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Introduction 
Marie-Christine Doffey and Elena Balzardi 

 

 

By the end of 2005 the Swiss National Library held 3.7 million documents, the main 
part being Helvetica publications, meaning publications written by a Swiss author, 
published by a Swiss publisher or containing information about Switzerland. Our 
institution is somehow special, because we are one of the few national libraries that  
lends certain categories of holdings to customers for consultation at home. 

Being an institution founded at the end of the 19th century, the Swiss National Li-
brary has a large amount of acidic paper in its collection. During a major reorganiza-
tion in the 1990s, the Swiss National Library’s Preservation Department was estab-
lished. Prior to this there was only a bookbindery, and our efforts in the field of 
conservation of collections were limited. Since 1992, we have been constantly ex-
panding our activities with regard to preservation. Today, we have already achieved 
some of our goals, while others still need a lot of attention. We have observed that 
awareness with regard to preservation issues has gained importance not only in the 
library, but also in the appreciation of the Swiss Federal Government and the Swiss 
Parliament. We feel that this is a good and secure basis for future developments. 

In 2000, following an initiative of the Swiss Federal Archives and the Swiss Na-
tional Library, the Swiss Confederation built the paper deacidification plant in 
Wimmis. The building cost was CHF 13.5 million, and the plant is now privately 
run by Nitrochemie Wimmis AG. After testing the installation in 2000, serious pro-
duction started in 2001, and up to the end of 2005, 435.5 tons of Swiss National 
Library and Swiss Federal Archive goods, about 13 shelf kilometres, were deacidi-
fied. 

The "Save Paper! conference" was organized by the Swiss National Library and its 
specialist for paper deacidification, Dr. Agnes Blüher, together with the Head of the 
Preservation and Conservation Department, Gabriela Grossenbacher. Over seventy 
attendees from fourteen countries gathered together to present and discuss the possi-
bilities and challenges of mass deacidification. We would like to thank all of them 
for their invaluable contributions.  
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We would also like to express our thanks to the Swiss Federal Archives and its di-
rector, Andreas Kellerhals. The Swiss Federal Archives is our partner in the paper 
deacidification program and it also supported this conference. 

Our thanks also go to Nitrochemie Wimmis AG, and in particular to director Beat 
Steuri and his staff, who run the papersave swiss deacidification program. We espe-
cially appreciated the good partnership and the constant will to improve the process. 

The present conference proceedings contain the conference contributions, arranged 
into chapters, each with a short introduction. We hope that it will serve the profes-
sional community as a state-of-the-art document in the field of mass deacidification 
and its future perspectives. 

We further hope that this publication will contribute to the efforts towards preserv-
ing the world’s written heritage. 
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1 
  
 
MASS DEACIDIFICATION - 
CUSTOMER’S OPINIONS 
 
Introduction 
 

 

Mass deacidification as a measure for safeguarding originals has been a discussion 
topic for over thirty years and remains of current interest. Much research has been 
carried out, and numerous processes have been developed and subsequently aban-
doned. 

Today, at least five true paper deacidification processes, in ten different variations, 
and offered by seven different companies in Europe, the United States of America 
and Canada, are in use. All the processes are based on the use of alkaline magne-
sium compounds. They can be sub-divided into aqueous and non-aqueous liquid-
phase processes (Bückeburger Verfahren, papersave™, CSC-Booksaver™), and 
“dry” processes (Libertec™/SOBU, Bookkeeper™). In this context, mass deacidifi-
cation treatment includes machine processes for handling larger quantities of bound 
or unbound library and archive materials. To be considered as a mass process, the 
maximum price for treating a 500g-book was set at EUR 25, and that for a double 
page of archival material at EUR 0.5. 

The following Table shows an overview of the mass deacidification processes cur-
rently in use, together with their main characteristics (see also table 1, p.98). The 
Bookkeeper process is the only one used in the USA and Canada, whereas in 
Europe, various ones find use. In general, the main users are the bigger libraries and 
archives, especially national institutions or universities. 

In this chapter, representatives of libraries and archives with experience in the most 
widely known mass deacidification treatments, such as the papersave swiss-
treatment, the CSC Booksaver™-process, the Bookkeeper-process™ and the Ne-
schen company’s Bückeburger treatment for modern archival goods, give their opin-
ions. 
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Bückeburger Konservie-
rungsverfahren für moder-
nes Archivgut 

Hans Neschen AG, Archiv-
center, Bückeburg (D) 

Bückeburg, Berlin, Kornwest-
heim, Köln/Brauweiler (D); 
Poland, Russia 

1998/2001/2004 

magnesium bicarbonate 

water 

Fixation of soluble dyes 
through polyionic agents; 
methylcellulose strengthening 

CSC Booksaver® 

Conservacion de  
Sustratos Cellulosicos 
(CSC), Barcelona (ES) 
 
Preservation Academy, 
Leipzig (D) 

Bilbao (ES) 
Leipzig (D), St. Peters- 
burg (Russia) 

2001/2003 

Carbonated magnesium-
propylate 

propanol + heptafluoro-
pentane  (HFC 227) 

 

Papersave® / papersave 
swiss 

ZFB Zentrum für Bucher-
haltung, Leipzig (D) 
 
Nitrochemie Wimmis AG, 
Wimmis (CH) 

Leipzig, Frankfurt (D), 
Wimmis (CH) 

1994/1996/2000 

Magnesium titanium alk-
oxide 

hexamethyldisiloxane 
(HMDO) 

 

Bookkeeper® 

Preservation Technology 
L.P., Cranberry, (U.S.A.) 

Cranberry (U.S.A.), 
Heerhugowaard (NL), 
Gatineau (CA), Poland 

1994 

Magnesium oxide 

perfluoroalkane 

surfactant 

Libertec® / SOBU 

Libertec Bibliotheken-
dienst GmbH,  
Nürnberg (D) 

SOBU Sonder-maschi-
nenbau und Buchentsäue-
rung, Nürnberg (D) 

Nürnberg (D) 

1996/2001 

Calcium carbonate and 
magnesium oxide 

none 

 

Chapter 1-Introduction: Current mass deacidification processes and their features 

  Process 

  Operating 
  company 

  Locations 

 Start of operations 
 (first/following 
 generations) 

  Deacidification  
  agent 

  Solvent 

  Additives 
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Bückeburger Konser-
vierungsverfahren für 
modernes Archivgut 

Continuous immersion 
of single sheets 

Several hours 

Single sheets 

Continuous process 

Bleeding of colours 

CSC Booksaver® 

Immersion of closed 
books/boxes after slight 
predrying 

Several days 

Books; brochures; ar-
chival documents in 
boxes, folders or as 
single sheets 

20-50 books 

Bleeding of colours 

Papersave® / paper-
save swiss 

Immersion of closed 
books/boxes in vacuum 
after thorough predrying 

Several weeks 

Books; brochures; ar-
chival documents in 
boxes, folders or as 
single sheets 

500-2,000 books 

Bleeding of colours 

Bookkeeper® 

Fanning out the book 
pages and infiltration of 
dispersed deacidification 
agent, without predrying 

Several hours 

Books ; brochures ; docu-
ments in boxes after sepa-
ration 

8-12 books or content of 2 
archival boxes 

Powdery deposits 

Libertec® / SOBU 

Fanning out the book 
pages and dusting with 
powder-form deacidifi-
cation agent without 
predrying 

Several hours 

Books 

Single books 

Powdery deposits 

Chapter 1-Introduction: Table continued 

Process 

Procedure 

Treatment time 

Range of  
application 

Batch size 

Main side effects 
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Paper deacidification as a measure for 
preserving originals 
Gabriela Grossenbacher 

 

Preserving originals 

The policy of preserving originals is an important one for any institution possessing 
cultural goods. The digital version of a book can reproduce the original content but 
it can never convey all the knowledge behind it. Books, the written word are a re-
minder of the first efforts of humankind as we know it to safeguard knowledge by 
means other than passing it down orally. But behind a book stands the person who 
has manufactured the parchment, paper or cardboard, too. A book tells us about 
printing and bookbinding, about many different professions and ways of life, about 
the birth of librarianship, the organization of human knowledge. Even fashion trends 
can be found in books. For hundreds or even thousands of years until now, books 
have been the most reliable way of conserving knowledge. Not only is the more or 
less ingenious content important, but also all other knowledge that books bring us. 
The book is as important for intellectual work as the wheel for physical work. 

Only with fully understanding the tremendous importance of books, can achieve-
ments in the digital area be fully understood. Only with this knowledge can we fully 
appreciate what one machine nowadays can do alone. In the digital area we are again 
confronted by the task of preserving originals – the digital-born publications - but 
this is a different story. To talk about its holdings we have to look into the history of 
the Swiss National Library. To explain which holdings of the Swiss National Li-
brary were chosen to be deacidified, I travel back in time. 

In 1291, three representatives of the states or cantons of Uri, Schwyz and Unterwal-
den (these were the so called “drei Eidgenossen”, the three oath-taking comrades) 
solemnly swore to stick together in good times and in bad (Figure 1). The original 
Switzerland was born. Over hundreds of years, more and more small states joined 
this loose “Staatenbund” alliance (confederation of states). It was only in 1848 that 
these states decided to become more formally linked and form the so-called 
“Bundesstaat” (federal state), which is now the present-day Switzerland. So, no king 
and hence no main focal point, and no centralization whatsoever in this country for a 
long time. Some decades later, in 1895, this newly organized political state founded 
its national library. This long introduction highlights two important facts that show 
how the holdings of the SNL to be deacidified were chosen.  

Early manuscripts and prints cannot be found in the SNL. These remained in the 
monasteries, where the Reformation did not touch the cantons, or became part of the 
libraries of cantons or archives in those cantons where the Reformation was success-
ful. Due to its date of foundation, the main holdings of the SNL were acquired when 
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paper mills produced mainly acidic paper. Ergo: The majority of our holdings show 
acidic decay in different stages (Figure 2). 

 
Figure 1: Sey ewig heilig Schweitzerbund 

Therefore the major preservation problem for the SNL concerns acidic paper, which 
is very clearly illustrated by Figure 3. The surface pH measured on original docu-
ments before deacidification is shown against the year of publication. Nearly all the 
papers have pH values below 5, and are therefore regarded as endangered.  

I could mention how lucky Switzerland is not to have taken part in active warfare 
for a long time, e.g. in the two World Wars, when a lot of damage to the cultural 
heritage of those countries involved occurred, including to books. Nevertheless, the 
consequences can also be seen in Switzerland. The pH and physical condition of 
documents published between 1920 and 1960 is in parts very bad. Apart from these 
observations, the graph shows the general tendency of progressive acidity with ad-
vancing age. For the SNL, these findings were important indicators to start thinking 
about ways of deacidification. 

 

The preservation strategy at the SNL 

Storage 

Before an institution embarks on costly deacidification, it is imperative to have as 
good as possible, if not perfect, stacks for returning the holdings to after treatment. 
Returning large quantities of material to poor storage conditions after having spent 
vast sums of money on deacidifying would just be like throwing money out of the 
window. 
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Figure 2: Patricia Highsmith: The Indifferent Needle    
                                                                                                                                                                                                

Figure 3: Correlation between surface pH-value and year of publication for SNL-stock 
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In 1997, the first underground stacks in the east of the main library building were 
completed. In climate-controlled surroundings, the air is filtered and the artificial 
lighting almost UV-free. People have commented that the underground air is purer 
than on top of the Matterhorn! The microfilmed newspaper volumes stored there 
await the dawn of new methods of deacidifying and strengthening. Currently, the 
building of new stacks on the west side of the main building is under way. 

 

Binding 

Another preservation measure highly regarded at the SNL is the binding of poorly 
protected volumes. They are not bound in-house, but are outsourced to trade binder-
ies, which rely on these commissions in order to exist in a tough economic market. 
This has the positive side effect that trade binderies are able to form new bookbind-
ers through apprenticeships. This helps ensure that the art of bookbinding is not 
forgotten. The manufacture of library covers means changing the original state, even 
if when doing so no original parts are taken out. The necessity of a stable binding 
results from the fact that the SLB is both an archive and a lending library. In cases 
where the SLB keeps two copies of a document, one remains as an archive copy in 
its original state. 

 

Micofilming 

The program of microfilming newspapers started in 1996 and is advancing steadily. 
It is usually done in collaboration with the cantonal libraries and archives, with even 
the publishers sometimes joining in. This cuts down the cost for all partners, since 
the SNL as well as local institutions are obliged to have local newspapers available 
for readers. When we started microfilming newspapers, we introduced guidelines for 
the quality of the microfilm, in order to ensure that it could be used for digitalizing 
at sometime in the future. Consequently, a thorough in-house control of microfilms 
made by external companies is necessary. Apart from newspapers, we mostly use 
this measure for the unique holdings of the Swiss Literary Archives.  

 

Sensitizing to preservation and conservation issues 

The conservation department is also working constantly on the preservation measure 
of sensitizing SNL staff and users alike for preservation and conservation issues. 
The aim is to ensure that documents do not get damaged in house from the time they 
arrive until the time they are catalogued and stored. For users and other interested 
parties a short training course is provided on manipulating library documents whilst 
reading, photocopying, etc. 

 

 



11  Conference SAVE PAPER 2006 www.snl.admin.ch 

Conservation 

Regarding actual conservation treatment, the SNL adheres to a strategy of minimum 
intervention. The goal is to save as much original material as possible and to ensure 
usability of the items, but not to fully conserve them. In the “conservation guide-
lines” of the SNL, which have been established in 1999, these measures are further 
explained [1]. 

 

Paper deacidification 

With great pleasure and energy, my predecessor joined up with the Swiss National 
Archives in the preparation of the plans for a paper deacidification center in Switzer-
land [2]. After careful evaluation of the several paper deacidification processes 
known at the time (1992), the Battelle process was chosen and adapted. The joint 
venture of building the papersave swiss plant was born. Built by the state of Switzer-
land and run by the private company Nitrochemie Wimmis AG (NCW), the paper-
save swiss plant (Figure 4) began operating in 2000 [3]. 

 
Figure 4: paper save swiss plant in Wimmis 

When you have stacks of acidic paper, where do you start to deacidify? - What strat-
egy should be followed? 

Paper deacidification is a preventive, not a curative measure. It is at its most effec-
tive when the paper to be deacidified is still strong and flexible enough. The SNL 
therefore decided to deacidify first the acidic holdings printed between 1930 and 
roughly 1985, as a priority for preventive deacidification. The holdings printed be-
fore 1900 and up to 1930 became the second priority, and the holdings from 1985 
until today the third priority, where individual selection is necessary.  
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In the survey conducted prior to deacidification, some of the holdings were classi-
fied as "too late for deacidification", since the paper had already become brittle due 
to acidic degradation. Here, we get a glimpse of the limitations of this preservation 
measure, since material that is already brittle will not suddenly become strong and 
flexible again after deacidification. This makes it very clear that other preservation 
measures need to accompany paper deacidification. 

The SNL has decided not to deacidify newspaper volumes because of the poor 
quality of newsprint (Figure 5). As research shows [4], brittle newspapers do not 
profit from paper deacidification in the long term. With the deacidification of news-
papers one could only “buy precious time”[5], until a more suitable process combin-
ing deacidification and strengthening is found. Deacidification of these newspaper 
volumes would take away financial resources and years of treatment time that are 
crucial for the treatment of other material which will would benefit more from 
deacidification. Behind this decision is the expectation that in the nearer future a 
procedure will be developed which allows a strengthening of paper in addition to the 
deacidfication. 

 
Figure 5: Monograph bindings, newspaper volume 

 

Paper deacidification procedure at the SNL 

Under the paper deacidification programme, 2,000 documents per week leave SNL 
storage; this is more or less the equivalent of the volume lent out to users weekly. 
Paper deacidfication is co-ordinated with work in other departments such as stacks, 
cataloguing, bookbinding, information technologies and loans, to ensure synergy. 
The routine work carried out at the SNL comprises preparation of the batches, pack-
ing and replacing, data processing, quality controls and the final data processing. A 
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detailed description of these steps can be found in the literature [6,7]. At the SNL, 
paper deacidification has been taking place since the year 2000, and the progress can 
clearly be seen. Up to now, about 200 tons, or 7,000 running meters of material have 
been deacidified. Monographs and association holdings have already been deacidi-
fied, but periodicals not yet. The SNL has now been deacidifying for six years and 
another seven to eight years are needed for the remaining holdings of general collec-
tions. Not included in this estimation is treatment of the Swiss Literary Archive’s 
holdings, because until now no evaluation of the preparation needed has been made. 
Figure 6 shows: the SNL is in the process of mass treatment. 

 

Figure 6: Progression of paper deacidification 

As a conservator, I cannot only consider this with satisfaction. Mass treatment 
brings about a certain change in, if not loss of, material which is unthinkable for 
conservators. Library goods can actually be damaged. There is the dilemma of either 
losing originals to acidity or accepting a certain amount of damage. There is also the 
fact that the good results of artificial ageing tests cannot completely remove the 
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uncertainty on how deacidification will affect the treated goods in 100, 200 or more 
years from now. 

But for me, in the end it is an act of reason to agree to paper deacidification. In addi-
tion to this, we now have six years of experience in mass treatment, and the chosen 
process is still capable of being improved and is thus convincing. It is, for me, a 
matter of doing what we can for our holdings, to the best of our present-day knowl-
edge. It is my conviction that if deacidification does not take place today, we will 
lose paper-based cultural goods to the darkness of acidic decay. 

With this thought in mind, it is obvious that high quality standards for paper deacidi-
fication are an absolute must. From the beginning, it was clear that, in a mass proc-
ess, allowance had to be made for the fact that a certain percentage of treated goods 
would not reach the defined quality standards, i.e. that a percentage of items would 
suffer changes in the process. In 1998, before actual mass deacidification started, 
quality standards for the papersave swiss process were established. In 2004, the 
standards were revised and became more rigid, since the results of deacidification 
were above expectations and permitted such a change.  

 

Quality control 

Quality standards 

The Quality standards of 7 Oct 1998 / revised 18 May 2004 are the governing 
document for the quality requirements [8]. Its most important elements: 

• Physico-chemical and visual-tactile quality criteria, testing methods and limits 
• Security, infrastructure and logistics requirements 
• Physico-chemical control by NCW 
• Visual-tactile assessment by SNL and the Swiss Federal Archives rsp. 

 

Physico-chemical control  

The physico-chemical controls are carried out before and after treatment in the labo-
ratories of NCW. Test papers from three standardized test books as well as five 
randomly chosen original books or documents are analyzed in every batch. The 
routine control consists of the following non-destructive analyses: 

• Intensity of treatment: uptake of magnesium.  
o Limits for test items: 0.5-2.0%, for original items: 0.3-2.3% mag-

nesium carbonate. 
• Homogeneity of treatment. 

o Requirement: The mean standard deviation of seven points of 
measurement over the surface of a sheet must be ≤0.5% magne-
sium carbonate. 
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• Surface pH.  
o Requirement: pH≥7, the target value is between 7.5 – 9).  

• Colour changes 
o Limits (for original items: target values) are defined in the 

L*a*b*-colour space. 

 

Visual-tactile assessment 

Visual-tactile controls are carried out by trained staff at the SNL. A range of possi-
ble changes is listed in Figure 7. These changes must not affect more than 5% of the 
tested items. Such changes can be the bleeding of ink and print, other discoloration, 
staining on the pastedown, stickiness or deformation of the binding. 

 

total contract
Changes / Faults: number % number % number % % %
Cover changed: surface, stains, residues 6 1.1% 1.10% 0.00%
Staining on the pastedown 3 0.5% 2 0.4% 0.90% 0.00%
Deposits on laminated documents 2 0.4% 0.40% 0.00%
Bleeding of bindings and covers
Colour transfer to adjacent documents
Bleeding of title, printing inks 2 0.4% 0.40% 0.40%
Bleeding of stamping/writing inks, crayons
Bleeding of copying inks, spiritcopies
Newton rings
Blocking of pages
Stickiness of binding materials 2 0.4% 5 0.9% 1 0.2% 1.50% 0.20%
Unacceptable odour
Deformations
Adhesive failure (photographs, mounted papers)
Total 4.30% 0.60%

Quality control SNL: 
Percentage figures
Sample batch, items tested: 550

ResultChanged items
slight medium severe

 

Figure 7: Registration sheet for the determination of the percentuage of changed items. 
Red: not tolerated changes with respect to the contractual 5%-limit. Tested items: 550. 

 

It is obvious that the results obtained from measuring physico-chemical properties 
are far more objective than those obtained from visual - tactile examinations. The 
SNL paper deacidification team worked hard to define objective standards for visual 
and tactile changes. To do this, reference examples were chosen to define different 
stages of e.g. pastedown staining (Figure 8). These were photographed and priori-
tized. 
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Figure 8: Reference for “staining on the pastedown”. Left: strong, right: weak staining. 

Using these quality control tools, the process is very closely monitored to the benefit 
of our holdings. 

Professor Banik and his team introduced the concept of risk key indices [9,10,11]. 
Using this concept, it is possible for an institution to set special quality control stan-
dards for different collections. E.g. in the case of bindings of a bibliophilic collec-
tion, it is imperative that the bindings remain unchanged after the paper deacidifica-
tion process. With risk key indices, a decision can be made that the slightest change 
to these bindings would be intolerable, and that deacidification will not take place if 
treatment is likely to result in a change. 

In the present time, the SNL paper deacidification team is working on a concept for 
the long term control of treated items. This will consist of a test plan to re-control, 
for instance, the pH of a treated object after 10, 20 or 100 years. We are now in the 
sixth year of mass treatment, and starting this long term assessment seems appropri-
ate. As the number of items to be controlled will grow steadily over the years, like 
an avalanche, we are trying to find a good representative method. What properties 
we want to control in this long term study has also yet to be decided. For example, 
we have already found out that minor increases in object thickness after treatment no 
longer exist after a year. 

Of course, all the control figures and test results already made and possible future 
measurements have been, or will be, recorded, and can be consulted, if necessary. 
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The good news is that, up till now, no irreparable damage whatsoever has been 
noted, and that recorded changes only constitute around 2 % of all treated items. A 
truly good result after six years of mass treatment, we think! 

 

The deacidification record in MARC field 583 

For the bibliographic record in MARC, tag 583, the deacidification treatment has 
been recorded. It is both an in-house documentation of the treatment, comparable 
with a conservation report, and an accessible record for other interested parties e.g. 
libraries, and shows which SNL items have already been deacidified. The idea be-
hind it is a pan-Swiss collaboration, so as deacidify one item just once, in order to 
save costs. 

This collaboration idea is still only in the embryo stage and no work whatsoever has 
been done on it apart from this first step, which allows other libraries to see in our 
catalogue which items have been deacidified. The bibliographic record for periodi-
cals is more demanding, but the SNL will soon have a solution for this, too. 

Some collections have not yet been catalogued as deep as item level, and therefore 
the packing list acts as a record of deacidification. 

 
Figure 9: MARC entry in Helveticat (www.helveticat.ch, online catalogue of the SNL, 
example call number N53281) 
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Figure 10: MARC entry detail: deacidification entry, MARC entry on tested item (batch; 
year; pH before & after treatment 

 

Costs 

For the moment, the SNL provides 3.5 full time posts for deacidification logistics, 
quality control and research. On top of the personnel costs are those for deacidifica-
tion itself. Last year, parliament granted funds for a further five years of deacidifica-
tion treatment for both the Swiss National Archives and the Swiss National Library, 
at the same level as in the five previous years. This means that every year we will be 
able to spend CHF 1 million on deacidification, personnel costs excluded. In terms 
of weight, we deacidify about 40 tons of material per year. 

Personnel will cost about another CHF 350,000 per year. Estimating that the average 
book weighs 500 grams, the 80,000 books treated will cost CHF 1.35 million, which 
translates into approximately CHF 17 per book or CHF 34 per kilo. 

For outsourced binding we spend about CHF 700,000 per year and for microfilming 
around CHF 150,000. This results in a final figure of about CHF 2 million if we 
include an amount for preservation material, e.g. protective boxes, etc., which is 
spent each year in preservation, not counting personnel costs. 

 

Conclusion 

The future is bright. Paper mills have changed to alkaline paper production (due to 
costs not to outcries from conservators!), and the only problem now remaining is 
that of newsprint. Paper deacidification is therefore a preservation task with a time 
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limit, and not a never-ending story as for other preservation measures. All in all a 
very positive situation. 

The hope is now that researchers will find a process not only to deacidify but to 
strengthen the paper, too. Holdings for which deacidification comes too late could 
then be treated, and a greater number of important witnesses of the past saved.  

With what we know today, we are endeavoring to do the best for future generations. 
They should be able to look at originals from a period of paper making producing 
paper deteriorating even without interference from outside. 

 Figure 11: Brittle acidic paper 
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Paper Deacidification and Quality 
Control at the Central and Regional 
Library Berlin  
Annette Gerlach 

 

To clean and to deacidify 120.000 books within three years with no increase in staff-
ing levels is a challenge in terms of organization and logistics. Furthermore, binding 
norms and standards as they exist, for instance, in the area of safety filming (com-
pare the guidelines of the German Research Foundation - Deutsche Forschungsge-
meinschaft) have not yet been developed in the field of mass deacidification. And 
the treatment of mould infestation as an additional mass project makes matters cer-
tainly no less complex. Thanks to some considerable support from third parties, the 
Central and Regional Library Berlin has nevertheless had the opportunity to carry 
out a project such as is presented below. Some technical details concerning mass 
deacidification procedures will be outlined, but the focus will be on the preparation 
and execution of the relevant measures together with an emphasis on quality de-
mands and logistics. 

 

Introduction 

The Central and Regional Library Berlin 

The Central and Regional Library Berlin (Zentral- und Landesbibliothek Berlin) was 
established in 1995 through the amalgamation of the Berlin City Library (Berliner 
Stadtbibliothek), founded in 1901, and the America Memorial Library (Amerika-
Gedenkbibliothek), which opened its doors in 1954. In January 2005 the Library of 
the Berlin Senate (Senatsbibliothek Berlin) has become an integral part of the Foun-
dation of the Central and Regional Library Berlin which is funded by the City-state 
(Land) of Berlin[1]. In the mid-nineties, the legal deposit privilege for the Eastern 
and the Western parts of Berlin was updated and transferred from previous institu-
tions to the Central and Regional Library Berlin. The library’s historical collections 
justify the concerns of preservation to be treated as a priority. Those most famous 
include various scholars’ libraries from the 19th and 20th centuries (the Collections of 
the former Berlin Grammar School at the Grey Monastery - Sammlungen des Ber-
linischen Gymnasiums zum Grauen Kloster, of Scholars like Kuczynski, Harden-
berg, Virchow and Fühmann) together with the extensive collections on anything 
published on and about Berlin kept at the Centre for Berlin Studies (Zentrum für 
Berlin-Studien). With 7.000 visitors per day, four million borrowings per year (not 
counting on-site users), and over 90.000 registered users, it has become Berlin’s 
most popular cultural institution and Germany’s biggest public library. The endeav-
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ours of library staff who share the responsibility to preserve today’s collections for 
tomorrow’s users are therefore a highly sensible investment. 

As a result of decades of inadequate storage conditions, mould infestation has been 
recognized as a problem area requiring continuous observation and regular precau-
tionary measures. One particular event enabled the project discussed in this paper to 
be carried out. In the late summer of 2001, during a violent rainstorm such as can 
statistically be expected six times per year on average, the drainage pipes were un-
able to handle the enormous quantities of rain, and water penetrated into the closed 
stacks of two of the library buildings. This problem has previously occurred, espe-
cially at the Berlin City Library, as is demonstrated by the traces of corrosion 
(approx. 3 cm high) around the base of the shelves concerned. At the America Me-
morial Library water was leaking through the roof, a problem which a few emer-
gency repairs over a 20-year-period had not been able to resolve. Careful monitoring 
of the state of the buildings and ongoing efforts at finding solutions to emerging 
problems have been central to the preservation of the holdings. These days, the state 
of the library buildings has somewhat improved. The roof of the America Memorial 
Library has been completely renewed, and the renovation of the drainage system has 
been completed in 2006. Some building problems at the Berlin City Library have 
also been dealt with, others still remain to be solved. 

As a result of regular – fortunately so far controllable - opportunities for putting 
theory into practice, the Central and Regional Library Berlin feels well prepared 
with regard to emergency planning. The climatic conditions following the heavy 
rainfalls in 2001 turned sultry and humid, and the rainwater underneath the shelves 
remained beyond reach, which caused strong concerns about further mould infesta-
tion. Nationally and internationally renowned experts from the Institute for Air 
Quality Control (Institut für Lufthygiene) Berlin were consulted, spot checks pre-
ceded specialist examinations of the collections, and air quality checks were system-
atically carried out in the closed stacks. As a result, the presence of mould infesta-
tion in some of the books was scientifically established, part of the brick work had to 
be reconstructed as a matter of urgency due to heavy infestation, whereas the con-
centration of mould spores in the air did not exceed critical values. After all, the 
problems had not developed over night but in the course of many years. The situa-
tion was serious but not beyond control. However, to cope with the challenges com-
pletely without outside assistance was hardly realistic. 

 

Planning the project 

As a first step, expert conservators began to investigate possible solutions. Prof. 
Wolfgang Wächter (Leipzig), in particular, pointed out the connection between the 
issue of mould infestation and that of over-acidified paper. The main focus in terms 
of quantity is on collections from the 19th and 20th centuries, although the library 
holds publications dating back to earlier centuries. Prof. Wächter explained that 
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mould spores tend to settle on over-acidified paper which facilitates their growth 
provided other relevant climatic parameters are met at the same time. As a solution, 
he recommended to deal with both problem areas as one complex. At that time, a 
largely automated process was under discussion, consisting of mechanical dry clean-
ing and subsequent mass deacidification. The aim was to fully develop the required 
technology. The Centre for Book Conservation (ZFB Zentrum für Bucherhaltung) in 
Leipzig presented a detailed exposition (as yet unpublished) which was to become 
the basis of the application process for obtaining third-party funds. Originally, one 
million volumes were to be treated – an figure based on the overall extent of the 
damage with no regard to priorities in terms of content. To self-finance a project of 
such magnitude would have been close to wishful thinking. During a meeting of the 
foundation board, the former Senator for Cultural Affairs, Christoph Stölzl, sug-
gested to file an application for the provision of special funds from the German 
Lottery Foundation (Stiftung Deutsche Klassenlotterie) allocated to large-scale pres-
ervation measures. 

The phase of project application and discussion with potential sponsors was far from 
easy. Every institution awarding funds demands adherence to their individual formal 
requirements, specific items of proof must be produced. Dealing with third-party 
sponsors in general, however, always also implies the need to communicate and 
explain the challenges of preservation together with their complex solutions to what 
are frequently non-specialists. In the end, an amount totalling 2,6 million Euros was 
approved, and 600.000 Euros were allocated as a first instalment for the period 
2002/2003. In 2005 approximately one million Euros was spent, the balance remains 
available for 2006. The German Lottery Foundation requested detailed explanations 
as to which content-related criteria would determine the selection of which part of 
the collections. The explanations had to prove that the relevance of the collections 
selected justified the expense involved in their conservation. This requirement was 
clearly understood and should become the basis of every concept of book conserva-
tion. 

 

Prioritizing and selecting the holdings for treatment  

A concentration on the damage as such does not suffice to establish priorities. In this 
context, the Central and Regional Library Berlin being a regional library opted for a 
selection and organization of the holdings from a contents point of view. To start, 
for instance, on the top left of a shelf just anywhere in the closed stacks and to ad-
vance sequentially might seem easy from an organizational perspective, but it would 
not necessarily suggest a responsible allocation of conservation funds. For a regional 
library, collections of regional concern will always be of greatest priority. Rather 
than intending to devalue other collections and exclude them from conservation 
measures, this selection process follows clear priorities set in the context of the 
overall problem and the sheer numbers of books to be treated. The heading ‘Berlin’ 
comprises three groups of collections: first, the legal deposit literature preserved by 
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regional libraries, a fact that other libraries [2] must be able to rely on; second, the 
literature about Berlin held at the Centre for Berlin Studies; third, the historical col-
lections having a particularly close relationship with the city of Berlin in terms of 
their content. 

For reasons of practicality and from a contents point of view, the decision was made 
for a first phase to select the oldest special collection from the former City Council 
Library (Magistratsbibliothek), founded in 1806, which once served as a kind of 
germ cell for the Berlin City Library (Figure 1). The selection was justified not only 
on grounds of content, but also because of the very bad condition of the collection 
(particularly with regard to mould infestation). It also included a wide range of 
books from several centuries; obviously, not every single item could or should be 
automatically de-acidified. In addition, the collection had been in disarray for years 
as a result of frequent moving, there were two systems of location marking and 
sequencing, hence the shelving sequence did not exactly facilitate the possibilities of 
use. On the positive side of this situation, the execution of treatment measures did 
not require various library departments to be involved in the coordination process. 
And there was no risk of large crowds of users waiting impatiently for the measures 
to be completed. For the period 2005/2006, legal deposit literature dating back pri-
marily to the first half of the 20th century and covering the topics of history and 
literature was selected. The items to be treated were selected on the basis of a tar-
geted search for titles according to these criteria and amongst those already recorded 
in the electronic library catalogue. 

 

 
Figure 1: Collection “Magistratsbibliothek” before treatment 
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In-house organization 

The Central and Regional Library Berlin has no specific department for the conser-
vation of books. The responsibility for this task is assumed by the author of the pre-
sent paper, who is also Head of the Historical Collections Department. The close 
collaboration with the book-binding department as well as the staff organizing the 
practical issues of preservation measures enables a professional coordination and 
efficient processes of decision-making. The book-binding department employs 
highly qualified and very committed staff who enthusiastically participate in the 
process of mass conservation, which - strictly speaking - does not normally fall 
within the range of their everyday tasks. Although a group of highly motivated and 
competent people had gathered, the sheer amount of time dedicated to the project 
caused backlogs of repair work, particularly within in the book-binding department. 
Notwithstanding a general support on the part of library management, no additional 
staff could be allocated to the project which indirectly affected the library as a 
whole. Considering the staffing situation, an outsourcing of the tasks as far as possi-
ble became therefore inevitable. 

 

Making the choice  

Gamma-ray treatment was chosen only for the more serious cases of mould infesta-
tion due to its side effect of reducing paper strength, which by now is undisputed 
and should only be risked in exceptional cases. Dry cleaning, in contrast, has been 
and still is the best method for eliminating or preventing mould-related problems 
(see for example the recommendations of Dr. Helmut Bansa, Munich)[3]. So far so 
good. Some problems emerged, though, during the preparation of the call for tenders 
in relation to mass deacidification techniques, above all, in the context of quality 
guidelines. Our own experiences with mass deacidification were limited to a small 
project carried out five years ago, when several hundred books pertaining to a 19th 
century historical collection were treated using the papersave process developed by 
Battelle Ingenieurtechnik (commissioned company: ZFB Centre for Book Conserva-
tion). 

During a preparatory phase, the specialist literature was studied in detail and numer-
ous helpful discussions with expert colleagues who had more extensive experience 
in this area took place[4]. A visit to the German National Library (Deutsche Biblio-
thek) demonstrated the personnel-intensive character of such a project, which was 
beyond realization for the Central and Regional Library Berlin. In the course of 
further discussions with other institutions, the Swiss National Library (Schweizer 
Landesbibliothek) turned out to have the best quality guidelines related to the state-
of-the-art technology. Anyone studying the call for tenders documentation of the 
Central and Regional Library Berlin would notice that significant passages had been 
taken from the Swiss quality guidelines published on the Internet [5]. 
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Tenders were invited for the following services: 
• Gamma-ray treatment for books heavily damaged by mould infestation 
• dry-cleaning of all the books (inside and outside) to be treated 
• mass deacidification of an estimated 75% of the holdings 
• plus the logistics of the whole project including the demand for an electroni-

cally based documentation to record and make available at any time compre-
hensive information on how each book has been and is being treated. 

The Preservation Academy Leipzig (henceforth referred to as PAL), a company 
established in 2003, won the tender. When the contract was signed, the actual work 
could begin. In 2004, the same company won a second call for tenders for the con-
tinuation of the project, a fact greatly welcomed by the library due to the uncompli-
cated cooperation during the first phase of the project as well as its excellent results. 

 

The CSC Book Saver® Process [6] 

Some technical information on the process of deacidification may be helpful in un-
derstanding the background to the explanation of the results as given below. The 
problem of non-existing standards in the area of mass deacidification as mentioned 
above is partly due to the fact that service-providers are employing widely differing 
liquid or dry phase processes. Generally speaking, the available deacidification 
methods are either aqueous, gaseous, non-aqueous / liquid or dry phase processes. 
The CSC Book Saver® Process (developed by Solvay’s Spanish subsidiary CSC 
Conservación de Sustratos Celulósicos, S.L.) involves a neutralization of the acids, 
an increase in the pH value of the paper extract to above 7,5 and the insertion of 
lasting alkaline reserves. This occurs essentially with no side effects (no bleeding of 
colours or pigments, no mechanical damage, no odours, an environmentally friendly 
technique). The process is one of non-aqueous deacidification in a liquid phase. The 
active deacidification agent is carbonated magnesium propylate dissolved in Solkane 
(heptafluoropropane HFC 227). Pre-drying is not necessary which, in turn, reduces 
the otherwise well-known side effects. The treatment process lasts only three hours. 

The sequence is as follows (Figure 2): 

• selection of the batches for treatment, about 40-60 kg 
• monitoring of the quality of each object by inserting reference papers 
• cooling the objects 
• filling the chamber 
• creation of a vacuum and impregnation under pressure in a treatment solution 
• vacuum drying 
• removal of the objects 
• reconditioning 
• quality control 

 



27  Conference SAVE PAPER 2006 www.snl.admin.ch 

 
Figure 2: CSC-Booksaver®-installation in Leipzig 

A further advantage of the process, which was first developed and used in Spain, 
then in Italy, is the actual size of the machine, which allows an easy transfer to any 
library or archive for on-site use. The supplier aims, in addition, to further optimize 
the process in order to improve process stability. 

An evaluation financed by the German Research Foundation and carried out three 
years ago by Prof. Banik (Stuttgart) examined the CSC Book Saver® Process during 
a second project phase. The report, as yet unpublished, was made available to the 
Central and Regional Library Berlin in connection with their second call for tenders. 
The evaluation was to examine the effectiveness of the process. For this purpose, a 
special ageing test was introduced and a risk analysis was carried out. The dynamic 
ageing test involved temperature changes between 25°C and 80°C at a relative hu-
midity of 80% within a closed system (for preconditioning) during a three-hour 
cycle and an ageing process in batches. The objective was to assess chemical stabil-
ity by measuring the volatile decomposition products (furfural, acetic acid and hex-
anal). The risk analysis included the definition of 25 criteria related to the relative 
frequency of occurrence of side effects, their extent (graded scale) and significance. 
The risk coefficient is obtained by multiplication of these factors. The CSC Book 
Saver® Process did extremely well in all aspects looked at. 

 

Execution of the project 

Treatment sequences 

Five years ago, the Central and Regional Library Berlin had carried out a detailed 
analysis of the damage of one segment of books, which could be considered repre-



28  Conference SAVE PAPER 2006 www.snl.admin.ch 

sentative of the overall collection. The results, however, were of no real help in this 
case, as they could not easily be transferred to the collection of the City Council 
Library. The selection of treatment stages to be carried out by the service provider 
occurred on the basis of a catalogue of criteria drawn up in cooperation with the 
company. PAL staff working in the closed stacks subjected each book to an ap-
proximate damage analysis, whereby any visible damage was recorded (so it could 
not be declared as treatment-related damage afterwards). Subsequently, various 
treatment options were carried out according to previously established schedules: 

• Gamma ray treatment (by Gamma-Service, a subcontractor in Radeberg) – dry 
cleaning – mass deacidification - return 

• dry cleaning – mass deacidification - return 
• dry cleaning – return. 

The plan was to return all items following their treatment to exactly the same loca-
tion on the shelf where they had been removed. 

 

Cataloguing and treatment record 

None of the items involved in the first project phase, i.e. from the collection of the 
City Council Library, had been recorded electronically, hence, the allocation of an 
ID number was necessary to begin with. In this way, the treatment for every item 
could be traced individually at any time via a database (Access) to be developed in 
cooperation with the company. The ID number was placed in the book using a flag. 
At the end of the process, the kind of treatment undergone was pencilled inside the 
book using the abbreviations prescribed by the library (Figure 3).  

The procedure during the second phase, starting at the beginning of 2005, was dif-
ferent. Close teamwork between PAL and the computer and book-binding depart-
ments of the Central and Regional Library Berlin was essential in order to achieve 
the documentation required and to allow the stages of treatment to be traced at all 
times. PAL staff have no direct access to the electronic catalogue or to the library’s 
internal network. Therefore, the first preparatory stage carried out by the computer 
department was the selection of items according to pre-established criteria (Berlin as 
place of publication, specific classification areas). The allocation of an ID number 
was not required, since every item could be unambiguously identified. 

At the Central and Regional Library Berlin, the legal deposit literature is not kept 
apart from the other collections, but is integrated into the same shelving system. 
Once PAL staff had removed an item from the shelf, it had to be marked as unavail-
able in the electronic catalogue by library staff so as not to confuse users with incor-
rect information. Following treatment, the remark was removed, and, instead, the 
relevant treatment measures were entered into the electronic catalogue next to the 
item concerned. This required a detailed sequential exchange of data, and an equally 
detailed time schedule to enable the smooth coordination of separate work stages. 
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Individual responsibilities as well as deputizing arrangements to cover for unfore-
seen absences had to be clearly defined on both sides. Detailed coordination and 
organization was of paramount importance and resulted in a kind of automation of 
logistical operations, whilst achieving the traceability of every book’s location as 
well as the relevant treatment stages planned or already carried out. Since financial 
means were allocated specifically for mass deacidification measures and the treat-
ment of mould infestation, an overall complete conservation programme was finan-
cially not feasible. Following treatment, however, there is always a need for follow-
up repairs, especially in cases of damage to the book cover, which can be repaired 
one by one depending on frequency of use. A documentation of these problems in 
the database facilitates future work. 

 

Criteria for selection or deselection of documents 

The concept of a catalogue of criteria for the purpose of selection may sound simple, 
but the details are rather more complex; consider, for example, the exact definition 
of “white” paper. To clarify such issues, specialists from the library’s book binding 
department and PAL conservators frequently got together to hold discussions and to 
make detailed enquiries. However, the first part of the project had to be completed 
by the end of 2003, and discussions and consultations on each individual item would 
have been too time-consuming. Due to the project’s financial implications, the pres-
sure of time during the following year was just as high. At the same time, long-term 
detailed discussions of the selection criteria were not necessary either. The library 
had to acknowledge that the decisions on how each item was to be treated had been 
handed over to the service provider; the service provider, in turn, recognized and 
fully understood the quality demands contained in the contract. 

Two questions had already been considered and discussed as controversial issues at 
the very beginning: Which is the best way of dealing with books containing red 
stamps? What should happen to leather bindings? In both cases, a pragmatic ap-
proach was agreed on. Experience eventually showed that the side-effects of the 
PAL deacidification process were negligible. To be more specific, a stamp on an 
archival document implies a different legal status to a red ownership stamp in a 
library book which, once the original becomes illegible following treatment, could 
easily be replaced by a new library stamp. The papersave® Process employed during 
a small deacidification project a few years ago had merely shown an aesthetic prob-
lem caused by the bleeding of the red stamping ink. However, the stamp had re-
mained legible, it could still fulfil its purpose, the book had benefited from the 
treatment, and it was decided not to exclude books carrying red stamps. Despite 
these initially complex considerations, the CSC Book Saver® Process in the end did 
not lead to the bleeding of the ink. 

The leather bindings, on the other hand, proved to be a more difficult issue. Should 
leather-bound books be excluded from treatment in order to rescue the leather-
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binding at the cost of losing the body of the book, or should the latter be preserved at 
the risk of damaging the leather binding? A decision was made in favour of the 
second option whenever the bindings had no special features and were considered 
standard bindings from the 19th or 20th centuries. So as to save time and effort, a 
bookbinder from the Central and Regional Library Berlin had, in advance, placed 
flags inside those books which were not to be subjected to any treatment due to any 
special features of the binding. Once again, experience showed that the damage to 
the bindings was negligible. The contract clearly stated that the library had to accept 
any inevitable side effects caused during the mass deacidification procedure. The 
library consciously assumed full responsibility with regard to the issue of leather 
bindings – regardless of the service provider’s early words of caution. An examina-
tion of these issues and a decision on how to proceed – irrespective of the final solu-
tion - was essential to any preparatory work. 

Just as in Switzerland, the quality demands for the mass deacidification process 
were based on a measure of quantity, i.e. a percentage of tolerable side effects. A 
mark of no more than 5% was set to allow for variations of colour, visible deposits, 
structural changes to the surface of the paper, etc. During the first project phase it 
was concluded that this mark was set too high and could easily be met, so it was set 
at 2% for the current phase. In 2003, the Swiss colleagues had already been discuss-
ing and later introducing more stringent demands based on the positive results ob-
tained following refinement of the mass deacidification process. During their first 
call for tenders, however, the Central and Regional Library Berlin did not dare to 
request a percentage that had previously never been supported in the specialist litera-
ture. 

 

Controls 

Paper deacidification – quality control 

How were controls implemented in practice? Two kinds will be mentioned - controls 
by library staff and controls on the part of commissioned independent laboratories 
(Figures 3 and 4). The commissioned controls included measuring pH-values, the 
distribution of magnesium carbonate, and the degree of homogeneity, as well as 
investigating potential side effects (colour changes, mechanical strength) for a pre-
viously fixed number of books per batch in accordance with the Swiss experiences. 
The surface pH in the test books was measured on one page before and immediately 
after treatment according to established methods of measurement. In addition, sev-
eral test papers were inserted into each book before treatment and a surface pH 
measurement was carried out. These test papers were archived and placed at the 
library’s availability. The distribution of magnesium carbonate and the degree of 
homogeneity were determined through reference papers inserted into the books. 
Optical Emission Spectroscopy (ICP-OES) was chosen as the method of measure-
ment. The original plan of employing an X-ray Fluorescence Spectroscopy was 
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abandoned given that misinterpretations could not be excluded. The examination of 
colour changes was made by colorimetric determination within the L*a*b*- colour 
space using a spectrometer. The mechanical strength, measured with the help of 
reference papers as well as original paper, was determined according to the relevant 
DIN standards. 

 

   
Figure 3 and 4: Quality control 
 

The library obtained the complete results from the independent research laboratory. 
In addition, an internal control check was carried out, the procedure for which dif-
fered between the first project phase (2003) and the second (from 2005). In advance 
of PAL staff doing their part of the work in the closed stacks (PAL staff could not, 
after all, remove all the books at once), library staff carried out a comprehensive and 
accurate damage analysis of sample books, the number of which was determined on 
the basis of certain probability aspects. The samples then served as controls that 
were thoroughly re-checked following treatment. On this basis, projections could be 
made. The controls were not only designed to highlight any damages (or side ef-
fects), but also to determine the success of a treatment (by means of pH-pens). The 
rather comprehensive controls were time-consuming, yet they provided a complete 
and detailed damage analysis for the control books which, in turn, were of limited 
quantity. During the current project phase, the procedure has been altered. PAL staff 
put the books after treatment in a separate area within the closed stacks. The books 
were then inspected in order to identify any noticeable side effects using the pH-pen 
on a random basis. In other words, the controls were no longer applied comprehen-
sively on every individual book, but instead they were quantitatively extended. 
Thereby both effectiveness and efficiency were increased, after all, the aim was not 
an analysis of damage but a control of treatment results. 

The control results from both the independent laboratories as well as from the Cen-
tral and Regional Library Berlin were overall positive, especially as the threshold 
values established for side effects had not been exceeded at any time. However, the 
CSC Book Saver® Process was not in all cases entirely without side effects. Al-
though no problematic colour bleeding occurred in the cases of bindings, book cuts, 
or similar, a fading of the print was noticeable on individual pages and the paper 
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appeared transparent. In rare cases, small white deposits were found and had to be 
removed. The service provider was particularly interested in books with distinctive 
features suitable to provide clues on how to improve the process. In other words, 
both parties were greatly interested in exchanging results and experiences with a 
view to a process optimization. In this context, the library has supplied a consider-
able amount of withdrawn books to PAL to be used as test objects for the company’s 
own research. The parameters of the deacidification treatment have been recorded in 
the documentation database which allows books from the same batch to be com-
pared, relevant conclusions to be drawn, and changes for the better to be imple-
mented. 

As emerged during in-depth discussions with PAL and independent specialists, the 
problem of homogeneity of treatment was indeed not a simple one. If from the very 
start the degree of over-acidity is not and cannot possibly be homogeneously distrib-
uted, which treatment could be how suitable to reinstate an element of homogeneity? 
How realistic is a demand for homogeneity? Can quality guidelines ever be estab-
lished with no reference to homogeneity at all without simultaneously jeopardizing 
the quality of the work? The documentation for the second call for tenders as a start-
ing point for the continuation of the project (2004) still retained the wording of the 
Swiss colleagues, “A homogeneous treatment is to be achieved. The mean standard 
deviation … must not exceed …”. 

 

Mould control 

During the call for tenders in 2003, an other cultural institution in Berlin reported an 
inconsistency in the results of Gamma-ray treatment, and in this case, too, a control 
was built in. Some of the test books were handed over to the Institute for Air Quality 
Control Berlin to be checked for mould infestation before Gamma-ray treatment. 
The books were subsequently sealed and treated, and, immediately after radiation 
and without opening the seal, re-examined at the Institute for Air Quality Control. 
The success of the treatment in terms of the elimination or reduction of mould 
spores could be determined for all the test books. The service provider was given the 
results of the examination by the Institute for Air Quality Control in order to be 
familiar with the specific type of mould spores and to be able to design an effective 
treatment. They had to satisfy the quality demand of choosing a dose as high as 
necessary and as low as possible. 

 

Data management 

The project organization essentially required access to the database already men-
tioned. The project development involved close cooperation of all parties and did 
not only offer the advantage of a continuous process observation but also of more 
responsible financial calculations. Depending on the treatment stages selected, price 
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fluctuations per treatment and per volume were high, and, therefore, calculations for 
the total number of books to be treated proved difficult. The database turned out to 
be indispensable, given that possibilities for control and intervention were necessary 
so as not to exceed the available funds. It all worked out as planned including the 
continuous presence of both service provider and library staff throughout the entire 
process. An ongoing clarification of queries such as, for instance, which books still 
needed to be gamma-ray treated, or which books had already been cleaned, created 
transparency throughout. 

In 2003, a total of 18.832 books were treated within a period of four months. All of 
them were cleaned (the positive results being clearly visible even to laymen), about 
75% were de-acidified, and about 5% Gamma-ray treated. From the very beginning, 
the plan had been not to return the books, once treated, from the City Council Li-
brary to the closed stacks, but instead to move them to an external storage space at 
the Protestant Central Archives (Evangelisches Zentralarchiv, Berlin-Kreuzberg) 
that had previously been rented for storing some of the historical collections (due to 
limited space in the closed stacks). In this new building relevant aspects of preserva-
tion had been carefully taken into account. The storage space is air-conditioned and 
has become a real show room in which the collection has been arranged in an exem-
plary manner. 

Only the required adjustments to the collection’s sequence of location marks men-
tioned above are still outstanding together with the repair of damages to bindings – 
which is dependent on use. Much remains to be done and will be managed only 
gradually, to be sure, but the biggest hazards could be eliminated thanks to the pro-
ject. The legal deposit literature of which approximately 45.000 books have been 
treated so far during the current project phase (in 2005) will be returned to their 
previous location in the closed stacks. The treatment stages carried out on the legal 
deposit literature will automatically be entered into the electronic catalogue, adding 
the relevant abbreviations to the dataset of each book concerned, whereas the books 
themselves will no longer be marked. This procedure enables the stages of treatment 
to be traced even at a later time (Figure 5). 

 

Evaluation and Future Prospects 

The overall assessment of the project is unreservedly positive. The cooperation with 
the service provider was productive, instructive and free of complications, reliability 
in all aspects was absolute. It may not always have been easy for either side to cope 
with the pressure of time that has been and still is inevitably part of the project due 
to its reliance on outside financial support. Meanwhile, however, a certain routine 
procedure has crystallized which lends itself to integration into rather than interfer-
ence with the life of the library. As for subsidies, the Central and Regional Library 
Berlin has always ensured to meet all relevant deadlines and has strictly adhered to 
the guidelines on expenditure, aiming for an improvement of the state of the books 



34  Conference SAVE PAPER 2006 www.snl.admin.ch 

through treatment that has to be accounted for, which, in turn, explains the impor-
tance attached to the issues of quality and control. 

 
Figure 5: marked books, data later to be part of dataset of each book 

 

Only in one instance the service provider invited a compromise which was subse-
quently agreed to. The CSC Book Saver® Process promotes, amongst other positive 
features, the possibility of being applied on-site. Transportation, by definition, in-
volves an element of uncertainty. Once it is no longer required, the overall costs are 
reduced and the risks of damage due to incorrect handling during transport are 
avoided. Due to time restrictions, however, it was decided for the deacidification 
equipment not to be moved to Berlin. Although the company had previously em-
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ployed their treatment process in other parts of Europe (Italy and Spain), they had 
put it on offer in Germany only in 2003 for the very first time. When they were 
eventually awarded the contract, the equipment had to be installed and tested in 
Leipzig to begin with. A transfer to Berlin was ruled out for reasons of time. The 
impressions during a control visit to Leipzig and, above all, the treatment results of 
the first books that were returned inspired sufficient confidence to conclude that on-
site treatment was not an indispensable requirement. After all, it had not been asked 
for in the call for tenders documentation, either. In addition, the fact that equipment 
capacities at PAL were expanded would have rendered a transfer to Berlin impossi-
ble, again for reasons of time. 

I should like to conclude on a note of encouragement – even major projects carried 
out under difficult circumstances (complex, heterogeneous collections, pressure of 
time, tight requirements concerning the allocation of funds, insufficient staffing 
levels) can indeed be realized. Even though other tasks may temporarily be left aside 
or be postponed, even though the most considerable exertion may at times be re-
quired, in the end, the achievement of a definite improvement of the situation as a 
whole makes it all worth while. 

 

Annotations 
[1] As for the history of the Central and Regional Library Berlin see their homepage:  

[http://www.zlb.de].    As well as the publication by Ulrike Wahlich: “Rückblick mit Zukunft. 
100 Jahre Zentral- und Landesbibliothek Berlin“, Munich 2001. 

[2] Compare the report by Gerd Brinkhus: „Originalerhaltung – um welchen Preis“. In: 
Bibliotheksdienst 34 (2000), S. 726-736.  
[http://bibliotheksdienst.zlb.de/2000/2000_05_Bestandserhaltung01.pdf]   See also his 
report from the Bibliothekartag (librarians’ congress) in 2005: „Bestandserhaltung in Biblio-
theken im Spannungsfeld von Bewahren, Nutzererwartung und Wirtschaftlichkeitsaspekten“.
 [http://www.opus-bayern.de/bib-
info/volltexte/2005/39/pdf/Bestandserhaltung%20Spannungsfeld%20von%20Bewahren.pdf].  

[3] Bansa, Helmut: „Normen zur Bestandserhaltung“. (http://www.uni-muenster.de/Forum-
Bestandserhaltung/grundlagen/norm-bansa.shtml). 

[4] A special thank you to Mrs. Schneider and Mrs. Franke (German National Library), Mr. Andreas 
Mälck (State Library Berlin), Mr. Prof. Dr. Banik (Stuttgart), and Mrs. Dr. Blüher (Swiss 
National Library). 

[5] At the time, the quality guidelines had been published on the internet. Compare the experiential 
report by the Swiss National Library in the context of mass deacidification over several years: 
http://eprints.rclis.org/archive/00003840/01/cc-isi04-art5.pdf.  

[6] The report „Massenbehandlung: die Entwicklung weltweit“ by Helmut Bansa (http://www.uni-
muenster/Forum-Bestandserhaltung/kons-restaurierung/neutral-bansa2.shtml) provides a good 
overview on the methods of mass deacidification.  

The following explanations are taken from an as yet unpublished paper by Ernst Becker 
(„Massenentsäuerung im Kontext der Bestandserhaltung“) presented during a meeting of 
librarians in Potsdam in the year 2004.Compare also Wolfgang Wächter: „Ein neues 
Entsäuerungsverfahren für Bibliotheken und Archive“ (http://www.uni-muenster.de/Forum-
Bestandserhaltung/kons-restaurierung/waechter.shtml?print) 
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The homepage of PAL provides good information on the CSC Book Saver Process.  
[http://www.preservation-academy.de/]. 

An evaluation of the methods carried out by Prof. Banik and financed by the German Research 
Foundation deals with essential issues. Compare his paper presented in 2003 in Immenstadt: 
[http://www.klug-conservation.com/klug.pdf]. 
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The Bookkeeper process and its 
application at the National Library of the 
Netherlands 
Henk Porck 

 

Introduction 

Although the title of this paper suggests that the Koninklijke Bibliotheek (KB), the National 
Library of the Netherlands, is a good client of Preservation Technologies and applies mass 
deacidification in practice, neither is actually true. Still, our involvement in Bookkeeper is 
worth telling. It is a story of making choices and their argumentation. 

In the year 1990 an inventory damage survey was conducted in the collections of the 
Koninklijke Bibliotheek and the National Archives, both in The Hague[1]. In this survey 
several thousands of books and archival documents were tested for their condition. For de-
termining paper strength we applied a simple folding endurance measurement using a hand-
fold test, for which a little corner of a page was sacrificed (Figure 1). In order to study pos-
sible correlations between the handfold number and other paper properties, we also meas-
ured acidity, discoloration and lignin content. The results were not surprising: just like other 
damage surveys performed in Europe and the U.S., the problem of degraded paper proved to 
be extensive and to concentrate in the second half of the nineteenth and first half of the 
twentieth century. In addition, the relation of bad quality and high acidity appeared to be 
evident. Also discoloured, wood-containing, lignin-rich papers showed increased deteriora-
tion. 

The findings of this damage survey have had a strong impact in our country. It brought the 
issue of degradation of our written and printed cultural heritage on the agenda of our gov-
ernment, and presented the basis for the set-up and development of our national mass con-
servation programme. 

 

‘Shopping’ on the deacidification market 

As the acid in the paper was acknowledged as the major threat of our collections, we got 
involved in the field of mass deacidification. In the early and mid 1990’s we have put much 
effort not only in reading about the various systems available at that time, but also person-
ally visiting the firms, and sending shipments of test materials to be treated, followed by 
examination in our own laboratory. On our ‘expeditions’ through this ‘alkaline world’ we 
have had interesting encounters with Wei T’o, at that time struggling with its freon solvents, 
with Bookkeeper of Preservation Technologies when it was still operating at a very small 
scale, with the Battelle system, later papersave, still in the first stages of development, and 
with the gaseous diethylzinc (DEZ) process, a very promising system whose exploitation by 
AKZO was stopped in 1994 (Figure 2). 
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Figure 1: Paper strength measurement by means of handfold testing. 
 

We have presented the results of our investigations in several reports, some of which were 
published by the CNC, the Coördinatiepunt Nationaal Conserveringsbeleid (National Pres-
ervation Office of the Netherlands), a collaboration centre of the Dutch National Library and 
National Archives [2]. Also a state-of-the-art review of mass deacidification techniques was 
prepared and published by the European Commission on Preservation and Access 
(ECPA)[3]. 

The overall conclusion of all our experimental studies and desk research was that there is no 
ideal, perfect mass deacidification process. All methods have their specific advantages and 
disadvantages, and preselection of collection materials to be treated is always necessary. 

 

Metamorfoze  

Metamorfoze is the name of the Dutch National Programme for the Preservation of the Pa-
per Heritage, a co-operation between the National Library of the Netherlands and the Na-
tional Archives (www.metamorfoze.nl). The Metamorfoze programme was established in 
1997 and is financed by the Dutch Ministry of Education, Culture and Science (OC&W). 
The programme concentrates on publications from the Netherlands, but also foreign collec-
tions of special cultural or historic value are incorporated. The focus is on materials dating 
between 1850 and 1950. Initially started only for library collections, it now also covers 
archival documents. 
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Figure 2: The book as hospitalized victim in therapy (illustration by the author). 

 

The primary conservation tool in Metamorfoze is preservation microfilming. Mass deacidi-
fication is only a minor element in the chosen strategy. The main reason for this choice has 
been the doubts at that time with regard to the real benefit of deacidification treatment, i.e. 
the actual prolongation of lifetime. Secondly, there was and still is a strong reluctance to 
expose authentic materials to chemical treatment on a large scale. Still, be it in the sideline, 
the first years of the Metamorfoze programme offered the opportunity to use mass deacidifi-
cation. 

 

Application of the Bookkeeper process 

There are several reasons why the National Library of the Netherlands has chosen the 
Bookkeeper process of Preservation Technologies for the deacidification treatment of its 
collection. Besides the fact that our experimental studies have shown satisfactory results, we 
were impressed by the technical design of the Bookkeeper system, allowing optimal contact 
between the individual sheets of a book and the treatment solution (Figure 3). Another 
reason was of a more practical nature: Preservation Technologies opened a Bookkeeper 
plant in Heerhugowaard in the Netherlands, not far from The Hague. 

Because of the limited budget available for mass deacidification, we have used several crite-
ria to set priorities for treatment. Firstly, the material to be deacidified should be acid; we 
used a pH pen for testing. A second selection criterion was a high lignin content, which we 
examined with a phloroglycine spot test. With this combination of low pH and high lignin, 
we intended to treat those items, which are most vulnerable for further degradation. 
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Figure 3: The fanned-open book during treatment in the Bookkeeper system. 
 

A third selection step addressed the problem we observed in our first experiments, namely 
the possibility of paper damage as a consequence of the movement of the sheets of the 
fanned-open books in the treatment solution. We therefore selected material with paper still 
strong enough to cope with the stress during treatment.[4] 

With the strict selection procedure described, we have proceeded from 1997 until the year 
2000, regularly sending little shipments of books to the Bookkeeper plant. The total number 
of books treated in this period amounted to 4144: a very modest output which cannot really 
be considered as a mass deacidification effort. The fact that we did prepare two elaborate 
reports on the progress, even suggests, one might say, that the number of papers we have 
produced overall, probably exceeds the number we have deacidified.  

 

Recent developments 

Since the year 2000, few deacidification activities have been performed within the Meta-
morfoze programme. Another tool is gradually, but more and more taking its place in the 
conservation strategy, namely digitization. In our country, this modern approach, how useful 
it certainly is, seems to have put deacidification treatment and the care for the physical ob-
ject in general, almost in the corner of old-fashioned, outdated customs. 

However, there is no reason to be pessimistic about the future role of mass deacidification. 
There are some developments worth mentioning in this respect. First of all, we have to ac-
knowledge that the present mass deacidification systems have improved in the course of 
time. As already noted before, adjustments have been introduced for instance in the Book-
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keeper system, allowing the turbulence in the treatment solution to be fine-tuned in accor-
dance with the stability of the treated objects. An example of such an improved system of 
Preservation Technologies is recently constructed in Poland. 

A second point in favour of deacidification concerns a condition survey we have done re-
cently, ca. 15 years after our first damage inventory in 1990. In a joint project of the Na-
tional Library and the National Archives, we have examined how the condition of the paper 
in the books and the archival documents has changed by natural ageing during the last pe-
riod.[5] For this comparative study, much attention was given to the requirement to perform 
the new tests with the same procedures and under the same conditions as used for the first 
measurements in 1990. Though the results for library and archival materials showed quanti-
tative differences, the findings in general clearly indicate an increase in paper acidity in the 
course of time, and convincingly show a faster rate of degradation of acid paper. Both these 
conclusions can be considered as a recommendation to maintain deacidification as integral 
part of an effective conservation strategy. 

A third ‘boost’ for mass deacidification is the European research project PaperTreat (2005-
2008), supported by the EC under the 6th Framework Programme.[6] This international 
project, coordinated by the National and University Library of Slovenia, is aiming at the 
evaluation of mass deacidification processes. One of the main objectives is to provide for 
the necessary standards for test materials, evaluation criteria and quality control methods. 
Also the actual benefit of deacidification treatment will be quantified by means of acceler-
ated ageing studies. 

 

‘Acid as it is’ 
The role of the papermaking machine in paper production became significant in the course 
of the nineteenth century (Figure 4). Early machine-made paper had a very bad reputation: 
often it already showed signs of degradation when it left the factory. Contemporary studies 
revealed several causes, such as the extreme heat of the drying cylinders and the inferior 
quality of the rags used for the pulp. The high acidity of the paper, though clearly present, 
was at that time not really considered as the problem. When we find post-1850 acid paper 
today in our archives or libraries and notice its inferior strength, we are inclined to explain 
this as a result of a gradual hydrolytic degradation process which has taken place over time. 
But maybe, these papers belong to those machine-made papers which were already weak at 
the time of production, and the acid has nothing to do with it. Taking this into account, one 
might postulate, somewhat provocatively, that ‘acid is not the cause of the degraded condi-
tion of many acid papers’. It is highly unlikely that this group of acid papers will benefit 
from deacidification treatment. This issue offers intriguing questions still to be answered, 
indicating that the last words about acid in paper and how to deal with it have not yet been 
said. 
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Figure 4: Illustration of an early papermaking machine. 
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Mass deacidification at the North 
Rhine-Westphalia State Archives – 
experience with the Neschen process 
Marcus Stumpf 

 

 
“For some time now, it has not been possible to look at the future of German ar-
chives without grave misgivings, since they too have suffered over the course of time 
from the fact that the quality of writing materials available on the market has con-
siderably worsened and, along the way, their prices significantly increased. This is 
particularly true for paper. We have had to become accustomed not only to using 
machine papers, but also to such types that, in all probability, will last but a few 
years, unless documents that are meant to be handed down to posterity on such ma-
terials are treated with the utmost care. Everyone complains about the “abomina-
ble” paper that yellows in the sun […] but, nevertheless, no one shies from indis-
criminately using such materials, not even in the civil service […]. The state of our 
more recent record offices is therefore quite appalling, and there is no telling the 
distress that will arise in the central archive offices with regard to the conservation 
of materials handed to the archives for ‘further’ safekeeping[1]. 

This lament was uttered by the head archivist to the Grand Duke of Saxony, Karl 
August Hugo Burckardt, in 1880. Clairvoyant, he foresaw the fatal results of indus-
trially manufacturing paper, which poses serious problems for archives and libraries 
both today and in the future. 

As is generally known, the paper quality problem criticized by Burckardt results 
from its acid content. Since industrially produced paper based on mechanical wood 
pulp started to be used in the early 19th century, saponified wood resin has been 
added to the paper pulp during the production process in order to size the fibres. 
With this kind of sizing, acid traces remain in the paper, which results in an inevita-
ble loss of its stability. The paper yellows, becomes brittle, and – in the worst case - 
crumbles[2]. 

Stored in German libraries are around 60 million acid-containing, and thus highly 
endangered books. In the archives, more than 750 running kilometres of documen-
tary records are concerned. In short, this means that an important part of the records 
of German history since the 1848 revolution including Wilhelmine Germany, the 
Weimar Republic, the world wars and the period of National Socialism right up to 
the most recent history of the German Democratic Republic, are in the process of 
paper deterioration due to acidic paper.  

Immediate action is therefore required since, while the disintegration process can be 
retarded by the optimum storage of archive and library contents, it cannot be 
stopped.  
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The Bückeburg process and Neschen 

Since the 1960s, scientific research has been carried out in the USA, and later also in 
other countries, in order to give industrially manufactured paper a higher life expec-
tancy[3]. Since then, processes have been developed and brought to a marketable 
stage in a number of countries[4]. 

 I would now like to comment on a process for neutralising the acid in paper that has 
been under consideration since 1976 at the State Archives of Lower Saxony (Nied-
ersächsisches Staatsarchiv) in Bückeburg. Advanced notably by Wilfried Feindt in 
the following years, the objective of the process development was, from the outset, 
not only to neutralize the paper’s acid component, but over and above that, to 
achieve paper consolidation. In addition, the process had to be environmentally 
friendly and harmless to humans[5]. With the support of the German Federal Minis-
try for Research and Technology and the Federal State of Lower Saxony, a conser-
vation plant was developed, and subsequently built by the Papiertechnische Stiftung 
(Paper Technology Specialists) (PTS) in Munich, a research and development foun-
dation close to industry. 

Between 1992 and 1996, the pilot installation (Figure 1) was tested and constantly 
modified in the central restoration workshop building of the State Archives of Lower 
Saxony in Bückeburg[6]. In a simulated production phase, approximately 120 me-
tres (around 1.2 million sheets) of administration records were treated. 

In 1996, “the Bückeburg process” (“Bückeburger Konservierungsverfahren für mod-
ernes Archivgut”) was taken over by the local company Neschen AG, well-known 
as a supplier of conservation materials, and the pilot plant further developed for 
mass-production readiness. 

Over the years, series of experiments resulted in a simplification of the original 
three-bath principle (bath 1: fixation  drying  bath 2: neutralization and buffer-
ing in an aqueous solution  drying  bath 3: sizing and fixation  drying) to a 
single-bath process, in which the surfactants Rewin and Mesitol fix the writing and 
stamping inks, magnesium bicarbonate performs the actual deacidification and buff-
ering, and methyl cellulose effects consolidation of the fibres. 

Neschen succeeded in making decisive progress in the further development of the 
Bückeburg process by considerably increasing machine throughput. As a result, the 
machine treatment of archive material became increasingly more economical. The 
theoretically possible annual capacity of the Bückeburg prototype was 2.4 million 
sheets (approx. 240 running metres), whereas Neschen’s current “top model”, the 
CoMa 3, installed in Berlin Hoppegarten, enables the treatment of 5.5 million sheets 
(≈ 550 metres) per annum, or even up to 13.5 million sheets (corresponding to 
approx. 1,350 metres) when fully used in multi-shift operation[7]. 
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Figure 1: The pilot installation in the State Archives of Lower Saxony in Bückeburg. 

Neschen currently operates two deacidification centres in Germany. The machine in 
Dahlwitz-Hoppegarten, near Berlin, operates within the confines of the German 
Federal archives, which has concluded a long-term contract with Neschen and guar-
antees a minimum annual turnover of about € 250,000[8]. Nonetheless, Neschen 
also treats documents from other archives and libraries in this installation. In July 
2004, Neschen started up a second plant, designated CoMa 4 (Figure 2), somewhat 
smaller than the Berlin machine, in Brauweiler, near Cologne. The plant there is 
located on the site of the “Rheinisches Archiv- und Museumsamt”.  

It is worth mentioning here that, a few years ago, Neschen also started marketing a 
small machine, the so-called C 900. This was designed for archives or libraries that 
want to, or have to, purchase or lease a machine and carry out deacidification them-
selves. The purchase price of this machine is currently € 76,000 plus VAT, but leas-
ing is also possible. Four machines of this type have, for instance, been sold to Po-
land in the past few years. Thus, collections in the national library in Warsaw, in 
Danzig, and the “Biblioteka Jagiellonska” in Cracow are being deacidified using the 
C 900[9].  
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Figure 2: The CoMa4 installation in Brauweiler in the „Rheinisches Archiv- und Muse-
umsamt“ 

Procedure for the Bückeburg process  

1. The material is inspected at the client’s site, using a detailed questionnaire con-
taining fifty-one questions. 

2. On the basis of the analysis carried out on site, treatment criteria are agreed on 
with the client and recorded in writing. 

3. The documents to be treated are unpacked after arrival at one of the two Ne-
schen deacidification centres and, as a prerequisite for processing, separated 
into single or double sheets. 

4. If necessary, the material to be treated is freed of any metal objects, roughly 
cleaned and sequentially numbered by machine. On request, archive and collec-
tion references can also be added (Figure 3). 

5. The next step is sorting, where all the documents that cannot be deacidified by 
machine are removed. These include photographs, zinc oxide and thermal cop-
ies, and very brittle documents, as well as papers with wax, paper or lacquer 
seals. Subject to prior agreement with the client, these are sent to the so-called 
“bypass”, which may include removing old adhesives, such as those from pres-



sure-sensitive tapes, repairing tears with Filmoplast® or Japanese tissue, man-
ual deacidification or even copying onto permanent paper (according to ISO 
9706). 

6. During the actual deacidification (Figure 4), the papers are subjected to the 
already mentioned aqueous treatment, consisting of fixation with Rewin and 
Mesitol, deacidification with magnesium bicarbonate and sizing with methyl 
cellulose. They are subsequently dried and smoothed out.  

7. After assembling the old file combination in a jacket, the treatment steps carried 
out on each individual file are summarized in a processing protocol, the file 
packed in the old or, if requested, a new archival box and, if necessary, signed.  

 

 
Figure 3: Document before treatment, after numbering and labelling 

 

Features of the Bückeburg process 

What differentiates Neschen’s Bückeburg process from those of other service pro-
viders? In my opinion, the following advantages and drawbacks should be men-
tioned here:  

 

Advantages: 

The main advantage of the Bückeburg process compared to all other deacidification 
processes is, firstly, that deacidification takes place in environmentally friendly and 
natural aqueous conditions. The treated paper is thus rendered more supple and, in 
addition, the harmful decomposition products of cellulose and lignin are partly 
washed out. Since, to quote Helmut Bansa, “The result of aqueous deacidification, as it 
is done in all paper conservation workshops or laboratories all over the world, is highly 
superior to all dry or solvent based deacidification”[10]. Secondly, sizing with methyl 
cellulose results in chemical consolidation of the paper[11]. In addition, sheet-by-
sheet treatment guarantees increased uniformity and homogeneity when compared to 
other processes available on the market[12]. 
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Figure 4: Input area of the CoMa 4 

Neschen guarantees the following results: 

1. Increase of the pH to at least 7,5, 
2. Alkaline reserve after treatment between 1 and 2% magnesium carbonate 

(MgCO3), depending on the absorption capacity of the paper, with the alkali be-
ing evenly and completely distributed over the surface of the paper, and  

3. The papers treated are strengthened after sizing with methyl cellulose (depend-
ing on their age and material properties). 

Drawbacks: 

With regard to the drawbacks of the Bückeburg process, mention should first be 
made of the side effects. Colour changes can occur, especially with red and blue 
tones, and stamping inks can bleed slightly. Slight edge effects (“Höfebildung”) 
have also been observed, such as ghosting, a slight colour transfer to the reverse 
side, above all in the case of copy papers from the 1930s and 1940s. At the Berlin 
plant, individual cases have been observed where imprints of stamps have been 
transferred to the conveyor sieve, and from there to succeeding papers. If these side 
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effects can be considered normal when compared to other deacidification process, 
then one side effect, namely increased paper volume, is characteristic of the Bücke-
burg process. Although the paper is pressed after aqueous deacidification, it fre-
quently remains slightly wavy, which inevitably results in an increase in volume.  

However, the greatest and best known drawback of the Bückeburg process, and one 
which is of great concern to archives and especially to libraries, is that, until now, it 
has been a single-sheet process. This means that bound material can only be treated 
after it has been separated into sheets, i.e. after the binding has been removed and 
the bound book or file separated into individual sheets. Consequently, to date, the 
Bückeburg process has been of little interest to libraries, with the exception of those 
contents that are not in book form, such as, for instance, collections of graphic art, 
maps or unpublished works.  

It may be important at this stage to note that Neschen seems to have recently made 
real progress with their book deacidification machine project. According to the 
company, the treatment liquid, including the sizing component, is operational and 
ready to use. At the present time, a prototype of this machine, whose construction is 
described below, is being built. The books are fixed at the spine and attached to a 
revolving axle located in a cylindrical container. They are fanned out to about 10 
centimetres, so that the conservation liquid can freely penetrate deeply into the book 
and the bookblock. The books rotate on the axle in the container. Circulation of the 
conservation liquid is ensured by streaming nozzles and pumps, so that its penetra-
tion into the paper will be as complete as possible. After pumping out the conserva-
tion liquid, which, as in the single-sheet process, should also permit both sizing and 
consolidation of the paper, the books are dried by means of warm air, and then re-
moved. The whole process should last about 15 to 20 minutes and permit the book to 
be used again immediately. Neschen has announced that the plant has a throughput 
of approximately 33,000 books in one-shift operation. Thus, a possible new alterna-
tive to the available processes on the market seems to be opening up. 

However, this is something for the future. For the time being, Neschen and the other 
deacidification service providers still compete with their processes, which comple-
ment each other with regard to technical process considerations. On the one hand, 
the single-sheet process, with the advantage that the paper regains some of its origi-
nal strength and, on the other, deacidification in a bound or stapled form, which 
requires less pre- and post-processing. 

 

Deacidification at the North Rhine-Westphalia State Archives  

History of the project 

I turn now to the concrete experiences of the North Rhine-Westphalia State Archives 
(Landesarchiv Nordrhein-Westfalen) concerning the deacidification of archive mate-
rial. Since circa 1997, the State of North Rhine-Westphalia has provided the state 
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archives with funds for the “film protection of archive material and deacidification 
measures”, half of which was used in the initial years for deacidification contracts 
with service providers. For these first years, I am talking about a total amount at that 
time of DEM 190,000, i.e. € 98,000, of which half was invested in deacidification 
contracts. My colleague from North Rhine-Westphalia, Wolfgang Bender, for years 
a proven expert in the field of mass conservation, rightly lamented years ago that to 
speak of the sums involved even as ‘a mere drop in the ocean’ seemed somewhat 
understated [13]. 

From 1997 to 2000, small contracts were given to Battelle, the Zentrum für Bucher-
haltung (ZFB, Centre for Book Conservation), Neschen, Archimascon in the Nether-
lands and Libertec. The interim findings were that the Battelle and Neschen proc-
esses were found to be basically suitable and, as it were, “internally authorized”, and 
that the services of the other or new service providers should be further observed 
and tested[14]. 

However, a special situation then arose in North Rhine-Westphalia. In their final 
reports, two renowned consulting organizations that had been commissioned to 
assess state archive management in North Rhine-Westphalia came to the conclusion 
that the funds allocated for care and restoration in general, and for mass deacidifica-
tion in particular, were much too low. Two extremely gratifying consequences for 
the content and material care of the state archive contents in North Rhine-
Westphalia emerged from this. Firstly, it was decided to establish a central restora-
tion workshop which, after moving to a building in Münster-Coerde in December 
last year, has been realized. Secondly, state funding for protective filming and mass 
deacidification rose from € 130,000 in fiscal year 2003 to almost € 1,700,000 in 
2004 and 2005, i.e. by almost 1,300%. 

To put it bluntly, neither the North Rhine-Westphalia State Archives nor the service 
providers were prepared for such contract volumes.  

 

Preparation and realization of deacidification 

The selection of archive material to be deacidified was a lesser problem. In the ar-
chives were priority lists detailing which stocks should be subject to which deacidi-
fication process. In agreement with the recommendations of the 2001 German ar-
chives director’s conference (Archivreferentenkonferenz des Bundes und der 
Länder), collections crucial to 20th century history were, and remain, right at the top 
of the list, i.e. files of the Cologne and Detmold district governments, party records 
of the National Socialist German Workers’ Party (NSDAP) and post-war files on the 
compensation of politically and racially persecuted persons[15]. 

Neschen was ultimately charged with deacidifying archive material for a total of € 
770,000, which was also the intended amount for the start-up financing of the new 
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Neschen archive centre in Brauweiler. The Zentrum für Bucherhaltung received a 
contract for € 130,000. 

Very soon, however, the following problem became evident. Although the pre-
selection of material had taken place according to sound and plausible criteria, both 
from the archive-specialist and archive-political points of view, the selected material 
itself had not been prepared. On the one hand, the archivists and conservators of the 
state archives had neither the time nor the capacity to adequately examine the mate-
rial, that was earmarked for deacidification, for deacidification-relevant and critical 
materials, or for damage symptoms. On the other, it was not possible for the service 
providers to recognize the true extent of the damage during their sample viewings. 
What Gerhard Banik had expressed a few years ago[16], happened: 

“Frequently, collections today still expect service providers to be able to treat se-
lected archive and library materials within a relatively short space time and with 
little effort on their own part. With regard to this expectation, it has to be pointed 
out that numerous operations are incurred before and after the deacidification of 
partial collections, and these can only be undertaken by external partners to a lim-
ited extent. These operations are, however, a necessary part of every mass deacidi-
fication program and decisive for the quality of the results. The annual capacity for 
the deacidification of collection contents thus depends to a large extent on the 
available work capacity of the respective collection service. In particular, it is nec-
essary for the internal and external workloads to be efficiently coordinated with one 
another, so that the objective of the deacidification, i.e. the preventive chemical sta-
bilization of inhomogeneous materials, can be achieved with a high quality stan-
dard.” 
 

Experiences 2004-2005 

Due to time pressure, the above cited maxim could not be heeded. The result was: in 
the phase following the assignment, enormous problems occurred during processing:  

Specifications 

The partial services set out and agreed on in the contracts were inevitably formulated 
too vaguely, and the estimated quantity forecasts proved to be too inaccurate. 

Service performance 

The agreed partial services had to be modified and completed by means of repeated 
telephone and written post-negotiations, even with regard to price. Thus, in one 
collection given to Neschen, a number of files affected by mould were found, and 
these had to be first fumigated with ethylene oxide in order to enable further treat-
ment. In addition, the Prussian thread-stitching on some of the files had to be re-
moved. This service had been agreed on contractually but, during the treatment, 
Neschen found that the costs incurred for removing the sewing were not covered by 
the price per sheet calculated for it. The reason was that removing the sewing from 
the files proved to be much more costly than expected, and it was often not enough 
to just cut the thread and remove the laminate. Frequently, complete layers within 
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the files from the 1920s – 1940s had, in addition, been stuck together, and some 
thread-sewn file volumes had even been lumbecked as well. 

Scope of service 

Considering the problems encountered, it is not surprising that the originally hoped 
for scope of service was not achieved. While it was anticipated that at least 1,000 
running metres of archive material would be deacidified in 2004 and 2005, in the 
end, a mere 430 metres were deacidified and conserved. The average price was 
approximately € 3,700 per running metre, although the service considerably ex-
ceeded just simple machine deacidification. The treatment sometimes included ex-
tensive conservation measures, such as the closing of tears with Japanese tissue, the 
removal of old gluing, manual deacidification, copying individual sheets onto acid-
free paper and the transfer into new, acid-free cardboard boxes. 

Performance check 

In the upheaval of the state archives, the decentralized workshops were over-
whelmed by the volume of files that needed checking after being returned by the 
service providers. However, the random checks and pH measurements carried out 
gave, without exception, positive results. “Side effects” remained within the ex-
pected limits, and gave no reason for major complaints. This is true both for collec-
tions deacidified by Neschen as well as for those sub-contracted for treatment to the 
Zentrum für Bucherhaltung. 

 

 

Consequences for the future 

All things considered, contract placing, processing and conclusion were not one 
hundred percent satisfactory, and this cannot, and I particularly want to emphasize 
this fact, be blamed on the service providers. What have we, the Landesarchiv, as 
client, and Neschen, as contractor, learnt from our collaboration in 2004 and 2005? 
The following aspects were not unexpected, but nonetheless highly instructive. 

Planning of the projects 

Deacidification projects and/or deacidification contracts have to be prepared as thor-
oughly as possible[17]. Although, in principle, it is possible to commission a service 
provider with the deacidification of a collection that lies in “unknown territory” for 
both parties, the problems outlined above will then be pre-programmed. A “de luxe” 
treatment certainly has the appeal that the preparatory and post-processing work by 
the commissioning archive is comparatively minor, but, however, it entails huge 
risks. It is not possible for the archive to predict whether or not a collection can be 
processed within the agreed scope. Furthermore, service performance and control of 
the services carried out is barely possible any more. In short, the responsible use of 
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funds, which is essential at a time when cash for the care of collections is tight, nec-
essarily requires a prior in-depth analysis of the collection to be deacidified[18].  

However, I would also like to say that, in my opinion, service providers should and 
must continue to offer an “all-inclusive, worry-free package” as well, at least for 
small-scale collections. The fact is that many archives have neither the personnel 
resources, nor often perhaps the know-how, to prepare deacidification contracts, nor 
are they able to recognize collection-specific problems, or to define treatment inten-
sities. Here, and I would like to emphasize this, a certain trust between the client and 
the service provider is necessary. To achieve this trust, the service provider must 
acquire sufficient knowledge of the collection. This will also help him avoid having 
to make subsequent additional demands, or hand over unfinished work, problems 
that inevitably become known in the tightly knit community of archivists and li-
brarians. The client, however, must also have a good understanding of the issues. It 
makes no sense to raise the demands for contract fulfilment if one is not in the posi-
tion to thoroughly check them[19]. 

Analysis and preparation of the stocks 

Following the opening of the technical centre, the North Rhine-Westphalia State 
Archives should no longer give commissions that have not been suitably prepared. 
All collections to be given to a service provider for deacidification must be analyzed 
beforehand and pre-selected, if necessary, at the technical centre. The objective here 
is, broadly speaking, to entrust the service provider preferably with only the actual 
machine deacidification[20]. Where applicable, the necessary removal of bindings, 
numbering, cleaning and sorting out of the file contents unsuitable for machine 
deacidification are carried out in the technical centre by back staff, supported and 
supervised by trained conservators. 

The so-called bypass work, which was in part responsible for up to 75% of the costs 
of collections treated in 2004 and 2005, and which is very difficult to calculate in 
advance, should be minimized as much as possible. The objective is to limit external 
costs for deacidification to approximately € 1,500 per metre, which corresponds to 
the price achieved on average by the Bundesarchiv (German federal archive)[21]. 

Contract policy  

The North Rhine-Westphalia State Archives have followed the examples of State 
Archives of Lower Saxony and the German Federal Archives, and has signed a con-
tract valid for 2006 and 2007 with Neschen, in which the state has committed to a 
certain contract volume and the service provider, in return, to a special price. This 
should help to guarantee that the service provider achieves regular plant utilization 
throughout the financial year and, as a result, higher planning reliability. This higher 
planning reliability is valid for the North Rhine-Westphalia State Archives too, mak-
ing it that bit more independent from delayed fund allocations, global expenditure 
reductions and spending freezes. 
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Considering the materials to be treated before choosing the service provider 

The cooperation negotiated with Neschen does not mean, however, a fundamental 
commitment to the Bückeburg process. As readers are probably aware, for a long 
time now, there has been a discussion amongst collection conservation experts as to 
just how much one is prepared to make compromises when using mass, or perhaps 
even better, quantity processes for collection care. Are we prepared to accept the 
partial loss of intrinsic values in favour of a more rational treatment process and, 
consequently, the recurrent and unavoidable side effects of such a process? In par-
ticular, the removal of bindings from historical files is amongst the measures being 
controversially discussed in Germany in connection with mass deacidification. It is 
approved by some, but vigorously refused by others. Our experience from the past 
two years is clear, namely that, if it can possibly be avoided, the binding should be 
left alone. Apart from the fact that it represents a huge intervention and a lowering 
of the intrinsic value, it is, in addition, very expensive.  

In the technical centre, the bindings of files are only removed if we have to feed 
them to a parallelized treatment process (e.g. one part leaf-casting, another part 
encapsulation). However, this will no longer happen just for them to be deacidified 
using a single-sheet process at any price. This has proved uneconomical. Departing 
from the recommendations of the German archives director’s conference, whereby a 
collection should be completely deacidified using a single process[22], we will no 
longer feed bound or lumbecked files to a costly single-sheet process, but instead 
deacidify them using other service providers.[23]. 

 

Concluding remarks 

With regard to the use of quantity or mass processes, invariably used in the deacidi-
fication of archive and library material, I heed the words of Rainer Hofmann[24]:  

“Whoever places the maximum demand, i.e. is not prepared to accept any side-
effects whatsoever, should leave mass deacidification in general, and mass proc-
esses in particular, alone, since they are all accompanied by some adverse effects 
on the archive material..”. 

I would, however, like to add that whichever archive conservator avoids mass 
deacidification should understand that any temporization inevitably results in future 
consequences. Here, the often quoted sentence from a 1991 report of the Canadian 
Conservation Institute on deacidification processes applies: “In any way it is better 
to deacidify than to do nothing at all”[25]. 

The final point to be borne in mind is that the fundamental conservation treatment of 
a collection, which must precede every deacidification process, represents in itself 
very good value - and this is frequently overlooked. Seen from this perspective, 
deacidification ultimately constitutes simply dotting one’s ‘I’s and crossing one’s 
‘t’s. Or, put another way, to prepare collections for deacidification as such means 
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that they have already been treated for conservation purposes, and thus their lives 
already significantly prolonged. To have invested resources for this would thus not 
be in the slightest futile, even if afterwards the means were no longer sufficient for 
the actual deacidification. 
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2 
 
PRESERVATION POLICY AND 
DECISION MAKING 
 
Introduction 
 
 
Mass deacidification is just one brick in the wall of preservation measures to 
saveguard and take care for originals. To use it wisely in this area it is advisable to 
embed it an overall policy of preservation.  

National policies for preservation often focus on microfilming and digitalising, e.g. 
in the USA and in the Netherlands. Other countries like Switzerland, Germany or 
France place great emphasis on mass preservation measures treating originals. A 
highly developed awareness for the cultural heritage in the United Kingdom leads to 
important potential of establishing strategies in taking care of these treasures. In 
eastern European countries the main focus lies on preserving the original by gaining 
know-how in their own country through research and training (example: Slovak 
republic). 

In this chapter representatives of institutions having developed strategies for preser-
vation and knowing about deacidification express themselves about not (yet) using 
this measure in a large scale for different reasons. 
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The collection care strategy of a 
medium-sized archive 
Regula Nebiker 

 

The State Archives of the canton of Basle-Land 

The state archives of the canton of Basle-Land (BL) correspond to those of a me-
dium-sized Swiss canton. Some 10,000 linear meters of documents are stored, of 
which approximately 1,500 date from before 1830, 3,000 from the period between 
1830 and 1950, and 5,000 from the period between 1950 and 2000. In 2007, the 
archives were moved to a new archive building with 20,000 linear meters of shelv-
ing surface, and equipped with modern, air-conditioned storerooms as well as gen-
erous, functionally arranged workplaces for the personnel and the public. The per-
sonnel requirement is approximately ten full-time jobs, which are shared by 13 to 15 
people. The average number of visits per year is approximately 1,500, which will 
increase following the move to the new building. 

The principle activities of the BL state archives consist of safeguarding and taking 
over those documents from the cantonal administration worthy of archiving, as well 
as their evaluation, indexing and arranging. Other priorities include the running of a 
public reading room, supporting research, promoting record management in public 
administration and the development of strategies for archiving electronic documen-
tation. Collection care is just one priority amongst many others.  

 

Collection care strategy 

The highest priority in collection care is the avoidance of damage, for which various 
technologies are used.  Since 1955, microfilming using our own infrastructure and 
personnel has taken place. The majority of valuable documents has been filmed and 
may now only be consulted as microfilm copies. For this purpose, modern copying 
and digitization possibilities are available. The archive is constantly increasing its 
knowledge with regard to digitization.  

The new archive building, with its air-conditioned storerooms and adequate work-
places, likewise serves to reduce damage. Packing suitable for archiving is another 
priority of collection care measures, and in the past few years, 50% of all documen-
tation have been repacked. The BL state archive does not operate its own restoration 
workshop, but regularly gives contract to private conservators. 

In total, approximately CHF 80,000 per annum is available for collection-care 
measures. Of this, in approximate figures, CHF 40,000 is spent on packing material, 
CHF 30,000 on contracts given to private conservators and CHF 15,000 on paper 
deacidification. Thus, every two years, a batch of six to ten linear meters is deacidi-
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fied in Wimmis using the papersave swiss process. This is desperately little in rela-
tion to the actual requirement, but already quite a lot when compared to other simi-
larly large archives. 

 

Paper deacidification 

Since 2000, four batches have been treated in Wimmis. Large series with homoge-
nous material and requiring little selection effort were predominantly chosen as 
being the most suitable. We wanted, however, to gain experience, which is why we 
made a trial with mouldy documents. 

1. The first batch consisted of various newspapers from the period 1830 to 1970. 
These newspapers are, amongst other things, exceedingly valuable with regard 
to the history of the canton at the time of its setting up. The newspapers are 
bound, mainly in leather, but also in other materials and techniques, and are all 
microfilmed. Without exception, the results were satisfactory, and no damage 
could be detected. For Wimmis too, this was routine treatment. 

2. The second batch consisted of official publications from the period 1833 to 
2000. These likewise form part of the most valuable sources of cantonal history. 
They are all bound with every possible kind of material (leather, cloth, synthetic 
fibres). They are printed, and although the paper is less homogenous than in the 
case of the newspapers, it is of a somewhat better quality. They are likewise 
completed filmed. Here too, the treatment was trouble-free and satisfactory. 

3. With the third batch, we risked an experiment. We put all the old documents 
with mould damage (mainly from the 19th century) together. These consisted of 
manuscripts with materials of an extremely heterogeneous nature, i.e. unbound 
or bound with various materials, different inks and stamping inks. Many of the 
manuscripts were badly damaged and soiled due to an earlier mould attack. In 
order to exclude soiling and contamination, they were packed in boxes. Most of 
the documents were filmed. This time, special treatment was necessary in 
Wimmis and in the archive too, the effort was considerably greater. The treat-
ment results were, however, extremely satisfactory. Subsequently, 70% of the 
documents in the archive were cleaned in the dry state and returned to the 
shelves, and 20% with lesser damage, mostly damaged bindings, repaired and 
returned to the shelves. Some 10% with very severe mould damage (holes, pa-
per loss) require careful restoration, which will be carried out gradually in a 
longer-term program, as finances permit. Meanwhile, it has been proven that 
treatment with the papersave swiss process really brings about disinfection and, 
in addition, it has a long-term inhibiting effect on future mould attack (see con-
tribution in this volume: Andres, Hanspeter: papersave swiss – effects on fungi). 
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Figure 1: Documents with mould damage before paper deacidification 

 

4. For the fourth batch, we had the civil registers deacidified. These are, once 
again, historic sources of the highest value. They consist of heavy, leather-
bound volumes, hand-written in ink from the period 1876 to 1959. Because of 
their weight, only six linear meters, out of a total of 21, could be treated in a 
batch. They are extremely homogenous, all microfilmed and, as expected, could 
be treated without problem. In all batches, half-leather bindings were treated, 
the leather in all cases being relatively old. No damage could be detected. This 
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observation agrees with the experiences of other customers and the results of re-
search by Nitrochemie AG into leather in paper deacidification, namely that old 
leather bindings seem to stand up well to the treatment. 

 

Conclusion 

Small and medium-sized archives and libraries are dependent on simple and prag-
matic solutions. The biggest advantages of the papersave swiss process are a high 
quality of treatment, security and simple logistics. The process is mature and trust-
worthy, so that even the most valuable historic documents (cultural patrimony) can 
be easily treated.  It is not necessary to carry out own analyses, controls or research 
at all. Instead, small institutions can benefit directly from the research and develop-
ment work that has been carried out by the national institutions (Swiss Federal Ar-
chive and Swiss National Library) and Nitrochemie.  

The biggest drawback of the treatment is its price. The high costs merely force small 
and medium-sized institutions to severely prioritize. Thereby, paper deacidification 
is only one of several collection-care measures. On the basis of our experiences, we 
will continue with our strategy of small steps. 
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Strategies for mass preservation 
treatment 
Helen Shenton 

 

 

Outline and introduction 

The organizers of this Symposium asked for a strategic overview of the British Li-
brary’s approach to mass treatments such as deacidification within the national pic-
ture of the UK, and specifically for a few words about the paper strengthening pro-
ject started by the British Library in the 1980s.  

This paper therefore begins by reviewing what is currently being done from a practi-
cal point of view about the deacidification of the British Library’s individual collec-
tion items. Given that the British Library (BL) is a national library, the BL’s deacidi-
fication stance is put within the context of UK national initiatives with particular 
mention of INFOSAVE and the Preservation Needs Assessment of UK libraries and 
archives. 

The paper then reports on what the BL is doing about deacidification in relation to 
applied conservation research. The previous research into paper strengthening is 
explained before the UK framework for applied conservation research (within the 
wider European and North American context) is described. Specific new projects 
which are about to begin, funded by the Andrew W. Mellon Foundation that are 
applicable to deacidification, are mentioned. Some observations on why there is not 
currently a mass deacidification programme at the British Library and in the UK are 
included and questions raised about both about mass deacidification per se and other 
strategic preservation priorities. 

 

The British Library and the deacidification of individual collection 
items 

The current position is that the British Library deacidifies collection material on an 
individual basis but does not have a mass deacidification programme such as in 
Canada, in Switzerland or at the Library of Congress (LC). 

Material that is deacidified is identified and treated in one of two ways. Firstly, there 
is the in-house Conservation Department. The conservators work across the whole 
range of BL collections from printed books to medieval manuscripts to Chinese 
scrolls. Secondly, there are outsourced, external binding and conservation contracts 
for the more standardised work of, largely, printed material.  
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In-house conservation treatments 

Within the Conservation Department there is a Review currently being carried out of 
all the conservation treatments used by the 80 people in the different studios, to 
ensure consistency and best practice. This review of all treatments - not just deacidi-
fication - is part of a very wide-ranging programme of changes for the new Centre 
for Conservation due to open in 2007. The new Centre will accommodate state-of-
the-art book conservation studios and sound preservation studios. It will also com-
bine behind-the scenes tours, public access, a display and visitor centre and an edu-
cation programme. There will also be conservation training, with internships and a 
new Foundation Degree in book conservation in collaboration with a partner univer-
sity.  

As well as a review of conservation treatments currently in use, research into the 
need for book conservation training in the future and an audit of current skills are 
some of the elements of this very ambitious programme of changes within Conser-
vation at the British Library. 

The Review of Treatments reveals that deacidification is considered a routine treat-
ment by about of third of the Conservation staff, while for two thirds it was not a 
routine treatment. Magnesium bicarbonate is currently used most for aqueous treat-
ments, and methyl ethyl magnesium carbonate (in hexamethyldisiloxane as carrier) 
for non-aqueous treatments. This may well change, as the findings of the Treatment 
Review are analysed and especially in the light of current work on iron gall ink 
treatments. 

 

Outsourced conservation treatments 

Secondly, collection material is also treated outside of the British Library. Out-
sourced conservation is undertaken by external companies under tightly specified 
contracts. Of the material sent out under a number of different binding and conserva-
tion contracts, over the past 5 years c. 80% of the c.20,000 items of printed material 
were deacidified as one part of their treatment protocol. This included newspapers, 
printed monographs from the Humanities (including philatelic and music), Science 
Technology and Medicine collections and African Pacific and Asian printed collec-
tions. 

Under the terms of the contracts before 1999, collection material was routinely 
deacidified if the pH was less than 7. In 1999 all the BL contracts were re-tendered 
with much tighter specifications. The specification was for material to be deacidified 
if the pH was below 5.5 and there was much more rigorous testing to determine pH 
for all material before treatment. Aqueous treatment was magnesium bicarbonate 
and non-aqueous ethyl ethoxy magnesium carbonate. Spot tests are carried out to 
find out if there are any fugitive inks to determine an aqueous or non-aqueous ap-
proach.  
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The method of recording deacidification up until 2005 was on treatment slips in-
serted into the backs of the volumes, including the post-treatment pH. Last year, the 
BL introduced a Preservation and Conservation Management System, developed 
from elements of the Ex Libris Integrated Library System, on which the information 
of the in-house conservation is recorded and retrievable.  

I recently asked senior Conservation and Preservation colleagues for their comments 
on the general trends in deacidification. They see a steady decline in deacidification 
of individual items for a number of reasons, for example, a generally more cautious 
attitude to treatments such as deacidification (it is not seen as a minimal treatment; it 
is seen as changing the object). Furthermore, the issue of iron gall ink treatments has 
altered the attitude to the use of deacidification for a whole class of paper-based 
items. Therefore, whilst the BL does deacidify individual items there is not currently 
a specific mass deacidification stream of activity. This leads onto the UK-wide ini-
tiative, INFOSAVE.  

 

The British Library and UK initiatives  

INFOSAVE  

INFOSAVE started as a joint initiative from The National Archives (then called the 
Public Record Office) and the British Library in November 1999. The project devel-
oped over four years into three phases and started with funding from the BL Co-
operation and Partnership Programme. The National Library of Wales led the feasi-
bility study. The primary aims of the first phase were to explore current attitudes and 
understanding of mass deacidification in the UK, to map out a collaborative ap-
proach to solving the problems caused by acidic paper and to look at the possibility 
of establishing a mass deacidification facility to serve the UK and Ireland. The first 
phase produced the report “The Enemy Within! Acid Deterioration of Our Written 
Heritage” in March 2001[1].  

Phase two was a separate regional project to demonstrate the need for deacidifica-
tion amongst archives and libraries. A pilot group in the South of England represent-
ing different size library and archive collections as the National Archives, the Lon-
don Metropolitan Archives, the Wellcome Trust, the Royal Botanical Gardens at 
Kew, Imperial College and the British Library collectively analysed the amount of 
their collections which were acidic and would benefit from deacidification.  

The key findings were that 182 linear km of library and archive material in the pilot 
institutions was dated post-1850 and vulnerable to acid deterioration. 

The funding for phase three was provided by the Museums, Libraries and Archives 
Council (an arm of the UK Government’s Department of Culture, Media and Sport) 
and so for the first time brought the project within a possible national stewardship 
strategy. Phase three was completed in 2003. It consisted of a 'demonstrator project' 
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whereby sample batches of library and archive material were treated by seven com-
mercial deacidification companies and were tested for process effectiveness at Uni-
versity of Manchester Institute of Science and Technology. This demonstrator pro-
ject showed that different processes could offer advantages for different types of 
materials, and that some offer more consistent results across a range of materials [2].  

A key aim of the demonstrator project was to show that a project of mass deacidifi-
cation for UK collections could be carried out, using a model technical specification. 
The project evaluation felt that it had “proved that material from the UK [could] be 
effectively selected, packaged and despatched to a variety of locations - Spain, 
America, Germany and Switzerland, and that the technical specification was suffi-
ciently robust to achieve the desired results. No company has a processing base in 
the UK” [3]. The full details of the sample batches and technical specifications are 
all in the report.  

 

Plans and trends after INFOSAVE 

The long-term goal of INFOSAVE was to make mass deacidification available in 
the UK, for managers and funders alike to be aware of the options and the need to 
collaborate and to enable a national programme of deacidification by seeking sub-
stantial funding. Three years later this has not materialised. It might be useful to 
analyse some of the reasons for this. Firstly, both the two initiating partners, namely 
The National Archive and the British Library have other major priorities than out-
sourced mass deacidification.  

The National Archive’s recent position statement says that it  

“is fully committed to strategic goals of on-line services and, for the foreseeable fu-
ture, the preservation of electronic records. Moreover, the current state of mass 
deacidification treatments raises a number of technical and logistical problems 
which could potentially compromise the authenticity of the record, and therefore the 
benefits do not outweigh the costs. Maintaining the order of the Archive’s files is 
paramount, as is the authenticity of each document. Deacidification treatments 
could compromise both the order and the authenticity. The National Archives have 
concluded therefore that these factors along with other technical questions do not 
make deacidification an option for us at the present time”[4]. 

At the British Library, there are other very significant projects – not just the afore-
mentioned BL Centre for Conservation but a multi-million pound storage building 
programme. In some ways, this storage building programme is addressing a more 
fundamental preservation need as it will improve the environmental conditions 
for 12 million items. The storage building is due to open in about three years time in 
Boston Spa in the North of England. Whilst there is specific government funding for 
the construction costs, there are no specific new funds for all the other costs such as 
the preparatory work of cleaning, boxing and moving the 262 linear km of stock, 
which runs into several millions of pounds. Funding the preparatory work for this 
high bay, high density, automated store is putting a severe pressure on the preserva-
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tion budget in particular – substantial funds from the preservation budget are being 
dedicated to the storage programme over the next five years. 

As well as physical storage, the BL has an ambitious project to create a Digital Ob-
ject Management System to ingest, manage, store and preserve all the 200 terabytes 
of electronic material that it currently has in multiple formats from e-journals to web 
sites to e-literary manuscripts. So, like the National Archive, e-preservation is a very 
compelling need at the British Library and another significant demand on resources. 

In terms of a national deacidification programme, the political and financial agenda 
has moved on in some ways. As everyone in the audience of the “Save Paper!” con-
ference knows, deacidification is not “just” a technical issue. I remember talking 
with Jean-Frederic Jauslin, the previous director at the Swiss National Library about 
the mass deacidification programmes in Switzerland – he emphasised that it is not 
just a technical issue, but there are strategic, political, organisational, financial, lo-
gistical and legal issues. In the political and strategic arena, enabling national stew-
ardship initiatives such as mass deacidification is not the UK-wide highest priority 
for funders such as the Museums Libraries and Archives Council, whose priorities 
are regionalism, public access, diversity, public libraries and so on. 

The third reason why a UK deacidification strategy may not have materialised is 
funding. Deacidification is not a specific area of funding for the large funding bodies 
in the UK, such as the Heritage Lottery Fund.  Financially, there is no single income 
stream such as LC’s dedicated funding from Congress specifically for deacidifica-
tion. Other funders have moved away from this area and there has obviously been a 
big shift of funds towards supporting mass digitisation programmes. The perception 
is also that the huge, unresolved challenges of preserving digital material is a more 
urgent priority, given the potential for total loss of material. 

So basically, from my perspective I suggest that INFOSAVE as a national mass 
deacidification programme did not have its moment for a range of reasons, such as 
funding, politics, because the national library and national archives had higher pri-
orities - although it may yet have its moment but possibly on a smaller scale and in a 
different way.  

Furthermore on a national level, the UK Preservation Needs Assessment for libraries 
and archives in the UK was published last year which identifies the highest priorities 
for the overall preservation of the country’s library and archive collections as envi-
ronmental monitoring; storage; disaster preparedness and good housekeeping. Al-
though brittle paper was identified as a national concern, deacidification was not the 
highest priority [5]. 

 

UK Preservation needs assessment  

The national UK Preservation Needs Assessment combines data from surveys of 97 
collections of public libraries, academic libraries, special libraries, local authority 
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archives, copyright libraries and special repositories for England, Wales and Scot-
land.  

Co-ordinated by the National Preservation Office, it works by selecting and survey-
ing a sample of 400 items which provides a statistically reliable report for any size 
collection. The 97 surveys incorporate over 43,000 separate items (books, docu-
ments, photographs, etc.) representing an estimated minimum of 28 million items. 
Analysis of the surveys reveals that 87% of the UK collections are stable and 13% 
unstable. Only 3% of material has significantly brittle paper and 18% slightly brittle.  

The most pressing issues emerging are that environmental control and monitoring, 
good housekeeping and a written disaster plan are the least satisfactory elements. 
Consequently this may also be another contributing strategic factor to the timing not 
being right for a mass deacidification programme in the UK, although it must be 
considered an option in the future because of the quantity of post-1850 material 
stored in uncontrolled environments (68%).  

Fourthly, coming back to technical issues, I also think that reservations about 
deacidification have contributed to a certain caution towards the mass approach. 
Questions about the long-term effectiveness of mass deacidification methods are 
being addressed by the EU-funded PaperTreat project (2004-07), led by the Na-
tional Library of Slovenia of which the BL is a minor partner. This compares the 
commercially available treatments and how the properties of treated paper change on 
ageing. There are questions about the measurement of alkaline reserve - there is no 
agreement on how much alkaline reserve is needed or agreement on how to test for 
it and on standardised methods for artificial ageing. Work at the Koninklijke Biblio-
thek in the Netherlands has identified the challenge of the selection criteria for de-
ciding which items will benefit from treatment or which are too brittle to benefit 
from mass treatment.  Modern paper seems to be generally not acidic, but it contains 
materials such as optical brightening agents and recycled material of unknown com-
position, which may affect its stability. As yet the effects of these materials have not 
been studied. There is also the issue of the influence of air pollution, both externally 
generated and internally generated by the slow degradation of paper [6]. The British 
Library has become engaged recently in work on applied conservation research in 
this area. 

 

The British Library and applied conservation research  

British Library Conservation Research Strategy 

In 2003, the first head of conservation research in a library or archive in the UK was 
created at the BL shortly followed by a similar post at The National Archives. A 
strategy was produced by the BL and a number of projects are underway, some of 
which are directly relevant to the theme of this conference. Currently the BL is fo-
cussing conservation research on a variety of other paper-related areas. The full BL 
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applied conservation research strategy is on the BL web site in the document 
http://www.bl.uk/about/collectioncare/pdf/futurelife.pdf [6] but the following para-
graphs will concentrate on those elements relevant to the conference topic. Before 
discussing the present and future, the paper-strengthening project started in the 
1980s at the British Library is briefly described. 

 

 Pre 1990 - graft copolymerisation 

The original aim of the graft copolymerisation project was to identify and develop a 
mass process not only to neutralise the acid in paper and leave an alkaline buffer but 
also to strengthen weakened, embrittled paper.  

There are several articles on the progress of the project, from 1980 to 1994, together 
with boxes of archives, as well as anecdotal evidence from colleagues involved at 
the time. The following is collated from these different sources. 

Research was commissioned by the BL from the University of Surrey’s Department 
of Chemistry and after initial experimentation; a system was devised whereby poly-
mers were deposited within the paper using gamma radiation. This process is called 
graft copolymerisation because the polymer is actually grafted onto the cellulose 
molecules in the paper and cannot be removed just with, for example, solvent. 

By 1983, the best combination of monomers giving the best yields of polymers in 
individual sheets of paper was determined to be weight for weight, 5:1 ethyl acrylate 
and methyl methacrylate. To impart the best strength to the paper, a good polymer 
yield was necessary and the polymers had to be evenly distributed on and within 
each page of the book. The dosage of radiation was very small, well short of that 
which would cause damage to the paper fibres [7]. Subsequently the process was 
refined by adding a small percentage of an amine-containing monomer to neutralise 
acid in the paper, and another monomer to cross-link the polymer chains and thus 
increase its strength. 

In 1986 a feasibility study started to scale up the process from a theoretical labora-
tory research project to a “process engineering bulk treatment system” [8]. The 
books were individually wrapped and placed in a container purged with nitrogen to 
remove the oxygen, which had been found to be a major inhibitor of polymerisation. 
The monomer mixture was then introduced and left to stand for the mixture to dif-
fuse through the book leaves. The containers were then passed around a gamma 
radiation source to initiate the polymerisation process. The residual monomers were 
removed from the books by further nitrogen purging and the books left to air in a 
well-ventilated place for days before returning to the library. Papers based on es-
parto grass with very low folding endurance were the only ones that seemed not to 
respond to the treatment [7]. Ordinary cloth and leather bindings seemed to accept 
polymer deposition similarly to paper. The thickness of the paper did not increase 
but its weight did. The project determined that a 10-20% weight gain was accept-
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able. Tests were carried out to see if papers strengthened by graft copolymerisation 
deteriorated at the same rate as non-treated papers; they did and therefore a combi-
nation with calcium hydroxide deacidification was deemed the best combination. 

In 1988 the Paper Science Department of the University of Manchester Institute of 
Science and Technology conducted accelerated ageing tests, fold and tear tests and 
showed an increase in the life expectancy of the treated paper with an average in-
crease in strength of 2.2 times. In 1989 the company Oxford Consultants Ltd re-
viewed the chemistry of the process and approved the direction of the research. 

The feasibility study recommended that a small pilot plant be built to address the 
logistics of production and questions of process, such as the potential effect of or-
ganic monomers on plasticizers and adhesives. In 1991 the BL signed an agreement 
with Nordion International, a Canadian company specialising in the production of 
radioactive isotopes. The pilot plant was developed and built by Nordion, and in-
stalled at the premises of Isotron PLC, a company specialising in gamma ray sterili-
sation in Swindon, Wiltshire in the west of England.  

The six-month pilot became a two year project. A number of problems were encoun-
tered, such as the ingress of oxygen and the leaching of black marks from the butyl 
gloves used to handle the books; the monomer bonding to rubber and plastics and 
breaking the rubber seals in the chamber; and the degassed monomer semi-
polymerising within the stainless steel pipe work necessitating frequent replacement.  

There was variation in the amount of strengthening. Virgin rag and wood pulp paper 
gave the best results whilst recycled, coated and filled papers gave more varied re-
sults. The aim had been for a 100% conversion of the monomer to polymers but the 
maximum achieved was 80% leaving 20% unpolymerised or residual monomer in 
each volume, which was unacceptable in terms both of yield and odour.  

It is an unpleasant odour - colleagues helped me to find the volumes from this pilot 
for the talk at the SAVE PAPER! conference and over 10 years later they still have a 
distinctive sickly sweet smell. It is thought that this is caused by the unreacted 
amine-containing monomer. 

The surface texture of the treated paper did not change significantly.  There was 
minimal discolouration and minimal change in sheet dimension. The books required 
more pre-treatment than anticipated and some coloured inks bled. Some advantages 
of the process emerged such as killing of bacteria, fungal spores and insects and the 
treated books were less hygroscopic.  

The pilot was not developed into a commercial process. Whether this was due to 
questions about the process or lack of financial partners I have been unable to de-
termine, but a significant amount of money was needed to progress this at a time 
when the BL was concentrating on finishing its new, flagship building at St Pancras 
in London. 
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The key points of paper strengthening seem to be that, for all its disadvantages, the 
process did roughly double the life expectancy of the paper and no other treatment 
explicitly strengthens brittle paper 

 

Applied conservation research roundtable 

In 2004, the British Library convened a meeting of UK and other European and 
American scientists, educationalists and preservation strategists. The purpose of the 
meeting was to draw up a framework for applied conservation research for paper-
based library and archive materials in the UK and Ireland. The delegates to the meet-
ing generated a large number of ideas, which were drawn together into the following 
three over-arching priority themes for applied conservation research into paper-
based library and archive materials in the UK and Ireland: 

1. Life-cycle prediction, natural ageing of materials, evaluation of preservation 
strategies for different materials. 

2. Effects of the storage environment and selection of the optimum environment 
for different materials. 

3. Non-destructive methods of assessing damage to materials. 

The full strategy document for library and archive conservation research in the UK, 
Future Life of Collections is at  
http://www.bl.uk/about/collectioncare/pdf/futurelife.pdf [6]. Within this agreed 
framework, the BL applied for funding to the Andrew W Mellon Foundation for two 
projects. The Mellon Foundation awarded the BL $700,000, which is one of the 
largest grants ever made for conservation research in the UK. 

 

2006 onwards – Mellon-funded BL projects; EU-funded SurveNIR and Paper-
Treat 

Project 1 - condition of identical books in different nationally significant libraries 

Identical books held in different environments by the six copyright libraries across 
the UK provide a unique research resource. By analysing the condition of the same 
books published in the UK since the Copyright Act of 1710 in different locations 
and by using historic data about those storage environments, the project aims to 
enable more accurate prediction of the future conditions of books.  

The project will estimate the impact of the environments in libraries in Scotland, 
England Wales and Ireland over time on the state of preservation of paper and 
leather, using the “Time Weighted Preservation Index” developed at the Image Per-
manence Institute. As well as looking backwards at existing collections, the project 
will look forward, building on a pilot project already completed to monitor the pH of 
new, incoming, legal deposit monographs, which showed the overall level of pH 
was increasing. The project will monitor the evolution of acidity in books, serials 



72  Conference SAVE PAPER 2006 www.snl.admin.ch 

and newspapers in real time. It is intended that the near-infrared spectrophotometer 
being developed by the EU-funded SurveNIR project will be used to provide proxy 
information about the physical and mechanical properties of paper non-
destructively.  

The project builds on the earlier work related to acidity such as the Dutch ‘Land om 
Land’ project  which compared the condition of a collection of Dutch books which 
had been kept in the New York Public Library with the identical books in the Royal 
Library of the Netherlands in The Hague [9]. It also builds on the experience of the 
project ‘A predictive study of historic objects’ undertaken at the Centre for Sustain-
able Heritage, University College London, which aimed, amongst other things, to 
study the condition of identical books in libraries in historic houses and to relate this 
to information that could be reasonably deduced about their historic storage envi-
ronment [10]. As part of the study of real-time natural ageing, this project supports 
the British Library’s long-term life cycle project.  

In summary, this first project which starts in 2006 will improve the ability to predict 
the future evolution of the condition of books and will result in libraries having an 
early warning system in place to predict when acidity is becoming dangerously high, 
or mechanical strength is becoming dangerously low. This will enable future con-
servation to be planned more effectively and to be targeted on those items most in 
need. 

 

Project 2: The emission of acids by books and paper 

In the second project, volatile organic compounds (VOCs) given off by books will 
be analysed.  Paper emits a complex mixture of organic compounds as it ages, in-
cluding volatile acids, which form the characteristic smell of old books. They con-
tribute to the further degradation of paper, and it appears that the mix of compounds 
is characteristic of different papers, the degree and rate of degradation and the path-
way by which the paper is degrading. By sampling the air in book stores and meas-
uring the quantity of acid produced, this project will enable libraries to design stores 
to minimise the rate of paper degradation and also give an early warning of when the 
level of acid in the books is reaching dangerous levels. 

Starting in 2007, this second project aims to use an analysis of the emission of vola-
tile organic acids by books and paper to, amongst other things, help reduce the rate 
of deterioration of collections by specifying the ventilation or air filtration required 
to remove or neutralise of volatile acids to minimise the risk of acid accumulation, 
and hence paper deterioration, in stores.  

For example, the British Library’s new high-density, fully-automated store which 
was mentioned earlier will have a low-oxygen atmosphere to prevent fire. Because 
of the need to prevent oxygen from the outside air from leaking into the store, it will 
be built to a very high standard of air-tightness. By the same token, this will prevent 
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acids from leaking out, and there is a risk that they may accumulate. This study will 
help address this issue. 

The aim is also to be able to plan deacidification treatments more accurately, and 
specify the amount of alkaline reserve needed to ensure a reasonable life cycle, by 
quantifying the amount of acid produced by paper of different types and ages.  

The award by the Andrew W. Mellon Foundation has just been made and the project 
details are being developed. Both projects will end with a conference of the findings 
at the BL in 2008. We are taking a co-ordinated approach to this research – for ex-
ample by taking in conjunction with the findings of PaperTreat, incorporating the 
product of SurveNIR and using the same volumes as for the INFOSAVE trials. 

 

Conclusion 

I will end with some questions and observations about mass deacidification in the 
UK and some possible directions. 

• Is the need for paper strengthening a greater need than deacidification? 
• Is nanotechnology a possibility for paper strengthening? Graft copolymerisa-

tion was a solid approach and paper splitting has its merits, but is there a need 
for another approach? 

• If intervention at the beginning of the life cycle as prevention is the optimum 
approach for mass deacidification programmes, are newspapers the highest pri-
ority?   

• Does the increase in pH of incoming monographs negate the need for deacidifi-
cation? 

• Can we be more imaginative and combine deacidification on other projects and 
initiatives such as the Google or Microsoft digitisation projects, or such as 
CAPM (Comprehensive Access to Printed Material) [11]? Could these large 
scale digitisation projects such as the five Google digitisation projects or the 
BL’s Microsoft monograph digitisation project incorporate deacidification? Or 
a project such as CAPM, the off-site, robotic, mass digitisation on demand de-
velopments at Johns Hopkins University? 

It has just been estimated that at the British Library there are 5 or 6 billion pieces of 
paper including 750,000,000 pages of newspaper.  At the same time as the digital 
explosion, the trends in publishing are that there are more books being published 
than in any time in the history of the world. We still have to have strategies for car-
ing for that mass of paper. 

 

References 
[1] “The Enemy Within” (2001).  British Library Co-operation and Partnership Programme. Assess-

ment of mass deacidification techniques and the identification of methods to determine the 
amount of endangered material from 1850 to the present, the preferred methods to be used, and 



74  Conference SAVE PAPER 2006 www.snl.admin.ch 

to identify the priority categories. Outcome: published report, available at:  
www.bl.uk/services/npo/pdf/enemy.pdf. 

[2] INFOSAVE project report. Saving our national written heritage from the threat of acid deteriora-
tion: A report on the demonstrator project January 2002 – February 2003. Rhys Lewis, Jonathan 
and Walker, Alison:  www.mla.gov.uk/resources/assets//I/infosave_rep_pdf_6799.pdf 

[3] Rhys Lewis, Jonathan.  INFOSAVE, ibid, p.5 

[4] Bell, Nancy: The National Archives’ position statement on mass deacidification.  

[5] “Knowing the Need”.  A report on the emerging picture of preservation needs in libraries and 
archives in the UK.  National Preservation Office, 2006.  
http://www.bl.uk/services/npo/pdf/knowing.pdf 

[6] “Future Life of Collections”.  Report on a meeting on Applied Conservation Research held at the 
British Library, 27-28 September 2004, supported by the Andrew W. Mellon Foundation.  
http://www.bl.uk/about/collectioncare/pdf/futurelife.pdf 

[7] Foot, Mirjam: ”The Reinforcement of Papers by Graft Copolymerisation”, Proceedings of 
ARSAG Conferences, Paris, 30 September-4 October 1991, p229. 

[8] King, Ed: “British Library Book Preservation Process”, Library Conservation News, April 1992, 
pp35-36. 

[9] Pauk, Sophie and Porck, Henk: (1996).  “A study on identical books, stored under two different 
conditions”, www.kb.nl/hrd/cons/lol/rappeng.html 

[10] Cassar, May and Taylor, Joel: “A cross-disciplinary approach to the use of archives as evidence 
of past indoor environments in historic buildings”, Journal of the Society of Archivists 25 (2004), 
pp157-172. 

[11] CAPM see  http://dkc.jhu.edu/CAPM/proposal.html 

 

Acknowledgments 

I would like to thank colleagues at the British Library for their help with this paper, 
in particular, Vicki Humphrey, Deborah Novotny, Barry Knight, Alison Walker, 
Shirley O’Neill, Shad Mehmet, Martyn Jones and Gary Kelly. 

 

Author`s Address 

Helen Shenton 
Head of Collection Care 
The British Library 
96 Euston Road 
London NW1 2DB 
United Kingdom 
Phone:  +44 20 74 12 75 94 
Fax:  +44 20 74 12 77 78 
E-mail: Helen.shenton@bl.uk 



75  Conference SAVE PAPER 2006 www.snl.admin.ch 

 
Research on paper deacidification in 
Slovakia  
Jozef Hanus*, Svetozár Katuščák, Michal Čeppan, 
Vladimír Bukovský, Jozef Rychlý, Emília Hanusová, 
Jarmila Mináriková, Zuzana Szabóová 

 

 

Introduction 

The biggest problems in preservation of archives and libraries are caused – para-
doxically – by modern papers produced from the 2nd half of the 19th up to the recent 
years. The new technology of paper-making introduced in 1850, involved paper 
formation in an acidic environment and wood as the raw material. This was a crucial 
milestone from the point of permanence and durability of paper, its degradation and 
preservation in archives and libraries. The self-degradative effect of acidic papers 
causes the limited lifetime of machine-made paper from wood pulp with acidic rosin 
sizing with addition of alum. These problems are well known to the experts from the 
field of preservation of archives and library paper materials. It seems that - because 
of large quantities of these materials - only mass deacidification can help to solve 
these problems.  

A large scale research into the field for many years has brought an extensive knowl-
edge in paper degradation causes, mechanisms and also in different techniques and 
processes in order to improve its permanence, durability and life-span[1,2,3]. Many 
deacidification processes have been introduced and several treatments are commer-
cially used in a large scale[4,5,6]. 

However, despite all these achievements it seems that still some problems have to be 
solved. Among the most serious are ranked the following ones: which of the chemi-
cal processes offered is most effective; which collection materials should be sub-
jected to such a mass treatment; which analytical methods should be used for 
evaluation of deacidification processes and life prediction after the treatment; which 
standards should be developed, which quality standards should be defined, etc[7,8]. 

 

Situation in the Slovak Republic 

48 state archives in the Slovak Republic keep altogether 22,345 archival fonds and 
collections representing total scope of about 157,700 running meters of material[9]. 
It is estimated that about 80-85% of total holdings are documents created on paper 
from the period 1850 – 1970, i.e. on acidic paper with very low ageing resistance 
and thus potentially liable to self-degradation processes[10]. 



76  Conference SAVE PAPER 2006 www.snl.admin.ch 

Situation in Slovak libraries can be illustrated by the example of the Slovak National 
Library in Martin. The total number of book volumes until year 1900 is 1,2 million, 
of which 684,000 are on acidic paper. Of 900,000 volumes produced on hand-made 
paper 470,000 ones are acidic – 117,500 volumes of them are in acute jeopardy. 
300,000 volumes are produced on wooden paper; 214,000 volumes are on acidic 
paper – 107,000 volumes are in acute jeopardy. Much worse is situation concerning 
books after year 1900. The Slovak National Library keeps 2,4 millions of book titles 
of which 2,280,000 are made of acidic paper. 1,140,000 book volumes are in acute 
jeopardy.  

In other Slovak libraries - scientific, public, special and academic - is kept about 
43,6 millions of library units. On the basis of statistical data it can be stated that the 
situation in these libraries is even worse because most of their collections are books, 
journals, newspaper and other units produced after 1850 and 1900 on wooden and 
acidic paper[11,12] . 

The systematic effort of the archives libraries, museums, galleries and other cultural 
institutions have raised public awareness of the seriousness of cultural heritage en-
danger and necessity of its preservation; the National Council of the Slovak Repub-
lic has passed the Declaration on Preservation of Cultural Heritage[13]. 

 

The approach to cultural heritage preservation in archives and libraries  

The effort of the Slovak National Archives and the Slovak National Library for 
preservation of archives and library paper cultural heritage together with activities 
and long-term co-operation with the Department of Chemical Technology of Wood, 
Pulp and Paper and Department of Graphic Arts and Applied Photochemistry, Fac-
ulty of Chemical and Food Technology, STU Bratislava and the Slovak Academy of 
Science, Polymer Institute resulted in the State programme of research and devel-
opment “Preservation, stabilisation and conservation of traditional information 
carriers in the Slovak Republic – KNIHA SK”[14,15,16]. The programme is financed 
by the Ministry of Education of the SR within the framework of the State pro-
gramme “Current problems of the society development”. Its first phase was realized 
from 10/2003 until 12/2005, the second one will continue in the period 1/2006 – 
12/2008. The basic aims, structure and some results of the program can be summa-
rized as follows. 

Coordination of the program 

• the scientific and technological potential of the key institutions in the field of 
cultural heritage preservation – Slovak   University of Technology / Faculty of 
Chemical and Food Technology, Slovak National Archives, Slovak National 
Library and Polymer Institute, Slovak Academy of Science - has joined into a 
consistent research-educational system and association "Consortium Book SK“; 
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• concentration of scientific capacity in the field of technology of preservation, 
stabilization and conservation of ligno-cellulosic (LC) macromolecular materi-
als in the SR. 

 

Shared specialized national library of the SR for the field of cultural heritage 
preservation  

• there has been created a specialised national library for the field of technologies 
of cultural heritage protection and preservation, shared knowledge space of 
world and new own pieces of knowledge , intranet communication system and 
investigating working space for program participants; 

• database of relevant literature information in the field; search in patent data-
bases (e.g. present database contains relevant American, European and Cana-
dian patents from 1968 up to now);  

• digitization of relevant hard copies information from the field and full-text 
information retrieval, etc. – all information are available for all participants of 
the program. 

 

National shared potential of instruments and devices for education and research 
of cultural heritage preservation  

• it enables all partners to use all laboratory devices and equipments in each 
institution for the purposes of the project free of charge;  

• creation of central testing laboratory at the Faculty of Chemical and Food 
Technology for the purposes of the project;  

• it is supposed to be converted to the Technological centre for cultural heritage 
protection and preservation having a character of applied research laboratories 
in the 2nd stage of the project. 

 

Methods of classification and assessment of library and archival documents ac-
cording to historical-cultural and technical criteria 

• Document classification from the point of view of preservation priority and 
from the point of view of possible individual technological processes. Cultural 
heritage of the SR, stored on paper carriers of historical books, is partially clas-
sified not only from the cultural-historical point of view, but also according to 
technological criteria. 

One of the examples - the classification of books based on acidity measurements, 
mechanical properties (folding endurance) and lignin content - enabled their catego-
rization into four groups and is illustrated on the following pictures (Figure 1-
3)[17].  
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Another example is a collection survey at the Slovak National Library and creation 
of database for purposes of technological criteria for potential mass treatment of 
library books. The survey of 1400 books from the period 1900-2000 provides the 
results from analysis of the whole century & particular decades. At the 1st level 
survey 7 parameters were followed: acidity (pH – indicator, surface electrode), me-
chanical strength (puncture depth – centre & edge of page), thickness of the sheet, 
sizing degree, lignin content, yellowing and alum content - Al2(SO4)3.  

The following picture (Figure 4) shows the example of books classification accord-
ing to their acidity and their distribution into several risk groups; the most endan-
gered is the group I reaching pH values less then 4. From preservation point of view 
is very important also the number of books ranged into the group II (pH 4,0 - 4,9) 
which are rather acidic and will necessary need a deacidification treatment. 

Within the framework of classification methodology and its practical application the 
new equipment - Paper strength puncture tester® - and method was developed and 
patented at the Slovak National Library for routine simple paper strength testing by 
puncture in library collections[18].Comparing to routine used “corner tearing 
method” this one caused only a small damage to paper of books depending on its 
thickness (Figure 5).  
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Figure 4: Distribution of the 20th century books according to paper acidity 
 
 
 
 
 

 

 

 

 

                                                    Front side of the puncture                                                                 

 

 
     

                                                     Back side of the puncture 
 

Figure 5: Paper strength puncture tester® and punctures caused by its use 

 

The example of correlation between the puncture depth and folding endurance is 
presented in Figures 6 and 7[18]. Distribution of books on the basis of paper 
strength estimated by puncture tester is presented on Figure 8.  
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Figures 6, 7: Correlation between folding endurance and depth of puncture 
 

 
Figure 8: Distribution of the 20th century books according to the paper strength 

The most risky group of books is nr. I in which the depth of puncture is higher than 
25 mm; there are about 20% of books from 1900s and 8% from 1920s. Another 
significant risky group is also the group II of week papers reaching 44% of books in 
1900s, decreasing to about 10% in 1940 and increasing significantly again up to 
30% in 1960s, ending by rapid decline in 1980s. Groups III and IV – significant 
from quantitative point of view – represent relatively strength books and suitable for 
deacidification. Significant strength differences among particular decades can be 
seen e.g. in 1920s, 1940s and 1960s.  
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Evaluation of present commercial deacidification systems, research in 
strengthening of ligno-cellulosic (LC) materials and development of own 
modification systems 

This is the core and the most important part of the program towards the end-users – 
archives and libraries. The improvement/stabilization of permanence of mechanical 
strength of treated paper in the course of ageing has been set up as the primary crite-
rion for the evaluation of treatment (deacidification, modification) effectiveness in 
the first step of evaluation process. 

In practical evaluation it means the comparison of treated/modified (Tt,m) and non-
treated/non-modified (Tt,n) samples after the same period and conditions of ageing 

St = Tt,m / Tt,n 

where St is permanence coefficient by given treatment/modification (deacidification, 
strengthening, etc.), t - ageing period.  

If St > 1, the permanence is increased; if St = 1, it is not changed; if St < 1, it is de-
creased. 

Paper samples were sent for treatment to all companies providing commercial mass 
deacidification and we would like to thank them for their kind service. After the 
treatment they are tested and changes of some mechanical, chemical and optical 
properties are evaluated. 

The research program of our own for modification and lifetime improvement of LC 
materials creates very important part of the program; at this stage its results are 
available for project participants only.  

The following table and figures (Table 1, Figures 9, 10) - as examples for evalua-
tion - illustrate tested mechanical, chemical and optical properties and interpretation 
of measured results. In the case that some other and more information is needed the 
whole range of methods which are available in laboratories of all participating insti-
tutions can be used, e.g. scanning electron microscopy, FTIR, LC- MS, etc.   

All other observations - as visual evaluation of mechanical changes (any kind of 
deformation of paper or bookbinding – e.g. cockling, distortion), undesirable deposit 
of deacidification agent on treated materials, inks bleeding, etc. – are made as well 
and create very important part of the overall evaluation process. 

However, we would like to stress that the comparison and evaluation of different 
deacidification systems is not the intention of this paper – these are just examples we 
routinely use for evaluation of each tested system. In order to avoid any un-balanced 
information concerning results of different commercial system we do not mention 
intentionally any names of used processes. Those results will be published in other 
studies later on. 
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Table 1 – Example of followed properties of treated paper samples  

Measured quantity Units Aging 103°C (days) 

  0 3 6 12 24 

Tensile strength MD /WP 3,54 3,22 3,05 2,47 2,29 

Tensile strength MD /WPT 
kN/m 

3,05 2,77 2,75 2,62 2,55 

Tensile Index MD /WP 44,25 40,25 38,13 30,88 28,63 

Tensile Index MD /WPT 
Nm/g 

38,10 34,63 34,40 32,80 31,90 

Tensile strength perm. coeff. MD SWP/SWPT 0,86 0,86 0,90 1,06 1,11 

Elongation MD /WP 1,40 1,20 1,10 1,00 0,54 

Elongation MD /WPT 
%   

1,70 1,60 1,50 1,50 1,30 

Elongation perm. coeff. MD SWP/SWPT 1,21 1,33 1,36 1,50 2,41 

Breaking length lt MD /WP 4,51 4,10 3,89 3,15 2,92 

Breaking length lt MD /WPT 
km 

3,89 3,53 3,50 3,34 3,25 

Zero span breaking length lt0 MD /WP 4,40 2,87 3,50 1,64 1,12 

Zero span breaking length lt0 MD /WPT 
km 

4,81 3,81 3,60 3,27 3,01 

Zero span breaking length lt0 MD /WP 51,90 33,75 41,20 19,33 13,13 

Zero span breaking length lt0 MD /WPT 
N  

56,64 44,88 42,35 38,47 35,38 

Fibre strength permanence coeff. MD SWP/SWPT 1,09 1,33 1,03 1,99 2,69 

Zero span breaking length lt0 CD /WP 3,72 1,66 2,09 1,07 0,57 

Zero span breaking length lt0 CD /WPT 
km 

3,20 3,52 2,67 2,53 1,93 

Fibre strength perm. coeff. CD SWP/SWPT 0,86 2,12 1,28 2,36 3,39 

Folding endurance MD /WP 14 3 1 1 0,5 

Folding endurance MD /WPT 
double 
folds 10 8 8 7 4 

Folding endurance perm. coeff. MD SWP/SWPT 0,71 2,67 8,00 7,00 8,00 

Folding endurance CD /WP 7 3 2 1 0,5 

Folding endurance CD /WPT 
double 
folds 7 7 6 4 3 

Folding endurance perm. coeff.CD SWP/SWPT 1,00 2,33 3,00 4,00 6,00 

pH cold extract WP 4,43 4,41 4,38 4,33 4,34 

pH cold extract WPT 
pH 

8,00 7,90 7,60 7,60 7,50 

pH permanence coefficient SWP/SWPT 1,81 1,79 1,74 1,76 1,73 

Alkaline reserve %CaCO3 0,38 0,37 0,32 0,25 0,23 

Carbonyl contents       

Carboxyl acids       

Furfural       

Brightness WP 82,4 70,1 65,1 62,1 57,3 

Brightness   WPT 
(%) 

74,8 69,8 66,5 65,1 63,5 

Brightness Perm. Coefficient Sm/Sn 0,91 1,00 1,02 1,05 1,11 
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Legend to table1 

Writing paper containing woodpulp, made in the Slovak paper mill Slavošovce 
Grammage 80,0 g/m2  

WP original writing paper, WPT writing paper treated, MD machine, CD cross direction 
lt  breaking length [km],  F [kN/m] breaking load Fmax [N] / b 
b  sample strip width [mm] - (15mm) 
lt =( F/ ms.g) . 103                                           
ms  grammage [g/m2], g gravity acceleration 9,81 m/s2, perm. Coeff. = Permanence coefficient 

 

 
Figure 9: Permanence coefficients of treated writing paper 
 
 

Changes of pH and alkaline reserve 
during accelerated ageing at 103oC
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        Figure 10: pH and alkaline reserve of treated writing paper 
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In order to follow e.g. the distribution of deacidification agent particles in paper 
after deacidification, samples of newsprint paper were sprayed by Magnesium oxide 
(MgO) in perfluoroheptane. Samples were air-conditioned according to ISO 187 (50 
± 1% RH, temperature 23 ± 1°C, 24 hours) before all measurements. SEM pictures 
show that neither in cross section, nor in fibres cross section, inter-fibres area, lu-
mens nor cell walls any deposit of MgO can be seen. The following pictures (Fig-
ures 11-14) are the part of the SEM picture database of treated samples under the 
different conditions; the database is created within the framework of the program. 

 

  

  
 
Figure 11, 12, 13, 14:  SEM pictures of newsprint treated by MgO in perfluoroheptane 
spray 
 

Degradation of cellulose and loss of its use properties is caused by two main proc-
esses, particularly by acid-catalyzed hydrolysis and oxidation (Figures 15,16). The 
first reaction is direct cleavage of 1,4 ß-glycosidic bond which takes place after its 
interaction with hydrogen ions and leads to semiacetal chain-end groups (pH < 7). 
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Figure 15: Degradation of cellulose by acid hydrolysis 
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Figure 16: Degradation of cellulose by oxidation 
 

On the other hand, oxidation by oxygen is much more complex process occurring 
via oxidation of hydroxyl groups on glucopyranosyl structural units into carbonyl 
and carboxyl groups. The latter facilitate scission of the cellulose backbone as well. 
Both, production of chain-end semiacetal groups and oxidation of hydroxyl groups 
are accompanied by weak light emission (chemiluminescence - CL)[19,20,21]. 

Measurements of CL were used in EU project Papylum [22] and are extensively 
used also in KNIHA SK. The present equipment for CL measurement - chemilumi-
nometer Lumipol 3 – as well as its previous versions have been developed and made 
at the Polymer Institute, Slovak Academy of Science, Bratislava. The following 
pictures (Figures 17-19) represent some examples of the equipment and measured 
results.  
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Figure 17, 18: Lumipol 3 - CL measurement at the Polymer Institute, Slovak Academy of 
Science 

 

New information on indoor quality environment for long-term storage 
of library & archives materials 

It is well known that the indoor quality environment is a decisive factor in life-span 
from the point of long-term storage of library & archives materials. This is the rea-
son why program KNIHA-SK involves also following and evaluation of air quality 
(air pollution) in selected Slovak archives and libraries, analysis of volatile com-
pounds from archives and library materials, behaviour of acidic paper in alkaline 
boxes during a long-term storage, etc. 
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Figure 19: Number of double folds (machine direction) for bank paper vs relative de-
gree of polymerization determined from the surface below the chemiluminescence inten-
sity – temperature runs in oxygen atmosphere at 90°C  

 

Education 

As a consequence of the project KNIHA SK in 2004–2005 the interest of young 
generation, scientists and teachers considerably increased also in the field of techni-
cal education for cultural heritage preservation. Conditions for academic education, 
bachelor projects, diploma works and dissertation theses are being improved.  

The interest of young generation is of key importance for qualified preservation of 
its own cultural heritage in the SR. The social importance of project KNIHA SK is 
strongly felt also in the field of intensification of education in chemistry and tech-
nology of preservation of traditional carriers of cultural heritage.  

 
Table 2. Number of students activities concerning preservation of cultural heritage  

 Before 
KNIHA SK 

During KNIHA SK 

Year 2002 2003 2004 2005 

Bc. 0 7 6 12 

MSc. 4 6 8 13 

PhD. 0 1 2 4 

Experimental works 0 0 0 59 

Research-technical works  0 7 9 8 

Publications 0 1 33 7 

total 4 21 58 103 
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Conclusion 

The problems of acidic paper degradation and their solution have brought very posi-
tive synergetic effect into the field of cultural heritage preservation in general in the 
Slovak Republic. It is mainly connected with increasing of educational background 
in the field, coordination of research activities involving inter-disciplinary scientists 
and different institutions, but also increased number of Bc., MSc. and PhD. works, 
in which deacidification, stabilisation and strengthening of endangered archives and 
library materials plays the key role. 
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3 
 
 
SAVE PAPER – ACTUAL RESEARCH 
 
Introduction 
 
 
From the large number of research activities in the field of mass deacidification, this 
chapter picks out themes concerning process evaluation and development. 

Comprehensive evaluation of deacidification processes, not only with regard to their 
chemico-physical performances, but also to their optical-tactile effects is, as before, 
a challenge. The following overview lists the more recent studies from the literature. 
In addition, there are numerous unpublished investigations by suppliers themselves.  

 

Client / executing 
institution/person 

Year Processes under 
investigation 

Kind of investigation 

European Commission 
on Preservation and 
Access-Royal Library, 
The Netherlands, H. 
Porck 

Report 
1996 

DEZ, FMC, papersave, 
Bookkeeper, Wei 
T‘o/Sablé 
 

Literature review 

Bibliothèque Nationale 
de France, N. Buisson 

Report 
2004 

Sablé, Separex, 
papersave, Bookkeeper 
 

Literature review, 
investigations (chemico-
physical and optico-tactile) 

National Preservation 
Office, United Kingdom, 
J. Rhys-Lewis 

Report 
2003 

Bookkeeper, CSC-
Booksaver, Libertec, 
Neschen, papersave 

Literature review, 
evaluation (focus optico-
tactile) 

DFG-Project at the 
State Academy of Fine 
Arts, Stuttgart, 
Germany, G. Banik 

Report 
2002 

papersave, Neschen, 
Bookkeeper, Libertec 
 

Investigations (new 
methods for physico-
chemical and optico-tactile 
analysis) 

EU-Projekt papertreat, 
National Library of 
Slovenia, J. Kolar 

Start 
2004 

  

 

The contribution of Gerhard Banik and his team deals with the quality-conscious 
execution of mass deacidification measures and presents the results of a comparative 
investigation of the available processes in Europe. As a new aid for quality control, 
the concept of risk indices, which has been adopted and further developed by the 
Swiss National Library, is proposed. With a similarly newly developed method for 
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detecting characteristic gaseous decomposition products, the effectiveness of 
processes with regard to achieved chemical stabilization of the paper is assessed. 

The fluorescence labelling technique, developed by Antje Potthast and his team, 
represents a promising method for the comprehensive characterization of cellulosic 
substances. Here, the effect of conservation measures can be followed at the 
molecular level, which permits its application in a targeted and effective way. 

The contribution from Hervé Cheradame is dedicated to the topic of paper 
consolidation. A great deal of research effort has already been carried out in this 
field with, as yet, no real mass process for paper consolidation being made available. 
The more time passes, the less can paper deacidification be used as a preventative 
measure, which is why this topic is gaining in importance. 
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Current efforts to establish an effective 
quality management for mass 
deacidification 
 

Gerhard Banik*, Thorsten Doering, Ulrike Hähner 

 

 

Introduction 

European archives and library preservation officers today are able to choose among 
eight commercial companies providing mass deacidification services. To develop a 
holistic deacidification programme, decision makers in the collections need clear 
answers to the following questions: 

• Which of the chemical processes offered is most effective? 
• Which company provides the best service? 
• Which collection materials should be subjected to such a mass treatment?  
• What part of the collections must be excluded from mass deacidification? 

It therefore was necessary to develop efficient and non-destructive analytical tech-
niques which allow judging on a sound scientific basis the completeness and quality 
of the chemical intervention. Further the improvement of logistics and in-house 
quality management programme is of decisive importance. 

 

Analytical tools to determine deacidification efficacy  

Until recently, no meaningful analytical procedure existed for evaluating the effi-
cacy of mass deacidification treatments. Common tests, such as pH in the cold ex-
tract, surface pH, alkaline reserve, tensile strength after one defined fold, or zero-
span tensile strength, provided only limited information and required destructive 
analysis on extensive sample material. Hendriks demonstrated that none of the clas-
sical tests predict the chemical stability or aging properties of paper [1].  

PH- measurements - which generally are used to express paper acidity - have to be 
looked as critically. As the pH has to be measured in aqueous solutions the proce-
dure requires sampling and preparing an aqueous extract of the paper under investi-
gation. In order to guarantee that the gained values are reproducible and accurate, 
the procedures are described in industrial standards requiring an unacceptable 
amount of sample. Surface pH measurement techniques therefore are widely used in 
the conservation community. Unfortunately surface techniques are not standardized 
in respect to all relevant parameters (TAPPI T 509 om-04, [2]). Results may vary 
considerably and can not be taken to evaluate the quality of a deacidification opera-
tion. To overcome the drawbacks Saverwyns et al. [3]and Hanus et al. [4] suggested 
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miniaturized pH measurement techniques, which should be established as standard 
in paper conservation. Such a procedure requires only 40µg of paper sample and 
allows accurate pH measurements. However, micro pH techniques are of sufficient 
accuracy only in an acidic pH environment. Unfortunately the pH only indicates 
whether a paper is acid or alkaline but no conclusions about the amount of the alka-
line reserve or its distribution within the paper web can be drawn.  

The quality of mass deacidification is judged by the concentration of the so-called 
alkaline reserve. The alkaline reserve is a deposit of alkaline earth carbonate or ox-
ide in the paper; i.e. material that will protect paper against the attack of acids and 
can act until its neutralization capacity is exhausted. It should be deposited in the 
course of a mass deacidification operation as evenly as possible. According to the 
Swiss Quality Standards, a treatment is regarded as successful if the concentration of 
the alkaline reserve ranges between 0.5-2.0% expressed as magnesium carbonate 
[5].  

For the evaluation of the treatment quality in respect to the alkaline reserve Nitro-
chemie Wimmis AG (NCW) developed a non-destructive technique based on X-ray 
fluorescence [6]. Application of this technique is limited to processes where magne-
sium carbonate and titanium oxide are deposited in the paper i.e. either the 
PAPERSAVE™ or the papersave swiss process. In absence of titanium as internal 
standard concentration and distribution of the alkaline reserve – magnesium carbon-
ate, calcium carbonate or magnesium oxide - need to be determined by destructive 
methods, such as inductive coupled plasma atomic emission spectroscopy 
[ICP/OES)]. This method requires hot extraction of paper samples in 20% hydro-
chloric acid. It should be noted that this analytical method is suitable for expendable 
sample material (Figure 1).  

Therefore the development of a non-destructive analytical tool was of decisive im-
portance. The new technique is based on analysis of volatile compounds (VOCs) 
generated during paper ageing. It was developed through grants of the Deutsche 
Forschungsgemeinschaft (DFG) from 1999 –2002 [7]. Investigations have been set 
up with acid test papers of known composition, which have been artificially aged. It 
is well known that a large number of volatile compounds are released from paper as 
a result of its ageing and degradation [9]. Thus their determination is of high inter-
est, particularly with respect to identify substances, which only are released through 
a special type of degradation mechanism, such as e.g. acid hydrolysis or oxidation of 
cellulose. The analysis of volatile compounds formed during ageing by solid phase 
micro extraction (SPME) and subsequent capillary gas chromatography in combina-
tion with mass spectrometry (GC/MS) enabled the identification substances, which 
are indicative for the mechanism of paper decomposition. It relies on the determina-
tion of furfural and acetic acid. Furfural is generated when cellulose undergoes acid 
hydrolysis, acetic acid is formed through its oxidative degradation.  

The analytical approach follows suggestions of K.B. Hendriks who stated already in 
1994 that for determination of any improvement in paper permanence gained by 
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deacidification it is necessary to measure the rate of appearance or disappearance of 
a degradation product [1]. To measure the retention of strength properties does not 
allow to draw any conclusion on chemical stabilization, see Figure 2.  

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Distribution of magnesium calculated as % MgCO3 across a sheet of ground 
wood paper in the format A5. Quantitative determination of magnesium was analysed by 
ICP/OES after paper extraction in diluted HCl.  For the representative evaluation of the 
distribution magnesium carbonate at least seven samples have to be taken, the average 
sample size is indicated by the black rectangles The concentration of the alkaline re-
serve ranges between 0.84 % (spine) to 1.2% (foredge), deacidification process: CSC-
Booksaver. 

Analyses were undertaken with an acid ground wood paper and further with natu-
rally aged samples taken from 20th century periodicals. The test papers were sub-
jected a routine deacidification treatment at five different companies and were sub-
jected to evaluation, including SPME-GC-MS analysis for furfural and acetic acid 
(Table 1, bolded items).  

spine

spine 

percentage   
calculated as 
MgCO3 

foredge 
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Figure 2: Graphic representation of the concentration of volatiles versus ageing of pa-
per. Analysis was carried out by contact SPME sampling from inside of selected vol-
umes of a scientific periodical and subsequent GC/MS determination of indicator sub-
stances. Sample: Scientific periodical from the collection of the University Library 
Stuttgart. The higher values [▪] of the indicator substance indicate the low quality of 
printing paper produced during the post world war periods (1919 and 1948) [10]. 

The gained results indicate that only liquid phase processes provided sufficient 
deacidification of degradation products that were present in the treated papers. Suf-
ficient deacidification was provided through the non-aqueous PAPERSAVE™ proc-
ess (Battelle Ingenieurtechnik, ZFB Zentrum für Bucherhaltung), and through the 
aqueous Bückeburg process (Neschen).  

The improvement in stability of the test paper as result of deacidification was ana-
lysed through dynamic artificial aging and subsequent analysis of furfural [11, 12]. 
The most stable samples were those that had been deacidified by Neschen or Bat-
telle. Papers treated at the ZFB showed an increase in furfural content even after 
short aging duration, demonstrating that deacidification of test papers was not suffi-
cient.  

The analytical data are part of a PhD-Thesis which has not been finally approved 
until now. More details must not be published beforehand. Publication of the tech-
nique including the gained results in detail is to be expected for fall 2006 [10]. 

In principle the following conclusion can be drawn from the results of the research: 

• Both aqueous (Neschen Bückeburg) and non-aqueous processes 
(PAPERSAVE™) can achieve satisfactory results. 

• Selecting a particular process does not guarantee sufficiency of deacidification 
achieved - the PAPERSAVE ™ process carried out at Battelle was effective, but 
the same process carried out at the ZFB, provided insufficient deacidification. 
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• Dry deacidification processes (Bookkeeper™, i.e. Libertec™) are significantly 
less effective in achieving the desired neutralization. 

• Acetic acid is nearly completely eliminated from papers treated with the 
PAPERSAVE™ process (Battelle, ZFB) and the Bückeburg process (Neschen).  

• The Bookkeeper™ and the Libertec™ process does not eliminate acetic acid 
from the paper. 

 
Table 1:  Commercial companies offering mass deacidification in Europe Bold: 
companies included in evaluation through non-destructive testing 

Process Company (location) Deacidification agent 

IMMERSION IN NON-AQUEOUS LIQUID 
Battelle Ingenieurtechnik  
(Eschborn, Germany) 

PAPERSAVE® 

ZFB Zentrum für Bucherhaltung (Leipzig, 
Germany) 

papersave swiss Nitrochemie Wimmis AG (NCW) 
(Wimmis, Switzerland) 

 
Magnesium titanium alkoxide 
in hexamethyldisiloxane 
(HMDO)  

CSC Book Saver® Conservación de Sustratos Celulósicos, 
Terrassa (Spain) 
Preservation Academy Leipzig (PAL) 
since 2003, Leipzig, (Germany) 

Carbonated magnesium-
propylate in propanol + 
heptafluoropentane  
(HFC 227) 
 

IMMERSION IN AQUEOUS LIQUID 
Neschen AG 
(Berlin, Germany) 

              (mass) 
 
              (sheet) Schempp Conservation Company 

Kornwestheim, (Germany) 

Fixation of soluble dyes 
through polyionic agents;  
magnesium hydrogencar-
bonate; methylcellulose 
strengthening 
 

DRY APPLICATION OF SUB-MICRON PARTICLES VIA AIR STREAM 
Bookkeeper® Archimascon (Preservation Technologies 

B.V.), Heerhugowaard, (The Netherlands) 
Magnesium oxide in per-
fluoroalkane 

Libertec® Libertec Bibliotheksdienst 
Nürnberg, (Germany) 

Sobu Sobu 
Nürnberg,(Germany) 

 
Calcium carbonate and 
magnesium oxide  

 

Acetic acid, the key substance associated with the oxidative degradation of cellu-
lose, is nearly completely removed from paper when the PAPERSAVE™ process 
(Batelle, ZFB) is used. The aqueous treatment from Bückeburg (Neschen AG) is 
comparably effective. Significant quantities of acetic acid remain in the paper after 
treatment with Bookkeeper and Libertec treatments.  

Acetic acid was generated in all deacidified papers during artificial aging. None of 
the treatments was able to prevent the formation of new acetic acid in the paper, 
which indicates that oxidative degradation and the slow re-acidification of paper 
occurs regardless whether deacidified or not.  
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The described analytical technique to monitor the efficacy of mass deacidification 
has so far only been tested experimentally. The procedure requires experienced staff, 
sophisticated analytical equipment and is time consuming. It is not yet available for 
routine testing of mass deacidification treatment results. 

There are indications that by determination of the indicator substances furfural and 
acetic acid the state of ageing of paper might be calibrated. One example for calibra-
tion of ageing characteristics of paper based on the SPME sampling technique and 
subsequent GC/MS analysis is given in Figure 3. Such a technique could open new 
possibilities for a scientifically based judgement to what extent the life expectancy 
of a paper might be extended as result of deacidifaction. Further extensive research 
is necessary to yield sufficient interpretable data to make analytical techniques for 
the determination of ageing of paper available in practice.  

 

 
Figure 3: Graphic representation of decrease in tensile strength after one defined fold 
(Bansa/Hofer-test) of versus time of dynamic artificial ageing. Paper was aged in stacks 
in a glass desiccator with a free inner volume of 11.4 L after pre-conditioning at 50% 
RH and 23°C for 48 hours according to ISO 187. For the artificial ageing the filled des-
iccator was placed into the climate chamber and subjected to a cycling temperature al-
ternating between 35°C and 65°C every 90 min. One complete cycle is 180 min. 
 

Nevertheless the usability of the methodology has recently been demonstrated by 
investigations of Penders et al. [13] and Strilic et al. [14]. Penders et al. identified 
and monitored the VOCs released through cellulose degradation by iron-gall ink 
corrosion [13]. They could prove, that the emission of VOCs is linked to hydrolysis 
and oxidation of cellulose. In particular it was shown that the formation of furfural 
as indicator substance of acid hydrolysis is oxygen independent while the release of 
organic acids, such as acetic acid, require the presence of oxygen, thus being indica-
tive for cellulose oxidation.  
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Strilic et al. proved a correlation of the emission of furfural with the pH of paper. He 
suggested Head Space (HS)-SPME and contact SPME of volatiles as non-
destructive techniques to evaluate the pH of paper [14].  

Besides GC/MS of volatile indicator substances, spectroscopic techniques, such as 
NIR spectroscopy with chemometric analysis of spectra seem to be promising for 
the evaluation of chemical properties of naturally aged papers.  

 

Development of comprehensive mass deacidification programmes 

Because the diversity of the collections and the missions associated with their use 
vary from one institution to another, it is impossible to generate universal criteria for 
the implementation of deacidification programmes. However, to establish a control 
mechanism by which mass deacidification systems can be evaluated and compared 
nationally if not internationally, general guidelines are needed by which customized 
programmes can be formulated for individual institutions. Examples for basic guide-
lines are given in Tables 2 and 3.  

 
Table 2:  Model for the development of selection criteria for deacidification pro-
grammes (modified example from a field study conducted at the University Library 
Marburg, [7], part 2, S. 14).  

Publication date Books published after 1845 and before 1985 
Degree of damage Papers identified as category I (slightly deteriorated) are first priority 

Paper identified as category II (significantly discoloured and me-
chanically weakened) are second priority  

Object-related restrictions 

Possible restric-
tions 

Informational value, e.g. readability of text including library markings 
(owner stamps, library codes, patron borrowing information) have to 
be preserved 
Colour alteration of paper caused by treatment may not be accept-
able, depending on value criteria established within institution 

No deacidification  Full leather and full parchment bindings 
Photographs 
Original artist prints 
Illustrations and maps valued as artistically relevant book production 

Borderline cases Coloured drawings without primary aesthetic value  
Books that contain individual photographs secondary to the text 
information 

Preparatory protec-
tive measures 

Books with handwritten inscriptions of historical significance are not 
treated 
Coloured bindings and books with coloured decorations receive 
protective folders and absorbent interleaving papers to as a barrier 
against possible colorant bleeding  
Book covers of artistic value and first editions are examined more 
closely and may be deselected 
Books with weakened covers are deselected if they will not withstand 
the physical manipulation that occurs during treatment 

Non-tolerable side 
effects caused by 
treatment 

Colorant bleeding of dyes from bindings during liquid phase deacidifi-
cation 
Significant deposit of treatment chemical residues 
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Table 3: Model of work flow at institution implementing deacidification programme. 
(edited version; see [7], part 2, S. 41) 

 
HETEROGENEOUS LIBRARY COLLECTION 

 
Pre-treatment care: 

 
Select publications 1845-1985 

Selection criteria: 
1: date of publication 

Select acidic papers 2: degree of damage 
deselect sensitive/valuable materials 3: material sensitivity 

    intrinsic value  
 

COLLECTION MATERIALS CHOSEN FOR 
DEACIDIFICATION 

 
 

 
Prepare list of materials to be treated 

Document materials 
Determine insurance value 

Select appropriate deacidification method 
Coordinate with deacidification company 

 

 
Preparation for  
deacidification 

 
Application of protective measures  

(wrappers, interleaving papers) 
Packing 

Transport to company 
DEACIDIFICATION 
Return to institution 

Unpacking 
 

 

 
 

DEACIDIFIED COLLECTION MATERIALS 
 

Post-treatment care: 

 
Quality control: efficacy of deacidification 

Documentation 
Quality control: side effects, safety, efficiency, 

Personnel required 

Quality control according to 
selection criteria 

Mark treated materials 
Reintegration in library holdings  

 

 

Deacidification processes vary not only in their chemistry and application, they also 
produce the following side effects on the treated materials: 

• Organic solvents used in liquid-phase processes cause bleeding of dyestuffs 
being present in textile book covers, printing and writing inks, and stamps. 

• The liquid phase processes also caused blocking of book pages. 
• The most significant effect of dry deacidification methods on papers and books 

consisted of a whitish powdery deposit on the paper and binding surfaces. The 
deposit impaired the legibility and usability of the materials. The deposits were 
not analysed, but it is assumed that they consist of magnesium oxide.  
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• All of the deacidification methods caused deformation and cockling of paper 
and binding structures.  

• All deacidification processes caused more or less mechanical damages, includ-
ing deformation of book covers, cockling of paper, and blocking of book pages.  

Despite these shortcomings, available deacidification processes can be regarded as 
sufficiently safe even for the treatment of heterogeneous collections if, one the one 
hand, their side effects were clearly explained to the prospective client, and, on the 
other hand, better criteria were available to be client that would allow him to opti-
mise the selection of materials to be deacidified. The following points need special 
consideration: 

• Clear definitions of treatment goals are required. 
• Definition of quality criteria should be developed together with deacidification 

providers. 
• Development of selection criteria for collection materials are the institutional 

responsibility. The task includes formulation of criteria that allow evaluation of 
treatments and resulting side effects. 

 

Quality management 

The ISO Standard 9000 defines the criteria by which the quality of a treatment can 
be judged. The quality control of deacidification includes physical, optical, chemical 
and haptic control criteria and prescribes how routine quality control should be 
documented. It also defines regulations for safety, infrastructure of deacidification 
treatment planning, and logistical pursuit of a treatment project [15]. 

The quality control and management programme includes the following aspects: 

• Determination of quality goals 
• Quality planning 
• Quality implementation  
• Continual optimisation of quality 

A significant problem for the customers of mass deacidification providers is the fact 
that the processes of deacidification have not yet been standardized, and that they 
are not sufficiently documented. If the customer receives any data of a deacidifica-
tion treatment at all, they are usually not interpretable, especially regarding the ho-
mogeneity and completeness of deacidification. Qualitative comparison of the 
deacidification achieved by different providers is impossible because the methods of 
analysis and interpretation of results are non-regulated and therefore vary from one 
provider to another. The lack of transparency in the commercial deacidification 
process complicates the work of archivists, librarians and conservators significantly. 
Quality standards have not been defined. It is highly desirable to develop a quality 
of mass deacidification processes for acidic printing and writing paper that makes 
available the necessary physical and chemical data in an easily understandable lan-
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guage. In January 2006 the DIN committee for standards development has finalized 
a draft version for a respective standard and providing procedures for process certi-
fication and routine process control [16]. In particular the committee has standard-
ized composition and design of test materials, such as test papers, design of the test 
books i.e. binding materials, adhesives, sequence of different test papers in the book. 
Further, sampling and analytical procedures are given. 

It is possible to optimise available mass deacidification programmes through the 
implementation of quality control by the customer. However, this would require a 
continuous and close cooperation between customer and provider, further the provi-
sion of organizational and financial support that allows the implementation of pre- 
and post-deacidification control within the collections.  

Until now only Nitrochemie Wimmis AG (NCW) has worked closely with its two 
main customers -the Swiss National Library and the Swiss Federal Archives- and 
implemented quality control programmes and quality management[6]. These comply 
with ISO 9001, and are part of each deacidification contract[6;15]. For patent rea-
sons German institutions unfortunately are excluded from the deacidification service 
offered by NCW.  

 

Optical and haptic quality control 

There is no deacidification treatment without any risk. The risk involved can only be 
reduced to zero in case materials are pre-selected individually. For any large-scale 
approach this is too expensive. It would not allow economical application of mass 
deacidification for large, nor inhomogeneous collections. The optical and haptic 
quality control through the customer can be divided into the following steps [16]: 

• Documentation of information concerning the possible alterations experienced 
by artefacts during deacidification including conduction of test treatments. 

• Within the contracting institution, clarification of criteria for acceptable and 
unacceptable side effects caused by treatment. 

• Agreement between provider and customer about the goals of treatment, and 
the level of tolerance allowed regarding the side effects of treatment; steps to be 
taken if quality standards regularly remain unmet; determination of procedural 
work flow. 

• Planning and implementation of a collection internal quality control. This re-
quires the establishment of a team within the institution or contracting external 
expert evaluators. 

• Documentation of the results. 
• In the case of long-range co-operation between customer and provider, con-

tinuous coordination of the pre-selection process is needed.  
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The internal quality control allows the customer to document the side effects of 
deacidification treatment. If large collection volumes are treated, a sample of rele-
vant percentage must be subjected to control testing.  

It has been found useful to divide observed alterations caused by deacidification into 
three levels, each of them supported by visual and verbal documentation: 

• Slight (1) 
• Medium (2) 
• Strong (3) 
• In addition, partial or total loss can occur. 

To solve problems and answer questions regarding acceptable and unacceptable side 
effects of deacidification on collections materials, it is important to understand their 
causes. It is pertinent that conservation specialists are part of the process to facilitate 
the evaluation of treatment quality.  

There are three categories of alterations that can occur to the materials treated: 

1. Alterations that cannot be avoided due to process used: 
• Powdery deposits on paper and bindings in dry treatments. 
• Bleeding of colorants especially those that are red, in liquid treat-

ments. 
• Alteration of drawing and printing media due to loss of colorant 

components during liquid treatments. 
2. Alterations that can be avoided or minimized: 

• Thin layer deposits of deacidification chemical can lead to visual 
interference phenomena (Newton rings) especially in half-tone il-
lustrations. 

• Deformation of bindings due to drying processes used as part of 
liquid treatments. To reduce deformation, interleaving can be ap-
plied, the drying procedure modified, of special importance is con-
trolled reconditioning of the items after treatment 

3. Alterations that can be avoided or minimized through preparation of mate-
rials before deacidification: 

• Damage of laminated book covers made of synthetic materials 
during liquid phase treatment in vacuum. To reduce damage, 
books are de-selected or provided with special protection. 

How far the avoidance or reduction of these side effects can be accomplished de-
pends on the risk-benefit analysis that underlies the cost estimate for the project to 
be conducted. Protective measures increase the cost of treatment significantly. 

The quality control parameters will differ depending on whether a library or an ar-
chive is the customer. Even within libraries, one single standard may not suffice to 
determine what constitutes significant damage, and what constitutes acceptable 
damage. For example, for a library book it is less important if the book cover is 



affected by a deposit of a non-toxic deacidificant, but it is important that the text 
inside remains readable. Collecting data without such specifications will not yield 
meaningful guidelines for treatment since they only provide lump sums of damage 
types in percentages. Instead, it will be useful to consider risk indices[18]. These 
were first proposed in context with the DFG Project “Criteria for deciding on the 
applicability of mass preservation methods.” Since then, risk indices were further 
developed at the Swiss National Library (SNL).  

Risk indices are calculated from three data: 

1. Frequency (F)  of damage, calculated by the percentage of all recorded altera-
tions of the same type divided by ten.  

2. Intensity or degree (D) of the recorded alterations expressed in three levels:  
• Slight (1) 
• Noticeable (2) 
• Significantly noticeable (3). 

3. The Appraisal value (value number, V) in the context of the particular collec-
tion: a number that expresses the significance of the damage in the context of 
the collection. Selected examples of the definition of appraisal values according 
to the DFG report, vol. 3, 2002 are given below: 

• Bleeding of bindings and covers 3 
• Blocking of pages  3 
• White deposits on cover  3 
• Deformation of bindings  3 
• Migration of stamping inks 1 
• Odour    1 
• Colour changes of inscriptions 1 

The appraisal values have to be pre-determined by the institution and the particular 
collection housed there. In Part II of the final report to the DFG ([7], p. 30-34) three 
numbers are suggested, but these appear not to be sufficient according to reports 
from the SLB. At least 12 data levels were suggested by the SLB. 

The multiplication of the three data produces the risk indices (risk numbers RN) for 
one damage category : (RN = F x D x V). 

When all the risk numbers are added, the total risk index (RI) can be determined  
according to:   ΣRN = RI 

The higher this number is, the greater is the risk posed to a collection by a certain 
treatment. The lowest possible value is zero, the highest possible value is 2’250.In 
the calculation of the risk indices even small alterations are recognized. When the 
number on a particular record sheet used to collect the risk factor data exceeds ten, it 
is necessary to adjust the deacidification procedures to reduce the level of damage. 
The risk indices constitute a valuable system for the continuous surveillance of dam-
age potential in mass deacidification treatments.  
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Risk indices determined for comparable items from the Hessaica collection of the 
University Library of Marburg are compiled in Table 4. The respective convolutes 
were deacidified by three different liquid phase processes. Evaluation is based on 47 
volumes for process I, 37 volumes for process II/variant 1, 36 volumes for process 
II/variant 2 and 37 volumes for process III. The risk indices range from 24.5 to 46.7 
and allow a ranking of the treatment results of the processes under investigation. 
However, the low risk index indicate that all of the evaluated processes lead to satis-
fying results. 

 

Internal collections structure and workflow requirements 

Preservation officers often expect that deacidification providers carry out treatment 
expediently and without major disruption of the institution. However, many steps in 
pre- and post preparation require extensive contributions of the institution. Quality 
control has to be administered by the institution personnel, and should be allotted 
significant personnel time and resources. It is especially important to co-ordinate 
internal and external workflow so that the quality standard can be maintained.  

The development of institutional organization is an important prerequisite for the 
successful implementation of mass deacidification, providing that the goals of the 
treatment and the quality management protocol have been established. Once that has 
been accomplished, it is possible to carry out mass deacidification while preserving 
the integrity of the collections at calculable and minimized risk.  

An universal model for selection criteria, or a universal model for the workflow that 
could be used by all institutions involved mass deacidification programmes, cannot 
be established because the local situations will vary. However, it is possible to offer 
basic models according to which institutions customize their treatment and work-
flow, Table 2 and 3).  

 

Conclusion 

Sampling and analysis of volatile compounds released in the course of paper degra-
dation permitted the identification of compounds indicative for acid hydrolysis and 
oxidative degradation of ground-wood paper. The analytical procedure could suc-
cessfully be applied to evaluate and monitor the efficacy of five commercially avail-
able mass deacidification processes. It might serve as efficient and accurate analyti-
cal tool to establish quality control for mass deacidification programmes. 

Mass deacidification will always require a significant amount of organizational 
support within the contracting institution. Acceptable results can only be achieved 
through the establishment of intensive co-operation between specialists responsible 
for the collections to be treated and the personnel of the deacidification providers.  
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Table 4 Registration table for the determination of risk indices for three liquid phase mass deacidification processes [17]. 

 Process I Process II/1 Process II/2 Process III 

Changes /Faults Appraisal
value

Freq.
(F)

Int.  
(I)

Risk nr. 
(RN)

Freq. 
(F)

Int. 
(I)

Risk nr. 
(RN)

Freq.
(F)

Int. 
(I)

Risk nr. 
(RN)

Freq. 
(F)

Int. 
(I)

Risk nr. 
(RN)

Deposits on binding 2 0            0 0 0 0 0 0 0 0 0 0 0
Deposits within book block  3 0            0 0 0 0 0 0 0 0 0 0 0
Deformation of binding 2 0   0 0 2,7 1 5,4 3,61 1 7,22 1,35 1 2,7 
Mechanical damage (binding) 2 0,43 1 0,86 0,27 1 0,54 0,28 1 0,56 0,81 1 1,62 
Failure of binding adhesives 1    0,54 1 0,54 0,83 1 0,83    0 0 0
Changes in opening behaviour 1 0   0 0 0,27 2 0,54 2,78 2 5,56    0 0 0
Bleeding of bindings (book cloth) 2 0,43 1 0,86          0 0 0 0 0 0 0 0 0
Staining of the paste down 2 0   0 0 0,27 3 1,62       0 0 0 0 0 0
Bleeding of signature label 1 0   0 0 0,27 1 0,27       0 0 0 0 0 0
Deformation of book block 1 0   0 0 5,14 1 5,14 4,72 1 4,72 1,35 1 1,35 
Mechanical Damage of book block 3 0,64 1 1,92 0,54 1 1,62 0,83 1 2,45 0,54 1 1,62 
Bleeding/migration of stamping inks 1 2,98 1 2,98 0,27 1 0,27 1,67 1 1,67    0 0 0
Bleeding of inscriptions 2 0,43 1 0,86          0 0 0 0 0 0 0 0 0
Bleeding copying inks / sprit copies 3 0         0 0 0 0 0 0 0 0 0,27 1 0,81 
Bleeding other media (indelible pens) 3 0,64 1 1,92       0 0 0 0 0 0 0,27 2 1,62 
Bleeding of printing inks 3 0   0 0 0,54 3 4,86 0,56 3 5,04 0,27 1 0,81 
Bleeding of dyed papers 2 0,21 1 0,42    0 0 0 0,56 1 1,12 0,27 1 0,54 
Colour transfer to adjacent documents 2 0,85 2 3,4    0 0 0 0,28 1 0,56 0,27 1 0,54 
Discolouration of book papers 1 0   0 0 0,27 1 0,27 0,56 1 0,56    0 0 0
Newton rings 2 0   0 0 1,35 2 5,4 0,28 1 0,56    0 0 0
Blocking of pages 3 0   0 0 0,27 1 0,81       0 0 0 0 0 0
Adhesive failure (photogr., mounted paps.) 1 0,43 3 1.29 0,27 1 0,27 1,11 3 3,33 0,27 1 0,27 
Losses 3 0      0 0 0 0 0 0,28 3 2,52    0 0 0
Unacceptable odour 1 10 1 10 9,19 1 9,19 10 1 10 9,46 1 9,46 
(Σ RN  =  RI) = risk index  24,51 36,7 46,74 21,34 

 
Appraisal value   Intensity (I) Frequency (F)  
1 acceptable 2 tolerable 3 unacceptable  1 slight    2 noticeable 3 significantly noticeable   calculated value: 0-10 (%portion/10)
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However standardized and clearly explained quality evaluation reports for all 
deacidification processes are of decisive importance. 

Unfortunately, a universal model for selection criteria of collections materials, or a 
universal model for the workflow that could be used by institutions involved, cannot 
be established. Nevertheless, it is possible to present basic models according to 
which institutions may customize their treatment and working structure. 
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New strategies in chemical analysis of 
pulp and paper 
Application towards issues of paper conservation 

Antje Potthast*,  Ute Henniges 

 

 

Introduction 

Within the past seven years at the University of Natural Resources and Applied Life 
Sciences (BOKU) in Vienna a Christian-Doppler-Laboratory for “Pulp Reactivity” 
was operative. One of the major tasks was to establish novel analytical techniques to 
characterize dissolving pulps within different production stages (pulping and bleach-
ing) and along further processing steps towards viscose or lyocell fibers. The meth-
ods were mainly aimed at characterizing oxidized and chromophorous functional-
ities in cellulose. It quickly turned out that such methods are not only useful for 
freshly produced or processed pulps, but they could also be applied towards “natu-
rally aged” materials, especially because the amount needed is much lower com-
pared to conventional analytical approaches, which often require sample amounts in 
the gram scale.  

In the paper presented here our analytical approaches are briefly described and the 
first results on the application towards issues of paper preservation are presented. 

According to its chemical formula, cellulose is a quite pure molecule with three 
hydroxyl groups and just one carbonyl at the reducing end of each polymer chain. 
However, real-world cellulose samples have undergone a number of processes from 
wood via pulp processing to the cellulosic product, which cause the introduction of 
additional oxidized functionalities, such as carbonyls (CO) and carboxyls (COOH). 
These groups, even though present in very low concentrations only (µmol / g range), 
are the reason of many macroscopic phenomena. Carbonyl groups are held responsi-
ble for yellowing or decreased brightness stability of bleached lignin-free papers. 
They are involved in aging, and they cause stability problems under alkaline condi-
tions. When it comes to paper permanence, not just carbonyls add to losses in 
strength and brightness, but also carboxyl groups are involved. Those functionalities 
are a crucial factor in retention of chemicals and water or in influencing surface 
charges. Their levels are increased during paper aging, acidification, and corrosion 
by ancient inks or color pigments, to name but a few carboxyl generators. This short 
compilation already shows, that small changes within the celluloses´ carbonyl and 
carboxyl contents may result in numerous macroscopically relevant changes of 
properties (compare also Figure 1) .  
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Figure 1: Overview on where oxidized functionalities play a crucial role 

To measure the extent of oxidative damage to cellulose, some classical methods for 
the determination of carbonyl and carboxyl groups are available. However, these 
methods suffer from several shortcomings, such as high limits of determination and 
detection combined with rather large amounts of material needed. In addition, those 
methods are just sum parameters, yielding an overall content. Generally, this results 
in less accurate data; smaller differences between samples remain invisible. In order 
to address these analytical challenges our approach aimed at reaching two goals: to 
find a more sensitive and precise method, and to determine the functional groups not 
just as a sum parameter, but as a profile, i.e. in relation to the molecular weight of 
the cellulose.  

 

General Methodology 

Our approach consists in a selective (fluorescence) labelling technique in order to 
track even small amounts of oxidized groups. Figure 2 shows a schematic overview 
on the labelling of carbonyl groups with the label CCOA and of carboxyl groups 
with the label FDAM. For a more detailed description please refer to Röhrling [1+2] 
et al., Potthast [3] et al. and Bohrn [4] et al.  
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Figure 2: Labelling of carbonyl and carboxyl groups with selective fluorescence mark-
ers and subsequent analysis by GPC with multiple detection or microscopy. 
 
 

Depending on the label used the detection can be performed in combination with 
other analytical techniques such as gel permeation chromatography (GPC) or in the 
visible range, e.g. for inspection under a microscope. Around 5-20 mg of cellulosic 
material is needed for one analysis. Especially for use with the GPC system very 
selective fluorescence labels had to be designed. These labels are attached in a deri-
vatization step prior to separation of the cellulose in a modified GPC-system. This 
combination allows not only the accurate determination of the overall content of 
functional groups, but also the quantification along different regions of the molecu-
lar weight distribution of the cellulosic material. From the data obtained by the GPC 
measurement the extent of oxidation can be calculated and displayed as degree-of-
substitution plots for the respective functional group.  

If a label with fluorescence emission in the visible range is used direct inspection of 
the paper material can be performed, e.g. under a microscope, quite often already 
with the naked eye. Areas with a different states of oxidation are marked by different 
intensities of the fluorescence observed. Only semi-quantitative conclusion can be 
made in this case.  
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Coupling with GPC 

In gel permeation chromatography the polymer cellulose is separated according to 
the size of the different chains (to be precise the hydrodynamic volumes of the cellu-
lose parts) which make up the molecular weight distribution of the polymer.   

The GPC-fluorescence coupling allows to determine not only the total amount of 
oxidized groups but also the distribution in relation to the molecular weight, since 
the concentration of the carbonyls and carboxyl groups is measured in every slice of 
the molecular weight distribution. This may be illustrated in so called degree of 
substitution (DS(C=O or COOH)) plots. 

If a treatment is followed step by step a more detailed view on the changes in car-
bonyl and carboxyl groups becomes possible. In that case ∆DS plots can be drawn, 
which have the DS curve of the starting material subtracted from the DS curves of 
the following treatments. This allows for a direct evaluation of the changes taking 
place in relation to the original situation. 
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Figure 3: Delta degree-of-substitution (∆DS) plots of carbonyl groups after hypochlorite 
treatment (top) and ozone bleaching (bottom) with different intensities. 
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Another possibility to visualize oxidative changes in one paper or differences be-
tween papers even better, is a numeric evaluation of the data. Here, the amount of 
carbonyls or carboxyl groups in specific regions of the molecular weight distribution 
is calculated. Figure 4 shows an example. 
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Figure 4: Distribution of carbonyl and carboxyl groups within different regions of the 
molecular weight of a sulfite pulp. 

The differentiated view on the functional groups in relation to the molecular weight 
(Mw) is also useful to study the behaviour of these groups during a specific process. 
For this purpose kinetic studies are carried out and the distribution of oxidized func-
tionalities is measured depending on the time of treatment. It became evident in 
examples from the viscose and Lyocell process, where such analysis had been car-
ried out, that depending on the substrate carbonyls in different regions of the mo-
lecular weight distribution reacted quite differently. Even though their overall num-
ber was decreased, often due to a pronounced decrease in the low Mw region (e.g. 
Lyocell process and alkalinization), there was an oxidative increase in the high mo-
lecular weight part. Conventional sum parameters would only show a small decrease 
due to compensation of the adverse effects. Figure 5 shows an example on how 
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carbonyl groups in different regions of the molecular weight of a sulfite pulp re-
sponded to a treatment in a Lyocell dope. 
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Figure 5: Response of carbonyl groups in different Mw regions towards heating in a 
lyocell dope 

 

Application 

First if all it had to be tested if paper materials on the conservators disposal can be 
used in our methods. Prerequisite is a direct dissolution in the cellulose solvent N, N-
dimethylacetamide + lithium chloride (DMAc/LiCl), which has to be used for the 
GPC analysis. However, not all pulp types and papers can be dissolved. High lignin 
contents as present in mechanical pulps (e.g. in newsprint) are not suitable as well 
are certain paper types such as high molecular weight softwood papers. Fortunately, 
most rag papers and lignin-free book papers are suitable and can be analyzed. 

The potential of this new approach will be demonstrated with some examples from 
papers which either underwent natural or accelerated aging. The analysis can either 
be used to assess the current status of the paper or to investigate changes during 
different process steps. 

Rag paper 

Figure 6 (top) shows the molecular weight distribution of rag papers from different 
centuries with the corresponding distribution of carbonyl groups. The DSC=O distri-
bution shows a significant increase of carbonyl within the low molecular weight 
region. This increase is due to the increasing number of reducing end groups in that 
region (shorter chain lengths) but also illustrates the typical higher oxidation state of 
low molecular weight parts in cellulose which is observed after chemical oxidations 
and also after aging. A ∆DSC=O plot is depicted in Figure 6 (bottom). Different 
treatments performed on a rag ledger paper are compared with the genuine material. 
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Also here mainly the low Mw parts are affected. While aging under normal atmos-
phere (air) shows a significant increase of carbonyls, a peroxide treatment reduces 
carbonyl groups noteworthy and has a lasting effect as well. 

 

 

Figure 6 Left: Molecular weight distribution  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Top: Molecular weight distribution and corresponding carbonyl distribution. 
Bottom: ∆DS carbonyl plots after different treatments, DS-curve of the starting material 
already subtracted. 

Conservation treatments [5+6] 

When applied to conservation treatments the combination of total carbonyl content 
and molecular weight distribution can be used to get a rough estimation on the ratio 
of hydrolytic and oxidative processes similar to Whitmore et al [7]. While hydrolytic 
mechanisms affect the molecular weight significantly the oxidative processes give 
rise to changes in the carbonyl and carboxyl content. Figure 7 gives an example. 
Here an aqueous and a non-aqueous treatment of model papers with simulated cop-
per corrosion has been tested.  
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Figure 7: Comparison between oxidative and hydrolytic damage of a sample paper with 
simulated copper corrosion after different treatments after 7 days of accelerated ageing 
at 80°C and 65% rH  
(A: aqueous magnesium hydrogen carbonate, B: non aqueous magnesium alcoholate, 
C: non aqueous magnesium alcoholate + 8% antioxidant, D: non aqueous magnesium 
alcoholate + 0.2% antioxidant, none: no treatment) 

Visualization and investigation of corrosion effects [8] 

The approach of fluorescence labelling of oxidized groups can also be applied to 
visualize changes on paper surfaces. Figure 8 left shows a grid with simulated cop-
per corrosion which exhibits a hydrophobic area next to the pigment lines visible 
upon wetting with water. These hydrophobic areas can be attributed to a higher state 
of oxidation in terms of a higher concentration of carbonyl groups due to migration 
of copper ions into the surrounding paper parts. This can be made visible by a 
stronger fluorescence emission of the corresponding paper areas (Figure 8 right). 

 

Figure 8: Wetting (left) and fluorescence labeling (right) of pigment lines with induced 
copper corrosion. 
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A more detailed analysis confirms this effect. Areas next to the pigment lines are 
more severely oxidized as the cellulose parts directly underneath the lines. The dif-
ferences in carbonyl groups are significant. Interestingly, the molecular weight dis-
tribution is similar for both areas, i.e. the molecular weight cannot reveal any differ-
ences at this stage (see Figure 9).   

 

 

Figure 9: Total carbonyl content in different regions of the paper sample (copper corro-
sion grid after accelerated aging) and molecular weight distributions in these regions. 

 

In addition, the results from the carbonyl labelling correspond well with the distribu-
tion of copper ions in the paper as analysed with laser ablation ICP-MS (compare 
Figure 10). 

 

 

Figure 10: After accelerated ageing scanning from the pigment line into parts of the pa-
per without copper contamination yields a distribution profile of copper ions. 



120  Conference SAVE PAPER 2006 www.snl.admin.ch 

In a similar way gall-ink corrosion patterns can be analysed. Fluorescence labelling 
of a historic letter (18th century, see Figure 11) reveals zones of higher oxidation. A 
microtome cut of the paper cross section underneath the ink line depicts the situation 
within the paper sheet (Figure 12). A higher state of oxidation is clearly visible 
directly below the ink line. The combination of both, labelling and microscopy may 
serve as a novel approach to get a deeper insight into paper degradation by corrosion 
effects. 

 

Figure 11: Fluorescence labelling of an iron-gall ink paper sample 
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Figure 12: Paper cross section of an iron-gall-ink line, bright areas exhibit a higher 
state of oxidation (corresponds approx. to line width). 
 
 

Effect of irradiation (UV, electron beams) [9] 

UV-irradiation plays a major role in aging and yellowing of papers exposed to air 
and light. The origin and composition of the paper is of high importance in terms of 
the underlying reaction mechanisms. We have investigated the effect of UV radia-
tion on different lignin containing pulps (unbleached kraft and sulfite pulps) and also 
on highly bleached pulps with and without hemicelluloses.  

The UV irradiation clearly influences the oxidation state (carbonyl content) of 
(bleached and unbleached) pulps. In all cases, i.e. independent of the pulp type, 
lignin and hemicellulose content, the carbonyl content increased. The rate of the 
increase is pulp-dependent.  

The lignin contained has a distinct effect. In both unbleached pulps the UV irradia-
tion caused photobleaching, i.e. destruction of larger chromophores, whereas in the 
bleached pulps no such effect was observed. In both bleached pulps there was a 
rather small molecular weight decrease (chain degradation) and carbonyl gain upon 
irradiation.  

In the case of unbleached sulfite pulp, chain degradation and carbonyl generation 
were comparable to the bleached pulp, so that the effect of the sulfite lignin was 
minor. It cannot be concluded from this outcome that this lignin is photochemically 
inactive (this is already disproved by the occurrence of photobleaching), but only 
that carbonyl generation and consumption are balanced.  
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Figure 13: Irradiation of unbleached (top) and bleached (bottom) pulp samples: addi-
tionally introduced carbonyls as difference between reducing end groups (calculated 
from number average molecular weight (Mn)) and measured overall carbonyl content 

 

Unbleached prehydrolysis kraft pulp suffered pronounced chain degradation upon 
irradiation along with a distinct increase in carbonyls. Here, the PHK lignin had a 
pronounced pro-oxidative effect. A possible explanation for the different behavior 
between unbleached PHK and sulfite pulp is offered by the lignin α-carbonyl con-
tent. A high value, as in PHK lignin, means a large number of subsequent radical 
reactions and thus intensified oxidation and chain cleavage. 

Hemicellulose in the bleached PHK pulp caused a decrease in the carbonyl content 
in the low-molecular weight region, possibly by acting as a sacrificial substrate, with 
hemicellulose carbonyls being further oxidized to the carboxyl state. In the absence 
of hemicellulose, there was a pronounced increase in carbonyls in this region.  
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Figure 14: ∆DS-carbonyl plots showing the Mw-dependent differences in the carbonyl 
content between the non-irradiated, starting material and the respective irradiated pulp 
samples. Top: hemicellulose present, bottom: hemicellulose removed. 

Thus, both lignin and hemicellulose exerted distinct effects on the photochemical 
behavior of UV-irradiated pulp. The influence of the hemicelluloses has been dem-
onstrated for the first time. An antioxidative action of the lignin could not be con-
firmed.  

Similar to what could be observed for UV-exposure can also be found for treatment 
with electrons. The cellulose of high molecular weight is affected to a much higher 
degree as compared to chemical oxidation, e.g. a bleaching treatment. This can be 
observed at the quite uniform increase at high Mw region (Figure 15). 

According to our investigations, chemical treatments generally affected mainly the 
low and middle Mw part of the pulp, whereas irradiation, either by UV-light or by 
electron beams, influenced also high-molecular weight parts significantly. The dif-
ferentiation of the behaviour of carbonyls or carboxyls allows new insights into the 
reactivity of cellulose and hemicellulose during different treatments in cellulose 
processing. 
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Figure 15: Effect of irradiation on the high Mw parts of cellulose: top: UV-irradiation, 
bottom: irradiation with electron beams.  

 

Summary  

The carboxyl-selective FDAM method can be used to monitor hemicelluloses or 
changes in the hemicellulose region, since hardwood xylan side chains carry 4-O-
methyl glucuronic acids. Thus, differences both in the state of oxidation and in the 
localization of hemicellulose become visible. In addition, surface labeling can be 
used to distinguish areas of higher and lower states of oxidative damage, for instance 
in the case of historic paper samples. 

To summarize the advantages of the CCOA and FDAM method, it can be stated that 
the carbonyl and carboxyl group contents can for the first time be monitored as pro-
files (relative to the molecular weight), with low levels of detection and quantifica-
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tion, requiring quite low amounts of sample (5-25 mg cellulose). The latter benefit is 
important especially for valuable, historic document samples. At the same time, all 
data of the molecular weigh distribution are obtained (Mn, Mw, DPI, MWD). The 
measurement of more than 500 different cellulose samples in more than 3000 single 
runs proved the method to be quite robust and suitable for routine analysis. A limita-
tion consists in the necessity to dissolve the paper sample in the cellulose solvent 
DMAc/LiCl, which is not possible with high molecular weight samples with high 
kappa numbers. A labelling procedure to adapt the method to an even wider range of 
cellulosic substrates is currently being developed. 
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STRENGTHENING OF PAPER BY 
AMINOSILANES  
Hervé Cheradame 

 

 

Introduction 

This presentation is dealing with preservation and more particularly conservation of 
papers, books and in general paper documents. Several degradation processes are 
possible, biological or chemical. The research work described below was only de-
voted to face 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 basic. This 
faster degradation of acidic paper is demonstrated by an increase of its rigidity, be-
coming brittle and yellowing. For this reason, if the degradation is serious, the docu-
ments, papers and books, cannot be handled anymore. There is one main reason for 
this situation. Some cellulose based materials are more or less containing high yield 
pulps, that is to say pulps containing lignin [1]. This fact makes them sensitive to 
degradation following a progressive acidification due to internal or external causes. 
Among external 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 stor-
age conditions [2-6]. 

Many processes have been proposed in the past to solve the problem of acidic age-
ing of papers and books. A remark is to be made on the use of compounds contain-
ing magnesium metal under the oxidation degree of 2+. Nowadays, these compounds 
are extensively used in many processes operating on an industrial scale: magnesium 
glycolate, magnesium methoxide, methyl magnesium carbonate, and so on. In this 
context, organic compounds containing nitrogen seem to form an exception. The 
research work described here is aiming at determining whether some more or less 
complex amines could be used as active compounds in a deacidification process. 
Ammonia has been used in the fifties as a deacidification agent, more particularly in 
the State Library of Bavaria in Germany. The same compound has been recom-
mended to treat cellulosic materials in tropical countries [7]. However, it was recog-
nized that the deacidifying properties were only temporary [8]. The reason for this 
situation can be attributed to the volatility of ammonia which is a gas in ordinary 
conditions. The ammonium salts have a tendency to liberate ammonia thanks to the 
equilibrium involved in the reaction acid-ammonia. It is to be noted that this conse-
quence of such an equilibrium also holds for the simplest amines such as the various 
methyl- or ethylamines which have a relatively important vapor tension at room 
temperature. Consequently, any attempt of deacidification using amines seems to be 
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condemned to fail, at least for long term deacidification. Actually, if the amine to be 
used is possessing a second function able to react with the cellulosic substrate, the 
amine and the corresponding ammonium salt will stay within the material. Thus, the 
alkaline reserve will be permanent and the neutralization product must not decom-
pose and generate pollution around documents in storage conditions. This fixation of 
the treating product will prevent health hazard for the library staff.  

This fast survey of the problems linked with the mass deacidification of books and 
paper explained our research on a process having, besides deacidification properties, 
two other characteristics: a treating product of very low vapor tension if any, and 
allowing the formation of an alkaline reserve. It was decided to investigate processes 
by which the treating molecule would be deposited as a solution impregnating the 
material, and would self-condensate so as to be totally non volatile. Of course, it is 
necessary to dry the material after treatment to get rid of the solvent. This solvent 
could not be water, because not only it can react and destroy the molecule in charge 
with the chemistry of the process, but also it would be too much aggressive towards 
the item to be treated. Taking into account the chemical nature of the cellulosic 
materials, it was assumed that a solvent could be found in the alcohol family. Con-
sidering the preliminary investigations, it seemed worth of trying a reactant in the 
aminoalkylalkoxysilane family [9], some of them being soluble in ethanol. Our work 
was devoted to the evaluation of the effect of the introduction of such compounds as 
a solution in ethanol in naturally aged acidic papers. 

 

Experimental 

General procedure 

The procedure for the preparation of treating solutions and of the treatments has 
been described elsewhere [10]. The chemical determinations and the mechanical 
measurements were carried out according to classical procedures and have been 
described [10]. The general procedure for paper impregnation was as follows. The 
various aminosilanes were dissolved in (anhydrous or 95 %) ethanol at the required 
concentration, and the treatment of the papers by immersion was carried out in a 
vessel at open air, unless otherwise stated. The samples (8 pages) were then placed 
in a vacuum chamber which was then connected either to a water trump or to a me-
chanical primary pump for solvent evaporation. The pH, the weight uptake and some 
mechanical (or other) characteristics such as breaking length were determined from 
time to time on the samples which were kept in a conditioned environment (24°C, 
45% RH) unless otherwise stated. For complete books, the procedure was similar, 
but the equipment was adapted to the size of the document to be treated. The deter-
mination of various characteristics after treatment were made according to generally 
accepted standards [9-11]. 
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Silanes used 

Different aminoalkylalkoxysilanes were used: 

•  3-aminopropyltrimethoxysilane NH2-(-CH2-)3-Si(O-CH3)3  
(ATMS) (Aldrich),  

• 3-amino-2,2-dimethylpropyltrimethoxysilane NH2-CH2-C(CH3)2-CH2-Si(O-CH3)3 
(AMTMS) (Witco Corp.),  

• 4-amino-3,3-dimethylbutyltrimethoxysilane NH2-CH2-C(CH3)2-CH2- CH2-Si(O-CH3)3 
(AMTMS) (General Electric),  

• 3-(N,N-dimethylamino)propyltrimethoxysilane (CH3)2N(-CH2-)3-Si(O-CH3)3 
(DMATMS) (Gelest-ABCR), 

• 3-aminopropyltriethoxysilane, NH2-(-CH2-)3-Si(O-CH2-CH3)3                       
(ATES) (Gelest-ABCR), 

• 3-aminopropylmethyldiethoxysilane NH2-(-CH2-)3-Si(O-CH2-CH3)2-CH3 
(AMDES) (Gelest-ABCR).  

• 3-(2-aminoethyl)aminopropyltrimethoxysilane (AATMS) (Gelest-ABCR) 
 NH2-CH2-CH2-NH-(-CH2-)3-Si(O-CH3)3 , which contains two amine functions. 

 

These compounds were used as received from the producer, without further purifica-
tion. 

 

Results and discussion 

Study of the effect of 3-aminopropyltrimethoxysilane (ATMS) on paper acidity 

To begin this study, the effect of a basic molecule in the series of aminoalkylalkox-
ysilanes was investigated. The reason for this choice was that, upon hydrolysis, the 
trialcoxysilane function is transformed in trihydroxysilanol which must give a net-
work upon self-condensation. It was expected, not only a dramatic decrease of vola-
tility after hydrolysis but also a strong fixation on the fiber surface due to the forma-
tion of the network, according to the reactions: 

• =Si-OR + H2O           >    =Si-OH + ROH 
• 2(=Si-OH)                 >     =Si-O-Si=  +  H2O 

As a result of the procedure used in this study, the aminoalkylalkoxysilanes are 
deposited on the fiber surface, then the contact with moisture on contact with air or 
with undried paper should induce the formation of the silanol groups followed by 
the condensation into disiloxane functions. 

It can be seen that even with a small concentration of aminosilane in pure ethanol, 
the surface pH increased (Table 1). It was first shown that there was no significant 
difference between paper treated by pure ethanol and the non treated paper. Thus, it 
was concluded that the modifications of the acidity of the papers are to be assigned 
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to the contact with aminosilane. This was confirmed by the study of the variation of 
the surface pH with the increasing concentration of the aminosilane solution (Tab 1). 

 

Table 1:Variation of the paper surface pH with the concentration of the treating solution 
of ATMS* 

Treatment Silane retention, % Surface pH 
 

None 
 

- 4.4 

1 % ATMS in absolute ethanol 0.7 6.9 
2 % ATMS in absolute ethanol 1.5 7.5 
3 % ATMS in absolute ethanol 1.8 7.2 
9 % ATMS in absolute ethanol 5.3 8.6 

*Book naturally aged, printed in beginning of 20 th century 

Table 1 illustrates some of the problems met in this study. The comparison of the 
results of a treating solution of 2 % of ATMS with the same solution at 3 % shows 
that there is some variations in the acidity from page to page. This aspect of the 
acidity of the books was always met along this study, and also holds for other char-
acteristics such as mechanical properties and optical properties. However, it is clear 
from the results quoted in Table 1 that the surface pH increased with increasing 
concentration of ATMS. Another observation must be made here: the value of the 
silane retention is often lower than the expected one taking into account the absorp-
tion of the liquid phase by the paper. Two parameters are involved in this phenome-
non: the extraction of some compounds by the treating solution which becomes pale 
yellow. The second parameter is the water absorption by the treated paper which can 
differ from the initial water absorption. Consequently, the silane uptakes reported on 
Table 1 are only considered as a simple indication.  

 

Effect of various aminosilanes on the paper acidity of a naturally aged acid book 

Since it was desired to examine the behavior of treated books as a function of ageing 
time, it was necessary to investigate the variation of the acidity content of untreated 
books with storage. It is to be noticed that for all books storage at 80°C (room hu-
midity), 20-26 days, did not significantly modify neither the surface pH nor the 
acidity content. The small variation of pH with time was attributed to the fact that 
acidic species located inside the bulk of fibers migrate slowly towards their surface 
where the deposit of the neutralization compound is located. However, part of the 
acidity seems to be definitely neutralized. 

In order to check the efficiency of various aminosilanes, it was decided to treat the 
same paper coming from a book already acidic because it was printed at the begin-
ning of the preceeding century. The effects of three aminosilanes were compared, in 
alcoholic solution, and some results are shown on Table 2. These aminosilanes have 
different chemical structures. The first one (ATMS) involves a primary amine func-
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tion on a linear propyl group. This aminosilane is the reference compound because it 
is industrially produced in large quantities. The second one (AMTMS) still contains 
a primary amine group, but on a β-disubstituted propyl group which cannot conse-
quently give β-elimination, and the third one (DMATMS) contains a tertiary amine 
group, the chemical reactivity of which is different from the primary one. 

As shown, the book which was acidic before treatment (pH = 4.4) became appar-
ently less acidic after storage for 14 days at 80°C, having a surface pH of 5.1 (Table 
6). This point could also be assigned to the fact that, besides the specific place where 
the measurements are effected the pH of which can vary, the value given by surface 
pH measurements is supposedly depending on the hydrophobicity of the paper. 
Whatsoever, looking at the results on Table 2, it seems that the three aminosilanes 
gave similar results, a surface pH lower than 7.  

 

The Table 2 Variation of the surface pH upon aging at 80°C for 14 days after treatment 
with various aminosilanes* 

 No treatment Treatment with 
a 9 % sol (w/w) 
of ATMS 

Treatment with 
a 9 % sol (w/w) 
of AMTMS 

Treatment with 
a 9 % sol (w/w) 
of DMATMS 

Initial values 4.4 9.1 9.4 9.3 

Values after 14 
days at 80°C 

5.1 5.5 5.9 6.0 

* Paper from an naturally aged acidic book printed in 1921 

The treatment with solutions at 9 % of aminosilanes (w/w) did not seem to com-
pletely neutralize the development of the acidity upon storage. However, it must be 
underlined that surface pH is not strictly correlated with the alcaline buffer determi-
nation. Actually, acidity determinations by extraction of the paper showed that 
treatment by a solution of 10 % in aminosilane, such as ATMS is sufficient. The 
three aminosilanes are approximately of the same efficiency upon storage.  

Because of the above limitations linked with the surface pH measurements, it was 
necessary to determine the acidity content of papers according to the usual stan-
dards. Some results are described on Table 3 below. It can be seen that even after 8 
months at room temperature and humidity the book G having a surface pH of 7.0 
still has an alkaline reserve of 28 meq OH-. The alkaline reserve of book F did not 
appreciably change, the apparent increase being obviously due to some scatter in 
paper impregnation or in initial acidity. 

The two examples reported on this table show that the alkaline reserve can be con-
sidered as stable on short term storage conditions. The variations reported on the 
table are inside the experimental accuracy. On the other hand, the surface pH after 
treatment has a tendency to slightly decrease upon storage. This phenomenon was 
very general. The reason for such behavior is to be discussed now. The process de-
scribed here makes use of amine functions. 
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Table 3: Variation of the alkaline reserve upon storage in ordinary room conditions. All 
chemical function concentrations are given in meq/100 g of paper. 

Book Treatment 
Conc. in ethanol 
(w/w) 

Init. alk. buffer, 
(Meq OH- ) and pH 

Storage conditions,  
Alkaline reserve and 
pH 

Book G 
Printed in 1927 

10 % ATMS 34 meq OH- 
7.4 

8 months 
28 meq OH- 
7,0 

Book F 
Printed in 1925 

15 % ATMS 78 meq OH- 
8.7 

4 months 
87 meq OH- 
7.7 

After treatment, a high surface pH is measured because the neutralization of the 
acidic functions is a slow process, and the aminosilane layer deposited on the fiber 
surface is still under the basic amine form. With time the neutralization reaction 
takes place and part of the amine functions are transformed into an ammonium 
group, and the surface pH decreases. This chemical transformation takes time be-
cause it needs probably water molecules to help the charge transportation [12]. 

The effect of storage at 80°C on the alkaline reserve and paper acidity was exam-
ined. The results are shown on Table 4. It has been shown above that storage in 
room conditions for several weeks did not modify the acidity content of acidic pa-
pers. Consequently, is the decrease of the alkaline reserve observed in Table 4 to be 
assigned to the generation of some acidity developing in the paper upon storage ? 
Table 4 shows that an aged paper can exhibit at the same time an acid content (third 
row) and an alkaline reserve (second row). This apparent paradox is easily under-
stood considering that after treatment the paper contains weak acidic functions (most 
probably carboxylic) and weak basic functions (the amine functions introduced by 
the treatment). If the neutralization of the acidity by the amine proceeds at low rate, 
the surface pH is high, i.e. on the basic side. Heating at 80°C helps the neutralization 
to occur, and at the equivalence point pH must be close to the theoretical value (not 
considering the polyelectrolyte effect), i.e. pH = 1/2pk1 + 1/2pk2.  

 

Table 4: Effect of ageing at 80°C on the paper acido-basicity after treatment by various 
aminosilanes* 

Nature of the deacidify-
ing treatment and sur-
face pH 

No ageing 
15 % 
ATMS, 
pH = 8.7 

No ageing 
15 % 
AMTMS, 
pH = 8.8 

No ageing 
15 % 
DMATMS, 
pH = 9.5 

No ageing 
15 %  
ATES, 
pH = 8.3 

No ageing 
15 % 
AMDES, 
pH = 8.2 

Alkaline reserve and pH 
after ageing 3 weeks 

17 meq OH-

pH = 5.8 
18 meq OH-

pH = 6.1 
11 meq OH-

pH = 6.4 
10 meq OH- 
pH = 6.2 

8 meq OH- 
pH = 5.7 

Acidity content after 
ageing 3 weeks 

26 meq H+ 
 

23 meq H+ 
 

22 meq H+ 
 

32 meq H+ 
 

23 meq H+ 
 

Total alkaline reserve 
plus acidity content after 
ageing  

43 meq 41 meq 33 meq 42 meq 31 meq 

*Book F, initial acidity content 31 meq H+/100g. Initial alkaline reserve after treatment ~70 meq/100g. 
All function contents are given in meq/100g 
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The pk values for the carboxylic acids is around 4, while the pk values for the 
amines is around 9. Thus, a pH of around 6.5 is expected when the neutralization is 
just obtained. The observations reported in the second row of the Table 4 are in 
agreement with this conclusion. If the pH behavior of a mixture of a weak acid and 
of a weak base is kept in mind, it is easy to show that the pH of such a mixture is 
easily shifted on the basic side or of the acid side using a small concentration of base 
or acid reactant [13]. Actually, the pH value of the mixture at the equivalence point 
is not correlated to the acidic protons content but rather to the chemical nature (pk1 
and pk2) of the weak acid and base.  

It can be deduced from these determinations that the total acidity content after age-
ing plus the remaining alkaline reserve must be equal to the initial acidity content 
before treatment (31 meq H+/100g for book F). This is true for the two runs using 
DMATMS and AMDES, and in acceptable agreement for the three other aminosi-
lanes. A complete discussion of the system showed that either some acidic function 
developed during storage, or some basic functions disappeared during the thermal 
treatment. This last phenomenon could be assigned for instance to the reaction of the 
amino groups with some carbonyl functions most probably coming from the lignin 
content in the paper [14]. These reactions are producing aromatic imine functions. 
These functions are absorbing light in the UV range, which explains some increase 
of the yellow index observed after treatment. It must be concluded that the “excess” 
of free amine can be partly quenched by the reaction with carbonyl groups when the 
paper is heated for a long period of time at 80°C.  

An interesting observation has been made during treatment with aminosilanes. It 
was noticed that before treatment the papers were rather hydrophobic. After treat-
ment it was observed that the materials became largely hydrophilic, showing that the 
siloxane layer was covering the fiber surface. It has been suggested that the adhesion 
of this layer onto the surfaces on which it was deposited was largely due to the com-
patibility and penetration of the silane organofunctional group, and that this conclu-
sion probably holds for all amorphous polymeric materials [15]. It could be of inter-
est to see whether this layer can help to promote interfiber bonding and conse-
quently the mechanical properties of the treated papers. 

 

 Strengthening effect of aminoalkylalkoxysilanes. 

Reinforcement effect of ATMS 

A preliminary study was necessary establishing the general effect of the process on 
the paper properties. The incorporation of ATMS induced a serious increase of ten-
sile breaking strength (Table 5). This increase varied with the nature of the book but 
it is to be noticed that the relative increase amounts to about 50 % of the initial 
breaking length for the treating solution containing ATMS in the 10-15 % (w/w) 
concentration range. This absorption depends on the internal porosity. As a general 
indication, papers of the type treated here absorb around 80 % (w/w) of the solution. 
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It is worth recalling here that the fact that the concentration of the ethanolic solution 
is 12 %, for instance, does not mean that the paper absorbs 0.8x12 = 10 % in weight 
of the silane. Indeed, it has been observed that the weight gain (around 5-6 %) is 
generally lower than that expected from the absorption of the treating solution (eas-
ily determined by the weight of the solution uptake) as shown in Table 1.  

Storage of the paper for 4-8 months at room ordinary conditions does not modify the 
mechanical properties. Similarly, storing the treated papers at 80°C (room RH) for 
around 20 days did not bring any modification to the mechanical resistance. 

 

Table 5:Effect of paper treatment with a solution of aminopropyltrimethoxysilane 
(ATMS) in absolute ethanol on the breaking length. *MD = machine direction, CD = 
cross direction. 

Book and 
run number 

Type of treatment and concentration 
(w/w). 

Breaking length (MD)(m) 

E1 none 3400, (1720,CD) 
E2 12 % of ATMS 5300, (2640,CD) 
E3 12 % of ATMS and 21 days at 

80°C 
4900, (2520, CD) 

G1 none 1500 
G2 10 % of ATMS 2300 
G3 10 % of ATMS and 20 days at 

80°C 
2000 

G4 10 % ATMS and storage at room conditions, 
8 months 

2200 

H1 none 2600 
H2 10 % of ATMS 3400 
H3 10 % of ATMS and 20 days at 

80°C 
3400 

H4 10 % ATMS and storage at room conditions, 
8 months 

3300 

F1 none 4400 
F2 15 % of ATMS 6700 
F3 15 % of ATMS and 20 days at 

80°C 
6300 

F4 15 % ATMS and storage at room conditions, 
4 months 

7100 

 

Reinforcement effect of various aminoalkylalkoxysilanes. 

Using different aminosilanes, the effect of different concentrations of aminosilane in 
alcoholic solution was examined. Some typical results are shown on Table 6. 

As a general evidence, the treatment of a paper by a solution of aminoalkoxysilane 
in absolute ethanol brings a serious improvement of the breaking length as shown by 
the comparison between the witnesses A1, B1, C1 and the treated papers. As men-
tioned in the experimental section, it was verified that a treatment with absolute 
ethanol alone only brought a modest improvement (D1, D2). It was also observed 
that the different aminoalkoxysilanes did not exhibit the same efficiency. It seems 
that the aminoalkylalkoxysilane with a linear structure, namely 1-aminopropyl-
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trimethoxysilane (ATMS), are slightly more efficient than the silanes with a more 
bulky structure, 3-amino-2,2-dimethylpropyltrimethoxysilane (AMTMS) or 1-(2-
aminoethyl)aminopropyl-trimethoxysilane (AATMS). For the small chain aminoal-
kylalkoxysilane, the improvement was close to 50 % for a treating solution at a 10 % 
(w/w) concentration, while the treated papers were different, as shown by the com-
parison of A1 and A3, or C1 and C2 on the one hand, and G1 and G2, or H1 and H2 
on the other hand. It is also clear that the improvement is increasing with increasing 
silane concentration as shown by the comparison of A1, A2 and A3, or B1, B2 and 
B3. However, the improvement does not seem to be proportional to the silane con-
tent, at least when the concentration of the treating solution is higher than 6 % in 
weight. It seems that a concentration around 8-12 % (w/w) is an optimum.  

 

Table 6: Treatment with a solution of various aminotrialkoxysilanes in absolute ethanol 
on the tensile breaking strength (measured as breaking length, paper coming from natu-
rally aged books). 

Sample number Type of treatment, solution in absolute 
ethanol 
 

Breaking length (MD), m 

A1 none 1650 

A2 5.6 % 3-aminopropyltriméthoxysilane (ATMS) 2400 

A3 10 % ATMS 2600 

B1 none 1300 

B2 8 % N-(2-aminoethyl)-3-
aminopropyltrimethoxysilane (AATMS) 

1850 

B3 12 % AATMS 1900 

B4 6 % N,N-dimethylaminopropyl-
trimethoxysilane (DMATMS) 

1350 

C1 none 2400 

C2 10 % 3-
aminopropyltriméthoxysilane**(ATMS) 

3850 

C3 8 % DMATMS** 3500 

C4 10 % N-(2-aminoethyl)-3-aminopropyl-
trimethoxysilane (AATMS)** 

3300 

C5 10 % 3-aminopropyltrimethoxysilane (ATMS) 
+ 4.3 % diethoxydimethylsilane 

3800 

D1*** none 2350 

D2*** Absolute ethanol alone 2600 

**The treating solution was also containing 3% of sodium borohydride. 

***Results already cited in ref.4. 
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The behavior of the bifunctional aminoalkoxysilane, AATMS, is similar to the one 
of the corresponding monofunctional silane ATMS. As far as the mechanical proper-
ties measured by the breaking length are concerned, the mixture of the trialkoxysi-
lane with a dialkoxysilane such as diethoxydiethylsilane does not bring new result as 
shown by the comparison of C5 and C2.. The fact that some mixtures contain so-
dium borohydride (runs C2, C3, C4) does not seem to be detrimental to the effect of 
aminosilanes on the mechanical properties. Sodium borohydride could be used to 
decrease or eliminate the effect of the treatments on the optical properties of the 
materials. 

It was important to determine whether the nature of the amino group could influence 
the variation of the mechanical properties. A comparison was effected on the same 
paper with different aminosilanes, one being functionalized by a tertiary amine func-
tions. The results are described above (Table 7).  

 

Table 7: Effect of different chemical structures of the amine function on the variation of 
the breaking length of a paper (book F) treated by different aminosilanes in absolute 
ethanol. 

Treatment Breaking length (MD) 
m 

Breaking length (MD) 
m, after 3 weeks at 80°C 

none 4400 4000 

15 % ATMS 6700 6400 

15 % AATMS 7100 6600 

15 % ATES 7700 6800 

15 % AMDES 6000 6700 

15 % DMATMS 4500 5500 

Despite some scatter which is to be assigned to the fact that these papers were com-
ing from different pages, all silanes having a primary amine function gave the same 
result, i.e. an increase of the breaking length (going with a pH on the alkaline side). 
It is to be noticed that the silane having a tertiary amine group (DMATMS) gave 
lower values for the breaking length. This result shows that the nature of the amine 
function of these silanes is involved in the increase of the breaking length. The fact 
that a dialkoxysilane -AMDES- approximately gave the same result as ATMS or 
AATMS seems to indicate that they are operating with the same mechanism. There 
are two ways to consider this fact. The first is to state that the three products are 
giving a cross-linked network. Since the bifunctional silane –AMDES- cannot give a 
cross-linked polymer only using the silanol condensation, it could be suggested that 
the amino group participates to the formation of the network in the paper web. This 
can be achieved by the reaction of the amino groups with some carbonyle functions 
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borne by the fibers. The second is to consider that all three products are giving by 
polycondensation linear (or non cross-linked) polymer chains. Consequently these 
polycondensation products should be extractible by ethanol. Experiments were car-
ried out and since the polymers were not significantly extractible. it is possible to 
conclude that not only silanol groups undergo self-condensation according to the 
usual chemistry of the alkoxysilanes, but also that the amino groups are able to react 
with the fiber substrate. 

It is to be noticed that the increase of the tensile strength of the papers is not always 
of the same magnitude as in the Table 7 where  the increase is of the order of 50 % 
or more. This is often the case, but sometimes a more modest improvement of only 
10 % was observed. A possible explanation may refer to some difficulties of pene-
tration in papers of compact structures. A comment must be done on the behavior of 
the treated papers upon storage at 80°C (room RH). It is clear that this ageing is by 
no means a true ageing showing what could be the situation in a far future. The 
purpose of this post treatment was only to see whether it was necessary to wait a 
certain time to reach a stabilized state. It was shown above that the surface pH could 
decrease during this heating treatment[10]. From the Table VII, it can be seen that if 
a small decrease of the tensile strength can be observed on some samples upon heat-
ing at 80°C for three weeks, the decrease is rather modest, and it can be concluded 
that paper treatment by aminoalkoxysilanes is a true strengthening process. 

 

Discussion of the strengthening effect by aminoalkylalkoxysilanes 

Many items have now been deacidified and strengthened by this process, and from 
these experiments it can be concluded that the incorporation of ATMS and AMTMS 
brought a definite increase of the mechanical strength of the paper, confirms the 
observations reported on Table 7 above and demonstrates that the strengthening 
effect can last upon ageing. This is one of the most interesting aspect of the incorpo-
ration of aminoalkylalkoxysilanes in acidic papers. There are several ways to im-
prove the mechanical properties of papers. For instance, a strengthening of the fibers 
themselves may produce stronger paper. Another way is to increase the interfiber 
bonding energy, for instance by interpenetrating a macromolecular network in the 
fiber network [16]. While an increase of the zero span breaking length was generally 
observed upon treatment with aminoalkoxysilanes, it cannot be safely concluded 
that this process is operating through an effect on the mechanical resistance of the 
individual fibers. Since the treating molecules have chemical functions which allow 
self-condensation, strengthening by the effect of an interpenetrating network seems 
to be operating. A special investigation on this point will be carried out in the future. 

At last, the resistance to folding was also examined. Two papers were examined, one 
coming from an naturally aged acidic book, and the other being a paper recently 
produced on which some determinations and ageing effects were investigated. Re-
sults are presented on Table 8 below. 
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Table 8:Determination of the effect of some aminosilane incorporation in papers of 
various initial acidity on the mechanical properties, and more particularly on the fold-
ing resistance*. 

Type of paper Type of treat-
ment. 
 

Surface pH Tensile break-
ing strength 
(breaking 
length, m) 

Folding resis-
tance** 

Naturally aged 
acidic book C 

None 
Initial acidity:  
46 meq/100g 

4.9 2300 23 (MD) 

Naturally aged 
acidic book C 

10 % ATMS 
in ethanol 

6.6 3800 7 (MD) 

Naturally aged 
acidic book J 

None 
Initial acidity:  
15 meq/100g 

4.6 1500 9 (CD) 

Naturally aged 
acidic book J 

9 % ATMS + 6 % 
DMDES 
in ethanol 

9.0 3000 31 (CD) 

Modern paper 
100% Bleached 
softwood 

None 
Weak acidity 

5.5 3300 53 (MD) 

Modern paper 
100% bleached 
softwood 

9 % ATMS 
in ethanol 

10.0 4700 184 (MD) 

*24 hours conditioned at 24°C and 46 % RH; CD = cross direction, MD = machine direction. 

**Charge = 300 g 

The interest of using a modern paper was to investigate the problem of the possible 
covalent binding of the polysiloxane network with the fiber network through a reac-
tion of the amino groups with the carbonyl functions generated by a slow oxidation 
of the paper. As far as the oxidation is concerned, the modern paper is obviously 
deprived of its effects. it can be seen that the effect of the presence of aminosilane in 
the paper brought an important increase of the folding resistance. The reason of such 
an effect is not completely understood, because it is clear from the breaking length 
measurements that the paper becomes more rigid. The fact that both mechanical 
characteristics are improved could be assigned to the fact that the treatment helps to 
form a network interpenetrating the fiber network [16]. The folding resistance is 
multiplied by a factor of 2 to 6 which shows that if necessary the paper can recover 
sufficient mechanical strength to be handled again.  

It is known that alkoxysilane functions are not stable in the presence of moisture. 
The hydrolysis of these functions gives silanols which in turn can self condense into 
disiloxane functions, according to the overall reaction: 

• 2 R-Si-O-R’ + H2O           > R-Si-O-Si-R + 2R’-OH 

It seems that on trialkoxysilane the first hydrolysis proceeds at a lower rate than the 
second and the third ones [17]. Consequently it can be assumed that the process 
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presented here can finally be considered as the introduction in the paper web of 
aminoalkylsilanetriol. These molecules containing silanetriol functions can undergo 
selfcondensation in alkaline medium to give bis(alkyl)tetrahydroxydisiloxane com-
pounds. Further condensation of these last products is likely, but certainly takes a 
long time in these conditions[17]. In this latter work, it was shown that at pH = 4, at 
35°C, condensation of silanetriol took several days, while the initial production of 
the silanetriol by hydrolysis took only some tens of minutes. Thus, the rigidification 
of the paper web rapidly observed in the conditions of the procedure is to be as-
signed to the bifunctionality of the molecules, meaning that not only the reaction of 
the aminogroup with the carbonyl functions present on the fiber surface must be 
observed, but also the reaction of the silanol groups. It is interesting to see that the 
treatment of papers by aminoalkyltrialkoxysilanes does not give always an im-
provement of the folding resistance, while it always gives an increase of the tensile 
breaking resistance. This effect can be assigned to the fact that the more oxydized 
the paper, the more rigid it becomes after treatment. This last point could probably 
be adjusted by playing on the reactant concentration. Self condensation or reaction 
of the treating product with the cellulosic surface could also be observed, which is 
less obvious because of the unavoidable presence of moisture. It is well known that 
the Si-O-C chemical bond can be easily hydrolysed. Further work is in progress to 
clear up all these points. 

 

Ageing properties 

Resistance to ageing of papers treated by aminoalkylalkoxysilanes. 

Taking into account that the treatment relies on amine functions, mainly primary 
amines, it was necessary to investigate the resistance to ageing of the treated materi-
als which represents an important point for the appraisal of a deacidification process 
whatever it is. An examination of paper samples treated with aminoalkoxysilanes, 
after accelerated ageing, would give an idea of the resistance of the items to long 
term storage in ordinary libraries. Therefore, two separate accelerated ageing meth-
ods were chosen. The first one uses an atmosphere enriched in nitrogen oxide at 
room temperature. In the second one the acceleration of ageing is promoted by an 
increase in temperature. In a standard procedure commonly used use, accelerated 
thermal ageing is carried out in an environmental chamber at 80°C and 50 % relative 
humidity (RH).  

The results of the alkaline reserve determinations after the three different ageing 
processes are shown on Table 9 below. It is to be noticed that the results are differ-
ent according to the ageing procedure. However, the paper treated by ATES seems 
to present a rather good resistance to ageing regardless of the type of ageing. The 
paper still has an alkaline reserve of 20 meq/100 g after 14 days at 90°C in a sealed 
container, starting from an initial content of 20 meq/100 g. It must be underlined that 
20 meq/100g alkaline reserve corresponds to 1 % (w/w) CaCO3, (units more often 
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used by the conservation specialist). It is extremely important to notice that the same 
alkaline reserve is measured before treatment  (second column) and after exposure to 
90°C for 14 days in a sealed container. This observation means that the amino 
groups are not degraded by exposure to a high temperature. It shows that the basic 
functions in charge to provide an alkaline reserve are stable on long term. The treat-
ment at 90°C for 14 days in a sealed container seems to be equivalent to the stay at 
80°C for 28 days in a ventilated oven. Exposure to NO2 for five days (fifth column, 
Table 9) is slightly detrimental to the alkaline reserve. The paper treated by 
ADBTMS seems to present a similar but slightly better behavior, compared to 
ATES, depending on the aging process. The loss of alkaline reserve after 28 days at 
80°C is negligible as in the case of ATES. The loss in alkaline reserve upon expo-
sure to NO2 is also small (a loss of 5 meq/100g). However, the resistance to ageing 
at 90°C for 14 days is outstanding since the alkaline reserve is the same as before 
aging.  

This result can be interpreted as showing that during this treatment, the mechanism 
leading to the loss of alkaline reserve is not the mechanism which could be expected 
from the amino alkyl group. Like AMTMS, ADBTMS is formulated so as to avoid 
degradation by retro-Hoffmann reaction due to its structure. Consequently, the me-
dium being kept rather acidic due to the confinement and part of the amino groups 
being under the form of ammonium groups, the comparison of the behavior of the 
two silanes suggests that during this ageing procedure degradation occurs by an 
oxydation reaction. When the degradation involves an oxidation step, the behavior 
of both products is similar and oxydative ageing leads to a small reduction in alka-
line reserve. 

 

Table 9: Alkaline reserve after treatment and aging using various ageing procedures* 

Paper treated 
by a solution 
at 9.1 % (w/w) 

Alkaline reserve 
After treatment 
before aging. 
meq.OH-/100g 

Alkaline re-
serve after 
ageing at 
80°C, 65 RH 
for 28 days 
meq.OH-/100g 

Alkaline reserve 
after ageing at 
90°C, 14 days in 
sealed container 
meq.OH-/100g 

Alkaline reserve 
after 5days of 
exposure to NO2 
at 25 °C and  
50 % RH, 
meq.OH-/100g 

ATES treated 
paper 

20 21 20 17 

ADBTMS 
treated paper 

27 32 27 22 

*paper made of pure cellulose 

 

Study of the mechanical properties of the treated papers after ageing 

The tensile behavior was first studied by a comparison between treated and un-
treated paper. In a first study, one ageing process was only used and involved an 
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exposure at 90°C, 14 days in sealed container. The results are shown on Table 10. It 
is clear that  the treatment by ATES induced an important increase of the tensile 
breaking resistance. The resistance to ageing was good for both situations (untreated 
and treated), since the paper was not acidic and the advantage brought by the treat-
ment by ATES is maintained after ageing. It can be seen that due to the increase in 
the modulus of the material, the elongation at breaking diminished. However, the 
treatment by ATES brought an increase of the tensile energy absorption index which 
is in agreement with the strengthening effect brought by the interpenetrated polymer 
network [11]. 

 

Table 10: The tensile breaking resistance behavior of paper STEP2 as a function of 
treatment (ageing at 90°C, 14 days in sealed container). 

 Tensile breaking
resistance 
Paper without  
Treatment. 

Tensile breaking 
resistance 
Paper treated 
ATES 

Tensile breaking 
resistance 
Paper aged 

Tensile breaking 
resistance 
Paper treated ATES 
and aged 

Breaking 
length, m 

2800 3900 2800 3800 

Elongation at 
breaking 

2.2 % 1.9 % 2.0 % 1.8 % 

Tensile en-
ergy absorp-
tion index 

416 mJ/g 449 mJ/g 376 mJ/g 434 mJ/g 

 

The tensile strength and fold resistance of paper were measured. It has been shown 
that the various deacidification processes normally used or under investigation do 
not impart significantly improved mechanical properties to the treated materials 
[18]. Since in the libraries some of the acidified items are in such a state of fragility 
that their handling becomes difficult, a definite asset for a deacidification process 
would be to lead to improved mechanical properties. 

 

Table 11: Fold resistance (FD) (0,5 kg) of paper (STEP2) at various state of treatment 
and aging 

Initial paper treatment Ageing techniques, fold resistance 

32* none Aged 90°C:  34 
32* ATES: 93 Aged NO2:   56 

Aged 80°C:  55 
Aged 90°C:  64 

32* ADBTMS: 98 Aged NO2:   143 
Aged 80°C:  200 
Aged 90°C:  647 

*average of measurements carried out by two different laboratories. 



142  Conference SAVE PAPER 2006 www.snl.admin.ch 

It is clear from Table 11 for reason already quoted above that ageing at 90°C for 14 
days does not significantly modify the folding properties of the paper (34 versus 32). 
This result is in agreement with previous observations which showed that the paper 
STEP2 exhibit approximately the same tensile breaking resistance, measured as 
tensile breaking resistance index, after ageing as before [11]. As far as the treatment 
by ATES is concerned, it can be seen that the comparison between the fold endur-
ance before and after treatment (32 versus 93), with aging (55 to 64 folds versus 34), 
shows that the incorporation of ATES in the cellulosic web significantly improves 
the fold resistance even after ageing [19]).  

The same kind of observation can be effected about the treatment by ADBTMS: the 
treatment in itself leads to a substantial improvement of the fold resistance (98 folds 
versus 32). The surprise comes from the fold endurance after ageing, whatever the 
technique used for aging. The fold endurance is much better after ageing than be-
fore. It can be assumed that a chemical reaction between the treatment product and 
the cellulosic substrate is favored by the ageing procedure. It was shown above that 
paper STEP2 kept the same folding endurance after thermal ageing as before. How-
ever, exposure to an oxidative aging process induced an important decrease of the 
tensile resistance which was correlated with a decrease of the zero span breaking 
resistance. It can be seen that the treatment by aminoalkyalkoxysilane brought about 
a good folding resistance.  

Since the modern paper used above was not acidic, it was decided to investigate the 
ageing behavior without and with treatment of a paper coming from a naturally 
acidic book K. The results are shown on Table 12.. It can be seen that the treatment 
by ATMS on acidic paper gives very good results as far as the tensile breaking resis-
tance is concerned. This beneficial effect is maintained even after ageing for 28 days 
at 80°C, 65 RH. It can also be noticed that the folding resistance which was de-
creased by the treatment by ATMS is partly restored during ageing. This phenome-
non is similar to that observed on the non acidic paper, but less accentuated.  It is to 
be noted that it was previously shown that highly acidic items did not show an im-
provement of the fold endurance, the tensile breaking resistance being increased 
[11,19]. 

 

Table 12: Aging behavior of paper treated by ATMS (book K) 

Treatment Ageing Tensile breaking 
strength (LR, 
SM, m) 

Elongation at 
breaking, % 

Folding endu-
rance 

None none 3700 1.1 176 
None Ageing 80°C, 65 

RH for 28 days 
3300 0.8 74 

ATMS in alcohol 
(10 %, w/w) 

none 5300 1.1 64 

ATMS in alcohol 
(10 %, w/w) 

Ageing 80°C, 65 
RH for 28 days 

4900 1.0 100 
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Conclusion 

This research carried out at the laboratory scale on the treatment of papers and books 
by ethanolic solutions of various aminoalkylalkoxysilanes allows to conclude that 
this process is an effective deacidification treatment for the conservation of the items 
of our cultural heritage printed or written on cellulosic paper. Not only, this process 
neutralizes acidity in the fiber web and introduces an alkaline buffer, according to 
the standard requirements, but it also bring a serious improvement of the mechanical 
resistance of aged papers, either in tensile breaking resistance and, depending on the 
conditions, in folding resistance without noticeable modifications of the paper struc-
ture. It was also found that the aminoalkylalkoxysilane process dramatically im-
proved the resistance to ageing as indicated by the various accelerated ageing proce-
dures used during this research. It must be noticed that this process only used 
monomers which involve a "green chemistry" for the polycondensation reaction and 
that the process is totally innocuous, on the one hand to the cellulosic fibers at a 
micron scale, and on the other hand for the library staff or the readers at a macro-
scopic scale. This process can be environmentally safe. A small insight on this proc-
ess at a pilot scale, carried out at Arles in France, showed that it can enter in the 
development phase.  
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PAPERSAVE SWISS 
  
Introduction 
 
 
The history of the papersave swiss plant goes back to 1982, when, with the 
launching of the NFP project, “Methods of caring for cultural legacies”, the 
foundation stone for the modern development of conservation and restoration was 
laid. The long and arduous road to the inauguration of the papersave swiss plant in 
2000 is described by Erwin Oberholzer - he is, after all, one of the “fathers” of the 
plant - in his graphic contribution.  The most important landmarks are shown in the 
following table. 

In close cooperation, the partnership of Nitrochemie Wimmis AG, the Swiss 
National Library and the Swiss Federal Archives, improved the quality of the 
Battelle papersave® process and further developed it into the papersave swiss 
process. As a consequence, in 2004, the “quality standards” were reviewed to 
incorporate the experiences of the first three years of operation and allow a reduction 
of the maximum permitted damage limit. Marcus Reist, the engineer responsible for 
the construction and operation of the plant, describes the successful operation, 
quality control and the results achieved to date. 

From the beginning, efforts to better understand and optimize the process took on 
great importance. This resulted in various research projects of varying importance, 
three examples of which are presented in more detail. The effect of the papersave 
swiss process on fungi was investigated by Hanspeter Andres. The project, 
“Bookbinding leather in the papersave swiss process”, was carried out with external 
partners, and is described by René Larsen et al. The project, “Optimum treatment 
intensity”, was carried out by the Swiss National Library in cooperation with 
Nitrochemie, and is presented by Agnes Blüher.  

The examinations carried out to date all show the great effectiveness of the 
papersave swiss process in prolonging the useful lifespan of treated documents and, 
in addition to that, they also reveal a number of positive side effects, for instance 
with regard to fungi. The negative side effects of the papersave swiss process, for 
instance, on certain binding materials and colours were, and are, also the subject of 
investigations and research. From these, a wide knowledge of the limits of the 
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papersave swiss process has already been acquired. Knowledge of a process’ 
limitations on the one hand, and of the collections to be treated on the other, is a 
prerequisite for the responsible use of any mass deacidification process. 

 

Chronological table of the papersave swiss process: 

History 

1982 Start of the NFP-Project “Methods of caring for cultural legacies” 

1990 Tie-up between the Swiss National Library (SNL) and the Swiss Federal 
Archives (SFA) for the mass deacidification project; start of cooperation 
with the Eidgenössische Pulverfabrik (since 1998: private enterprise as 
limited company Nitrochemie Wimmis AG) 

1991-1994 Evaluation phase 

1994 Decision for the Battelle process and further development of the process 

1997 Report to parliament concerning the erection and operation of a mass 
deacidification installation 

1998 Federal decree for building a mass deacidification plant. 
Operating contract and quality standards 

1999 Start of construction 

September 
2000 

Opening ceremony with Federal Councillor Ruth Dreifuss 

 
Operation 

2000 Commissioning and running-in phase 

2002  Extension of the deacidification plant’s control system and modification of 
the process 

2003 Introduction of risk indices into the quality control SNL  

2004 Quality standards second edition 

End of 2005 Amount of deacidified material (SNL+SFA): 435 tons (13 km). SNL 1 
millions documents (mainly books), SFA 20 millions archival documents  

 
Research and development 

2001 Research batch 

2001-2004 “Leather in paper deacidification”, step 1  

2004 NCW’s pilot plant is put into operation 

2004-2006 “Optimum treatment intensity” 

2004-2005 “Effects on fungi” 

2006 “Combined paper deacidification and strengthening” 

Continuous Activities for optimizing the process and minimizing of side effects 
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The evaluation process – a long story 
Erwin Oberholzer 

 

 

Twenty-three years ago, Program no. 16 (NFP 16), with the title “Methods of caring 
for cultural legacies”, was announced by the Swiss National Science Foundation. In 
existence for some three years, the then “Arbeitsgemeinschaft für Papierrestauri-
erung Berne” (Working Group for Paper Restoration Berne) (AGPB), an association 
to which belonged 14 public institutions, such as museums, libraries and archives 
with restoration workshops in the Town and University Library, the Swiss Federal 
Archives and the Berne State Archives, applied to participate in this program. 

In particular, the advice of Professor George Redard, the then head of Berne Univer-
sity’s Institute for Romance Languages and Literature, who initiated NFP 16 and 
assumed the chairmanship, was decisive. At the same time, he was also president of 
the Stiftung Stadt- und Universitätsbibliothek Berne (Berne City and University 
Library Foundation). The then director of the Stadt- und Unibibliothek (City and 
University Library), Professor Hans Michel, has been the driving force for matters 
concerning collection care and restoration since my employment at the City Library 
in 1973. Thanks to his good relations with the heads of the Bundesarchiv (Federal 
Archives), Professor Christoph Graf, and of the Staatsarchiv (State Archives), Dr. 
Karl Wälchli, he made it possible for the newly built restoration workshops and their 
personnel to work together in an unbureaucratic manner. As a result, an efficient 
organization, highly flexible with regard to bureaucracy and the use of financial 
means, was born. 

The principle requirement at that time was the training of conservators. Since there 
was then neither a job description nor a course, we offered a 2-year practical train-
ing, which was converted for most trainees into a regular employment relationship 
of several years.  Financing was assured by restoration contracts from members of 
the association. The whole administration was offered free of charge by the 
Bernisches Historisches Museum. 

These framework conditions were extremely well suited for participation in NPF 16. 
The actions that we defined were, on the one hand, for the training of conservators 
in a school system and, on the other, for working out a solution for the mass prob-
lem. These actions were accepted by the National Science Foundation and, with 
some half a million francs, we were able to extend the formation of trainees and 
could afford to fit out a laboratory for chemical and physical material examinations. 
Thanks to the already well-established good long-term cooperation with the paper 
industry, especially with Papierfabrik Biberist (Paper Factory Biberist), the PTT 
postage stamp laboratory and the Federal Materials Science and Technology Insti-
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tute (EMPA), we were able to extend our knowledge, in particular, with respect to 
industrially manufactured paper and the reasons for its limited life. 

At about the same time, the American Richard D. Smith, with the company Wei T’o, 
began to market water-free deacidifying agents in the form of sprays and solutions 
in Europe. The National Library of France had started trials with similar agents in a 
vacuum chamber at Sablé-sur-Sarte, and the then Battelle Institute was doing the 
same in Frankfurt, Germany. Via publications in the USA, we learnt that various 
approaches, including even gaseous agents, such as ammonia with ethylene oxide 
and diethyl zinc, developed in the Library of Congress in Washington, were being 
discussed.  

We quickly understood that it was impossible to assess these, in part very complex 
processes using our knowledge and means. The Swiss Federal Archive therefore 
contracted the Battelle Institute to assess and compare all the existing processes.  
Contrary to all the declarations of the companies that had developed them, it 
emerged that none of the processes were ready to be used in practice on a large 
scale. It also emerged that, contrary to general expectations, it was completely illu-
sionary that such technical equipment could be operated by conservators, if possible 
in an archive or library. 

In order to get a concrete idea of treatment effectiveness and the optical-physical 
effects, we sent a selection of materials for treatment to the various service providers 
and, as far as possible, examined them after they were returned. The results were 
more or less disappointing. However, at the same time, it must be noted that our 
view, as conservators, was very narrow, and that we had assumed visible modifica-
tions to be completely intolerable. We were, however, assured by all the companies 
that, once everything was running routinely, all defects could be rectified. At this 
point, one spicy detail was also the companies’ price quotations of 1.50 to 2.00 dol-
lars per kilo. 

The time period for NPF 16 was five years, and thus ended in 1987. Some 12 librar-
ies and archives from all over Switzerland, first and foremost the Zentral- und Uni-
versitätsbibliothek Zürich (Zurich Central and University Library), let themselves be 
convinced by our work and the necessity of employing rational technology in con-
servation, and declared themselves ready to co-finance a further five years of devel-
opment work. In the then still federally owned Pulverfabrik in Wimmis, today Ni-
trochemie Wimmis AG, we found an interested partner, who had all the prerequi-
sites for operating a mass deacidification plant. The timing was ideal inasmuch as 
the Pulverfabrik was looking for new areas of activity because of falling gunpowder 
production. 

This company offered everything that our plan called for with regard to safety, ex-
perience in handling dangerous substances, converting complex problems into proc-
ess engineering and a sophisticated chemistry laboratory infrastructure together with 
competent employees. It soon also emerged that, for the essential negotiations with 
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international companies, a lot of experience and knowledge of the business practices 
of such companies were necessary, and that Pulverfabrik’s representatives were no 
beginners in this respect either. At the same time however, we found out that the 
participating persons (chemists, engineers, marketing specialists and conservators) 
all spoke different languages, appraised the same things differently and evaluated 
the various problem areas in a totally dissimilar way. 

We conservators have written a criteria catalogue containing approximately 80 re-
quirements, which were demanded on behalf of the cultural patrimony, namely the 
libraries and archives. In addition to these, the Pulverfabrik has worked out the me-
thodical bases and process recommendations for implementing and checking treat-
ment effectiveness, long-term effect, logistics, safety, operation and the further de-
velopment of an appropriate process.  

The criteria catalogue was subdivided into “must-have criteria”, i.e. those where no 
tolerance was allowed, and “would-like criteria”. The “would-like criteria” were 
assigned various weightings on a scale of 1 to 5. With this tool, we approached the 
examination of three processes being considered, namely FMC-Lithco’s “MG 3” 
liquid process, AKZO’s gaseous diethyl zinc process and the Battelle Institute’s 
liquid process. The demands that we placed had to be valid both for bound books as 
well as for archived documents in loose-leaf form and in boxes. Although the two 
liquid processes, in which magnesium alcoholates in chlorofluorohydrocarbons were 
used, demonstrated good material penetration and thus a relatively homogenous 
treatment, there were, however, considerable side effects with regard to the bleeding 
of inks and colours into binding materials, as well as deposits of magnesium salts on 
the surfaces. The gaseous diethyl zinc led to a hope that these side effects would, to 
a great extent, disappear. However, on the other hand, it could be seen that the ho-
mogeneity of the treatment left a lot to be desired. In addition, ring-like marks, so-
called Newton rings, could be discerned on the papers, and synthetic binding materi-
als became permanently sticky. We found many of these phenomena difficult or 
even impossible to explain at that time. After a number of test series carried out at 
great financial expense, we came to the conclusion that much of the data from the 
companies developing the processes was either irrelevant or had never really been 
examined. This was probably due to the fact that, generally speaking, conservators 
have little appreciation of solutions on a large technical scale, and that their experi-
ences with the materials in the archives and libraries were not, or only to a limited 
extent, available to these companies. On the other hand, the chemists and engineers 
also did not consider it absolutely necessary to include this knowledge in the devel-
opment. 

To date, a whole range of changes in the development sphere has emerged. The most 
important was probably the ban on chlorofluorohydrocarbons (CFCs). This highly 
inert solvent, ideally suited for the job with its non-toxic and non-flammable proper-
ties, is damaging to the environment, and may now only be used in special cases.  
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Then the Federal Pulverfabrik in Wimmis was privatized, and the partner relation-
ship between the federal offices had to be redefined.  The Federal Materials Science 
and Technology Institute was likewise given a new legal form and had to charge for 
all services. The PTT laboratory was shut down. The Battelle Institute in Frankfurt, 
now called Battelle Ingenieurtechnik GmbH, moved to Eschborn and struggled with 
liquidity problems. One positive development aspect was that the Swiss National 
Library also joined the project. As a result, we gained considerably more political 
weight.  

FMC – Lithco promised to shortly introduce an alternative solvent.  Unfortunately, 
they somewhat overestimated themselves in this respect. With AKZO’s diethyl zinc 
process, we were able to prove that the reaction process in the deacidification phase 
ran completely out of control and could not be influenced. This uncontrolled, 
strongly exothermic reaction led to the well-known effects and consequently, this 
method was abandoned. 

At the last moment, so to speak, Battelle Ingenieurtechnik managed to replace the 
CFC solvent by an equally inert substitute in the form of hexamethyl disiloxane.  
However, this medium is slightly inflammable and, as with almost all organic sol-
vents, damaging to the health. As a result, the application technology became con-
siderably more complicated, i.e. more expensive.  

One important topic of discussion again and again was the economic aspect. This 
was connected first and foremost with the “time” factor. The employees of Battelle 
Ingenieurtechnik have taken this problem into account, inasmuch as they accelerated 
pre-drying by using microwaves. In principle, the solution was impressive. How-
ever, at the same time, new side effects occurred, which needed clarification. At that 
time, the plant was transferred from Eschborn to the German library in Leipzig, 
where it had to prove itself in practice. As a result, for us there were new attempts to 
clear up problems with regard to the new solvent, the new active ingredient and 
more efficient pre-drying using microwaves. 

From the mid-nineties, we were convinced that the process could be implemented.  
It was clear that the complexity of heterogeneous material make-up in libraries and 
archives required a system that was sensitive. This means that certain parameters 
could be adapted for particular material complexes, which seemed feasible to the 
Nitrochemie engineers. Thus, the decision was made in favour of the Battelle tech-
nology, but using conventional in place of microwave drying. 

We, the representatives of archives and libraries, have learnt through this develop-
ment process that it is impossible to evaluate all side effects with the various materi-
als as damage. In this respect, a vast amount of explanatory work was necessary, not 
only with regard to the librarians and archivists in our own institutes. However, we 
also experienced a large degree of tolerance from this side. We have also learnt that 
we did not perceive many of the changes to documents resulting from ageing and 
environmental influences leading to accelerated ageing since, in single-sheet treat-
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ment, we strongly focus on the individual documents. This means, for instance, that 
the diffusion of typewriter inks into the paper is quite widespread and does not occur 
only as a result of the deacidification treatment. We even established that some red-
coloured pencils, which are today perceived as a major problem because of diffusion 
during treatment, also bled in exactly the same way in untreated files stored under 
unsuitable climatic conditions. 

The above-mentioned criteria catalogue was, on the one hand, a helpful tool for 
evaluating this process, being particularly useful for better interdisciplinary under-
standing.  On the other hand, it constituted a hindrance in certain areas, as many 
clarifications became very costly due to the exceptionally high costs of the analyses.  
In time, this catalogue shrank to a reasonable size and at we can at least say that our 
quality standards, which, to the best of my knowledge, remain unique to this day, 
resulted from this nucleus. No other process that has been offered in the past few 
years can provide anything comparable. 

The engineers of Nitrochemie Wimmis have implemented their requirements and 
realized a sensitive process that works with variable parameters. The Nitrochemie 
laboratory personnel and research department guarantee an effective treatment proc-
ess with all materials treated.  The intensive cooperation between conservators from 
the library and the archive, and the operating personnel in Wimmis has led to an 
outstanding development of the process during the first 4 years of operation. As well 
as the professional competence of all the parties involved, I consider the interdisci-
plinary cooperation as the key to the successful undertaking of collection care using 
such technical means. This has also created trust in the endeavours for further tar-
geted improvements through continuous research. 

I would like to conclude with a thank you to those persons who carried the main 
responsibility for this venture and who have, however, never appeared. To Prof. 
George Redard and Prof. Hans Michel, who have, unfortunately, already passed 
away and to Prof. Christoph Graf, the former director of the Bundesarchiv, who, 
with virtually blind trust in our competence, helped pave the way for this develop-
ment by ignoring many administrative regulations. In the Swiss National Science 
Foundation program no. 16, the paper project probably also achieved the most last-
ing effect compared to other materials.  

The Hochschule der Künste, Studiengang Konservierung und Restaurierung von 
Schriftgut und Grafik (Berne University of the Arts, Department of Conservation 
and Restoration) has been in existence for 13 years and the papersave swiss plant 
fulfils its tasks matchlessly. 
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papersave swiss process, operation 
and quality 
Markus Reist 

 

 

Introduction 

On 14 April 2000, after treatment duration of 72 hours, the first 635 kg of books 
from the Swiss National Library (SLB) were removed from the papersave swiss 
paper deacidification plant. For the first time in the history of paper deacidification, 
24 running meters of books were successfully treated in one batch at one time. 

Since then almost 6 years have passed and, following the first 635 kg of books, a 
further 260,000 kg, or some 7,800 running meters of books in all formats, have been 
treated.  At the same time, 240,000 kg of archive documents in boxes, corresponding 
to some 21 million documents, were also treated[1]. This is preservation using 
mass deacidification! Using preventive paper-deacidification, we have thus suc-
ceeded in maintaining a large number of original collections in their totality, 
whereas with conversion processes, such as microfilming or digitalization, the in-
formation would have been at best kept.  

With the construction of the papersave swiss paper deacidification plant, much noted 
pioneer work was accomplished in the field of collection care. Remarkable here is 
the Swiss solution for building and operating a paper deacidification plant. In 1998, 
parliament talked about the object credit for building the plant and, at the same time, 
a framework credit for deacidifying archive material and books in the first five years 
of operation. This enabled the Swiss Federal Archive (BAR) and the Swiss National 
Library (SLB) to use about two thirds of the plant’s capacity right from the start. 
From its side, the plant operator, Nitrochemie Wimmis AG (Nitrochemie), was able 
to calculate the business risk. Thus, the way was free for an exemplary cooperation 
between the private sector and the state, to the advantage of both sides[2]. With this 
solution, the plant remains the property of the Swiss Confederation but is be oper-
ated by Nitrochemie, which has a lot of experience in the field of cellulose chemis-
try and analysis, and has been involved in the project since 1990. With its own re-
search and development department, and a laboratory deacidification unit, the com-
pany has all the prerequisites for developing the process further.  Operation of the 
plant is regulated for the first ten years in an operating contract.  

What is the principle of the papersave swiss plant, which has permitted to save over 
700,000 books and brochures [3], as well as large quantities of archive goods, from 
acid-related disintegration within the last 6 years? The following explanation gives 
an insight into the construction, operating principle and effect of the plant. The re-
sults achieved from the 6 operating years to date are presented. 
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The papersave swiss plant 

The various processes for paper deacidification are based on treatment with (a) 
aqueous solutions of alkaline earth carbonates, (b) non-aqueous solutions of earth 
alkali alcoholates in Freon, perfluoralkanes or siloxanes, (c) ultra-fine particles of 
alkaline earth carbonates and oxides, either as aerosols or suspensions in perfluoral-
kanes. The possibilities and limitations of these processes have been described in 
detail in the literature. [4, 5] 

The papersave swiss deacidification plant uses a non-aqueous solution of magne-
sium and titanium ethanolates in hexamethyldisiloxane, known as the Battelle proc-
ess. The plant is the third generation of the original “papersave” process developed 
by Battelle. This so-called “papersave swiss” process, further developed and im-
proved by Nitrochemie, is distinguishable from its German-built predecessors by 
having considerably more flexible and better controlled processing, a modified 
process sequence and an active reconditioning installation. The plant control permits 
comprehensive influencing of all the relevant process parameters, and thus offers 
high flexibility. With its two treatment chambers, an annual treatment capacity of 
120 tonnes can be achieved.  

 

The choice of process 

Switzerland has, amongst other things, opted for the papersave swiss process for the 
following reasons: 
• It is possible to treat bound, unbound and boxed collections, i.e. library and 

archive material 
• Large volumes can be treated, i.e. it is a true mass process 
• If necessary, the baskets can be sealed by the client. In this way, unseen access 

by third parties is impossible. This is important for documents that have a 
blocking period. 

• Proven three-dimensional effect: Damaging acid is neutralized at source and 
the alkaline reserve is deposited within, and not just onto, the paper. The active 
ingredient is a solution and not a suspension. 

• Very homogeneous treatment. Treatment success even in the book binding and 
throughout the whole cross-section. 

• Mechanical stress in the material to be treated is kept to a minimum, and, as a 
result, even the treatment of weakened materials is possible. 

• To a great extent, no pre-selection is necessary. Collections can be left in their 
original composition for the most part. Collection and return take place in the 
same order, thus simplifying the logistics. 

• The process is neither harmful to humans nor the environment. 
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The process 
The books, documents and archive boxes to be treated are, as a rule, put into treat-
ment baskets by the client, transported to Wimmis in the company’s own vehicles 
and transferred into the treatment chamber in batches of 500–1,200 kg (Figure 1,2). 
Here, the material to be treated is pre-dried, i.e. the moisture content is reduced from 
5 – 8% to < 1% by means of gentle warming under vacuum. After this follows the 
actual deacidification, in which the treatment chamber is completely flooded with 
the deacidification solution, which saturates the paper. After removing the solution, 
the solvent remaining in the material is removed by vacuum drying, the evaporated 
solvent being condensed and recycled. These three process steps take about 3 – 4 
days.  

During the subsequent reconditioning phase, air at a specified temperature, humidity 
and quantity is blown through the treated material for 3 to 4 weeks. The paper thus 
recovers its previous humidity and chemical reactions take place. The deacidified 
material is then returned to the client in the treatment baskets, where it can be put 
back on the shelves again. 

 

 

  
Figure 1: loading the treatment chamber 

In order to take material-specific particularities into consideration, different treat-
ment programs for libraries (primarily printed and bound books) and archives (pri-
marily single documents in archive boxes) were developed. Thus, in the program for 
archive materials, the concentration of the active substance was reduced by a third 
and the treatment times adapted. 
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Figure 2: Flow diagram of the “papersave swiss” deacidification process 
 
 

The chemistry 

The main difficulty when developing a mass deacidification process is finding an 
environmentally friendly, non-polar solvent for the alkaline earth alcoholates. As 
already mentioned, the “papersave” process is based on the Battelle invention, in 
which a complex of magnesium and titanium alcoholate (METE 30) is dissolved in 
hexamethydisiloxane (HMDO). During the treatment, the magnesium alcoholate 
immediately neutralizes the available free acids in the paper. During the recondition-
ing, moisture and carbon dioxide convert the excess magnesium alcoholate into an 
alkaline buffer, which protects the paper against future acid attacks. The titanium 
alcoholate also introduced into the paper reacts with moisture to form titanium hy-
droxide, which decomposes into titanium dioxide and water. Thus, the titanium 
alcoholate does not contribute to the deacidification, but must be included in the 
treatment solution, since magnesium alcoholate is insoluble in HMDO. For almost a 
hundred years, titanium dioxide has been used to increase the paper whiteness. 

 

Logistics 

For each client, the cost for recording, selecting and post-controlling collections can 
depend on various factors and individual work intensities, this has already been 
described elsewhere.[4] For this reason, only the logistics for the paper deacidifica-
tion are described here, which begins with the selection of the books and ends with 
their restitution. 

After the collection to be treated has been selected by the client, it is inspected in the 
presence of a Nitrochemie specialist, possibly together with a conservator. Using a 
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checklist, the collection is characterized (binding, paper, size, condition) and the 
treatment clarified (space ratios, access possibilities, personnel resources). The con-
trol cost (for example, examination of test book and/or original material) is deter-
mined. Based on these clarifications, the client receives a binding offer and propos-
als for treatment dates. After the order is placed, the collection and return dates are 
fixed definitively with the client. 

 

  
Figure 3: treatment basket 
 

 
 

Figure 4: transport unit 

On the basis of many years experience with the papersave swiss process, criteria for 
the selection of unsuitable items are known, so that the latter can be sorted out later 
during packing. As a rule of thumb, only very few specimens are concerned here 
(typically < 3%). After a long period of cooperation, sorting can be undertaken by 
the client himself, but the final assessment is always carried out by Nitrochemie. 
Packing into suitable basket sizes (Figure 3) can be done by Nitrochemie or the 
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client. If the client wants to do the packing himself, empty treatment baskets, to-
gether with packing instructions, are delivered to him on the desired date. The 
treatment baskets are grouped together into transport units (figure 4) and transported 
by Nitrochemie to Wimmis for treatment. After treatment, return transport takes 
place in the same sequence, so that restitution can take place without problem. 

 

Quality assurance 

Comprehensive quality standards [5], which today are frequently used by other cli-
ents, have been agreed between SLB, BAR and Nitrochemie. Certified to ISO 9001 
and ISO 14001, Nitrochemie guarantees clients to comply with these high quality 
standards. In addition, the company has its own laboratory accredited for paper 
analysis, and is able to continually monitor process flow and treatment success. 
Since the papersave swiss plant was put into operation, the treatment results for 
every batch treated have been examined and comprehensively documented, both for 
the specially manufactured test books that accompany every batch, as well as for the 
original material. Since destructive testing on original materials is not possible, 
suitable non-destructive analysis procedures had to be developed and validated for 
the examinations described below, prior to putting into operation. 

For the quantitative determination of colour changes, a spectroscopic method was 
introduced. By means of a simple and low-cost measurement of the surface pH, it 
can be established whether the paper has been completely deacidified (pH ≥7.0) or 
not. However, this is with the reservation that the surface pH can be 1 – 1.5 pH units 
lower than the “effective” pH of the paper as determined from an aqueous extract.  
For quantitatively determining the success of the treatment (degree and homogeneity 
of deacidification), a more elaborated method, based on X-ray fluorescence spec-
troscopy (XRF), was developed. To do so, a purchasable XRF spectrometer was 
supplemented with a large vacuum chamber. Inside a movable sample holder that 
can be rotated in two axes enables to move every part of a book or document over 
the XRF detector. In routine analysis, the Mg and/or Ti absorption is determined at 
seven different positions.  

The obtained measurement results so obtained are given to the client in a test report. 

 

Results 

In the past six years, within the framework of regular quality control, 5,850 items 
(books and archive documents) have been analyzed. In the first operating phase, 10 
test books together with 10 original books (for library material) or 10 reference 
documents (for archive material) per batch were analyzed. During the course of the 
first year of operation, the scope of the testing was reduced to 3 test books and 5 
original books or reference documents. Reference books or archive documents cor-
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responded to the respective original material with regard to age and type of paper, 
which besides non-destructive testing also allowed destructive testing. In the follow-
ing, and for the sake of simplicity, this combination of original material and equiva-
lent test material is shown under “Original material”.  

In total, 92,800 individual analyses were carried out and 12,200 results recorded. 
Evaluation of this huge amount of data gave the following results: 

 

Completeness of treatment 

The test material examined was 100% completely deacidified – all 2,300 test books 
examined showed a surface pH of ≥ 8.0, i.e. clearly in the alkaline range. 
In addition to this, 99.9% of the original material was proven to be completely 
deacidified (requirement ≥ 98%). Proof that there was a surface pH (Figure 5) in the 
alkaline range (> 7.0) occurred in 3,527 of the 3,550 original books or archive docu-
ments tested. The remaining 23 documents had a surface pH value between 5.0 and 
7.0. Based on the inadequacy of this method of analysis, as already mentioned, it can 
be assumed that a large part of these 23 documents were nevertheless completely 
deacidified. Indeed, for 20 of these 23 documents, proof of complete deacidification 
was established using other methods (pH of extract, wet-chemical-determined alkali 
content, XRF, etc.)  Only in the case of 3 original documents (0.1% of the original 
material tested) was this proof not obtained. 
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Figure 5: Chronological evolution of the surface pH value before (red rectangles) and 
after (green circles) deacidification of the original material (3,550 items). The surface 
pH of the deacidified material shows higher process-related fluctuations in the introduc-
tory phase. 
 



160  Conference SAVE PAPER 2006 www.snl.admin.ch 

Strengths of the treatment 

The XRF analysis of the test books (figure 6) shows that the process is very stable 
and robust. The quality demands (≥ 95% of the test material showing between 0.5 
and 2.0% MgCO3 absorption) was fulfilled without problem, all 2,300 test books 
examined actually lying within this range. The treatment program with a higher 
active ingredient concentration gave an average MgCO3 absorption of 1.26%, 
whereas the program with the lower concentration gave 0.81%. This difference in 
the MgCO3 absorption exactly reflected the average difference in the METE concen-
tration in the two treatment solutions (factor 0.64). 
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Figure 6: Process card of the MgCO3 absorption of 2,300 test books from batches with 
high (green circles) and low (blue rectangles) METE concentrations, determined by 
means of XRF analysis on 3 – 10 test books per batch. As for the surface pH value, the 
MgCO3 concentration shows higher process-related fluctuations in the introductory 
phase. 

According to quality requirements, ≥ 95% of the originals must have an MgCO3 
absorption of between 0.3 and 2.3%. Even this demand was fulfilled since, accord-
ing to XRF analysis, all 1,150 original test books examined were within this range.  

 

Homogeneity of the treatment  

According to the quality requirements with regard to homogeneity of the treatment, 
for ≥ 95% of the original and test papers, the standard deviation of MgCO3 absorp-
tion over the 7 XRF measuring points must be ≤ 0.5% MgCO3. This requirement 
was also met, the standard deviation for 99.3% of the test books (2,284 books of the 
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2,300 tested) and 98.1% of original materials (1,128 documents of the 1,150 tested) 
being below 0.5% MgCO3.  

 

Conclusions and outlook 

Looking back over the 6 operational years of the “papersave swiss” plant, the Swiss 
mass-deacidification plant project can be regarded as completely successful. The 
most important contributing factor was the very open and constructive cooperation 
between the operating company, Nitrochemie Wimmis AG, and the two main cli-
ents, the Swiss National Library and the Swiss Federal Archive. Within the frame-
work of this cooperation, not only was the “daily business” looked after (i.e. 1 – 3 
deacidification batches per week, per client), but also knowledge with regard to 
mass deacidification in general, and the “papersave swiss” process in particular, was 
greatly extended. All other third party clients likewise benefit greatly from this co-
operation.  

The very extensive data from the quality assurance was regularly evaluated and the 
treatment process continually optimized. Additional examinations (such as, for in-
stance, with regard to the homogeneity and dimensionality of the treatment, or the 
effects on ageing behaviour) led to a deeper understanding about the characteristics 
and effects of the “papersave swiss” process. For example, a trial batch on a scale of 
1:1 was especially assembled and treated, in order to examine the influence of ex-
treme treatment parameters on treatment quality using variance analysis. Solutions 
were found for side effects, these being either attenuated (e.g. bleeding) or com-
pletely eliminated (e.g. Newton’s rings). Tests on the optimum treatment strength 
were carried out[6]. In the cases of mould, proof of a disinfecting and growth-
inhibiting effect as a result of deacidification was successfully established [7].  

This work is by no means finished. Further work is being done to improve the proc-
ess. For this, Nitrochemie has built a laboratory deacidification unit, in which 
greater process variations than are possible in the full-sized plant can be run and 
“more exotic” treatments carried out (e.g. the use of alternative and new process 
chemicals). Trials combining deacidification with paper consolidation are also being 
carried out in this laboratory unit. 
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papersave swiss – effects on fungi 

Hanspeter Andres 

 

 

Introduction 

Molds are a specific group of fairly simple fungi, mainly growing on food and ani-

mal feed sources, but also on the surfaces of paper, parchment, leather, textiles, 

metal and wood objects. Molds do not contain chlorophyll and, therefore, their 

growth is concomitant with an ongoing annihilation of their sugar and carbohydrate 

media. Molds persist in tubular structures with a diameter at 2 - 10 �m, the so-called 

hyphen. During the vegetative metabolism phase the hyphen is in steady contact 

with the nutrient medium and the optically visible dense network of the mycelium 

builds up. When the nutrient medium diminishes, a secondary metabolism phase 

starts with the development of spores; their incubation time after transport by air or 

adhering to insects to a suitable nutrient medium is only in the order of a few hours. 

Molds are ubiquitously (they are everywhere); with an estimated amount of 250’000 

types. From these, approximately 200 types grow on books and archival material [1].  

A selection is listed in Table 1. 

 

Table 1: Selection of mold species isolated from paper substrates. The studied types are 

shown in bold. Further types are found in the references [2], [3] and [4]. 

genus aspergillus; 

(a. chevalieri, a. flavus, a. fumigatus, a. melleus, a. nidulans, a. niger, a. repens, a. res-

tricticus, a. stellatus, a. sydowii, a. terreus, a. ustus, a. versicolor, a. wentii) 

genus chaetinium; 

(ch. atrobrunneum, ch. compsum, ch. globosum, ch. indicum, ch. murorum, ch. spirale) 

genus cladosporium; 

(cl. herbarum, cl. ladosporioides) 

genus fusarium; 

(f. oxysporum, f. orthoceras)  

genus penicillium; 

(p. brevicompactum, p. chrysogenum (notatum), p. citrinium, p. corylophilum, p. 

cyanophilum, p. cyanofulvum, p. cyclopium, p. decumbens, p. glabrum, p. martenseii, 

p. melegrinium, p. purpurogenum, p. rubrum, p. variable) 

Collection material may become mold-affected by inappropriate storage in humid 

conditions over a longer time or occasional water spills and dust. The glue (albumen 

and/or starch) of the paper and the binding takes up water and offers the ubiqui-

tously mold spores a suitable medium to germinate and bloom. A musty odor, stains 

and furry or downy growth on the surface are very strong indications of a mold 
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outbreak. As mold grow continues, not only the glue of the paper, but also the cellu-

lose fibers are degraded, resulting in decreased paper strength[5,6]. 

The disinfection of contaminated collection material is known to be either done by 

chemical or physical means. The most efficient chemical substances are ethylene-

oxide, formaldehyde and ortho-phenylphenol. The most prominent physical method 

is gamma-ray treatment; but the evolving free radicals are suspected to alter the 

cellulose structure. Today, the most widely used method is gassing with ethylene-

oxide; a toxicologically harmful gas[7]. 

As pointed out earlier a contamination with the ubiquitously mold spores is inevita-

ble. But, through appropriate storage conditions (dust-free and constant room cli-

mate with a relative humidity below 55 % and a temperature below 25 °C) the mold 

germination and thus the bio-deterioration of collection material is actively inhib-

ited. As an additional preventive action the use of alkaline paper is suggested, as 

mold spores preferably germinate in a slightly acidic medium (pH between 4 and 

6.5). Growth is possible up to a pH of 8, but it has to be considered that some meta-

bolic products of mold do vary the pH of paper locally[5]. 

As deacidification of books and archival material typically increases the pH-value to 

8 – 10; a reduced mold growth is expected after deacidification. In a French study 

the influence of the pH-increase and the build-up of the alkaline reserve after treat-

ing single pages with the CSC Book Saver
®
 process was not significant[8]. Only two 

of eight mold species showed a slightly decreased growth; however; the authors 

mentioned the interfering disinfection effect of the used solvent n-propanol. As 

shown in this work, the growth inhibiting effect upon pH-increase can only be 

shown in a realistic long-term experiment. The commonly applied quick agar tests, 

as also used in reference [8], result in a corruption of the experimental finding due to 

the buffering of the pH through the culture medium. 

Within the scope of the work presenting this paper a similar but deepened experi-

mental study on the disinfecting and growth inhibiting effects of deacidification was 

performed, in particular with the papersave swiss process[9]. To clearly distinguish 

between the disinfecting and growth inhibiting effect of the deacidification; a two-

fold procedure has been pursued: 

• Phase 1: disinfecting effect of the papersave swiss process:  

Naturally occurring and specific mold species on paper as well as the mold con-

tent of the treatment solution. 

• Phase 2: growth-inhibiting effect of the papersave swiss process:  

Naturally occurring and specific mold growth on sabouraud dextrose agar 

(quick) and a paper sized with albumen (long-term). 
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Desinfecting effect 

Experimental Setup 

All experiments for Phase 1 were performed with a slightly acidic sulfate cellulose 

paper.  

To determine the disinfecting effect of the papersave swiss process, papers were 

taken out of test books from four different papersave swiss treatments; the corre-

sponding surface pH-values are listed in Table 2. Subsequently mold growth was 

determined on three fresh and the treated paper samples, respectively, after 3, 4 and 

5 days incubation on sabouraud dextrose agar at 25 °C.  

 

Table 2: Surface pH-values of paper are listed. ETO stands for ethylene-oxide. 

number paper types, treatment, comments surface pH-value 

1 paper not treated 5.9 

2 paper treated with program library 9.55 

3 paper treated with program archive 9.23 

4 paper treated with program library, ETO 9.40 

 

To determine the effect on specific mold species the sulfate cellulose paper was first 

sterilized 24 hours with UV-light to kill natural mold species and afterwards con-

taminated with six specific mold suspensions purchased from DSMZ Braunschweig 

and the extracted mold suspension of an old paper. The latter was kindly made 

available by Mr. Erwin Oberholzer from KRSG. The number of colony forming 

units (CFU) per drop of the applied seven suspensions is listed in Table 3. 

 

Table 3: The numbers of colony forming units (CFU) per drop of the seven used suspen-

sions is listed.  

number mold species suspension CFU/drop 

A penicillium chrysogenum (DSM 844) 71 

B aspergillus niger (DSM 8872) 30 

C aspergillus versicolor (DSM 1943) 35 

D penicillium glabrum (DSM 2017) 1,920 

E chaetomium globosum (DSM 62109) 250 

F cladosporium herbarum (DSM 63442) 5,120 

G mold suspension of old paper  6,800,000 

H negative control  
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The contaminated paper were transferred after drying into two sterilized paper sheets 

and treated according to the papersave swiss process. Mold growth was determined 

on the contaminated paper as well as the adjacent paper sheet after incubation for 2 

days at 25°C on sabouraud dextrose agar at 25°C. 

To determine the mold content of the treatment solution 100 ml liquid before and 

after the filter system were test for mold growth according to the European pharma-

copoeia. 

 

Results 

In Figure 1 photographs for the paper types 1 and 2 from table 2 after four days 

incubation on sabouraud dextrose agar at 25°C are depicted.  

  

paper  not  t reated paper t reated 

Figure 1: Mold growth of paper types 1 and 2 after 4 days incubation. 

 

The results indicate that for the not treated paper type 1 an average of 2 mold colo-

nies is observed; no mold growth is observed after a papersave swiss treatment with 

the program library.  

The determined average CFU of the naturally occurring mold species after 3-5 days 

incubation of all paper types 1 – 4 are summarized in Table 4.   The mean values of 

3 – 6 single determinations of the CFU on a test strip of 10 * 10 cm are given. 

 

Table 4: CFU after 3 – 5 days incubation of paper types 1 - 4 are listed. 

number paper types, treatment, comments CFU / 100 cm
2
 

  3 d 4 d 5 d 

1 paper not treated 2.0 2.0 2.3 

2 paper treated with program library 0.0 0.0 0.3 

3 paper treated with program archive 0.0 0.0 0.5 

4 paper treated with program library, ETO 0.0 1.3 2.0 
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Whereas for the not treated paper mold growth is already observed after 3 incubation 

days; growth on the treated paper starts only after 5 days. The same behavior is 

observed when the paper is additionally gassed with the disinfectant ethylene oxide. 

The difference in the absolute values of CFU after 5 days lies within the experimen-

tal accuracy; yet a reduced mold growth is observed after treatment.  

The results for the contaminated papers and the adjacent papers are listed in Table 5. 

For each mold suspension the growth is visually classified as no, weak and yes.  

 

 

Table 5: Mold growth after 2 days incubation of paper types 1 - 4 is listed. 

Num

ber 

mold species suspension Growth contami-

nated paper 

Growth adjacent  

paper 

  not 

treated 

treated not 

treated 

treated 

A penicillium chrysogenum (DSM 844) yes yes yes weak 

B aspergillus niger (DSM 8872) yes yes yes yes 

C aspergillus versicolor (DSM 1943) yes yes yes weak 

D penicillium glabrum (DSM 2017) yes yes yes yes 

E chaetomium globosum (DSM 62109) yes yes yes weak 

F cladosporium herbarum (DSM 63442) yes yes yes weak 

G mold suspension of old paper  yes yes yes yes 

H negative control no no no no 

 

Whereas for the contaminated paper no difference in mold growth is seen, slight 

differences are seen for the mold species A, C, E and F for the cover paper. The 

indifferent and reduced mold growth of the penicillium chrysogenum contaminated 

paper and the adjacent paper upon treating with the papersave swiss process, respec-

tively, is illustrated in Figure 2. 

Only on the adjacent paper mold growth is inhibited after the deacidification treat-

ment. Thus, only on the adjacent paper a reduction of mold growth is observed after 

the papersave swiss process. 

The analysis of the treatment solution before and after the filter system according 

the European Pharmacopoeia revealed with < 10 CFU/g no detectable mold growth. 

Also on the filter-paper with pore sizes of 5 µm mold growth was < 10 CFU/(cm
2
 

filter) and therefore below the detectable limit. 
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Figure 2: Mold growth of contaminated (left) and cover paper (right) after 2 days incu-

bation at 25 °C.  

 

 

Growth inhibiting effect 

Experimental Setup 

In Phase 2 the growth inhibition of the papersave swiss treatment was measured as 

in reference [8] on actively contaminated sulfate cellulose paper (paper type 1 as in 

Phase 1). Six drops of varying CFU of the mold suspension A – F were applied on 

antecedent sterilized paper. The application pattern is shown in the following 

scheme; experimentally determined CFU are listed in Table 6. 
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Table 6: List of the experimentally determined colony forming units (CFU) is given.  

num mold species suspension CFU/drop 

ber  2 5 10 20 50 100 

A penicillium chrysogenum (DSM 844) 1 0 1 3 2 3 

B aspergillus niger (DSM 8872) 4 5 14 27 48 90 

C aspergillus versicolor (DSM 1943) 2 10 11 35 63 118 

D penicillium glabrum (DSM 2017) 2 12 13 21 63 132 

E chaetomium globosum (DSM 62109) 1 5 6 9 11 14 

F cladosporium herbarum (DSM 63442) 2 7 6 12 24 75 

Subsequently the papers before and after the papersave swiss treatment were incu-

bated for 5 days on sabouraud dextrose agar at 25 °C. Growth inhibition was deter-

mined by comparison of the fresh and treated papers. 

Based on the results of the first experiment in Phase 2 different paper types were 

used for the long term experiment. Mr. Erwin Oberholzer from KRSG provided a 

sulfate cellulose paper which he sized with albumen. The surface pH-values of the 

original and sized paper before and after a papersave swiss treatment with the pro-

gram library are listed in Table 7. 

 

Table 7: Surface pH-values of paper types 5 - 8  are listed. 

number paper types, treatment, comments surface pH-value 

5 paper not sized, not treated 6.27 

6 paper sized, not treated 6.27 

7 paper not sized, treated program library 7.80 

8 paper sized, treated program library 7.63 

 

The sterilized papers were contaminated with mold suspension of aspergillus niger 

(B) and with the mold suspension of an old paper (G), respectively. Long term age-

ing was done at storage conditions of 75% relative humidity and 28°C. The amount 

of mold growth was visually determined after 0, 30, 60, 120, 180, 260, 420 and 510 

days.  

 

Results 

The photographs in Figure 3 compare the growth of the specific mold species A – F 

in Table 3 on acidic and alkaline paper after incubation on sabouraud dextrose agar 

at 25°C.  
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penicillium chrysog., not treated penicillium chrysog., treated 

  

aspergillus niger, not treated aspergillus niger, treated 

  

aspergillus versicolor, not treated aspergillus versicolor, treated 

  

penicillium glabrum, not treated penicillium glabrum, treated 

  
chaetomium globosum, not treated chaetomium globosum, treated 

 

Figure 3 Mold growth on acidic and alkaline paper after 5 days incubation at 25 °C.  
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cladosprium herbarum, not treated cladosprium herbarum, treated 

Figure 3 continued: Mold growth on acidic and alkaline paper after 5 days incubation 

at 25 °C.  

The expected changes in the mold growth after a pH-increase from 5.9 to 9.55 upon 

deacidification are not observed for the different CFU in the quick test on agar. 

Therefore the long-term storage experiment was started. 

The resulting mold growth on the paper 5 – 7 as a function of ageing time at 75 % r. 

H and 28 °C is summarized in Table 8. 

 

Table 8: Visually determined CFU / page after 0, 30, 60, 120, 260 and 510 days is 

listed. 

paper type mold species  CFU/page 

  0 d 30 d 60 d 120 d 260 d 510 d 

paper not sized, 
not treated 

none 0 0 0 0 0 0 

paper not sized, 
not treated 

aspergillus niger 0 0 0 0 0 0.5 

paper not sized, 
not treated 

from old paper 0.5 2 3 4 5.5 6 

paper not sized, 
treated 

aspergillus niger 0 0 0 0 0.5 0.5 

paper not sized, 
treated 

from old paper 0 0.5 0.5 1.5 2 2 

paper sized, not 
treated 

none 0 0 0 0 0 0 

paper sized, not 
treated 

aspergillus niger 0 1 1 1 1 1 

paper sized, not 
treated 

from old paper 1 3 3.5 4 6 7 

paper sized, 
treated 

aspergillus niger 0 0 0 0 2 2.5 

paper sized, 
treated 

from old paper 0 1 1.5 2 3 3 

 

The four graphs in Figure 4 plot the numbers in Table 8 as a function of ageing time 

for not treated and treated paper. The results in Figure 4 show that the observed 

mold growth clearly depends on the pH-value of the paper; upon treatment with the 

papersave swiss process mold growth is reduced. The differences are much more 

pronounced for the mold suspension of the old paper, than for aspergillus niger. 

Upon sizing with albumen the nutrient medium is clearly more susceptible for mold 

growth as seen by the increased mold growth per page. 
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Figure 4: Visible determined mold growth per page as a function ageing time for acidic 

and alkaline paper. Depicted are plots for original (top) and sized paper (bottom) con-

taminated with aspergillus niger (left) and the mold suspension form the old book 

(right). 

The change in mold growth on the sized paper types contaminated with the mold 

suspension of the old paper upon deacidification is illustrated in the Figure 5.  

Clearly mold growth is far advanced on the acidic medium, whereas on the deacidi-

fied paper type mold growth is not yet seen on the photographic reproduction. 

 

  

Figure 5: Mold growth on acidic (left, not treated) and alkaline (right, treated) albumen 

sized paper after 510 days incubation at 75 % r. H. and 28 °C. Both photographs are 10 

fold magnified and ttreated the same way. 
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Discussion 

Disinfectant effect 

The results of the first experiment in Phase 1 showed that the deacidification of 

collection material with the papersave swiss process leads to a reduction of the ob-

servable mold colonies. After 3 and 4 days of incubation on sabouraud dextrose agar 

no mold growth was observed; only on the fifth day a reduced mold growth was 

counted. The not treated paper type exhibits in contrast a larger mold growth after 3 

to 5 days. These experimental data after 3 and 4 days suggest the disinfection of 

vegetative mold during the deacidification with the papersave swiss treatment; pre-

sumably the treating chemicals in combination with the ethanol formed in the 

deacidification process act as disinfectant. This conclusion is supported by the 

microbiological results of a treatment in pure solvent, where no reduction of mold 

growth was observed.  

The argument of a different pH of the paper after deacidification and thus mold 

growth does not hold, as will be explained in the discussion of the growth-inhibiting 

experiments. The onset of a reduced mold growth after 5 days of incubation points 

to surviving or newly introduced spores as a lag time is needed for the mold colonies 

to grow. An indication for the latter cause of newly introduced spores during the 

recondition phase or handling is a similar mold growth on the paper gassed with the 

disinfectant ethylene oxide. Further microbiological experiments with the treating 

solution before and after the filter system were not conclusive, as the actual number 

of molds (presumably spores) in the treatment solution is below the detectable limit. 

An examination of the filter with pore size of 5 �m revealed a small number of mold 

colonies hold back to reenter the solvent cycle.  Yet, a complete disinfection of 

spores does not make sense, as a new contamination with the ubiquitously spores is 

inevitable. The second experiment of Phase 2 contradicts to the first one as no re-

duction of specific mold was observed on the contaminated papers. A slight reduc-

tion for a subset of the mold species was only observed on the adjacent cover pages. 

However, it must be considered that the germ concentration was far higher than in 

the first experiment (factor 5 to 5’000’000) and thus far off the reality. For these 

high mold concentrations also a higher percentage of spores is present, which, as we 

learned, will germinate under appropriate conditions such as the quick agar tests.  

 

Growth-inhibiting effect 

The expected reduction of mold growth due to the pH-increase was not observed in 

the first experiment of Phase 2. After deacidification the pH-value increases from 

5.9 to 9.5. The latter value clearly lays outside of the literature values in Table 9 

where mold growth is observed. A detailed review of the experimental design re-

vealed, that the buffered sabouraud dextrose agar pH-value in the acidic range 5.4 – 

5.8 superimposes to the alkaline pH-value of the paper.  
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Table 9: Literature values of pH-range of possible mold growth are listed [2-4]. 

number mold species suspension pH-range 

A penicillium chrysogenum (DSM 844) 2.7 – 8 

B aspergillus niger (DSM 8872) 1.5 – 9.8 

C aspergillus versicolor (DSM 1943) 3 – 8 

D penicillium glabrum (DSM 2017) 3.8 – 4.4 

E chaetomium globosum (DSM 62109) - 

F cladosporium herbarum (DSM 63442) 3.1 – 7.7 

Thus, this standard microbiologic test is not suitable to study the effect of deacidifi-

cation on mold growth. In the elaborated second experiment of Phase 2 the effect of 

deacidification on mold growth was demonstrated as expected. After up to 510 days 

under the storage conditions of high humidity (75 %) and high temperature (28 °C) 

the growth of a natural mold is significantly reduced upon deacidification. The dif-

ferences in growth are larger for the natural mold extracted from an old paper than 

for aspergillus niger. The latter is known to grow also in slightly alkaline media (see 

Table 9), whereas the natural mold is strongly affected when increasing the pH-

value from 6.3 to 7.7 – 7.8. Aspergillus niger is often mentioned as a typical repre-

sentative of mold present on paper. The long-term experiment reveals that it does 

not germinate well on paper. Yet, as microbiological tests are very susceptible to 

this mold it is also often found when examining mold affected collection material. A 

qualitative analysis of the constituents of the natural mold extracted from the old 

paper was not performed; still, several species are identified when inspecting the 

aged papers. As expected the growth is higher for the sized paper, as albumen offers 

a susceptible medium for mold.  

 

Conclusion 

The experiments of Phase 1 show, that the evolving ethanol and the treatment 

chemicals in the papersave swiss process lead to a disinfection of natural occurring 

vegetative mold. Presumably, spores survive the treatment. A diversion of mold 

spores by treatment solution is excluded as the determined mold content of the 

treatment solution before and after the filter system was below the detection limits 

of the method. The quality thus corresponds to that demanded for drinking water. 

Furthermore, there is no need for complete disinfection of spores, as a new contami-

nation with the ubiquitously spores is inevitable during handling and storing of col-

lection material. The disinfection turns out to be comparable to a gassing with ethyl-

ene oxide. 

The experiments of Phase 2 reveal first, that quick tests on agar are inappropriate for 

proving the inhibition of mold growth after deacidification. Turning to a long term 

experiment under worst-case storage conditions of 75 % r. H. and 28 °C, clear dif-

ferences in mold growth are seen on sized paper for a natural mold extracted from an 
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old paper. Yet, a considerable long ageing time of more than 100 days is needed to 

see visually emerging mold colonies. 

The combination of disinfectant and growth inhibiting effects of a papersave swiss 

treatment can be considered as an added value, which is superimposed on top of the 

primary deacidification effect to prevent further acidic decomposition of the cellu-

lose fibers in stocks of collection material.  
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Bookbinding leather in the papersave 
swiss process 
René Larsen*, Jan Wouters, Frédérique Juchauld and 
Agnes Blüher 

 

 

Introduction 

The Swiss National Library (SNL) uses the papersave swiss-process for the deacidi-
fication of their acidic stocks on a mass scale. The stocks to be treated have a date of 
publication between 1850 and about 1985 and contain leather bindings[1]. The pa-
persave swiss treatment achieves the immediate and complete neutralisation of acids 
present in paper. Before the actual deacidification the material is thoroughly pre-
dried by means of a vacuum in combination with slight heating. As a consequence, 
the treatment solution can completely penetrate the paper, whether in books, in en-
velopes or in boxes[2,3]. The same is valid for the leather covering book bindings: 
the leather is dried and penetrated by the treatment solution. Compared to paper, 
leather is a more complex and sensitive material. It contains fats and tanning agents, 
and has to remain slightly acidic in order to retain the tanning. The amount of acids 
in leather is, however, far higher than it is in paper, and in historic leather it is some-
times too high. So, the effect of the papersave swiss process regarding the achieved 
pH level in leather might be useful, neutral or harmful to leather.  

 

Leather bindings in the Swiss National Library 

Until the 1920’s many leather bindings can be found in the stock of the general 
collections. In most cases these are library bindings. The percentage of leather bind-
ings amounts to about 30% in the beginning (about 1850) and decreases steadily to 
about 2% in 1985. In some collections the leather bindings are in a poor condition 
because of extensive use, bad storage conditions and repeated lubrication. The life-
span of these leather bindings is expected to be shorter than that of the paper, 
deacidification or not. In such cases the threatened paper is given priority over 
common, damaged or already broken leather bindings, and the collection is deacidi-
fied at the lower treatment concentration. However, valuable leather bindings or 
stock with a high percentage of leather bindings have not yet been deacidified. 

 

Preliminary investigations 

According to visual and physical observations of deacidified stock at the SNL, 
leather bindings become stiffer and slightly darker. Measurements were undertaken 
on 50 historic leather bindings with publication dates between 1899 and 1943. 
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Among them, 41 had obviously been dressed with the British Museum leather dress-
ing. The opening angle of the front boards was measured before deacidification and 
immediately after the completion of the reconditioning and showed a more or less 
pronounced decrease in all cases[4]. Measurements were taken again six months 
later, where only slight improvements could be detected. The opening angle is the 
angle to which the board can be opened under its own weight, with no additional 
outside force being applied. From a practical point of view, the opening behaviour 
of the books could be improved by means of mechanical or chemical treatment. This 
question will be part of further investigations and is not discussed here. From a 
chemical point of view the problem needs to be investigated in more detail. 

In general, the reasons for the stiffening may be: the drying process, the increase of 
pH, the loss of fats or tanning agents. In preliminary investigations contradictory 
observations were made. Blüher et al [5] examined a series of 13 half-leather bind-
ings from SNL stock with a date of publication between 1886 and 1955. The shrink-
age temperature Ts (hydrothermal stability, see later in the text) was measured ac-
cording to Larsen et al.[6], before and after deacidification. Ts before deacidification 
was in the range of 43.2 to 64.6°C. After deacidification, it dropped significantly by 
3-7°C in three cases, in five cases it remained more or less constant, and in five 
cases it rose significantly by 3-5°C. Extract-pH was not raised above 4.7. In contra-
diction to these results, Weber detected serious alterations on new and historic 
leather samples [4]. Weber deacidified different new vegetable tanned leathers in a 
laboratory scale simulating the papersave swiss process. She observed that the wors-
ening of optical and physical characteristics strongly depended on the treatment 
concentration, the extent of worsening decreasing with decreasing treatment concen-
tration. Moreover the evaporation of fats was observed, and some leathers reached 
critical pH levels.  

The only published investigation describes the deacidification of leather by the pa-
persave® process as harmless [7]. However, the analytical methods used were not 
too comprehensive. Because it is reasonable to assume that the treatment may cause 
chemical and physical damage to vegetable tanned leathers, the problem was inves-
tigated in more detail. The effect of the papersave swiss-process on vegetable tanned 
leather was investigated on a selection of samples of historic, new and new acceler-
ated aged materials. Analytical and mathematical protocols relied on those devel-
oped earlier for analysing and testing new and historic leathers, as well as of the 
effect of conservation treatments on leathers. 

 

Materials and methods 

Samples 

Sumac (hydrolysable tannin – more durable leather type) and mimosa (condensed 
tannin – less durable leather type) reference leathers had been produced earlier for a 
European research project[6]. Historic vegetable tanned leather samples were taken 



from bookbindings from the Swiss National Library (reference literature no longer 
needed) (Figure 1). All samples were conditioned, deacidified and reconditioned 
according to the standard procedure for archival and library materials. Deacidifica-
tion was assessed as % (w/w) magnesium carbonate present in the test paper used 
for routine analyses of the batches (see Table 1).  

 

Table 1: Data on samples and deacidification treatments 

 Code Printing date Deacidification 
(batch and date) 

Uptake of magnesium in 
the standard test paper  
(% magnesium carbonate) 

Sumac  New leathers 

Mimosa  

SLB 034-03, march 
2003 

0.81 

LL113 1939  

LS12x 1935 

LT22 1912 

LU61 1890 

SLB 024-03,   
february 2003 

0.80 

PM41a 1872 

Historic book-
binding leathers 

PM41b 1882 

SLB 030-03, march 
2003, higher treat-
ment concentration 

 
1.29 

 

Deacidification 

The “papersave swiss”-process is based on a mixture of magnesium ethoxide and 
titanium ethoxide dissolved in hexamethyl disiloxane [2]. The material was treated 
in normal batches at the lower of the two treatment concentrations available which is 
used for archival materials and for sensitive materials. The treatment parameters 
were standard parameters: pre-drying 62 hours in a vacuum, treatment two hours 
(actual soaking time around ten minutes), after-drying 24 hours and four weeks of 
reconditioning at slightly elevated temperature and controlled humidity at a moder-
ate level.  

 

Accelerated ageing 

Accelerated ageing was performed using cycles each consisting of dry heat 120°C 
for 1 day and exposure to 25ppm SO2 and 10 ppm NO2 at 35% RH, 40°C for 6 
days[8] . Aliquots from historic and reference samples were withdrawn after a dif-
ferent number of cycles.  

 

First-level macro assessment of leather and leather fibres 

Stiffness, brittleness and friability were evaluated by simple handling of leather 
samples, aiming at observing changes of mechanical properties within each relevant 
series of subsamples. 
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Figure 1 a (top) and b (bottom): Historic leather bindings LL113 and PM 41 before 
treatment. The books were carefully cutted in two parts, one part was treated. Samples 
were taken from the spine 

 

Determination of fibre coherence was performed on all samples by scraping off the 
fibres with the point of a scalpel turned upside down[9]. The progressing chemical 
breakdown of vegetable leathers is characterised by a gradual decrease in the coher-
ence of the leather fibres and their breakdown into a powder. The fibres were ranked 
from 1 (intact coherent fibres) to 5 (powder with complete loss of coherence). 

Changes in surface colour were measured using a Sphere spectrophotometer (X-
Rite) based on the CIE colour system “Lab” where “L*” is the black→white balance 
(colour brightness), “a*” the green→red and “b*” the blue→yellow balance[10]. 
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Acidity parameters  

Small leather samples were cut in around 1 mm2 fragments and were extracted in 
deionised water at room temperature in a closed polyethylene vessel (50 ml water 
per 1 g of leather), for 24 hours [11, 12]. 

PH of this aqueous extract was measured without removing the leather (pH(m)). A 
small sample of this extract was used for ion analysis by high performance liquid 
chromatography. Results are expressed as concentrations (w/w) of sulphate, nitrate 
and chloride in the leather. Sulphate and nitrate were used to calculate what the pH 
of the extract would have been, if they represented sulphuric and nitric acid, respec-
tively (calculated pH or pH(c)). From the difference between pH(m) and pH(c) was 
calculated how much ammonium sulphate was present in the leather. 

 

Tannin analysis 

To the former aqueous extract was added a volume of acetone, equal to the initial 
volume of water, and extraction was continued for another 24 hours under the same 
conditions. A sample of this extract was diluted with methanol/water (1/1, v/v) and 
analysed by HPLC for the tannin. Results are expressed as the amount of extractable 
tannin (in OD per 100 mg of leather, integrated at either 280 nm or 240 nm), as the 
ratio calculated from integration values at 240 and 280 nm (R), as the relative 
amount of extractable monomers (%M), as the relative amount of extractable ellagic 
acid (% ea) and as the %I1/%I2 shift for condensed tannin[11, 13]. 

 

Determination of extractable fats 

Extractable fats were determined both by GC and LC. For each sample, 20 mg of 
leather were extracted by maceration in cyclohexane at 70°C for 24 hours. The ex-
tract was then subjected to transesterification and analysed by gas chromatography 
using a Cpsil 8 column or to hydroxamation and analysed by liquid chromatography 
using a Nucleosil C18 column [14]. 

 

Determination of hydrothermal stability 

The hydrothermal stability Ts (shrinkage activity of the leather or leather fibres 
when heated in water) is the best measure of the overall stability of the leather. The 
most accurate and most informative method is the determination of the shrinkage 
temperature by the micro hot table technique [6].  
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Amino acid analysis 

Amino acid analysis by HPLC [15, 16] was performed on selected 0.2 mg corium 
subsamples taken in order to cover chemical changes in historic and new leathers 
caused both by the ageing and deacidification treatments. More details on the above 
mentioned analytical methods and techniques can be found in Larsen et al.[17]. 

 

Results and discussion 

The results from the first level and chemical and thermochemical analyses have been 
presented in Larsen et al. [17]. These showed that deacidification generally results in 
an increased stiffness of the leather and, in most cases, leads to changes of colour: a 
darkening and a light yellowing perceptible to the eye. Moreover, important colour 
changes (reddening and darkening) occur during artificial ageing and the differences 
between untreated and deacidified samples become attenuated. Furthermore, the 
effect of the deacidification on vegetable tanned leathers depends on the type of 
tannins. Thus leathers tanned with hydrolysable tannins seem to be more resistant to 
deterioration than leathers containing condensed tannins. It is concluded that the 
effects of deacidification are both positive and negative. The positive effects are first 
of all the complete neutralisation of strong, free acids in the historic leathers and 
increase in hydrothermal stability of the new leathers. On the negative side can be 
mentioned the mechanical properties and slight decrease in durability, the decrease 
in hydrothermal stability of the historic leathers, the extraction of fat compounds and 
the general stiffening of the leathers. This means that the leather part of a book bind-
ing may be in danger of being affected negatively by this type of deacidification 
treatment. 

In addition to the published results mentioned above, Table 2 shows the results of 
the CIE colour measurements.  

Furthermore, Figures 2a and 2b show the evolution of shrinkage temperature and 
L*a*b* values from the colour measurement with ageing of the untreated and 
deacidified new leathers (mimosa and sumac) (legends are “M” for mimosa, “S” for 
sumac, “d” for deacidified, “u” for untreated, and the last number indicates the num-
ber of artificial ageing cycles, so “0” correspond to the non-aged sample) and Fig-
ures 3a and b show the same for the historic leathers (LU61 and LL113). 

Figures 4a ,b and 5a, b show the pattern of changes of fibre coherence, sulphate 
content, pH values and the relative amount of tannin monomers during ageing of the 
same new and historic samples, respectively. Note that sulphate, pH and tannin 
monomers have not been analysed in the mimosa and sumac samples after 2 weeks 
of ageing. 
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Table 2. Results of the CIE colour measurements of new mimosa and sumac leathers 
and historic bookbinding leathers. 

non deacidified  deacidified ageing  
cycles L* a* b*  L* a* b* 
 
                            mimosa grain side     

0 68.59 14.52 19.62  55.94 12.86 22.24 

2 39.8 22.22 16.82  41.74 21.28 17.54 

4 35.78 19.26 14.77  36.9 17.87 16.77 

8 35.28 16.84 14.77  33.51 16.23 13.86 

        

                            sumac grain side        

0 70.02 4.88 21.37  62.86 7.48 28.85 

2 59.93 14.18 29.63  54.79 13.61 31.09 

4 55.51 16.1 30.47  53.74 16.13 30.23 

8 50.44 16.21 28.05  45.92 16.59 27.43 

        

                            LL113        

0 36.68 7.22 12.26  34.56 4.84 7.37 

4 34.94 7.51 9.4  32.76 5.65 6.19 

8 34.56 9.22 11.15  31.49 4.13 4.37 

        

                            LU61        

0 40.21 13.34 19.8  40.07 9.73 14.6 

4 40.01 12.65 18.72  37.87 10.14 14.64 

8 38.49 11.49 15.61  34.96 8.01 11 

 

New leathers 

Figures 2a and b show the small but significant increase in Ts as a result of the de-
acidification of both the mimosa and sumac leather. After 2 and 4 weeks of ageing 
the Ts of both the deacidified samples is still significantly higher with a smaller 
decrease for the sumac samples. With respect to the sumac the Ts is still detectable 
after 8 weeks confirming its higher durability in general and improved protection 
against ageing introduced by the deacidification treatment.  
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Figure 2a (top) and b (bottom): The evolution of shrinkage temperature and L*a*b* 
values from the colour measurement during ageing of the untreated and deacidfied new 
mimosa and sumac leather samples. M = mimosa; S= sumac; d = deacidified; u = un-
treated; 0 = unaged; 1, 2, 4, 8 = weeks of ageing. 

 

The L* value decreases for both leathers by the deacidification, but mostly for the 
mimosa leather indicating a loss in colour brightness. Moreover, it decreases by 
prolonged ageing but not with the same kinetic. The values of the deacidified sumac 
samples are kept lower during ageing whereas the values of the two set of mimosa 
samples becomes closer with the ageing. By deacidification, the a* value decreases 
slightly for the mimosa leather representing a shift towards green colour. The in-
crease in value observed for the deacidified sumac leather represents a shift towards 
the red. After 2 weeks of ageing an increase in the value is observed for all deacidi-
fied and untreated samples. However, by prolonged ageing it decreases in the case 
of the mimosa samples whereas the opposite trend is seen for the sumac ones.  
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Figure 3a (top) and b (bottom): The evolution of shrinkage temperature and L*a*b* 
values from the colour measurement during ageing of the untreated and deacidfied his-
toric leather samples (LU61 and LL113). LL113, LU61= mixture C and H tannins; d = 
deacidified; u = untreated; 0 = unaged; 4, 8 = weeks of ageing. 

 

The b* value increases by deacidification in the case of both leathers representing a 
shift towards the yellow. By ageing the values become closer.  

As illustrated in figure 4a no difference in the fibre coherence for the deacidified 
and untreated mimosa samples can be observed before and after ageing. The same is 
the case for the deacidified and untreated sumac samples (Sd0 and Su0 figure 4b). 
However, for all aged deacidified samples a significantly greater decrease in the 
fibre coherence (increasing values) is observed. This indicates an increased stiffness 
of the fibre network due to the drying process and loss of lubricants during the 



deacidification treatment. The observed Ts shows the opposite trend, which indi-
cates that the stiffness may not be due to irreversible chemical changes of the leather 
structure, but rather to a modification of the environment of the collagen fibres. The 
sulphate content increases in both leathers by ageing, but the trend is higher for the 
untreated than for the deacidified leather at least after 8 weeks of ageing. The corre-
sponding pH values reflect this trend showing a minor decrease by ageing of both 
the deacidified leathers which indicates a protective effect of the deacidification 
treatment. Moreover, the deacidification treatment seems also to have a buffer effect 
as indicated by the significantly higher pH values measured for both unaged deacidi-
fied samples. 
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Figure 4a (top) and b (bottom): Pattern of changes in fibre coherence, sulphate content, 
pH values and the relative amount of tannin monomers during ageing of the new 
deacidified and untreated new mimosa and sumac leather samples. M = mimosa; S= 
sumac; d = deacidified; u = untreated; 0 = unaged; 1, 2, 4, 8 = weeks of ageing. 
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Figure 5a (top) and b (bottom): Pattern of changes in fibre coherence, sulphate content, 
pH values and the relative amount of tannin monomers during ageing of the new 
deacidified and untreated historic leather samples (LU61 and LL113). LL113, LU61= 
mixture C and H tannins; d = deacidified; u = untreated; 0 = unaged; 4, 8 = weeks of 
ageing. 

 

For the sumac the relative amount of tannin monomers increases significantly by 
deacidification, and in both cases the increase in these is higher for the deacidified 
samples with ageing. These phenomenas indicate a destabilisation of tannin-collagen 
bonding and maybe a damage of the tannin structure caused by the deacidification 
that continues during ageing. 
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Historic leathers 

Figures 3a and b show that for both the historic samples the deacidification treat-
ment leads to a drop in Ts, but most significantly with respect to LL113. However, 
after 4 weeks of ageing the Ts has dropped to almost the same level for both the 
deacidified and the untreated sample, but after 8 weeks of ageing the Ts is no longer 
detectable in both cases. With respect to the LU61, after 4 weeks of ageing the Ts is 
only detectable in the deacidified sample indicating an improved durability resulting 
from the deacidification treatment. 

There is no change in colour brightness (L* value) after deacidification for LU61 
and it is insignificant for LL113. However, in both cases the decrease in value by 
ageing is greater for the deacidified samples.  

The a* values decrease by deacidification of both leathers. The deacidified samples 
show a slight increase in value after 4 weeks of ageing with respect to the deacidi-
fied LU61, LL113 and the untreated LL113 samples; except a slight decrease found 
for the untreated LU61 sample. After 8 weeks of ageing, the value has dropped be-
low those of the unaged samples except for the untreated LL113. This sample shows 
a trend of increasing a* values by ageing.  

With respect to the b* values a significant drop is observed for both leathers by de-
acidification, and after 8 weeks of ageing the values are significantly lower for the 
deacidified samples.  

For LL113 deacidification leads to a significant drop in the fibre coherence which, 
together with the accompanying drop in Ts, indicates a permanent damage of the 
leather structure. The fibre coherence of LU61 becomes slightly worse after deacidi-
fication which correlates with the observed lower drop in Ts compared to LL113. 

Like for the new leathers the sulphate accumulated by ageing is in general lower in 
the deacidified LU61 and LL113 samples and in both cases the deacidification leads 
to an increase in the pH value. This is kept higher in the deacidified samples during 
ageing with the largest effect for LL113. 

With respect to the relative amounts of extractable tannin monomers for LL113 the 
pattern is similar to that of the new deacidified sumac leather with an increase after 
deacidification and additional increase after the successive ageing.  For the untreated 
sample a decrease is observed after 8 weeks of ageing. No difference in the amount 
of tannin monomers is found for LU61 after deacidification. However, increasing 
significant high values are found after ageing. For the untreated samples an opposite 
trend of slightly decreasing values with ageing is seen. 
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Conclusions 

The present analysis confirms and details that the pattern and magnitude of changes 
in colour, shrinkage temperature, fibre coherence, accumulated sulphate, pH values 
and the relative amount of tannin monomers, after deacidification and successive 
accelerated ageing, are clearly related to the tannin type as well as the state of condi-
tion of the leather. This is the case for both new and historic leathers. The general 
conclusion that can be drawn on the basis of this study is that the better condition of 
the leather, the higher the benefit with respect to improved hydrothermal stability 
and buffer effect from the deacidification treatment. In some cases with naturally 
aged historic leathers the treatment may lead to a decrease in Ts. However, the re-
sults of the accelerated aging trials indicate a positive long-term effect of the 
deacidification with respect to hydrothermal stability.  

In some cases a decrease in the physical coherence of the leather fibres may be ex-
pected due to the deacidification treatment, differences are maintained during the 
whole ageing process. However, in cases where the hydrothermal stability is im-
proved or not lowered by the deacidification treatment, the decreased coherence may 
be due to the drying process and extraction of fats and other lubricants in the 
deacidification process. This condition may be reversible.  

As a consequence of the analytical results up to now, the deacidification of valuable 
stock in the Swiss National Library with a high content of leather is postponed. 

We have initiated work to answer the questions concerning the extraction of tannin 
in the deacidification liquid; the reaction of chrome tanned leather bindings to 
deacidification and the reduction or repair of the stiffening of leather bindings. 
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The alkaline reserve – a key element in 
paper deacidification 
Agnes Blüher  

 

 

Introduction 

Paper is a fascinating material, not least of all because of its fundamentally very 
high permanence over many hundreds of years. The excellent state of preservation 
of many historic papers is noteworthy. Today too, papers with high ageing stability 
can be produced using modern manufacturing methods. The requirements for per-
manent paper and cardboard qualities are well-known, and have been set out in stan-
dards. Suppliers of such materials deliver a quality guarantee, one example of which 
reads as follows [1]: 

“Quality guarantee:  We confirm that our cardboard and paper qualities fulfil the 
following requirements:  
- 100% bleached chemical pulp 
- free from lignified fibres 
- pH 8.0 – 9.5; acid free (according to DIN 53124 cold extraction) 
- buffer material > 4% calcium carbonate 
- neutrally/synthetically sized 
Our qualities therefore correspond to the technological basis of DIN ISO 9706, 
ANSI/NISO Z39.48-1992 and ÖNORM A 1119, as well as to the “Frankfurt re-
quirements”. They are therefore guaranteed permanent according to the present 
state of knowledge.” 

The requirement “100% bleached chemical pulp – free from lignified fibres” is an 
important prerequisite for a true guarantee of ageing resistance. Today, in the age of 
paper recycling, this requirement is disputed. There are competing standards, which 
primarily differ on this point [2, 3]. 

Within this framework, the point “acid-free; buffer material 4% calcium carbonate 
minimum” is of interest. In the norm DIN ISO 9706:1995 [2] a buffer content of 
minimum 400 meq alkali/kg, corresponding to 2% calcium carbonate, and a pH 
(cold extraction) of 7.5-10 is demanded in accordance with the “Frankfurt require-
ments” [4]. Calcium carbonate constitutes the buffer material, or expressed more 
accurately in chemical terms, the alkaline reserve, and presents an important factor 
for the permanence of the material. The permanence of acidic endangered papers can 
be increased by neutralizing the acids and introducing an alkaline reserve.  

An acid paper contains a more or less large quantity of acids. These consist of sul-
phuric acid from the acid sizing, organic acids, mainly acetic acid, and carboxyl 
groups from the ageing of the cellulose and hemicelluloses. The acids are neutral-
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ized by the addition of an equivalent amount of an alkaline substance. In the case of 
the papersave swiss process, the active ingredient is magnesium hydroxide. If more 
alkaline substance is added, the excess is stored in the paper as an alkaline reserve - 
in the case of the papersave swiss process, as basic magnesium carbonate. This can 
neutralize the acids that form in the paper itself as a result of natural ageing, or that 
are absorbed from a polluted ambient atmosphere.  

 

Requirements on the alkaline reserve 

What amount? 

What demands are made on the alkaline reserve? The basis is derived from the his-
torical and scientific evidence provided by historical papers. As a result of the manu-
facturing process, historical rag papers contain calcium carbonate. In general, the 
amount found is relatively low (some 0.2%) [5]. The examination of papers with a 
particularly good state of preservation revealed a high content of calcium carbonate 
– more than 2% has been found in some cases [6]. These observations were incorpo-
rated into the above-mentioned standards for paper manufacturing. For mass 
deacidification, the requirement to provide a minimum of 2% calcium carbonate as a 
buffer material was also accepted as the ideal goal. Gurnagul et al. stated in 1994:  

“In the absence of other data, these approaches are the only basis for the develop-
ment of ageing standards. However, from a scientific viewpoint they are quite in-
adequate.” [7]. 

What we deacidify is not new, but aged, paper. Paper is changed as a result of age-
ing reactions, such as acid hydrolysis, oxidation, photochemical breakdown, cross-
linking reactions and mechanical stress during use, as well as by biological damage. 
Direct application of the requirement for a 2 or even 4% deposit of calcium or mag-
nesium carbonate is not advisable for the following reasons:  

• The deposit of a mineral substance such as calcium carbonate within the paper 
fibres is similar to increasing the filler content in the paper. If too high a quan-
tity of alkaline reserve is deposited in an already brittle paper, the opposite ef-
fect is induced, namely a reduction of mechanical strength by embrittlement 
[8;9].  

• In the presence of an alkaline reserve, further breakdown of the cellulose chains 
by acid hydrolysis is prevented. However, other breakdown mechanisms can 
come into effect instead, namely alkali breakdown and oxidation. This occurs 
when incipiently damaged and oxidized cellulose is exposed to a high pH, and 
likewise leads to the opposite effect, namely further chain breakdown [10]. 

On the other hand, the alkaline reserve should be high enough to protect the paper 
from further acid hydrolysis for as long a time as possible.  

 



 

Which substance? 

Calcium carbonate, well-known as lime (chalk), is the conservators’ material of 
choice, and is insoluble in water. In order to get it into the paper, water-soluble cal-
cium compounds, such as calcium hydroxide or calcium bicarbonate, are used. 
Closely related to calcium carbonate is magnesium carbonate. In practice, the latter 
is more often preferred, either alone or in mixtures with calcium. Whether calcium 
or magnesium should be preferred is the object of numerous investigations [11; 12; 
13]. The advantages of magnesium compounds are that they can be introduced into 
the paper more easily and in higher concentrations, and are technically easier to 
handle. As opposed to calcium, magnesium can be made into stable organo-solvent 
complexes, which is important for non-aqueous processes. In the presence of heavy 
metals or lignin in the paper, it has a stabilizing effect. The disadvantage of magne-
sium compounds is that the alkaline reserve formed is not, as a rule, available as 
pure magnesium carbonate, but in the form of basic magnesium carbonates of dif-
ferent compositions. Since, in addition, the latter are more soluble, the alkaline re-
serve obtained is at a higher pH, which is less kind to sensitive papers and inks. 

The mass processes currently in existence use mainly magnesium compounds as 
deacidification agents [see 14;15;16]. In the only aqueous mass deacidification 
process, the Bückeburg process for individual sheets from the company Neschen, a 
highly concentrated solution of magnesium bicarbonate is used. Mass deacidifica-
tion of bound material has to take place under water-free conditions. In the Lib-
ertec™ process, a mixture of magnesium oxide and calcium carbonate is used as a 
micro-fine powder in an airstream. In the Bookkeeper™ process, a micro-fine pow-
der of magnesium oxide is suspended in perfluoroheptane. For the non-aqueous 
papersave swiss and CSC Booksaver™ liquid-phase processes, magnesium is con-
verted into a form that is soluble in organic solvents with the aid of alcohols (mag-
nesium titanium ethylate and carbonated magnesium propylate rsp.). The same is 
true for the Wei T’o and Sablé process, the oldest deacidification processes, although 
these are no longer used on a large scale (methoxy magnesium methyl carbonate).  

Zinc compounds, in the form of the gas diethyl zinc, and borax have also been pro-
posed. These processes, however, are no longer of technical importance. Recently, 
amines have likewise been discussed as deacidification agents again [17]. 

 

Neutralization and alkaline reserve in various deacidification processes 

Figure 1 illustrates how neutralization and the alkaline reserve are achieved. As an 
example, a paper from an European city is depicted, with an extremely high acid 
content of 200 meq H+/kg corresponding to minus 0.82% magnesium carbonate or 
minus 0.98% calcium carbonate [18]. Subsequently, neutralization with an alkaline 
substance takes place. Here, the recommended value of 2% calcium carbonate, cor-
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responding to 1.7% magnesium carbonate, is depicted as the alkaline reserve. It can 
be seen that 2% calcium carbonate is a large amount in comparison with the original 
acid content of the paper (average for SNL-stock: -0.3% magnesium carbonate) 

 
Figure 1: Deacidification and alkaline reserve. 1% calcium carbonate = 0.84% magne-
sium carbonate = 0.1 mol Ca2+or Mg2+ / kg paper = 200 meq. alkali / kg paper 
 

In the liquid-phase processes, neutralization likewise occurs immediately during the 
treatment or reconditioning. The treatment solution penetrates the material com-
pletely, and the neutralization reaction takes place completely and at the molecular 
level. The alkaline reserve is finely distributed within the cellulose structure. The 
intensive absorption is not limited to the paper, but also concerns other materials, for 
instance binding materials, and almost inevitably leads to certain side-effects. The 
existence of side-effects is unavoidable in liquid-phase mass processes and is, as it 
were, proof of their effectiveness. Minimization of these side-effects is the job of 
quality assurance and process optimization. The extent of the side-effects can vary 
considerably and indicates the technical state of the installation.  

In aqueous deacidification processes, neutralization occurs more quickly the higher 
pH and concentration of the solution is. In traditional immersion, low concentration 
solutions are used in conjunction with longer treatment times. In this way, part of the 
acids and decomposition products are removed, and the absorbed alkaline reserve is 
relatively low (Figure 2). In the Neschen process, a highly concentrated but nearly 
neutral magnesium bicarbonate solution reacts in just a few minutes, and an alkaline 
reserve of 0.9 to 1.5% magnesium carbonate is introduced [19]. 
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Figure 2: Aqeous deacidification. 1% calcium carbonate = 0.84% magnesium carbona-
te = 0.1 mol Ca2+or Mg2+ / kg paper = 200 meq. alkali / kg paper 

In the papersave swiss treatment, two treatment concentrations are used, depending 
on the acid content and absorption capacity of the papers. In the lower “archive” 
variant, 0.81% magnesium carbonate, is introduced, whilst in the higher “library” 
variant, the figure is 1.26%. These figures are average values of the alkali uptake 
that have been determined on original material during the last six operating years 
using X-ray fluorescence (XRF). Overall, the measured variation was between 0.5 
and 1.6%. The given limits for the alkali uptake (0.5 to 2.0% magnesium carbonate 
for test material, 0.3 to 2.3% for original material) [20] were thus always met (Fig-
ure 3). 

Determination of the actual alkaline reserve can only be carried out destructively by 
wet-end chemistry, i.e. on test or reference material. In contrast, the overall uptake 
of alkali can be determined using non-destructive methods (determination of tita-
nium by XRF and convertion into magnesium [15,25]). The alkaline reserve of the 
original material was determined by deducting the average acid content of 0.3% 
measured on the SNL reference books from the alkali uptake. It is between 0.15 and 
1.4%, with an overall average of 0.75%, magnesium carbonate for both the “library” 
and “archive” treatments (Figure 3). 

In the “dry” processes (Libertec and Bookkeeper) neutralization does not occur 
immediately, since there are no solutions. Instant reaction of the added fine powder 
with the cellulose only takes place at those surfaces where there is direct contact. It 
is generally expected that, in the course of time, the acid will react with the added 
magnesium oxide or calcium carbonate as a result of diffusion processes (Figure 4). 
These diffusion processes are very slow, and only proceed at higher speeds at a 
minimum relative humidity of 75% [21].  
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Figure 3: Non-aqueous liquid-phase deacidification: papersave swiss. SNL stock treated 
with the “archive” and  the“library” concentrations. Limits quality standards original 
material:  
 
 
 
 

 
 
Figure 4: “Dry” processes: Libertec / Bookkeeper 
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The determination of pH and alkaline reserve in dry processes is problematic, since 
in order to measure them, water has to be put onto the sample, which triggers an 
immediate neutralization reaction. The result does not, however, reflect the actual 
situation, but that which is reached only after a longer time, when neutralization has 
effectively taken place. This means that the alkaline reserve actually on the paper 
immediately after the deacidification treatment is not measurable, and is considera-
bly higher than the measurable alkaline reserve. The deposited alkali quantity is, 
however, measurable. For the Bookkeeper process, for instance, the Library of Con-
gress (LC) requires an alkaline reserve of 1 – 3% calcium carbonate, which corre-
sponds to 0.8 – 2.5% magnesium carbonate [22].  

 

The “optimum treatment intensity” project 

In 2004, together with Nitrochemie Wimmis, the SNL started an investigation pro-
ject in order to establish the optimum treatment intensity for the papersave swiss 
process. The objective of the investigation was to establish the absolute lower limit 
of the treatment concentration, as well as the expected life span after the various 
treatments. 

 

Experimental Setup 

Test material 

Three new acid-sized papers, one wood-free and two containing groundwood, 
served as the test materials.  

• paper 1: 50-65% groundwood, 25-35% bleached sulphate pulp, surface pH 4.3. 
Specially manufactured as an acid test paper by the company Klug Conserva-
tion [1] (“NOVO” paper) 

• paper 2: wood-free, sulphate pulp, surface pH 5.6. Used for routine measure-
ments at NCW (will be replaced by the NOVO paper).  

• paper 3: 50% groundwood, 50% chemical pulp, surface pH 3.5. Some 15 years 
old.  

 

Treatment 

The papers were deacidified using five different treatment concentrations in the 
Nitrochemie Wimmis AG pilot plant. Reconditioning took place in the large plant. 
The treatment concentrations are given as treatment factors 1, 2, 4, 6 and 10, where 
factor 4 corresponds to the routine “archive” treatment and factor 6 to the routine 
“library” treatment.  
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Ageing 

Accelerated ageing took place as single sheets according to ISO 5630-3 at 
80°C/65%RH for a period of 24 to 150 days.  

 

Analyses 

Surface pH (TAPPI T 529 om-04), extract pH (DIN 53124), alkali uptake (validated 
XRF-method, description see (15)), alkaline reserve (ISO 10716) and colour change 
(spectrometric determination in the L*a*b*-colour space). These analyses were 
carried out by Nitrochemie Wimmis AG. The mechanical measurements of the ten-
sile strength (DIN EN ISO 1924-2), tensile strength after Bansa-Hofer folding and 
tearing resistance (Elmendorf; EN 21974) were carried out by UGRA (Association 
for the Promotion of Research in the Graphic Arts Industry, St. Gallen, formerly 
EMPA). 

 

Results 

pH and alkaline reserve 

The results for paper 1, Klug’s NOVO paper, are shown in Figure 5. Before treat-
ment, the paper has a midrange acid content of -0.15% “magnesium carbonate”. 
With increasing treatment concentration, the alkaline reserve increases from 0.27% 
for treatment factor 1 to 2.7% magnesium carbonate for treatment factor 10. The 
surface pH rises until the paper is completely deacidified, and remains practically 
constant from factor 2 treatment onwards. More or less the same thing is true for the 
extract pH which, on the whole, is about one pH unit higher than the surface pH. 
This is a general observation made on test and original material over the years, and 
therefore the extract pH seems to be less suited for the detection of incomplete or 
borderline deacidification treatments. Moreover, it can be seen that no conclusion 
can be drawn on the level of the alkaline reserve from the pH. This is confirmed by 
pH measurements on the SNL and Swiss Federal Archives (SFA) original materials 
where, for both the “archive” and “library” treatment variations, the same average 
surface pH of 8.5 is found.  

During accelerated ageing, the acid content of the untreated paper 1 rises to -0.7% 
magnesium carbonate (Figure 6). With factor 1 treatment, the alkaline reserve is too 
low, being already used up after approximately 50 days. Factor 2 treatment is bor-
derline, whereas treatment factors 4, 6 and 10 offer good long-term protection. In 
Figure 7, the pH of the cold extract is plotted against ageing time for all three pa-
pers under investigation. The dotted lines are for factor 4 treatments, and remain in 
the alkali zone even after 150 days of artificial ageing. The solid lines for factor 2 
treatment fall off into the slightly acid zone, although very slowly, and not into the 
critical zone. 
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Figure 5: papersave swiss: pH and alkaline reserve as a function of treatment concen-
tration (paper1). 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: papersave swiss: Alkaline reserve as a function of ageing time (paper 1). 
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Figure 7: papersave swiss: Cold extract pH as a function of ageing time (paper 1 
(Novo), 2(B) and 3(Banik), treatment factors 2 and 4) 

 

Colour changes 

The colour changes for paper 1 after artificial ageing can be seen from the ∆L*,∆a*, 
∆b* measurements (Figure 8), the values before ageing serving as reference values. 
After an extended ageing period, the differences are clear. The untreated paper dark-
ened the most, those with treatment factors 4 and 6, the least. More illustrative is the 
photograph of the sieve side of paper 1 (Figure 9). A minimum yellowing as a result 
of the treatment can be seen with the naked eye. This is due to the fact that lignin, in 
an alkaline medium, turns yellow. Above, after artificial ageing, it can clearly be 
seen that, as a result of the treatment, darkening of the papers has been retarded, 
treatment factor 10 showing the least effect. 

 

Mechanical strength 

The tensile strength after folding provides information about the usability of the 
paper after ageing.  After 150 days ageing, the untreated paper has zero tensile 
strength, already breaking at the first folding (Figure 10). Treatment factor 1 is 
again too low. The other concentrations are close to one another. If tearing resistance 
is examined (Figure 11), again with paper 1, the results are similar. Treatment 1 is 
too low, treatments 2 and 4, however, seem to be slightly less effective than those of 
6 and 10. 
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Figure 8: papersave swiss: Colour changes as a function of ageing time and treatment 
concentration (paper 1). 
 
 
 

 
Figure 9: papersave swiss: Colour changes as a function of treatment concentration 
(paper 1, above aged 150d, below unaged, treatment factors 1, 4 and 10). 
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Figure 10: papersave swiss: tensile strength after folding as a function of ageing time 
and treatment concentration (paper 1). 

 

Discussion 

From the accelerated ageing tests, various assertions can be made. Factors leading to 
prolongation of the “useful life span” can be calculated. Typical values for the pa-
persave swiss treatment indicate that the useful life span for paper 1 is prolonged by 
factor 4. In addition, the duration of accelerated ageing can be converted into years 
of natural ageing. For this purpose, however, certain assumptions and theoretical 
calculations are necessary. In Figure 10, natural years have been calculated on the 
assumption of an activation energy of 115 kJ/mol for the ageing process [23]. Ac-
cording to this calculation, paper 1 has practically unlimited durability after treat-
ment according to the standard “archive” or “library” programs.  

From the available analyses, the following conclusions can be drawn:  

• The lowest treatment concentration 1 is insufficient 
• Treatment concentrations 2, 4, 6 and 10 are possible 
• Treatment concentration 10 deposits an alkaline reserve of up to 3% magne-

sium carbonate in the test papers. It brings no advantage compared to treat-
ments 4 and 6, but instead a slight disadvantage. In addition, it is known from 
investigations published in the literature that 3% magnesium carbonate is too 
much for already brittle papers [8;9]. 
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Figure 11: papersave swiss: tearing resistance as a function of ageing time and treat-
ment concentration (paper 1). 

 

The interesting question now is, would factor 2 treatment be sufficient to impart 
sufficient ageing resistance to the papers? For various reasons, it is desirable to have 
a treatment concentration as low as possible:  

• Treatment costs could be reduced  
• It would be a particularly gentle treatment variation for sensitive materials, 

such as, for instance, leather bindings or special inks and dyestuffs  
• The pH would tend to be somewhat lower, and the danger of alkali breakdown 

for papers exhibiting advanced deterioration would be lower.  

However, factor 2 treatment would be borderline. Our investigations were carried 
out on three test papers. In practice, in inhomogeneous collections there is a much 
higher range of acid papers, with not only large differences in the starting point pH 
values, but also in the absorbency. Complete deacidification for all documents could 
no longer be guaranteed. By reducing the treatment concentration from factor 6 to 
one third, approximately 5-10% of the papers from the SNL would no longer be 
completely deacidified.  

 

Conclusion and Outlook 

The papersave swiss routine treatment with treatment factors 4 and 6 is in the opti-
mum zone and should be maintained. The upper and lower limits established in the 
quality standards have proven themselves for a wide range of treated material of the 
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most varied origins. The average alkaline reserve in papers from SNL is around 
0.75% magnesium carbonate corresponding to an uptake of alkali of around 1.05% 
magnesium carbonate. The alkaline reserve should as high as necessary but as low 
as possible. Values up to 1% seem to be quite sufficient for this kind of non-aqeous 
liquid phase mass deacidification process. The data available up to now from the 
“optimum treatment intensity” project gives no evidence as to why the alkaline re-
serve should be 2% calcium carbonate or higher.  

The useful life span of papers treated with the papersave swiss process is prolonged 
by factor 4 at least. 

The routine analyses in mass deacidification are usually carried out on test papers. 
These measurements are necessary and useful to control the process in general. 
However, they do not reflect the actual results in the original items. It is necessary to 
include original or reference material in the quality control in order to guarantee a 
correct treatment for a certain stock, covering the diversity of papers and their origi-
nal acidity. 

For the future, interesting questions arise:  

• Why does the SNL material in general need the higher “library” treatment con-
centration in order to meet the quality standards whereas the material from the 
Swiss Federal Archives (loose sheets treated in the boxes) can be treated with 
the lower “archive” concentration?  

• Would a low alkaline reserve (about 0.3%, treatment factor 2) be a good com-
promise to treat special documents containing sensitive materials other than pa-
per? 

It is not possible to answer these questions using the analytical methods applied up 
to now. We expect to get more information from measurements of the average de-
gree of polymerisation and from investigations regarding the state of oxidation as 
described by Potthast [24].  

 

Acknowledgements 

The project „Optimum treatment intensity“ was carried out in cooperation with 
Nitrochemie Wimmis AG. Special thanks go to Markus Reist for the treatments in 
NCW’s pilot plant, to Marcel Wälchli for the analyses and to Hanspeter Andres for 
analyzing and depicting the results. Erwin Oberholzer and Gerhard Banik have con-
tributed with stimulating discussions. Many thanks to the reproduction service of the 
SNL for the photographs. 

 

 

 

204  Conference SAVE PAPER 2006 www.snl.admin.ch 



References 
[1] Klug Conservation Company, 87503 Immenstadt, Germany. 

[2] DIN ISO 9706:1995, Information und Dokumentation – Papier für Schriftgut und Druckerzeug-
nisse – Voraussetzungen für die Alterungsbeständigkeit. 

[3] DIN 6738: 1999, Papier und Karton – Lebensdauer-Klassen. 

[4] “Liste von Herstellern neutral- bzw. alkalisch geleimter, holzfreier und in diesem Sinne alte-
rungsbeständiger Papiere entsprechend DIN ISO 9706”. Hg. Kommission des Dt. Bibliotheksin-
stituts für Bestandserhaltung. Deutsches Bibliotheksinstitut, Berlin, 5. Aufl. 1998, S. 7-8. 

[5] Bredereck, Karl; Haberditzl, Anna; Blüher, Agnes: Paper Deacidification in Large Workshops: 
Effectiveness and Practicability. In: Restaurator 11 (1990), S. 165-178. 

[6] Hansen, F.S: Resistance of Paper to Natural Ageing, Paper Ind. and the Paper World 20 (1939), 
S. 1157. 

[7] Gurnagul, N.; Howard, R.C.; Zou, X.; Uesaka, T.; Page, D. H.: The Mechanical Permanence of 
Paper: A Literature Review. In: Proceedings of a Workshop, July 6-8, 1994, ASTM Headquar-
ters Philadelphia. ASTM Institute for Standards Research, S. 235 – 257. 

[8] Liers, Joachim: Mass Deacidification. The Efficacy of the Papersave Process. In: PapierRes-
taurierung 2 – Suppl. (2001), S. 57 – 62. 

[9] Anders, Manfred: Untersuchungen zur Papieralterung und zur Konservierung geschädigter 
Papiere durch Entsäuerung und Festigung. Stuttgart, Universität, Fachbereich Textilchemie, 
Diss., 2000. 

[10] Malesic, Jasna; Kolar, Jana; Strlič, Matija: Effect of pH and Carbonyls on the Degradation of 
Alkaline Paper. In: Restaurator 23 (2002), S. 145-153. 

[11] Bansa, H.; Ishii, R.: Aqeous deacidification – with calcium or with magnesium? In: Restaurator 
19 (1998), S. 1-40. 

[12] Strlič, Matija; Kolar, Jana: Review of practices for aqueous paper deacidification. In: Preprints 
Vol. 1, ICOM 14th Triennial Meeting The Hague, 12-16 September 2005, S. 231-237. ICOM 
Committee for Conservation (2005). 

[13] Cheradame, H.; Ipert, S; Rousset, E: Mass Deacidification of Paper and Books. I: Study of the 
Limitations of the Gas Phase Processes. In: Restaurator 24 (2003), S. 227-239. 

[14] Porck, Henk J.: Mass Deacidification – an Update of Possibilities and Limitations, European 
Commision on Preservation and Access (CPA), Washington, 1996. 

[15] Blüher, Agnes; Vogelsanger, Beat: Mass Deacidification of Paper. In: Chimia 55 (2001), S. 21-
28. 

[16] Blüher, Agnes; Grossenbacher, Gabriela: La désacidification du papier, une mesure conserva-
toire: quatre ans d’exploitation à la Bibliothèque nationale suisse. In: Support Tracé n°4 (2004), 
S. 8-20. 

[17] Ipert, S.;Rousset, E; Cheradame, H.: Mass Deacidification of Paper and Books. III: Study of a 
Paper Strengthening and Deacidification Process with Amino Alkyl Alkoxy Silanes. In: Restau-
rator 26 (2005), S. 250-264. 

[18] The acid content can be expressed in terms of “minus % magnesium or calcium carbonate”.  

[19] Vogt, Klaus-Dieter: Erfahrungen mit der Verfestigung von Papieren nach dem “Bückeburger 
Konservierungsverfahren für modernes Archivgut-BCP. Neschen AG, Bückeburg (2002). 

 

205  Conference SAVE PAPER 2006 www.snl.admin.ch 



[20] “Qualitätsstandards für die Neutralisierung der Materialien des Schweizerischen Bundesarchivs 
und des Bundesamtes für Kultur, , Schweizerische Landesbibliothek, nach dem papersave swiss-
Verfahren. Überarbeitete Version vom 18. Mai 2004.  URL: 
http://www.snl.admin.ch/slb/slb_professionnel/erhalten/00699/00700/00506/index.html?lang=de 

[21] Zumbühl, Stefan, Scherrer, Nadim, Aktive Passivierung der Degradation cellulotischer Struktur-
gefüge. In: Zeitschrift für Kunsttechnologie und Konservierung 17(2003), S. 387-396. 

[22] Ken Harris, personal communication. 

[23] Zou, X.; Uesaka, T.; Gurnagul, N.: Prediction of paper permanence by accelerated aging I. 
Kinetic analysis of the aging process. In: Cellulose 3 (1996), S. 243-267. 

[24] Potthast, Antje; Henniges, Ute: New strategies in chemical analysis of pulp and paper. In: Save 
Paper!, Papers given at the conference held in the Swiss National Library, Berne, 15-17th Febru-
aray 2006, p. 111-126. Online under: www.snl.admin.ch. 

[25] Andres, Hanspeter; Reist, Markus; Beer, Pascal; Wälchli, Marcel; Vogelsanger, Beat: papersave 
swiss Massenentsäuerungsanlage – Erkenntnisse und Erfahrungen aus 4 Jahren Betrieb. In: Be-
kavac, Bernhard; Herget, Josef; Rittberger, Marc (Hg): Informationen zwischen Kultur und 
Marktwirtschaft. Proceedings des 9. Internationalen Symposiums für Informationswissenschaft 
(ISI 2004), Chur, 6.-8. Oktober 2004. Konstanz: UVK Verlagsgesellschaft 2004, p. 65-83 (URL: 
http://eprints.rclis.org/archive/00003840/01/cc-isi04-art5.pdf). 

 

Author’s address 

Dr Agnes Blüher 
Head of Paper Deacidification 
Swiss National Library 
Hallwylstrasse 15 
3003 Bern 
Switzerland 
Phone: +41 31 322 23 59 
Fax: +41 31 322 84 63 
E-mail: agnes.blueher@slb.admin.ch 

206  Conference SAVE PAPER 2006 www.snl.admin.ch 



 
 
CONFERENCE 
PROGRAMME   
 

207  Conference SAVE PAPER 2006 www.snl.admin.ch 










