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Abstract

The metallic tray studied here dates back to the prince Mohamed Ali period , consists of three
parts, the body of the tray which have multi decorations of flowers , the frame and wooden
base connected to the tray without handles , this article describes for the first time in details
the examination of the studied tray components. The authors were significantly interested in
identification of botanical wooden sort, jointing technique of the wooden base and the
chemical composition of the materials which used in this object , in addition, identification of
deterioration aspects and {Microbial Decay] fungal decay (biodegradation) included in this
study. The optical notice and assessment were done to know the condition of this tray, 3D
dimensions software was used to illustrate wood joint technique. The botanical wooden species
were identified in thin sections under optical microscope, while scanning electron microscope
with EDAX to understand the kind of the metallic part and x-ray diffraction was used in order
to identify corrosion products which covered the metallic part in several places.On the other
hand The results proved that wooden base was made of Salix Sp., while the body of tray was
made of Coin Silver alloy 90% silver.
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Introduction

Silver and its alloys are deemed as ideal ductile materials and have been excessively
employed for the manufacturing of various precious and decorative artefacts [1], such as
decorative art, jewellery, coins and silver tableware [2]. The object studied here represents an
ottoman tray which backs to 19" century from solid silver connected to the wooden frame
without handles, shaped rectangular form, decorated with flowers. The tray is decorated
beautifully with engraved leaves and flowers which approximately used for the service of
delicate drinks to visitors. The tray composed of two parts as follow: the first part is the metallic
(silver alloy) part which separated into two parts, the frame and the base of the tray, the second
part is the wooden frame, these parts were fixed together by using iron screws. The dimensions
of metallic part are 34cm in length, and 27 cm in width, while the wooden frame dimensions are
20cm in length.

Figures 1 and 2 show the state of the selected tray as this study is focusing on using
analytical techniques to conclude a deeper knowledge of the tray components moreover; the
authors were especially interested in the object state, the tray damage, and wooden frame.
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Fig. 1. illustrates the reverse of the tray Fig. 2. lllustrates the decorated obverse
Materials and methods

Documentation of the studied object

Visible imaging was acquired with Nikon Digital camera D3200, and fitted with a Nikon
Nikkor 18-55, which had been used in documentation, detect clear photos of the tray
components, and deterioration aspects, while the 3d program was hired to explain the jointing
techniques in the wooden frame.

Sampling

Certainly the samples taken from the tray were little because the limited distribution of
more artifacts-samples. Five representative samples were collected carefully from unseen parts
of the metal and wooden frame of the studied tray to identify their chemical composition and
deterioration, as shown in table 1.

Table 1. lllustrates the Examination and analysis of samples

No. Type of Sample Examination
1 Swap (Microbial decay) Optical M
2 Wood Optical M
3 Metallic frame SEM-EDX
4 Metallic base SEM
5 Powder corrosion XRD

Optical microscope and USB Digital microscope

Some samples of the studied tray were examined by USB Digital microscope with photo
capture resolution ranged from 1000x, while OPTIKA B 9 digital camera illustrated detailed
photos in identification of the wooden species, wood samples were examined into the three
principal anatomical directions: transverse section (TS), tangential longitudinal section (TLS),
radial longitudinal section (RLS), and these sections have been installed on glass slides and
observed under transmitted optical microscope [3].

Isolation and identification of bacteria and fungi

Swab sampling technique was applied, and nutrient agar media was used to cultivate
samples in petri dishes to identify bacterial species, while cellulose agar was used as a media
for fungi. After 21 days of incubation at (28-30°C), identification was carried out based on
references [4-6].

X-ray powder diffraction (XRPD)

The X-ray diffraction patterns of the powder sample (D) from corrosion were obtained
by using a diffractometer PW 1480 Netherland, operated at 35kv, using a Cu and Ka radiation
wavelength of 1.54056A. The measurements were made at room temperature. The reference
database used for matching is PDF4, Preparation of each sample consisted of grinding the dry
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samples on one direction, by using a mortar and pestle to obtain a fine powder. The XRPD
analysis was done at XRD Unit in faculty archaeology, Cairo University.

Scanning electron microscopy (SEM) with energy dispersive X-ray analysis (EDX)

The microstructure and morphology of the mineral constituents in the studied tray were
recorded with a scanning electron microscope: Model Quanta 250 FEG (Field Emission Gun) -
FEI Company, Netherlands attached with EDX Unit (Energy Dispersive X-ray Analyses), with
accelerating voltage 30kV, magnification 14x up to 1000000 and resolutions for Gun.1n).
Without coating of the samples with a highly conductive thin film of gold. The SEM.EDX was
done at the Egyptian Mineral Resources Authority, central laboratory sector, Giza, Egypt.

Results and discussion

Identification of jointing technique

The 3d program was responsible for illustrating the jointing technique of wooden frame
which was made of nine wooden panels connected together by using a half lap joint technique,
and fixed together by using iron screws as illustrated in figure 2. The earliest extant example of
using this technique was from the Predynastic period was found connecting the corners of a
burial box in grave N7454 at Nag el-Deir [7, 8].

Fig. 2. Jointing technique illustrated by 3D program: a — visible, b - half lab

Examinations by optical microscope

Identification of wooden species

The wooden frame identified as Salix sp. based on anatomic features under optical
microscope. The beginning of the use of this type of wood was in ancient Egypt for boxes,
making camel saddles, funerary garlands and making tent poles [9], shown in figure. 3.

Fig. 3. The anatomical characteristics of wood thin section under transmitied optical microscope: a. Transverse section
(TS) showing growth ring boundaries distinct by identifying the difference between the late wood, and early wood in
vessel size. Vessels are consisted of 2-4 elements in solitary or in radial multiple shape, while axial parenchyma scanty
paratracheal; b. Tangential section (TLS) showing rays exclusively uniserate; c. Radial section (RLS), simple
perforation plates, inter- vessel pits alternate, fibers with simple to minutely bordered pits (libriform fibers), body ray
cells procumbent with one row of square marginal cells [10,11].
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Identification of metallic part

By using USB microscope some hallmarks appeared which illustrated that this tray was
hallmarked with rare "tughra" and " Sah" marks. The tughra mark was the sultan's signature,
related to Sultan Abdul Hamid Il (1876-1909) and stamped with number 90. So These results
revealed that this tray dates back to Ottoman Empire, especially in the period of Sultan Abdul
Hamid 1l and number 90 refers to the caret of the metallic part (silver 900) or coin silver, as
illustrated in figure 4).

Fig. 4. Rare tughra Sultan Abdul Hamid Il (a), Mark Sah (b), Caret of the silver alloy stamped with number 90 (c).

Identification of microbial decay

Microbial examination revealed to the presence of Stemphylium sp as shown in figure 5.
Temperature and humidity are playing an important role to growth the airborne spores,
especially on the wooden surface,this kind of fungi can cause reducing in color value, also it
can increase the permeability of parenchyma cells to water [12]. The word microbiologically
influenced corrosion (MIC) is used to imperfect corrosion due to the existence and effectiveness
of microorganism. The presence of G+ve short bacilli spore former bacteria (Fig. 6) may be one
of improves which had been occurring as a result of the interactive deterioration between silver
and wood. As bacteria have a seriously function in many abrasion procedures in nature and
decayed wood could help in increasing microorganism attack. Confirmation for a chemical
reduction of sulfur dioxide to hydrogen sulfide in the site of the object was requiring sulfur-
reducing. Also, oxidation of the sulfides may form sulfuric acid, which produces further
abrasion procedures [13]. So microorganisms do not create singular types of corrosion, instead,
they can make pitting [14].

Spsis { *Z o n 2. P L RS
Fig. 5. The presence Stemphylium Sp. [15] Fig. 6. The presence of G+ve short bacilli spore former
bacteria [16]

Identification of the tray components

The SEM-EDX for 2 samples in figures 7 and 8. The first sample was taken from the
metal frame, while the second was taken from the metallic base. The results revealed that the
metallic part of the subjected tray consisted of silver alloy, and confirmed the examination by
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USB microscope that it is coin silver 90, as shown in figure 4. As the most common definition
of Coin silver means that the item contains 90% silver and 10% copper by mass (table 2) [17].

Table 2. refers to the pattern of SEM-EDX analysis of the metallic frame, and base

Sample Element Wt Total

6 Ag 88.69% 100%
Cu 11.31%

7 Ag 89.73% 100%
Cu 10.27%

Cu Il it ¢
Cu Cu
A A m ™ CU
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 keV

Fig. 7. Pattern of SEM-EDX analysis of the metal frame (sample c)

Cu
Cu

4 n I3 n n
t 1 t

5.00 6.00 7.00 8.00 9.00 keV

1.00

Fig. 8. Pattern of SEM-EDX analysis of the metallic base (sample d)

XRD results revealed to the presence of tenorite and atacamite which might be explained
that there were small amounts of copper in the alloy. As Silver was usually alloyed with copper
to modify its mechanical properties [18,19]. Atacamite and tenorite are corrosion products of
copper, tenorite is black, atacamite is dark green and both are non-protective [20]. The copper
degradation process is well known as a small amount of Cu play a conclusive role in the
corrosion process of silv er alloys due to the preferential oxidation of Cu [21]. Copper-silver
alloys contain of a silver-rich phase and a copper-rich phase because of low copper solubility in
silver, any alteration of this copper-rich phase and in oxidizing conditions contribute in the
precence of green corrosion products on the silver object [22]. As illustrated in figure8 [table.3].
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Table 3. The approximate XRD analysis results of the studied tray

Corrosion Product (Component Traces)

Atacamite +++ Silver oxide ++
Acanthite +++ Silver ++

Chloragyrite ++ Silver carbonates ++
Tenorite ++

+ traces (between 1 - 10),
++ minor constituent (between 10 -30)
+++ major constituent (between 30 - 100).

Presence of silver (Ag) referred to the amount of moisture absorbed silver surface lightly
covered by its native oxide is a function of relative humidity [23], and the presence of silver
oxide because Silver absorbed molecules of oxygen which are slightly transformed into oxygen
ions (O%). Silver oxide (Ag20) is generally produced due to the combination between metal
cations and oxygen ion. This layer of oxide is a protective layer. Electrochemical reactions
occur when the level of humidity is high [24,25].

The presence of silver carbonates (Ag2COs3), and acanthite (Ag.S) may be explained to
the following reasons: sulphur pollutants represents an important role in the presence of the
black corrosion products [26]. Also the presence of gases being in indoor atmosphere can be O,
03, H20,, and H.S, in addition, carbonyl sulphide (COS) were found to be the controlling
sulfur—bearing compound, the tarnishing layer was frequently involved silver sulphide (Ag.S)
also might be taking place because the atmosphere which surrounded the studied object may
contain one or more of the following species: SO, HCI, Clz, NH3, NOz, HNOs3, CO,, HCHO,
HCOOH and CH3;COOH.

The presence of acanthine silver sulphide (Ag2S) and chloragryite chlorides (AgCl) may
be revealed to the presence of sulphate-reducing bacteria [27]. Reducing sulphur species of
microbiological origin can effect on silver and its alloys. In air (e.g., in museum) H2S can be
explained due to the biodegradation of sulphur which contain polymeric materials producing
acanthine (AgS) [28].

The presence of silver carbonates may be due to the interactive contact between the
wooden frame and the silver part. Despite silver is known to be more resistance to organic acids
and not active to the most organic molecules or radicals, however, if the amount of organic
material on the silver surface is the amounting to a monolayer or more, the mass transport of
water and other gases to and from the surface and thus the corrosion rate will be strongly
inhibited [23].

Also, silver carbonates being able to occur also as a corrosion product, especially in
incorporation with Os, and UV light [26].

Conclusions

The study proved that this tray suffers from several deterioration aspects caused by
microbial, mechanical factors, and environmental degradation, specially this tray made of silver
and connected with wooden frame, visual assessment, documentation, and analysis were
applied to illustrate and have deepunderstanding of the tray components and degradation rates.
The carpenters in this case used salix sp., as hard wood, while microbial examination revealed
to the presence of Stemphylium Sp., and G+ve short bacilli spore former, which may cause
damage to wooden base, and tray components. Tarnishing of silver can be described as the
presence of a blackish silver sulphide layer. The atmospheric pollutants and relative humidity of
the air have a serious effect in the presence of electrolyte on the metal surface. Oz, Os, H2Op,
H,S, carbonyl sulphide (COS) represent the gases being in the indoor atmospheric
corrosion ,which was found to be the prevalent sulphur containing compound, SO,, HCI, Cl,,
NHs, NO;, HNOs;, CO,;, HCHO, HCOOH and CH3COOH. Further more the chemical
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composition of the alloy and the manufacture process of the object represents an important role
in the corrosion mechanism.

References

[1] P. Vassilious, V. Gouda, Ancient Silver Artifacts, Corrosion Processes and
Preservation Strategies, Wood Head Publishing Limited, 2013, pp. 213-235.

[2] A. Reti, S. Mridha, Silver: alloying, properties, and applications, Reference Module in
Materials Science and Materials Engineering, 2016, https://doi.org/10.1016/B978-0-12-
803581-8.02583-2

[3] M. Moustafa, M. Abdallah, A. Abdrabou, H. Kamal, Analytical study and conservation
process of scribe box from old kingdom, Scientific Culture Journal, 3(3), 2017, pp. 13-
24,

[4] P. Kird, P. Cannon, J. David, J. Stalpers, Dictionary of the fungi, 10th Edition, Walling
Ford, CABI Publishing, 2008.

[5] R. Samso, J. Houbraken, J. Frisvad, B. Andersen, Food and indoor fungi, Utrecht, the
Netherlands laboratory manual series, CBS-KNAW Fungal Biodiversity Centre, ISBN
978-90-70351-82-3, 2010.

[6] J. Williams, G. Buchanan, Simplified Fungi Identification Key, The University of
Georgia, College of Agricultural and Environmental Sciences, Special Bulletin, 37, 2001.

[7]1 J. Killen, Egyptian Woodworking and Furniture, Shire Egyptology Series, 21, ISBN 0-
7478-0239-4, 1994,

[8] A.M. Lythgoe, The predynastic Cemetery N 7000, The early dynastic cemeteries of
Naga-ed-Dér (Band 4) (Editor D. Dunham), University of California Press, Berkeley CA,
1965. https://doi.org/10.11588/diglit.50108

[91 A. Lucas, Ancient Egyptians Materials and Industries, Histories & Mysteries of Man
LTD, London, England, 1989, ISBN: 1854170465.

[10] A. Crivellaro, F.H. Schweingruber, Atlas of Wood, Bark and Pith Anatomy of Eastern
Mediterranean Trees and Shrubs with Special Focus on Cyprus, Springer-Verlag
Berlin Heidelberg, 2013.

[11] E.A. Wheeler, P. Baas, P.E. Gasson, IAWA list of microscopic features for hardwood
identification - with an appendix on non-anatomical information, IAWA Bulletin, 10(3),
1989, pp. 219- &.

[12] S. Anagnost, Wood Decay, Fungi, Stain and Mold,
New England Kiln Drying Association, Suny College of Environmental Science and
Forestry Syracuse, New York, 2011.

[13] J.B. Little, S.J. Lee, Microbiologically Influenced Corrosion, Wiley Interscience, A
John Wiley , Sons, Inc., Hoboken, New Jersey, Canada publication, 2007, pp. 1-39.

[14] G. Marchand, E. Guilminot, S. Lemoine, L. Rossetti, M. Vieau, N. Stephant, Degradation
of archaeological horn silver artifacts in burials, Heritage Science, 2, 2014, Article
number: 5, DOI: 10.1186/2050-7445-2-5.

[15] S.T. Cowan, Cowan and Steel’s Manual for the Identification of Medical Bacteria,
2nd edition, Cambridge University Press, Cambridge, 1974, pp. 67-83.

[16] K.H. Domsch, W. Gams, T.-H. Anderson, Compendium of Soil Fungi, Second edition,
IHW-Verlag, Eching, 2007, pp. 1-6.

[171* * = British Hallmarks for  Gold, Platinum and Silver,
https://webarchive.nationalarchives.gov.uk/publications/hallmarks2.pdf

[18] R. Wiesinger, I. Martina, C. Kleber, M. Schreiner, Influence of relative humidity and
ozone on atmospheric silver corrosion, Corrosion Science, 77, 2013, pp. 69-76.

[19] N .Peter, N. Shirley, W. Alison, Microstructures of Ancient and Historic Silver,
International Council of Museums ICOM-CC, Edinburgh, 2013, p. 253-260.

[20] R. Walker, Corrosion and preservation of bronze artifacts, Journal of Chemical
Education, 57(4), 1980, p. 277-280.

http://www.ijcs.ro


https://www.sciencedirect.com/science/referenceworks/9780128035818
https://www.sciencedirect.com/science/referenceworks/9780128035818
https://webarchive.nationalarchives.gov.uk/publications/hallmarks2.pdf

Y.A. ELMOAZ et al.

[21] V. Costa, The deterioration of silver alloys and some aspects of their conservation,
Reviews in Conservation, 2, 2001, pp. 19-35.

[22] I. Tissot, O.C. Monteiro, M.A. Barreiros, V. Corregidor, J. Correia, M.F. Guerra,
Corrosion of silver alloys in sulfide environments: a multianalytical approach for surface
characterization, RSC  Advances, 57, 2016, pp. 51856-51863, DOI
10.1039/C6RA05845K

[23] T.E. Graedel, Corrosion mechanisms for silver exposed to the atmosphere, Journal of
The Electrochemical Society, 139(7), 1992, pp. 1939-1965, DOI 10.1149/1.2221162.

[24] L. Selwyn, Silver in Metals and Corrosion, A Handbook for the Conservation
Professional, Canadian Conservation Institute, Ottawa, 2004, pp.131-140.

[25] C. Raub, Chemische und Untersuchungen Metallkundliche un aus den Metallfunden
Kdnigsgrabern von Es Soumaa und Siga, Die Numider, (Editors: H.G. Horn and C.B.
Riger), Bonn, 1979, pp. 363-375.

[26] I. Martina, R. Wiesinger, D. Simburger, M. Schreiner, Micro Raman characterization of
silver corrosion products: Instrumental setup and reference database, Preservation
Science, 2012, pp. 3-6.

[27] A. Sanchez del Junco, D.A. Moreno, C. Ranninger, J.J. Ortega-Calvo, C. Saiz-Jiménez,
Microbial induced corrosion of metallic antiquities and works of Art: A Critical Review,
International Biodeterioration, Biodegradation, 29(3-4), 1992, pp. 373-374.

[28] J. Novakovic, P. Vassiliou, E. Georgiza, Electrochemical cleaning of artificially tarnished
silver, International Journal of Electrochemical Science, 8, 2013, pp. 7223-7232.

Received: February 2, 2019
Accepted: August 25, 2020

646 INT J CONSERV SCI 11, 3, 2020: 639-646


https://pubs.rsc.org/en/results?searchtext=Author%3AO.%20C.%20Monteiro
https://pubs.rsc.org/en/results?searchtext=Author%3AM.%20A.%20Barreiros
https://pubs.rsc.org/en/results?searchtext=Author%3AV.%20Corregidor
https://pubs.rsc.org/en/results?searchtext=Author%3AJ.%20Correia
https://pubs.rsc.org/en/results?searchtext=Author%3AM.%20F.%20Guerra
https://www.sciencedirect.com/science/article/pii/096483059290053Q#!
https://www.sciencedirect.com/science/article/pii/096483059290053Q#!
https://www.sciencedirect.com/science/article/pii/096483059290053Q#!
https://www.sciencedirect.com/science/article/pii/096483059290053Q#!
https://www.sciencedirect.com/science/article/pii/096483059290053Q#!

