B 13387

RESTAURATOR

International Journal for the Preservation
of Library and Archival Material

Volume 18- Number 4- 1997

# A' .
P PRY-TICAL DAY
1. \?-(1

216 353

Miinchen



Board of Editors RE S II A" i RA ” @R
EDITOR AND EDITORIAL OFFICE:

Dr. HELMUT BANSA, ElisabethstraBe 23, D-80796 Munich, Germany.

ASSOCIA TE EDITORS: . Intematjonal Jouma'l for t_he Pres-ervation
N. S. BAER, Professor. New York University, Institute of Fine Arts: Conservation Center. |4 East 78th of Library and Archiva.l Materia
Street, New York, NY 10021, US.A.

RICI;ANII(I) 0. Sl\llll'l‘ll. Pw[‘;dseRL Wei T'o Assaciates, Inc., P.O. Drawer 40, 21750 Main Street Unit Vol 18 (1997), No 4,” pa.ges 163 —2 17 ISSN 0034'5806
27, Matteson, 11, 60443, US.A. 'L

CONSULFANT EDITORS: rooe

GERHARD BANIK, Prof Dr, Staatliche Akademie der Bildenden Kiinste, Fachbereich Restaurierung, - L e
Am Weilenhof 1, 1-70191 Stutigan 1, Germany.

ESTHER BOYD ALKALAY, Chem. Eng. 17 Rehov Reiness, 53480 Givataim, Israel.

HELEN D. BURGESS, Senior Conservation Scientist. Canadian Conservation Institute. 1030 Innes p—
Road, (ntawa, Ont. KIAOMS, Canada. - -

. I guiswat
ALAN CALMES, Preservation Officer, National Archives and Records Administration, Washington, \Q "
|

DC 20048, US.A. e S Y2 ;
TOM COLLINGS, Senior Lectures. Camberwell School of Art and Crafts, Peckham Road, London . L R 0 &£ IRLEA
SE38 UF, England. Yoapp wTRTIL
FRANGCOISE FLIEDER, Directeur du Centre de Recherches sur la Conservation des Documents Gra:
hiques. 36 rue Geoffroy Saint-Hilaire, F 75005 Paris, France.
Vl('KIqHUMl’HRl".Y, Manager of Paper Conservation. ARTLAB Australia, State Conservation Ceoter Contents ! 10 e x1007
of South Australia. 70 Kintore Avenue, Adelaide 5000, South Australia.
TOMOKICHI TWASAKI, Director. 1-13-4 Ueno Sakuraghi, Taito-ku, Tokyo, Japan. | L sr Ou s
Y. . KATHPALIA, M.Sc., Scientific Officer. National Archives of India. New Delhi 3, India. . P o
GABRIELLA KUNSZERI ALBRECHT, Dr., Chem. Eng.. Chief, Restoration Dept. of the Hungarian 163: JANAKOLAR: ¢ Cellulose phpus’ & Lenn AT
National Archives. Becosi kapu tée #, H 1250 Budapest [ Pf. 3, Hungary. Mechanism of Autoxidative Degradation o o ¢
ANNE LIENARDY, Rue de I'Orme 50, B- 1040 Bruxelles, Belgium. -

' 4 ' . Q" L
ET DERT VODOPIVEC: a4 . .
1. . MOKRETSOVA, Dy, State Institute for Restoration, 44, ul. Gastello, 107014 Moscow, Russia. 177: META CERNIC LETNAR &JE T

Ty

ROBERT C. MORRISON, Conservation Consultant. Contekk, P.O).B. 34, Narrabundah ACT 2604, Protection and Conservation of Materials on Papcr
Australia.

| ion of Permanence and Durability
YULIA PETROVNA NYUKSHA, Dr. (biol.sc.). Chief of the Department of Hygiene and Restoration Evaluation 0

of Books. M. F. Saltykova Shchednn State Public Library of St Petersburg, SU- 191064 5t. Peters- of the Laminated Material on Paper
burg, Russia.

GALINA S. ROZKOVA, Dr. (biolsc.), Chief of the Department of Hygiene and Restoration of Books. : . ent EDTA with Sodium Thiosulphate
Stite V. 1 Lenun Library, SU 101000 Moscow, Russia. . Use of Chelating Ag e ching Treatment

ALICE RUGHEIMER, Senior Conservator. The Hritish Museum, Department of Conservation. and Sodium Borohydnde in Bleaching Trea
Western Pictonal Art Section. Great Russell Street, London WCIB 3DG, England. . NYUKSHA &VALERII P. LEONOV:

ANDREE SCUFFLAIRE, Dr. Phil L., Conservateur. Archives Générales du Royaume, B-1000 201: JUUA P. X the Russian
Bruxelles, Belgium. S4 USA Preservation of Collections at the

CHANDRU |. SHAHANL, Research Offices. Lsbrasy of Congress, Washington, DC 20540, US.A. ib

ECKHART STROFER HUA, Dr., Chemmt and Chemical Consultant, Karl Kunz Weg 9 168163 Academy of Sciences Li m;mble ms and Solutions
Mannheim Neunosthesm, Germany. A Retrospective Overview,

ANTONIO ZAPPALA, Professor. Dipartimento di Storia ¢ Tutela det Bes Culturali, Universit, Via
Antoning, 8, [ 33100 Udine, ltaly.

. er

Indexed in:

Chemical Abstracts

Current Contents

Information Scicnce Abstracts
Library Literature

Library Science
RESTAURATOR (ISSN (X034 5806) is published quarterly by K. ;. Saur Verlag GmbH & Co. KG. Social and Educational Science
Ortlessts. 8, D 81373 Munchen, Gesmany. Citation Index



V2 &nwmn7g

RESTAURATOR

Vol 18 (1997), No 4, pages 163-217 ISSN 0034-5806

A P

K}
¢

N{‘]. 'Sf‘@

PUBLISHER:

K. G. Saur Verlag GmbH & Co KG,
Ortlerstr. 8, D-81373 Miinchen
Federal Republic of Germany

Tel (+49/89) 7 69 02-0

Telex 5 21 206 7 saur d

Fax (+49/89) 7 69 02-1 50

Komplementirin: R. R. Bowker (UK)
Ltd., London (98,5 %) (Alleingesell-
schafter: Reed Publishing Ltd.)
Komplementirin: K. G. Saur GmbH,
Miinchen (1 %)

Kommanditistin: Butterworth (Europe)
Ltd., London (0,5 %)

ADVERTISING RATES:

Advertising rate card Nr. 1

Advertising fact sheet with details of
mechanical requirements and closing
dates available upon request

Responsible for advertising:

Regina Noichl, K. G. Saur Verlag GmbH
& Co KG, Ortlerstr. 8, D-81373 Miinchen

SUBSCRIPTION RATES {INCL. POSTAGE):

per annum DM 320,-, 6S 2336,-, sFr 285,~
Single copies DM 98,-, 6S 715,~, sFr 89,-

U 20k 35>
——r

S
Ja
o

BANKING:

K. G. Saur Verlag GmbH & Co KG,
Miinchen

Postbank Miinchen,

Kto.-Nr. 206 141-804 (BLZ 700 100 80)
Bayer. Hypotheken- und Wechselbank,
Miinchen, Kto-Nr. 5 803 388 662

(BLZ 700 200 01)

ISSUED:

March, June, September, December
RESPONSIBLE: Dr. Helmut Bansa

Printed on acid-free paper

© K. G. Saur Verlag GmbH & Co KG,
Ortlerstr. 8, D-81373 Miinchen
Federal Republic of Germany

Part of Reed Elsevier

Alle Rechte vorbehalten.

All rigths reserved.

Production Editor and Typesetting:
Dr. Rainer Ostermann, Jakob-Klar-Str. 3,
D-80796 Miinchen

Printed in Germany by:

DANUVIA Druckhaus Neuburg GmbH
Nordliche Griinauer Str. 53

D-86633 Neuburg/Donau

Copyright © Saur 1997

RESTAURATOR

ISSN 0034-5806

Restaurator, 1997, 163-176
Printed in Germany - All rights reserved

Mechanism of Autoxidative Degradation
i of Cellulose

byJANA KOLAR

INTRODUCTION

It is well documented that acid hydrolysis of cellulose and related carbohydrates
is one of the key factors responsible for degradation of paper during ageing. A num-
ber of deacidification techniques have been developed to reduce the acidity and
thus lower the deterioration of paper. However, while most treated papers degrade
less rapidly, some results of accelerated ageing experiments show an increased
degradation of pdpers whose pH has been changed from the acidic to the alkaline
region using deacidification treatments. This phenomenon suggests the impor-
tance of degradative mechanisms other than acid hydrolysis.

The intention of this work is to survey the basic principles and the recent de-
velopments relating to the title area. Attention is drawn to the key factors which
promote deterioration of cellulose under alkaline conditions and which form the
basis for further stabilization studies.

The mechanism of light induced degradation of cellulosic and lignocellulosic
material, of which several reviews have been published in the recent years is not
included in this paper!*3*,

REACTIVE OXYGEN SPECIES

To understand the chemical reactivity of molecular oxygen, it is first necessary to
discuss its electronic structure.

In O,, the n*y orbitals are half filled and there are three different states corre-
sponding to different arrangements of these electrons. These states are, in order of
increasing energy, ‘T, 'A, and 'T'y. The two unpaired electrons of a ground state
molecular oxygen molecule have parallel spin (triplet spin state). In order to oxi-
dize another atom or molecule by accepting a pair of electrons from it, both new
electrons must be of parallel spin to fit into the vacant species in the n* orbitals.

Restaurator 18: 163-176 © 1997 Saur, Munich etc. 763



Mechanism of Autoxidative Degradation of Cellulose

Most organic molecules are covalently bonded nonradicals and the two electrons
forming a covalent bond have opposite spins in the same molecular orbital and
the reaction is spin restricted.

The reactivity of molecular oxygen can be increased by exciting it to its singlet
states thereby removing the spin restrictions. Once excited, O, can emit energy
and relax back to the ground state or react directly with a substrate. The lifetime
of 'Ay is relatively long due to the fact that its conversion to the ground state is
spin forbidden and it is therefore possible to observe chemical reactions of this
species. .

In aqueous solutions, molecular oxygen is a fairly good oxidizing agent. Dur-
ing the reaction, oxygen may be reduced to water by one-electron transfer in four
successive stages giving rise to intermediate products, namely, superoxide
(HOO/0,"), hydrogen peroxide (H,0,) and hydroxyl radicals (HO). The reac-
tion thermodynamics for these processes are strongly influenced by the solution
matrix and its acidity. Mechanisms and standard potentials for reduction of active
oxygen species in water (1 atm. O,) at pH 7 are illustrated in Fig.1%,

Due to the variety of redox potentials of active oxygen species, a large number
of reactions with carbohydrates and lignins are possible. In addition, reactions be-
tween the products of the reduction of oxygen themselves occur.

Some reactions of the active oxygen species are listed in Fig. 2. One electron
reduction of molecular oxygen results in the formation of the superoxide which is
not able to abstract hydrogen atom from cellulose. It migrates through the material

+1.349

pH7: 0,016 5 o7 #0.89y LOOH 038 5 1o~ + HO'_*2.315 2HOH

Fig. 1: Standard potentials for reduction of oxygen species in water.
R" + OF —>» ROO™
07+ 07+ HO —> 0, + HOO" + HO"
HOOH + Of —>» 0, + HO' + HO"-
HOOH + M™ — M™™+ Ho + Ho-
HOOH + M™'— . M™ 4+ Hoo + H*
HOO" + M™V— . M™ 4+ 0, + H*

D G AW N A

Fig. 2: Some reactions of active oxygen species.
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until it is eliminated by recombination (reaction 1) or disproportionation (reaction'j).
In both reactions peroxides are formed, which can be reduced by the sx'xpzrom e
(reaction 3). Alternatively, some transition metals may cataly.ze homolytulz ec;:io:l1-
position of peroxides (reaction 4). In reactions 3 and 4, reaclfwe hy_droxy radic s;
are formed. Due to their extreme reactivity® they react rapidly with a variety o

organic and inorganic compounds.” Transition metal ion.s may b(? reduced to a
lower oxidation state by peroxides {reaction 5) or superoxide (reaction 6).

AUTOXIDATIVE REACTIONS OF CELLULOSE

There is strong evidence to suggest that atmospheric oxidation plays an import;nt
role in ageing of paper. While not much research ha‘s been done on the fmetfda-
nism of oxidative degradation of cellulose during ageing, the c}{emlstry of oxi t}?-
tive reactions of carbohydrates in aqueous solutions or suspensions has been the
subject of extensive studies, particularly in conjunction mtl;xgk:(l)(l)iogxcal processes,
ageing of alkali cellulose and oxygen bleaching of cellmPse. D01

Since there seems to be a correlation between ageing of cellulose.a..nd these
processes, we will first discuss how cellulose degrades under tl'fese COI'l‘dlthIlS. o

The fact that oxidation of cellulose by molecular oxygen in alkaline Elgdla. is
mainly a radical-chain mechanism was first proposed by Entw1'stl.e. ef al'» I?.lke
all chain reactions, the mechanism can be discussed in terms of initiation rc‘eactlons
during which free radicals are formed, propagation reactions dur%ng whufh fr.ee
radicals are converted into other radicals, and termination reactions which in-
volve the combination of two radicals with the formation of stable products.

INITIATION RH + O, —> R+ HOO’
R™ + 02 —_— R+ 0;
PROPAGATION R + O, —>  ROO°
ROO' + RH ——>  ROOH + R" 10
ROO" —— R+ + Og 11
R +RH —> FRH+FR 12
RH + HO —_— R + HOH 13
TERMINATION R+ HO' ——>  ROH 14
R + OF ——>  ROO" 15
R + R —_— R-R 16

Fig. 3: Radical-chain mechanism of the oxidation of cellulose.
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Mechanism of Autoxidative Degradation of Cellulose

Initiation of autoxidation

Autoxidation of cellulose starts by reaction of the substrate with molecular oxygen.
In a pure cellulose molecule, only the terminal reducing groups are able to react
spontaneously with the molecules of oxygen in their ground state (Fig. 3, reaction 7).
Due to the low redox potential of O,, reaction 7 is very slow, but is promoted by
ionization of the substrate in alkaline media (reaction 8).

Since transition metal ions are almost inevitably present in cellulose fibres, the
metal catalyzed decomposition of hydroperoxides and hydrogen peroxide (reac-
tion 4 and 5), which are formed during the propagation reactions, is an additional
source of free radical species.

Propagation

Molecular oxygen adds to the primary carbohydrate radicals at a virtually diffusion
controlled rate to give a peroxyl radical (reaction 9), which can abstract a hydrogen
atom from another carbohydrate molecule and thus propagate autoxidative reac-
tions (reaction 10)". However, most sugar peroxyl radicals rapidly eliminate O,”
(reaction 11)* so no such propagation of the radical chain reaction was observed
during y-radiolysis of glucose'’. It seems that only the C(5)-peroxyl radical elimi-
nates O,” either slowly or not at all'’. Some other substrate radicals which may
form during the autoxidation process (acylalkyl, 8-hydroxyalkyl ...) are good hy-
drogen abstracting species and are able to propagate radical chain reactions (reac-
tion 12). While superoxide is not able to abstract a hydrogen atom from D-glu-
cose'’, hydroxyl radicals are unspecified in their reactions with carbohydrates and
abstract hydrogen atoms bonded to carbon (reaction 13) in an almost statistical
manner'®. However, some results suggest that in reaction with hydroxyl radicals,
the hydrogen atom from the C-1 carbon of cellulose, pectin and dextrane is not
abstracted'**".The removal of oxygen bound hydrogen atom by hydroxyl radicals
is much less likely.!*!

Termination

Chain termination is caused by the association of two radicals (for example, reac-
tions 14-16).

The propagation reaction 11 seems to be of limited importance during autoxi-
dation of cellulose, therefore the reaction chains might be relatively short. Instead,
a nonchain radical mechanism may be the predominant reaction route during
autoxidative degradation of cellulose.
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ScroH CH,OH CHLH CH,OH
5/—0 o o} o}
o- -5 0 o= o-
4 L 2 0, —2>
-0-\OH HO _o \oH _o_/\oH H_ o N\oH
3 2 °
OH OH OH (o]
CH,OH
CH,OH CH,OH o
o o 0 o- o-
-OH?, ——» cell-oH +
cell-0-1\OH cell-0-\OH —
o o ©c ©°

Fig. 4: Depolymerization of cellulose during autoxidative-alkaline degradation.

It seems that the main reaction leading to degradation of cellulose involves ab-
straction of carbon bound hydrogen atoms by hydroxyl radicals, resulting in the
formation of hydroxyalkyl radicals. The latter are then converted into the corre-
sponding carbonyl structures by oxygen. Carbonyl groups, which are formed on
C-2, C-3 and C-6 atoms, then lead to the cleavage of glycosidic linkage according
to the B-alkoxy-elimination mechanism?®. The reaction starting by abstraction of
C-2 hydrogen atom is illustrated in Fig.4. A N

The glycosidic bond was found to be most labile in compounds containing
carbonyl groups in position 2 or 3, while it is more stable in the case of C-6 alde-
hyde groups”, .

Some alternative routes which lead to the cleavage of the glycosidic linkage
have been proposed, although the mechanistic details are not yet fully under
stood,

AUTOXIDATIVE DEGRADATION OF CELLULOSE DURING AGEING OF PAPER

Although research on the oxidative degradation of cellulose during ageing is. scarce,
some results strongly support the existence of the autoxidative mechanism de-
scribed.

Thus it has long been known that the degradation of paper is significantly
slower in the absence of oxygen®. Arney et al. demonstrated that strengf.h loss of
paper during ageing increased linearly with oxygen concentration, but did not go
to zero in its absence?S. Kleinert and Marraccini proved that peroxides are pro-
duced during ageing of paper?’. Higher levels of peroxides were formed during
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Mechanism of Autoxidative Degradation of Cellulose

ageing of bleached pulp at higher humidity than in a lower humidity environment
and the total amount of peroxides increased linearly with time. Aldehyde groups
formed by hydrolysis were found to be involved in peroxide formation?, Forma-
tion of peroxides during natural ageing was monitored using photographic mate-
rials®. Chemiluminiscence was used to follow radical formation at temperatures
of 25 to 90°C*. During ESR studies, Wan et al. detected the presence of radical
species in lignin containing paper, but not in papers made of pure cellulose®.. It is
possible that radical formation in the highly purified filter paper used in his study
was below the threshold sensitivity of the method.

FACTORS PROMOTING AUTOXIDATIVE DEGRADATION OF PAPER

High pH

The rates of several of the reactions mentioned increase when the pH shifts from
7 to 10. However, the most important role of alkali is probably to promote the ini-
tiation reaction 1, which is catalyzed by ionization of substrate in alkaline media.
In addition, the rate of the 8-alkoxy-elimination reaction of oxidized cellulose in-
creases with increasing alkalinity of solution®.

In our earlier work we have demonstrated that the presence of calcium carbon-
ate stabilizes cellulose during ageing, while the addition of magnesium carbonate
promotes degradation, as compared to the untreated pulp or that containing calcium
carbonate®. This effect was ascribed to the rather high pH value of magnesium
carbonate containing samples {(ca. 10). However, sizing agents and additives can
lower the pH of deacidified paper, and therefore paper containing magnesium
carbonate does not necessarily degrade faster than that containing calcium car-
bonate?!,

Substances capable of autoxidation

Aldehyde groups
In a cellulose molecule, the only aldehyde group is the terminal one. However, in
reality there are additional aldehyde groups which result from chemical proc-
essing of pulp and paper manufacturing. During ageing their content in cellulose
increases due to the oxidative reactions. In addition, several low-molecular weight
degradation products containing aldehyde moieties may be formed.

The presence of aldehyde groups may decrease the ageing resistance of alkaline
paper in several ways. In addition to initiation of radical reactions (reaction 1), they
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are also able to reduce Fe'* to Fe** and thus compete with superoxide in reaction 6.
The degradative effect of glucose during ageing of alkali cellulose” and oxygen-
alkali bleaching of cellulose® has been well established.

It is important to note that while some of the aldehyde containing substances
are removed during\yashing and aqueous deacidification, this does not happen
during most non-aqueous treatments. As a consequence, aqueous deacidification
may result in better stabilization of cellulose and paper.

Lignin
The role of lignin during ageing of paper is somewhat ambiguous.

It is known that lignin is capable of autoxidation and that the reaction is pro-
moted by alkalinity of the solution®’. It has been demonstrated that oxygen con-
sumption of groundwood containing paper increases after the mass deacidifica-
tion treatment®’. Since lignin is able to react with oxygen, the oxidative degrada-
tion of the cellulose model substance methyl B-D-glucopyranoside is accelerated
when various lignin model compounds are added to the solution®****’, Reactions
of lignin model compounds with hydroxyl radicals and O, have been studied ex-
tensively by Gierer et al.*"*2, Radicals react faster with lignin than with carbohy-
drate structures®; however, no stabilization of cellulose by the presence of lignin
was observed during y-irradiation experiments®.

Despite these results, it has been shown that lignin exhibits an antioxidant ef-
fect in the presence of fat-soluble substances* and have been used to stabilize
rubbers*. The stabilizing effect of lignin on the thermal stability of papers has
lately been observed by several authors®7484%%,

Effect of metal ions

The deleterious effects of iron and copper ions on the stability of cellulose and
paper have been well documented®+®,

Transition metal ions (M™, M""') may participate in a number of important re-
actions, such as:

* Metal ion may be oxidized to a higher oxidation state by oxygen, which is re-
duced to superoxide.

* The free coordination site on some transition metal species can be considered
as a large positive centre, capable of inducing a net dipole on the symmetric
hydrogen peroxide molecule facilitating homolytic cleavage of H,0, and the
release of an hydroxyl radical. The transition metal in this case plays only a
catalytic role, with no net change in its oxidation state.
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Mechanism of Autoxidative Degradation of Cellulose

* Formation of complexes with peroxides, which are further decomposed into
free radicals and ions, according to reactions 4 and 5, where M is a transition
metal ion. Fe*, Cu'* and some other transition metals ions react in this way.
The most studied reaction is Fe* decomposition of hydrogen peroxide, also
called the Fenton reaction (reaction 4)*%, Reduction of ferric ions by many or-
ganic compounds as well as superoxide (reaction 6) allows these reactions to be
repeated in a cyclic fashion, resulting in extensive oxyradical damage.

FACTORS INHIBITING AUTOXIDATIVE DEGRADATION OF CELLULOSE

The proposed mechanism suggests several possible ways of stabilizing cellulose

and paper during ageing.

* The alkali chosen for deacidification should be such that the resulting pH of
the paper after treatment is close to neutral, preferably below pH 9.

* The number of carbonyl groups can be effectively reduced by some reductive
treatments. Reduction using sodium borohydride has been shown to increase
the ageing stability of paper*”. However, during the treatment, the aqueous so-
lution of sodium borohydride decomposes. The resulting sodium borate may
rise the alkalinity of paper and thus promote its degradation. It should there-
fore be removed from the paper after the treatment.

* Addition of antioxidants
Inhibitors of oxidation processes are called antioxidants. According to their

mechanism of action, they can be classified into two groups: preventive and
chain-breaking antioxidants.

Preventive antioxidants

Antioxidants whose primary function is to interfere with the generation of free rad-
icals are called preventive antioxidants. The most important preventive mechan-
ism is usually peroxide decomposition in a process which does not involve the
formation of free radicals. These antioxidants fall into two classes: stochiometric
peroxide decomposers, such as phosphite esters which are reagents for the reduc-
tion of peroxides to alcohols, and catalytic peroxide decomposers. A variety of
sulphur compounds fall into the latter class.

It has been demonstrated that iodide functions as a negative catalyst to protect
cellulose from degradation during humid accelerated ageing.” It also protected
paper containing zinc oxide during sun-lamp irradiation in a high humidity envi-
ronment®. Although iodide and iodine have long been established as effective
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2 + HOOH —>» |, + 20H~ 17
2HO"+ |, + HOOH —>» 21" + 2HO + O, 18

Fig. 5 Catalytic heterogenous decomposition of peroxides

radical scavengers, Minor et al. suggested that the main stabilization of cellulose
in borax solution at pH 9 occurs via catalytic heterogeneous decomposition of
peroxides (Fig. 5, reaction 17 and 18)*"%,

Besides peroxide decomposers, complexing agents, which have the ability to
coordinate the vacant orbitals of transition metal jons to their maximum coordina-
tion number, are effective preventive antioxidants. The use of chelating agents
such as EDTA is a popular method of controlling transition metal ions in many
applications. However, copper” deactivation and iron™ activation occurs with
EDTA under oxygen pulping conditions. EDTA is not able to completely encom-
pass the ferric ion®! hence the complex is still able to react with peroxides®. The
iron activation in the presence of EDTA was ascribed to an increase in the con-
centration of iron jons in solution.

EDTA appeared to have a negative effect on the ageing resistance of 17th cen-
tury rag paper, while no effect on the stability of the paper, enriched with a mix-
ture of ferrosulphate and tannin was observed®.

On the other hand, it has been demonstrated that sodium phytate inhibits deg-
radation of cellulose caused by iron-gall ink®%. However, due to the high alkalin-
ity of sodium phytate solutions, it promotes autoxidative degradation of paper.

The latter problem can be avoided by the use of magnesium or calcium phytate™.

Chain-breaking antioxidants

Chain-breaking antioxidants are able to react with radicals and convert them to
more stable products.

A molecule will be able to act as a chain-breaking antioxidant under ambient
conditions if it is able to donate a hydrogen atom rapidly to a radical and if the
radical derived from the antioxidant is more stable than the starting radical, or is
converted to other stable products.

Although addition of these antioxidants to inhibit degradation of paper during
ageing has not yet been studied, the stabilizing effect of lignin on the stability of
cellulose during thermal ageing is thought to be similar to that of hindered phe-
nols, which are well known chain-breaking antioxidants. Thus it has been pro-
posed that the consumption of peroxyalkyl and alkoxyl radicals by lignin blocks
most of the cellulose degrading reaction pathways during ageing of paper"”. In ad-
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dition, phenoxy radicals which are formed during the reaction may scavenge some
reactive radicals.

CONCLUSION

Despite our limited knowledge of the mechanisms leading to ageing of cellulose
under neutral or alkaline conditions, some research results indicate the importance
of autoxidative reactions. These seem to proceed by a variety of mechanisms,
which generally involve substrate anion formation as the initial step and may con-
tinue via a free radical chain, or nonchain reaction pathways.

Understanding these mechanisms may help us in choosing the right treatment
for certain paper, as well as form the basis for further stabilization studies. This
work is in progress.

SUMMARIES

Mechanism of autoxidative degradation of cellulose

The possible mechanisms of autoxidative degradation of cellulose are listed and their importance
in degradation of paper during ageing is analysed. It is pointed out that autoxidative reactions
are accelerated in alkaline media. In addition, certain transition metal ions as well as groups,
which are capable of autoxidation, also promote the free radical reactions. Understanding of the
main degradative routes may help us in choosing the right conservation treatment for certain pa-
per, as well as form the basis for further stabilization studies.

Meécanisme de dégradation auto-oxydative de la cellulose

On a recensé les mécanismes possibles de dégradation auto-oxydative de la cellulose et on a ana-
lysé leur importance sur la dégradation du papier au cours de son vieillissement. On a observé que
les réactions auto-oxydatives s'accélerent en milieu alcalin, En plus certains ions de métaux trans-
itoires ainsi que des groupements d’ions qui sont susceptibles d’auto-oxydation favorisent aussi
les réactions de radicaux libres. La compréhension des principaux mécanismes de dégradation
pourrait nous aider a choisir le traitement de conservation approprié pour certains papiers déter-
minés, et elle pourra aussi étre le point de départ pour de plus amples études sur la conservation.

Vorginge beim autoxidativen Abbau von Cellulose

Es werden die denkbaren Vorginge des autoxidativen Abbaus von Cellulose aufgezih!t und hin-
sichtlich ihrer Bedeutung fiir die Alterung von Papier bewertet. Es wird herausgestellt, da diese
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Vorginge im alkalischen Bereich verstirkt ablaufen. Daritber hinaus werden Reaktionen an freien
Radikalen auch durch bestimmte Ubergangsmetalle befordert sowie durch Gruppierungen, die
der Autoxidation zuginglich sind. Das richtige Verstindnis fiir die wichtigsten Abbauvorginge
mag zur Wahl der richtigen Konservierungsmafinahme fiir bestimmte Papiere beitragen, und
ebenso ist es der Ausgangspunkt fiir weitere konservierungskundliche Untersuchungen.
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by META CERNIC LETNAR & JEDERT VODOPIVEC

PAPER AS A CARRIER OF CULTURAL HERITAGE

Conservation of books and documents in libraries and archives throughout the
world, especially of those from the 19th and 20th century, showing signs of pro-
gressive decay, has become very urgent and demands immediate and effective
measures — today approximately 70 % of materials from the 19th century is beyond
repair. Generally observed, a great number of more recent materials, which are
about 50 to 150 years old, shows signs of very rapid decay, particularly in compar-
ison to older materials dating back to the Middle Ages and up to the first half of
the 19th century, which have remained in a perfectly good condition to the pres-
ent day. The writing basis of older materials is hand-made paper from neutral raw
materials of high quality and is still nowadays well preserved, whereas the materials
— written, drawn or printed ~ on industrial acid paper in the last 150 years exhibit
serious damage even when stored under appropriate conditions.

In recent years, the unregulated use of recycled kinds of paper in particular,
being in striking contrast with regard to quality when compared to more durable
kinds of paper, has become increasingly alarming and their use for materials of
permanent value established as wholly inadequate.

With the aid of development and research in the field of the evaluation of qual-
ity of older kinds of materials as well as more recent kinds of paper, and using the
conservation method of mass neutralisation and also some latest conservation-re-
storation techniques for the damaged materials, at present, many millions of books
and a tremendous amount of archive materials are being saved. It has nowadays
become the inevitable concern of every nation to preserve the national heritage
and this is being solved in various ways, mostly within the available resources. A
similar obligation for the future would be to ensure that the paper of the future
will also be of use in the centuries and millennia to come, i.e. to ensure its utmost
“longevity”.

Restaurator 18: 177-190 © 1997 Saur, Munich etc. 777
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nowac fi

OLDER KINDS OF DAMA ED
WRITTEN MATERIALS ON PAPER

mass _neutralization and latest
conservation-restoration techniques

WRITTEN MATERIALS
nowadays and for the future

use durable kinds of permanent paper

for written, printing and copy materials
of permanent value J

Fig. 1: Preservation of the written cultural heritage nowadays and for the future.

We have to be aware that through chemical procedures of the mass neutralisa-
tion of materials on acid paper the gradual process of deterioration is not halted,
but only temporarily held back. Therefore, before any chemical procedure of neu-
tralisation has been set in motion, it is necessary to observe some basic conditions
for preventing and protecting the materials treated. At the same time the practical
environment should be considered as much as possible.

Paper has always been and will also remain one of the most important trans-
mitters and carriers of the written cultural heritage. However, paper is not eternal
since it is made from relatively unstable organic raw materials and is thus more or
less subject to ageing: its characteristics change and its quality is limited in the
course of time. The mechanism of ageing is influenced by numerous interactions
between substances in the paper and in its surroundings which are visible mostly
in the deterioration of mechanical resistance, chemical stability and optical char-
acteristics of paper.

The influence of internal factors on the ageing of paper represents an 80-85 %
share — depending on paper producers and processors — mostly in the graphics
branch, whereas the share of the external factors’ influence is as low as 10-15%

and is in correlation to consumers in archives, libraries, museums, galleries and
government institutions.
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The protection of the written cultural heritage is a very complex and ext.ensive
subject on the influence of internal and external factors on ageing of materials on
paper, demanding a high degree of co-operation from all the parties concerned
including adequate governmental support.

STUDY OF PERMANENCE AND DURABILITY
OF THE LAMINATED MATERIAL ON PAPER

In the framework of research on “Ageing of Paper and Cardboard” we have in-
vestigated the influence of the quality of paper and the conservation methods of
lamination and coating on its permanence and durability, and on material on pa-
per, under extreme conditions of accelerated ageing, with a raised temperature
and relative atmospheric humidity, but without exposure to light.

Method of preservation of material on paper with lamination

Lamination is a method where a document on paper is reinforced on one or both
sides with material that enhances its resistance, which is necessary for its better
protection and conservation. The coating should be as thin and transparent as
possible, except in cases where there is no writing on one side, where ?‘ document
can then be strengthened with a more compact, non-transparent material.

Lamination is a method of conservation which cannot always be recommended
due to its irreversibility and because it lessens the quality of a document to some
extent: the document's originality is impaired. It is recommended for the protec-
tion of documents which have reached a stage of great fragility (weak mechanical
resistance) so that no other method of preservation can be applied. It is also suit-
able for documents that have been burnt or the text comprised due to running inks
and pigments on extremely damaged, decaying paper. .

Before we started with the procedure, the quality of all materials to be used in
the process of lamination had to be verified; the optimum conditions of pressure,
temperature and time of application for lamination or coating were deﬁnfad sepa-
rately on every machine. Only in this way can we be spared the possible dlfﬁc.:ulnes
during the process of conservation or even the damage or complete destruction of
the document in question.

The conservation method of lamination dealt with in this study was performed
in the ARS workshop, on the machine for lamination and coating. ICP-PP-3 per-
manent paper, grammage 110 g/m’, was used as a basis for a document of high
quality. For the protective foil 1 the known polymer foil PE was applied, and for
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foil 2 a more recent polymer foil coated with thin Japanese paper and recom-

mended by its producer for the protection and restoration of documents on paper.

In our workshop two kinds of laminate composites were prepared.:

* Laminate composite LK-1: Japanese paper — PE foil — PP-3 permanent paper —
PE foil - Japanese paper. Temperature: 100-110°C

* Laminate composite LK-2: Filmoplast R * — PP-3 permanent paper — Filmo-
plast R. Temperature of 110-125 °C

Commercial product, available via relevant suppliers: thin paper coated with an acrylic. Pro-
ducer: Neschen International.

The pressure was the same in both tests.

Methods of testing

A sample of paper and both samples of laminate composite LK-1 and LK-2 were
exposed to conditions of accelerated ageing according to ISO 5630/3, at 80°£1°C
and 65+/-2% relative atmosphere humidity, in a climatic chamber without expo-
sure to light, over longer periods of time: 6, 12 and 24 days.

All climatized samples, paper as well as composites, were examined before and
after accelerated ageing to determine their permanence and durability, following
the standard methods for individual characteristics, such as:

* basic characteristics: grammage, voluminosity, contents of humidity, ash and
filling

* chemical stability: pH, degree of polymerisation (viscosity-CED), degree of
oxidation (Cu number);

* surface properties: porosity, wetting with water;

* mechanical resistance: tensile breaking strength, elongation, burst and tear re-
sistance, folding endurance, stiffness;

* optical stability: whiteness, brightness, yellowness, opacity, diffusion and ab-
sorption of light.

Evaluation of quality of the laminated materials on paper — results and commentary

The attained values of measurement before and after accelerated ageing on the
samples of paper and laminated composites with regard to the definition of their
basic characteristics, chemical stability, mechanical resistance, surface properties
and optical stability, have given the results which are shown in individual graphs.
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BASIC CHARACTERISTICS

The tests on the influence of accelerated ageing on the samples of permanent pa-
per and both samples of laminated composite have shown that there is no change
in the obtained values in the grammage, voluminosity and content of humidity,
ash and filling. Generally it can be said that some barely perceptible changes can
be attributed to the unevenness and non-homogeneity of separate samples, which
are a result of the technological conditions of production.

CHEMICAL STABILITY AND SURFACE PROPERTIES

With the aid of several conventional chemical methods individual reactions of de-
composition of the cellulose molecule in a paper sample as well as decomposition
of polymer foils in a composite were investigated.

Chemical stability of the chosen papers before and after ageing was tested ac-
cording to the method of measuring pH of the extract and pH at the surface, vis-
cosity-CED and Cu number.

Viscosity

The hydrolytic and oxidative decomposition of the cellulose molecule is assessed
by a reduction of an average molar-mass or the degree of polymerisation, defined
by determining a change and decrease of viscosity in the accelerated paper ageing
process.

900 4

Cu number

ICP-PP3  Laminate  Laminate ICP-PP3  Laminate  Laminate
LK-1 LK-2 LK-1 Lk-2
O non-aged M 6 days B 12 days B 24 days

Fig. 2: Hydrolytic and oxidative decomposition of cellulose molecule chain and polymer ma-
terials: viscosity-CED and Cu number.
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In Fig. 2 the depolymerization of a cellulose molecule in paper is shown by an
assessment of viscosity according to the CED method. The greatest reduction of
viscosity was observed in laminate composite LK-1, having the worst initial values
and degradation through ageing being the greatest compared to the initial stage.
The best results in this respect were achieved with the sample of paper itself.

Cu number

The conditions of ageing increase the number of reductive groups from the cellu-
lose and hemicelluloses which, in the process of oxidation, turn from hydroxyl
ones into aldehydes; the greater the degree of oxidation, the bigger the Cu num-
ber.

The measurement results of the Cu number are given in Fig. 2 and show an in-
crease of oxidative decomposition in paper in both samples of the laminate com-
posite. The oxidative decomposition is by far the greatest, especially with regard
to the initial stage, in the laminate LK-1 sample. This was also confirmed by the
measurement results of the surface IR spectrum: In ageing after 12 days visible
oxidation products of decomposition are present; the laminate LK-2 sample
shows favourable results of oxidative decomposition also in comparison to paper.

Porosity, pH sutfaces, hydrophilicity , hydrophobicity

The influence of the conditions of ageing on possible changes of the surface po-
rosity (the Gurley method), on changes of surface pH and on the angle of wetting
with water (hydrophilicity and hydrophobicity of a surface as regards water) were
examined.

On the basis of the measurement results it can be stated that ageing does not
change the porosity to a great extent. Paper showed the same degree of perme-
ability to air as before the ageing process; both laminate samples also remained
perfectly non-porous and impermeable to air.

In Fig. 3 we can observe that the pH surfaces on all tested samples change and
drop from the alkaline into the neutral range, which is especially visible on the
samples of paper and laminate LK-2, whereas in the laminate LK-1 sample the
pH value drops into the acid range, pointing to the presence of oxidative acid
products, which are certainly undesirable with regard to future use.

The results of the contact angle of wetting measurements also show in Fig. 3
that with all the samples tested (paper as well as both composites) their resistance
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Fig. 3: Surface properties: Change of surface pH and surface hydrophilicity to water, meas-
ured with contact angle of wetting.

to water gradually decreases, that is to say, the surface becomes more hydrophilic
to water — an undesirable effect from a consumer's point of view since it reduces
the durability of a material to external influences.

Favourable results were obtained with the samples of paper and laminate LK-2,
where the surfaces remained rather hydrophobic to water even over extended pe-
riods of time. A very bad result was obtained with the laminate LK-1 sample where
already the initial values were lower compared to the other two samples and got
worse over a period of time: the surface became completely hydrophilic.

MECHANICAL RESISTANCE

Mechanical resistance of paper with regard to ageing is influenced by reactions of
fibres in the paper (the fibre-fibre link) and reactions within the cellular wall of fi-
bres, and in the polymer materials by the quality of basic substances. An altera-
tion (reduction of mechanical resistance) is brought about by chemical reactions
of hydrolytical and oxidative disintegration resulting in the weakening of bonds
between the fibres. Due to the process of entanglement, and the inner and outer
connections between the fibres, on the other hand, the stabilization of a certain re-
sistance or even their slight increase is possible.

Among the numerous existing methods of testing we have verified the tensile
breaking strength, length, elongation, tear and burst resistance, folding endurance
and stiffness.
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Fig. 4: Mechanical resistance: ageing effect on tensile strength changes in machine direc-
tion and on bursting resistance change.
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Tensile breaking strength, elongation, bursting resistance

Measurement results (Fig. 4) in all samples gave very high initial V':?lufas'in t.he lam
inate samples in comparison to paper, which, nevertheless, both diminish in time.
The laminate LK-1 sample results were less favourable.

Tearing resistance, folding endurance and stiffness

As a rule, the tearing resistance of paper decreases with time. ’.I‘he test result:s given
in Fig. 5 show that the tearing resistance in samples of the laminate composﬁe wis
considerably lower (in sample LK-1 even more so), but we stated their remark-
igh initial values in comparison to paper.
ablé:sgslflil:ktil:}g between cellurl’ose chains and an increase of the cr.istallinity (;ffn po-
lymer substances greatly influence the change of resistance to folding and stiffness
of paper because the fibre-fibre link is strengther.led. . .
The process of ageing greatly affects the considerable dec1jease of ff)l.dmgI enb utll'l
ance capability and increase of stiffness and at the same .tlme fragthy. nLIc; ;
laminate samples the decline is even more noticeabl'e in t'h-e laminate LK-
sample. Paper, on the contrary, does not reach very high initial characteristics,
but does not change substantially through ageing.

OPTICAL STABILITY

We did a follow-up on how the conditions of accelerated ageing of thfa chqses
samples of paper and laminate composites influence the chang‘e of t.helr. optic
characteristics, such as whiteness, brightness, yellowness, opacity, diffusion and
absorption of light, using the Kubelka-Munk method.

Brightness, whiteness and yellowness

All samples, paper as well as the laminate composites, exhibited a deterioration octl"
optical characteristics; cf. Fig. 6. Brightness and whiteness are not greatly.atifect;
in the paper and the laminate LK-2 samples, whereas these characteristics di-
minished greatly in the laminate LK-1 sample (by more .tha.n 50 ‘.’/o), so that the ap-
plicability for a final product (document) is highly questionable xnfieed. The.sa.me
holds true for the values obtained for yellowness, which is greatly mcreasec¥ in the
laminate LK-1 sample, whereupon the outer appearance of a document might be
unacceptable.
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The process of oxidative decomposition, especially of the low-molecular part
of carbohydrates, results in the formation of carbonyl groups which greatly change
with a decrease in brightness and whiteness, and increase in yellowness. This can
result from a treatment with light or a treatment with raised temperature and rela-
tive atmospheric humidity (as in the case of accelerated ageing) without light. In
this process new oxidation products are formed, which under adequate conditions
even accelerate further decomposition and additionally deteriorate optical charac-
teristics.

Metallic ions such as Cu, Mn and Fe cause an accelerated yellowing and dete-
rioration of brightness and whiteness in cellulose fibres as well as in synthetic po-
lymer materials. These ions are photo-catalytically active and have a high absorp-
tion in the UV region where they become reduced. They bring about a heightened
photo-induced decomposition of carbohydrates. Metallic oxides and hydroxides cat-
alyse the hydrolysis of a cellulose molecule even without the presence of acid sub-

stances. Such reactions are always irreversible — one-sided and furthered by an in-
creased temperature.

Opacity, coefficient of scattering and absorption of light

In the process of accelerated ageing, opacity is increased in all the samples tested,
paper, as well as the laminate composites , which should not be ascribed to light
diffusion, but mostly to a large-scale increase of light absorption: An extremely
great increase of opacity (connected with an optimum visual effect and non-trans-
parency, respectively) was obtained in the laminate LK-1 sample, which was due
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Fig. 7: Optical resistance: Effect of light scattering and light absorption on opacity changes.
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only to a considerable increase of the light absorption coefficient. This is not rec-
ommendable for further application for material on paper to be restored or pre-
served, since the material becomes less resistant to external influences and is thus
unsuitable to be used as a material of lasting value.

CONCLUSION AND FINAL RECOMMENDATIONS

The results of testing the chemical and surface stability, mechanical resistance ax.ld
optical resistance of samples of laminated materials LK-1 and LK-2 on quality
permanent paper ICP-PP3, using two different kinds of polymer foils, in the proc-
ess of accelerated ageing according to ISO 5639/3 were as follows:

* The use of Filmoplast R for the permanent protection of materials used in the
production of the laminate composite LK-2 is very suitable for the protection
of documents. It obtains favourable results of chemical stability and good sur-
face qualities; it is both mechanically and optically resistant, even when com-
pared to the quality of permanent paper corresponding to ISO 9706 require-
ments.

* The use of PE polymer foil for the permanent protection of materials used in
the production of the laminate composite LK-1 yields less favourable results
with regard to permanence and durability and is unsuitable for protef:l.:ion over
a long span of time. It shows a rather high degree of chemical instability, espe-
cially with regard to oxidation. The surface becomes increasingly hydrophilic
and its mechanical resistance decreases, which is revealed in the lack of flexi-
bility and bonding. Its visual aspect, defined by optical characteristics, deterio-
rates substantially.

* The conservation method of lamination and coating of documents and other
materials on paper is very suitable both for protection and for saving extremely
damaged materials, as well as for the rapid protection of great quantities of ma-
terial.

* On the basis of the results of this research it can be stated that the use of more
recent materials (Filmoplast R) is to be recommended since it assures a high
degree of durability and permanence; a document is also thinner and the pro-
cess of conservation more simple. Due to its rather high price, however, this
latest method is to be recommended mostly for protection of very precious ma-
terials on paper.

The use of more permanent kinds of paper and other materials as well as the lat-
est methods of conservation and preservation in preserving the cultural heritage
on paper, for materials of lasting value is:
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* indispensable for the preservation of one’s heritage for posterity
* economically justified

* environmentally oriented.

SUMMARIES

Protection and conservation of materials on paper; evaluation of permanence and durability
of the laminated material on paper

In the context of the two-year applicational research work in 1995-1996 entitled “Ageing of Pa-
per and Board”, the influence on quality of different types of paper as well as the different pro-
tection, conservation and restoration procedures on the durability and permanence of paper and
printing and writing materials was researched. The project is performed at the Institute for Cel-
lulose and Paper in collaboration of the National Archives, funded by the Ministry of Science
and Technology and the Ministry of Culture of the Republic of Slovenia.

During the lamination as a conservation procedure we have stated the influence of different
base materials {two kinds of polymer foils) on the end properties of a restored document. This
was performed in comparison with permanent paper. The results of chemical stability, surface
properties, mechanical strength and optical stability of paper and two kinds of laminates have
shown the quality and usefulness of conservation procedures employing lamination. The re-
search work has shown very favourable results of durability and permanence using the newest
type of polymer foil material. Because of its high price it is recommended only for highly dam-
aged documents and other printed and written materials,

Protection et conservation du papier; évaluation de la permanence et de la durabilité de
papiers laminés

Dans le cadre d’un travail de recherche appliquée sur deux ans 1995-1996, intitulé ,Vieillisse-
ment du papier et du carton* on a étudié P'influence de différentes sortes de papier, de différentes
mesures de protection, de conservation et de restauration sur la permanence et la durée du pa-
pier et des documents imprimés et écrits.

Ce projet a été réalisé a I'Institut de Ia Cellulose et du Papier en collaboration avec les Ar-
chives Nationales; il a été financé par le Ministére des Sciences et Technologies ainsi que par le
Ministere de la Culture de la République de Slovénie.

En observant le laminage, en tant que procédure de conservation, nous avons étudié I'in-
fluence des matériaux de base (deux sortes de lamelles de polymére) sur les propriétés finales d}l
document restauré. Ceci a été réalisé en se servant de papier permanent comme modéle de ré-
férence. Les résultats obtenus quant i la stabilité chimique et optique, quant aux propriétés de la
surface et a la résistance mécanique du papier au moyen de deux sortes de laminage ont mis en
évidence la qualité et I'utilité de méthodes de restauration qui se servent du laminage. Les tra-
vaux de recherche ont donné des résultats trés favorables sur la durabilité et la permanen'ce du
papier lorsqu’on utilise le dernier type de lamelle de polymeére. Mais en raison de son prix fort
€levé on ne le recommande que pour des objets gravement endommaggés.
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Sthutz und Konservierung von Papier: Untersuchung der Haltbar- und Dauerhafiigkeit
von laminierten Papieren

Im Rahmen eines Zwei-Jahres-Projektes (1995-96) der anwendungsorientierten Forschung mit
dem Titel »Alterung von Papier und Pappe“ wurde der Einflufl verschiedener Papierarten, ver-
schiedener MaBnahmen zum Schutz, von Konservierungs- und RestaurierungsmaBnahmen auf
die Dauerhaftig- und Haltbarkeit von Papier, auf Druck- und Schrifttriger untersucht. Das Pro-
jekt wurde durchgefiihrt am Institut fiir Cellulose und Papier in Zusammenarbeit mit dem Na-
tionalarchiv; es wurde finanziert vom Ministerium fiir Wissenschaft und Technologie der Re-
publik Slowenien.

Bei der Beschiftigung mit dem Laminieren als eines Verfahrens der Konservierung unter-
suchiten wir den EinfluB verschiedener Ausgangsmaterialien {zwei Arten von Laminierfolie) auf
die langfristigen Eigenschaften von Papier. Als Referenz diente dauerhaftes Papier. Gemessen
wurden die chemische sowie die optische Stabilitit, Eigenschaften der Oberfliche und die me-
chanische Festigkeit zweier Laminate. Es zeigte sich, daB das Laminieren eine sinnvolle Restau-
rierungsmethode ist. Die Forschung erbrachte sehr giinstige Ergebnisse hinsichtlich der Haltbar-
und Dauerhaftigkeit des neuesten Typs von synthetischer Laminierfolie. Wegen ihres hohen
Preises ist sie freilich nur fiir stark beschidigte Objekte zu empfehlen.
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Use of Chelating Agent EDTA with

Sodium Thiosulphate and Sodium Borohydride
in Bleaching Treatment

byJAAN LEHTARU & TULLIO ILOMETS

INTRODUCTION

The elimination of the chromophorically active substituent, a change in the chem-
ical structure of chromophere by bleaching, is a widely discussed topic i.n conser-
vation research. It is practically important to find less degradative bleaching meth-
ods, which have high bleaching efficiency and low colour reversion at t}.xe same
time. Recently, tetrahydridoborates have often been used in conSfarvatJon, be:-
Cause they raise the resistance of cellulose fibres to th(_e acid hydrolysis, photo-oxi-
dation, the effect of alkalis and ultraviolet radiation’ % 456,

Transition metals, such as iron or copper, catalyse the destruction of cellulose
and participate in the foxing of paper. Transition metals can also cause decompo-
sition of bleaches, which leads to the destruction of paper support. Consequently,
it is very important to prevent transition metals from taking.part in chemical re-
actions or eliminating them from paper. The use of chelating agents has been
widely recommended” %2,

In the present study we examined whether the complexing agent FDTA was
capable of retarding the damaging effect of metal jons and whether .1t could be
added to the reducing bleach. For this purpose a number of experiments was
made: acid soluble Fe and Cu were measured and compared to the results
obtained by using EDTA; brightness and colour reversion were observed and the
content of carboxyl (COOH) carbonyl (CHO) groups were measured before and
after the accelerated ageing of paper.
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MATERIALS AND METHODS
Test paper

A rag paper: moisture content 3.62%, ash content 1.16%, content of extractives

0.01%. 19" century rag paper was manufactured in Russia and used for printing in
Moscow (1832).

Bleach solutions

Seven different bleach solutions were used:

A 1% NaBH, (pH 9.5)

B 2% Na,$,0,- 5H,0 (pH 5.0)

C 2% Na,S,0,- 5H,0 (pH 9.5)

D 2% Na,S,0,- 5H,0 / 0.1 M EDTA (pH 5.0)
E 2% Na,S,0,- 5H,0 /0.1 M EDTA (pH 9.5)
F solutions D (pH 5.0) + E (pH 9.5)

G solutions F + A

The procedures were carried out at room temperature (22°C) with less than
3°C variation among various treatments. Distilled water was used in preparation
of all of the solutions. The pH was checked and adjusted to 5.0 and 9.5 with acetic
acid or sodium hydroxide. Paper samples were bleached for four different times
(2, 6, 14 and 26 min), using the same NaBH, solution. Borohydride solutions were
not used immediately but allowed to equilibrate (by self buffering) 30 min, until
hydrogen evolution had slowed down. After bleaching the samples were trans-
ferred to three different washing trays (with 1.5 1 of distilled water) and washed for
10 min to remove residual chemicals. Paper was dried between acid-free blotters
and after approximately 18 hours the reflectance was measured.

Brightness measuring was carried out using spectrophotometer fitted with an
integrated sphere reflectance attachment using barjum sulphate as a reference
standard. The usual wavelength for the detection of yellowing of paper 457 nm
was chosen.

Degradative effect was characterized by measuring carbonyl (CHO) and car-
boxyl (COOH) groups on paper. The content of aldehyde groups was determined
by Copper Number (TAPPI Standard T 430) and the content of carboxyl groups
by calcium acetate',

The accelerated ageing of paper was carried out during 28 days in darkness at
75°C and 40% of RH. After accelerated ageing brightness, the content of CHO
and COOH groups were measured.
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For the determination of iron and copper in paper a flame atomic absorption
spectrometer (VARIAN Spectr AA 250 Plus) was used. Paper extracts were ob-
tained by acid destruction according to SFS 3047 (Finnish Standard) and after treat-

ment with Na,$,0,/EDTA.

Na,S,0,/EDTA method

A weighed sample of paper was placed in a 250 ml flask. 2% N'a.zsz(-)a . szO
(50 ml) and 0.1 M EDTA (50 ml) was added. The sample was held in this solution
for 14 min and then shaken for 3 min (22°C). pH was adjusted to 5 and 9.5 be-
cause ferric ions form the most stable complexes with EDTA at pH values from 4
to around 7 and copper around pH 8 to 11. The mixture was filtered and V\lrashled
using two portions (50 ml each) of water and filtrate transferrec% to a 200 ml volu-
metric flask. For measuring Fe and Cu content with flame atomic absorption spec-

trometer 5 ml was taken.

The content of iron and copper

d in Table 1. )

The average values of four measurements are presente :
The iro%l content in paper extracts after treatment with 2% Na.zSZ'O,- 5H,O /
0.1 M EDTA (pH 5.0) makes ~1/3 of acid soluble iron content. The difference l?e-
tween copper content values is not considerable. It shows that EDTA works quite

effectively.

Table 1. Iron and copper

After treatment with acid After treatment with Na,§,0, /EDTA

0.09 mg/ 1 g paper

Fe 0.26 mg / 1 g paper )
Cu 0.34 mg/ 1 g paper 0.26 mg/ 1 g paper
RESULTS AND DISCUSSION

Brightness values after bleaching
The datapoints for the average value for unbleached and aged sarnplei are
shown. The brightness of rag paper increases after washing from 81.07% to

88.68% (8.58% increase in brightness value compared to the init.i'a] value): o
The bleach solutions may be listed in the following order of increase in bright-

ness (Table 2, Fig. 1).
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Table 2: Results of measurements of brightness after 14 min of bleaching

Bleach solution Brightness value after 14 min.

Increase in brightness value after 14

bleaching (%) min bleaching (%)
G 98.81 17.95
D 96.08 15.63
C 95.89 15.45
B 95.28 14.92
F 94.61 14.31
E 91.11 11.02
A 91.00 10.91

Table 3: Results of measurements of brightness after accelerated ageing (28 days)

Bleach solution Brightness value after 14 min.

Decrease in brightness value after

bleaching {%) accelerated ageing (%)
A 91.00 0.63
E 91.11 1.95
P 94.61 2.94
D 96.08 4.99
B 95.28 6.76
C 95.89 7.02
G 98.81 8.07

Table 4. Brightness, content of COOH and CHO groups

t ! 1 4

75 ~+ f t
0 5 10 15 20 25

Time of bleaching, min
Fig. 2. Brightness of bleached paper after accelerated ageing (28 days)

The rate of colour reversion can be correlated to the total brightness change-
Samples of paper treated with sodium borohydride solutions have a higher
bleaching stability than those treated with sodium thiosulphate solutions. EDTA
has no effect on the colour stability of paper treated with NaBH,, but adding
chelating agent to the Na,S,0, solutions seems useful (Table 3, Fig. 1 and 2). The
washing procedure is very important, because washed unbleached paper shows 2
good brightness level after ageing when compared to an unwashed sample.
bleached samples have a higher brightness level after accelerated ageing than the
unbleached sample before ageing (Table 4, Fig. 1 and 2).
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Bleaching Brightness (%) Content of COOH  Content of CHO groups
groups {x 107%) (Copper Number)
Solution Time After  After ageing  After After ageing  After  After ageing
(min) bleaching (28 days) bleaching (28 days) bleaching (28 days)
~ - 81.07 76.82 1.91 2.15 0.68 1.01
A 2 96.08 95.76 1.75 2.38 0.74 0.73
A 6 93.99 91.68 1.62 2.36 0.89 0.79
A 14 91.00 90.43 1.23 2.34 0.65 0.29
A 26 90,24 87.63 1.12 2.33 0.65 0.29
B 14 95.28 88.84 1.92 1.74 0.87 1.15
c 14 95.89 89.16 1.64 191 0.83 1.13
D 14 96.08 91.29 1.64 1.75 0.83 1.31
E 14 91.11 89.34 2.18 2.50 0.54 1.05
F 14 94.61 92.49 0.87 1.78 0.45 0.77
G 2 95.67 91.28 1.55 2.30 0.46 0.32
G 6 98.85 93.95 1.47 2.56 0.33 0.63
G 14 98.81 40.84 1.31 2.51 0.19 0.64
G 26 97.96 93.74 112 278 0.22 0.43
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Fig. 4: Changes of COOH groups of bleached paper after accelerated ageing (28 days)

Changes in the content of carboxyl and carbonyl groups

Changes in the content of carboxyl groups using reducing bleaches are not

remarkable. All bleach solutions (except solutions E and G) indicate a slight

tendency to decrease in carboxyl groups after bleaching. The content of COOH

groups in bleached samples after accelerated a eing i ned
paper (Table 4, Fig. 3 and 4). geing is comparable to unbleac
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Fig. 6: Changes of CHO groups of bleached paper after accelerated ageing (28 days)

The biggest decrease in CHO groups was obtained by using bleach solution G
(Fig. 5). Tt seems that the correlation to a certain extent between the content of
CHO groups (which are responsible for yellowing) and brightness value does
exist (Table 2, 3 and 4). Papers treated with bleach solutions A, F and G have a
smaller content of CHO groups after accelerated ageing than unbleached paper
(Table 4, Fig. 5 and 6).
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CONCLUSIONS

* Chelating agent EDTA can be shown to be useful in the removal of iron and
copper on cellulose fibres. The best approach to the removal of stains caused

by iron and copper is the use of a reducing agent coupled with a chelating
agent.

EDTA improves the colour stability of papers treated with sodium thiosul-
phate, but does not benefit to the colour stability of paper treated with NaBH,.

Supposedly, Fe and Cu ions, which remained in paper, were released from the

complexes by chelating agent, they can be oxidized and the preliminary effect
of EDTA is lessening in the course of time.

Despite of the lower content of CHO groups after bleaching, the paper

samples treated with EDTA indicate the tendency of CHO content to increase
after accelerated ageing.

It is necessary to introduce Mg and Ca ions back into the paper after treatment
with EDTA.

The use of EDTA in practical conservation is limited owing to it stimulating
the adverse effect of ink corrosion.

The mechanism of all reactions which take place in paper when EDTA is used
as a chelating agent are still not clear and need more detailed investigations.
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SUMMARIES

Use of chelating agent EDTA with sodium thiosulphate and sodium borohydride in bleach-
ing treatment

This article briefly reviews the use of chelating agent EDTA with sodium thiosulphate and sodium
borohydride in bleaching treatment. A rag paper (1832) was chosen for experiments. Acid solu-
ble iron and copper were measured and compared to the results obtained by using EDTA. Bright-
ness and colour reversion were observed and the content of COOH and CHO groups were
measured before and after the accelerated ageing of paper. It is shown that the chelating agent
can be useful in the removal of iron and copper on cellulose fibres. The best approach seems to

be the use of a reducing agent coupled with a chelating agent. If sodium thiosulphate is used the
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colour stability of the treated paper is improved, but this is not the case with NaBH,. jAltogether,
the mechanisms of all reactions which take place in paper when EDTA is used are still not clear
and need more detailed investigations.

Utilisation de l'agent chélateur EDTA au thiosulfate de sodium et au borohydrure de
sodium lors du blanchiment du papier

L’article décrit brievement P'utilisation de 'agent chélateur EDTA au thiosulfate de sodium et au
borohydrure de sodium dans la procédure de blanchiment du papier. Le pz}pfer retentx pour nos
analyses est du papier chiffon datant de 1832. Les mesures suivantes ont ét¢ effectuées: teneur
en fer et en cuivre par la méthode acide, blancheur et stabilité de la blancheur, ter,leur des gfoupes
COOH- et CHO avant et aprés le vieillissement accéléré. On démontre que l‘agent chélateur
peut étre utile pour éliminer le fer et le cuivre des fibres de cellulose. La n}ellleure approche
semble consister en Putilisation d’'un agent réducteur couplé avec un agent chélateur.

Les résultats des recherches ont démontré que l'utilisation des agents chélatiques (EDTA)
avec I'agent réducteur est efficace pour la séparation du fer et du cuivre du papier. Avec l'utilisa-
tion du thiosulfate de sodium, la stabilité de blancheur des papier s'est améliorée, sauf poux,- le
Papier traité par NaBH,. En général, le méchanisme des réac.txons en p,resen.ce de EDTA n’est
pas suffisamment clair et demande de recherches supplémentaires dans avenir.

Die Anwendung der Komplexverbindung EDTA beim Bleichen zusammen mit Natrium-
thiosulfat und Natriumborhydrid

Der Artikel gibt einen Uberblick iiber die Anwendung der Komplexverbindung EDTA beim
Bleichen zusammen mit Natriumthiosulfat und Natriumborhydrid. Fiir die Untersuchung wurde
Hadernpapier eines Buches aus dem Jahre 1832 verwendet. Es wurc_l?n folgende Messungen
durchgefiihrt: Sturelésliches Eisen und Kupfer, WeiBgrad und Fa.rbsfablhtiit, .Gehalt von COOH-
und CHO-Gruppen vor und nach der kiinstlichen Alterung. Es wird gezeigt, daB der lChelat-
bildner niitzlich sein kann zum Entfernen von Eisen und Kupfer aus Cellulosefasern. Die beste
Wirkung scheint die Kombination eins Reduktionsmittel mit dem Chelatbildner zu sein. Hierbei
verbessert Natriumthiosulfat die Farbstabilitit des behandelten Papiers, nicht aber Natriumbor-
hydrid. Insgesamt sind die Ablaufmechanismen und die Reaktionen, die beim Einsatz von
EDTA stattfinden, nicht véllig klar und bediirfen weiterfiihrender Forschung.
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INTRODUCTION . B
The Library of the Russian Academy of Sciences (Biblioteka Rossijskoj Akadex;xln
Nauk; BAN) was founded by Peter the Great in 1714. Tts core was fc?r;ngil b}}" e
materials which the Emperor has collected travelling abr‘oad, and Wl‘%l?‘, us aLi\I/:
become the property of the royal family. The library gamed. recogmtlor'x as2gn "
ternational scientific centre in 1725. Today its uniquffcouetcuonsc;omg::l‘;’ of ntll;e
. . f difterent epochs;
lion books on science, fine arts, and culture 0 -
books (for example the Radzivill Chronicle) are cultural monuments of world im
ortance. . . :
P Nowadays the BAN is the largest academic library in tbe worlfl, and a.n.lajtzr
research centre. Over 3,000 foreign libraries and information services participate
. ] ! 1
in literature exchange programs with the BAN".
THE FIRE
On February 14-15, 1988 a devastating fire, the largest in the century,d tocl;k ptlzcg
Jaan Lehtaru at the BAN. Over 400,000 books have been destroyed by d;f ﬂ;e, ar:xarie(:iuaftc;r
Tartu University Library million have been damaged, including the famous Baer o o : :;; library’s for-
1 W. Struve St. the German scientist Karl Baer, who performed the cataloguing of the library
CF 2
E::;;EEMOO eign books collection at the 19th century”.
a

The fire at the BAN was extremely disastrous (Fig.1), nevertheless d'.xe very
next day the fire recovery efforts were started and the conFrol over the snue]l)txon
was regained, thanks to the support of the City Administration, the St. Petersburg
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Fig.1:  The repositories after the fire

Foundation for Survival and Development of Humanity, UNESCO, the Interna-
tional Council of Archives, the International Federation of Library Associations,
the Library of Congress, as well as private businesses, responded to the disaster
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offering their assistance?. A vast field of activities was opened for conservation
specialists of the BAN and the other libraries and archives of St. Petersburg.

A major feature of the conservators’ actions in a disaster is that all operations
and treatments, even the most trivial ones, have to be performed over a large num-
ber of items and in a very short time. Hence the search for the methods of massive
conservation, some of which are invented “on the fly”, so as not to lose the pre-
Cious time necessary to save collections. Thus it was in 1988, during the recovery
from the disastrous BAN fire. For the conservators it was a crucial period when
many things had to be reconsidered and reassessed. The authors of this articles
venture to offer their ideas, views, experience and innovations, principles and
concepts that arose in connection with the fire.

FIRE RECOVERY

The fire recovery efforts developed in three main directions.

* First, it was necessary to mobilize all the techniques and technological means
known to be used under normal circumstances. In shortest time possible they
have been modified and applied in the emergency caused by the fire.

* Second, due to the scale of the disaster, a new system of temporary stage-by-
stage treatments had been developed, which laid foundation for a regular plan

of collections recovery.
* Third, the fire has made apparent the need of innovative original develop-
ments for which there had been little demand before.

Of the first group of measures it may be of interest to mention the s?gniﬁcant
improvement of the drying techniques for the books that have gone totally wet,
and the implementation of large-scale disinfection of repositories and books,
which, because of the over-moistening of the repositories were facing the risk of a
massive fungi attack, detrimental for both people and books.

In the course of fire-fighting hundreds of tons of water have flooded 22 reposi-
tories of the BAN., Six tiers of the repositories, with total volume of 24,000 cubic
meters have been affected by water and steam. In these facilities over 6.8 million

imprints were stored.

DRYING TECHNIQUES

In the circumstances of such a disaster huge efforts were made to mobilize the re-
sources so as to speed up the drying process, employing all known techniques, in-
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cluding freezing. In particular, diffusive drying, commonly used in conservation
practice, was applied. This technique consists in drawing the water off the wet
book block by means of filter paper or another material with good hygroscopic
properties. The drying of separate sheets was performed using heated surfaces of
various devices, like platen dryers, photographic print dryers, and the like. The
books were exposed to leaf drying in a flow of warm air, the speed of which was
being changed at a certain rate. This was reached using various electric convec-
tors, dryers, fans, and other devices. All of these methods are not quite satisfactory,
and it is not just for the reason of being time-, and labour-consuming. Employing
them always leads to complex deformation of various parts of book materials.
Drying in high-frequency magnetic field proves to be much more effective in this
respect, though it has drawbacks of its own, especially when applied to charred
materials. Sublimation and vacuum drying, or their combination, have generally
accepted advantages.

AERODYNAMIC DRYING SYSTEM

The library had a high-frequency device, but it did not possess the equipment for
sublimation drying, which is most suitable for drying frozen books. However, a
decision to this problem was soon found, without resorting to the use of complex
equipment. While the work was already in progress, an aerodynamic system was
developed in a very short time, enabling to dry the frozen books without unfreezing
them, while leaving the books well retained. Blocks of frozen books were packed
into moisture-absorbing, mattress-type, sawdust-filled wrappers. The blocks thus
packed were freely placed on open shelves in a spacious chamber. About them
strong closed flows of hot air were created. The air streams pierced the blocks
with books and also circulated around the perimeter of the drying chamber walls.
A separate powerful fan discharged the humid air out of the chamber. At the same
time dry air was sucked in.

The process ensured gradual dehydration of the books packed into blocks
without any deformation or deterioration of the materials. The state of the materi-
als was controlled thermometrically, hygrometrically, and by means of selective
assessment of the mechanical properties of paper. The drying continued until an
equilibrium moisture content corresponding to that existing in normal storage
conditions was reached, with relative humidity of 55%=35, and temperature of
18°C+2. The speed of dehydration depended on the rate of motion of the air
flows and the composition of the sawdust used as adsorbent. The rate of unfreez-
ing was within 0.4°C+£0.1/min and also depended on the structure and com-
position of the books. At the beginning of the process the air temperature de-
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creased whereas the block temperature increased. It is only after the equilibrium
of the temperature in the air and within the book blocks had been reached, t}fat
the rate of air flow was reduced to a temperature gradient of 0.15°C+0.05/min.
The process continued until the ambient temperature reached 18°C 2. This
took 8+ 2 hours. . .

After the drying had been completed, a process of stabilization began in the
materials. The packing wrappers were taken off and the books were removed f‘rf)m
the chamber. Then they were stacked for subsequent disinfection and rehabilita-
tion, under permanent control’. .

Over 150,000 books have been dried this way, without the slightest damage to,
or deformation of paper and bindings. The drying system used at the BAN was a
significant technological improvement and even has some advantages over vacuum
sublimation drying in special chambers. This technology ensures umfor‘n'{ drying
of books, and at the same time makes for maintaining a prescribed humidity level
in them throughout the entire drying cycle. Besides, the advantage of the mf:thod
over vacuum drying is that drying will not come until the pressure reacl?ec'i in the
material have caused corresponding strains in it, under permanent humidity con-
trol. It also should be mentioned, that there is no way to control moisture contents
in books while sublimation drying is in progress.

THREAT OF MOULD GROWTH

Despite all the measures taken in order to hasten the drying, there was an immi-
nent threat of mould growth in many places of the multi-deck repositories. I.n 10
days contamination of the air has increased three times. The high cox?tent of viable
fungal diaspores equally dangerous to books and people caused serious concern.
Among the fungi potentially pathogenic representatives of t.he genus Aspergzlh{s
were predominant, among them 4. flavus, A. fumigatus, A. versicolor, A. tm?'eus, A. ni-
ger, and some others. The ubiquitous fungi of the genera Rhizopus, Mortzerella,. Mu-
cor, Cunningamella, with their enormous reproduction capacity at high hurrudxt)",
which reached 100%, also contaminated the environment with their spores. It is
well known from medical mycology that under certain conditions they can cause
human mycoses, which are not localized geographically. Fungi of the genera Al-
ternaria, Acremonium, Cladosporium, Scopulariopsis which are permanently found. on
damaged bindings and paper, because of the significant environment conta.rm.na-
tion and concentration of people working with the books, heavy work of the dwg
devices, which spread the diaspores, gained favourable environment for getting
onto people’s skin, hair, nails, clothes, which has been reliably proved, pose a
health hazard.
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DISINFECTION

Having analyzed all the available city resources and taken into account the urgency
and possibility of performing work in close proximity of the inhabited buildings,
the commission of experts took an unambigous decision to consider disinfection
of the repositories as an immediate priority in the fire recovery efforts’.

During the period form April 19, till May 27, 1988, 8.1 mill. volumes under-
went disinfection right on the shelves of the repositories. The disinfection tech-
nique employed in this case was to a considerable extent different from all the
procedures known so far. The plan was to perform massive decontamination of
the hermetically sealed repositories, together with the books located in them, by
means of aerosol fumigation, which would produce no detrimental effect on peo-
ple and books. In case the traditional chamber techniques were used, this work
would have taken no less than 2 years.

PROCEDURE

The procedure was as follows. All windows, doors, and slits in the repositories
were hermetically sealed. Within the rooms a series of ventilating devices ensured
an aerodynamically closed ring. The rooms were preliminarily warmed up using
electric fans; in addition the environment was moistened. The temperature was
set to 40°C 5. This hot and humid environment in 1.5-2 days triggered the growth
of fungi spores, which in the form of vegetative mycelium are more sensitive 10
physico-chemical impact. This made it possible to limit the contents of formic al-
dehyde in disinfection composition to 40 grams per cubic meter of the room, and
thus to alleviate the mode of operation.

The disinfecting agent was a composition, including 8% formic aldehyde, 40 0{“
carbon dioxide and 52% water. The composition was introduced into the repost”
tories environment using ultrasonic nozzles. The aerosol mixture got into the closed
convective heat gas flows and in a short time spread over the whole room.

The exposure continued for 1 to 10 days, with permanent mycological Cont‘:o}
of the books and storage rooms environment. One day after the composition mix*
ture had been introduced, the contamination of the books was reduced by the fac-
tor of 10-15, and on the tenth day, by the factor of 75. The process was stopped,
when the treatment efficiency reached 95-100% against the initial content of the
diaspores in the air and on the books®.

Upon completion of the disinfection, the formic aldehyde was neutralized P)’
an equimolecular amount of ammonia, with gas flow passing from the room Via
the sorption filters installed on the exhaust window fans.
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Contamination or leakage of the disinfecting agent into the environm.eut was
precluded due to the exact calculation of the parameters of the production pro-
cess. All cycles of the disinfection treatment were pe.r‘formed. under per.mane‘nt
control of the city’s sanitary and toxicological authormes.. This r?sultec:{ in Satls;
factory, rapid, and ecologically safe prevention of a massive fungi attac 9n v;.ls
book collections, stored closely to the repositories that were damagesl during the
fire. The library’s staff and volunteers were reliably safeguarded against the my-

cological diseases.

NEW PERCEPTIONS

The BAN disaster can be compared to losses suffered in the Florencle flood of. 1966
and in the Los Angeles Public Library fire of 1986. Both cases required maximum
exertion of efforts and a search for non-standard solutions. There also fos an un-
questionable similarity in that valuable cultural heritage were amox;g ut}lx; 1t:errlx)s thazﬁ
have suffered damage. Many items damaged in the BAN fire s 1o . ei 80y000
means preserved per se. Of the 5 18,000 imprints of the Baer Col l:ecttllf;'n'lﬁ X ’
were carried away by the fire of 1988. The others were damaged by the fire, an
they had to be preserved at all costs”

As it nearly always happens in disasters,

based in many respects on the well-known an , wh
has been said before is not an exception to the rules: the work revealed radical in-

hovations, including those so significant that they are wort%ly of recognlu?rxl an(%
are a valuable contribution to the development of conservation. They certainly in
clude mass disinfection of the repositores and drying of the fr?zen books.

At the same time it has become evident that a part of the issues brought about
by the disaster requires deeper and more considered study; ?.nd that th'ey ca.r:I m;1
be resolved on a short time frame of the current work. Without having radic y
means available it was yet necessary, one way Of anothfer, tq saye the dzrr:lge :
copies from the inevitable subsequent &sintegatu:n. This objective was best an
swered by the concept of “preventive conservation’.

the fire recovery program at BAN was
d tested techniques. However, what

PREVENTIVE CONSERVATION

The program of preventive preservation is a program of temporari', stage-by:tagz,f
step-by-step treatments, sufficiently quick, and performed over a au-gednurr;l (te;; .

imprints. Materials must, to a maximum possible extent, be preserved, and their
possible subsequent disintegration prevented, care being taken to observe the rules
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of usual library shelf storage. Concurrently with these temporary steps, funda-
mental research should be carried out along with the search for new unusual solu-
tions and the development of new original techniques. In other words, it is only
after the reliable new technologies, guaranteeing long-term preservation, have
been found, they may gradually without undue risk and haste, be applied to the
imprints being in a state of temporary conservation.

Such formulation of the problem meets the goals of scientific conservation the
best way. And it was taken as the main idea, the concept of the works performed
in order to ensure preservation of the BAN collection after the fire.

If, in these circumstances, one considers the general idea of conservation in all
of its scope and in its relations with various directions of activity in the field of
preservation of the library collections, than these latter could be assumed as its
components. Much like the idea of preventive conservation, it has grown into li-
brary ideology, implying variability of the sets of measures and methods applied
towards imprints and manuscripts in different periods of collection existence.

THE PHILOSOPHY

The philosophy of preventive conservation is developed by the Getty Conservation
Institute and the Library of Congress (USA). It can be characterized by the fol-
lowing concepts and is developed in several directions”.

The concept is based on the indisputable truth that the time of existence of all
organic materials, which form the material substrate of a book, is limited, and that
they cannot be preserved forever. Ensuring their preservation, even with serious
scientific prerequisites, and skillful mastery cannot prevent, but can only for a more

or less extended time retard the onset, the inevitable moment of the complete dis-
integration of an original.

It this connection, as the conce

pt has it, it is necessary to carefully protect the
book materials from unjustified (

from the point of view of future preservation) res-
toration treatments, which are potentially capable of becoming one of the factors
intensifying disintegration of paper and books. For all their uselessness, and, in
the final analysis, even harmfulness, these treatments also require tremendous €X-
penditure.

This economic side of the issue is not unimportant. It is all the more significant
in that it enables to redirect the efforts towards research and precise interpretation
of the process of damage of library materials, bringing them to a level of new refined
understanding, which would enable to create long-term programs on this basis.

This is the way to follow in order to assure the emergence of new, more
thought-out solution in the field of conservation in contrast to rash immediate
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actions with a short-term effect, which do not warrant long-term storage of docu-
me raries. ‘
;‘:elsltla l;:)ri;:iples, having been integrated into a unified s?'stemalax'l:e cr’;e:nte;
preted in accordance with the BAN conditions, now fOI'Il'l an mtegrd |bt " aiythe
conservation, which is applied in a given libra.ry.. Th(?re is als;) nod (:ltlle hat the
adopted concept of conservation requires, as it is being d.eve ofp; ;uments o ﬁ_
ment of new principles and means of ensuring preservatlsn of o'enﬁﬁc o
braries. Its implementation requires the solution of a nu‘m er (:i sci dic;up et
cal and technical problems. This system of preservanf)n is based on 11:; - zlarge
approaches. It is established on a complex of p-rerantlst measures w.
extent are new and have not earlier been used in libraries.

NORMATIVE PRESERVATION

The practice of conservation is in large measure a:imed at Pro"_ﬁmgf":‘r:o:;:‘;cn};
anisms for the prediction of processes occum.ng in tl'.xe materials 2 rie:) Thie o
manuscripts as they are permanently stored in the library reg‘omtod to. s A
sumes their permanent stay in repositories, wherfa t'hey arefl‘sl.l jec ed - enViI:on-
impacts due to changes in the condition of the buildings, utilities, an

ment. _ .

The purpose of collection preservation at the BAN is to trac‘:::( theri);srs‘l};::lot}'n 2:
such changes and to adjust them technically, so that the normative }t)hl enaron e
the imprints could be observed. One of the most complex issues wi " Ative
work is to elaborate an integral measure that would chaljactenze the norm ve
condition of preservation for the entire complex of materials ?onsutL:it:;Eﬁ 3;1:) : o
tion. For this purpose it is first of all necessary to perform P“m:‘?' rocessing of
normative preservation of every material with subsequent comput: pwill be min.
the data in the search for an optimal set of parameters, such that there e
i i e materials.
lmicﬁ:f:z:iz; E:::tl;) ftht}i‘s formulation of the non-conventional prOblem; Emy
questions have arisen. For example, the question of separate storage Ofthm Ings
and book blocks, because the optimal storage condl.tlons for‘ either .of emdafe
different. In practice, preference is always given to mforrr}at.lon caf}r);zrz,l ;ndl,e:
large measure, to the most widespread of them, the paper. tis POSIS: logicall
will arise the necessity to divide the collection n‘ot by SlbeeCts orc ro:; %lhis i’s’
but by the chemical composition and g{operﬁesﬁd schfferent materials.

i ice for paper and microfilm collections. .
es‘?;’::::;f;a:? :lfefideilggy and the renewal of t}'xe essentialf m?btechnltiuzz ::
conservation will in perspective lead to a change in the routine library pra
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which has not until now been put into conformance with the requirements of
normative preservation, but has followed other principles. A certainly important
direction in the development of this idea is the change in requirements for the poly-
graphic production, which would result in compatibility (in terms of preservation)
of the materials, used in manufacturing of polygraphic products. And, still deeper,
the choice of the materials used in polygraphy for producing editions with differ-
ent life cycle and different usage form.

The immediate task of preventive conservation is to elaborate the system of para-
meters and a program which would enable to monitor the change of each of the
component for each of the materials in conditions, normative for the latter and
normative for other materials. In the final analysis conservation implies integra-
tion in one system and coordinated use of all knowledge accumulated on each im-
print and manuscript, for working out rational norms that would take into account
techniques used in the production of the document, form of its storage, conserva:
tion and library routines. Such formulation of the problem brings one to the idea
of the need for new education of librarians so that they could become aware of the
needs of normative preservation and provide conditions for it. The librarians en-
sure the overall success here. They should participate in the conservators’ work
on developing new forms of library technologies.

The Baer Collection, which required immediate recovery measures because of
the damage caused by the fire, became the starting point for the implementation
of conservation program at the BAN. The damage that the fire inflicted upon the
Baer collection, has taken the form of either complete destruction of imprints, or 2
partial change of their physico-chemical properties, partly caused by fire-fighting.

PHASED CONSERVATION

Since the very beginning of the tragic events down to the present time the BAN
has been receiving help from the world community in various forms and from
various establishments, such as cultural institutions and businesses from different
countries. The BAN was visited by Peter Waters, Sally Buchanan, Carolyn Sung,
Frank Preusser, Jane Siena, Ken Harris, Irina Averkieff, Donald Etherington, and
others. These experts from the Library of Congress, the Getty Conservation Insti-
tute, and other institutions, having evaluated the situation, suggested a technique
of partial, stage-by-stage “phased conservation” used in American libraries. Its
main idea is to prevent further deterioration of imprints and ensure their sus-
tained preservation by means of putting them into microclimatic containers (Fig. 2).
It is also important, that these measures improve the environmental condition in
repositories.
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Fig. 2: The books in phase boxes
The BAN specialists, together with American experts, drew up a program of

“phased conservation”. Using a custom container for every non-standard sized

and laborious business.
bo?:{ltll:snf: g:trt:elr)lii:)lr?::f yth:vlt this idea was successfully tefted in the library
practice of the past. As far back as 1944, after lifting ?f the: fascist bloFkade, m.any
imprints of the Russian National Library and other libraries of ﬂ?e city were in a
grievous state. All of them, after disinfection treatment, were put into dense wrap-

pers made of kraft paper. In this form they were stored for a long time and with-

iti i ilizati ation, At the post-
out any damage, awaiting their turn for stabilization and restor P

fire BAN the work was performed at a higher level, corresponding to the prese‘nt-
day scientific and technical potential. Various types of double-fa(.:ed co'rrugau.ng
acid-free board were used to produce containers, quite advanced in design, using
co :

?‘gzt:(r)ltlzzltlizil?igezﬁned for boxing was divided into two parts (tur‘ns). The first
turn comprised the most valuable collections of the 17th—.1 8th (':entunes. A systfhm
was developed for compiling of an automated database, in which the data on : e
history and composition of the collection, as well as on ovc?r 50 par:ameters, 'e-
the degree of damage, physico-chemical and bio-

scribing preservation condition, emica ane e
logical characteristics, are being accumulated. A program has also been develope
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Fig. 3: The phase boxes shalving in the repository

to monitor the condition of the collection. The database has started accumulating
the data on changes in the parameters characterizing the preservation condition
of the materials that form the substrate of the books®. Besides that, the database
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enables to compare the state of the books, stored the usual way, and the books en-
closed in microclimatic boxes.

By the present time 28,000 books of the Baer Collection have been put into
boxes (Fig. 3), which were made using the US equipment. In collaboration with
the All-Russian Institute for Paper the BAN specialists have performed much re-
search on developing the technology which would enable to manufacture the
board used in making boxes at enterprises of the Russian paper industry. An ex-
perimental batch of such board has been successfully tested. This work is now be-
ing continued, with the goal to produce the boxes for another 40,000 imprints.
Thus, a special technology, information and monitoring system, providing for the
preservation of the books of the collection, have been developed and now are be-
ing implemented. Besides, the program is planned to be further developed, so that
the phased conservation technology could be used in preservation of collections
of great cultural and historical value.

CONTAMINATION BY WATER IMPURITIES AND POLLUTION

The next direction of the work consists in performing a new type of intensive in-
vestigations. The need for them is based on the specific conditions that have formed
at the BAN after the fire, and which are related with especially unfavourable fac-
tors. Due to this, the properties of the imprints which underwent the fire have de-
teriorated considerably, so their recovery will require non-conventional methods.
It is only when such methods become available will it be possible to define new
technological cycles. This, in large measure, applies to deacidification ter‘:hnology.

An extremely important factor in resolving this problem is the pollution of wa-
ter in St. Petersburg. The fire was extinguished using water drawn directly form
the Neva, which is greatly polluted®. It is sufficient to mention many substances of
organic origin, such as petroleum residue, acetone, ethyl acetate, benzol, butanol,
toluene, and others. This water includes practically all metals in different concen-
trations, but especially significant is the presence of zinc, copper, nickel, manga-
nese, and, most of all, iron, the quantity of which amounts to 300 pg/1. This being
the case, the metals occur in the form of salts of various acids. Especially abun-
dant are nitrates, nitrites, chlorides, sulfates, and others. Humin acids are present
in great amount. It should also be remembered that as the water was drawn, com-
ponents of bottom sedimentation could find their ways into the repositories. Be-
sides, in accordance with the fire-fighting practice, the water was mixed with de-
tergent-type foamers, which constituted 3-4% of its volume. For hours many fire
engines poured this mixture onto the books in tremendous amounts, considering
the fact that one engine alone delivers 0.5 t. water per second.
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Thus, one can say without exaggeration that the books which had been im-
pregnated with solutions of complex chemical origin, while being dried, were en-
riched with a non-controllable mixture of compounds of various chemical nature.
These materials, the composition of which has significantly changed, should be
subjected to stabilization and restoration. Doubtless, one may assume that the tech-
nological process of their restoration should be different form those accepted or
usual books that are subjected to natural ageing. Moreover, the books that under-
went fire-fighting are to a much greater extent susceptible not only to chemical,
but also to biological deterioration. Additional ingredients penetrating them con-
tribute to the development of micro-organisms,

It is also obvious that the books have adsorbed various gaseous and aerosol
products generated by combustion of various materials. Their interaction and de-
structive activity in the process of long-term storage require careful study, meticu-
lous analysis and unhurried conclusions.

FURTHER RESEARCH

At the present time the first part of the work that raises no doubts, that is putting
the books into phased boxes, is being consistently and thoroughly implemented.
This program has been accepted at the BAN as the sole real program of collection
preservation in the present complicated conditions. Taking into account that such
“phased conservation” is not interminable and that development of new technolo-
gies in underway, their completion and careful testing will be followed by the
stage providing for the improvement of the properties of books themselves. The
goal of this subsequent stage of conservation is to bring the books to a state of con-
formance with the standards of permanent storage.

In order to fulfill practical and research tasks, special units dealing with conser-
vation have been formed within the BAN organizational structure. Their activi-
ties, requiring thorough scientific qualifications, have been raised to a higher level.
A number of research groups that work using modern scientific methods and theo-
retical prerequisites has been set up. In particular, a special preventive conserva:
tion unit has been created within the structure of the BAN’s conservation depart:
ment. These units develop the new and yet unknown directions of activities in the
field of conservation.

In prospect, at a certain stage of development the research units at the BAN
will join the Research Centre for Preservation of Cultural Heritage which is being
organized in St. Petersburg under the auspices of the Getty Conservation Insti-
tute, the Russian Academy of Sciences and the City Administration. In the futufe
it will be necessary to fill in the missing links, while forming and improving its
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structure. It is quite probable that these works will be extended to the other cul-
tural institutions of St. Petersburg. The universal nature of this idea will enable to
extend the activities to other regions as well.

In the final analysis all new research and technologies will supplement and be-
come a part of the concept of conservation at the BAN, which will, through the

use of them, gradually improve.

CONCLUSION

In conclusion it is necessary to highlight the peculiarity which the BAN has at-
tained in its work on collection preservation, by having adopted the non-conven-
tional concept of preventive conservation.

As an ideology (philosophy) such preservation seeks to ensure the long-term
storage of a collection. It is used for the purposes of planning and organization of
consecutive (stage-by-stage) treatment of the imprints. Thus the departure from
the usual routine practice of full individual conservation of each item is justified.

The concept infers the most complete definition of the degree and kind of
damage and endeavours to ensure the prediction of the rate of processes of fur-
ther disintegration of an inner book and various binding materials.

Using the concept enables to make a timely and systematic response to the ac-
tivation of the destructive factors. If the possibilities of launching large-scale activi-
ties are limited, than they can be performed in the logical order within the frame-
work of stage-by-stage treatments.

The application of stage-by-stage treatment also known as the phased conser-
vation contributes to the system of priority assessments, which ensure the guaran-
tee of survival of the collections for the longest possible period.

The concept ensures favourable prerequisites of the long-term planning, which
would take into account the present and future technologies of collection preser-
vation. It is quite possible that their development will make an alternative to the
Processes of treatment universally accepted today by many specialists and cultural
institutions,

SUMMARIES

Preservation of collections at the Russian Academy of Science Library

The Library of the Academy of Sciences, founded by Peter the Great in 1714 is the. bigge..st ac?,-
demic library in the world. On February 14-15, 1988 it was struck by a fire, the biggest in this
century. Thanks to the efforts of the St.Petersburg BANCch of the Russian Academy of Sciences,
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Preservation of Collections at the Russian Academy of Sciences Library

the City Administration, and numerous international organizations the situation has been quickly
put under control. The Library’s personnel, and conservators in particular, were facing a new
period of activities, full of complexity and responsibility. These activities were developed in three
directions:

* Improvement of the technologies of book drying and repository dehydration, and their rap.id
practical application. Development of method and implementation of disinfection of 8.1 mill.
of books in the repositories.

* Development and implementation of the program of preventive conservation by means of
putting a large number of damaged books into microclimatic boxes.

» Intensifying scientific research in the field of creation of new methods of rehabilitation and
storage of the damaged books in the post-fire conditions.

Préservation des collections de la Bibliothéque de I'Académie des Sciences de Russie

La Bibliothéque de I’Académie des Sciences, fondée par Pierre le Grand en 1714 est la pl'us
grande bibliothéque universitaire du monde. Les 14 et 15 février 1988 elle fut touchée par un i
cendie énorme , le plus gigantesque de ce si¢cle. On a pu rapidement maitriser la situation gr ace
aux efforts conjugués de 'annexe de I'Académie des Sciences de Russie de Saint Petersbourg, de
Padministration municipale ainsi que de nombreuses organisations internationales. Le personnt?]
de la Bibliothéque et en particulier les conservateurs/restaurateurs ont dii affronter une m‘fh’"
tude d’activités nouvelles complexes faisant appel 2 leur sens des responsabilités. Ces activites
devaient se développer dans trois directions:

* Amélioration des méthodes de séchage des livres et de déshumidification des entrepots d’er’n-
magasinage ainsi que leur application immédiate. Développement d’une méthode de dés-
infection et application pratique de celle-ci 4 8,1 mio. de livres dans les entrepots.

* Elaboration et application d’un programme de conservation préventive en plagant un grand
nombre de livres endommagés dans des caisses microclimatiques.

Intensification de la recherche scientifique pour développer la création de nouvelles méthodes
relatives a la restauration et au stockage des livres endommagés dans des conditions correctes
aprés leur exposition au feu,

Die Konservierung der Sammlungen in der Bibliothek der Russischen Akademie der Wissen-
schaften

Die Bibliothek der Russischen Akademie der Wissenschaften, gegriindet von Peter dem GroBen
im Jahre 1714, ist eine der grofiten wissenschaftlichen Bibliotheken der Welt. Am 14. und 15.
Februar 1988 erlebte sie eine Brandkatastrophe: die grisBte, die eine Bibliothek in diesem Jahr-
hundert getroffen hat. Dank der Anstrengungen des St.Petersburger Zweiges der Russi‘sCh'en
Akademie der Wissenschaften, der Stadtverwaltung und zahlreicher internationaler Organisatio®
nen konnte die Lage rasch unter Kontrolle gebracht werden. Das Bibliothekspersonal und be-
sonders die Konservatoren/Restauratoren sahen sich mit einer Fiille neuer, komplexer und ver-
antwortungsvoller Aufgz{l?ﬁg koqffrept;gg._s'le‘galt:an.dfn folgen drei Bereichen:
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1 Biichern und zur Entfeuchtung von Maga-
e Anwendung. Entwicklung und Umsetzung

Verbesserung der Methoden zur Trocknung vo
zinrdumen sowie deren unverziigliche praktisch : i
einer Methode zur Desinfektion vom 8,1 Mill. Biichern in den Magazinen. o
. Entwicklung und Umsetzung eines Programms zur vorbeugenden‘ K&r.ll::r\l::;u:g durch Ein-
legen zahlreicher beschadigter Biicher in abgeschlossene Kisten mit Mikro . ;
Intensivierung der Forschung zur Entwicklung neuer Methaden zuf Wl;derh;rs::::mé al;:i
zur Lagerung von beschdigten Biichern unter den Bedingungen, die sich nach ei
Katastrophe einstellen.
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