
CONSOLIDATION OF STONE OBJECTS WITH EXPOXY RESINS

INTRODUCTION

The process involved in the ageing of stone objects are
weIl known and of course may be chemical, physical
or biological in nature. A knowledge of the general
process or processes bringing about deterioration îs
essential as it provides the basis for the overall remedial
measures to be taken for the preservatîon of stone

objects.
The remedial measures are usually undertaken wîth the
object not only of stopping the deterîoration but also
of împrovîng the physîcal state of the object as weIl.
Most of the preservation and consolîdation technîques
used in the past have been based on the fillîng of the
surface pores by brushing, spraying, or sometîmes în-
jecting the object with solutions that fill the pores by
simple evaporation of the solvent or by the formation
of new chemical compounds. For the surface împre-
gnation of stone objects, solutîons of fluorosilîcases,
hydrafluoric acid, soluble gass, calcium hydroxide,
barîum hydroxide, organo-silicon compounds, waxes,
caseîn, and thermoplastics have been most commonly
used. Even though many of these substances have low
viscosîty, the depth of penetration may be very small
even when nearly complete saturation îs achieved.
With the soluble preservatives, the migration of solutes
to the outer layers as evaporation of the solvent takes
place serves to concentrate the pore fiIling substances
near the sùrface. With substances that form new com-
pounds by reacting with the stone, the compounds
generally tend to concentrate in the surface pores as
weIl and thus inhibit penetration of the solution. The

surface layer formed as a result of either of the two
processes acts in very much the same way as the surface
layer formed during normal ageing with the result that
disintegration, cracking and the formation of cavities
may take place under the surface skin.
Epoxy resins solidify as a result of polymerization pro-
cess produced by the action of hardening agents. The
solidification process with epoxy resins does not depend
on the evaporation of solvent nor on the formation of
new compounds by reaction with the components of the
stone. These resins, therefore, offer the possibility of
solidifying stone objects without the formation of sur-
face layers or " skins ". This study was undertaken

with the object of evaluating and developing techniques
for using epoxy resins for the stabilization of stone
objects. In this study four Polish made resins were
used and they had the following epoxy counts :

Epidian 1 : 0,16- 0,2
2 : 0,12- 0,3
3 : 0,3;2 -0,43
4 : 0,42 -0,45
5 : 0,48 -0,52

Two siliceous sandstones, Nietsuliko and Zerkowice, and
two soft limestones, Welcz and Pinczow, were the
materials employed for testing the effect of resin imp~e-
gnation and their properties are given in table I. Studi'es
of the following factors were undertaken :

1. properties of the epoxy solutions;
2. techniques for impregnation of the stones;
3. effect of the resins on the properties of the impre-

gnated stones.

TABLE PROPERTIES OF THE INVESTIGATED STONES

Stone Bulk density Open porosity Imbibition

in water

Resistance
ta water (')

Resistance to
pressure of a

SXSXScm
sample
kg/cm2

Resistance
to frost (')

g/cm3 % % kg/cm2 kg/cm2

Sandstone " Nietulisko 1.78 21.6 12.1 149 161 148

Sandstone " Zerkowice " 1.97 14.3 7.6 373 336 234

Limestone " Welcz " 1.62 27.9 17.4 98 56 62

1.64Limestone ..Pincz6w 30.3 19.7 110 52

(,) Resistance to pressure after 48 hours of saturating a stone with water .
(,) Resistance to pressure after freezing and defrosting a stone.
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