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Art de faire le papier & la Chine, 18" century.
Plate 14. Shelf mark: Oe-110-FOL.
Courtesy of BnE

Editorial

..............................................................................................................

This issue of International Preservation News, starting with the so
beautiful miniatures illustrating the “Chinese-style” manufacturing
of paper, proposes you not a global survey of paper preservation
in the XXI* century but rather some food for thought in this key
period.

For centuries, our libraries and our archives have been full of paper:
manuscripts, books, newspapers, prints, photos... then, we moved at
the end of the last century into the “all-digital” era, marked in partic-
ular by great projects of collections conversion. We have only just
begun to wonder about long-term preservation of digital data that
paper seems to be back to the forefront of cultural heritage projects
and economy, making new research in traditional preservation neces-

. sary. For instance, the great project of Manga Museum in Tokyo

seems to put at the heart of debates the restoration and preservation
of these "comics” fragile and little lasting paper.

That is why the PAC keeps a close eye on Professor Hervé
Cheradame’s promising works in deacidification. Paper strengthened
but also recycled as shows Fenella France’s report on the Library of
Congress research. What about electronic paper and ink? Will they
compete with traditional paper? The publication of short stories on
Iphone and what this new tool promises in terms of communication
prove how this field is continuously evolving, as Jali Heilmann
describes it in his synthesis on this topic. Regarding digital printing,

Rita Hofmann and Philippe Serenon come to the same conclusion that the choice of the type of papers and inks
becomes more and more crucial for preserving photography. So paper is far from being abandoned and even new

ones are likely to be elaborated.

This issue, starting with ancient China, also ends with an Asian perspective, Chinese and Japanese articles on more

traditional problems.

As usual, I wish you an excellent reading and invite you to send us your comments.

The next issue, at the end of the year, will focus on “Disasters and emergency plans”, as these last months have seen
many catastrophic events, which may allow us to check if our emergency plans are efficient and to take stock of the

situation.

Christiane Baryla
[FLA-PAC Director

International Preservation News ¢ No. 48 August 2009“
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« Laissez parler
Les p’tits papiers
A I’occasion
Papier chiffon
Puissent-ils un soir
Papier buvard
Vous consoler... »
Serge Gainsbourg
© Sidonie 1965

TR

5
-
L]
1

'
n
=
-

Derri¢re les treés belles miniatures chinoises qui ouvrent
aujourd’hui International Preservation News et illustrent la fabrica-
tion du papier « a la Chine », nous vous proposons non pas un
tableau de la conservation du papier au Xxi¢ siecle mais plutot
quelques pistes de réflexion en cette période charniere.

Depuis des siecles, nos bibliotheques et nos archives sont pleines de

papier : manuscrits, livres, journaux, estampes, photographies... et

nous avons entamé, 2 la fin du siecle dernier, I'¢re du tout numé-

rique, marquée notamment par de tres grands projets de conversion

des collections. A peine avons-nous commencé a nous interroger

, R , . sur une conservation 2 trés long terme des données numériques que

Art de faire le papier & la Chine, XVIIE* siecle. . . .

Planche 16. Cote : Oe-110-FOL. le papier semble faire un retour en fanfare dans les grands projets

Avec 'aimable autorisation de la BnF. patrimoniaux et dans I'économie. Nous forgant, entre autres choses,

a renouveler les recherches dans le secteur de la conservation tradi-

tionnelle. Je citerai ainsi le trés grand projet de Musée du Manga a Tokyo oli semblent placées, au coeur des débats,
la restauration et la conservation du papier tres fragile et peu pérenne de ces « bandes dessinées ».

Aussi, Cest avec intérét que le PAC suit les travaux prometteurs du Professeur Hervé Cheradame dans le secteur de la
désacidification. Papier renforcé mais aussi papier recyclé comme le montre Fenella France a la Bibliotheque du
Congres. Quant au papier et a 'encre électroniques, représentent-ils un risque pour le papier traditionnel ? La publi-
cation de petits romans sur Iphone et toutes les promesses de ce nouvel outil en termes de communication nous prou-
vent que nous sommes la encore sur un terrain en évolution permanente : ce qu'explique Jali Heilmann dans une syn-
these sur le sujet. Rita Hofmann et Philippe Serenon, en nous entrainant sur le marché de 'impression numérique,
constatent que le choix des types de papier et d’encre devient crucial pour la conservation de la photographie. Nous
ne nous dirigeons pas vers un abandon de ce support mais plutdt vers I'élaboration de nouveaux papiers.

Ce numéro, qui s'ouvre sur la Chine traditionnelle, se termine sur une note asiatique avec deux articles, chinois et
japonais, sur des problématiques plus traditionnelles.
Comme toujours, je vous souhaite une excellente lecture, en vous invitant bien siir a nous faire part de vos commentaires.

Le prochain numéro, en fin d’année, portera sur les « Catastrophes et les plans d’urgence », ces derniers mois ayant
été particulierement éprouvants dans ce domaine, nous permettant peut-étre de vérifier I'efficacité de nos plans d’ur-
gence et de faire le point sur la question.

Christiane Baryla
Directeur d’TFLA-PAC



Some Progress Towards a Multifunctional
Mass Deacidification Process

by Hervé Cheradame
Emeritus Professor at the University of Evry, France

A" survey of the deacidification processes of worldwide use
shows that they involve solvents of low solubility parameter.
The new process based on aminoalkylalkoxysilanes (AAAS)
involves the same type of solvents and brings other advantages
such as paper strengthening, fongistatic properties, etc. It
opens a new era of multifunctional mass deacidification
processes.

I. Introduction

The deterioration of paper due to acid hydrolysis in books and
archival material, and more generally of paper-based items, has
been detected since the turn of the last century. Several degra-
dation processes are possible, biological or chemical. The
research work described below is mainly devoted to the latter.
It has been known for a long time that cellulosic materials have
a more limited lifetime when they are
acidic than when they are alkaline. This
faster degradation of acidic paper is
demonstrated by an increase of its rigid-
ity, becoming brittle and yellowing. For
this reason, if the degradation is seri-
ous, the documents, papers and books, cannot be handled
anymore. There is one main reason for this situation. Some cel-
lulose based materials are more or less containing high yield
pulps, that is to say produced in acidic conditions (1). This fact
makes them sensitive to degradation following a progressive
acidification due to internal or external causes. Among exter-
nal causes it is to be cited the air pollution in the libraries, for
instance by nitrogen oxides generated by car traffic in the
cities. Paper ageing can also be caused by light, oxidation, etc.,
so that numerous research works have been devoted to the
development of a universal procedure for archive assessment
and library storage conditions (2).

The importance of possible destructions of the libraries and
archives content must not be underestimated. For instance, a
study of the national library of Japan showed that hardly half
of the documents received during 1992 was printed on alkaline
paper (3). All documents are not of historical value, and the
higher the purchase value the higher the chance of being print-
ed on a more expensive alkaline paper. However, it is clear that
documents printed on acidic papers cannot be left, since they
have been produced for more than one century. While their
importance cannot be accurately evaluated, the proportion of
documents in danger in some libraries can be higher than

"From these premises it became clear
that the deacidification process to use
in libraries and archives is to be varied
as a function of the goals and

of the situations.”

40 %. Among them, it is generally accepted that only half of
these documents deserves to be physically conserved (4).

Various deacidification processes have been investigated. It was
thought that gas phase processes could constitute a solution to
the problem, due to the ease of penetration of a treating gas
between the pages of piling books. However, this is not the
case and it is possible to show that due to the requirement of
alkaline reserve deposition, processes operating in a liquid
phase are to be preferred.

As for the liquid phase processes, two different situations have
to be considered, whether aqueous or organic solutions are
concerned. Thus, the use of aqueous calcium hydroxide must
be mentioned since it currently gives a pH, after paper treat-
ment, of around 8, with an alkaline reserve of more than 100
meg/kg. An improvement of the mechanical properties is
observed as shown by the
increase of the folding resistance
(11). In order to deacidify, a calci-
um hydroxide concentration of
10-2 mole/L is apparently satisfac-
tory. However, these solutions are
not stable at open air, and give a precipitate of insoluble calci-
um carbonate. It must also be noticed that number of docu-
ments cannot be exposed to contact with water without dam-
age (12). Similarly, treatment with aqueous barium hydroxide
has been reported to give good results (11). Mechanical
strength of the samples after treatment was higher than that
of the blanks whatever the paper composition (11). Aqueous
solutions containing magnesium salts such as magnesium
acetate, carbonate or bicarbonate were reported to improve
also the mechanical properties of paper. pH after treatment
currently reached the range 9-9.5, and the alkaline reserve was
around 0.8 % in weight of magnesium carbonate. The folding
endurance was improved by a factor of 2 or more, according
to measurements carried out at the Institut Royal du Patrimoine
artistique of Bruxelles (Belgium) (11). It is to be noted that this
improvement was obtained whatever the paper (wood pulp,
chemical pulp, etc.) for a Mg(HCO,), concentration of 0.04
mole/L. However, a yellowing effect was sometimes observed.

Since water cannot be recommended as a solvent for a mass
deacidification process, the characteristics of these processes in
organic medium are to be examined. From these premises it
became clear that the deacidification process to use in libraries
and archives is to be varied as a function of the goals and of
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the situations. However, most of the processes of worldwide
use are based on the chemical properties of organo-magne-
sium compounds which do the chemical job, but which are
ineffective as far as the physical properties are considered. This
is why these deacidification processes do not impart any
improvement of the mechanical properties of paper.

Il. Brief overview on the mass deacidification
processes and characteristics of their solvents

The loss of mechanical properties of acidic papers is the major
reason of destruction of books printed on paper containing
high yield pulp. It has been believed for a long time that the
association of lignin and acidic conditions could be one of
the main starting points for poor permanence performance of
documents based on paper. It has been now recognized that
the problem was to be assigned to the conditions of the paper
production.

The Booksaver process (CSC) is used in Spain by the
«Conservacion de Sustratos Cellulosicos» Company. The active
compound is the carbonated magnesium di-n-propylate dis-
persed in a fluorinated solvent, HFC 227 (1,1,1,2,3,3,3-hepta-
fluoropropane). Due to this formulation, the treated items con-
tain a small amount of n-propanol, which must be discarded
before final storage. As a whole, this process consists in a dep-
osition of magnesium carbonate in the paper porosity.

The Papersave process (Switzerland) is derived from the Batelle
Institute in Frankfurt (Germany). The solvent is hexamethyldis-
iloxane (HMDSO (CH,),Si-O-Si(CH,),) and the active compound
is a mixed alcoholate of magnesium and titanium, dispersed in
the solvent at a ratio of about 10 % w/w. Operated at Wimmis
in Switzerland by the Nitrochemie company, this is the
European process which has the highest treating capacity. The
quality control is very elaborated.

The ZFB papersave process is also derived from the Batelle
Institute in Frankfurt (Germany). As the Papersave Swiss
process, the solvent is hexamethyldisiloxane (HMDSO (CH,),Si-
0-Si(CH,),) and the active compound is a mixed alcoholate of
magnesium and titanium, dispersed in the solvent at a ratio of
about 10 % w/w. It is operated at Leipzig.

The Bookkeeper process (USA) has been finalized by the
Preservation Technologies Company at Cranberry Township
(Pennsylvania, USA). In this process, paper is impregnated with
a micronized dispersion of magnesium oxide in a perfluoroalka-
ne solvent. This process is mainly used by the US libraries as a
preventive treatment.

None of these processes brings an improvement of the
mechanical properties of the paper substrate, and indeed there
is no clear reason for any strengthening effect. It seems that a
very modest effect was noticed in the case of the FMC mass

preservation system (Magnesium butoxytriglycolate in heptane)
(13). It has been observed that treatment in a gas phase
process with a mixture of ammonia and ethylene oxide, so that
ethanolamine is formed in situ in the paper web, the hydrogen
bonding given by ethanolamine seems to be responsible for
the increased interfiber bonding energy. However, the use of a
mixture of these two dangerous gases, leading to a potentially
carcinogenic compound, is not trivial.

From the mass deacidification point of view, something must be
said about the solvents which can be used. Since aging generates
degradation products which are located inside the paper web, a
first requirement could be that the solvent must not dissolve these
products. The main reason is that a part of these products are
highly colored, and during the drying process they could migrate
to the paper surface thanks to a chromatographic effect and their
presence on the surface could be detrimental to the optical qual-
ity of the treated items. A possible answer to this requirement
could be that a thermodynamic characteristic of the solvent “the
solubility parameter §" be as different as possible from the solu-
bility parameter of these degradation compounds. Since these
compounds must contain highly polar functions such as hydrox-
ylic, carbonylic and carboxylic functions leading to solubility
parameter of rather high value, it means that the solubility param-
eter of the solvent must be as low as possible. It is good to
remember that this is the case of the solvents really in use in the
industrial processes such as perfluorinated solvents and hexam-
ethyldisiloxane. Of note is the fact that a low solubility parameter
indicates a low cohesive energy density, that is to say a low boil-
ing point under normal pressure. Of course this is precisely a sec-
ond requirement that the solvent must be easily eliminated, i.e.
must be of low boiling point. On the list of the possible solvents
of low d value it has been discovered that tetramethylsilane could
be interesting. This solvent is well known among the organic
chemists, being of wide use as an internal reference in nuclear
magnetic spectroscopy. However, in the case of the bookkeeper
process there is no need to dissolve the treating product because
it is a micronized magnesium oxide which obviously is not soluble
in organic solvents. In the case of the process using
aminoalkyalkoxysilanes which will be describe in more details
below, these compounds are soluble in hexamethyldisiloxane or
in tetramethylsilane, but their dimers obtained after hydrolysis
and condensation seem to be not soluble and they are deposited
on the paper surface as soon as they are produced during treat-
ment. One disadvantage of hexamethyldisiloxane and tetram-
ethylsilane is the flammability, while the disadvantage of the flu-
orinated solvent is the high cost and the environmental concern.

In the context of the process which will be dealt within the sec-
tion lll below, using aminoalkyalkoxysilanes (AAAS) as active
deacidification agent, a comparison of the characteristics of
the use of hexamethyldisiloxane and tetramethylsilane is given
below. Two pieces of the same book were used and treated
in a similar way respectively by two solutions of the same
silane (AMDES) in the two solvents at the same concentration
(10.3% w/w).



Table I.
Comparison of the characteristics of the use of HMDS and TMS
in a deacidification process.

Nature of the solution | Drying time to 3 Torr Silane uptake, %

10.3% (w/w)
AMDES in HMDS*

240min 5

10.3% (w/w)
AMDES in TMS*

45min 8.5

*AMDES = aminopropylmethyldiethoxysilane,
HMDS = hexamethyldisiloxane, TMS = tetramethylsilane.

From the table |, it is clear that drying a paper, when it is
impregnated by a treating solution based on TMS, is much
faster than when HMDS is used. TMS also seems to allow a
higher silane uptake. These considerations are important in
that TMS could be a solvent of choice for deacidification at an
industrial scale, despite its high volatility and flammability.

It seems that this new solvent is more favorable to the consti-
tution of strengthening network (Figure 1, see section I
below).

Table Il
Comparison of the use of HMDS and TMS in a deacidification
operation carried out on a book naturally aged, and treated by
AMDES*.

Dry zero | Wet zero
Tensile . . span span
Paper Strength RStrtam ao/ Fgldmg Resistance, | Resistance,
daN upture o endurance Arbitrary | Arbitrary
units units
Witness
paper,
Average of 2.8 1.07 39 20 13.9
20 meas-
urements
Treated
paper,
Average of 3.9 1.29 65 22.8 14.5
30 meas-
urements

*AMDES = aminopropylmethyldiethoxysilane, HMDS = hexam-
ethyldisiloxane, TMS = tetramethylsilane.

It can be seen that tensile resistance, strain at rupture and fold-
ing endurance are improved by the treatment of this aged
paper coming from a book printed in 1923 and naturally aged.
It is worth noting that these improvements are observed in the
case of AMDES. This molecule contains only two ethoxysilane
functions and consequently cannot give a polymer network by
simple hydrolysis and condensation. This point is not yet fully
understood and is still under discussion.

Ill. Some characteristics of a deacidification
process using aminoalkyalkoxysilanes (AAAS)

Using this deacidification process based on AAAS is very sim-
ple. It was shown that the contact with 3-aminopropy-
[trimethoxysilane or similar silanes could efficiently deacidify
and at the same time deposit an alkaline reserve (6,7). This new
process trying to bring not only deacidification and the corre-
sponding alkaline reserve but also paper strengthening and
protection versus aging has been designed as described below.

Paper treatment by aminoalkylalkoxysilanes brought outstand-
ing results in that not only did it produce, sometimes, even bet-
ter mechanical properties after treatment than before, but also
the folding endurance was clearly improved after artificial aging
(Accelerated ageing, closed vessel 90°C (RH estim. 45-55%),14
days (ASTM D6819-02e2), hanging sheet configuration in cli-
mate chamber, 80°C/65% RH, 28 days (ISO 5630-3:1996), pol-
lution chamber 50 ppm NO,, 25°C/50% RH, 5 days (ASTM
D6833-02E01)) comparing with the same characteristic before
the accelerated deacidification treatment (8,9). It is assumed
that this effect will be observed even at room temperature,
upon long term storage. This effect constitutes a very important
perspective in that this is the first time that a deacidification
treatment will not only bring immediate improvement of the
mechanical properties of the treated material (besides deacidifi-
cation and alkaline reserve) but will also lead to a possible even
better improvement on long term storage.

The reason for this effect is not yet well established. It cannot
be assumed to be only related to the resistance to degradation
of the aminoalkyalkoxysilanes itself, since the improvement
was also observed with various compounds, some of them not
being designed for a high resistance to degradation.

On the other hand, when the material containing
aminoalkyalkoxysilane is heated, the reaction of the primary
amino group with the cellulosic substrate of the aminoalky-
lalkoxysilanes can give a network firmly bound to the fiber sur-
face thanks to the reaction of the amino group with the cellu-
lose chain ends or the carbonyl groups produced by oxidation.
In this chemical context, the simple esterification of silanol
groups by the alcohol functions borne by the cellulose surface
was questioned.

Esterification: = Si-OH + HO-R — = Si-OR + H,0
Similarly, a direct reaction between alkoxysilane functions and
the same alcohol functions borne by the cellulose surface could
also be invoqued (10).

Exchange: = Si-OR + HO-R" — = Si-OR’ + R-OH

"[T]his is the first time that a deacidification treat-
ment will not only bring immediate improvement
of the mechanical properties of the treated materi-
al (besides deacidification and alkaline reserve) but
will also lead to a possible even better improve-
ment on long term storage.”

International Preservation News ¢ No. 48 August 2009!
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<—— Polymer network

+— Fiher

Figure 1. Strenghtening of cellulosic fiber network by an interpenetrating
polymer network.

These two above reactions can lead to the formation of a poly-
mer bound to fiber surface, and there is no need to invoke the
reaction of the amino groups with carbonyl functions produc-
ing firm bonds with the paper surface. Indeed, the strengthen-
ing effect is observed even with modern papers of pure cellu-
lose (cotton linters) not enough aged to contain significant
amount of carbonyl groups. However, it is possible that this
reaction can be observed in the case of aged or oxidized
papers. This discussion shows that the situation is very compli-
cated and that there can be several elementary mechanisms
contributing to the strengthening effect of the presence of
aminoalkylalkoxysilanes (AAAS) in the paper web. This new
process using AAAS has been investigated, aiming at the deter-
mination of fongistatic properties of the treated papers. It was
shown that these compounds introduced in papers clearly con-
fer a protective action against fungal contamination (14),
(Figure 2). This effect increases with increasing concentration of
the silane inside the paper. It seems to be highly efficient when
the silane is preferably functionalised with a primary amine
group while other amine functions can also be used. The pro-
tection seems independent of the nature of the pulp, but this
aspect is to be confirmed by more extensive studies.

Figure 2. Dishes containing strains (aspergilus niger and paecylomices varioti)
showing that the paper disk containing the highest amount of aminopropyl-
methyldiethoxysilane (AMDES uptake 5.6% w/w) exhibits the best protection
versus contamination. The blank sample is rectangular on right (ref.14).

This process is simple to be used on industrial scale and can
also be used for manual deacidification by spraying. The treat-
ment process has been extensively described elsewhere (5-7)
but the main characteristics are recalled hereby. The items are
impregnated for 10 min. by immersion in a 10% (wt/wt) solu-
tion of aminoalkylalkoxysilane in the selected solvent, at room
temperature. No preliminary drying is required. These solvents
have been shown to be well adapted to the deacidification
treatment. After waiting for a while to get rid of the excess
solution, drying is effected in the same reactor under vacuum
at room temperature or at a temperature not higher than
90°C, when necessary.

IV. Conclusion

The new mass deacidification process based on
aminoalkyalkoxysilanes offers interesting characteristics:

- Efficient deacidification: surface pH in the range 8-10.

- Alkaline reserve deposition, equivalent to 1 to 2 CaCo; %.

- No page sticking problems on the books, and safe for most
of the bindings, inks and glues.

- Outstanding paper strengthening effects (tensile strength,
folding endurance...).

- Outstanding resistance to ageing.

- Fongistatic properties.

- Totally innocuous for library and archives staff, and for readers.
- Simple and low cost process (no preliminary drying).

- Environmentally safe process, using a “green” chemistry.

It is clear that the paper strengthening mechanism is not yet
elucidated at the molecular scale and certainly deserves more
investigation. In the same vein, optimization of the process is
not yet achieved. For instance mixture of aminoalkyalkoxysi-
lanes can bring synergistic effects and a superimposition of dif-
ferent actions. It must be considered that aminoalkyalkoxysi-
lanes are constituting a very large family whose effects in
paper-based materials are not still known. Concerning the
safety of the process for printing inks for instance, the main
limitations of all mass deacidification processes operating in
organic solvents are due to the solvents which are in contact
with the items to be deacidified. Fluorinated solvents or hexa-
methyldisiloxane are very safe in general. The process using
AAAS is the first of the deacidification processes to be able to
solve several problems in one treatment, being multifunction-
al. However, the universal process does not exist and librarians
and archivists must be aware of the specificity of the system
they will use.
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Cet article porte sur I'étude d'un traitement de masse des papiers acides. Le procédé en cours de développement, basé sur |utilisa-
tion des aminoalkylalkoxysilanes (AAAS), est innovant dans la mesure ou les AAAS permettent, outre la désacidification et le dépot
de la réserve alcaline nécessaire, un renforcement physique des fibres cellulosiques, qui se traduit par une amélioration significative
des propriétés mécaniques du papier. Les causes exactes de ce renforcement sont toujours en cours d'étude. Il reposerait sur la for-
mation d'un réseau de polymeére interpénétré au réseau fibreux induite par une réaction chimique de polycondensation.
Ce nouveau procédé présente donc d'intéressantes propriétés résumées ci-dessous.
Il permet :

- la désacidification ;

- le dépot de la réserve alcaline ;

- le renforcement du papier ;

- une meilleure résistance au vieillissement ;

- une protection antifongique ;

- d'éviter toute page collée.
De plus, il est :

- inoffensif pour la plupart des reliures, encres et colles ;

- totalement inoffensif pour le personnel et les lecteurs ;

- simple d'utilisation et bon marché (pas de séchage préliminaire exigé) ;

- inoffensif pour I'environnement (chimie « verte »).
Il est clair que le renforcement du papier n'est pas encore élucidé a I'échelle moléculaire, de méme que le processus en lui-méme
n'est pas encore optimisé, en particulier pour les papiers tres dégradés. Les aminoalkyalkoxysilanes constituent une grande famille
dont on ne connait pas encore tous les effets sur le papier. Ce procédé reste malgré tout le premier des traitements de désacidifi-
cation capable de résoudre plusieurs problémes en une seule opération. Cependant, il faut savoir qu'il n’existe pas de procédé uni-
versel : les bibliothécaires et archivistes doivent toujours étre au fait de la spécificité du systeme auquel ils ont recours.
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Recycled Paper Research at the Library of Congress

by Fenella G. France, Ph.D, and Matthew Kullman

Preservation Research and Testing Division, Library of Congress

Abstract

Current awareness of environmental issues has led to many
countries implementing governmental mandates for recycling
of materials. One area of focus in the USA is recycled paper
with the issuance of Executive Order 12873, “Federal
Acquisition, Recycling, and Waste Prevention”. This established
specific requirements for Government purchasers of paper with
Section 504 of this order defining minimum content standards
for postconsumer recovered materials in printing and writing
papers, 30 percent required from December 31, 1998. For
libraries and archives where long-term storage and use of writ-
ten materials and records are criti-
cal, the quality of the paper being
manufactured with a recycled
component is of concern for the
longevity of these materials. The
assessment of the archival quality,
or permanence, of recycled paper
is a current research focus at the Library of Congress
Preservation Research and Testing Division where the impact of
a range of factors on recycled paper are being investigated:
percent content, quality, number of recycles and the effect of
manufacturing processes on mechanical and chemical stability.

Introduction

A joint resolution encouraging the use of “acid free permanent
papers” was signed into law by President G.H.W. Bush in
October 1990. Public Law 101-423, A Joint Resolution to
Establish a National Policy on Permanent Papers (Section 3),
states the following:

The Librarian of Congress, the Archivist of the United States,
and the Public Printer shall jointly monitor the Federal
Government’s progress in implementing the national policy
[...] regarding acid free permanent papers and shall report to
the Congress regarding such progress on December 31, 1991,
December 31, 1993 and December 31, 1995.

Standardizing terminology was important since the terms acid
free, alkaline, permanent paper and archival-quality paper
were used somewhat interchangeably in 101-423. It was
decided to use the more technically precise term alkaline rather
than acid-free, and the term permanent paper rather than
archival quality paper because it focuses on the required out-
come — a long-lasting product. An acid free permanent paper
was defined as:

¢ a fully bleached sheet with a pH of 7.5 or above,

e an alkaline reserve of 2 percent or more,

e a minimum folding endurance in either direction of 30 dou-
ble folds (tested with a MIT folding endurance tester),

e a minimum tearing strength in either direction of 25 grams
for a 30 Ib paper and proportionately higher tearing
strengths for heavier papers.

This definition of acid-free permanent paper aligns with the
first specification for permanent paper, ANSI Z39.48-1984. This
specification was developed by National Information Standards
Organization (NISO) and gained strong support in the archival
and library communities. NISO works closely with the

International  Organization  for

“For libraries and archives where long-term Standards (ISO) and the require-
storage and use of written materials
and records are critical, the quality
of the paper being manufactured
with a recycled component is of concern...” for Permanence,” are commensu-

ments of the standard, ISO 9706,
“Information and Documentation -
Paper for Documents - Requirements

rate with ANSI standard Z39.48-
1992. I1SO 9706 differs slightly from ANSI Z39.48-1992 in fiber
content (lignin, ground woodpulp, and unbleached pulp) and
tear resistance measurement. In 1995, ISO developed a stan-
dard for archival papers, ISO/DIS 11108, “Information and
Documentation - Archival Paper - Requirements for
Permanence and Durability.” This was revised in 1999 with ISO
11798:1999, “Information and documentation - Permanence
and durability of writing, printing and copying on paper -
Requirements and test methods.”

Development of Specification Standards
for Permanent Papers

In July 1994 the Government Paper Specification Standards

(No. 10) increased the number of permanent papers available

for Government use by introducing four new permanent

papers. Two of these incorporated a recycled component:

e JCP G40, Option A, 25 percent bond, white and colored
(50% recovered material)

e JCP G60, Option A, 25 percent opacified bond, white and
buff (50% recovered material)

A number of alkaline papers were added as option A to many

existing specifications however the guidelines for the specifica-

tion standards noted that option A should be specified if the

printed product must have above average permanence.

Twenty one of the fifty United States have developed legisla-
tion and specifications for permanent paper. These include:



Arizona, Colorado, Connecticut, Florida, lllinois, Indiana,
Kansas, Kentucky, Massachusetts, Missouri, Montana,
Nebraska, New Mexico, North Carolina, Rhode Island, South
Dakota, Tennessee, Virginia, Washington, West Virginia, and
Wisconsin. However, there is still a large group of States that
have not yet developed a policy on the issues of longevity of
records through permanent paper specifications.

A number of countries have developed standards for perma-
nent papers and other organizations involved in research
include European Recovered Paper Association members such
as Belgium, France, Germany, Hungary, Italy, Netherlands,
Spain, Switzerland, and two organizations in the United
Kingdom. More debate is required to achieve a consensus in
regards to lignin content and other aspects of the specifications.
In the 1990s the Canadian Government established a policy on
the use of permanent paper CAN/CGSB-9.70, the result of a
decade of research by the Pulp and Paper Research Institute of
Canada and the Canadian conservation Institute (CCl). The pol-
icy addressed the increasing use of recycled paper and the
resulting long-term challenges of preserving documents printed
on acid paper. The research indicated that the composition of
paper, in particular the presence of lignin or surface coatings
could cause discoloration with age, even in otherwise stable
paper. The Canadians made a distinction between mechanical
and optical stability with the Canadian standard providing for a
broad range of materials that could be used in the manufacture
of permanent papers. There was significant resistance to the
implementation of the standard due to the requirement that the
papers should contain low levels of lignin.

In 1992 the American Society for Testing and Materials (ASTM)
instigated a long-term research program to assess the aging of
printing and writing papers. The research focus was to develop
accelerated aging test methods that could be used to more
accurately predict the stability of such papers to the effects of
long term natural aging (Arnold 2003). Five laboratories were
involved in this research and each investigated different test
methods to assess how closely the accelerated aging test meth-
ods could replicate that of natural aging. These methods
included elevated temperature, elevated light flux, and elevat-
ed concentration of common atmospheric pollutant gases. To
assess the tests, both mechanical and optical properties were
measured to determine the stability of fifteen specially pro-
duced papers. These test papers included acid and alkaline fur-
nish and ranged from stone groundwood to cotton fiber. Part
of this research was to address the continual use of new addi-
tives in the paper manufacturing industry, and assess the long-
term stability and impact of the inclusion of both the additives
and the quantity used. By establishing effective test methods
modifications could be made to standards that define the per-
formance characteristics of the paper. By understanding
changes over time, these standards could be utilized to ensure
that not only newly manufactured papers met the specifica-
tions, but that they also retained the required properties over
an extended period of time.

The research laboratories involved in the study were separated

into the three modes of accelerated aging and included:

The study of accelerated aging by elevated temperature:

e The US Library of Congress Preservation and Research Testing
Laboratory, Washington, DC

e The Canadian Conservation Institute (CCl), Ottawa, Canada

The study of accelerated aging by increased light flux:

e KCL (The Finnish Pulp & Paper Research Institute), Espoo,
Finland

e The USDA Forest Products Laboratory (FPL), Madison, WI

The study of increased concentration of the most common

atmospheric pollutant gases as a means to accelerate paper

aging:

* The Image Permanence Institute (IPI) at Rochester Institute of
Technology

Although ASTM completed the initial phase of the research,
test samples are still being aged, collected and tested, with the
Library of Congress taking the lead on coordinating a 100-year
paper natural aging research program.

Impact of Federal Regulations

During the 5-year period covered by Public Law 101-423
(1990-1995), a number of relevant events occurred. There was
a trend in the paper industry to convert mills from acid to alka-
line papermaking, partially attributable to changes in the
Environmental Protection Agency (EPA) regulations that govern
the amount and kinds of effluent that paper mills can dis-
charge. Once implemented, a reduction in costs of raw mate-
rials for alkaline papermaking made the change profitable. Of
greater impact was the issuance of Executive Order 12873,
"Federal Acquisition, Recycling, and Waste Prevention.” This
order addressed recycling in general and placed a number of
specific requirements on Government purchasers of paper.
Section 504 set a minimum content standard for postconsumer
recovered materials in printing and writing papers, with a 20
percent requirement as of December 31, 1994, and 30 percent
as of December 31, 1998. “Permanent” paper was defined as
a paper that is capable of lasting at least 300 years under nor-
mal storage conditions without significant deterioration, where
“deterioration” was interpreted to include yellowing and/or
the inclination of the paper to become brittle, and hence frag-
ile, leading to a reduction in the ability for ease of handling.

Documentation from the Federal Environmental Executive in a
letter to the Director of the New York Public Library (July 19,
1994) stated that all agency environmental executives would
be notified that “the requirements for use of recycled paper
are not to conflict in any way with the concurrent requirement
for permanent paper use” (Billington et al. 1995). This opened
the way for the incorporation of any amount of postconsumer
recycled content into government paper usage, provided that
the requirements for permanent paper were addressed and
specifications met. This immediately instigated concern regard-
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ing the effect of recycling on paper performance and longevi-
ty, and the issue was the focus topic of the September 28,
1994, meeting of the National Archives and Records
Administration (NARA) Advisory Committee on Preservation.
Representatives from a range of Federal agencies were partici-
pants in the committee discussions, with representation from
standards and testing professional organizations, librarians,
paper manufacturers and associations, and other interested
organizations. While it was agreed that paper containing a
recycled component could be produced to fulfill permanent
paper specifications, it was recognized that this would be both
an expensive and complex process. Of further concern was the
acknowledgement that recycled paper could contain any vari-
ous quantities of previously recycled paper, and this was imme-
diately expected to result in a potentially reduced quality prod-
uct, with the prediction that eventually this lower grade paper
fiber would fail strength requirements for permanent paper.

Concerns with Recycled Paper: The Impact
of the Manufacturing Processes

The issue of the longevity of recy-
cled paper essentially came down
to “how long will my records last
when | print them on recycled
paper?” There are three manu-
facturing practices that con-
tribute to the reduced strength of recycled paper containing
various quantities of recycled component. Repulping paper
fibers reduces the length of fibers resulting in a decrease in the
strength of the recycled paper. Processes that include further
drying and rewetting cycles of the pulp — for example with the
shipment of recycled pulp from recyclers to recycled paper
manufacturers leads to a reduction in the bonding strength of
fibers in the recycled paper composite, while the removal of
groundwood and lignin further intensifies the reduction of
fiber and fiber bonding strength. Research on recycled paper
has focused on how changes and modifications of recycled
manufacturing procedures can assist the manufacture and pro-
duction of more durable paper made from pulp that contains a
high proportion of recycled fiber content. Changes in bright-
ness and yellowing on aging are a further characteristic of recy-
cled paper composites, as compared to virgin non-recycled

pulp papers.

Paper recovery in Europe has a long history and has grown into
a mature organization. European papermakers and converters
work together to meet the requirements of the European
Commission and national governments. In 2004, the paper
recycling rate in Europe was 54.6% and rose to 64.5% in
2007. The voluntary target for the industry is 66% by 2010.
The volume of paper consumed in the U.S. continues to
increase and in 2008 the percent recovered for recycling rose
t0 57.4%.

"Research on recycled paper has focused
on how changes and modifications

of recycled manufacturing procedures

can assist the manufacture and production
of more durable paper..."”

Historical and Recent Recycled Paper Research

Investigations into the effects of recycling began in the late
1960s (Howard 1990). This area of research focused on estab-
lishing the cause and effect relationships from some of the neg-
ative impacts of recycling papers, illustrating that the major
cause of the change in properties of the recycled paper was the
reduced bonding ability of the fibers in the paper composite.
While loss of intrinsic fiber strength had been observed by some
it appeared that this was a lesser effect with a range of results
indicating loss, no change or even an increase in fiber strength.
The loss of flexibility in recycled papers was linked to the reduced
swelling capacity of the fiber in the paper assembly, where
McKee (1971) measured this trend using the Water Retention
Value (WRV) and noted that first two cycles showed the most
rapid decrease in fiber swelling. However other researchers sug-
gest that the loss of bonding ability could be the result of two
effects — changes occurring to the surface of the fibers and
changes mainly occurring in the bulk of the fiber. These effects
may relate to the accessibility of the fiber surface to enzyme
attack and the rate of degradation of the bulk of the fiber.

Factors that control the recycle
potential of pulp depend on the
manufacturing history. There seems
to be general agreement that a
greater initial degree of beating of
virgin pulp led to a greater loss of
pulp quality in the corresponding
recycled paper manufactured, and that this was probably due
to a loss of internal swelling in the fibers. The effect of drying
has an impact, where both high temperature and restrained
drying can reduce the swelling potential of recycled papers.
Multiple recycling tends to lead to an increase in cellulose crys-
tallinity and decreased flexibility, while reducing swelling and
interfiber bonding. Yamagishi et al. (1981) observed a small
increase in cellulose crystallinity with recycling of commercial
hardwood and softwood pulps.

The effect of chemical additives has a large impact on recycling
since virtually all commercial papermaking utilize and incorpo-
rate a variety of additives to improve properties. One of these
additives, the presence of rosin/alum sizing in the original
paper, causes a large increase in the loss of quality of recycled
paper, possibly due to inhibited bonding. Deinking of paper
generally requires a range of processes, and research into the
impact of these and other additives on recycled paper needs
further investigation. Sodium hydroxide has been used in recy-
cling since 1800 for ink removal or to aid the breakdown of
heavily sized papers. More recently sodium hydroxide has been
investigated as an additive to recycled pulp since the inclusion
of less than 1% led to improvements in strain to break.
Blending with virgin pulp has been shown to improve recycled
paper properties, particularly if the added pulp was beaten.
However further research is needed in this area.



Nazhad (1994) demonstrated that the degradative effects of
recycling result in the loss of potential bonding of recycled
fibers, a loss that translates into hornification — a series of irre-
versible changes that cellulose fibers undergo when exposed to
cycles of wetting and drying, and loss of fiber wet flexibility.
The research also showed that the overall result of drying and
rewetting is a reduced swelling ability of the fibers, with most
of the change taking place in the first cycle. Repeated cycling
then further reduces the plasticity and therefore flexibility of
the fibers.

Wu et al. (1999) assessed the permanence of paper in regards
to folding endurance and color (brightness) and found that the
content of recycled fiber had a significant influence on paper
permanence since a recycled content of 25% reduced fold
endurance by 50%. The initial fold endurance of 25% recycled
paper was only 30% of the value of virgin fiber (12 versus 42
folds respectively). After 28 days accelerated aging (TAPPI test
method T453: heating at 105°C for increasing periods of time),
both virgin and recycled papers showed a reduction in fold
endurance of one-third from their original. The fold endurance
decreased with increasing recycled fiber content but with a sim-
ilar percent loss to that of virgin fiber. Brightness measurements
indicated a minimal reduction after 28 days accelerated (heat)
aging. For increasing recycled fiber content from 0% to 100%
the crystallinity of the papers after 28 days in heating remained
relatively constant while that of virgin fiber increased about
1.5%. The mechanisms of paper strength loss that occurred in
recycled paper made from chemical pulps were investigated
(Zhang 2003). Both tensile strength and compression strength
of paper decreased with recycling. Drying reduced water reten-
tion values, flexibility and accessible fiber surface resulting in
lower strength and lower density. This effect was significantly
increased for recycled papers made from virgin fibers that had
been dried in temperatures higher than 150°C. An assessment
of the efficacy of adding certain chemicals to virgin fibers before
drying showed that some strength loss of the corresponding
recycled papers could be prevented.

Recycling was established in Southern Africa in 1826 (Sutjipto
2007). Research in this country indicated increases in strength
properties after the first and or second cycles followed by a
sharp decrease in mechanical performance. It was suggested
that the reduction was due to the increase in deformation of
fibers in the paper assembly with these degraded fibers having
reduced surface accessibility for bonding. They found that the
rate of tensile strength loss from chemical (beaten) pulp was
twice as high as that of unbeaten pulp with the recycled
process indicating a similar trend between bending stiffness
and tear strength.

Brancato (2008) employed atomic force microscopy to assess
the effects of hornification — the irreversible changes in cellu-
lose fibers exposed to cycles of wetting and drying. These
changes of cellulose fiber surfaces indicated two separate
effects: a decrease in the water absorption and retention
capacity of recycled pulp, and a change in surface roughness of

the recycled paper resulting in a smoother surface. It was pro-
posed that the free microfibrils of the fiber surface formed
intrafiber hydrogen bonds, essentially laminating and present-
ing a more homogeneous surface on the recycled paper.

Recycled Paper Research at the Library of Congress

Following the mandate for inclusion of 30% recycled compo-
nent in government paper, in the 1990s the Library of
Congress Preservation Research and Testing Division began
investigating the impact and long-term effects of the resultant
product, and the implications for long-term storage, access and
longevity of records produced on permanent paper incorporat-
ing various levels of postconsumer recycled content. The
research followed prior investigations by McComb and
Williams (1981) into the value of alkaline papers for research.
Their data suggested that recycled fiber from alkaline paper
was more akin to the properties of virgin fiber, and would pro-
duce recycled paper with better long-term properties. Initial
research into the chemical analysis of degradation products of
paper resulted in the development of a new proposed acceler-
ated aging test (Shahani et al. 2000).

The current direction of research into recycled paper is focused
on assessing the impact of recycled content on permanence of
papers and how this influences and changes the mechanical
properties and chemical stability of the papers. This will address
the issue of whether papers containing post-consumer recycled
fibers are le