
Deacidification in the protection of written collections  
 

Iskra Tsvetanska1,*, Veska Lasheva2, Dimitrina Todorova2, Nikolay Yavorov2, Kalina Ivanova1 

University of Library Studies and Information Technologies, 1784 Sofia, Bulgaria1 

University of Chemical Technology and Metallurgy, 1756 Sofia, Bulgaria2 

i.cvetanska@unibit.bg, veska_lasheva@abv.bg, todorova.dimitrina@uctm.edu, nyavorof@uctm.edu, k.demireva@mail.bg 

 

Abstract: The aim of this article is to emphasize the importance and significance of deacidification as an important and basic conservation 

process in the preservation of written paper collections. This is a process in which buffer substances are introduced by processing the paper 

collections, which maintain the pH of the paper within optimal limits for storage. At the same time, they eliminate the possibility of 

oxidation-reduction processes during future long-term storage. Relatively few chemical reagents are known in practice that have the ability 

to neutralize acids in paper documents. These are sodium, barium, magnesium, some saponins, amines, borates, phosphates, some polymers 

of alkaline salts of organic acids. The development of deacidification as a conservation process has been followed and it is concluded that it 

does not develop rapidly, but is accompanied by too much hesitation and caution. Mass deacidification processes are expensive and cannot 

provide the desired result and lead to the introduction of essentially different methods. Along with the advantages and disadvantages of each 

method, the quantitative and qualitative condition of the collections, the institutions find it difficult to select the most appropriate one to be 

applied to their collections. Bookkeeper, PaperSave Swiss and Bückeburg are listed as effective deacidification methods. These three 

methods are highly valued as applicable to mass deacidification of documents, in terms of potential for innovation, improvement of 

mechanical strength and existence, pH and alkaline reserve, cost and risk assessment. 
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1. Introduction 

The reasons for the natural aging of written collections and 

documents on paper are determined by interrelated and complex 

factors. A significant part of the damage to books and periodicals is 

due to the oxidation of paper - a process associated with increasing 

its acid content. 

The reasons for the increase in the acidity of the paper could be 

grouped in the following sequence: 

1) acidity obtained by natural destruction and degradation of 

cellulose during its oxidation; 

2) acidity obtained from the aluminium sulphate included in the 

structure of the paper during its sizing; 

3) acidity obtained by the catalytic oxidation of heavy metals 

(iron) found as contaminants in the paper; 

4) acidity of the inks. 

 It has been shown that various types of washing in alcoholic or 

other solutions can remove acid deposits in the paper resulting from 

the dissociation of aluminium sulphate. 

Acidity derived from acidic atmospheric gases and the oxidative 

action of heavy metals (such as iron, copper, etc.) can also be 

removed by converting iron compounds from insoluble to soluble 

forms (by complexing agents, such as oxalic acid treatment) and 

others.). The acidity of the inks is neutralised in the restoration 

process. 

The problem of effective neutralization of library holdings is 

related to the basic acidity obtained from the accumulation of acidic 

carboxyl groups resulting from the natural degradation of cellulose. 

As the number of free COOH groups increased, paper destruction 

increased almost in arithmetic progression. Figure 1 shows 

schematically the structure of the paper. 

 
Fig. 1 Paper structure [1]. 

 

The hydroxyl groups in each cellulose chain form a hydrogen 

bond between the chains, which is the basis of the structure of the 

paper. Over time, acid-catalysed hydrolysis of the cellulose chains 

occurs, which shortens the fibre lengths shown in Fig.2. 

 
Fig. 2 Hydrolysis of cellulose chains [1]. 

 

This reduces the strength of the paper and makes it yellow. 

It was found out that the pH of the paper should be between 6 

and 7.5. Paper with a pH lower than 5.5 is considered to have an 

increased acid content, and paper with a pH higher than 8 is 

considered to have an increased alkalinity. Deacidification is a 

process in which single or mass processing of paper documents is 

carried out by adding buffer substances to the composition of the 

paper, which maintain the pH of the medium in optimal conditions. 

2. Prerequisites and Ways to Solve the Problem 

Currently, relatively few neutralizing substances are used in 

conservation and restoration practice. These are: the hydroxyl 

carbonates of magnesium and calcium (Barrow), magnesium acetate 

(Langwell), magnesium methoxide (Smith), barium hydroxide 

(Baines - Cope), ammonia gaseous state or solution, etc. The 

neutralization procedures of the archival or library funds are 

conditionally grouped depending on the environment in which the 

neutralization of polystyrene manual processing (in aqueous or 

organic solutions) and mass neutralization (gas phase) are carried 

out. Despite some shortcomings, Barrow's methods are still the 

most satisfactory. Both methods, used worldwide, deacidify the 

paper, wash away polyglucuronic acids and their accompanying 

stains from cellulose oxidation, and precipitate buffer salts on the 

fibers to inhibit the further action of the acids. The first Barrow 

method uses two solutions. The documents were initially immersed 

in a saturated solution of 0.15% Ca(OH)2 for 20 min. The acid of 

the paper is neutralised and a residue of Ca(OH)2 is retained on the 

paper. The documents were then immersed for a further 20 min in a 

bath containing 0.20% calcium bicarbonate Ca(HCO3)2. Ca(OH)2 is 

partially used to neutralize the acid, and the excess binds to the 

bicarbonate to form calcium carbonate CaCO3, which precipitates 

on the cellulose fibres. The Barrow solution of Ca(HCO3)2 is 

prepared by bubbling CO2 through an aqueous suspension of 

CaCO3 in H2O: 
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  2 4 4 22
2Са OH H SO CaSO H O    (1) 

2 3 2 3 2( ) ( ) 2 2Са OH Са HCO CaCO H O    (2) 

3 2 4 4 2 2CaCO H SO CaSO CO H O     (3) 

 

Barrow's first deacidification method to remove the acidity of 

paper 

Although CaCO3 is layered in too small an amount, it is enough 

to protect the paper from any future acid impact. The second 

Barrow method is applied to documents with lower acidity and 

consists of a single immersion of the documents in a solution of 

magnesium bicarbonate Mg(HCO3)2, which is again obtained by 

bubbling CO2 through a suspension of MgCO3 in H2O. Saturated 

solutions of these two salts enter the conservation practice under the 

name - Barrow's buffers. 

 3 2 2 3 2
MgCO CO H O Mg HCO    (4) 

 3 2 4 4 2 22
2 2Mg HCO H SO MgSO H O CO     (5) 

 3 2 3 2 22
2Mg HCO CO MgCO CO H O     (6) 

3 2 4 4 2 2MgCO H SO MgSO CO H O     (7) 

 

Barrow's second deacidification method to remove the acidity 

of the paper 

The disadvantages of Barrow's methods are that they could not 

be applied to documents written with water-soluble inks and that the 

process is expensive. 

When the paper is immersed in a solution, one of Barrow's 

buffers becomes ion exchange between the cations of salts and 

hydrogen from the COOH groups of cellulose and its oxidation 

products: 

   3 2 22 2
2 2 2RCOOH Са HCO RCOO Ca H O CO     (8) 

 

Ion exchange at Barrow buffers 

Aqueous processing of documents is a kind of deacidification, 

as polyglucuronic acids, other soluble products of photochemical 

decomposition of cellulose, are washed away from the paper. 

Washing does not deposit a neutral buffering agent in the paper. For 

cases where water-soluble inks and dyes do not allow immersion in 

water, deacidification procedures are performed on valuable written 

materials using solutions of barium hydroxide Ba(OH)2 in methanol 

CH3OH. Ca(OH)2 is insoluble in organic solvents and therefore 

cannot be used for anhydrous systems. Cope obtained similar results 

with Mg(HCO3)2. This method is applied either by spraying or by 

immersing the document in a 1.9% solution of Ba(OH)2 in CH3OH, 

followed by air drying. During drying, the excess Ba(OH)2 is 

converted from atmospheric CO2 to BaCO3, which precipitates on 

the cellulose fibres and acts as a buffering agent: 

  2 4 4 22
2Ba OH H SO BaSO H O    (9) 

  2 3 22
Ba OH CO BaCO H O    (10) 

3 2 4 4 2 2BaCO H SO BaSO CO H O     (11) 

 

David Baines-Cope deacidification procedures 

The advantage of this method is that it can be applied to 

documents with with flowing texts by spraying. The disadvantages 

are that both Ba(OH)2 and CH3OH are toxic, that the process does 

not wash polyglucuronic acids from the paper, and some modern 

twentieth-century inks are soluble in alcohol. Another British 

restorer, Langwell, has successfully used solutions of 6% 

magnesium acetate in CH3OH to deacidify paper, as well as to 

deacidify tissue that will be used for hot lamination. In R. Smith's 

research, he contributed to the anhydrous deacidification of books. 

It introduces magnesium methoxide Mg(CH3O)2 into volatile 

solvents in the paper in order to neutralize the acid and provide the 

favourable alkaline buffering needed to prevent re-oxidation. Smith 

prepared it by adding metallic magnesium to methyl alcohol: 

 2

3 3 2
2 2Mg CH OH CH O Mg H     (12) 

 

Anhydrous deacidification of Smith 

Mg(CH3O)2 is highly effective in neutralizing H2SO4, but due to 

its affinity for water, it is difficult to prepare. Reacts with the 

moisture contained in the paper to form the neutralizing magnesium 

hydroxide Mg(OH)2. 

   3 2 32 2
2 2Mg CH O H O Mg OH CH OH    (13) 

 

Preparation of Mg(CH3O)2 by the Smith method 

However, the penetration of the Mg(OH)2 thus formed into the 

paper is inhibited by the gel formed by exposure to Mg(OH)2 to 

water vapour. In addition, CH3OH is extremely toxic and 

flammable. 

Smith later developed a solution of magnesium methoxide in 

methyl alcohol (1 part) and trichlorotrifluoroethane (3 parts), which 

he considered non-toxic and flammable and capable of transporting 

magnesium methoxide deep into cellulose fibres without gelling. 

After drying by evaporation, Mg(CH3O)2 is converted by reaction 

with the natural moisture content of the paper into Mg(OH)2 and 

CH3OH: 

   3 2 32 2
2 2Mg CH O H O Mg OH CH OH    (14) 

 

The hydroxide then reacts with any traces of sulphuric acid, 

converting it to MgSO4, CH3OH and H2O: 

  2 4 4 22
2Mg OH H SO MgSO H O    (15) 

 3 2 4 4 32
2Mg CH O H SO MgSO CH OH    (16) 

 

Any excess hydroxide reacts with CO2 from the air to form the 

desired buffer salt - MgCO3: 

  2 3 2 22
2Mg OH CO MgCO CO H O     (17) 

 

It neutralizes any acid subsequently introduced into the paper: 

3 2 4 4 2 2MgCO H SO MgSO CO H O     (18) 

 

Deacidification with magnesium alcoholates also results in 

inhibition of metals (iron, copper, cobalt, etc.) contained in the 

paper as contaminants. Inhibitory reactions produce colour 

compounds known in restoration practice as “foxings” or “rust 

spots” [2-6]. 

3. Solution of the Research Problem 

Smith established an effective method of deacidifying books 

and documents. This method contributes too much in the field of 

conservation and restoration not only with what can now be 

realized, but also because of its potential for mass deacidification of 

books. Smith proposed such a method while simultaneously 

strengthening the weak paper with acrylic resins in a common 

solvent with magnesium methoxide. Researchers at the Technical 

University of Washington are developing a method for the 

simultaneous deacidification and hardening of paper by 

impregnating it with sodium salts of carboxymethylcellulose. These 
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salts neutralize the acid and at the same time improve the strength 

of the paper. 

Bernard Walker proposed another organic derivative of 

ammonia – morpholine, which can be used to deacidify documents 

in a special chamber under vacuum. 

For severely damaged documents, which are dangerous to 

immerse in an aqueous solution, as well as for inks that are not 

resistant to water procedures, the method of Belenkaya and 

Alekseeva is used. With this method, the documents are both 

strengthened and deacidified. It consists in the preparation of 

borate-borax buffer, to which glycerin is added for softening and 

methylcellulose for sizing. 

Mass deacidification processes are expensive and cannot 

provide the exact desired result and lead to the introduction of 

essentially different methods. 

 
Fig. 3 Mass neutralization of paper. 

 

Along with the advantages and disadvantages of each method, 

the quantitative and qualitative state of the collections, the 

institutions find it difficult to choose the most appropriate one to be 

applied to their collections. 

The EU's Paper Treat project involving many national libraries, 

state archives and research institutions, put into practice, identified 

Bookkeeper, PaperSave Swiss and Bückeburg as effective methods. 

These three methods are highly regarded as applicable to mass 

deacidification of documents, in terms of the potential for 

innovation, improving mechanical durability and existence, pH and 

alkali reserve, cost and risk assessment. 

The Bookkeeper process is based on placing MgO particles on 

the surface of the paper using per heptane. MgO reacts with the 

structural humidity of the paper to convert to Mg(OH)2. 

 
Fig. 4 The Bookkeeper. 

 

One part of Mg(OH)2 neutralizes the acidity in the paper, and 

another part of it reacts with CO2 from the air to convert to MgCO3, 

which remains as an alkaline reserve on the paper. Due to the fact 

that the interaction of MgO with H2O is an exothermic reaction, the 

temperature can reach more than 50°C during the process. The 

documents are deacidified in horizontal tubes by spraying. It is 

possible to deacidify about 15000 kg of books in one horizontal 

tube. This process was developed in the United States in the 1980s 

and has been used in national archives and libraries in more than 10 

countries. A reliable method that does not have a harmful effect on 

paper, inks, adhesives, etc. Many scientific studies have concluded 

that this is a favourable process of mass deacidification. 

PaperSave Swiss – developed in Switzerland as a third 

generation Batel process, but with an improved control and 

flexibility system. The active reagent in this process is a 

composition of magnesium and titanium ethoxide, also known as 

METE, dissolved in hexamethyl disiloxane (HMDO). The method 

is based on stages in which the composition of magnesium and 

titanium ethoxide reacts with the factors of humidity and acidity on 

the paper. The ethyl alcohol resulting from the reaction is removed 

during the ventilation phase, while magnesium and titanium 

hydroxides react with carbon dioxide in the air, turning into 

carbonates and thus remaining as alkaline reserves inside the paper. 

The PaperSave process works in full automatic mode, involving 

a minimum of human intervention, the reduction of acid content has 

a very high quality standard, and its disadvantages are that it 

requires more work space and budget. 

The Bückeburg process was developed in Germany by the 

Neschen Company in 1996 and has been used to reduce the acid 

content of documents in 20 different parts of the world. Documents 

are deacidified with Mg(HCO3)2. Among the mass deacidification 

processes, Bückeburg's advantages are that it is water-only, 

harmless to documents and the environment. Most suitable for 

deacidification of newspapers and written documents, mobile The 

problem is that the books have to be untied, which leads to an 

increase in the thickness of the books. Also, all those sensitive 

documents that are written with waterproof inks could not be 

deacidified by this method [7-9]. 

4. Conclusion 

All deacidification methods are based on the use of alkaline 

earth metal salts, remove defects from the technological process of 

obtaining paper, causing low pH, free the paper from the products 

of destruction accumulated during its storage and create a buffer in 

the paper-alkaline reserve, guaranteeing its neutral pH value for a 

long period. 

Institutions that hold valuable written collections, such as 

national libraries and archives, should be aware that mass 

deacidification systems can slow down the process of document 

destruction, but cannot completely prevent the chemical changes 

that occur in organic matter, such as paper. 
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