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A new way in Conservation Science and practical conservation (English)
Tokyo University of the arts Professor Andras Morgos
Calcium hydroxide (lime) is one of mankind’s oldest and most frequently used art and building materials.
This study is focussing on the efficiency of non-aqueous Ca(OH), nanoparticles for the consolidation and fixing of porous cultural
heritage materials such as mortar-plasters, wall paintings, etc. Further it focusses on the deacidification of Japanese paper (kozo,
gampi) vs acidic paper (chemical pulp) with nanolime.

Nanoparticles are ultra-small particles, close in size to the atomic and molecular scale. They are generally defined in science as
particles around 100 nanometers or smaller. In Conservation Science this definition is not so strict. In this study nanolimes are
defined as calcium hydroxide particles having a size ca. below 300 nm.

Decreasing the particle size is accompanied by the increase of their surface area. Due to the large surface area the reactivity
increases and this results in better physico-chemical properties (comparing to the bulk materials) such as strength, stability of
dispersions and higher active material content of their colloids, and reactivity.

The first publication about the use of nanomaterials in conservation was written by Italian researchers in 2001. M. Ambrosi et al.
They used nanolime for fixing flaking frescoes.

The poor solubility of commercially available (normal) lime in water is very limited (1.7 g/l calcium hydroxide at 20 °C), and this
fact has prevented the efficient use of limewater (which is a real physical lime-solution having incredible small Ca®* and OH"ions).
Due to this limited small solubility and concentration, sometimes consecutive treatments up to forty in number are required to
have and effective consolidation and fixing when using limewater. The more concentrated normal lime-paste (commercial slaked
lime) in water (even in a diluted form) is a suspension having huge micron-sized particles, which cause limited penetration of the
particles into the porous conserved material and fast sedimentation of the large particles under the treatment (system is not stable).
Due to the fast settlement and limited penetration the large particles will accumulate on the treated surface, which results a so
called ,,whitening” (a white glaze) on the surface of the heritage object (e.g. wall painting).

On the contrary the ultrasmall calcium hydroxide nanoparticles (below 200-300 nm) can give kinetically stable and more
concentrated dispersions (colloid sols) especially in nonaqueous media (concentrations used generally in conservation 5-25 g/l)
and as a consequence no “whitening” of the treated surface will happen, and the penetration will be acceptable.

Recently the conservation research focusses to the synthesis and the testing of the efficiency of ultra-small nano-sized particles for
conservation materials.

In conservation-restoration treatments the size of the constituting units (molecules, particles, aggregations) of conservation
materials (chemicals, products) should be compatible with the size and the size-distribution of the pores of the heritage material
under conservation. This can be called the (pore) size compatibility in treatments.

Cultural heritage materials are porous materials. There is a considerable variability in pore sizes. Pores vary from a few angstrom
(A) to several millimeters. Generally pores with radii less than 10 angstrom (1 nm) are not considered permeable. Pores of greater
dimensions are defined as cavities (several millimeters) rather than pores, and do not contribute to capillary action. Conservation
science classifies pores as micropores (smaller than 2.5 pm in diameter) and macropores (larger than 2.5 um in diameter)(Borelli
1999).

Using ultrasmall nanomaterials the (pore) size compatibility can be easily satisfied in conservation treatment. Such nanomaterials
can provide a lot of advantages in conservation.

The synthesis of nanolime is not a simple task due to their tendency to agglomerate into larger particles or bulk structures, and
specific pathways should be envisaged to synthetise nanolimes.
The synthesis of larger 600-700 nm lime particles is easy, while in the range of 100-200 nm is very difficult.

In this study the calcium hydroxide nanoparticles were synthetised by the precipitation reaction of calcium chloride and sodium
hydroxide solutions in water.

The influence of reaction parameters and environment was studied, such as reaction temperature, speed of addition of the reactants,
mixing speed, etc.

Physico-chemical characterization of synthetised particles concerning size and size distribution and crystallite size were
completed by TEM, SEM, XRD, and laser scattering particle size analyzer.

Non-aqueous deacidification of Japanese paper types kozo and gampi, acidic wood pulp paper (all papers in two variations
without and with sizing (dosa)) treated with 10 g/l nanolime was investigated by the help of accelerated moist heat-aging in
darkness at 80 °C, 60% RH, for 8 weeks. Tensile strength, tear strength, folding-endurance, colour and pH were measured for the
evaluation.
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