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Canadian Conservation Institute, Ottawa, 1975, p.2.

3) Appelbaum, B., Guide to Environmental Protection, Sound View press, Boston, USA,
1991, p.25.

4 y Agrawal, O.P., Conservation of Metal in Humid Climate, Proceedings of the Asian Regional
Seminar, held from 7-12 December, 1987, p.

> Shrier, L. L. et al., Op. Cit., p. 233.

=41y -

www.manaraa.com



1Y il Obal U7 A e o

L lhaSs 58S LD ¢ 583l DL Electrolyte (— <) J—a sal
e i Wiy anode  wa gl il Led o) Jiaelectrochemical cells
".cathode I oLl faa W ol )1 dga Al clidall §f scdand) (3lalie
oxidation reactions sauSY! el Garall e dhaad Al cleldl
i don e ligd Sy culy SIS (8 el Jlas o 3L Ay saaan (5SS
reduction J) 3} cdlel iy Jar gl e leli Capad Laiy il o S 088
MY s s uell Gl Jai s reactions

dgn s Ay Sls A Jlaall dpmda s QUREY) ga LAY oda Llis il
faall Jaxa old Gle Y)Y (p dgall & CDUAY) ()5S Lediad ¢ cpansY)
S 22 i G Jsladdl (8 4l duadall 68 Laxie Jidbs o juS () sSou
Uy (0ad) amad) e ol Jae o g () dansmell Gl
faa Jue (0 23 WS JuSsoned Cligd o 23 G A B 330
Wl od allae asl pitting corrosion sl laall oy Lol
Jo haia 3 jiall G caed) e WA o3a Jie Ll gy Yy L A S
Coa saaly ASnu B Ddle Jual e (i asa Al 3l il i
D3y psiry 20eS) 2eall (A ) Gaead) e AN ALE Lea ST JSEN (g gy
ol A A sl ae pabia )l Jie el 2eal) (B oY) anall )
i) A (Al pabea

Go Amld 3ogear Ay pasal 8 el s g skl by
S e Goad ) Ohdl sle (B Sy 2 )ls jaae Ll 5o has
paldl DA e o A3 sba) adse e G Gay Ay @ s
b Cus sl PA ge J3 jaaay gomd () daa Y e dedd

6) Stambolov, T., The Corrosion and Conservation of Metallic Antiquities and Works of Art,

Amsterdam, 1985, p. 19.

7y Khrumi, R. S., and Sedha, R. S., Material Science and Progress, S. Chand & Company LTD,

New Delhi, 1991.p.408

%) Shrier, L. L. et al., Op. Cit., p. 233.

’ )Cronyn,A.M.,The Elements of Archaeological conservation,Routledge,London, 1990, p.167.

') Lucey, V. F., Development, Leading to the Present understanding of the Mechanism of

Pitting Corrosion of Copper, British Corrosion Journal, 7, 1962, pp.36-41.

') Jones, D.A., Principles and Preservation of Corrosion, Prentice Hall, USA, 1996, p.209.
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13 ) Gaél de Guichen, Climate in museums, ICCROM, Rome, 1984, p.6.

'*) Gaél de Guichen, Op. Cit., p.14.

%) Appelbaum, B., Op. Cit., p.4.

') Gaél de Guichen, Op. Cit., pp.4-5.

) Ibid., p.12.

" )Plenderleith and A.E.A.,Werner, The Conservation of Antiquities and Works of Art,
Revised Edition, Oxford University Press, 1971, p.239.

19)Pourbaix, M., Atlas of Electrochemical Equilibrium, Pergamon Press, Brussels, 1966, p.393.
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20y Scott, D., Bronze Disease: A Review of Some Chemical Problems and The Role of Relative

Humidity, JAIC, 1990, Volume 29, 7, p. 193.

21) Garcia, S.R., Gilroy, D. and MacLeod, 1.D., Metals, In: A Practical Guide to the
Conservation and Care of Collections, Western Australian Museum, 1998, p. 118.

2) 0ddy, W.A. , and Bradley, S.M. , The Corrosion of metal Objects in Storage and Display,
In: Current Problems in Conservation of Metal Antiquities, International Symposium on the
Conservation and Restoration of Cultural Property, 1989, Tokyo National Research Institute of
Cultural Properties, 1993, pp.225-244.

) Oddy, W.A. and Hughes, M.J., The Stabilization of Active Bronze and Iron Antiquities by
the Use of Sodium Sesquicarbonate, Studies in Conservation,1970, 15, p.188.

) Bradley, S., Preventive Conservation Research and Practice at the British Museum, JAIC,
2005, 44, p. 160.

) Gettens, R. J., The Corrosion Products of Metal Antiquities, Smithsonian Institution
Publication, Washington DC, USA, 1964, pp.555-556.

26) North, N. A., and Macleod, I. D., Corrosion of Metals, In: Conservation of Marine
Archaeological Objects, edited by C. Pearson, Butterworth, London, 1987, 82.

27) Garcia, S.R., Gilroy D., and MacLeod, I. D., Metals, In: A Practical Guide to the
Conservation and Care of Collections, Western Australian Museum, 1998, p.120.

%) Oddy, W.A., and Bradley, S.M., Op. Cit. , p.236.

29) Gilroy, D., and I.M., Godfrey, Preventive Conservation, In: A Practical Guide to the
Conservation and Care of Collections, Western Australian Museum, 1998, p.5.
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Y Gilroy, D., and M., Godfrey, Op. Cit., p.5.

32)Erhardt,D.,and Mecklenburg,M., Relative Humidity, re-examined, Preventive Conservation:
Practice, Theory and Research, Ottawa Congress, September, 1994, IIC, 1994, pp.32-38.

33) Michalski, S., Relative Humidity: a Discussion of Correct/Incorrect Values, In: ICOM
Committee for Conservation 10" Triennal Meeting, Washington DC, 1993, pp.624-629.

) Gilroy, D., and LM., Godfrey, Op. Cit., p.5.

%) Tylecote, P.F., and Black, J.W., The Effect of Hydrogen Reduction on the Properties of
Ferrous materials, Studies in Conservation, Vol.25, 1980, p.89.

36y Oddy, W.A., and Bradley, S.M., Op. Cit., p.232.

Ibid., p.233.
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38) Plenderleith, H.J., and Organ, R.M., The Decay and Conservation of Museum Objects
made of Tin, In: Studies in Conservation, Vol.1, 1952, pp.67-68.

) Oddy, W.A., and Bradley, S.M., Op. Cit., p.234.

) bid., p.226.

*1') Gilroy, D., and I.M., Godfrey, Op. Cit., p.5

“2) Appelbaum, B., Op. Cit., pp.28-32.

) Gilroy, D., and I.M., Godfrey, Op. Cit., p.6.
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Conservation, 1977, 22, p.85.
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%) Appelbaum, B., Op. Cit., pp.48-49.

il g iall 5 LAY g il gladal) Lbua s el aladl zgiall caseall 2o ol dlua (FF
AVY a ) AAE (lSU sl 4y yeadll Digll iy Y

*) Piechota, D., 1992. Humidity Control in Cases: Buffered Silica Gel versus Saturated Salt

Solutions, Waac Newsletter, Volume 15, Number 1, pp.19-21

) Appelbaum, B., Op. Cit., p.48.

%) Gilroy, D., and LM., Godfrey, Op. Cit., p.6.

1y Rempel, S., Zeolite Molecular Traps And Their Use In Preventative Conservation, Waac

Newsletter, 1996, Volume 18, 1, p.13.

>2) Appelbaum, B., Op. Cit., p.50.
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62y Appelbaum, B., Op. Cit., p.71.
53) Gilroy, D., and I.M., Godfrey, Op. Cit., p.2.
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5 Oddy, W.A., and Bradley, S.M., Op. Cit., p.222.
5 Ibid., pp.230-231.
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57 Gilroy, D., and I.M., Godfrey, Op. Cit., p.3.
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) Gilroy, D., and I.M., Godfrey, Op. Cit., p.3.
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3y Appelbaum, B., Op. Cit., p.91.
™ Gilroy, D., and I.M., Godfrey, Op. Cit., p.3.
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75) Lee, L.R., and D. Thickett, Selection of Materials for the Storage or display of Museum
Objects., British Museum, Occasional Paper 111, 1996, p.3.

7(’) Mauro, B. et al., Innovative Sensors for Environmental Monitoring in Museums, Sensors
8, 2008, pp. 1985.

" Ryhl-Svendsen, M., Indoor air pollution in museums: a review of prediction models and
control strategies, Reviews in Conservation, 7, 2006, p. 27.

8y Appelbaum, B., Op. Cit., p.99.

) Mauro, B. et al., Op. Cit., p.185.

%0 Bradley, S., Op. Cit., p..164.

1 Miles, C. E. , 1986. Wood Coatings for display and storage cases, Studies in Conservation ,
31, p. 124.

82) Green L.R., and D. Thickett, Testing Materials for Use in the Storage and Display of
Antiquities—A Revised Methodology," Studies in Conservation, vol. 40, No. 3 , 1995, p. 145..
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) Appelbaum, B., Op. Cit., p.98.

85) Padfield, T, Erhardt, D. and W. Hopwood, 1982. Trouble in store, In: Science and

technology in the service of conservation, 11C Preprint, London pp25.

%) 0ddy, W.A., and S.M., Bradley, Op. Cit., pp.230-231.
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88 ) Budd, M K. , Corrosion of metals in association with wood, Applied Materials Research,
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%) Gibson L.T., and C.M. Watt, Acetic and formic acids emitted from wood samples and their

effect on selected materials in museum environments, Corrosion Science 52, 2010, P. 172.

%) Appelbaum, B., Op. Cit., p.99.
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%) Oddy, W.A., The Corrosion of Metals on Display, In: Conservation in Archaeology and the
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94 ) Lee, L.R., and D. Thickett, Op. Cit., p.7.

%) Oddy, W.A., and S.M., Bradley, Op. Cit., p.237.

%) Padfield, T, Erhardt, D. and W. Hopwood, Op.Cit., p.26.

7y Oddy, W.A., and S.M., Bradley, Op. Cit., p.236.
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1% Lee, L.R., and D. Thickett, Op. Cit., p.4.
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Factors on Corrosion of Copper Alloys in the Ancient Athenian Agora, JAIC, 24, 2003, p.313.
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126 Lee, L.R., and D. Thickett, Op. Cit., p.22.
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129)Williams, R. S., The Beilstein test,. Canadian Conservation Institute Notes, 1986, pp. 17:21.
9y Lee, L.R., and D. Thickett, Op. Cit., p. 25.

- VYaAY -

www.manaraa.com



1Y il Obal U7 A e o

ccadda el i ymea e jeiy uladll e el caidati A
gl 8 Lellan) 5 eluley W jlaa) o pall 3ol (e 5 ppos Ae Jea &y LY
o2 gl )l Gl oy a3 Sy ¢ Auedl (B ia) e Al A aclial Cage

el sl Adaada g saclaiall 3 a0y
= oS0 aea g e el Jo el e pmal) sl ddasdle 3 1 L8
s Ay Gl el el duulie e i s B Al sl
Aoaaal) Y grdadl o dsalal g dcadl) HEY)

Jdinall (5 AV 5 b ltdl ¢ el e ikl ddla o AT @ jlaal @lua
The Todide— jLoa) L gia cp 3 3005 (ajell 8 daddiuall o gall (e Lehlayl
ey il g SR caes diald g3 Uil mlaaY) e caill Jodate test
) Ol @ e il Balall (368 Gilaa ()l aane HLEAY) Jslaa 5 b
iodide sl o LoaV¥) Jslae (5 siny Wt Sy 5 jllaie ducaes 5 A
selia dl paaall 3 3 a0 3 Gan s uel il ae Jelins 5 and iodate
:alilaal 8 LS elemental iodine s 3l o 5 paiall (o oY) LY

5 +105 "6H' eeereenennen. 3H,0 + 3L,

G2 -3V Oslll Z LY Jsladl) (830 sm sl Ll e Jelay AL (a5
OsVs 3l salall e (aleal 4 il @lldg 2270 3 e da o xie jlaal)
galaal agagare o (sh S Jlaall ol Jas A8 Fo ey Jaa3l Jladll
sl o) sial e (550 ol Jslaall sl ddaale Jays 2Aiiad) 5 ki
=3 alaaiYl (e Laalagind 2y il s Lgie i o Sy (aleal e 3 sl
LAY olaall G 3a 5 Al ) e
D gall A5l ol i gen (g0 panal Jiin gyl (V) Guldl 3 el pladiu) (S
Sl Jua s d el () Aad Gy by L ATl 5 el (B dexdiudl)
oY) A Gl o o, ad) sald) (e b ks e (3 gia) dai sacLaiall
Sl e s as) salall aqueous extract Jild) paliiuadl i s jued)
T i) sall e i s sael) (W) dad Gl
Al g (iayall 4 deadiiad) o gl e Asladl e aay) ) déleayl
Alasin cp ol g (el i b Apaeall BB A0 Dlual) el ) ol

B Tbid., p. 26.
12) Timar-Balazsy, A., and D., Eastop, Op. Cit.p.345.
3) Lee, L.R., and D. Thickett, Op. Cit., p. 30.

= YAAY -

www.manaraa.com



1Y il Obal U7 A e o

il gl e Al 5 el (8 CLEAY) aladinl (e Yy e Cad ) oALS
slall (8 G0y (ol e (s o (mS 5L Adlise Gle 5 dinllae aad a5
DY) Gl ) i 4de A lay clila) A DA s ) sed AN e LS i
e sllary cdaladind 3 5y pall Caedid 1Y) oda graaall adAll dudaat S WS L4l
O—a 3y A e 8 aebin Cogu elaall 13a . (sle il 8 pa £00) Lyl
e oy Gl dey afial) ddass 2y S L addl) e aeliai o (e amalla il
Sacla iy i el A6 3 4S5 A el (8l Jad) e 3l
Wi.‘\.'m Bﬁw\ J\}d\ ﬁUa.a

2 4alaS Activated Charcoal cloth ladial asdll Giled aladin) (S WS
LBy s b (a5 bl 3 A1 aiay il b 0 ATl (i
Coiy s Bypm ol sdand) Adaely o5 AN o3g] iapail (e By Y1 Y shidiall
i Al A agen e e A e Ancaeal) 5 AN el Jame (o
o G ) Ll 4 ds )l il 2 3lall 5 L aeall g Jaza (e 2 50
A e )

) e pendl o A0l 5 i pall (B Leadadtiad (S (S AV 3 sl (e
AL SV ey ol (sl s gemall e g lua¥) s il padl daadl)
Ghadll g giud (sl Gl g o i (sl s w50y (sl oSS Jilladd))
Y i W) o s e cligle Cilanl b it Y ALIA O ge Ledded 5 L U
\rv.;\ﬂsw‘

4_5)5\ Jl.hi\ -Y

i 8 A Y Aol Y srdiad) (i a8 Glbal e G e ) diLaYl
dysh ) Cla 8 acl o) LAl Ll e Al sy (53850 5 (i el
s o Ge dmen Lo ) ALaYL 18 Jhaslly oashsnll asagl) ity
=) 55 patiunall 5 Aakiinall Akl A5 ) Ailuall callati g . 5V xhand abrasion
coball 13 e JIs

a9 el ol ) aladiad 4Kl secd sV 5 381 il GBle BlSa) callas A5 ) Al
Sl A Bl alSa) s jA Sy 5 Caatiall Jala ) jlad) (e el (e Jill
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Preventive Conservation for the archaeological metal
objects in display and storage environments

Mohamed Ghoneim *

Abstract:

Archaeological metallic objects, except gold, are usually exposed to
deterioration after treatment in display and storage environments.
This deterioration may be weak and slow that can be stopped or
obviated, and can be severe or strong in the bad conditions. These
bad conditions usually resulted from the environmental conditions
surrounding the metallic objects in display and storage
environments, such as the relative humidity and temperature, the
corrosive ions emitting from the accompanying materials in display
and storage, such as chlorides and sulphides ions, that attack the
metals seriously. In addition to other dangers such as dust,
handling, and biological attack.

This paper will concentrate on the risks and causes that present in
the display and storage environments and result in deterioration of
metallic objects. And it will include the procedures should be taken
to protect these objects from corrosion and deterioration. These
procedures include display and storage conditions such as light
levels, relative humidity and temperature, using safe materials in
showcases and storage boxes so as to protect these objects in
storage and display environments, these procedures that usually are
known as preventive conservation.
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