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Spectroscopic Characterization of the Fluerescence
of Paper at the Wet’] Dry Interface

by JOSE LUIZ PEDERSOLI JUNIOR & FRANK J. LIGTERINK |

. N

INTRODUCTION: THE PROBLEM

The development of brown stains on the surface of paper due to the local action
of water is a well-known problem to those concerned vu(h the preservation of
paper-based objects. Cellulose-water interactions, leading'to brown discoloration
of the substrate, have been the subject of several investigations by the textile in-
dustry and the paper conservation field'. The formation of brown lines where
wet-dry interfaces occur has been attributed to a combination of the transport
and concentration of coloured cellulose degradation products, and chemical
changes at the sites where water evaporates from the cellulose surface. Studie{s
based on methylene blue absorption have indicated that cellulose undergoes oxi-
dative reactions at the wet-dry interface’. The generation of free radicals due to
mechanical stresses arising from humidity changes®, the relatively higher concen-
tration of peroxides and mono- and disaccharides detected at the interface*’, the
increased mobility of those species in solution compared to solid-phase reactions
and the greater accessibility to oxygen due to the swelling of the cellulosic fibres
can be seen as possible factors promoting chemical changes at the wet-dry inter-
face.

The effect of artificial ageing on the colour intensity, the solubility and the sus-
ceptibility of brown lines formed at the wet-dry interface to reducing bleaching
has been assessed’. Whereas freshly formed lines display a lighter brown colour,
are soluble in water and bleach relatively easily, aged lines are darker in colour,
insoluble and do not bleach completely. This behaviour suggests the occurrence
of condensation reactions yielding polymerised, insoluble brown substances.

The formation of brown lines at the wet-dry interface created with purified
liquids and fibrous substrates in different combinations in the presence of oxygen
has been observed®. Based on those observations it was concluded that the chemi-
cal changes taking place at the wet-dry interface in the cellulose-water system are
an example of a more general phenomenon.

Restaurator 22: 133-145 ® 2001 Saur, Munich etc.



Spectroscopic Characterization of the Fluorescence of Paper at the Wet-Dry Interface
FLUORESCENCE

Simil{ar to other browning phenomena such as foxing’'? and iron-gall ink corro-
sion'H, disc?loration of paper at the wet-dry interface is accompanied by UV-
fluorescence®’. An apparently common occurrence observed with these phenome-
na is that fluorescence appears before discoloration. As the paper browns the
fluorescence increases in intensity changing from white-blue to green-yellow. At a
later stage, when discoloration has developed into dark brown stains, fluores-
cence can no longer be observed. It has been suggested that the forr;lation of
fluorescent species is an intermediate stage in the degradation process of paper
that culminates in brown discoloration'”.

Examination under UV illumination is the common method used in conserva-
tion practice to assess changes in the fluorescence of paper. Interpretation and
comparison of results are based on the perceived colour and intensity of fluores-
f:ence patterns seen under the UV-illumination, both of which de end on a sub-
jective judgement, on the spectral characteristics of the UV SOUI‘CI()E and " i
ous aspects of the surroundings that can affect colour judgement ,A m . Van:
rate interpretation of the fluorescence of paper is possible by usi .r -
analysis, where excitation and emission s ectra i ’ 'Smé Spe'Ctroscoplc
chemical nature of the fluorescent s eci P [ provide information on the
and spectral distribution occurring SS dees, a; “']e“ o e Chunges in intensity

gradation proceeds. The use of spectro-

scopic analysis to
P y compare the fluorescence of paper observed in association to

differe Y i
nt phenomena (wet—dr mterfaces, iron-gall ink—corrosion fOXiIlg) a.lSC
)

makes it possible to verify if the perceived fluorescence arises from

ﬂuOfescent species or if there are different fluorescent speci at ! to each

e oo ! pecies associated to each
Fluorescence sPectroscopy has already been used to investig

track the degradation of paper submitted to artificial agejng!® ;

in both cases showed a single emission maximum withgin thge r

(A, = 365 nm).

ate foxing” and to
The results reported

I
The intensity of fl i e vare of st
' uorescence inc i ifici
e e Intensity of o reased in the course of artificial
ew fluorescent species re-emitting in the green-

yellow region of the visible spectrum wa

s observ iti

Lbemmienl o papes ed for an additive-free, bleached,
The i . . .

y tde 1r.1tent1fon of this .study is to characterise the fluorescence of paper at the

de ;y .mter ace by using spectroscopy and to compare it to other types of

egradation-related fluorescence reported in the literature. The nature of the fluo-

rescent species is addressed in relatio i i e ble
n to identif; ing th i i
. y mechanism respon
for the formation of a fluorescent tide line at the wet-dry interface "

Invelstlgatlon into the molecular structure of fluorescent species in paper is
currently under way. It is expected that this information will contribute to Fz)l bet-
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ter understanding of the degradation processes of paper, in particular the de
velopment of brown discoloration accompanied by fluorescence, which may
provide a basis for more comprehensive preservation actions.

MATERIALS AND METHODS

Wet-dry interface

A 12x12 cm piece of Whatman No.1 filter paper that had been acquired approxi-
mately three years ago, was suspended vertically and immersed in distilled water
under room conditions to a depth of ca. 2 cm. The apparatus was left undisturbed
for approximately 10 minutes, after which the water had risen by capillary action
up the paper to a height of ca. 9 cm (Fig. 1). The paper was then removed from

Original paper

Wet-dry interface

Extracted paper

Fig: 1. Photograph showing a 12x12 cm piece of Whatman No.1 filter paper suspended ver-
tically and immersed 1o a depth of ca. 2 cm in distilled water. The wet-dry interface and the areas,
both below (extracted paper) and above (original paper) it, are indicated.
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Spectroscopic Characterization of the Fluorescence of Paper at the Wet-Dry Interface

the water an.d allowed to dry. Drying was accomplished by leaving the paper sus-
pended vertically in air under room conditions. Visible examination of the dried

paper in daylight showed a faint brown discoloration of the surface at the wet-dry

interface. Examination under UV illumination at 365 nm using a Spectroline®

Super High Intensity black light lamp model SB-100/F (Spectronics Corporation,
USA) revealed a distinct white-bluish, narrow fluorescent line across the paper
coinciding with the tide line.

Under UV illumination the paper was then cut into three parts in the direction

of.t}?e fluorescent line. The area above the fluorescent line provided a sample of
original paper and the area below it
extract being in the middle strip,

any oxygen induced chang

provided a sample of extracted paper, the
that containing the tide line. In order to prevent
es on the fluorescent species present at the wet-dry inter-

.face, t.he strip of paper containing the tide line was sealed in a polyethylene bag
1 a nitrogen atmosphere, prior to analysis,

The same procedure was used to create fluoresc

ent lines in 16 similar pieces of
the same type of fi

. lter paper. Narrow paper strips (0.5-1.0 cm wide) containing
the ﬂu.orescent lines were cut and soaked in 10 ml, HPLC-grade water {Acros
Or.gjamcs) at. room conditions for 30 minutes. The extract was filtered through a
Millipore Millex-SR 0.5 um filter unit prior to the analysis.

Fuorescence spectroscopy’

Surface fluorescence measurements were carried out using a Perkin Elmer LS50

Luminescence Spectrometer. Paper samples were mounted onto a Front Surface
Accessory, and the measurement geometr

60° and detection at an angle of 150°
both directly after the light source and

y consisted of excitation at an angle of
to the sample surface. Filters were used
between the sample and the detector in
order to remove stray light in the exciting radiation (Schott UG5 filter) and scat-
tered light from the sample surface (built-in 390 nm filter). Excitation and emis-

sion SlltS were ilxed at 2..; ]l”l, a“d the phOtomultll)llel ()])e]ate(l lth an apphed
Voltage Of 9()0 V. "

Measurements of the aqueous extract were performed with the same equip-

ment using a
g a Hellma 10 mm fluorescence cuvette and the standard 90° geometry.

. eg:;)res';‘i,m ;PCCICS have two characteristic spectra: the excitation spectrum and the emission
p m. Lhe lormer reflects the relative efficiency of different wavelengths of radiation shone

on the
the ﬂuoresce.nt compound to cause {luorescence. The latter consists of the relative intensity of
radiation re-emitted at various wavelen

based on the measurement of both excit;
referred to reference 20.

gths by that compound. Fluorescence spectroscopy is
ation and emission spectra. For more details the reader is
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Experimental conditions were identical to those used for the surface measure-
ments.

Excitation spectra

Since the analysis of foxing on paper, as well as studies using artificially aged
paper and photo-irradiated cellulose samples’, have shown increased degradation-
related fluorescence with emission maximum within the range of 440-525 nm,
acquisition of excitation spectra on the surface of paper was performed by measur-
ing the emission at 500 nm. The excitation spectrum of the aqueous extract pro-
duced from the fluorescent tide line was recorded with emission at 450 nm.

Emission spectra
Emission spectra were recorded using excitation radiation at wavelengths cor-
responding to the maxima observed in the excitation spectra.

The intensity of all spectra is expressed in arbitrary units.

RESULTS AND DISCUSSION

The excitation spectra recorded on the fluorescent tide line, as well as on the ori-
ginal and extracted paper, are shown in Fig. 2. Excitation maxima occurring at
960 nm, 340 nm, and 385 nm can be observed in all three spectra. Although the
spectra exhibited practically the same spectral distribution of energy, the intensity
of the spectrum recorded on the fluorescent tide line exceeded that of the other

80 4
60 1 fluorescent tideline
=
2@ 40
[
kS
20 original paper
extracted paper
O k T T T 1

200 250 300 350 400
Wavelength /nm)

Fig. 2. Excitation spectra of original and extracted Whatman No.1 filter paper and of the
fluorescent tide line formed at the wet-dry interface (A = 500 nm).
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100 7

fluorescent tideline
75

original paper

50 A extracted paper

Intensity

1

400 500 600 700
Wavelength (nm)

Fig. 3. Emission spectra of original and extracted

- B Whatman No.1 fi -
cent tide line formed at the wet-dry interface (A o1 erpaperand ofne fores

Ex = 254 nm).

two spectra by a factor of approximately 3. Additionally

tru i
l m rehcorded on the area below the tide line, that is the extracted paper, was
ower than that of the spectrum recorded on the origina

spectra showed a close similarity to a typical fluoresc et et
recorded on foxing stains by Choisy et al.*
425 nm, which displayed a maximum at 39

Figs. 3 and 4 show the series of emissio
tide line and on the original and extracted
respectively. Measurements taken at a wa
by excessive stray light. A single maximu
tra in Figs. 3 and 4. The increase in inte
side of the spectra, can be attributed to t
tered light from the sample surface al
ca. 400~430 nm to pass through it. Ex
€mission spectra with virtually the same
was higher for the longer excitation wa
when excitation was performed at diffe
the spectra suggest that fluorescence
emission by a single chemical specie

the intensity of the spec-

ence excitation spectrum
within the wavelength range of 275-
5 nm and a shoulder at 340 nm.

n spectra recorded on the fluorescent
paper excited at 254 nm and 340 nm,
velength of 380 nm were complicated
m at 440 nm is observed in all six spec-
nsity, displayed at the lower wavelength
he fact that the filter used to remove scat-
lowed some of the light in the range of
citation at 254 nm and at 340 nm yielded
spectral distribution, the intensity of which
velength. The absence of spectral changes
rent wavelengths and the relative purity of
was caused by light absorption and re-

o ™ s. The existence of different fluorescent
would have been revealed by changes in the spectral distribution of the

em1-551.0n spectrum depending on the excitation wavelength. The fluorescence
exhibited by the original Paper may be attributed to oxidativ
cellulose molecule as a result of processing and/or natural ag
portation of liquid water through the paper caused a decreas
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150W
/\ fluorescent tideline

1004

original paper

Intensity

extracted paper

0 ' ‘ '
400 500 600 700
Wavelength (nm)

Fig. 4. Emission spectra of original and extracted Whatman No.1 filter paper and of the
fluorescent tide line formed at the wet-dry interface (A¢, = 340 nm).

which indicated the existence of a water-soluble fluorescent compound that
migrated as the water moved within the paper. Transport and concentration of
this compound at the wet-dry interface is evident from the spectrum of the
fluorescent tide line, which is very similar to that of the original paper - including
the single maximum at 440 nm - but whose intensity is 3~4 times higher. The re-
sidual fluorescence observed from the extracted paper indicated that the concentra-
tion of the fluorescent species had decreased, but that it had not been completely
removed. This could be a result of low solubility in water and of the different
regions of the cellulosic fiber having varying accessibility to the water. It is also
possible that the same fluorescent structure may be present in both low-
molecular weight and water-soluble fragments of depolymerised cellulose as well
as in the main cellulosic backbone. The latter would account for the residual fluo-
rescence of the extracted paper.

Assuming that the increased fluorescence intensity (Iy) at the tide line is the re-
sult of a transport mechanism only and that the fluorescence efficiency remains
constant, it should be expected that the ratio between the intensity increase at the
tide line (It - Iy), where 1, indicates the fluorescence intensity recorded on the
original paper, and the intensity decrease below the tide line (Io - L), where 1
indicates the fluorescence intensity recorded on the extracted paper, is equal to
the ratio between the length of the area below the tide line L, (approx. 7 cm) and
the length of the tide line area L. (approx. 0.2 cm). The values of both ratios are
listed in Table 1 for the two series of emission spectra. It can be seen that pre-
diction and measurement have the same order of magnitude. It is therefore likely
that the observed changes in fluorescence intensity were simply due to the trans-
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C ison of {| 1ca X d 2 riment: hsmw (1 ral1os for dl“C
abie |, o Y P P )4
Tabl 1 ompariso hcorc( call cxpecte nd experi 0 os f
ences in ﬂll()l escent emission Intensities recorded at thC UdC llllC ‘llld on lllC are w
it. I{athS fOI b()(ll series of “LlOlCSCCllCC spcctra with excitation at 254 nm and 340

Theoretical ratio ( Lb:Lt)

Measured ratio (It- 10 ):(10 - Ib)
254 nm 35
340 nm 35 1.3

o

port of a water-
tude, the meas
below the valu
this simple exp

The develo

solu

uredb lfn?el:;rifsczrilftfcompourK%' Despite the correct order of magni-

o predicted)l; ther;ence I‘atl()‘S are consistently a factor of two

eriment such );er ength ratio calculation. Within the scope of
a difference cannot be attributed to a single cause.

do S
‘ tn th?ftldei line shows a significant similarity
. : o artificial ageing!®
cence associated to foxing stains on different paiers%

fluore i j
’ sce;lce arises from a major fluorescent species and
ion me i i

chanism mayoccur in the course of both natura
paper, as well as in the development of foxing

t
o that observed for paper submitte I he ]
» a8 well as to the tluores-

Such results suggest that
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147
127

Intensity
N £ D [o] 8
1 1 1 1 J,

T T T 1

200 250 300 350 400
Wavelength (nm)

o

Fig. 5. Excitation spectrum of the aqueous extract of the fluorescent tide line formed at the
wet-dry interface of Whatman No.1 filter paper (A, = 450 nm).

maxima (at 254 and 340 nm), which indicates that the species giving rise to
fluorescence due to light absorption at that wavelength has been transported by
water to the tide line. The fact that the ratio of the intensities of excitation maxima
remained the same for the different spectra also indicates the absence of instru-
mental artefacts such as the presence of stray light. A possible explanation for the
difference between the excitation spectra recorded in solution and on the paper
matrix, would be the presence of a water-insoluble, non-fluorescent chromophore
that absorbs light at 385 nm and then excites the fluorescent species within the
paper matrix by energy transfer (e.g. carbonyl groups bonded to the cellulose
molecule).

The emission spectrum shown in Fig. 6 confirms that the enhanced fluores-
cence observed at the wet-dry interface is at least partially due to the presence of
a water-soluble, fluorescent compound within the paper, which is transported to
that area by water. The lower fluorescence intensity observed in solution could
be ascribed to a number of factors including a lower concentration in the extract
and different molecular environments. The sensitivity of fluorescence to the en-
vironment of the chromophore arises from the relatively long lifetime of the
excited singlet state of the fluorescent species before de-excitation. Whereas the
energy absorption process is of the order of magnitude of 10" second, during
which the fluorescent species and its environment remain effectively static, the
lifetime of a singlet state is considerably longer, within the order of magnitude of
10" to 10" second. Several processes may occur during this time, including local
conformational changes, solvent-cage relaxation, protonation or deprotonation
and bimolecular collisional quenching, which will significantly affect the fluores-
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16 7

Intensity
o]
1

350 450 550 650 750
Wavelength /nm)

Fig. 6. Emission spectrum of the
. aqueous extract of the fluore ide i
wet-dry interface of Whatman No.1 filter Paper (A, =310 nm) Feent e e formed at f1e
« .

cence spectrum. For exa
P mple, a number of fluorescent molecules are known to
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CONCLUSION

The spectroscopic characterisation of fluorescence a

man No.] filter paper showed excitation maxima at 260, 340, and 385 nm A, =
’ ’ E Em

500 nm), and a singl issi i
, gle emission maximum at 44()
ré nm }\' = ¢ rl :
Transport and concentration of a water-soluble ﬂuoresce( o

t the wet-dry interface in What-

to the i . ] nt compound contributed
formation of a fluorescent tide line at the wet-dry interface. Because What-

man No.l is an additive-free paper, made of purified
cent species is likely to be a cellulose deg e
of manufacturing and/or during natural ag
The results also indicated that if oxidat
dry interface, yielding fluorescent species
experiment, the chromophoric structure c;f
valent to that of the already existing

on linters, the fluores-
radation product formed in the course
eing of the paper.

ive degradation of cellulose at the wet-
did occur within the time-scale of the

the reaction products should be equi-
fluorescent compound.

The spectral similari
observedpin rrall s:.mllarlty between the degradation-related fluorescence of paper
ggeu a ¢ elation to the wet-dry interface, foxing stains and artificial ageing
ommon degradation mechanism at some level. It is possible that the

fluorescent ies i
lose, whi hS.peme.s Is a product of hydrolytic and/or oxidative reactions of cellu-
» which invariably take place in the course of deg

742

radation promoted by dif-
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ferent factors. Subsequent oxidation and condensation reactions undergone by
that fluorescent species may contribute to the discoloration of paper.
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SUMMARIES

Spectroscopic Characterization of the Fluorescence of Paper at the Wet-Dry-Interface

Changes in the fluorescence of an additive-free cotton cellulose paper in which a wet-dry interface
has been created by capillary action using distilled water under static air have been characterised
spectroscopically. Fluorescence was measured on the surface of the paper at the wet-dry interface,
where a fluorescent tide line developed. Measurements were also carried out on the areas both
above (original paper) and below (extracted paper) the wet-dry boundary. The fluorescence
spectra recorded on the three different arcas showed the same spectral distribution with excitation
maxima at 260, 340, and 385 nm (},,, = 500 nm), and a single emission maximum at 440 nm (A, =
954 and 340 nm). The intensitics of the spectra recorded at the wet-dry boundary were approxi-
mately three times higher than those recorded on the original paper. Furthermore, a decrease in
fluorescence intensity was observed for the extracted paper in comparison to the original paper.
These results show that the migration and concentration of a fluorescent compound already pres-
ent within the paper contributed to the enhanced fluorescence obscrved at the wet-dry interface.
Spectroscopic analysis of the aqueous extract of the fluorescent tide line confirmed the presence
of a water-soluble fluorescent compound. The results of this study are discussed in relation to the
more general phenomenon of fluorescence accompanying the discoloration of paper.

Description spectroscopique de la fluorescence du papier observée a Vinterface entre le sec et
Uhumide

Du papier en cellulose pure a été plongé verticalement & une profondeur de 1 cm dans de Peau
distillée de fagon 2 ce qu'une montéc capillaire de I'eau se produise dans le papier avec formation
d’une interface entre le scc et 'humide. Une analyse spectroscopique a démontré des change-
ments de fluorescence a la ligne de démarcation entre le sec et 'humide. L'analyse a porté égale-
ment sur la surface du papier située au-dessus {papicr original) et au-dessous {papicr plongé dans
I'eau) de cette ligne fronticre sec/humide. Les spectres de fluorescence enregistrés sur les trois
endroits indiquent la méme distribution spectrale avec une intensité maximale a 260, 340 et 385 nm
(}\'h“

spectres mesurés 4 Pinterface sec/humide est environ trois fois plus forte que celle obtenue sur le

= 500 nm), ct une autre émission maximum a 440 nm (A, = 254 et 340 nm. L'intensité des
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papicr original, celle du papier plongé d

ans I'cau distillée est inféri A
ier ’ est inféricure apier origing
Ces résultats démontrent que des subst el du papter ongne

ont migré vers I'interface entre le sec 2?(:1?}?L1[31L11itlrecscctm;’tcssqmt o e b,
augmenter Iintensité de la fluorescence a cet endrojt Uy milyes 5p
aqueux prélevé a cette ligne d'interface e
bles dans I'cau. Les résultats de celle

trées, contribuant ainsi a
) analyse spectroscopique de I'extrait
a cor ¢ | GS

a confirmé la présence de substances fluorescentes solu-

éu Yol , .
général de la fluorescen b c.le font objet de discussions dans le domaine plus
ce observée dans le jaunissement du papicr

Spektroskopische Beschreibu j ]

B bwbadfendm Fluomcmﬁf der in Papier an der Grenzfliche zwischen Naf§ und Trocken
Reines Baumwollpapi sC i

Waseor nguCh:lp:fl;;gwafC 'scnkrcc.ht hongcnd bei Raumatmosphiire 2 em tief in destillicrtes
TrOCkcmGrenZﬂé,iChC aUSbileTserDl‘(aplllnnsch n das Papier aufsticg und daB sich cine NaB-
Limes die don U NacB ! leTspektroskopischc Untersuchung ergab Yluoreszenz an der
s Papirwnd dope V\;u rocken markierte. Auch der Bereich dariiber (= unveriinder-
spektren der drei Bereiche zeige as'scr d_ur.chzogehes Papier) wurde untersucht. Dic Fluoreszenz-
260, 310, and 385 e 5,0(;1 r::)e glc;cho sock‘tralc Verteilung mit Anregungsmaxima bei
254 and 340 nm). Die Inthsit'zit der a;luc;]cr T\llr;[;i?rzlgis  Cromoimum bet 40 1 P
rund dreifach hoher als dic des unverinderten P e e g
geringer als dic des unverinderten, D
Substanzen vorhanden waren, dic v

] 4che gemessenen Spektren ist
— apicers: die des wasserdurchzogenen Papiers ist
aran ist z .

: zu erkennen, daB in dem Papicr fluorenzicrende

- on dem Wasser ; i
ubs : : ser an dic N
portiert wurden und sich dort in hoher Konzentration

lyse des dies i

em Bercich entnom
1 menen Extrakte i )
loslichen fluoreszierenden Subst s bestitigte das Vorhandenscin von wasser-

anzen. Di i . .
gestellt mit der allgemein zu beobachtend ‘ ?rrmhtdcn Ergebnisse werden in Zusammenhang
in Papier. ¢n tluoreszenz im Bercich von braunen Verfirbungen

a-Trocken-Grenzfliche trans-
ansammelten. Line spektroskopische Ana-
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Quality Control and Optimization of the
Conservation Treatments Applied to the Material
of the Archives of the Greek Communist Party’

by A. MOROPOULOU, S. ZERVOS & P. MAVRANTONIS

INTRODUCTION

This study presents the quality control of the conservation t t

the paper of the Archives of The Greek Communist Part (I?IB(aEment
deacidification treatment with calcium hydroxide soluti . |
suffered a serious flood. It also aims to suggest a lreliablelo'n
expensive procedure for the quality control of interven,tii)l

ments in general, which can be carried out in a more
archival institution or library.

applied to
, mainly of the
in water after it had
mple and relatively in-
nal conservation treat-
or less well organized

The meth
odology and the methods used for the evaluation of conservation

treatments igi
on paper originate from the paper industry'. Table 1 presents the most

one mechanical, one chemica] and one o
gated. Complementary to these, a fi

the structural properties of the pape

r and ipitati
deacidiication agent the precipitation pattern of the chosen
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Table 1: The most common tests used for the evaluation of paper conservation treatments.

Method ISO  Other related standards
1 Tearing Resistance 1974 CPPAD.Y; TAPPI T 414 m-49
2 Folding endurance 5626  CPPA D. 17P; TAPPL: T511 423 su-68
3 Tensile Properties: 1924-1 CPPA D. 34; DIN 63112; TAPPI T494
1 Constant load, 1924-2
2 Constant elongation
4 Bursting strength 2758  TAPPI T403 m-55
5 Tensile post fold
6 Zero span tensile strength
7 ISO Brightness 2470 CPPAE. 1
8 Colorimetry (CIE Lab) ASTM D 2244 - 93
9 Water absorption 5637
10 pH of aqueous extracts cold 6588  CPPA G. 25P; TAPPI: T435 om 88, T509,
or warm extraction T-428; ASTM D-542; DIN 53124; NEN 2151
11 Alkali reserve 10716 TAPPI T 428; ASTM: D 548, D 4988 - 89; ANSI
PH 1.53 - 1978
12 Kappa number 302
13 Intrinsic viscosity of cellulose ASTM 1795 - 90
(DP) Afnor NFT 12-005
14 SEM (Scanning Electron
Microscope)
EDX (X-Ray Microanalysis)
15 FTIR (Fourier Transformation
Infra Red Spectroscopy)
16 Water soluble Cl' 9197-1
(Potentiometric titration)
17 TLC (Thin Layer
Chromatography)
18 Fibre furnish analysis 9184,1-7 TAPPIL: T401om-88;T263 om-82, T259 om-33;
Staining guide optical ASTM D1030
microscopy
19 Carboxyl content ASTM 1926 - 89
20 Copper number (i cu) Afnor NFT 12-004; TAPPI T 430; ASTM D919
21 Lignin content TAPPI T 222
22 o-cellulose content TAPPI: T 203 os-74, T-429; ASTM D-588
23 Accelerated ageing 5630, 1-4 TAPPIT 453 ts-63; ASTM D 776
24 Conditioning (23°, 50% ) 187  ASTM D685-87; TAPPI T 402
25 Grammage determination 536
26 Dry matter determination 287
27 Moisture content ASTM D1348-89

28

Thickness

TAPPI T411
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THE KKE ARCHIVES

The Historical Archives of The KKE (The Greek Communist Party) are housed
in the headquarters of the party at Perisos, Athens. They consist of about
30,000,000 pages and include every kind of written and printed material: books,
newspapers, periodicals, pamphlets, propaganda sheets, posters, manuscripts,
mimeograph prints, letters, ledger books etc, spanning from the beginning of the
20" century to the present day.

In October 1994, as the result of a heavy rainstorm, the basement of the head-
quarters of The KKE, where the Archives were kept, was flooded. Mud and re-
fuse, washed by the rain, covered the material of the Archives threatening to
completely destroy the whole collection.

Six years have passed since then and the situation today is completely different.
Conservation treatments and preservation measures have been implemented,
triggered by the flood, in order to save the Archives. The Sector of Material Science
and Engineering (SMSE) of the Chemical Engineering Faculty of the National
Technical University of Athens undertook the planning. Recognizing that the
most important internal factor accelerating the ageing of paper is its acidity, de-
acidification was proposed as the main paper conservation treatment intended to
stabilize it.

It should be remembered that there were no specialized personnel available and
that any treatment would rely on volunteers. Therefore, the chosen method had
to be easy to apply, not implementing sophisticated chemicals and equipment. To
this end, the most feasible deacidification method, with its simple application and

low cost, appeared to be treatment with calcium hydroxide solution in water.
Directly after the flood, the wet and soiled

material was placed in freezers
(-10°C) to avoid fungi

growth. When decisions had been made and everything
was ready for coping with the situation, material was taken out of the freezers in
batches, washed to remove the worst of the mud, air-dried and disinfected with T
gas (ethylene oxide 90%, carbon dioxide 10%). Microbiological examination con-
firmed that after disinfecting any fungi present had been destroyed. All the ma-
terial of the Archives has been subjected to these stages and is now securely
stored in a specially designed room (600 m"), which is air conditioned (RH =50~

60%, T = 16-18°C) and ventilated. A significant part of it has already been de-
acidified (over 15%).

The treatment procedure? is as follows:

Prewashing in lukewarm (up to 40°)

running tap water, for at least 45 min, un-
til the water stops becoming yellow.

Immersion in a saturated calcium hydroxide (Ca(OH)

,) solution in water for
20 min.

148

A. MOROPOULOU, S. ZERVOS & P. MAVRANTONIS

* Air-drying.
e Random pH testing (cold extract; desired pH between 8-8.5).

 The treated paper is then stored in archival quality envelopes and kept in the
specially designed room.

This procedure is applied to batches of paper in large stainless steel (inox) vats.
A plastic grid is used to support the fragile wet paper during wet treatment and
drying.

EXPERIMENTAL

Samples

It was decided that blank historic paper should be used as sample materiel. Paper
with text can be weaker at the places where it has been printed or written, re-
sulting in unreliable strength measurements. This proi)lem was eneountered by
Green®. Initially, 72 leaves of paper (size A4 or equlvalent quaniity) were re-
quested from the KKE, to be taken from three different time periods. This re-
quest was not met, because it was not possible to find sets of eight sheets of paper
of identical quality as samples in all the periods. Finally, the Archives of The
KKE provided 30 leaves of paper. They comprised four eample sets from feur
different decades (A (1935), B (1940), C (1950) and D (1965) series): The quelity
of the paper of each series was identical. This was eneured by taking the. eight
leaves of a series from the same archival file and verified by macroscopic ob-
servation. Unfortunately, not all of the paper provided by The KKE could be
used as samples. There was also not enough paper for the number of samples
needed. The paper from the margins of three books, contemporary to the Ar-
chives of The KKE was therefore used as additional samples (E (1909), F (1944),
and G (1956) series). The paper of the sample series A, B, C and D was of poo(;
quality and in poor condition, not uniformly coloured, badly stained, creased an
discoloured. In contrast, the paper of series E, F and G w'as uniformly.eoloured,
of medium quality and in better condition. Some eamples in sood condltionbwere
necessary to measure folding endurance. Mechanical properties could not be re-
liably measured by non-uniform samples.

TECHNIQUES AND METHODOLOGY

The basic concept behind every work attempting to evaluate the efficacy of meth—
ods and materials used in paper conservation is the comparison of the degradation
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and untreated
paper over the course of timeZ In order to make this comparison possible and

extract conclusions without having to wait for many years so that the properties
of the treated and untreated paper can be assessed,

ageing of the paper is necessary. ]

In this study, dry accelerated ageing at 105°C was chosen (ISO 5630-01)7,
mainly because of the convenience of its
adjusted at 105+2°C and the paper sam
space of at least 1 cm between them for t
the literature three days of accelerated a
produce measurable changes in the prop

rate of the mechanical, chemical and optical properties of treated

a method of accelerating the

application®. A simple desiccator was
ples were hung from wires, leaving a
he air to circulate evenly. According to
geing is the minimum length of time to

erties of most kinds of papers’. A period
of three days accelerated ageing seemed to be an appropriate choice for this study.

However, as the colorimetry test showed, the treated and untreated samples had
not differentiated sufficiently after that period. It was decided, therefore to con-
tinue the ageing process for another three days, after which time the colorimetry
results were satisfactory. Colorimetry was used as an indicator of the efficacy of
accelerated ageing because it was the only non-destructive method available that
could give information about the chemical degradation of the samples.

Three paper properties were selected for comparison before and after ac-
celerated ageing®:

* Mechanical properties: Folding Endurance (ISO 5626)
cause it represents paper usability better than other
Furthermore, it is Very sensitive to accelera
strument made by Lorentzen & Wettres wa
acclimatize for 24 h in the testin
load was 785 N (800 gr).

. FE was selected be-
mechanical properties.
ted ageing’. A Kohler-Molin in-
s used. The samples were left to
g room before measurements were taken. The

10 strips (10 x 80 mm) were cut in whichever direc-
tion of the paper sheets (machine direction or cross direction) that could give

the most strips. A significant quantity of paper of some sheets (from sample se-
ries A, B, C and D) had to be rejected, as it was unusable because of holes,

Creases and rust stains. All the measurements of the same series were taken in
the same direction.

pH. 2 gr (oven dry basis)
weighed (0.01 gr precision)
tilled water (Merck)

of paper were cut into small pieces (5x5 mm),
and extracted for an hour with 100 ml of twice dis-

* Optical Properties; 1*

and b* coordinates of the CIE L*a*b* (1976) colour
system”.
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Table 2: The samples according to their processing.

* . 3" grou 4" group
1" grou 2" group group
P R: Rflferelr))ce A: Aged T: Treated TA: Treated and aged Pulp type
rocess : : :
Leaves 1&2 3&4 5&6 7&8
) anies l
ATA MP mechanical pulp
5ot o, A /I::II: BTA MP: mechanical pulp
Clion) - (l;\\ CT CTA CP: Chemical pulp
D{iocs] el A DT DTA MP: mechanical pulp
oo I?R 13/\ ET ETA CP: Chemical pulp
(ot L‘R II;A FT FTA CP: Chemical pulp
Sliome éll{{ GA GT GTA CP: Chemical pulp
G (1956)

in the washing and removing of coloured

Aque(')us trea:imet:tstl?isp;iz:;:gtt}l)t brightness ind reducing the ycllo.wne.ss
?jg;i(iijt:}orz)ir(zh: Cotixer hand, alkaline catalyzed lignin oxidation —doccumrzlé;g:
tlc1e high?y. alkaline deacidification bath (pH = 12) - pl.ro:tuct(;s 2013;;6 I;:;:FZ .
(such as stilbenes and quinones') that absorb blue light, thu gl %ed o yeb

ducing brightness. Ageing too, natural or accelerated, p A

o e and redu gnds (by direct oxidation of the paper components or. y
yel'low'—brown Coml}l)olu se, lignin and hemicelluloses degradation products), which
oxidation f)f e el ?nc’rez%se in yellowness and reduction in the brightness of
2hs0 contribute 10 a0 ns, L* (luminance or lightness, equivalent to brightness )
o t'h'ese reatsl? l;lue—yellow axis, indicating the degree of yellowness) co-
an(fli' b*t (posfltiﬁrel OCI}E i*a*b* colour system are considered of major importance
ordinates o . -
pecase e quantilfy thi’:solfg/}rge?;;)/rizc(i) t:)rllorimeter with precision 0.1 was

s Lange' o c;urcoloured samples (E, F, G series), the average of 5 measure-
used For the umf(')rml))/ k pages is presented. For the non-uniformly coloured
mens o SpeClﬂCd Dooserli)es? 5 measurements were taken in two specific spots
samples (A, 5, ?rz and B). 1;1 order to specify accurately the spots, masks wcr'e
° e:ery pallpiixr :)iintooéopy paper and applied to the samples. The tip of the colori-
cut from pila _ '
meter was tra?ed vt pentc(lll{z? lt}}:lf ;1;;)51:/\5/‘13 carried out to categorize the sam.p.lcs

Phloroglucinol s.pgt tisthe u']p used in their manufacture (Table 2). A.posmve
cocording to e k'md' Oated tli)e presence of lignin, which is a major COIl'Sll(%,lent of
e S r?d TOloll;rs) 12 rll(;gative test indicated no detectable quantities of lignin, and
mechanical pulps. \ o
meant that (he peber ?Vi;s }zgft:hzfcci:z:é?glci?oi agent was deposited, a fibre op-
i " (')rder N jilze(r)ri\l/llr)lwas used. FOM is a small, portable videi)ﬁz;tmera.bLen(s)is
gfc i/;r;;z;zs:;);)gniﬁcations {from x10 to XGOP) c(an” gu ¢ ‘W“"'},", /‘!:.eg{x’ne c
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1* group: 2™ group:

3" group: 4" group:
Reference Aged

Treated Treated and Aged

[ cElav | [ Ceran | [[cEtev ] [ cErav |
{ 1 1 !

@ing Enduraﬁl L Ageing j E Treatmentj L Treatmentj
{ {

1

|
Lo ] [ CEran | [CcEray ] [ CELab |
2 l
Folding Endurance Ageing

{

!
CIE Loty
Folding Endurance

pH

Fig. 1: Flow chart of the experimental procedure.

nected to a P/C via a video capture interface and the pj
as a compressed jpg image file, enabling further processing'" ', FOM has been
used in the laboratory of the Sector of Material Science and Engineering (SMSE)

to evaluate cleaning treatments and consolidation of architectural surfaces. This
was the first time it had been used to evaluate paper conser

Each series of samples was divided into four groups:
® Reference = untreated;
e Aged;
¢ Treated;

T
o
Q
=
]
4
w
.
1Y
=8
o
=
¢]
o
=
o
(¢
w
)
<
I
o

vation treatments.

¢ Treated and Aged.

REsuLTS

Fiber optic microscope

paper, offering sufficient magnification and convenience

of use since it is portable and samples need no preparation.
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D Reference Treated
70 D Aged Treated and Aged

150

130

110 -

90 A

70 A

LEELry
ST
ys%e s

-.
SEIES

e

.

50 - S
A

Fig. 2: Number of double folds, normalized (Reference = 100).

i pOS. ed
All FOM p'ctures Showed that a part of the a ka ]l'e reserve \ as de t

. 1)’ as larlge crystals on the surface of the paper. This was COIlSldeled to be a
uneven b

g idi i g .f ly
. . . 1 F -
dlsad\/anta e since it llleallt that tlle deaC1 iication a, ent had not bECIl uniiorm

i .b t d a.nd there was a danger that the lalge Cr yStals Could cause a.‘ rasion on
dlStrl uted, . . - >~

the SuI‘aCe. A]l uneven dlStIlbutlo“ Of the dEE C C g

that 1d be more vulnerable to acid hydrolysis in the future. Thus, differences
at wou

in colour and strength could develop.

Folding endurance

for the untreated samples.
ing was found to be greater
Loss of strength due to ageing

E exh]bite(l .]1( ]eaSe(l Strength Compared to tlle Ie‘el ence
our out Of ﬁ\/e Samples L]

t. This most probably happens because
samples as a direct result of the treatmen i p

f t| t f the n
(S (]la.l]ls alld the regelleratlon Of the broke

(0] e re. ent o CellulOS

h I arrangem

13
s among them ™. ' . N
hyc"i"r}?gen bc')tr'l d’ty of tﬁe method towards accelerating ageing was reconfirme
e sensitivi

A( CcO 1 e aVl‘()] ()f the Samples exhlblted Satlsia( t()]y (h“e entia-
rding to Flg. 2, the b h

i W,
tion and therefore conclusions could be dra

pH

: its (Fig. 3). The
les from 1.5 to 3.5 units (Fig. 3).

.- ion increased the pH of the samp A ¢
A lrlred after deacidification did not exceed 8.5. PH .8,\) Jf wz;i clo'Se
p'H . l;netf: threshold where the alkaline catalyzed aut.ox1d.at1'on ;)1 celku l(i)ne
Sldetre'?tz éng caused only a slight decrease in pH, leaving it in the alka
starts™®. Agel

region.
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9 Reference Treated
Aged Treated and Aged
7
8
5
4 - T T—
£-1909
Fig. 3: pH.
94 [IReference Treated
D Aged 3 days Treated and aged 3 days 1
925 - BAged 6 days Treated and aged 6 days
91 -
!
!
89,5 \
88 5
Ea
i i
86.5 | 2
L%
! oLy
85 ~, 222, ':':'-. I -

€-1909 F-1944

Fig. 4. Lightness (GIE L* value) of samples E, F and G (chemical pulp).

CororMETRY (CIEL*a*b*)

The rate of the decrease in lightness (L*) and the increase in yellowness (increase

of b*) - ageing rate ~ was less for the deacidified samples (Figs. 4, 5, 6, 7).
Comparison of L* and b* between “Reference” and “Treated” in Figs. 4 and 5,
which show the immediate results of the deacidification on the colour of the sam-
ples made of chemical pulp, indicates that as far as L* is concerned there was no
significant change. On the other hand, the decrease of b* indicates that coloured
degradation compounds have been removed (
Fig. 8 shows the lightness of sample B {made of mechanical pulp) before and
after deacidification. It indicates that lightness increased at places where rust stains
were evident, since water removes coloured substances and that lightness de-
creased elsewhere because of the oxidation of lignin in the highly alkaline de-

cleaning).
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18 [) Reference Treated
: D Aged 3 days Treated and aged 3 days
1 Aged 6 days EZ Treated and aged 6 days
16 -
15
14 -
13 1
12 1 ) a

E-1909 F-1944 G-1956

Fig. 5. CIE b* coordinate of samples E, F and G (chemical pulp).

84 -[JReference Treated FRTreated and aged 3 days
] Treated and aged 6 days
1. [JAged [ o
815 - 1 3 days - i
a4
79 4 Aged 2 .-"
6 days 41
1
76,5 [543
74 -
- [h
69 T i ! o ! ' B
B3a B3 B4 B43 B7a B7p B8f

Fig. 6: Ageing rate of sample B (mechanical pulp) as indicated by the reduction of CIE L*.
For qand B cf. p. 151.

[:]Reference Treated Treated and aged 3 days
24,0 - [laged Treated and aged 6 days
22,5 3 days 7]
21,0 _ [Faged H
! 6 days :
19,5
18,0
16,5 -
15,0 J ! ’

B8b
Bda B4p

B3
Fig.7: Ageing rate of sample B (mechanical puip) as indicated by the increase of CIE b*. For
aandBcf. p. 151
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85,0 - DReference Trea’(ed

82,5 T
80,0
77,5
75,0 4

72,55

70,0 L B

BSa B58 B6o B6p B7o B7B B8 B8p

Fig. 8: Effect of deacidification on the lightness (CIE L* value) of sample B (mechanical
pulp). B5M, B6B and B7p represent rust stains.

225 . D Reference Treated
21,0 -
185 -
18,0
16,5

15,0 -

135 Lk | B
BSa  BSB

B6p B7a B73 B8a

Fig. 8: Effect of deacidification on the CIE b* coordinate of the sample B (mechanical pulp).
BS5f3, B6B and B7p represent rust stains.

acidification bath. The oxidation of lignin was responsible for the overall

yellowing of the sample (increase of b*, Fig. 9). The samples A and D (not pre-
sented) displayed the same behaviour as sample B.

ELABORATION OF RESULTS BY PRINCIPAL COMPONENT ANALYSIS

Principal Component Analysis (PCA)" was used in order to examine if the varia-

bles measured in this study were statistically correlated. The computer program
STATGRAPHICS PLUS for Windows (version 2.1) was used for the extraction

of the Principal Components. The same program was used for the calculation of
the correlation coefficient. Although not a routine method for data statistical analy-
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-2
4 3 2 -1 0 1 2 3 4

Component 1 |
i iables pH, CIE L*, CIE b* and Folding

ig. 10: ent weights and plots of the varia .
zlr?dljrgﬁgs TFPEO)“ For thegletters EA, ET, ETA etc. representing paper samples and treatments

cf. Table 2.

sis, PCA has been used successfully in many fields. It has b.een utilized in the
laboratory of the SMSE for the examination of the correl.atlon bef(\:/(lej:nT(;lr.ust
and degradation products of architectural surfaces and their ca.uses . This is
the first time it has been used for the investigation of the correlation among paper
prol?éjs(::s(;uld only be applied to the data pertaining ?0 the sample serie.s i)l, F ;;:d
G, because every sample had one, definite value attrlbuted. to each variable. llS
w;s not the case for the samples of the A, B, C, and D series, where the sz;lmp els
were not uniformly coloured and where there was no deﬁn.lte valu.e for lt) g Aco -
our coordinates L* and b*. This did not reflect a short'commg o.f elt.her or
the experimental procedure but merely an inhe-ren't attribute of hlstorI;-c pz;;())()er‘that
It is possible to see from the plot of the prlnc1pal componentsF(Elg. ’ , ha
there is a significant relation between L* and fol.dmg endurance ( . )?n ;tll f
nificant inverse relation between b* and FE. pH is not correlated* signi 1clan lyl 3
any other variable. The correlation coefficient between FE and b* was Ta cu a]e
and was found to be equal to —0.88 (P-value = 0.0091). Since the P-vz(li Lll)(i 1st tehss
than 0.01, there is a statistically significant relationship between FE an tz% . CT
99% confidence level. This relationship was found for the non-lignin containing

samples.
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Discussion
Quality control of conservation treatments

It is believed that the experimental procedure followed in this study ¢

plemented for routine quality control of conservation treatments under
fairly well-organized Institution, since it is relativ

expensive and can give clear-cut results:

* Six days of dry accelerated ag
ence between treated and untr
expensively.

an be im-

ely quick, convenient and in-

eing can cause a sufficiently noticeable differ-
eated samples and can be done casily and in-

. Folding Endurance is very sensitive to

treated samples differentiate significantly.

* pH measurements exhibit si
treated samples.

accelerated ageing; treated and un-

gnificant differences between treated and un-

* Improvement of the measured property after treatment,

* Uniformity of precipitation of the deacidification agent,

* Small sized crystals of the deacidification agent on the paper,

pH after deacidification between 7 and 8.5,

pH after deacidification and ageing in the alkaline region,

Increase in lightness (higher L*) and decrease in yellowness (lower b*),

No alterations in the appearance of the treated samples.

Suitability of the conservalion treatment

Quality control showed a significant im
samples. The mechanijcal properties
samples was well in the alkaline re

provement of the ageing rate of the treated
were improved and the pH of the treated
gion and remained there after accelerating
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€in I he overa. consery ation treatment as [0} ve
g i g' I u aSseSsment Of the

. ing the aesthetics: _ . f
e exceptlolns COI}Ctehr: 1lrilg;gnin containing samples deterl.orate.d. Thehyte}ilot\«::ugs e0d
b L. The C;) o :ttributed to the highly alkaline deacidification bath tha

these samples is

n oxidatio e t were
n i f yellow substances tha

gn idati i t productlon (o} .

igni with the subsequ n . Y ™ N N

llll 11 bl o ter and could not be removed in the deacidification bath. For co

insoluble in wate

la of the

diff e between the treated and the untreated sample the formula o

our differenc 2

CIE L*a*b* colour system was used": : .
AE =A[((AL*)? + (8a*)* + (ab%) )

¢ AE : total colour difference,

¢ AL*: difference in lightness,
¢ Aa*: difference in the red-green axis

di in the yellow-blue axis. | -
" dlfferen(: mb eki/etween 1.3 and 5.7, exceeding in many cases the limit
AE was found to be .

istinctly discernible by the
i ifferences are distinctly :
e o % e e COlourth(t sznples had to be put side by side. If not

human eye'. To see the yellowing, ticeable. The colour deterioration was not,

seen together, the difference is not no

therefore, considered to be a major pr.ok()ilrei:::i s o plastic ged. This s common
ir-
2. The deacidified papers were a

i ion of the treated samples revealed that
practice at the KKE ArChlrjs;vZESf;\;)ﬁf;d o maamy of the e Szeelt(s.lil‘::
the marks of the pl'astlc gzn contact with the paper dried last, formmgth atrics Con:
places where the' gric wes be of major importance, not only as an aes educts "
e e COHSlderedht(; the gridline marks consist of degradatx?n p;o fucts of
Celrln.l oy S;:_Sf;e;t;j bteeg; oxidigzed at the boundary of the wet-dry interfac
cellulose, whic

wper dried - e paper or chemical pulp (with
P I’)I‘he results of the PCA indicate that z;orr1 ;zi rzidanz };)Spedally ey
e o b ol d that the more yellow a paper is, the
sts. This fact, if confirmed by
surveys, as the measure-

no lignin component), is implie
related to folding endurance. This 1mrpl) anse sugse
less usable it is, which is what Comfm:i in paper condition
further investigation, could be exploited in p

y i y d StruCti €.
d uiCk and, mOSt lmportantl y non \%
nt Of b iS ver easy an q e

ENT

THE TREATME

FOR OPTIMIZING .

oo ration not to be a major problem, we
der to improve this property. For
ly treated according to the

terio
Even if we considered the colour (Cile o
. . r
modified the deacidification proceé uS those previous
these tests as well untreated samples a
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standard KKE described above were used: Samples were sprayed with a 50%
ethanol solution prior to washing. They were washed for half an hour at a time in
a bath of tap water at an ambient temperature with four changes of water. Colori-

metry confirmed' that this resulted in better removal of coloured compounds. It
has been thus recommended that papers are:

* sprayed with a 50% ethanol solution with water before washing,

washed for longer, washing water changed several times,
* Pressed from time to time as the
washing, in order to stir the water

y lie in batches in the basins during pre-
of the bath, treated in smaller quantities.

Moreover, we recommend that the papers are

supported by Holytex or another non-

woven, polyester tissue instead of the
plastic grid currently used for su

pport during the washing and drying of the
paper. This would increase the cost of the treatment but jt would reduce the

possibility of accidents during washing and would definitely improve the ap-

pearance (and probably the life expectancy and durability) of the paper, since
there would be no grid marks,

per to be dried in a pile.

* Finally, KKE should consider replacing the deacidification agent (calcium hy-
droxide) with calcium bicarbonatet. The pH of the saturated calcium bi-
carbonate in water is about 6, which is closer to neutra] than the pH of the
saturated calcium hydroxide solution (pH * 12). The low pH value denotes
that there will be no lignin oxidation problem, so there will be no or at least
less paper discoloration. Moreover, that would result in a higher alkaline re-
serve, since calcium bicarbonate is more soluble in water (3.8 g/ at 20°C) than
calcium hydroxide (1.63 g/l. at 20°C)

CONCLUSIONS

untreated paper, Folding endurance, lightness (L¥)
represent fundamental mechanical, optical and che
are sufficiently sensitive to accelerated ageing. A
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and yellowness (b*) and pH
mical properties of paper and
fibre optic microscope (FOM)
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mination of paper
can be used instead of optical microscope for the structural exat e SUECSSS_
i ment a
with good results. The main criterion for declaring a treatd en o e e
. . .
ful wis the decrease of the deterioration rate of the named paper p

to the conservation treatment.

. . ti . . _
The conservation interven lied  of the KIKE Archive
cessful, as the quality control indicated. The applicati
were suc ,

i the use of non-woven
tions (spraying with alcohol solution before prewashing agd )
idi i ocedure.
polyester tissue) could optimize the deacidification pr

i Archives
ons applied to the material of the KKE Archiv

SUMMARIES

Quality Control and Optimization of the Conservation Treatments Applied to the Material
uality Control an '
of the Archives of the Greek Communist Party

1 of the conservation treatment (deacidification with calcium
trol of the

s study presents the quaity con + of the Historical Archives of KKE (Greek Communist
pape

hydroxide solution) applied to the

( i <amined (pH, fold-
Party) cz;fter Lhelﬂosd 0f i;)‘):llechanical and optical properties of paper were examined {p
Fundamental chemical,

dinates L* and b* of the CIE L*a*b” s?/stem), along with erucu;r;xSl
ing endurance and the colour‘ coordin The decrease of the deterioration rate of these prépc,rl-
properties by fiber optics microscopy- tion. The results showed deceleration of the dctczorj 10n
of paper is one of the air.ns of consC;Vacon;crvation treatment after 6 days of accclcrutlc ?isc,mg]
of the measured properties due l(? U Cf the samples containing lignin degraded as a rc.su 't o] 1.5“"_
at 105°C. Only the optical propcrucS Oironmcm of the deacidification bath. The prmmpah’c(.m;l
oxidation in the high]]yda]katlll-z;elge?ev]ation between the colour coordinates and the mechanic
ponent analysis revealed a s

' ta lignia compons i ervation treat-
et o the Sampl'cs w:ithoun be itilizcd for routine quality control of the conser
cedure followed in this study ca

i institution.
ments in a well-organized archival institutio

nt. It is believed that the experimental pro-

] ] l uéS aux dOCu'
d lt’ 4 O[Jtlmallsllllon des 1 altemenls de conser vation al)p q
Cont;ole € qua 1le ¢ 1

; ] ¢
ments des Archives du Parti Communiste Gre

i ation (désacidification au
wrole de qualité du traitement de conservation |
. . e
Cette étude décrit le contrd

i i istoriques du
d’une solution d’hydroxyde de calcium) appli?tlf'1 au papicr des Archives historiq
r};l;)};en u.n iste Grec) aprés J’inondation de 1.)) s ees ot 616 examinges

(Parti Communis ‘ ier : chimiques, mccaniques et opliq S o)

Les proprictés esseniclcs &1 pillmdormécs des couleurs L* ¢t b* du systclmc CIL' Xa Un‘ e

PIL fa résstance au plege lcs‘cl(?oirdc de la méthode de microscopic dc‘s ﬁbrcs‘, opl(;qucs;O ndes

e les propriflés siructuren tion consiste & réduire le taux de dcgr'zx(‘iallon c's p l};cnuc

objectifs poursuivis par la COI?SCWa' idence que Ja dégradation des prop‘rlctcs mesurées, 0 tonu

o papier. Les résu“ﬁts - rrr::saircléel:':ré a 105°C, ralentissait grace au traitement de conserv .
aprés 6 jours de vieillisseme

i ¢ ¢ ite &
i se sont dégradées sui
é tiques des échantillons contenant de la lignine
Seules les propriétés optiq
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I'utilisation de la méthode exp
aux institutions d’archives bien
des traitements de conservation.

¢rimentale appliquée dans cette étude puis

¢ élre recommandée
organisées pour les tests de rouline d

ans le controle de qualité

Qualititskontrolle und Optimierung der konservato

rischen Be/zandlung des Archivgutes der
Griechischen Kommunistischen Partei.

Es wird die Qualititskontrolle nach konservatorischer Beh
schen Archivs der Griechischen Kommunistischen P
beschrieben, d.h. nach Neutralisicrung mit Calciumhydroxid-L()sung.

Es wurden die wesentlichen chemischen, mechanischen und optischen P
(pH, Falzfestigkeit und die (Farbkoordinaten des CIE L*a*b*
wurde die Faserstruktur unter dem Mikroskop untersucht. 1)
merkmale zu verlangsamen ist das Ziel der Konservierung:
gative Verdnderung der gemessenen Eigenschaften nach bes
als Folge der konservatorischen Behandlung verlangsamt wy
die optischen Eigenschaften der ligninhahigen Proben: eine
dem hochalkalischen Neutralisicrungsbad. Bei den ligninfreien Proben zeigte sich cine deutliche
Korrelation zwischen den FarbmeBwerten und der mechanischen Festigkeit, Es wird die Meci-

nung vertreten, daB die hicr berichtete Vorgehensweise sich eignet zur routinemiBigen Qua-
litdtskontrolle nach konservatorischen Bchandlungen in gut organisierten Archiven.

andiung von Bestinden des Histori-
artei nach der Uberschwcmmung von 1994

apicreigenschaften
Systems) gemessen, und ebenso
en Riickgang solcher Qualitiits-
Die Ergebnisse zeigen, daB die ne-
chleunigter Alterung (105°C 6 Tage)
rde. Allerdings verschlechterten sich
Folge der Oxidation des Lignins in
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Paper Conservation Part II:

Consolidation by Grafting of Acrylic Monomers
by SIMONA MARGUTTI, GIUSEPPINA CONIO, SILVIA VICINI &
ENRICO PEDEMONTE

INTRODUCTION

The chemical structure of cellulose can be modified in different ways':

e By rf'zplac.ement of the hydroxy groups with other functional groups: usually
esterification or ether formation reactions are employed. This type of treat-

ment red.u.ces some of the less desirable characteristics of the material such as
flammability and susceptibility to microbial attack

B i i i .
y reaction with bi- or polyfunctional compounds: these reactions afford cross-

llnklng products and the g a 1 i €es1S
lob l & feCt 18 the inCrCaSC Of i resist-
i . 1 l the n]echanlcal rest t

B . L .
ydgraftmg reaction: this process combines synthetic polymers with cellulose
and improves the characteristics of both the materials

Th;:.dsyrllthesis of grafted copolymers seems to be the best approach for the
consolidation of paper. In fact, if the appropriate co-monomer is chosen, it is pos-

sible t

creasir(; r'etduce t:e amount of water the cellulose-based material can absorb in-
: .g 1ts mechanical strength and making it less susceptible to chemical and

biological attack.

Such a process has been research
. . ed and proposed b itish Li ’
grafting reaction is carried out on cellulose Esinpg SRS

Ethylacrylate (EA) and methylmetacrylate (MMA)

mixtures of acrylic monomers:

. The two monom mixed
as vapours and conden ers are
sed on the paper. Copolymerisation is started by irradiat-

ing the s i I
g ystem with gamma radiation from a Co-60 source for about 18 hours.

The gamma radiatio :
n creates radical sites on th )

: e cellulose b of
hydrogen radicals. It can also create radicals y extraction

the f i originating from the monomers with
whicir:;ll::sotilf ff;iv[ tM?t}? on-grafted copolymers. This is an undesired effect,
. Ct of the grafting process t . §
tion does not alter the aesthetic apPeagra};Ce ss to only about 10-20%. The inser

lon doe of the treated paper and, at the same
tme, it improves both the paper’s and the monomers’ han :
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. ) 1 d t se
The main limitation of the The British Library’s method is the Need to u

high energy radiation for long periods to initiate the reaction, Whish;:lsf;cig—_
siderable depolymerisation of the cellulose chatins .of thedex‘I;osihese dg Wk,)ad(s
though this method is being marketed, investigation into reducing

is being undertaken.
The present work aims to im
brary by grafting vaporised acryl

samples to ultraviolet (UV) radiatio induce the depolymerisation
radiation and in contrast to gamma 1ays, does not 1n

ical initiation i i esence of
on cellulose®. It is a method based on physxcal initiation in which tl.xle I;Ir sence of
. t necessaryly ha
iti i - ed. These can, but do no

photosensitive agents is require R by e

linked to cellulose, they can be activated by UV radiation, an quently
tivate the cellulose. ' N - he

Th na .dea of this method is to usé as linked photosensitive agents,

e main idea

i i ents and that derive
oxidised functional groups that are present 11 ancient docum

trans-
from the action of oxygen in the air. The carboxyl and carbonyl groups are

f aftin
formed into active sites on the cellulose that can then be employed or a gr g

homopolymerisation re-
reaction. Along with the grafting reactio :
action is observed and should be minimised.

od proposed by The British Li-
on cellulose and exposing the

1 for a very short time**. UV is a low energy

prove the meth
ic monomers

action, a competitive

MATERIALS AND METHODS _
was carried out on Whatman No. 1 filter pa-

i iodate and

ifici idised by sodium metapero
G o 'Z:??:&Z:?d this study’. The reaction was also
s in order to verify the suitability of the method

The photo-initiated grafting reaction

sodium hypochlorite, as
transferred to a real sample of paper
to impure cellulose samples.

idising systems, were:
e The oxidation conditions, common to the two oxidising sy ,

e two hours of oxidation,

e T=25°C, 00 ml
i atio: 1g/100 mlb
* cellulose / oxidising system” ° hours because this is the time necessary

e The oxidation time was fixed at two

;sation of the cellulose molecule.
for the compler depeme fficiently transparent and form good films, we de-
e ylmetacrylate, (MMA), ethylacrylate,
h were used as starting materials and
nomethylether) with an In-

Since acrylic polymer
cided to employ their
(EA) and methylacrylate, (MA)
were purified from the inhibitor

hibitor Remover column.

MONOIMETrs. Meth
from Aldric
(hydroquinone mo
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Tieatment of Parchment Fragments of a Hebrew Bible

UVv.

E

Fig. 1: Polymerisation unit, R: quartz reactio
lodging area; E: vacuum connection; V1

The polymerisation was carried out on samples

. “swollen” by treatment with
deionised water. After the absorption of water the fi

bres were more accessible to

were pre-treated with UV radiation. Three different radiation processing methods
were used:

¢ under air;

e under vacuum;

* undera nitrogen atmosphere.

rried out by using the unit shown in Fig. 1. The

nto the reaction vessel (R) and the liquid -
iquid mono

mer was lo
aded at M between V| and V. The reactor was connected, via E, to a

The unit was then exp

osed to UV .. . gid
temp: (150 W, colour temperature o deriving from a metal iodide

3200°K) at a di ¢
reactor surface. No cooling system was req)uired sciirllsct:n: elo(\)«f 62wcen: liflrrcl)lm ‘:’}:‘S
used. All of the polymerisations were carried out at 28°C. ' '

The polymerization reaction was stopped by bringing up the reactor to room
pressure. The unreacted monomer was isolated by washing the fibers with meth-
anol, a solvent for acrylic monomers only, not for the reacted polymers, and with
water. After that procedure, the sample containing grafted cellulose a,nd homo-
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ucible (G3) and heated up to a constant
hlet extraction of the homopolymer
hly efficient. Instead, extraction was
der the following conditions:

polymers was filtered on a tared gooch cr
weight. It was deemed better not to use soX
from the fibers as this system is not thorozlg
performed using acetone in a closed vessel” un

* Sample: acetone ratio = 1 g / 100 ml;
* temperature: 38°C

® duration: 50 hours.

d
he sample was filtered on a tarre
After the homopolymer had been extracted, t ; Ea )

wel
gooch crucible and brought up to a constant " algted < the weight increase e
eva
The quantity of grafted monomer was ed O the percentage
sample ther th);: extraction of the homopolymer; it 1S expres P

increase of weight.

i raftin
Sample weight after grafting - sam le wei .ht before 100
Sample weight before grafting

i tity of grafted
The grafting efficiency is defined as the ratio between the quantity of g

i er.
monomer and the total polymerlsed monom

: :oht before graftin
Sample weight after grafting - sam le wei g % 100

i ightb
Sample weight before extraction - sample weight be

ed to FTIR analysis using a Brucke.r spectro-
(silicon carbide rod brought up to incandes-

sing program. The
cence) with a water cooling system and the OPUS da:tfrio:ezy igistering their
samples were analysed with transmission meas.ure;n eboxie (Ref. 7 p. 79)
absorbance. The sampling procedures are described a

The grafted samples were submitt
photometer IFS 66 with Globar source

RESULTS

; jodate
' dised by sodium melaperto
Gmﬂmg T the grafting data of the Whatman No. 1
:odate. The results enabled us to evah%-
e ising agents and to opti-

Results presented here concentrate on

paper samples oxidised by sodium metap S hotosensit

ate the role of the aldehyde groups as linked p

mise the insertion result. _
As previously demonstrated, oxid

and leads to the formation of one pro this type

fore, the grafting reaction carried out on

tion with sodium metaperiodate is specific
atio

i i lulose. There-
that is aldehydic cel
duct o of sample enabled us to evalu-
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Table 1: Result of grafting in special conditions with several variables.

General conditions:
Polymerisation time =
Monomer: MMA
Sample: Whatman paper no. |

60 min  Relation monomer:cellulose = 1.35 mmgl / 100 g

Polymerisation pressure =0.1 mmHg

Influence on

Row Special conditions Variables  Grafting Efficiency ~ MMA
(%) of Grafting conversion
(%) (%)

1 Oxidation with NalO, for 2 h: 0 0 0
2 mol/| 0.01 0.36 77.0
3 0.1 11.00 81.5
4 Oxidation with NaCI0 3% 5 6 82 5
5 for 2 h: 8 9 88 8
6 pH 12 3 80 3
7 Pre-irridiation: 0 11 81
8 min 15 33 83
9 30 65 87

10 45 57 87

11 60 39 83

12 Pre-irradiation on paper oxidised with air 65 88

13 NalO, 0.1 mol/1: vacuum 27 83

14 Type N, 24 83

15 Pre-irradiation on non-oxidised paper: none 0 0

16 Type air 20 66

17 vacuum 2 18

18 N, 3 18

minimum, Unfortunately, it reprod
when compared to oxidation with
oxidation produced by oxygen in t
hypochlorite leads to the formatio
types of linked photosensitive age
responsible for the activation, it
this type of sample,

uced less accurately the natural ageing process
hypochlorite (a non-specific oxidising agent};
he atmosphere js non-specific. Oxidation with
n of carboxyl and carbonyl groups, i.e. to three
nts. If only one of these functional groups were
would be impossible to identify it by working on
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Effect of the oxidation grade of the samples

i entration of sodium
To evaluate the dependence of the grafting yield on the conc

the reaction was car-
Metaperiodate, i.e. on the oxidation grade of the Zaroni)llt\%z, e e, the
, i.e. M .

ried out on samples oxidised by NalOy 0.01 M anuntreated W sample, 1.73.

Polymerisation reaction was also carried out on ar; e gven in bl 1 Row 1-3.

On a sample that had not been oxidised. The results aWhatman apor 10 o ion

From the data it can be seen that on the non-treated s on the photo-
oceurs; this confirms the role of the oxidised functiona’

y this con

s ; that

Sensitising process. .od out on the oxidised samples, shofw :

sl ¢ i ot gratt-

The data of the polymerisations carri " he efficiency .

Ny gratiin ercenptag);s were very differen’ rleverlt)h(ﬂ(‘)es()l M metaperiodate. Fi-

ing was ac%el;table even for the samples oxidised by 0.

nally, it can be concluded that: s tion reaction,

- i homopolymer )
* the grafting reaction prevails on the P n times, the graft

ncheaSlng the c IS L ¢

ir i 181 ag nt y

y . i Oncelltlatlon Of the Ode Ilg € b e
i i 1 er.

! g was about thlrty times h gll o .

on and ltS Optlmlsatl()

dised by sodiu

n were therefore carried

The study of the grafting reacti m metaperiodate for two

out on Whatman No. 1 paper samples 01
hours.

i e the dependence of the yields
s o the reaction was evaluatej'd:
sation time, the yields.m—
hours. The reaction

hed; The

. res

Table 2 Rows 1-6 and Fig. 2 show the ducibility of

against the polymerisation time. The Y?Pro the polymeri

the error is + 1%. As predicted, by ralslr;]g d after about ten

Creased until a constant value was reacne of the monomer was reac

terminated once 80-85 % of the ConVerslo?t ten hours.
er L tage

reaction can be considered to be Complc(;te':: the grafting reaction is the Pertceednin%o

; to study ! hat is conver
The most important parameter onomer t
graftin e(f)ﬁcienf(): It deicribes the percentage of ;(r)lllowing relationship:
homopgolymer T{le two values are related by the

lymer= 100 - % Efficiency of Grafting
% homopolymer= |
i bserved that, raising
1-6 it can be o -
o inserted monomer and the mono
i ctically constant: the average

. . 2

Analysing the data given in Tabll)e rween

the reaction time, caused the ratio eto " main pra
mer converted into homopolymer
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Table 2: Result of grafting in various conditions,

General conditions (if not given otherwise below):
Polymerisation time = 60 min
Monomer: MMA

Relation monomer:cellulose = 1.3
Sample: Whatman paper no. 1

5 mmol / 100 g
Polymerisation pressure =

0.1 mmHg

—_—

Influence on
Row

Conditions Variables Grafu'ng Lfficiency Monomere
() of Grafting conversion
(%) (%)

1 Polymerisation time: min 60 11 82

2 120 21 82

3 180 32 84

4 300 54 84.3

5 480 86 84

6 600 96 88

7 Polymerisation time 30 18 89

8 after 30 min pre-radiation: min 60 65 87

9 90 66 81
10 120 67 80
11 Pressure during 2 h: mmHg 0.1 21 82 16
12 0.3 15 73 16
13 Relation monomer:cellulose: mmol:100g (.80 7.64 84.4 24.0
14 1.35 65.0 87.4 56.5
15 2.31 486 42,2 22.6
16 Type of monomer MMA 65 88 57
17 MA 28 93 23
18 EA 145 85 12
19 Historic paper (1750)

18.5 87 16.3

percentage grafting efﬁciency is 84 %. This result is very good and demonstrates
that the grafting reaction predomi

ominated the homOpolymerisation reaction: the re-
action conditions are not favourab]

€ to the formation of PMMA. To confirm this
result, the reactor was loaded with
sample, brought up to th

§ and exposed to UV: no forma-
tion of PMMA was obse

rved under thege conditions.
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N PR m--- n
120 - .

g 100 |
2 80
g _ before extraction
- —___Q——“l- jon = grafting
: after extraction =g
S 40-
| :
2 9 |

e | 14 16
| EIS 8 10 12
4 .
0 i polymerization time (h)

. isation time.
Fig. 2. Increase in weight during polymerisatio

Effect of the pressure

. tion
hich the reac
ssure at w )
. d by the pre fting efficiency
; : Iso influence the grafting
- Faling efﬁmen}:y W;ls ) variables remained constant, the
was carried out. If the other

; be seen
d 12 it can
Rows 11 an er
increased with the lower pressure. From Table 2 nversion of the monom

| co .
imes, the tota the homo
that increasing the pressure by three tlmn ;he grafted monomer andFor this rea-
io betwee d monomer.
Was not changed, but the ratio fted m

. entage gra ich was the
Polymer decreased, together with the perc essure of 0.1 mmHg, whi
son, all of the tests were carried out at a pr
Y

btained up

. nental results 0 .

. experimen 11 quanti-
. r unit. The d: only small q

minj i tal value of ou . ing method:

t lmmucrln experm:eg the effectiveness of this grafting

O now demonstrate

ties of homopolymer being forn.1ed. "
In order to increase the grafting yie using
lnltlated polymerisation were performe

, iated with de groups of
oxidised by metaperiodate and 1rre.1;i}iazzuulose ims, the aldehyde gt
bringing the monomer in contact w1

ter and
. time to be shor
ction timeé .3
hich Iready “activated”. This causes thz r’i‘able | Rows 7-11 and Fig.
o o were already “ac . duced. 1a haracter-
be redu curves are €
..o air The twO i at
. ined after pre-irradiation i 'alr . tion time of 30 minutes; It
8ive the results obtam}c; ta s 102 pre-irra dia on e decrease(’il:h
is : that co es an ' ; . .
! - by : max}?utr-n the activation of the salmpldiation time is 30 minutes er
) F n § !
ca\ng'ehr pr? 1"1 cor cluded that the ideal pre’rra the oxidised Whatman p t}})mt
n ) !

n therefore be co hat was obtained by subfmtfmg (Fig. 4) was higher than !
8rafting percentage tdat e hour polymer,satlon radiated oxidised samfpth
t . o0 * 1 . :
o) pfe irradiation an ting " rried out on 'n el e on o
E)btamed after five hour gr o pre—irradiatlon re
Fig. 2). These results are ver :

S even more, some eXpeIIIIleIltS ()1 pll()t()-

iousl
les previousty

n paper samp .
WhaltJn\l/a 'l?his treatment aimed at

the homOPOlymerisation reaction to
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120 -~-ll--- before extraction

100 -

——&—— after extraction = grafting

80 -
60
40 -

weight increase (%)

20 -

0
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pre-irradiation time (min)

Fig. 3: Increase and decrease of weight as result of increased Pre-irradiation time.

120 -~-l~-- before extraction

100
—&—— after extraction = grafting

80
60

40

weight increase (%)

20

0 30 ] '

60 90 120
polymerization time {min)

Fig. 4 Increase in weight during pol merisation ti i
e 9 pofymerisation time of samples submitted to the ideal pre-

- : isation time, Table 2 Rows 7-10
and Flg..4 give the results. The activation time was chosen on consideration of
the previous results. Analysing the data, it became evident that it was more con-
venient to carry out the polym

erisation on pre-irradiated sa
‘ 8 mples rather than on
simply oxidised samples. The polymerisation time wasg much less:
the percentage of grafting of a p .

tained in five hours on a non pre

in one hour

r-e—lrradiated sample was comparable to that ob-
-irradiated one.

From Fig. 4 it becomes evident that th

' € percentage of grafted sample can be
considered as being constant after 0 min . P

utes, whereas the percentage of mono-
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Fig. 5: Dependence of grafting efficiency on polymerization

12 ;
0 --1 --- pefore extraction

100 { —¢@—— after extraction = grafting
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60 -

40 -

weight incrase (%)

20 -

0

5 3

0 1
MMA per 100 g cellulose (ml)

i monomer and cellulose.
Fig. 6. Increase in weight depending on the relation between

. ximum percent-
mer added to the fibres is slightly higher. This means that the ma

.cation and that afterwards
age of grafting is obtained after one hour of polym(f;'l}ls:t;c;rtla e e of
the monomer is converted only into homopo.lymer. e e o eneusedt and
grafting (Fig. 5) confirm this result. The graft.mg efﬁc}ien );rcemages e
for polymerisations between 30 and 60 minutes .t elp e e (o
compared to those of the reactions carried out on simply

Table 2 Row 1-6).

Effect of the monomer/polymer ratio |
of controlling the quantity of inserted mono-

In order to evaluate the possibility th different percentages of mono-

i : ation reactions wi
mer, we carried out polymerisation
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mer/cellulose, i.e. the quantit
mer/eel : ! y of monomer
o Ii)n Fi\;%):ltted to grafting reaction. The dat:r:ilz)i/jfil Ii)r(ir'pl,g;) % Io{f Cenluiloie
’ able ows 13-15

M;‘z:et}\‘vexghed gain of the samples, as predi

1 the employed monomer and th o
reaction. The ideal monomer/cei] )
for this value the grafting

quantity of as influenced by the ratio be-
ulose ratio i)’ ;). iamp]e submitted to the grafting
s 1.35 mmol MMA/100g of sample;

. ercentag .
that the inserti 5P ge was high and
on reaction sigmi nd the grafling ; )
significantly prevails over 5the ll § cffciency showed
homopolymerisation.

Furthermor
e, the conversi
io
ple ratio) reach . 1 of the monomer (d .
aches the optimal values epending on the monomer/sam-

Effect of the type of pre-irradiation

The experimental data show that it

lose sample to UV in air since e
was reduced and the quantity o)f
some information on the type o
grafting reactions were carried o

appropri .

the insertPi)(I))n P.nlate to submit the oxidised cellu-

homopo] yields were high, the reaction time

me . ‘

f activatiZn P:ovrias nglﬁmlscd' In order to obtain
uce he bro .

ut on s Yy the pre-irradiation, the

vacuum (P = 0. m amples submj ’

. mH mitted t ¥ <.

g) and under 2 nitrogen atmoSPheO P{;}Irradxatlon under

re. The pre-irradiation

time (30 minutes) and

' the pol entt .

in all of the experiments Polymerisation time (1h) were maintained

Table 1 Rows 12 : ned as constants

-14 lists the d

lowing four rows 15— € data relative to the oxid;
9~18 those of the insertjon on nonozld'ldséddsamp]es and the fol

-oxidised Whatman pa
paper.

The results of :
the oxidised
presence of oxygen: under t hSamples show that the activatiq ;
than double that obtained ese conditions the graftin P was higher in the
2
under vacuum and under a ”é percentage was more
nifrogen atmosph i
phere. This

result seems to lnd e ﬂla‘ ‘]l
[ 1cat e .\/ h to-
ach atiOrl Oft € Sam l ( I(jd h (6]
p € occu Wi(

oxidative mechanism The grafting
. 23 tmg, efﬁciency was very good fi X
good for all of the e 1-
pert

ments: the UV activati
ation of t i
reaction vs. the h be SampleS, nall of th
€ homopolymerisation, ¢ cases, favoured the grafting

A confirmation o i
of oxygen in the a.ctifvt::iaosri/r;?iehc oo e
dised Whatman paper. For th
?mmopo]ymen‘sation reactions
irradiation under vacuum and
age was very low (at the limit
and t?’xfe grafting efficiency was below 5
prevailing on the insertion. For the W 'JO%:‘
oxygen atmosphere the grafting perf‘:;:;dm
w

e samples is oht pre-irradiation and the presence
e untreated ained by the data of the non oxi-
were observei;p-e r neither grafting reaction nor
under a nitrp e’ in the samples submitted to pre-

gen atmosphere the grafting percent-
the I or on the measurements)
ted omopolymerisation reaction
N 2,01(1)/0n oxidised paper under an

¢ Al . .

- nd the grafting efficiency
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ing on the homopolymerisation.
tivated a substrate, such

ons were the hydroxy
yde functions. This demon-

Teq "
‘hecilei:)lre()(iﬁ): Vthe inSC.rtion reaction prevail
as non‘(rc’at Z 4 ”Crgci‘w action of UV and o.f c?xygen act
8roups of the paper, in which the only f)xuhsed functi
Strates thag ¢ pyranose ring and the terminal aldeh ons A
randomy 'r:iot. only the aldehyde functions but also the (‘)thcxs (pro udcel yba
taken inlo)fl ation) are able to induce the insertion reaction. It‘ shoul also e
limiteq to ;ﬁCoum that under these conditions the depolymerisation reacuon_was

% and the insertion rcaction cannot be attributed to the cleavage of

€ glucosidic bond.

Crafi:
mﬂ’”g of samples oxidised by sodium kypodzlorz’te

A
Ofn()ther confirmation of the fact that the reaction does not deperld on the nature
the oxidised functional groups becomes evident from the cesults of the grafting

feaction carried out on Whatman paper samples oxidised by hypochlorite. In
and depended on the pH.

3:12 the products of this reaction were heterogeneous ‘ ;
o er very alkaline conditions, carboxyl groups were preferentxally'forme ,
While under slightly alkaline or acid conditions, carbonyl groups predommate.d.
In the previous study the grafting and UV activation method was optimlsed,
having considered the resuits of experiments carried out on Whatman paper
samples oxidised by metaperiodate. In a follow-up experiment this method was
used for samples oxidised by hypochlorite at different pH values (5, 8, 12). The
data of these eXperiments are listed in Table 1 Rows 4~6. The data show that,
even if the conversion of monomer was low, the efficiency of grafting reaches val-

ues only slightly smaller than those obta with the grafting reaction on samples

ined
oxidised by NalOy: the grafting reaction polymerisation.

prevailing over the homo

Grafting on a naturally oxidised paper sample
samples, artificially oxidised, en-

ent variables on the insertion reaction on

pure cellulose, i.e. on a sample without «pterferences” due to the presence of lig-

nin, hemicelluloses, glues and inks. But “real” paper is not only made out of pure
material made out of a mixture of fibrous

cellulose. It is, in fact, a heterogeneous

pulps of vegetable origin, of minerals and chemical additives of different natures.

It might therefore be possible that the presence of these other materials could inter-
of oxygen in the air has been

fere with the grafting reaction. The oxidising action
proved to be non-specific; i.e. none of the positions of the pyranose ring are

The grafting reaction on Whatman No. 1 paper

abled us to study the influence of differ
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Fig. 7: FTIR-spectrum of a real paper sample produced ca. 1750.

preferentially attacked. It is might be possible that the optimal insertion and ac-
tivation conditions of the Whatman paper samples are not directly applicable to
real paper. In order to evaluate this possibility, the method was applied to a na-
turally aged paper sample dated 1750 from a private collection.

The FTIR spectrum of the sample submitted to thermic treatment under v
is given in Fig. 7 It shows the following
respectively:

* OH stretch: 3400 cm™;

acuum
absorption typical for cellulose or paper

* CHg and CH stretch between 2999 and 2800 cm’;
* peak of the water absorbed by the fibres: 1652 cm™;

* non-symmetric stretch of the oxygen bond 1162 cm’

° beta oxygen bond: 895 cm™';
* the absorption of gelatine: 1535 and 1659 cm’™;

* the absorption typical of the hemicelluloses as “

shoulders” at the peak of the
absorbed water,

The analysis also revealed the absence of lignin, unsurprisingly, as a paper from
1750 would be made of rag. The appearance of the shoulder around 900 cm”
shows that that the sample was not submitted to a strong alkaline
relevant for the study of the nature of the oxidised
sence of the absorption of C=
to exclude the presence of ke
the presence of carboxyl
water.

treatment. Most
functional groups is the ab-
O in the carbonyl group region. This would lead us
to or aldehyde groups. Though, we cannot exclude
groups, as their absorption is covered by the peak for
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o i then submitted
The sample was activated by pre-irradiation in air (30 min) and

that the reaction can
to grafting (1h). The results, listed in Table 2 Row 19, show tha

if the pro-
i fting proves that even!1 ‘
cor it o e e elulon e e 315 grafting reaction prevails

f homopolymer is in fact low:

d to the initial sample: this is
nserted

cess is carried out on an impure cellulose sampl
over the homopolymerisation: the percentage Oare
only 13%. The grafted sample is less yellow [C;\;n%urthermore’ even if the i
Probably a consequence of the exposure to 'd. t assume a sticky consistency.
monomer is methylmetacrylate, the samp¥e did no dium metaperiodate and acti-
The grafting reaction on samples oxidised by sother acrylic monomers. Some
vated with pre irradiation can be e)l()tendedlzifsij')lgtorr?ethylacrylate and ethylacrylate
i rried out by emp ) o rrafting con-
?;f&:r;eIr;;s&a;/Z—bg;naiz using the same oxidation, activation and g g
ditions previously optimised.
The higher percentage of grafting was ©

the quantity of grafted copolymer was lt‘i:g case of MA the formation of homo-
i e
and ethylacrylate (EA). However, I

. ting was the highest.
polymer was practically negligible. Thel efﬁc1eﬂIC)’a(l)lngal; fs thge grafting reaction
Less satisfactory results were obtained with EA. . r;tion and the percentages of
Prevailed significantly over the homop O]ym?r:;lsbetween 15 and 7%.
homopolymer were considerably low; they vare

btained with methylmetacrylate (MI\I(I/IAA))
her than that with methylacrylate (

TR Anasts afted copolymers were submitted to
T

hes traction of the homo-

t
Both the Whatman paper samp les and d out after the ex

FTIR analysis. The analyses were carrie
polymer from the fibres. o

The presence of inserted polymer cl;a;n:: lre
polymer around 1670 cm™. Figs. 8 an L e the peak 0
spectra. Fig. 10 is the spectrum of PM ’

around 1700 cm™.

dicated by the peak of the synthetic
lative to the most significant FTIR
| f COOCH is observed

CONCLUSIONS ¢ is possible to carry out a

hains on the oxidised cellu-
e even for relatively
llulose is previously

work demonstrate th.at i
ized acrylic ¢
elds are remarkabl
f the oxidized ce

The results obtained in this
photo-initiated grafting reaction of .vapor'
lose macromolecule and the graf.tmg yi i
short reaction times. This is espec1ally true

submitted to UV irradiation. -
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Fig. 9: FTIR-spectrum of a Whatman paper oxidized for 2 h by NalQ, and grafted with MMA.
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Fig. 10: FTIR spectrum of PMMA. (KBr disk).
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Furthermore, it has been demonstrated that it is particularly convenient to
work with vaporized monomers since all the problems related to the use of liquid

or monomers in solution are avoided. Using vaporized monomers represents a

non-conventional system. Another advantage is that the quantity of homopolymer
extracted from the fibres is drastically reduced (7-20%) and the access to the
fibres is facilitated by employing samples «“swollen” with deionised water. Finally,
the absence of the solvent avoids also all the problems related to the solubility of

the monomer.
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SUMMARIES

Paper Conservation Part II: Consolidation by Grafting of Acrylic Monomers

thod for cellulose or paper is proposed, based on the
¢ cellulose macromolecule, exploiting its active sites
d are: mcthylmc(ucrylatc, cthylacrylate and

In the present work a consolidation me
insertion of an acrylic monomer on th

iving didation. The acrylic monomers usc
:fertl}\:;r;icir;z:eoi:(iﬁs(}orm of vagour and the copo'lymerisafion rcr‘1c110n plholo—ix.xducfcd by UV.
Some parameters of the reaction have been studied z.md in particular the rz;txo. o mtonomcl;.
conversion to the polymerisation time. Furthermore, this rc§carch focuses on t cl impor a;]cc IT
the pre irradiation of the samples. The work has been carricd out on pure cellulose, artificially

oxidised with the purpose of applying the method to naturally aged paper documents.

Conservation du papier 2™ partie: Consolidation au moyen de greffe de monoméres acryliues

méthode de consolidation de la cellulose ou du papier

Dans la présente étude on propose unc !
P ’ ylique dans la macromolécule de cellulose en ex-

i é i i g mére acr,
ui est basée sur Pinsertion d'un mono ‘ : Hlulose .
i 2t de 'oxydation. Les monomeéres acryliques utilisés sont : le

ploitant ses groupes réactifs dérivar , ¢ utiise _
méthacrylate de méthyle, I'acrylate d’éthyle et Pacrylate de méthyle sous forme gazeuse et la co

olymérisation est induite par Paction des rayons ultra-violets. Différents paramétres de cette ré-
e le degré de la conversion monomére ct la

action ont été étudiés et en particulier le rapport entre ! ’ omere e
cette recherche se concentre sur Pimportance de l'irradia-

¢ a été réalisée sur de la cellulose pure oxydée artificiclle-
en papier vieillis naturellement.

durée de la polymérisation. En outre,
tion préalable des échantillons. L’étud

ment dans le but d’appliquer cette méthode aux documents
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Papierkonservierung Teil II: Festigen durch Aufpfropfen monomerer Acrylate

Es wird einc Methode zum Festigen von Cellulose bzw. Papier vorgeschlagen, die auf dem Ein-
bringen monomerer Acrylate in das Cellulose-Mamromolekiil basicrt, wobei dessen durch natiicli-
che Oxidation entstandenen reaktiven Gruppen eine Rolle spiclen. Die monomeren Acrylate
sind gasformges Methylmetacrylate, Ethylacrylate and Methylacrylate, und dic Copolymrisation
wird durch UV-Bestrahlung initiiert. Es wurden verschiedene Parameter dicser Reaktion unter-
sucht, insbesondere das Verhilinis des AusmaBes zur Dauer der Polymerisation. Sodann wird
dic Bedeutung ciner der Polymerisation vorgeschalteten Bestrahlung des zu festigenden Papiers
betont. Die Versuche wurden an reiner Cellulose durchgefiihrt, dic jedoch kiinstlich oxidiert
worden war, um zu zeigen, daB3 dic Mcthode auch auf natiirlich gealtertes, d.h. in jedem Falle
oxidierte Gruppen enthaltendes Papicr angewandt werden kann,

REFERENCES

1. Hebeish, A, & J.T. Guthrie: The chemistry and the lechnology
Springer 1981.

2. Carter, H.A.: The chemistry of paper preservation. Part.3. The strengthening of paper, J. Chem. Ed.
73,12 (1996): T1160.

3. Cremonesi, P., B. Focher & L. D’Angiuro: Photo-initiated grafi
to cellulose I. Cellulose Chem. Technol. 4 (1970): 497,

4. Cremonesi,P., B. Focher & L: D'Angiuro: Photo-initiated graft
to cellulose 1I. Cellulose Chem. Technol. 6 (1972): 145,

of cellulosic copolymers. Berlin ctc:

polymerization of vinyl monomers

polymerization of vinyl monomers
. Cremonesi, P., B. Focher & L. D"Angiuro: Photo-initiated grafl
o cellulose I1I. Cellulose Chem. Technol. 6 (1972): 277 .

6. Whitmore, P.M., & J. Bogaard: Determination of the cellulose scission route in the
oxidative degradation of paper. Restaurator 15 (1994): 26.

7. Margutti S., G. Conio, P. Calvini & E. Pedemonte: Paper conservation. Pary I: Hydrolitic and
Oxidative Degradation. Restaurator 22 (2001): 67-83,

8. Brockway, C.E.: Extractability of homopolymer of methyl methac
starch. J. Polymer Sci. A2 (1964): 3733.

o

polymerization of vinyl monomers

hydrolitic and

rylate from Iis grafl copolymers with

Simona Margutti, Silvia Vicini, Enrico Pedemonte
Dipartimento di Chimica e Chimica Industriale dcll'Universita
Via Dodecaneso, 31;

16146 Genova

Italy

Tel. 0039-0103538713; Fax: 0039-0103536199; E-mail: pedc@chimica.unigc.it

Giuseppina Conio
IMAG-CNR

Via De Marini, 6;
16149 Genova

Italy

Tel. 0039-0106475877

180

Copyright © Saur 2001
Restaurator, 2001, 181-186

Printed in Germany - All rights reserved RE S T AKJ RAT@ R

ISSN 0034-5806

Treatment of Parchment Fragments
of a Hebrew Bible

by SVETLANA GURKINA & NATALIA REBRIKOVA

INTRODUCTION: THE OBJECT

The Department of Manuscripts of The Russian National (exPuk;h;)aL::;Z IZ
St. Petersburg includes more than 15,000 Hebrew ma.nuscrlp:banh r; gF irkOVi.Ch
large number of them come from the famous collectlon.of ra zt1 Firkoe a
Some of the codices from this collections have suffered ;n thet }?aSFi?EOViCh " e
particularly poor state of preservation. Two fragments ‘I'OU.] NeIOSCOW ich cor
lection entered the State Research Institute for Restoragon llln Mosco Firkovi;h
One of them, dating from the fifteenth century (RNB,.I ;o ec 10{md Hirkov? O,f
N 92), was of special interest because of the nature of its damage

. 19
the treatment decided on for its repair™.

DAMAGE

Book of Prophets (the end of the 22nd
). It had been originally a large parch-
f 31 lines. Now, part of the text
f the parchment was

The fragment in question is part of Th'e
and beginning of 23rd chapter ofjeremlzih

. . o
ment bifolio with text written in two columns
and all the margins have been cut off. The velvety su.rface od e B e
severely deformed and soiled. There were many vertical and hori

with losses. Thinning and decaying of thedparchment was observed in the rup-

re creased.
tur'i‘i: Z:ZZ Tﬁfiicllcglf:; Lteeearfsa:)\,;lied in a thick, heavy layer, whic.h was probzctib:y
the reason wghy the parchment had deformed. The surfacbe. fof1 .the ll:(h?f}?izr; Sug
be covered by tiny craquelure. In the upper part of the bi (? 1urT1,rced hbad s
fered considerable losses of parchment, a brown, horny stzzn pledated o
holes had formed. This rigid stain appears to have created asso
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Fig. 1. The bifolio before treatment. The parchment was cockled; the margins and part of the
leaf had been cut off; in the damaged sections the parchment was very thin and fragile; light
and dark blood stains were distinguishable on the surface; in the upper left part of the folio a
rigid, horny stain with small holes was evident; the ink was flaking away.

All surfaces were marked by extensive, dark brown stains many of which have
penetrated to both sides of the parchment (Figs. 1 and 2).

BLOOD STAINS

Preliminary microscopic examination gave reason to suppose that the stains were
caused by blood. This supposition was confirmed by The Republican Center of
Forensic Investigation. It was impossible to determine whether the blood was that
of a human being or of an animal. The dark brown colour of the stains can be
considered to be the result of a reaction between blood and partly dissolved ink.
Blood stains are rarely seen in documents requiring treatment and are not usually
considered the type of dirt that should be removed. On the contrary, conservator-
restorers will try to preserve such stains, because they could be considered as
having important historical evidence. In this particular case, however, it was de-
cided that the text should be made more visible and the deformation of the

parchment eliminated and so an attempt was made to remove the blood stains as
far as possible.
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HOCAERE AR

Fig. 2. The bifolio after treatment. The parchment has been flattened; the dirt fronzj thedst:r-
face has been efiminated as much as possible; the blood stains have been removed and the
brownish hue of the stains has lessened; the tears and losses have been repaired using new

parchment.

TREATMENT

Initially, surface dirt was removed from those sections of parchment, which were

free of text by applying a soft eraser. Fragile layers of ink were th('etr;1 cqnscl):cclea:;ugti
by an application of a 2% solution of the copolymer ethylene wflth vmyChment
(CEV)* . After treating the flaking ink on the .text, the surface o <13. par ment
was cleaned more thoroughly than before, especially bet.ween the Fext m'els1 an ! e
tween separate words and letters. This process was carried out using STldi, lco on-
wool swabs moistened in a solution of distilled water and ethyl-alcohol (1:1).

Removing blood stains using enzymes

The most challenging problem was the choice of the right method tol_re(;hflce tthhl:
intense dark brown colour of the blood stains. Usual ‘compounds.app ie .ort )
kind of treatment, such as a 2% aqueous-alcohol solut'lon of peroxxc;e, or Inl)l() :r:f_
of benzene and ethyl-alcohol in different concentrations, appe‘fare hrTot orlObin
fective. As the basic part of these stains includes globular proteins —l i-em%, me,
albumen of blood serum, etc. — it was decided to apply a proteolytic enzyme,
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which would facilitate the removal of inveterate protein strata (clots) at room
temperature and at a neutral pH. Use of such substances has had a long medical
history, particularly in the application of burn and wound treatment to eliminate
necrotic tissue and blood clots. We chose the proteolytic preparation, chemotripsin,
that contains two proteinases compounds (trypsin and chemotripsin) with optimal
action at a mildly alkaline pH. The choice of a suitable mixture was also de-
termined by the knowledge that proteinases are used in dressing leather and fur
to soften the hides. The advantages of using enzymes includes their high activity
and selectivity. Thus, the destruction of proteins in the interfibrillar matrix facili-
tate their removal and in this case proteinases do not have a damaging effect on a
basic component of the parchment support itself, the fibrillar protein, collagen.

Collagen is a substratum of specific proteinases of microbic origin, that are
known as collagenases.

Precautions

The application of enzymes for the removal of protein strata from parchment
should be carried out with caution, as partially denaturated collagen in heavily
damaged sections may be hydrolized by an unspecific proteolytic substance. In
medical practice chemopsin is employed as a 0.05% solution in tris-HCI buffer
pH 72-74°.

For the treatment undertaken on the parchment fragment we used the same solu-
tion applied with the help of slightly moistened cotton-wool swabs. The blood
stained section under treatment was covered by polyethylene film with a light
weight placed on top. After 10-15 minutes the compress was removed. The ac-
tion of the compound on the hardened sections of parchment resulted in an im-
provement of its texture causing it to become softer and more elastic. The treated
section was then immediately swabbed by the buffer. A few layers of blotting
paper were placed beneath and on top of the treated stains; with the help of a
slight stroke of the fingers the blotting paper absorbed the softened dirt. This

process was repeated a few times until No further discolouration residues were

noticeable on the blotting paper. A layer of brown dirt was noticeable in the area

of the stain. This dirt was easily removed by using a scalpel The remnants of dirt

were collected with the help of cotton-wool swabs moistened by a solution of
distilled water and ethyl alcohol. The procedure took some time and may con-
tinue for several days. The treatment of the horny-textured stains was stopped as
soon as traces of ink appeared, i.e. when text, that had not been visible before ap-
peared. The layers of ink were treated with 20 aqueous-alcohol solution of

CEV?.
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CONCLUSION

The conservation treatment as described resulted in considerable lessening of the
dark brown discolouration of the blood stains. The damaged parchment, after
this treatment, had lost its rigidity and deformations and had to. a large exteflt
regained its original, soft velvety texture. The method of applying e.nZ)I/";nes.\xlrel
this particular case appeared to be more effective and perhaps more ino ensz3
than other traditional methods of softening parchment (urea treatment, PE ),
which sometimes make it transparent and fragile. .

As already said, it was imp(l;)ssible to determine th(.e (')rigin .of bloo?t}s]talrr;s;nzi:
though, it is likely that they reflect the turbulent and .dlffxcult hlslt]ory}(: - eemOval
script. Because their history was unknown however it was fellt that their r :
would be more beneficial. Therefore, our work can be considered ‘not on ); as a
proposal for a different method of conserving a mediaeval' manusc;;pkt) b:l‘t] :rlns;ni
making a modest contribution towards helping make available a Hebre

script, which was previously unreadable.
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