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Introduction

by POUL A. CHRISTIANSEN

At the present time there is a widespread interest in the restoration
and preventive care of library and archival material, including etch-
ings and drawings. This interest will become increasingly apparent
in the years to come.

The growing need for the study of these subjects has led to an ur-
gent demand for publication facilities. As international co-operation
is of paramount importance in our time, it seems that this demand
may be best met by an independent journal. Many international bar-
riers are being broken down, and more must be broken down, if we
are to keep abreast of development, and to maintain high hopes for

the future.

This is the background for the publication of RESTAURATOR,
the first international periodical covering the fields of restoration and
preventive care of library and archival material. It is based on mu-
tual support and co-operation.

Hitherto material dealing with these subjects has been widely scat-
tered in literature, and frequently appeared in journals difficult of
access. As this has often proved a stumbling block to scientists, con-
servators, librarians and archivists in their efforts to keep their know-
ledge up to date, the end and purpose of RESTAURATOR is to serve
as a connecting link, bringing articles based on the research and prac-
tical experience of laboratories, as well as of libraries and archives.

RESTAURATOR 1is open to contributions on all aspects of the
subjects in question, provided they are original and well authenti-
cated.

The main part of the journal consists of original papers. In addi-
tion, it provides sections for shorter communications, news items, and
reviews. Thus, the journal offers an opportunity to everybody inter-
ested to follow the progress made in this domain as a whole.



The Non-aqueous Deacidification
of Documents

by A.D.BAYNES-COPE

It is well known that cellulose, which forms the fibrous constituent of
paper is a polymeric substance and is liable to degradation both by acids
and by alkalis. Strong acids cause the links in the polymer chain to break
irreversibly and thus eventually reduce the strength of the fibre and of the
paper of which it is made. Strong alkalis increase the ease with which cellu-
lose is oxidised with consequent loss of the strength of the fibre. W. J. Bar-
row! has proved conclusively that acid is commonly present in paper, either
from alum used in the size, from atmospheric impurities or from ink
absorbed and retained by the paper, and that this acidity is one of the
major causes, if not the prime cause, of paper degradation. He has been
responsible for the pioneer work in developing methods of deacidifying
paper. The presence of carbon dioxide in the atmosphere acts as a fairly
effective counter to strong alkalis and the problem of excessive alkalinity
in paper rarely arises. Barrow suggests that permanent paper should have a
pH6 to pHS8.

It is convenient here to explain what is meant by the terms »strong« and
»weak« when these are used in a chemical sense and applied to acids and
alkalis. These terms are not to be confused with those describing the order
of amount present for which the correct terms are »concentrated« and
»dilute«. A »strong« acid or alkali is one which is completely ionised in
solution to produce respectively hydrogen and hydroxyl ions. A »weak«
acid or alkali is one which ionizes in solution to a limited extent and
produces a much smaller number of hydrogen or hydroxyl ions in
equilibrium with the unionized portion of the acid or base. This theoretical
treatment applies to salts too. A water soluble salt, when dissolved in water
will ionize completely and if both the acid and alkali moieties are strong
the solution will be neutral as is the case with common salt. If, however,
the acid is strong and the alkali is weak, the salt will still ionize completel};
but the alkali moiety will establish equilibrium with the water present by
abstracting hydroxyl ions leaving an overall excess of hydrogen ions to
solution acid. An analogous reaction occurs with the salt of a
swonmyalkali, but in this case the solution will be alkaline.

Restaurator 1 - 1969 : 2-9

A. D. BAYNES-COPE

In chemical notation, for a strong acid and strong alkali:

NaCl = Na+t + C1~ L’*
For a weak alkali: NH,C1 = NH,+ + C1~
NH,+ + H O = NHOH + H+
or: NH,C1 + H,0 = NH,OH + H+ + CI~
For a weak acid: NaAc = Na+ -+ Ac™ where Ac is the ace-

tate radical: CH,COO~
Ac + H,0 = AcH + OH"

or: NaAc + H,O = Na+ + OH™ + AcH

It should be realized that strength is independent of solubility.

Alum is a mixed salt, usually the double sulphate of potassium and
aluminium. Sulphuric acid is a strong acid and potassium a strong base, but
aluminium is a very weak base indeed, so that solutions of alum are strongly
acid. The principal acid contaminant of air is sulphur dioxide which is
fairly readily convertible to sulphuric acid. Thus in deacidification, the
problem is to neutralize a strong acid and it can be seen from the above
argument that this can be done effectively only by a strong base. It has
however also been mentioned that the excess of strong alkali can also be
harmful and hence the requirements for an effective deacidifying agent are:

1. It must be a strong base and so form a neutral salt.
2. The unused excess must be readily convertible to a nearly neutral form.

The properties are, fortunately, found in the hydroxides of the alkaline
earth metals of which the best known example is calcium hydroxide, for
these substances are strong alkalis but are readily convertible by atmosphe-
ric carbon dioxide to the white, nearly neutral insoluble carbonates. These
carbonates are readily attacked by strong acids. The Barrow method of
deacidification is an elegant exploitation of these properties, leading to a
controlled method of deacidification.

However, there is one flaw in the excellent Barrow method, for it depends
on the use of water and the inks used in manuscripts are often soluble in or
readily removed by water. Further, where acid from ink is affecting
vellum (which though a protein is destroyed by acid in a manner similar
to cellulose hydrolysis) water may not be used because of the softening of
the vellum, however permanent the ink may otherwise be.



The Non-aqueous Deacidification of Documents

There is therefore a need for a non-aqueous method of deacidification
and there are two choices; a liquid method using an organic solvent or a
gaseous method. Experiments both by W. J. Barrow and by the author led to
the same conclusion and agreement between both workers, viz that organic
bases, the only volatile alkalis, were not strong enough to effect permanent
deacidification of paper affected by sulphuric acid. Butylamine, piperidine,
and diethylamine were tested by the author and ammonia, inter alia, by
Barrow, and found to be ineffective in reducing permanently the acidity
of paper.

In 1961, the author made experiments with non-aqucous methods of
deacidification using bases in organic solvents. Aluminium isopropoxide
(as might be expected) was ineffective, for aluminium is a very weak base.
In 1961, magnesium methoxide was prepared and shewn unquestionably
to be highly effective? but the difficulty in preparing and storing this
compound, which reacts with water and water vapour very rapidly, led
the auth_or to abandon its use in favour of the method described in this
communication. The alkali metal hydroxides, though soluble in alcohols,
form carbonates which are hygroscopic or efflorescent and are therefore
.unaccept.able, as likely to damage the paper. Calcium hydroxide is insoluble
in organic solvents, but barium, a higher member of the alkaline carth
series, forms a hydroxide which is more soluble in methanol than in water.
Barium hydroxide behaves chemically in a manner very similar to calcium
hydroxide in that it is a strong base and forms a ncarly neutral carbonate
and is, furthermore, readily and cheaply available in a pure form from
chemical suppliers.

. Accordingly an investigation was begun into the use of methanol solu-
tons of barium hydroxide for deacidifying acid paper. It can readily be
l{nderstood that the use of this substance as a deacidifying agent is theore-
tically sound but it was clear that practical tests must be made to establish
the truth of this. These tests were directed to the following ends:

1. D%d this substance really deacidify acid paper?
Did it neutralise acid ink?

If an excess was left in paper, was it readily neutralized by atmospheric
carbon dioxide?

4. Is paper likely to be harmed by the treatment?

It is not necessary to describe in detail the tests applied, but question 1
was ra_pxdly answered in the affirmative by treatment of acid paper,
measuring the pH of the paper before and after treatment,
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Typical results, obtained on a 50 year old mechanical wood pulp paper
taken from a book, using 1.0% w/v barium hydroxide in methanol are
as follows:

Untreated Brushed Brushed Dipped
once® twice 3. minutes*
Top edge ............ pH3.0 5.0 8.4 7.5
Middle .............. pH4.1 9.0 9.4 9.8

* pH determined 10 minutes after treatment. 1. e. neutralization not complete.

Question 2 was not so easily answered but experiments shewed that
the chemical reaction though effective was rather slow compared with the
conventional Barrow aqueous method. This is almost certainly due to two
facts, that water relaxes cellulose and allows the alkali to interpenetrate
the fibres and neutralize the acid there, and that whereas calcium sulphate
is more soluble than calcium hydroxide thus being readily removeable from
the neutralized area, barium sulphate is very insoluble and would hinder
the access of the alkali to the acid area. It was found in practice. that
neutralization of very acid ink areas on a drawing by Piranesi took about
an hour, using 0.2% w/v barium hydroxide in methanol, the change in
acidity being from pH3 to pH?7.

To answer question 3, a strip of thick filter paper was dipped in a
solution containing 1% w/v barium hydroxide in methanol and dried
quickly. The pH of portions of the paper was measured at hourly intervals
and found to fall from pH 10 to pH 8.5 in six hours. If a similar strip was
placed in a box with a small lump of solid carbon dioxide (dry ice) the
barium hydroxide was neutralized in about half an hour.

For question 4, Whatman No 50 filter paper was used as test paper.
(This is an acid washed high strength paper of a texture similar to writing
paper). The paper was treated with a 1% w/v solution of barium hydro-
xide in methanol and with a 1% w/v solution of magnesium bicarbonate
in water. The paper was artificially aged by heating at 100°C for 72
hours. The folding endurance of the paper was then determined.

Folding Endurance (No. of folds)

Control Aged Barium Aged Magnesium Aged
Machine .......... 636 200 502 589
Cross ......oonnnn 315 77 171 182
5
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The results shew clearly that barium hydroxide treatment is cequivalent to
magnesium bicarbonate treatment in its effect on paper. It is not possible
to assess the extent to which the loading of the paper, per se, has influenced
the increase in strength.

The practical techniques of the treatment of acid documents are perfectly
straight for‘ward. The solution used in the British Museum Rescarch
Laboratory is chosen arbitrarily as containing 1%s w/v of barium hydroxide
as the free base, made by dissolving 19 g of barium hydroxide octahydrate
(the commercially available form) in one litre of reagent grade methantol
It may .well be advantageous to use a stronger solution in some cases whcré
very acid ink has caused gross damage to thick paper or vellum. Tl;e solu-

tion may be applied by brushing, dipping or spraying a i
’ ndt C
of these techniques follow. R ypical examples

1. A.m'a‘nuscript music score by Webern on acid paper (pH 4) was de-
E}Cldlfle(f! !)y brushlr}g on the methanolic solution of barium hydroxide.
he writing was in good ink and deacidification was directed at

reducfmg. t.he intrinsic ac;xdity of the paper, which was presumably due
to acid sizing, without risking any loss of the ink.

A large print on thick paper, 60 cm X 45 cm, of little value was
mounted on a stretcher. The stretcher was in a frame but th; absence
of. any proper backing left the paper exposed. The turn over was
brittle enough to break at a touch and had pH3.7. It being d 'd‘(;
that c?nventional conservation treatment, (viz, dismountin gw:s(;' y

blegcbmg, rewashing, deacidifying, resizing and remounting3 ot
Ju.Stlfled, the print was deacidified by spraying the back ogf tl‘:/cas int
w1‘th 1 %o w/v methanolic barium hydroxide. The sum total of sul E“’_‘f
acid m'the paper was such as to make it possible that, were bpa fun
hy‘droxxde applied to the front, the barium sulphate w0\;ld obsct ”U}‘:’
print and no attempt was made to effect complete deacidifica.tito‘nre -

A paper man_uscript, in acid ink, needed both resizing and deacidifi
cation. The ink was sufficiently labile to off-set on dam E?lCl ing
paper and no conventional aqueous method for cither procesls) ¢ Oltc;n;)g
er:xployed. The paper was therefore passed through a bath ¢ aining
.f) /o w/v of N-methoxymethyl nylon and 1% w/v of bwr;um hon(;aml'zg
in methanol. Experiments on comparable paper sheweci th h}'] would
produce 2 barium carbonate content of aboy T e ould

bo t 1.3% w/v in th
The paper was dry within about 5 minutes after removal from t;epgite}:‘

A. D. BAYNES-COPE

Certain warnings must be given. Methanol is both toxic (T.L. V.
400 ppm) and inflammable (flash point 54° F Abel) and care should
be taken when using large volumes and particularly when spraying
methanolic solutions. Soluble barium compounds are toxic when
ingested and care should be taken to avoid contamination of food
stuffs and to wash the hands after using them. Some modern inks and
water colour pigments are methanol soluble and care should be
exercised when modern documents are deacidified with alcoholic solu-
tions. Tt is advisable to test the inks with spots of methanol before
treatment.

Mr. S. M. Cockerell? discovered that an old acid paper deacidified with
methanolic barium hydroxide had pH8 after neutralization of excess
alkali by atmospheric carbon dioxide but after about 2 years in a clean
atmosphere, the acidity of the paper corresponded to pHeé. The reasons
for this would appear to be as follows. Cellulose is oxidised by air, being
degraded to, inter alia, poly-glucuronic acids. These are soluble in water
(forming the »brown ring« of water stains) but insoluble in methanol.
In the Barrow process they arc washed out of the paper, being more
soluble in alkalis than water, but in non-aqueous deacidification they
remain in the paper. They would form unstable barium salts which would
slowly be converted by carbon dioxide to the free acids and highly insoluble
barium carbonate. Such a mixture could have an apparent »acidity« and
experiments were made to determine if this could be the case.

10 ml of 0.1 molar solutions of weak acids were shaken with 1 g of A.R.
calcium carbonate and the acidity determined.

Acid Pk pHof 0.0 M  pHof 0.1 M + CaCOs
(Water) «..........oonn 8.4
p-Nitro phenol ......... 7.15 4.4 6.5
0-Chlorophenol ........ 8.85 5.3 7.1
p-Chlorophenol ........ 9.18 6.0 7.6
Phenol . .............. 9.89 6.3 7.9
(Alum) . ........oonn. 3.3 6.3

(violent effervescence)

Certain other acids were shaken with water and alkaline earth carbonates
in sufficient quantity for an undissolved excess of both acid and carbonate
to be present. The acidity was determined after standing overnight (3).

7



The Non-aqueous Deacidification of Documents

Water Water Water Water
A + + +
Cojc.u.i .......... 0 BaCOy CaCOy »ﬂ-!ugncsium7Cz‘zrbonatc« !
Water ............ 9.1 9.0 10.6
Boric Acid . ...... 4.0 6.8 6.9
Phenol .......... 5.0 7.5 7.5
Stearic Acid ... ... 4.3 6.9 6.8
Caramel® (1%) ... 6.5 8.4 7.6 9.3

1. »Magnesium Carbonate« (Mag. Carb. Levis B. P.) is a basic carbonate,
3 MgCO, Mg(OH), 4H,0.

2. The sample was 35 years old and chosen as possibly being comparable
to poly-glucuronic acids.

3. There appeared to be a consistent error of 0.5 unit in these readings

due to a fal:llt in the meter used, and the results are not corrected to
allow for this.

Thus i i i
1 us it clear that even very weak acids, having a degree of ionisation
ower and weaker than carbonic acid can mater;

alkalinity of suspensions of barium carbonare
Sugars form complexes with calcium hydroxide and this may well account
for the effect of caramel on the suspensions of the c:trbonates.y l

Wher.x th'e major part of the investigations into the use of barium
hydroxide in methanol had been completed, the author was advis;d by
M. R. Beecher of the Conservation Department of the Victoria and Albert
Museum,' London, that in 1891, Sir Arthur Church? had recommended the
use of dilute methanolic solutions of barium hydroxide to deacidify the
cloth backing of the Raphael cartoons in that museum, but tl;C wn
‘recorfi of whether or not this had been done. Thus ,
n existence tn 1891, this paper is the first acco ,
practical techniques of using
vellum.

ally affect the apparent
and calcium carbonate.

at was no
though the idea was
; unt of investigations and
this substance for deacidifying paper and

Abstracts

The communication describes the use of 1% w/v sol

hydroxide in methanol for the deacidification of do
where aqueous sol

utions of barium

o cuments in cases
ns cannot be used, e. g for water-labile inks and
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vellum. Determinations of acidity before and after treatment shew that
the method is cffective. Folding endurance tests indicate that the method
is safe. Experimenral evidence is used to cxplain apparent anomalies in
results.

B coobuienuu onuchiBaerca npumernenne 1%-neix (no ob6nemy) pacTBOpOB
THAPOOKHCH Gapus B METaHOME IJI PACKUCJIEHHS JOKYMEHTOB B TeX CIy4asx,
KOrga He MOryT OpiTh WCHOAB30BAHBI BOAHBIE PACTBOPHI, HANpuMep, A
BOJAOPACTBOPMMBIX YepHHN M Hepramenta. DddekTnsHocTs MeToaa Gbuia
NOKa3aHa ONpeAeSieHHEM KHCIIOTHOCTH o 06paboTku u nocie Hee. Mcnbitanus
Ha CONPOTUBJICHHE UIIOMY MOKA3ANM, 4TO 3TOT MeTod He30MacHbIA.
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Das Ablosen von Handschriften

von HANS O. SCHOMANN

Aut zahlreichen Biichern der vergangenen Jahrhunderte findet man Hand-
schriften, Urkunden, Antiphonarblitter und Druckschriften aus Pergament,
die als Einbandmaterial verwendet wurden. Besonders nach dem 30-jihri-
gen Krieg war es Brauch infolge von Materialmangel (Schafe, Ziegen, Kil-
ber) altes Schriftgut, das man nicht fiir bedeutend hielt, zu zerschneiden.
Dieses wurde dann oben angefiihrten Zwecken zugefiihrt. Fiir den Biicher-
restaurator ist es eine schone Aufgabe, diese Stiicke sorgfiltig abzulsen,
damit sie fiir wissenschaftliche Zwecke beniitzbar sind.

Das Ablosen der idusseren auf dem Einband befindlichen Pergamenthand-
schriften oder Antiphonarblitter usw. ist verhiltnismissig leicht. Eine ge-
nauere Untersuchung wird ergeben, dass man die Einschlige des Pergaments
(Handschrift) auf der Innenseite des Deckels mit oder ohne Feuchrigkeit
abldsen kann. Das so freigelegte Blatt legt man auf cine saubere Unterlage
(Loschpapier, Holzpappe oder Glasplatte), auf der aufgeklebren Seite wird
sich vielleicht ein festgeklebtes Papier befinden oder Leimreste. Ehe man
sie entfernt, hilt man das Pergament gegen das Licht und stellt so fest, ob
ein Text oder Initialen sich unter dem Papier befinden. Ist dies der Fall, so
wird das aufgeklebte Papier mit Weizenstirke (Kleister) angeschmiert. Die
Feuchtigkeit des Kleisters wird das Papier durchdringen und den darunter-
liegenden Leim aufweichen. (Der Kleister sollte diinnfliissig sein). Der Auf-
weichungsprozess wird je nach Stirke des Papiers und des Leims verschie-
den sein. Nach einiger Zeit kann man mittels eines Messers das so aufge-
weichte Papier abziehen. Nun wird man feststellen, dass auch der Leim auf-
geweicht ist, wenn nicht, so muss man mit einem dickeren Kleister kleinere
Stellen nachbehandeln. Das Ablsen der Leimschicht erfolgt durch ein Mes-
ser. Dies muss sehr vorsichtig geschehen, denn sonst Iést man dje Farb-
schicht der Schrift oder Initialen ab. Nun wird jede Stelle ebenso behan-
delt. Eine restlose Entfernung des Leims wird nicht moglich sein, da dies
auf Kosten der Schrift geschehen wiirde.

Ist die Riickseite behandelt, so dreht man das Pergament um und legt es

auf ein Wachs- oder Siliconpapier, damit die Leimreste nicht an der Pappe
oder dem Papier festkleben.

10
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Auf der Vorderseite des Pergaments wird eine Textur sein, die 'ebenfalls
mit Kleister abgelést wird. Auf dem Pergament wird. durch den vielen (%e-
brauch in den Jahrhunderten das Schriftbild abgc.gr.lffen oder stellenweise
ganz verschwunden sein. Wie weit hier eine Relmgung.geschehen kann,
hiingt ganz von dem Zustand des Pergaments und der Schrift ab.. .

S}nd die beiden Seiten so behandelt, wird das Pergame'nt zwischen zwel
Wachspapiere gelegt und zwischen Holzpappen unter lewhte{n Druclf ble—
schwert. Dic restlose Austrocknung erfolgt am anderen Tag zwischen Losch-
Pagliir.\vort zur Farbbestindigkeit der Schrift: Die Erfahrung?n hgben ge-
zeigt, dass blaue und rote Farben, die lingere Zeit der Feuc‘:htlgkelit ausge-
setzt waren, auslaufen, schwarze und braune (%agegen. weniger. Mit gmenl:
leicht angefeuchteten Schwamm kann man die Schriftfarben von Stau
oder Schmutz reinigen. — Auch hier ist Vorsicht gebotc.n! -

Fin besonderes Problem ist das Ablosen von Papierschriftstiicken oder
-druckerzeugnissen, die als Pappdeckel (Klebepappe) verwendet ;;vurdeg.
Wie bekannt, lésten diese Klebepappen den Holzdeckel als.Buchsc utz ab.
Dicse Schrift- oder Druckstiicke wurden zusammengescbmFten, .aufemaz—
dergeklebt und dienten so als Pappe fiir den Einband. Sie sind e;nehF}an ,;
quelle fiir die Makulaturforschung. Wertvolle Urkunden,'Han schri tet_
oder frithe Drucke (des 15. und 16. Jhrdt) wurden auf diese Weise en
de?l:t.dcn wenigsten Fillen lassen sich die zusammengeklebten Blllattzti im
Trockenverfahren ablosen, das bedeutet dann, dass eine Nassbehandlung

fii erden muss. _
du;/cl};ie]:ghtrti:vn zusammengeklcbten Papierb?ock in ein \zVas.serbeckin undr
ldsst soviel Wasser hineinlaufen, dass das Papier gut um:spult ist. Nac” gme
gewissen Zeit kann man feststellen, dass das. Wa‘s.'ser eine baugc chxl' \E:r(b:
annimt, die Ursache ist der Leim, mit dem die Bla'tter au'fge le tsin -.-ber_
Auslaufen der Tinte ist nicht zu befiirchten, da die Schrift mxt' L;llm 11: f
zogen ist. Ist das Papier gut durchweicht, so legt rpan dex;Pa;:lg:r Sé)]:ﬁsgue
eine Glasplatte und driickt mittels einer 'Gummlwalnze as iiber g
Wasser aus, Dann erfolgt das Ablosen der emzclnen‘Blatter. ’ e

Man schneidet sich aus einem saugfihigen Paple‘r mehrere "B.atter},al";
die Grésse der abzuhebenden Blitter haben. Eines' dieser sa.tugfahgend fa;st
ter legt man auf das erste abzuhebende Bla}tt, streicht es rzlnt derter:;Rand
an und hebt mit der Spitze eines Messers cine Ecke bzw. en un eren Dane
des Blattes hoch. Nun ruht das erste Blatt mit dem Saugpap;er ft\)u da:am -
serspitze, mit Hilfe des Saugpapiers hebt man es hoch und ab,
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Das Ablosen von Handschriften

man es auf einc zweite saubere Glasplatte. Mit einem Messer entfernt man
auf beiden Seiten die Leimreste, aber nur so weit, dass die Schrift nicht
leidet. Die Erfahrung hat gezeigrt, dass eine restlose Entfernung des Leimes
nicht moglich ist. Die Austrocknung der abgelosten Blitter erfolgt wic
beim Pergament. Nach diesem Verfahren hebt man Blatt um Blatt ab. Dass
fiir diese Arbeit ein gutes Einfithlungsvermégen von seiten des Restaurators
vorhanden sein muss, ist selbstverstindlich.

IHans O. Schémann.
Oberrestaurator

Bayr. Hauptstaatsarchiv, Abt. 1:
Allgemeines Staatsarchiv

8 Miinchen 2

Arcisstrasse 12

Deutschland
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The Copper Scroll from Qumran

by JOHN M. ALLEGRO

Towards the end of a ten-week search of the cliffs behind the Essene mo-
nastery of Qumran, a party of archaeologists in March, 1952, came upon a
cave which had partly collapsed in antiquity. A few potsherds at the en-
trance first drew their attention to the tumbled rocks that covered the cave.
Further investigation produced a lot more pottery of a characteristically
Essene style, the fragmentary remains of a score or so of manuscripts, and,
in a niche, hard up against an inner wall, two rolls of copper. One was lying
on top of the other and had suffered some fracturing of the upper surface,
a few small pieces having become detached. These were carefully collected
and the surface of the roll treated with a celluloid solution to prevent fur-
ther disintegration, and the two rolls then separately cleared from the bed
of dust and rubble and lifted to safety.

In the Palestine Museum in Jerusalem the rolls were further cleaned and
examined. Excitement mounted when indentations visible on the outside
showed that the rolls had been engraved with a Hebrew text in letters simi-
lar to the palacography of the already famous and controversial Dead Sea
Scrolls. But it was also clear that the opening of the rolls would be extre-
mely difficule. The copper of which they were made had completely oxi-
dized, leaving only a brittle substance that threatened to crumble away at
any attempt at manipulation. The sense of frustration among scholars eager
for more information about the Essenes and their literature, and among the
visitors to the Museum gazing at the rolls in their showcase, was only ag-
gravated by the conclusions of one visiting scholar who decided, from the
traces of letters he could read mirror-fashion on the upper surface of the
rolls, that they contained a list of buried treasure.! He concluded that they
might list the communal wealth of the Essene community which, as we
know from other documents, pooled all their worldly possessions into a
common fund.?

With what seems to have been a singular lack of initiative on the part
of the Museum authorities, the rolls lay in that tantalising condition for
three years. It was clear from the beginning that the only really feasible
way of penetrating the document’s secrets was by cutting the rolls open.
To avoid this somewhat drastic operation, experiments were made in Johns
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The Copper Scroll from Qumran

Hopkins University, Baltimore, by Professor A. H. Corwin, to determine
if a replica, reduced to the same state of oxidization, could possibly be re-
constituted to its original state of malleability and thus unrolled. The re-
sults were, however, not promising, and eventually it was decided to look
elsewhere for a solution.

Through the good offices of the Principal, Dr. B. V. (now Lord) Bowden,
the resources of the Manchester College of Science and Technology, as it
was then called, were offered to the Museum authorities and in i955 the
smaller of the rolls was brought to England and examined in the College’s
laboratories.

Chemical analysis has already shown that the material had been an al-
most pure copper, and was now reduced to cuprous oxide and copper oxy-
chloride, with none of the original metal remaining. A line of rivets aloﬁg
the leading edge of one of the rolls corresponded with a matching set of
torn holes on the other, indicating that they had once formed a long plaque
some eight feet long and eleven inches wide. Inside the larger ofothe roH;
could be seen a second line of rivets, so that the whole plaque had been
made up of three sheets of copper.

It was decided to cut the roll into strips, so planning the cuts that they
interferred as little as possible with the writing as far as we could deter-
mine tbe shape and course of the letters from the heavier identations. The
operation was put into the hands of the then Professor of Mechanical Fa-
gineering, Dr. H. Wright Baker, who set about designing a machine to hbld
the roll gently but firmly whilst the saw cut through the brittle skin. A
steel rod was run through the centre of the roll and then lowered int;) a
cradle running on rails directly beneath a small (134”) circular saw Thu;‘
the scroll itself moved under the control of the operator, whilst th.c saw
could be lowered gently onto the surface as it passed bencath. ‘

Prior to the cutting, the outside of the roll was cleaned of the archaco-
logists” coat of cellulose varnish with acetone and then stiffened and bon-
ded with a thin coating of an aircraft adhesive, »Araldite 102« with a 7%
hardener (»Araldite 951«) and a small quantity of toluene tO, assist ‘pcnc—
tration. It was then warmed for about three hours in an electric oven to
40-50° C. so that when the saw bit into the surface of our precious scroll it
should at least have some protection from total disinte
skin,?

Nevertheless it was with some apprehension that this completely unique
document was laid upon its operating table. We had no means of know(ilng
how the oxide would stand up to the saw, nor, having penetrated the outer

gration in its plastic
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layers of the roll, how far the inner leaves might have bonded themselves
together into one solid mass, as had happened with one or two of our
parchment scrolls from the Qumran caves.

In fact, the much-feared inner adhesions turned out to be mercifully
few, and only in one case had a segment to be removed from its lower
neighbour in small pieces and later rejoined. Even then the Araldite back-
ing proved its worth in keeping the pieces as large as possible for the sub-
sequent ’jigsaw-puzzling’.

As far as possible, the cuts were made diametrically opposite one
another, but as the inner convolutions were reached, it became necessary
to make the cuts to conform with the irregular surface of the material. The
rolling of the document had apparently been done in a hurry. This was
shown not only by the broken line of rivets that had split the document
into two parts, but by the way the end of the scroll had been forcibly bent
round to make the first turn, the indentations of the person’s thumbs being
clearly visible where he had creased the soft metal. Clearly the document
had been made to imitate a normal parchment scroll, riveting taking the
place of the sewing of the skins, and had been rolled from each end towards
the centre in the usual fashion.

The successful cutting of the smaller of the rolls persuaded the Jordanian
Government of the effectiveness of the scroll-cutting instrument and its
manipulators, and the second, larger roll, arrived in England in the winter
of 1955-56. Very soon the whole document lay open, twenty three seg-
ments, their message facing the light of day for the first time in two thou-
sand years.

The text had been written in twelve columns, the letters being punched
into the soft metal with a small stylus, perhaps !/s” broad. The scribe had
begun each column with fairly well proportioned and spaced letters, but as
he reached the bottom of the columns had become tired or cramped and his
engraving suffered in consequence. Towards the end of the document his ef-
forts became more and more laboured, and he seems to have undergone a
mild panic at the thought that he would not find room on the sheet for
the last few items. His letters became badly formed, too lightly indented,
and with insufficient space between the lines. In fact, he ended up with a
third of a column to spare.

The cleaning of the inner face of the scroll was done first with a small
brush, and this removed most of the fine cave dust still clinging to the sur-
face. In the smaller crevices or cracks in the meral and in the indented let-
ters themselves, we found a dental nylon brush invaluable, and where in-
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The Copper Scroll from Qumran

crustation resisted the brush, a small dental burr could be substituted and
proved effective. Finally the inner surface of the scroll was washed over
with a Perspec solution in chloroform to seal it and prevent further cor-
rosion.

Photographing the concave surface of the segments has presented pro-
blems as yet unsolved. It has proved impossible to produce a set of pictu-
res which can be laid side by side to give at one glance an accurate impres-
sion of the whole text. To see some of the more lightly engraved or badly
preserved characters it is necessary to turn the segment this way and that
to the light, and such marks are extremely difficult to reproduce in photo-
graphs. The best that can be done to aid the scholar who has not access to
the original, is to present him with a portfolio of scores of separate pictu-
res, with sometimes half-a-dozen differently angled shots of each segment.
Even then, any reading based on photographs alone is bound to be only
tentative.

Dr. Kuhn’s suggestion about the nature of the scroll’s contents found
few supporters. Lists of treasure trove among the serious religious works
from Qumran seemed, to say the least, unlikely. Nevertheless, Kuhn was
right. As the segments came from the machine and were laid side by side on
the laboratory bench, the message became clear.t In all, some sixty items of
treasure, buried in various places in Palestine, were listed. As well as bars
of gold and silver, there were hundreds of sacred vessels named, showing
clearly that the hoard came from some religious treasuries, presumabl;
those of the Jewish Temple in Jerusalem. There was also a scroll or two
referred to, and jars of essences or tithes, the nature of which it is still im-
possible to determine.

The question still remains open: is the list a genuine treasury inventory,
or make-believe? One of the difficulties scholars find in accepting its au-
thenticity is the vast amounts involved, perhaps as much as four-and-a-
half thousand talents in weight, apart from the precious metals contained
in the sacrificial vessels. As I pointed out in the editio princeps,® however,
we cannot be sure about the precise significance of the kikkar, »talent«, of
the scroll, and not all of the items are of such large amounts.

Again, whilst it is true that the fanciful disposal of the treasures of the
Solomonic Temple forms a favourite theme of Jewish traditions,® nothing
among such literature matches the matter-of-fact inventory of our scroll.
Take, for instance, Item 25: —

»In the tomb which is in the Wady Kippa, on the way from Jericho to
Secacah, buried at seven cubits: 32 talents.«
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Secacah is only mentioned once in the Bible, among the so-called ’Cities
of the Wilderness’ (Joshua xv, 61), but appears a number of times in the
copper scroll. Incidentally, there seems good reason for equating it with
Qumran itself, where, indeed, a small treasure hoard was discovered by
the archaeologists.

If the inventory is entirely fictitious, one must ask why anyone should
have taken such trouble to compose it in such realistic terms, and why en-
grave it laboriously, if not very expertly, on sheets of pure copper. Some
think it may have had a cultic use,” which is certainly possible, although in
that case one might reasonably have expected some more artistic presen-
tation than the rather crude and hurried effort of our scroll.

Again, the kind of treasures that feature in most of the traditional
accounts, do not appear in our scroll. For instance, there is no mention of
the seven-branched candlestick, a favourite symbol of the Temple cultus.
This is not surprising if the inventory refers to the treasures of the Second
Temple of King Herod, for those articles which remained in use in the
sanctuary up to the time of the pillaging by the Romans in August, A.D.70,
are fcatured among the loot portrayed on Hadrian’s Arch in Rome.

In short, it is possible to work out a feasible connection between the
treasures of the copper scroll and the dramatic events of the 66~70 Jewish
revolt, and one scholar indeed uses the scroll to support his belief that the
people of Qumran were not Essenes but Zealots, backbone of the anti-
Roman movement.®

I myself find it difficult to disassociate the scroll from this cave at Qum-
ran with the sectarian literature found nearby in the same cache and in
other caves in the vicinity. Certainly the archacological evidence is incon-
clusive. At the same time, we have yet much to learn about the Essenes and
Zecalots, and there seems good reason to think that we have hitherto been
altogether too naive in our reading of the Dead Sea Scrolls, as indeed, of
the New Testament. We have failed to appreciate the secret nature of the
movement, and too ready to take the writtings at their face value. The final
answer on the copper scroll must await a much fuller understanding of
these associated mystery cults.

Summaries

In 1952 archaeologists working in the vicinity of the Essene establishment
at Qumran, by the shores of the Dead Sea, came upon a partly collapsed
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cave. Inside were discovered parchment scroll fragments, of the kind al-
ready found in caves in the vicinity, and with them two rolled-up strips
of copper, long ago completely oxidized and extremely brittle. Cleaning
revealed traces of a Hebrew script engraved on the inner surface, but in-
sufficiently clear to ascertain the nature of the strange and unique docu-
ment. After some three years of deliberation, it was decided to cut the
strips into segments and this was done in the laboratories of the Manche-
ster College of Science and Technology, England.

The twenty-three segments that were successfully separated revealed the
whole text of the document, but even now there is no real consensus of
opinion on its true significance. It clearly purports to be a list of buried
treasure, the sacred wealth of the Jerusalem Temple, but some scholars
have doubted its validity, placing it in the genre of folk-tales which
abound in Jewish traditions concerning the disposal of the Temple trea-
sures. Others find it far too realistic to fall into this category, despite what
appears to be the vast amounts of precious metals involved. Probably the
final answer must await further elucidation of the nature of the Essene

community of the Dead Sea Scrolls and its relationship to other similar
mystery cults of the period.

B 1952 r. apxeonoru, paboTas okoo x03siicTaa obuubl eccees B Kympane
Ha Oepery MepTBoro Mops, cnyy4aitHo waluM HacTHYHO pa3pyuieHHyo
newepy. Buyrpu Oniin obHapyskensr dparments NEePramMenTbiX CBUTKOR,
MOOOHBIX TeM, KOTOPBIE YXe HE pa3 HAXOMMIH B newepax nobanzocTy.
Bumecte ¢ stumu cauTkamu 6binn HalineHs! nBe CBEPHYTLIE TIONOCHI W3 MC/IH,
KOTOpBIE ABHO MOJHOCTLIO OKMCIHAMCH M CTANH 4PEIBBLMANHO XPYMKHALA.
Ouuctka oOHAPYXHMIA Clelibl IPaBUPOBAHHOIO TeKCTa Ha JpeBHECBPCHCKOM
A3bIKEe Ha BHYTPEHHEH CTOPOHE CBUTKA, HEZOCTATOYHO OTUETAUBLIE, YTOODI
YCTaHOBUTHL XapakTep HeOOBIKHOBEHHOTO mokymenTa. [locne NPUMEPHO Tpex
et o6aympiBanus ObIIO PeLIEHO Pa3pe3aTh MONOCHI HA CEIMEHTHI. 710 OBLTO
cAesaHo B JjlabopaTopuax MaHuecTepckoro TexHOMOrHYECKOro KOJLIE/1KA, B
Anrnun.

ABanaaTh TPH CerMeHTa PacKpbiIn NOJHDIA TEKCT JOKYMEHTa, HO U Tellecpb
HET €AMHOTO MHEHMs 00 ero UCTMHHOM cMbicie. [ToBumIMOMY, YT rnepeveHb
COKpOBHLLL KJTaja M3 CakpalbHbIX leHHocTel Wepycammckoro xpama. He-
KOTOPRIE yHEHBIC COMHEBAIOTCA B €0 NOMTMHHOCTH U CBA3BIBAIOT JOKYMEHT C
OOBIYHBIMH B MYyACHCKOH TPAAMUHH HAPOJHBIMH JercHIaMu o XPAMOBBIX
Knagax. [Ipyrue aBTOPBI HAXOASAT, YTO MOKYMEHT CIIULIKOM peasucTuyeH s
TAKOro OOBACHEHHS, HECMOTPA HA TO, YTO B HeM urypupyer orpomuoe
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KOAUUECTBO APArOLEHHOCTed. BeposiTHO, OKOHYATEIbHBIA OTBET NOCIENYET 32
AANbHEHLIMM U3ydenueM o6LIMHBL €CCeeB, KOTOPas CO31aa CBUTKUH MepTBoro
Mops, ¥ ee CBs3ell ¢ APYruMY TaliHBIMM KYJIbTAMH 9TOrO MepHo/A.
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Softening and Restoration of Parchment
in Manuscripts and Bookbindings

by 1. K. BELAYA

When leather is stored for a long time it undergoes physical and chemico-
physical changes which gradually destroy it.

These changes take place with time, and first and foremost depend on the
tanning and processing to which the leather has been subjected, and the
storage conditions, etc. Thus, old russet-tanned leather is apt to be oxidized
in contact with air (oxidation of tannides) and to absorb sulphurous gas
(SO,) from the air. Therefore such leather will become brittle and fragile,
and be easily pulverized.

The aging of parchment takes place differently, as the molecular peptide
chains in the collagen of parchment are not bound by the molecules of the
tanning agent, and the structural elements are not protected by tanning
agents. Parchment is less resistant to all kinds of changes in temperature
and in the moisture content of the air. The grain side of the parchment is
more resistant to oxidation by the air, and because of its specific treatment,
it is not destroyed by the sulphurous gas of the air.

On the grain side, the aging of all sorts of leather becomes apparent when
fragility, brittleness, buckling and deformation sets in.

Such changes also take place in parchment in the course of time. The
processes of buckling and deformation are especially apparent.

Evidently the deformation of parchment is dependent on the fact that
during long-term storage, parchment, like any other leather, loses its moi-
sture, as its capacity for absorbing the moisture from the air is reduced, i.c.,
its hygroscopic properties are reduced. This process of dehydration in
leather is constant.® Therefore, the distances berween the polypeptide chains
i an albumin molecule are reduced, and the interaction between these
chains is intensified.

An intense interaction takes place between the links of a polypeptide
chain. This interaction is brought about by numerous hydrogen couplings

of nonpolar couplings, and of salt couplings. The hydrogen couplings are
of fundamental importance.
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When dry, the sidechains of an albumin molecule are in a d‘efor'med and
somewhat stressed state. As the collagen is moistened the tension is gradu-
ally reduced and due to this the chains are straighter}ed.'

The highest degree af orientation of the sidechains is reached when the
mutual influence of the chains is completely weakened by the water sepa-
rated from a molecule and adsorbed by the collagen..? The deformation
and buckling of parchment is also dependent on the fact that the co.llagf:n
fibres and the substance between the fibres, which give the material its
original, characteristic appearance and are the basis of its strength, react
in different ways to the changes in the moisture and temperature of the
surrounding air. %10

A series of ensuing changes in the humidity and in the temperature of
the air, varying from increased values to low values, determine the defor-
mation of parchment leaves. ' -

Restoration of the original properties of parchment is a very difficult
task. . ‘

The difficulty is due to the fact that when softening a{ld restoring the
parchment, the text and the figures on the parchment are liable to damage,
and these embellishments are generally unique and extremely valuable.
Some parchment manuscripts may have existed for more than a thousand
years. N .

Already before our era parchment was used as writing material. .

According to Pliny in the second century before our era, the.Eg)'/ptlan
rulers prohibited the export of papyrus, as they wxsh‘ed to maintain .the
riches of the library at Alexandria. In Pergamum (Asia Ml'I'IOI') attention
was drawn to leather called »Difteri« used for writing in Persm. and
Greece. »Difteri« was improved and thus was obtained a more.sultable
writing material called parchment. For a long‘tlme the new material com-
peted with papyrus, though it was more expensive than the latter. .

In the Roman Empire parchment was preferred to papyrus f.or various
state documents. In the monasteries papyrus was used for religious books
2 oly writings. '
m?’rrchyment wis far stronger than papyrus. Both sides of it could be used
for writing, and it was possible to correct the written text. '

Gradually papyrus was superseded by parchment practxc?xlly every-
where. It was produced in France and in Greece from sheepskm., goatskin
and calfskin. The best parchment for writing, Yellum, was o‘bta1.ned f‘rom
the skin of very young calves (in French: »Velia«, from which is derived

the name of this type of parchment).
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Parchment was produced in white and violet colours; Indian ink, gold
and silver were used for writing on it. o

At the present time parchment is produced in small quantities in France,
Czechoslovakia, Germany and Great Britain, where it is used for state
documents, for musical instruments (drums, etc.), and for bookbindings.

There are three sorts of parchment: one used for writine. i.c. vcﬁum
and the other two for musical instruments and bookbindings. " ’

Parchment for bindings and instruments is made from the skins of rams
goats, calves, asses and pigs. i

The skins of calves and lambs not more than 6 months old are used for
the prod.uction of parchment for writing. In Russia parchment was made
from animal skin in the 15th century, when it was used for state documents
and for holy books. \

In 1§SO parchment was produced by Mikheev in St. Petersburg. At the
same time, the famous parchment craftsman Revin was workine in Mos-
cow.® Parchment production was a handicraft akin to art. and thgtr1ditic;11
was passed on from generation to generation. ’ ‘

After‘removal of the upper layer the hide was washed and stretched
while still wet on wooden frames, where it was fixed with pins or nails
and smoothed in order to remove any creases or wrinkles. When éhc shr‘cds
had been removed f.rom the hide, chalk was applied to it on both sides, and
Fhe surfaces were lightly rubbed with pumice in order to s the ,‘1 Ik
into the skin and moisten it. P e

The qu':\lity of the pumice and the rubbing of the skin with pumice are
of great importance. The parchments produced in Strasboure were con-
sidered to be the best. They were used for water colours and ;il-p’tintin"s
(Van Dyck and others). The excellent quality of the Strasbour’( 'UCIT—
ments was ascribed to the polishing with pumice and the qualit; It))f the
pumice used. Thc careful way in which all operations were carried out
and the propertics of the hide were also important factors. Parchment doc;
not require a thick layer of chalk. The white skin should be used for the
front of the parchment, and only the very finest layer of chalk should
cover the pores and the fibres of the skin, so that the skin is us(.:d for wri-
ting and not the chalky layer.8

From a chemical point of view parchment, like any other leather, is a
complex m;‘tterial created on the basis of the derma of animal ‘hidc’ ThC
derma consists of albumins, the basic albumin being the anil;ial 1lb'umin
collagen. Besides albumins, parchment contains a considerable u‘l‘ntit of
substances that maintain its elasticity (water and oils). U;ﬂikeqt};c rquct«
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tanned leather of the bindings of old books, parchment is an untanned,
depilated skin, a naked skin consisting of the fibrous tissue of natural al-
bumin of collagen, and a gelatinous, gluing substance found between the
fibres, which consists of a long series of simple and complex albumins
(mucins and mucoids). The substance found between the fibres is also
called the cementing agent. When it dries out, the interfibrous substance
becomes a hard, transparent, gelatinous mass which forms an obstacle to
the free movement of fibres and fibrils in relation to one another. The
cementing agent has a gluing effect only in dry skins and here it gives the
raw material a parchment-like appearance, and lends strength and stiff-
ness to leather. Partial or complete removal of the cementing agent and the
penetration of tanning substances into the fibres and even into the fibrils
protect them from sticking together when tanned leather is dried. The
fibres are able to move freely in relation to one another and the leather
becomes supple. For untanned, naked skin, as for instance parchment, the
conditions are different. In parchment, the fibres of the collagen are glued,
they are cemented by the interfibrous substance, and therefore parchment
is hard and inelastic. It is well-known that naked skins are more liable to
damage and decay than tanned-leather, i.e. parchment is more swiftly de-
stroyed than paper by humidity. This is explained by the fact that parch-
ment fibres undergo no processing, and are not chemically bound by tan-
ning substances. The fundamental task in the restoration of parchment is
the softening and the straightening of the dried-out, cemented and some-
times horny leaves. In practical restoration work several methods may be
used for softening the parchment. These methods are far from perfect and
quite complicated, and an evaluation of the effect of the substances used
on parchment is founded exclusively on organoleptics. Thus Professor N. I.
Pikhonov has recommended the processing of parchments with a mixture
of glycerine, water and alcohol in the relation: 1:1 11,14

For the softening of parchment, P. Ya. Mizin'® recommends an 0.12%0
spermaceti emulsion of the following composition:

1. 96 %9 alcohol: 95 ml
2. Glycerine: 2 ml
3. 4%y spermaceti in benzene: 3 ml

The Leningrad Laboratory for the Restoration and Conservation of Docu-
ments at the Academy of Sciences of the U.S.S.R. has used two methods

for the softening and restoration of parchments.
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According to the first method the parchment is moistened in a chamber
for 6-24 hours, and then the moist parchment is stretched on a panel or
on a frame and fixed with nails for 24 hours. Whercafter the parchment
is pressed between sheets of filter-paper and cloth.

In the second method the parchment is first moistened in a chamber, and
then processed by means of an egg softener or a lanolin emulsion and is
straightened out on glass. After partial drying on glass, the parchment is
pressed between sheets of filter-paper and cloth.

The composition of the egg softener is:

1. Yolk of egg ............... 30-40¢g

2.Glycerine .................. 20-30ml
3. Distilled water ............ 20-30ml
4. Ammonia ... ... 3ml
5.Spirit of soap ........ ..., .. 10ml
6.96% alcohol ......... . .... 60-70ml

7. Thymol: 2% of the whole mixture

Pharmacologically the lanolin emulsion is:

1.96%0 alcohol ............... ... 50g
2. Distilled water ................. 100g
3.Lanolin ... L 5¢
4.Glycerine ..................... 10g
5. Neutral soap .................. 2g

The M. E. Saltykov-Shchedrin Library in Leningrad has moistened parch-
ment with distilled water in order to straighten it out. The distilled water
was applied by means of filter-paper, whereafter the moistened parchment
was pressed.

In other countries no methods of parchment softening are used.

In his book »On the Preservation of Leather-bindings and Old Manu-
scriptse, Dr. Plenderleith, the Dircctor of the Research Laboratory of the
British Museum, recommends rubbing parchments with water in order to
remove dust and grease, and then drying them swiftly ncar an open win-
dow or in a fume hood.

This is also the opinion of Langwell.

Plenderleith and Langwell®?, 23,24,25 are of the opinion that it is of funda-
mental importance to the preservation of parchments thar normal pre-
servation conditions are created. We also feel that normal conditions of
preservation (air temperature 16-18°C and relative moisture of the air
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50-659/0) are of paramount importance to the preservation of parchment,
as well as of all other cultural treasures.

Restoration and softening are prerequisites in the treatment of materials
which have been damaged by incorrect preservation, for instance by exces-
sive temperature, by over-illumination of the depository, or by too much
or too little air humidity. N

By parchment softening is meant the restoration of the original proper-
ties of the parchment.

Before we began to elaborate the methods for the softening and restora-
tion of parchment, the existing methods of softening were tested and‘several
essential deficiencies were found. Thus, processing of parchment with gly-
cerine makes it sticky and increases its hygroscopicity by 150-200%s, and
the material will easily become mouldy.

Mizin’s method of processing parchment with an 0.12% sperm?.ceti
emulsion is correct in principle, but the concentration of spermaceti is so
low that practically no softening is obtained. o

By using a lanolin emulsion a considerable degree of .softemng is ob-
tained, however, work with this emulsion involves the risk that the text
may be damaged, and the parchment become transparent due to the effc.act
of the lanolin. The same risk is present when processing parchment with
egg emulsion, which may damage the text. The IaFter may also be destrp)fed
by micro-organisms, since an egg emulsion, which is a water-containing
emulsion, can be a very suitable medium for the development of mildew
and bacteria.

We did not attempt to solve any theoretical problems. - The purpose of
our work was to find a method of softening which would remove the .de~
formation of old parchments. We tested a series 9f substances: glyc'erme,
water, ethyl alcohol, sorbitol, a spermaceti emulismn, an egg emulS{on, a
lanolin emulsion, sodium acetate, lactic acid, dibutyl phthalate, dloc'tyl
scbacinate, lavender oil, a water solution of urea, and an alcohol solution
of urea. .

Table 1 gives the physical and mechanical properties of new pé.erl"lment
after processing with the substances mentioned above. The facts indicated
show that processing with water does not soften pafchment. After process-
ing with water, parchment becomes stronger, but 1t.also becomes2harder.
The limit of strength of non-processed parchment is 3.02 kg/mm?2. Aff:er
processing with water, it is increased t0.5.27 lfg/mm? The hard‘ness is in-
creased from 1434 kg to 2200kg. Processing with alcohql (?nly gives an in-
significant increase in strength as well as hardness. The limit of strength in-
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creases from 3.02 kg/mm? to 3.23 kg/mm?, while the hardness increases from

1434 kg to 1590kg. .
Processing with acetic acid sodium also increases the strength and the

hardness. .
Dibuthy! phthalate, diotyl, sebacinate and lavender oil make parchment

greasy and transparent. .
Processing with glycerine greatly softens parchment and makes it ela-

stic, but the strength is reduced hereby. Thus, the hardness is reduced ten
’ . . . .

times, and the strength is reduced six tumes 1n comparison with the control

samples.

Samples of new p
become sticky and viscous, and be tra
A spermaceti emulsion prepared accor:

has a slightly softening effect. ‘ .
According to our facts, the best results are obtained by processing parch-

ment with a 10% alcohol solution of urea. Processing with the alcohol
solution of urca does not destroy the text, nor does 1t damage the COlOl.lrS
of the illustrations and maps. As compared with other substances‘ which
we have tested, urea has the advantage of not being hygroscopic, :.md
therefore it will not make the parchment sticky, as n the.z case of glyce:rxpe.
Urea may be dissolved in alcohol, which offers‘ tbe possibility of avoiding
2 water medium when restoring parchment. This is favourable for‘the pre-
servation of text and drawings. In addition, 1t is known from the literature
that processing with urea affects the local.bonding, and causes rflo hlsi\rm.4
Urea is a polar substance. It interacts with the p.olar groups of co agen
and weakens the interaction between the polypeptide chains. In this way
it helps to unfold the folds in albumi'n molecules. Urea separa}:es Lhe l}:olg-
peptide chains, thus increasing the dxstance»between them, whereby hard-
ness is reduced, and deformation is rcxn0ved:- © vith
Old, dried-up deformed parchment which has been p.rocessel wi da
5-109%/6 solution of urca in 50%o alcohol, becomes elastc and loses de-
forff?gst.loln;md 2 show a book made of parchment, Ptolemy’s »Geography«

published in 1511, before and after processing with a 10%o .alcohol solution
asing with a 2%o spermaceti emulsion (an alcohol-

archment processed with glycerine will in moist air
nsformed into a gelatinous substance.
ding to the method of P.Ya. Mizin

of urea and ensuing gre

benzene emulsion).
The leaves of the book were very badly damaged a.nd part of them wer;
ook impossible to use. Five years have passe

stuck together making the b ssil v
d it is still in good condition.

since the book was restored an
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Softening and Restoration of Parchment

For our experimental work we used four types of parchment: new parch-
ment (goatskin) which was produced by the experimental factory of the
Central Scientific Institute of the Leather and Footwear Industry; old bin-
ding parchment from the 17th century (calfskin); old writing parchment
(vellum) from the 17th century and old binding parchment (pigskin) from
the 18th century.

In order to control the effect of urea on parchment, careful analyses
were carried out of all the above-mentoined parchments. They were pro-
cessed with a 10%0 alcohol solution of urea and also with a 10/, solution
of urea, after which followed greasing with a 29/ spermaceti emulsion.

The analysed samples were stored for 18 months after processing. Some
of the samples were subjected to artificial aging (10 hours irradiation by a
mercury-quartz lamp of the type PRK-2 at a distance of 25 cm).

In order to elucidate the physico-chemical properties of the skin, the
following data were obtained by aid of a Shopper dynamometer:

1. The load at rupture

2. The elongation at rupture

3. The relative elongation

4. The limit of strength

5. The elongation at a load of 1 kg/mm?

6. The hardness and module of elasticity at stretching

All the experiments were carried out on groups of parchment samples,
according to the classical method, composed with an asymmetric fringe.?

On the basis of the physico-mechanical analysis of old parchment (bin-
ding parchment and writing parchment) as well as of new parchment which
was stored for 18 months after processing, we found that processing with
urea and spermaceti emulsion did not reduce the strength of the parchment
at rupture. The elongation was increased after processing, and the hardness
usually decreased. The same phenomena were observed afrer artificial aging.

The strength of new parchment at ruprure (see table 2) 15 not reduced
after processing with a 10%0s alcohol solution of urea. In the control samp-
les the load at rupture was equal to 10 kg. In the samples processed with
urea it was equal to 10.06 kg. The limit of strength is somewhat reduced:
from 2.35 kg/mm? to 2.06 kg/mm?. The elongation at rupture is increased
from 12.85 mm to 16.55 mm. The hardness of the leather i decreased from
378 kg to 314 kg. This points at an increase of the clastic properties of the
skin after processing with urea.
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The original photographs to be placed as figs. 1 and 2 were not received at the
termination of editorial work due to postal delay. The plates will be delivered later.
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Softening and Restoration of Parchment

After artificial aging (see table 3) the strength and the hardness of new
parchment is increased.

In table 4 are listed the data from physico-mechanical tests of old bin-
ding parchment before aging. After processing with urea, the strength is
slightly decreased. The load at rupture in the control samples is equal to
29.20 kg, and in samples processed with urea 28.18 kg. The limit of
strength is also slightly decreased, namely from 6.64 kg/mm?t06.49 kg/mm?>.
The elongation is increased from 10.78 mm to 12.07 mm, and the hardness
is decreased from 2167 kg to 2072 kg.

After artifical aging (seetable 5) the strength of old binding parchment is
also slightly decreased. In the control samples the load at rupture was equal
to 28.90 kg, and in samples processed with urea it was equal to 28 kg. The
limit of strength is also reduced after processing: from 7.37 kg/mm? to
6.77 kg/mm?. The elongation is increased from 9.90 mm to 12.30 mm. The
hardness is almost doubly decreased: from 3352 kg to 1952 kg.

Particularly good results were obtained from the processing of old pig-
skin binding parchment with a 10 % alcohol solution of urea (see table 6) —
the load at rupture being increased from 16.17 kg to 18 kg. The limit of
strength increased from 1.73 kg/mm? to 1.93 kg/mm?, and elongation in-
creased from 6.35 mm to 12.78 mm. The hardness decreased from 6933 kg
to 3772 kg.

Table 7 gives the physico-chemical properties of old writing parchment
(vellum). Processing with a 109 alcohol solution of urea somewhat de-
creases the strength of the parchment. The load at rupture of the control
samples was 13.92 kg, and in samples processed with urea 11.85 kg. The
limit of strength was reduced from 7.17 kg/mm? to 6.01 kg/mm?. The
lengthening at rupture after processing was increased from 6.05 mm to
7.35 mm. The hardness was reduced from 970 kg to 942 kg.

Particularly good results were obtained from the processing of writing
parchment with a 10°%o alcohol solution of urea followed by greasing with
a 2% spermaceti emulsion.

In this case, both the strength and the elasticity of the writing parchment
were somewhat increased. Thus the load at rupture in the control samples
was 13.92 kg, and after processing with urea it was increased to 15.59 kg.
The limit of strength was increased from 7.17 kg/mm? to 8.20 kg/mm?.
The hardness is considerably reduced, namely from 970 kg to 767 kg.

Thus, facts from physico-mechanical testing of parchments processed
with a 10%bo solution of urea, and with urea followed by greasing with a
2%y spermaceti emulsion, indicate that urea and spermaceti have a bene-
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Table 3

Physico-mechanical properties of new parchment after artificial aging (10 hours’ irradiation

by a mercury quartz lamp of the type PRK-2). Duration of storage: 18 months
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Softening and Restoration of Parchment

ficial effect on old parchment. To examine the effect of urca on parchment
Mr. G. R. Vol’pert, a scientific collaborator of the Central Scientific In-
stitute of the Leather Industry, has carried out a systematic histological
analysis of parchment processed with a 10%/s alcohol solution of urea. The
histological analysis showed that the structure of collagen binding or visco-
sity becomes clearer after processing with urea, and the fibres swell to a
certain extent.

Consequently, the signs of damage to the collagen fibres are lacking.

From the physico-chemical properties were determined: The active
acidity (pH) of parchment before and after processing with urea the oxy-
proline amino acid, the presence of which indicates destruction of collagen,
humidity of the parchment, hygroscopicity and emission of moisture from
the parchment before and after processing with urea.

The acidity (pH) was determined potentiometrically (the potentiometer
was an LP-5 with a glass electrode) with a pottasium chloride 0.1 N extract.

Processing with urea does not change the pH of the parchment and thus
causes no damage to it. The pH of old binding parchment before and after
processing is 7.25. The pH of old writing parchment (vellum) before and
after processing is 7.15. The PH of new parchment before and after pro-

cessing is 3.30. The pH of a 109/ alcohol solution of urea is 7.25, and the
PH of a 20%s water solution of urca is 8.43

In order to determine the oxyproline, we used the colorimetric method of
Neuman and Logan which is based on the fact th

of oxyproline of potassium peroxide give a red ¢
with dimethyl-benzaldehyde.

Tests of the oxyproline for all sorts of parchment after processing with
a 10%o alcohol solution of urea were negative,

We determined the oxyproline also from sampl
had been processed with urea, and after processing had been subjected to

ultra-violet rays (10 hours irradiation with a mercury-quartz lamp of the
type PRK-2). In this case the results were also neg

fact that processing with urea does not cause the de
into the amino acids.

The humidity, the hygroscopicity and
differently processed parchments are of special interest. Table 8 gives facts
about the humidity of non-processed and processed parchments at a rela-
tive humidity of the air of 57 %0, 67% and 82 %/,

The facts in this table indicate that the humidity of parchments pro-
cessed with a 10%s alcohol solution of urea, and a 109 solution of urea

at products of oxidation
olouring® on interaction

es of parchment which
ative. This points to the
struction of the collagen

the emission of moisture from
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Table 8

Humidity of differently processed parchments in %
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Softening and Restoration of Parchment

followed by greasing with a 2% spermaceti emulsion, is in all cases lower
than the humidity of non-processed parchments, or slightly higher than
the control samples processed with 5096 alcohol. Figures 3, 4 and 5 show
curves of the hygroscopicity of differently processed parchments at 1000
at a temperature of 18-20°C, and under exsiccant conditions. From the
curves in fig. 3 we see that the hygroscopicity of old binding parchment
processed with a 1090 solution of urea in 50%s alcohol, when equilibrium
sets in (24, 28 and 32 hours), is 1.75%0 lower than the hygroscopicity of
the control samples (parchment processed with 509 alcohol) as compared
with non-processed parchment. The hygroscopicity of old binding parch-
ment processed with a 10%/s alcohol solution of urea followed by greasing
with a spermaceti emulsion, is more than 7-12%% greater. Processing with
a spermaceti emulsion reduces the hygroscopicity of old binding parchment.
The hygroscopicity of old writing parchment processed with a 10 %o solu-
tion of urea in 50%0 alcohol and urea followed by greasing with a sper-
maceti emulsion, is, when equilibrium is reached, 2-5°%% greater than the
hygroscopicity of the control samples (the curves in fig. 4).

The hygroscopicity after processing is increased 13-14%/o as compared
with non-processed parchment.

The hygroscopicity of new parchment (the curves in fig. 5) after pro-
cessing with urea is, when equilibrium is reached, slightly greater than the
hygroscopicity of the control samples (0.65°%0). In this case, the hygro-
scopicity of non-processed samples is, when equilibrium is reached, greater
than the hygroscopicity of the samples processed with urea, and greater
than the samples processed with urea followed by greasing with spermaceti.
The processing of new parchment with urea does not increase its hygro-
scopic properties.

It was thought interesting to observe how hygroscopicity of parchment is
increased in connection with the processing under usual natural conditions.
For this purpose we took samples of differently processed parchments after
six months’ storage in air. The hygroscopicity of these samples, which were
suspended on special stands in an isolated room, was measured daily for
30-45 days. These results are given in the curves in figures 6, 7 and 8, and
show that, under natural conditions, the hygroscopicity of old binding
parchment and of new parchment after processing with urea is 0.2-0.4 %
less than the hygroscopicity of the control samples, and of non-processed
samples of parchment at a relative humidity of the air of 50% and less.

At a relative humidity of the air of 55-75 %a the hygroscopicity of pro-
cessed samples is 0.5-1.5%0 greater than that of the control samples. The
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I. K. BELAYA

hygroscopicity of old writing parchment after processing with urea is
Relative humidit y of the air in % 1-2.7 %o greater than the hygroscopicity of the control samples and of non-
o o processed samples.
e = S s Both at a low and at a high degree of relative air humidity, the hygro-
scopicity of writing parchment processed with 10% urea followed by
greasing with a 2% spermaceti emulsion, is less than the hygroscopicity
of non-processed parchment and on an average 2 %o greater than the hygro-
scopicity of the control samples.

The determination of the emission of moisture showed that when a
degree of equilibrium is reached the amount of moisture given off is equal
to the moisture absorbed, and sometimes exceeds it. Thus, it appears from
the above that the processing of parchment with a 10%s alcohol solution
of urea and a following greasing of the parchment with a 2%o spermaceti
emulsion, does not lead to an abrupt increase of the hygroscopicity of the
parchment. A slight increase in the hygroscopicity of the parchment cannot
cause damage to the parchment.

Of special importance when restoring manuscripts on parchment is the
problem of fixing and restoring faded texts. For this purpose we studied
the effect on the text of the substances used for the cleaning and softening
of parchment. These substances are: Water, 96 % alcohol, 50%s alcohol,
29 spermaceti emulsion, 20%0 water solution of urea and 1096 alcohol

solution of urea.
Testing was carried out with texts written in Iron Gallic Inks, Indian

Ink, in printing colours, in the colours of engravings, in the colours of mi-
niatures and in the colours of capiral letters. Tests were performed as fol-
lows: Parchments with different texts and different colours were processed
with the above-mentioned substances (30 minutes in a bath of the solution),
whereafter the samples were put in press for 12 hours between sheets of
filter-paper. The effect of a given substance on the text and the colours
could then be evaluated.
These experiments confirmed our assumption that water and water so-
| lution destroy the text and the colours on parchment. Alcohol and alcohol
D solutions do not destroy the text and the colours on parchment, which is
understandable. Very often old inks and colours contained plant gum as
binding substances, and sometimes they contained fish glue or even sturgeon
glue. The colours were very often smoothed out on egg yolk on the white
of an egg. Gums, fish clay and white of egg are desposited by alcohol.
Therefore processing of a text on parchment with 96 %0 alcohol does not
destroy the text, on the contrary it strengthens it.
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Softening and Restoration of Parchment

Some colours on miniatures and capital letters leave a slight trace on
filter-paper even after processing with 96% alcohol, and therefore it is
advisable to place parchment manuscripts in press after processing them
with urea between sheets of paraffined paper.

Thus processing of texts with 96 s alcohol and softening of parchment
with 10% alcohol solution of urea and a 2% spermaceti emulsion do not
neccessitate any special strengthening of the text.

The question of the restoration of faded texts on old manuscripts is very
important. The Laboratory of Conservation and Restoration of Documents
at the Academy of Sciences of the U.S.S.R. in Leningrad and the Main
Archival Direction in Moscow are much concerned with these problems.
To a wide extent they use the method of processing manuscripts with faded
texts with ultra-violet and infra-red rays. However, nobody works with
the restoration of faded texts on parchment. We had at our disposal a
prayer book which had suffered damage during a fire when the text had
been almost washed off by water. Knowing that tannin is a constituent of
Iron Gallic Inks, tannin was tried for the restoration of the texts. For this
purpose a water solution of tannin in concentrations from 2-6%o was
applied. The best results were obtained with a 4 % solution of tannin. The
text of this prayer book was succesfully restored.

After we had thus obtained experience, it was possible to restore the text
of two 18th century manuscripts and an old Armenian text of a manuscript
with coloured miniatures from the 10th century.

However, before undertaking the chemical restoration of a faded text,
the manuseript must be photographed in ultra-violet hight (rannin is not
transparent to ultra-violet light) in order to ascertain that it is not a
palimpsest, since when restoring a text by means of tannin, the underlying
text may be lost.

On the basis of chemical, histological and physico-mechanical analysis,
the following conclusions were reached:

1. A 10%b alcohol solution of urea is the best agent for softening old,
dried-out parchments and diminishing the deformation of shects. In order
to increase the strength and elasticity after using urea on the parchment,
it should be processed with a 1-2 %0 spermaceti emulsion.

2. Non-deformed, dried-out parchments must not be processed with urca.
It is sufficient to soften such parchments - after a previous cleansing to
remove dust and dirt — with a 1-2% spermaceti emulsion, dependent on
the thickness of the leaves of the parchment.
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3. The processing of parchment with a 10% alcobol solutiorx of urca
does not lead to an abrupt increase of the hygroscopic properties of. t‘he
parchment. An insignificant increase (i.e. 0.5-1.5 9/p) of the hygroscopicity
under natural conditions cannot cause damage to the parchment, and con-
versely helps to preserve the elasticity of the parchment.

4. The text and many of the colours found on parchment manuscripts
are not destroyed by the substances recommended for the softening and
;:1eaning of parchments: 96 %o alcohol, 109/s alcohol solution of urea and a

1-29/¢ spermaceti emulsion.

. . ,
5. Faded texts on parchment manuscripts may be restored with a 4%
water solution, but it should first be ascertained whether the manuscript

is a palimpsest.

Abstracts

Characteristics and aging processes of par.chn.nent are described and a cri-
tical review of some methods of softenings is given. ‘

Research data in changings of parcl?ment under the .mfluen.ce of alc.ohol
solution of urea with a subsequent fattmg by spermaceti emulsion are given.
The method of softening and restoring of parchments is recommended.

Onucaibl CBOMCTBA U MPOLECCH CTApEHUA TIePraMeHTHON KOXHU W NaH KPHTH-
yeckHit 0630p HEKOTOPBIX METOL0B CMATYUCHHS.

IMpusoadTCs JaHHBIC HCc/ieloBaHHs U3MEHEHNH NepraMeHTHOH KOXH MO
pansinueM 06paboTKH CHHUPTOBLIM pacTBOPOM MOYCBMHBI ¢ MOCIEAYIOLINUM

KHPOBAHHEM CIIEPMAUETOBOH dMYJIbCHEH.
PeKOMEHI0BaH METOM CMATHEHHA W PECTaBpaUMy NEPramMeHTOB.
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Instructions for

the Softening of Parchment Manuscripts
and Bookbindings

by 1. K. BELAYA

When restoring parchment, the fundamental work consists of the soft:emncg1

and straightening of the dried-out, deformed and sometimes even cer;ente

sheets, and the preservation of the text and the figures on the parchment.
b3

1. Preliminary Work
1. A report on the state of the parchment, the fixing of the bulk, and the
thod of the work should be drawn up. .
meZ (I))ocumcms or books of parchment should be photographed with the
ssible detail before softening takes place. '
grgatgsetaﬁoshould be removed from documents, and a drawing made of Fhe
kno;ting of the string to which the seal was fastened, so that after softening
the seal may be attached to the document in exac.tly the same way.
Remark: Seals should only be removed if they are inconvenient.

11. Materials

. Two large sheets of glass, 50 X 60 cm

. Hygroscopic cotton

. Filter-paper

. Paraffin paper

. 96 %o rectified alcohol

. Distilled water

. A 16 %o alcohol solution of urea

. A 29/o spermaceti emulsion

. Chemically pure benzene

10. Phials holding 10 m}, 100 m] and 200 ml
11. Sheets of thick, smooth cardboard, 50 X 60 cm
12. Technical scales or druggists® scales

13. A press

0o N ON U N
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Instructions for the Softening of Parchment

L11. Preparatory Work

Before softening the parchment, the following solutions should be prepared:

1. A solution of 50%6 alcohol: 106 mg of 96% alcohol diluted with
water to 200 ml.

2. A 10%0 alcohol solution of urea: 10 g of urea should be weighed and
dissolved in 100 ml of 5096 alcohol.

3. A 20°%b spermaceti solution: 20 g of spermaceti should be weighed,
poured into a phial with a ground glass stopper and dissolved in 100 ml!
chemically pure benzene.

4. A 2o spermaceti emulsion should be prepared: 10 ml of 20 sper-
maceti should be poured into benzene in a phial with a ground glass stop-
per. To this, 90 ml of 96%o alcohol should be added while stirring conti-
nously. It should be firmly corked and shaken until a homogenous emul-
sion is obtained. Before use the emulsion should be stirred.

Remarks: 1. Work with benzene should take place in a fume hood.

2. For thin parchments, a 19 spermaceti emulsion (5 ml of 209/ sper-
maceti and 95 ml of 96 %o alcohol) may be used.

5. The text and the colours of drawings should be tasted for any ten-
dency to run. This should be carried out with 9696 alcohol, 109/ urea and
29/o spermaceti emulsion. Testing should take place where the text and the
figures are of less importance by rubbing on the solution with hygroscopic

cotton. If there is any tendency to run, a chemical laboratory should fix
the text and the colours.

IV. The Softening of Deformed, Dried-out Parchment

1. Parchments should be placed on a large sheet of glass, and the dirty
sheets rubbed with a wad of cotton moistened with distilled water and
thoroughly wrung out. Great care must be taken, and the text and the
figures on the parchment should not be touched.

2. Immediately after cleaning with distilled water, the parchment should
be processed with 96 %o alcohol. Processing with alcohol is necessary to fix
the text, and to dry and clean the moistened parchment. The text and the
whole sheet of parchment should be swiftly moistened using a wad of
cotton.

3. If a manuscript consists of several sheets, ensuing sheets should only
be moistened when the preceding sheet has been processed with 96 9/6 alco-
hol, otherwise the moistened sheet will be distorted since parchment is
easily distorted by moisture.
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4. After processing with alcohol, the parchment should be lavishly moi-
stened with a 10%o solution of urea using wad of cotton.

5. When parchments are very deformed and brittle, they should be
placed in a large drain and a 10%s solution of urea poured over them every
30 minutes.

Subsequently the parchment should be put in press, sheet by sheet, for
24 hours between sheets of paraffin-paper and thick, smooth cardboard.

When the parchment is removed from the press, it should be processed
with a 2% spermaceti emulsion. The entire surface of each sheet should be
swiftly moistened with a wad of cotton, thereafter each sheet is pressed for
a further 24 hours or more between sheets of paraffin-paper and cardboard.

After removal, the sheets should be put between sheets of filter-paper,
and then placed between large sheets of glass and remain under light
pressure until the spermaceti has completely penetrated into the parchment.
After 7-10 days the parchment is absolutely dry.

V. The Softening of Undeformed, Dried-ont Parchment

Parchment which is dried-out but not deformed may be processed with a
109/ solution of urea in the following manner:

1. Cleaning with 2 moistened wad of cotton as mentoined above.

2. Processing with 96 %/ alcohol.

3. Processing with a 1% or 2% spermaceti emulsion and pressing for
24 hours or more between sheets of paraffin-paper and sheets of smooth,
thick cardboard.

4. After pressing, the parchment sheets should be pl
of filter-paper between large sheets of glass and re
for 7-10 days, until the spermaceti has compl
parchment, and it is completely dry.
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Paper Cleaning

by PAUL N. BANKS

Dry Cleaning Methods

The dry methods of cleaning pape i
oll)viqus that I ?vill not dwgllpoi t;hi:) fc())r:gfh;}?e]()rsr:os: rt:’assi(:: Slmp}fedand
; :j:;::sgapaple;) lxs du'stmg; I have found that there are severa;nj;poane(s)i
prushes 3 v’al able which are gentlf: and effective. In the Extra Bindery at
’ ey's compressed air is considered essential; in the National A h)',
in V(/‘ashmgton1 and the Detroit Public Library? air hoses are used in con.
Jut};}t}mn with exhaust chambers which draw out the loosened dil::e e
. ;r:;;e :i :;fnabne(; c;i htzrlies’r (Lf erasers available: kneaded, soap, art gum,
] , . These types 1
ive. 'I_'he kne?.ded eraser is probabl;pthear;:sia:ze’n(t)lre'e nittlrilzz’s non_lz'lb}:als-
aéhesxve quality which enables it to be used with almos’t a blotti: S"ng't ;
\QHYI erasers (the »Maglc-Rub« brand is available in pencil form a% ;vcetlllom
the c.onventx.onal cubic form) are extremely gentle, and have th i of
tending to pick up their own crumbs, so that they z:re less mess e !
A vjvord of c.aution may be in order about vinyl erasers Viirl t;) i
peculiar mat‘erlals; they have the ability to dissolve man A oth S resing. W
cta.nlr{mt us;vnr;yl}—]coated bookbinding fabrics because boolZs $0 E;:ﬁ;’“;oflls
stck to all of the ones already bound in pyroxylin cloth, and
gooey, bright yellow mess in the draw b I_ha"c
c?.used by the contact of a vinyl eraser weil;ho:e\lr:i’alvz(()):rz?:hvvwzlc}] .
c1l.s. Although' therfe is probably no langer from using vin 100 o Pc‘l‘
prmteﬁi materials, it might be ads sable to be especiall ‘y tous sboun
removing all crumbs. 7 cauious about
Fresh bread has long been advocated as an efficient means f leani
surface dust from paper; I must confess that I have never tr] (()tlr . Bur §
have observed that a loaf of bread left in a paper bag willrlc i BUF \
grease. My feeling is that the various devices which are mea o f;_W“h
for cleaning paper are probably adequate. e spectically
A new material which has been used for cleaning paper is Ab
Wa.llpaper cleaner, a pink, dough-like substance sold in one-pound s In
paint and hardware stores. There are also other, similar brar;ds aviiait;i)ll?

a
as
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It is similar in its use and its effect to the kneaded eraser, but it is a great
deal cheaper and is suitable for very large or very dusty surfaces. The best
use that I have found for it is for cleaning the paper covering of books,
slipcases, portfolios and the like.

Extremely useful gadgets for removing loose dust and dirt are the
Opaline dry cleaning bags and similar devices. These consist of mesh bags
which contain a substance which appears to be rubber or soap eraser dust;
the bag is simply rubbed gently over the surface to be cleaned. When the
surface of the bag is dirty from use, it may be twisted and the dirty partic-
les fall away, leaving a clean surface to work with. Although the action of
these pads is not as strong as that of actual erasers, they are effective in
removing heavy films of loose dust from paper objects. They are sold in art
supply stores.

The basic technique for using any type of erasing device is to hold the
sheet being cleaned in the center and move the eraser from the center out to
the edges. To use any other motion is to court disaster from tearing the sheet.
It is, I believe, absolutely essential to remove all traces of crumbs from the
objects being cleaned, as the crumbs are almost surely destructive. This is
especially true of the Absorene wallpaper cleaner; its crumbs have a strong
adhesive quality which makes them cling tenaciously if they dry on a sheet
of paper. The material is water soluble, however, which gives an easy
method of removing any crumbs which have become dried.

Some of us have wondered whether any of these erasing-type devices
would leave any harmful residues in the paper, even when all visible traces
were removed. In order to find out, the Library Technology Program of the
American Library Association, in connection with its series of manuals on
The Conservation of Library Materials, commissioned McCrone Associates
to study these materials. The results, based on microscopic examination and
accelerated aging tests of paper cleancd with them, seem to indicate that
the common erasers, the Opaline bags and Absorene Wallpaper Cleaner are

safe to use on paper. The detailed procedures and results of the tests have
not, unfortunately, been published, although they are referred to in Carolyn
Horton’s Cleaning and Preserving Bindings and Related Materials, the first
manual in LTP’s series.?

One other experience that I have had, might be classed under dry clean-
ing methods. T was recently given a bound manuscript to work on which
had two leaves stuck together by a thick, hard, dark mass, which might

have been a disintegrated rubber band or chewing gum. I discovered that

the material was thermoplastic, so I separated the pages and cleaned off the

53



Paper Cleaning

worst of the incrustation by holding the pages over an upturned iron set at
a very low heat. Most of the rest of the deposit was removed with solvents.

Solvent Methods of Cleaning Paper

Since the main use of solvents in connection with paper is to remove
foreign matter which has usually penetrated into the texture of the paper,
the key to their use is to either lay the sheet to be treated on absorbent
material so that the foreign matter is drawn out with solvent before it can
evaporate, or, in some cases, the use of a bath of the solvent where the
foreign matter is so diluted that jt can be said to be removed. If solvent is
applied to a stain and simply allowed to evaporate, the stain will just be
redistributed. In the case of thick deposits to be removed, the best principle
is usually to soften the incrustation with solvent, remove it mechanically,
and then remove the final traces as described above.,

The solvents that I have found most useful are hexane, toluene, acetone,
dimethyl formamide and pyridine. Note: All of these solvents are highly
flammable, and all are moderately to highly toxic. Great care must be

taken to avoid breathing the vapors, and pyridine and dimethyl formamide
are absorbed through the skin.

Hexane and toluene seem to be
and wax stains. A mixture of the tw
deteriorated pressure-sensitive tap

effective for many kinds of grease, oil
o solvents is often effective in removing
es. Acetone is, of course, effective for
many types ot lacquers, plastics and spirit varnishes. Denatured ethyl
alcohol (methylated spirit) is also sometimes effective for the latter, if 1t
has not oxidized too far. Dimethyl formamide and pyridine are effective
for oxidized fats, oils and resins, but they are very drastic and very toxic.

Chlorinated solvents, such as perchlorethylene and trichlorethylene,
which are widely used in the dry cleaning industry, and carbon tetra-
chloride, have been proposed, but there is some question as to their
inocuousness for paper because of their chlorine content. Chlorinated
solvents tend to be quite toxic, and carbon tetrachloride is highly so.
Plenderleith? recommends petrol for wax and grease stains; it is apparently
difficult to find white gasoline in this country now which does not have
additives of unknown effect on paper; in addition, the lead compounds in
most gasoline are toxic. Naptha, petroleum benzine or hexane will probably
serve just as well.

I recently encountered an engraved opera score which had been heavily
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marked with ball point pen. Bleaches seemed to affect tbe bau point ink
almost not at all, but I discovered that dimethyl fom']amlde dissolved the
binder to such an extent that virtually all of the stain could be re'moved
by placing the sheet face down on a blotter 'and' soaking the verso with the
solvent on a cotton swab. After each apphcgtlon, the spot being treated
was moved to a clean spot on the blotte.r. This strong solvent.softened the
engraving ink, so that it had to be applied by tapping or rolling the swab
rather than rubbing it. . ‘
Plenderleith?® has also recommended dil};te ammonia water for removing
old spirit varnish if alcohol is not effective an.d Gettens® has succe§sfull);
removed some resinous matter frOfn paper with an aqueous solut}nlon 0
morpholine (which, like pyridine, in addition to being a solvent, has an
i action In water).
anilijz;elzcrtglznnumber of)' solvents is av?.ilable, apd within the l;\st dlecadg
or so, there has been some literature w}.nch permits solvents to be se ectef
rationally for a specific problem, partxcular!)f where the exac(t1 x;at;re o
the substance to dissolved is known.”® Solubility parameter an yd rc;lgen
bonding capacity of the solvent and solute‘must be matchec'i,ha(ril'fft en,
within this framework, there may be a choice of solvents wit di eren;
rates of evaporation, which will make the use of the solvent or mu;tu::e 3
solvents easier in the circumstanc‘es at hand. A scheme coul'd l;e F\zblse s
based on these factors in the cbO}ce of a sol\'rent fox: a particular jo (as
well as other factors such as toxicity or viscosity) w.'hxch w.ould permit one
to choose a solvent systematically rather than on a hit-or-miss basis.

Wet Cleaning Methods Other Than Bleaching

Water has been called the universa% solvent; that is, of course, an FVFT‘
t of the case, but it certainly does have some useful qualities.
Washing Id paper in plain water usually removes dark, soluble matter
Was}u?g gftelf riduces waterstaining, removes some free acid from the
from it, o its wrinkles and other distorations to be pressed out. Pu{e
paper, an Permerhing else good to many old papers: it increases their
M (ioes S:nt]h This is apparently caused by the re-establishment of
PhYSIC?; tlslzrf)rcg)ke;l hydrogen bonds in the cellulose'molecule.9
some © form of wet treatment is proposed, it should be remembered
th:tv l:;::era rl?;s a tendency to »set« surface dust, so that the latter should be

removed by erasing before the object is immersed.
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Some of the older books on bookbinding recommend a hot alum bath for
removing waterstains from paper and »firming« it. In light of what
Barrow!® and others have said about the harmful effect of alum on paper,
I would conclude that this treatment should be avoided. If »firming« of
paper is needed, it can be achieved by adding sizing.

Soap has often been recommended for removing mud and general grime
from paper; there is probably a place for this treatment. However, although
soap is a specific chemical compound, the specification for soap which can
be safely used on paper is as vague as »good quality« or »castille«. I am
reluctant to use soap without knowing more about what to use. Non-ionic
wetting agents such as Lissapol, Nonex and Tergitol Penctrant No. 7 have
been recommended'!,? and it appears that they are safe.

A badger shaving brush is an excellent tool for applying very gentle
friction to a sheet of paper being treated with soap or wetting agent.

Enzymes are complex organic substances which, in their pure forms,
catalyze the breakdown of specific organic substances into water-soluble
products. For example, collagenase breaks down animal glue, whose
principal constituent is the protemn collagen, so that it can be casily rinsed
away with water. Similarly, amylase digests starches. Laundries use coni-
mercial preparations of enzyme mixtures for removing difficult stains,
usually those of a proteinaceous nature, and taka-diastase, which | believe
is a mixture of enzymes, and which is sold in pharmacies for medicinal
use, has been recommended for removing certain adhesive stains from
paper. However, enzymes are usually effective only under very rigidly
controlled conditions of temperature, water purity and pH, so that their
use on a routine basis may never be practical. (They must also generally be
bought fresh and stored under refrigeration to preserve their activity.)™
Their main potential use, it seems to me, 15 in removing difficult residues of
starch adhesives from paper. As older western papers are conventionally
sized with glue or gelatine, an enzyme which would remove old glue from
a picce of paper which had been used in a binding, for example, would also
remove the sizing. More work needs to be done on the application of these
interesting substances to paper conservation.

In the case of any chemical treatment to paper, thorough washing n
running water is highly advisable to remove any traces of compounds
which might later cause injury to the cellulose of the paper.

Two words of warning may be in order about any form of wer treatment
for a paper object. In all cases where prints or drawings on paper are being
handled, and in the case of many book pages, the sheets being so treared
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should be supported while wet by means of a glass, plastic or paper shec.t.
The support can be put in the bottom of the tray before the shcet' is
immersed, or slid in when it is ready to be removed. Where books are being
treated in their entirety, it is often impractical to support each sheet, anfi
in many cases, the smaller sheets will support themselves adequately if
handled carcfully (they should always be slid, edgewise, out of the soh.mon,
so that the weight of the solution itself does not tear the sheet). But if ?he
book is exceptionally valuable or if the sheets are unusually large or fragile,
chen even here they should be supported.

The other warning is about pressing. Bookbinders have probably be.:en
more at fault than print restorers in their insistence on over-pressing
washed or bleached books. Early printing was done on crude presses with
uneven types, so that much or all of the printed image was punched through
the paper. In addition, most .earl'y letterpress printing was done on
dampencd paper, and the combination of the punch of the tyPe 4nd tl:le
uneven drying of the dampened paper caused a goc?d deal of distortion in
the leaves of the book. 1f, after a book has been. given some form of wet
treatment, it is pressed hard, all of this distor.tlo.n is pressed out of the
sheets, and it winds up looking like a bad fac§1m11e. The same would,.of
course, hold true for etchings or engravings Y\/‘thh have plate mark_s which
should be preserved. Drying with l?lotters is the best method, w1t.h onll]y
enough pressure to ensure the requ}red dcgrec. of flatnes§. Ch:.mgmg It e
blotters for dry ones at intervals during the drying process s advisable also,
as it hastens drying and helps to prevent unwa%nted distortion. Even vThex"e
punch is not a factor, changing blo.tters, with the consequent periodic
release of pressure on the sheets, is desirable, to allow the paper to contract

more-or-less naturally as it dries.

Bleaching Paper

There seem to be four major categories of methods folr blez'xchlr!}'g Etalgf
from paper widely employed a.t pre:sen.t. These are: C}.l oramine-T, al}:fte
chlorites, sodium chlorite-chlorine dioxide, and potassmrlnd pe;’Tandge l;it};

The use of chloramine-T was proposed in 1,937 B}’ Haro J Zn nrta es
in The Conservation of Prints and Dra@mgs. - The main :;\;a}\mt gno
claimed for it were that it was very mild mhxcs.ac(;cfgn, tnneed e
destructive residues were left in the paper, so that it di¢ no

rinsed from the treated sheet, although I believe that the implication even
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then was that it would be preferable to rinse the sheet. I am aware of no
contradiction of the idea that a 29 solution of chloramine-T is not
damaging to paper, but Harold Tribolet has observed that the dried residue
of the bleach remains active and will bleach adjacent sheets of paper. This
effect was observed when an endlining of colored paper was added to a
book in a position adjacent to a leaf which had been treated with chlora-
mine-T and not subsequently rinsed. In addition, there has finally been a
published statement from the British Museum laboratory, albeit a highly
obscure one, which indicates that chloramine-T should be rinsed from the
treated sheet.1

I believe that chloramine-T is rightly considered to be the usual first
step 1n attempting to bleach most stains from paper.

_Bleaching paper with hypochlorites originated in the beginning of the

nmet:"eenth century, with the advent of bleaching powder or chloride
of lime, which is calcium hypochlorite. Sodium hypochlorite is now
customarily used because of its greater convenience. The latter is also
known as chlorinated soda or eau de javelle.
. Sheldon Keck has given, in Technical Studies in the Field of Fine Arts
in 1936,!% 2 method for bleaching prints with sodium hypochlorite which
1s very carefully worked out and described in detail. His procedures would
seem to be desirable for operators who are not train
gives simple and apparently effective means for controlling the operation
at each. step, thus giving the operator some confidence that he is not unduly
damaging the paper. It is not possible to give a detailed description of the
process here, but briefly, it consists of bleaching the print in a bath con-
taining 5.5 %o 0f 25 %o sodium hypochlorite solution and 1/2%/0 concentrated
hydrochloric acid, completing the bleaching in a bath of /2 ml of concen-
trgted hydrochloric acid in 2700 mls of water,
with a bath of 2 mls concentrated ammonium hydroxide in 9 1 of water.
The sheet of paper to be bleached s placed in the three solutions in
succession, the times depending on the circumstances.

The'method given by Plenderleith!” and others involves a stronger
bleaching solution, made up of 59 of 2 109/, sodium hypochlorite solution,
but no hydrochloric acid is added to the bleaching bath. If the paper is
§oftened by the action of this solution, it can be somewhat mitigated by
immersing the paper in a solution of »a teaspoonful of concentrated hydro-
chloric acid in a quart of waterx, according to Plenderleith. A 296 solution
of photographer’s hypo, sodium thiosulfate, completes the process by acting
as an antichlor to remove the residual chlorine.

ed in chemistry, as he

and neutralizing the acid
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I am not able to evaluate the relative merits of the two sodium hypo-
chlorite methods cited here, except for the greater controls offered by the
Keck method.

In 1951 R. J. Gettens read a highly significant paper to the American
Association of Museums annual meeting in Philadelphia, which was
published the following year in expanded form in Museum.!® This paper,
entitled »The bleaching of stained and discolored pictures on paper with
sodium chlorite and chlorine dioxide«, presented an entirely new and
apparently safe method for bleaching prints, drawings and'book pages-
This method — actually three methods — is based on the bleaching action of
chlorine dioxide gas, which is relatively easily generated from a solution of
sodium chlorite. The process, based on one becoming widely used commer-
cially for bleaching paper pulp among other things, does have one draw-
back for most conservators in that it requires equipment not usually found
in the smaller conservation laboratory.

I will describe briefly the three techniques which Mr. Gettens proposes,

all of which require a fume hood because of the disagreeable and somewhat

toxic qualities of chlorine dioxide gas. . ' . .

The first technique is the simplest, as it requires no s.pecml equipment
other than the fume hood. A solution of sodium .Ch[OI:itC-ls made, to wh}ch
is added formaldehyde, which releases the chlorine dioxine 8as. A wetting
agent is also added to the solutic.m. The sheet to be bleached is pIaced. in the
bath for a period of fifteen minutes to an'hour or more, as reqUIr-ed to
bleach the stain. It is then rinsed in running water for' at l.eaSt fifteen
move any residual sodium salts. The process is claimed not to
as some others do.
d involves the use of an aqueous solution of
chlorine dioxide: its advantage is that it can be used w%lere only a min.iml'xm
amount of immersion is desirable for the print or dx:awmg. Cl?lorm.e d.xomde
gas is made in a special gas generator by dropping sulfuric acid lllnto a
solution of sodium chlorite. The gas 1s bubbled through water,fwlere it
goes into solution. The object, s'upported as usu.a'l on a sheet ;) 8 assMor
plastic, is immersed in the solution fo.r thf: rfequ{snela'mount of t(lirer;iabl:
Gettens says that although at least a brief rinsing in 1(){ ain v;;ater is hemicai
it is not necessary in this case, ;ls tlhe Chllor"lze dioxide 1s the only ¢

; it is completely volatie. '
lefIt*cl:' thé ptap:f;iigdc;;not stfnd immersion at all, a third methf>d is pro-
prces. %l i d as in method II, but instead of

posed. Chlorine dioxide gas is generate PRt e iy
being used as a solution in water, it is passed directly ov 4

minutes to re :
make the paper staring white
The second method propose
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dampened print in a special sealed chamber. The chamber and the recom-
mended fume hood both have glass windows, so that the progress of the
bleaching can be followed. This method is recommended only where
neither of the other two is applicable, as the oxidized end-products of the
stains are left in the paper, and could revert to their original color in time.

The process involving potassium permanganate, which oxidizes many
%{inds of stains and converts them to brown manganese oxides, which can
in turn be reduced by some other reagent to colorless and soluble sub-
stances which are then washed out of the paper, was first used around the
turn of this century. The process is relatively simple: the sheet to be
bleacbed is immersed for about five minutes in an aqueous solution of
potassium permanganate of 0.5% to 5% concentration (depending on
which recipe you read), then the sheet is placed in a bath of one of a num-
ber of solutions to reduce the resultant brown stain.

.Thc earliest second bath which I am aware of is a solution of sulfurous
acxd.. Pot.assium metabisulfite was apparently in use in the thirties, and
oxalic acid was mentioned by Plenderleith in 1937, Other solutions pro-
po‘sed have been those of sodium sulfite, sodium hydrosulfite, and citric
Emd. All of these .subsmnces are apparently effective: the choi,cc has been
s b st oo 10 he paper, Unfortunately, most of wha
based on theoretical c011sidemtionswml:fs~ e
a very interesting Publimtion‘ has " LfSt’ o Rossia ahich o e o
L \ g a as come from Russia which may shed some

ight on the question.
y Ith(I:{LYC':})nroE;b:frtllellchI\;j[:):Erz‘:lt for Fook Prcscrv.ation :u.1d Restoration
; ! s published an article which was made
flvallable in English in 1964 by the Office of Technical Services in Wash-
1f1t1gton,“’ which deal's with the removal of dyes from paper. In setting out to
v:,?jelt}l,lel:;s: C;ict:tsls\l’lcmtlrcs;n;f:t, they decided upon th.c »well-known :1.nd
y anganate and oxalic acid process. Having
e§tabllshcd that it is effective for most kinds of stains, they then tried to
find out, by objective means, its effect on paper. ’

Their recomfnended process involves the addition of a small amount of
ortbopl?osphorlc acid to the permanganate solution, as the latcer is more
active in an acid medium. It was determined from the literature and
checked in their laboratory that the phosphoric acid, in the concentrations
recommended, 1s not harmful to paper. Unfortunately, they did not check
the e_ffect of sulfurous acid solution for the second bath: which is apparently
as widely known as oxalic acid, but they did test oxalic acid and potassium
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metabisulfite in their laboratory, and both were found to reduce the
physical strength of the paper; the oxalic acid drastically so. It apparently
should not be used on paper under any circumstances. The treatment for
reducing the manganese oxides stains which the Russian workers found to
be non-damaging to paper consists of a bath of 5% sodium hydrosulfite
(not to be confused with sodium hyposulfite). The paper is finally washed
in plain water, then treated with water to which a small amount of
ammonia has been added, then finally washed in water again.

Unfortunately it is not possible here to go into one important aspect of
cleaning paper, i. e., media, and the related one of protecting certain images
when the rest of the sheet is to be bleached. However, I would like to
mention two specific points which may be of interest.

The customary procedure for protecting a signature written on a book
page which is to be bleached, for example, is to paint over the writing
with a solution of cellulose acetate or nitrate in the appropriate solvent.
After the bleaching has been carried out, the protective material is removed
with more of the same solvent. In the edition of Lydenberg and Archer’s
The Care and Repair of Books which was revised by John Alden,® an
alternative method is proposed which is convenient, and perhaps also more
effective. Alden suggests citting a small piece of cellulose acetate film to
the required size, laying it over the area to be protected, and patting it
with cotton dampened with acetone to seal it to the paper. This also can be
removed after bleaching by the use of acetone.

When the Russian scientists started their work on bleaching paper, they
rested in bleaching ink stains of various kinds.
Thus they started their work by at'tcmpt.ing to 'fir?d convenient means of
identifying the dyes which are used in various writting and stamp-p-ad inks,
to help them to select the most effe(‘:tlve bleaching process. 'Ijhe first and
more complete table given in the article .ShOWS the effect of elght. reagents
which can be used as spot tests on the nine dyes selected for testing; most
of the reagents however do not gi.ve conclusive results, But they reduced
the table to one showing the reactions to one of two reagents, a stannous
chloride and hydrochloric acid solution, or 10% hydrochloric acid, .whxch,
between them, will differentiate among all of.the dyestuffs co.rmdered.
Although the frame of reference is somewhat limited, and 1 believe that

s would simply start by trying chloramine-T and, if that was
this table might be of use in

were apparently mainly inte

most worker
not effective, one of the stronger processes,

certain situations.
As T have indicated, there has been a great deal of controversy over
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the relative safety to cellulose of hypochlorites and of the permanganate
process. Of the sources that I have seen, Douglas Cockerell 2! the English
binder of earlier in this century, and W. H. Langwell,?? British chemist who
is interested in paper, say, respectively, that the permanganate process is
the safest bleaching method, and that it is certainly safer than hypochlor-
ites. On the other hand, Sydney Cockerell,2 Douglas’ son and a well-known
binder and restorer, and John Alden, in his recent revision of Lydenberg
and Archer,* say that permanganate is to be used only as a last resort,
and that fortunately the permanganate method has given way to safer
methods, among them hy pochlorites.

I believe that some of the controversy can be cleared up by citing again
two of the workers whose writtings have already been mentioned.

Gettens, in trying to establish in fact the alrcady theoretically established
safety of chlorine dioxide, did some testing, which he describes as being
somewhat crude, but which nevertheless gave some intercsting results.
Samples of filter paper, a ncarly chemically pure cellulose, were placed
for a period on cight months in atmospheres of chlorine and chlorine
dioxide. In three weeks’ time, there was palpable reduction in the tear-
strength of those in the chlorine chamber, and none for those in the
chlorine dioxide atmosphere; at the end of the eight months’ period, the
samples treated with chlorine dioxide still showed no detectable degra-
dation, while those which had been in chlorine shattered at touch. In
another series of tests, Gettens and his people bleached a variety of papers
with hypochlorite and chlorine dioxide bleaches, Some were rinsed with
plain water after bleaching; some specimens were artifically aged; others
were exposed to daylight for several months. None of the specimens tested
showed any evidence of degradation, as measured by the Elmendorf tear-
resistance test, except one. This one was some French paper dated 1828
which had been bleached with sodium hypochlorite, rinsed in water, dried,
and aged at 75° C. for seven days. This specimen gave »much lower« tear
resistence values than any other sample tested.

The Russian workers also tested the effect of hypochlorite bleaches on
paper. Their results showed an immediate, drastic drop in the folding
strength of papers bleached with calcium hypochlorite solution, although
there was little difference between the relative folding strength of bleached
and unbleached samples after either natural or artificial aging. On the basis
of the latter fact, i. e., that aged samples of bleached papers did not show
significantly lower fold values than unbleached samples similarly aged,
Yabrova contends that hypochlorites may be safely used for bleaching
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stains where the recommended permanganate treatment fzfils. However, I
would like to take issue with this. First, it is known t'hat with old paper, at
least, soaking in plain water often incrfzases the physical strength, as I have
pointed out, although this presumably is not true of new paper. I? could b'e,
then, that the initial drop in fold values is even more dra_stxc than 1}:
appears. Morcover, there was some further decrease in folding strengt

values between the cight-month and eleven-month ch'ecks, and that the
values for bleached papers are somewhat lower, admittedly not a great
deal, than those of the unbleached papers, after accelerate? aging. ‘If we
accept the contention of Barrow and others that three d.ays heat aging at
100° C. is roughly equivalent to 25 years of flatural aging under a;zerage
conditions, we can see that this accelerated aging of five days at 68° C. is
no'tI'}‘:::Z ::: Stt}i(e:oretical reasons, also, for believing .that hypochlorites ma)i
degrade cellulose. Gettens gives us a'gra'ph, showxr.lg that und}f.r neutra
conditions, hypochlorites have an1 oxidation potential approaching twice

i ite, for example.
thai‘; (:xfusl(s)g l[:n sfi‘gfg, h’owever, in defense of hypoc}.llorites, that Yabro;a
states that the method may be used safely, although it seems to me that t cle
evidence controverts this, and that Gettens says tl"lat he knows 9f nodacn{a
instances of damage to prints from bleaching with hypochlorites, despite
i jections to their use.

thi(\)srelul::irg?tz(;:do,nYabrova seems to assume that pf)tassium‘ permandgax}ate
itself does no harm to cellulose, but that the reducing mec.hum us;z after
the permanganate solution, to remove the ma}nganesehox1des an deiszzs
permanganate, can indeed be harmful, depending orl-1l the Codmpo'l:l:‘ ] fivé
She has shown that the permanganate fnethgd, when u;el v;;x. X
percent solution of sodium hydrosulfite, is quite safe for bleaching works
o alrmt or;) OOkSu;); Pr):fl:: following tentative recommend;'ztions, based, I
T at T have been able to glean from the literature, not on

N on Wh . . 1
remind you, limited experience with actual

my knowledge of chemistry or on my
bleaching of paper.

{. Chloramine-T seems to be the least drastic and most conventient

i ound; it should probably be ?ried firs't. o
2 Ib;ei;tlci}su:fti;?ztive, one of the sodium chlorite-chlorine dioxide methods

should be employed if the requisite fume hood and other equipment are
available.
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3. That I 1 F
ha potassium pcn?mnganate—sodxum hydrosulfite method be craployed
where a fume hood is not available. 1
4. That be i '
" czlt)use of the ev1denc.e that hypochlorites may degrade cellulose,
nhexr use be avoided except in unusual cases ‘
5. That th ing i i ’
That ¢ orougllx washing in running water be used after all bleaching
ratio . \ . ‘ ) N
rfl § 1}115 UIC) ess it is patently impossible to do so. I have heard the
e-of-thu ‘
mb given that after a sheet of paper has been treated with

chemicals, i ‘ '
: , it should.be washed for three times the period that it was
exposed to the chemicals. a

Sinc o . :
" P(;rti};ehg:z,é;ai f;eriaranon f’f thls article, some work of Mme. Flieder
s has come to ¢ Zeggtetn;}on.-“ Some of her conclusions secem to con-
et on oo of oxher ¢ thn g;erat\}re. However, she tended 1o test the
her e apor ol < Sq}m lose “eafchmg mcthqu which were effective for
T Prepared suain trc;tm}z C:., a 'h(.>~ which cons'lsted of intense fungal stains.
e o ider e (r; 5, W u‘h' are cff.cct'lvc for other kinds of stains,
e o pubjeted « thcggstizus, tci)tlmg. .It ts 1 some respects difficult to
et v el e SIC nﬁ,crf.cachmg treatments, in that the methods
e there e ced gimihra y from the literature that she found, and
i of e oo 0«f mo;le tests in each group. I am not able to deduce
reticle e fo T of thernt p:‘pcrs she Shscus.sc.s in the beginning of the
Thout hyochlorien e the es‘s on. It is striking that her conclusions
ot T s yischovi pc{rmanganatc and chlorine dioxide are the
posite o tho | aand Gettens, respectively,

quite clear that a carefully planned, extensiv
the cffects of bleaches on paper is needed it sho
all Possiblc, on various kinds of old as wel
be ideal if it were sponsored on an ix4tcrn
of many countries could be taken into acc
of effort involved in such a progr an

¢ program of testing
s and it should be executed, if at
! as new paper. It would perhaps
ational scale, so that the thinking
ount. In order to limit the amount

f ' am and to make the resul
estion of sffia n s 0 ‘ i ¢ results clearer, the
y might be avoided, leaving to the

or another program the bases for choosine
the problem at hand. "

individual conservator
a safe bleaching procedure for

Abstracts

Dry method ;
s - : . .
Y > of cleaning paper, including air cleaning. brushi |
erasing, are first discussed. A oo 18, brushing danc
) ssed. A range of solvents is suggested, with discussion
.~ 2] A N .
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of their use and of recent theories of solvent activity. Cleaning with water,
soap, detergents and enzymes is discussed, with warnings about safe hand-
ling of the object and about over-pressing. Finally, the various categories of
bleaching are cited, including chloramine-T, hypochlorites, sodium chlorite-
chlorine dioxide, and permanganate. The contradictory claims in the
scientific literature for safety of various bleaches are cited, with a plea for
a carefully planned testing program on the effects of bleaches on paper.
Briepsbie OGCYXAAloTCA CYXME METOMBI OUHCTKH Gymard, BKJIHOHAIOLLIHE
BO3AYILHYIO OYHCTKY, OHMHCTKY LIeTKOM, cockaGnuBanueM (CTUPaHHEM).
[Mpeanararorca  pad pacTBOpUTENCH ¢ obcyxaeHseM WX TIPHMCHEHHT N
HoBble Teopuu pacTsopstomero Aefictsusi. Tipn ouncrie BOJOH, MBLIOM,
MOIOLHMH BELECTBAMH 1 JH3MMAMHA HEOBXOAMMO OCTOPOXKHOE obpaiuenue ¢
npeaMeToM, 63 4pe3MEPHOro JABCHAA. B 3aktoueHue NPHBOAATCA pasjiny-
Hbe Knacchl OTGenupaTenedl, BKIIouatoume xnopamii-T, TMIOXJOPHTEL,
XJIOPHT HATPUS — JABYOKHCh XJIOpa, NiepMaHTatar. [IpuBOAATCS NPOTHBOPEUHU-
Bbie CBEEHHA H3 HayuHOll JUTEPATyprl O 6e30MacHoCTH NeiCTBUsL PAa3ITHYHBIX
or6enupaTesell Co CCbUIKOH Ha TIUATC/BHO MNPOBEACHHBIC MCTBLITAHUA 1O

BaMsHuio oTOesuBaTeieil Ha Gymary.

REFERENCES

1. Adelaide E. Minogue: The repair and preservation of records. Bulletins of the (U.S.)
National Archives no. 5. Washington, D. C.: National Archives, 1943.

2. Peter Spyers Duran: Moving library materials. Rev. ed. Chicago: Library Technology
Project, American Library Association, 1965.

3. Carolyn Horton: Cleaning and preserving bindings and related materials. Conser-
vation of Library Materials series; LTP publications no. 12. Chicago: Library

am, American Library Association, 1967.

Technology Progr
antiquities and works of art. London:

4. H. J. Plenderleith: The conservation of
Oxford University Press, 1956.

5. H. J. Plenderleich: See no. 4.
Rutherford J. Gettens: The bl
with sodium chlorite and chlorine dioxide.

7. Harry Burrell: A solvent formulating chart.
Socictics for Paint Technology, Nov. 1957, pp- 1159-73.

8. Nathan Stolow: »Solvents« (chart). Exposition of Painting
N. Y.: The Brooklyn Museum, 1962.

9. Conversation with Richard D. Smith, Chicago, 1966.

10. William J. Barrow: Manuscripts and documents, their deterioration and restoration

Charlottesville: University of Virginia Press, 1955,

eaching of stained and discolored picturcs on paper
Museum 5 (1952): 116-30.
Official Digest of the Federation of

Conservation. Brooklyn,

65



Paper Cleaning

1.
12.

13.

4.

15.

16.

17.

18.
19,

20.

21,

22.
23,
24,
25.

H. J. Plenderleith: See no. 4.
Donald Price: Detergents, wha: they are and what they do. New York: Chemical
Publishing Company, 1952,
Jane Sheridan: sEnzymes«. Exposition of Painting Conservation. Brooklyn, N.Y.:
The Brooklyn Museum, 1962.
H. J. Plenderleith: The conservation of prints, drawings, and munuscripts. Oxford:
For the Museums Association by Oxford University Press, 1937.
Swarna Kamal Bhowmik: A non-aqueous method for the restoration of Indian
miniature paintings. Studies in Conservation 12 (1967): 116-19.
Sheldon Keck: A method of cleaning prints. Technical Studics in the Field of Tine
Ares 5 (1936): 117-26.
H. J. Plenderleith: See no. 4.
Rutherford J. Gettens: See no. 6.
R. R. Yabrova: Removal of dyes from paper. Collection of Materials on Preservation
of Library Resources, nos. 2 and 3. Jerusalem and Washington: Isracl Program for
Scientific Translations for the National Science Foundation and the Council on
Library Resources, 1964.
Harry Miller Lydenberg and John Archer: The care and repair of books. 4th ed.,
rev. by John Alden. New York: R. R. Bowker, 1960,
Douglas Cockerelt: Bookbinding and the care of books. 5th ¢d. London; Pitman,
1962.
W. H. Langwell: The conservation of books and documents. London: Pitman, 1957
Sydney M. Cockerell: The repairing of books. London: Sheppard Press, 1958.
Harry Miller Lydenberg and John Archer: See no. 20.
F.Flieder: Etude des blanchiments chimiques des tiches des papiers anciens.
Paris: Laboratoire de Cryptogamie, Museum National d'Historic Naturelle, 1961,
{Mimeographed).

Paul N. Banks, Conservator
The Newberry Library
Chicago, Ill. 60610

U.S A,

Editor’s note:

(A

Mr. Banks' article was one of six papers on »Paper: (I()xhpOSlf“"‘v
deterioration, and preservation« read at the annual meeting of the [nternational Ins.ntulc
for Conservation of Historic and Artistic Works ~ American Group, held in Clucnll‘l"
June 6-8, 1966. It was first printed in the Guild of Book Workers Journal, vol. 5, no- b
Fall, 1966. It has been revised and brought up to date for publication in Restaurator.
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News and Activities

Chicago - August 1969

servation of Library Materials« is the topic for
f the Graduate Library School, University
of Chicago, to be held August 4-6, 1969, in the Center for Continuing
Education on the University campus. The general director of the program
or Howard W. Winger of the Graduate Library School, and the
d from the fields of conservation, industry, paper
publishing, and librarianship. The printed pro-
blanks for registration and lodging, will be

»The Deterioration and Pre
the 34th Annual Conference o

is Profess
speakers have been selecte
chemistry, photography,
gram, including application
sent on request to:
Graduate Library School
University of Chicago
1116 East 59th Street
Chicago, 1llinois 60637

Ascona - Juni 1969

Restaurierkurs in Ascona vom 9.-21. Juni 1969.
Kursleitung: Frau Dr. Ilse Schunke, Dresden.

Allgemeine Einfiihrung mit Lichtbildern, technische Voraussetzungen des
Einbandes, Lichtbilder und Anschauungsmaterial in der »Legatoria Arti-
stica«, Geschichte des Lederbandes in der Gotik, der Renaissance und im
Barock mit praktischen Uebungen, Besuche von Bibliotheken.

Bedingungen: Kursgeld ..o ovovrerrires Fr. 240,~ fiir 2 Wochen
Unterkunft ... ovvnreens Fr. 15,- pro Tag, pro Person

uskiinfte erteilt und Anmeldungen sind zu richten an:

A
»Centro del bel libro« J. Stemmle & Co.
6612 Ascona 8005 Ziirich
Schweiz Hardturmstr. 253
Schweiz
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