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The Effect of Different Strengihemng Methods
on Different Kinds of Paper

by HELMUT BANSA & RITSUKO ISHII
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INTRODUCTION

Within the wide range of means to preserve our cultural heritage stored in ar-
chives and libraries, as far as it is endangered by chemical or biological decay,
preserving the original format is without doubt the noblest. But, as soon as the
originals have suffered decay in an amount that they can no longer be handled as
it is necessary for reading, this noblest means is also the most expensive one —
possibly with one exception, see below. Generally it must be stated that, if a sheet
of paper has reached that state of decay that it can no longer be handled, the only
means to preserve it is to combine it with another sheet-shaped object. Any other
method, resizing, defined as bathing the sheets in the solution of a film-forming
compound or spraying them with such a solution, or graft polymerization or such
else, do not really give the necessary stability to a sheet decayed to this extent.
Honestly, to use a term that might be construed as somewhat too sharp, the sta-
bility effected by these methods is only measurable on sheets not needing to be
strengthened.

The methods to combine a sheet of brittle paper with another, a strengthening
sheet-shaped object, differ in how this other sheet-shaped object is produced and
how it is integrated into the original. The oldest and considered classic, but anti-
quated method is laminating another paper, mostly Japanese tissue, onto the sur-
faces of the decayed one using starch paste or methyl cellulose as adhesive. In the
variant that a thermoplastic, mostly poly methyl methacrylate!, is used, this lami-
nating is widely used and possibly indispensable for water sensitive objects, in the
case of corrosive ink in an advanced stage, e.g.. To avoid the aesthetic alteration
at the surface of the original, the second, the strengthening sheet can be brought
into the interior of the decayed paper after having split it?. In order to achieve
better adaption or to speed up the process, the strengthening sheet can be pro-
duced directly for the decayed one and in combination with it, either using fibres
for paper, i.e. leafcasting®, or a plastic monomer for a synthetic coating, i.e. the
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The Effect of Different Strengthening Methods

Parylene-process®. It is discussed that, regarding the cost, this process could pos-
sibly compete with microfilming.

Regarding the strengthening effect of the different methods and its ageing sta-
bility little information can be found in technical literature. Until now, relevant
studies done have been limited to paper splitting®, even this not taking into con-
sideration the ageing behaviour of sheets treated for strengthening. The object of
this study® is to get an idea of comparative results of the other methods in ques-
tion, and mainly of their impact on ageing. We were interested in not only the
strengthening effect of the different methods, but also in their impact on the aes-
thetic appearance. We excluded any resizing methods, for reasons given above,
and we excluded the classic lamination with starch paste or methyl cellulose: it is
highly inferior to splitting and leafcasting regarding aesthetics and does not give
any advantage (with the exception that it needs little equipment). It should be
considered to be obsolete.

Another request of our study was to test the different methods not only on new
paper or laboratory handsheets, chosen in conservation research because they are
well defined, but also on old papers, preferably those really needing to be strength-
ened or at least near to that state, as they are the usual objects of practical work.

PROJECT

Five different papers were chosen for treatment according to four different
strengthening methods, one of them in three variations, and submitted to accel-
erated ageing. For evaluating the strengthening effect we chose only one, i.e. ten-
sile strength after one defined fold, as it has been proved to be apt just to describe
the usability of old papers’, the more common MIT-folding test being too harsh
for really brittle material. We excluded definitely the conventional tensile strength
test, as for strong papers it gives the same results as tensile post fold and as it does
not give sufficient distinction for weak ones. A totally brittle paper that breaks
when simply folded and that therefore can not be handled without a support, can
have a tensile strength of, say, 2 or 3 N: the same as a very thin, but flexible and
therefore usable paper. We also explicitly abstained from the usual ph checking
after treatment and after ageing. All strengthening methods can be done in a way
to raise the pH or at least, if it is initially low, they can be combined with one of
the usual methods of deacidification. Furthermore, the pH goes down in any way
during accelerated ageing. Relevant tables would hardly give any other informa-
tion than supporting this platitude. To evaluate aesthetics - a field very hard to
evaluate - we chose thickness, stiffness and colour change, and additionally we
submitted the treated sheets to a subjective assessment of 15 observers.
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Table 1: The papers

Paper Origin Fibre ash pH?* g/m? thickness
(%) {surface} (mm)
filter produced by J.C.Binzer  100% chemical 0,26 58 60 0,13
Papierfabrik, Hatzfeld,  pulp
Germany, 1994.
coated © praduced by Scheufelen  10% rag, 282 74 127 0,13
Papierfabrik, Lenningen, 85% chem.,,
Germany, 1994 5% mech. pulp
groundwood Bibliotheca Déllingeriana. 20% chem., 80% 11,9 4,4 70 0,07
19th cent. Miinchen 1898 mechanical .pulp

groundwood Kojinbetsu chinginchosa  40% chem., 60% 11,9 3,1 49 0,08
20th century kekkahoku. Tokyo 1948 mechanical. pulp

rag Caspar Klock: 100% rag 1,15 6,7 78 0,10
17th century bConciliorum tom,IL (margin) to
Niirnberg 1649 58 0,13
(print)
rag light®  Caspar Klock: 100% rag 1,15 551065 78 0,10
Conciliorum tom.IL {margin) to
Niirnberg 1649 4,7 0.13
{print}
a. surface

b. The sheets of paper A are from the same book, but there is a difference regarding pH and
yellowing. Two groups can be formed. Light: CIE L*=ca. 84 - a*=ca. 2,5 - b* = ca. 14.
Dark: CIE L* = ca. 74 - a* =ca.5 - b* = ca. 17. The reason for this difference might be dif-
ferent sizing or different storage immediately after production. This difference is corre-
sponding to the behaviour during accelerated ageing (see below).

¢. coating: calcium carbonate and china clay; starch, styrene, butadiene.

THE PAPERS

As just stated, we had good reasons to do our research not only on new and well
defined papers, but also on old ones, representing those which are really treated
according to the conservation methods in question. Using old papers has some
risks: there is only a limited amount which may not be enough for all desirable
tests and which may run out when, in the course of progressing research, addi-
tional tests might become desirable. The paper of an old book, apparently
throughout the same, may prave to be different in the course of progressing re-
search, mainly during accelerated ageing, and this in qualities hardly to be mani-
fested in terms of the usual paper analysis. Generally, old papers, and particularly
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those from the hand-making period, are much more different than modern ones, ‘

as well one sheet from the other as also the sheets within themselves. Neverthe-
less, it should be considered imperative to base research projects on conservation
treatments on true old paper. Realistic results which can be used for choosing the
method best apt for a certain damage and a certain old object can only be expect-
ed under this condition. The papers chosen for the project reported here are giv-
en in Table 1.

STRENGTHENING TREATMENT

The strengthening treatments to be examined for their effect were the following:

* Paper splitting. As this method is quite new? *#9 1011 j ¢ not fully experienced
in all its possibilities and variants it has been executed using three different
adhesives for the core (Japanese tissue, 0,05 mm *)

¢ Wheat starch paste
Methyl cellulose ®
Acrylic emulsion

Leafcasting, i.e. an extremely thin paper in the leafcasting machine and
couching it wet-in-wet forming onto the paper to be treated

* Laminating, i.e. sealing the commercial product “Filmoplast R™” 9, a Japanese
tissue coated with an acrylic, onto the paper in question

* Parylene, i.e. coating the paper in question with a thin film of Parylene. This
method is the only one among those checked here which can be defined to be
a mass method as the books must not be unbound for treatment.

a. product no. 611140 as delivered by JAPICO Feinpapier GmbH, Frankfurt, Germany;
0,05 mm

b. type MH 300; product of Hoechst AG , Hochst, Germany

c. Plextol P565, paly acryl acid butyl ester, product of R6hm AG, Darmstadt, Germany

d. praduced by Hans Neschen GmbH & Co. KG, Biickeburg, Germany

Leafcasting, splitting and lamination was done in the restoration institute of the
Bavarian State Library in Munich, Germany (Institut fiir Buchrestaurierung: IBR);
Parylene was applied by the company offering this method, i.e. by SCS Speciality
Coating Systems, Inc., Nova Tran™ Parylene Coating Services, Clear Lake,
54005, USA. For leafcasting and paper splitting, the papers were previously
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washed, as it is usually done in conservation practice. For laminating with a heat-
set tissue and for the Parylene process this pre-treatment is not necessary. On the
contrary: laminating as described is preferably done when a wet treatment is not
possible, because the object to be restored is highly water sensitive.

LEAFCASTING

As the method to strengthen paper in the leafcasting machine seems not yet to
have been described enough in detail, at least not in the English language'?, to
bring the conservation world to take notice of it as a commended method ousting
traditional lamination using starch paste or MC and claiming to compete with
paper splitting, possibly being superior to this modern method from the aesthetic
viewpoint, such a description shall be given here.

Leafcasting for paper strengthening is done in the context of traditional leaf-
casting, i.e. to fill in missing parts. A special machine is necessary, and to do the
process in a high aesthetic quality it should be a machine which allows an accu-
rate work: zero or negligible loss of fibre, adjustable suction, adjustable working
area. Moreover, for high quality leafcasting accurate computing is necessary: how
much fibre is needed to produce a sheet of a certain thickness down to 0,01 mm
of a certain colour to be mixed out of predied fibre. As third condition for results
of high aesthetic quality, a certain relation between size of the aspired paper, its
thickness and concentration of the fibre suspension shall be observed. All these
requirements for optimum results, mainly based on experience and depending to
some extent on the size of the machine, can only be met if the data are accurately
computed, with the use of a PC", allowing reasonable time. For accurate comput-
ing specific data are necessary: numbers correlating to the mixture of pre-dyed
fibre to gain a certain colour, i.e. exactly or as near as ever possible to that of the
sheet to be treated, and numbers for the size of the missing parts. For both a ma-
chine should be available: for colour measurement, relevant instruments are well
established in conservation research, a CIE L*ab instrument, e.g., and for measur-
ing missing parts in a damaged sheet they can be specially constructed on the
base using a light table, a camera, 2 monitor and again the PCH.

The first step is traditional leafcasting to fill in missing parts. In the leafcasting
program developed in the institute where this report originates there is the option
for producing either a one-sided or a both-sided thin strengthening tissue out of
the same fibre as used for filling-in, and it is also possible to put in the desired
thickness: 0,01, 0,015, 0,02 mm etc., depending on the restorer’s opinion, with re-
gard to the state of the object in question. The PC output gives numbers for how
many sheets of the object in question can be treated in one process, how big the
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working area in the leafcasting machine should be with regard to the specific data
(size, thickness, missing parts) of the object in question, or, in other words, what
masks should be used to reduce the working area; moreover, the output gives
numbers on how much fibre of different kinds must be suspended in a known
volume of water and how much of this suspension must be used for filling-in the
missing parts, for the first and for the second strengthening sheet. In the institute
where the system described here has first been developed, i.e. in the Institute for
Restoration of Books and Manuscripts in Munich, white cotton, chocolate-brown
unbleached cotton linters and sulphate cellulose pre-died in several tints of red-
dish brown, yellow and blackish blue are used, so that every possible colour that
is found in old paper can be imitated.

After leafcasting to fill in missing parts the screen with the sheets (Fig. 1) are
put out of the machine, quickly pressed, and the sheets are brushed with thin
starch paste or methyl cellulose. Then the first strengthening sheet is made, using
the same suspension in the amount given by the computer and using the same
masks as before (only inversely positioned, i.e. the mask used to limit the leafcast-
ing area at the left side put now to the right), thus getting a strengthening sheet of

Fig. 1 The screen with leafcast sheets lying in the machine
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exactly the size and the colour of the filling-in process and exactly of the aspired
thickness. The strengthening sheet made as described is put without pressing, just
in the condition as it comes out of the machine, i.e. not yet as a paper but as a thin
mud of fibre, wet-in-wet and upside-down onto the leafcast sheet made previously
(Fig. 2). Another quick pressing, turning the object upside-down, replacing the
sieve used for filling-in by a synthetic non-woven (Hollytex™) and putting the
second strengthening sheet, produced in the same way as the first, on the other
side of the object in question. The whole process takes some minutes, the number
of sheets treated simultaneously is depending on the working area of the leaf-
casting machine. The newly produced paper at the margins of the sheets treated
in this way can be removed when they are still wet; this will be done when the
margins are not damaged and when it is desirable to keep their original shape, in
the case of deckle edge paper, e.g.. Or they can be cut off after drying, leaving
behind on the margin the overlapping fibre that is connecting the new paper to
the old and that is drastically increasing the tear resistance of brittle paper. If -
nearly invisibly — a small rim of new paper is left all around the old, this increase
is even higher.

Fig. 2: Putting the second strengthening sheet onto the backside of the leafcast sheets lying
on Hollytex
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Fig. 3: Brittle paper, before and after strengthening in the Isafcasting machine

ACCELERATED AGEING

From all papers treated in the manner as described (splitting, leafcasting, laminat-
ing with an acrylic, Parylene coating) one half was submitted to accelerated age-
ing at 90° 50% for 518 h. The reason for the deviation from accelerated ageing ac-
cording to ISO 5630 were those of time: the higher the temperature the greater
the changes in physical (and chemical) qualities of the material in proof. Altogeth-
er, the conditions of accelerated ageing are of minor importance, as relevant re-
sults can only be evaluated in comparison within one and the same research
project. Accelerated ageing can give only an idea on the direction of the object’s
behaviour in real ageing, not of its degree. Relevant research must be rerestricted
to one single different quality between the papers to be compared:

These papers must be the same with the exception of the very one quality in
question'’. Moreover, the different ageing methods are giving more or less paral-
lel results, as can be seen when same papers are submitted to different ageing
methods'®. The results must be consistent. If they are not, as it is sometimes
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control washed  split split split leaf- lami- Pary-
paste MC  Acylic  cast nated lene
filter MD
unaged 9,70 935 60,98 6391 24,71 3278 4122 3477
aged 8,21 7,58 43,68 6749 1598 3684 21,57 2429
filter CD
unaged 2,69 3,23 29,32 50,99 13,81 19,34 19,37 27,20
aged 3,08 2,38 2567 56,42 11,13 18,95 13,50 23,26
coated MD
unaged 64,10 69,15 114,28 12805 59,24 68,87 89,32 62,90
aged 60,55 60,75 74,68 76,05 57,24 62,66 66,09 57,66
coated CD _
unaged 22,48 22,27 48,94 52,03 30,36 26,70 42,28 23,96
aged 20,36 21,73 40,00 52,99 28,24 27,67 26,32 22,46
groundwood 19th cent. MD
unaged 14,00 1,73 37,82 5226 2897 2228 4038 23,13
aged 4,06 8,84 30,70 22,45 20,51 21,48 25,51 2,15
groundwood 19th cent. CD
unaged 8,89 8,23 32,10 2528 2566 1586 31,05 2049
aged 2,24 4,31 28,73 20,77 18,15 15,66 20,79 1,45
groundwood 20th cent. MD
unaged 14,06 21,80 23,29 19,21 21,92 30,55 37,55 10,64
aged 9,05 12,45 16,20 12,79 1563 21,66 2245 1,29
groundwood 20th cent. CD
unaged 6,12 7,36 20,18 23,14 14,87 16,28 37,18 7,93
aged 2,05 3,36 12,07 12,02 11,83 14,65 2045 0,48
rag 17th century MD
unaged 10,45 11,36 40,93 53,46 28,67 17,60 43,25 49,95
aged 6,43 8,15 38,29 3996 2187 1934 27,97 39,62
rag 17th century CD
unaged 8,18 7,35 33,35 34,50 17,88 11,60 23,98 37,09
aged 3,99 4,84 24,67 34,50 16,19 14,68 1593 2521
rag 17th century light MD
unaged 10,33 9,09 47,21 10,81 29,96 34,30 4866 51,21
aged 18,24 13,08 23,46 56,38 38,30 29,05 32,71 35,31
rag 17th century light CD
unaged 9,59 6,88 34,81 24,33 27,90 21,50 26,19 35,26
aged 7,59 3,59 27,49 28,76 32,10 23,78 18,08 26,22
59
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Table 3: Relative change (%) of tensile post fold {sqrt{MD*CD) caused by treatment {upper part)

or by treatment after ageing
control washed split split MC split leafcast lami-  Pary-
paste Acrylic nated lene
filter
unaged 160 108 828 1118 362 493 553 602
after ageing 100 84 666 1227 265 525 339 473
coated
unaged 100 103 197 215 112 113 162 102
after ageing 100 103 156 181 115 119 119 102
groundwood 19th century
unaged 100 88 312 326 244 168 317 195
after ageing 100 205 985 716 640 608 764 58
groundwood 20th century
unaged 100 137 234 227 195 240 403 99
after ageing 100 150 325 288 316 414 497 18
rag 17th century
unaged 100 99 400 465 245 155 348 466
after ageing 100 124 607 733 371 333 417 624
rag 17th century, light
unaged 100 79 407 163 290 273 359 427

after ageing 100 58 216 342 298 223 207 259
maged = 100; after ageing:

filter 98 77 79 108 72 105 60 77

coated 92 93 73 78 95 97 68 93
groundwood 19th c. 27 63 85 59 71 8 65 8
groundwood 20th c. 46 51 65 59 75 80 57 9
rag 55 69 83 86 83 118 66 73

rag light g 87 63 248 121 97 68 72

the case”, the ageing method must be examined and a specific reason for the
deviation must be explained.

RESULTS

The data of measurements done at the altogether 80 samples (5 papers x 8 states
of treatment (6 strengthening treatments plus washing plus control) x 2 states of
ageing) or 96 samples (6 papers including “rag light”) are given in Table 2, 4 and
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Wfilter M coated Bgroundw.19th c.. Elgroundw. 20th c.
Wrag Brag light

®©
]

g

untreated = 100
N H
g 8

washed spiit split split leaf- lami- Pary-
paste MC Acrylic cast nated lene

Fig. 4: Relative strengthening effect given as arithmetic middle: sqrt{(MD*CD)

5. Table 3 is showing the relative change as percent of the untreated control, be-
fore and after ageing. Fig. 4-8 are showing, for clearer presentation, the numbers,
either the measured ones or the computed relative changes, in form of diagrams.

EVALUATION OF RESULTS: STRENGTHENING EFFECT

As stated above, only one measurement was chosen to represent the term
“strength” or “strengthening effect”: tensile strength after one defined fold. Fro.m
the upper part of Fig. 4 it becomes clear that not all treatments really have a sig-
nificant strengthening effect on all papers. As none of the treated paper was so
weak that it really needed to be strengthened, this issue is of no relevance. Rather,
in this actual state, it demonstrates a strong valid principle in any conservation
treatment. A good conservation procedure should change as little as possible the
original features, while at the same time effectively arrest deterior:tion of ths ob-
ject being treated. The coated paper, e.g., which is “very strong” (class I) " and
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Fig. 5. Increase of Tensile post fold in terms of usability classification’

does not need to be strengthened, became even stronger up to the double by
splitting using paste or MC as adhesive for the core. By overall strengthening in
the leafcasting machine and by coating with Parylene, however, the strength was
increased only by a small percentage: nearter to the original. Of some importance
may be that the strength of one of the groundwood papers (20th cent.), indeed
“usable without restriction” (class III)’ but fulfilling just the minimal requirements
of this class, is nearly not touched by the Parylene treatment. By all other
treatments the strength of this paper is at least doubled or nearly doubled
(splitting using an acrylic: 195%). The strength of the filter paper, which, due to its
production without sizing and its intended use for technical purposes, would be
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“to be used with care” (class V)7 if it were used for printing, is improved at least
more than three times by any treatment.

More important is the effect on the papers after ageing. Three papers, namely
groundwood 19th, groundwood 20th and rag, are declassified by accelerated age-
ing from class IIT" “usable without restriction”, to class V: “to be used with care”.
From Fig. 5 it can be seen that any treatment with the exception of Parylene has
brought them to class II: “strong”.

Fig. 6 is demonstrating that the ageing behaviour of the old papers - with the

exception of groundwood coated with Parylene — is significantly improved. On
the ageing behaviour of the new papers - filter and coated — the splitting methods
and lamination seem to have a slightly negative influence, but the elevant data
must not be overestimated. The absolute strength values of the two split papers
after ageing are by far higher than that of the untreated control. Very striking,
however, is the effect of Parylene coating on the groundwood papers after ageing.
Both such papers are in a much worse condition than the control samples.
Possibly this has to do with the observation done recently that paper aged in a
staple is suffering significantly greater decay than when aged as single sheets!s 1,
The Parylene coating might produce an airtight closure and retain volatile degra-
dation products which provoke further decay, what may also be the reason for the
enhanced decay rate in the inner of a staple. The other strengthening treatments
seem not to retain these volatile degradation products. Obviously, they can evap-
orate from the upper layers of the split samples and through the thin strengthen-
ing tissue produced in the leafcasting machine; more conspicuous is that this
seems to be the case also with the thin acrylic foil or layer of hotmelt used for
lamination.

WRfitter Wl coated W groundw. 20th ¢. I groundw. 19th c. lirag

120

8

untreated = 100
3

control  washed split split split leaf- lami- Pary-
paste MC Acrylic cast nated lene

Fig. 6: Relative change of strength caused by ageing
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Table 4: Thickness and stiffness

Thickness{ pm) control washed  split split MC  split  leafcast lami- Pary-

paste Acrylic nated  leme
filter 136 156 147 116 209 114 178 151
coated 101 110 145 126 234 135 168 104
groundwood 71 74 128 108 130 95 145 79
19th century
groundwood 72 75 117 92 128 81 130 74
20th century
rag 132 129 145 136 256 118 163 134
Stiffness (N)
filter 014 015 015 012 022 011 020 016
coated 1,40 1,43 3,05 2,48 4,32 1,54 2,46 1,47

groundwood 0,13 0,21 0,67 0,72 0,41 0,20 0,54 0,47
19th century
groundwood 0,20 0,18 0,70 0,30 0,31 0,18 1,23 0,25
20th century

rag 0,19 0,12 0,62 0,93 0,43 0,31 0,90 0,23

AESTHETICS

As it is very difficult to describe such a delicate matter as “aesthetic quality” of 2
restoration treatment in terms to be comprehended generally, three qualities have
been chosen that, on the one hand, can be measured, and, on the other, are of
impact on aesthetics. These qualities are: Thickness (Table 4, Fig. 7 upper part),
Stiffness?” (Table 4, Fig. 7 lower part) and Colour change according to the CIE
L*ab system (Table 5, Fig. 8). Additionally fifteen different persons, five restorers,
five librarians acquainted with old, rare and valuable books and five persons from
outside the world of books and the world of conservation, have been asked to
give a ranking what of the six samples, differentiated by the treatment, in each of
the five groups of paper they think to have suffered the slightest, second slightest
change, or, in other words, are, in their aesthetic appearance, nearest, second
nearest etc. to the untreated control. The librarians and even more the outsiders,
who were not familiar with restoration treatments, gave their ranking impartially.
The restorers, of course, understood, more or less, what strengthening method
was used, so that personal preferences could influence their ranking. There was,
however, no significant difference between the rankings done by the three groups.
Generally, the correlation in terms of mathematics®! is low: Kendall coefficient
between 0,5 and 0,77. The results of this subjective assessment are given in Fig. 9.
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Fig. 7: Relative change of thickness (upper part) and stiffness (lower part)

Thickness and Stiffness

The generally smallest change in thickness is resulted from Parylene coating and
overall strengthening in the leafcasting machine. Parylene almost does nearly not
affect thickness. Papers which are somewhat fleecy, as filter and old rag, become a
little bit thinner by the pressing that is an unavoidable part of the leafcasting pro-
cess. With the others the thin tissue on the surface is hardly measurable; it seems
to be pressed into the surface even of the smooth papers, i.e. the coated one and
the 20th century groundwood.

All splitting processes provoke an increased thickness, less if paste or MC is
used as adhesive for the core, more with the acrylic. The lower compatibility of
synthetics with paper can also be seen from the increased thickness of the lami-

nated papers.
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M fitter Mcoated Mgroundw. 19th c. Bgroundw. 20th ¢,
Wrag Hrag light

Table 5: Colour change: CIE L*ab

control washed  split split split leaf  lami-  Pary-
paste MC  Acrylic cast nated lene

fiiter
L* unaged 94,3 93,2 91,9 88,9 94,6 93,7 94,2 94,1
brightness aged 89,1 87,6 86,9 77,7 88,4 88,1 85,4 88,8
a* unaged 0,0 0,1 0,3 0,1 0,0 0,1 0,1 0,2
green-ted aged 1,8 2,1 2,3 3,5 2,1 2,0 2,5 18
b*  unaged 52 6,3 6,8 7,0 6,2 59 6,9 6,1
blue-yellow aged 11,5 16,5 18,9 20,0 11,7 13,2 16,6 10,7
coated
L*: unaged 94,9 94,0 93,9 93,9 96,1 95,3 94,8 96,0
brightness aged 92,4 92,4 91,4 91,0 93,8 92,5 86,0 93,2
a* unaged 0,9 0,6 0,6 0,7 1,6 0,8 1,3 1,6
green-red aged 0,4 0,4 0,6 0,7 0,5 0,4 1,8 0,0
b*: unaged -2,3 0,3 0,8 0,2 -4,9 -0,9 -3,7 -4,9
blue-yellow aged 10,3 10,2 10,8 12,1 6,4 9,1 23,3 6.4
groundwood 19th century
L* unaged 85,7 85,6 84,7 82,9 82,59 84,7 85,3 82,1
brightness aged 79,6 80,8 80,5 788 7521 80 75,2 70,9
a* unaged 2,3 2,32 2,19 2,71 3,02 2,3 2,57 4,35
greenred aged 5,51 4,66 4,64 5,24 7,54 4,66 6,97 9
b*: unaged 19,4 18,7 21,7 22,5 20,79 20,4 19,1 23,8
blue-yellow aged 22,9 22,9 26 26,1 28,87 23,7 28,5 26,8
groundwood 20th century
L* unaged 79,5 78,5 75,2 73,4 72 75 79,2 79,6
brightness aged 754 727 72,6 72,3 6838 734 699 662
a* unaged 5,63 3,68 3,61 4,15 513 4,04 4,3 4,98
green-red  aged 7,63 5,86 5,62 6,29 7,64 6,75 7,71 9,18
b*: unaged 23,1 18,7 20,7 21,8 22,93 21,1 19,4 21,3 . " spit \oal- lami- Pary-
r:;ei::::w aged 255 22,9 24,6 254 2625 26,3 25,9 24 washed psazltt iﬁ’c Acrylic cast nated lene
L unaged 78,9 82,9 77,9 83,9 84,1 81,6 83,3 80,0
brightness aged 78,7 76,9 72,2 71,9 76,5 74,2 76,9 69,0
a*  unaged 29 2,3 2,2 2,0 2,5 2,9 2.4 3,1
green-red aged 3,5 3,9 5,1 4,1 3,9 3,4 3,7 53
b*:  umaged 128 148 126 131 142 151 142 155
blue-yellow aged 15,9 17,6 20,5 19,5 16,5 15,5 16,8 18,0

colour difference

darker

lighter

yellow more

less

Fig. 8: Colour change

Regarding the change of stiffness, there is a clear superiority of the leafcasting

rag dark s Tl lene treatment is resulting in nearly no increased stiff-
L*: unaged 73,1 73,7 76,2 79,7 7 80,6 82,3 74,5 process; likewise the Pary | )
brightness a:fd 570 71,2 656 642 b;i 55:9 63:2 ness. The exception (groundwood 20th c;ntulry) n;ay t:ga:; :zoi‘; lf:k“:‘sgf;;
a* unaged 3,0 40 43 3,1 47 40 2,3 47 even application. The papers ha\‘le been ‘ arylene trea " e . gh a)z
green-ted aged 50 53 59 5,6 4.8 39 46 fanned, as it is the normal condition of this treatment. This method results in
b*: unaged 13,7 15,6 17,8 14,9 16,7 17,6 12,5 18,6
blue-yellow aged 13,9 194 19,2 19,4 16,0 11,1 14,0 67
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split Acrylic leafcast laminated laminated split Acrytic

Fig. 9: Personal assessment

moon-shaped parts where less coating is achieved, down to none, while the
outside parts of a sheet get a more intensive coating.

Splitting and lamination methods result in an increase in thickness up to more
than five times. The measured numbers are in a wide range: obviously the result
of unevenly applied adhesive

Colour Change

Any treatment changed the colour of the samples, and it is difficult to see a regu-
larity. Possibly the old rag paper must be excluded from observation, because it is
too irregular in itself. A colour measurement may only give reasonable results if
exactly the same spot is examned before and after a treatment instead of different
samples of the same kind, as it was done for this project.

Any treatment changed the colour of the samples, and it is difficult to see a
regularity. Possibly the old rag paper must be excluded from observation, because
it is too irvegular in itself. A colour measurement may only give reasonable results
if exactly the same spot is examined before and after a treatment instead of dif-
ferent samples of the same kind, as it was done for this project.

Restricted to the more uniform, i.e. the machine made papers, overall streng-
thening in the leafcasting machine has obviously effected the smallest colour
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change: the samples have become a little bit more yellow. Any splitting method
had the same result, but in a remarkably higher degree. Splitting, mostly if done
with starch or MC as adhesive for the core, slightly increases the brightness of the
paper, as explained by the removal of coloured products of paper decay in the
enzyme bath which is used to remove the support paper. Note that: the colour ?f
these decay products which constitute yellowing is not yellow in the chro.nometnc
meaning; it is “dark”. The “yellow” tint of the papers has been slightly increased
by the splitting process. All these colour changes are beyond visibility.

Subjective Assessment

As just mentioned, the ranking done by fifteen persons consulted for their opinion
which of the six treatments have changed the five papers the least, more and the
most, is far from being uniform. Regarding filter paper, the older, and in the con-
text of aesthetics more important, the more fleecy groundwood and historic rag,
leafcasting is nearest to the principle that conservation treatment should not
change the aesthetic appearance of an object. For smooth papers, i.e. for coated
and calandered ones, as is the newer groundwood, Parylene is the winner. Pos-
sibly Parylene is the method of the future for coated papers, when graphs of ar-
tistic value and therefore, if damaged, to be restored in the original format, will
come into the restoration workshop.

CONCLUSION

As a general result it can be stated, that splitting, overall strengthening in the ?eaf—
casting machine and laminating give good strength to paper endangfered by bnt,tle-
ness and have a good ageing stability. From the aesthetic point of view leafcasting
turns out to be superior to the other methods. If really brittle papers are con-
cerned, as they participated in this project only in the::r state after ageing, this
statement might need to be limited: Overall strengthemng. by [eafjcastmg m‘e?ns
that the strengthening fibre is put onto the surface of tl?e object, while for spl'mmg
it is put into the interior. Possibly for brittle paper the tissue must be made fhxcker:
so thick that the aesthetic appearance is affected. For sph@g of re ally brittle pa-
per a thicker core might be necessary, again with negative influence on aesthetics,
i.e. on thickness and stiffness. Any synthetic adhesive, it might be u.sed' for the core
in splitting or as hotmelt for laminating was found to have a negative influence on
the papers as compared to starch and methyl cellulose. Parylene, on the other
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hand, again a synthetic, gave surprisingly positive results: very satisfactory for
modern smooth papers, best apt for the coated. Highly alarming, however, is the
negative influence of this treatment on the ageing behaviour of groundwood pa-
per. Its mechanism and the relevance of the results of accelerated ageing to the
real ageing behaviour must be further studied.

SUMMARIES

The Effect of Different Strengthening Methods on Different Kinds of Paper

Five different papers, three old ones, as they might be the object of a strengthening treatment in
the restoration workshop, have been strengthened according to four different relevant treat-
ments (or six, as one of them was used in three variants), submitted to accelerated ageing and
checked for the strengthening effect, its stability and for change in aesthetic appearance. All
methods, namely splitting using different adhesives for the core, overall strengthening in the
leafcasting machine, lamination using a heatset acrylic and Parylene coating, gave sufficient
strength to the papers, Parylene coating with the alarming exception that it provokes enhanced
decay during accelerated ageing of groundwood paper. The impact of the different strengthen-
ing methods is depending on the kind of paper. Leafcasting seems to be best apt for old, Parylene
coating for modern supercalandered and coated Paper. As one of the methods, i.e. overall strength-
ening in the leafcasting machine is not very well known in the conservation community, a more
detailed description is given to explain the procedure.

L'effet des différentes méthodes de consolidation des différentes sortes de papier

Cinq différentes sortes de papier, dont trois anciennes, dans Pétat od elles se trouvaient
lorsqu'elles sont arrivées dans latelier de restauration afin dy etre consolidées, ont 66 traitées
selon quatre méthodes différentes {ou selon six, car une des méthodes a été appliquée en trois
variantes), puis soumnises A un vieillissement accéléré et testées sur P'effet de consolidation obtenu
ainsi que sur leur résistance au vieillissement et sur le changement de leur apparence esthétique.
Toutes les méthodes, c'est-a-dire V'exfoliation du papier en utilisant différentes colles pour le
noyan, le renforcement de la surface avec une couche de fibre a I'aide d'une machine, le
laminage avec une résine acrylique et 'enduction de parylene, donnent une solidité suffisante
aux papiers avec I'exception alarmante que le paryléne provoque lors du vieillissenent accéléré
une dégradation nettement plus rapide du papier de pate mécanique. L'influence des différentes
méthodes de consolidation sur Papparence esthétique du papier varie selon les différentes sortes
de papier. Le renforcement mécanique de la surface avec une couche de fibre semble étre la
méthode la mieux adaptée pour les papiers anciens alors que le procédé au parylénc convient
aux papiers modernes hypercalandrés et aux papiers couchés. La méthode du renforcement de
la surface en utilisant un laminoir n'est pas trés connue dans le monde de la restauration, on
donnera une description plus détaillée pour expliquer la procédure.
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Die Wirkung verschiedener Festigungsmethoden auf verschiedene Papierarten

Fiinf verschiedene Papierarten, davon drei alte, wie sie zur Festigung in die Restaurierwerkstatt
kommen mégen, wurden nach vier verschiedenen Methoden entsprechend behandelt (oder
nach sechs, da eine in drei Varianten angewandt wurde), dann beschleunigt gealtert und auf die
erzielte Festigungswirkung, deren Alterungsbestindigkeit und auf die Verinderung des éstheti-
schen Erscheinungsbildes untersucht. Alle Methoden, d.h. Papierspalten unter Verwendung ver-
schiedener Klebstoffe fiir den Kern, Ubervliesen im Anfasergerit, Laminieren mit einem
Acrylat-Schmelzkleber und Beschichten mit Parylene geben hinreichend Festigkeit, Parylene
freilich mit der alarmierenden Ausnahme, dafl es beim beschleunigten Altern den Abbau von
Holzschliffpapier deutlich befordert. Der EinfluB der verschiedenen Festigungsmethoden ‘a.uf
das dsthetische Erscheinungsbild unterscheidet sich nach den Papierarten. Fiir alte Papiere
erscheint Anfasern als am besten geeignet, fiir modemne kalandrierte und gestrichene das

Parylene-Verfahren.
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Influence of Paper Raw Materials and
Technological Conditions of Paper Manufacture
on Paper Ageing

& META CERNIC LETNAR & JEDERT VODOPIVEC

INTRODUCTION

Paper continues to be one of the major transmitters and carriers of written heri-
tage of our time. But also paper does not endure forever, and is subject to ageing
in the same way as all organic substances. Paper ageing has developed into a ma-
jor problem of our time and is studied by restorers and conservators in archives,
libraries, museums and galleries. In a wider context it is high time also for the par-
ties involved in paper manufacture, printing, sale and publishing to join the re-
search of the problems relating to paper ageing, supported as necessary by rele-
vant institutions, so that by the adoption of appropriate recommendations and
standards the types and manner of use of paper most suitable for particular appli-
cations would be determined, and the criteria for evaluation and storage of writ-
ten cultural heritage would be established.

The mechanism of paper ageing is influenced by numerous interactions be-
tween paper components and the substances of environmental origin,. with its 1m
pact shown in particular in deteriorated mechanical strength, chemical stability

ical characteristics of paper.

mc;‘:f: t::rms durability and I;)ermanence describe longevity of paper. While the
permanence of paper depends an chemical resistance of its.components .and the
influence of external factors, paper durability depends mainly on physical and
mechanical characteristics of principal raw materials (fibres, fillers, sizing agents),
additives and on contamination of these by ions 'tl'fl(:m the environment,‘ the actfion

i eat humidity and microorganisms. The term “paper ageing” refers
;iirlrllga};gyhto geteﬁoratgi mechanical strength, chemical stability and optical char-

acteristics of paper. o
Paper agefng can basically be attributed to three principal parameters, both

endogenous and exogenous (Figure 1):

73

Restaurator 18: 73-91 © 1997 Seuy, Munich etc.



Influence of Paper Raw Materials

EXTERNAL FACTORS INTERNAL FACTORS

contamination by air
(80,, NO,, HCI, O,

action of light and =¥
temperature
Inks
printing colors

Fig. 1: The Influence of internal and external factors on paper ageing.

* causes resulting from inadequate composition of pulp fibres and the rest of raw
materials, and from technological conditions of paper manufacture,

* the influence brought about by processes of writing (inks), printing (printing
colours) and paper processing and use in general,

. con@nation by air (SO,, NO,,0,), action of light, increased temperature and
humidity of the atmosphere, neither should we disregard the action of micro-
organisms and moulds.

The difference in quality of individual types of paper lies in their overall com-
position with regard to raw materials, The properties of modern types of paper
may appear very similar to a non-professional. Only by comparing their chemi-
cal, physical, mechanical and optical characteristics, and by natural and artificial
ageing, can qualitative differences between individual types of paper be identified,

in particular those relating to their use today as well as several hundred years
from now.

STUDY OF PERMANENCE AND DURABILITY OF PAPER

in .the framework of the “Study of Mechanism of Paper Ageing” research was
mainly focused on the influence of internal factors: composition of cellulose fibres
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and the rest of the raw materials included in each of the selected types of natural
and surface-treated paper on permanence and durability under extreme condi-
tions of artificial ageing — increased temperature and relative humidity, action of

light excluded.

SELECTION OF PAPER AND METHODS OF TESTING

During the research more than 20 specimens of paper were examined, and from
those 8 specimens of natural paper and 6 specimens of pigmented and coated pa-
per were chosen as research results (Tables 1 and 2).

Table 1: Natural paper grades with respect to composition of raw materials and technology of
manufacture

Paper grade I Origin  Fibre composition ~ Filler  Sizing Optical Sizing Grammage
agent whitener g/m’

I. Permanent Semi- 50% cotton CaCO, AKD 1o  neutral 80
industrial 50% hemp

2. Permanent Semi- 20% cotton CaCO, AKD no  neutral 70
industrial 40% softwood pulp
40% hardwood pulp

3. Woodfree Semi- 50% softwood pulp CaCO, AKD no  neutral 60
industrial 50% hardwood pulp

4. Wood Semi- 50% CTMP CaCO, AKD no  neutral 60
containing industrial 50% pulp

5. Recycled Industrial 30% deinking CaCO, AKD noe  neutral 70
30% woodfree w.p.
30% SGW

6. Recycled  Industrial 60% deinking CaCO, AKD yes  neutral 70

35% woodfree w.p.
5% waste paper

7. Woodfree Industrial 40% softwood pulp Clay  rosine  yes acid 80
60% hardwood pulp size
with Cl
8. Woodfree Industrial 60% softwood Clay rosine no acid 80
{“Bia”) 40% hardwood size
Cl free
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Specimens of natural paper (1.-8., Table 1) were classified according to the
composition of pulp fibres into woodfree, woodcontaining and recycled paper,
manufactured (in neutral or acidic system by using CaCO, or clay as filler) by a
semi-industrial plant or available in the market in the form of industrial product.
Woodfree papers from the ICP semi-industrial production machine were made in
a neutral system, by using AKD sizing agent, from annual plants and cotton; cot-
ton and quality pulp of coniferous and deciduous trees (group of permanent pa-
pers); and a mixture of pulp fibres. Industrial specimens of woodfree paper were
made in an acidic system of sizing, and they differed in the composition of their
pulp fibres, with one containing chlorine-bleached pulp and the other containing
the pulp bleached without using chlorine. Wood-containing papers contained
50% of CTMP. The two specimens of industrially produced recycled paper dif-
fered in the proportion of deinking fibres, groundwood, waste paper and fresh
pulp fibres in recycled pulp.

The group of surface-treated papers {1.A.~3.A., Table 2) was defined by the
composition of pulp fibres in base paper and the type of coating (thickness of
coating, type of pigment used clay or calcium carbonate). Woodfree base paper
deriving from industrial production was coated in laboratory by clay and CaCO,.

Table 2: Surface treated paper grades with respect to base paper and type of surface treatment

Paper grade II  Origin Base paper Coaating Pigment Binder Co-  Optical
g/m, binder whitener
1.A Woodfree Laboratory  Industrial 15 Clay SBlatex no yes
. coated coated paper woodfree 1
paper base paper
1.B. Woodfree Laboratory  Industrial 15 CaCO, SBlatex no yes
coated coated paper woodfree 1
paper base paper
2.A Recycled Industrial 95% 5-6 Clay SB latex starch no
. pigmented product deinking, 2
paper 5% Sa pulp
2.B. Recycled Industrial 95% 5-6 CaCO, 35% SBlatex starch no
pigmented experiment  deinking, Clay 65% 2
paper 5% Sa pulp
3.A Coated Semiindustrial Base paper 15 Clay 5B latex CMC no
. recycled experiment gradel. / 3
paper (Dixon) 5.
3.B. Coated Semiindustrial Base paper 15 CaCO, SBlatex CMC no
recycled  experiment  gradel./ 3
paper {Dixon) 5.
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Industrial paper from recycled base paper was pigmented by clay and, in semi-in-
dustrial production, also by a mixture of clay and CaCO,. In the specimen of the
third group, neutral recycled industrial paper of the first group (group 1./5.) was
used as the basis and was coated by using the ICP semi-industrial coater under
identical conditions by clay and CaCO, pigment.

The selected specimens of natural and surface-treated papers were exposed to
conditions of artificial ageing in accordance with ISO 9706 at 80x1°C and 6532%
relative humidity of air, excluding the action of light, over periods of 6, 12 and 24
days. ~

);‘or all conditioned paper specimens, permanence and durability were deter-
mined prior and subsequent to artificial ageing by the international standard
method used for each particular characteristic:

e basic characteristics (grammage, bulkiness, moisture content, ash or filler con-
tent), |

e chemical stability: pH, lignin content (Kappa number), Degree of polymerisa-
tion (limit viscosity), Degree of oxidation (Cu number),

e mechanical strength: tensile breaking strength, elongation, bursting and tearing
resistance, folding endurance, stiffness,

e optical stability: whiteness, brightness, yellowing, opacity, scattering and absorp-
tion coefficient of light,

o surface characteristics: porosity, surface wettability-angle of contact.

RESULTS AND COMMENTARY

The results of measurements of basic characteristics, chemical stability, mechani-
cal strength and surface characteristics performed prior and subsequent 'to artifi-
cial ageing on natural and surface-treated specimens of paper are shown in corre-

sponding figures.

BASIC CHARACTERISTICS

On the basis of monitoring the influence of uﬁﬁfid ageing on eaCth:fme :;i:‘;:eg
specimens of natural (permanent, wood-containing, recycled) anﬁ ace- ° S ‘:)_
(pigmented, recycled and coated woodfree) papers, no great ¢ ange; wedeﬁ;; g
served in the obtained values for grammage, bulkm?ess, moisture, asd :‘:‘l i €
content of most natural papers. A smaller decrease in grammage an ess
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was observed in the case of wood-containing and coated papers. With pigmented
papers, bulkiness slightly increased, grammage decreased a little, and ash content
remained unchanged. In general it may be said that such very slight changes are
due to non-uniformity and non-homogeneity of the specimens.

CHEMICAL STABILITY

Particular reactions relating to the decomposition of cellulose molecules were
studied by means of standard chemical methods. Chermical stability of selected
papers prior and subsequent to paper ageing was studied by measuring pH of the
extract and Kappa number, and by determining limit viscosity, Cu number and o-
cellulose. In the case of CTMP fibre papers, attempts at determining Kappa num-
ber were unsuccessful because of extremely low values. Because of inconstant
dissolving of individual specimens of paper, the determination of a-cellulose also
failed to yield repeatable results. In general, it may be said that, for measurements
of viscosity and Cu number to be carried out as appropriate, adequate prepara-
tion of the paper specimen and complete dissolving are of great importance.

pH

The process of hydrolysis and oxidation relating to the decomposition of the cel-
lulose molecule leads to the formation of carboxyl groups, which means that
acidity of paper rises, while pH drops.

Hydrolysis and oxidation of the cellulose molecule are due to the action of
acidic environmental factors or to increased acidity of acidic papers, with the
presence of aluminium sulphate leading to the development of free acid i.e.
H,SO,, which accelerates hydrolytic as well as oxidative decomposition of the
cellulose molecule.

As most of paper specimens were made in neutral and alkaline medium, pH
values ranged between 8.5 and 9.5, and pH did not undergo any major changes.

In the case of natural papers made in acidic medium, also, pH was between 4.6
and 5.1, and acidity did not change substantially.

Viscosity

Determined on the basis of changes and decrease in viscosity in the process of ar-
tificial ageing were hydrolytic and oxidative decomposition of cellulose molecule,
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Viskosity, ml/g
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i:lt])d thlflr ':gg:)ien used, were already very much decomposed and damaged. It is
res havi ,

osition in the case of using CTMP fibres is
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favm.xrable than in t making CTMP fibres (heat, pressure, c'hex.mcals) long-chaxg
ey 0bw.ined However, as the fibres are insignificantly d@aged
molecules a.lre m?t o oint, tl'le y exhibit considerable resistance. to hydrjlyﬁcdian
fro.m c.hemxcal wevg)n‘on if paper manufacture is carried out in neufr m:a 61:;1
oxxdfmve de.comPO ) diZi;‘ action of external origin. Regardless of pigmen al ,
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HILY O. )
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Cu number, (-)

1A 1B 24 28 3 3A 3B

Fig. 3: Oxidative decomposition of celiulose molecule: Cu number

Cu number

Conditions relating to ageing increase the number of reductive groups from cel-
lulose and hemicellulose, which are transformed in the process of oxidation from
hydroxyl into aldehyde groups. Cu number increases with the increase in the de-
gree of oxidation ~ but by such determination the quantitative level of reaction
with respect to keto groups and subsequent carboxyl groups cannot be established.
The results of measurement of Cu number are shown in Figure 3 and reveal an
increase in oxidative decomposition for all specimens of paper. Increased de-
composition with respect to initial condition is by far the greatest in acidic natural
papers. It is favourable that this value is lower in papers made from cellulose
bleached without using chlorine, Very high values were obtained in the case of
wood-containing and recycled papers, but increased oxidative decomposition due
to ageing was not so marked as in the case of acidic papers, if aluminium sulphate
was present.
Surface treatment of paper by pigmentation and coating will reduce oxidative
decomposition in particular in the case of using recycled paper as the base. More
favourable results were also obtained in the case of using CaCO, coating.
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MECHANICAL STRENGTH

Mechanical strength of paper in the process of ageing is influenced by reactions
between fibres in paper (fibre-to-fibre bond) and by reactions inside the cell walls
of fibres. Changes — decrease in mechanical strength - are influenced by chemical
reactions of hydrolytic and oxidative decomposition and lead to weaker interfibre
bonding. . .

Due to the process of internal and external interfibre bonding (crosslinking)
stabilization of individual forms of resistance and slight increase in mechanical
strength are also possible. . '

The testing methods used included determination of tensile breaking s.trength,
length, elongation, tearing and bursting resistance, folding endurance and stiffness.

Tensile breaking strength and elongation

In the process of depolymerization (hydrolysis, oxidation) stability ’of individ?al
fibres is reduced, reflecting in decreased tensile strength and elongation. What in-
creases, however, is the binding capacity between individual decomposed cellu-
lose ch,ains in the process of crosslinking — through the for.mation 9f covalent
bond between hydrogen bridges of a particular molecule., which ma?l in the pro-
cess of ageing lead to stabilization of individual fibres. This may a'ls.o increase stat-
ic strength and crystallinity — the number of free, @reacted positions decreases,
and this considerably reduces proneness to mechamcayl defects..

The results of decrease in tensile strength is mimmllxm (slightly but noF sub-
stantially higher than in acidic papers). Measurements. F;gure 4, for all spe.mme.ns
of natural neutral papers confirm this. With some specimens, however, slight in-

crease in fibre-to-fibre bonding was observed.

Tearing resistance

In general, tearing resistance of paper decreases Wi'th ageing. The res.ults of meas-
urements which are shown in Figure 4 reveal considerable dgcrease in tear resist-
ance of natural acidic papers. With other papers, no substantial def:rease was ob-
served, which can be explained by increased ﬁl.)re-tojﬁbre bondmg'and cross-
linking, as could be easily seen in recycled paper in wh'lch no substanug,l chzng:s
were observed in spite of very low initial values. Th.ls outcome conf rm(Ie the
previously obtained results of measurement of cheml_cal charact.en.sucs. fn ;
case of surface-treated papers with neutral base, also, this characteristic was foun

not to decrease substantially.
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Tear, mN  Tensile strength, kN/m

4 5 6 7 38

Fig. 4: Agsing sffect of natural paper grades on mechanical properties: tearing and tensiie
breaking strength resistance.
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BN 4 days
MR 12 days
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Fig. 5: Effect of ageing natural paper grades on mechanical properties: stiffiness and folding
endurance (MIT: 1000 Q).
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Folding endurance and stiffness

Crosslinking between cellulose chains and increased crystallinity have great im-
pact on changes in folding endurance and stiffness of paper because of increasing
fibre-to-fibre bonding (cf. Figure 5).

The decrease was most marked in the case of acidic papers, where no differ-
ence was observed between cellulose bleached by Cl and without it. With other
natural papers, the values do not deteriorate substantially. Great stability was ob-
served particularly in wood-containing and recycled papers, but initial values
were also extremely low. Also in the case of pigmented and coated papers no

major decrease was observed.

OPTICAL STABILITY

The effect of accelerated artificial ageing of selected specimens of paper on
changes in optical characteristics was studied: whiteness, brightness, yellowing,
and opacity, scattering coefficient and absorption of light by Kubelka-Munk

method.

Whiteness, brightness, yellowing

With all of the selected specimens of natural as well as of surface-treated papers,
considerable deterioration of optical characteristics of whiteness, brightness and
yellowing was observed. This deterioration was the least marked 11.1 the case of na-
tural permanent paper, and most marked in acidic paper filled with clay, regard-
less of the method of bleaching pulp fibres, and the same was also true of wood-
containing and recycled papers. . ' .

In using calcium carbonate as pigment for pxgmentmg and coatu.xg pmpo§es,
when compared with clay, whiteness and brightness deteriorated, while yellowing
was less marked (cf. Figure 6, 7).

In then:lse of(oxidg/e decomposition of the low-molecular part of carbohy-
drates in particular, carbonyl groups develop, which have consifierable influence
on changes in and deterioration of whiteness, brightnes.s and on mcreas‘ed yfallow-
ing. Carboxyl groups, in general, have a less marked 1mpa'ct on deterioration of
the said characteristics, but may additionally enhance thehl'nﬂuence of carbonyl
groups, thus leading to further deterioration of optical sta?bﬂ.xty.. In‘the case of us-
ing high-yield pulp and wood-pulp, functional groups thhm‘ lignin and .extracts
cause major changes in whiteness, brightness and yellowing. Yellowing, de-
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Fig. 7: Optical characteristics of surface treated papers: increase of yeliowing.
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creased whiteness or brightness may result from exposure to light, or may in the
absence of light occur as the result of increased temperature or relative humidity
of the atmosphere (as in the case of artificial ageing). In this way, new products of
oxidation are obtained, and under favourable conditions these further accelerate
decomposition and deteriorate optical characteristics. Metallic ions, such as Cu,
Mn, Fe, cause accelerated yellowing and deteriorated whiteness and brightness
both in the case of bleached and unbleached pulp fibres. These metallic ions are
photocatalytic and are subject to considerable absorption in UV range, and are

reduced thereby. They cause accelerated photo-induced decomposition of carbo-

hydrates. Metallic oxides and hydroxides catalyze hydrolysis of the cellulose mol-
ecule even in the absence of acidic substances. Such reactions are always irrevers-
ible-unidirectional, and are even accelerated by increased temperature.

Opacity, scattering and absorption coefficient of light

With all natural and surface-finished papers, opacity will in conditions of artificial
ageing increase (cf. Figures 8, 9), not because of light scattering but primarily due
to very great increase in light absorption. With acidic and recycled papers, this is
assumed to be due to increased crystallinity of cellulose fibres. Also in the case of
surface-treated papers, opacity was found to increase considerably, primarily
when clay was used as pigment, but mainly due to considerable increase in ab-
sorption coefficient. This effect, however, renders these papers not recommend-
able for further use, because in this way their resistance to external influences is

reduced even more.

SURFACE CHARACTERISTICS

Selected specimens of paper were also used to examine the influence of ageing on
possible changes in surface porosity: Gurley method and surface wettability-angle
of contact with water-surface hydrophilicity or hydrophobicity.

The results of measurements reveal that ageing does not cause any major
changes in porosity, the exception being recycled papers, both those without sur-
face treatment and the pigmented ones, where a slight increase in paper porosity
was observed, which may not have favourable effect on durability if taking into
consideration the action of factors of external origin.

The results of measurement of wetting (angle of contact) indicate that no major
changes occurred on the surface of all neutral papers with the surface remaining
more or less hydrophobic. With wood-containing papers, and in part also with
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Fig. 8: Optical stability: effect of light scattering and absorption on the opacity of natural pa- ity measured with contact angle.

per grades.
recycled natural paper, wetting contact angle decreases — surface hydrophilicity in-

creases and reducing the durability if taking into consideration the action of fac-
tors of external origin.

It is noteworthy that, as shown in Figure 10, pigmenting and coating increase
surface hydrophobicity of paper, with the effect being more marked in the case of
CaCO, than clay, which is also favourable for decreasing the possibility of action
on paper of such external factors as could lead to hydrolytic decomposition and
oxidation of the cellulose molecule.

The results reveal that surface treatment of paper (surface sizing, pigmentation
and coating) increases surface hydrophobicity of paper, with the effect more pro-
nounced in the case of using CaCQ, than pigment. The reason for this may be in
greater crosslinking (interfibre bonding) on the surface resulting from the addition
of polymeric bonds in connection with surface finishing.

sW, cm?/g

cudaBhuesss o 2B88888488

kW, cm¥g

CONCLUSION

The results of determination of chemical stability, mechanical strength, optical
stability and surface characteristics of each of the selected types of natural and
surface-treated paper in the process of artificial ageing have revealed the following:

1A 1B 2A 28 3 3A 3B
Fig. 9: Optical stability: effect of light scattering and absorption on the opacity of natural pa-
per grades.
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¢ Use of recycled pulp fibres and high-yield mechanical fibres (CTMP, up to
50%) ensures considerably high level of retention of mechanical strength and
chemical stability, but leads to significant deterioration of optical characteris-
tics. In this connection, however, it needs to be pointed out that, with respect
to initial condition existing prior to ageing, basic fibres are already very much
decomposed, with the values of each particular form of resistance being much
lower than is the case of quality pulp fibres of woodfree papers.

* Surface treatment by pigmenting and coating of papers made from alternative
and recycled pulp fibres does not have any major impact on changes in chemi-
cal stability and mechanical strength. Deterioration of optical characteristics is
slightly less marked when using calcium carbonate than pigment. This also has
favourable effect on decrease in porosity and increase in surface hydrophobicity
of all types of papers. This condition poses great advantage because it reduces
the possibility of the action of external factors on paper surface.

* Use of quality primary pulp fibres ensures fairly good chemical, mechanical
and optical stability regardless of the type of process used to obtain basic pulp
fibres. The basic prerequisite for this, however, is that paper be made in a neu-
tral medium, for it is well known, and our testing confirms this, that in long-
time perspective the influence of acidic system of paper manufacture on final
characteristics of paper is disastrous.

In conclusion let us say that the use of recycled fibres of undefined origin and
of mechanical pulp fibres is adequate and recommendable for printing papers
whose intended period of use does not exceed a few decades to a century. In the
case of printed and written materials of permanent value, on the other hand, high
quality primary pulp fibres must be used in a neutral medium in the absence of
optical bleaching agents and with calcium carbonate as alkaline buffer reserve.

SUMMARIES

Influence of paper raw materials and technological conditions of paper manufacture on pa-
per ageing

Quality difference between particular paper grades is to be found in their total raw material
composition. The properties of modern paper grades can seem to be, for a non-expert, very sim-
ilar. Only chemical, physical, mechanical and optical properties of particular paper grades as
well as the test of natural and artificial ageing can show the difference in their quality. The appli-
cability in present time and after several hundreds of years have to be considered above all.

The results of our research work confirmed the well known recognition of world wide investi-
gations, that the use of high yield fibres, groundwood fibres, and recycled fibres of more or less
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mmended only for all those graphic papers and papers

i table but reco
undefined source, is accep be no more than a few decades. For the

: . is i to
for general use in which permanence 13 intended ore . Ny
printed and written material that represents permanent value, it is important to use quality pri

mary pulp fibres during the manufacture in neutral or weak-alkaline medium, without optical
brightening agents and using calcium carbonate as alkaline reserve, as defined by the ISO 9706

standard.

Influence de la matiére premiére utilisée et des conditions de fabrication sur le vieillissement

du papier
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légérement alcalin sans produit de blanchiment optique et avec du car

réserve alcaline, tel que C'est défini dans ISO 9706.

d der Herstellungsbedingungen auf die Alterung von Papier
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Der Einflug des Rohstoffes un.

Der Qualitéitsunlerschied zwischen bestimmte

' ie Ei haften moderner Papierarten . : i :
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The Conservation of the Dead Sea Scrolls
in the Laboratories of the
Israel Antiquities Authority in Jerusalem

by ESTHER BOYD-ALKALAY & LENA LIBMAN

INTRODUCTION

The Dead Sea Scrolls are possibly the most important archaeological findings of
the last half century. After the first discovery in 1947, systematic archaeological
searches were carried out in the Qumran area north of the Dead Sea, which was
Jordania territory until the Six Day War of 1967. In the period until 1956 eleven
caves were investigated in the area of Qumran on cliffs extending over a distance
of 8 km.

Some of the scrolls were found wrapped in linen cloths in jars, others in niches
in the walls of caves or on the floor buried in dust and partially disintegrated by
the action of water, insects and moulds. After two thousand years in the caves the
scrolls were stored under drastically different climatic conditions in the premises
of the Rackefeller Museum, then Jordanian Jerusalem.

The majority of the scrolls are written on hides, some on papyrus. The lan-
guages are mainly Hebrew and Aramaic but a few are written in Greek. Most of
the scrolls range in date between the second century BCE and about 70 CE. The
scrolls include Biblical and Apocryphal texts as well as texts related to the Esse-
nes, a sectarian community whose existence came to an end in 68 CE with the
Roman invasion of the area.

SKIN MATERIAL

The skin of the Dead Sea Scrolls is of sheep and goats but it is neither leather nor
parchment, as we understand these terms to-day. The skins were prepared differ-
ently — probably in compliance with rabbinical rules. As confirmed by analysis,
the writing material is a kind of parchment lacking the lime which confers dura-
bility. The rules for preparing skins as writing material during talmudic times
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specify three main steps: first, removal of the hairlin an enzymatic 'dl(:ha.i.rmg l?ath
containing some or all of the following: plants, animal f.ats, eggs, milk, wu:;, vl::;-
gar, urine, dung and salt. Second, treatment with flour in .order to's:ﬁ;n it ) ith .
and smoothen it, and third — unique for the Jews in Palestine — spll’llflh tagnln w; th:
solution containing various vegetables and crac.ked gall nuts,f\:'h ic @ a: Lo

hides lightly on the surface. Cedar oil was applleq 't° sont:f o e s writin ma:
These treatments improved their durability and fa'aht.ated Tht:xr use e:l i gt'r o
terial, which was usually carried out on the grain SId.e L e tion of
ments was corroborated in 1972 by chemical and histologica tlz\il(amlufna(‘:turein
skins from Qumran by Dr. E. Reed of the Department of Leather Manufa

the University of Leeds.

The resultant skin, called “gvil
could be written on but neither were th

» in Hebrew, needed to be flattened out so that it
e external layers pared off nor was it sub-

jected to any other thinning process. Talmudic rules for preP*’-f':ln(g’r';:;:3 m}z::;fl:
abled the artisans later to split the skins into two layer.s, ttflle ghmide called “duk:
called “Klaf” (Hebrew for “peeling’), and the h,e avier airul,es for treating
sustos” (Greek for “thicker, insepar. able”). The various emplzcin these times, such
hides over a period of 300 years and the many afidltlve's e tables conc;ntra-
as oil, alums and other minerals, and tanning with various veg? from pale yel-
tions provided skins of different thicknesses and of colours l:rl:r)::llg o d:.)mage «
low to dark brown, also depending on the nature of the s

suffered over the years.

THE INK

All the ink is carbon ink. Analyses of these ; ant of iron,
Getty Institute of Conservation (1993) revealed in them only (race 870

: i lamp-
. tification of the inks as carbon or lamp
copper, zinc, titanium and manganese. Iderliltsc:f analyses of residues found in ink

black based inks is consistent with the re- however, scrolls, such as the

pots discovered at the site in Qumran. There are, alem, as well as fragments in
Genesis Apocryphon in the Shrine of he Book JUReClt Rl o e which
the Israel Antiquities Authority’s collection, which 2

d for the other scrolls. The damage

ite different from that use o isintegrated

appears to b'e qu f ink seems similar to the familiar darkened and dlslm .681'3;; i

lci:usedfby f:ls t)'zss‘:d by iron gallotassi ink. Ginell supports thtc;l ctor:lcl usg:nes?s

es ng ¢ tan . ; e

the igkw\zedgwas nevertheless not ir(?n m.k 26 P‘;’;:t:nzu;e s:ggests that the

Apocryphon is the only major scroll written In & the techniques employed
texts A from an area where the ink ingredients o7 eal f qlllmn inks
came fro e car .

caused this rare type of degradation, which is indeed unusual for

inks by William S. Ginell of the Paul
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PRIMARY STORAGE AND CONSERVATION TREATMENT

By the end of 1959 most of the fragments that had been found and those that had
been bought from Bedouins searching the area were arranged in the so-called
“Scrollery” in the Rockefeller Museum in Jordanian East Jerusalem. The scrollery
was a large room with some twenty trestle tables where fragments of the scrolls
were placed between sheets of glass. Photographs dating from the fifties seem to
show a lack of present-day awareness of environmental control. According to
Reed!, “the fragmentary condition of many of the scrolls was clearly due to indis-
criminate handling on the part of the original finders. Much later sorting of masses
of fragments could have been avoided if all attempts to flatten, unroll or flex the
objects in any way had been resisted until laboratory conditioning was possible.”

In these first years irreversible damage was caused by using cellotape™ for
joining fragments and covering cracks. The scrolls were moistened and loosely
flattened between plates of window glass without framing the edges. Harold
Plenderleith, at this time Keeper of the Research Laboratories, British Museum,
and Director of the International Centre for the Study of the Preservation and the
Restoration of Cultural Property, Rome, was approached. He described” how he
attempted to separate and analyze fragments contained in three boxes which had
been sent to London. “Exposure overnight at 75 % relative humidity caused in-
sufficient relaxation of the parchment. A further 6 hours at 80 % relative humidity
made the membrane limp and various strata could be separated by careful
manipulation with and ivory paper knife. A complication presented itself in the
form of black bituminous substances which permeated the tissue and prevented
the membrane from being separated. This substance was the ultimate decomposi-
tion product of the animal membrane. It seems likely that this gelatinization and
later congealation had been caused by the prolonged action of water. The method
eventually adopted was to expose the scroll fragments at 100 % relative humidity
for a few minutes and then to transfer them to a refrigerator for an equivalent
time. The degree of freezing was sufficient to congeal the surface of the black
material while leaving the membrane sufficiently limp.”

Penderleith visited Jordanian Jerusalem in March 1962. He attempted to unroll
a rigid scroll. The method described above having failed, he carried out a dis-
section with appropriate tools using a support the thinnest white silk, spread thin-
ly with polyvinyl acetate and brought into intimate contact with the cleaned flat
surface of the scroll. He recommended that the leather be sterilized to eliminate
fungi and bacteria. We do not know whether his recommendations were adopted.

In 1963, Valerie H. Foulkes visited Jerusalem, Jordan, in order to prepare the
scrolls for an exhibition in the British Museum (what Plenderleith had unsuccess-
fully tried to prevent for conservation reasons). Miss Foulkes reported®: “It was 2
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shock to discover the extent of the contamination cz?utsed bg' S:(l)tdlb :;1};3 ;I":;
majority of the fragments I found had not onl)./ been ]Ol'l'l‘ed utd SO od paper
this material, in places with several layers of it. In addmonl,l r; fuvt:?removed
and black passe-partout tape had been employed. The sellotap

ded by Mr. Plenderleith, with trichloroethylene.

with a scalpel and, as recommnen _ e fr nts
. . ; d in order to join the fragments,
Gummed silk strips or gold beater skin was use hed v o erse, Surface

with PVA as adhesive. Special leather dressing “fas appt Joss b
consolidation and increased legibility were a?hl%vedqqllmgzu:nuﬁc:mgs ;slz.cet);
thinning the dressing with benzene before applhlcatmn. e " fat safely and
in 75 % relative humidity for 3 hours so that it could be presse

then framed for exbibition.” h many hands in different places, were ex-

The scrolls having passed throug . . This is
: treated in various ways.
posed to drastic environmental changes and w::day, which had been noticed al-

the self-evident cause for their poor conditioxf , e e s
ready in 1962 by Francis Frank, Principal Librarian of the Britis ary

Ecole Bib-
letter to Father De Vaux, the President of the Board of Trusteesd of ;h; < oolulose
lique, Jerusalem, he wrote: “The fragments must first be f; ° ooof the Univer-
acetate tape which was used to hold them togethe” Jtzl:;l a le:tgerr to the Editor of
sity of Manchester, a member of De Vaux’s te'f.lf.ﬂ, Wro eum, 1 saw for myself
the Observer on 11.12.1966 :“...On a recent visit to the museuin,

; been out of their
just how perilous is the situation. Fragile fragments, which have bee

1 1o lass plates
desert habitat now for more than 14 years, ar¢ sel yin :;t:f: r;c?;fegc:sse: as I
where we left them many years 280, ’

mostly unsecured !

on top of
was horrified to see, subjected to intolerable pressuré by the plates lying P
one another in a large cabinet ...”

. ; Ils p

After the Six-Day War in 1967 the scro - k on the scrolls.
enties a team of co:servators from the Israel Muset;r;l :,nga(t;dﬂqweo;in?lnavaﬂab o in
Some of the glass plates were replaced by acid car -:;1 thymol. The cellotape and
Israel at the time, and the fragments Were treated with By T

were re-
some of the stains were removed with trichloroethylene. '(I)'ll:;f: i?;:zpex“, ie.
inforced with lens tissue; pOl)’Vil")'1 acetate or an ac.e ton;: a result, the parchment
of an organic glass of PMMA, were used as.adheswe. ocess was very lengthy and
glitters like glass and becomes rigid and fr agile. The pr

for.
a much more rapid pace of treatment was called

assed into Israeli hands. In the sev-

RECENT TREATMENT |
of the scrolls was established by the

nservation  was e °

Xlntljs()lg'ltia liﬁzg fﬁrittsh esnc):e in the Rockefeller Building in Jerusalem. Ini
uities
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~_

tially, a team of two conservators
was appointed, with Esther Boyd-
Alkalay acting as organizer and
consultant,

As mentioned, almost all the
fragments in the glass plates were
“reinforced” with cellotape, some
in two layers, a treatment very
common in the fifties. We were
shocked, just as Valerie H.
Foulkes had been thirty years
Fig. 1: Scheme of the position of the fragments on  €7lier, to see the extent to which
the glass plates and indicating the celiotape the fragments had been penetrat-
ed by the adhesive and/or the
lubricants of the cellotape. The
aging of the oils and the pressure
of the glass had caused darkening
to the extent that some of the
texts were no longer legible and,
worst of all, the edges had al-
ready gelatinized. In addition,
faulty treatment in the fifties, six-
ties and seventies ~ excessive hu-
midity, leather dressing, PVA
and Perspex solution - added to
the damage. The cellotape had to
be removed without delay but
this proved to be an unbelievably lengthy process, which required a larger team
of conservators. Additionally two more persons were appointed. A stereomicro-
scope and a vacuum disk were acquired; a Leister blower unit proved to be very
useful for the safe removal of the tape. Invaluable help was provided by special-
ists of the Paul Getty Institute for Conservation.

Experiments with blank samples of parchment led to the exclusion of the use
of parchment glue and adhesives based on organic solvents, because of difficult
reversibility and, in some cases, creation of a rigid surface. It was found that water-
based adhesives such as methylcellulose could be used. This was placed on Japa-
nese tissue in a thin layer, left to dry to form a film and then applied in narrow
strips with little moisture. According to Reed', light application of water-based ad-
hesives relaxes the skin and activates the linking of the proteins in them; however,
gelatinized areas present almost insurmountable problems.

Fig. 2. Damage caused by cellotape
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Everyone experiencing the removal of
sticky stains from porous materials knows
how lengthy this procedure is and hoYv
much more laborious when the material is
skin! It was thus realized that the immediate
removal of the cellotape and the stains by
our team of four workers would divert our
attention from the most urgent tasks. There-
fore a “first-aid treatment” was formulated:
it implied the removal of the fragments
from the acid boards and glass plates and
placing them between acid-free cardboard.
A work record was established, fully docu-
menting the condition of the fragments. It
provides a description of the damage sufffer-
o by the skin and the text, it details our in- Fig. 3: Fragments with celiotape
tervention or that known to have been car-
ried out previously and it includes a scheme
showing the position of the fragments and
where cellotape had been applied. The ﬁ‘?.g-
ments were attached to Japanese paper with
hinges prepared from the same pape‘r,‘ar-
ranged in the order shown on the original
photographs. If the cellotape had covere;i
the fragment completely and hinges ccrul
not be used, the fragment was inserted in a
sleeve made of Japanese paper, which was
then attached to a sheet of lens tissue. These
were enclosed in acid-free boards in.passe-
partout form. The upper board carries .the
shelf number and a colour code indicating

iti agment.

me&%t:l:;:;;gegf; %:nove the cellotape, Fig. 4: The same, reverse side
minute crumb-like fragments were often

found. The well-established melmo‘,it;j' p;;ese tissue, which had previously been
tecting the recto side temporarily with ja

: . . ce moisture and light

coated with methylcellulose, and Wi e iy o sl of th cellape

; bags, was used in thes . d the degree

pressure with Zangi e:g:)ecause the extent of adherence of the TPZ_‘;S Sinco the
C?nn9352 Stanf i:;e zsubstance that penetrated into the support VAries.

of oxidation o
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Fig. 5. The same, after treatment

Fig. 6. Sewing between stabile tex

solvents will not only remove the adhesive, but may also dry the skins and extract
the lipids of the hides, the treatment with solvents is carried out only for the pur-
pose of reducing the dark and sticky residues which render the text illegible. After
removing the cellotape bit by bit which the aid of the Leister air gun blower unit,
very good results were obtained in clearing the text, which had been completely
obscured by stains, by applying vapours of organic solvents to the surface or by
the use of an earth poultice with drops of solvents. These treatments are very
time-consuming and need to be repeated often until the greasy glue softens and
can be removed mechanically by hand with a tiny rubber eraser if possible.

STORAGE

High humidity and temperature accelerate degradation by activating chemical
and biological processes. On the other hand, low humidity causes parchment to
become brittle and contraction may cause peeling of the ink. Michael Schilling
and William S. Ginell* (1993) suggested that a reasonable compromise had to be
made by keeping the relative humidity between 35 and 40 %. They concluded
that more study was required to understand the relationship hetween stress and
dimensional response.

The storage room at the Rockefeiler building is kept under constant tempera-
ture and humidity control. We are trying to ensure good buffering surroundings
by housing the acid-free boards containing the fragments in drawers, which will
be replaced by acid-free boxes - one of our present enterprises.
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Unfortunate]y, we cannot keep the scrolls permanently in this mpunh’ng. W(;
must comply with the demands of the readers who often need a direct view o
both sides of the fragments. Until recently access was allowed to fragments at-
tached to the acid-free boards; these were inserted between two custom-m;.ide
Perspex plates. This procedure was not considered sausf.ac?t.ory altld a soluuo‘n
came to us while we were preparing the scrolls for exhibition with Ms Doris
H T} i of Congress.

aglzufrga:nt:xit? :::Zow presge;ted to the reader sewn between th> layers of
stabile tex stretched in an acid-free passe-partout, which is enclosed in a frame
made of two clear Perspex plates in a way that does not allow the PersRex to
come into contact with the fragments. The frames can be tumed. over w1thou:
damaging the fragments. The stabile tex consists of a very thin ﬁt‘ranspaiexl
polyester net, available in various shades chosen to match that of the bagmen :1
as to give the reader the clearest view of the text. Many frames h'ave een made
in order to increase the accessibility of the scralls, to insurfe their safety and to
satisfy the demands of the readers. The fragments sewn in the polyester are

sUbsequendy stored between acid-free boards. ' _
The first-aid treatment is now completed. This, together with the documenta

tion and colour code on each board indicating the dama.ge and fl , ex‘;:t}:“d
showing the priority for removing the cellotape and the stains and for reat :: fr:f
the delamination skins and peeling inks, is considered to be the prerequisite

the completion of the work.

OuTLOOK

The Dead Sea Scrolls constitute an almost virgin ﬁe¥d for C(.msewason r.eseaxc':;
Fortunately, since 1992 investigations are being C‘ji.med out m‘cc‘ﬂIa tﬁra:;ar;a\:lter
the Paul Getty Institute for Conservation, which aim at deteqwumn& tjens e
of the damage and the changes which may occur and a.nswex"mg ques! c;l o
to the climate in the caves, the origin of the anlai(;lerals found in the scrolls an
causes of the physical, chemical and biological damage. .

We areﬂ.ljefji;i’g with skins produced some 2000 years agodover a },),f:rzdd(;i 3!00
years; some are split, some are tanned only at the surface an stom;eaﬁmzed msn)l’_-
The damage varies from deep dark fragile areas to R i; eeling and
branes. Some skins are delaminating and some inks are SP“;Ia . & pS o ‘]ges of
corroding. In addition, there is the major d@age of th; ‘fl é P e'InstitSte be-
damaged blank skins analyzed in the laboratories of the Pa aletit]); e s
fore and after treatment showed that there was no loss of natural o .

The use of the stabile tex proved to be appropriate.
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Unfortunately, the process of ageing cannot be halted ~ we shall be pleased to
slow the pace. We are eager to accomplish this with as little intervention as pos-
sible and by employing reversible methods. We hope that our work will contribute
to the preservation of these two-thousand year old treasures for future generations.
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SUMMARIES

The conservation of the Dead Sea scrolls in the laboratories of the Israel Antiquities
Authority in Jerusalem.

- L) L4 »
. The grigin and ‘nature of the Dead Sea Scrolls are briefly described. The condition of the scrolls
and the damag®thef suffered after their discovery by inappropriate treatment, particularly the
use of cellotape, are reported. The scrolls were subjected to first-aid treatment by the present

team and are now heing freed from the cellotape, stains removed and the fragments housed in
passe-partouts and stabil€ tex.

~ ot

“La conservation des rouleaux de parchemin de la Mer Morte dans les laboratoires de I'Office
de Protection des Monuments Antiques d’Israel & _Jérusalem

On décrira sommairement Vorigine et la nature des rouleaux de parchemin de la Mer Morte, et
ensuite I'état dans lequel ils se trouvent ainsi que les dégradations qu'ils ont subies aprés leur dé-
couverte en raison des traitements mal adaptés qu’on leur a infligés, en particulier par les bandes
adhésives. Ces rouleaux de parchemin ont fait P'objet d'un premier traitement d’urgence au
cours duquel on les a délivrés des bandes adhésives. On a également éliminé les taches dont ils

étaient souillés et a 'heure actuelle ils sont conservés dans des passe-partout entre des couches
solides de tissu en polyester,
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Die Konservierung der Rollen vom Toten Meer in den Laboratorien des Israelischen Denk-

malamtes in_Jerusalem.

d die Art der Rollen vom Toten Meer beschrieben, und dann

ihrer Entdeckung durch unangemessene Be-
erlitten haben. Die Stiicke wurden einer

keine Selbstklebestreifen mehr auf.

touts zwischen festem Polyester-

Es werden kurz die Herkunft un
ihr Zustand sowie die Beschidigungen, die sie n'ach
handlung, inshesondere durch Selbsddebestrelfen,.
Erste-Hilfe-Behandlung unterworfen und weisen :]etzt
Flecken wurden entfernt, und jetzt sind die Stiicke in Passepar

Netzgewebe aufbewahrt.
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