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Helmut Bansa zum 65. Geburtstag

Seit 1985 ist Helmut Bansa Herausgeber der Zeitschri'f.t';RESTAURATOR. Séit
dieser Zeit hat es noch nie einen Artikel, einen Beitrag oder auch nur eine Notiz,
in dieser Zeitschrift gegeben, die Helmut Bansa nicht kontrolliert, redigiert oder

gar selbst geschrieben hitte. Es ist also eine Premiere, wenn dieses Prinzip beute |

ot

zum ersten Mal durchbrochen wird. . s

Der Herausgeber wird gewissermaBen am Erscheinungstag von Heft 4 des
Jahrganges 2001 65 Jahre alt. Alle, die ihn kennen, werden es nicht gratBen - ich
als sein Verleger seit 1997, sicherlich am allerwenigsten.

Es war im Jahr 1970, als ich zum ersten Mal einen Gastvortrag in der Bayeri-
schen Bibliotheksschule halten durfte und zu den jungen Studenten, die meinen
Ausfiihrungen mehr oder weniger hingebungsvoll lauschten, gehérten Hermann
Kostler, der heutige Direktor der Zentralbibliothek in Ziirich, und Helmut Bansa.
Daraus entwickelte sich ein auBerordentlich sympathischer Kontakt, der nicht nur
bis heute gehalten hat, sondern noch viele Jahre wihren soll.

Helmut Bansa wurde am 18. Dezember 1936 in Berlin geboren, studierte
Mediavistik und wurde 1965 promoviert. 1966 erhielt er ein Stipendium der
Deutschen Forschungsgemeinschaft und war von 1968 bis 1972 wissenschaftlicher
Mitarbeiter am Mittellateinischen Worterbuch. Ab 1970 war er Bibliotheks-
referendar an der Bayerischen Staatsbibliothek, legte die Fachpriifung erfolgreich
1972 ab und wurde im gleichen Jahr Bibliotheksrat zur Anwendung, 1974 offiziell
Bibliotheksrat, 1976 gleich Oberbibliotheksrat und 1983 Bibliotheksdirektor. Seit
den spiten 70er Jahren war er der Direktor des Instituts fiir Buchrestauration der
Bayerischen Staatsbibliothek. Hier hat er MaBgebliches und Wegweisendes ge-
leistet, das weltweit Anerkennung gefunden hat.

Es war kein Zufall, daB er in die Gremien der IFLA berufen wurde, da auch
die auslindischen Kollegen von seinen Erfahrungen profitieren wollten. Es war
absolut folgerichtig, daB8 er auch noch nebenamtlich Leiter der Staatlichen Fach-
akademie zur Ausbildung von Restauratoren wurde. Die Geburt dieser Staatli-
chen Fachakademie war eine unendlich schwierige Angelegenheit und drohte
immer wieder zu scheitern. Nur seinem Engagement, seinem Durchsetzungs-
vermogen, seiner berithmt-beriichtigten Hartnickigkeit war es zu verdanken, daf3
dieses Experiment gelungen ist und wieder einmal maBstiblich wurde. Viele
Jahre war er auch Schriftleiter der Mitteilungen der JInternationalen Arbeits-
gemeinschaft der Archiv-, Bibliotheks- und Graphikrestauratoren® (IADA} bzw.
ab 1976 Redakteur der Zeitschrift ,Restauro“ im Callwey Verlag, in die die Mit-
teilungen integriert wurden und die sich ebenfalls mit allen Fragen der Restaurie-
rung von Bibliotheks-, Museums- und Archivmaterialien befafite.
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. Es war ein ganz besonderer Gliicksfall, daB der Verlag Munksgaard ihm 1985
die Herausgeberschaft ab Jahrgang 7 fiir die Zeitschrift RESTAURATOR iiber-
trug. Es gehort zu den Gliicksfillen fiir den K. G. Saur Verlag, daB es uns gelang
12 Jahre spiter diese Zeitschrift zu iibernehmen und mit H;lmut Bansa fortzuz
ﬁj.hr.en und weiter auszubauen. Diese Zeitschrift ist das Werk von Helmut Bansa.
Sie ist eine groBartige Leistung, weltweit anerkannt, was auch dadurch bewiesen

Wlld, da.B €S 1mmer WledEI gellngt, noch n
11 cue Abonnelltell Zu huden, und Zwar

Alle guten Wiinsche begleiten Helmut Bansa auf seinem weiteren Lebensweg.

Wir daflke.n ihm und gratulieren ihm. Wir wiinschen alles, alles Gute und wir
sind gliicklich dariiber, daB dieser Geburtstag

> iiberhaupt keine Bed ir di
Terminierung einer Herausgeberschaft hat. ptfeine Bedeutung fur die

Klaus G. Saur

Restawrator, 2001, 187-207 Copyright © Saur 2001
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A Method for the Non-Destructive Analysis of Paper
Based on Reflectance and Viscosity

&y JOSEP M* GIBERT VIVES, JOAN RAMON MENDO ESCODA,
ROGELIO AREAL GUERRA & LUIS ALBERTO HERNANDEZ

INTRODUCTION

The most evident signs of paper ageing are yellowing and loss of mechanical
strength. Essentially, these phenomena are linked with an increase in copper
number and a decrease in degree of polymerization respectively.

It is usually accepted that the main cause of ageing is the acidity contained in
the paper. This is why conservation processes are focused mostly on deacidifica-
tion and the addition of an alkaline reserve. All deacidification processes, both in
aqueous and non-aqueous media, succeed in inhibiting, to some extent, the main
paper degradation reactions; therefore the tendency to embrittlement is slowed
and the document can still be consulted.

Much effort is taken to solve the problem of strengthening already weakened
paper. Yellowing is not considered such a severe problem as embrittlement, un-
less it interferes with the clarity of the writing. For this reason in mass deacidifica-
tion processes simultaneous bleaching is not usually required, although changes
in colour are included as side effects to be controlled for aesthetic reasons.

Degradation chemistry

To assess the effectiveness of a mass deacidification treatment it is necessary to
compare the properties of paper over time of both treated and untreated samples.
The property most often measured is folding endurance, since flexibility of the
paper is necessary for the document to be useful. However, because of its great
variability a large number of samples are needed to test this and, where papers
are very brittle, it has only an indicative value. Chemical data such as pH, alka-
line reserve and metal content, such as magnesium and/or calcium, ions present
in most deacidification reagents and in an alkaline reserve, are the background
on which the treatment efficacy and uniformity are established. Tests to assess the

Restaurator 22: 187-207 © 2001 Saur, Munich etc. 787



4 Method for the Non-Destructive Analysis of Paper

cellulosic polymer chemical state, as degree of polymerization (viscosimetric)
molf:cular weight distribution (gel permeation chromatography), estimation of rez
ducing end groups {copper number), total carbonyls (derivatization) and carboxyls
(methylene blue), as well as alkali soluble fraction are very useful to indicate
degradation processes. These methods, however, are only applicable for pure cel-
lulose paper that does not contain lignin and hydrophobic resins. Therefore, be-

ft?re these. tests take place some charges and glues must be eliminated, otherwise
high relative errors will occur.

Yellowing

Brightness loss, also called colour Teversion, is one of the problems that paper
producers, restorers, conservators and librarians face, because brightness rarri E is
fmt stable, even in chemically bleached paper. As the reason for this im aimgxent
is not feally known, completely effective methods cannot be applied topavoid it
Yellovt/mg hastens in light exposure, heat, under the influence of chemical a, ents.
anc‘l high humidity. A number of reasons for yellowing have been studiedg ie
Tes1dual lignin, hemicelluloses, pH, metallic catalysts, rosin, carbony! groups ’fc;x:
1rfg, low bleaching, UV radiation, etc. Even chemical pulps completel fref (;f lig-
nin can turn yellow. In this case, the reasons for this ) "
polysaccharides themselves,
cellulose) or oxidised (
cose,

: ' phenomenon are assigned to
lelssll)ecxally if their polymeric chains are short (hydro-
oxycellulose); this means that, the more ol
‘ ygomer and glu-
p the hxgher the tendency to create coloured compounds. It hasg been said tghat
a ecrfease in the degree of polymerization only does not directly lead to a signifi-
cant discoloration of the cellulosic polymer. o
The cor'nbined effect of oxidation on an already degraded material is the main
cause of dlsc?loratlon. This hypothesis is confirmed by the fact that a paper con-
taining alkaline reserve, i.e. a paper not subjected to acid hydrolysis, turns less

yellow than another sample of the same paper, without such reserve

. under the
same environmental conditions,

The reasons of cellulosic material yellowing have been widely reviewed'. Pure
celtulose strongly absorbs UV radiation under 200 nm and absork):s UV less s'tron -
ly bem‘/een 200 and 300 nm, but the spectrum exceeds the UV limit of 400 Dli
fextendmg over the whole visible range. The main light absorbing species resen;
in cellulosic materials are acetal, carbonyl and carboxyl functional groups pLi in
strongly absorbs violet light below 400 nm, gradually increasing tg;e ais‘o i_’:m
to 200 nm, with a distinct peak at 280 nm {(UV region). Rosin and otherq;ddi-

tives, removable or not, are clearly yell bsorbi
{violet-blue light). y yellow, absorbing between 300 and 440 nm
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Carbonyl groups in C2, C3 and Cs Levoglucosenones 5-hydroxy methylfurfural

w A
- \
om/o\m W/O@ O//c—\ /7—‘CH20H

Fig. 1: Some structures responsible for aged paper coloration, free from fignin.

All chemical reactions causing paper degradation are also responsible for the
creation of chromophores, especially thermal oxidations and photo-oxidations.
Other reactions such as condensation, crosslinking and dehydration due to heat
and strongly acid environment, also produce coloured chemical compounds® ©.
Metallic impurities play an important role as catalysts to oxidation processes® ¢
(cf. Fig. 1).

In principle, simple acid hydrolysis does not affect colour, but Jow-molecular-
weight products are more prone to oxidation and colour formation than cellulose
chains.

Cellulose oxidation produces carbonyl groups (keto and aldehyde), especially
at the carbons 2, 3 and 6, and carboxy! groups at carbons 6 and 1 of the anhydro-
glucose unit. Reducing end groups (aldehyde or hemiacetal), as well as carboxyl
groups, are less important in yellowing than keto groups. However, the joined
presence of carbonyl and carboxyl groups intensifies the colour. At high tempera-
tures, oxidation reactions accelerate and chromophore group formation increases.
In the aforementioned review!, the following main factors of paper colour forma-
tion are cited:

e Carbonyl groups (keto) in carbons 2 and 3 of the anhydroglucose unit have an
influence on colour. Carboxy! groups have ca. ten times less influence on col-
our creation than carbonyls during heating at 105°C.

e Jonic exchange of hydrogen ions caused by sodium ions in carboxyl groups at
carbons 6 and 1 increases coloration, whereas exchange with calcium jons de-
creases.

e Secondary hydroxyl groups of carbons 2 and 3 do not have an influence on
colour, even in cellulose widely hydrolysed with HCI.

e End and side chain aldehyde groups, and terminal hemiacetal groups of cellu-
lose chains, do not cause coloration.

o It seems that the degree of polymerization has no effect on change in colour.
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acidH(;;Z\;e;’ i.t is pr;:red that partially oxidised cellulose is more vulnerable to
olysis; so there must be a relation between the b f B}
phores and the degree of polymerization. number of chromo

Measurement of yellowing

Pa?er colour is measured according to standard methods. The simplest one
which does m.)t need a spectrophotometer, is the measurement of 457 n}:n reﬂectj
:nc.e, as at. this wavelength a major change of the reflectance curve is observed
unng ageing. Kubelka-Munk law has also been applied, because it relates K/S
parameter with chromophore concentration’, 1SO-CIE \;/hiteness should be ap-
plied on.]y tt:') papers qualified as “white”, i.e. modern papers containin ﬂuoreI;
cent whitening agents. Old papers usually are not white; so it is bettir to use
standard colour coordinates, such as CIFE, coordinates L¥, a:‘ b*, C* k* o

Purpose of this evaluation

The visual comparison of several tested
tendency, so that we supposed cellulose
how to a change of colour. Moreover, s
geneous to give enough profitable res
strength and folding endurance. This le
gree of polymerization and the colour.

papers showed a very different yellowing
depolymerization might be related some-
Ome papers were too fragile and hetero-
ults in such mechanical tests as tensile
cé:ls to focus only on the viscosimetric de-

our measure i - i
;ajlt; ;a:zzz use, frep;e;nlt;able and reproducible method.ml\?::slz:nr;otr;g e;:;zt;vz}
: on of cellulose from the viscosity of its solutions in a .
\t:rcx: uxssealt::: an aclcurate and reproducible method, practically no::::uiﬁs::,
peca ﬁme\w::ﬁies n;cet}s‘sary for-this method are quite small, although it is
e e consun :g. 0 .evaluauons are independent from fibre morphologic
narac rom the inner structure of a paper sheet. Mechanical proper-

» however, are highly dependent on this last quality; in addition, th

more random and destructive. , R
alMany sn.xdx'es have showed that for a vast variety of pulps,
ZO’O;;;:;()):;UeSsO cri::r;g tl’z:cceﬂlerated ?geing do not statistically correlate well with
o praton th o eu ;)rs had t.nec'i to substitute the viscosimetric method to
et e € gr fz of polymerization with the colorimetric method, their aim
g o make it easier to check the different kinds of papers selected for a com-

parative study on the effects of different deacidification methods. They considered

that the correlation between colour difference (AE) and degree of polymerization

the loss of mechani-
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Natural ageing: (15-30°C, 20-80%RH) Artificial ageing (90°C/50%RH)

Dehydration
——P 5-hydroxymethyifurfural
Hydrolysis (H',H,O,NO,,S0;)
—P less DP —P>glucose
Oxidation (Oz, O, NO,,Fe*, Cu™*, UV)
——JP C=C crosslinking, condensation
H’, heat
—P levoglucosenones

Fig. 2: Simplified scheme of paper degradation

(DPv) for nine papers from a same collection was not good enough (correlation
coefficient r=0.76; full correlation being r=1}; so they decided to continue their
classification by using only the DPv data.

In the present study, the treatment of test data consisted primarily of graphic
representation of each parameter (absolute or relative values) for all the papers,
deacidified or not. The first result was that all samples tested positive for the
Polytechnic University of Catalonia (UPC) deacidification treatment. A compre-
hensive study of degradation curves will allow all the kinetic equations to be ad-
justed, from which the permanence and efficiency factors will be calculated for
each paper, but this is beyond the purpose of this study. Finally, for every kind of
paper, the linear regression method between the viscosimetric degree of poly-
merization (DPv) and CIELAB colour difference (AE) was applied. For samples
from the same paper, having a wide range of degradation levels, the regression
gethod applied to AE versus DPv provided remarkably good results. The cor-
relation coefficients run in the order of 0.9 and, consequently, viscosimetry may
be used primarily and colorimetry a posteriori so that a non-destructive method
giving an idea of paper permanence could be applied.

MATERIALS

Papers

e Paper made of cotton rags in 1683, without printed text or handwriting. Lignin
test: negative. Prepared with starch. Slightly acid: cold extract pH 5.8. Octavo
size sheets. Some leaves have borders degraded by mould, but in general they
are kept in very good condition and are very white: Tappi whiteness 672,

ISO 33.4.
197
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Craft-made paPers in acidic medium in the Netherlands, from 1797, vergé, with
water mark Pieter De Viies & Co.. Lignin free. Si: 0.92%; S: 0.56%; Ca: 0.28%.

Cold extract: pH 5.7 Very homogeneous white folios without

whiteness 58.1, ISO 8.9. writing. Tappi

* Machine-made papers of 1890, glossy,

s AL 11000 with printed lines. Slightly positive lignin

0.89%. Produced in acid medium i i
‘ : , rosin-alum sized. Cold
extract pH: 4.9. No alkaline reserve. Cream-coloured. Tappi whiteness 46.5.

Current filter paper, trademark Albez Tappi whiteness 86.9, ISO 74.5. It is used

to detad] leaVeS frOm Ot.her p Iill a € chIIlaUC
pa €ers du i i i
. g Ccelerated a.gelng lrlSIde t}l

METHODS

Mass deacidification (UPC method)

Th i

ame sa;np}e;1 bemg. tfeate'cl were wrapped in filter paper, to avoid excessive

: aﬂ(:uix of the deac1¢§cahon agent being deposited on the surface of the sample.
ples were treated with a deacidifying reagent solution at a liquor ratio 1/3 (v/v).

The concentration of this solution i
n is 8.8%, expressed as i
magnesium, or 4% as magnesium carbonate ’ Forboned d{lpropory)
Steps: .

. Dehydfation of books and stacks of leaves in a vacy
exceeding 50°C. Eight vacuum cycles from 1 bar to

ing between 10-20 min. This operation is carried
from 6% moisture content to 2.5-3%, which is enou

um at a temperature not
30 mbar; each cycle rang-
out to dehydrate papers
) gh to apply the reagent.
[ ]
f(.)c::mo:l o.f the reagent: I\/'Ig(C3HBO)2 .x CO, solution (x =1) in a 66% (w/w)
en ratmle, corresponding to 30% of MgCOs3. After introducing the esti-
mated quantity (66 g/kg paper), it is diluted with the hydrofluoro . b S 1
vent HFC 227 until it reaches the liquor ratio 1/3, with a reagent neentr S'O -
of 4% for dry paper mass, expressed in magnesiur,n carbonatf P concentraion

2A;oge a:;s:ﬁL i‘s filled with HFC 227, the temperature spontaneously falls to
Impregnation phase begins; this is run for 2 h

: ; to ensure good

gz?ztlragon 'th.roug'hout the paper. The solution penetrates the paper quigckly

e deacidification reaction is quite slow, providing the advantage of a bette;

distribution in the leaves. both
3 at the bord insi
ments and alkaline reserve proved. rders and inside, as local pH measure-

Vi ) . :
(cz:)c!ixt;m‘ phase.. the reaction vessel is drained off, moving the liquid solution
ning residual salts, excess of deacidification reagent, n-propanol and
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HFC 227) into a collecting vessel located in the bottom of the deacidification
autoclave. As the paper remains impregnated with n-propanol and HFC 227,
a process of heating that lasts between 20 and 35 mins is started. The bottom
container is cooled, thus bringing the reaction vessel to a pressure of 1.3 bar
abs. The communication valve between both vessels closes automatically once
the estimated drying time is reached. Simultaneously, the vessel is opened, the
papers are taken out and exposed to air so that the reagent hydrolysis takes
place while moisture equilibration occurs. At the same time, the recipient con-
taining the used treatment solution is heated by inverting the cooling cycle,
and distillation starts to recover HFC 227, which is collected into the first sol-
vent vessel cooled at a temperature ranging between -25°C and -40°C. The
existing temperature gradient between both vessels means that distillation is
completed after ca. 2-3 h, with very little loss of HFC 227

Conditioning of the samples

After airing the samples to eliminate every volatile remainder of the solvent, they
were conditioned at 23°C and 50%RH. These conditions were maintained dur-

ing all following tests.

Accelerated ageing

The samples for our tests were aged in a climatic chamber, trademark Dycometal,
i.e. maintained constantly at 90+1°C 50£5% for 7, 14 and 21 days. The pages
were positioned inside the climatic room separated from each other by filter pa-
per sheets, forming three separate blocks lying on three separate grids.

Intrinsic viscostty

Intrinsic viscosity was determined according to the Spanish standard UNE
57.032-92 Part I°. Paper samples were dissolved in cupriethylenediamine (CED).
The solution viscosity was measured using a Cannon-Fenske type viscometer im-
mersed in a thermostatic bath Schott CT52 at a temperature of 25°C, with Schott
AVS350 equipment. This automatically carries out viscosimeter filling and time
of effusion measurements. From time ratios and solution concentration, the in-
trinsic viscosity or viscosity index limit [n] is determined.

In the deacidified papers, the introduced alkaline reserve might represent ap-
proximately 1-3% of the paper mass, which would interfere in the final test result
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and later DPv determination. Therefore, an addition
the samples, deacidified or not, in ap
completely dissolved in the CED:

: al wash was given to keep
propriate condition so that they would be

* Washing in acetic acid solution at 2%, liquor ratio 1/30 (mass/volume): 3 h

o Washi . . .
as.hmg 3 times consecutively with distilled water, liquor ratio 1/30, 3 h each.
* Drying the samples between filter papers and conditioning

M i . .
vent Z]a;;?:f CE]; paper sohftlons viscosity is not free from risks, since high sol-
weakened y an oX)’ge.n mght provoke major degradation, especially in very
papers. To avoid this samples were dissolved without contact with the

. l . .
.
out Wlthln 12 h aiter Complete SOlutlon.

Colour measurement

Colour was measured using a reflection s

tr
color) according to the following conditipec ephatometer Sk $300, (Dt

ons:

B .
* Background: Albet filter Paper. Folded in 8 layers for complete opacit
* Sample: 2 layers placed on the background ’

Number of readings for each sample: 3-6, for both sides
* Large area-of-view (LAV): 6 mm diameter

Coor(rlxletry. d/0 (integrating sphere), i.e. illumination: diffuse, viewing angle: 0-10°
nditioning time of background ’ .
minimun. Tais s ey j;' und and samples: 23°C - 50% RH for 48 hours

celerated ageing; Y important for samples coming directly from ac-

they m i
Y must recover moisture and temperature equilibrium.

From the measured ref]
ectanc ;
values X Y Z, for the CIE stanc: spectra the equipment calculates the tri-stimulus

d illumi °
: . ar inant D65 and 10
rom which all relevant colorimetric parameters can be derivedStarldard observer

RESULTS
Degree of polymerization

P;

aaci(;rrcellupfe degree of polymerization was determined fro

2 a.cfenstlc property of solute and solvent. This is relate
simetric molecular weight through Mark-Houwink equatio

m intrinsic viscosity,
d to the average vis-
n:

My=exp {{In[n] - InK)/ 4}
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Coefficients K and a are not universally accepted for the cellulose-CED system
due to the complexity of cellulose macromolecular structure and its solutions. Ac-
cording to Goring, taken from Sjostrom®, for an average molecular weight of
50,000 cellulose intrinsic viscosity in CED is 131. Replacing these values in the
last equation and taking 0.14 as the most accepted value for X, it results in an ex-
ponent ¢=0.6626. By dividing the molecular weight by the mass of the repeating
unit, anhydroglucose, ie. 162, we obtain the average viscosimetric degree of
polymerization.

From the individual values of intrinsic viscosities the corresponding values of de-
gree of polymerization DPv were calculated. They are given in Table 1 and Fig. 3.

Table 1: Colorimetric values and degree of polymerization for the three papers, before and after
treatment, before and after accelerated ageing.

Sample De- Ageing L a b C H AE DPv
acidification  (days)

cellulose 0 96.69 -0.23 4.02 4.03 9331 0.00

1683 0 90.56 1.41 9.55 9.65 81.59 8.42 1257
1683 7 87.70 1.42 1036 1046 8219 1112 1139
1683 14 82.63 9295 14.36 14.66 7838 17.74 604.9
1683 21 81.64 307 1428 1461 7788 1851 5794
1683 + 0 91.46 1.35 11.55 11.62 8335 9.30 1257
1683 + 7 88.24 1.64 1049 1061 81.11 10.80 1100
1683 + 14 86.39 194 11.33 1150 80.29 12.81 9202
1683 + 21 86.31 208 11.73 1191 7995 13.13 7553
1797 0 87.56 122 12.82 12.88 8455 1276 608.6
1797 7 82.89 998 1495 1512 8132 17.78 5735
1797 14 80.19 341 1729 17.62 7883 2148 4342
1797 21 78.47 368 17.33 17.72 78.02 2290 426.3
1797 + 0 87.56 092 1239 1243 8574 1244 816.6
1797 + 7 84.95 1.73 1422 1433 83.07 1567 683.9
1797 + 14 81.42 244 1549 1569 81.05 19.28 480
1797 + 21 80.10 973 1621 16.44 8043 2079 463.4
1890 0 82.53 344 1923 1953 79.86 21.10 181.7
1890 7 75.49 493  20.73 21.31 76.62 27.48 140.6
1890 14 70.88 595 21.44 2225 7449 31.74 103.2
1890 21 66.71 6.52 21.04 2203 7279 3513 92.8
1890 + 0 83.41 391 2166 2201 79.78 22.46 199.1
1890 + 7 77.71 446 21.84 2220 7846 26.46 177.4
1890 + 14 73.63 539 2222 2287 7637 2991 169
1890 + 21 72.71 538 2101 2169 7564 2992 119.6
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Fig. 3: Average degree of polymerization of historic papers before and after deacidification
according to the UPC method during accelerated ageing (90°C 50%RH).

Colorimetric values

Table 1 gives the average values of CIE ¥ g* b* C* i* for the three papers, be-
fore and after treatment, before and after accelerated ageing. The sixth column

gives the total difference of colour (AE) between the samples and the filter paper
(cellulose) taken as reference white.

DISCUSSION

Study of changes in colour

We studied more deeply the significance of the colour change, by analysing the
changes of the three components of colour L*a*F*, or L*C*h* provoked on the pa-
per by moist heat ageing.

Change in lightness L* (Fig. 4) shows the darkening produced in the course of
accelerated ageing. Comparing the values of treated and untreated samples, a
positive effect of deacidification is observed in all the cases, the longer the ageing
the more distinct it becomes distinct. It is very likely that as a result of the de-
acidification treatment, the thermal degradation rates are retarded, as this kind of
degradation is one of the main causes of darkening.

Changes in chroma C* (intensity of colour) as a result of both deacidification
and of accelerated ageing are illustrated in Fig. 5. Papers from 17" and 18" centu-
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Fig. 4: Change of lightness of historic papers before and after deacidification according to the
UPC method during accelerated ageing (90°C 50%RH).
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Fig. 5: Change of chroma of historic papers before and after deacidification according to the
UPC method during accelerated ageing (90°C 50%RH). For key see Figs. 3 and 4.

ries, originally quite white, become gradually more coloured, and deacidification
reduces these changes. In contrast paper from 1890, originally yellowish, shows
very little change of chroma. In this particular case, it seems likely that ageing
and deacidification provokes only darkening, that is, the formation of degrada-
tion products having dull, not saturated, colours.
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Changes in hue and chroma are also illustrated in Fig. 6 and Fig. 7 (CIE a* vs
CIE b*). It becomes evident that during accelerated ageing the hue changes
towards yellow and, in less amount, towards red. The deacidification treatment
shows different effects, not only on different kinds of paper, but also after dif-
ferent periods of ageing of one and the same paper. A uniform development can
be seen with the paper from 1797: both the deacidified paper and the untreated
one kept their hue value in the course of accelerated ageing. Deacidification only
reduced the chroma, not the hue. The paper from 1683 behaved very similarly,
with the exception that immediately after the deacidification process the paper
was significantly more yellow and possibly also a little bit more red: an effect that
was, as already said, not stable during accelerated ageing, On the other hand, the
paper from 1890 became more yellow due to deacidification, but ageing only
provoked a slight increase towards red, whereas the hue of the paper that had not

been deacidified changed considerably towards yellow and also towards red after
a long period of ageing.

Correlation between colour difference and degree of polymerization

Degradation kinetics can be studied by using different properties of paper. From
Fig. 8 it becomes evident that the retention of DPv and the retention of CIE L*
(lightness) vary with time. The decrease is not linear, and fitting the curve to an
ideal first order kinetics has gave poor results, this means that different laws will
be required to explain the behaviour of specific papers. Changes in DPv were
more pronounced than changes in L* There was always an improvement in the
retention of DPv caused by deacidification; its minimum after the longest period
of accelerated ageing was + 5%. The minimum retention of lightness caused by
deacidification was +2%.

As it did not seem promising to search for different kinetic laws for the ob-
served degradation, we preferred to look for a relationship between the changes
in optical properties and chemical properties. We used a simple linear regression
method. The degree of polymerization was taken as independent and the colori-
metric data AE and CIE L* as dependent variables. Fig. 9 gives the overall re-
sults, and Fig. 10 the results for the XIX century paper. Tables 2 and 3 show the

numbers for the linear correlation equation, Yo being As in the case of total
colour difference or Loin the case of lightness:

Y = A*x +Yo

Those regression lines and their equations are also available via the computer
for non-mathematicians.
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Fig. 9: Regression lines for the relation between colour change and degree of polymeriza-
tion.

Each paper behaved differently,
Fig. 9). The area where the oldest r
the area covered with the machine

and covers a definite area of the diagram (see

ag papers are located has no intersection with
made 1890 paper.

Tables 2 and 3 also give the correlation coefficients of the linear trend-
lines. The nearer the number to 1, the better the correlation. The lowest (r =
0.7925) is found with AE vs DPv in the 1890 paper after deacidification. In all other
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the correlation is quite good, which will allow the degree of polymerization
cases ‘ ' o
to be calculated, at whatever ageing time, through a simple colour measu

me\"l\;. also studied the correlation of the colorimetric values AE and L* of pure
e

llulose vs AE and I*of the three historic papers and found a very good correla-
:ieonu the lowest correlation coefficient being r = 0.95 (1683 untreated paper).
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Table 2. Linear regression AE {y-coordinate) vs DPv (x-coordinate)

Paper AEo Slope (A) Correlation coefficient (r)
1683 26.456 -0.014 0.9955
1683 deacidified 19.6 -0.008 0.9703
1797 41.975 -0.0455 0.9450
1797 deacidified 30.408 -0.0219 0.9914
1890 48.12 -0.1486 0.9918
1890 deacidified 41.099 -0.0837 0.7925

Table 3. Linear regression L (y-coordinate) vs DPy (x-coordinate)

Paper Lo Slope (A) Correlation coefficient {r)
1683 75.066 0.0118 0.9873
1683 deacidified 77.788 0.0102 0.9227
1797 62.304 0.0391 0.9275
1797 deacidified 714 0.0198 0.9928
1890 52.386 0.1661 0.9887
1890 deacidified 56.77 0.1209 0.8331
ConcLusion

distinct, positive effect on the ageing behavi
is brought into the Paper by this process inh

It has been demonstrated that the colour
viscosimetric DPv, at least within r
test conditions

our of paper. The alkaline buffer that
ibits the degradation processes.
difference AE correlates well with the

anges determined by the accelerated ageing
0-21 days at 90°C and 50% RH)

These and similar results can be

used to define a method for non destructive
analysis of papers, comprising the fo

llowing steps:
* determinate the degree of polymerization of the Paper by taking 5 or 6 small

test specimens, weighing less than 200 mg at random. The paper sample should

be washed previously in a diluted acidic bath in order to make the viscosi-
metric analysis more accurate. The results will be better in papers with the
least amount of additives, sizings, coatings and lignin. Generally it may be
enough to determine the DPv of 2 non-aged untreated paper only, but it
would be more accurate to measure that of the most aged sample, too.
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ment accéléré et la désacidification. On a observé une bonne corrélation statistique entre les
différences chromatiques de chacun des échantillons par rapport a un échantillon de référence
en cellulose pure et par rapport au degré de polymérisation de ces mémes échantillons. Ces
résultats permettent de préconiser Putilisation de [a méthode colorimétrique et de la méthode
viscosimétrique pour controler le degré de conservation du papier des bibliotheques et des
archives. On a également observé que les changements qui concernent les paramétres chro-
matiques (°E) et le degré de polymérisation, lors du vieillissement accéléré, sont liés au type du
papier et & sa composition, ce qui signifie que ces propriétés pourraient étre utilisées pour
déterminer I'age du papier et la méthode de sa fabrication.

Eine Methode der nicht-materialzerstirenden Papieranalyse, basierend auf Messung von Re-
Slexion und Viscositdt

Im Rahmen einer Untersuchung zur Einschiitzun

g der Wirksamkeit des an der Polytechnischen
Universitit von Katalonien (UPC-ETSIIT)

entwickelten Massenneutralisierungsverfahrens wur-
den die Verinderungen einiger chemischer und physikalischer Eigenschaften von Papieren des

17., 18. und 19. Jh. untersucht, insbesondere die Veriinderungen, die der viskosimetrisch er-
mittelte Polymerisationsgrad und die Farbwerte (WeiBgrad, Farbintensitiit, Farbton) durch das
Neutralisieren und durch beschleunigte Alterung erfahren, Es zeigte sich eine statistische Kor-

n. Es wurde auch beobachtet, daB die Verinde-
und der Polyymerisationsgrad bei beschleunigter
tzung des Papiers abhingen, was bedeutet, daB
llungsmethode verwendbar sind.

rungen, die die Farbwerte (Gesamtfarbwert AE)
Alterung erfahren, von Typ und Zusammense
diese zur Feststellung des Alters und der Herste
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on the Light Induced Oxidation of Newsprint

by VLADIMIR BUKOVSKY & I[VAN KUKA

INTRODUCTION

Different effective methods for the m

ass deacidification of paper use Mg; in most
of them magnesium carbonate is th

e final alkaline reserve!, Undoubtedly, de-
acidification has a most favourable influence on woodfree papers® 3. The lifetime

of modern groundwood papers, oo, is significantly increased by this process. On
the other hand, alkalinity makes groundwood paper more sensitive to light,
which can be observed even after a very short period of irradiation® * °. There
are even post-radiation oxidation changes in newsprint paper which, after a de-

acidification treatment, has been exposed to light for a short time and has then
been stored in the dark® 7.

YELLOWING

The understanding of the
tion of groundwood paper
nection with the content o

processes related to light induced oxidation degrada-
s is tightly bound to the processes of yellowing in con-
f lignin in paper. Existing knowledge about this process
by Leary®. Primary chromophores absorb the radiation
from 300 to 400 nm with the maximum between 310-
oducts consisting of carbonyls (aldehydes and ketones)

b

quinones, organic acids and other low-molecular substances are the result of the

light induced oxidation Processes'® . They are considered to be the secondary

chromophores, which are able to absorb radiation even at longer wave-lenghts.

The light induced oxidation degradation of lignin related to the creation of radi-

cals can be described in three different model mechanisms® 12:

* Phenoxy radical pathway. Free
or hydroperoxide radicals; phe
low-coloured quinones. This
the light induced oxidation re

phenoxyl groups of lignin react with peroxide
noxy radicals are formed and they produce yel-

pathway corresponds to approximately 33% of
actions of lignin.
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Fig. 1: Model of the lignin monomere

; . lig-
i . Fig. 1) are split in that part of the lig
-C-O-4 linkages (cf. Fig ‘
) Phenacly 1 Slath:l:zrf there is an 0~C=0 functional group; phenoxy radical and
i C e, - . s . .

::ols:a;icals are formed and the lignin molecule is split o -
C-O-4 linkages are split in that part of the lignin molecule,
e Ketyl pathwa?"f[; a-C-OH group; phenoxy radicals and ketons z}re fon[;led:
’Iw‘l}:etz d?erfn:;ecule is split. Formed phenoxy radicals are changed into yellow

e lignin

coloured quinones or other products.

INHIBITION OF YELLOWING

ibit light i idation yellowing are focused on block-
o pasic ways {0 ifnhlbl;lelxgllc:;ilcnglg?;rg:;i, for ir)istance by acetylation or meth-
ing the amount o7 i padding radical blockers® 2. In this context, we observed
yation, Anoter 0“; lixt with significantly reduced UVA radiatifm on the course
o inﬂl}eﬂce " da'):il%ion of groundwood paper with a high ligmx.l content (news-
e ? the amount of Mg in a newly formed alka.h_ne reserve after
priny indel')ende'rtlltl i ethanolic solution of methyl methoxymagnesium cau'bonat;i -
de%idiﬁc?? (l)? e mm arison we used high quality, woodfree chromatographic
WL TH Forffac)t cI:f deacidification and alkalinisation of the treatei paper
paper W1 The e atration of the MMMC solution. Some of tl?e substance
depends on the cc')nCe arbonate, which will act as an alkaline reserve in the .futl.lr(i,
changes o magnesmm'c s struct,ures present in the paper, mainly .to -the. lignin®.
some is bound to \‘/;rlolfl in is very important for paper because it 51g'mﬁcarll(tl‘y
'Ir‘l}llijgt}lzounirtsZ ofeli;ls::linduced oxidation reactions®. The aim of this work is
inhibits the co

to find answers to the following questions:
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e What concentration of MMMC is necessary to achieve complete deacidifica-
tion?

¢ What is the influence of an increased PH and alkaline reserve on the proper-
ties of groundwood newsprint?

¢ To what extent can the amount of Mg in paper inhibit the course of light in-
duced oxidation reactions after irradiating by multivalent daylight?

MATERIALS AND METHODS

Paper samples

We used the same paper samples as in the preceding works® ', in which the char-
acteristics of these papers as well as the amount of lignin are given. There was not
enough of sample No. 3 to be used, or, more correctly, the remaining amount
(Hlas nasej dediny newspaper) was significantly different from that used previously.

¢ No I: newsprint made in Vétrni, 1996, Czech Republic
¢ No 2: newsprint made in Steti, 1996, Czech Republic
* No 4: newsprint made in Croatia, 1942

¢ No 5: newsprint made in Hungary, 1881

* WI - chromatographic woodfree paper Whatman 1

Preparation of samples

Samples measuring 6cm MD x lcm CD were weighed after having been con-
ditioned for 2 days at 45% RH and 20°C+1. Then the samples were deacidified
by soaking for 5 minutes in MMMC solution of different concentrations. The
solutions were prepared by diluting the original 10% solution to weight concen-
trations of 1, 2, 4 and 6% active substance. A 1% solution contains 0.41 mol/1 Mg
or MMMC resp. After deacidification the samples were again air-conditioned in
the same conditions as given above and again weighed. The alkaline reserve (AR) -
we suppose it is magnesium carbonate - js recognizable in the increase of weight.
The control samples were soaked for 5 minutes in pure methanol, i.e. not de-
acidified: 0% concentration of MMMC

The alkaline reserve resulting from the treatment is given in Table I, the
MMMC concentration in Table 2 and Fig. 2.
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Table 1: Alkaline reserve (%) after deacidification.

Paper No
5 Wi
MMMC solution 1 2 4
0 0 0 0

0% 0 '
10/: 1.03 0.77 0.92 0.34 0.82
9%, 1.90 1.63 2.15 0.6? '1.63
4% 4.06 3.31 443 1.73 3.70
6% 5.66 4.63 5.98 2.56 4.96

Table 2: Mg conte nt’ (weight %) before and after deacidification with various MMMC concen-
trations (%).

Paper No
4 5 w1
MMMC solution 1 2
0.029 0.001
0.014 0.070 0.016 X
(1):;0 0.590 0.530 0.470 0.290 0.271
20/0 0.780 0.840 0.740 0.520 0.535
4"/0 1.580 1.520 1.090 0.890 1.020
60/0 2.310 2.220 1.600 1.360 1.330
o .

" Analysed by Ecochem analytical laboratories, Prague, Czech Republic, by means of ICP OES
spectrophotometer Liberty 200 (Varian).

Mg in paper (mmol/100 g)

0 1 2 4 6

ion (%
paper sample MMMC solution (%)

Fig. 2: Mg content in paper, before treatment and depending on MMMC concentration.

Sample exposure

i i i D-samples).
ut into the dark immediately after treatment ( -sampl
Ez‘cl:;if(::xelj ;:ecﬁanges observed in them result from the deacidification

process only, mainly from a change in pH and the amount of alkaline reserve.
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Fig. 3: The real spectral transmittance of two window panes ca. 5 cm apart from each other.

The other half of the samples were exposed to daylight by placing them on a
window sill (L-samples). The daylight went through two glazed windows during
the period August 13 to September 17" 2000, i.e. 35 days. This was the length of
time necessary for the maximum of carbonyl formation, based on the conclusions
of our previous work?. The intensity of the irradiation during the experiment was
quite high: cloudless days 27%, almost cloudless 20%, partly cloudy 19%, almost
cloudy 16%, overcast 18% and overcast-dark sky 0%. We assume that the tem-
perature during irradiation was not high enough to influence on the ageing of the
paper.

The spectral transmittance of light in the range between 300 and 400 nm go-

ing through the window, is given in Fig. 3. These data were given by the Slovak
Institute of Metrology in Bratislava.

Measurements

After completion of the exposure time all sam
been stored in the dark, were air-
then tested for:

ples, including those which had
conditioned for 2 days at 45% RH 201 °C and

* Folding endurance according to Schopper!’

- The number of samples in the file
after excluding both marginal values was 8.

Brightness at 457 nm, L-samples both on irradiated and reverse side*. The
number of samples was 7.

Extractable agents and pH. The samples 6x1 cm were soaked for 1 h at 100°C
in 2 ml deionized water. The resultin
density (457 nm, Specol 11, Zeiss,
Czech Republic)

g yellow water was measured for optical

Jena) and for pH (M-120 Mikrotechna,
. The number of samples in the file was 7
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i Ison'®. The number of
e Carbonyl content according to Albertsson and Samuelson

samples in the file was 3.

RESULTS AND DISCUSSION

Deacidification of samples and alkaline reserve

Gravimetric measuring of the alkaline reserve (AR) in paper gzv; -Corznfha;:’t:;:z
rough results. Nevertheless, it can be seen from Tabs. 1 & 2 and Fig. 2 hat there
was a considerably increased amount of Mngg pre:sent,bcor;esgobn thg > he
MMMC concentration, as a result of the solution bems absorbed by the finp a;
The smallest alkaline reserve was found in san‘lple 5 ie a Paperf ;/(I) i fn .
high amount of mineral filler. The Mg content in paper consists of MgCO3

Mg chemically bound to lignin or cellulose; we do not know in what proportion.

Acidity and alkalinity (pH)

ignificant influence on the pH after de-

initial acidity of the papers has a signi enc .
TITS ' ;muﬁo :C(;il )’4) and dark storage (D-samples). To sxgmﬁcantly neutralize tlhe
ore lca’dj s s (samples 1 and 5), a higher concentration of the MMMC solu-
ore acidle pape” (sample 1: 2%, sample 5: 1.5%). The final pH of the ground-

flons was necesssry e values of 9.0-9.5 even after deacidification with

id not exceed th e
zzc:: g,ﬁzr:t::te; (;/IMMC solutions. The highest pH was found after deacidifica

idity of non-deacidified groundwood
i initi tral paper W 1. The acidity o :
n:ne(;: t:ffeirnil:lr:lcli)ilaltli?rll sigrlzié)candy increased; this is relatec.:l to the fo;jn;lauon of
Prpanic acids. pH decreases down to 2 (paper 1), and that is why a }u.g :r con-
‘ gtr tion of MMMC is necessary to deacidify these papers. In the lignin free pa-
centratio

per W1 the pH was unchanged during irradiation.

Extractable degradation products

Fig. 5) are formed in the groundwood. papers dur-
dative disintegration of lignin. Alkalinity as a re-
creases the degradation of lignin and has

Yellow degradation products ( .
ing natural ageing, i.e. auto-0xi e

idi ion treatment 1n :
;“::lt O.f ftlh . deea:::! tf;;ceat;:dative degradation of cellulose' . The tendency of lig-
ittle influenc

. .dize in an alkaline environment becomes obvious by the formanon.;f
1 . .
mnt to 0)2 thble agents in the D-samples- Their amount increases together Wi
water extrac
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alkalinity, but this increase is not parallel. It also depends on the initial pH and
the quality of paper. Deacidification assists in the formation of these agents even

in the W1 paper, but in a very much lower range; cellulose seems to be resistant
towards oxidation even in an alkaline environment,

Irradiation of deacidified Papers and, consequently,
lignin significantly speeds up the formation of degra
and 2 and, to a less extent, paper 4 show that a highe
higher MMMC concentration, decreases light induc
certain amount (Fig.8). The optimum decrease seemns
content produced by a MMMC solution of 2.3%.
does not further reduce carbonyl formation, and
light induced oxidation not inhibited by Mg. Th
not parallel to the change of pH.

The carbonyl content of pure cellulose (
changed, neither by high alkaline environment

light induced oxidation of
dation products. Papers 1
r Mg content, as result of a
ed oxidation, but only to a
to be equivalent to the Mg
Further increased Mg content
there is a significant amount of
e change in carbonyl content is

paper W1) is not significantly
nor by irradiation.

Brightness of paper

Brightness of paper (Fig. 6)

reflects the degree of paper degradation caused by
natural ageing, light induced

oxidation, change of acidity and/or of Mg bound to
lignin. It is apparent by the formation of yellow degradation products. Some of

these products are tightly bound to lignin and are not extractable. Low concentra-
tions of AR (or Mg respectively) significantly decreased the brightness of both
modern newsprints* (papers 1 and 2). With paper 1 the greatest decrease took
place as result of deacidification at a very low concentration. Higher con-
centrations of MMMC solution resulted in only a smaller decrease. Brightness
decrease is caused by Mg bound to lignin. The presence of a low concentration
of Mg is enough to cause this yellowing.

From Fig. 6 it also becomes evident that the yellowing caused by the bond of
Mg to lignin significantly depends on the quality of paper. Even the pure cellu-
lose paper W1 showed a decrease in brightness as result of deacidification. It is
very small, but it suggests that there was a binding reaction of Mg to the cellulose
molecule and that it increased with higher amounts of Mg,

Obviously light is reducing the brightness of paper. Deacidification most often
lessens this process, with the exception of paper no. 5. An increase of the amount
of AR/Mg in the paper, however, results in a further decrease of brightness. The

apers differs to some extent from the course of

course of yellowing of irradiated p
yellowing of the non-irradiated papers, definitely at the lowest concentration.
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concentration of MMMC (%) concentation of NN:\AC o 6

This is caused by the fact that Mg inhibits the light induced oxidation processes, 0 2 4 6 0 2 . 2000
at the same time as being bound to the lignin, which results in decreased bright- 3000 . T ) — paper No 1
ness. filter paper W 1 g

The yellowing of the non-irradiated side of modern papers copies the course - 1500 é
of the yellowing of the irradiated side. This colour change may be caused by the 2500 § oy
diffusion of degradation products, a process that might be called “secondary yellow- 8 1000 g‘
ing”. Paper no. 5 became brighter after irradiation,. This bleaching effect occurred 73 2000 %
at all Mg concentrations, even though it seemed to be less pronounced at the g 500 2
higher concentrations. It may be assumed that, due to the degraded state of this < 1500 4 ’
paper, the bleaching effect of daylight (430-450 nm)® prevails the yellowing g
resulting from the Mg binding to the chemical structure of lignin, i.e. the photo- g 1000 O
degradation of lignin. c

Also, the pure cellulose paper W1 lost brightness by irradiation, though to a c
lesser extent. A high concentration of Mg, however, had a stabilizing effect on 500 1 —aD-sanple
the brightness on this paper. It occurred on the illuminated side only, while the
reverse side lost brightness with a high Mg concentration in the same way as the 0
sample stored in the dark. 2500

paper No 2
2000 Fig. 7 Folding enq;razﬁf:;el;%fn:rg ;&e&g?'

Folding endurance % acidification with differ
Folding endurance (Fig. 7) is depending on three factors: quality of paper defined § 1500 1
as length of fibre; extent of fibre degradation and the amount of filler and sizing. §
The increased content of MgCOj in modern newsprint of excellent mechanical g 1000 -
properties (paper no. 1 and 2), caused by deacidification with highly concentrated g
MMMC, is resulting in a reduction of folding endurance to a level of about 50% S 500 150
of the original value. With the historic papers {samples no. 4 and 5), the fibre paper No 5
proportion of which is considerably degraded, this loss is even more pronounced. 0l
Mechanical stability can be reduced to brittleness, which means that highly con- . a0 2
centrated MMMC solutions must not be used for such papers. Of interest is the 1500 - . = gr
reaction of the W1 paper. Here an increased amount of AR/Mg slightly increases 8 paper No o =~
the folding endurance. We assume that this favourable influence is caused by the jz 1000 ~o—L 8 g
direct bond of Mg to cellulose, and this strengthening process interferes with and g g
eliminates the reduced mechanical strength of the increased MgCOj content. et g

Irradiation is significantly reducing the mechanical strength of modern news- ; 500 1 0 @
print as well as of the pure cellulose paper W1. Deacidification with high or with ‘g ———t T 5
low concentrations of MMMC solution did not eliminate this effect. The nega- € 0 #——-—1-——'-—";‘_—‘—_;; 0 2 . N‘:\/NKI/%)
tive influence of light on the mechanical strength of paper is significant. ° nzzration of MMMC (%) concentration of

Even the pure cellulose paper W1 suffered significant light induced oxidation conce
destruction; its folding endurance after irradiation was decreased considerably. It 219
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is astonishing how significantly even a small amount of Mg {20 mmol/100 g paper)
prevented the mechanical properties of this paper from light induced oxidation
from worsening. The highest amount of Mg used for this work seemed to elimi-
nate completely the influence of light on this paper.

Light induced oxidation of paper

The most obvious method to show oxidation in paper® is to observe the forma-
tion of carbonyls (Fig. 8). Carbonyls represent the first stage of the oxidation of
cellulose and lignin, whereas the degradation products are the result of several
following reactions the interpretation of which is quite complicated?" 22, Deacidifica-
tion of newsprint, either modern or historic, has little influence on carbonyl
content. Even a high content of Mg, resulting from deacidification, does not in-
fluence it. The same is true for the pure cellulose paper (W1)

Light induced oxidation resulting in a huge increase of
intensively in newspaper after onl
small amount of Mg,
solutions, significantly

carbonyls takes place
y a short irradiation. The presence of just a very
resulting from deacidification with very dilute MMMC
inhibits light induced oxidation, i.e. the formation of car-
bonyls. Even in paper No. 5, which can be supposed to have already suffered
lignin degradation to a great extent, the formation of carbonyls is considerably
reduced by deacidification. The formation of carbonyls by the light induced oxida-
tion of OH-phenolic groups is significantly reduced or even stopped after a cer-
tain amount of Mg, equivalent to MMMC solution 2.3%, in the paper is reached.

It seems that the presence of Mg in the paper can inhibit light induced oxidation
because it works as a radical blocker'.

The extent of light induced oxidation, which Mg is able to inhibit, is ca. 46~
57% of the total amount of carbon

yls formed by irradiation, equivalent to 5.1 to
77 mmol carbonyls/100 g paper {

Table 3). In sample no. 5 the share of inhibition
of the light induced oxidation caused by Mg was about 63%, i.e. 1.25 mmol car-

bonyls/100 g paper. The situation in the pure cellulose paper W1 is different. The
lowest and the highest concentration of MMMC resulted in a relatively high re-
ducing effect of Mg on light induced oxidation. It is therefore problematic to as-
sume that the decrease in carbonyl formation after deacidification is connected

with Mg binding to the cellulose molecule. If we admit this bond takes place, the

presumption would be that carbonyl formation during irradiation is inhibited by
up to 20-25%.

Based on the conversion of the amount of Mg in paper and the amount of
created carbonyls we assume that for the inhj

ibition of 1 mol of the newly form-
ing carbonyls we need 5.1~760 mol of Mg in groundwood papers; 21.5 mol in
Paper no. 5 and about 66 mol of Mg in the W1 paper (Table 4).
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Fig. 9: Amount of carbonyls (log mmol/100g paper) in irradiated newsprint before and after

deacidification with different solutions of MMMC: trendlines indicating the inhibition effect de-
pending on the concentration ot Mg in paper.

Very intense light induced oxidation of groundwood papers with a significant
increase in the amount of carbonyls occurred after quite a short irradiation pe-
riod (35 days). This increase is not related only to phenoxy radical pathway;
phenacyl and ketyl pathways also occur in parallel and with the same intensity,
even if we do not know their quantitative relation. With modern groundwood
papers, in which the extent of oxidation in the process of natural ageing is
negligible, we can recognize fairly well the course of light induced oxidation. To
interpret the relevant numbers found with historic paper samples, in which we

know neither the initial quality of paper nor the degree of degradation of lignin
and cellulose, is more complicated.
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Table 3: Inhibition of light induced oxidation by Mg

Paper No
1 2 4 5 Wi

16.51 11.89 8.82 2.15 0.56

9% 100 100 100 100 100
PR - 8 6.4 3.7 0.8 0.42

Light induced oxidation not inhibited by Mg . 8 . .y 2 73 750
7.7 5.5 5.1 135 014

% 46.7 46.2 57.8 62.7 25.0

Maximum light induced oxidation’

Light induced oxidation inhibited by Mg™

- ¢ of carbonyls (mmol/100 g paper) in irradiated samples minus carbonyl content in
mount of car

samples stored in the dark
" amount of carbonyls in paper:

; d9.
ighest inhibition; calculated from Figs. 8 an
- the highest inhibition; ¢ lght  duced oxidation an

s which were deacidified with the MMMC which resuited in

d oxidation not inhibited by Mg
difference between maximum

estimated

ibi i ight induced oxidation.
Table 4: Calculated amount of Mg necessary to inhibit a maximum of light induced oxi

Paper No
1 9 4 5 Wl
3 1
Lt 4 2.6 24
MMMC concentration necessary to l.nhlblt a 2
maximum of light induced oxidation 30 9 33 29 10

Amount of Mg (mmol / 100 g paEer) necessary
to inhibit light induced oxidation . 1
Amount of Mg {mol) necessary to inhibit 1 mo.

" calculated from Figgs. 8 and 9
" calculated from Fig. 2

7.6 65 215 66

ConcLusioN

ions results in
Deacidification with various MMMC concentratio

agnesium content;
* considerable increase of alkaline reserve and magn:
* remarkable increase of pH;
is decre
* brightness of groundwood paper 15 de .
i odu
* amount of extractable degradation Pr

¢ folding endurance is decreased;

ased and yellowing increased;

cts is increased;
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* pure cellulose paper shows a significant tendency to improved mechanical
strength.
Deacidification followed by 35-day irradiation:

* low concentration deacidification results in lower pH after irradiation than

after dark storage. After high concentration deacidification there is no or only
little difference between the pH of irradiated and non-irradiated samples;

some groundwood papers show a significant increase of extractable degrada-
tion products with increased deacidification concentration;

significant decrease of brightness and increase of yellowing, together with an
increase of alkaline reserve;

the brightness of the non-irradiated side decreased as well as the irradiated side,
which is related to the diffusion of degradation products through the paper;
folding endurance after irradiation considerably decreases only in modern pa-
pers; mechanical properties in historic papers are not further reduced by ir-
radiation;

significant light induced oxidation related to the increase of the amount of
carbonyls takes place;

in groundwood paper deacidification with Mg compounds reduces the light
induced formation of carbonyls in an amount of 46-57%, if 33-42 mmol
Mg/100 g paper are provided:;

5.1-7.6 mol of Mg are necessary to inhibit 1 mol of carbonyls to be formed in
the photo-oxidation process. It is important to chose the right concentration of
MMMC solution: that which provides the amount of Mg necessary for maxi-
mum inhibition of photo-oxidation in groundwood papers;

the Mg-caused inhibition of photo-oxidation in very old groundwood paper is
probably very intensive but much more Mg is necessary;

even in pure cellulose paper a positive effect of deacidification with Mg on the
light induced oxidation can be seen, but its amount and its chemical character

is difficult to describe. There is only a small decrease of brightness, but a posi-
tive influence in mechanical strength.
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Distribution of Chemical Elements
of Iron-Gall Ink Writing
Studied by the PIXE Method

by MILOS BUDNAR, JEDERT VODOPIVEC, PIER ANDREA MANDO,
FRANCO LUCARELLI GIUSEPPE CASU & ORNELLA SIGNORINI

INTRODUCTION

Problems relating to the damage of support materials (paper, parchment, papyrus)
by iron-gall inks and other metal pigments have been known for a long time'.
The complex chemical processes between the ink and the support depend on
several factors, ranging from the materials’ composition to environmental in-
fluences. However, a complete understanding of the phenomena is not available
yet and is a matter of serious investigation® 1% 111213,

It would be very useful to find a non-destructive analytical method, which
would be able to detect and trace chemical changes both during and after con-
servation treatment. It would also be useful if the same method could be used
after some time on the same sample to trace the longer term effects of iron-gall
inks or other metallic pigments on the manuscripts. For high quality conservation
it is important to have a good understanding of the materials under treatment,
particularly the likely compositional changes of the ink and the support so that
the conservator has an idea of how the chosen conservation procedure will affect
the materials.

In the following, an analytical method is suggested which can fulfil the above
demands at least in some respects. It is called the Proton Induced X-ray Emission
(PIXE)** and is based on the use of protons from a particle accelerator, which ir-
radiates a sample and records characteristic X-ray radiation produced. The PIXE
method® is a well-established analytical tool for the detection of the elemental
composition of various samples, especially in fields such as environmental sci-
ence, geology and biomedicine. Recently, it proved its versatility when it was
used on archaeological objects®.

There are several advantages of using the PIXE method to study manuscripts.
For example, the distribution of the elements in the inks can be studied with
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greater precision than looking at the width of the writing itself. The PD.(E method
can offer a quantitative multi-elemental determination of the concentration profiles
across the writing®*® for the elements of the periodic system, from Na upward.
The other very important advantage is that the method can be classified as a non-
destructive one as the damage on the analyzed document, if any, can be com-
pletely avoided if the proton beam intensity is low enough. Ther'efore,.by apply-
ing the PIXE method the elemental composition changes can be investigated as a
function of the conservation procedures. This is a prerequisite for a better under-
standing of the chemistry taking place during the treatment, which can contribute
to the conservation of paper documents being still more scientifically approved.
In the following the method and the results from the analysis of a 17 cenu‘lry
rag paper used for iron-gall manuscripts are given. The elemental profiles of ink

as well as paper composition were deduced. The chosen manuscripts were analyzed

before and after treatment {water washing and calcium hydroxide deacidification)

and significant changes in the elemental concentrations were detect.ed.

It is clear that PIXE is only one of the quantitative methods, which can‘ offer at
least part of the information needed. It seems very useful’ for the analysis of Fhe
documents written in inks and pigments containing metal ions. As PIXE can give

elemental concentrations but not the chemical specification it should be com-

bined with other approaches to illuminate the complex chemical processes in

more detail™. The final understanding of iron-gall ink damage requires therefore
further measurements, analysis and study to improve the statistical relevance of

the results.

EXPERIMENTAL AND ANALYTICAL PROCEDURES

Samples and points of measurement

d approach we selected two pages, num-
document Notarile Antecosimiano No.2193
The manuscript was written in iron-

As a first attempt to apply the propose
bered 22 and 23, of the I7® century

ivio di Stato (Firenze) for analysis. '
e o g o eroa(n(lirsome irreversible damage produced by the ink could

of the page 22 is shown in Fig.1.

few letters were chosen for scans with the proton
tail of the chosen area. Besides scanning, sev-
k and paper were measured to confirm the
composition deduced from the scans. Altoget.her more than 2(;10 r.n(;(as?remer:t?
were done with the aim of tracing the material ct?r.nposmon, t ﬂ:e ink e emetril;;
profiles and to appreciate changes in the composition due to the conservatio

treatment.

gall ink on rag pap
be clearly observed. The layout

On the two selected pages a
beam; the inset in Fig.1. shows a de'
eral individual points belonging to i
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Fig.1.  Photograph of page 22 with an inset enlarging the region of the scanned letter.

Conservation treatment

The selected pages were measured using PIXE prior to the conservation to dis-
cover the original composition of the iron-gall ink and paper. Then the pages
were returned to the conservation laboratory of Archivio di Stato for treatment.
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Fig.2.: PIXE spectrum of the iron-gall ink from page 22 before treatment as measured by one
of the two X-ray detectors.

Two standard conservation procedures used in the Archivio were selected. For
page 22 water washing was applied, i.e. the document was put into a tap water
bath for about 30 min at room temperature and then dried. Page 23 was treated
with a deacidification procedure, i.e. the document was first rinsed in a tap water
bath and then soaked in a calcium hydroxide bath for 20 min at room tempera-

ture and dried.

Experimental set-up

The element profiles across the writing were studied using an external beam
PIXE set-up at the Florence 3 MV Van de Graalff accelerator. This experimental
arrangement is specially designed for the study of manuscripts and is described in
more detail elsewhere’™.

The manuscript was fixed on the manipulation table, which moved the docu-
ment laterally in front of the proton beam for irradiation. The exact position of
the beam spot can be identified and reproduced with an accuracy of more than
0.1 mm. For irradiation the protons with an energy of 2.8 MeV from the Van de
Graaff accelerator were used. The beam current was about 300 pA and each
point was measured for around 150 s. The size of the beam spot was 0.3 mm
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FWHM (Full Width Half Maximum). The beam profile was determined by scan-
ning over a 0.015 mm thick tungsten wire through the detection of its characteristic
L X-rays. The characteristic X-rays produced from the analyzed spot on the manu-
script was measured by two Si(Li) detectors, simultaneously. The X-ray spectrum
corresponding to the ink deposited on page 22 as measured by one of the two
detectors is shown in Fig. 2.

The measuring procedure was such that the information about the sample po-
sition was correlated with the simultaneous acquisition of the X-ray spectra and
the proton dose. This meant that the measurements were done fully automatically,
which was crucial for scanning across the tiny letters on the manuscripts. In our
case the scan steps were 0.3 mm. The measured X-ray yields corresponding to
the elements present in the sample were transformed into the elemental concen-
trations of the sample components (ink, paper). For determining the concentrations
the thin target approximation which neglects the matrix effects was applied®*, In
this way it was possible to calculate within a few percentage uncertainty the com-
position of the materials tested.

Sample damage was checked visually and the effects produced by the proton
beam on the paper were practically negligible.

RESULI'S AND DISCUSSION

The elemental concentrations obtained by the external PIXE method can be used
for analysis of the manuscript composition as well as for tracing the com-
positional changes due to the different conservation treatments. The elements de-
tected by the PIXE method are those heavier than Na. All light elements (H, C,
N, and O), which are important constituents of paper and are present in iron-gall
ink also, were not measured. As the whole set of the determined elements can be
considered as a representative “finger print” of the ink and paper used, the omission
of the lighter elements was not considered a drawback and does not influence the
data shown here.

Among the detected elements it was possible to select those which belonged
solely to the ink, those which were present in the ink and the paper and those
which were found in the paper only. The determined elemental concentrations
(expressed in pg/cm’) for page 22 of both ink and paper before and after the water
washing procedure, are given in Table 1. Similar effects for page 23 of the de-
acidification procedure are presented in Table 2. The elements Mg, Al, S, K, Cr,
Mn, Fe, Ni, Zn could be clearly identified as the ink components. For proving
that assumption the scans across some selected letters were done for the both
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Table 1. Page 22 ink and paper clemental concentrations {pg/cm’) before and after the con-
servation (reatment (water washing). In the parcntheses the range of values is given.

Ink Paper

Before treatment After treatment Before treatment After treatment
Na 0.65 (0.1 -1.24) 0.52 (0.1 - 1.24) Below detection level
Mg 3.90 (2.2 - 4.22) 1.15(0.83 - 1.47) 0.72 (0.56 - 0.96) 0.29 (0.1 - 0.60)
Al 0.93 (0.65 - 1.30) 0.56 (0.29 - 0.87) 0.49 (0.32 - 0.58) 0.32 (0.1 -0.72
Si 2.74 (1.65 - 3.92) 3.16 (2.74 - 3.65) 2.55 (2.37 - 2.74) 2.74 (2.37 - 3.40)
P 0.75(0.13 - 1.35) 0.45 (0.12 - 0.87) 0.93 (0.52 - 1.33) 0.38 (0.1 - 0.81)
S 453 (31.6 - 56.2) 3.16(1.15 5.62) 1.07 (0.70 - 1.54) 0.72 (0.60 - 0.83)
al <0.24 0.29 (0.12 - 0.49) 4.92 (2,06 - 6.49) 0.29 (0.1 -0.60)
K 13.3 (9.30 - 17.8) 5.62 (2.94 - 8.06)  Below detection level 0.17 (0.1 - 0.34)
Ca 100 (7.50-13.3) 19.1 (15.4 - 23.7) 12.4 (866 - 15.4) 135 (11.5-17.8)
Ti Below detection level
Cr  021{0.15-0.27) 0.15 (0.12 - 0.19) Below detection level
Mn 1.65(1.15-2.21) 1.15 (1.00 - 1.33) 0.52 {0.49 - 0.60) 0.29 (0.21 - 0.37)
Fe 111 (108 - 133) 93.1 (75.0 - 116) 1.91 (1.33 - 2.37) 2.05 (1.78 - 2.37)
Ni 10.7 (7.50 - 13.3) 5.23 (3.92 - 6.49) Below detection level 0.12 (0.1 -0.15)
Cu <0.15 0.16 (0.15 - 0.18) Below detection level
z 0.24 (0.18 - 0.29) 0.39 (0.29-0.49)  Below detection level  0.15(0.1 -0.21)

pages, 22 and 23, and the concentration profiles of the elements listt.3d v.vere
traced. The results for one of the selected letters on page 22 are presented in Fig. 3
before treatment. The scan is indicated by the arrow 1 in the inset in Fig. 1. The
files evidently confirm the selection of the “ink elements”, as their
profiles excellently agree with the shape of the letter. Since S, K and Fe were
found where there was a high concentration of ink, and Ca was the most relevant
detected element in the paper, these elements were used to study further the ef-

fects of the conservation procedures.

The measured concentrations (pg/cm’)
Ca, Fe) at the ink spots on the pages 22, 23 |
tributions of the data shown illustrate the changes due to the conservation treat-
ments. For all the measured elements (Na - Zn) the situation at ink and paper is
additionally illustrated in Figs.6 and 7. Here, the ink values were extracted from
the scans across the letter and the paper values from the random measurements
on the spots far from the ink. The effects of the treatment can be concluded from

measured pro

for the four selected elements (S, K,
are given in Figs.4 and 5. The dis-
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Table 2. Page 23 ink and paper clemental concentrations {pg/cm®) before and after the con-
servation treatment (deacidification). In the parentheses the range of values is given.

Ink Paper

Before treatment After treatment Belore treatment After treatment
Na  LO7 (0.1 -2.74) 115 0.1 -2.74) 0.17 (0 1 -0.34) 0.36 (0.1 -0.81)
Mg 255 (1.54 - 3.65) 0.70 (0.25 - 1.15) 0.89 (0.52 - 1.24) 0.37 (0.1 -0.76)
Al 0.93 (0.14 - 1.65) 0.83 (0.27 - 1.43) 52 (0.29 - ().79) 0.42 (0.1 -0.87)
Si 124 (0.1 -2.74) 1.70 (0.70 - 2.74) 2.82 (1.91 - 3.65) 1.91 (0.70 - 3.16)
P 1.07 (0.42 - 1.78) 1.54 (1.15 - 2.05) 0.42 (0.19 - 0.65) 0.29 (0.1 -0.60)
S 75.0 (65.0 - 93.1) 26.6 (19.1 - 34.0) 4.73 (2.05 - 7.50) 115 (0.71 - 1.65)
Cl Below detection level — 0.29 (0.1 -0.70) 1.68 (0.42 - 2.94) 0.30 (0.1 -0.56)
K 21.1 (19.1 - 23.7) 20.5 (14.3 - 27.4) 0.93 (0.60 - 1.37) 027 (0.1 - 0.55)
Ca 10.9(7.72 - 14.3) 0 (31.6 - 37.6) 10.7 (7.94 - 13.3) 7.50 (3.65 - 11.5)
Ti  Below detection level  0.14 (0.1 - 0.32) Below detection level
Cr 0.56 (0.42 - 0.70) 0.42 (0.32 - 0.60) Below detection level
Mn  2.21(1.78-2.74) 1.56 (1.31 - 1.88) 0.45 {0.42 - 0.50) 0.22 (0.1 -0.37)
Fe 294 (25r 321) 959 (205 - 307) 4.28 (2.66 - 6.21) 3.65 (1.65 - 5.62)
Ni  22.7 (20.5 - 25.9) 8.66 (6.49 - 10.7) 0.29 (0.15 - 0.45) 0.20 (0.1 -0.29)
Cu  9.31(6.98-12. 4) 9.72 (8.06 - 11.5) Below detection level
Zn 5.23 (3.76 - 6.31) 4.16 (2.94 - 5.40) Below detection level

these distributions. The amount of sulfur decreased, this was more pronounced
after the water washing in comparison to the deacidification with calcium hy-
droxide. The reduction in the concentrations could be observed for K (only at
water washing) and some other elements (Mg, Al, Cr, Mn, and Ni) also. The
amount of Fe diminished by about 20%. This could be attributed to the presence
of water soluble Fe(II) compounds. The rather high reduction of S at the same
time, which is close to a factor of 15 for page 22 (water washing), and around 3
for page 23 (deacidification), could be explained by the migration of S as sulfuric
acid, as this is the only other water soluble sulfur-containing compound present
in the ink besides iron (II) sulfate '

It is interesting to note that at the ink locations there was a marked increase in
the concentration of Ca during the treatment for page 22 (water treatment) also.
This can probably be explained by the formation of organic and/or inorganic in-

soluble paper and ink compounds with Ca being present in water during the
treatment.
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CONCLUSIONS

The initiative phase of the analysis given shows the applicability of the PIXE
method for ink and paper elemental composition studies on rag paper manuscripts.
When applied to the investigation of aqueous treatments on the 7 century manu-
script it was proved that the method can be used to trace the composition of the
iron-gall manuscripts before and after conservation, to follow the compositional
changes caused by the treatment. It has been shown quantitatively how water
treatment affects the iron-gall writing as well as how deacidification using calcium
hydroxide influences the ink’s and paper’s elemental composition. As a proton
beam offers a good enough lateral resolution (< 0.3 mm) the migration of the ink
elements into the paper was traced after treatment. One of the main advantages
of this kind of approach is that it works in a non-destructive manner, which
means that the manuscripts remained practically undamaged in the study. The
only drawback was that the analysis gave elemental concentrations and not the
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wever, the method was multi-elemental and all relevant

—g;ll ink could be deduced simultaneously. Further-
i i i be obtained from the elemental

more, at least partial chemical specification can
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to other deacidification treatments and those based on the application of comple

formers (phytates, e.g-)
It has been shown that the method

i er,
ments in a non-destructive way. However, ' .
standing of the damage provoked by inks, as well as analyzing conservation

be combined with other methods.

the PIXE method should ' : _

It\rlemmlmtf effec;;ﬁni:e understanding of the chemical processes 'takmg place be

ame _)”kor : aper when triggered by the environment (hurr-udlty, temper:ittuge,

;wffrzi::l) atlhne cphailges in the chemical state of the elements involved should be
ollu

studied also.
One of the interesting

chemical composition. Ho
elements constituting the iron

2
' described can be applied on original docu-
it is quite obvious that for a better under-

fields where the method could also be usefully applied
t
is for the investigation of the provenance of the documents. Namely, the trace

i be considered as the “finger
iti the inks and papers can !
el‘?“:fntf iﬁmgzz?;:n?fwlﬁch could be related to the technology applied at the
print” of the ,

time as well as to the author(s) identification.
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Analyse de la répartition des éléments chimiques de Uencre galligue au moyen de la méthode
PIXE

L'objet de I'analyse consistait & déterminer le profil des éléments chimiques de P'encre gallique
sur un document écrit avant et aprés un traitement aqueux et une désacidification. A cet effet une
étude a été réalisée sur un manuscrit en papier chiffon datant du 17°™ sizcle. La méthode utili-
sée pour cette analyse, consistant dans I'émission de rayons X induite par des protons {Proton
Induced X-ray Emission) est une méthode qui ne détruit pas les éléments chimiques. Les profils
de concentration de 15 éléments allant de Na a Pb ont ét¢ mesurés avec une précision de 0,3 mm.
De cette fagon il a été possible de déterminer la composition quantitative d’encre et de papier
ainsi que de suivre les changements de concentration subis par les éléments au cours des traite-
ments aqueux enregistrés par la méthode PIXE. Il semble que cette méthode mériterait d'étre
développée et qu’elle pourrait devenir un instrument de travail efficace pour les conservateurs.

Untersuchung der Verteilung der Elemente von Eisengallustintenschrift mit Hilfe der PIXE
Methode.

Es wurde ein Profil der Elemente in einem im 17. Jh. mit Eisengallustinte beschriebenen Blatt
Hadernpapier erstellt. Hierzu wurde eine nicht-materialzerstorende Methode cingesetzt, ndmlich
die Proton-induzierte Réntgenstrahlenemmission PIXF. (Proton Induced X-ray Emission). Die
Verteilungsprofile der Konzentration von 15 Elementen zwischen Na und Pb wurde mit einer
Genauigkeit von 0,3 mm gemessen. Auf diese Weise wurde die quantitative Zusammensetzung
von Tinte und Papier erfaft sowie die Veranderungen, welche die gemessenen Elemente infolge
einer wifitigen Behandlung erfuhren. Die Methode kann zu Werkstattroutine entwickelt und so
zu einer Entscheidungshilfe fiir den Konservator werden.
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Damage Caused by Destructive Insects
to Cellulose Previously Subjected
to Gamma-Ray Irradiation and Artificial Ageing

by G. MAGAUDDA, M. ADAMO, & F. ROCCHETTI

INTRODUCTION

Numerous experimental studies have proved the effectiveness of ionizing irradia-
tion to control pest infestation and to disinfect boo
which have been damaged by both insects and microscopic fungi. In a recent
study conducted on the Periplaneta americana (American cockroach)' - a widespread
omnivorous insect, known to cause significant damage in librari
we demonstrated that a very modest quantity of radiation (

200-300 Gy) was sufficient to kill both adults and larvae o
very quickly.

ks and archival documents,

es and archives —
in the dosage range of
f these voracious pests

At the same time, it is known that while radiation can kil living organisms, it

can also have negative effects on cellulose, a macromolecule that forms the stru
ture of paper, accelerating its de

ageing®.

With this experimental study - as with another study published recently on the
behaviour of microscopic fungi responsible for the biodeterioration of paper * -
we wanted to investigate whether, and up to what point, the chemical and physi-

cal alterations induced in cellulose by irradiation and/or ageing could negatively

predispose this material, once treated, to the attack of destructive insects, increas-
ing their harmfulness.

c-
polymerization more rapidly than during natural

MATERIALS AND METHODS

The cellulosic material chosen was Whatman paper (manufactured by Carlo Erba),
produced with pure, chlorine- and impurity-free cellulose fiber, which has a com-
position that is very suitable as an experimental model for our purposes even
though, due to its characteristics, it cannot be considered printing paper.
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EIR

Irradiation technologies e ¢ of the Ente
The irradiation of the paper was carried ot &t the Ei?ll;oll:: Rgl:lrch Center at

le Nuove Tecnologie Energia e I Ambiente (ENEA) i facility equipped with
the Casaestn. The Caliiope plant is a pool-type nradiation facility eq ol ac.
;hz)ga-:?)c:)trce eof a cylfndrical geometry licensed for a maximum 1
ﬁVi’;“y (:lf ::.7 xirlx(zlzllz?e(jgl(:’?)(zoth?)}.)re-set dosages to besuse((ii ix:i tll)xel ;;(lp;;lmental

o determ . TM Standar 79.
program, Fricke dOSimgrilhw?iso:::tfqu:nvgnlgO?(Zy (quantities of radi;xtiolil )fr;);ns

A dose' rate O.f o kthy t,hat necessary for eradicating insects fr(')m (;c.) S-Zin

0 to .50 times hxg.her a:;he Gray (Gy) corresponds to an absorption o 10md tg
used in our expernent ke of material treated. These doses were Compfa:::e 0
energy eq.ua.l to 1Joue petreriil In order to exacerbate further the effect o nces
no;i-ltriradlateglC(:lzzllynr:erizati.on of the cellulose, and to make the conseque
radiation on the

)‘ iati d €S
i p non more € ident, doseS () O (r 1aty
lus llenome (o) V f 1 O a.nd 200 kG a.d tion OS

inistered.
from 300 to 1,000 times higher than necessary) were also admini
rom )

‘h‘(llﬂated ageing ‘ |
A% i ageing was carrie
ify the effect of radiation over time, accelerated ag d
In order to veri Y d

. kept in a climatic
ding controls were
o d les and the correspon 1SO 5630/3).
o Theﬁgrzfcil{agda:a:in: temperature of 80°C for 12 and 24 days (
oven at 0 K11,

' i ] i Ot}le
al £ t}le attack Of deStrllCti ve lIlSCCtS (1 T amer lcaﬂa) or, n
[Il oldet to evaluate T

Inerability of the cellulose,
them and thus the vu —
o e wee tt(;lat ixad been subjected to the‘ two tre.atme:ts S:e
the sheets of Whatman P bottom of boxes in which the insects wi

r the . . B
scribed above were used to cove ditions for their development 1n a con

ironmental con .. between adult
bred, under the best env ach box 28 specimens, equally divided al eta es, were
trolled envi;onr:lent. Iz iarvae chosen from three different larval stages,
males and females an

. oint. During the ex-
bred; 5 titions were prepared for each expenmintalarf: d stages of insects in
i rep:re was taken to ensure keeping the mum e;om individuals and re-
c ing new
glemc;l’:fn . t boxes rigorously constant, removing 1
e differen

. dead specimens. ) itut
placing any, ajthoug? zlnaftr:?ll;::it;)’ of food (food pellets used in research institutes
The insects were te

. i fficient
lices) that was just su
als and a few apple s ‘-
o :;eding SI:iﬂl ;;) i:fi:l ;rrxn glmilar breeding conditions, very frequently the in
for their nutrition -
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sects would resort to paper as a supplementary source of nourishment. We ex-

pected that an insect capable of eating cellulose would have been potentially
more destructive to a material that h

was calculated very simply by
-28 day period.
were put back into the breeding boxes
ntinue their destructive action,

Paper were expressed as the percentage
ed, calculated day by day, to that of the

weighing the sheets of Whatman paper over a 2]
The Whatman sheets, after weighing,
so that the cockroach population could co
The results of the deterioration of the
ratio of the weight of the sample examin
corresponding untreated control sheet.

RESULTS

The damage caused by destructive insects to paper, which makes up books and
al-physical nature. It can vary in de-
on individual Pages or even the com-
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Whatman paper samples subjected 1o gra

i i i on the page
regurgitating their food and leaving their ph)’smlogl‘t:;:1 ;‘Z:Z‘;;SM and thf ei ]
s“gr};fel- Fig. | shows both P O;da_maifai::ﬁ‘i ?v);lic; tl';e paper has been sub-
tent of the erosion depending on the 1rra itv of radiation absorbed by the
mitted pre\{iousb'. The_:fex;::l;:))b ll'l(lél; il‘:::‘szd 'n 2 higher <‘iegre'e of :;‘;Sit(}’:;
e ﬂ_“s Spt:cll-;((:)wever, during the short exp enn,lemanon :ini:radiated,
;Z“ff: il:x)),ntl}:ii:::; f;;llowing, the sample on the left, which was n

Tl
was .also eroded in just adft’;)“",:e;l:é (3 weeks) of the weight ‘Of.the cellllx\llc;;e Z:;
" Sho"Ns . t:reln different doses of gamma-ray irradlaum; re(:(ctmsezeffect
ples dept’:ndlng " o by P americana. There was clear}y .a ¢ ((;se eelles
being SUbJ.eded o erot:on xt);nt' of the erosion and the radiation doses e
o e h:‘:d The values which, for the ﬁ.rst measure}r::e:m‘:h .
by the cellulose befor‘i{ ed.in relation to the increase- in the‘ v:;exg T s
100% are to be consi e;th B tom caused by he insect) is due hesgrcom-
some values regarf?less 0' (:he breeding environment of ‘thq? coclf(roz;lculose o
abso;p timt:hotf r?(t)tl::u;zvli:onment in which the initial weighing of ce
pared to that o

carried out. ;

Fig. 3 shows the trend 0 : . |
subjegcted beforehand to artificial agelnglizrage
no difference in the erosion of the samp

of the weight of the cellulose sheets
9 and 24 days. There was virtually
d for double the times; both keep

ver time (4 weeks)
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Fig. 3: Weight trend over time, on the basis of the erosion caused by cockroaches, of the
Whatman paper samples subjected to artificial ageing for 12 and for 24 days. s

their weight over the test time (24 days) comparable with that one of the un-
treated control.

Figs. 4 and 5 refer to the extent of the erosion caused on the sheets of cellulose
that had been irradiated at different doses and then subjected to artificial ageing
for 12 and 24 days, respectively. There were no significant differences that may
be attributed to the different lengths of the ageing treatment. The effect of the

ionizing radiation in relation to the absorbed doses is highly prevailing the effect
of artificial ageing: cf. Figs. 2, 4 and 5.

CONCLUSIONS

Irradiated Whatman paper (filter paper) subjected to the action of destructive in-

sects shows in our experimental conditions more erosion than the non irradiated
control paper. This phenomenon could be related to the depolymerization of the
macromolecules of the cellulose, which as has been shown previously? 56, js pro-
portional to the gamma dosage absorbed by the material. On the other hz;nd the
ageing treatment seemed to have no influence. ’
For those who are interested in using radiation as a method for disinfecting/
disinfesting paper material, it is necessary to make a distinction between the
radiation dosages necessary for the relevant treatment of the material ~ which in
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reciable negative effects — and the much higher
for speculative purposes.

rad?ation dosages enabled us to demox‘lstmte
are present, our analytical instru-
after the start of the experiment,

experiments did not cause app
dosage used intentionally by us only

Experimenting with extremely high
that when the phenomena we want to measure

days
ts able to detect them. Already, two . of | _
E(:;nslnf:tes of €\:/\/hatm;;m paper subjected to extremely high radiation dosages ap

ntrol
peared to be attacked by the cockroaches to a greater extfen‘t than t}:tsc:nows
sheets (Fig. 1). In other words, the accuracy of these az}al.yﬂc ;n:;flzf:zre oun
us to assert the harmlessness of the treatment if the radlatllorl 0 1dgb talken into
3 kGy, which is what we would recommend. Moreover, it shou 1t (:) o ey
’ . f erosion are measura
account that the differences in the degree o. : fime zoes
are observed during the days immediately after the “eétm?;:gc::i;s low dises
on, even the non-irradiated control samples and thoseal]na-:remediabl)' attacked
as well as the samples submitted to ageing only, were also 1
insects. ) .. .
anide;tm);zi: );:: :e’vera.l times in the past that destructnvc;I hvmgh Org:)mS!;S
$ has i ials such as DOOKS,
; f organic based materi
become truly harmful for collections o h
winc :‘ t;e en);ironmental conditions exceed known control Pafameter.s. Ttt'l ougf
€ . 3 o
cockroaches are described in literature as responsible for the b‘no;i';ten.orsa'. ;:ga_
: : i these insects should be not in librares:

er, it goes without saying that ‘ s of

giz envir(g)nmental conditions are always the main reason for the developmen
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Fig. 5: Weight trend over time, on the basis of the erosion caused by cockroaches, of the
Whatman paper samples subjected to combined irradiation + ageing treatment (24 days).

present.

In the case of gamma-ray irradiation used to kill destructive insects, the treat-
ment proved to be very effective even at the maximum dosages of 300 Gy'. The
depolymerization induced by the irradiation of the cellulose did not cause any
negative effects at dosages lower than 10 kGy. This is pertinent mainly to the sus-
ceptibility of the material to the attack of insects that may come into contact with
it after the treatment, even after long periods of time.

SUMMARIES

Damage Caused by Destructive Insects 1o Cellulose Previously Subjected to Gamma-Ray
Irradiation and Artificial Ageing

The aim of the present Ppaper is to develop a new system that is able to kill insects and microscopic
fungi responsible for the destruction of books and documents, usiflg gamma radiation. The authors
particularly wanted to verify if the increase of depolimerization of cellulose, that is accelerated by
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8amma radiation and is related to the absorbed dose, could make tfeated materfa.l more sus:
Ceptible to attack by chewing insects. For the trials a cockroach (Periplancia gemz;mg :::nf;
lected as the insect and Whatman paper selected as a source 9f pure cel.lulose.h h;e g re d(;m pon
is particularly evident with doses higher than 10 kGy b.ut this d.osafge is ljxlucdoesgn :t than tha
fecessary for a practical application in libraries and archives. Artificial ageing

lalose to become more susceptible to insects attack,

. . o va-
Dommages causés par les insectes taraudeurs @ la cellulose préalablement irradiée aux

Yons gamma et ayant subi un traitement de vieillissement accéléré

i g ble de dé-
Cette étude expérimentale a pour objectif de metire au point un nouveau systéme capable de

. S ges s i t les documents
truire les insectes et les champignons microscopiques qui de'tetforegt les I;:rses :m AT
d’archives au cours de leur conservation en utilisant Pirradiation de rayons g

cheurs tenaient surtout a vérifier si 'augmentation de la dépo]y-mérisatlon dfe :a (c;li:lz;:,o ?;:;:S_t
accélérée par I'irradiation des rayons gamma — et ceci» Prop(')liu?ne,llemer.xt a ;es e absarbée -
&tait susceptible d’accroitre la vulnérabilité du matf:nel traité allayi)ﬁn?r;meta T
deurs. Pour réaliser Pexpérience on a utilisé comme mse‘cte une bl afte { ex;p peta americana) o
du papier filtre Whatman en cellulose pure. L’hypothése fOrmt{Iee sutx:al Z o[: noméne de dé
gradation ne se vérifie qu'a des doses supérieures a .10 kGy mais ;ﬁhomé uigs e neemen
Supérieur 2 celui nécessaire pour une application prath.ue dans les dl, gter o8 archives.
Le vieillissement artificiel n'est pas un facteur qui aurait pour effet d’augme

de la cellulose & I'agression des insectes taraudeurs.

Insektenschaden als Folge einer Gammabestrahlung und einer beschleunigten Alterung

o . . e

Zweck der Untersuchung, iiber die hier berichtet wird, ist die Entwicklung e:m;sil 2::;;8;;&;:

(Gamma Bestrahlung) zun; Abtisten von buchschidigenden Insekten und sporend den Mikro

- r :

organismen (Schimmel). Ein besonderes Anliegen der Autoren war es ;e::;;tzlizn,az > i:gig ik

deren Dosierung, bewirkt wird, das behandelte Matefm raBir st Der U
tersuchung lmtjworfen wurde eine Schabenast (Periplancta americang) and Whatman rpap!

i i i itt ein bei Dosierun-
bestehend aus reiner Cellulose. Eine Schidigung in dem umnsserll)eelll:;nnﬁ;l ;mBi sho‘hek e
gen iiber 10 kGy, was jedoch weitaus mehr ist als fiir Schidlings pfung

i illiger fiir InsektenfraB.
Archiv erforderlich. Beschleunigte Alterung macht Cellulose nicht anfilliger fiir Inse
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for the latest news on the

Microform & Imaging Review
Editorin-Chief: Steven D. Smith, University of Maryland, University College,
Mannheim Campus

SN 0949-5770

Volume 30,/2001. 4 issues annually. 15
Annual subscription: DM 328.00/8S 2,394.00/ skr 262 .00.

Single issue: DM 88.00/65 642.00/ sFr 80.00.

Microform & Imaging Review deals with the impact of new technology on document

preservation.
Libri
Infernational Journal of Libraries and Information Services Edited by Nancy R. John,
Svend Larsen, lrene Wormell
SSN 0024-2667 .

Volume 51,/2001. 4 issves annually. |
Annual subscription: DM 420.00/ 85 3,066.00/ sfr 374.00.
Single issue: DM 120.00,/85 876.00/ sFr 107.00.

d Information Services, is a senior journal in the

Libri, International Journal of Libraries an
field of library and information science reflecting @ solid tradition of diversity and com-

prehensiveness.

Liber Quarterly

The Journal of the European Research Libraries

Edited by the Ligue des Bibliothéques Européennes de Recherche (UBER]
Volume 11,/2001. 4 issues annually. ISSN 14355205

Annual subscription: DM 382.00/ &S 2,789.00/ sr 340.00.
Single issue: DM 108.00/ S 788.00/ skr ©6.00.
professionals liber Quarterly offers indepth

A specialist publication for information
ent and expert onalysis of current

reports on the practical aspects of library managem
developments within the information world.
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African studies titles
/ /  from K.G. Saur Publishing

African Studies Abstracts (ASA) Y
The Abstracts Journal of the African Studies Cent i
L . -
Edited by African Studies Centre (ASC) erive Leiden \\ < )
Volume 32. 2001. 4 issues per year. ISSN 13522175 > ° ™

Year's subscription: DM 358.00. Single issure: DM 98.00.

This )ogmol provides extensive and uptodate coverage of articles on Alrica |

the social sciences and the humanities available at the library of the Af i fh? feld of
Centre in Leiden. Each issue contains up to 450 abstracts ar?d S : l e oudes

230 joumnals are regularly and systematically scanned, edited wf)vfro noees
monographs with a selection being accessed and abstracted at cL(jp(t];IZ\C/)(\e/Fred >

The African Book Publishing Record (ABPR)

Edited by Hans M. Zell and Cerite Lomer

Volume 27. 2001. 4 issues per year. ISSN 0306-0322
Year's subscription: DM 578.00. Single issure: DM 158 .00

The only bibliographical tool which
ich offers systematic and
' _ n oners s comprehensive co
ne\g and ‘fo'r.thcommg African .pubhconons in a single source, providing full g'ek:ﬁge ° i
and acquisitions dglo. In oddﬂion to its bibliographic coverage ABPRQQIU . llOgrOpth
extensive book review section, and features news, reports and aric] bout Ud'es .
book trade activities and developments. I fictes about Afrcan

International African Bibliography
gurrent bo;)ks, articles and papers in African studies
omp. and ed. by David Hall, in association with th i
Library, School of Oriental and African Studies?/vtlniveersi?ye:freto(:lfdAf”con oludies of the
Volurlne 31. 2001. 4 issues per year. ISSN 0020-5877 o
Year's subscription: DM 548.00. Single issue: DM 148.00

The International African Bibli i
A iography is an essential resource f 0
i onet 01 or all those ing i
Alrican studies field, providing a current awareness service of the latest bo;i fk‘”? ‘ln e
_ s, articles

and papers published internationall i .

. y on Africa. 1AB list SIS

cations each year, with articles from some 1,150 Isodicqls » AW publi-
African Books in Print/Livres Africains Dis o O~

Ed. by Hons Zell 200 0p9. 4 LY \
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5th edition 2000
2 Vols. 2,314p. DM 1,580.00. 3590807680y “» ~ 22 3 > T& 4
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/ rican publishers cn&,{g instituti :
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use Author, Title, and Subject indexes. ‘ ‘-"C'Ssihed n easyic-
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Editorial Notice

ibrary and Archival Material, presents

RESTAURATOR, International Journal for the Preservation of L
chivists, and librari-

original papers, as well as reviews and news of interest to scientists, conservators, ar

ans.

hat the work has not been published before, is

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

not being considered for publication elsewhere and has b
submission of the manuscript by the authors means that the authors automatically agree to assign exclu-

sive copyright to K. G. Saur Verlag if and when the manuscript is accepted for publication.
The work shall not be published elsewhere in any language without the wrilten consent of the pub-
lisher. The articles published in this journal are protected by copyright, which covers translation rights
and the exclusive right (o reproduce and distribute all of the articles printed in the journal. No material
published in the journal may be stored on microfilm or vidcocassettes or in clectronic databases and the
like or reproduced photographically without the prior written permission of the publisher.

Articles for RESTAURATOR are publishcd in English, with Summaries (Abstracts) in French and
German. Contributors are particularly asked for linguistic and stylistic accuracy. All articles are linguis-
tically revised by the publisher before publication. Authors alone are responsible for the opinions ex-
pressed in their articles.

1 a machine-readable form on a floppy disk if possible; a printed,
ny the disk. Copy the files onto newly formatted disks and clearly
le content, format, software and program version number. Manu-
lierations are expensive. The paper must be non-absorbent. The
author’s name must be accompanied by the title, full address, telephone and telefax number (if any) of
the workplace or institution. Summaries should be written on a separate page, included with the manu-
script; should not exceed 200 words; and should be written in the same language as the articles.

Manuscripts should be provided i
doubled-spaced copy must accompa
label the journal, author and title, fi
scripts must be carefully revised, as a

All graphs, drawings, or photographs are to be referred to as figures {abbr: Fig.) and should be
numbered in sequence with Arabic numerals. Each figure should be identified with a figure number on
the back. Any lines, numbers, or lettering that are (o appear in the illustrations should be large enough
for the necessary reduction. Line drawings should be drawn or printed with black India ink on white
paper and should be about twice the size of the finished blocks. Graphs can be plotted on plain white or
blue squared paper; grid lines should be inked in black. In general, photographs should be about 1%
times the size of the final block and must be submitted as mounted glossy enlargements showing good
detail and adequate, but not excessive, contrast. Authors should indicate in the text the approximate

position of figures.

Italics arc used for emphasis, especially for distinguishing titles of books and papers.
References within the text should be indicated by numbers corresponding to those in the list of refer
ences. The list should be placed at the end of the paper. For example:

Studies in Conservation 31 (1986): T14-2.4.
reservation of paper and textiles of
fashington, DC: American Chem

1. Miles, C.: Whod coatings for display and storage cases.

9. Hon. D. N.-S.: Yellowing of modern papers. In: Williams, J. C., ed. P’
historic and artistic value IT. Advances in Chemistry Series, 193, W
ical Society, 1981: 119-42. .

*  Fifty offprints of cach article will be sent to the author free of charge.

Editorial Address

d review copies of books should be sent to the editorial office: RESTAURATOR,

Manuscripts an
3, D-80796 Munich, Germany.

Dr. Helmut Bansa, Elisabethstra3c 2



S Who, Where, What?

You can find the answer
to all these questions in the

International Directory of Arts
25th edition

25th edition 2000/2001
3 vols. Complete XXVI, 2,350 pages. Hardbound
DM 468.00. ISBN 3-598-23082-6

® More than 129,000 upodate addresses

with telephone, fax and e-mail numbers, as well as homepages, for muse-
ums and public galleries, universities and art associations, art and antfique
dealers, specialists from the field of numismatics, galleries, auctioneers,
restorers, art publishers, art periodicals, antiquarians and art book retailers
from all over the world, can be found in this edition! The user can also
find useful tips on each specialist field, plus names of curators and senior
academic sfatt of museums.

® Up to date, relioble antd comprehensivel

The entire address confents were revised and updated for this edition fol-
lowing @ worldwide questionnaire campaign and by taking into account
numerous national and international reference works. Intensive research
carried out in electronic media also uncovered a further 6,500 previously
unlisted museums and 8,000 art dealers. These have now been included.

‘® Clecrly set out and logically sjructured

o

The clear stucture deans that users quickly find the address they want.
The entire edition is &rranged in chapters. Within each chapter addresses
are arranged according lo country and within couniry sections set out
alphabetically accordiMy to- city. Country and place names are given in
the original language. ’

K-G - Saur Verlag =
Postfach 7016 20 - D-81.316 Minchen - Tel. {089) 769 02-232
Fax [089) 769 02-150/250 - e-mail: info@saur.de - http://www.saur.de

ISBN 3-548-01133-4
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