (green) 48 %

3 Brass plate
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b B pinte - File: BRASS raw- Typec 2ThIT hlocked - Start 4,000 * - End: 70.000 ® - Stp: 0,020 *- Steptime: 1.2 - Temp_ 25 °C (Room) - Fime Started: 7 2 2-T bt 4 D00 * - Thietis 2000 * - Chi:0.00 % - Phi 000" -
Operations mpod
BD0.050-1393 () - Copper TG - CU0B4IA0I6- ¥ 15325 % -dxby 1, - WA 1 5408 - Cua

S3EBE12-B 3E081Z - 3 69612 - alpn 90,000 - bekn OO0 - gammn 4000 - Faca-contered - Fm-3m (235) - 4 - 50 433

identified: Cu64Zn36 (fcc) n.i. = not identified
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App.Fig. 6.

App.Fig. 7.

Lin (Counts)

Lin (Counts)

4 Brass wire
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[k Bras whe - File: BR ASSW.rw- Type: 2ThTh locked - Start 4.000 * - End: 70.000 * -Stép: 0.020 - Step bme: 1.3 - Temp.: 26 °C (Raom ) - Time Started: 7 3 - 2-Thets: 4,000 - Thete: 2.000® -Chi: 000 * - Phi- 0,00 *
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identified: Cu64Zn36 (fcc)

5 Copper plate
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EAE copper piete - File: C opperp rww - Type: 2T/ iocked - Start: 4000 * - End: 70.000 * - Step: 0.020* - $tep tme: 1.5 - Temp: 25 *C (Room) - Time Stwted 7 5 - 2-Theta 4.000 * - Thets 2000° - Chi: 0.00* - Pre 0.00*
Operations Inport
[BD0.001.1242 (D)« Copper - Cus ¥ B8 %-d xby 1 WL 1 5408 - Cubic-a 3 59379 -b 3 59373 ¢ 3 58373 sipha 40 000 - beta 30 000 - gamm a 90 000 - Face-certered - Fn-Im (¥25) . 4 - 46,4125 - e POF 1 -5

identified: pure Cu (fcc)
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App-Fig. 8. 6 Copper wire
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identified: pure Cu (fcc)

App.Fig. 9.
7 Steel plate (untreated)
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identified: Fe (bcc) n.i. = not identified
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App.Fig. 10.
7 Steel plate (cleaned surface)
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identified: Fe (bcc)

App.Fig. 11.
8 iron rod (thick, untreaded surface)
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identified: maghemite, hematite, wlstite ?
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App.Fig. 12.
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App.Fig. 13.
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identified: Fe (bcc) n.i. = not identified

9 Chaff tempered pottery (surface)
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identified: quartz, muscovite-2M1, microcline ?
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App.Fig. 14.

9 Chaff tempered pottery (Surface)
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quartz 67 %, muscovite-2M1 32 %, microcline 1 % ?

muscovite-2M1: contains K, Na, Al, Si, O and traces of Ca, Mg, Ti, Fe,

App.Fig. 15. 9 Chaff tempered pottery (bulk)
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identified: quartz, muscovite-2M1, albite ?
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App.Fig. 16.
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App.Fig. 17.
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identified: Fe (bcc)
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App.Fig. 18.
Pp-F1g 11 Zinc plate (untreated)

Lin {Counts)
§
i L

§

T T T T T T 1
" ] a @ L] o n

2-Theta - Scale
[El1 Zinc Pista - File: zincpiste saw. Twe: 2Th/Thiocked - Start 3714 * - End: BO7667 - Step 0.020 * - Steptime: 1.2 - Tamp . 25 °C (Room) - Time Starbed: 7 2~ 2.-Thats 3744 * - Thata 2600 * - Chi 0.00 * - Prc 0007
Operations Dispincem ent 0.250 | import
Ej]l 087-0713(C) - DA - IN - ¥ B6.23 % -9 %DV 1. - WL 1 S406 - Hexsgons! - 4 265500 - b 268500 - ¢ € 94700 - siphes 90.000 - b2ts S0.000 - pAMMS 120000 - Primitive - PEIMME(194) - 2 - 304275 - WcPDF 85-5
® 00051 A ST (N) - Hydrowes dwardie - Cut-aShgSO4)0 SHOMI2 20 - ¥ 6818 % - dxcby 1. -WL 1 5406 - Hemgonal (Rh) -8 3.07000 - b3 07000 - ¢ 31 90000 - alphs 50,000 - beta 50 000 - gamma 120 000 - Prim b

identified: Zn (P6,/mmc) n.i. = not identified
hydrowoodwardite Cu, AL (504), ; (OH), H,O 7?7?

App.Fig. 19. .
11 Zinc plate (cleaned surface)

Lin (Counts)
g

] n.l. n.i.

° T T T T e B e 1T T T T T T
4 0 20 30 @ L3 L] n

2-Theta - Scale

wH Tinc plate (realed) « File: zincpt raws Type: 2Th/Thiocked « Start 4 000 ® < End: 70000 * - Step: 0,020 * - Steptime 1 &« Temp - 25 *C (Room )« Time Stardsd 6 & « 2-Theta 4 000 ® - Thata: 2,000 * < Chi: 000 * < Phi
Operations import
[®ho-001-1238(0) - Zinc - In - ¥ 12727 % - dx Dy 1. - WL 1 5406 - Hesmgonsd - 5264522 - b 2 64822 - ¢ 4 53630 - alphia 90,000 - Deta S0000 - gamm a 120 000 - Primitive - PE3Mmmc (184) - 2 - 29745 -UCPOF 1.5

identified: Zn (P6,/mmc) n.i. = not identified
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