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Henk J. Porck
Koninklijke Bibliotheek (National Library of the Netherlands)

1. Introduction
The deterioration of paper, especially in library and
archival collections from the second half of 19th and first

decades of the 20th century, presents an enormous and

worldwide problem. Several mass conservation measures have
been developed to preserve our written and printed cultural heritage. Preservation
microfilming and mass deacidification have become integrated parts of local, regional or
national preservation programs. In addition, several large-scale methods have been developed
in order to strengthen the already weakened paper. The major of these mass strengthening
methods and techniques will be described and evaluated in the present paper. The possibilities
and limitations of mass strengthening will be discussed, taking into account both theoretical
and practical considerations, interpreting the results of research conducted into the
effectiveness of the different treatments, and distinguishing between strengthening of loose

sheets and bound volumes.

2. Mass deacidi-strengthening

By means of the available mass deacidification systems acidic paper can be treated on a
large scale. Although this treatment inhibits the deterioration process, it does not strengthen
the paper that has already become weak or brittle. For that reason, there are continuous efforts
to combine mass deacidification with paper strengthening methods. A few examples of this

‘deacidi-strengthening’ approach are worth mentioning.

2.1 Vienna process

This process, also called the Wichter system, Otto Wichter being the inventor, has been
elaborated in the early 1980s at the Austrian National Library in Vienna. It is intended for the
combined strengthening and deacidification of bound newspapers. In cooperation with the
firm Henkel Central Eastern Europe in Vienna, several improvements in the procedure have
been worked out since the end of the 1980s. The treatment procedure consists of five steps: (i)

the newspaper volumes are disposed of their bookbindings and divided in 4 cm thick
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bookblocks, (ii) the bookblocks are soaked in an aqueous solution of methyl cellulose and
polyvinyl acetate as strengthening agents, and calcium hydroxide or magnesium carbonate as
deacidification agent, (iii) by means of vacuum the impregnation of the solution in the
bookblocks is completed, (iv) the solution is drained and the wet bookblocks are quickly
frozen at minus 40C and subsequently freeze dried (the freeze-drying prevents the individual
sheets from sticking together during the drying process), (v) after reconditioning to normal
pressure, temperature and humidity, the newspaper blocks are rebound.

The treatment results in an increase of paper strength of up to 4 times the original value. In
addition, there appears to be an evident washing effect due to the aqueous treatment; printing
inks show no bleeding damage.

The Vienna process is one the first mass deacidification system developed in the world,
and it is still in use. The advantage of the Vienna process is the combination of deacidification
and strengthening of sheets in bound form. The major disadvantage of the method lies, at
present, in the restricted output, which depends on the size of the plant, and on the fact that
the freeze-drying step is very time consuming. In 1996 the Austrian National Library
considered to apply supplementary freeze dryers, in order to increase the output which at that

moment amounted to ca. 40 newspaper volumes per 10 days.

2.2 Biickeburg process

The Biickeburg process has been developed at the State Archives in Biickeburg in
Germany for large-scale deacidification and combined strengthening of archival materials
consisting of single sheets of paper. The process involves a sequence of three steps: (i)
fixation of the inks and dyes, (ii) aqueous deacidification by means of a solution of
magnesium bicarbonate, and (iii) strengthening by methyl cellulose sizing. Since the end of
1995 the process has been operational at the Biickeburg Archive and it has been optimised in
cooperation with a commercial firm: Neschen.

Work is still in progress, to improve the system. Much attention has been paid to the
transport of the sheets through the various treatment solutions, finally resulting in a moving
belt system of sieves, as in a papermaking machine. Another interesting and recent
breakthrough is the discovery that the three steps of the process—fixation, deacidification and
sizing—could be combined into a single bath treatment procedure. Thanks to these different
optimisation efforts, the capacity of the Biickeburg process could be much increased. The
present machine can treat more than 300 sheets per hour.

So far most of the treated sheets are post-1850 materials. Several types of paper have been

excluded from treatment, such as oversized sheets, photographs, zinc oxide copies, and brittle
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paper. Of course another crucial limitation of the Biickeburg process is that it cannot be
applied for books and other bound materials.

Other commercial firms, like the ZFB, Zentrum fiir Bucherhaltung, in Leipzig, Germany,
have also worked out mechanised, large scale aqueous treatment procedures by which
deacidification can be combined with paper strengthening. Also in these cases the treatment is

confined to loose sheets, and is not primarily intended for complete books.

2.3 Papersave® process

The Battelle Institute in Germany started in 1987 with the development of a nonaqueous,
liquid-phase mass deacidification system, finally resulting in the Papersave® process. The
Battelle pilot plant, constructed in Frankfurt, was moved to the German National Library in
Leipzig and put into operation in 1994. A modified installation, initially with a capacity of
120,000 books per year, has been constructed in Eschborn, and was set up as part of a service
centre for German libraries and archives. The Papersave® process is currently commercially
exploited by the Zentrum fiir Bucherhaltung (ZFB) in Leipzig. In addition, a similar process
has been put in large-scale operation in Switzerland at the end of the 1990s.

The Papersave® process is intended for the treatment of whole books. The deacidification
procedure consists of four steps: (i) predrying, (ii) impregnation with the deacidification
solution, (iii) afterdrying, and (iv) reconditioning. Initially, the drying steps were performed
by means of microwaves. However, test results showed that the microwave procedure posed
many technical and practical problems. For instance, local heat damage of paper caused by
metal staples and wire stitches, presented a serious problem as these stitches are not
uncommon, and especially frequent in German books from the 19th and early 20th century.
Consequently, it was decided to replace the microwave equipment by a conventional drying
technique, using reduced pressure and heat. The deacidification solution consists of the
solvent hexadimethyl disiloxane, a colourless organic silicon compound, and the
deacidification agent magnesium titanium ethoxide, a combination of magnesium ethoxide
and titanium ethoxide. According to the producer, this deacidification agent was capable of
both deacidifying and strengthening of paper. ‘

In order to study the effects of the Papersave® process, our laboratory in the National
Library of the Netherlands, performed a series of thorough studies in cooperation with the
TNO Centre for Paper & Board Research in Delft, using paper strength measurements and
accelerated ageing tests. The results of the investigations, reported in the mid 1990s, were in
contradiction with the claims put forward by the producer on the basis of their own test

results. In the context of the present subject, our findings have shown that the alleged general
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strengthening, as a direct result of the treatment, appears to be disproved. Although the
producer has stressed that additional improvements have been introduced in the treatment
procedure in the mean time, the claim of a strengthening effect has not yet been confirmed by

results of independent research.

2.4 FMC process

The FMC mass deacidification process has been developed by the Lithium Corporation of
America in North Carolina, a part of the FMC concern. On the basis of research since 1988,
FMC has developed a method by which books are treated with carbonated magnesium
dibutoxytriethylene glycolate (MG-3, in short), solubilised in freon-113. In the beginning of
the 1990s several changes were made in the treatment solution; MG-3 was replaced by
magnesium butyl glycolate, and the freon by heptane. As a liquid-phase process the treatment
procedure steps are in principle the same as presented for the Papersave® process, described
earlier.

On the basis of preliminary experiments, FMC reported a strong paper strengthening effect
of the treatment: brittle paper with a fold number of less than 4, was reported to yield
increased values up to more than 20 as a result of the treatment. This strengthening effect was
explained by the assumption that the glycolate compounds were adsorbed by the paper and
linked to the cellulose chains, resulting in the reinforcement of the paper.

The FMC process was tested and compared with other mass deacidification systems by the
Canadian Conservation Institute. In this comparative study, which started in 1991, the claim
of a general strengthening effect of the treatment could not be confirmed. Indications for a
strengthening effect were not found either in studies by the Institute for Paper Science and
Technology in Atlanta. These and other investigations also indicated that the FMC process
appeared to suffer from several disadvantages: damage to all books to some degree,
significant colour change of the paper, such as yellow and translucent staining, and an
unpleasant odour of the treated materials

Since 1990 a pilot plant, using the FMC process, operated in North Carolina with an actual
capacity of 300,000 books per year. So far, there have been no additional reports about further

developments in the commercialisation of this plant.

2.5 Ongoing efforts
The wish to combine mass deacidification with mass strengthening remains a big
challenge and presents a major research topic in the field of conservation science. Although

previous attempts have not always been successful, the ongoing efforts may eventually lead to
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new and useful methods.

3. Lamination

In conservation, the term lamination is given to the strengthening of fragile sheets of paper
by adhering paper tissue or synthetic foil to its surface on one or both sides, usually with a
heat-set adhesive. Although the lamination method is traditionally developed as a
conservation technique for individual objects, the method has also been applied on a large-
scale in Europe, especially in the 1960s. The results on the long term have often proved to be
unsatisfactory, or sometimes even disastrous. It may be expected that further research and
development efforts will produce better, more permanent types of foil suitable for lamination.
For example, extensive studies at the Institute for Cellulose and Paper and at the National
Archives of Slovenia, have yielded very promising results for the Filmoplast R product of
Neschen.

One of the major disadvantages of lamination is the fact that the process is generally irreversible, so that
access to the original is often no longer feasible. Although it is sometimes possible to separate the
previously applied foil from the original, using organic solvents, this is certainly not the case for the
majority of laminates. Experience has also demonstrated that many laminates have unpredictable ageing
properties. Because of all these drawbacks, lamination is currently not officially recommended for

documents of permanent value, and should actually only be applied as a last resort.

4. Parylene consolidation

In the early 1980s, the American Nova Tran Corporation conducted experiments to treat
paper by means of parylene gas-phase consolidation, a coating-forming process originally
developed by the Union Carbide Company for electronic equipment. The process involves
vaporising di-para-xylylene and splitting the dimeric parylene gas at high temperatures to
mono-paraxylylene; subsequently, the monomer vapour collides with the surface of the paper
sample at room temperature and penetrates the cellulose fibres; polymerisation of the
monomeric units to poly-paraxylylenes then occurs with the deposition of a thin uniform film
which forms mechanical links with broken paper fibres.

The parylene consolidation process was tested further in an American-Russian joint
research project for its ability to strengthen the paper of complete books. The experiments
showed that the parylene process could uniformly deposit a thin coating of a highly stable

polymer throughout a book to protect the brittle pages. The Library of Congress in
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Washington USA reported in 1990 the results of a preliminary study on the parylene process
that suggested that it had potential for the library and archive world. Further studies were
planned to continue the testing of the parylene process in order to answer several remaining
questions.

Although the irreversibility of the process, as well as the high costs, are disadvantages that
may render the parylene consolidation process impractical for mass use, its potential is well
acknowledged. In 1997 the National Library of Russia reported that t_he method of mass book
strengthening by means of parylene would be further developed within the framework of a
national library preservation strategy. Previous studies at the National Library indicated that
parylene coating increased the biostability of the paper.

Studies at the Bavarian State Library in Miinchen, Germany, have shown contradictory
effects of the parylene process. Accelerated ageing tests with parylene treated books
containing groundwood paper clearly demonstrated an increased loss of paper strength,
compared to the untreated control. On the other hand, the parylene treatment of modern
coated papers appeared to have a significant beneficial effect.

The parylene consolidation process has been most extensively investigated by researchers
from the Canadian Conservation Institute. Since the end of the 1980s, they have studied the
usefulness of the parylene process on a large range of artefacts, including burnt books, red-
rotted leather bindings, degraded textiles, and fragile specimens of plants, insects and birds. In
general the results were successful and encouraging for future applications. Accelerated,
thermal and light ageing tests into the permanence of the parylene coating also showed
initially hopeful results. However, continued research conducted to improve the insight into
the long-term effects of parylene coatings indicated that the present parylene coatings are not
suitable for long-term conservation treatment. Efforts are currently undertaken to improve the

permanence of parylene by means of antioxidants.

5. Graft copolymerisation

In the late 1980s, the British Library began experiments with a graft copolymerisation
process to strengthen fragile or brittle paper artefacts. Like the parylene process, graft
copolymerisation is a process involving the introduction of monomeric compounds into the
paper, followed by polymerisation of these monomers to produce long-chain polymers that
provide a strengthening effect. The process developed by the British Library uses mono-ethyl
acrylate and mono-methyl methacrylate, and initiating copolymerisation by irradiating the

papers with low intensity gamma rays. Long-chained polymers are deposited on and between
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the cellulose fibres thereby strengthening the papers. Initial experiments showed that the
strength of brittle paper could be increased by a factor of seven, while also improving its
flexibility.

The possibility of polymerising mixtures of ethyl acrylate and methyl methacrylate by
means of gamma radiation for the purpose of paper conservation was already reported long
ago. Since then the British Library has instigated research in order to adapt the graft
copolymerisation process, which had been tested on separate sheets of paper, to the treatment
of complete books. In 1988 a British patent was obtained for the process elaborated at that
stage.

The treatment procedure consisted of a series of consecutive steps: the books to be treated
are placed in a special container; the container is flushed with nitrogen gas in order to remove
the oxygen, which can inhibit the polymerisation reaction; solubilised acrylate monomers are
introduced and the books are treated with the monomer solution for several hours to achieve a
uniform impregnation; the container with the books is then exposed to a gamma radiation-
emitting, radioactive cobalt source, causing the monomers to polymerise and to link to the
cellulose molecules; the excess of monomers is removed by evaporation, using air flushing of
the container, and finally the books are removed from the container and reconditioned in a
well-ventilated storage room. Addition of small amounts of alkaline monomers, for example
amine-substituted methacrylate, could bring about deacidification of the paper, in this way
combining paper strengthening and neutralisation in one step. Further efforts to optimise the
procedure included studies to transform the process into a gas-phase system, using gaseous
instead of solubilised monomers.

Several investigations have indicated that the paper strength, measured as folding
endurance, increased considerably as a result of the treatment. The standard treatment
procedure did not cause bleeding of inks, nor damage to various bookbinding materials. The
polymers showed a fairly homogeneous distribution over the individual pages of the treated
books. Apart from the safety risks associated with the use of radioactive sources, which
necessitates employment of specially trained staff, no serious health risks have been reported.

Despite the fact that the graft copolymerisation process of the British Library was very
promising, and the designers of the system already planned a commercial installation
exploiting the graft-copolymerisation process on a mass scale, the operational phase has never
been reached. After several attempts to seck for new funding to continue the further
development, the British Library finally decided to stop the efforts. At the moment, Barry
Knight, the new conservation scientist of the British Library, is preparing a detailed report of

all the work that has been done.
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Such an overview of both the positive and negative results of previous research is
indispensable for those who want to progress further. In this respect it must be noted that the
application of polymerisation products in mass strengthening techniques for paper is
remaining one of the focal points of current conservation research. For example, a new sol-gel
based reinforcing system was presented at the symposium ‘Mass Deacidification in Practice’
organised in Biickeburg in 2000. This system, under study of the Institute for New Materials
in Saarbriicken, Germany, is being developed to carry out strengthening of paper of single
sheets and complete books. The treatment procedure is based on a dipping-process, using a
sol-gel system modified with methacryloxy groupings to carry out the polymerisation step. In
order to combine strengthening with deacidification, the addition of magnesium oxide is
presently investigated. Another dipping-process is investigated at the National Research
Centre in Cairo, Egypt; in this case, emulsified copolymers of polyvinyl acetate and polyvinyl
versatate are used.

Recent progress was made by a research group from the University of Genoa in Italy.
Their goal is to improve the method as developed at the British Library, by applying low-
energy UV radiation instead of gamma radiation to induce the polymerisation step, while
using the oxidised functional groups present in deteriorated paper as active sites for the
initiation of the polymerisation process. The first results have shown that this modification
may provide a significant improvement in the efficiency of the graft copolymerisation

reaction.

6. Paper splitting

As the subject of paper splitting will de dealt with in more detail elsewhere, only some
short remarks are made here.

The paper splitting process has been developed over the past 25 years at the German
National Library in Leipzig. Though basically a system for the treatment of loose sheets of
paper, it can also be used for books by separating the sheets of paper first and rebind them
after treatment. In principle, sheets of paper are strengthened by means of splitting the
original paper in two, insertion of a thin new paper, and then pasting both halves of the split
paper together again, the new paper forming a strengthening central layer. The paper can be
deacidified as part of the same procedure.

By the use of a continuous leafcasting machine, joining the paper sheets to be treated, and
moving belt principles, the paper splitting process has been almost entirely mechanised,

enabling large-scale application, treating thousands of sheets per day. The process is now
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exploited commercially at the Zentrum fiir Bucherhaltung (ZFB) in Leipzig. The construction
of a paper splitting machine is a fantastic technical accomplishment that deserves respect and
admiration. In the 1998 June issue of the Preservation & Access International Newsletter, the
machine was referred to as a ‘miracle machine’.

Although there are still many questions and different opinions on the applicability of paper
splitting in the conservation practice, and the high costs of treatment does not seem to favour
mass use, paper splitting has undeniably found a place within today’s library and archives
preservation. It is an exceptional process that allows embrittled paper artefacts to be stabilised

and thus accessible for use.

7. Concluding remarks

The overview presented in this paper rather stresses the limitations than the possibilities of
mass strengthening of paper. Especially in the case of books or otherwise bound materials,
there are not yet satisfactory options, unless the books are dismantled and rebound after
treatment of the separate sheets. But also in the case of loose sheets of paper, there are several
restrictions. Besides the high costs of some of the treatment processes, the questions about the
ageing behaviour and possible long-term side effects have not yet been fully answered. In
addition, the real benefit of strengthening paper that is already very seriously embrittled, will
often remain doubtful.

Besides confidence in the method of choice, the decision to apply one of the available
strengthening methods for a certain collection, will depend on the nature and extent of the
damage present, conservation ethical considerations, conservation priorities and the budget
available for conservation in general. Mass strengthening is not the only solution to our
conservation problem, but may offer a substantial contribution. Therefore, mass strengthening
should be integrated within a broader mass conservation policy. That this line of reasoning
may also lead to the exclusion of the use of paper strengthening, can be illustrated by the
national program for conservation of library materials in the Netherlands. This program,
called ‘Metamorfoze’, concentrates on reformatting methods, especially preservation
microfilming, and — to a much lesser extent — on mass deacidification, whereas
strengthening methods are not at all involved.

Although it might seem strange to close a paper about mass strengthening methods
referring to a conservation program avoiding these methods, there is a Dutch saying, of which

there is no doubt a Japanese version:
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the choice
to leave something
undone

may sometimes be

the right way

to handle

—‘.——_

1. The result of paper degradation
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2. The cartoons illustrating the Vienna process
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Konservierungsmaschine C 900

3. The Neschen machine, using the Biickeburg process

4. The treatment chamber of the Papersave® process
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5. The removal of lamination foil from an artefact
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6. The application of the parylene process to conserve birds
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7. The principle of paper splitting of an ink-corroded document
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