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A New Technique for Strengthening Book Papers through Use of Cellulose Derivatives

(Part 2: Effect of different types of paper and cellulose derivatives on paper
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A New Technique for Strengthening Book Papers through Use of Cellulose
Derivatives (Part 2: Effect of different types of paper and cellulose
derivatives on paper strengthening)

Masazumi Seki; Kochi Prefectural Paper Technology Centre
Naoko Sonoda, Shingo Hidaka, Tsuneyuki Morita; National Museum of Ethnology
Takayuki Okayama; Tokyo University of Agriculture and Technology

INTRODUCTION

Because the deterioration of paper documents and books is a matter of increasing concern
throughout the world, there is urgent need for an effective paper-preservation technique. While
research is advancing in regard to a method of retarding paper deterioration through
deacidification'?, the strengthening of aged paper documents and books is receiving little
attention. A few reports on paper strengthening have confirmed that cellulose derivatives remain
stable after treatment®, and the use of cellulose derivatives for paper strengthening has been
discussed by Ravines, P., et al.’ and in other reportsé. The Vienna Method7, devised at Helsinki
University®!!, and the method proposed by Bansa'’ are typical examples of simultancous
deacidification-strengthening treatment, though those methods employ aqueous solutions. New

methods using reagents other than cellulose derivatives have also been proposed' '*.

The authors concluded as follows in previous papers'™ '¢:

(1) A homogeneous dispersion can be prepared using a cellulose derivative as a strengthening
agent. In practice, cellulose derivatives not soluble in organic solvents were dissolved in a
small amount of water; an organic solvent was then added and the mixture was thoroughly
stirred with a homogenizer. The dispersion liquid could then be sprayed over paper documents
and books.

(2) The strengthening agent improved the physical properties of paper. Further, the agent’s
strengthening effect was retained even after the paper was subjected to accelerated ageing.

(3) Combined wuse of strengthening and deacidification agents enabled simultaneous
deacidification and strengthening of paper.

(4) For effective paper strengthening, at least 0.3 g/m” of strengthening agent must be applied.

In the present research, the less toxic solvent ethanol was used as a dispersing agent, in place of
the methanol employed in the previous experiment. Ethyl cellulose was also used as one of the
strengthening agents. Tested paper included newspaper and acidic wood-free paper, in addition to
wood-containing paper. We thus inquired into strengthening agent effects on different types of

paper, as well as changes in paper strength before and after accelerated ageing.



PREPARATION OF STRENGTHENING AGENTS
Strengthening agents
- Methyl cellulose (MC), SM-400 (Shin-Etsu Chemical Co. Ltd.)
Water content: 1.2%; viscosity of 2% solution: 433 mPaS; methoxyl group: 29.6
- Carboxy methyl cellulose (CMC), CMC 1150 (Daicel Chemical Industries Ltd.)
Water content: 8.5%; viscosity of 1% solution: 255 mPaS; pH = 6.6; rate of etherification: 0.69
- Hydroxy propyl cellulose (HPC), Klucel G (Aqualon Co.)
Medium viscosity type
- Ethyl cellulose (EC), EC N-4 (Hercules Inc. Ltd.)
Viscosity: 3-5 mPaS; ethoxyl group: 2.5

- Deacidification agent: Magnesium carbonate (average particle diameter 6 um)

Preparation of strengthening mixtures
Strengthening mixtures using cellulose derivatives were prepared in accordance with our previous
paper'®, the only differences being the use of ethanol in place of methanol as the solvent, and the

addition of EC as strengthening agent.

EXPERIMENTAL CONDITIONS

Three types of paper available on the market were used for the test: wood-containing paper,
newspaper and acidic wood-free paper. Experimental conditions, such as strengthening mixture
application, drying, measuring the amount of cellulose derivative applied to paper and accelerated
ageing were performed in accordance with methods detailed in our previous paper](’. Physical
properties of each paper sample were determined in accordance with ISO standards, as described

in our previous paper .

RESULTS AND DISCUSSION

Amount of strengthening agent applied to paper

As described in the previous paper, each strengthening agent should be applied to paper at a
weight rate of 0.3 g/m” or more'®. To meet this requirement, each dispersion was sprayed over the
paper sample two to four times. After each spray cycle, the amount of strengthening agent was
measured. Amounts of strengthening agents deposited on three types of paper are given in Tables
1 ~ 3, which show that the weight rates are close to the expected value. Respective photographs of
MC-treated wood-containing paper and MC-treated acidic wood-free paper are shown in Figs. 1
and 2. As these figures indicate, particles of magnesium carbonate, which was used as a

deacidification agent, distributed over the paper surfaces.



Table 1: Amounts of strengthening agents applied to the wood-containing paper

Cellulose derivatives CMC MC HPC EC

Coating weight(g/ni) 0.29 0.24 0.40 0.38

Table 2: Amounts of strengthening agents applied to newspaper

Cellulose derivatives CMC MC HPC EC

Coating weight(g/ni) 0.39 0.49 0.31 0.34

Table 3: Amounts of strengthening agents applied to acidic wood-free paper

Cellulose derivatives CMC MC HPC EC

Coating weight(g/ni) 0.26 0.63 0.52 0.39

Fig. 1 Microphotograph of wood-containing paper treated by MC and MgCOs.
Fig. 2 Microphotograph of acidic wood-free paper treated by MC and MgCO3.

Effect of accelerated ageing

Wood-containing paper, newspaper and acidic wood-free paper were first treated with MC, CMC,
HPC and EC, then subjected to accelerated ageing. After completion of accelerated ageing, their
physical properties were measured. The results for wood-containing paper, newspaper, and acidic
wood-free paper are shown respectively in Figs. 3, 4 and 5.

ISO-brightness

Wood-containing paper showed lower brightness when treated with almost all cellulose

derivatives, whereas newspaper maintained brightness of nearly the same level as that of untreated



paper (control). Brightness of paper is determined by measuring the intensity of light reflected
from the paper surface. The probable reason for the decrease in brightness described above is that
the strengthening agent that had settled on the paper surface absorbed the light. For acidic
wood-free paper, the values after strengthening treatment were lower. After accelerated ageing,
however, this paper retained values that were higher than those of untreated paper. Sundholm et
al.”!'! reported that, in comparison with untreated paper, deacidified paper retained higher
brightness values. In our research, such low grade paper as wood-containing paper showed test

results opposite those in the above report. The reason for this should be clarified in future.

Surface-pH of paper
In this research, paper was submitted to strengthening treatment together with deacidification

3. it has been confirmed that after

using magnesium carbonate. According to three research papersl'
deacidification treatment, alkaline buffer remained in a stable state for a long period of time.
Among those papers, Moropoulou et al.’ stated that even deacidification treatment alone preserved
the physical strength of paper. In the present study, our research results showed that each paper
sample retained a higher pH-value than did the untreated paper, even after accelerated ageing for

20 days, verifying that paper was not acidified even after accelerated ageing.

Results of physical measurements of paper subjected to accelerated ageing showed that the
combined use of MC and deacidification agent demonstrated the best pH-retaining effect. For
newspaper, combined use of EC and deacidification agent had hardly any effect on pH-value

retention.

Tearing strength

For all the cellulose derivatives used, the tearing strength of paper immediately after application
of each strengthening dispersion was nearly equal to, or only slightly higher than, that of
untreated paper. Though treated wood-containing paper increased in tearing strength, its strength
dropped below that of untreated paper after accelerated ageing for 20 days. In contrast,
strengthening treatment substantially improved the tearing strength of newspaper and acidic
wood-free paper. Of the cellulose derivatives used, HPC kept the tearing strength of paper at the
highest level, even after accelerated ageing, probably because HPC is more flexible than the other
derivatives, though MC and CMC also improved the tearing strength to some extent. Sundholm et

! reported that combined use of calcium carbonate and MC reinforced the tearing strength of

al.
acid-free paper and acid paper. In our research, combined use of magnesium carbonate and

cellulose derivatives demonstrated the same effect.

Folding endurance

Strengthening treatment of wood-containing paper and newspaper clearly demonstrated that all the
cellulose derivatives substantially increased paper folding endurance. However, the cellulose
derivatives had hardly any effect on acidic wood-free paper, probably because strengthening
treatment increased the hardness of the paper. When subjected to accelerated ageing,

wood-containing paper showed folding endurance lower than that of untreated paper. In contrast,



newspaper and acidic wood-free paper retained the deterioration-resistance imparted by the
strengthening treatment. Acidic wood-free paper demonstrated particularly high resistance to
strength deterioration, even after accelerated ageing. which could not be expected of untreated
paper. Of the cellulose derivatives used, CMC had the highest strengthening effect, followed by
MC and HPC. EC-treated newspaper exhibited a sharp decrease in folding endurance when
subjected to accelerated ageing. Fibre composition is considered the predominant
quality-differentiating factor among the wood-containing paper, newspaper and acidic wood-free
paper used in this test. However, it is noteworthy that sizing performance increased slightly in this
order: wood-containing paper, newspaper paper and acidic wood-free paper. The dependence of

sizing performance on cellulose derivative strengthening treatment will be clarified in future.
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Zero-span tensile strength

Though strengthening treatment increased the zero-span tensile strength and folding endurance of
wood-containing paper. it was not effective for newspaper and acidic wood-free paper. Just after
strengthening treatment, wood-containing paper showed a slight increase in zero-span tensile
strength. However. after accelerated ageing for 10 days, the zero-span tensile strength of
wood-containing paper dropped below that of untreated paper. probably because the
wood-containing paper pulp fibres, once strengthened. were substantially deteriorated by
accelerated ageing. In contrast, the zero-span tensile strength seen after strengthening treatment in
newspaper and acidic wood-free paper was retained even after accelerated ageing. For newspaper.
none of the cellulose derivatives showed any notable difference in zero-span tensile strength

improvement performance.
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Tensile strength

Due to restriction on the number of test samples, tensile strength measurements were performed
only on untreated paper and on paper samples that had been subjected to accelerated ageing for 20
days. Wood-containing paper did not show reduced tensile strength even after accelerated ageing.
Some wood-containing paper samples after treatment exhibited conspicuously reduced tensile
strength. In contrast, newspaper and acidic wood-free paper retained tensile strength greater than
that of the untreated paper even after accelerated ageing for 20 days, confirming that
strengthening treatment was effective for improving the tensile strength of these papers. As a
result, among all the cellulose derivatives MC showed the highest tensile strengthening effect,
followed by HPC and CMC. On the other hand, cellulose derivatives other than MC did not

increase the tensile strength of wood-containing paper above that of untreated paper.

CONCLUSIONS

* The objective of this research was to develop a strengthening method that can be applied to a
large volume of deteriorated paper documents and books. In light of this objective, cellulose
derivatives were chosen as the strengthening agents because of their chemical similarity with
paper; they were expected to minimally affect the properties of the paper documents and books. In
this research, CMC, MC and HPC presented good strengthening effect. Of the above three
cellulose derivatives, MC exhibited the highest strengthening effect on paper and was most
compatible with magnesium carbonate. CMC showed good results for folding endurance and
tearing strength of paper, while HPC was particularly high in tearing strength improvement effect.
* For safety reasons, the dispersing agent was changed from methanol to ethanol in this research.
However, the use of ethanol revealed such problems that a longer paper drying time was required.

* As in the previous experiment using methanol, the paper deacidification effect of magnesium
carbonate was verified from the pH-value of the paper after treatment. This research also made it
clear that strengthening and deacidification treatment of paper can be conducted simultaneously
by using strengthening and deacidification agents at the same time.

* The strengthening agents improved the physical measurements (tearing strength, folding
endurance and zero-span tensile strength) of acidic wood-free paper and newspaper, in that order.
However, the physical properties of wood-containing paper after treatment dropped below that of

the untreated paper after accelerated ageing with the exception of tensile strength.

The difference in fibre composition between these papers lies in the lignin content. Considering
the fact that the order of strengthening effect corresponds to the order of cellulose content, the
probable reason for the above result was that cellulose derivatives act easily on cellulose, rather
than lignin. The another possible reason is that lignin adversely affected the paper strengthening
effect.

* Wood-containing paper strength improved when the paper was treated with all cellulose
derivatives. However, the strength fell below that of untreated paper as accelerated ageing

progressed. Newspaper strength improved slightly when the paper was subjected to strengthening



treatment. However, even after accelerated ageing its strength did not deteriorate as remarkably as
did that of untreated paper. In comparison to untreated paper, acidic wood-free paper showed
remarkable improvement in strength when treated with each strengthening agent, and retained that
strength even after accelerated ageing. Since the effect of paper strengthening differs greatly
depending on paper quality, as discussed above, suitable strengthening and dispersing agents

should be selected in accordance with the quality of the paper to be treated.
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