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Paper splitting:

its history, principles, mechanization, applications and limitations

Manfred Anders
ZFB Zentrum fiir Bucherhaltung GmbH (Center for Book Conservation)

1. Introduction
Paper is a long-lasting and very resistant material. It is
subject, however, to various external influences which cause it

to degrade. These influences can be of mechanical nature e.g.

inappropriate use or other violent external influences. Among
the biological causes of paper degradation there are of course microorganisms (e.g. bacteria or
mold) as well as insects and rodents to be listed.

Environmental pollution with SO, ozone, and NO: discharges accelerate the degradation
of paper in all developed countries. Then, there are ink and color corrosion to be mentioned.
This problem is further aggravated by the fact that these damages as a rule affect valuable
manuscripts and similar artifacts. You are all probably only too familiar with disasters as
floods, hurricanes and fire which are not to be neglected as a threat to cultural heritage on
paper.

The main chemical cause is acid degradation affecting almost all publications printed after
1850 well into the 1980s, since the industrial production of paper included aluminum sulphate
which reacts to sulphuric acid in the course of time.

The aging reactions involve the hydrolytic cracking of cellulose with parallel oxidization
reactions taking place in an acidic ambience. Due to the acid hydrolysis combined with
oxidation processes further acids are formed. This autocatalytic process that accelerates itself
requires fast action, for otherwise the paper is damaged so severely by these irreversible
processes that it cannot be used anymore without further losses. The contained information
can only be saved by cost-intensive measures, the object itself can only be preserved by even
more costly conservation processes.

In this context, the preservation method of mass deacidification plays an important role
with the Papersave® process being particularly worth mentioning as the one with the most
experiences and the highest acceptance worldwide. Let me illustrate the significance of mass
deacidification by the following example: It is known that about 70 to 80% of the European
library collections are affected by acid degradation. For Germany alone this represents
approximately 64 million of the 80 million books that are held in public libraries. This does

not even include the archival sector, which accounts more than 600 km of shelf space. These
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quantities can only be saved with high-capacity methods that are not too costly.

Currently, the annual capacity of Papersave® in Germany is approximately 150 tons. This
corresponds to ca. 300,000 average-sized books.

After thorough evaluation of the possible deacidification methods, Switzerland decided on
the Papersave® process now disposing of an annual capacity of 120 tons. ;

Compared to deacidification, the price of microfilming is a multiple, the price for
digitization is even higher. Reformatting without preserving the original means risking the
loss of it with all information that cannot be captured in an image.

Mass deacidification is thus the most effective and cost-saving method with the highest
capacities for preserving documents threatened by acid. The positive effect of mass
deacidification is greatest the sooner the dynamic, irreversible degradation process is stopped.

Hesitating will be punished dearly with irreversible loss.

2. Stabilization of Brittle Paper

If the paper damage is already advanced, i.e. the paper has become brittle or losses have
occurred, there are various techniques for stabilization. Among these are resizing, leaf-
casting, lining or, paper splitting. It has to be noted, however, that really fragile paper cannot
be stabilized by resizing or leaf-casting alone.

Important goals of conservation and preservation measures are — beside stabilization —
the extraction of impurities as well as noxious compounds such as acids or degradation
products. The contained acids are to be neutralized in an aqueous or non-aqueous process, and
an alkaline reserve is to be introduced. If possible, carbonyl groups contained in degraded
paper should be chemically reduced, which can be achieved by a reduction treatment with
sodium borohydrite which conditions are single-sheet treatment and thus is a more costly
treatment than mass deacidification.

Missing sections in the paper are to be replaced by new fibers, e.g. with leaf-casting.

Not last, the stabilization of weakened paper guarantees its usability after the conservation.
According to the degree of damage and the particularities of the object to be treated this
stabilization can be achieved by resizing, lining or splitting. Which brings us to our actual
topic today — paper splitting. There is no doubt about the fact that only paper splitting is able
to preserve brittle paper in its most original form for the long-term. All other goals of an
optimal preservation treatment can also be achieved by the paper splitting process: Extraction
of degradation products such as acids, chemical reduction with NaBH. during aqueous

pretreatment, stabilization, format creation and deacidification
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3. The history of paper splitting

The origins of paper splitting are difficult to trace. The French collector of graphic art
Pierre-Jean Mariette appears to have successfully split paper as early as the 1760s. But public
attention was only drawn towards it in the 19* century in England. There are reports of the
bookbinder William Baldwin to have split paper and even banknotes. This caused the Bank of
England to offer him a generous sum to prevent him from publishing his work thus enabling
its use for criminal purposes.

Initially appreciated by collectors of graphic art because it enabled the separation of recto
and verso of double-sided prints, it took several decades until paper spiitting was applied to
actually restabilizing damaged paper. The first conservator to do this was supposedly the
Italian Mario Morgana who describes it in his book “Restauro dei libri antichi” published in
1932, In the 1960s several Czech conservators as well as the chief conservator of the
Thuringian University and State Library, Glinter Miiller, started to experiment with paper
splitting. In 1964, a conservation department was established at the German Library in
Leipzig with Dr. Wolfgang Wichter, a former student of Giinter Miiller, as head conservator
[Briickle, Irene & Dambrogio, Jana: Paper Splitting: History and modern technology, JAIC 39
(200): 295-325].

Both Germans then pursued the goal of raising the capacities of the process,
acknowledging the fact that the problem of brittle paper has a huge scale. The conservators at
the German Library Leipzig in the meantime developed a paper-splitting machine. The
machine could never be used to its capacity at the Library, however, which led to the
privatization of the entire department in 1998 as the Zentrum fiir Bucherhaltung—Center for

Book Conservation where the machine was developed further, and the process was optimized.

4. The Steps of the Paper Splitting Process

The individual steps of the paper splitting process are the following: first, two support
papers are covered with warm gelatin glue. Between these two support sheets the original is
subsequently embedded. A short pressing period makes sure that the adhesive solidifies and
can bind properly with the original. Then comes the actual splitting. The support papers are
separated by just tearing them apart. The embedded original is thus split in its cross-section.
Now that the oﬁginal is opened up, missing sections can be replaced and a new stabilizing
core paper can be inserted and fixed by means of the core adhesive. This core adhesive
consists of cellulose ethers and calcium carbonate which serves as an alkaline buffer from

inside the object. Thus, a deacidification from the core of the object is included in the paper
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splitting process.

The split halves have then to be reunited in a congruent manner and are subsequently
pressed to ensure the firm bonding of the adhesive. This step is followed by the removal of
the support papers in a warm water bath where the gelatin glue is broken down to amino acids
by enzymes (Protease) which are subsequently rinsed out with hot water that also serves to
inactivate the enzymes. Subsequently, the support papers are removed and last, the sheets are
dried and pressed. If leaf-casting was part of the process, the sheets can now be cut to the
desired size and rebound.

As described carlier, gelatin glue is used for applying the support papers to the original.
This has many advantages—it is a protective colloid and an amphoteric compound. By using
gelatin which stabilizes the inks, colors, and pigments, we can adjust the humidity. In
addition, heavy-metal ions and impurities are bound. Since gelatin has its melting point at
approximately 30C, there is a sol-gel transition in the gelatin glue which is soluble in water
and can be broken down by proteases. Lastly, the material has been used for centuries in
conservation and has no adverse effects on the paper.

This process does not meet the required capacities, however, if done by hand. Four persons
can treat an average of 200 sheets per day, provided their work is well organized. Assuming
that about 10% of all holdings in libraries are damaged to such an extent that they cannot be
used anymore, the German Library in Leipzig alone, would have to have about 120,000
volumes split. Assuming an average of 100 sheets per book (or 200 pages), we would need
60,000 working days for these estimated 12 million sheets. That means 300 years! By the time
we had reached the last of the 120,000 volumes it Would have crumbled to dust. And this is
just the German Library. An industrialization of conservation and preservation is the only
chance in this race against time.

With this problem in mind, the first paper splitting machine was developed in the 1990s,
raising the capacity to up to 5,000 sheets per day. It is constructed in a modular way with a
lining unit, a splitting unit, a lining detachment unit, and a drying and cutting unit, which can
all be used individually. Brittle paper in most cases needs to have missing sections replaced if
losses have occurred. Therefore, it makes sense to start the stabilization process by leaf-
casting the sheets. This approach has the advantage that the leaf-cast areas are split together
with the original and are thus connected to it by the core paper. An additional margin can be
added around the original which offers protection during later use. Furthermore, many brittle
sheets are broken in the joints thus rendering rebinding impossible. A protective margin can
remedy this problem. In some cases, the legibility is improved since the entire printed surface

can be read, paper and binding are protected.
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The process on the papersplitting machine is basically the same as in the manual
technique. The support papers run on a continuous roll of paper, however, functioning as a
carrier.

At ZFB, the strengthening of paper begins with an aqueous pre-treatment aiming at the
extraction of acids and degradation products. This step also offers the possibility for a
chemical reduction treatment by sodium borohydrite. The sheets thus prepared are then placed
on the leaf-casting machine where a continuous length of paper is created by adding new
fibers that connect the individual damaged sheets. This length of paper is then faced on both
sides with the carrier or support paper and subsequently fed into the actual splitting unit. The
stabilizing core paper also runs on a roll and is glued between the two halves of the original
by means of the core adhesive. The two paper bands are then reunited, and the carrier paper is
removed in the detachment unit, followed by the drying of the paper and the cutting of the
length of paper into individual sheets again.

While about 90% of all material can be treated on the machine, the manual process is still
used at ZFB for about 5 to 10% of the material to be split. The reason for this is the limited
format we can treat on the machine (max. 50 cm width) and sometimes the damage on the
object (e.g. heavily fragmented sheets or severe ink corrosion).

Paper Splitting has many advantages over other stabilization methods. It does not only
stabilize the sheet mechanically. Due to the combination of leaf-casting and splitting, missing
segments are replaced. The connection between the original and the new fibers is very strong
and stable due to the fact that both are reinforced by the core paper. Fragments of heavily
damaged sheets can thus be assembled to form an intact sheet again. Potential missing
sections can be replaced by new fibers. No materials untypical for paper conservation are
used. Splitting has a high degree of reversibility, i.e. the two halves can be opened up again,
the core paper can be removed. Paper splitting can be easily combined with other
conservation measures, it preserves the paper’s characteristics and properties. Furthermore,
paper splitting offers the possibility to integrate a gentle deacidification from inside the sheet
with calcium carbonate.

Brittle papers do not regain new strength by any chemical process. Their usability can only
be re-established by introducing or applying a new stabilizing matrix. Mass deacidification
alone, done at the right moment can prolong the life of an object 4 to 5-fold. Compared with
an untreated sheet, the life expectancy was prolonged more than 10-fold by paper splitting.
Since ZFB feels committed to developing the preservation processes further, it operates an R
& D department that is largely financed by the company itself. In the medium term, paper

splitting could be combined for instance with digitization.
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Last year it became very clear in Germany, that disaster management is one of the

preservation measures most rarely used. But when it is used, large capacities are needed fast.

5. Conclusion

The modern papers produced in the last 150 years are subject to a dynamic degradation
process mostly caused by acid sizing. These materials can best be preserved.in the original
form the sooner the degradation process is halted. Hesitating will result in higher costs and
more losses. This is particularly true for acid papers that still have a sufficient stability. These
documents should be deacidified as soon as possible, for there is no approach more efficient
with costs as low as for mass deacidification. Mass Deacidification is the most efficient and
least costly method for the preservation of cultural heritage on paper.

Brittle paper can be saved by the mechanical paper splitting process. Preventive
preservation comprising also reformatting (microfilming, digitization) are important measures
that contribute to preserving our written heritage but cannot guarantee the survival of our
cultural heritage. .

No cultural artifact contains as much information as written documents. It is our
responsibility to preserve this knowledge for future generations. We are liable for any loss

occurred due to our hesitating and doing nothing.

» [f we do nothing, we will be left with nothing.*
(J. Rhys-Lewis in: The Enemy Withinl)
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(printed 1955)
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