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Summary

Study and practice of cultural property conservation by trehalose
impregnation method

- Process leading and prospect of Sugar impregnation method-
Kouji Ito

In this paper, in order to clarify the effectiveness of trehalose impregnation method (hereafter,
"trehalose method"), first, an outline of preceding sugar alcohol method (hereafter, "lactitol method")
is described, and both methods describe the research results. The trehalose method is a basic method
to solidify the target objects by crystallization, development to the possibility of low concentration
impregnation, utilization of amorphous state, etc., and a solar heat collecting and impregnating system
using natural energy. | am researching and utilizing the characteristics of trehalose, which is the main
agent, such as recycling of waste liquid, impregnation by dripping, and the effect of preventing
corrosion to iron currently in progress, and I am trying to put it into practical use. The results are

summarized in this paper.

1. Introduction

I surveyed the state and conditions of diverse waterlogged organic objects excavated in different
regions of climatic climate, and touched on the current status and issues of the conservation treatment
that surrounds. As an introduction to the development and application of sugar impregnation methods,
I will start with an overview of the shift from the best researched and implemented polyethylene

glycol method (hereafter the PEG method) to the lactitol method.

2. Lactitol Method

An overview of the most studied and implemented PEG method in the world and the problems to be
solved were clarified. Around 1990, I described the reason why I chose the sugar impregnation
method in order to solve the problem of "long treatment period required by PEG method" which

Osaka City Cultural Properties Association was facing.

I described the crystallization and hygroscopicity of lactitol, the main ingredient in the lactitol
method, along with its basic conservation method and problems. Additionally, I introduced the
experiments conducted to improve the effectiveness of the lactitol method and I mentioned in

particular the formation of trihydrate crystals that caused a lot of problems.



3. Establishment of the Trehalose Method

It was trehalose that was first examined as a main agent in sugar impregnation method by Dr.Imazu
Setsuo. However, trehalose at that time had only to extract naturally occurring ones, and was a rare
sugar such as 1 kg of several tens of thousands of yen. Therefore, the use for cultural properties was
postponed and replaced with lactitol. Around 1995, succeeded in artificially producing trehalose, and
the price dropped to about one hundredth. Around 2008, as the supply of lactitol became unstable I

attempted to switch to trehalose as the main agent.

Trehalose is a non-reducing carbohydrate consisting of two glucose bonds, and is a disaccharide,
with a molecular weight of 342. It forms dihydrate crystals and has a melting point of 97° C. It also
does not absorb moisture below 95% RH, and is highly resistant to acid and heat. These

characteristics make their use in the field of conservation science effective.

The product used in the trehalose method is TREHA. We will clarify the difference between
TREHA and trehalose. Additionally, a Brix meter (sugar content meter) is often used to measure the
concentration of sugar in an aqueous solution, and in particular, can obtain the measurement in a short
time. It has been used for concentration control in the impregnation treatment of civil engineering
products. Refractometers measure the refractive index of solids in a solution, and display the value

converted to the concentration of sucrose with the same refractive index.

The solidified material obtained from an aqueous solution of trehalose can be divided into two states:
crystalline and amorphous. Furthermore, the crystals produced are divided into dihydrate and
anhydride crystals, and amorphous crystals are divided into amorphous glass and amorphous rubber.
The conditions under which these solidified materials are obtained from the aqueous solution and the
respective transition conditions are outlined in the flow chart from the aqueous solution to the

dihydrate crystals.

Its superiority was outlined in comparison with lactitol. I compared the post-treatment display
environment and the storage environment tolerance based on the specific humidity of trehalose
dihydrate crystals and lactitol monohydrate crystals. Additionally, the superiority of the conservation

treatment in terms of the speed of crystallization and the formation of stable crystals are described.

In the initial two experiments, I examined the suppression of deformation in the target object, and
focused on the amount of solid content impregnated in order to support it. The positive effect of
trehalose, which is frequently used in other fields, has now also been obtained for in the field of
cultural property. In addition, it is important to air dry in order to sufficiently bring out the

characteristics.

4 Trehalose method - basic information



When researching the trehalose method and adopting it for actual conservation treatment, it was

clarified that it was a method different from the concept of the conventional method.

When employing the trehalose method it is important to understand its aqueous solution, saturation
and supersaturation states, and distinguish the difference between these 5 key words: crystal,
amorphous, solid matter, solidified matter and solidification. The five keywords were used to explain

the effects obtained by the trehalose method, in other words, the effects to be obtained.

There are three methods for achieving solidification of trehalose from an aqueous trehalose solution:
"heating method", "cooling method" and "normal temperature method". These are all basic methods
for supersaturating an aqueous solution of trehalose. And, in any case, air drying after impregnation is
important. By carrying out conservation treatment selecting or combining these three methods, based
on the five keywords described above, it is possible to cope with a wide range of objects and

conditions.

5 Application of the trehalose method

Once you have a thorough understanding of trehalose's properties and basic conservation methods, a
deeper understanding of trehalose's characteristics was required in apply it to a wider range of

conditions.

The condition of the target material may limit the temperature to which it can withstand, which
limits the final concentration of trehalose aqueous solution use for impregnation. In this section we
introduce a method to approach high concentration impregnation by performing a two-stage

operation, using lacquerware goods excavated from an Osaka Castle site.

Trehalose glass is more stable than other disaccharides because of its high glass transition
temperature. However, the main purpose is for use in food, so it is assumed that it will be
consumption over a short time. Trehalose glass becomes trehalose rubber through the absorption of
moisture, and eventually stabilizes as dihydrate crystals. Although this transition itself is not a
problem, there was a concern about whitening when applied to cultural properties. The study of the
transition conditions and processes from trehalose glass to dihydrate crystals has revealed that
trehalose glass exhibits a characteristic hygroscopic behaviour, and a desirable storage environment

has also been identified. Three examples are introduced as methods of using trehalose glass.

6 Development of the trehalose method

In recent years, as the field of underwater archaeology has spread and investigations on the seabed

have progressed, sunken vessels are increasingly being found. The Vasa and Mary Rose are well



known as examples of vessels that have been raised from the seabed and undergone conservation
treatment. Current conservation treatment is time consuming, costly and the condition of the material
after treatment is not ideal. I am conducting the following research to alleviate and solve these

problems by using trehalose.

In order to reduce the use of electrical energy as much as possible, I designed and manufactured a
solar heat collection and impregnation treatment device which was set up and tested at the Takashima
Buried Cultural Property Center in Matsuura City, Nagasaki Prefecture. At the same time, in order to
avoid the production of an expensive, large-scale impregnation treatment tank, [ am studying an
impregnation using a drip method. Also, focusing on the excellent acid and heat resistance of
trehalose, the blackened, used trehalose aqueous solution was filtered through a hollow fiber

membrane to extract a reusable solution.

There have been no post-treatment problems associated with wood-iron composite materials
conserved with either the lactitol or trehalose methods. There are several possible reasons for this; |
believe it is their interaction that results in this effect. The author focused on the fact that saccharides
are non-electrolytes, and conducted experiments to confirm the inhibitory effect of trehalose on iron

corrosion.

7 Conclusion

Even though the effectiveness of the lactitol method has been demonstrated in actual conservation
treatment, the scientific basis for its use is considered insufficient and its evaluation is low.
Conversely, the adoption of trehalose, which has been the basis of interdisciplinary research, has
enabled to benefit from knowledge gained from prior research. Even in our specialised field of
cultural property conservation, I have been able to accumulate scientific data supporting its
effectiveness. Based on the current situation in the use of the trehalose method I expect the trend to

continue.





