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Abstract

Copper and its alloys are prone to corrosion influenced by environmental factors. Corrosion can influence a
lot of characteristics of historical artifacts, such as their apparent features and their visual appeal. It is common
to observe proximity of metal and organic materials in historical artifacts, particularly in gilded manuscripts,
where metal deterioration occurs from corrosive agents such as carboxylic acids, leading to greenish corrosion
byproducts. This study examines four manuscripts from the Qajar era featuring metal decorations to identify
the factors involved in corrosion of the metal areas. In the analyses conducted in this research FESEM-EDS,
ATR-FTIR, Raman and pH measurement methods were used. The study identified a type of copper alloy in all
four historical artifacts, which resembles brass. Based on samples derived from all four historical manuscripts,
the adhesive agent that attached metal to the paper substrate was identified to be Arabic gum. The corrosion
products were recognized as metal carboxylates, including copper and zinc carboxylates. Formates and acetates
were also detected within the structure of the greenish corrosion byproducts. Areas with oily stains which were
found in two of the samples, exhibited more pronounced corrosion, emphasizing the destructive impact of oil
in formation of metal soaps, as also noted in the research literature. The corrosion byproducts in the metal
areas have diminished the golden appearance of the decorations and penetrated the paper fibers. The acidity
test revealed that the pH levels in the corroded areas were around one unit lower than in areas without metal
presence. This difference is a significant factor in deteriorating the cellulose substrate through acid hydrolysis.
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Green-1(A) | Green-2(B) | Green-3(C) | Green-4(D) | Assignments of Vibrations reference
123cm! YV lem! Carboxylate lattice (Veiga et al., 2016)
YASem:! YASem-! Carboxylate lattice (Veiga et al,, 2016)
YV lem-! Y+Acm! Carboxylate lattice (Carter Tii et al., 1991)
Yoocm ! YYAcm-! Carboxylate lattice (Veiga et al,, 2016)
YéVem! YéVem! YYVem-! YY¥cm-! Cu-O stretch (Carter Iii et al.,, 1991)
£cm! £+9cm-t £49cm! £49cm! Cu-O stretch (Carter Tii et al., 1991)
£YVem:t £Alem ! £1¥em! Cu-O strech (Veiga et al., 2016)
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OCO plane bend Veiga et al., 2016; Kosec & )
1¢em ! 19¢cm-! ¥ em-! Deformation of acetate Ropret, 2021; San Andrés et
anion (al,, 2010; Buse et al., 2019
V+Yem'! acetate OCO bending (Conti et al., 2014)
AYeem! Viocm-t AvYeme! AYYem-! formate OCO bending (Carter Iii et al., 1991)
Aocm | AAY e 1 R i R
ioVemt 18%em ! 40+ cml dfocmel acetate C-C sym. stretch (Trentelman et al., 2002)
f pl
VeViem VeViem ! VeViem ! Formate CH out of plane (Veiga et al,, 2016)
bend
C—C stretching / Formate (Conti et al., 2014; Aceto et
Yo Aol Y M - , ;
om om om CH out of plane bend al., 2010)
VoVem ! VW iocm ! VY oVem ! N R
YYovcm:-! YYoVem-! \Yo . cm-! - -
YV Y e 1 _ _ R B B
(Conti et al., 2014; San Andrés
V¥4 lemet VYA emt YYAAcm! VYA em! formate CH in-plane bend et al., 2010; Robinet &
Thickett, 2005)
C-O stretching + (Conti et al., 2014; Aceto et
YEYYem:-! VEVYem-! Veiem-! ’ >
cm cm cm CH,/CHj; bending al., 2010)
VoAdemd | VoAYemd | VoAdemd | YedVemt formate OCO asym. (Trentelman et al., 2002)
stretch
VY Yem-! YWl em! YV Yem'! CH strech (Veiga et al,, 2016)
YAYYem-! YAY vcm-! - -
YoViem:! B B
YV Aem ! Y1V Yem ! YV e Aem! YV e Aem| formate CH strech (Conti et al., 2014; Trentelman
et al., 2002)
YAYYem-L YAY4cm:L YAYYem-! CH strech (Veiga et al,, 2016)
CH; asymmetrical (Aceto et al., 2010; San
YaYécm-! Yayicm-! Y4V iem-! YaYécm-! > i
om om em em stretching Andrés et al., 2010)
AKARY R Y+ ¥Acm:t Yeoocm:l YeYieme! OH groups (San Andrés et al., 2010)
Y YYem! OH groups (San Andrés et al., 2010)
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