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Editorial

The major topics for the 1996 to 1999 Triennial Program of the Working Group
Graphic Documents as decided on the occasion of the Triennial Meeting in 1996
in Edinburgh were:

¢ Research on iron-gall ink and pigment decay

¢ New developments and materials in paper and parchment conservation
» Ageing / analysis of decomposition phenomena

¢ Biodeterioration / desinfestation

Within the framework of this program the co-ordinators of the working group
received in total 33 contributions of which, for space reasons, only 10 contribu-
tions and 6 poster abstracts could be accepted to be published within the pre-
prints of 12" Triennial Meeting in Lyon.

Thanks to the traditional close co-operation of the Working Group Graphic
Documents with the RESTAURATOR, which has been established by Fran-
coise Flieder years ago, it was possible to print in addition, nine very interesting
contributions to the working group session in Lyon in one special issue of this
journal which is dedicated to the activities of the Working Group Graphic
Documents of the ICOM Committee for Conservation. This made it possible to
present a much broader range of the working group activities on the occasion of
the Triennial Meeting in Lyon and to demonstrate to what extent results could
be carried out within the suggested program of the working group.

In total five contributions deal with recent research on iron-gall ink and pig-
ment decay, eight contributions present new developments and materials in pa-
per and parchment conservation. The planned topic “Ageing / analysis of de-
composition phenomena” is represented by four contributions and two members
present results of recent research in desinfestation and biodeterioration. Consid-
ering the contributions and the posters presented in addition, one can look back
to a very successful triennial period witnessing the improvement of knowledge in
the fields concerned.
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The Effect of Cooking Agents on Japanese Paper

The working group held one interim meeting at the Institute for the Preserva-
tior: of Library and Archival Material in Ludwigsburg near Stuttgart from 20" to
22™ April 1998 which was organised as a joint meeting together with the Work-
ing Group Photographic Documents. This meeting attracted 122 participants.
The interim meeting was a good opportunity to judge the status of the research
within the suggested working program. In addition, this meeting became and
outstanding event because one day of the sessions was dedicated to the memory
of Klaus B. Hendriks where eleven of his colleagues and co-workers presented
an overview of his scientific contribution to the conservation of photographic
materials and paper objects.

The other event that has been organised by the co-ordinator of the working
group in co-operation with the Institute for the Preservation of Library and Ar-
chival Material in Ludwigsburg has been already held from 14" to 15" April
1997. The meeting was dedicated exclusively to recent developments in the re-
search of paper decay caused by iron-gall ink. On that occasion a number of
working group members gave presentations of their research followed by fruitful
discussions. It should be stated here that this event contributed to a high extent
to the further developments in the field to be presented in Lyon.

As co-ordinator of the working group whose term is ending at the end of this
triennial period I would like to thank firstly the two assistant-coordinators Jan
Wouters and Dianne van der Reyden for their support. Further I would like to
thank the members of the working group and all authors for their willingness to
contribute to the working group activities.

On behalf of all working group members I express my gratitude to Helmut
Bansa, the editor-in-chief of the RESTAURATOR, for his continuous support
and the extensive editorial work involved in the preparation of this issue Ipam
convinced that the contributions that could be additionally accepted and };ﬁnted
due to this co-operation will enrich the field and the forthcoming meeting in
Lyon. It is to be hoped that the co-operation between the Working Group

Graphic Documents and the RESTAURATOR will continue during the forth-
coming triennial period.

Gerhard Banik
Co-ordinator of Working Group Graphic Documents
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The Effect of Cooking Agents
on Japanese Paper’

by TANYA T. UYEDA, KYOKO SAITO, MASAMITSU INABA
& AKINORI OKAWA

INTRODUCTION

The effect of the application of an acidic sizing agent onto Japanese paper
(Washi) has been investigated by Inaba and Sugista" *>. When the pH of Washi
dropped below 5, the deterioration rates of the strength properties and discolora-
tion increased radically with the decrease of pH. On the other hand, the pH de-
crease of Washi after application of the sizing agent depended on the buffering
ability of the Washi. The durability of Washi also varied according to its buffering
capacity. Samejima et. al.* investigated different types of wood ash used in pa-
permaking, and their effect on paper properties. Saeki and Miyawaki' tested the
strength and pH of a variety of commercially available Japanese papers, but no
experiments have been made to date on papers made of the same fiber under
the same conditions. In this report we compared the durability of kozo papers
cooked in different agents, such as wood ash, soda ash (sodium carbonate), lime
(calcium hydroxide), and caustic soda (sodium hydroxide) in order to determine
what makes a more durable kozo paper.

EXPERIMENT

Fiber, cooking and paper making

Kozo white bark, produced in Kochi prefecture, was cooked under normal condi-
tions using cooking agents representative of those used in modem Japanese pa-
permaking: wood ash , soda ash, lime and caustic soda. The cooking conditions
are given in Table 1. Part of the sample cooked with caustic soda was bleached
using sodium hypochlorite (15%). A portion of the fibre cooked in lime was

* This article can be seen as continuation, i.e. Part III of Ref. 1 and 2.

Restaurator 20: 119-125 © 1999 Saur, Munich etc. 779



The Effect of Cooking Agents on Japanese Paper

Table I: Cocking conditions

amountof

bark (kg) chemical (g) water (1) pH
wood ash 2 25 114
soda ash (Na2CO3) 2 350 30
lime {Ca{OH)2) 2 300 30
caustic soda (NaOH) 3 450 29

washed in a cloth bag, a traditional method for whitening and removal of fine
particles. A portion of each type was also left in the cooking vessel overnight.
Hand papermaking was carried out by the usual nagashizuki method, i.e. sheet
forming by moving the mould back and forth and sometimes side to side after
having charged it with fibre, and repeating this procedure several times, using
torora-aoi (“Hibiscus manihot”) as a dispersant. Wet sheets were dried on steam-

heated stainless steel. The sample sheets had an average basis weight range of
24.5-30.1 g/m”.

Ageing and measurement

The samples were aged at 80°C 65% RH for up to 12 weeks. Tensile strength,
tear strength, folding endurance and brightness were measured according Japa-
nese Industry Standard (JIS) and TAPPI test method. For chemical analysis kozo
white bark was powdered and extracted with ether, 80% aqueous ethanol, hot
water, successively. Washi samples were powdered but were not extracted. Ten to
twelve mg of samples were hydrolyzed by sulphuric acid. The amounts of alditol
acetates of neutral sugars were measured using gas chromatograph®. Amount of
acidic sugars were determined colourimetrically’. Lignin contents were deter-
mine using acetyl bromide method’. Ash contents were measured by JIS P8204.

RESULT AND DISCUSSION

Texture

All the papers made in this experiment demonstrated an overall soft texture.
The lime cooked papers were finer than the others, and washing treatment of the

pulp in the cloth bag softened this type further. The wood ash cooked papers had
a crispier feel than the others.
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Brightness

60 - T T T T T |
0 4 weeks 8 12 0 4 weeks 8 12
10000
-+ Wood ash
—5— Wood ash overnight
--X- Soda ash

—¥%— Soda ash overnight

-0 Quick lime

- Caustic soda

100

— T T —— ) —o— Caustic soda overnight

0 4 weeks 8 12 —e— Caustic soda bleached

Fig.1: Relationship between cooking agent and physical properties.

Strength properties

Tensile indices of the samples are shown in Fig. la. The papers cooked with
wood ash and soda ash have higher tensile strength than those cooked with lime
and caustic soda. This difference showed that milder alkali caused less damage to
the fibre than the stronger alkali. Furthermore, papers left overnight in cooking
lye after the cooking process resulted in a lower tensile index than those washed
immediately, indicating that cooking progressed further in the former case.
Twelve weeks of accelerated aging did not lower the tensile index of the papers.
It is presumed that the high pH values (pH 7-9) of the samples account for this.
The folding endurance of the papers is shown in Fig. lc. In this figure, we
could not group the papers based on their alkali strength. The rate of deteriora-
tion of folding endurance was calculated using the formula S=S,exp(-Kt) where S
is the folding endurance of the sample, K is the deterioration rate constant, and t
is the treatment time (Fig. 2). This graph clearly shows the effect of cooking
agents on the permanence of Washi. Again, those papers cooked with wood ash
and soda ash have higher durability than those cooked with lime and caustic

121



The Effect of Cooking Agents on Japanese Paper

Wood ash Soda ash Quick lime Caustic soda

Caustic soda,

g - R bi
Fig.2: Relative deterioration rate of fold number (wood ash = 1). eached

soda. Bleaching of the caustic soda cooked fiber destabilized the paper. The mild
alkali resulted in a more durable paper, while the stron ol inchodis
bleaching lowered the durability of the Washi.

We also attempted to draw a comparison betwee i
based on the drying method, such as Ifatural drying orrll tV}leoiltr;zgtr}:l E::iiemes
versus artificial drying on steam heated stainless steel. However. the stren . sm;
naturally dried papers deviated too greatly to draw any conclusi,ons This ggi:;-

tion was due probably to the uneven natural drying conditi
ondit iffer-
ent weather during the sample making period. e tons caused by differ

g chemicals including

Colour change

The lime cooked paper had the lowest brightness (Fig. 1b). Brightness increased
in the order of soda ash, wood ash, caustic soda and its bleached sam le
Stronger agents produced a brighter paper. After twelve weeks of agin, trEat:
ment, the brightness of the unbleached papers decreased minimally, whilegthat of

the bleached sample decreased by 21%, reverting to a 1 imi
the bcached sa g to a level similar to that of the

Chemical properties and composition

The pH of papers was 7 to 9 and decreased little durin
treatment. The overall pH was presumed to be hi
of the cellulose did not take place.

g twelve weeks ageing
gh enough that acid hydrolysis
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Table 2: Chemical composition (%) of paper prepared from differently cooked kozo fiber.

untreated Wood ash  Soda ash Caustic soda Quick lime
fiber jac* ovn** dac* ovn** iac* ovn** bleahed iac* washed

Ash 1.3 16 13 15 18 08 05 0.5 1.0 0.4
Rhamnose 3.3 09 07 08 07 00 00 0.0 0.0 0.0
Arabinose 2.8 05 04 05 06 00 00 0.0 0.0 0.0
Xylose 4.6 3.3 3.0 28 3.1 28 3.0 2.8 3.0 3.1
Mannose 2.0 08 07 07 0Y 00 00 0.0 0.0 0.0
Glucose 68.0 731 758 744 700 827 910 985 933 934
Galactose 3.0 13 1.7 23 17 00 00 0.0 0.0 0.0

All neutral sugars ~ 83.9 799 823 815 770 856 940 1014 964 965

Galacturonic acid 5.5 16 18 19 16 07 08 0.9 1.2 0.9
Glucuronic acid 6.1 95 18 20 26 02 00 0.0 0.0 0.1
All acidic sugars 11.6 41 36 40 42 09 08 0.9 1.2 1.0

Lignin 2.3 15 13 18 1.7 15 15 1.0 2.0 1.6

' immediately after cooking ** left in cooking solution overnight

Chemical composition of the papers is shown in Table 2. Ash content of the
caustic soda cooked paper was 0.8%, while those of others were more than 1%.
Caustic soda rinses out more than the other cooking agents due to its higher
solubility in water. In contrast, wood ash and soda ash remain as a reserve, and
inhibit acid-caused deterioration. In the case of the lime cooked papers, ash con-
tent was decreased to 0.4% from 1.0% by washing in a cloth bag. This result in-
dicates that a fair amount of lime is precipitated outside the fibre.

Amounts of rhamnose, arabinose, mannose and galactose in neutral carbohy-
drates were lower than detection limits by cooking with either caustic soda or
lime. The amount of acidic carbohydrates were also reduced by about one third
by these agents. The reduction in the amounts of these carbohydrates indicates
the effect of the cooking chemicals on hemicellulose content. The change of
chemical composition formed a good correlation with the changes in physical
strength.

CONCLUSION

The deterioration rate of folding endurance and original strength of tensile index
demonstrates that using milder alkali, such as wood ash and soda ash, resulted in
a more durable paper than stronger alkali, such as caustic soda and lime. The
bleached paper was most unstable in strength and colour. These stability differ-
ences were effected by the degree of damage during cooking and bleaching.
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The Effect of Cooking Agents on Japanese Paper

Higher damage by the stronger alkali was also d )
position analysis. so demonstrated by chemical com-
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ence and Culture Foundation. y @ grant from the Fukutake Sci-

SUMMARIES

The Effect of Cooking Agents on Japanese Paper

The ;tre;:gth and durabil.ity of kezo papers made from fibre cooked in different chemicals, such as
:;00 .das , soda ash (sodu.xm carbonate), lime (calcium hydroxide), and caustic soda (so(iium hy-
.rox1. e) were compa?red in order to determine what makes a more durable kozo paper. The detz-
::in*a:;):hrate of fgldmg endurance and original strength of tensile index showes tll)'latv milder al-
rath,er " as ::oo ash an'd soda ash, ha?/e a more favourable effect on the durability of papers
an stronger alkali, such as caustic soda and lime, Bleached paper was most unstable in
strengdf and colour. These stability differences were attributed to thepd:)gree of damage to the fi-
ber during cooking and bleaching. Higher damage by stronger chemicals was also degmonstrated

by chemical composition analysis. Th
: ysis. The above results proved th i i
alkali is better than stronger chemicals in papermakinz.ove © commonly held bl hat mid

Leffet des différentes solutions de traitement sur le papier Japon

On a analysé et comparé la durabilité des fibres i e
chimiques auxquels elles ont été soumises, tels que T: c]i;pc;: ;‘ZZ‘I’)::OI'; l;srbd‘ffereﬂts procédes
chaux (Phydroxyde de calcium), et la soude caustique ('hydroxyde de’SOdium)o:rate (ie soude, la
S\:ll'.e de déterminer ce qui renforcait la durabilité du papier kozo. Les taux de d"{l d etr-e en me-
résistance au pliage et 4 la traction ont mis en évidence que des traitement afteljloratmn de la
C(?r.nfrle la cendre de bois et le carbonate de sodium avaient un effet lus b’s TCalms plus doux
bfht’e du papier que des produits alcalins plus forts tels que la soudel::a ﬁeﬂe ique sur la dura-
différences dans la stabilité du papier sont le résultat du degré de dé dus. que et la chaux. Ces
Z(furs :esx. procédures de lavage alcalin et du blanchiment, L'analyse g:m?:z: : Zs'ﬁ FRp)
:i!l;'m: ation plus grave des fibres avait lien lorsque la concentration chimi ue mg"ll’e R
:édijies el(a.lt plus forte. Cf’,s constatations confirment Topinion générale selon lq e ues PI'Ofiuus
tire e‘s lﬁbres de papier en pate avec des moyens alcalins doux est d e e. le .falt de
papier préférable a I'utilisation de produits plus forts. est dans la fabrication du

bres subie au
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Der Einfluf der Kochlauge auf Japanpapier

Es wurde die Dauerhaftigkeit von Papier aus Kozo-Fasern untersucht, die in verschiedenen
Kochlaugen anfbereitet waren: Holzasche, Soda, gebrannter Kalk, Bleichsoda, mit dem Ziel, die
bestgeeignete AufschluBmethode hinsichtlich der Dauerhaftigkeit zu finden. Der Riickgang von
Falzzahl und Bruchkraft zeigte, daB milde Alkalien wie Holzasche und Soda die Dauerhaftigkeit
giinstig beeinflussen. Gebleichtes Papier wies die geringste Stabilitt in Festigkeit und Farbe auf.
Dies ist zu sehen als Folge unterschiedlicher Faserschidigung wihrend des Koch- und des
Bleichprozesses. Stirkere Faserschiidigung durch stirkere Chemikalien wurde auch in der chemi-
schen Analyse deutlich. Diese Feststellungen bestitigen die allgemeine Meinung, daf der Fa-
seraufschluB durch milde Alkalien fiir die Papierherstellung besser ist als der durch starke.
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Determination of the Content
of Alkalis and Acids in Paper

by JOACHIM LIERS

INTRODUCTION

It.has long been widely acknowledged that paper which is produced in an ind
tnal‘way is endangered by acid decomposition'. Therefore, deacidification :f o
per is a very important component of book and paper cor’lservation At the rfl)a-
ment many individual deacidification methods exist?, or deacidifica'ttion is i .
grated in a complex paper conservation method like paper splitting® s
From the chemical point of view, the effectiveness of deacidiﬁcat.ion is valued
by the pH-value of the paper, the content of alkaline buffer in the paper and the
evenness of deacidification. The alkaline buffer protects the treated paper against
the further formation of acids and environmental poisons like SOzpand gNO

Therefore the value of the alkaline buffer is very impor
tant for the fi :
durability of the deacidified paper. Ty imp or the further ageing

DETERMINATION OF THE CONTENT OF ALKALIS AND ACIDSIN PAPER

The Zellchemische Merkblatt 1V/58/80* gives instructions for the determinati
of alkaline buffer in paper by simple acidic titration of alkalis after the lnat;lon
been faxtracted in water. The problem of this method is that it is not pap'f)rl o
quantify alkaline earth compounds (e.g. Ca- and Mg-compounds) in thP;OSSl oo
cause of their poor water-solubility. Therefore, very often the paper i s
anth a defined quantity of acid and the alkaline buffer is detg p' by bk
v rmined by back-
Sometimes the alkaline buffer of paper i ifyi
element of the deacidification complo)uizr(zga.n élay Zidl\/ll);’) (1111;: tli)’;ng ) prefer.r ed
method, like electron beam micro probe’. The advantage gof PeCtroscopfcal
measurements is that for tests only very small quantities if papzeg;ﬁ:}s)(l::f 1acra1
e

* G p p p 54- 61
A €rman version Ol dIlS report llas beEll ubhshed n Das Pa 1er 53 (1999) 1 1
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JOACHIM LIERS

needed. Therefore, spectroscopical methods could allow a non-destructive deter-
mination of alkaline buffer in paper. The problem with these kinds of measure-
ments is, a part of the alkaline earth elements is bound to acids in the paper,
forming neutral salts. Therefore it is problematic to calculate the content of alka-
line buffer by using the concentration of the alkaline earth elements only.

For determination of the content of acids in paper a comparable problem that
for the analysis of alkalis in paper exists. The sources of acids in paper are, be-
sides aluminium sulfate and sulfuric acid, carboxylate groups and acidic residues
from the chemical pulping and bleaching processes. Therefore it is not possible
to determine these different water-soluble and strong acids in paper after a sim-
ple extraction in water by direct titration with a base as suggested by Zellchemi-
sche Merkblatt IV/58/80".

Katz et. al.” described two methods for the determination of strong (sulfonate)
and weak (carboxylate) acidic groups in sulfite pulps. One method involves the
initial conversion of the groups to their magnesium salts. A differentiation of the
two types of groups is then made based upon the liberation of magnesium from
the carboxylate groups by acetic acid followed by the elution of magnesium
from the sulfonate groups by hydrochloric acid. In the other method, the groups
are converted to hydrogen form and are then titrated conductometrically with
sodium hydroxide in the presence of sodium chloride.

Because these methods are costly, in the present study a method has been de-
vised, which determines the alkalis and acids in the paper using a simple acid-
base back-titration.

EXPERIMENTAL

The content of acids and alkalis should be determined by acid-base back-titra-
tion. In a titration the equivalent points are often not located on the theoretically
calculated pH-value, because the location of the equivalent point can be verified
by the composition of the test sample and the condition of the experiments.
Therefore the titration curve for titration of a pure strong acid and base should
be discussed first of all.

When a strong acid (e.g. H,SO)) is titrated by a strong base (e.g. NaOH) it is
possible to observe two equivalent points — at a pH-value of 5.0 (Fig. la: EP1)
and at a pH-value of 76 (Fig. la: EP 2). First of all, this result is surprising be-
cause, from the theoretical point of view, with titration of a strong acid only one
equivalent point, at a pH-value of around 7, is expected. But the two steps in the
titration curve are the result of two titration curves — the titration of a strong and
a weak acid. Whereas the first equivalent point corresponds to the neutralization
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LR W 12

pH-value
pH-value

9.5 10 10,5 & 8 10 12
WNaOH [ml} VHSO, [mi)

Fig. 1: Detail of the titration curve for fitration; a (left

" 1
(right) 10 m! 0.1m NaOH by 0.05 m H,SO,. ): 10ml 0.05m H,SO, by 0.1 m NaOH; b

of the strong acid (in this case H,SO,) the second equivalent point refers to th
fact that additionally a weak acid exists®. In this case the weakpacid is cersb , die
oxide, which is dissolved in the sodium hydroxide solution and roducaeIs :atb
nate and hydrogen carbonate. If the titration contains a paper sa:E le, the secor?d
equivalent point can represent weak acids of the paper as well. -

Therefore, to determine only the strong acids, the curve should be evaluated
on EP1. To determine the weak acids in the paper, the carbon dioxide must b
boiled-a\:;ay or de;ermined by blank test beforehand and the titration must bz
continued up to EP2. In the followi i i
continued ir}: fo B2 owing experiments the CO, was determined by

When a strong base (e.g. NaOH) is titrated by a strong acid (e.g. H,SO), two

" 2 4/

equivalent points ~ at a pH-value of 8 (Fig. 1b: EP 1) and
. . . t _
(Fig. 1b: EP 2) - can be observed as well. at a pH-value of 4.7

The reason for this result is that a part of the OH
ide solution are bound by carbon-dioxide
carbonate. While the OH - and the CO,” -ions can be determined at alkali
pH-value (EP1), the HCO, - ions can be titrated only at weak acidi : H e
(EP2). Therefore samples containing sodium hydroxide solutio hc y "Val“'e
trated up to the second equivalent point at a temperature of 60°Crl motld be

In the following devised tests these chemicals were used: .

¢ 0,1 m NaOH p.a. (Merck Co.),
* 0,05 m H,S0O, p.a. (Merck Co.),
* CaCQ, p.a. (Riedel-de Haén Co.).

-ions of the sodium hydrox-
producing carbonate and hydrogen
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The titration has been done by an automatic titrator Zitrino® of the Metrohm
Co.. For weighing - an analytical balance MC BA 100 produced by the Satorius
Co. was used. The test paper was a 20-year-old, acid-sized, wood-based paper.
For preparation of an alkaline paper sample, the test paper was deacidified using
the mass-deacidification treatment of the Deutsche Bibliothek”. The deacidifica-
tion compound was magnesium methylate which was dissolved in hexamethyl-
disiloxan.

RESULTS AND DISCUSSION

Determination of the content of alkalis in paper
Three different tests for determination of the alkaline buffer were performed:
e Test 1: Extraction of paper with water, paper filtered off.

o Titration with 0.05 m H,SO, Result, ie. seeming alkaline buffer: 0,063
mmol/g.

e Test 2: Extraction of paper with10 m! 0.05 m H,SO,, paper filtered off.

o Back-titration with 0,1 m NaOH. Result, i.e. seeming alkaline buffer: 0.22
mmol/g.

o Test 3: Extraction of paper with 10 ml 0.05 m H,SO,. Titrated sample con-
tains paper fibres.

o Back-titration with 0,1 m NaOH. Result, i.e. seeming alkaline buffer: 0.165
mmol/g.

Strikingly different quantities of alkalinity were found: In Test 2 the highest, in
Test 1 the lowest. The reason of the apparently low alkalinity in Test 1 is the
slight water-solubility of the magnesium compounds which were used during the
deacidification process. Thus during water extraction only a very small amount
of alkali was dissolved and the analytical result was accordingly distorted. A pos-
sible explanation for the different alkaline contents, which were found in Tests 2
and 3, is, that a part of the sulphuric acid is adsorbed on the paper fibre. There-
fore after filtration (Test 2) a part of the acid remains in the filtration residue and
cannot be determined during titration of the filtrate. This thus caused lower con-
sumption of sodium hydroxide solution feign a higher alkaline content in paper.
The attempt to extract the filtration residue a second time with water results in a
negligibly low correction of the analytical result.
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To clarify these considerations about the results of Tests 2 and 3 these experi-
ments were repeated with acid paper:

o Test 4: Same procedure as for Test 2: Paper is filtered off,

* Result, i.e. acid sorbed by the paper: 0,07 mmol/ g

* Test 5: Same procedure as for Test 3: Titrated sample contains paper fibres.

* Result, i.e. acid sorbed by the paper: 0 mmol/ g

From these results it must be concluded that in the case of the distribution of
an alkaline paper a 0.07 mmol/g higher alkaline content would be feigned. This
difference corresponds to the divergence of the results between Test 2 and Test 3,
where after filtration of the paper fibres a 0.055 mmol/ g higher alkaline content
was found than by titration of the sample with paper fibres. Therefo
per is extracted by acids, the following titration should take
of the paper, as suggested by ISO 10715, because the pape
by sorption. It is not possible to remove the adsorbed acid
but it can be determined by direct titration. A reason for
of acids on paper could be a beginning protonation of ¢
tion by acids. In the first step of this process the hydroni
oxygen atom of the glycosidic bond by a hydrogen bridge linkage. Therefore, it
should be possible to titrate the bound acids quantitatively.

For determination of alkaline in paper the following analytical method was
developed. At first the test paper is conditioned at 23°C and 50% RH. Then one
gram of the chipped paper is extracted in 50m] distilled water for 12 hours at
room temperature. During extraction the jar used is closed by a tube filled with
CaO. To the extract, still containing the paper fibre, 10ml 0,05m H,SO, are
added and the extraction is continued for one hour. The extract
the paper, is then titrated with 0,lm NaOH u
(pH=76).

In Fig. 2a the titration curve of an alkaline paper is shown. For illustration the
curve of the blank test (titration without paper) is shown in the diagrams as well,

For calculation of the content of alkalis the following equation is used (1)

VS.fS.())l ‘VL'fL.O,l
m [mmol / g] 1

re, when pa-
place in the presence
r is able to bind acids
by a washing process,
the observed sorption
ellulose during extrac-
um jon is bound to the

, still containing
P to the second equivalent point

content of alkaline =

where:

vs = volume of H,SO, [ml]

fs = titrimetric factor of H,SO,

vy, = volume of consumed NaOH [ml]
fL titrimetric factor of NaOH

m = weighed portion of paper [g]

I
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pH-value
pH-value

0 2 4 6 8 10 12 0 5 10 15
vNaOH [ml] vNaOH [ml]

Fig. 2: Titration curve for determination of alkaline buffer in alkaline (a; left) and of acids in acidic
test paper (b: right). —— Titration curve of the paper. ——— Titration curve of the blank test.

Determination of the content of acids in paper

In analogy to the experiments described above, three different tests for the de-
termination of acids in paper were performed:

o Test 6: Extraction of paper with water and titration by 0.1 m NaOH. Paper is
filtered off. Result, i.e. seeming acid content: 0.002 mmol/g.

o Test 7: Extraction of paper with 10 ml 0.1 m NaOH and back-titration by
H,SO, Paper is filtered off. Result, i.e. seeming acid content: 0.12 mmol/g

e Test 8: Extraction of paper with 10 ml 0.1 m NaOH and back'titrat.ion by
H,SO,. Titrated sample contains paper fibres. Result, i.e. seeming acid con-
,S0,.
tent: 0.27 mmol/g

As the results show, very different quantities of acidity were found: Whereas
in Test 6 nearly no acid was found, in Test 8 the highest con?ent of acid was de-
termined. The reason of the apparently low acidity in Test 6 is thia low degree of
hydrolysis of the weak acids in paper. Thus, during water extraction on}y a very
small amount of acids was dissolved and the analytic result was accordingly dis-
tor?n analogy to the experiments for determination of the alkaline buffer it'was
suspected that a part of the sodium hydroxide is sorbed on tht? paper flb.re.
Therefore, it was assumed that the analytical result is distort to a higher-seeming
content of acid if the paper is filtered off before back-titraticin' (Test 7). So the
higher acid content in Test 8 in comparison to Test 7 was surprising.
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To clarify these considerations about the result .
ments were repeated with alkaline paper. During St}?jszeSLSPZ :::i :t StI::ese exp:;_
content of acids were determined as in the acid paper. From these Orflp ara 'e
can be concluded that the results of Tests 7 and 8 have nothin t(;xzenn%ems it
real content of acids in the paper. The observed analytical resul%s -, (:hWIth the
quence of different, non-reversible, hydroxide-ion consuming sid : Co.nse-
between.the sodium hydroxide and cellulose. This suggestion \fas be rjaCtlonS
observation that the paper which was extracted in a sodium h dro ‘a;e on .the
v.vas l')ecoming frayed. This effect was intensified when a sodiuri h ;ﬂ ) .501ut10n
tion including paper (Test 8) was boiled. By lowering the concent )tl o
it was possible to decrease the side reaction, but not to sto itr"}rl}(:n of NaOH
measured during extraction of paper with the sodium h}’drgxic'ie el PH-value,
about 12.1, Therefore an ion exchange H'/Na’ between the hydr Sc(; o, was
the cellulose and the sodium hydroxide is possible. But thesey (})lx1 e gfolips of
havehnothing to do with the acids in the paper. exchanged H

Therefore, in the next test series it was L
paper under milder conditions using CaCOil.tt:sns tree(i'etrz:;trsa;; t}116 a}?ds - Fhe
paper was investigated under comparable cc;ndjtions. ple, the alkaline

-ions

Test 9: Extraction of the acid paper by CaCO, (0.05g CaCO, suspended i

50 ml H,0; pH: 8.8). Addition of 20 ml 0.05 m H.SO in or:ier t}; ;e 1ln
surplus CaCO,. Back-titration by 0,1 m NaOH. Tit;ate& sample 18 po
per fibres. Result, i.e. acid content: 0.07 mmol/g Pl conns

o Test 10: Same proced i i . .
ol procedure with alkaline paper. Result, i.e. acid content: - 0.17

While in the acidic paper 0.07 mmol/g acid was found, in the alkalin
0.17 mmol/g alkaline buffer was determined, what mea.ns: so to say, “ ¥ PaP"er
acid content”. The alkaline content which was measured in ’Test 10 is ):oni1 egat;)‘;e
tf) the value determined in Test 3. It means that under these conditions s'ci) reac.
tions between cellulose and CaCO, can be ignored. During extraction olf &reac-
per with CaCO,suspension only those acids of the paper were det i
which would be neutralized during a conservation treatment with Caner;mne'd
respect, these method of determination of acids in paper is relevant t eti th'ls
paper deacidification. opractce
For determination of acids in paper the following analytical method
veloped. At first the test paper is conditioned at 23°C and 50% RHOT N
gram of the chipped paper is extracted in 50ml distilled water for i2 l}:en qat
ré);(;n ’tlzmt};::rantlre.tDuﬁng extraction the jar used is closed by a tube fill:c;1 fq;:
. extract, still containing the pa
the extraction is continued for oxg1e h(f)url.) elf‘iﬁ:lrl? ?(;Of}gleC:SSZtar;O?:ld e()dOaSnd
,05m
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H,SO, are added. This mixture is shaken for 1 hour, then back-titrated with
0,1m NaOH up to the second equivalent point (pH=73).

In Fig. 2b the titration curve of an acid paper is shown. For illustration the
curve of the blank test (titration without paper) is shown in the diagram as well.
For calculation of the content of acids the following equation is used:

content of acid = 20cacut Vo 'fb;no’l AASAST [mmol / g (IT)
where:
Ne,co, = amount of substance of CaCO, [mmol ]
v, = volume of consumed 0.1m NaOH [ml]
v, = volume of 0.05m H,SO, [ml]
fa = titrimetric factor of 0.05m H,SO,
fu = titrimetric factor of 0.1m NAOH
m = weighed portion of paper [g]

DETERMINATION OF THE ANALYTICAL ERRORS

To determine the analytical errors, 4 test series were performed, each containing
10 tests. In the first test series 10 mi 0.05 m H,SO, was back-titrated with 0,1 m
NaOH. As an average 10 ml NaOH were needed. The relative divergence of the
single test results to the average was 0.15%. In the second series 0.05g CaCO,
was dissolved in 20ml 0,05 m H,SO, and the surplus of sulphuric acid was back-
titrated with 0,1 m NaOH. On the average 10.04m! NaOH were needed. The
relative divergence of the single measurements to the average was 0.3%. In two
further test series the alkaline buffer in 1g alkaline test paper (experimental con-
ditions like in Test 3) and the content of acids in 1g acidic test paper (experimen-
tal conditions like in Test 9) were determined. It became evident, that the titra-
tion curves become blurred by the presence of scraps of paper during titration.
Therefore in comparison to the blank tests, the relative divergence of the titrated
volume of each single experiment to the mean was increased to 0.6-0.8%.
Therefore depending on content of alkali or acid in paper, the relative analytical
error was 2-9%.

To minimize the error, the titration curve should be analyzed at the pH-value
of the equivalent point of the respective blank test. The problem that the titra-
tion curve becomes blurred by scraps of paper could be avoided by using a col-
our indicator. But by analyzing aged paper samples it is nearly impossible to see
the change of colour at the equivalent point, because the paper extract has a
dirty-brown colour. Another possibility of reducing the analytical error could be
to protect the pH-electrode mechanically from the scraps.
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CONCLUSION

For the determination of acid or alkali in paper acid-base back-titration was in-
vestigated. The titration should takes place in the presence of the paper. Other-
wise, the measurement becomes inaccurate because of the interaction of acid
with paper during extraction. In the case of determination of acids in the paper,
the paper should be extracted by a CaCO,-suspension. After dissolving of the
surplus of CaCO, by H,S0,, the acids contained in the paper are determined by
back-titration of the H,SO,. Thus, only those acids were determined which
would be neutralized during a conservation treatment with CaCO,. In this re-
spect, this method of determination of acids in Paper is relevant to practice in
paper deacidification.

During the determination of acids in the paper, the second equivalent point
represents the summary content of acids, By separate evaluation of the equiva-
lent points 1 and 2, it should be possible to distinguish between weak and strong
acids in paper. It must be clarified in further investigations whether it is possible
to quantify strong and weak acids separately.

Because the acidimetric determination of acids and alkalis is a destructive
method of analysis, it can be used only for investigation of a test paper. There-
fore, the aim for further investigation is to improve these methods to a micro-
method, which needs only very small quantities of paper. In this way the acidi-
metric determination of acids and alkalis could become a quasi non-destructive
analytical method.
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SUMMARIES

Determination of the Content of Alkalis and Acids in Paper

The content of acids and alkalis in paper should be determined by acid-base back-titration,
However, during extraction of paper by NaOH or H,SO, interaction with the cellulose takes
place, which distort the subsequent back-titration. Therefore, when alkaline paper is extracted by
acids, the subsequent titration should take place in the presence of the paper. After extraction of
acidic paper with NaOH it is not possible to determine the acids by a subsequent back-titration.
Therefore, the acidic paper should be extracted by a CaCO;-suspension. Then the surplus of
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CaCO, is dissolved by H,SO,. Finally, the acids of paper are determined by back-titration of the
H.SO..

Mesure de la teneur alcaline et acide du papier

La teneur alcaline et acide du papier est mesurée au moyen du procédé de retitration acide-base.
Cependant au cours de I'extraction acide ou alcaline {par NaOH ou H,S0,) des réactions ont
lieu entre le produit d'extraction ct la cellulose, ce qui fausse la retritation subséquente. Clest
pourquoi lorsque le papier alcalin est extrait par des acides la titration devrait avoir lieu en
présence du papier. Aprés Pextraction du papier acide a I'aide d'une solution d’hydroxyde de
sodium (soude caustique = NaOH) ou d’acide sulfurique (H,SO,) il n’est plus possible de me-
surer la tencur des acides lors d’une retitration subséquente. Clest pourquoi l'extraction du papier
acide devrait s'effectuer 2 I'aide d’une suspension de carbonate de calcium (CaCOa). Le surplus
de carbonate sera ainsi dissous dans une quantité définie d’acide sulfurique (EH,SO,). Enfin on

déterminera la tencur du papier en acides au moyen d'une retitration au H,S80,.

Die Messung des Alkali- und des Siuregehaltes in Papier

Der Siure- und der Alkaligehalt von Papier wird durch Sdure-Base-Riicktitration gemessen. Beim
sauren oder alkalischen Extrahieren (H,SO, bzw. NaOH) laufen jedoch Reaktionen zwischen
dem Extraktionsmittel und der Cellulose ab, welche die nachfolgende Ricktitrierung verfil-
schen. Deshalb sollte die Titration des Extraktes von alkalischen Papier in Anwesenheit des ex-
trahierten Papiers erfolgen Nach der Extrahierung von saurem Papier mit Natronlauge ist es
nicht moglich, den Siuregehalt durch nachfolgendes Riicktitrieren zu bestimmen. Deshalb sollte
mit Calciumcarbonat-Suspension extrahiert werden. Das iiberschiissige Carbonat wird in ciner
definierten Menge Schwefelsidure gelost, dann wird der Siuregehalt des Papiers durch Riick-
titricren mit Schwefelsiure bestimmt.
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The Ecology of the Fungal Fox Spots
in a Book Published in 1854

by MARY-LOU E. FLORIAN & LESLEY MANNING

INTRODUCTION

This research project undertakes an extensive SEM analysis of fun.gal t;)xfspot:l,
mainly in one book published in 1854. The goal was to chara‘cten?e t'be t'ungin
infestations, identify the fungal species and dete'rmme the species <‘ixstr1 ution "
the book, and to use this information to establish the fungal species origin an
how the paper was contaminated.

The main book examined was:

illi k:
¢ J. Bauer: Lives of the Brothers Humboldt, Alexander and William. New Yor
Harper and Brothers 1854.

It was unusual in that the rag paper pages up t.o page 96 were ovelrall {;tle;
lowed with a few fungal fox spots and the remaining pages were n:i?r ylw e
with many fungal fox spots. Analyses' of the papers showed th/i sclf) our
pages contained alum rosin and the white pages were untreate.d. preliminary
comparison of fungal fox spots in another book was undertaken:

o T Snollett: The History of England. Vol. 1. London: T. Cadell and R. Baldwin
1785. .
Both books had no heritage value and thus were considered research tools al-

ing destructive analyses.

]O“',Il‘ﬁg s;ots examined are fungal fox spots. These are evenly coloured rusty-

red; they are irregular in shape, not circular; they do not have a central spo.t,

the, have the same surface texture as the adjacent un-foxed paper; they vary in

sizeyfrom just visible spots to large, diffused areas covering most of a page; ‘they

fluoresce under ultraviolet light with a yellow light; and most spots show migra-

tion of the stain through 1-3 successive pages. Except for the background' iron

riormally present in paper’, no additional iron was detected. Throughout this pa-
ot, pertains to this type.

peth}}:: ;i:ga.ltporigin of these spots is well established'. Several fluthOI‘S have

shown the presence of fungal structures in these spots under light microscopy us-

ing histological preparations.
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Beckwith et al? obtained 55 fungal culture from scraping of fox spots in
books. They stated their concern that these fungi may not necessarily be the
causative fungi of the fox spots. They cultured dust from the library stacks and
found many of the same species they found on the books. They suggested that
these fungi may be picked up from the ventilation system and deposited on the
books. There are many reports in the literature® that record a large number of
different fungal species cultured from fox spots but the reports do not address
the problem of proving that these are the causative fungal species of the fox
spots. Because of this weakness, it was thought that by using Scanning Electron
Microscopy, and observing directly the organism present in the fungal fox spots,
it might be possible to identify the causative species located in the spot by their
conidia and the conidiophore shape.

Beckwith et al.* observed that some spots contained fungal structures but did
not produce fungal cultures, and assumed they were dead. Florian’ reviews some
mycological literature and shows that survivability of the conidia varies with the
environmental conditions of storage. Under ideal storage conditions a few sur-
vived up to 22 years. Viability tests of the fungal structures in 145 year old spots
from the Bauer book were undertaken.

Florian' 1996, suggests that the fox spots in old books may be caused by
fungal contamination during the paper or book making process. Appling® found
similar fungi and bacteria in pulp and paper. Florian and Dudley’ and
Valentine'® have cultured and identified a number of species from contempo-
rary paper used in conservation. Florian and Dudley’ have shown that the
amount and distribution of the species on one type of paper may suggest ei-
ther contamination from the paper making process or surface contamination
from adjacent mouldy material or the airspora some time after the paper was
made.

Linterink et al.'! observed that foxing stains of identical shape and approxi-
mate size were observed throughout the pages of some old books. They disman-
tled the books and returned the paper to the quire stage and found that identical
shaped spots lined up on top of each other, proving their common origin. This
suggests that the origin of the cause of the stains was from the book making pro-
cess. They did not determine if these stains were fungal in origin. Florian' ob-
served in an old book spots some which had not migrated and some which had
migrated to adjacent pages suggesting that the fungal activity in these latter spots
occurred after the book was assembled.

In this present SEM analysis the morphology of the fungal spots and the
population of fungal species, their distribution in the book and their location on

pages will be used to help determine how and when the paper was contami-
nated.
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Fig. 1. A type 1 fungal fox spot with fragments of fuzzy hyphae and a few elliptical conidia and
a fracture conidiophore.

74 . Pl

: . _f.’ .“ ,;i,
W %1

Fig.2. Type 1 conidia entangled in hyphal mycofibrils (fuzz). The ornamentation of conidia is
cerebrum-iike ridges. The size averages around 5 x 5.5u. The shape is ellipti-cal or jug shaped
with a prominent scar. The mycofibrils are single stranded and have a uni-form thick-ness
throughout its length.
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Fig. 3. A type 2 fungal fox spot with fra
conidia and a few fragments of conidiop
tense, straight, smal fiber.

i iddled with bacterial lytic holes.
Fig. 5. Hyphae from a type 2 fungal fox spot. The hyphae are ri
gments of smooth hyphae, many sphericat Penicifium & yp e
hores. In the right top corner a silk thread is seen as a

Fig. 6. A snout-nosed mite-like animal, now named fox trot?er, from a fungal fox spot.#] is 225ut
in length. There is a silk fiber attached to a setae on top of its snout. it has four legs. The snou
is open on the ventral surface from the tip of the snout to the legs.
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sitk and the irregular thickne
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Fig.8. Details of the silk fib

er from the fox trotter, It s
ss of the fiber, which is als

hows the typical double str. i
ands of
0 show in Fig. 6. need
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METHODS AND MATERIALS

Viability test

Using aseptic technique, when possible, an area of a page, the size of a petri
plate, was cut from nine pages (without alum rosin treatment) of the Bauer book.
The 114 fungal fox spots on these pages were outlined with a graphite pencil.
The marked paper was placed on sterile media in petri plates and incubated at
room temperature (15-19°C). The media in the petri plates contained 3.9% pota-
to dextrose agar acidified to pH 4-4.5 with sterile 0.1% aqueous solution of tar-
taric acid. The acidity prevents the growth of yeasts and bacteria.

Scanning Electron Microscopy (SEM) examination

The fungal fox spots had normally air dried thus no pre-treatment was consid-
ered necessary. Fungal fox spots and control, non-foxed paper, were cut from the
pages using a razor blade or scalpel and with tweezers were placed on two-sided
sticky tape already placed on aluminum SEM stubs. These samples were then
coated with gold/palladium using a Technics Hummer V sputter coater. They
were examined using a JEOL JSM-35C scanning electron microscope. Micro-
graphs were taken on Polaroid positive/negative 665 film using 10KV to reduce
surface charging and edge effects and at 15KV when higher resolution was re-
quired. The sampling depended upon the naturally occurring position of avail-
able spots, thus statistical analysis could not be considered. Thus the results show
only a trend.

RESULTS AND DISCUSSION

Viability test results and discussion

The plates were observed continuously. After 72 hours there was no growth di-
rectly on any of the 114 outlined spots. There were 15 colonies of a blue-green
fungus which caused the substrate to turn red. All were identical in colony col-
our, rate of growth and morphology. SEM analysis of the conidia and conidio-
phores showed that they were a Penicillium species. Three of these fungal colo-
nies developed at the edge of three spots, eight developed at the edges of the pa-
per and four in the middle of printed text. The conidia ornamentation of this

743



The Ecology of the Fungal Fox Spots in a Book Published in 1854

Penicillium species was different than the conidia in the fungal fox spots. The vi-
able conidia could have come from airborne contaminants, poor aseptic tech-
nique or contemporary contamination within the book. The book has been ex-
tensively handled during the past three years, and could easily have become con-

faminated. This simple viability test shows deﬁnitively that the fungal structures
in the fox spots were not viable,

SEM observations and discussion

Fungal spot description

Untreated rag paper. 75 fungal fox spots on 53 untreated rag paper pages in the
Bauer book were scanned and 191 micrographs examined. Multiple spots on one
page were taken from 11 pages. The position on the page, i.e., top
tom, and inner margin and on the text was recor. I spots. T
tions showed that the spots were basicall

In Type 1 (T1; Fig. 1)
with fuzz and a few (
nidia (Fig. 2)

outer, bot-
ded for all spots. The observa-
y of two morphological forms.
the spot contained a few fragments of hyphae covered
‘ less than ten in a 50x micrograph) isolated conidia. The co-
are jar shaped with low ridged ornamentation in a cerebellum
patte.rn and the average size is 5.5 x 5 K. The fuzz on the hyphae was observed
restfxc.ted to the hyphae or in clumps surrounding and entangling hyphae and
conidia. The hyphae are in fragments and in some cases they appeared brittle
and fractured. The fungal structures are on top of the paper and there is no evi-
dence .of growth into the paper. The conidia are usually isolated not in clusters
or chains.
503‘)'1}:;50('1“2; l1:1g. 3). T%le‘ spot usually contained a large number (ten plus in a
Fi 4.1 graph) of conidia and a few isolated, often fractured, conidiophores
g. 4). There are only a few hyphae some of which appeared to grow into the

:gezhal.ld m;}r:y with bacterial lytic holes (Fig. 5). The conidia are often in groups
ains. ‘1he conidia (Fig. 4) are near spherical spj ith i
and have the averago sive o0 3 P: pines with a prominent scar

-3 K. The size of conidia vary with stage vel-
opment, only conidia free from the conidiophore (Fig. 4)rywere mefsu:dc.leThe
presence of the bacterial lytic holes suggest that the fungus was growing in a wet
env1r9nment prior to deposition on the paper. These hyphae were dead when
deposited lz;nd the bacterial damage could not have occurred in the book.

Abbott" describes the Harper and Brothers Publishing procedures that would
ha‘ve been used on their Bauer book. The paper was dampened prior to printin
using felts which could have been contaminated. Sharpley and King'® . ;
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bacteria as well as fungi are on papermaking felts. The bacteria could have at-
tacked the fungus in the wet felts and subsequently the fungus was deposited on
the paper. After printing and drying the paper was pressed to make it flat. Many
T2 conidia appear to be physically flattened.

There are a few isolated conidia of different ornamentation than T1 and T2,
these are included in Type 3 (T3) spot.

There was considerable variation in amounts of fungal structures in all spots.
The variation in amount depends on the position of the page in the three dimen-
sional spot. Florian' has shown that with a spot which has migrated through
three or four pages, the darkest spot shows the most fungal structures and is the
point of contamination. The spots on the other pages have fewer fungal struc-
tures and in some cases there are no fungal structures, just the discoloration.

Identification
Conidiophores are necessary for genus determination. In Aspergillus the conidio-
phore has a distinct swollen head on which the conidia develop, whereas in Peni-
cillium the conidia are developed on finger-like projections. Fig. 4 shows the type
of conidiophore found related to the two types of conidia in the spots.

Conidia are identified by the type of conidia ornamentation, size and shape'*-
" There are hundreds of species in both genera and only if the species under
study has been included in the literature, which is sparse, can it be identified.

The causative fungi in T1 and T2 spots are two different species. Species iden-
tification is ongoing.

The following percent of different spot types in 75 spaots distributed through
out 53 pages in the book were found:

e T1:53%
o T2:37.5%
e T3:9.5%

The 3 control areas showed no fungal structures.
The observations show clearly that the fungal species in Type 1 and Type 2
spots are the causative organisms of the fungal fox spots sampled.

Distribution on one page
Multiple spots on a single page showed a random distribution of T1 and T2
spots. Eleven pages with a total of 42 spots were observed:
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* 7 pages with T1 and T2 spots,
* 2 pages with only T1;
* 2 pages with only T2.

' The T1 and T2 spots were also shown to have a random distribution accord-
Ing to position on the page. All positions had approximately equal numbers of
T1 and T2 spots with the exception of the top margin which had more T1. The
sample size is small but the results on the distribution of the two spot types, T1
and T2 show a trend of random distribution on individual ’
page, and on the pages through out the book.

The spots on the alum rosin coated paper were considerably fewer than on
the untreated paper. They were smaller and near circular. On SEM observation,
seven spots showed no fungal structures and two with only a few fragments of
hyphae and conidia. The alum rosin coating looked like loose debris on the sur-

face of the paper. A few hyphae-like structures appeared to be mixed into or
below the coating.

pages, position on the

Comparison with another book

The Smollett book was used for a preliminary comparison, 14 fungal fox spots

fron‘l tV\.IO pages were observed. There were two species, one was predominant.
Their distribution was random on both pages.

' Even though this is a preliminary study it is obvious that the two books have
different species but the manner of contamination was the same. This type of

analys‘m, using non-destructive sampling, could be very useful in authenticity or
forensic studies.

The ecology

Hyphal mycofibrillar extensions (fuzz)
single hyphae or surrounding and ent
fuzz is made up a random meshwork
Because of the extensive covering of s
mite or booklice webbing.

Two snout nosed mite-like animals (Fig. 6)
They are not mites!
term, named fox tro
(Fig. 1, 6,7, 8)

was observed on hyphae in T1 spots, on
angling hyphae and conidia (Fig. 2). The
of fibers, the average diameter is 0.08 .
ome spots, it was thought that it could be

were found on two separate spots.
and seem to be a new type of animal, for a lack of a better
tters. Silk threads, faecal pellets and fractures egg shell
were associated with these animals and suggest a mini-ecosystem.
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The silk threads associated with the fox trotter (Fig. 6 and 8) and located in
spots (Fig. 1) are attached under tension to the substrate, the fuzz is not under
tension. Unlike the fuzz, which is regular in diameter and single stranded, the
silk threads show thickness irregularities and a double strand structure, due to
paired spinerettes (Fig. 8), and are similar to mite silk®.

Booklice are reported®! to some times produce silk webbing. Because there
was no reference to their silk structure in the literature, booklice were cultured
and their silk observed under the SEM. The morphology was typical for silk.
Thus the fuzz was not silk webbing. In mycological literature, only Locci®,
showed illustrations of the fuzz he called hyphal encrustment, and used this fea-
ture as an aid to identification of Aspergillus species.

There was also a body of literature on mycofibrillar extensions of hyphae
which are on the nanometer scale. On discussing the fuzz with one of the au-
thors? stated that the nanometer size fibrils can form cables and become much
thicker. He also said the fuzz was formed on wood decay fungi hyphae when
they become exposed at surfaces. This suggests an environmental response. He
examined the fuzz in micrographs and said they were mycofibrils.

The role of the fuzz is not clear, it may act as a point of contact with sub-
strates to maintain enzymes concentration, but because it is common on surface
hyphae it may be a response to dehydration.

The silk, eggs and faecal pellets of the booklice were all measured for com-
parison with those associated with the fox trotter. They were not similar. To make
a long study short, the silk threads, egg shells and faecal pellets belong to the fox
trotter. There is no evidence of booklice in the spots.

CONCLUSIONS

The two species (T1 and T2) are the causative organisms of the fungal fox spots.
Species identification using conidia ornamentations is possible and on going.
The random distribution of the two species throughout the pages, on pages and
in specific positions on pages, suggest a common contamination source for all
pages. The fungal structures in the spots were not viable. Bacterial lytic holes in
the hyphae of one species(T2) suggest that the hyphae were dead when depos-
ited on the paper and came from a wet environment. Paper-making felts are sug-
gested as a source. Mycofibrillar extensions (fuzz) on one species (T1) suggest
that it came from a dried surface. The presence of a mite-like animal (now called
a fox trotter) associated with silk, faecal pellets and egg shells suggest a complex
ecosystem.
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die Schimmelart und die Verteilung im Buch festzustellen, so dafl die Ursache des Befalls er-
kannt werden kann. Es wurden zwei Spezies gefunden. Sie fanden sich anndhernd gleichartig auf
den 53 untersuchten Seiten des Buches, in vielfachen Flecken an unterschiedlichen Stellen. Die
gleichartige Verteilung legt die Vermutung nahe, daB sie auf eine Kontamination bei der
Buchherstellung zuriickgehen. Eine der gefundenen Species wies Eigentiimlichkeiten auf, die auf
Wachstum in feuchter, die andere solche, die auf Wachstum in trockener Umgebung hinweisen.
Keine der gefundenen Schimmelformen war noch lebensfahig. Reste von Eihiillen, von Kot und
von Spinnfiden, die sich auf ein milbenihnliches Lebewesen zuriickfiihren lassen, geben Hin-
weis auf ein komplexeres Okosystem.
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Ageing of Laboratory Irongall Inks
Studied by Reflectance Spectrometry

by M. CARME SISTACH, JOSEP M. GIBERT & ROGELIO AREAL

INTRODUCTION

Ancient recipes of irongall ink have been compiled in several bibliographj.cal
sources. Old recipes show us different ways to obtain gall-nut extracts; r'x:le(nn&n
the solvents; and carefully explain the procedures used to make the ink. the
checked two articles” ? that compiled recipes from Mallorca dated between the
XVth and XIXth centuries. . N
Three ingredients were consistent in all the recipes: nut-galls', vitriol and gu;ln
arabic; the amount of each ingredient and the procedure described l\;vier;dnot a_li
’ ine. This one could add sm
. Solvents used were water and/or wine. ' :
:V;)c,)suft: (s)afu;ioh(:)lvand tannins to the ink. Gall extracts were obtameq either by
cold maceration or by boiling. Heat could be used to separately dl?SOIVC the
components, and/or in a second step when the extracts and solutions were
mixfd toget}’xer. A third very useful option was to warm(;hl)e mll; aftfer ::l co?lmpzs-
i i lubility of iron(II) sulfate is three ti
t mixed together in a vessel. So A

:nth“i’rirﬁot (48,6 g / 100 ml) than in cold water (15,65g / 100 ml).. Solubility of

a%lic acid in hot water (3,45 g / 100 ml) is three times higher than in cold (l/,li‘io(g)
§ 100 ml), in alcohol nearly fifteen times higher than in cold water (16,67 g 1
m) The’amount of tannins extracted increases with temperature. As a result,
qua.lity of ink depends not only on the ratio of each ingredient, but also on the

d.

pr?l?ﬁgl;eo:ts:ncient recipe consulted', found in a document from 1461, t'ells us
the amount of each ingredient and describes the process used to make the ink.

¢ Gall-nuts 2 ounces

* Vitriol or copperas 2 ounces

e Gum arabic 1 ounce
s Absinthe a little
* Water 24 ounces

Procedure: Soak the previously crushed gall-nuts, the vitriol and .the gum ara-
bic separately, each in 8 ounces of water, for 24 hours. Then, a little absinthe
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should be added to the gallnut extract. Boil t
tracts should be filtered. Then the filtrates
and, finally, boiled for a short time. —
a good writing ink.
Co .

vitrio[ummm:;r;laai :fnrr(;ug éulfate, also known as Copperas, green vitriol, iron vitriol
oty oo Z = 7 HZ.O’ 82%), was the best quality according to thE;

oy Pes, due to its higher purity, Many recipes detail that only the
pure light green crystals can be used, and that the yellow-brown powder h);s to

be rei . .
e rejected. Some recipes mention also blue vitriol (CuSO,) or even rock alum
4 um.

Other metallic catio
ter ns can be found as i ities i ; 3 :
Mg"y: Impunities in natural vitriols (Fe™ Zn®",

his solution gently. All of the ex-
sh.ould be mixed together in a vessel
The recipe stated that this procedure yields

Gallotannins are the second ial i

] ; essential ingredient of
I gredient of inks. Th .
:iilsy a:: :\lep;;o gallnuts gathered from the leaves of Quercus ;;e;ii(flmg:lke)izz
omplex mixtures containing esters of . -

. glucose and di H : :

Eel(litra dlgallo)’l‘ glucose)®. Hydrolysis of these extracts yield dlg?'lllc a‘C‘d (maml.)’
ydroxybenzoic acid). ytelds gallic acid (3,4,5-tri-

Gum arabic i ; .
certai t::s I(CA 1; :;e thxrdlessenual .lngTedient. It is an excretion of the bark of
nose, (+)galactose (’)‘;’:gﬂ , L) Thclls polysaccharide contains units of (-)arabi-
’ v \7 anmnase an + . .
ranges from 240.000 to 580.000, and a(ctiglucummc acid. Its molecular weight

EXPERIMENTAL

Labomtory ink

Two seri ight i

b pai;:s “:fh e:;gi;}t inks we-re prepared (A and B). The inks were grouped into

mation ratio v deg?::) r6a;120? of iron-gallic acid, The ideal, i.e. the comglex for
672 (molecular weight of gallic acid / for-

of ferrous sulfate). The second member of ezfch ;:airg il(::t;i: g/u:c’lec;:'l o weight

. d with pure FeSO r ) arapic,

f:rystal's and rejecting the yellow grains, Which4tendHt:)O’ Cho.osmg the pale-green

impurity. Molecular weight 280,02, Fe 20,04 % contain Fe

The B seri i
_ 1he b series was prepared with ferrous sulfate oven-dried, and non-

(IT1) ions as an
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Table 1: Composition of inks, A series: Inks prepared with FeSO, H,0 (20,05% Fe)

Gallic acid FeSO, Gum arabic Mofar ratio pH
mg mmol mg mmol mg Gallic acid / Fe

1 0,0 0,000 200 0,714 4] 0,000 37
2 0,0 0,000 200 0,714 500 0,000 4,0
3 0,5 0,003 220 0,786 0 0,003 3.4
4 0,5 0,003 220 0,786 500 0,000 3,9
5 55 0,029 922 0,079 0 0,372 3,1
6 55 0,029 22 0,079 500 0,372 3,1
7 11,0 0,058 220 0,786 0 0,074 2,8
8 1,0 0,058 220 0,786 500 0,074 35

Table 2: Composition of inks, B series: Inks prepared with FeSO, H,0 (22,4% Fe)

Gallic acid FeSO, Gum arabic Molar ratio pH
mg mmol mg mmol mg Gallic acid / Fe

1 0,0 0,000 200 0,802 0 0,000 2,5
2 0,0 0,000 220 0,882 550 0,000 2,6
3 0,5 0,003 220 0,882 0 0,003 9,7
4 0,5 0,003 220 0,882 550 0,003 2,9
5 55 0,029 22 0,088 0 0,331 3,4
6 55 0,029 22 0,088 550 0,331 35
7 11,0 0,058 220 0,882 0 0,066 3,1
8 11,0 0,058 220 0,882 550 0,066 39

The other ingredients used were pure gallic acid (C,H,O, - H,0, molecular
weight 188,14) and gum arabic powder.

Gallic acid was dissolved in water and diluted to 0,05 - 0,5 - 5 mg/m).
Amounts of FeSO, - 7 H,0 for the A series and of impure iron sulfate for the B
series: 220 mg ~ 200 mg — 20 mg. Aqueous solution of gum arabic: 110 mg/ml
The three ingredients were mixed to a final volume of 10 ml. The amounts pres-
ent per 10 ml of each ink are listed in Table 1 and 2.

Each ink was applied with a brush to a uniform spot of about 4 cm in diame-
ter on Whatman filter paper. Sheets were stored at 70°C and 35% RH for 7 and

27 days respectively.

Colour measurement

In spite of the fact that colours are sensory impressions of the mind, a quantita-
tive description of them is necessary for their scientific investigation. In our par-
ticular case, the study of colours produced on a sheet of paper by the presence of
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Fig. 1: Reflectance spectra of ink spots before and aft i
. er ageing. Top: <
gallic complex. Bottom: Ink 2 (orange); only FeSO, (+ Fe,0, hgdra?ed) P Ik no (olue); fron-

several complex chromophoric structures, mainly i
] , mainly insoluble, that i i
tyl?e, made. it necessary to measure colours directly by reﬂectio: lis ’eOfbplgmem
uring the light reflected by the coloured surface (reflectance) as‘ ;; .f:mZtimeas;
on o

154

M. CARME SISTACH, JOSEP M. GIBERT & ROGELIO AREAL

Table 3: CIELAB coordinates (D65-10°) of the A serics.

unaged aged 7 days aged 27 days
Inkn® L a b L a b L a b AE*  AE*

j08 12 149 861 32 181 652 53 146 60 259
g79 20 175 757 41 172 490 62 138 QL7 38,6
866 14 129 843 32 175 642 51 BS54 29,7
838 17 158 745 43 173 497 63 142 97 34,4
755 14 38 781 12 29 779 30 97 72 138
6 746 11 31 748 09 21 713 2072 52 108
637 07 45 661 07 33 573 44 18 g2 179
8 626 07 27 61,7 07 50 458 47 110 77 221

e W

~

" aged 7 days vs unaged " aged 27 days vs unaged

wavelength (400-700 nm). This is performed by using a spectrophotometer
which illuminates the sample with a diffuse white illumination, imitating CIE
standard illuminant D65: actual daylight, and measures the reflectance values
relative to a reference white (cf. Fig. 1). The reflectance spectrum contains all the
physical information about colour, but it is necessary to take into account two
more elements in colour perception: illuminant and observer.

Reflectance data are used to calculate colorimetric CIE X,Y,Z values. The ba-
sis of the CIE System® is the fact that light reflected from any coloured surface
can be visually matched by an additive mixture of red, green and blue lights in
suitable amounts of each, called X, Y, 7 tristimulus values. These values, which
describe exactly any colour, can be derived from the percentage reflectance data
at each wavelength by using the CIF standard methods. Today the so-called CIE
Lab system is accepted as a universal standard. A simple mathematical formula
transforms X, Y and Z values into three orthogonal coordinates L (lightness: ver-
tical axis), a (red-green axis), and b (yellow-blue axis). The corresponding polar
coordinates are C = (a? + b?)"” (chroma) and H= atan(b/a) (hue angle).

The ink spots were measured with a Spectraflash 300 spectrophotometer (Data-
color). Different calculated parameters were presented by the software included’.
We only include in Tables 3 and 4 the CIE Lab coordinates for the D65-10° stan-
dard illuminant — observer combination. The last two columns of Tables 3 and 4
include also total colour difference AE. AE, means difference between “aged 7
days” and “not aged”. AE, means difference between “aged 27 days” and “not
aged”. CIELAB colour difference is defined as follows:

AE = [(AL)? + {Aa) + (Ab)2]"*
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Table 4: CIELAB coordinates {D65-10°) of the B series.

unaged aged 7 days aged 27 days

Inkn® L a b L a b L a b AE* AR
1 76,2 152 45,1 689 102 283 589 95 277 190 252
2 82,1 64 319 76 59 21,7 393 61 120 150 47,6
3 60,9 21,7 46,7 526 150 338 609 69 190 167 315
4 732 9,7 382 557 58 220 418 84 177 242 375
5 428 -13 -12 448 05 62 46 29 123 77 14,2
6 377 12 45 379 09 12 380 21 49 34 95
7 51,3 20 138 56,1 24 144 523 48 16,1 49 3,9
8 672 30 191 598 56 202 438 61 134 79 243

* aged 7 days vs unaged ** aged 27 days vs unaged

RESULTS

Changes in lightness

Inks with high iron content (1,2,3,4,7,8) show a stronger darkening after ageing
than those having a gallic/iron ratio closer to the complex formation ratio (cf. p.
xy) (ink 5 and 6). Both the A series and the B series show the same behaviour.
The B inks are always darker than their respective A inks.

Presence of gum arabic causes some darkening in the course of accelerated
ageing, which is clearly stated by comparing the decrease of lightness of the sec-
ond members of each pair (2,4,6,8) against the decrease of lightness of the first
members, without gum (1,3,5,7). This behaviour is more clearly marked after
prolonged ageing (cf. Fig. 2).

100 anh"‘ ageing 100 Baged 7 days Baged 27 days
80 g 80
60
40
20
0 .
1 2 3 4 5 & 7 8 1 2 3 4 5 6 7 8
Ink number Ink number
;—;ig(.I ﬁ) Changes in lightness; left: A series {inks with Fe(ll); right: B series (inks with Fe(ll) and
e(il).
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B without ageing
40 B aged 7 days
30 Waged 27 days

Ink number Ink number

Fig. 3: Change in chroma; left: A series (inks with Fe(ll); right: B series (inks with Fe(ll) and
Fe(lil).

Changes in chroma

The A series shows overall low values of chroma (pale yellow to neutral or blu-
ish grey shades) compared with the B series, because Fe(Il) salts are less col-
oured than Fe(ITI) salts. The B series, especially 1, 2, 3, and 4, with low gallic
content, shows initial bright orange shades, due to hydrated ferric oxide, but be-
come duller (less saturated) due to the masking by the dark brown degradation
compounds produced in the paper after ageing. In the B series chroma decreases
in spots 1,2,3,4, but it increases in 5 and 7 (after the prolonged ageing also in 6),
because the greyish initial shades turn brown and more chromatic. (See Fig. 3).

Changes in hue

CIELAB plane diagrams clearly show changes in hue. Inks with a higher gal-
lic/iron ratio (5,6,7,8) have initially grey and blue shades (-b +a) and spots with
an excess of iron (1,2,3,4) are yellow to orange (+a +b). Ageing approaches the
two initial separated areas of hue, so the final hues of all aged spots fall in the
area of browns, located in the quadrant +a +b. (Cf. Fig. 4).

Substrate degradation

Strong corrosion of cellulosic substrate is observed in the spots submitted to age-
ing. In the A series, visible corrosion is noticed only in the darkest spots: 8 and 7.
Aged spots of the B series are more corroded than those of A series. The sam-
ples are now stored in the dark for further investigations.
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20 1 +b: yellower
Oirk no, 1 ¢
O inkno. 2 0
10 {8 irkkno. 3
Oinkno. 4

DA low galliic Fe ratio

neutral grey
-a: greener

20. +a: redder
Ninkno.5 high gallic Fe ratio

1@ ikno. 6
A inkno.7
® inkno. 8 -b: bluer

S 0 5 10

20 - +b: yellower
O inkno. 1 low gallic/Fe ratio
O inkno. 2 a e
10 44 irkno. 3 - Ag
O irkno. 4 *
high gallic/Fe ratio
-a: greener

+a: redder

®ikno. 5 neutral grey

®inkno. 6
A inkno.7
® inkno. s -b: bluer

-10 4

-20

! ~—

-5 0 5 10

g-4: CIELab diagrams of the A series test inks, unaged (top) and after 27 days of acceler-
ed ageing (below).

DiIScuUSSION

Influence of iron gallic ink. Colour of the complex and its changes during ageing

It is known that diluted solutions of commercial tannic acid (gallotannin) forms
with ferric ion blue colours at acidic pH range. A diluted solution, pH 4, of the
1:1 complex iron-gallic acid shows an absorbance maximum at 620 nr;1 This
dark blue colour of Fe-gallic complex is explained® by the .

. .. . charge transfer from
the aromatic nuclei in gallic molecule (I) to the Fe(I11) central ion, thus generat-

mg a conjugated double bond system responsible for energy absorption in the
visible range (cf. Fig. 6: IT ~» III). As it has been colorimetrically checked above
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60 1 +b: yellower
O ink no. 1
50 1 © inkno. 2 o A
Aj ,
40 1 To) l::: 22 i 0 B inkno. 5
30 - l ’ © low gallic/Fe ratio ® inkno. 6
A inkno.7
20 1 ® ® inkno.8
A
10 1 . )
- a: greener| high gallic/Fe ratio + a: redder
0
L *
-10 1
- b: bluer
'20 T T T T 1
-5 0 5 10 15 20 25
60 7 +b: yellower
O ink no. 1 Winkno. 5
50 1 < ink no. 2 ¢ ink no. 6
40 A inkno. 3 A inkno. 7
O inkno. 4 ® ink no. 8
30 1 ]
low gallic/Fe ratio
20 1 A
A
10 1 by 8
& high gallic/Fe ratio
0 -a: greener
+a: redder
-10 7
-20 -b: bluer : ; . .
-5 0 5 10 15 20 25

Fig. 5. CIELab diagrams of the B series test inks, unaged (top) and after 27 days of acceler-
ated ageing (below).

this blue shade changes to dark brown or black. In our case, accelerated ageing
at 70°C and 35% RH contributes to an increase in acidity under the ink spot, so
the complex becomes unstable. Decomposition of the initial blue complex gives
brown coloured quinone structures. Up to now, any interaction with cellulose
has been taken into account.

Another possible explanation is that the iron-gallic acid complex, together
with hydrogen peroxide, constitutes a redox system similar to that proposed by
Hamilton in his explanation of the radical hydroxylation of aromatics® °. The
peroxide activated compound (Fig. 6: IV) loses water and is transformed into a
quinone-like structure (Fig. 6: V) capable of abstracting hydrogens from cellu-
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izz: (V1) y.ie.lding radicals (VII). These radicals finally become oxidized cellu-
tive, cc()irilt:lxmng chror'nophoric carbonyl groups (VIII). In this redox system ac-
Tadicals are continuously generated by the interaction between iron gallic

acid, cellulose and peroxid i i
weid, celu peroxides (see Fig. 6). We call this hypothesis Fenton-Hamilton
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Another hypothesis we suggest relates the observed changes of colour to the
polyphenol structures of gallotannates: Organic autoxidation'® means slow oxi-
dation by free oxygen (of air) at moderate temperatures. Catalysts such as me-
tallic oxides and organic peroxides initiate this. Autoxidation can be inhibited by
phenols and other oxidizable compounds present in vegetal tissues.

A simple scheme of autoxidation radical processes is:

* Catalyst - R initiation of chain

* R +0, - R-0-O- propagation of chain
* RO-O-+RH - RO-O-H+R

* 2R-0-O - products, X

¢ R +R-0-O- - products, Y termination of chain
* 2R - products, Z

Radicals formed by autoxidation can be captured by polyphenolic com-
pounds like gallic acid and its derivatives, which are oxidized to compounds of
quinonoid structure. If a large enough amount of polyphenols is available, or-
ganic matter R-H is protected against autoxidation. But since polyphenolic anti-
oxidants can be exhausted (read destruction of iron-gallic complex), the autoxi-
dation processes can further continue, accelerated by free ferrous and ferric ions.

Quinones formed by oxidation, when they are irradiated by light, are con-
verted into oxygenated diradicals, which are able to absorb hydrogens from any
kind of substrate. Reaction of oxygen and semiquinone radicals and alcoholic
groups leads to the formation of hydrogen peroxide. This reaffirms also the Fen-
ton’s hypothesis.

All these reactions proceed slowly at room temperature, but are accelerated in
the climatic chamber.

Colours due to degradation products of cellulose and gum arabic caused by oxidation and
hydrolysis: Fenton’s mechanism

Previous studies' 2 noted that many of the ancient recipes of irongall inks con-
tain much more Fe(II) sulfate than needed. Not all the iron excess is Fe(III).
Some Fe(11) ions are present in spite of oxidation processes, due to reducing spe-
cies on the paper. Cellulose corrosion is thus explained by a mechanism similar
to that explained for Fenton's reagent™ (ferrous sulfate plus hydrogen peroxide)
in pulp bleaching!’. Some hydrogen peroxide is produced in situ by autoxidation
in presence of Fe(II) via a radical mechanism. Fenton’s reagent produces very
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reactive hydroxyl radicals' ' which oxidize hydroxyl groups of cellulose!” and
of gum arabic into carbonyl (cf. Fig. 7).

It is known that -OH radicals attack cellulose in a non-selective way, so the
following processes are possible:

* hydrolytic cleavage in carbon Cl1, with subsequent oxidation of the remaining

aldehyde group to carboxyl, giving gluconic acids;
hydrolytic cleavage in carbon C4 giving glucoside fragments,
oxidation of carbons C2, C3, to give keto groups,

oxidation of C' to give aldehyde groups and then to glucuronic acids.

This has been shown' in analyzing the degradation products of methyl B-D-
glucopyranoside, a model compound of cellulose, oxidized with Fenton’s rea-
gent. The residual oxidized cellulose and other fragments from hydrolysis tend
to degrade more readily by heat and acids than the initial cellulose.

By the same Hamilton reagent mentioned above’, carboxylic groups from
previously oxidized cellulose can change to peroxy acids". These peroxyacids
yield more -OH radicals, which contributes to increase the number of carbonyl
groups in cellulose.

Many of the oxidation processes already described begin, continue and stop
by radical mechanisms, but it is also true that paper spotted with iron-gall ink in
a wet atmosphere is an aqueous system. Therefore cellulose must withstand an
acidic environment. At high temperatures, dehydration reactions on protonated
hydroxyl groups from glucose and other monosaccharides are possible, giving

H
CHOH o
~ 1] + 'OH — \o . o + Hy0
o]
HO 0\ HO ~
OH OH
H H

H H

+Fe2* + H*

H H

CHoOH

(]
~ N
o + 3+ o]
HO. % o N Fe —

OH

H H

Fig. 7: Formation of carbonyl groups in cellulose by oxidation with OH radicals, supplied by
Fenton’s reagent.
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furfural derivatives', compounds of aldehydic nature which tend to condense
giving dark coloured products (cf. Fig. 8).

CONCLUSIONS

e Ferrous and ferric ions yield different initial colour t(‘) the ink, but fin'fﬂ co}-
ours are quite similar, showing that new chromophoric groups appear in cel-
lulose by their catalytic influence.

e Blue colour of ink (iron-gallic complex) changes to bro'wn an('i black after age-
ing. Browning and darkening can be caused by oxidation of ink components,
giving quinonoid structures, and also by degradation products of cellulose
and/or gum arabic. ‘ N

* Since arabinose units oxidize more readily than glu'cose, lI'IkS containing gum
arabic always become darker than those prepared without it. |

* Spots of inks containing gum arabic are more uniform due to the better ink
stabilization. This fact can also increase their darker appearance.

* Changes in colour can be accurately studied by reﬂectar}ce spectromc'etry, S0
that quantitative information can be correlated with chemical hypothesis.

¢ The main hypothesis in order to explain colour, its changes, and cellulose

degradation are:

— —

cHo CHO ANe”®
H
A O—H {l
H o
o phie ( " H . H\c 0%  om
HO——H 7 —_— / ﬁm
P . H (s ) 2O
-2 H0 OH W
H—{—0H
H,0H
CHZ0H N CH,OH 20 1

H+

H o -Haoo H\c 0 (;H
% CHOH = A WCHZOH
o / H—o0

Fig. 8: Formation of 5-(hydroxymethyl)-2-furaldehyde by acid-catalyzed condensation of glu-
cose (s-D-glucopyranose).
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* Autoxidation of cellulose with atmospheric oxygen, catalyzed with Fe’* and

Fe™ ions, with formation of reactive intermediates, such as peroxides, hydro-
peroxides and radicals.

* Autoxidation of gallotannates with atmospheric oxygen and other oxidants
present gives quinones susceptible to photochemical activation.

* Fenton’s reaction, between Fe** and hydrogen peroxide formed by autoxi-
dation, with formation of very active hydroxyl radicals,

¢ Oxidation of cellulose by hydroxyl radicals, with formation of carbonyl
and carboxyl groups.

* Fenton-Hamilton mechanism explaining the role of iron-

gallic complex as
the hydroxyl radical conveyor in cellulose oxidation.

* Acid hydrolysis of cellulose and acid condensation of hydrolytic fragments.

* Some of the hypothesis proposed need to be confirmed experimentally in
further studies, by means of analytical analysis of ink degraded paper. Other
hypotheses are well sustained by numerous bibliographic data.
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SUMMARIES

Ageing of Laboratory Irongall Inks Studied by Reflectance Spectrometry

This study tackles changes in colour of irongall inks over time. Different chemical processes,
which ink composition has a major influence, cause colour change. Two series of inks were pre-
pared, one using ferrous sulfate partially oxidized, and another using pure ferrous sulfate hepta-

hydrated; pure gallic acid and gum arabic. The inks were applied on Whatman filter paper, and
then aged in a climatic chamber.

in

chroma
position. All inks become darker and browner after ageing,
¢ acid. Inks prepared with an iron/gallic ratio nearer to that
are the darkest ones initially and show the slightest change in
g inks darken more than inks without it. Strong corrosion was ob-

The colour of ink Spots was measured with a spectrophotometer. Changes in lightness,
and hue were related with ink com

including those not containing galli
needed for the complex formation
colour. Gum arabic containin
served in the aged dark spots.
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Le vieillissement de Uencre gallique ferrée étudié sur des échantillons de laboratoire au
moyen de la spectrométrie de réflexion

Cette étude traite du changement de la couleur des encres galliques ferrées qui inter\'rie.nt a lon'g
lerme ou aprés la procédure du vieillissement accéléré, Ce sont divers processus chimiques dé-
pendant fortement de la composition de V'encre qui sont responsables du changement de la f:oul-
eur. On a préparé deux groupes d'échantillons d’encre, I'un utilisant ’du. sulfate. de fer partielle-
ment oxydé, et I'autre utilisant du sulfate de fer pur heptahydraté, de V'acide gallique pur et de la
gomme arabique. On a appliqué ces échantillons d’encre sur du papier filtre de Whatman et en-
suite on les a soumis au vieillissement accéléré dans une pigce climatisée.

On a mesuré la couleur des taches d’encre a I'aide d'un spectrophotométre. Les modifications
intervenues dans la clarté, le ton et Pintensité de la couleur ont été analysées en fonction.d.e .la
composition de Pencre. Toutes les encres deviennent plus foncées, plus brunes apres le vieillis-
sement, méme celles qui ne contiennent pas d’acide gallique. Les encres (.iont le rapport dt?s con-
stituants en fer et en acide gallique est proche du rapport aliquote requis pour l'a .fo.rmauon du
complexe sont les plus foncées deés leur fabrication et présentent lors (?u vieillissement le
changement de couleur le plus léger. Les encres contenant de la go.m'nTe arabique foncent d'avan-
tage que celles qui en sont dépourvues. On a observé que lors du vieillissement les taches d’encre
foncées causaient une forte dégradation de la substance du papier.

Die Alterung Eisengallustinte im Lichte der Reflexionsspektrometrie, untersucht anhand
von Laborproben

Es wurde die Farbveriinderung untersucht, die nach lingerer Zeit bzw. bei bt.zschleunigter Alte-
rung an Eisengallustinte auftritt. Die Ursache hierfiir sind verschiedene chemische 'Prozesse, d(?-
ren Ablauf stark von der Zusammensetzung der Tinte abhingt. Es wurden Probetinten aus Ei-
sensulfat, reiner Gallussdure und Gummi arabicum angefertigt, und zwar in zwei Gruppen: die
eine mit teilweise oxidiertem (Fe[ll/111)), die andere mit reinem Eisensulfat (Fe[ll)). Die Tinten
wurden auf Whatman Filtrierpapier aufgestrichen und dann beschleunigt gealtert. .

Die Farbe der Tintenaufstriche wurden spektrophotometrisch gemessen. Verinderungen in
Helligkeit, Farbton und -intensitit wurden in Bezug die Tintenzusammensetzung unter.sucht. Alle
Tinten werden im Laufe der Alterung dunkler und starker braun, auch die, welche keine Gallus-
siure enthalten. Tinten, in denen das Verhiltnis der Eisen- und der Gallussﬁlfrekomlponente na-
he bei dem fiir die Komplexbildung notwendigen aliquoten Verhiiltnis liegt, san gleich nach def
Herstellung am dunkelsten und zeigen bei der Alterung die geringste Farbveranden.mg. G!.lmml
arabicum verstirkt das Dunklerwerden. Bei der Alterung bewirkten die dunkelfarbigen Tinten-
aufstriche starke Zersetzung der Papiersubstanz.
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Ink Corrosion
- Treatment

Aqueous and Non-Aqueous
! of Paper Objects — State of the Art

by BIRGIT REISSLAND

INTRODUCTION

A questionnaire sent to paper conservation stfld.ios all over the C:orldelz); (\:;:eg:
k. Pampiglione! and a recent opinion poll gf Dut pap e
o searly do amfrfted that paper conservators are still uncertain about w ieh
R dem}(lmsld apply to treat ink corrosion. This might t?e 'due to the atc
ot e 'they oy 1 ulEt)sp were obtained from previous and ex1st%ng treatrflen s,
o urlsatlsfacwrydretsion rocess is chemically complicated and still under.xrll':/es-f
a'nd 'that — ;e mfin factors causing ink decay are now known._ In light s
t;;giaut;n;)i(t)ij:lvli;owledge the efficacy of current conservation practices can be
s the
re-assessed" tion plays a key role in delaying further decz.iy. When ac-
i A 'Conservaures are indeed necessary, ink-corroded artifacts preserit
(he conmervator 'Il;letavio main tasks: first, the degradation process c:allused by suh-
th}f C?nse:ﬁ; ‘i/:lc:n(II)ions must be arrested, and secondly mechanical strength-
uric aci :
}e)ning O e o om 2 requlre:r;d non-aqueous treatments commonly
e V'Vin focussi(:)rlll a"(}‘llizo;:)sitive influences of these tre'atments afld
u;ed . kreta'rlfl1 t:kdicscc):;:ed b.ased on the results of previously published studies
their risks wi

i iences.
and on the author’s practxcal experie

DEGRADATION PROCESS

i ct of the applied media on the
o e 'is c?useddfry t;h:eii%r:i::ﬁnzgf for an ink-IZorrode-d objf:ct :xt iz
Suppo'rt e 0; the chemical degradation process. Recent 1nvest1gatlor;
e on under'Staﬂltlhat iron-gall inks containing surplus iron(IT)sulphate accel-
protvedjlfizzeagzlgi;datiOH. In principle two main degradation processes are in-
erate ce
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Ink Corrosion Aqueous and Non-Agqueous Treatmant of Paper Objects

-

Fig. 1: Detail of a document (18" cent.) damaged by corrosive ink.

volved; hydrolysis (catalyzed by acid) and oxidation (rapidly catalyzed by transi-
tion metal ions such as iron(II)ions). Both reactions result in the increased decay
of cellulose®*, In addition, oxidation also causes discoloration of the support ma-
terial: First the paper starts to fluoresce under UV; increased degradation causes
brown discoloration”. To arrest the degradation process, both chemical reactions

have to be blocked. It must be emphasized that ink corrosion will continue if the
catalytic activity of free iron(1l) and iron(I1I)

ions as well as acid is not stopped
completely.

TREATMENTS USED FOR INK CORROSION — QVERVIEW

All active treatments cause irreversib]e chan
parison of the perceived benefits and the
advisable. In the case of ink corrosion, the
cision to use either an aqueous or a non-
and disadvantages depend on the solvent

ges to the original substance. A com-
possible risks for the object is always
conservator is confronted with the de-
aqueous treatment. Major advantages
used (water or organic solvent). In the

. . - .
Based on visual assessment, a condition ratin

g system was developed in order to facilitate deci-
sion-making concerning conservation measures,
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. . . ter
case of ink corrosion, both reactive components (1ror1(II)1or:ls1 arclld acxccli) :ue \;/:Oz
, ion -
i ibed treatment methods on the degrada
soluble. The influences of describe :
ess will be outlined and the risks and benefits of each are summarized.

AQUEOQUS TREATMENTS

i ion. Their
Aqueous treatments are commonly used methods in paper cons;ervatu;n Lheir
- uc
gsitive influences on aged papers are well-known. Water soluble proear s axe
Svashed out, the fibre-to-fibre bonding is reactivated anc;ltlhe p:lpers ap% ar more
’ i i only possi
i bound artifacts is usually
flexible. Aqueous treatment of
re separated. . :
lea;‘es ani ch:rroded artifacts, paper conservators often hesitate to us;: aqueo'lcx1
ments ’ i e consid-
treatments. This is quite reasonable, as several dxsadvantagtz; mu:t be conmc:
ered. Alterations in the appearance of the supp(l))rt and th:; :1;]( a a:d );he Su};port‘
ge i i the contrast between the i port
change in paper tone might alter . e Suppor
Wategr-soluilef: ink compounds dissolve during aqueous trea;ment (() lllalble Coil )
i ion of the surrounding areas. Some s
d cause brown discoloration o fe com-
pe “(;a)’ ight fluoresce and can therefore be detected. How?ver, some rn(xlgt oot
go‘"’" 'i)lmlior example in the case of water-soluble iron(II}ions. The undete )
on(Llior tion to sprea
iron(IT)ions migrating within the paper, may all;v:rtizg\r:cri; iﬂ o fment
i tration pro
whole artifact. Water pene ¢ ext
thfmughouctltzheadation' dark brown discoloured areas are hydrophobu:,. hit::
brows di . ili iations in
brofvr?discolirured or fluorescing areas are hydrophilic. D;e ;lc()sv:nr;aloss in the
water absorption tensions are created, degraded cellulose bre
ight occur®’. -
star‘;ce I:(:ﬁs treatments involve water, mixtures of water and al;:ol(lc;l,Fz'xun)
i i i cf. Fig. 2).
deac?diﬁcation methods, chelating agents and ammonium caseinate g

Water

. i i ter prior
M aper conservators prefer to treat the ink corroded almlrtlfact in :vne;n }:Olu
ary . . : ove -
to aqyufofs deacidification treatments. Wasmsﬁn "y be mbibited. f allthe iron
dation process will only be !
ble compounds, but the degra i ralized.
ions are inactivated or removed, and all the acid is neut

st neralized waler ‘ tike
gl?t’;{leg/ dem:::: afe more effective at dissolving water-soluble products li
rified wa

remove the alka-
iron(I1)ions than solutions containing salts. However, they also
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Walter j L Deacidilficationj Iﬂm-chelatling agm L Tthlers I

ded that demineralized

etermined a decrease in the iron(Il)ion con-
tent of papers and inks, Kolpe!! noticed an increased ‘bleeding’ effect using de-
mineralized water in comparison to salt~contaim‘ng aqueous solutions on origi-
nals.

water removed acid. Heller et al.l0 g

* Benefit: considerable dissolving properties

* Risk: increased bleeding of inks, removal of alkaline reserve

Tap water

* Benefit: increased calcium-carbonate content, Jess “bleeding” than with de-
mine-ralized water.

* Risk: contaminants ¢ag accelerate degradation,
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eased temperatures ine the influ-
Ilzalgagﬁ resfarch was carried out in Gijttirlgen’,Germ;‘:llxl1 X;,Lov(::ittzrr?lrlxll:uscripts.
ence of a temperature increase on immersed iron-gall i d at 35°C for 20 min-
The manuscripts were immersed at room temperatureara::n ce of the inks and pa-
utes. After drying, neither the surface pH nor t}Te appe rature had o significant
pers differed. It was concluded that an increase in tempe

- 12
influence on the washing property'”.

“Boiling” i e treatment of ink-corroded
A more .contrf)frersiall)t’ ;ﬁsgl::ei fm g:o:rls?v::::;:hto apply t}us metho'd W;IS
F}?P:}rst'lzn blci)ll)I::;gy vi:;a Ii(-)me Nowadays the “boiling” method is internationally
e Vatic .
used in several conservation studios. ‘ ) _ Brammahl® ob-
Investigation of this method resulted in contradictory res;xti:)sn E;ears e
i tive influence on iron-gall inks and the paper as % s hat the ink
ta'med ta ;egz ;{;erticlex were observed. In contrast, Heller et al. jtateddt tﬁe oo
ring out of i i . ater an
a’ufing the boiling-process occasionally is {rle.eflmg less tﬁanr;ri uC:édl rl::;rease il st
showed a remarkable increase in flexibility. A ten.lpe f solubilities (except
ate the rate of chemical reactions and causes . m]cr:fi:a oof soluble compounds
uti
th.at of calcium carbocrllate)a; C:rxzzzu:(tlz’éI:;t‘hjzomolecules occurs. ’l‘“he latter
WI'H eomanced Emt' frzlxoig irysta.lline structures as a result of which bn.ttle ireas
oght lead to deStr}llfl N fter treatment. Investigations carried out b?' Biggs 0;1
Ef Cton']ealn}lxz;edes:zle ?ajd papers proved that the folding endurance ‘“;ief‘::g zf'
- . obtai -
tej Sgcfiling” treatments of different duration. Tb? best res:sl tiss v:]evi’z)’s accompa-
i immersion at ca. 100°C. The boxhn’g process | Hollitex-
te.r 15 1:mnutes m‘lm s water movement. Protection of objects (e.g. o} "
:rlild l(‘;V lg;) Ci(;nig::crl:f)(;lre essential. The authors’ pre.:liminary ?X}EeE::t::np:r\:f
hojvn I:hat shrinkage of treated objects occurs. The'mf(liuence of hig
:ures on the gelatine surface size is as yet, undetermined.

i ility, increased paper flexibil-
i i increased solubility, incre

* Benefit: reaction time speeds up,

ity, faster drying. B .

Risk tion time speeds up, increased solubility, change in obj
d SK: reactio

ent.
sions, loss of substance caused by water movem

s akotal mxtures (ethancl isopmpa;: / addition of alcohol causes better wet-
i i ties, the
Due to its surface-active properties,

tability of hydrophobic, highly ink-corroded areas, and limits the access of water.
ability of hy ’
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Alcohol appears to limit paper swelling. In addition the penetration is more ho-
mogeneous and the drying process is faster. Moreover, the migration of water
soluble ink compounds is reduced. Recent investigations'* have shown that the
higher the ethanol content of the used aqueous solution, the more water-soluble
iron(II)ions remain in the paper, risking continued degradation.

As inks from the 18th century onwards might contain alcohol-soluble dyes
(e.g. aniline dyes), testing of alcohol soluble compounds is necessary.

» Benefit: excellent penetration, short drying process.

* Risk: iron(II)ions remain in the paper, alcohol-soluble dyes dissolve.

Aqueous deacidification

In the case of ink corrosion, acid hydrolysis is caused by sulphuric acid. To delay
further degradation, the acid has to be neutralized so that its catalytic effect is in-
hibited. This is possible by applying deacidification solutions. Additionally, this
procedure allows precipitation of an alkaline reserve, realising a long-term pro-
tection against acid catalyzed hydrolysis.

By using Russel photography, Daniels'® proved that some deacidification
agents (e.g. sodium bicarbonate, barium hydroxide and calcium hydroxide) were
effective antioxidants to inhibit autoxidation of different papers, while water
washing produced no significant changes. Anyway, a single deacidification treat-
ment is not sufficient to prevent ink corrosion because the iron(lI) catalyzed oxi-
dation is only blocked temporarily® '°. During the deacidification process, the re-
active iron(II)ions are oxidized to water-insoluble iron(I1T)oxydhydrate (rust).
Iron(IIT)ions can not catalyze oxidation. However, iron(I11)ions are reduced to
reactive iron(I1)ions under conditions present in degraded papers (reducing end-
groups on the cellulose produced by acid hydrolysis).

It seems that the ink complex is decomposed under highly alkaline, as well as

acid, conditions'”. To avoid changes in ink colour, the pH range during and after
the treatment should be adjusted to between pH ca. 5.0-8.5.

Calcium bicarbonate

Well preserved historical papers include a high calcium-carbonate content, @
“natural” alkaline reserve. Under room conditions calcium carbonate has a low
solubility in water {0.06 g/1)'°. This can be increased to a maximum value of
1.086 g/1, if carbon dioxide is added. When the solution is saturated with CO,,
its pH decreases to a value of 5.88. The situation inside the paper changes during
treatment and especially during the drying process. This behaviour is often un-
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derestimated. During drying of the object, the pH mcre'ases to la }r:l:z.;(lraI:lelmr(;i lf;ll
(CO, evaporation), surplus calcium carbonatf': or ca.lcmm su p.am bicafbonate
tated. In opposite to inks and papers deacidified Wltl:l r'naglnelsllu bicarbonate
solutions, those deacidified with calcium bicarbonatef (.h.Stht y a::e g
ink-colour after treatment and paper-colour after artificial ageing

« Benefit: no colour change of inks and papers.

» Risk: insufficient alkaline reserve.

gﬁ:ﬁxﬁ{lﬂjﬁ)ﬁﬁdzlzgﬁons often are used }?r}l‘tlie}\;]ih:l lzllsiieasslljln‘l/z;f; t?:tf:f
. ion increases with highly ’ -
f}ict;]m:s?ge:ctc?xist}.‘ Zts:l;)llt-llo;:::; of 10.0, calcium hydroxide solutions cofr;::e:
the 1011Ev)est calcium concentration in solution (pH 10=0.14 i/ 1). Mionr]ioc\;ir),u e
can swell under highly alkaline conditions. Thfs may also c’:1 atnge s ion by Sio
to the initially high alkaline pH levels. Ten'sde strengdl eferm e ified
tach!® resulted in better physical and mechanical properfxes.o cpaI(; o
using a mixture of calcium/magnesium bicarbm}ate (;1201?12?34;)
pers which were deacidified with calcium hydroxide p .34).

e Risk: colour change of inks and swelling of fibres because of highly alkaline
pH-levels, no alkaline reserve.

Magnesium bicarbonate . nate. even at
Ma:ggnesium carbonate is more water-soluble than calcium carbonate,

room temperature (0.93 /). Therefore, a significantly }Ltighirdalxil;né (;eselrg;
. lution saturated wi » 18
itated in the paper. In an aqueous S0 : :
Caszlilsre:sri)\l:;ecazbonatg Sre dissolved per litre (mainly as blfczrl;orx;‘z;::éf’(l)‘?ee
Ig)H of thilsolution is 707, After drying, the pH reatcihes a value of 9.9. ,
in hi H variations.

id i rs have to sustain high p fations. '
amdomk:::tdofzg:ions it was noted that magnesium inhibited 't;le catal);gzl:iec;:
of t :ns'tion metal ions during the oxidative bleaching process™. NZ\l/er o iz)

Tanst ) )
has to be considered, that this was tested Onl);l at high il:a‘.:::;f }Fi,levsu\clis ax;: 112
i i hat extent calcium s
during the pulping process. Tow
fs ot knowih idifi i ium bicarbonate showed
ifici i apers deacidified with magnesiu : owed

Aftt'?fl: ﬁ]tﬁc;ﬁoagm:d;ﬁ"ﬁ.gfhis effect was not observed,' or at. leas:ll u.x a Sll;gmaf;
2:!;%1111 ;:nalle); amount??, with papers that were deac1d1f1ed with ¢ cxlumth :Care
bona)t,e The discoloration may be due to the highly alkaline pH levels tha
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reached. Hey? also observed yellow brown “foxing” stains on magnesium bi-
carbonate deacidified papers after artificial ageing.

* Benefit: high content of alkaline reserve.
e Risk: changes in ink and paper colour due to alkaline pH levels.

Iron-chelating agents

If an iron gall ink contains excess iron(IT)sulphate, not all of the iron ions are
bound in the ink complex, but some remain in the paper as iron(Il) or
iron(II1)ions. Iron(II)ions catalyze oxidation of the cellulose. Iron(I1l)ions may
be reduced to iron(II)ions. One method used to prevent oxidation involves to
complex the metal ions with a chelate. The chosen chelate has to fulfill the fol-
lowing criteria: its chelating property must be less strong than that of the tannins
in the ink complex, it has to form a complex with iron(II) and iron(III)ions, and
the colour of the reaction product must not disturb the aesthetic integrity of the
artifact. However, even metal-ions bound in a complex might still catalyze cel-
lulose oxidation. This depends on the chelate chosen. If a suitable chelate is
used, iron(I1) catalyzed oxidation is prevented. Excess chelate remains in the pa-
per as an “antioxidant reserve”, providing a long-term protection against oxida-
tion. Acid catalyzed hydrolysis is only delayed.

EDTA (salts of ethylene diamine tetraacetic acid)

EDTA is a widely used chelating agent in conservation. It binds with both,
iron(II) and iron(IlI)ions. Several investigations have shown that EDTA is not
able to inhibit the oxidation process of cellulose. On the contrary: it can even be
accelerated?**%.

e Risk: oxidation increased.

Calcium phytate

Neevel® proposed the use of phytates as antioxidants to treat ink corrosion. Phy-
tates, calcium salts of myo inositol hexakisphosphate, are natural antioxidants
found in the seeds of plants. They are not detrimental to human health and are
used by the food industry and medicine. Phytates are one of the few chelates that
inhibit the iron(Il) catalyzed oxidation of cellulose®. Additionally an “antioxi-
dant reserve” is created by surplus calcium phytate that remains in the paper.
Complexes formed with iron(IT) and iron(I1I) ions are white. Recent investiga-
tions prove that ink corrosion is delayed to a remarkable extent if calcium ph)"
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tate treatment is followed by a deacidification treatment using calcium bicarbon-
ate'’, Since the pH of calcium-phytate solution is acidic it has to be adjusted to
PH 5.5-6.0 by the addition of ammonia. The use of calcium phytate in combina-
tion with calcium bicarbonate is simple and can be performed in any paper con-
servation studio®’.

* Benefit: oxidation inhibited, long-term effect.

* Risk: precipitation of white crystals (iron phytate) on the surface.

Aqueous treatment using ammonium caseinate

A. study to compare different treatments*’, proved that the application of ammo-
uum caseinate treatments delayed ink corrosion. The mechanism is still under
fnvestigation. This treatment offers an interesting advantage in a mechanical re-
inforcement of friable objects. During the treatment high temperatures are
reached (ca. 60°C). Probably caseinate, being a protein, offers complexing as
well as neutralising properties. Artificial ageing caused browning of the paper
Comparable to browning caused by treatments using a saturated solution of
Mmagnesium bicarbonate?”. The browning could be an effect of the Maillard reac-
tion (reaction of carbohydrates and proteins).

* Benefit: mechanical strengthening.

* Risk: high temperatures during application (60°C).

NON-AQUEOUS TREATMENTS

fsrl:(;sezctllueous treatments bear the risk of spr.eading the ink-corrosion process,
. ty the use of non-aqueoys treatments is preferred. Furthermore aqueous
dia o (;1 s can oftefl nf)t be applied because of the presence of water-soluble me-
) ue to the binding structure of an artifact.
dis:i(l)‘l,:zqueous methoc.ls have t'he' advantage that watf:r-soluble products are not
Gbres and (‘io not migrate within the paper. In addition, the swelling of paper
minimized.
ad;r:::abeneﬁts‘of non-aqueous treatments are acc0fnpanied by a number of dis-
creas, ife;. I.tbx‘s‘ not possible to remove degrada_txon ;‘n'oducts.'Neither an in-
pers ocas exibility nor 'a reor.gamsatxon of fibres is ‘achleved. Friable brittle pa-
ble to 5 ¢ Vf l.'lo mecha‘mcal remfor.cement. Degradz?UOn products might be solu-
tention ﬁer ain extent in the organic solvent. Attention has to be drawn to the re-
me of the solvent as well as its requirements concerning storage and

health,

75



Ink Corrosion Aqueous and Non-Aqueous Treatment of Paper Objects

ON-AQUEOUS TREATMENTS

[ 1
Deacidification Others

Magnesium carbonate + organic solvent (Wei T'ﬂ |-ﬁon-chelaring agent + organic solvent J

Magnesium oxide + organic solvent (Bookkeeper) l

Fig. 3: Overview of non-aqueous treatments commonly used or proposed in the case of ink
corrosion.

In the case of ink corrosion some non-aqueous deacidification methods are
used (cf. Fig. 3). The use of iron-chelating agents (like calcium phytate) in or-
ganic solvents is still under investigation.

Non-aqueous deacidification

Non-aqueous deacidification can neutralize acid and precipitate an alkaline re-
serve in the papers. Therefore it arrests acid catalyzed hydrolysis, one primary
degradation process in the case of ink corrosion. Due to the alkaline reserve a
long-term protection against acid catalyzed hydrolysis can be achieved. On the
other hand degradation due to oxidation alone is delayed. Oxidized cellulose is
susceptible to alkaline hydrolysis. Often after evaporation of the organic solvent,
highly alkaline pH values are reached, accelerating the degradation®'.

Methyl magnesium carbonate in organic solvent (Wei T°)

Wei T’0 was developed at the beginning of the 1970’s at the University of Chi-
cago. It should be noted, that the brand name Wei T’0 includes several different
products (Wei T’0 No. 2: Methoxy-magnesium-mehtyl-carbonate = MMMC;
No. 3/4: Ethoxy-magnesium-ethyl-carbonate; No. 10: Magnesium-methyl-carbo-
nate = MMC; No. 11/12 Magnesium-ethyl-carbonate).

Hey* drew attention to the bad penetration of MMC and recommended im-
mersion or double-side spray application. She wamed that uneven application
might cause only partial neutralisation and deposition of alkaline reserve. The
amount of solvent applied is not easy to control. Addition of solvent can reduce
the high concentration of the initial solution. Wichter®® treated a drawing by
Vincent van Gogh using MMMC. He stated that MMMC inhibits the degradative
effect of the iron and therefore delays its destructive effect. Further investigation®
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Proved that MMMC did not improve the ageing behaviour of ink-corroded pa-
PEIs to a sufficient extent. Highly alkaline pH levels of 10.1 were reached. Be-
'SldeS, Hill® and Heller!! described treatments using Wei T’0. Colour changes of
inks or papers that could be expected due to the highly alkaline pH ranges were
not discussed by any of the authors except Hey, who observed a conversion of

Magnesium carbonate “gritting” into dark foxing stains after ageing at 90°C and
50% RH,

* Benefit: sufficient alkaline reserve.

* Risk: colour change of inks and paper, uneven application.

Disperseq magnesium oxide

This method, the Bookkeeper process, was developed at the beginning of the
19807, Initially CFC 113 was used as liquid which serves as the carrier for mag-
nesi}xm oxide in the suspension. The process has been converted to CFC-free
Carriers; recently another company (Libertec, Nurenberg, Germany) has changed
to air, The efficiency of the process with respect to treating ink corrosion appears
to be unpublished. It is comparable to Wei T’o in that an even application
(brushing or spray) is difficult to achieve. Possibly white magnesium oxide will
Pr_eCipitate on the surface; with the Libertec variant this is the case inevitably.
High PH values might cause discoloration of inks and paper.

* Risk: colour change of inks and paper, uneven application.

Concrusion

Currently used conservation measures vary in their effectiveness with respect to
delaying the ink-corrosion processes. For each artifact a method must be chosen
W_hiCh is appropriate to its nature and its problems. Every treatment always com-
bines 5 number of benefits as well as risks. If the ink corrosion process should be
Telarded, the effect of both catalytic active components must be blocked. There-
fore removal of all iron(Il) and iron(I1l)ions outside the ink complex, and the
Reutralisation of the acid must be guaranteed.

. Recent investigations have shown, that the combination of an aqueous chelat-
'8 agent (calcium phytate) with an aqueous deacidification method (calcium bi-
Carbonate) gives positive results. The addition of ethanol offers a faster and uni-
O™m penetration of the aqueous treatment solution'®. At the Netherlands Insti-
tute for Cultural Heritage a standard method has been developed which allows

€ Comparison of treatments with regard to their effectiveness to arrest ink cor-
rOSion.
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SUMMARIES

Ink Corrosion. Aqueous and non-aqueous treatment of paper objects ~ State of the art

Paper conservators are still uncertain about the treatment they should apply on ink corroded ob-
jects. This might be due to unsatisfactory results obtained by previous treatments, as well as the
fact that the degradation process is chemically complicated and still under investigation. How-
ever, the main factors that cause ink decay are known today, and so more suitable conservation
measures can be chosen. This article is discussing commonly applied aqueous and non-aqueous
treatments. Also the positive influences of these treatments and their risks are discussed, based on
the results of previously published studies, as well as on the author’s practical experiences.

Corrosion de Vencre. Traitement aqueux et non-aqueux d’objets en papier. Etat actuel de la
technique

Les professionnels de Ja conservation du papier ne savent toujours pas avec certitude quel est le
traitement 2 appliquer aux objets en papier corrodés par I'encre. Ceci est probablement da tant
aux résultats insatisfaisants obtenus par les traitements appliqués jusqu’a présent qu’au fait que les
processus chimiques de dégradation sont compliqués et qu'ils font toujours I'objet de la recherche
scientifique. Aujourd'hui les principaux facteurs responsables de la dégradation de I'encre sont
cependant connus et il est donc possible de choisir des méthodes de conservation mieux appro-
priées. Cet article exposera les traitements aqueux et non-aqueux utilisés habituellement. On ex-
posera les effets positifs de ces traitements ainsi que les risques qu'ils comportent a partir de résul-
tats d’études publiées antérieurement ainsi qu'en se référant a expérience personnelle de l'au-
teur,

TintenfrafS. WiiBrige und nichtwifrige Behandlung von Papierobjekten ~ state of the art

Papierrestauratoren sind noch immer unsicher, wie sie tintenfraBgeschidigte Papierobjekte be-
handeln sollen. Das diirfte ebenso auf die unbefriedigenden Ergebnisse der bisherigen Behand-
lungsmethoden zuriickzufiihren sein wie darauf, daB die chemischen Abbauprozesse, kompliziert
und stets Gegenstand der Forschung sind. Die wesentlichen Ursachen des Tintenfrafies sind heu-
te jedoch bekannt, und es ist daher méglich, entsprechende GegenmaBnahmen zu ergreifen.
Dieser Aufsatz beschreibt die iiblichen wiBrigen und nichiwiBrigen Behandlungen. Aufgrund
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verdffentlichter Untersuchungen sowie personlicher Erfahrung werden ihre positiven Wirkungen
und ihre Risiken diskutiert.
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Aqueous Conservation Treatment
of 20" Century Papers
Containing Water-Sensitive Inks and Dyes

by AGNES BLUHER, ANNA HABERDITZL & TANJA WIMMER

INTRODUCTION

Aqueous immersion treatments of archival records are fundamental measures
e-nabling the optimal cleaning and stabilization of paper documents. Water-sensi-
tive dyes on these documents can cause serious problems and prevent the appli-
cation of aqueous media in restoration treatment. This study focuses on the pro-
tection of modern inks, occurring for example in records, maps or books of the
20th century, against any destructive action of water which is used for traditional
4queous paper conservation techniques.

MobERrN 1Nk DYESTUFFS

P)’esmffs for modemn inks, formerly called aniline inks, displaced the permanent
tron gall inks since the latter half of the nineteenth century. At first, the new dyes
Were used as additives to iron gall inks to make the characters visible at once.
Some important dyes are listed below (See Table 1). The violet ink dye Basic
Violet 3 has an outstanding role for copying pencils and stamping inks from
about 1870 to now. The listed dyes are relatively small organic molecules con-
taining chemical groups which make them soluble in water. Therefore, they are
1ot permanent and keep their water-solubility with ageing.

) In inks, aqueous solutions of dyes are present with small amounts of gum ara-
bic anq surfactants as additives. In addition, most dye solutions are set strongly
fiddic (PH 2-3) to prevent fading of the writing. Fading of inks, especially of blue
inks, jn alkaline media is caused by the carbinol-formation, which is a reversible
loss of the colour (hue).

Stamping inks are divided into oil-free and oil-based ones. Qil-free stamping
Inks consist of solutions of anionic or cationic dyes in mixtures of water, glycerol
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Table 1: Some important ink dyes, their occurrence and solubility {(++ very soluble, + soluble,

- slightly soluble)
Methyl violet Methylene blue Ink blue Eosin

Colour violet greenish blue deep blue yellowish red
Colour Index Basic Violet 1 Basic Blue 9 Acid Blue 93 Acid Red 87
Discovered 1861 1867 1873
Chem. nature Cationic Cationic Anionic Anionic
Chem. name Triaryl methane Phenothiazine  Triaryl methane Xanthene
Solubility” w+ e++ g+ a- wt e+t wHt e+t wHt ett

stamping inks, copy-  stamping inks, writing inks writing inks
Use ing-ink pencils,  copying-ink pencils coloured pencils

writing inks

*wwater eethanol gglycerol aacetone ++ verysoluble + soluble - slightly soluble

or glycols and alcohols. Oil-free stamping inks are ~ depending on the dyestuff ~
more or less readily water-soluble. Oil-based stamping inks for metal stamps are
water-resistant. They contain fatty acids and oils and are coloured with pigments
or fat-soluble dyes.

Lead, coloured and copying pencils comprise a lead embedded in a wooden
sleeve. The dyes are: graphite for lead pencils, organic pigments for coloured
pencils, and anionic or cationic dyes for coloured copying pencils. Whereas lead
pencils leads contain a ceramic binder, both natural and synthetic water-soluble
and water-insoluble polymers can be used for coloured and copying pencils. Ac-
cording to that, coloured pencils are sometimes not completely water-resistant,
whereas copying pencils are readily water-soluble on principle.

POSSIBILITIES OF FIXATION

Fixation of water-soluble dyes on paper can be performed in several ways. One
possibility is the formation of a film which prevents the access of water and sol-
vents to the dye. The treated areas in the paper are also protected against the
cleaning action of water (cf. Fig. 1a). Thus, in the case of an extensive text this
method is contradictory to the intended treatment.

Film-forming fixatives tested on “dummies” in the context of this work are
gelatine in water, Paraloid B72 in toluene, paraffin in hexane and the volatile
consolidant cyclododecane. The successful application of gelatine is very restrict-
ed, and paraffin is hard to remove without residues. Paraloid B72 has to be ap-
plied in very high concentrations of 30 to 40% in toluene. It forms relatively
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Eig- 1 Fixation of a water-soluble dyestuff, a) by film-forming fixatives, b) by ionic fixatives,
oth immersed in water (545%52) The film-forming compound is including the dyestuff, making
the surrounding paper (=) inaccessable to water.

flexible, glossy films and gives satisfying fixing results in many cases. For the re-
moval of the Paraloid film, however, the use of large amounts of highly toxic
solvents like toluene or xylene is necessary since many ink dyes are soluble in al-
ternative solvents like ethyl acetate or acetone. If film-forming fixatives are used,
the volatile consolidant cyclododecane proved to be the most suitable one. A

major decisive factor for a good success is a suitable application technique,
which is described later.

WATER PROTECTION BY IONIC FIXATIVES

A completely different way of fixation is the transformation of the dye into a wa-
ter-insoluble form by contact with an ionic fixative" > ? (cf. Fig. 1b). Apart from
some red and green inks, all dyes can be fixed safely by this method. The paper
Temains completely accessible to water.

.Modem inks dyes are ionic substances which are soluble in water in form of
anions (anionic or acidic dyes) or cations (cationic or basic dyes). If an opposite-
ly charged polyionic substance is added to the dye, it can be precipitated in form
of a complex, with no or only restricted solubility in water.

For fixation, an aqueous solution of the fixative is brought in contact with the
(%ye, either by immersion or by local application with a minimal amount of fixa-
tive solution. The dye-fixative-complex is formed immediately without change
of the hue of the dye. The formed complex is resistant against water, but not
against strongly alkaline solutions and solvents such as ethanol. Ionic fixatives
are designed for applications comprising a washing process after treatment. Es-
Pecially cationic fixatives have a low ageing performance. Acid degradation pro-
ducts can attack the cellulose chain molecules®.

.The fixatives are commercial products for textile finishing, some of them ap-
Plicable for dyestuffs on paper. It is crucial to differentiate between anionic dyes
which need cationic fixatives, and cationic dyes which need anionic fixatives.
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Fig. 2: Cationic (a) and anionic (b) fixatives. a: Condensation products of cyanamide deriva-
tives, such as dicyandiamide, with formaidehyde; b: aromatic sulfonates with phenolic hydroxy!
groups.

Suitable cationic fixatives are condensed productes derived from dicyandia-
mide and formaldehyde (Fig. 2a). Suitable products are Rewin EL®, Stabifix
OF® or Sandofix WE®.

Anionic fixatives are needed for the fixation of cationic dyestuffs. The most
common cationic dyestuff is methyl violet which can be found in stamping inks,
copying pencils and typewriter ribbons. Higher molecular aromatic sulfonates
with phenolic hydroxyl groups proved to be suitable anionic fixatives (Fig. 2b).
The preferred product is Mesitol NBS® (Bayer).

Slightly anionic dyestuffs such as eosine or naphthaline green form only weak
electrostatic interactions with cationic fixatives. As a consequence, the resulting
dyestuff-fixative-complex is not completely water-insoluble, but hardly soluble.
In this case it is favourable to combine the cationic fixative with the anionic one
to neutralize part of its positive charge. This effect is produced when a small
amount of Mesitol NBS is added with vigorous stirring to the cationic fixative. A
fine polymer-suspension is generated giving much better protection for the criti-
cal red and green dyestuffs.

During preliminary tests, the stamping ink methyl violet has been fixed by
Mesitol NBS and cyclododecane (Fig. 3). The fixation is of similar quality, how-
ever, application of cyclododecane is more time consuming,

CYCLODODECANE, A VOLATILE FIXATIVE

Cyclododecane, C H,, a nonpolar, ring-shaped, saturated hydrocarbon, has been
introduced in conservation of paintings, mural paintings, and stone serving as a
volatile fixative by Hangleiter et al.®. Applied on water-sensitive surfaces, the

* Suppliers located in Germany for any material mentioned in this report can be obtained by the
authors.
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Fig.3: Fixation of the stamping ink methylviolet on natural aged rag paper. a) Untreated.
b) After immersion in water (20 min). c) After fixation by cyclododecane (solution in petroleum
solvent 100/140, both sides) and immersion in water (20 min). d) After fixation by Me-sitol NBS
6% (brush, both sides) and immersion in water (20 min)

white, crystalline solid can serve as a temporary protection against water because
it is extremely hydrophobic. Due to its low melting point (60°C) it can be evenly
distributed as a thin layer which is afterwards slowly sublimating without leaving
any residues. A 0.03 mm layer of cyclododecane disappears within 24 hours. It
can also be applied dissolved, for instance, in petroleum ether, the solvent evap-
orating and leaving the solid fixative. There is always enough time for the aque-
ous treatment, because sublimation is slow enough. Investigations on application
of cyclododecane in paper conservation have been reported in detail by Bandow".

THE CONSERVATION OF A 20™ CENTURY, WATER-SENSITIVE DOCUMENT -
A CASE STUDY

The archive of Heidelberg University, the oldest university in Germany
(founded in 1386), is keeping some 10,000 staff dossiers. Among this huge num-
ber, there are not only records of far bygone centuries of special interest for his-
torians and scientists, but also modern dossiers, especially from the time before
and during the time of the NS regime. Since paper from this period is known to
be of very poor quality, there is a serious conservation problem. The archive has
chosen the dossier of Emil Julius Gumbel (1891-1966) to be conserved in an op-
timal way to survive as a testimony for the development of nationalistic and an-
tisemitic tendencies at the University in the twenties.

Gumbel, who was born in Munich as a son of Jewish parents, was teaching
mathematics and economics as a professor of Heidelberg University from 1922
to 1932 when he was rejected from his duties after many years of quarrels initi-
ated by nationalistic students and the similarly orientated direction of the univer-
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sity. Gumbel used to include pacifist remarks in his lectures which seemed to be
intolerable at that time in Heidelberg. After his rejection, he emigrated and went
on lecturing in France, England, and the United States. He died in New York.
His dossier includes documents from the period 1922-1964.

DESCRIPTION OF OBJECT AND DAMAGES

The file consists of 122 single paper sheets (groundwood-containing writing and
copying paper) with formats between ISO A5 and A4 and a quality varying
from very poor to good. The sheets were protected at the front and the back by
two file covers of red board; the complete file was sewed only at the upper left
corner which is the traditional way of record sewing in that region of Germany.
Many of the papers were brittle and heavily yellowed; the mean pH value of the
sheets was 3.9. The paper showed typical degradation by lignin and, moreover,
tears and losses. On 42 sheets, former repairs with self-adhesive tape had caused
severe damages in the region of the sewing and at the edges. Two stages of deg-
radation of these papers could be identified: Either the tape carrier had become
loose the adhesive having migrated into the paper rendering it brownish and
transparent, or carrier and adhesive had not separated yet, only the paper be-
neath had become yellow, and inks and colours had darkened.

The whole file contains numerous stamps, inks, and coloured pencils, as well
as coloured type writing. The stamps are violet, green, red, or blue. The inks are
violet, black, blue, or bluish-green. For paginating in the upper right corner, a
red coloured pencil has been used. On some sheets, marks of a blue coloured
pencil can be found, copying-ink pencil on others.

CONSERVATION CONCEPT

The file is a typical example for a 20" century record; countless files of similar
condition can be found in archives worldwide. The paper of this file shows a lot
of tape repairs, what, fortunately, is not always the case, but typical for those in-
tensively used. To remove them, what is necessary for conservation, means labo-
rious work for numerous conservators.

For most of these records, only microfilming or/and mass deacidification and
stabilization can be afforded. Up to the present day, there is no mass treatment
available, which gives enough consolidation to papers with a condition described
above without any risks for the colours. Since 1997, the Archiv Center in Biicke-
burg (Lower Saxonia, Germany) has been running a conservation machine de-
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acidifying and stabilizing single paper sheets with an aqueous treatment’. It is
self-evident that a mass treatment of this kind is only suitable for papers which
are not yet very badly damaged. For the fixation of modern inks and stamps, the
ionic fixatives mentioned in the theoretical part of this contribution, are applied
during the Biickeburg process, especially the standard suspension of anionic and
cationic reagents. After the fixation, most of the inks and colours withstand the
aqueous treatment unchanged, sometimes with slight alterations like small halos
or migration to the verso side. Some few colours, especially some reds, unfortu-
nately, remain water-soluble. For the great mass of records to be conserved, the
Biickeburg method is an excellent possibility to provide washing, deacidifying,
and resizing of weakened records at very competitive prices with a rather small
risk of alteration.

In the case of this file, however, the keeper of the archive wanted to preserve
it in an optimal way without any risk for the colours and asked for a full resto.ra-
tion including complete removal of the tape residues. Soon after the first testing
it became clear that the treatment would be very time consuming, because on
every page colours are present which proved to be water-soluble. Never.theless,
it was decided to perform an aqueous treatment to eliminate the acid, dirt, and
all by-products of degradation, and to be able to resize with Tylose and to carry
out traditional repairs using Japanese tissue and starch.

The goal of this conservation project was to test if it is possible to treat a
manifold of water-sensitive modern inks and colours with a traditional wet proc-
ess without doing any harm to them. The object had been judged to be valuable
enough for individual treatment. It provided the occasion to investigate the
range of application of several new fixatives which have been described above. '

In order to protect the document against new damage caused by readerfs, it
was microfilmed after conservation. At the Institute for Preservation of Archives
and Library Material, all documents which needed conservation involving great
expense are microfilmed, so that the original document has the chance to remain
in the stacks when a reader asks for it.

CONSERVATION TREATMENT

FPreparatory work

The record was collated and partly paginated. The sewing was opened, and the
board covers were removed so that the sheets could be isolated. The paper was
dry cleaned using eraser powder (Lyons Dry-Cleaning-Pad) and an eraser (Lau-
fer Plast-0120) in order to remove surface dirt.
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Tape removal

First, the tape carriers were removed, either mechanically (advanced tape degra-
dation) or by local application of a hot air stream. In this latter case, the adhesive
showed some swelling, and could be scraped off easily by means of a blunt scal-
pel just after taking off the carrier. The remaining adhesive had to be treated
with a solvent in all cases. Ethyl acetate proved to be most efficient. From some
areas, the adhesive could be eliminated by touching them with a cotton-wool
swab soaked with ethyl acetate, rotating the swab tip over the paper. For the ob-
stinate residues, a poultice was used, consisting of Attapulgit, a magnesium-
aluminium-silicate, moistened with ethyl acetate:

On the desk, a dry layer of Attapulgit is spread which must be larger than the
adhesive containing area to be treated. On top of this layer a thin sheet of Holly-
tex® (polyester non-woven) is placed, then the object, and another Hollytex. On
the top, some Attapulgit moistened with ethyl acetate is distributed over the ad-
hesive containing paper sections. In order to intensify the poultice effect and to
prevent evaporation of the solvent, the Attapulgit is covered by glass plates. The
work shall be performed under the protection of a fume-hood. The poultice shall
remain for several hours as described, but must be monitored regularly. This
procedure can be repeated; in some cases it was necessary to apply five poultices
one after another. However, this technique is not as time-consuming as the treat-
ment on a suction-table, because this latter means to be always present in order
to add the solvent continuously.

With the help of the poultices, all adhesive residues could be eliminated suc-

cessfully. The whole step of tape removal needed some 85 hours working time,
that means two hours for one single sheet of paper.

Hdentification of colours

In order to find out whether an ink, coloured pencil, stamp or type writing is cat-
ionic or anionic, the so-called microtest was performed. Under the microscope,
the colours have been tested by touching them with a tiny amount of Mesitol
NBS or Rewin EL applied with a very fine brush or a glass capillary. If the col-
our is bleeding in contact with Mesitol NBS and remains stable with Rewin EL,
it contains an anionic dyestuff. In the opposite case, it contains a cationic dye-
stuff. Often, the colours are migrating so slowly that it is more difficult to realize
the movement under the microscope than with the naked eye. Therefore it is
necessary to monitor both results of observation.

Violet inks, violet stamps and copying-ink pencil proved to be cationic. Blue,
bluish-green and black inks, red and green stamps, and red and blue coloured
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pencils were anionic. It might be interesting that there have been .much more an-
ionic dyestuffs than cationic ones used. Unfortunately, every single page had
been marked with a cationic, violet owner’s stamp of the archive which .hac‘l to be
fixated separately, even if all other colours on the page proved to be anionic.

Preparation and application of ionic fixatives - locally or by immersion

The anionic reagent Mesitol NBS was used to protect the cationic d?'estuffs of
the violet inks, stamps and copying pencil, the cationic reagent Rewin EL was
used with the anionic colours (all but violet). ' . .
Mesitol was prepared as a 3%-solution for the application at the §uct10'n—tz.1 e
and for the immersion treatment. The powder was slowly spread in .delomzed
water under continuous stirring (best with a magnetic stirrer), 'because it tends to
clot. Rewin EL which is a liquid was diluted for both applications to a final con-
centration of 3.5% in deionised water. Stirring is also recom’mended. o
For local application, a thin blotter was placed on a suction-table; on tl;e " ot-
ter, the object was laid with the face down. With a fine b'rus.h, the srnfab e 1x}j1-
tive was spread on the rear side of the ink or stamp. The liquid remaining on t e
Paper was removed immediately with a blotter in order Fo preve.nt dlscolour'mg
of the area, a danger noticed especially with the brownish Mesitol. The object
was then covered by a blotter, so that it could not be dama.ged by dirt or dust
from the air by suction which was put on until the complexing agent had com-
pletely absorbed into the paper. The application was reBeated up to t}.lree times.
From time to time, it was necessary to change the position of the.object on the
blotter to obtain optimal suction. The front side was treatefd accordingly (Fig. 4).
The suction-table treatment proved to be the most suitable and safe. method
to apply the complexing agent precisely and carefully to s.mall, definite are}z;\s
like, for instance, single characters. Since the first coat was laid from the rear, the
dye-stuff could immediately migrate into the blotter beneath, if the colour, un-
expect bleed in spite of previous testing.
ll)\Iechrntl);:altZ:s(,ieii tsc:)me cases,pan imr}r)lersion of the whole sheet see'med to be
the better choice: firstly, because it is done much quicker, especially in the case
of large areas with ink as, e.g., complete hand-written letters or water-.sensxt;:;e
type-writing, secondly, the application of Rewin, perforr.ned at the suction-table
as described above, sometimes caused dark edges or discoloured spots, a phe-
nomenon which appeared irregularly and could not yet be expl?ined. Four. pages
with blue and black anionic ink were immersed in a 3.5%-solution of Rewm.EI‘,,
after the cationic colours appearing on the same pages (for instaflce, the ubiqui-
tous owner’s stamp and date stamps) had been fixated by Mesitol NBS at the
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Fig. 4: Local application of ionic fixatives. a) Protection of violet cationic dyes with Mesitol

NBS. b) Protection of red anionic dyes with Rewin EL. c) Paper after aqueous conservation
treatment

suction table, as described above. Two pages with cationic ink or type writing
were immersed, accordingly, in a 1%-solution of Mesitol NBS, the anionic col-
ours (e.g. red pagination) having protected before by suction-table application of
Rewin EL. The duration of the bath was 2-3 minutes in all cases.

Combination of both ionic fixatives in a suspension

In the Biickeburg mass conservation process’ the anionic and cationic colours
have to be fixed simultaneously by a single treatment step. The only possibility
to avoid pretesting and local application of the fixatives is to combine the fixa-
tives in a suspension. The suspension containing 1.2% Mesitol NBS and 6% Re-
win EL has been developed to give the maximum of protection to the majority
of colours occcuring on common record. The percentage of Mesitol is lower
than that of Rewin, because on records mainly anionic colours are found. In ad-
dition, this composition provides the best protection for critical red and green
inks. A disadvantage of the suspension is its muddy, white-brownish colour,
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Fig.5: Cyclododecane, a volatile fixative. a) Application of cyclododecane melt. b) Paper
shortly after aqueous conservation treatment.

which impedes observation of the object and the characters to be protected dur-
ing treatment. . .

The suspension is prepared by adding equal parts ofa 2.4‘.’/0 solution of Mesi-
tol NBS to a 12% solution of Rewin EL under vigorous stirring. Before use, the
suspension has to be stirred again. On 15 well-tested papers, the suspension.was
applied, however, after individual protection of the cationic colours. The objects
Wwere immersed in the suspension for 3-4 minutes.

Local fixation with cyclododecane

Cyclododecane was applied on 13 pages which could not be protected by ionic
fixatives: they either showed bleeding with both oppositely ch‘arged reagents, or
differently charged inks were found at the sa)me spot, or the inks had been ap-
plied too intensely (mostly copying-ink pencil). .

Under a fume-)lllc(md a {ayef)(’)f fyclododecane melt was applied on both sides
of the object. In a small ceramic bowl, two tablespoonfuls of granulate were
melted at 60°C. With a brush, the fluid was spread on the paper and worked-in
with a heat spatula. The melt must penetrate the paper completel?/. Tc'o prevent
hardening of the brush, it is recommended to dip it from time to time into pure
petroleum solvent (100-140). After application of cyclododecane, the paper
could be wetted immediately (Fig.5).
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Aqueous treatment and filling of losses

Aqueous cleaning, deacidification, and resizing were performed the same way,
whichever method of colour fixation had been used before. The papers being
kept under observation were immersed horizontally in deionised cold water for
3-4 minutes. For the papers which had been immersed totally in a fixative solu-
tion or in the suspension, the bath was repeated several times with fresh deion-
ized water.

In order to prevent formation of puddles and bleeding of colours during the
drying process, the papers were shortly predried on a suction table, colours
downside on a thick blotting paper. In case of cyclododecane fixation, this tech-
nique could only be applied on the non-fixated areas, because around the hydro-
phobic areas, the paper showed tensions and wrinkling under the influence of
suction.

All papers were then air-dried horizontally on sieve frames. Afterwards, they
were immersed for 3—4 minutes into a second cold bath providing an alkaline re-
serve consisting of calcium and magnesium bicarbonates. This buffering bath
containing approximately 19 mmol/l Mg"™ and 1.5 mmol/l Ca** was prepared
using a water circulation system® with dolomite mineral. After the bath, the pa-
pers were pre-dried and dried as described above. Resizing was performed with
a 1%-solution of Tylose MH 300, prepared with the same water as used for the
buffering bath applied with a broad Japanese brush.. Afterwards, tears were re-
paired with Japanese paper 5 g/m’ or 11 g/m’; losses were filled with Japanese
paper 18 g/m’, all applied using wheat starch. In order to achieve the typical
smoothness of the paper surface, all papers were quickly sprayed with water (en-
riched with earth alkaline carbonates as described), before they were pressed be-

tween Hollytex and blotters. For the final drying, the papers were pressed only
between blotters.

Storage

In order to achieve optimal physical protection of the object, it was decided not
to reconstruct the sewing, but to keep the single sheets unbound. All sheets were
encapsulated in polyester sleeves, which are open on two sides.

Experiences from the case study

Following the concept of optimal protection, after the microtest of every single
paper sheet it became evident that the treatment had to be performed in a very
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individual manner due to the many different inks and colours that had been
used. Nearly all 122 sheets had to be treated with more than one fixative. Most
frequently, both Mesitol and Rewin were applied locally, each at the corre-
sponding inks. The different fixatives were used as follows:

Mesitol NBS (3%) and Rewin EL (3.5%), both locally 78 sheets
Mesitol NBS (3%) locally, and immersion in standard suspension 17 sheets
Mesitol NBS (3%) locally, and immersion in Rewin EL (3.5%) 4 sheets
Rewin EL (3.5%) locally, and immersion in Mesitol NBS (3%) 4 sheets
Mesitol NBS (3%) locally 2 sheets
Rewin EL (3.5%) locally 2 sheets
Cyclododecane melt,
mostly combined with local application of Mesitol and Rewin 13 sheets
no fixation necessary 2 sheets
Total 122 sheets

Only by this very time-consuming individual procedure could it be guaran-
teed that all colours remained stable during the wet treatment performed after

the fixation. The protection proved to be reliable if some aspects were consid-
ered:

* Mesitol NBS, which is coloured, can cause discoloration of the paper; there-
fore, if applied locally, excess solution has to be prevented from remaining on
the object for more than a few seconds. That is why the use of the suction ta-
ble is highly recommended.

* Rewin EL is able to “cationize” the paper so that it can attract dirt from out-
side or from degradation products rinsed out during wet treatment. This nega-
tive effect was observed in a few cases. Perhaps an even more sophisticated
method of Rewin application than that one described above can be devel-
oped.

* The standard suspension showed the least satisfying results in this case study.

In spite of the relatively high proportion of Rewin, even the anionic (fixated)
inks showed bleeding during immersion in water and migrated into the blotter
on the suction table. Therefore, for objects with large areas of cationic inks,
fixation in a bath of pure Mesitol (3%) was preferred. Moreover, the observa-
tion of the papers was impeded due to the opaque white-brownish colour of
the suspension.
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* Stamps and colours that had been reduced with water and ethanol (1:1) at the
suction table — what is a very common method to prevent bleeding in contact
with water - could no longer be fixated with the described fixatives.

¢ In addition, all areas that had come in contact with ethylacetate during the
tape removal treatment, could no longer be protected with the ionic fixatives.
So, it has to be considered that any use of organic solvents (including ethanol)
impedes the impact of Mesitol and Rewin which need the high polarity of

pure water to be attached to the water-soluble organic dyestuffs forming wa-
ter-insoluble complexes.

* As to the application of cyclododecane, it has to be realized that these areas,
having been rendered hydrophobic, consequently could not be wetted any-
more and therefore could not be deacidified by the aqueous treatment. In
some cases discoloured edges, tensions, and wrinkles have been observed, es-
pecially when large areas had been treated. Sometimes the papers regained
smoothness after light re-moistening.

¢ The brush for the application of the cyclododecane melt has to be cleaned
very thoroughly with petroleum solvent. Residues of the solvent can damage
sensitive colours when the brush comes in contact with them. It is recom-

mended to use several brushes simultaneously, so that there is always a clean,
dry brush available.

* During careful application of the melt into the paper using the heat spatula a
temperature of about 60°C has to be kept. This may result in irreversible de-

formations, if the process is not performed carefully enough, or if the paper is
too thin and sensitive.

On the whole, the fixation was successful, and all paper sheets could be
treated in the traditional aqueous immersion baths followed by wet resizing and
repairs with wheat starch. The pH value of the paper rose from about 3.5-4.0 to
7.0-75. The papers looked clean, brighter, and felt much more flexible and
stronger than before treatment. Combined with the complete removal of the self-
adhesive tapes, the restoration seems to have improved the condition of the ob-
ject much more than ever expected. However, it has to be realized, that the res-
toration needed a lot of time: 86 hours for the tape removal alone, 86 hours for
the tests and the fixation, and 61 hours for the aqueous treatment and repairs. 20
hours have to be added for preparatory works, encapsulation, and documenta-
tion, so that the total time is about 250 hours for 122 sheets, that means, ap-
proximately, two hours per sheet. For a conservator of graphic art, that seems to
be not too much, but for a conservator of records, it is a horrendous expense.
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OuTtLoOK

After the successful application of the new fixatives on highly sensitive objects it
seems to be very necessary to improve the tested techniques for a quicker treat-
ment, possibly on the cost of slight concessions to the optical appearance, so that
“normal” documents, not only those of outstanding value, can be treated within
reasonable time: objects that, for what reason ever, cannot be treated in' a
mechanized mass process. Obviously, it is possible to reduce the risk of bleeding
even by complete immersion of an object with various inks. Some papers can be
treated with one substance without previous testing of the inks.

CoNcLusion

As a result we can state: using the recently suggested types of ionic fixatives, Re-
win EL (cationic) and Mesitol NBS (anionic), together with the volatile fixative
cyclododecane it is possible to prepare even the most heterogeneous modern re-
cord consisting of water-sensitive modern inks, coloured pencils.afld stamps., for
aqueous cleaning and deacidification or applying water—contmmng adhesives.
The application is easy, does not need expensive equipment, and is free from
hazardous solvents. We succeeded in treating every sheet individually with a va-
riety of methods. This is time consuming and, considering the usual amou1'1t.o'f
modern files, quite expensive. Further studies will concentrate on the possibili-
ties to reduce the time needed in a variety of techniques in order to accelerate
the treatment.
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SUMMARIES

Aqueous Conservation Tieatment of 20th Century Papers Containing Water-Sensitive
Inks and Dyes

Water-sensitive modern dyes used for writing or marking on records can be transferred into a wa-
ter-proof condition by use of ionic fixatives. Thus, aqueous restoration techniques like washing or resiz-
ing can be applied even on documents with large areas of modern inks, stamps or copying-ink
pencils. The volatile fixative cyclododecane is used for local water-protection of small endan-
gered areas. The application of the fixatives Rewin EL™, Mesitol NBS™, and cyclododecane is
described at the example of the conservation of a complex 20" century record, thereby avoiding
any diffusion of a multitude of different inks and colours found on every single sheet of paper.

Traitement aqueux de conservation du papier datant du 20éme Siécle et contenant des en-
cres et des colorants sensibles a Ueau.

Les colorants modernes sensibles  I'eau tels que ceux que P'on utilise pour écrire et faire des in-
scriptions dans les registres peuvent devenir résistants a leau par un traitement avec des fixateurs
ioniques. Ainsi des traitements aqueux de restauration, tels que le lavage ou le recollage, pour-
ront étre appliqués méme & des documents comportant de grandes parties écrites avec ces encres,
tampons et stylo-couleurs modernes. Pour la protection de plus petites surfaces menacées pfu'
P'eau on a testé un fixateur volatil, le cyclododécane. On décrit I'application des fixateurs Rewin
EL, Mesitol NBS et cyclododécane par exemple dans la conservation d’une liasse complexe de
documents datant du 20éme siecle qui a permis d’éviter toute bavure des nombreuses sortes
d’encres et de couleurs que comportait chaque feuille de papier.

Wagrige Behandlung von Papier aus dem 20 Jahrhundert mit wasserempfindlichen Tin-
ten und Farben

Wasserempfindliche modemne Farbstoffe, die zum Schreiben und zum Markieren verwendet
werden, kénnen durch ionische Fixierstoffe wasserfest gemacht werden. Auf diese Weise kinnen
wilBrige restauratorische Behandlungen wie Wissern und Nachleimen auch auf Stiicke mit gro-
Ben Partien angewandt werden, die in denen solche modernen Schreibstoffe (Tinte, Kopierstift)
enthalten sind. Das fliichtige Fixiermittel Cyclodadecan wurde erprobt zum Schutz von kleinen
wassergefihrdeten Bereichen. Am Beispiel eines komplex zusammengesetzten Aktenkonvolutes
aus dem 20. Jh. wird die Anwendung von Rewin EL¥, Mesitol NBS® und Cyclododecan be-
schrieben, welche jedwedes Auslaufen einer der sehr zahlreichen verschiedenen Tinten und Far-
ben verhinderte, die jedes einzelne dieser Stiicke aufwies.
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What Fiber for Paper Strengthening?

by HELMUT BANSA & RITSUKO ISHII

INTRODUCTION

To give a sheet of paper, used as information carrier, it be a picture or a text, de-
cayed by chemical or microbiological processes, back the mechanical strength
that it needs to be used in the intended way, is among the most often demanded
duties of a paper restorer. If the paper is so weak that it really cannot withstand
the stress of careful handling — touching with hands, lifting, turning over — then
this strengthening can only be done by combining it with another sheet-shaped
object'. Any other method that are currently done in practice or that are under
research — bathing in or brushing on the solution of a film-forming compound,
graft polymerization, crosslinking, tying a molecular string along the cellulose
molecular chain — does not give enough strength, if the sheet in question has suf-
fered decay in such an amount that it can no longer be handled.

This combining the weakened sheet with a strengthening one can be done in
different ways. A very interesting procedure is making the second, the strength-
ening sheet out of fiber especially prepared for its purpose instead of using a pre-
produced one?, At' best this papermaking is done in the leafcasting machine, and
if an apt program?® for computing the amount of fiber and the other ingredients
necessary for precise leafcasting is available, then this strengthening paper can be
custom-made very precisely for the requirements of the specific paper to be to
strengthened. The simplest way to do this strengthening is just to reduce the suc-
tion in the leafcasting machine as soon as the primary aim of leafcasting, i.e. to
substitute lost parts in a sheet of paper, has been achieved, but still leaving a cer-
tain amount of suspension containing a precisely defined amount of fiber just
above the object. The suction must be reduced to be distinctly lower than the
weight of the fiber resting in the water, so that these fibers will deposit all over
the leafcasting area, thus forming a tissue that is covering the object, hence
strengthening its weak parts. Where this strengthening tissue is not needed and
where the fiber (or the tissue resp.) would impair the aesthetic quality of the ob-
ject, masks (wax paper, Hollytex™) may be positioned. A more precise result —
precise computing provided ~ is obtained if the strengthening tissue is made in a
a separate procedure, and this technique also allows to use different fiber: such
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type that renders a better strengthening effect than the fiber used for filling in
missing parts, i.e. usually a mixture of chemical pulp and cotton, of shorter and
longer fibers. Such a strengthening tissue is usually put on both sides of an ob-
ject, aa was done with all samples of the research project reported here.

JAPANESE FIBER

Frank Mowery* was the first restorer to use the strongest fiber known in paper-
making for paper restoration. He used Japanese fiber instead of the paper made
of it, i.e. Japanese tissue. The problem with the Japanese fiber is that it must be
Processed to become paper imediately after having been cooked in alkali and
beaten; if it becomes dry, it must be cooked and beaten again. If it is necessary
to define a certain amount of fiber in order to process it to become a tissue of de-
fined grammage, this must be done with wet fiber. We have found the following
relation:

10 g shirokawa = white bark, i.e. inner bark (from which the outside dark-
coloured and wood-like layer has already been removed)

soaked for 12 h in cold water,

boiled for 150 min in aqueous soda ash solution 2.7 % (135 g
Na,CO, 10 H,0 in 5 | water),

slowly cooled down,

rinsed in cold water,
beaten for 10 min with a square-cut wooden club on a stone support,

will become
32 g wet fiber mass, from which

729 g paper can be made.

The difference, i.e. 2.61 g or ca. 27 % of the shirokawa, are hemicelluloses dis-
solved during the boiling process and removed together with the boiling lye. We
found no significant difference in these relations between the two kinds of fiber,
i.e. kozo and mitsumata, If the water of the lye evaporates and the dry residue is
dissolved in 175% NaOH, i.e. submitted to the alkali-solubility-test’, a part of it,
€a. 11% in relation to the dry shirokawa, is not dissolved again and must therefore
be defined as being o-cellulose: one of lower quality, i.e. shorter chains, not solu-
ble in cold strong alkali, but only during longer alkaline boiling. Another frac-
tion, computed into relation of dry shirokawa ca. 7%, can be defined as -, the
rest (ca. 9% of dry shirokawa) as y-cellulose.
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Long fiber as that of Japanese origin, as well as flax and hemp, can only be
processed to become paper if a polyelectrolyte (natural: neri = polygalacturone
acid; synthetic: polyacrylamide) is present in the suspension. Empirically we
found the following:

32 g wet fiber mass (cf. above) should be suspended by slight stirring by hand
8000 ml water together with

0,4 g polyacrylamide.

The PAcA type we use upon advice of the Kochi Pulp and Paper Institute in
Japan is named as “PAM-P”, a product of Sumitomo Seika Chemicals, Osaka
(Japan). We found it to be useful, but we did not check whether it is the most apt
type. The 0,4 g are dissolved in 100 ml warm water (truly: 4 g/1000 ml, 90%
used otherwise). PAcA is also added to the process water for normal leafcasting:
10 ppm. We made rough preliminary tests with accelerated ageing, three times
doubling this normal amount of PAcA in the process water (20, 40, 80 ppm) and
found no negative influence of this additive on the ageing behaviour of the pa-
per. For processing long fiber the PAcA is not only added to the fiber suspension
prepared for use as described, but also the concentration in the machine is dou-
bled: 20 ppm. For long fiber the suspension in the machine must be as thin as
possible, i.e. the fiber suspension prepared for use as described must be evenly
distributed in the biggest possible amount of processing water that is pumped
into the machine part above the sieve. This amount is depending on the machine
type; in the machine that is to our disposal it is 60 I; it can be called the “active
process water”, in contrast to the water in the lower part of the machine, in our
machine another 140 1. 10 ppm PAcA in the total process water (60 + 140 =2001)
means 2 g, 20 ppm means 4 g.

That very amount of the Japanese fiber suspension prepared as described
(7.29 g dry fiber in 8000 ml water containing 0.4 g PAcA) which is, exactly com-
puted by the leafcasting program, necessary for a specific process, must be added
to the “active” process water only after having already been pumped into the
upper part of the leafcasting machine. The fiber itself must not be pumped, as it
normally done for leafcasting: too much of it would stick in the pump. Japanese
fiber suspension must be mixed in by slowly pouring it into the stream coming
out of the pump hose and distributed evenly using an apt instrument.

OTHER FIBER

Because the procedure with Japanese fiber is rather laborious and because in
many cases with the fiber normally used for leafcasting a good strengthening ef-
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fect can be achieved we wanted to find out in what case the “normal” leafcasting
fiber is enough and in what other Japanese fiber is necessary. In the workshop
from where this report originates “normal” leafcasting fiber is a mixture of
bleached white cotton, unbleached linters of natural colour and chemical pulp
dyed to several tints of yellow, brown, orange, blue and grey (black). Preliminary
tests were done in search for a fiber not only of better strength but also not re-
quiring laborious preparation. We found flax fiber, the same as used industrially
for tea bags, and we included this product for our tests. It was supplied by Schoel-
ler & Hoesch GmbH Papierfabrik, Gernsbach (Baden, Germany) via Walter Klug
& Co., Immenstadt (Wiirttemberg, Germany). Specifications are as follows:

* length of fiber: min. 1.2, max. 7.6 mm, avg. 4.8 mm
* thickness: min 15-30 um
* Schopper Riegler freeness: 10
Processing flax fiber in the leafcasting machine is comparable to proc.essing
Japanese fiber. It is advisable not to begin with dry fiber as it is done with the

mixture for normal leafcasting, but with a pre-prepared suspension: 5 g/1000 ml
*+ 10 ml PAcA solution 4g/1000 ml, i.e.
5 g fibre,
40 mg PAcA,

1010 m] water.

Pulping the dry flax fiber can be done in a mixer. The PAcA is dissol.ved sepa-
rately. As with Japanese fiber the suspension must not be pumped. Again as with
Japanese fiber the amount of PAcA in the process water must be doubled
(20 ppm).

We found, again by mere experience, that the minimum grammage of ::
strengthening tissue from whatever fiber is 1.7 Therefore this is the “norm‘al
measure for which the leafcasting program is computing how much suspension
of the selected kind is necessary for a strengthening tissue of the size in question.
During input the computer is asking whether that grammage shall be increased
by multiplying by 1.5, 2 or such factors required.
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In order to find out what fiber is the most apt in different cases, five paper were
chosen to be strengthened by four kinds of fiber: kozo, mitsumata, flax, chemical
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pulp, each by a single (1.7 g) and a double (3.4 g) tissue. As treating paper in the
leafcasting machine normally requires the paper to be washed and as washing
can have a significant influence on the physical properties chosen for describing
the quality of a process, we also included simple washing into the treatments to

Fig.4: Single and double tissue of chemi-
cal pulp
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Fig. 6: Brittie Paper, single tissue (top), double tissue (bottom) of kozo..
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be checked. As any paper is to be pasted before the tissue is positioned onto it
wet-on-wet, simple pasting is also included. The paste is milk-thin, following the
Far-Eastern manner: 15 g wheat starch / 1200 ml.

Altogether there were 10, or, including the control, 1] treatments:

® ctr control; no treatment
e Wa washed
* Pa  pasted after washing

* K1 strengthened by a single tissue of kozo fiber after washing and pasting
¢ K2 strengthened by a double tissue of kozo fiber after washing and pasting

* M1 strengthened by a single tissue of mitsumata fiber after washing and past-
ing

* M2 strengthened by a double tissue of mitsumata fiber after washing and
pasting

* F1  strengthened by a single tissue of flax fiber after washing and pasting
* F2 strengthened by a double tissue of flax fiber after washing and pasting

¢ Chl strengthened by a single tissue of chemical pulp fiber after washing and
pasting

* Ch2 strengthened by a double tissue of chemical pulp fiber after washing and
pasting

All samples with tissue recto and verso.

Papers

Following the principle that results from conservation research usable can be val-
id for practical conservation only if the research is done not only with modern
objects, chosen because they are of well defined and reproducible quality, but
also with real, i.e. old and/or damaged ones, the tests were done not only with
filter paper, but also with two heavily decayed papers from the 19" century. Dur-
ing the experiment it became evident that the main advantage of the leafcasting-
tissue-technique is not so much with modern machine-made paper that has not
only lost its mechanical strength as result of acid-catalyzed hydrolysis, but also
become hard and brittle as a result of crosslinking. The main object of this tech-
nique rather is historic rag paper damaged by mould, and as it was not possible
to provide a paper damaged by mould in such an even way that mechanical
strength tests could provide reproducible results, it was tried to prepare by
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Table 1: The papers

Origin Fiber g/m?  ash (%)
Britle Allgemeine Deutsche Biographie ca. 50% chemical pulp 69 12.02
9. Leipzig: Duncker & Humblot  ca. 20% groundwood
1879. ca. 30% rag (cotton)
Very brittle The Indian Law Report; Calcutta chemical pulp, partly from 83 17.14

series 27. Alipore (West Bengal):  rice straw

Government Pr. 1903. .
Rag Multz, Jacob Bernhard: Reprae-  Flax or hemp 57 3.15

senatio Maiestais Imperatoriae. Ot-

tingen (Bavaria): 1690

Filter Product of | Binzer Papierfabrik  ca. 70% chemical pulp 59 0.19
GmbH, Hatafeld (Lower Saxonia, ca. 30% rag (cotton)
Germany) ‘ .
Weakened ~ Filter paper put for 20 min 10%  same as Filter 61 0.26
Filter HCl at 50°C, then for 20 min in

3% KMnO, at room temperature,
finally for ca. 3 min in 3% Na,S$,0;
until the brown colour of manga-
nese dixide disappeared

chemical treatment a material exhibiting comparable mechanical propertiefs. We
were aware that this is not really imitating mould-damaged paper. Even if the
Product was too weak to be handled when it was wet it gave significantly better
strength numbers than those to be expected with heavily mould damaged paper.
But it was so weak that it could hardly be put out of the last preparation bath
and not submitted to the washing procedure of the experiment. A fifth paper
chosen for the experiment was a well preserved historical rag paper without
damage. The main reason was that a good conservation technique should show a
result — an improvement, of course — only on damaged objects;' undamaged ones
or undamaged parts should stay unchanged. It seemed interesting to see what fi-
ber would be nearest to this ideal.
The papers used for the experiment are given in Table 1.

Mechanical Strength

For checkjng the mechanical strength achieved by the different treatments the
following parameters were checked:
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Fig. 10: Microscopic picture 1:90 of the Brittle, the Very Brittle and the Weakened Filter Paper.

Tensile strength after one defined fold, what is best apt to describe the usabil-
ity of old paper”. As the “control” samples of the “Brittle” paper gave only
tensile strength numbers below the limit of the testing machine and as for
computing the increase achieved by the different treatments in relation to the
state before a number higher than 0 is necessary, the lowest number found
during the whole testing procedure — 10-12 samples for each average number
~ was taken arbitrarily whenever tensile post fold was not measurable. This
number is 0,09 N. It was taken even for “Very brittle” ~“Control”, “Washed”,
and “Paste”, where the test strips (15 mm) broke already during folding.

Tearing resistance’. This test might be apt to describe the strength a sheet of
paper needs to be used as information carrier. Its disadvantage is that quite a
lot of paper is needed: more than often can be provided of old paper. This

was the case with the “Very brittle” paper; tear resistance for ctrl, Wa and Pa
could not be tested.

Tensile strength® is easily to be tested, but the numbers are giving little infor-
mation regarding the usability of a paper as information carrier. Even an ex-
tremely brittle paper can have a considerablly high tensile strength’: higher
than a flexible paper that can be used without restriction.

The MIT fold test' is not apt for measuring mechanical strength in paper
conservation research!!, for several reasons: it is too strong to describe the
quality of paper that has suffered already some decay and too sensitive to-
wards decay processes that have little influence on the usability; with the most
often very uneven historic and /or decayed papers the results fall in a too
wide range. Nevertheless we tried to included this test in our experimentbe-
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Table 2: Mechanical strength numbers

ar Wa Pa Kl K2 M1 M2 FI F2 Chl Ch?
Tensile post fold (N}
Brittle 000 000 000 556 344 148 637 437 751 062 92,70
Very brittle 0,09 009 009 009 269 009 100 009 089 009 0,09
Rag 670 495 933 1539 20,13 1399 1070 1681 2123 14,61 14,20
Filter 642 628 14,56 21,13 2246 24,00 28,58 20,19 22,12 14,55 17,83
Weakened filter 3,44 405 1346 1590 10,13 1803 11,00 1051 1191 1346
Tear resistance (mN)
Brittle 661 685 601 2536 4279 17,36 30,73 2200 2927 11,58 22,67
Very brittle ’ ’ 9679 3064 1507 2547 14,13 26,80 11,27 1573
Rag 5036 42,36 51,00 5345 5636 47,82 52,20 53,00 54,55 46,64 42,00
Filter 3764 3691 62,36 76,18 8491 74,18 82,00 7500 76,55 62,18 71,82
Weakened filter 22,00 04,18 3582 33,82 2527 3400 2820 3145 27,82 33,64
Tensile strength (N)
Brittle 1308 1417 1512 20,03 2323 2305 3134 2537 2579 2203 24,57
Very brittle 9,83 6,’55 1542 1138 859 993 1453 11,68 1376 11,21 1054
Rag 1101 8,12 1420 2249 2536 2552 2635 2431 26,66 22,03 18,06
Filter 658 646 14,19 2047 23,18 2526 2652 22,72 22,96 13,03 19,88
Weakened filter 4:25 §68 2039 2039 11,94 2574 1567 19,88 1579 15,26
Folding endurance (number)
Brittle
Very brittle
Rag
Filter' s o 98 144 150 142 208 146 122 58 149
Weakened filter 4 1 99 131 12 124 20 106 65 115
"load 500g * Joad 200 g

cause it is the most often used one in paper conservation research. For the
“Brittle” and the “Very brittle” paper MIT fold numbers were below measur-
ability. For the “Rag” samples we abstained from them becalfse they are too
diverse. The “Weakened filter” was too weak to be tested with the load de-
manded in the relevant instructions, i.e. 500g; so it had to be r‘edn’c’ed to 200g.
Folding endurance in the correct way was checked only for “Filter”.

Mechanical test numbers are given in Table 2 and Fig 11-15.
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Fig. 11: Mechanical strength of the Brittle paper.

Sensory Quality

The ideal conservation treatment is a one that is affecting only that very aspect
of an object that is to be improved, because it prevents the object to be used
properly, while any other condition, mainly those forming the aesthetic quality
of the object, i.e. those to be perceived by the human sense organs, stay un-
changed. They may be called the sensory qualities. As it was the aim of the ex-
periment reported here not just to find out what of the methods under reseach is
giving the best mechanical strength, but, more generally, what is the “best”, those
sensory qualities were included. Numbers to be checked by an instrument can,
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Fig. 12: Mechanical strength of the Very brittle paper.

of course, never describe exactly the aesthetic appearance of an object. Buf. tl"ney
can introduce some objectivity to this field so widely open to taste and partiality.

We checked thickness, stiffness' and the three colour elements of the
CIELAB system. The results are given in Table 3.

EvaLuation

On order to put the mechanical strength increase achieved by the different treat-
ents in correlation to the change in sensory qualities inevitably associated to
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Fig. 13: Mechanical strength of the Rag paper.

them the quality numbers of a certain treatment were compared to the relevant
quality number of the untreated sample and reduced by 1:

Mseared Streated

-1 and — -1 where:
Mynireated Suntreated

m = mechanical strength number
s = sensory quality number.

The result is characterizing the change achieved by the relevant treatment: >0
meaning increase, <0 meaning decrease. For the sensory tests the absolute values
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Fig. 15: Mechanical strength of the Weakened Filter paper.
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dr Wa Pa KI K2 Ml M2 FI F2 Chl Ch2
Thickness (mm)
Brittle 55 6 58 75 83 75 72 64 78 64 67
Very brily g5 79 & 103 106 93 97 90 99 98 9
Rag 124 132 126 119 125 111 120 122 124 126 113
Filter 151 157 165 106 113 104 111 106 106 110 113
Weakened filter 153 160 143 105 111 105 110 108 108 114
Stiffness (N » mm)
Britgle 031 030 030 050 064 052 054 051 057 039 045
Very brittty 213 186 151 205 231 133 186 132 155 180 142
Rag 067 074 140 135 169 137 136 131 155 079 060
Filter 126 106 220 122 188 124 143 123 142 108 L4
Weakened filter 0,96 191 186 106 070 138 057 070 069 059
CIE*L
Brittle 7566 7747 73,12 76,51 7616 77,54 7675 7480 73,46 74,52 74,76
Very brittly 7323 7522 7358 73,11 7291 72,78 73,19 73,22 7467 73,19 7331
Rag 89.06 89,04 8878 8892 8875 88,56 8748 8869 8887 8866 88,78
Filter 93,79 9401 9370 93,18 9333 92,95 92,85 93,14 93,16 93,58 93,70
Weakened filter 94,40 9416 94,36 93,91 93,70 93,35 9404 93,84 9421 94,37
CIE*a
Brittle 471 420 499 451 440 549 407 479 511 502 4,84
Very britiy 408 360 414 409 377 382 413 405 360 417 41
Rag 071 088 075 071 083 077 108 075 079 074 082
Filier 023 026 -020 -016 -013 008 002 018 0,12 0,16 -0,18
Weakened filter  -0,30 0,32 022 -0,19 -026 -0,15 025 -0,26 -0,33 -0,30
CIE*b
Brittle 2041 1951 20,74 19,77 19,16 2245 1822 19,97 19,40 21,00 20,70
Very brittly 1786 1737 18,18 1744 1692 17,08 1653 17,06 1645 17,94 17,54
Rag 1157 1283 11,73 11,20 1167 11,44 12,11 11,77 11,82 12,06 11,85
Filter 567 486 550 6,17 626 669 717 606 618 571 562
Weakened filter 3,97 425 452 528 542 625 4,65 512 479 4,50

of the subtraction are pertaining, because any change is to be rated in the same
Way, it might mean “less” or “more”. If the change indices of the mechanical
Strength numbers are put into relation to the change indices of the sensory qual-
ity numbers, either be subtraction or by division, a single number characterizing
the overall quality of a treatment in relation to another one is found. It might be
called the quality index. If the average of all sensory change indices is subtracted
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from the average of all mechanical change indices, 0 is indicating ‘the usele.ssnesfs
of a treatment, positive numbers its positive, negative numbers its negz;m"e ef-
fect, and the higher the number the better the effect. All these are only relative, a
Comparison of different treatments. o
In mathematic language the formula to evaluate the quality index by subtrac-
tion is as follows:
1 o1y - 1§ 140y where:
18w - L84
= mechanical strength tests relations, i.e. value, ., divided by value ...
§ = sensory test relations, i.e. value, ., divided by value ...
3= number of mechanical strength tests
b= number of sensory quality tests
t=treatment.

Fig. 16 is giving the quality indices of different treatments with regard to the
different papers as range numbers to each other.

RESULT AND DiscussioN

From tensile post fold, tearing resistance and tensile strength of filter pap;:r
(Fig. 14) it becomes evident that any tissue is giving me(.:hamc'al strength to the
Paper, the double one more than the single. For this platitude it .would not have
been necessary to do the tests. More interesting is that, reg?.r(.img ﬁlt'er papte}:lr,
milsumata is giving slightly better results, whereas common opinion attnbllxtes ‘ dtz
better mechanical strength to kozo, as supported by some ~ .not all - results W.lf
other papers. Obviously different kind of damage is met differently by specific
qualities of the different fiber. ' . ' < e better

Really surprising is the fact that sometimes the 51.ngle tissue is giving oue
Strength than the double: most often kozo (Brittle tensile post folc.l; Weakened fil-
ter tearing resistance, Very Brittle tensile strength). An explanation may be .the
Uneveness of the kozo double tissue (cf. Fig. 1), which prevents exacF measuring.
The same phenomenon with folding endurance for flax tissue on Filter is to 'be
explained with the inaccuracy of the fold test. All mechanical strt?ngth tests with
flax on Filter gave little differences between single and double tissue. The ?p;s-
cific quality of the flax fiber used for this experiment — long and strong, blllt little
fiber-to-fiber bond compared to Japanese fiber ~ is not an advantage with the
800d, undamaged Filter.

A result important for practice is that with paper that has suffe‘red decay not
only by depolymerization in the course of acid catalyzed hydrolysis, what makes
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it weak, but also by crosslinking in whatever chemical course, what makes it
hard and rigid, cannot be restored to have the mechanical strength necessary to
be used as information carrier. If, based on previous research®, we assume that
the minimum strength for this purpose is 4 N for tensile strength post fold and
30 mN for tearing resistance, we must state that these two numbers have not
been reached for the Very brittle paper by any treatment. If such a paper, a pa-
per in the final state of chemical decay, is to be restored by the tissue method,
then kozo must be used, and the tissue must have a grammage near to that of pre-
produced Japanese tissue, i.e. 4-6. If it is really necessary to restore such an in-
formation carrier in its original format, i.e. in the case of high intrinsic value, it
might be better to do it by paper splitting accepting the big change in sensory
qualities inevitably connected with this method',

A paper having suffered the same kind of decay, i.e. weakening combined
with hardening, but not yet reached the final state, what is the case with the Brit-
tle paper, can sucessfully be restored to a state involving usability by a double
tissue of any long fiber, kozo and mitsumata as well as flax. Quite surprising is the
fact that this last fiber is giving very good results: if we were not afraid to overin-
terpret the results of our strength measuring we would say: the best. The specific
quality of Japanese fiber, i.e. not only to be long and strong, but also to have a
very good fiber-to-fiber bond is not an advantage in this case. Chemical pulp,
consisting of shorter fibres and having a fibre-to-fibre bonding capacity compa-
rable to flax is not giving enough strength to a paper damaged as described.

From practical application we knew that mould-damaged paper even in a
highly advanced state can be restored by the leafcasting tissue method with sur-
prisingly good result. For this research we tried to imitate such a paper by artifi-
cially promoting hydrolysis and oxidation of filter paper. Any of the tissues gave
this paper, the Weakened filter as we called i, good strength, while it was below
usability limit before treatment. The surprising fact is the little difference be-
tween Japanese fiber, flax and even chemical pulp. If we look at the quality
range numbers, a superiority of the Japanese fiber becomes evident with the
double tissue, mitsumata being the best. The double mitsumata tissue, however,
provokes the greatest paleness of a black background (cf. Fig. 2b) and thus also
on the script (Fig. 7c). With the single tissue koo is the best, followed by chemi-
cal pulp, while mitsumata is at the low end of the range chain.

Relying on the principle that a good conservation technique should show the
aspired result only on damaged objects or on its damaged parts while it leaves
undamaged ones or undamaged parts unchanged, the very good quality of any
variant of the tissue technique can be stated: the Rag paper of the experiment
had suffered very little change, and the differences between the different fibers
are smaller than worth to be mentioned. This phenomenon is of practical use in
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the case of good old rag paper partly damaged by m.ould. In such a ;:)ased the er;
damaged parts will be covered by masks. There will alwa.ys. be a bor <?r a }e]
where a strengthening tissue would not be necessary. But as it is not changing the

appearance of the object, this does not matter.

CoNcLusion

We conclude from our experiment that the tissue method is very av}\:ell :};: nlzor
strengthening damaged paper, mainly such one that has becon‘fe we ;m llpI
as it is the case with mould damage. Paper embrittled by crosslinking o 1t.s ce ;1
lose can be strengthened by this method only in 2 middle state of siazlagf~, met 0ef
final state ~ the paper breaks already when it is bended — only a tbc er 1552 o
kozo may be useful; such a thicker kozo tissue, hcgwever, tends to fe T}Tevjoublé
Fig. 1). 1t might be advisable to mix kozo and mitsumata, at least for ! e uble
tissue, so that the unevenness of the first and the tendency to r'educe the contras
between black script and white paper of the other (Fig. 7¢) will nc;)t bfacorlrle tf;
evident. Quite often it is not neccessary to use Japanese ﬁber lé orious ;rf p t
Pared. Good flax fiber may give the same strength, eve-n if the tissue itself, noe
Connected to a damaged paper, is by far weaker than a tissue ofh same gr@mili
made of Japanese fiber. The capacity of the flax fiber used f?r the expenmer:Il
form fiber-to-fiber bonds could be increased by further beatlfIg; it freeness v Ee
is only 10. But this would presumably reduce length @d thlckfless. a:;d thus d: e
strength of the fiber. Sometimes even chemical pulp fiber, which is e(rlnan ng
the least effort to be prepared and used, is giving enou.gh strengt.h tg') ? am;i\eg; )
sheet of paper. The decision what fiber is the most apt in th.e 'stramd e .“teenf !
Possible effort and best possible result is a matter of individual decision for

well experienced restorer.
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SUMMARIES

What Fiber for Paper Strengthening?

Overall covering with a thin fiber tissue made in the leafcasting machine is a very effective meth-
od to strengthen paper weakened by chemical or biological decay. Recently it has been sug-
gested to use Japanese fiber for paper restoration, what can be adopted also for leafcasting. As
Japanese fiber is quite laboriously to be prepared, it seemed advisable to assess their benefit in
relation to the expenditure they need.

Different kinds of paper, representing different states of strength as found in library, archive
and museum objects, were treated according to the leafcasting-tissue-method, using kozo, mitsu-
mata, flax and chemical pulp fiber. Several mechanical strength parameters (tensile strength after
one defined fold, tearing resistance, etc.) were checked to assess the benefit, several sensory
quality representing parameters (colour, thickness, stiffness) were checked to assess possible nega-
tive side effects. The two groups of tests parameters ~ mechanical strength and sensory quality -
were combined by subtraction, what allowed to assess the entire result of a method.

As main result it is stated that the leafcastjng—tissue-method is very well apt for mould-dam-
aged paper. For paper not only weakened by acid catalyzed hydrolysis of its cellulose, but also
enbrittled by crosslinking, the method is useful only in the middle, not in the final state of decay.
Flax is giving nearly the same strengthening effect as Japanese fiber, even if a stand-alone tissue
of flax is by far weaker than a tissue of same thickness made of Japanese fiber.

Quelles fibres choisir pour renforcer la durabilité du papier?

La méthode qui consiste a recouvrir le papier d’'une mince gaine de tissu fibreux obtenu par
laminage s’est avérée étre trés efficace pour renforcer le papier ayant souffert de détérioration
chimique ou biologique. Récemment il a été recommandé d'utiliser des fibres de japon pour la
restauration du papier, ce que 'on peut transposer également a la méthode de gainage précitée.
Etant donné que la préparation des fibres japon est trés laborieuse il est conseillé de considérer
l'avantage de leur utilisation par rapport aux efforts investis.

Différentes sortes de papier qui présentent le degré de résistance que l'on trouve dans le papier
des bibliotheques, des archives et des musées ont €té recouvertes de gaines de différentes fibres :
kozo, mitsumata, lin et cellulose. Plusieurs paramétres de résistance mécanique {la résistance 2 la
traction aprés un pliage déterminé, la rigidité flexionnelle et autres) ont été testés afin de pouvoir
mesurer avantage de plusieurs paramétres représentant des qualités sensorielles (couleur, épais-
seur, rigidité) ainsi que d’évaluer les effets secondaires éventuellement négatifs. Les deux groupes
de paramatres testés (qualité de résistance mécanique et qualité sensorielle) ont été combinés par
soustraction, ce qui a donné un résultat qui permet d'évaluer P'effet global de la méthode.

I faut constater comme résultat principal que la m
fibre est parfaitement adaptée pour la restauration d
En ce qui concerne le papier dont la cellulose n’a p
catalysée a I'acide mais qui a également été fragilis
thode est adaptée,
On peut obtenir

éthode de gainage par une mince couche de
¢ papier endommagé par des champignons.
as été atteinte seulement par une hydrolyse
€ par des processus de liaison croisés la mé-
mais seulement 4 un stade intermédiaire et pas au stade final de dégradation.
avec le lin des effets de renforcement quasi-identiques a ceux des fibres de
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in d’6 i rési a épaisseur égale que le
ier j : 3 i i e aussi résistant a ep
Papier japon méme si le tissu de lin en-soi est loin d’étr

Papier japon.

. ionet?
Welche Fasern sind fiir das Festigen von Papier am besten geeignet:

- ies ist eine sehr

Das Festigen von Papier durch ein im Anfasergeriit hergestelltes d.un:es F:S:rr\t;lilzlso::s:;,:i e
wirksame Methode zum Restaurieren von Papier, das du.rch ChenTlsc : n_]: anfasern zu verwen-
bau geschiidigt ist. Kiirzlich wurde empfohlen, in der Papierrestaurieru g : ,? b chtlichen Vor-
den, Das LiBt sich auch auf das Anfasern iibertragen. Da Japanfasern ein ihren Vorteil im Ver-
bereitungsaufwand erfordern, erschien es ratsam, eine Vorstellung von ihre
gleich zum Aufwand zu entwickeln. o y e Mu-

Verschiedene Papiere, die den Festgheitaustand von Papir in Biblioheks, Archiv und M
Seumsgut repriisentieren, wurden mit verschiedenen Fasern iibervliest: D‘;rchreiﬁwiderstand,
und Zellstoff. Mechanische Festigkeitswerte (Bruchkraft nach Falzun%(;r (Farbe, Dicke, Biege-
L.a.) wurden gemessen um den Nutzen, sinnlich wai}:!'rltfflffll"““3 Eafa':s einzusché;tzen. ISie bei-
steifigkeit) wurden gemessene um denkbare negative Ne.benWIT lmg) wurden durch Subtraktion
den Gruppen von MeBparametern (Festigkeit und sensorische Wertet irkung einer Behandlung
Vel’bunden, was eine Zahl ergab, die eine Finschiitzung der Gesamtwirkung
erlaub, . . i Ige-

Al Hauptergebnis s fstustellen, da das Ubervlicsen ur Restaurierung von <Smmei
schadigtem Papier sehr gut geeignet ist, fiir Papier, das nicht nur :n ¢ in ihr auch steif und
drolyse seiner Cellulose geschwicht, sondemn durch Vemetzungsvors Egd tadium erreicht hat.
hart geworden ist, aber nur wenn der Abbauvorgang nO,Ch mch't das.t ‘; ;nfasem auch wenn
Mit Flachs ist fast die gleiche Festigungswirkung zu errelch.e nowie ™ Jd};r leichejn Dicke aus
ein freihingendes Vlies aus Flachs bei weitem nicht so fest ist wie eines gl
Japanfasern.
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The Development of a Ready-For-Use Poultice
For Local Removal of Starch Paste
by Enzymatic Action

by INGRID SCHWARZ, AGNES BLUHER, GERHARD iél}\ig;,
ELISABETH THOBOIS & KARL-HEINZ M

INTRODUCTION

Starch paste was used for mounting together paper objects. It usuall?/ c:;u?tbet li;
moved by humidification that causes swelling of the paste to a vxsco; y !
makes detachment of the mounted items possible. The use of alm;) atrln a\mrtnIt
glue as additives to the paste causes higher adhesive Power fmd em. rit 'em'en . -
can still swell to a certain extent but due to rather high residual viscosity it can
not be removed without loss of paper. Starch digesting enzymes l— amyg;es - ari
very useful for decomposing such modified starch paste. Hatton a,n‘dthe :pn]liil;
describe the application of enzyme-containing gels for this purlpo.seg kenpgown
tion of gels has the advantageous effect that the starch molecule is bro >
to smaller water-soluble units thus allowing the detachment of the mounted item
is possible with a smaller amount of moisture. . .

pFor the detac;ment of works of graphic art from albums in the Graphic (.Zol-
lection Alberting in Vienna mounted with modified starc}; Faste brflrdly sw;lmgl,
an enzyme gel of special composition has been developed™*. A.dd1t‘1veds1 to tli g:;
Composition make it possible to reduce the enzyme concentr‘atu‘m 1}r11 e ge o
siderably so that only minimal residues of the enzyme refnam in t‘ e Paper, the
transfer of the enzyme to the adhesive point or the mounting ac‘lhes.we 1Sfp101551 ‘
with an extremely small amount of moisture. After local application of the ged,
Tesidues consisting mainly of decomposition products of .starch can be remove
by means of moist cotton swabs. Washing after treatment l? not necessary. o

As it is difficult to produce the gel and as its efficacy will last only .for llmlt('?d
time the idea arose’ to develop a ready-for-use poultice and ’a. technique for its
effective use. After having investigated the behaviour of. modified starc.h pa}slte a
number of poultice materials and the application techniques for poultices have

Restaurator 20: 225-244 © 1999 Saur, Munich etc.
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been tested. A number of test samples have been analyzed for the amount of re-
sidual enzyme and detergent before and after accelerated ageing. The goal of the
research was to develop a technique for routine application. The poultice devel-
oped in this way has been used not only for objects in the Albertina, but also for
objects of other collections: Kupferstichkabinett of the Hamburger Kunsthalle, Kup-
ferstichkabinett Dresden, Goethe- und Schiller-Archiv of the foundation Weimarer Klas-
sik. Thus the method was developed to an optimum.

DAMAGE

Huge amounts of objects mounted by means of starch paste are to be found in
every graphic collection, archive and library. Wheat starch paste was considered
a suitable mounting adhesive because of its well- known adhesive power and its
permanent elasticity. A further advantage of the starch paste is easy removability
which can be realized by swelling using moisture even after centuries of natural
ageing. Removal of adhesive joints is always necessary if an antiquated mounting
has to be changed.

Pure starch paste keeps well only for a limited period. Therefore, as early as
in the beginning of the 19" century several additives were used to achieve a bet-
ter durability. Alum, KAI(SO,),-12 H,O can prolong the durability of starch paste
for several weeks or even months. Depending on its amount, the pH of the paste
is reduced to < 5; its receptivity to water after drying is reduced as well; it be-
comes brittle and hard to swell. To improve the adhesive strength, proteinous
substances are added. Animal glue is hardened by alum thus reducing even
more the ability of the paste to swell.

Those recipes are not recommended for mounting valuable objects’. If the
humidity in the surrounding air is changing, the reduced swelling ability of hard-
ened paste can result in damage. An originally unsized paper becomes to a
certain extent locally sized within the area where the hardened paste is applied,

which results in tension, formation of folds (cf. Fig. 1), cockling and creases
(Fig. 2).

STARCH PASTE

The main component of the paste used for mounting is starch, a polysaccharide
photosynthesized by green plants. The macromolecules are built up of a-D-
glucopyranose. Every two of these units are combined by exuding one molecule
water. In contrast to cellulose, the units of which are combined in -glucosidic
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(

Fig. 1 and 2: Damage caused by inflexible joints in the albums of the Albertina in Vienna.

bonds, those of starch are exclusively o-glucosidic’. The formation of starch
from glucose can be described by the following formula:

n CH,0, - (C;H,Oyn + (n-1)HO

glucose starch water

The main components of starch are amylose and amylopectin. Amyl(.)s? isa liln-
ear polymer of anhydroglucose units liked together by a-1,4-glucosidic bonds.
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6CH,OH
Ak

H OH H OH H OH

Fig. 3: Model of a chain-formed molecule of amylose.

The degree of polymerisation (DP) ranges between 250 and 1000 (average 300
to 400). The amylopectin has a branched structure with each of the branches as
an amylose (with about 25 anhydroglucose units) but branching occurs through
o -1,6 linkages, occasionally through o -1,3 glucosidic linkages. The average DP
of amylopectin is higher than the one of amylose®. The proportion of these two
components is variable for the different sources with consequences for the prop-
erties of different starch pastes.

The decomposition of modified, embrittled starch paste leading to liquifica-
tion of the adhesive joint can be achieved by starch-digesting enzymes. Tradi-
tional techniques of humidification, e. g. the application of GORE-TEX™ hu-
midifying poultices or hot steam failed to soften the adhesive joint to a sufficient
extent. In case the adhesive joint is very hard and difficult to be penetrated by
water even the application of enzymes causes problems and requires additives
such as wetting agents and penetration aids.

ENZYME ACTIVITY

Enzymes are proteins which act as catalysts. They are produced exclusively by
living cells. Their catalytic activity is highly specialized in so far as one special
enzyme is only able to transform one specific substance which is called the sub-
strate. Any metabolic process is based on enzymatic reactions. Enzymes are pro-
duced industrially by isolation from several organisms. As catalysts they are not
consumed in the course of the chemical reaction. They accelerate a specific reac-
tion, e. g. the polymerization of a macromolecule such as starch without pro-
ducing by-products. The effectivity of an enzyme towards the substrate is techni-
cally expressed in activity units’.

Enzymes are only active as catalysts in the presence of water, that means that
for any enzymatic reaction a certain amount of water is indispensable. Water has
the function to undergo reactions with the functional groups of the enzyme thus
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Fig. 4: Model of the molecular structure of amylopectin.

Causing the development of enzymatic activity. If the enzyme catal?lses the hy-
drolysis of the substrate, i. e. the depolymerization of starch, water is consumed
in the course of the reaction. Under conditions that might be described as dry,
the function of the enzyme is only possible as long as the essential layer of water
within the reaction area is not removed'’.

Enzymes can only be used at moderate temperature and pH. Each enzyme
has a characteristic pH and temperature optimum for the dev‘elopment of maxi-
mum activity. Therefore the reaction catalyzed by an enzyme 15 .strorlxgly depend-
ent on these two parameters. The optimal pH range for starch-c‘ixgest'mg amylases
of animal origin ranges between 4 and 8, for amylases of rlrrlcroblal and plant
origin it ranges between 4 and 10 with an optimum at pH 57 The temperature
optimum ranges from 25 to 30 °C. .

Enzymes are deactivated by several water-miscible solvents like ethanol or
acetone, by highly concentrated aqueous urea solution anc% by se‘veral deter-
gents. Heavy shaking, so that foam is produced, can deactn{ate dissolved en-
Zymes as well as extreme temperature and pH. Heavy metals (iron, copper,' me'r-
cury, lead) causes an enzyme to precipitate. The deactivating process c.ons1sts in
diSturbing or destroying the three-dimensional protein structure that.ls ch.ar‘ac-
teristic for enzymes. Some functional groups, essential for the catalytic activity,
are modified, thus deactivating the enzyme'" ™ ©°.
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AMYLASE

The key quality of enzymes is their characteristic. In a way that can be compared
to the function of a key in a lock the enzyme is taken up by the substrate at spe-
cific parts of the molecule thus forming enzyme-substrate complex. The next
step is splitting-off the macromolecule of the substrate to smaller units: in the
case of amylases the starch molecule to oligosaccharides and maltose. The en-
zyme molecule is set free and can do its work at another part of the macromole-
cule. ,

Amylases are a sub-group of the glucosidases, i.e. enzymes that are able to
split-off specifically the molecules of carbohydrates or glucosides. o-amylases
catalyze the hydrolysis of a-1,4-glucosidic bonds in polysaccharides, and this also
in the inner area of the substrate. This ability gives them their name: endo-en-
zymes. As a result of their activity the viscosity of a colloidal solution of starch is
significantly reduced, but in the first stage of activity only little maltose is pro-
duced. In a later stage maltose in the o-form is produced, hence the name: o-
amylase. B-amylases are exo-enzymes: only the monomer units at the two ends
of the molecule chain are split-off as B-maltose. B-amylases liquefy the substrate,
a-amylases produce sugar''. With a-amylase the viscosity of starch is reduced
more quickly; the colour of jodine-potassium iodide solution, indicating the
chain length of the starch molecules, becomes less intensive, the adhesive prop-
erty of the starch is reduced within shorter time. Therefore o-amylases are pre-
ferred for application in paper restoration'. Cellulose is not decomposed by
amylases; its B-1.4-glucosidic bonds are not accessible for the enzyme.

The optimum temperature of the o-amylase used for enzymes poultices is
60°C; the enzyme remains active up to 80°C and even higher temperature. It is a
highly purified, stable microbial amylase.

DEVELOPING THE ENZYME POULTICE

As in the case of the Alberting albums, all traditional and mechanical methods to
liquefy or remove the starch did not work satisfactorily, we concentrated on en-
zymes. Their main advantage is that no other by-products than the decomposi-
tion substances of starch are formed. The amount of water, essential for any
catalytic reaction with enzymes, can be reduced to a minimum. The procedure,
always done according to a specific pattern, has been described by Bliiher et al.?
and Fiirst‘. The gel has been applied onto an interleaf paper positioned directly
on the objects mounted together. Thus only the enzyme (and the additives en-
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hancing s activity) can penetrate to the place where they are needed; the gel-
forming substance is retained. '

This gel-forming substance is a cellulose ether. It contains 'the enzyme fmd a
little amount of additives stabilizing the mixture and enhancing the activity of
the enzyme, Theoretically, any restorer could prepare that gel .for himself. Prac-
tically this is not an economic way because of the short shelf life thus preparc?d.
This led to the idea of developing a ready-to-use enzyme-containing Poulhce
which can be stored for a longer time. In principle such a type'of poultice con-
sists of a synthetic non-woven which has been infiltrated with th? enzyme-
containing gel and dried. Under dry and cool conditions these mate1.1als can b'e
stored without losing enzymatic activity. Activation of the enzymatic action is
Possible by moistening of the non-woven. . ‘

If the gel is put directly onto the interleaf paper it is not possible to locally ap-
ply weight pressure. The gel would expand beyond the a.reaf where the two pa-
Pers to be separated are mounted together. If it is embedded in the‘ non-woven, a
strictly local application is possible; pressing down the poultice using a Welght is
always necessary; especially if the excess starch to be removed has caused distor-
tions of the paper in the area of the adhesive joint.

EXPERIMENTAL PART

In order to find an application technique and to investiga}te the necessa.ry time
for separation of papers mounted with starch paste adhesives the following test
Procedures have been undertaken: o .

Samples of two papers (machine made deckle edge, .150 g/m?), different with
regard to their water permeability were joined together in an area of 3 X 3 cm by
means of starch paste which has been prepared from 50 g wheat s'tarch in 400 ml
water. 7,5 g animal glue dissolved in 50 ml water and 4 g potassium aluminium
sulphate in 50 ml water have been added subsequently. In relation to the dry
Wweight of starch the amount of the additives expressed in percent is 8% for alum
and 15% for protein glue.

The sampﬁes weregsubmitted to accelerated ageing in a climatic chamber He-
Taeus Votsch HC 0020 according to ISO Standard 5630/3 (80°C 6?"/(.) RF) for sev-
en days. Enzyme poultices as described below were put onto the joints. Afte'r 15,
30, 45, 60, 90 and 120 minutes it was tested whether the samples could be lifted
off with tweezers without leaving behind any fibre. These tests were done to
check effectivity at 30 min as the shortest and 120 min as the longest duration.
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Application

Two sheets of paper mounted together by means of starch paste are often more
or less distorted in the area of paste application. The enzyme poultice should be
applied locally only onto this area in order to avoid contamination of the treated
item.

The enzyme poultice consists of three layers:

e a synthetic non-woven (polypropylene impregnated with an enzyme-contain-
ing gel)

* an interleaf paper

* a water retaining material

Firstly the interleaf paper is positioned in the area of the joint. This interleaf
paper is not permeable for the gel forming components thus preventing migra-
tion of the gel into the original. On top of the interleaf paper the enzyme-con-
taining poultice is positioned. The poultice should have the size of the adhesive
joint while the interleaf paper below should protrude at least 2 mm on each side
of the poultice. The third layer is a water retaining material, e. g. blotting paper
or capillary matting cut in the same size as the poultice. An illustration of the
poultice under working conditions is given in Fig. 5. Before application all com-
ponents of the enzyme poultice have to be wetted by means of a brush. The wet-
ting of the polypropylene non-woven in a size of 4 cm? requires about 0,08 ml
water. The equivalent size of the water retaining material requires about 0,8 ml.
On top of the poultice a waterproof foil (Mylar™) is positioned in order to pre-
vent the drying out of the poultice during the time of the treatment. The mylar
foil is protruding from the poultice 4 cm on each side and the whole is weighted
down by 10 to 15 g/cm? After 5-10 min it should be checked whether there is a
direct contact between poultice and joint anywhere and whether enough mois-
ture is penetrating from poultice to joint. The time necessary for detachment de-
pends on the penetrated moisture, the wettability of the paper, and the condition

Weight

- Water retaining . ater proof covering foil

) Intgrleaf paper

Top paper
Bottom paper

H'ardgnedﬂpasgp

Fig. 5: Structure of the enzyme poulttice.
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Fig. 6: Comparing different poultice materials using starch paper: photo in through-light after
20 min. Left: most even and efficient activity.

(thickness and brittleness) of the starch. Too much water will result in water
stains, too little in inactivity of the enzyme.

Poultice material

erials for the three layers of which the

eness of the enzyme

In order to chose the most suitable mat :
Poultice is composed it was necessary to evaluate the effectiv
action in relation to the materials used. Enzymatic activity can be evaluated by
means of the starch-iodine reaction. For the test a filter paper impregnated with
0,2 % potato starch (soluble in cold water). This test paper is dipped. ir.x 0,01 %
iodine-potassium iodide solution, thus causing an intensiv.e blue ‘stalr.ung. The
application of an amylase poultice on the stained sample is fesultmg in loss of
the blue staining as more as starch present in the test paper is decomposed (cf.
Fig. 6).

Interleaf paper

The function of the interleaf paper is to prevent the gel within the polypropylene
non-woven from migrating into the object under treatment. The interleaf paper
must guarantee the penetration of humidity into the item in an equa:I @d.even
manner, thus transporting the enzyme and the additives to the adhesive joint. It
should be neutral so that the activity of the enzyme is not influenced. The most
suitable material proved to be very thin cellulose tissue paper.
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Choice of non-woven for enzyme impregnation

Criteria for selection:

* no swelling, not becoming unstable when wetted

* no water soluble components nor additives

e flexible, so that it adapts to uneven surfaces

* mechanically strong enough to be impregnated in a machine

® water retaining capacity just high enough for retaining an suitable amount of
gel and low enough to set free the necessary amount of enzyme with a mini-
mum of water

It was found that the higher the grammage of the synthetic non-woven (poly-
propylene), the lower its water retaining capacity and the higher its gel retaining
capacity. It might be assumed that a higher grammage, which means a higher en-
zyme content within the non-woven material, would result in higher activity and
shorter treatment times. Contrary to that, the results of the tests showed that a
thinner material (i. e. lower grammage) with lower enzyme content works more
quickly and more effectively. It can be concluded that the amount of gel within
the non-woven is not the crucial criterion. Of greater importance is the ability of
the non-woven to hold water and to allow even transfer of humidity to the area
of application.

Water retaining material

As it may be necessary to let the enzyme work for a period of up to two hours,
the enzyme poultice must be kept evenly wet for this time. This is the function of
the third layer of the enzyme poultice. A highly flexible synthetic non-woven
can be used for this purpose as well as a blotting cardboard of suitable thickness.

RESIDUES WITHIN THE PAPER

A criterion of high priority for the work in the Alberting was to keep the objects
free of possibly harmful residues in a mimimal time consuming procedure. The
amount of decomposed adhesive and other components resting on the objects af-
ter having them removed from their undesired support by washing and by dab-
bing the substance off using cotton swabs has been investigated. Cleaning by
means of cotton swabs was the most efficient procedure.
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Table 1: Analysis of cnzyme and detergent residue of test samples dissolved using the enzyme

poultice.

paper of Enzyme Detergent

Sample Cleaning procedure ~ Time for Enzyme ¢ residue*

Poultice Application mounted item residue

! top 6.1 20.7
2 no cleaning 105 min bottom 3.2 10.8
3 cleaning with 90 min top ;’: :;
4 cotton swab baottom <0, . 7,4
3 washed in demin. Of top ’ 2’7
6 water 2x15 min 90 min bottom <0, ‘2 '

7" top 7.6 46,7
8 no cleaning 105 min bottom 45 135

Ug /3 x 3 em paper
1o interleaf paper

n

For checking the amount of enzyme residue the test samples desc.ribed above
were used. Additionally they were checked for possible dlscolouratlon‘ after ac-
celerated ageing. Three sets of test samples were made: two for checking possi-

ble residues, one for accelerated ageing.

Amylase Residue

Amylase residues have been determined through amylase activity accordms to
the procedure described by Bernfeld'’. The test samples after enzyme appl;cg-
tion and dabbing-off solubilized substance were blended and buffered to pH .
After 30 min and suitable mixing, the paper was filtered off and a certain
amount of the filtrate was checked for the capacity to decompose starch to sugar.
For testing the presence of sugar the dinitro salicylic a}cid reaction was Exsed.fThe
amount of sugar formed by the filtrate is an indication fOI.‘ the quafltlty of en-
zyme still active; it can be correlated to the amount present in a poultice. .
Generally, the amylase residues found in this way are very low. Ta.1b1e 1 is giv-
ing the measured results for the top paper, where the enzym‘e poultice has 'been
applied, and for the bottom paper, from where the solubilized starch re.sxdues
have been removed. Several checks have been done over a longer period of
time3-5; altogether more than 80. From the very low numbers it .can be.con-
cluded that it would not be necessary to inactivate the enzyme residue. Higher
residue, i.e. 7,6 mg / 9 cm? application area is to be observed if the enzyme poul-
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tice had been used without interleaf paper (Table 1 sample 7), what therefore
should not be routinely done. Residue numbers of an application suggested for
routine use, i.e. with interleaf paper and followed by removing the solubilized or
softened adhesive using cotton swabs are 5,6 and 2,3 mg / 9 cm? application area
(Table 1 test sample 3 and 4). This final cleaning seems to be effective; it is re-
sulting in reduced residue by 8,2% or 28,1% resp. (Table 1 sample 3 and 4 vs. 1 and
2). Residues could be totally removed or, more correctly, the residual amount of en-
zyme is below the detection limit of the analytical procedure in cases the papers are
washed after treatment. There is more residue in the paper which lies directly under
the enzyme poultice. This effect was proved to be stronger with detergents being pre-
sent as additives. If the enzyme poultice is applied on the reverse side of the item ~
that means on the support ~ then the residues are mostly kept within the support and
the contamination of the original can thus be minimized.

Detergent Residue’

For analyzing possible detergent residue samples of 9 cm’ were cut to pieces of
1-2 cm? and extracted for 30 min in a methanolic ultrasound bath. The extract
was analyzed chromatographically. Detergent residue is significantly higher than
that of enzyme ~ obviously, because more detergent has been used for the poul-
tice preparation than enzyme. The highest number is 46,7 pg / 9 cm? application
area: found if the enzyme poultice has been used without interleaf paper and
without final cleaning (Table 1 sample 7). The lowest number is 6,8 pg / 9 cm?:
found in the lower paper after standard application. Washing results in minimiz-
ing, but not eliminating the detergent residue totally. Again it seems to be advis-
able to use interleaf paper and to apply the enzyme poultice onto the support
paper instead of the art object.

ACCELERATED AGEING

After separation some of the samples have again been submitted to accelerated
ageing. As no discoloration was found in its course the result of enzyme analysis
was supported; enzyme residues would have brought about a brownish discol-
oration. Detergent residues cannot be proved this way. However, if the poultice

* The analysis for detergent residues was done by Dr. M. Schmitt, Henkel KGaA, TTA Zen-
trale Analytik, Diisseldaorf.
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s used without interleaf paper, the adhesive residues have not been remc.wed or
if the area of enzyme application has not been cleaned, then discoloratlor.x ap-
Pears. Therefore such a cleaning is highly advisable. It can be done effectively
using cotton swabs.

If the enzyme poultice is applied correctly, the amount of moisture brought
?nto the object is so low that formation of water stains or reactions' a}t the wet/dry
Interface as described by Dupont'® is highly unprobable. The adetu')n. of. 5% al
cohol to the water used for wetting the enzyme poultice even minimizes this
danger.

CHECKiNG DP*

The average degree of polymerization was checked in order to find out whether
cither the enzyme or the detergent would contain substances that can depolym-
erize cellulose. Filter paper (Whatmann # 1) was impregnated‘ w?th a defined
amount of amylase, respectively detergent, and subsequently .ar.tlﬁaally aged uos-
Ing a dynamic ageing technique at 90 °C with changing hunTxdlty between 80 %
fo 35 % every three hours. The artificial ageing had a duration of. 6 or 12 days.
For reference the paper has only been impregnated with deminerahzed.v'va.ter.

The DP of the test paper before ageing was 1804; after 6 days of artificial age-
ing the DP was reduced to 85,5 % of the original value and after 12 days of age-
ing it was further reduced to 63 %. The data measured at papers impregnated
With amylase or detergent showed no significant difference. It therefore can be
concluded that neither the enzyme nor residual detergents cause depolymeriza-
tion of the cellulose.

TREATMENT OF WORKS OF GRAPHIC ART & AUTOGRAPHS

In the Vienna Graphic Collection Albertina the collection of 19" century prints,
Mainly engravings and lithographs is stored in so called Klebctbande (albums) -
bound volumes consisting of ca. 200 leaves onto which the prints are mounted
by 6-12 droplike spots of starch paste. .

The same technique for mounting and storage of works of graphic art has
been used at the Dresden Graphic Collection (Staatliche Kunstsammlungen Dresden,

** The analysis of DP was done at the Institut firr Makromolekulare Chemie der Technischen
Universigit Darmstadt according to EWNN method: Zellcheming Merkblatt 1V/50/69.

237



The Development of a Ready-For-Use Poultice

Fig. 7: Detail of a work of graphic art mounted on cardboard which shows heavy distortions as
result of the mounting technique.
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S

i o i means of an enzyme
Fig. 8: Detachment of a mounting strip after a treatment of 20 min. by

Poultice,

) with alum and
Ku[)ﬁrstichkabinett). In both collections 2 modified Slta Ishup?snfunﬁng adhesive.
Protein glue as additives as additives has bee‘:n apphe the shelf life of the pre-
The additives originally had the fanction to Improve - ed, such a modified
Pared paste and its adhesive power. As already mention ’-n the relative hu-
starch paste becomes brittle and inflexible tow?lfd.S Ch?n%}ii ;nounted originals.
midity. These properties of the adhesive cause tensions md e eos are often
A large number of them shows distortion, strong folds an sv o domaged or
the result. Hundreds of thousands of items in both Conecuo;ljltice described in
endangered in that way to a different extent. Tk.le O 511 w an efficient dis-
this contribution has been originally develoPt'?d in orderlto Viesv ¢ the enormous
mounting of the endangered objects from their suppor 1n fast and economic
amount of jtems to be treated it was necessary to develop a
technique demanding only restricted manpower. - art are
In 319 K”Pffm‘idzfabiﬂelt of the Hamburg Kunsthalle Woarjk:n(;ixiipghlwas done
mounted in passepartouts and stored in boxe.S. The orlglﬂt ining some alum or
Wwith strips of Chinese paper tissue glued with paste f:or;galls bgH W. Singer!’.
along the four edges of the sheet: a method Suggeswd ” fy tht; ch'anged ca-
Today the sheets have become very cockled (Fig. 7) because 0
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pability to swell or to extend according to the surrounding humidity in the areas
where the paste has been applied. Because the wavy distorted objects, coming in
contact with the other adjacent items, suffer from abrasion on the surface greatly
damaging printing inks, it is necessary to remove the original mounting. This al-
lows the intervention of flattening the endangered items. In this case the prob-
lem of dismounting the item becomes even more severe because of the sensitiv-
ity of the very thin original papers. Although the paste is principally swellable by
humidity the residual viscosity of the softened paste makes detachment of the
original without fibre losses impossible.

A similar problem is presented by the collection of autographs of the author
Karl Benedikt Hase (1780-1864) which are owned by the Goethe and Schiller Ar-
chives of the Foundation Weimarer Klassikin Weimar. These autographs consist of
a number of different papers. The text is written with iron gallotannate ink.
Some of the autographs suffer from ink decay. The autographs have been folded
and mounted together at several points by means of a starch paste thus forming
sections that could be bound to a book. The binding technique, the stitching of
the formed quires and the glueing of the book spine with protein glue caused se-
vere destruction of the autographs if the book is leafed through. It was therefore
necessary to separate them to single sheets again.

Different kinds of paper and paste had been used in these cases regarding
thickness, wettability and state of ageing etc. The dismounting of these items by
means of enzyme poultices could be successfully carried out. The treatment time
differed strongly according to the brittleness and wettability of the paste and the
capability of the paper to absorb humidity.

The detachment of works of graphic art from the albums in the Graphic Col-
lection Albertina was carried out within treatment times ranging between 60 and
120 min. In this case a localized treatment within the book on the adhesion
points was necessary. A treatment time of only 20 min. was necessary to remove
the mounting strips from works of art on Chinese paper at the Kunsthalle Ham-
burg. In this case the enzyme poultices have been cut in the dimension of the ad-
hesive layer along the edges of the object and had been positioned on the
mounting strip (i. e. the reverse side of the original). With very low moisture in
the poultice it was possible to localize humidification, swelling and enzymatic ac-
tion to the adhesive layer. The original, although printed on highly wettable and
sensitive paper remained nearly dry and could be separated without any losses.

The autographs of Karl Benedikt Hase in the Goethe and Schiller Archives of
the Foundation Weimarer Klassik have been treated with very low humidity in or-
der to prevent any negative influence of moisture to iron gallotannate inks being
present. Therefore the detachment could only be realized after a three hour
treatment time. It should be mentioned that in the areas of ink writing, even in
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cases where the ink had already decomposed the paper, no changes sucf:ia; e. g
Migration of ink components, bleeding or creases in the ink strokes could be ob-
served.

To enable wider application of the enzyme poul.ti'ce, e g for'the ?:]taChn;(el-lst
of paper relinings of textiles or photographs addxtxonal‘expenm;an 'woorrd ;r
hecessary in the future. The treatment of photogr.aphs .wnh *-amy as;s in o
to remove relinings presents a special problem since it has beer? o lserve ThZ
Preiss'® that, especially immersion treatments can affect the gelat;ille a);er;lts e
application of ready-for-use amylase poultices which need only small amou
humidity may be a suitable solution for this problem.

ConcLusion

The ready for use amylase poultice has proved to V‘VO.l'k successful.l);, ie. 'to dx:;
move hardened starch paste and backings with a minimum of mois ure, 1;1 _
ferent collections, for different objects, including largfe formats. Its ma.u;ll a vfan
tage is that it remains usable for at least a year, tha}t 1t‘can be used w1tt (l)lutd uIl;
ther equipment in any workshop and that its apphcatx?rf can be con r(t) Zn. o
contrast to the older technique, i.e. putting the gel-w{ltmmﬂg en.zyr'net(l)ln ob'ects
terleaf paper positioned on the object, verx little resxdues1 r(elrr;altxll1 l?wazh?nj tht;
From the analytical results reported above it can l?e c.onc u el (;f N n% o
objects after treatment may be advisable, but not.mdlspensab e | a? ! eI; i
tance for the application of the enzyme poultice is the use of mtt;r e ngl o
order to prevent the migration of the gel from the Poultxce to ‘de ongfl the. o
further importance is the removal of the softened of liquefied residues o A -
hesive combined with a local cleaning procedure of the treatment area. Denatu
Tation of enzyme residues within the original iterr.l by means of hot ‘:’i‘;er’ alco-
hol or other techniques is not necessary due to their negllgl.ble amounts h m_

Application of the amylase poultice is recommendable in all l:ases w etrie : "
brittled starch paste adhesives cause severe problems during t tﬁ Szp?rahoents
original mountings. In addition, the method is advantageous folii healle ac H:antle
of very soft papers because of the liquification of the paste whic ows g b
detachment without fibre losses. The low manpower necessary for the.app 1ca
tion of the technique allows economic treatment of large amoux.mts of ;tt;]mtst. A
further advantage is the fact that no after treatment such as washing and flatten
Ing is . .

gTh:i::iis;rf)tl)f'use enzyme poultice is patented and is obtainable by suppliers
of conservation materials.
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SUMMARIES

The Development of a Ready-For-Use Poultice For Local Removal of Starch Paste by En-
zymaltic Action

An enzyme poultice for local removing brittle and hardened starch locally with a minimum of
moisture has been developed. The recipe for the gel containing enzyme and the way of applica-
tion aims at reproducible results to be obtained in a short time. The enzyme poultice is available
ready for use and can be activated by adding water. It enables the dismounting of large batches
of mounted sheets without further treatment. It is essential to use the poultice in the way de-
scribed together with an interleal paper. Contamination of originals due to the treatment can be
minimized in this way.

Mise au point d’'une compresse aux enzymes destinée & dissoudre localement les amas
d’amidon

Une compresse aux enzymes a été mise au point afin de pouvoir dissoudre localement avec un
minimum d’humidité les amas cassants et durgis d’amidon. La recette du gel contenant des en-
zymes ainsi que Ja technique dapplication ont élé mises au point dans Pobjectif de permettre
d’obtenir des résultats rapides. La compresse aux enzymes est livrée préte a I'emploi, pour
Tactiver il suffit de la tremper dans I'eau juste avant de ven servir. Ceci permet de détacher
aisément de grandes quantités de feuilles collées les unes aux autres sans autre traitement sup-
plémentaire. Il est important de respecter le mode d’emploi indiqué, cest-a-dire d’utiliser une
feuille intercalaire. Ainsi il est possible de réduire les résidus au minimum.
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Die Entwicklung einer gebrauchsfertigen Enzymkompresse zum lokalen Lésen von Stdrke-
verklebungen

arme Ablosung von

i i i i feuchtigkeits
Eine speziell entwickelte Enzymkompresse erlaubt die lokale feuchtig e dun s

versprideten Stirkeverklebungen. Die Rezeptur des Enzymgels so.wie (.ilf A ndungs e’
wurde mit dem Ziel entwickelt, reproduzierbare Abléseergebnisse in zeltokonomlsc. (;r r eGl s'
weise zy ermdglichen. Die Enzymkompresse liegt als Fertigkompresse vor 'und wnr" vor Be
brauch durch Wasser aktiviest. Die Arbeitstechnik erlaubt auch die Bearbeitung groBerer Be-
stinde ohne aufwendige Nacharbeiten. Voraussetzung dalfiir ist die Ve.rwendux?g :erlKompriees:se
Nach dem vorgeschlagenen Kompressenaufbau unter Verwendung eines Zwischenlagepapiers.
Damit kénnen die Riickstiinde auf ein Minimum beschrinkt werden.
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An Irish Gospel From the Eighth Century

Investigation and Conservation

by SVETLANA DOBRUSINA, DENIS TSYPKIN,
NADEZHDA KULIKOVA & TATYANA VELIKOVA

INTRODUCTION

In 1997 the parchment manuscript F.v.I.8 from the collection (?f the Manuscx:p;
DePaItment of the National Library of Russia (NLR), called Irish Go,.rpel, create
in England in the eighth century, came tolthe Documex:rt1 e(131<tmservatxon Depart-
ment of the library. Jrish Gospel is a unique literary monu . .

The manuscr?:;‘ containsp 915 sheets of parchment <.)f 3'4.5x24.5'cm w}llth the
text written in two columns on both sides of a sheet with iron-gall ink. The sec-
tions of the manuscript consist of 4-5 sheets lined with a §harpened to(c;l. Thle
Pin-holes for line marking are seen on many sheets. It contains th.e F'm}l; 'cl)lspe ‘s
(Matthew, Mark, Luke and John) with the Prologue St. Jerome. It is richly i wmi-
nated with twelve multicoloured arcades framing canon table§ and has four title
Pages (one at the beginning of each Gospel), one large rr'luﬁlt}coloured m;ut:}all at
the beginning of the Prologue and many small coloured initials, some of them
with ornament (cf. Fig. 1-2). " "

Regardjng the origin of the manuscript the experts have 1.10 uniform opxm.ot_
Many of them consider that it was created in Northumbna‘l. The manuscripts
themselves are the main source of information about the ex1sten.ce and activity
of European scriptoria. It is very difficult to point (?ut thfa sin?xlar f;a;ltures of
Mmanuscripts and to prove their origin from a certam.] scnptonum.. ere a;e
Mmany uncertainties in the history of the frish Gospel. 1t is not a.lscertamed exactly
when the manuscript has come to France, but it is known that it was store.d at Pa-
risian cell of Saint-Maurus, for some time. In 1716 the abbey of Samf—Ger-
main-des-Prés took possession of the codex, then it has come to the collection of
P.P. Doubrovsky, and finally to the Imperial Public Library in St.-Petersburg, the
ancestor of the National Library of Russia.
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Fig. 1. An arcade framing canon tables,
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CONDITION OF THE MANUSCRIPT

In the course of time the sheets of Gospel have been fairly roughly cut lffi tz;nc!r r};:(;
bound. The top part of miniatures has been C\'lt off on many s efou.nd he
scratched record of Runic character surrounded V?’lth four cr?s:;as w(;xs'nClined ;
one of the last sheets. It represents eight lines which are vz;lrtxct danb i wlined
an angle. Decoding of this record is still pending, fn'vzuUngt e stu .y }Zfas a};fected
The storage of the manuscript in various conditions for centuries has alfec o0
the condition of the parchment sheets. Conservators and r'eslioretrsv aﬁaﬁol Of
well that parchment extremely sharply responds to the slightes
relative humidity and atmospheric temperature. ' -
Gospel has co)rlne to the Igocument Conservation Department with wavy de
hment of all 215 sheets. The

formation, fre uently with rigid breaks in parc .
threads of bint(:lling are broken off in the middle of the back. Some sheets have

loosened out of the block, many of them have ruptures and missing .part:n'I;iz
warp of sheets was enhanced by the thick layer of animal glue stat):rcxiivelo :
back of the manuscript after binding (Cf. Fig. 3, 4). I't was ne;tiassaltry‘ca1 ovel n[za-
conservation technique that would not destroy available ‘co cologi

tion and would not affect the condition of paint layer and ink.

Fig. 2. Pages of the manuscript with large and small coloured initials
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For this purpose we have undertaken the codicological examination of the
manuscript in cooperation with the Laboratory of Document Codicological Re-
search and Scientific Examination in the Manuscript Department of the NLR.
Since the practice of examination of this kind with a view to conserve docu-
ments is rather non-standard, it seems to be useful to describe briefly general
principles of the examination specifically with Gospel.

Fig. 3, 4. Appearance of Gospel before conservation,
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PRINCIPALS OF EXAMINATION

We can designate three directions of expert examination. sicological
The first direction includes maximum complete revealing the C? co cﬁl :
information contained in the manuscript. For this purpose the detaxle: ax?s Z:l:
with the complex description of the codicological s?ructure of the cto f:zeil a
ried out, It consists in revealing the traces hidden in the documzelnc,mwacter <
Partially removed texts and images. Consequent})t, vc?lumedan e b
codicological information are determined and decision is made W
conserved and to what extent it should be conserved. Scological i
The second direction includes the estimation of how rnuch.co ;:tosc})f:\cﬂd ol
formation can be kept untouched in the process of conserv.at}on. It should oe
noted that any one written document contains n<')t only text u? orm tion but
herent properties of the document. The latter .15 extremel:].m:ipor o for e
study of manuscript creation history, of its dating and localiza on,facture e
search of historical know how of papermaking and parchrrTex?t man;ll . ) ené
The loss of information contained in the inherent chara.ctenstxcs Zf .t e ‘ ;)Csl;:ous
can turn out to be as significant as the loss of the text itself and Vr.mgal serious
detriment to the information value of the document as 2 whole. 1su' fex ina-
tion of the document itself is not sufficient to have z? more general informati
on its inherent characteristics. Special analysis is required for 1‘t. tcolonial
The third direction includes obtaining data about changes II‘I the c? cologl
characteristics of the document arising as & result of conservation. It is necess‘a:t);
to take into account these data for the comparative research of the manuscrip

that have undergone conservation procedures.

MATERIALS AND METHODS

The study of codicological characteristics in the proce.ss of con'se;]rvatlon v;ris sca(;
ried out in a few stages. In the first stage the experiments wit ton gr 1)pwuh
samples were carried out. The parchment of modern manufacture (T s}:ae "
the visible line ruling has been used as samples of the first group. : te se;:o:}]le
group included the sheet fragments of three parchment manuscnpbs o N
16"/17" centuries with text written with iron-gall ink. Each group has been su

jected to three kinds of treatment:
* with distilled water,
* with ethyl alcohol,

* with 10% urea solution in the mix of ethyl alcohol and water (1: 1).
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Treatment procedure

Distilled water. A parchment sample was placed between two filter paper sheets
previously humidified by distilled water under the light press of organic glass for
5 min. The parchment humidified in this way was placed between two dry filter
paper and two cardboard sheets and maintained for 1 min in the typographical
press. Then the filter paper was replaced and the parchment was again placed in
the press for 10 min. Repeatedly, the filter paper was replaced after 2, 3, and 12
hours. This was carried out in three days.

Ethyl alcohol. A sample was treated conforming to the orientation of fibers
with cotton wool wad moistened in ethyl alcohol and strongly wrung out. In this
way deformed areas were manually straightened. Samples were dried in the ty-
pographical press with the essential replacement of the filter paper in a sequence
as already specified.

Urea solution. A sample was treated conforming to the orientation of fibers
with cotton wool wad moistened in urea solution and strongly wrung out. De-
formed areas were simultaneously manually straightened. The sample was dried
in the typographical press with the replacement of filter paper in a sequence as
already specified.

Optical Inspection

The basic parameters analyzed during examination were the relief and linear
dimensions of codicological objects of the manuscript and their details, colour
and spectral characteristics of paint layer. In all cases the control of parameters
was carried out before treating, five days and five months after treatment.

The analysis of object relief has been carried out using a TV-camera from a
complete set of television spectral system TSS-1 (Russia) with 10-50 fold in-
crease in visible and near IR-spectral regions (KS-19 and IKS-1 light filters). The
lighting was oblique, polarized and non-polarized. The light angle of incidence
was from 5 to 15 degrees. The linear dimensions of codicological objects have
been determined using a MBS-2 stereoscopic microscope (Russia) with a meas-
uring eyepiece. The accuracy of measurements, was 0. 1 mm. Colour and spec-
tral characteristics of a paint layer have been determined with the photometric
measurements. The spectra of reflection in a visible region (400-700 nm) have
been obtained using a MSFU-EVM microscope-spectrophotometer (Russia). A
photometry field was 0.21 min, sampling step was 10 nm.
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RESULI'S AND DISCUSSION

There is a large variety of surface relief in the parchment of the manuscript, both
regarding depth and configuration of a line contour left behind by the instru-
ment of trace formation: an awl or an implement of writing. Lining pin-holes
and some traces of a pressed preparative drawing in the canon tables are the
deepest in relief. Medium depth have the ruling lines (Cf. Fig. 5) and the prepa-
rative drawing of the canon tables. The depth of letter strokes in the text is an
example of microrelief (cf. Fig. 6).
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Fig. 6. Relief of the letter strokes.

252

SVETLANA DOBRUSINA ET AL.

D777

|- 205

400 s00 \ 509 700

Fig. 7. Microrelief and optical density ol Fig. 8: Reflection spectrum of the blue paiqt
the trace: 1: before conservation; 2: after. layer; 1: before conservation, Il: after. D = opti-
cal density; A = wave length

Comparison of the three methods of parchment treatment has shown that the
effect of urea solution promoted a significant worsening relief clarity, of depth
the lines and of letter strokes. The use of water yielded the best result. That very
treatment that allows keeping any object relief safe in the process of conserva-
tion meets the modern requirements of a codicological research (cf. Fig. 7).

The effect of the chosen treatment on microrelief should be noted separately.
The improvement of relief perceptibility in the writing strokes and in the strokes
themselves in relation to thetfel parchment relief is noticed after conservation
Procedures. Comparison of vertical and horizontal linear dimensions of the text
letters and their elements before and after processing allows to maintain that in
all cases the linear dimensions change by tenths of a millimetre. Apparently,
such an effect is a consequence of the parchment straightening during treatment
(cf. Table 1).

Colour analysis

The analysis of reflection spectra of a paint layer before and after treatment has
shown that the spectral characteristics remain stable irrespective of the kind of
treatment (Fig. 8). The comparison of colour and chromaticity coordinates cal-
culated on the basis of photometry data has also given positive result. As one
would expect, the dye luminance insignificantly changes (increases) after treat-
ment (cf. Table 2).
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Table 1: Examples of changes in the letter linear dimensions (sheet 115).

Letters  Linear dimensions Before conservation (mm) After conservation (mm)
A height 9.8 9.9
width 12.6 12.3
M height 9.0 9.0
width 12.3 12,5
N height 8.0 8.5
width 7.6 7.5

Table 2: Colour and chromaticity co-ordinates of the blue paint layer.

Before conservation After conservation
. X 15,196 17.455
Colour co-ordinates Y 14.895 17.096
Z 4.146 4.855
X 0.443 0.442
Chromaticity co-ordinates  y 0.435 0.443
z 0.121 0.123

Such an approach to the choice of the parchment treatment method has dem-
onstrated that the best possible method in this case is with the use of water.
However, another question remained: what will be the reaction of the multicol-
oured paint layer to prolonged indirect moistening of parchment. The X-ray and
microchemical analyses of the paint layer have been carried out at the Division
of Technological Examination of the State Hermitage to answer this question.
These analyses have shown that rather limited range of pigments in a pure state
were used for Gospel illumination, Auripigmentum, ruddle, red lead oxide and
two organic dyes of vegetable origin used together with chalk and a brown-black
colour which is a complex composition on the basis of iron in combination with
tannin, in addition containing flavonoids, could be identified. The paint is similar
to iron-gall ink. Its colour intensity depends only on a layer thickness.

The structure of a layer is simple. The paints are put on the parchment di-
rectly, without ground. Only the light-blue paint lies on the ground of white col-
our consisting of chalk. There is a strengthening coating of gelatine on the sur-
face of the whole paint layer; its thickness is comparable to that of the paint layer
itself. Only in areas with yellow and orange paint it is several times thicker. On
the orange paint surface it has is caused a glitter.

The obtained data on the paint layer composition and structure proves that
this chosen treatment is possible.
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Microbiological analysis

The mycological research of manuscript sheets also has been carried out prior to
the conservation procedures. TS

The manuscri}ft was stored at the NLR under standard condf?xesr,elt“{xei nr:):
been exposed to prolonged exhibition and fre'que.nt use. l::iven ll) e e
significant damages caused by fungi or bacteria, it seeme alio e-th oy
study the microorganisms inhabiting the document. Seeds L en ;vt: P
ton wool from parchment sheets have been inoculated on the sulr a g
nutrient medium. The same was done with binding thread Sar:jlr-) est' tal. The con-

Twenty five sections of the manuscript have been analyze C;J (zcoion form-
tent of viable microorganisms per page ranged .fronll 3 to 94 10 CFU e)l,' page)
ing units). Insignificant microbiological contamination (up toU - Sin -
was found in 40% of selected samples and more than 80 C_F per pag .
It has been found out that the threads are affected by ba_Ctena. 21 cultures

Microflora found on the parchment was of very specific charactetr.of e
of Micromycetes have been found, constituting 23% of total amou;enia‘llz’um and
ganisms. Only 4 cultures referred to such widespread genera ast e
Aspergillus, 8 referred to the genus Mucor and 9 to the class Defmace Cil “ .B[ack .
represented with 16 species: 18% of the total. Two of them re erre it )’bac_
The basic amount of microorganisms, i.e. 59% of the tota],'ls rep;e;e aem[my o
teria, many of which being sporulating bacilli and two k1r}(.ls o 7; - l:t o
well known that Black yeast is quite stable under‘dry conditions :;.ln e
occur in various materials including animal uss Hes among .t o ith b’act.e:
parchment. Micromycetes, which are more competitive in cor.npanso:nl ?«snms o
ria, usually constitute up to 80% of the total nur.nber of m1crct)l<1):g e
on parchment. All parchment destroying bacte.r'xa foun; o P.relzjdomonadoceae
Gospel are pertaining to the class E;zbac:;r;} .famll:z: Bacillaceae,
non-sporulating bacilli Pseudomonas) and /Micrococcus. ' )
( Thf r::l:llts gf the microbiological analysis prove the' obvious Preiotr}’:;n;nriz
(80%) of bacteria in the manuscript parchment. The specific structure i

as usually found in historic parchment.

TREATING THE PARCHMENT

The tests reported above with modemn parchn?ent and w1.th fragm;er:t/z totfr et::
16"/17" century provided some useful information on the 1mpa?t o les
ment on the structure of that material. But undoubtedly a worl.< with .tehst sar}ilp

and models always differs from a work with an original, especially with such one
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Fig. 9 and 10: Sheets of Gospel after conservation.
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as the parchment manuscript dated from the eighth century. Therefore it is
worth-while to describe the technology used for the original.

Since all manuscript sheets have got increased rigidity in the areas of folds,
first of all it was necessary to make internal margins flexible. For this purpose a
strip of dry filter paper was put on the area of the internal margins of the sheets;
a strip of damp filter paper was put over the dry one, and paraffined paper was
put over the damp one. A manuscript sheet with such a compress was placed be-
tween two sheets of dry filter paper, covered with a glass and left for 3 min. This
manner of humidifying gave the parchment the necessary elasticity that enabled
us to begin careful manual straightening. It promoted the reduction of deforma-
tion to some extent. Further smoothing has been obtained by slightly humidify-
ing of the whole sheet surface: After straightening the folds as described a sheet
was placed between a dry and a slightly humidified filter paper sheet on both
sides. This stack of five sheets — moist filter paper, dry filter paper, parchment,
dry filter paper, moist filter paper ~ was covered with a glass plate and main-
tained for 3-5 min. On the location of the book paintings dry paper was put in
two layers. This procedure enabled us to begin careful straightening crumples,
folds, and cracks. Similar operations were performed in the same sequence after
turning the sheet verso up. Then the parchment was placed between two sheets
of dry filter paper and two sheets of board and maintained in the hand press for
an hour. The operation was repeated several times a day up to complete parch-
ment drying. Straightened and dried parchment between dry filter paper was
placed in the press for a few days. The duration of pressing depended on the
parchment thickness.

To summarize the work done we can state that the over-all scientific examina-
tion provided us with ample opportunity to choose proper conservation meth-
ods, to inspect conservation treatment in certain stages, to estimate whether the
codicological characteristics of the manuscript should be retained during the
process of conservation and, accordingly, to receive the data on their changes.

There is no doubt that, preparing conservation treatment of very valuable liter-
ary monuments, research of this kind is important.
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adaptée. L’analyse fluoroscopique aux rayons X et I'analyse microchimiq
eur ont confirmé que la méthode choisie ¢tait la bonne. '

L’étude et Pévaluation complexe des informations codicolo . ' e néce
ont fortement influencé le choix de la stratégie de conscrvation. “' sest’ a.ver:
pratiquer de telles analyses afin de préparer la restauration de manuscrits precieux.

giques contenues dans le manuscrit
ssaire de

259



)

LIBER Quarterly
- The Journal of the

European
Research Libraries

Published by the Ligue des
Bibliothéques Européennes de
Recherche (LIBER)

4 issues annually.

Year’s subscription: DM 325.00
Single issue: DM 94.00

{SSN 1435.5205

The prestigious library publication
LIBER Quarterly is the prestigious
journal  of the Ligue des
Bibliothéques Européennes de
Recherche (UBER]. Highly respected
within the library world and sub-
scribed to by leading librarians and
information professionals through-
out Europe and beyond, this journal
offers in-depth reporis on the practi-
cal aspects of library management
and expert analysis of current
developments within the informa-
tion world.

International and in-depth

Issues of policy and management,
networking, bibliographic control,
preservation and library architec-
ture: these are just some of the top-
ics LIBER Quarterly regularly reports
on. The international background

K.G.Saur Verlag

of the LIBER organization also gives
the journal a particular emphasis
on comparative approaches to
librarianship and on ways in which
libraries in Europe can cooperate.
Contributors to LIBER Quarterly
include experts from all over
Europe, from Iceland to ltaly, from
Portugal to the Czech Republic.

At the forefront

LIBER Quarterly helps library man-
agers and information  specialists
develop new approaches to library
management fo svit a rapidly
changing environment. It helps
them improve library services,
understand new developments and

keep their protessional skills right
up to date.

Expert editors
Expertise is very much the driving
force on the LIBER Quarterly editori-
ol staff. Dr Peter te Boekhorst of the
University and State Library of
Minster, Germany and co-editor of
the IFLA publication “Measuring
Quality” is managing editor. He is
assisted by Ms. Ulrike Scholle, MA
from the same library.

’

Pastfach 7016 20 - 81316 Minchen - Germany - http:/ /www.saur.de
Tel. +49 (0189 769 02232 - Fax +49 {089 769 02-150 /250
e-mail: l00730,1341@compuservevcom, or: CustomerService_Saut@csi.com

Editorial Notice

Library and Archival Material, presents

. N 1 0 e : -
RILST/\URATOR, International Journal for the Preservalion f(ists, conservators, archivists, and librar

i . . of interest Lo scien
oniginal papers, as well as reviews and news of interest
fang,

that the work has not been published before, is

Authors submitting a paper do so on the understanding been read and approved by all authors. The

b bcmg ol e manacnL by the cliewhere an b8 thors automatically agree to assign exclu- .
submission of the manuscript by the authors means that the 'aut o e for heation,
sive copyright to K. G. Saur Verlag if and when the manusctipt i e e consent O[A[he Pub.
he work shall noi be published clsewhere in any language w out the Wt e ranslation ng}?ts
isher. The articles ublilz;hcd in this journal are protecwfi by co_p{ Sg ri,nth h cor joumal, ation righs
i tim e ril;ht e e and distribie 21 0 :ihc e l(iespor in electronic databases and the
V i j icrofilm or vidcocasse B
published in the journal may be stored on micro. ! i g e lisher,
like or rCPmdUCCJd photographically without the prior written p S
ies siracts) in I're
ith Summaries (Abstracts) nch and
wzit};t listic accuracy. All articles a_rcilmgms
[onyc are responsible for the opinions ex-

Articles for RESTAURATOR arc pub]ished in‘ hxlgll;h,an
German. Contributors are particularly askcd lor. l‘l]g;l\lst}ll':()rs X
tically revised by the publisher before publication. Au
Pressed in their articles.

sl il ible; a printcd,
p floppy disk if possible;

i i i hine-readable form on a e disks and clearly
g’laltl)lllscnpts spould be }‘)(mv:cj):\j l:n; Lrllllscdisk. Copy the files onto “e‘gl);:r(:l:;sieon number. Manu-
la?)ul leld-S_pich‘(’ilcop)[,l m:‘:m?ictide pﬁlc content, format, softwar;haxldapr(zrgmust be non—absorbqnt- The_
SCri?)ts fld:tuglc‘léa;rl;fu]l?)’ revised ’as alterations are elxlzjcélswe'tele;hili and telefax number (if ﬁny) of

’ . p - d by the title, ful address, e, included with the ma-
;lll]lthor s name m‘{si be d[?c‘zmsl):‘;l:mﬂgs should be written on a;lepa:ri;t: lpaj\lgguage a5 the articles.
mlescv:i;rll'(g;\aocjlg ;gzﬁél;\clel:é .200 words; and should be written 1 es

i : Fig.) and should be

erred (o as figures (abbr ) uld be

. aphs are (o be 10l i ified with a figure number o1

:jl %rap;ls, drawmgcs,w{i):‘.l I;\}:glg?cgrnl&crals. o e Sh(')UI?hSil;gsctl;:tiilgnsv:hould be large enough

ke ing that are (0 8PPE T ith black India ink on white

the back. Any lines, numbers, or lettering thal 4 o orinted o blac o i

. ot . ings should be T 3 fotted on plain white

e ey erlfcuon‘tLliz(C: tdhr:‘:,il;ehof the linished blocks. Gﬁph}s}g&;lgrl;cplll)s e o P out 1V
Pafé‘fr e Shoél]d be ‘lboiudlli;vcs should be inked in black. In general, p

or blue squared paper; gr

) argements showing good

. nted glossy enlargeme B

i izc of i ¢ submitted as moun ¢¢ & i xt the approximale
gmesl lhedSIZg of the ht;mtl bcl)(zcé(xzzgsir\?eusz;;trast. Authors should indicate in the te PP

etail and adequate, but n )

position of figures. '

. L L. ‘les of books and papers.

Italics arc used for cmphasis, especially for distinguishing tiles

bers corresponding to those in the list of refe-
e

. indicated by num
References within the text should be indicated by example:

. Yor
rences. The list should be placed at the end of the paper. R
cases. Studies in Conservation 31 (1986): .

i iles of
tion of paper and texu
Oty P\j\?;:}fiv;glton, DC: American Chem-

i ; . d storage

L. Miles, C.: Wood coatings for display an e cases.

2. Hclm.SD_ N.-S.: ¥ellowing of modern papers. Igh“glli];ilrr;sseries, ey
historic and artistic value II. Advances in Lhe

ical Society, 1981: 119-42.

: i { charge.
Fifty offprints of cach article will be sent (o the author free of charg

FEditorial Address

itorial office: RESTAURATOR,
M d iew copics of baoks should be sent to the editorial office
scripts and rev, ‘ : . e
D:I}:Il:‘frrrxllt)lthl{;[nsa, Elisabethstralie 23, D-80796 Munich, Germany



An Irish Gospel From the Eighth Century

Ein irisches Evangeliar aus dem 8 Jahrhundert

Zum ersten Mal wurde in der Russischen Nationalbibliothek vor und nach der Restaurierung ei-
ne codicologische Untersuchung durchgefiihrt; sie galt einem Evangeliar in insularer Schrift aus
dem 8. Jh., genannt ,Irisches Evangeliar® Ihr Ziel war die Finschitzung der codicologischen Ge-
gebenheiten, des Aufbaus der Farbschichten und der Haltbarkeit der Tinte. Die ermittelten Fak-
toren waren die Oberflichenstruktur, d.h. das ,Relief* des Pergaments, die Blindlinien und die
Spektralwerte der Farben. Auch die Mikroflora in dem Biotop, den die Handschrift darstellt
wurde untersucht.

Voruntersuchungen anhand von Pergamentproben lieBen die Behandlungsmethode des indi-
rekten Feuchtens als geeignet erscheinen. Roentgen-Fluoreszenz und microchemische Analysen
der Farbschicht bestitigten die Richtigkeit dieser Wahl.

Die Untersuchung der codicologischen Gegebenhciten der Handschrift beeinflufite in starkem
Mafle dic Wahl der Behandlungsstrategie. Es zeigte sich die Notwendigkeit, derartige Untersu-
chungen zur Vorbereitung der Restauricrung von herausragenden Handschriften durchzufiihren.
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