\W2 B 43387

RESTAURATOR

International Journal for the Preservation

of Library and Archival Mategidles e
3 AL PR :ﬂ
df"F@*h h \g‘u“l'\é IRIYE 303 ;

ETTIN maete T ma gy :E
TTUIN AT Y

£ heh Fod

T SRR I
Volume 21 .Number 4 * 2000 ‘; - ;r ) :n:m X wtbine g
t) ":.: LT ed T,

hlﬁ@"ﬂ:r‘—” -

o~ ~3

A “Miinchen

, - (90‘2"-“.. [
\Pre




Board of Editors

EDITOR AND EDITORIAL OFFICE:
Dr. HELMUT BANSA, ElisabethstraB3e 23, 13-80796 Munich, Germany.

ASSOCIATE EDITORS:
N. S. BAER, Professor. New York University, Institute of Fine Arts: Conservation Center. 14 East 78th
Street, New York, NY 10021, U.S.A.

RICHARD D. SMITH, President. Wei T'o Associates, Inc., PO. Drawer 40, 21750 Main Strect Unit
27, Matteson, 11, 60443, U.S.A.

CONSULIANT EDITORS:

GERHARD BANIK, Prof Dr, Staatliche Akademic der Bildenden Kiinste, Fachbereich Restaurierung,
Am Weifienhofl 1, D-70191 Stuttgart 1, Germany.

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

ALAN CALMLS, Preservation Officer, National Archives and Records Administration, Washington,
DC 20048, US.A.

FRANGOISE FLIEDER, Dirccteur du Centre de Recherches sur la Conservation des Documents
Graphiques. 36 rue Geoffroy-Saint-t lilaire, 75005 Paris, France.

JOHN B.G.A. HAVERMANS, Dr. (chem ), TNO Institute of Industrial Technology. Paper Production
Technology, P.O. Box 6031, NL-2600 JA Dellt, The Netherlands.

VICKI HUMPHREY, Manager of Paper Conservation. ARTLAB Australia, State Conservation Cen-
ter of South Australia. 70 Kintore Avenue, Adelaide 5000, South Australia.

JANA KOLAR, Dr, Head of Conservation Department, National and University Library, Turjaska 1,
S1-1000 Ljubljana, Slovenia.

[. L. MOKRETSOVA, Dr., State Institute for Restoration, 44, ul. Gastello, 107014 Moscow, Russia.

YULIA PETROVNA NYUKSHA, Dr. (biol.sc.), Senior research sientist, Depariment of Conscrvation,
Library of the Russian Academy of Seiences, 1. Birzhevaja Liniya, SU-191069 St. Petersburg, Russia.

MARIAGRAZIA PLOSSI-ZAPPALA, Dr., Dircctor, Laboratory of Chemistry, Istituto Centrale per la
Patologia del Libro, via Milano 76, I-0018:+ Roma, Italy

ALICE RUGHEIMER, Scnior Conservator. The British Muscum, Department of Conservation, Wes-
tern Pictorial Art Section. Great Russell Street, London WCIB 3DG, England.

CHANDRU J. SHAHANI, Chicf, Preservation Rescarch and Testing Division, Library of Congress,
Washington, DC 20340, U.S.A. ’

ANTONY W. SMITH, Dr., Senior Lecturer in Science, Camberwell College of Arts, School of Art His-
tory and Conservation, Wilson Rd., London SES5 8LU, England

ECKHART STROFER-HUA, Dr, Chemist and Chemical Consultant, Karl-Kunz-Weg 9, D-68163
Mannheim-Neuostheim, Germany.

IAN WOUTERS, Dn,. Head of the Laboratory for Materials and Techniques, Koninklijk Instituut voor
het Kunstpatrimomum,_jubclpark 1, 1000-Brussel, Belgium.

ANTONIO ZAPPALA, Dr,, Professor. Dipartimento di Storia ¢ Tutela dei Beni Culturali, Universita,
Via Antonini, 8, I-33100 Udine, aly.

RESTAURATOR {ISSN 0034-5806) is published quarterly by K. G. Saur Verlag GmbH & Co. KG,
Ortlerstr. 8, D-81373 Miinchen, Germany.

N 'S

RESTAURATOR

International Journal for the Preservation
of Library and Archival Material

Vol 21 (2000), No 4, pages 1872438 ISSN 0034-5806

g TSI

P it

v Yoo 2o NEHEA

Contents +

187:  A. BULOW, P. BEGIN, H. CARTER & T. BURNS: "~
Migration of Volatile Compounds through Stacked Sheets of Paper
during Accelerated Ageing

Part II: Variable Temperature Studies
204: MARGA A.P.C. DE FEBER, JOHN B.G.A. HAVERMANS & PETER DEFIZE:

Iron-Gall Ink Corrosion: A Compound-Effect Study

913: MARINA BICCHIERI, FRANCESCA MARIA SEMENTILLI & ARMIDA SODO:
Application of Seven Borane Complexes in Paper Conservation

229: VLADIMIR BUKOVSKY:
The Natural Ageing of Paper After Exposure to Daylight

938: ABD-ALLA M. A. NADA, SAMIR KAMEL & MOHAMED EL-SAKHAWY:
Physicomechanical Properties of Paper Treated With Polymers

248: Obituary

Indexed in:

Chemical Abstracts

Current Contents

IBR (Internationale Bibliographie der
Rezensionen wissenschaftlicher Literatur)

Information Science Abstracts

Library Literature

Library Science

Social and Educational Science
Citation Index



Restaurator, 2000, 187-203

Copyright © Saur 2000
Printed in Germany - All rights reserved T A e al

RESTAURATOR

ISSN 0034-5806

RESTAURATOR Vo

Vol 21 (2000), No 4, pages 187-248 ISSN 0034-5806 i

Y
e, so0 ® s
PUBLISHER: . ‘_{x"

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

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

Fax (+49/89) 7 69 02-1 50
http://www.saur.de

ADVERTISING RATES:

Advertising rate card 2000
Advertising fact sheet with details of
mechanical requirements and closing
dates avaijlable upon request

Responsible for advertising:
Constanze Giildner,

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

Tel (+49/89) 7 69 02-3 21

E-mail: c.gueldner@saur.de

SUBSCRIPTION RATES (INCL. POSTAGE):

per annum DM 398,-, 65 2905,-,
sFr 354,-

Single copies DM 120,-, 6S 876,-,
sFr 107,~

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

© 2000 K. G. Saur Verlag GmbH & Co
KG, Ortlerstr. 8, D-81373 Miinchen
Federal Republic of Germany

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/Donan

Migration of Volatile Compounds
through Staﬁkéﬁ’s.heets of Paper
dutfirtg Accelerated Ageing

Part II: \;;an'able Temperature Sfudies ~
by A. BULOW, P. BEGIN, H. CARTER & T: BURNS

INTRODUCTION

Acid migration has often been assumed to be the cause of the discolouration of
paper that has been in contact with acidic materials'*. More recently, Shahani
has proposed that volatile, acidic degradation products are generated during arti-
ficial ageing of paper. These compounds accumulate in paper stacks since they
are unable to escape into the environment, therefore accelerating the degradation
in the centre of a paper stack®.

Evidence has recently been found for the acid migration through a stack of 30
sheets of commercial alum-rosin sized, fully bleached, kraft paper under condi-
tions of accelerated ageing at 90°C and 69% relative humidity (RH)*. However,
no conclusions can be drawn from that study as to the impact of the migration of
volatile compounds at lower temperatures, where the formation and reaction of
degradation products takes place much more slowly. In addition, the relative im-
portance of competing mechanisms during paper degradation may change with
lower temperatures®”’.

The work reported here studied the migration of volatile compounds through
paper stacks at three different temperature and humidity conditions, viz. 90°C at
69% RH, 80°C at 65% RH, and 70°C at 61% RH. It was anticipated that the
studies at the two lower temperatures will give some indication as to whether or
not diffusion of volatile degradation products during artificial ageing takes place
under conditions of natural ageing. At the same time, the progress of migration
was monitored by removing stacks for testing at four different time intervals.
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Migration of Volatile Compounds through Stacked Sheets of Paper

EXPERIMENTAL

Samples

In order to simulate the paper that is found in books and to allow for significant
changes in a relatively short artificial ageing time, an acidic paper was chosen.
This paper was made from fully bleached kraft pulp, containing 50% hardwood
and 50% softwood pulp. It was alum-rosin sized, and contained 4% clay as a filler.

The samples, arranged in 13 stacks of 50 sheets each, were numbered from the
top to the bottom. All sheets were aged. For the actual tests, ten sheets were taken
out of each stack (these were sheet nos. 1, 2, 3, 4, 5, 6, 10, 15, 20, and 25). The cor-
responding sheets of each stack were tested. The experimental setup, using three
different conditions and four different intervals, resulted in a total of 130 different
samples to be tested, including the control.

The degree of polymerization (DP) was determined using sheet no. 16. This
sheet was chosen after all other tests had been carried out, and showed that the
rate of degradation essentially did not change in this part of the stacks. Using
sheet no. 16 out of each stack resulted in 13 different samples on which to per-
form the measurements, and allowed for a distinction between the different rates
of degradation under the three different ageing conditions.

Accelerated ageing

The stacks, 50 sheets of 812" x 11" (21.6 cm x 279 cm), were placed on glass
plates. In order to keep the sheets in place, due to the airflow in the ovens, the
stacks were covered with plexiglass frames, about 1" (2,54 cm) wide at each yside
This allowed the stacks to be open at the top and to interact with the environ:
ment through their centre.

The choice of ageing conditions was based upon experience with experiments
recently conducted at the Canadian Conservation Institute. Those studies were
performed in order to develop moisture profiles that can be used to determine
the temperature and relative humidity combinations that would keep the moisture
content of the samples during accelerated ageing the same as they would be dur-
ing natural ageing at 23° C and 50% RH".

hAccording to the results of this study the following ageing conditions were
chosen:

* 90°C at 69% RH; the stacks were removed after 5, 9, 16, and 30 days
* 80°C at 65% RH; the stacks were removed after 7, 15, 28, and 50 days
¢ 70°C at 61% RH; the stacks were removed after 12, 32, 61, and 110 days.
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The four stacks used in each ageing condition were always put in the same
oven at the same time. The control stack was kept in the dark at 23 + 1°C and
50 + 2% RH during the accelerated ageing.

All accelerated ageing was carried out using controlled temperature and
humidity chambers manufactured by ESPEC, model ESPEC PRA-3GP. After
accelerated ageing, the samples were conditioned at 23°C and 50% RH for at
least 24 hours before being tested.

Test methods

After artificial ageing the following test methods were performed: optical proper-
ties (including brightness, yellowness, L*a*b*), moisture content, grammage, zero-
span tensile strength, pH and the degree of polymerization (DP).

The edges that had been covered by a plexiglass frame during ageing, were
trimmed off to ensure that only the centre of each sheet was used for testing. All
sheets were cut up in the same way. Fig. 1 shows the distribution of test speci-
mens on a sheet for the different test methods used.

Some of the test methods performed had to be modified with respect to their
standard. This was necessary because the amount of sample per specimen could
not be adjusted to the amount needed for the tests to be performed, as is normally
done. In this project, each sheet of paper was of particular interest in order to ex-
amine the effect of the diffusion of volatile products out of a stack. Test methods
that had to be modified were the determination of moisture content and pH
measurements, respectively. In both cases only half the amount of sample could
be used.

Physical properties

o Optical properties were determined according to CPPA standard (E.1)” using
an ELREPHO 2000 instrument and six replicates per specimen.

o The measurement of grammage was carried out at standard conditions of
93 + 12 C and 50 * 2% RH. Due to the particular situation in this project, as
mentioned above, grammage could not be weighed in replicates. Instead,
every sheet of paper was weighed and measured individually after the edges
that had been covered by the plexiglass frames during ageing had been
trimmed off. The oven dry grammage was then calculated for each sheet.
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Migration of Volatile Compounds through Stacked Sheets of Paper
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Fig. 1: Distribution of test specimens.
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e Zero-span tensile tests were carried out in machine direction using 18 replicates
per specimen. In order to overcome the tendency of this test to give scattered
results, the paper was weighed prior to cutting the strips and the individual
weight of every sheet included in the calculation of resuits. Moisture content
was determined according to CPPA standard (G.3)'" using three replicates per
page and 0.5 g per replicate.

Chemical properties

e The determination of pH was carried out in triplicates using the cold extraction
method according to CPPA standard (G.25P)"". The standard method was modi-
fied by using only 0.5 g instead of 1.0 g to carry out the measurements (the
amount of water was adjusted accordingly from 70 m! to 35 ml to keep the
concentration the same).

o DP measurements were performed in triplicates using cadoxen solvent accord-
ing to the method described by Kaminska'.

A scheme showing how the test specimens were cut is given in Fig. 1.

RESULTS AND DISCUSSION

Optical properties

Optical properties as measured by brightness, yellowness, and L*a*b* all showed
similar effects. Among these, b* can best be used to demonstrate the changes
which occurred during ageing. Brightness, yellowness, L* and a* follow generally
the same trends and are therefore not particularly discussed.

There is a significant increase in b* from the top of the stack to the middle, i.e.,
from page no. 1 to page no. 25 (Fig. 2). It can be seen that interaction between
environment and paper sample with respect to optical properties mostly takes
place in the first six sheets of a stack. A distinct difference is apparent with re-
spect to all optical properties among the top three sheets (no. 1 to no. 3). How-
ever, the next three sheets (no. 4 to no. 6) still exhibit a pronounced increase in
b* compared to the control. The increase in b* seems to level off towards the centre
of the stack. For all optical properties, no distinct differences can be measured
from sheet no. 10 to sheet no. 25. Therefore, sheet no. 15 can be seen as representa-
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Migration of Volatile Compounds through Stacked Sheets of Paper

tive of sheets from the centre of a stack. This phenomenon can be detected with
all three ageing conditions, but is most obvious for the samples aged at the
highest temperature, 90°C and 69% RH. In addition, it occurs af an earlier state
of ageing.

Very small differences in ageing can be measured for particular sheets at differ-
ent temperatures. This is further clarified in Fig. 3, again using b* as an example.
Since less diffusion takes place in the middle of the stack, an intercept was taken
for sheet no. 15 after ageing for 110 days at 70°C (8.05). A second intercept was
then taken to measure the differences in the amount of ageing between this sheet
and sheets no. 3 and no. 1, respectively. By intercepting the lines that demon-
strate ageing at 80°C and 90°C at exactly the same point (8.05, for page no. 15)
the differences in ageing at the different temperatures can be determined.

3

Since chemical reactions are known to proceed more quickly at high tempera-
tures, it is not surprising that the change in optical properties was greater after
ageing at 90°C than ageing at 80°C and 70°C. This indicates a faster degradation
rate at 90°C than at lower temperatures.

The significant change of initial optical properties through the top six sheets
and the gradual leveling off through the sheets below, seems to confirm earlier
studies, indicating that volatile products, occurring in paper, accelerate cellulose
degradation®'*'*. These products are able to escape from the top of a paper stack,
whereas they remain trapped towards the centre of the stack, thereby accelerating
the ageing of paper in the middle of the stack.

The fact that measurable differences between the top sheet and sheets no. 3

and no. 13, respectively, are slightly smaller at lower temperatures than at higher

temperatures, suggests that diffusion might not play as significant a role at room
temperature as has previously been thoy

ght. However, since not all optical .
erties followed this trend ( nce not all optical prop

brightness, for example, is an exception), and are gen-

erally very small, no conclusions can be drawn from these properties alone.

pH

Since acidity is the most significant factor that affects paper stability, measuring
pH has been more commonly used for assessing paper degradation ;han optical
properties. In this study, the pH shows generally the same trend as the optical
properties but, while optical properties are only able to distinguish clearly be-
tween the top three sheets, pH demonstrates a clear difference up to the sixth
sheet (Fig. 4). However, unlike optical properties, small differences in pH can still
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Migration of Volatile Compounds through Stacked Sheets of Paper

be observed between sheets no. 6 and no. 15. Below the sheet no. 15, the acidity
level stays the same within the experimental error. In addition, the de’termination
of pH not only reveals an increase in acidity for a paper s};eet in a particular
stack, but also suggests that some of the volatile products trapped inside a stack are
acidic. As with the optical properties, the change in pH increases as the ageing
temperature is increased.

The difference in pH at different temperatures measured between the top sheet
and sheets no. 3 and no. 15, respectively, is more obvious than for the optical
properties. The lower the ageing temperature, the smaller is the difference iIr)l H
between the top sheet and a sheet from the middle of the stack. Thus. the Hpin—
d;fcates.that, the higher the ageing temperature, the more pron(;uncedyis ths stack
;affgflfs.t;}:(. more a particular sheet will be influenced by its arrangement as

This fact can be further clarified by comparing the results of this study with
pH measurements on the same paper used in another study currently being carried
f)ut at'the Canadian Conservation Institute®, This study compares the di&fference
in ageing between paper aged as single sheets and paper arranged as a stack, after
ageing at 80°C and 65% RH. Direct comparison reveals a marked differeI;ce in
pH between a sheet, aged individually by hanging it on clamps to avoid contact
with adjacent sheets, and a sheet that has been part of a stacll)< even if open on
top. The sheet aged as a single sheet is considerably less degrz,lded than i)he to
§heet of a stack (Fig. 4). Therefore, the diffusion of volatile products from a staci
influences every sheet in the stack, even the top sheet that was able to interact, at
least partially, with the environment in the ageing chamber. ’

As .car.1 be expected, the stack aged samples from the above-mentioned study
gave s1rn1-lar results to the samples from the middle of a stack in this study at age-
ing conditions of 80°C and 65% RH (Fig. 4). In both cases, measure yt Wfre
performed on sheets that had been aged in the centre of a StZ,le -

Zero-span tensile strength

Al.though ever.y single sheet used for zero-span tensile strength had been weighed
gl;lc;etfo ana1y51s,l this test ga\./e comparatively widely scattered results, as is typical.
e ;)1rtel:1 no clear concl'u.swns can be drawn with respect to possible diffusion

ugh the stack. In addition, breaking length, as measured by zero-span tensile
strength, is most sensitive for DP’s below 700 to 800, i.e. it demonstrates distinct
chaflges only after the sample is considerably degraded”. Obviously, the artificial
ageing at 70°C and 80°C, respectively, did not cause enough changZ; in the given
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time to be clearly identified with this test. However, zero-span tensile strength
shows an increased rate of degradation with increased temperature in the ageing
chamber and follows in this respect the same trend as the other properties dis-
cussed (Fig. 5).

DP

The degree of polymerization (DY), as determined on one sheet from the centre
of each stack (no. 16), i.e. one sheet had been measured at every ageing condition
and every interval, including the control stack, confirms phenomena previously
seen with other properties such as optical properties, pH and zero-span tensile
strength.

Since the degree of polymerization is a more sensitive indicator of cellulose
degradation than the mechanical properties, DP values are used to determine the
rate of degradation of cellulose (degradation rate constants)”. Fig. 6 shows a sig-
nificant difference in the rate of degradation between the different accelerated
ageing conditions. Degradation rates are higher at elevated temperatures than at
lower temperatures.

Since only one sheet per stack was tested, no conclusions can be drawn from
the DP data as to the diffusion rate throughout the stacks at the different ageing
temperatures employed. However, since both physical and chemical tests can be
used to determine the rate of deterioration, different studies in the past tried to
correlate data obtained with zero-span tensile strength as a measure of fibre
strength, and those obtained from viscosity measurements as a mean of cellulose
degradation"'%.

In fact, recent experiments by Zou et al.' and Gurnagul® do reveal a relation-
ship between the fibre strength as measured by zero-span tensile strength and the
degree of polymerization, since the average chain length of the cellulose mole-
cules has a significant impact on the fibre strength as it ages. Therefore, extensive
depolymerization of cellulose can produce significant losses in fibre strength. Fur-
ther experiments by Zou et al.'’ confirm that the loss of fibre strength for a par-
ticular paper is uniquely determined by the extent of cellulose degradation.

It has been found that viscosimetric determinations are more sensitive during
the initial stage of ageing but as the degradation proceeds tensile measurements
become more sensitive'®. However, a linear relationship between fibre strength
and DP can be found by plotting zero-span tensile strength against the number of
broken cellulose bonds (n), which is calculated as:
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DP
N=x3'-1

DP

1

where DPQ is the initial degree of polymerization, and DPt is the degree of poly-
merization at time t2!. This relationship is shown in Fig. 7 As can be seen from
this graph, there is a good correlation between zero-span tensile strength and the
number of broken bonds for the paper examined.

Although the experiment did show a correlation between breaking length and
the number of broken bonds, it is questionable whether the degree of polym-
erization can be inferred from zero-span tensile strength. There are two main
reasons. The loss of mechanical properties is a consequence, but not a direct in-
dication, of chemical degradation of cellulose®. Furthermore, zero-span tensile
strength, as a measure of fibre strength, is less precise than the determination of
the degree of polymerization. However, in an experimental setup such as the one
in this study, where only one paper is examined after exposure to various ac-
celerated ageing conditions, a baseline could be determined on one sample, cor-
relating degree of polymerization and zero-span tensile strength. From this, DP

values for every other sample in the experiment could be estimated using zero-
span tensile strength data.

CONCLUSIONS

This project examined the ageing behaviour of acidic, fully bleached kraft paper.
The paper was aged in stacks, which were open on top, at three different ageing
conditions using controlled elevated temperatures and relative humidity. The
results showed clearly that volatile products are able to escape from the top of the
stack, whereas they remain trapped towards the centre, thereby accelerating the
ageing of papers in the middle of the stack. This was found to be particularly true
for the first six sheets of a stack, aged at 70° C / 61% RH, 80° C / 65% RH, and
90° C/ 69% RH. Furthermore, a measurable difference between the sheets is ap-
parent at an early stage of ageing.

The test methods employed in this project detected different states of deteriora-
tion under different ageing conditions, mainly among the top six sheets. Below
those, the study proved this paper to age similarly to papers aged in closed stacks.
However, compared to papers aged as single sheets, the top sheets here showed a
marked difference, indicating a significant stack effect during artificial ageing, i.e.

the diffusion of volatile products through the top influences every sheet of the
stack.
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turi: :id:(l)(t)r:s th:osxperlrzent indicated that mechanisms seen at high tempera-
e not 2 [S)eenoinl;:ierhattel:]wer temperat.ures, therefore suggesting that the

el ageing. g perature ageing may only play a minor role in
poi‘,ﬁt‘e}lrei;::;:,a:;lszprOJECt mves.tigated the correlation between the degree of
o pmation an li:rz—span tensile strength as a measure of fibre strength in or-
o o T thSiczl i:sf method for the determination of fibre degradation by
oo broshins onct ;ni r(ljlethod. The results revealed a good correlation be-
i where oy Oni an egree of pol}/merization. For experiments such as
b o det;)m;?er Vc;/as used at different ageing conditions and a good
il songln 1{1;1 for the' degree of polymerization versus zero-span
mples Howe;er . S‘;')jsxlditokestu'nate.the degree of polymerization for all
o i Zero_spa,n tens-lll e kept m‘mmd that, due to the lack of significant
ongein” > ile strer'lgth u.ntll a critical DP level (700-800) has been

» this method can only give estimates of cellulose degradation.

Future rese ;
arch should involve the determination of the degree of polymeriza-

tion in a simi i

or not differ;?crezxszzzrgertltal setup for every sheet of a stack to clarify whether
cant. The study should also“feerll ;heets at different ageing conditions are signifi-
mine how much the to shelrzC 1; ¢ Pape.r a.ged as single sheets in order to deter-
products from the centfe of teh of a stack is influenced by the diffusion of volatile
the nature of these volatile © stack. Further research is also desirable regarding
determining whether thoseC(I))rrr:)%?irtlsds‘ T}Te research should be directed towards
degradation products evolving from n;:ialln:rezrlitri]fticlir;l};?gi?r:gor represent actu
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SUMMARIES

Migration of Valatile Compounds through Stacked Sheets of Paper during Accelerated
Ageing. Part II: Variable Temperature Studies.

In order to investigate the effects of diffusion during paper ageing an alum-rosin sized, fully
bleached, kraft paper was aged in stacks, at three different conditions, and four different inter-
vals. The stacks were open at the top to allow diffusion of volatile products to take place. Tests,
including grammage, moisture content, brightness, yellowness, L*a*b*, zero-span tensile strength,
pH and the degree of polymerization show less change in paper properties at the top of the stack
than in the centre. This indicates a diffusion effect where volatile compounds escape from the
paper at the top of the stack, but remain trapped towards the centre, where more severe degrada-
tion occurs. More work is required to determine if this diffusion effect is the same at ambient

conditions as it is at the elevated temperatures used in this study.

Migration de composés volatiles dans une pile de papier au cours du vieillissement accéléré.
Partic I1 - Etudes a différentes températures de vieillissement.

Afin de vérifier si au cours du vieillissement les composés volatiles se diffusaient dans la pile de
papier on a procédé au vieillissement accéléré de piles de papier complétement blanchi fait &
base de cellulose et collé & la résine d’alun dans trois conditions différentes et a quatre intervalles
différents. Les piles de papier n’avaient pas de couvercle en haut pour permettre aux substances
volatiles de s’échapper. Des mesures ont été faites sur le grammage, le pourcentage d’humidité,
la blancheur, le jaunissement, les composantes trichromatiques selon le systtme CIE-L*a*b*, la
résistance 4 la traction zéro, le pH et le degré de polymérisation. Ces mesures ont démontré que
les propriétés des feuilles de papier situées en haut de la pile avaient moins changé que celles des
feuilles situées au centre. Ceci indique qu’une diffusion des substances volatiles a lieu et que cer-
taines s'¢chappent par le haut dans 'atmosphére environnante alors que d’autres se concentrent
vers l'intérieur de la pile et y continuent leur travail de dégradation du papier. Des analyses-
complémentaires sont nécessaires pour pouvoir déterminer si Ieffet de diffusion reste le méme
dans des conditons normales de température ambijante que lors de températures plus élevées.

Die Wanderung von fliichtigen Bestandteilen durch Papierstapel bei der beschleunigten
Altzerung. Teil II: Untersuchung zu verschiedenen Alterungstemperaturen.

Unn festzustellen, ob die fliichtigen Bestandteile bei der Alterung in einem Papierstapel wandern
und ihn durchdringen, wurde ein alaungefillt harzgeleimtes Papier aus gebleichtem Sulfatzellstoff in
Stapeln bei drei verschiedenen Bedingungen fiir jeweils vier verschicdene Zeitriume be-
schleunigt gealtert. Die Stapel waren oben ohne Abdeckung, so daf8 die fliichtigen Bestandteile
austreten konnten. Gemessen wurden Flichengewicht, Feuchtegehalt, WeiBgrad, Vergilbung,
die Farbwerte nach dem CIE-L*a*b*-System, Nullbruchkraft, pH und Polymerisationsgrad. Es
zeigte sich, daB die Blétter oben im Stapel eine geringere Verinderung dieser Werte erfuhren als
die im Innern. Dies ist ein Anzeichen dafiir, daB die fliichtigen Bestandteile im Stapel wandern
rn bewirken sie einen ver-

&\ 0

und an seiner Oberfliche in die umgebende Luy,
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stirkten Abbau des Papiers. Weitere Unte
Temperaturen beobachtete Effekt auch bei

rsuchungen miissen zeigen, ob dieser bei erhohten
Raumtemperatur stattfindet.
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RES [ZA&JL\J[E:) oF tion of cellulose is catalysed by iron(I}ions: the so-called Fenton-reaction. In this
et reaction, very reactive hydroxy! radicals are formed. Formation of these radicals

is seen as one of the most important causes of the oxidative degradation of cellu-

Tron-Gall Ink Corrosion. lose™ . Besides the contribution of the iron([1) towards the accelerated deteriora-

A Compound-Effect Study

o by MARGA A .P.C. DE FEBER,
JOHN B.G.A. HAVERMANS & PETER DEFIZE

INTRODUCTION

- th 7 ]
e Dgtch Vereenigde Oostindische Compagnie (VOC) archives, and
» €8, by Rembrandt and van Gogh.

Howev. i
€I, oW serious problems are occ

w
its way through th urnng: the iron-gall ink literally eats

1c ingredients are iron(I1)

allotanni .
actual ink complex, Irogn(lc[);)mmns which

Gum Arabic was also fre

sulphate and gallnut extracts.
i » together with iron(I1l)ions, form the
ions are f‘ormed by air oxidation of iron(Il)ions.
to achieve a better adhes Otlt);ladded in order to stabilise the ink particles and
lar ratio of iron(IDiong and goll e Pépe.r. According to the literature, the molecu-
This means that i gallic acid in the ink complex should be equal to 1.

order to obtajn g stable ink, the same ratio should be applied

quen
ion t

when composing the jnj?

However, compar; L
a surplus of iron(II)I)sllsl(lthf hlStorlcal. ink recipes shows that most inks contained
phate and tannin in Ovep ate. Neevel? lhcalculated the molar ratios of iron(IT)sul-
I'a hundred 15" to 19" century historical recipes collected

by various researchers® ¢
15" This analys; i
iron than was needeg fo. y is shows that nearly all inks contained more
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tion, however, the roles of both other main compounds remain unknown.
Therefore, our research aims to determine what contribution each component of
iron-gall inks make to iron-gall ink corrosion. The research was carried out using
the design of experiments (DOE) technique looking at the effects of varying con-
centrations of the main componeants of iron-gall ink.

EXPERIMENTAL SET UP

Paper materials

For this project papers originating from the EC STEP CT90-0100 project” were
used These papers were made specially for this project and therefore production
process, composition and ageing behaviour are well defined. The papers used
were made of bleached-sulphite, softwood cellulose (>99%) and do not contain
sizing or fillers, which are known to influence the reactions between inks and car-
rier material'. The paper chosen was also free of lignin since it is known from the
literature that lignin might function as an anti-oxidant. Lignin reacts with the
hydroxyl radicals formed in the Fenton reaction, and therefore can break the oxi-
dative degradation process. This was confirmed by experimental work of Berk-
hout®.

Inks

According to the literature, the most frequent molar ratio between iron(II) and
tannin equals 5.5°. Therefore a reference ink was composed using the three main
components. The ink composition and chemical manufacturers are listed as
follows. FeSO,-7H,O iron(II)sulphate (pro analyse, Brocacef (The Netherlands),
0.15 mol/l, hydrolysable tannic acid (pro analyse, Fluka Chemie, Germany),
0.027 mol/l) and gum Arabic (Verfmolen de Kat, Zaandam, The Netherlands),
31.4 g/l in distilled water. The gum Arabic was identified by means of infrared
spectroscopy. Here the specific carbohydrate compounds were identified. Vary-
ing the amounts of the three main components led to the subsequent manu-
facture of different inks. For each component a high and low level were chosen by
doubling and dividing in half the concentration of the component in the refer-
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ence ink. In total 8 (= 2%) different inks can be composed in this way, these are
presented in Table 1. The reference ink is ink 9.

Furthermore two additional inks were composed with molar ratios iron(IL):
annic acid of 1 and smaller (ink 10 and 11 respectively). This was done in order
to check the theory that a surplus of iron{II)ions is mainly responsible for the
iron-gall ink decay process. For statistical purposes also a “centre point” ink was

composed with concentrations exactly between the high and low level of each
component (ink 12).

Ageing

The different inks were applied to the paper materials by means of a Hewlett
Packard 7475A plotter according to the pattern in Fig. 1.

After application of the ink, all materials were subjected to accelerated ageing
using a climate of 90 °C and 50% relative humidity. As a reference blank paper
sheets were also tested. Samples were taken before and after 3 after 3, 6, and 12
days. After a reconditioning period of at least 24 hours (at 23 °C and 50% RH)},
the tensile strength of the samples was measured according to the ISO standard
1974°. We assume that the decrease in tensile strength can be considered as a
measure of paper degradation by iron-gall ink corrosion. Interpretation of the re-

sults was made using applied statistics. The software package chosen for this pur-
pose was Design-Ease for Windows!?.

RESULTS AND DISCUSSION
Experiments

In Fig. 2 the experimental results are presented for 4 applied inks. The x-axis shows
the ageing time, while the tensile strength in N/m is given on the y-axis. From
this Fig. it can be seen that the decay process develops by an exponential pro-
cess. High regression coefficients (> 0.95)

were obtained by fitting exponential
curves through the measured values.

We see that the decrease in tensile strength increases when this molar ratio in-
creases. This is in accordance with the assumption that the molar ratio iron(I1)-
tannic acid influences the iron-gall ink corrosion process. However, from Fig. 2 it
is also obvious that, even with a molar ratio of 1 ’
ring (although to a lesser extent).

acidity of the ink (pH about 4).

» the decay process is still occur-
This can be explained, for example, by the
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Table 1: Composition of the tested inks.

Ink Fe(II)SO4  Tannic Gum Ink Fe(I)SO4  Tannic Gurr.l
acid Arabic acid Arabic

1 low fow low 5 high low High

2 low low high 6 high low Low

3 low high high 7 high high Low

4 low high high 8 high high High

Reference (ink 9): Fe(I[)SO, 0.16 mol/]; Tannic acid: 0.027 mol/l; Arabic gum 34.4 g/!

< sheet of paper

/>ink strokes

Fig. 1: Ink pattern apptied in iron-gall ink corrosion experiments.

1700
1500 &=
1300 ™~
1100 1
900 -
700
500 -
300

ageing (days)

—— blank =4 ink 10 (Fe: Tannic acid = 1)
+=—O— reference (Fe: Tannic acid = 5.6)
- - ~ ink 3 (Fe: Tannic acid = 1.5)
— @ — ink 6 (Fe: Tannic acid = 21.4)

Fig.2: An example of the obtained results of the iron-gall ink D(').E-e).(perimepts:.the meas-
ured tensile strength in N/m is given on the y-axis and the ageing time in days is given on the
X-axis.
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In Fig. 3 the decrease in tensile strength is presented as a function of the molar
ratio iron({ID)-tannic acid.

Statistics

All experimental results were evaluated using Design-Ease for Windows in order
to determine the separate influences of the three main components'®. The results
obtained are summarised in Table 2. No significant effects could be determined

before ageing, which is logical since at this time the decay process has not yet
started.

From the results, we see that iron(I)sulphate dominates in the iron-gall ink

corrosion process, and that the tensile strength will decrease when the iron(ll)sul-
phate concentration increases. The effects of tannic acid and gum Arabic
posite and therefore less dominating. Thus when their concentration in
the tensile strength will also increase.

As 12 different ink compositions were investi
amine so-called °

are op-
creases,

gated, it was also possible to ex-
‘interaction” effects between the used components (e.g. the sup-
posed interaction between iron(Il} and tannic acid). However, based on our

results these interactions could not be determined statistically possibly due to the
standard error found in the tensile measures. However, this does nof mean that
they do not exist. It only indicates that we were just not able to show that they do
exist. Further research using other analytical methods might give a more certain
answer on this question.

Figs. 4 A-C summarise the results of the statistical interpretation. They show

the decrease in tensile strength as a consequence of the effect of each main com-
ponent. 1o determine the overall tensile stre

ngth decrease, the Figs. can be com-
bined (dependent on the leve] (high/low)

of the component).

CONCLUSIONS

Based on the results obtained, the following

conclusions can be drawn:
All three main components do have an influence on the iron-gall ink corrosion
process. This effect can be seen after a period of 3 da

ys accelerated ageing.
¢ Iron(II)

sulphate is the main cause of the iron-gall ink corrosion process.

The higher the concentration of iron(IT)

sulphate in the ink, the more iron-gall
ink corrosion will take place.
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Fi n: ren th as a func ion o o] “0 i OH(”) : tannic acid.

i . i f 1 lar ra f ) . N

|gt 3: ensile Sl: j g l : : l v ‘ lati » ‘
»JO el ”]e qUa ty of the OQa thmic p 0

R?=0.8727.

I bl fT the threc main com onents on (CllSllC str Cll&lh (b"l«.SCd on 12 lllkS)
able 2: Mcasured eflects ()f D

3 days 6 days 12 days
L High A Low  High A Low  High A
ow
3 36 7 : 377
; 36 : 681 362 755 378 3
: 965 360 1043 ‘ ‘ 7
Fe(”_)soé lsgg 1219 149 757 966 209 445 ():")8 2;3
ganm/i actiq ig(lﬁ 1225 160 776 948 172 507 626 1
um Arabic ! !

. . . the
The effects of tannic acid and gum Arabic are opposite, thus slowing down
¢ The effe
deterioration. N )
The above means that the “worst-case ink” is composed by mixing a high 1;;:31
d e abov ' ‘ ng: | y
f iron(IL)sulphate and low levels of tannic acid and gum Arabic (ink 6)
of iron :
conclusion is affirmed by the experiments. -
No “interaction effects” could be determined by the performed experim 1
. HO cve :t was shown that iron-gall ink corrosion increases when the molar
owever i

ration iron{I1)-tannic acid increases.
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1500 ®
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900 =
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ageing (days)

» B
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1500 !
1300 X A B High level
1100

i

900
700
500
300

1700
1500

1300
1100 A
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Fig. 41 The Tensile strength in N/m vs. ageing time in days: Effect of the concentration level
of iron{i)sulphate on the decrease in tensile strength after 12 days of ageing at 90 °C and
50% RH.

A (upper graph): high level 0.3 malfl, law level 0.07 mol/l FeSO4. B (middle graph): high level
0.05 molA, low level 0.014 mol tannic acid. C (lower graph): high level 62.8 9/, low level 15.7 gh
gum Arabic.
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SUMMARIES

ITron-Gall Ink Corrosion: A Compound-Effect Study

By means of design of experiments {DOE) the role of varying concentrations of the main compo-
nents in iron-gall ink were investigated. The main components in the inks used were iron(If}sul-
phate, tannic acid and gum Arabic. In total 12 different ink compositions were made and plotted
as a line on bleached softwood sulphite paper. By applying acceferated ageing and measuring the
tensile strength, the contribution of each component towards the accelerated ageing of paper was
calculated. It was concluded that all three main components do have an influence on the iron-
gall ink corrosion process. This effect can be seen after a period of 3 days accelerated ageing at
90°C and 50% refative humidity. The presence of iron(Il)sulphate is dominant in the iron-gall ink
corrosion process while tannic acid and gum Arabic are opposing, thus slowing down the de-

terioration.

Corrosion de Uencre gallique ferrée : Une étude sur la fonction des différents composés de

Uencre

Des analyses ont été faites d'aprés la méthode DOE {design of experiments) afin de déterminer
le réle joué par les différentes concentrations des éléments essentiels entrant dans fa composition
de l'encre gallique ferrée. Ces éléments essentiels sont le sulfate(1I) de fer, 'acide tannique et Ja
gomme arabique.” 12 encres de concentrations différentes ont été préparées et répandues par
ligne sur du papier blanchi fait 4 base de pate au sulfite. Ensuite des mesures ont été faites pour
déterminer dans quelles proportions les &léments cités ont contribué a la modification de la
résistance 4 la traction aprés e vieillissement accéléré. Il s'est révélé que tous les trois contribuent
aux pracessus de dégradation sous la forme de tache de rouille, ce qui apparait déja aprés 3 jours
de vieillissement & une température de Y0°C et un taux d’humidité refative de 50 %. Le sulfate de
fer accélere le processus de la rouillure de Pencre alors que lacide tannique et la gomme

arabique e freinent.

TintenfrafS: Eine Studie zur Funktion der verschiedenen Komponenten von Eisengallustinte

Es wurde die Bedeutung verschiedener Konzentrationen der wesentlichen Komponenten von
Eisengallustinte, namlich Eisen(Ilsulfat, Tannin und Gummi Arabicum, nach der DOE-Methode
(dcsign of experimen(s) untersucht. 12 in diesen ihren Konzentrationen verschiedene Tinten
wurden als Linie auf Papier aus gebleichtem Sulfitzellstolf aufgetragen. Dann wurde gemessen, in
welchem Ausmaf die genannten Komponenten nach beschleunigter Alterung zur Verinderung
der Bruchkraft beitragen. Es zeigte sich, daf alle drei zu den Abbauvorgingen beitragen, die als
“TintenfraB” in Erscheinung treten, was bereits nach dreitigiger Alterung bei 90° C und 50% rl
deutlich wird, Das Eiseasulfat befsrdert den TintenfraB, wihrend Tannin und Gummi Arabicum

ihn verlangsamen.
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Application of Seven Borane Compleges
P in Paper Conservation

INTRODUCTION

i i i i Y o] h Cul‘
f lt l h ritage has an ESseIltlal contr lbutl()n to SOClet i()] l) t
Ihe care ol cultura e

tural and business reasons.
ientists is very
The role of scientists 1s v .
i Itural heritage. N .
i tion and use of cu ' . red o five
o }rleStora ns the Italian CNR set up a special project, divi
For these reaso

.o all fields related to the safeguard of cultural heritage. ;
O er conservation concentrates on cellulose an

in order to choose the best conservation path.

important in all the fields connected with pro-

sub-projects,
The scientific approach to pap

dation, . P
theIStudy Olf iellulisihifigzﬁ :}lle degradation agents exert a synergetic action: the
t is well know

i i 2 than ‘he
d t. n Of two different degradlng Compounds belng &rea
COmbine actio ter

ingle agents. o e
e thef o IS:I;lg bfen carried out to combat acidity: aqueous and non-aq
A lot of work has

i ompounds and mass-deacidification are .in ffxct now avail-
T oy fi pw roducts can be used to counter ox1dat1o.n. '
o o pleading to the loss of paper strength, to its yefllow1ng

S pgoczsss’are formed in the cellulose chain) ar'ld to the ncllcreaie
(ii co:i}:géte?hclos:\);r ((:;’ carboxyl groups are formed). The obvious procedure to
of acidity in

OXIdised Ioup 3 nl a
.d t. n iS the reduction Of the g S. Unfortunately O y
hl“del oxigaatio

p d cal be used on pa[)el, Wltllout dalllage to the ﬁbre structure a“(l
feW compounds n

i fon is a lot
the inks duction, hydrogen evolves and, if the reaction is too fast (that is a
During reduction, hy

p u ken.

hydrogen d v i i the fibre wall could be bro

ydrogen i d in a very little time), dbeb ;

on] . . ehaslsb rz sbcsi:rved and confirmed by conservatorhs when theyfh:vlfJ txilo dS
dlsuelfﬂfebCt hycjeide as a reducing agent. Furthermore, if the IPH. oatioo " nl

. r y i mination cou
chor i (zro high alkaline hydrolysis, or peeling, or B-alkoxy elimi
chosen is too , d

. 0
CNR = Consiglio Nazionale delle Ricerche (National Research Counci )
= Consig
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occur, leading to the breakin

g of the cellulose chain. To minimise these negative
effects mild, “slow” and not

very alkaline reducing agents should be chosen.
In the last few years borane tertbutylamine complex (TBAB) has been used in

the LC.P.L. laboratories of Rome, as a mild reagent in reducing carbonyl groups
in oxidised paper', However

» we would like to offer conservators a greater
choice of products, w

hich they could apply in different solvents for different con-
servation needs. For this reason we decided, within the CNR
“Cultural Heritage”, to set up an investj
paper conservation and to test the
acidification and reduction,

Special Project
gation into different reducing products for
possibility of simultaneous non-aqueous de-

EXPERIMENTAL

Materials

Whatman n°1 chromatography Paper (pure cotton cellulose paper);

potassium metaperiodate (KIOy)
of 0.IM hydrochloric acid;

borane ammonja complex (AB)

0.015M water solution at pH=5.0 by addition

borane N,N~diisopropylethylamine complex (DIPEAB)
borane dimethylamine complex (DMAR)
borane morpholine complex (MB);

’

k]

borane tert-butylamine complex (TBAB);
borane triethylamine complex (TEAB);

borane trimethylamine complex (TMAB).

Appendix. Aqueous and non-aque

ous solutions were 2]l prepared at 0.2M con-
centration. B

orane complexes were also characterised by Raman spectroscopy”

Preparation of samples

Three sets of samples were prepared:

* untreated Whatman n°) chromatography paper;

¢ oxidised Whatman n°] chromatography paper;

¢ oxidised-reduced Whatman n°J

chromatography paper. Reduction treatments
for this set of samples were carri

ed out two days after oxidation.

214

DO
MARINA BICCHIER], FRANCESCA MARIA SEMENTILLI & ARMIDA So

. . .
Table 1: Solubility and pH values for aqueous solutions of reducing agen

) solubility in water pH
b ex (
— .comp very soluble in cold water N " 9.08
ammO?la o lamine liquid compound, air sensitive, shght[y miscible wit 10.37
Pitye bt water (emulsion is obtained) 005
o) i soluble in cold water 8.80
dimethy}'amme T very soluble in cald wator 9. 0
morpholine ,(MB) soluble after slight warming .
erebutylamine (TBAS liquid compound slightly miscible with water 10.00
triethylamine (TEAB) (emulsion is obtamed)
soluble only after warming. 8.3

trimethylamine (TMAB) By cooling a gel begins to be formed

. . s,
Table 2: Solubility of borane complexes in organic solvents

. BAB TEAB® TMAB

solvent complex: AB DIPEAB° DMAB MB T : :
v : N .
- 6 6 .
n-hexane 6 i 2 6 6 6 ’5
petroleum ether 6 5 4 3 1 3
toluene 6 i 6 6 3 6 5
diethy! ether 6 X s 5 5 1 1
chloroform 5 . 5 5 5 1 1
ethylene chloride 5 . 5 6 5 1 |
methylene chloride 5 | 5 5 5 1 1
1,11, trichloro ethane 5 ) 5 7 1 1 7
ethyl alcohol !

2 very soluble, b I)a] al y (<1 p : le
b but ti it d composes 3 SOlUb
y l ! , 1 6 insolub]e
h()\lid/li('\lid SOlUL\'OKlS

1 very soluble : -~
4 soluble by warming 5 slightly solu
7 decomposes

p y i i i p rlodate (KIO4)
Sa-I[l IES were ()Xl‘dised b imimersion m pOtaSSlum meta € :

3 OISIVI fOI 15 m tes. fOllO \Ned by 2 iﬂl"lel Sions in distined water fO 5 mi utes.
‘ mu y ¥ nutes

y i i i ns f r 60 min‘
i Carried Out b immerSIO p p ed SOlu
I’\EduCtlon was n In the repar t1o Q

. i i nt us d
h ere then Washed tWiCe fOI 5 IIllllu':es m the same SOl\/e €
utes I e paPEI'S W

treated papers were used as
. e compound. Un
the solution of the boran ) ment and the re-
N mfake :E sample; oxidised papers simulated an ancient decuness e o,
Z releren £ oxi d'ped’ papers were performed to test the effective
uction of oxidis
ing treatment. { each aqueous solution of the re-
il d the pH of each aq :
rts the solubility an / . in different sol-
Table 1 rep? ble 2 contains the solubility of the reducing agent in o 0
i . la ;
ducmg’;}fem lubility tests were carried out to find non-aqueous app
vents. e solubi

]l e I yl nt of
t ducing treatment ab]e 3 and Flgs l and 2 report the Carbon
er . conte
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Table 3:  Aqucous reduction treatments of unaged samples.

borane complex water content carbonyl content reduction eflectiveness

(%) (mimoles per g100 paper) (%)

none (untreated paper) 4.95 0.50 % 0.03

none {oxidised paper) 7.62 4.4330.74 -
ammonia (AB) 4.82 0.61 £ 0.12 86.2
N,N-diisopropylc(hylaminc 8.22 0.6t £ 0.07 86.2
(DIPEAB)

dimethylamine (DMAB) 8.15 0.98 + 0.10 77.9
morpholine (MB) 5.07 131+ 0.11 70.4
tert-butylamine {TBAB) 9.86 0.51 £0.08 88.5
triethylamine {TEAB) 8.89 1.45 4 0.15 67.3
trimethylamine (TMAB) 6.35

1.49 + 0.09 66.4

the papers treated with the seven tested reducing
the effectiveness of the treatments, All values were
of paper. From solubility data and effectiveness of
chose to test, for non-aqueous applications the
ammonia, N,N~diisopropylethylamine,

methylamine. N,N-diisopropylethylamin

agents in aqueous solution and
corrected by the water content
reducing reaction in water, we
following borane complexes:
teributylamine, triethylamine and ftri-
e borane complex was soluble in all the

the effectiveness of ajl non-aqueous treat

The paper samples (oxidised and
tions and the untreated, used as

ments are shown.
oxidised-reduced) treated with aqueous solu-

a reference, were artificially aged for 14 and
28 days at 80°C 65% RH. Tables 5 and 0 report the chromaticity co-ordinates in

the L*a*p* space and the carbonyl content as a function of the ageing period re-

spectively. The effectiveness of aqueous reduction treatments, as a function of the
ageing period, is plotted in Fig. 4.

CONCLUSIONS

All the tested reducing agents gave very good results when used in aqueous solu-
tions (Table 3).
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Table 4: Reduction treatments of unaged samples.

1 carbonyl content reduction effectiveness (%)
porane complex (mmoles per g100 paper)

Ethanol .
none (oxidised paper) ?é; i gz; 77.0
a8 2.94 4022 33.6
DIPEAB 1414012 68.?
;g:g 3.34 %033 246
diethylether ' i
none {oxidised paper) j?g i g;;‘ 7.5
D;I;%:B 3.00 +0.25 30.2
toluene i
none (oxidised paper) T:g f ggg 59.4
TBAB 5.21+0.29 27.6
o n-hexane 443 +0.74
Chloroform 5 +007 )
none (oxidisez‘i paper) f(5)6 ; 095 239
TEAB 110 + 0.05 463
TMAB ethylene Chloride2 055007 )
none (oxidise:i‘ paper) 1:76 ; 0.32 14.1
TEAB 187+ 0.17 8.9
TMAD methylene chloride )
none (oxidised paper) fg(s) i 88; 7.3
TEAB 1'.811 0.07 11.7
TMAB 1,1,1 trichloro ethane )
none (oxidised paper) ;gi i ggz 0.5
;ﬁ’;‘; 1.92 +0.04 6.3

i istri i boﬂyl ([‘e-
Ihe xeduCﬁOH treatments are inhomogene()us, lead“lg to tW)O dlStﬂquOI’l of car
specu.Vely: 1.40 £ 0.02 and 1;3 + 003 mmoles Pel 100 g 0‘ papef

carbony] ( -
ti. treatments are lnhO ogeIIEOuS, leadlﬂg to two dlsulbllll()]l of T
[he led\.\C on L e m e

. er 100 g of paper)
spectively: 1.95 + (.04 and 1.46 * 0.02 mmoles p

. l .
I" Olgalll( S()lve[[ S O d IBA13 t}le fOrIIler mn etha-nol the atter in
t nly AB an y
l d 'n tolu n are able to exert theil IeduC“)g pOWeI. Ih)e Other reduc-
Eﬂlaﬂo ana t € e,
g g 3Ft‘lCI IIIAKB n Cl)lcxcjc”" IEIl:tEL:tl E(Ia’ble 1'
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j ~
TMAB [n o onnnas
1,11 trichloro ethane i A
TEAB TEAB; 0,5
TBAB LI methylene chloride TMAB
- MB =3
[ . )
QE) DMAB ethylene chloride _ % TEAB
T )y - NI
o DIPEAB - ‘ 4 TBAB
g § chloroform
S DIP
0 n-hexane <— DIPEAB; 1,8 [m'ﬂ EAB
AB
toluene
Carbonyl content (mmales/100g paper) diethylether nnAAARARAAARAAR
ethy! alcotol [PRPRRRRRRRRR R r worr e
Fig. 1: Carbony! content alter agueous reduction treatments SR AR L A S i -

0 10 20 30 40 50 60 70 8 90
Reduction effectiveness (%)

Fig. 3: Effectiveness of non-agqueous reduction treatments

;
TMAB e e oy
Y N 2
x  TEAB T < m
g TBAB I T L T e Tl :(g' 100 1 AB DIPEAB DMAB MB TBAB TEAB TMAB
3 M <K I Iy Ty g 80147 i
Q > :::: RN o
% DMAB (:1:-,:-_::t::-,:::::-,.'::1'.;'u_t-_:-_:;‘.;:;'.fz;:;:;z;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:_.:;:;:_-:;‘;1 a3 60 M- :::: o ::; ,::: .
S 2 2= hY7 8 = [JE . i
@ DIPEAB [ T o 401 = il s el = i
1 £ o = sl B
LN = B S A et ] £ 204 B it - e - LA
1 T . —r e .é) O _::: |:x: ok Ly N - byt ’
00 @
0 20 40 60 80 L & 0 14 28
Reduction effectiveness (%) .
Ageing (days)
Fig. 2: Etfactiveness of aquecus reduction treatments Fig. 4: Effectiveness of aqueous reduction treatments as a function of the ageing period.
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Table 5: Chromaticity co-ordinates as a function of the ageing period.

borane complex Odays  ld4days A140 98 days A280

none (untreated samples) L* 95.70 95.46 -0.24 94.77 -0.93
a* -0.08 -0.27 0.19 +0.34  +042
b* +016 4116 +1.00  +4.09  +3.90
none L* 95.71 93.50 291 93.51 -2.20
(oxidised samples) a* 008 +0.05 4013 -0.32 -0.24
b* +0.16 4599 4513 +6.74 +6.60
L* 95.75 95.74 -0.01 95.20 -0.55
ammonia (AB) a* -0.08 0.14 -0.06 -0.02 +0.006
b* +0.16 +1.41 +1.25 +2.76 +2.60
N,N-diisopropylethylamine L* 95.71 95.49 0.22 94.92 -0.79
(DIPEAB) a* -0.08 0.32 40.24 -0.00 -0.01
b* +0.16 4280 1964 4405 +3.90
L* 95.70 95.33 .37 93.74 -2.00
dimethylamine (DMAB) a' -0.08 -0.20 0.12 +0.06 +0.14
b* +0.16 +2.86 +2.70 +4.38 +4.20
L* 95.75 95.29 -0.53 94.07 -1.70
morpholine (MB) a* -0.08 -0.17 -0.09 +0.09 +0.17
b* 016 4313 4297 4469  +4.50
L* 95.75 95.62 0.13 94.56 -1.20
tertbutylamine (TBAB) a* -0.08 -0.13 0.05 20.06 +0.02
b* 0.6 4192 4176 4998  +2.80
L* 95.72 94.36 -1.36 93.18 -2.50
triethylamine (TEAB) a* -0.08 0.19 011 +0.18 +0.26
b* 016 4476 4460 4593 +5.80
L* 95.75 94.00 -1.66 92.46 -3.30
trimethylamine (TMAB) a* -0.08 0.14 0.06 +0.44 +0.52
b* 1016 +508 4492 1795  47.10

pH values of the aqueous solutions of all the reducing agents studied are high
enough to alkalinise the paper, without inducing alkaline degradation (Table 1).

The aqueous reduction of oxidised papers, followed by ageing (simulating the
ageing of a restored ancient paper) offers a good protection with regard to the
formation of oxidised groups, when compared to the oxidised unreduced papers.
Obviously, borane compounds are not able to hinder the further intrinsic degra-

dation of the paper, but the initial low amount of carbonyl groups prevents the
fast increase of oxidised functions.

From carbonyl content data we can see that the treatment of oxidised papers
with reducing agents has an effectiveness of 66% up to 88% before the ageing and
an effectiveness of 30 up to 52% after 98 ageing days (Table 6). Furthermore, the
samples treated thus are found to be thermally more stable®®,
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Table 6: Aqucous reduction treatments of aged samples.

reduction effectiveness

ntent

borane complex - mcoalret;o:Z: z;(1)(1) eper] ) |

14 days ageing 98 days ageing 14 days ageing 28 days ageing
none (oxidised paper) 7.48 £0.31 9.17 £ 0.48 o "
AB 3.80 £0.13 5.56 +0.25 92 w4
DIPEAB 2.35+0.10 421+ o.;q 58.0 ol
DMAB 314+ 0.20 5.34 +0.36 0 8
MB 3.69 +0.28 4.44 041 50.4 i
TBAB 2.89 +0.16 443 +0.37 m.r 517
TEAB 430 £0.25 504 +0.39 43.: it
TMAB 9.96 + 0.19 6.50 + 0.43 60.

hat
ies, it i ible to see from Table 5 data t
. tical properties, it is posst ‘ - : 1
thecl;)emt:eg:}llrf/it)}:; (:Sp sll:owlra) from papers treated with borane ar.nmor;?hceorr;p :r):
(AB) asnd borane tert-butylamine complex (TBAB). The yellowing o pap

N,N-diisopro-
treated with borane dimethylamine complex (DMAB) and borane p

pylethylamine complex (DIPEAB) is faint: it is observable only 'instrumentally
ethylamin

and not v i ffect is especmll measured

isually. member that the yellowmg e Spec y measured

b)’ t t y asli ;)f\lvt;ier:)* Eo—ordinate, the decrease of the luminosity {L* co ordi
he incre

L i ers.
nat;x)llbeing I?SS intzoc;:tl: tpf(())irn(t)rc‘);glltr,l ?:yc::clltzsli)jrl:, that treatments using redu:iirrllsgt
agents ?iriﬁr;rlrlliﬁe studied borane comPOunds 1.n v:iafter g;;)tt’}cé :;: ai;a;)‘lf)r I;gEAB.
ageing and oxidation. The best results Welre (;t:lt:lrr:idliirl od(’)ur on the treated pa-
The latter, unfortunately, lfszvisea;:;?neiganic solutions, i.e. they can be. usedf
pers, AD and TEAS (:n ::ledia They were in fact employed in th.e restorat.lon (l)

o Wa~te~r SOka? i klc erfor.med in collaboration with the .Isfltuto' Nazno;aei
De Nittis gra[;l?(l)c -worSisr’nEltaneous treatment of alcoholic deac1d1ﬁ.cat10n t;;}n Drz_
gzrctliZnG ;ﬁsi)ame,;zlfounded books of the Liebig’s A.nnale:]z’belznifrtl}glet(t)reafmem
partment of Chemistry, University of Rome “La Sapienza " an

of three De Chirico lithographs.

ACKNOWLEDGEMENT

. I3 .t
We would like to thank the CNR project Cultural Heritage
port.

” for financial sup-

221



Application of Seven Borane Complexes in Paper Conservation

SUMMARIES

Application of Seven Borane Complexes in Paper Conservation

esults when used in aqueous solutions with an ef-
+ 52% after 98 ageing days.

¢ ammonia complex {AB), borane tert-butylamine
ylethylamine complex (DIPEAB). The latter, un-
ur on the treated papers. AB and TBAB can also be
ent of graphic media soluble in water.

fectiveness of 66 + 88% before ageing and 30

The best results were obtained from boran
complex (TBAB) and borane N,N-diisoprop
fortunately, leaves an unpleasant residual odo

used in organic solutions, enabling the treatm

Utilisation de sept différents complexes de borane
dans la conservation du papier

conservation du papier. Tous Jes agents réducteurs ont
donné de trés bons résultats lorsqu'ils étaient utilisas dans des solutions aqueuses avec un taux
d'efficacité de 66 -+~ 88 %, avant vieillissement et de 30 4 5% 9% apres 28 jours de vieillissement.
us avec "'ammoniym de borane (AB), le tert-butylamine de
et le complexe de borane N N'diisopropylémylamine (DIPEAB). Ce dernier

Les meilleurs résultats ont éte obten

borane (TBAB)

>

Zur Anwendung von sichen verschiedene

n Boran-Komplexen
in der Papz'errestaurierung

uf ihre Anwendbarkeit in wiBrigen und nichtwiiirigen Ver-

fahren der Papierrestaurierung hin untersucht. In ersterer zeigten alle sehr gute Ergebnisse, d.h.

einen Wirkungsgrad von 66 + 88u; vor und von 30 + 52% nach einer 28tagigen beschleunigten
Alterung,

Die besten Ergebnisse wurden er

lamin- (TBAB) und dem Boran-

genannte Reduktionsmittel hinte

zielt mit dem Boran-Ammonium- (AB), dem Boran-fert-Buty-
N,N*Diisopropy)ethylamin~KompIex (DIPEAB). Dieses letat-
rlaBt allerdings im Papier einen unangenehmen Geruch. AB
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: D COMPLEXES
APPENDIX: TECHNICAL AND SAFETY DATA OF THE STUDIE

- 13774-81-7
Borane ammonia complex Cas Number. 13774-81

; explosion; avoid
* Hazards identification: Explosive; heating may cause an exp ’

contact with acid; keep away from heat.

* Physical and chemical properties: White powder with flakes; hygroscopic;
ysic

store in a cool dry place.

- aci ct from moisture.
* Incompatibilities: Strong oxidising agents; acids. Prote

caution: substance not yet fully tested): May be

* Toxicological information N buorption; may cause eye irritation;

. . . i
harmful by inhalation, ingestion, or sk
may cause skin irritation.

* EC risks and safety classes: ’

* R 5 (heating may cause an explosion)

* S 15 (keep away from heat) o

* S 26 (in case of contact with eyes, rinse 1mme
and seek medical advice) ‘ 1

* S 27 (take off immediately all contéllmmate}cll‘ g o

¢ S 36/37/39 (wear suitable protective clothing,
tion),

diately with plenty of water

thing)
gloves and eye/face protec-

- 88996-23-0
Borane n,n-diisopropyllethylamine complex Cas Number

. corrosive; causes burns; keep away frf)m
mable"c case of contact with eyes, rinse im-
. medical advice; take off immediately
protective clothing, gloves and eye/

* Hazards identification: Flam :
sources of ignition - no smoking; y
mediately with plenty of water and.see1
all contaminated clothing; wear fu’tab € ive
face protection. Combustible, moisture 561]; Sw Iiéuid moisture sensitive. Keep

* Pyl and chomin ropeie o i, o O B
away from

specific gravity: 0.822.
, e ts;
* Incompatibilities: Acids ox1d15mg agex:lter
ure to moist air or water. |
e tion: substance not yet fully tested): Harmful
au ’ . - ~
¢ d through skin; causes burns; material is ex

heavy metal salts; oxygen. May

* Toxicological information
if swallowed, inhaled, or absorbe

; Council
CNR = Consiglio Nazionale delle Ricerche {National Research Council)
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tremely destructive to tissue of the mucous membranes

and upper respiratory
tract, eyes and skin.

* EC risks and safety classes:
* Flammable; corrosive
* R 34 (causes burns)
* 516 (keep away from sources of i
* S 26 (in case of contact with e
and seek medical advice)
S 27 (take off immediately all contaminated clothing)

S 36/37/39 (wear suitable protective clothing,
tion).

gnition - no smoking)
yes, rinse immediately with plenty of water

gloves and eye/face protec-

Borane dimethylamine complex Cas Number- 74-94-2

¢ Hazards identification: Flammable; toxic; toxic by inhalation, in contact

with skin and if swallowed; causes bumns; keep away from sources of ignition -
no smoking.

* Physical and chemical
35°Cto 36°C.

¢ Incompatibilities:

properties: Stable white crystals; melting point:

Acids; oxidising agents; heavy metal salts; oxygen.
Toxicological information: Harmfuy]
through skin; causes burns; material is
mucous membranes and upper respirat
properties have not been thoroughly in

if swallowed, inhaled, or absorbed
extremely destructive to tissue of the

ory tract, eyes and skin. Toxicological
vestigated.
* EC risks and safety classes:

* Flammable; toxic

* R23/24/25 (toxic by inhalation, in cont

* R 34 {causes burns)

* S 16 {keep away from sources of i

* § 45 (in case of accident or if
mediately)

act with skin and if swallowed)

gnition ~ no smoking)
you feel unwell, seek medical advice im-

* S 36/37/39 (

wear suitable protective clothing, gloves and eye/face protec-
tion).
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-95-5
Borane-morpholine complex Cas Number 4856-95

Borane tert-butylamine complex Cas number:

;1 se of contact with
ds identification: Corrosive; causes burns.; in ca
Hazards i :

dical advice; after
i immediately with plenty of water and seek medi
eyes, rinse i

Yy Wi 5 f immediatel
t with skin wash immediately With plent of ater; take off im y
contact w s

i i loves and eye/
all contaminated clothing; wear suitable protective clothing, g

face protection. : ist

Ph }i)cal and chemical properties: White crystalline chunks moistu
VE

. . int: 97°C to 99°C.

tive; melting point: 97°C to hlorides; acid anhydrides; alcohols; may de-

re sensi-

Incompatibilities: Acids; acid ¢ "
ist ai water.
osure to moist air or '
o Harmful if swallowed, inhaled, or absorbed

o cological information: I is extremely destructive to tissue of the

. 'a
through skin; causes burns; mater!

i eves and skin.
mucous membranes and upper respiratory tract, ey

EC risks and safety classes:

¢ corrosive

* R 34 (causes burns) .

* S 26 (in case of contact with
and seek medical advice)

* 528 (after contact with skin, . e

* S 27 (take off immediately all cont‘t:lmm?ttt?:i ;: 0

* S 36/37/39 (wear suitable protective €0 g,
tion).

inse i i ith plenty of water
eyes, rinse immediately with plenty

wash immediately with plenty of water)
hing)
gloves and eye/face protec-

7337-45-3
i jon, in contact with skin
i - harmful by inhalation, in : _
i ification: Harmful; ' P contact Wit o
szz.iftdsazi)e:::i-l irritating to eyes, respiratory system an:nsd 1:eek case of cor
ta"::t lvvlstv}:, eyes ri,nse immediately with plenty of water

rotection.
vice; wear suitable gloves and eye/face p

i lline flakes; melting point:
i rties: White crysta
Physical and chemical prope

96°C to 97°C. -

idising agents; s |
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o EC risks and safety classes:

e Harmful
e R 20/21/22 (harmful by inhalation, in contact with skin and if swallowed)
¢ R 36/37/38 (irritating to eyes, respiratory system and skin)

e S 26 (in case of contact with eyes, rinse immediately with plenty of water
and seek medical advice)

¢ S 37/39 (wear suitable gloves and eye/face protection).

Borane triethylamine complex Cas Number: 1722-26-5

Hazards identification: Highly flammable; corrosive; causes burns; harmful
by inhalation, in contact with skin and if swallowed; keep away from sources
of ignition ~ no smoking; in case of contact with eyes, rinse immediately with
plenty of water and seek medical advice; take off immediately all contaminat-

ed clothing; take precautionary measures against static discharges. Wear suit-
able protective clothing, gloves and eye/face protection.

Physical and chemical properties: Colourless liquid; boiling point: 97°C/
12mm; melting point: 4°C to 2°C; flashpoint -7°C; specific gravity 0.783.
Incompatibilities: Acids; oxidising agents; heavy metal salts; oxygen. may
decompose on exposure to moist air or water.

Toxicological information: Harmful if swallowed, inhaled, or absorbed
through skin; causes burns; material is extremely destructive to tissue of the
mucous membranes and upper respiratory tract, eyes and skin.

EC risks and safety classes:

» Highly flammable

¢ Corrosive

¢ R 34 (causes burns)
[

R 20/21/22 (harmful by inhalation, in contact with skin and if swallowed)
S 16 (keep away from sources of ignition - no smoking)

S 26 (in case of contact with eyes, rinse immediately with plenty of water
and seek medical advice)

S 27 {take off immediately all contaminated clothing)
S 33 (take precautionary measures against static discharges)

S 36/37/39 (wear suitable protective clothing, gloves and eye/face protec-
tion).
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Borane trimethylamine complex Cas Number: 75-22-9

‘ S i ski
Hazards identification: Harmful; harmful by inhalation, in contact wi h skin

y i y in' in cas Of on-
i s irri i res iratory § stem an 5 e' C
li Swall()Wed, 1rntat1ng to eyes, p y ot (1 Sk 1 _

. . . o
tact with eyes, rinse immediately with ple'nty e
vice; wear suitable protective clothing; avoid conta

Physical and chemical properties: White powder; melting point: 93°C to
95°C.

Incompatibilities: Acids; acid ¢
alcohols.

hlorides; acid anhydrides; oxidising agents;

n: Harmful if swallowed, inhaled, or absorbed

Toxicological informatio erial is irritating to mucous

o mat
through skin; causes eye and skin irritation; m
membranes and upper respiratory tract.

EC risks and safety classes:

¢ Harmful

¢ Corrosive )

« R 20/21/22 (harmful by inhalation, i contac

i stem and skin)
¢ R 36/37/38 (irritating to €yes, respiratory sl); e with plenty vt

t with skin and if swallowed)

* 5926 (in case of contact with eyes, rinse i
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The Natural Ageing of Paper
After Exposure to Daylight

by VLADIMIR BUKOVSKY

INTRODUCTION | h
eal of information about the influence of light on the

idati i tions
i 2,3 Tight induced oxidation degradation reac
ageing of groundwood papers“)"j. Light in : reactons
afe tygpicalg reactions of lignin, characteristicallly rr;amfe;tazf) Itih;rzzllll(:::mfggn]zﬁ_
lecular degra ,

per, producing a large amount of low mo : S
cant ?ncrease gf acidigty and intensely reduce4d strengtg du:dng joefi):n Oreacﬁ tgh )
ageing, even with significantly reduced UV*. Groundwood pap

ine restoration, etc., that
i ibiti i .o used for study , during oral
state during exhibitions, whilst being Ot exposure B nits, The nega-

situation, even more dan-

Nowadays there is a good d

is in any environment where there are s
1
tive influence of light on groundwood Papei hls’deacidiﬁcation of historic ground-
. : ion®. However, the .
gerous than its acid degradation” ) cue and is a process
wood papers is one of the most crucial steps to their res P

i degradation of modern
which can sgnificantly contrian the Pre"e“.tlon O}flit\}/lees6 Igt is, however, a mis-
papers, particularly for their long-term storage in arc .

ibited in un-
interpretation that deacidified groundwoqd papes c;rir:deuci):ihi‘nto the paper
controlled light without any risk*. If magnesium (Mg) 1sc; fion reactions is signifi-
during deacidification, the course of light ?nduced > as which play an impor-
cantly limited by the bond of Mg to fenolic OH- groui;ctions on the molecule
tant role during the initiation of oxidation (.iegradat.xon r O e by the de-
of lignin’. On the other hand, the alkaline env1r0n§n:)1e magnesium organic
acidification process, which in the case of solvent solu

jve i on the stability of the lignin
compounds is very high, has a negative influence
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m i i oundwood papers”.

1 { n the mechanical properties of gr ! : s
o ccule and therelor® o tent other oxidation reactions

The aim of this work is to find out .to Wth a-tg_.,frc;;;‘lcantl)’ changed by oxidation after
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long time with a significantly reduced UV componen
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Characteristics of mechanical pulps, such as yellowing,” apparent after short
exposure to UV radiation and more commonly visible light, are reduced to the
value they had before that exposure, when the paper is subsequently put into the
dark. We wanted to find out whether light induced oxidation processes on lignin,
combined with considerable deterioration of paper, have an influence on further
oxidation occurring in the dark. Since deacidification of groundwood papers is
one of the crucial steps in prolonging their lifetime', we were interested to see
whether the influence of Mg on light induced oxidation would be modified in
any way during subsequent natural ageing of papers.

MATERIALS AND METHOD

Paper samples: To judge the influence of light induced oxidation on the course of
oxidation we used two different modern and three historic new
a lignin content of between 15 % and 21,3 04,

sprint papers with
1. Newsprint made in Steti 1996, Czech Republic

2. Newsprint made in Vétrni 1996, Czech Republic

3. Newsprint from Slovakia 1953

4. Newsprint from Croatia 1942

5. Newsprint from Hungary 1882

Samples were deacidified (D-samples) in a 4 % methanol solution of methyl
methoxymagnesium carbonate (MMMOC) to create an alkaline reserve of be-

tween 2,1 and 6,1 % w/w in the paperst. Control samples (C-samples) were
soaked only in pure methanol. Both groups of treated newsprint papers were
aged by daylight passing through 2 panes of window glass for 165 days in the fol-

lowing intervals:
o I:15days

o 1I: 32 days

» III: 48 days
e IV:77 days
e V:119 days
e VI 156 days.

These are the same intervals as used in our previous work?, After irradiation
the paper was stored for 12 months in a dark deposit at room climate. The course
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Table I. Annual increase of carbonyls (mmol/100g papes) in newsprint papers, C-samples and

D-samples.
2nd year 3rd year

Paper  Treatment 1097 Isltg)ézar wgg 20)(;0
1 Control 3,2 55 7,7 ‘ 7.8 ‘

deacidified 3,0 49 6,9 N 6,8
2 Control 3,6 47 57 6,6

deacidified 3,1 4,6 51 4,7
3 Control 5,1 8,5 11,8 -

deacidified 5,0 7,7 10,4 | ~
4 Control 6,6 8,7 11,1 ' 10,3

deacidified 6,3 8,4 10,3 7.8
5 Control 7.3 8,5 10,0 99 (

deacidified 7,2 8,3 8,8 9,5

of oxidation was evaluated by means of determining the carbon)'/ls in th.e pa}?ern.
By using previous analyses and measured values of carbonyls in .non—lrradxated
Newsprints we tried to find a long-term natural course of o>.<1dat10n of the ob-
served papers stored at room climate without the presence of light

RESULTS AND DISCUSSION

Ageing of newsprint
The results collected over 3 years enable us to estimate the natural ageing of se-
lected groundwood papers; cf. Table 1. ‘ . . ‘
Initially, the carbonyl content in the modern newsprint paper -rom the ;n?;
facturer is quite low: 3,2 mmol/100 g in paper 1, 3,6 mmol/100 g in paper 3 h'e
carbonyl content increases during the next two years., and Vj/e asssxme that wit 'm
three years it achieves an equilibrium, which is 2,4 tn-mes higher in a ]OWT?M-“Y
Paper (paper 1) and 1,8 times higher in a better quality pap.er (Paper 2}. This in-
crease refers to the oxidative degradation process occufring i such a paper
under the conditions of normal use in the reading room and of storage at room
climate. As soon as an equilibrium is achieved, this process is slowe(.i down.‘ '
Further oxidation, after this initial equilibrium, can be observed in %he historic
newsprint papers. The carbonyl content changes relatively slowly during storage
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(paper 5). Comparing the values of the carbonyl content of historic newsprint it
can be assumed that, during storage at room climate, the carbonyl forming oxida-
tion process will be slowed down even further with ongoing time. A deviation
from a stable state, however, can easily happen, initiated, for example, by ex-
posure to daylight. In deacidified papers the course of oxidation is not signifi-

cantly different. Mg introduced into the paper by deacidification with MMMC
has only a limited influence on oxidation.

Amount of carbonyls

The length of irradiation significantly influences the oxidation of paper as made
evident by the production of carbonyls (Fig. 1). After approximately 40 days in
all papers, a certain maximum level of carbonyls is reached, and the presence of

Mg in the paper has a significant inhibiting influence on the course of light in-
duced oxidation®.

The next course of oxidation occurin
amount of carbonyls present during 12
shown in Fig. 2.

The course of ageing of both observed
ples no. 1 and 2) is similar.

g under room climate is expressed by the
months of storing. The relative change is

modern newsprint paper samples (sam-

Natural ageing of paper after irradiation

Groundwood papers after 30
yellow; they are more acid
cess is a result of very intens

~50 days of direct irradiation by daylight significantly
and they lose their strength very quickly?

e light induced degradation reactions of rad;
ter hitting mainly lignin. A certain balance in carbonyl content (a maximum
level) is reached after a relatively short irradiation (Fig. 1).

Consequently we were interested to see wh
the short irradiation of groundwood papers and
changes in the structure of lignin, become obvious
after their subsequent storage in room climate cond
dark rooms and in the presence of oxygen, autoo
both in lignin and cellulose occur as part of natura

. This pro-
cal charac-

ether the connection between
the very intensively occuring
in the lifetime of these papers
itions (Fig. 1 and 2), where, in
xidation degradation reactions
L ageing (Tab. 1),

maodern newsprint papers (samples 1 and 2)

that have been irradiated for only
arelatively short time (

up to approximately 50 days) the degradation reactions
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during 12 months of dark storage occur at a significantly more r'ilpid rate than the
rate of natural ageing without previous daylight irridiation. This means .that be-
sides the slow autooxidation reactions in paper, degradation processes induced
by light, even when exposure has been for a short time, occur or continue in the
dark.

In papers where a balance was reached, i.e. a certai

level during light induced oxidation, the amount of carbonyls did not change,
(sample 1) the amount of carbonyls

n maximum oxidation

€ven during long-term storage. In some cases :
€ven gradually decreases during which time oxidation and degradation processes

Continue; the carbonyls are changed into other degradation p'rOfiucté and a ne\,\;
balance, with lower carbonyl content, is slowly reached. A similar influence o

daylight irradiation, with a consequent influence on the course of oxidative deg-

o q
fadation reactions during long-term storage, was also observed in historic groun

Wood papers (samples 3, 4 and 5). The intensity of changes was reduc.ed w1't:1 m;
Creasing deterioration. The more the paper deteriorate.d the less the m}gnsx );\,f
the changes. Deacidification of groundwood papers vath agents COHtalI();I;g 1g
Significantly inhibits light induced oxidating degradation of cellulose an ignin.
Inhibition influence is shown even during the long-term stc?rage o‘f papercsl 1rk-
radjated by daylight. This fact confirms that reaction's continuing n;1 the ;rll:e
during the storage of irradiated papers are initiated by hg% they may ave so
similar characteristics as light induced oxidation degradation reactions.

ConcLusions

* Irradiation of groundwood paper is 2 significant degradation factor com-
Parable to the acidic degradation of this type of paper.

* Short-term irradiation significantly degrades groundwood paper.

* Short-term irradiation of groundwood paper initiates oxidation degradation

: om climate.
reactions; they are continued during subsequent dark storage at 1o

* Groundwood paper should not be placed in an envir
teed controlled light conditions (exhibitions, study rooms, etc.). -

* Deacidification of paper with Mg containing agents signiﬁc.aflfly l(;ﬂll)lbltsrziti:t
induced oxidation of groundwood paper, i.e. those that are initiated Dy 1r.

tion previous to storage in the dark at room climate.
bition effect is also true for other

onment without gnaran-

* It might be questioned whether this inhi
oxidation processes in the paper.
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SUMMARIES

Natural Ageing of Paper Afier Daylight Irradiation

Sunlight, even after harmful UV has been filtered out, significantly degrades groundwood paper-
The greatest changes in paper occur after approximately 30 days of irradiating. Short-term ir-
radiation of paper initiates light induced oxidation reactions, which continue even after paper is
stored in the dark. Mg in paper significantly inhibits light induced oxidation during direct ir-
radiation of the paper and climinates the influence of irradiation on the intensity of light induced
oxidation degradation reactions, which are a characteristic of the natural ageing of paper.

Vieillissement naturel du papier qui a €lé exposé a Uirradiation de la lumiére du jour.

La lumiére solaire, méme apres {iltrage de la plus grande partic des rayons ultra-violets, dégrade
considérablement le papier journal. Cette dégradation du papier atteint son maximum aprés en-
viron 30 jours d'irradiation. Méme une irradiation de courte durée suffit pour déclencher des ré-
actions d’oxydation induites par la lumiére qui se poursuivent encore apres que le papier ait été
déposé dans un endroit obscur. La présence de magnésium dans le papicr inhibe considérable-
ment cet effet d’oxydation induite par la lumiere lors d'une irradiation directe du papier ct élimi-
ne méme l'influence de l'irradiation sur l'intensité des réactions de dégradation par oxydation
induite par la Jumitre, réactions qui contribuent en partic au vieillissement nature! du papier.

Natiirliches Altern von Papier, das einer Bestrahlung mit Tageslicht ausgesetzt war

Sonnenlicht bewirkt auch nach dem Herausfiltern des UV-Anteils cinen betrichtlichen Abbau
von Zeitungspapier. Dieser Abbau errcicht cin Maximum nach 30 Bestrahlungstagen. Bereits
kurzzeitige Bestrahlung setzt Reaktionen einer lichtinduzierten Oxidation in Gang, welche sich
dann bei nachfolgender Lagerung des Papicrs im Dunkeln fortsetzen. Ist Magnesium im Papier
vorhanden, wird diese lichtinduzierte Oxidation wihrend ciner Bestrahlung in nennenswertem
Ausmal} vermindert, und die von Licht hervorgerufene Linleitung von abbauenden Oxidations-
vorgingen, die einen Teil des natiirlichen Alterns von Papier ausmachen, wird climiniert.
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Physicomechanical Properties of Paper

Treated With Polymers

by ABD-ALLA M. A. NADA, SAMIR KAMEL
& MOHAMED EL-SAKHAWY

INTRODUCTION

Polymers are used in paper technology in many ways. Bleached pulps, e.g., es-
pecially those bleached with hydrogen peroxide, tend to lose brightness by yel-
lowing on exposure to light or heat. Therefore, stability against yellowing has
become a major problem. Even more, the presence of lignin containing fibers
e.g. of mechanical pulp, implies a great sensitivity to light'*. Some polymers, e.g.
polyethylene glycol and butyl hydroxy toluene, are used to stabilize lignin con-
taining paper towards light and heat induced yellowing®. Moreover, the polymer
can be used as a wet-end additive for filler retention and to improve draining*-*.
Thermoplastics are apt to strengthen paper by coating, and also aqueous
dispersion or lattices have been used in this way*™*. Modified natural polymer,
e.g. cationic starch, can be added in the paper making process to increase the
mechanical properties and improve machine runnability’. Mechanical properties
of paper sheets can also be improved by modifying the interfiber bonding; one of
the relevant methods being to add carboxymethyl cellulose and synthetic resins
to the pulp'”'*. Modification of the pulp by acetylation or grafting can have the
same effect'*"". Recently the use of parylene monomer and its polymerisation in
situ has been considered for paper strengthening in conservation'®, again in paper
conservation, some copolymers can be used to improve the resistance of old pa-
pers from brittleness'’.

The aim of this study is to improve the physicomechanical properties and
stability of the brightness of paper sheets on ageing by using polymer solution.
The effect of two kinds of polymer solutions at different concentrations, on the
mechanical properties of paper made of mechanical and chemical kraft pulp are
investigated. A mixture of the two polymer solutions in different ratios, i.e. poly-
ethylene glycol and polyvinyl alcohol, is used. The effect of ageing at different

temperatures on the mechanical properties, on sizing effect and brightness are in-
vestigated.
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Table | Treatments
Tl Teeawens

fo. - kind of polymer amount water dipping time
(g (g=ml)  (seq
l polyethylene glycol {PEG); molceular weight 4000 10 90 30
,2 polyethylenc glycol (PEG); molecular weight 4000 15 85 :30
8 polyethylene glycol {PEG); molecular weight 4000 20 80 30
4 polyvinyl alcohol (PVA: Vinarol™" DV) 1 99 30
5 polyvinyl alcohol (PVA: Vinarol ™" DV) 3 97 30
6 polyvinyl alcohol (PVA: Vinarol™" DV) 5 95 30
7 PEG25g+PVA1,25g 375 100 30
8 PEG235+PVAOSg 2.9 100 30

Product of Hoechst (Germany)

EXPERIMENTAL

Three different kinds of paper were used for the experiment:

* A: Bleached mechanical pulp, delivered from Al-Ahram Newspaper Printer
Organization, Cairo.

* B: Unbleached kraft bagasse pulp, delivered from Edfo Paper Mill (Upper
Egypt).

* C: Kraft bagasse pulp bleached with alkaline hydrogen peroxide, prepared
from pulp of 40°SR, beaten according to the Swedish Standard Method (SCA).

The sheets were weighed and then treated as given in Table 1.

The paper sheets were dried and weighed to calculate the retained polymer
(g/m?.

Some of the treated sheets were aged at different temperatures (130-150"C) for
one hour,

The following properties were determined according to the relevant Tappi
Standards:

* Grammage, i.e. weight of 1 m?, after heating at 105° C for 3 hours

Breaking length (km), i.e. tensile strength [p} x 1000 x 1000 / grammage g} /
15 [mm] = tensile strength [p] x 66667 / grammage (gl
* Tear factor, i.e. tear strength [mN] x 16 (pendulum factor) x 100 / number of
testes sheets / grammage
Burst factor = Burst strength x 1000 / grammage
Brightness was determined using Hunter Lab. MD25 Optical Sensor.
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Table 2. Retained polymer (g/m?)

Paper Treatment: 1 2 3 4 5 6 7 8
A: Mechanical pulp 4 5.2 6.1 0.9 2.2 4.0 4.2 5.1
B: Unbleached bagasse 4.1 - 6.0 0.8 2.3 4.3 53 5.2
C: Bleached bagasse 4.9 - 6.8 1.0 - 5.1 5.6 6.1

RESULTS AND DISCUSSION

Polymer retention

polymer after having been dipped into the sol
of bagasse, and in particular less than the bleac
to the fact that mechanical pulp fi
fibers; consequently the amount

ution for 30 sec. than those made

hed bagasse. This can be attributed
bers have a smaller surface area than the cooked
of polymer that is retained at the surface is lower.

paper sheet has nearly no lignin; the fiber is soft an
ion of the polymer solution.

From Table 1 it can also be seen that
glycol is higher than that of polyvinyl alco
of PVA, which results in a solution with a

tion is lower than that of polyethylene glycol. The larger the molecules the less
they can penetrate into the fiber. Increased concentration of the polymer solution
results in increased retention in the paper sheets.

the amount of retained polyethylene
hol. This is due to the larger molecules
higher viscosity, even if the concentra-

Mechanical properties

Mechanical properties of the different]
in Table 3. It can be seep that baga:

pulp paper sheets, which is
ooking produces soft fi
forming process. This

generally the case with
ber that is homogeneously dis-

results in increased interfiber

cooked pulps. Chemical ¢
tributed during the sheet
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: heets
Table 3, Mechanical propertics of different kinds of paper s

Burst factor

factor
Paper Breaking length (km) Tear fac 1.9
11.
26.8 .
A: Mechanical pulp 2"8 40.9 éQ.O
B: Unbleached bagasse 4.3 52.1 300
C: Bleached bagasse 39

. he paper sheets.
bonding 2 d consequently in a greater mechanical strength of the pap
g and co

duce less inter-

The fiber of semicooked mechanical pulp is 1‘;55 tSOft ;:gi‘;znpiigs it can be seen
: wo

fiber bonding in the paper sheets. Looking at the s higher than that of the

heets i
that the breaking length of the unbleachzdtpag)zrfsthz cellulose chains, which oc-
bl is is due to the degradatio f the bleached
cueizcgi(riif ultph'eTSll:alcshing process. In contrast, the tea’} ;?Sctco;nob - ibted 6
bagasse shfets is higher than that of unbleached Sheei’bers of bleached bagasse
the increase of the interfiber bonding between ;hed l;agasse fiber.
sheets, which is more soft and elastic than unbleache

; rlies
Properties of the treated sheets: mechanical prope

Treatment with polyethylene glycol ing the paper sheets with polyethylene glycol
As can be seen from Table 4, treating

. ibuted to
: th. This can be attri
. es the mechanical strgng cating effect of
fﬁiutlon genera”ty d?as;;sethylene glycol that brings abo;l; a lgg:;;g gwnh o
w. o ) . r .
the ﬁi::,s Pr‘::zirm)'g inpdecreased cross-linking and interfibe

Iable 4. P ta h f chani( al pI() >erties O the sheets tre A )4 Yy
. Fercen ge C ange O me:

glycol solution.

Tear factor Burst factor

Breaking length

A B C

Paper: A B C A B € -
0 100 1
§] jo0 100 100 100 1408 1502 igo P
ntreated ' 261 -4, 58 -14, , 1
Treatment 1 vs Untreated 74 93 l’;’i _21) 7 110 -113 224 _9,4 33
Treatment 2 vs Untreated ALL 140 -1 114 -6 ,7 64 59 98 65 —234
Treatment 2 vs Treatment 1 -4,0 '5’1' ; ’l -IS; | 144 152 56 -109 67
Treatment 3 vs Untreated -14,8 -16,3 _21’, N ,6 100 100 98 81 57
pocaument §us Treatment | 897 W0y 38 48 217 17 b4
Treatment 3 vs Treatment 2 42 2 )
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two bagasse pulps the percentage decrease of breaking length is higher than the
percentage decrease of tear and burst factors: breaking length is greatly affected
by the interfiber bonding. Doubling the concentration of PEG does not necessarily
mean doubling the loss of mechanical strength, for example, mechanical pulp pa-
per (Paper A) soaked in 20% PEG solution (Treatment 3) has suffered the smal-
lest burst loss: 5.6% compared to a 14% loss with the 10% solution.

Treatment with polyvinyl alcohol

Treatment of paper sheets by dipping in polyvinyl alcohol solution increases the
mechanical properties of paper sheets {Table 5), and the higher the concentration,
the higher the strength increase. This is due to the increase of the cross-linking
and interfiber bonding. There is only one exception. By soaking the mechanical
pulp paper (Paper A) in 1% PVA solution (Treatment 4) the tear factor was in-
creased by 16.1%, by soaking in 3% solution (Treatment 5) the tear factor was in-
creased by only 12.7%, and by soaking in 5% solution (Treatment 6) it even
decreased by 2.2%. With the other strength properties — breaking length and
burst factor - the mechanical pulp paper is the one that shows the highest in-
crease rates. An explanation for these phenomena might be the increase of inter-
fiber bonding via bondings between fiber and polymer. If the polymer content of
the solution is increased by more than 3% (Treatment 6)
the kraft pulps are slightly further increased (Treatment 6 vs Treatment 5), even if
the retained polymer is decreased (Table 2). This can be attributed to the fact that
the interfiber bonding has reached a maximum at a certain amount of retained
polymer, and this maximum results from a 3% polymer solution,

Generally, mechanical properties are highly affected by a treatment with poly-
vinyl alcohol solution, and the results vary with the kind of paper as well as with

, tear and burst factors of

Table 5: Percentage change of mechanical pro
cohol.
-

Breaking length Tear factor Burst factor

Paper: A B C A B C A B C
- -~ & B € A B C

perties of the sheets treated with polyvinyl al-

Untreated 1000100 100 100 100 100 100 100 100
Treatment 4 vs Untreated 25800 105 161 49 17 523 4,7 100
Treatment 5 vs Untreated 993 1L6 263 127 149 169 69,2 10,0 16,3
Treatment 5 vs Treatment 4 26,5 11,6 143 29 96 149 11,0 51 538
Treatment 6 vs Untreated 852 11,6 316 2,2 193 21,9 107,5 13,1 19,7
Treatment 6 vs Treatment 4 471 116 190 -158 138 198 362 81 88
Treatment 6 vs Treatment 5 163 00 42 133 38 43 22,7 28 29
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Table Brightness (%) of the paper shects.
C

Treatment Paper A C Treatment Paper A

) 1 60,8 69,7
control 60,8 69,7 contro 8 6
Treatmeny | {10% PEG) 60,9 70,0 Treatment 4 ('l::/o PV:) :3,? Z;j,;
Treatmeny 2 /15% PEG) 60,9 70,1 Treatmcnt‘? (x:”/o PVA) -58,9 68,9
Treatment 3 (200) PEG) 61,2 70,4 Treatment 6 (5% PVA) 58,9 08,

percentage increase of the

t . ; le 5). The
he concentration of polymer solutions (Table 5) heets is higher than that in

Mechanical properties of bleached mechanical paper s ; ies of
Case of the bagasse sheets. This is due to the low initial mechanical properties o

the mechanical pulp paper, which is highly affected by a treétme?t Vt\;izhsgrlzepjvl:’y
Mer causing an increase in cross-linking and interfiber bondmgé n.m e
the mechanical properties of bleached bagasse sheets (Pap};? £ C) le P;O erties of
after being treated with polyviny! alcohol solution than do tfe s?r.n e(}i) (}))1 e
the unbleached bagasse sheets (Paper B). Also the amount of re amTh fin{erﬁber
higher in the bleached bagasse sheets than in the unbleac-heﬁ (;lnesin the bleached

onding and cross bonding between the fibers, however fi g eLls a decreasing
sheets. The presence of lignin (ca. 6 %) in the unbleached fiber ha

effect on the bonding between fiber and polymer.

Brightness

Wlth pO]y-
g sS Of the blea(]l (al a]ld ba asse SheetS treated
ed meCham /) g

“thylene glycol is slightly increased (0.1-07 % WE "0 1 ution. (Table 6).
8reater amount (0.1-19%) by treatment with polyviny g in both cases.
The higher the concentration, the greater the amount ©

Ageing

agasse (C) pa-
Ageing of untreated bleached mechanical puUIP ) andhlz)lzarmc}:;iel:i fleteric()riti}:)n
Per sheet at different temperatures (130-150 C) for ox:)e. oo (Table 7). This is
in the mechanical properties and a decrease Of. the br'8 d oxidative formation
due to the increased degradation of the cellulosic fibers ar;l wing of the treated
of C=0 double bonds, which are the reason for "he e o sg increased with
sheets'™, Loss in the mechanical properties and brlghtne.ss \(')Vfame ots treated
higher temperatures. It is interesting to note that the pmpert;fsse treated with PVA
with polyethylene glycol are less affected by ageing than tho
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Table 7: Properties after ageing

Paper A

aged at Paper C aged at
Unaged 130°C  140°C  150°C Unaged 130°C  140°C  150°C
Breaking length (km)

untreated 2,7 2,7 2,5 2,1 3,8 ~ 3,7 -
Treatment 1 (10% PEG) 2.4 - 2,4 - 2,4 - 2,5 -
Treatment 5 (3% PVA) 43 - 3,9 - 4,8 - 43 -
Tear factor
untreated 26,7 28,1 17,2 13,5 52,0 ~ 48,7 -
Treatment 1 (10% PEG) 22,4 - 15,2 - 43,8 ~ 41,8 -
Treatment 5 (3% PVA) 30,1 - 16,4 - 60,8 ~ 54,3 -
Burst factor
untreated 10,7 11,1 12,1 11,2 30,0 ~ 28,1 -
Treatment 1 (10% PEG) 8,3 - ne - 160 -~ y54 -
Treatment 5 (3% PV A) 18,1 - 10,8 - 34,9 ~ 31,3 -
Brightness (%)
untreated 60,8 59,4 56,1 55,4 69,7 ~ 66,3 -
Treatment 1 (10% PEG) 60,9 - 58,8 - 70,0 ~ 68,5 -
Treatment 5 (3% PVA) 60,3

- 558 ~ 69,5 - 66,9 -

and even less than the untreated sheets (Fig. 1)
glycol can preserve Papers against yello
polyethylene glycol for brightness is m
sheets. The protective mechanism of po
and ageing is unknown; the polymer is t

- Treating sheets with polyethylene
wing over time. The stabilizing effect of
oreé pronounced with mechanical paper

Iyethylene glycol on paper towards light
hought to act as an antioxidant',

MIXTURE OF PEG AND PVA

In order to combine the
both was used.

Table 8 shows the pro

positive effect of the two tested polymers, a mixture of

perties of the bleached mechanical
per sheets treated with a mixture of the two polymers (

ment 8; cf. Table 1) before and after one hour of accele

becomes clear that the mechanical properties are improved. Slightly reducing the
share of PEG (2.5 — 2.3 g) and halving the amount of PVA (1.25 = 0.6 g) results
in reduced mechanical strength (with the exception of the tea
but in slightly increased brightness. Also, the ageing stabi
treating the sheets with the mixture of the two polymers (
the mechanical properties and of brightness (Fig. 2)

pulp and bagasse pa-
Treatment 7 and Treat-
rated ageing at 140°C. It

r factor of paper A),
lity is improved by
Fig. 3), as well as that of
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h mixtures of PEG and PAV.

ted wit

Paper C
Paper A o
t 140°C
Unaged  aged at 140°C Unaged aged @
Nna
. 3,7
3,8 ’
2,5 "
Untreated Breaking length (km) i; i 43 24:
Treatment 7 (PEG 2,5g + PVA 1,25 g 3'2 35 3,9 )
Treatment 8 (PEG 2,3g + PVA 0,6 g) ’ ) 48,7
52 ’
. 17,2 D4 .
untreated Tear factor 26,7 24,4 54,2 ():,;
. 4 ’ g 58,
Treatment 7 (PEG 2,5g + PVA 1,25 g) 33 5 95,1 52,4
Treatment § (PEG 2,3g + PVA 0,6 g) ) 30,0 28,1
12,1 ’ 26
Untreated Burst factor 1?'2 15,5 85,0 ;2’;
Treatment 7 (PEG 2,5g + PVA ]'2_5 g ;‘f,(; 13,2 333 B
Treatment 8 (PEG 2,3g + PVA 0,6 g) ’ 0.7 66,3
X 56,1 e -
. (0 60,8 20 69,4
untreated Brightness o) 61,2 58,2 7o 70,0
Treatment 7 (PEG 2,5 + PVA 1,25 g)

58,1 714
065 61,8 B
Treatment 8 (PEG 2,3g + PVA 0,6 g

ConcLUsION

chol solution have lower mechanical
g

) o ilit
* Paper sheets treated with pOlyethyleneheir brightness and the ageing stability

tt
properties than untreated sheets, bu

. . brightness are im ]
of both mechanical properties ar.ld lniohol solution have greater mecham'cal
dyvm}l; aStheilr brightness is less stable on ageing

u

prOVed.

* Paper sheets treated with p
properties than untreated sheets,

. hylene glycol.
than that of sheets treated with polyethy two polymers improves not only the

. i e of the ) -
* Paper sheets treated with a mixtur f the brightness on ageing

ility o
mechanical properties, but also the stability

SUMMARIES

ith Polymers

Physicomechanical Properties of Paper Treated Wi eached with alkaline hydrogen per-

heets bieac i ties of the

i d kraft bagasse paper she . Mechanical proper

Ble.:ached mechamcal. p})‘ulp lar;(hyle“e glycol and polyvmy.l alcohOd by trating thern with poly-
e yore trated with po yl iycol deteriorated but improve ical properties increase by
it el with I;Ol)’e.thy Zrcl)fl ir)‘:d improvement in the mechani
vinyl alcohol. The deterioral
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increasing the concentration of the polymer solution. Improvement in the mechanical pulp
sheets had a higher percentage increase than the bagasse sheets. Brightness of the sheets treated
with polyethylene glycol was more stable when aged than untreated sheets and those treated
with polyvinyl alcohol. Sheets treated sheets with a mixture of polyethylene glycol and polyvinyl
alcohol improved not only the mechanical properties but also the stability of the brightness of
the treated sheets on ageing.

Propriétés physiques et mécaniques du papier traité avec des polymeres

Des feuilles de papier, fait a base de pate mécanique et de pate a la soude de bagasse, blanchies
au péroxyde d’hydrogéne en milicu alcalin ont été traitées ay polyéthyléncglycol et au poly-
alcool de vinyle. Le polyéthyléneglycol a détérioré les propriétés mécaniques des feuilles traitées,
par contre le polyalcool de vinyle les a améliorées. Cet effet de détérioration ou d’amélioration
des propriétés mécaniques croit en fonction de l'augmentation du taux de concentration de la
solution polymére. Le taux d’amélioration obtenu était supérieur pour les feuilles de papier a
base de pate mécanique que pour celles a base de bagasse. La blancheur des feuilles traitées au
polyéthyleneglycol supportait mieux le vieillissement que les feuilles non traitées ou celles trai-
tées au polyalcool de vinyle. Le traitement effectué avec un mélange de ces deux solutions poly-
meéres (polyéthyléneglycol et polyalcool de vinyle) améliorait non seulement les propriétés
mécaniques des feuilles mais aussi la stabilité de leur blancheur au cours du vieillissement.

Physikalische und mechanische Eigenschafien von polymerbehandeltem Papier

Probeblitter aus Holzstoff und Natronzellstoff von Bagasse. im alkalischen Medium gebleicht mit
Wasserstoffperoxid. wurden mit Polyithylenglykol mit Polyvinylalkohol behandelt. Die Behand-
lung mit Polyithylenglykol verschlechterte,. die mit Polyvinylalkohol verbesserte die mechani-
schen Eigenschaften, beides verstirkt mit steigender Konzentration der Polymerlssung. Die
prozentuale Steigerung war bei den Blittern aus Holzstoff haher als bei denen aus Bagasse-
Zellstoff.. Die Helligkeit der mit Polyithylenglyko! behandelten Blitter veridnderte sich bei be-
schleunigter Alterung weniger als die Helligkeit der unbehandelten und der mit Polyvinylalkohol
behandelten Blitter. Eine Mischung der beiden Polymerlgsungen verbesserte nicht nur die me-
chanische Festigkeit, sondern auch die Alterungsstabilitiit der Helligkeit.
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Obituary

Fausta Gallo, the Grand Old Lady of paper conservation research, passed away
on the 5" of August 2000.

Fausta Gallo was born on the 6" of November 193} in Rome. She was the
daughter of Alfonso Gallo, founder of the Istituto Centrale per la Patologia del
Libro, the first institute to be exclusively dedicated to paper conservation re-
search world-wide and in the beginning concentrated on fighting biological decay
of library materials. Fausta Gallo studied Natural Sciences at the University “La
Sapienza” in Rome and graduated in 1953 with a degree thesis on paper-infesting
insects. She was assistant Professor at the chair of Zoology at the same University
for some years. From 1952 she worked as a researcher and consultant at the Isti-
tuto Centrale per la Patologia del Libro, where later, in 1957, she became head of
the Biology Laboratory. She acted as director and co-ordinator of many inter-
ventive conservation programmes in Italian libraries affected by biodeterioration.
The most demanding of these was her involvement in Florence after the flood of
November 4, 1966 for which she received recognition from the Education Minis-
try. She took part in many National and International Conferences and taught
courses at Italian and foreign institutions. Her dedication to the subject is obvious
from the literal legacy she leaves behind: more than 80 published works on vari-
ous aspects of biology as applied to library materials many of which have been
translated into English, French, German and Japanese.

248

Restaurator 21: 248 © 2000 Saur, Munich eic

138

213

19

187

55

229

77

204

158

117

41

238

25
101
248

85

Index 2000

G. ABDEL-MAKSOUD & E. MARCINKOWSKA: Changes in Some
Properties of Aged and Historical Parchment o
M. %irclg;;lERgI;e F. M. SEMENTILLI & A. SODO: Application of Seven
i Conservation ‘
g?gg;g?zlp‘[(lezisﬁi;IszirLIBMANN . Exhibition and Transportation of
the Dead Sea Scrolls o .
A BgLOV\‘j’aP BEGIN, H. CARTER & T. BURNS: Migration ot;\ Vo'latlle
Compounds’through Stacked Sheets of Paper during Accelerated Ageing
Part II: Vasiable Temperature Studies - '
V. BUKOVSKY: The Influence of Light on Ageing of Newsprint Ptapc;)ra ‘
V. BUKOVSKY: The Natural Ageing of Paper After Exposure to Day
light
H. CARTER, P. BEGIN & D. GRATTA
pounds through Stacked Sheets of Paper
Part 1: Acid Migration at 90° C . ‘
M. A.P.C.l DE %BER,]. B.G.A. HAVERMANS & P. DEFIZE: Iron-Gall
Ink Corrosion: A Compound-Effect Study |
;; EL?g:ISgII)) A };) BI?ASTA & M. M. ABDOU: Permanence of I;aper 2(i
: N - . n
Correlation Between Permanence of Paper Made from Straw Pulps a

Ageing Variables ‘ -
AgjOiiANSSON, p. KOLSETH & O. LINDQVIST: Uptake of Air Pol

}ut;zn(t)slz,;a&erSTRUC M. MARINCEK: The Effect of Nd:YAG Laser

Radiati t 1064 nm on Paper .

G. I\?AI?}IA?JDDA, M. ADAMO, A. PASQUALI & G. ROSSIl. Tl;e/iif::;

of lonizing Gamma Ray Radiation on the Biology of the Peripianela

c - .

:nla\d A. NADA, S. KAMEL & M. EL-SAKHAWY: Physxcomechamcal

Properties of Paper Treated With Polyme‘r; '

M. NITTERUS: Fungi in Archives and Li ra'nes .

M. NITTERUS: Ethano! as Fungal Sanitizer in Faper Conservation

Obituar . -

N.L. RE);BRIKOVA & N.V. MANTUROVSKAYA: Foxing - A New Ap
roach to an Old Problem ‘ ‘ .

II)).G. SURYAWANSHI: An Ancient Writing Material: Birch-Bark and its

Need of Conservation

N: Migration of Volatile Com-
during Accelerated Ageing -

/Y \\:\x
2¢‘; - ’{"/.
[ ]



O
TV

2

Editorial Notice

Rl“sr ,

STAURAT

. o I . . -,

Origing| papers ‘R» International Journal for the Prescrvalton of Library and Archival Matertal, presents
lang, s, as well as reviews and news of interest (o scientists, conservators, archivists, and libras-
n publishcd before, is
d by all authors. The
gn exclu-

hat the work has not bee

understanding
ad and approve

here and has been 1e
ans that the authors automatically agree to assi
manascript is accepted for publication.

Authorg submi

Not 1, tting a paper do so on the

Sybnn(:gﬁ::;,]f;d“‘\‘d for publication clsew
Sive copyright l“‘]l}uu‘ms:mpt by the ‘uu(h(yl's me
'he work oy ”U <. G Saur Yvrlug if and when the ]
isher, Py .“_“" .‘Hul be .;mbhshud clsewhere in any language without the \‘VK'IUCH consent of‘ the Pub-
and the “-\'(“lu T}y““(_}’“l)llslmd in this journal are protected by copyright, whxgh covers translation ngl}(s
Publishe, n‘] J"“ right 1o reproduce and distribu}0 all of the articles prin}cd in the J.ourn'.\(. No matcrial
Ke or reprod L_.“““'l\ill may bg stored on microfilm or videocassettes ot 10 electronic databases and the
produced photographically without the prior written permission of the publisher.
with Summaries {Abstracts} in French and
ceuracy. All articles arc linguis:
ble for the opinions ex-

Ary A

cdes for REST, o

Sermgy (t:n RI,“S“\UR/\I()R are publishcd in Lnglish,

cally 1'(_:\/' f”““b““)l's are purlktu]urly asked for linguistic and stylistic a

Pressed ; lh“i_ by the publisher before publication. Authors alone arc responsi
A in their articles.

§

Ma )

Ouléllles;??:s S?Ould be provided in a machine-readable form on a ﬂoppy.disk if p()ss:iblc; a printed,
label the IU CC(’ IC()py must accompany the disk. Copy the files onto newly (ormaltqd disks and clearly
SCripts mljlsl“g‘)«l g illll_h()r :\nd title, file content, format, sof'lwarc and program version number. Manu-
athor's nay )L carcfully revised, as alterations are CXpenstve. The paper must be non-absorbent. The
the work )l_]nL must bF' “?CUlnpanlcd by the title, full ufldrcss, tclephone and tclc'fux mnan (if any) of
nusery L']'l‘ ce or institution. Summarics should be written on @ separate page included w1‘th the ma-
PL should not exceed 200 words; and should be written 1 the same language as the articles.
{abbr: Fig.) and should be
hould be identified with a figurc number on
¢ itlustrations should be large enough
inted with black India ink on white
can be plotied on plain white or
hotographs should be about 1%
nlargements showing good
the text the approximate

are to be referred to as figures

sach figore s

All .
mnn%:?f(}ll?l‘) (:cr a\w‘mg-s‘ of phOtf)graP hs
the back. An l'q jence with Arabic numcru!& 1 )
for the nece )’ mes, numbcrs, or Jettering that are 10 appear in th
paper and 355‘“)’ reduction. 1,"“0 dm?vings: shm\xld be drawn or pr
lue Squ'lrz ’i“ll’)d be nb‘()ulv twice the size 0.‘ the 11}1lsl1cd blocks. Graphs
timesg lth si-( paper; gl’ld lines should be inked in ‘bluck. In gcncral, p
detail ; '/40 of the final block and must be submitted as moun(cd g?ossy e
il and adequate, but not excessive, contrast. Authors should indicate in
Position of figures. '

Italics ar

ics arc used for emphasis, especially for distinguishing titles of books and papers-

Re : . .

reufe‘re’}?“ Wlthin the text should be indicated by numbers corresponding to those in the list of refe-
ces. The st should be placed at the end of the paper. For example:

(1986): 114-24.

aper and textiles of

American Chem-

Conservation 31
od. Prescrvation of p
193. Washington, DC:

L i . . oo
9 Miles, C.: Wood coatings for displuy and storage cases: Studies in
' williams, J. C.,

?‘?“ D- N.-S.: Yellowing of modern papers. In:
historic and artistic value 11. Advances in Chemistry Serics,
ical Society, 1981: 110-42.

ifty offprints of cach article will be sent to the anthor frec of charge.

Editorial Address

books should be sent to the editorial office: RESTAURATOR,

Manuscripts and review copics of
796 Munich, Germany.

Dr. Helmut Bansa, Elisabethstrai$e 23, D-80



GUTENBERG

DIGITAL \
Who, Where, What?

Gottingen Gutenberg-Bible :

’ / Y find the answer
Model Book and / f::IICCt’ITe se questions in the
Helmasperger’s |

Notary Instrument

International Directory of Aris
25th edition

25th edition 2000/2001 d
' | 3 vols. Complete XXVI, 2,350 pages. Hcrdb0U"3 5982
The Niedersichsische Staats- und Universicics ¥ R ‘V T DM 46800/ A Ho e o

bibliothek Gattingen possesses one of « ’/ z Th e el ectron ic
'y

the few complete vellum copies of . . ® /\/\ore than 129 000 upto-date addresses
Gutenberg’s 42 line Latin Bible.d‘q'fg - edltlon Of the with TellephOﬂg fax and e-mail numbers, as well @

- clon: i 4 i . ssocia
Each page of his Bible was 3 - ums and public golleries, universities and art @

3082-6

)

s homepages, for muse-
tions, art and antique

worlds first

( Al
>3
ﬂf :
j

il

digitally scanned for the

ismati olleries, auctioneers,
3 - ) . iali field of numismatics, g .
project .Gutenberg digical®. 3 — ~ rlnted bOOk - deolers, SPECthSTS from the b doin manes, o ond . bOOk rem(l?r
P restorers, art publishers, art perlod[czs/ om q o et can oatee,
- ! e k | / e found in this e | ' —
With the interactive o LR A . ¥ and more! from all over the world, can b' 4 outcion e o
& useful tips on each specialist field, plus

CD-ROM edition,Gutenberg : . w.': L. ‘

digital” users now have access to images

demic stoff of museums.
of all 1,282 pages of the complete N H ]( |
Géttingen Gutenberg Bible on their own ® U to date, reliable and comprehensive! 4 ond updo?ed (o this edition fo

g il ) revise Lo
computers. The most beautiful, hand colored /A 4 Gutenberg d_igita_l The entire address Content§ Wef? compoign and by fokmg info account
pages can also be enlarged and viewed in detail. e ., Géttinger Gutenberg-Bible, lowing a worldwide questionnaire { reference works. Infensive research car-
The viewer has the unique opporrunity to compare the bible Model Book and Helmasperger's ona

numerous national and internati

her 6,500 previously
illuminasions directly with original patterns that were laid out ?;::mztm ried out in electronic media also léncolvresre?hzsi;r;](]ve now been included.
in a manuscripe of the 15¢h century held only in the library at Gortingen, ‘ e unlisted museums and 8’OOO ort ceaers.
This unique manuscript, the “Gottingen Model Book”. has also been (N'm‘xh‘? Staats- und Univessititsbibliothek
recorded on CD-ROM. i"ll:s&:l)v ;ssl:}:h&nm:zu)md (nstitur fir Buchwissenschaft ® Clearly set out and logically structured find the address they want. The

The clear structure means that users quickly

. sses are
Concept and consultation by Norbert Lossan hin each chapter addre

. : Wit
Besides the special features of the book decoration, interactive access to (Organisation), Armin Miiller-Dreier and Helmut entire edition is orronged in cha pTZT& ithin country sections set out Olphobet-
the actual texe of che Gurenberg Bible is possible in several languages Rohlfing (Content), Niedersichsische Staats- und orronged occording to country an dWl| ! e names are given in the Of-)ngl
{Hebrew, Greek, English, French and German) by selecting well known Universitisbibliothek Gérringen iCO”y occording to Cify. Country and plac

verses from che Bible, Implemented by Martin Liebetruth, (Niedersichsische lanauaae
Staats- und Universititsbibliothek Géttingen), gee
Andres Imhof (imc)

?ROM edition 2000. 2 Discs

Finally, Helmasperger's Notary Instrument, the mos; important documen

dealing with the history of the invention of printing by Gurenberg, is alsp ~ E8 98.00. ISBN 3-598-40470.0 % K-G - Saur Verlag Miinch Tel. {089} 769 02-232

found on this CD-ROM. % Postfach 7016 20 - D-81316 Minchen - fel. : saur.de
élﬂkaskforoutdetaﬂed brochure. Fax (089) 769 02-150/250 - e-mail: info@saur.de - http://www

This project will also be presented in the interner, -

More information is available at the following address K*'G Saur Verla

huepe/ Fwww.gurenbergdigital. de Postoch 701620 - D81316 Minchen - T, m76902'w5

Fox 76902150 /250 - : infolsour.
W}mv?ﬂwm.dn 1250 omal




Saure im Papier
zerstort im Laufe der Zeit
wertvolle Biicher.

§31 S Ut G, Sacefln 1

Teren el rams
yweplen rum.
e paitofiuurgen

W, aildemae

cetten ,.‘ Taew umh ctyupe
vat
EX

e @
a1 Yo oot
fer Bem Scriehen (6D 161, e

or— mx] e Slate s

e
TR «...»qx
o o prgimbllir

e e
<m0 s ..,-m. ST
dod G Tboant g

e v vm O
IRy el -.x";'\'
T vl Gt .

{ Tatacty Ut e 1) bt v e o ubenatce

s Plafies bemeat Sah 15 30 Bonwten lommen ;e Srosemer pu

Rk mm i wwu i, ubigeben i wit einec bimnen JeMaut
b W

= 2 emem Blte obet emer 1

s St et (5. L2530 P éh i o 78 e ey
3 Mbee Fint: gchen alle Zroren laml dem el e mmn.umr
= ragrunte Tus Bhced erkell ndy unimmiba in 3 Snollen,

= S im S bt euf b e grlengr. de i i i
N Amgneiben b Hugen aus dec Fnole v ezl oiede,
2 N cp leime Egoren bilvet, &lhelunq forptaitise ﬁMm

S fantes fnofien bei der Qubioat, Jabrung umd

g et Eeien, Repvien des ilansn ooy v
9 JafEige whomic § o, 2

)

E

]

o]

Das einmalige, patentierte Datukom-System
sorgt fur eine vollstandige Entsauerung und
Konservierung threr Schatze.

Gerne bieten wir Ihnen eine unverbindliche
Vorfihrung an.

Sprechen Sie mit uns!

DATUKOM

Buchentsauerung GmbH

Brettergartenstrasse 16
D-90427 Nurnberg
Telefon 0911/3263010
Telefax 09 11/326 3068

ISBN 3-598-01128-8



	2220410001
	2220410002
	2220410003
	2220410004
	2220410005
	2220410006
	2220410007
	2220410008
	2220410009
	2220410010
	2220410011
	2220410012
	2220410013
	2220410014
	2220410015
	2220410016
	2220410017
	2220410018
	2220410019
	2220410020
	2220410021
	2220410022
	2220410023
	2220410024
	2220410025
	2220410026
	2220410027
	2220410028
	2220410029
	2220410030
	2220410031
	2220410032
	2220410034
	2220410035
	2220410036
	2220410037
	2220410038

