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Ot Autapég ovoieg £xouv evpewg yprotpononoel mg cLVOETIKA DAIKA 08 £PYA TEXVNG O¢ XAPTL, OIMG
og eEAAOYPAPIKA OXEOld KAl OKITOd, eAdioypd@ieg, AoIPOPavPd KAl EYXPOHA YAPAKTIKA, OF
TOHOYPAPIKEG EKTLIIWOELS, K.d. Ot oLVTNPNTEG YAPTLOL £XOLV EVTOIILOEL OLYKEKPIHEVA TIPOPANpaTa
oo oyetidovtat pe TtV IIAPovoia TOL AUIAPOD OLVOETIKOD O EAdOYPOUATA 1) O PEAAVIA
EKTOTIOONG, OT®G ATIOPPOPNON KAt Oaxvor ToL AUIAPOL OLVOETIKOL, 1] omola oLVOOeLETAL e
dvoxpewpla Kdi HelWwon TNG HNXAVIKI)G aVIOXN)G TOL VIOOTP®WHATOS, evbpavototnta  Kdat
e0bpLIITOTNTA, KAl KATA OLVEIELd AIMAELA TOV (@YPAPUKOD OTPOPATOG-ELKOVAG. 2KOIIO TNG EPELVAG
aroteAel 1 eGETAOT TG €MOPAONG T®V AUIAP®V CLOVOETIKOV OTLG OITTIKEG, HIXAVIKEG KAl YT HUKES
00T TeG TOV  XAPTWVOV  LIOOTPOPAT®V, KAbwg KAl T®V HOApayovI®V IOL IMIPOKAAOLV I
EMOELVOVOLV TNV EPPAVIOT TOV PALVOPEVRDV.

['la to Aoyo avto, npaypatonou)nkav peleteg oe avbevtika epya texvng Kat oe doxipia mov etyav
vrioPAnOet oe texvnT yrjpavon oe KAEOTO HEPPANNOV, PE TNV EPAPHOYI] HIN-KATAOTPEITIKMDV
pEBodV dlayvwong, omTikg pikpookoIiag avakiaong kat gboptopov, GC-MS, gpaopatooxorniag
avakAaong pe omtikég tveg (FORS), amewoviong pe petpnuko pukpooxomo DinoLight UV,
NAEKTPOVIKI)G PiKpookoriag odpwong (SEM) xkat doxipaotag avtoxrg otov epeAkoopo. O
OLOYETIOHOG T®V ATIOTEAEOPATOV Olvel T duvaTOTNTA O1ATOIIMOTG DIIODECEMV Y1d TV ERPAVION TOV
pawvopevav. TENOG, epappooTnKe HEPAPATIKI) O1adKaAola yid TNV eSay®yr] KAt avAALor) DT TIK®V
EVWOEMV ATIO TG IIEPLOYeG POOPAG, 11e OKOMIO TNV ASlOAOYN 0N TG KATAOTAONG O1atr)pnons, Kabwg xat
TNV eMdPAON TOV DAIK®V KATACKEDLIIG.

2TO OLYKEKPLIPEVO ITOOTEP TTAPOLOLALOVTA PEPOG TOV ATIOTEAEOPATMOV ITOL OxeTi{ovTatl pe TNV alAayr)
TOL XPOHATOG, TG OLAPAVELAG, TOV XNHIK®OV KAl TOV PNYAVIK®V 10T TOV IIo0 ogeilovtatl otnv
IIAPOLOLA TOL AUIAPOL CLVOETIKOL OTO XAPTVO vIIooTpwpa. Ot epyaocieg mpaypatonomdnkayv ota
AJiOld TOD EPELVNTIKOL HPOYPAPpatog pe Oépa «DuoKOXNUIKT] HEAETN KAl TeKPNPlmon Tng
KATAOTAONG Olat)pnong eAAOYPAPIKOV EPYDV KAl OXeOlmV oe YApPTl. Alapop@®orn Kpinplov -
IIpotaoeig oovirpnong» Tto omnoio vAomou)dnke peow tov Apxundng III - Evioyvon epeovnuikmv
opadwv ota TEI pe emotnpovikr) vrievbovo t Ap. ABnva AAeSormovAov.

Fig. 3 Cotton mock ups. Left: Non oiled and oiled
mock ups before ageing. Right: From the tope to the
bottom, the mock ups at 1, 4, 7, 14, 21 and 28 days of
ageing.
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Fig. 4 Kraft mock ups. Left: Non oiled and oiled mock
ups before ageing. Right: From the tope to the bottom,
the mock ups at1, 4, 7, 14, 21 and 28 days of ageing.
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Fig. 5 Montval mock ups. Left: Non oiled and oiled
mock ups before ageing. Right: From the tope to the
bottom, the mock ups at 1, 4, 7, 14, 21 and 28 days of
ageing.
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Fig. 1 Atlas of damage

Types of damage

The most common problems associated with the presence of the oil binder in paint or
printing media on the works of art on paper support are the following:

a) absorption of the oil medium by the paper support, sinking on the verso side of the
work, locally and overall.
b) diffusion of the oil medium beyond the limits of particular areas of colour or printed

lines or letters of ink, either b/w or colour.
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c) discoloration of the support related to the absorption of the oil medium
d) Loss of mechanical strength, fragility and embrittlement.

Oil absorption and discoloration could be general, varying in intensity locally, rarely
uniform, usually responding to areas which are more worked, executed in thicker paint
layers, or certain colours. A common phenomenon is the appearance of discoloration
beyond the limits of the areas of paint, beyond specific colour areas, due to the diffusion
of the medium. However, discoloration is usually recorded solely on the verso of works
and it varies from case to case. The discoloured paper support, gradually loses its me-
chanical strength, becomes weak and brittle and breaks locally or in parts.

E

xperimental

Three types of paper were investigated: a) cotton pHoton™ high purity paper by the
Munktel paper Mill, 80gsm (Conservation by Design Limited, UK), b) Canson®
Montval® watercolour paper, 185gsm (Art & Hobby, Greece and c) Kraft paper
(Dionisopoulos - local paper distributer in Greece), 135 gsm. These papers were chosen
because they had fibre content and characteristics similar to some of the works of art
from the National Gallery in Athens being investigated in this project. Half the mock
ups were impregnated with cold pressed linseed oil (Windsor & Newton, London) after
weighing. Strips were suspended on cotton threads in headspace vials above 5ml of
15% sodium chloride for analysis solution and aged at 900C at 78% RH for 1, 4, 7, 14, 21
and 28 days.

The effect of oil application on the transparency of the paper was studied with the measure-
ment of the lux levels of light transmitted by the plain and oiled mock ups at every stage of

It is likely that linseed oil application is princi-
pally responsible for the colour changes during
ageing, though oxidation of the cellulose in the
paper may also contribute to the colour change,
especially if the oil is enhancing the rate of oxida-
tion of the paper, as indicated in the VOC emis-
sion studies. This is more evident in the white
mock ups of cotton and watercolour paper that
present a similar pattern of variations of the
L*a*b* coordinates values upon ageing. How-
ever, results indicate that fibre and paper pulp
content, the colour and the weight of the paper
influence these values. In addition, the behaviour

of oil film upon ageing, which gradually
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Figs. 8, 9, 10. The L*a*b* coordinate values of the sets

shrinks and recedes from the surface of the paper
revealing the fibre net, subsequently affects the
optical properties and colour appearance of the

In all three paper types, oil application results in
the significant reduction of brightness, and
analogous decrease of yellow colour upon
ageing. For the white colour papers the increase
of the red colour, and the fluctuation pattern
within that, could be indicative of the chemical
changes. Also differences in colour through each
mock up are strongly associated with the oil con-

ageing with a digital lightmeter.

bond Reflectance tintometer.

The change of colour was measured using the CIE L*a*b* (CIELAB) colour space, following
the TAPPI standard T5240m-94. The L*a*b* measurements were performed with a Lovi-

The degradation of cellulose caused by the presence of linseed oil on paper was investi-
gated with the use of GC-MS analysis of the volatile organic compounds (VOC) emit-
ted from paper samples, with and without oil application, in the various stages of a
close environment artificial ageing program.A preconditioned SPME needle was in-
serted into a headspace vial containing the paper sample immersed in 5ml of 15%
sodium chloride solution and incubated for 40 minutes. The SPME needle was then re-
tracted and reopened in the injection port of the GC-MS and heated to 2300C for 10 min-
utes to release the volatile components and trap them at the beginning of the column.

The changes in the mechanical properties of the oiled paper supports were examined
with tear resistance measurments using an Elmendorf-type apparatus (ISO 1974, 1990).
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the plain cotton, montval, kraft mock ups at all ageing periods.
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Figs. 11, 12, 13. The L*a*b* coordinate values of the sets of the oiled cotton, montval, kraft mock ups at all ageing periods.

Fig. 16 Sewing Studio by Nikolaos Gyzis
(recto), oil sketch on paper, 19th c., National
Gallery - Alexander Soutzos Museum, 113434.

Fig. 17 Sewing Studio, 113434 (verso), the posi-
tion of the SPME needle is noted with the white

arrow, while the glass lid with a red circle

VOC analysis in original artworks

Six original works were selected for this experi-
mental procedure, providing different case
studies regarding the technique, the materials
and the presence of characteristic phenomena
and problems related to absorption and diffu-
sion of the oil binder. The experimental proce-
dure was carried out in the Paper Conservation
studio of the National Gallery in Athens. It
involved encasing both the artwork and the
SPME needle in a glass set up to track the VOCs
emitted. The SPME needle was placed on the
verso of the work, over a specific area that pre-
sented oil absorption, diffusion or discolora-
tion. Then the tip of the needle covered with the
glass lid of a petri dish in an attempt to confine
the area of extraction, and then the absorbing
part of the needle was exposed. The needle was

Target Compounds

exposed for 24 hours. The SPME needle was
then retracted and transferred back to the lab
for GC_MS analysis.

Head space analysis of original artworks con-
taining oils gave a similar range of volatile oxi-
dation products products obtained from the
mock ups. These products included a large
range of aromatic and straight chained aliphatic
hydrocarbons, a series of straight chained alde-
hydes, some volatile carboxylic acids and esters
and the range of furan and furfural and fura-
none derivatives singled out for monitoring for
the study of the mock-ups (as these were the
compounds given only by paper and not by oil
films as they age, i.e. they were exclusive to the
oxidation of cellulose). In addition to these com-
pounds some of the works of art gave some com-
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Figs. 18, 19. The red
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isopropyl myristate
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circle on the top detail
marks the position of
the glass lid on the verso

Fig. 20 List of the VOC emitted from six original art works from the Na-
tional Gallery’s - Alexandros Soutzos Museum collections.

Mechannical properties

Tear resistance measurments in plain and
oiled cotton paper mock ups before ageing
procedure indicated that paper mock ups
become stronger after the application and
drying of the oil for 40 days. This is in acco-
radance with the observation of the visual ex-
amination that the oiled mock ups appear
stiffer and more resilient. It could be suggested
that as the fibres bonded within the dried elas-
tic polymer, a kind of elasticity and extra
strength is provided to the support.

Tear resistant measurements in plain and
oiled cotton paper mock ups after 28 days of
ageing, indicated that mechanical strength of
the oiled mock ups reduces dramatically,
while for the plain paper that is limited. Loss
of mechanical strenght was apparent during
visual examination, since even carefull han-
dling of the mock ups could cause damage to
the mock up. Shrinkage and loss of elasticity

pounds derived from coniferous resins and may
be because of the presence of rosin size.

VOC analysis of the artifically aged mock ups
The presence of oil in the cotton paper has
greatly accelerated the emission of furfural,
2-ethyl furan, 5- methyl, 5- ethyl furfural and
5-pentylfuranone during ageing, while in the
wood based papers has greatly accelerated the
emission of furfural, 5-methy furfural, 5-ethyl
furfural and 5-pentylfuranone.

It could be concluded that for the cotton paper
at least dried linseed oil in the paper greatly
accelerates and increases the emission of vola-
tile cellulose degradation products and there-
fore it is reasonable to assume, that since
cotton paper is almost pure cellulose and that

Newcastle, United Kingdom.

Abstract

Oil paintings, oil sketches and studies on paper supports, as well as black and white and coloured
prints, printed books, etc. present evidence of damage that has been associated with the presence of
the oil medium in the paint or the ink used. The most common problems are absorption and diffu-
sion of the oil medium by the paper support, related with discoloration, loss of mechanical strength,
fragility and embrittlement of the support, that seem to appear in a random way. However, proved
to be a complex matter.

Aim of research is the investigation of the effect of the oil medium to the optical, mechanical and
chemical properties of the paper support, as well as of the parameters that trigger and/or aggravate
the occurence of the phenomena of damage. Research was performed to original artworks and artifi-
cially aged mock ups, involving non destructive imaging documentation and digital Dino Light UV
microscope, optical microscopy and UV microscopy, colorimetry, spectroscopy and FORS (optical
Fibres), SEM-EDX and Head Space Solid Phase Micro Extraction combined with GC-MS, as well as
tear resistance testing, to map and record the areas of damage and to provide hypothesis for the oc-
curence of the phenomema caused by the absorption of the oil binder by the paper support upon
ageing. Only part of the results are presented in this poster, those related with the changes of colour,
transparency, mechanical properties, as well as the emission of VOC from artificially aged mock ups
and original artworks.

Research was carried out through a project entitled “Oil paintings on paper support: Documentation
of the state of preservation using multispectral imaging and chemical analysis. Determination of
evaluation criteria - conservation treatment proposals”, which was aimed at the investigation and
physicochemical documentation of the problems occurring in oil paintings on paper supports”
within the framework of the operational program “Archimedes III: Funding of Research Groups in
TEI of Athens”, organised and conducted by the Laboratory of Physical Chemical Methods for Diag-
nosis - Documentation of the Department of Conservation of Antiquities and Works of Art in the
Technological Educational Institution of Athens, with scientific responsible Dr. Athena Alexopou-
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Fig. 6 Trasmitted light photography. Top row: sets of cotton, motval and kraft plain paper mock upsin1, 4, 7, 14,
21and 28 days of ageing. Lower row: sets of oiled cotton, motval and kraft paper mock ups at all ageing periods.
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Transparency

The plain paper mock ups of the three paper types
present completely different behaviour, regard-
ing the changes of the intensity of light passing
through the mock ups upon ageing. This can be
due to the ditferent fibre and pulp content and
distribution, but also to the changes in morphol-
ogy upon ageing. On the other hand, the oiled
mock ups of the three types of paper present simi-
lar behaviour upon ageing and their measure-
ment values are getting quite close at the 14, 21
and 28 days of ageing. This could indicate that lin-
seed oil inputs a common behaviour in the three
types of paper as far as the intensity of light pass

ing through the mock ups upon ageing is con-
cerned. The results indicate that the oil applica-
tion increases the transparency oof the three
paper types.

The refractive index value of a solid film of lin-
seed oil rises slightly with age, causing slightly
more scattering perhaps which subsequently
means that the paper would allow less light to
pass through. However, the morphological
changes upon ageing cause much greater changes
to the system, increasing the light scattering , so
the mock ups appear to be less transparent with
age as the oil film shrinks within the system.
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Fig. 7 Measurments of the light intensity passing
through the plain cotton, montval and kraft paper at all
ageing periods.

Fig. 8 Measurments of the light intensity passing
through the oiled cotton, montval and kraft paper at
all ageing periods.
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Fig. 14 Average tear resistant values (10) of the plain
and oiled cotton mock ups before ageing.

Fig. 15 Average tear resistant values (10) of the plain
and oiled cotton mock ups after 28 days of ageing.

of the oil film upon ageing in combination with the degradation of cellulose caused by the presence
of the oil could justify the phemomena recorded for the oiled mock ups. It has been recorded that
cracking or breaking of the support in the original works of art on paper occurs in the areas where
oil absorption appears to be more intense. Thus, further investigation is required to investigate
the parameter of the oil quantity absorbed by the paper in the changes of the mechanical changes
properties of the support. In addition, VOC analysis indicated that oil accelarates more the degra-
dation wood based papers, so the parameter of the fibre content should be investigated as well.

degradation even further in the presence of oil.
It can be speculated that furfural is a favoured
product of cellulose degradation in the pres-
ence of oil.

the chemistry of drying oils are similar to that
of linseed oil,probably other drying oils in-
crease the rate at which cellulose in paper de-
grades.

However it seems that in the wood based paper
the amount of furfural produced is increased
whereas the levels of the other four compounds
studied seems to decrease. Perhaps at least part
of the decreased levels can be explained by the
lower percentage of cellulose present in wood
based papers and that the increased levels of
furfural are an indication that the lignin and/ or
hemicelluloses present in the wood based
papers are accelerating the degradation even
further in the presence of oil.

Similarly, for the wood based paper, dried lin-
seed oil greatly accelerates and increases the
emission of cellulose degradation products
and therefore it is reasonable to assume, that
drying oils increase the rate at which cellulose
in wood based paper degrades.

Furfural emissions are greater from wood
based paper impregnated with linseed oil
compared to furfural emissions from cotton
paper impregnated with linseed oil. The
increased levels of furfural are an indication
that the lignin and/or hemicelluloses present
in the wood based papers are accelerating the
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Figs. 21, 22 Graphs showing emissions of 2-ethyl furan, furfural, 5-methyl-
turfural and 5-ehtyl-furfural in ng per g of paper over 28 days, from cotton paper
mock ups (left table) and wood based (Montval) paper mock ups (right table)

with and without linseed oil application.

This research has been co-financed by the European Union

(European Social Fund - ESF) and Greek national funds through

the Operational Program "Education and Lifelong Learning" of

the National Strategic Reference Framework (NSRF) - Research

Funding Program: ARCHIMEDES III.

Investing in knowledge society through ﬁﬂ\
APXILNONG

the European Social Fund.




rom the National Gallery in Athens being investigated in this project. Half the
1ps were impregnated with cold pressed linseed oil (Windsor & Newton, Londo:
veighing. Strips were suspended on cotton threads in headspace vials above
5% sodium chloride for analysis solution and aged at 900C at 78% RH for 1, 4, 7
ind 28 days.

[he effect of oil application on the transparency of the paper was studied with the m
nent of the lux levels of light transmitted by the plain and oiled mock ups at every :
\geing with a digital lightmeter.

[he change of colour was measured using the CIE L*a*b* (CIELAB) colour space, fol
he TAPPI standard T5240om-94. The L*a*b* measurements were performed with
bond Reflectance tintometer.

[he degradation of cellulose caused by the presence of linseed oil on paper was i
rated with the use of GC-MS analysis of the volatile organic compounds (VOC
ed from paper samples, with and without oil application, in the various stag
lose environment artificial ageing program.A preconditioned SPME needle 1



rom the National Gallery in Athens being investigated in this project. Half the
1ps were impregnated with cold pressed linseed oil (Windsor & Newton, Londo:
veighing. Strips were suspended on cotton threads in headspace vials above
5% sodium chloride for analysis solution and aged at 900C at 78% RH for 1, 4, 7
ind 28 days.

[he effect of oil application on the transparency of the paper was studied with the m
nent of the lux levels of light transmitted by the plain and oiled mock ups at every :
\geing with a digital lightmeter.

[he change of colour was measured using the CIE L*a*b* (CIELAB) colour space, fol
he TAPPI standard T524om-94. The L*a*b* measurements were performed with
bond Reflectance tintometer.

[he degradation of cellulose caused by the presence of linseed oil on paper was i
rated with the use of GC-MS analysis of the volatile organic compounds (VOC
ed from paper samples, with and without oil application, in the various stag
lose environment artificial ageing program.A preconditioned SPME needle 1



