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Methods for the Conservation of Pentelic Marble

Th. Skoulikidis
Professor Emeritus
National Technical University of Athens
School of Chemical Engineering
Department of Materials Science and Engineering
Member of the Committee for the Conservation of the Acropolis Monuments

Abstract

The side effects on monuments and on historic constructions by the methods and
the materials used for the structural conservation and the conservation of the surface are
described, interpreted and criticized; thus, the non-damaging methods and materials
were revealed. The category of damaging methods and materials was revealed by
literature references and by thermodynamic and kinetic supervision, by laboratory mea-
surements and in situ observations by the author on several historic structures in several
countries.

The damaging methods and the materials follow; the non-damaging ones were
selected for the conservation of Pentelic marble on the Acropolis monuments.

Thus:
a. Conservation of the surface
1. Cleaning
i. The use of instruments, dry and wet blasting, ultrasounds, water of high or low
pressure, spraying of water or water vapor, ion exchange resins, acid or alkali solutions,
solutions of ammonium bicarbonate or carbonate, E.D.T.A., biological pack are not
suggested.
ii. Microblasting, sorptive pastes, Lasers (Excimer UV), and inversion of gypsum
(author’'s method) are only suggested.
2. Consolidation
i. Ba(OH)y, fluor- and fluorosilicate compounds, Meyer glue, Waterglass, hydraulic
lime, polymers are not suggested.
ii. Inversion of gypsum, reinforced lime (author’s method) are only suggested.
3. Protection
i. All materials of a.2.i. are not suggested.
ii. Only reversible acrylic polymers, pigmented with n-semiconductors (author’s
method) are suggested.
b. Structural Conservation
1. Metals
i. Stainless Steel (when chloride ions are present in the atmosphere), Bronze and
Brass are not suggested.
ii. Titanium (author’'s suggestion) and stainless steel in absence of chloride ions
(not in the present case) are suggested.
2. Consolidation.
i. The materials of a,2, i. are not suggested.



ii. White cement with quartz-sand and restricted quantity of sulfates (for pentelic
marble with low porosity), the method of reinforced lime, cement with reinforced lime are
suggested.

It is evident that the selection between non-damaging methods and materials and
the conditions of their applications depend on the type of construction materials; thus, it is
indispensable to know their identity, present state and properties, and to realize the
accelerated laboratory tests of their effectiveness.

Introduction

The great responsibility in order to select methods and materials for the structural
and surface conservation of the Pentelic marble, with which the Acropolis unique
monuments are constructed, has imposed on our research group of the Technical
University of Athens a detailed study of the methods and materials used; if none of them
was satisfactory we ameliorated them or invented new ones.

Thus we are presenting the results of this research that were and are applied to
the Acropolis monuments. The optimization of the methods and materials selected or
invented and the details of their application will be presented by other colleagues.

It follows the suggested or invented methods and materials:

a. Original suggestion: Titanium and white cement, with lower than the usual
content of gypsum, were selected for the structural conservation. Already
applied in Greece and abroad (see structural conservation, metals).

b. Original suggestion: The Caryatids and the Cecrops statue after their
transportation into the museum were placed in transparent cases conditioned
by nitrogen circulation. Already applied '

c. Invention: Because we observed that details of the statues and ornaments are
preserved on the surface of gypsum films, we have consolidated these details
by inversion of gypsum into CaCOs3, principal constituent of marble. Already
applied. (see cleaning and consolidation).

d. Invention: A method using liquid crystals was invented for the identification of
gypsum in situ. Already applied. (Fig.1 ©

e. Invention: A non-damaging instrument for measuring the gypsum thickness
was invented: Already applied ** (Fig.2); mentioned in "*°.

f. The inversion of gypsum (c) is also a method of partial cleaning of the surface:
Already applied.

g. Invention: For the consolidation of the surface besides method ¢ we invented
the “reinforced lime”: Already applied both in Greece and abroad (see surface
consolidation).

h. Invention: The mechanism of sulfation was revealed and a method for
protection with n-semiconductors was invented: (pilot application to one column
of the Propylae) (see protection).

i. Invention: Artificial patina. Already applied (see: Artificial patina).



(1) (11) (111)

Fig.1 (i) untreated marble, (iii) sulfated marble, (ii) see Fig.12.
All samples are coated with the mixture of liquid crystals.
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Fig.2 Micro-micrometer for measuring gypsum thickness.



Criteria for selection methods and materials

First of all, it was necessary to determine the criteria for the selection of non damaging
and satisfactory methods and materials. Thus, the following Table |, was formed. The
documents for this formation were taken first from the literature (“*°®), from
thermodynamic and kinetic supervision, from the observations in situ by the author on
several monuments, the results of the application of methods and materials (in Greece
and abroad), as well as from the results of our research.

TABLE I:
Criteria for the selection of methods and materials for all types of conservation:
Structural (metals and mortars) (St), surface: Cleaning (Cl), consolidation (Con),
Protection (Pr).

i.  Gypsum films must not be removed. (Cl, Con, Pr)

i. Gypsum films must not be damaged. (Cl, Con, Pr)

iii. Damages must not be produced on the surface of marbles. (Cl, Con, Pr)
iv. Damaging byproducts must not be formed. i.e.:

hydrolysis

a. (NH4).CO3 = (NH,).SO, > NH*,OH" + H?*,S0%*, pH <7 dissolution of marble
H,O

b. Na?,S0%, <> Na,SO,10H,0 expansion and reduction of volume: cracking
c. CaCOs; + Urea -NH; + CO, (see iv a) (CI, Con, Pr)

v. The solutions must not be alcalic (pH>8): CaCO3 + 2Na*OH" — Ca(OH), + Na,>*CO; >
degradation of CaCO; into Ca(OH), that is removable by water. (Cl, Con, Pr)

vi. The solutions must not be acid: dissolution of marble. (Cl, Con, Pr)

vii. The methods and the materials must not produce or extend cracks (St, Cl, Con, Pr)

viii. The materials must not remove the natural patina or old polychromies (St, Cl)

ix. The velocity of cleaning must not be very fast in order that during application it can be stopped
before producing further damages if such are observed (Cl)

x. The conservator of cleaning must be watched by another conservator by means of video in order
to stop any side effect if any is observed. (Cl)

xi. The materials must not be dangerous for the conservator. (St, Cl, Con, Pr)

xii. The materials must not be attacked by microorganisms, i.e. some polymers, NH4*, or NH;
biological damage. (St, Cl, Con, Pr)

xiii. The materials and the methods must not change the original colours of the clean marble (Cl, Con,
Pr)

xiv. The methods and the materials must not produce detaching of marble pieces. (St, Cl, Con, Pr)

xv. The thermal expansion coefficient of the materials must not differ from that of marble. (St, Cl, Con,
Pr)

xvi. They must not accelerate decay soon or in long term. (St, CI, Con, Pr)

xvii. The mechanical resistance of metals must not be much higher than that of marble. Thus, in case
of an earthquake, the force from the earthquake can be distributed between the metals and
marble and not damage the marble only. (St, Con).

xviii. The mechanical resistance of materials must not change by internal (ageing) or external

(pollution) factors. (St, Con, Pr)

xix. The materials for the protection must be reversible (Pr)

xx. The products of the corrosion of metals must not soil marble (St, Con)

xxi. The mechanical resistance of metals must not be lower than that of marble in order that the
cuttings on original marble, which will receive the metals, will not be high (St).

xxii. The materials must not suffer stress corrosion cracking in the presence of pollutants, i.e. stainless
steel in the presence of chloride ions (St).




Because the criteria i and ii of Table | were added by us it is necessary to explain them.

e The grain boundaries of marble are selectively more sulfated due to dislocations
produced in them during the formation of grains and collisions with each other. Thus,
the elimination of these gypsum films can lead to grain detachments (Fig. 3)

Fig.3, Sulfated grain boundaries, after their washing with water and consequently the
removal of gypsum. The grains are ready to be detached.

The second reason is based on our observation that on the gypsum films details of
the statues and ornaments are preserved®'® which are often eliminate from the
marble surface (Fig.4), according to the mechanism of sulfation we revealed®'2. In

Fig. 5, because the Caryatid was protected from rainwater, more details are
preserved on gypsum films.

e Gypsum Gypsum
“\\
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Fig.4, Schematic presentation of gypsum formation on marble surfaces



Fig.5. Sulfation on the back of a Caryatid. Rear surface protected from rain water. The
details are preserved.

When gypsum films become thicker than some mm they crack and are destroyed due to
cavities formation beneath the high relieves, because the rate of diffusion of calcium ions
is higher, according to the higher concentration of dynamic lines of the electrostatic field,
and since the atmospheric pressure is higher than the vapor pressure in the cavities, the
film cracks (see Figs. 15, 16). Thus, in order not to obtain a definite loss of the details we
must not destroy the gypsum films; on the contrary, we must consolidate them. (see
Consolidation and Protection).

Structural Conservation (static equilibrium, restoration)

For the structural conservation Metals and Mortars are needed.
Metals. In Table Il we see the several metals that could be used for structural
conservation.

TABLE Il
Critique and selection of the appropriate metal according to Table I.
Metal Not appropriate | Appropriate
e Copper XV, XViii, XX, XXi s
e Bronze XV, XViii, XX, XXi S
e Brass XV, XViii, XX, XXi —
e Steel Vi, Xvi, Xx —
e Protected steel — o
e Stainless steel in the presence of CI XXii ——
¢ Stainless steel in the absence of CI — s
e Titanium — +

10



The protection of steel can be used in skeletons, if during restoration or anastylosis it is
possible to applied cathodic protection in addition to anticorrosive paints. For solitary
junctions this is not possible, and only the anticorrosive paints alone are not enough for a
long time protection. In Fig. 6-9, we see what happens to the marbles by the corrosion of
uncoated steel or coated with cement after 60 years of their introduction (Balanos). Even
ancient steel embedded in lead was corroded (Fig. 9, 10). Stainless steel in absence of
CI' in the atmosphere and or in the soil (far from sea) or from industries producing CI" can
be used.

We selected and suggested'®'® Titanium, which fulfils all requirements of Table I. In
Table Il we see the corrosion resistance of Ti in comparison to stainless steel.

(a)

Fig. 6 (a) Replacement of a missing drum by a reinforced concrete one (Balanos
restoration), (b) After corrosion of the steel rods

(@)
Fig 7 (a) Double T steel junction to consolidate a crack (Balanos restoration), (b) After
corrosion of steel junction.
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Fig. 9 Cracks of marble from corrosion of ancient double T embedded in lead (Athina
Niki)

Fig 10. Corroded ancient junctions.
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TABLE Il
Corrosion resistance of Ti in comparison to other metals.

Conditions Ti Ti-Pa | Stainless
Reagents Content % | Temperature steel
in weight (°C)
Inorganic HNO3 68 25 + + \%
acids HCI 5 25 Y% + X
HQSO4 5 25 \Y% + \%
Organic acids | CH;COOH 100 25 + + Y,
HCOOH 50 25 \ v X
Alcalis NaOH 20 25 + + \%
Chlorides NaCl 3 25 + + \%
NaCl 30 25 + + A
(NH4)CI 25 25 + + A
MgCl. 42 25 + ¥ A
Sulfates (NH,;).S0O, Saturated 25 + + \Y
Na,SO, 30 25 + + \Y
Gases Cl, 100 25 + + X
SO, 100 25 + + \%
H.S 100 25 + + \VJ
+: Rate of corrosion (V.) <0,05 mm/year, V: 0,05 mm/year < (V) < 0,13 mm/year,

A: 0,13 mm/year < (V¢)< 1,3 mm/year, X: (Vc)> 1,3 mm/year

The Erechtheion was dismantled and all skeletons and junctions were replaced by
Titanium and rebuilt (1979-1985). Thus, the use of Titanium for structural conservation
was applied for the first time in the world. At this point we must mention the unforgettable
Architect, A. Papanikolaou, who was the soul and the responsible person for this job, with
the contribution of the Civil Engineer K. Zambas, and the unforgettable Sculptor S.
Triandis, who constructed the copies of the Caryatids.

This replacement by Titanium began and continue for Parthenon, the Propylaea and
Athena Nike. It is also applied to other monuments in Greece and abroad "® '®. Other
colleagues will expose in details the application of Titanium to the Acropolis monuments.

Mortars. We suggested the use of white cement, with less gypsum than the usual and
quartz sand. It must be mentioned that even gray cement introduced for restorations by
Balanos 1908-1936 has not produced decay to the marbles for about 60 years — be
cause of the very low porosity of Pentelic marbles — as well as laboratory experiments
(salt spray) with Titanium embedded in white cement have not decayed the metal. Other
colleagues will expose in detail the application of mortars to the Acropolis monuments.

Surface Conservation

Cleaning.

In Table IV we see the methods and the materials for cleaning the marble surface, the
critique and the selection of the non damaging ones.
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TABLE IV
Methods and materials for cleaning the marble surface: critique and selection of

the not damaging ones according to Table I.

Methods and Materials Damaging (Table I) Not damaging
e Turning discs. Metallic brushes. Lancet, | i, ii, iii, vii, viii, ix, X, Xiv —
Scrape
e Vibrating scrape i, i, iii, vii, ix, X, Xiv —
e Sandpaper, Emery cloth i, i, iii, viii —
o Wet blasting i, ii, iii, vii, ix, x, xiv —
e Dry blasting i, ii, ii, vii, ix, x, xi, xiv —
¢ Micro blasting — £
e Ultra sounds i, ii, vii, ix, X, Xiv i
o Water with high pressure i, i, i, vii, viii, ix, X,Xxiv —
e Water with low pressure i, ii, X, X, Xiv —
e Steam i, i, iii, vii, viii, Xiv -
e Sorptive Pastes — 3
e lon exchange Resins i, i, iii, removal of Ca** —_—
e Laser
A) 1064 nm i, i, i, xiii —
B) 355 nm — +
e Acid Solutions i, i, iii, vi —
e Alcalic Solutions i, ii, iii, iv(b), v, vii —
e Ammonium Carbonate or bicarbonate i, ii, iv(a), vii, xii, xiii —
e EDTA (Mora paste A 857):
Disodium salt of Ethyleno-
Diamino Tetra Acetic acid + NH,HCO; +
NaHCOs,,
Desogen i, ii, iii, iv(a b), xiii —
e Biological pack (solution of urea in i, iii, iv(c), xii, xiii —
glycerin)
e Inversion of gypsum
a) K,COj solution saturated with
CaCOj3 (Author method) e 3
b) Solution NH,CO3 i, i, iv(a), xii .
¢) Microorganisms under research

From Table IV it follows that we selected only four methods of non damaging cleaning:
Microblasting, Sorptive Pastes, Laser and Inversion of gypsum.

Microblasting after the selection of the appropriate materials for blasting, the pressure,
the distance, etc. and fulfilling the criteria ix and x of Table | is not a damaging method.
The Sorptive pastes is a very old method and if the water for their preparation is
saturated in CaCOj3; no danger exits for the dissolution of gypsum.

The Laser method, if the appropriate wave length is applied [the infrared turns the colour
of gypsum to yellow '’ (Fig. 11)], is a very good method.

14



The partial cleaning by inversion of gypsum'®, due to the lower molecular volume of
CaCOg3 than CaS042H,0, liberates the soiling particles; by blowing with air or local
vacuum we have ameliorated the method. But the principal application of this method is
the consolidation of the surface. The method is applied by successive spraying of a
solution of K,COj3 saturated, with CaCQOs3;, to the surface to be cleaned. After the total
inversion of gypsum into CaCOg (see Fig. 12, iv) it is permitted to wash the surface with
distilled water, because no danger exist to solve the gypsum films. The mechanical
properties of CaCOg3 by inversion of gypsum are approximately the same as those of
Pentelic marble.

In Fig. 13 we see this transformation %2 (

see also consolidation).

o, )

Fig 11. (a) Gypsum before (i) and after (ii) grafitised and influenced by NdYag Laser
(infrared), (b) — Sulfated and soiled ancient marble after influence by the same wave
length, = after influence by Excimer UV (ultraviolet).

i. BEIl x 250. a Marble, b gypsum, ii. EPMA X-rays x 400. a Marble, b
¢ polyester gypsum. Identification for S

15



iii. EPMA. X-rays x 400 gypsu film after iv. BEI x 130. a 'Marble, b CaCO; after
partial inversion of gypsum inversion.

Fig. 12. Inversion of gypsum

(i)
Fig. 13 i, ii, iii. Inversion of gypsum by successive spraying to the surface with the
solution of KoCOj3 saturated with CaCO3;. Experiments by P. Papakonstantinou.

16



Consolidation

TABLE V

We see the materials used, the critique and the selection of the non-damaging
materials according to the criteria of Table I.

Materials Damaging Not
damaging
e Inversion of gypsum (Author’s — ER
methods)

e Coagulation of SiO, vii, Viii, xv —
e Ba(OH), i, ii, vii, viii, xi, xiii, xiv, xv —_—
o Water glass i, i, iii, iv, vi, xvi -
e Fluorosilicates i, i, iii, iIV(SiF,), vii, viii, Xiv, xv, xvi —
e Meyer glue iii, iv, vi, xvi —
e Hydrolic lime xv, brittle, xiii —
e Polymers (plain) Xii, xiii, xv, xvi, xviii, xix —
* Reinforced lime (Authors methods) — =¥

The inversion of gypsum into CaCOj3; consolidates the gypsum films; thus, the details
of statues and ornaments are saved. It also consolidates the sulfated grain
boundaries

The coagulation of SiO; is appropriate only for pyrite stones; for Pentelic marble it is
not appropriate

Ba(OH), besides the criteria mentioned in Table V, there are many negative
arguments in literature 2.

The water glass is also not appropriate 2*

Fluor-silicates are not appropriate for the Pentelic marble.

Meyer glue hydrolyzed also to HCI

Hydraulic lime is also brittle. With vibrations or earthquake is broken
Polymers (unpigmented). We see in Fig. 14, 15 and 16 that the presence of plain
polymers on the marble surface accelerates sulfation.

24-26

According to the mechanism of sulfation we revealed (see protection): due to the Ca**
diffusion (Fig. 16), cavities are formed beneath the high relieves, and after a certain time
the polymer cracks. Through these cracks by capillary forces a higher amount of SO, and
water vapour enters and accelerates sulfation locally, but also between the polymer film
and marble, resulting in the removal of the coating.

In Fig. 14 we see the acceleration of the sulfation due to successive cracking of the
polymer film.

17
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Fig. 15 Representation of the cracking of plain polymer coatings on marble (see
Protection)
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Fig. 16 Schematic presentation of polymer coating and the cavities formation.

Reinforced lime for surface consolidation and for porous stones

The use of calcium hydroxide (C.H.), lime, for both mass and surface consolidation has

three disadvantages:

1. The rate of its carbonation [(Ca(OH),— CaCQjs] is very slow.

2. Carbonation is not realized in the bulk of its mass.

3. Even after the higher percentage of carbonation the mechanical resistance and the
hardness of CaCOj3; are low.

In order to eliminate these disadvantages®*° we have thought to mix beforehand
CaCOs in calcium hydroxide that its grains act as crystallization seeds, accelerates
carbonation and facilitates carbonation also in the bulk of the calcium hydroxide mass.
This acceleration, according to the Hall-Pech' equation: f=fo+b/vd (where f is the smaller
force for the beginning of plastic deformation of the carbonated lime, f,, b: constants and
d: mean of the grain diameters) leads to smaller grains and consequently to the increase
in the mechanical resistance of carbonated lime. It was also tested an increased CO, in
the environment that could also increase the rate of carbonation and the carbonation in
the bulk of C.H.

To test the mechanical resistance of several C.H.+CaCQOj3 mixtures in order to find
the optimum percentage of CaCOj3 in C.H., the following procedure was adopted: the
Pentelic marble specimens of the form and dimensions of Fig. 17 were mechanically
prepared. They were cut in the cross section (Fig. 17) and three couples of pieces were
stuck with a paste of calcium hydroxide; the same was applied to every three couples
with a paste of calcium hydroxide with several quantities of CaCOs. The specimens were
left in the air in an open thermostatic vessel (25+1° C) till the percentage of CaCQOj; in the
mixture was 60% (it takes more than 650 days). Then the specimens were placed in the
stress corrosion cracking apparatus and the force of cracking at the point of sticking was
measured. The results are shown in Fig. 18.
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Fig. 18. Mechanical resistance (stress) of the carbonated paste, plain and with additions
of CaCO3 vs % additions of CaCOs.
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Fig. 19. Mechanical resistance (stress) of the carbonated paste, plain and with additions
of CO,vs. % additions of CO, in the environment.

In Fig. 18. we see that the higher mechanical resistance is acquired for a mixture of 6%
CaCOs.

Similar measurements, with and without addition of CaCOs, were carried out in the
presence of several concentrations of CO; in the carbonation environment. The results
are shown in Fig. 19. The optimum percentage of CO, is ~25% in the carbonation
atmosphere. In this case (CO. increase) a difference with and without addition of CaCOj5
is not observed. (see also Fig. 20)

The evolution of carbonation of a paste of calcium hydroxide was carried out in the air in
an open thermostatic vessel at 25+1° C without and with 6% CaCOs. At several time
intervals, samples of the paste were analyzed by X-ray diffraction (XRD) and differential
thermogravimetry (DTG). The results are shown in Fig. 21 and 22.

21



100 1

80

60

% CaCO3
[y

40 t

20 A R --—-_-—-—-.-----_-.--.—-_-A--—--_

0 20 40 60 80 100
TIME (days)

—--—- 1.CH 1n25% CO2 WITH AND WITHOUT 6% CaCO3 BEFOREHAND
2. CH IN THE AIR WITH 6% CaCO3 BEFOREHAND

——— -3 CH INTHEAIRWITHOUT CaCO3 BEFOREHAND

------- 4. CH IN THE AIR WITH 6% ARA GONITE BEFOREHAND

Fig 20 Evolution of carbonation of Ca(OH), in the air. 1. in 25% CO, with and without 6%
CaCQOs, 2. with 6% CaCO3 beforehand, 3. without, 4. with 6% aragonite beforehand.

Even after 650 days carbonation in the air is ~60%. From curve 2, compared to 3, we see
the increase of the carbonation rate due to the addition of 6% of CaCOs;. From the XRD
diagrams we identify aragonite as part of CaCOj; for carbonation in the air, i.e. by slow
reaction (see Fig. 21 and 22).

If carbonation takes place in a 25% CO. environment (Fig. 20, curve 1) the carbonation
rate is appreciably higher and in ~100 days the calcium hydroxide is totally carbonated. In
this case, the rate of carbonation does not change when we add beforehand 6% CaCOs.
Formation of aragonite was not observed.

It was also measured the rate of carbonation of Ca(OH), adding 6% aragonite (Fig. 20,
curve 4). The rate is slower than this of plain calcium hydroxide. The percentage of
aragonite is higher after carbonation, i.e. new calcium carbonate imitates the structure of
added aragonite (Fig. 22). The ratio aragonite / calcium hydroxide is 0.26 for curve 2 of
Fig. 20, 0.399 for curve 3 of Fig. 20 and 0.528 for curve 4 of Fig. 20.
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Fig 22 XRD from a sample with 6% aragonite beforehand, with the same total quantity of
CaCO;s as for Fig. 21, after a slight carbonation.
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Many other measurements were realized in order to verify the optimum percentage of
calcium carbonate added to calcium hydroxide as well as the optimum percentage of CO;
in the air. It was also verified the correlation between the rate of carbonation, the grain
size and the mechanical resistance. It was also proved that the addition of calcium
carbonate beforehand leads to deeper carbonation.

To verify that the optimum percentage of calcium carbonate added to calcium hydroxide
is indeed 6% the following experiments were performed by measuring the rate of
carbonation.

The evolution of carbonation of a paste of calcium hydroxide was carried out in the air for
three mixtures of calcium carbonate in calcium hydroxide 4%, 6% and 8% of calcite in an
open thermostatic vessel at 25 + 1°C. At several time intervals, samples of the paste
were analyzed by X-ray diffraction (XRD) and Differential Thermogravimetry (DTG). The
results are shown in fig. 23.

40 r 1
é 30 r
8 20 r 3
= 10
O 1 1 1 1 1 1 J
0 ] 10 15 20 25 30 35
TIME (days)

—— 1. CH + 6% CALCITEBEFOREHAND
— 2 CH +8% CALCITEBEFOREHAND
—— 3 CH +4% CALCITEBEFOREHAND

Fig. 23 Evolution of carbonation of Ca(OH)z in the air with 4%, 6% and 8% calcite
beforehand.

The evolution of the carbonation of calcium hydroxide, with 6% calcite for three different
percentages of 15%. 25% and 35% CO: in the air was also measured. The results are
shown in fig. 24.

24



100

&0 |

60 |

% CaCQq

40 |

20

0 10 20 30 40 50 60
TIME (days)

1. CHA46% CaCO3 beforehand in CO2 25%
= = = =2 CHA4& CaCO3 beforehand m CO2 15%
— —— -3 CH+&% CaCO3beforehand i CO2 35%

Fig. 24 Evolution of carbonation of Ca(OH), with 6% calcite beforehand in 25% (curve 1)
15% (curve 2) and 35% (curve 3) of CO».

To confirm the correlation between velocity and grain size SEM photographs were taken
on carbonated calcium hydroxide with 4%, 6% and 8% calcite (Fig. 25 a, b, c¢).

To confirm that the presence of calcite leads to deeper carbonation in the whole bulk of
calcium hydroxide the following experiments were performed: cylindrical specimens of
calcium hydroxide. with and without calcite beforehand in the air and in 25% CO. were
carbonated at the same time. Then the specimens were embedded in polyester and cut
in the cross section. To the surface of each specimen solutions of ammonium citrate and
thymol-phthalein were applied. The solution of thymol-phthalein colours blue the calcium
hydroxide, but calcite is not coloured (Fig. 26 a, b, c, d).
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Fig. 25 a,b,c. Grain sizes of calcium carbonate formed with 4% (a), 6% (b) and 8%
(c) calcite beforehand, SEM-micrographs, X2000.

c - d

Fig. 264, b, c, d. Areas of Ca(OH), (blue-gray) and of calcium carbonate. a: Carbonation

in the presence of 25% CO,, b: Carbonation in the presence of 25% CO, and 6% CaCOs

in the Ca(OH). c: Carbonation in the air without 6% CaCOg, d: Carbonation in the air with
6% CaCOs.

The method of reinforced calcium hydroxide by addition of 6% CaCO3; (and 25% COs) is
largely used on the Acropolis monuments for consolidation of surfaces and porous stones
as well as for sticking small pieces; the material being in the form of solution, emulsion or
paste. In Table VI we see some mechanical parameters of porous stones of the
Acropolis, Malta and a Byzantine church in Athens before and after treatment with

reinforced calcium hydroxide.
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TABLE VI v
Consolidation of porous stones by a solution of “reinforced lime”

P OTEUS Sons Porosity Point mechanical resistance*
% decrease MPa % increase
. Before 30.3 30
From the Acropolis After 578 8.25 39 30
Before 36.9 67.7

From Malta After 329 10.8 745 10

From a Byzantine Before 4.6 26.1 134.5 07

Church After 3.4 ' 171

*Experimental Collaboration with Assoc. Professor V. Christaras Aristotel. Univ. of
Thessaloniki

The mechanical resistant of reinforced lime is the same as that of Pentelic marble.
Therefore, it is largely used on the Acropolis monuments, other monuments in Greece
and abroad. Other colleagues will expose its application

Protection®'*3

The mechanism of sulfation

Some of the materials of Table V are used for protection, with disastrous decays and are
not suggested. The polymers were largely used, some are also used today. Besides the
criteria mentioned in Table V, for polymer the criterion xvi is principally valid. (see also
consolidation Fig. 14, 15). In order to retard or annul a reaction such as sulfation or
dissolution we must reveal the mechanism of this reaction, i.e. the rate determining step.
The mechanism of dissolution of marble by acid rain was known. We revealed the
mechanism of sulfation. We followed all steps described by the Chemical Kinetics: the
measurements of the rate of the reaction in temperatures 25-60° C, (Fig. 27) in an
environment of 1 — 50% SO, with humidity — Arrhenius diagram (Fig. 28) — calculation of
the activation energy =18 Kcal/mole for gypsum thickness over 300 A. We thought to
modelise sulfation by a galvanic cell (Fig 29) like this for the corrosion of metals.

100
60°C

8

50°C

(=]
<

40°C
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20 25°C
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Fig. 27 Evolution of sulfation of marble specimens over a gypsum thickness of 300 A.
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Fig. 28 Arrhenius diagram
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The thermodynamically calculated normal potential of this cell is <1500 mV enough to
produce reversible disorders to calcium ions (the smaller between Ca®*, COs*, SO4)
and to facilitate the diffusion of Ca®*, (Fig 30). This could be the rate-determining step.
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Fig. 30 Diffusion of Ca®* according to the laws of galvanic cell: from the surface of marble
towards the environment, through the already formed gypsum film.
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The electrochemical reactions are:

[5O;,, + 0,50, — S0, fast catalysed reaction]
- CaC{);(s) +2 Hzotﬂ — Ca“{s} + CO;Z_{S]—'*C&}"IS} +C02{:} +0,5 Ozl.t.} +2e

1 | |

(+) SOy, + 0,50, + 2 — SO

CaC0s) +5035) +0,5 Os(g) +2 HyOtg) — CaS04s 2H;Op5) + COy)

and the evolution of sulfation is given by the following parabola:

P
y2=o| B0 _ RTzln 2 UVt
nF (neF) Pso, P Py o

where Y: gypsum thickness, Epy: normal potential, R: Gas constant, T: absolute

temperature, ne: number of electrons per ion, F: Faraday constant, Pcoz: partial pressure

of CO,, Psoz: partial pressure of SO,, Poz: partial pressure of Op, P2o: partial pressure of

water vapor, p.: transport number of cations, p.: transport number of anions, u:

conductivity, V,: molecular volume of gypsum, t: time.

To prove this hypothesis'®'2 31-43:

e We have formed the galvanic cell: and we have also measured the potential: it was
approximately the same as this calculated thermodynamically.

e We vary the concentration of SO, or O,. We see the results in Fig 31,32 (The Nernst
low is valid).

|2}, T T
10- 87 H
8- 6+ £
K B
Gominy 8 (% min") |
4]-
o 4
2
N | L i ) 1 I 1 ! ; I I I ! I
o1 02 03 04 05 06 07 08 09 02 04 06 08 10 12 14
. 1+ log P, 2 + log P,
Fig. 31 Rate constant vs logPsoz Fig. 32 Rate constant vs logPo2
concentration concentration

e We measured Ca and S by EPMA in a polymer coating (Fig. 33) and we saw the
diffusion of Ca®* towards the surface. If polymer doesn't permit the diffusion of
S03(g),02() and H2O(g , we have the result of Fig.34.
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Fig. 33 (a) Microphotograph from scanning electron Microscope (x150) of a section of
“protective” polymer of a thickness of 200 pm, on a marble sample, (b-f) the profiles of
the concentration of Ca and S by EPMA on a section of polymer after the effect of 50%
SO, + 50 % air saturated with water vapour at 25°C, after 2 days (b), 6 days (c), 7 days
(d), 13 days (e), 20 days (f).

Ca S

Fig. 34 Formation of gypsum on a marble sample only on the surface of “protective”
coating of a thickness of 200 pm due to diffusion (profiles Ca and S) for polymer that
does not permit the entrance of SO, and humidity through it.

« In the Cadiz Cathedral (Spain) we found Ca inside a polymer coating for protection®.
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e The galvanic cell model for the sulfation of Pentelic marble was approved
internationally"® 4447,

e The formation of gypsum on the surface of marble and the formation of details on
statues and ornaments on the gypsum surface is also a proof.

e Because the mechanism of sulfation is similar to the corrosion of metals we thought to
protect marbles by anticorrosive paints for metals (Fig. 35).

| | | I
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600
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g

0 40 80 120 160
Time (days)

Fig. 35 (a) uncoated marble, (b) coated with plain acrylic, (c) coated with Coal Tar Epoxy,
(d) coated with epoxy, (e) coated with Chlorinated Rubber.

In diagram Fig. 35. we see that Coal Tar Epoxy and Chlorinated Rubber protect marble,
but Coal Tar Epoxy is black and Chlorinated Rubber turns to yellow, both are not
transparent and irreversible. The only reversible polymer is plain acrylic, which has
already been mentioned, and as we see in fig 35 (b) it cracks and accelerates sulfation.

Protection by n-semiconductors

Thus, we thought to use another method of protection: cathodic protection, if we mix a
reversible polymer (acrylic) as support with n-semiconductors, plain or doped
ones. With this mixture we will have a protection due to the predisposition of n-
semiconductors to offer electrons.

We tested this first with metals®9 **°? and then with Pentelic marble®**®. We have used
Al,O3 and TiO,, Ti(OH)4 plain and doped. The results are shown in Fig 36 and 37.
Besides the very high protection of marbles against sulfation these semiconductors
protect polymer from UV®, they regulate the coefficient of thermal expansion®® of
polymer and repulse some microorganisms and some suspended particles®'. The mixture
is transparent and colorless. We test many samples in laboratory of Pentelic marble and
other stones from France, ltaly, Spain, and Portugal with the same good results. We
tested on the Walls of Acropolis and at last in the 12" July of 1996, we coated with this
mixture (with doped Al>O3) a column of the Propylae, that till now is under observation:
color changes or gypsum on the surface. Nothing happens. Other colleagues will expose
this, as well as the protection of an inscription outdoors.

Because the rate determining step of acid attack is also a diffusion the mixture protect
also from acid rain.
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Fig. 36 Evolution of sulfation according to the type of n-semiconductors based on oxides
and hydroxides of Aluminum, plain or doped.
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Fig. 37 Evolution of sulfation according to the type of n-semiconductors based on oxides
and hydroxides of Titanium, plain or doped.

Artificial patina: imitation of natural patina (pink-red brawn).

During restoration new marbles are introduced. To eliminate the high contrast with the old
ones we use artificial patina: a mixture of reversible acrylic with n-semiconductor Fe2Os.
This mixture also protects the new marbles (Fig. 38). An example of this can be see in
Fig. 39. Other colleagues will speak about this application in situ and in large scale.
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Fig. 38 Evolution of sulfation according to the type of n-semiconductor based on oxides
and hydroxides of iron, plain or doped.

@ (b)
Fig. 39 A new drum from new marble on the fifth column on the Parthenon (south part),
(a) before and (b) after treatment with artificial patina.
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MéBodo1 Zuvthpnong Tou MevreAikou Mappudpou

O. ZkouAikidng
Ouodrniyog Kabnynrng
E6vikou Meraoiou lNoAurexveiou
Tunua Xnuikwv Mnxavikwv
Touéag Emotnung kar Texvikng Twv YAIKwv
MéAoc tn¢ Emitportig 2Zuvinprnosws Mvnueiwv AkpotroAews (E.2.M.A.)

MNepiAnywn

MeplypdgovTal, epunvelovTal Kal KPITIKAPOVTAl Ol TIAPEVEPYEIEG OTTO TIG HEBGBOUG
Kal Ta UAIKG TTou XpnoigotroloUvTal yia Tn OOMIKA CUVTAPNON Kal T ouviipnon tng
EMIPAVEIOG TWV PVNUEIWV Kal TWV IOTOPIKWY KOTOOKEUWYV. ETOI atmmokaAuTITovTal ol pn
KaTAoTPOQIKEG pEBOBOI Kal UAIKG. H Katnyopia Twv KaTtaoTPoPIKWV HEBOBWV Kal UAIKWV
atrokaAUeBnke atd Tn BiBAIoypagia, kal atrd BepPOdUVANIKN Kal KIVATIKA ETTOTITEIA, aTTO
EPYOOTNPIOKEG UETPAOEIG KAl OTTO ETITOTTIIEG TTAPATNPIOEIG TOU YPAPOVTOG OE DIAPOPES
IOTOPIKEG KATAOKEUEG OE DIAPOPES XUWPEG.

AkoAouBoUv o1 KaTaOTPOPIKEG WEBODOI™ 01 Un KOTAOTPOPIKEG HEBODOI ETTIAEXTNKAV
yla TNV ouvtripnon Tou MevreAikoU yappdpou aTa pvnueia Tng AKPOTTOANG.

‘ETO1:
a. KaBapiopog TnG EMIQAVEING
1. KaBapiopoég
i. Agv ouvIOTWVTAL: N XprRon epyaAciwy, f Enpn kal uypR wnypatoBoAn, utrépnxol,
vepd UuWPnAAC i XOWNAAG TTieong, Wekaouog pe vepd 1 udpaTpoUg, IOVEVAAAAKTIKEG
pnriveg, 6&iva 1 aAkaAika diaAlpara, SioAUpata 6&ivou avBpakikoUu 1 avBpakikou
aupwviou, E.D.T.A., BIOAOYIKO ETTIOTPWUA.
ii. ZUVIOTWVTAI POVO: HIKpownyuaToBoAr, poenTikég TTaoTeg, Laser (Excimer UV)
Kal avaoTpo@r) Tou yuyou (UéBodog etivonuévn até Tov ypageovTa).
2. Ztepéwon
i. Aev ouvioTwvtal: Ba(OH). @Bdpio — kai @BopIOTTUPITIKEG EVWOEIG, KOAa Meyer,
udpUaAoG, udPAUAIKA AOBECTOG, TTOAUMEPH.
ii. ZuvioTWvTal POvo: avaoTpo@r Tou yluyou, evioxupévn doBeotog (pEBOdOG
gtmvonuévn atré Tov ypagpovTa).
3. MpooTacia
i. Aev ouvioTwvTal 6Aa Ta UAIKA Tou a.2.i.
ii.ZuvioTwvTtal POvo QvTIOTPETITA TTOAUMEP HE N — nuiaywyoug (uéBodog
gTmivonuévn até Tov ypagovTa).
B. Aopiki ZuvTpnon
1. MéraAAa
i. Aev ouvioTWvTal: avogeidwTtog XaAuBag (6tav UTTapXOouv OTNV atuoo@alpa
XAwpiévTa), UTTPOUVTOG Kal OPEIXAAKOG.
ii. ZUVIOTWVTAL: TITAVIO (TTPOTACT TOU YPAQPOVTOG) Kal avogeidwTog XAAuBag Xwpig
XAwpIOvVTa aTnV atpéoaipa (dev 10XUEN yia TNV TTEPITITWON TNG AKPOTTOANG).
2. Zrepéwon
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i. Aev ouvioTwvTaAl: Ta UAIKG TOU Q,2, .

ii. ZuvVIOTWVTAl: AEUKO TOIMEVTO PE XOAQdIOKr AUUO Kal TTEPIOPICHEVN TTOCOTNTA
Benkwv (yia 10 lMevieAkG pdpuapo Tou €xel TTOAU HIKPG TTOPW3ESG), N WEBOBOS TNG
EVIOXUMEVNG AOBECTOU, TOIUEVTO WE EVIOXUUEVN AoBeaTO.

Eival rpogaveég 611 n Aoy HETAEU Twv PN KOTOOTPOPIKWY HEBGBWY KAl UAIKWV
Kal Ol OUVBNKEG TNG £QAPUOYAG TOUG EEaPTWVTAI ATTO TO €i00G TWV UAIKWY KATAOKEUNC.
‘Etoi eival amrapaitnto va yvwpifoupe TNV TautéTNTA TOUG, TNV TWPIVE KOTAGTACH TOUS KAl
TIG 1BI0TNTEG TOUG, KaI VO TTPAYMATOTTIOIOUME TIG ETTITAXUVOUEVEG EPYACTNPIOKEC DOKIUECG
TNG ATTOTEAECHUATIKOTNTAG TWV PEBGDWV.

Eicaywyn

H peydAn euBuvn otnv emAoyr peBddwv Kal UAIKWY yia TN SOUIKA ouvTripnon Kai
™ ouviipnon NG em@edveiag Tou [MevieAikoU papudpou, TOU UE QuTd  gival
KOTOOKEUQOMEVA TO POVODIKA pvnueia TNG AKpOTTOANG, £TTERBaAQv OTNV EPEUVNTIKI HAG
opada Tou E.M. TMoAutexveiou pia AETITOMEPH WEAETN Twv PEBOBWYV Kal UAIKWY TToU
XPNOIYOTTOIOUVTal. 2TNV TTEPITITWON TTOU OPICHEVEG aTTo TIG HEBAdOUG ) Ta UAIKA dev ATav
IKAVOTTOINTIKA Ta BEATILOOAUE 1] EQPEUPAE VEQ.

‘Eto1  mapouoidloupe To  amoTteAéopata  QUTAG TG €peuvag, Ta  oTroia
EQAPPOOTNKAY Kal e@apudfovTal ata pvnueia TnG AkpotoAng. H apiototroinon twy
MEBODWVY Kal TwV UAIKWY, TTOU ETTIAEXTNKAV ] EQPEUPEBNKAV, Kal O AETITOUEPEIEG TNG
£(papuoyng Toug Ba TTapouciacTolv aTmo AAAOUG CUVADEAPOUG.

AkoAouBouv ol péBodol kai Ta UAIKE TTOU TTPOTEIVAE:

a. [lpwTtoTuTIn UTTEBEIEN: YIa TN SOUIKA cuvTAPNON ETMAEXTNKE TITAVIO KOl AEUKO
TOIUEVTO, PE AiyOTEPO yUwo atré To guvnBiouévo. E@apudlovral Adn oTtnv
EAAGOa Kal TO EWTEPIKO (BAETTE SopIkA ouvTipnon, WETAAAQ).

B. Mpwrtdtutn utddeign: ol Kapudmdeg kai o KékpoTrag, JETG TN HETAPOPA TOUG
oto Mouaoegio, ToTTOBETABNKAY Ot  dlagaveig cTsyavoug XWPOoUG
KAIHaTIgopevoug Ue KukAogopia alwrtou. Egapuodletal idn" .

Y. E@etpeon: emeidn maparnpriocaue 0TI AETTTOPEPEIEG TWV AYOAUGTWY KAl TOU
YAUTITOU B1GKOOMOU d1aTNPOUVTalI OTA OTPWHOTA YUWOU, OTEPEWCANE AUTEG
TIG AETTTOUEPEIEG PE avaaTPO®r] Tou yUwou Trpog CaCOs, KUPIO oUCTATIKO TOU
papuapou. E@apudotnke ndn (BAETTe KaBapIopdg Kal oTePEWanN).

0. Eogelpeon: emvondnke péBodOG pe XprAon uypwv KpucTa)\)\wv yla Tnv emi
T4TTOU avayvwpion Tou yowou. Eapudotnke AN (Eik. 1)2

€.  E@eupeon: emvonBnke 6pyavo un KataoTpo@IKNg psTpnong TOU TTAYO0UG TOU
yOwou. E@appdotnke ndn** (Eik. 2), avagéperal oTo ™

o1. H avaotpo@r Tou ylwou (y) eival emmiong Wia uéBodog usleoU kaBapiopou
NG em@aveiag. EQapudoTtnke Ron.

¢. Eo@elpeon: yia tn oTEPEwON TG EMQAvEIAG, TEpav TG HeBODou ()
ETTIVONoauE TNV “evioxuuévn aoBeoto”. EQapudoTtnke Adn otnv EAAGSa Kkai
aT0 EGWTEPIKO (BAETTE OTEPEWON ETTIPAVEIAG).

n. E@elpeon: amokaAu@OnKe o punxaviouog Tng yuywoTtroinong Kal £1mvoronke
MEBODOG TTpoOTACiag ME N — nuIaywyoUg (TTIAOTIKN £@appoyn O’ évav Kiova
ata NpotruAaia (BAETTe TTpooTACIQ).

0. Epeupeon: texvnt aniva. EQappoddetal Adn (BAETTE TEXVNTH TIATIVA).

O1 BIBAIOYPAQIKEG TTAPATIOUTTEG AVTIOTOIXOUV OE EKEIVEC TOU AYYAIKOU KEILEVOU.
H apiBunaon Twv ekOVWY TTAPATTEUTTEN OTIG EIKOVEG TOU ayyAIKOU Keluévou. BAETTE AeavTeg aTo TEAOC.
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Kpitipia yia Tnv emmiAoyn HeBOdwV Kai UAIKWY

‘Hrav kar apxAv xpAoiuo va KaBopiotouv Ta KPITAPIA yia TNV €TAOYR Twv MN
KATAOTPOPIKWV KAl IKAVOTTOINTIKWY PeBOdwv kal uAikwv. ‘ETol, diapopewbnke o
akbAouBog MMivakag |. Ta dedopéva yia auth ™ diapdpewaon aviAfdnkav amd Tnv
BiBAIoypagia™* 2 amo Beppoduvapik Kal KIVATIKA €TTOTTTEIQ, ATTd TIG €T TOTTOU
TTAPATNPACEIG TOU YPAPOVTOG OE diagopa uvnueia, amd Ta amroteAEopaTa 1NG EQApUOYAS
MEBOOWV Kal UAIKwV (oTnv EAAGDQ kal 010 €§WTEPIKO), Kal £TTIONG ATTO TA ATTOTEAEOUATA

TWV EPEUVWV HAG.

MINAKAZ |:

KpitApia yia tnv emAoy MEBOSWV Kal UAIKWV yia OAoug TOug TUTTOUG
ouvtiipnong: AopikAg (HETaAAa kai Koviduara) (Aop.), Emeadveiag: Kabapiopog
(Kab.), Zrepéwon (Z1.), NpooTacia (Mp.).

Vi.
Vii.
viii,

Xi.
Xii.

Xiii.
XiV.

XVi.

XVii.

XViil.

Aev TTpéTTEl va atrodakpuveTal o yowog (Kab., Z1., Mp.)

Agv TpéTTel va TTpokaAouvTal BOPEC oTnV ETTIPAvEIa Tou yuwou (Kab., Z1., Mp.)

Agv TTPETTEI va TTPOKAAOUVTAI POOPES OTNV ETTIPAVEIQ TOU TTETPpWHATOC (KabB., Z1., Mp.)

Aev mpéTTel va dnuioupyouv BAaBepd TTapartTpoidvTa AX.:

a. (NH4)2CO3 pe tov yowo = (NH.),2*S0O, > udpdiuon > 2NH,OH + (H30),2*S0,% > pH <7
didAuon TrETpo’ungT%g (Ka8.).
B. Na?",SO ;=2 Na,S0, 10H,0: aufopciwan dykou, pnyuarwoeig (Kab.)

y. CaCOs; + oupia -NH3 + CO, (BA£TTe iva) (Ka®.).

Ta SiaAGpaTa va unv gival aAkaikd (pH>8): CaCO; + Na*OH™ — Ca(OH), + Na?'C03 7,
arroodBpwan, Adyw diaAutou Ca(OH), kal @Bopd tn¢ emipdveiag (Kad., Z1., Mp.).

Na pnv gival 6€iva: didAuon Tou papudapou (Kab., z1., Mp.).

Na pn dnuioupyouv n eTTekTeivouv pwyMES (Aop., KaB., Z1., Mp.).

Agv TTPETTEI VA KATACTPEPOUV TN QUOIKN TTATIVA i} TTAAIEC TTOAUXPWWIEC (Aou., Kab.).

Agv TTPETTEI N TAXUTNTA KABAPIOWOU va €ival JeyAAn waTe, Katd tnv dIApKEIa TNG EQAPHOYAS
TOU, VO UTTOPEI va BIOKOTTTETAI QMECWG, AV TTAPATNENOOUV KATACTPOWPIKES ETTITITWOEIC.

O ekTeAwvV TOV KaBapIopd Ba TTPETTEI va TTapakoAoubeital pe video atrd dAAov, WaoTe va
eAEyxeTal kal avaoTéEAAETal KABE TTapevépyeia (Kab.).

Na unv eival BAaRepad yia Toug epyaldpevouc (Aou., Kab., 1., Mp.).

Agv TTpETTEl Va TTPpOoaBAAANOVTal ATTO PIKPOOPYAVIGHOUGS, A.X. opiouéva TToAupepr), NH4*, 4 NH3:
BioAoyikn TTPooBoAn (Aop., KaB., Z1., Mp.).

Na unv aAAagouv 10 Xxpwua Tou akdAuTTTou TTeTpwuatog (Kab., 1., Mp.).

Na unv TTpokaAouv atrokOAANon Tepayiwy (Aou., Kab., Z1., Mp.).

O ouvTteAeoTAG BepuIKAG BIA0TOANG TWV UAIKWYV Oev TTPETTEI va DIaPEPEI aTTO EKEIVOV TOU
Hapudpou (Aop., KaB., 1., Mp.).

Agv TTpéTTel va emmiTaxUuvouv @BopEG, AUECT ) Jakpoxpovia (Aop., Kab., Z1., Mp.).

H unxavikr avroxr Twv PeETAAAwY dev TTPETTEN va gival TTOAU peyaAUTepn aTrd ekeivn Tou
papuapou. ‘Etol o€ mrepitTTTwon oeiopou, n dUvapn Tou GEIOKOU JTTOPEI va HoipaaTei petagl
HETAAAWYV KAl HOPHAPEOU KAl va Jn KATaoTREWE! HOVO TO HApHapo (Aop., ZT1.).

H pnxavikr avroxr Twv UAIKwy dev TTpETrel va petaBAaAAeTal atrd evdoyevn (yRpavon) A e§wyevn
(putravaon) TrapayovTeg (Aop., 1., Mp.).

Ta uAIKd yia Tnv TTpocTacia TTPETTEl va gival avtioTpetttd (Mp.).

Ta mpoidvra diaBpwong Twv PETAAWY dev TTPETTEI va XpwHaTi{ouv Ta Jappapa (Aop., ZT1.).

H unxavikn avroxr Twv PETAAWY dev TTPETTEN va gival TTOAU PIKPOTEPN EKEIVNG TOU HapUApPOU,
€701 WOTE Ol EVIOPUIEG OTA QUBEVTIKA PApHapa, TTou TTPOKeITal va dexBolv Ta JETAAAQ, va unv
gival JeyaAeg (Aop.).

Ta uAika dev TTpETTEl va u@ioTavTal Bpauon atd dIABPWaON HE PNXAVIKA KATATTOVNON TTApoUdia
puUTTaVTWV A.X.: avoéeidwTog xaAuBag TTapouaia XAWPIOVTWV.
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Emeidn Ta kpirApia i kai i Tou Mivaka | TpooTéBnkav amé gudg, eival Xprioigo va Ta

e€nyfooupe.

e Ta meEPATWTIKA OpIa TWV KOKKWV TOU papudpou gival o euaiodnta, Adyw atagiwy
TTOU TTPOKANBNKAV O ‘auTd KATG TO OXNUATIOPO TOUG KAl TWV GUYKPOUTEWY PETAEU
TOUG. 'ETOI, N §AAEIYN QUTWY TWV OTPWHATWY YUWOU UTTOPEi va 08nynoel o€
ATTOKOAANGN TEPAYXiWV.

® O deutepog AGyog Bagiletal oTNV TTAPATAPNON WAg 6T ETAVW OTA OTPWHATA yuyou
dlatnpolvTal AETITOUEPEIEG TWY AYAAUGTWY Kal TOU YAUTITOU Siakéapou’'?, oUpQwva
ME TOV pnxavioudé Tng yuyotoinong mou amrokaAlyape® 2, ol OTTOIEG CUXVA €XOUvV
egaheipBei amd Tnv em@dveia Tou pappdpou (Eik. 4). v Eik. 5, emedn n Kapudrig
ATav  Tpo@uAaypévn atmmd To veEPSG TNG PBpPoxng Slartnpridnkav TTEPIOTOTEPEG
AETITOPEPEIEG OTA OTPWHATA YUWOU.

Otav ta oTpwuara yoyou yivouv TraxUTtepa ammé pepikd XIAIOOTd, pnydaTwvovTal Kal
kataoTpépovTal, €& aImiag TG dnuioupyiag KOIAOTHATWY KATw atré Ta eEwyAuga, emeIdn o’
autd n ToxutnTa SIdxuong Twv 16VIwv aoBedTiou eival peyaAUTEPN, Adyw Tng
MEYAAUTEPNG OUYKEVTPWONG TWV SUVAMIKWY YPAUHWY TOU NAEKTPOCTATIKOU TIESIOU KOl
agoU N aTUOCPAIPIKN TTiEaN €ival HEYOAUTEPN QIO TNV TAON ATPWY PECT OTIG KOIAOTNTEG,
Ta OTpwpata pnypatwvovtal. ‘ETol, yia va pnv éxoupe TeENIKA KAaTraoTpoQr Twv
AeTITOpEPEIWY, BEV TTIPETTEI VA KATAOTPEPOUNE Ta OTPWHATA YUWou, aAAG avTiBeTa, TIPETTEI
va Ta oTepewvVoulE (BAETTE ZTepéwan kal MpooTtaaia).

AopikA Zuvripnon (ETaTikn Ic0ppoTTia, amokardoTacn)

lNa ™n dopikr) ouvTripnon Xpelddovtal PETAAAG KaI KOVIGUATA.
MéraAAa. >tov MMivaka 1l BAémoupe ta Sidgopa péTaAha Tou Oa uTTOpoUcav va
XpnoigoTtroinBouv yia Tn douIKA cuvTrhipnan.

MNINAKAZ I
KpiTik) kai emiAoyn Twv KatdAANAwY PeTAAAWY oUP@WVa pe Tov Mivaka |

MétaAda — Kpduarta AKaT@AANAa KatdAAnAa
o XaAkog XV, XViii, XX, XXi —
e M1rpouvTdog XV, Xviii, XX, Xxi —
¢ OpeixaAkog XV, Xviii, XX, Xxi —
o XdaAuBeg vii, Xvi, Xx —
e XAAuBeg TTpooTATEUPEVOI — s
o AvogeidwTtog XdAuBag mapouaia CI XXii -
e Avogeidwrog XaAuBag atrouaia CI — +
e TiTavio == +

H Tpootacia Ttou x&AuBa pTmopei va xpnoiyotroinBei oe OKEAETOUG, av Katd Tnv
aTroKaTaoTacn ) avacTAAwan eival duvard va eQapuoaTel kaBodIKN TTPOOTACIA ETTITTAEOV
TWV avTISIABPWTIKWY XpwHAaTwy. MNa pepovwuévoug ouvdiopous autd Sev eival Suvatd
Kal T avTiIdIaBpwTIKA XpwpaTta uéva Toug Oev €TAPKOUV yia  Hid Hakpoxpovia
mpooTacia. ¥ng Eik. 6 — 9 BAémoupe T oupBaivel oTa pdpuapa amd TN d1GdBpwon
ammpooTATeuTou XAAuBa 1 euBamTIoUévou Ot TOIUEVTO, HETG 60 Xpovid aTrd Tnv
ToroB€Tnon Toug (MmaAdvog). Akun Kai o apxaiog XAAUBAG euBaTITIoNEVOC OE MOAUBBO
diaBpwénke (Eik. 9 kai 10). Mmopei va xpnoiyotoinBei avogeidwrog XGAUBaC amougia
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XAwpPIOVTWY oTnv atudéo@aipa Kai/fj oto €dagog (pakpid amd 1 B8aAacca) r amo
Biounxavieg tTou ektréuTrouyv Cl.

EmAé€ape kai rpoteivape '’ 1 xpnoipotroinon TiTaviou, TTou TTANPOI TG TTPOUTTIOBETEIG
tou Mivaka |. Ztov Mivaka Il BAémroupe TNV avriotaon Tou Ti oTn dIGBpwon og ocuykpion
ME TOV avogeidwTo XAAuBa.

MINAKAZ 11l
AvrioTaon oTn didBpwon Tou Titaviou o€ cUykpion HE AAAa HETAAAQ
SpitiniEG AvoteidwTto
. MepiekTikOTNTO | Ogpuokpaaia | Ti Ti-Pa ; S
AvTidpaoTrpia % KaTé BAPOC °C) XGAuBag
Avopyava HNO; 68 25 + + \%
o&éa HCI 5 25 \% + X
H,SO, 5 25 Vv + Vv
Opyavikd CH;COOH 100 25 + + \%
o&ta HCOOH 50 25 \% \% X
AAKGAIO NaOH 20 25 + + \Y%
XAwpiovuxa | NaCl 3 25 + + \%
NaCl 30 25 + + A
(NH,)CI 25 25 + + A
MgCl, 42 25 + + A
Ocika (NH4)2.SO, Kopeopuévo 25 + + \Y
NaQSO4 30 25 + + \VJ
Aépia Cly 100 25 + + X
SO, 100 25 + + \%
H.S 100 25 - + \%

TaxutnTa didBpwang (Vs) <0,05 mm/étog, V: 0,05 mm/étog < (Vs) < 0,13 mm/ETog,
A: 0,13 mm/étog < (V)< 1,3 mm/étog, X: (Vs)> 1,3 mm/ETog.

To EpéxBeio ammofnAwenke, kai 6Aol oI OKEAETOI Kal 01 GUVOECHOI aVTIKATAOTAONKAV WE
Tirdvio, kar avaoTnAwenke ek véou (1979 — 1985). 'E1ol, n xpnoipotroinon Titaviou yia
SOMIKA oUVTAPNGON EQAPUOCTNKE YIa TTPWTN QOPA OTOV KOOWO. ' auTd TO ONUEIO TIPETTEI
VO pPvNUOveUoouUpE Tov agigvnoTo Apxitéktova A. MNatravikoAdou, TTou ATav n Yuxn Kai o
uTTEUBUVOG Tou £pyou, PE Tn cuuBoAr Tou MoAmkoU Mnxavikou K. Zauta, Kal Tov
agiyvnoTo FAUTITN Z. TPIGvVTN, TTOU KATAOKEUAOE Ta avTiypapa Twv Kapudmidwy.

H avtikar@oTtaon pe Tiravio dpxioe kal ouvexigetalr atov MapBevwva, ta MpotruAaia Kai
v ABnva Nikn. E@apudletal emmiong oe GAAa pvnueia Tng EAAGSOG Kal 0TO €GWTEPIKO
X186 AANoI ouvadEAPOI Ba eKBETOUV PE AETITOPEPEIEG TNV EQapuoyn TiTaviou oTa pvnueia
™NG AKPOTTOANG.

Koviduara. Mpoteivaue Tn Xxprion AeukoU Tolpéviou pe Aiyétepo yoyo atr 6,7 ouvriwg
Kai XoAaliakfp Gupo. Mpémel va TovioTei OTI akOpn Kal TO YKPifo TOIYEVTO, TIOU
XPNOIMOTIOIRBNKE yIa TNV ATTOKATACTOON Twv pvnueiwv Tng AKPOTIOANG ammd Tov
MrmraAdvo (1905 — 1936), dev £pBeipe Ta pdpuapa yia Tepitrou 60 xpovia — €§’ aitiag Tou
TTOAU pIKpoU TTopwdoug Tou MevieAikoU pappdpou. ETiong epyaotnpiakég PETPATEIG
(A.x. ahatovépwon), Oev £@Beipav To péTaAo. AAAol ouvadeAgol Ba avaAuoouv
AETITOPEPWIC TNV EQAPHOYRA KOVIQUATWY OTa pvnueia Tng AKPOTIOANG.
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ZuvTPNON TNG ETIPAVEINS

KaBapiopdg

21ov lMivaka IV BAETToupe TIg HEBGBOUG Kal Ta UAIKG KaBapiopoU TnG EMIQAveIag, TNV
KPITIKI KAl TNV ETTIAOYR TWV JN KOTAOTPOPIKWV.

MINAKAZ IV
M£Bodoi kai UAIKG yia Tov KaBapIopo TNG ETTIPAVEING TOU UAPHAEPOU: KPITIKA KAl
ETIAOYN TWV UN KATOOTPOPIKWY CUM@WVa pe Tov Mivaka l.

Mé£Bodol kal UAIKG AkataAAnAa KaTtdAAnAa
e [lepioTpe@dpevor diokol. MeTAAAIKEG i, ii, iii, vii, viii, ix, x, xiv _—
Bouptoeg. NuaTépia. ZéaTpa.
e Aovoupeva E€oTpa. i, i, iii, vii, ix, x, xiv —
e [uaAoxapTta. ZuupIdoTTavVA. i, i, iii, viii —
* Yypr] wnypoToBoAR. i, ii, i, viii, ix, x, xiv —
* =npr YnyuatoBoAn. i, ii, dii, vii, ix, X, Xiv —
o MikpoywnyuaToBoAn. —_ .3
e YTépnyol. i, ii, vii, ix, x, Xiv —
e Nepd pe peydAn Tieon. i, i, i, vii, viii, ix, X,xiv -
e Nepo pe xaunAn Tieon. i, ii, iX, X, Xiv —
e Yekaouog pe vepod. — —
e ATUOC. i, i, dii, vii, viii, xiv —
e Poonrikég TTaoTEG. — +
o |ovToevOAAOKTIKEG pNTIVEG. 'é;’gl"’ AR AR U] —
e Laser
C) 1064 nm i, i, iii, xiii —
D) 355 nm (Zx. 4) — +
e O¢iva diaAuuara. i, ii, iii, vi —
e AAKOAIKA SiaAvuara. i, ii, iii, iv, v, vii s
e O&ivo avBpakiké 1 avBpaKIKd aUUWVIO. i, ii, iv(a), vii, xii, xiii —
e EDTA (Mdota Mora: A857):
@Aag divaTtpiou i, ii, iii, iv(a, B), xiii —
a1BUAeVOBIapIVOTETPOOEIKOU OZEWG +
NH4HCO; + NaHCO3, desogen
e BioAoyiko emTiBepa (SidAupa oupiag o€ i, i, iv(c), xii —
yYAUKepivn)
e AvTiOTpO®r yUWou
d) K,*CO;?, kopeopévo ae CaCOs — s
(Zx. 5) i, ii, iv(a), xii,vii, xiii —
e) (NH,) #CO;*
f) Mikpoopyaviguoi Y1é épeuva ;

e AmO Tov MMivaka IV TrpokuTTel OTI emAéyoupe pdvo TEOOEPIG WEBOSOUC N
KATOOTPOQIKOU KaBapiopou: pikpownypoToBoAr, poenTikéc TraoTeg, Laser kai
avaoTpo®r} Tou yuwou.
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H uikpownyuatoBoArn, HETG TRV €mAoyn Twv KATAAANAwY UAIKKWV yia Tnv
YnydaToBoAr}, Tnv Trieon, TNV améoTaon K.T.A. TTOU IKAVOTTOIOUV T KPITHPIA iX KAl X
Tou lNivaka | dev gival KATaoTPOPIKr HEBODOG.

O1 po@nTikéG TTAOTEG gival pia TTaAId p€B0SOG Kal av To vePd yia TNV TTAPOOKEUR
Toug gival kopeopévo oe CaCoz dev UTTAPXE! Kivouvog yia Tn diIGAucon Tou yuyou.

H péBodog Laser edv e@apuoOTEi TO Kam)\)\ry\o MAKOG KOpaTog [to utrépuBpo
METOTPETTEI TO XpwWHa Tou yuwou ot Kitpivo' "~ (Eik. 11)], €ival pia TOAU KaAn
HEBODOG.

O uepIKOS KaBapIoPdS peE avaoTpo®r] Tou yowou'®, €€ aitiag Tou pIkpOTEPOU
ypauuouopiakol oykou tou CaCOjz; amdé 10 CaS0,2H,0, ameAeuBepwvel Ta
CWHMATIA, TTOU Aepwvouv’ n pEB0dOG BeATIWvETal PE QUONUA agépa f PE TOTTIKO
Kevo. AAAG n kOpia epappoyn auTthg TNG HEBGSOoU eival N oTepEwaOn TNG ETTIPAVEIAG.
H péBodog epapudletal dladoxIKoUG WEKAOUOUSG OTIG ETTIQAVEIEG YIA KABAPIOHO
evog dlaAupatog KoCO3 kopeopévou pe CaCOs. MeTd tnv TTAAPN PETATPOTTH TOU
ylgou oe CaCOs (BAémre Eik. 12, iv), emTpémmeTal va TTAUBEI n em@Aveid e
QATTOOTAYMEVO VEPO, YIaTi deV UTTAPXE! Kivouvog va dlaAubei o yowog. O1 unxavikég
18160TNTEG Tou CaCO3 amd avaoTpo®ry yoyou eival TTEPITTOU iBIEG PE EKEIVEG TOU
MevieAikoU pappdpou. XTnv Eik. 13 BAémoupe auth Tn petatpoth'®2® (BAéme
2TEPEWON).

ZrEpEwon

MINAKAZ V

BAéoupe Ta UAIKA TTOU XPNOIMOTTOIOUVTAI, TNV KPITIKA Kal TNV ETIAOYR 1N
KATAOTPOPIKWYV UAIKWYV CUHQWVA HE Ta KpiTApia Tou Mivaka .

YAIKdA AkaTdAAnAa KardAAnAa

e AvaoTtpo@n yuywou trpog CaCO; — e

e Karakprpuvion oggidiou Tou TTUpITIOU vii, viii, xv + povo yia
TTUpITIOAIBOUG

e Ba(OH), i, ii, vii, viii, xi, viii, xiv, xv —

e Y®puahog i, ii, iv, vi, xvi —

o DOOPIOTTUPITIKEG EVWITEIG i, ii, iii, iv (SiF,), vii, viii, xiv, xv, xvi —

o KbéAa Meyer iii, iv, xvi =

o YdpauAiki doBeoTog YaBupn, xiii, xv —

e [loAupepn (apiyn) Xii, Xiii, Xv, xvi, Xix —

o Evioxupévn doBeoTog — s

H avaoTtpo@n Tou yoyou 1mpog CaCO3; aTepewvel Ta aTpwpaTa yuyou, €101 owlovTal
Ol AETTITOMEPEIEG TWV aAyaAudTwv Kal Tou Olakdopou. ETriong, oTepewvel 1A
YUWOTTOINKEVA TTEPATWTIKA OPIA TWV KOKKWV.

H katakpriuvion SiO, eivar kardAAnAn povo yia TTupimidAIBoug. MNa 1o levreAikd
Mapuapo dev gival KaTAAANAN.

MNa 1o Ba(OH),, ek166 atméd T1ig BAaBepég emdpdoeig TTou avagépdnkav oTtov [livaka
V, uTrdpyouv TTOAAG apvnTIKA ETTIXEIPAKATA aTn BiBAIoypagia®.

H udpuaAog dev givai emTiong KATAAANAN.

O1 PBOPIOTTUPITIKES EVWITEIC Sev eival TTiong katdAAnAec®.

H k6AAa Meyer udpoAuetal kal o€ HCI
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» H uBpaulikr aoBeoTog eival eTTiong wabupr. Me TAAQVTWOEIS 1 OEIOHOUS OTTdeP 28,
e Auiyn moAupepry. BAémroupe otig Eik. 14, 15 kai 16 6T n Trapousia  auIywv
TTOAULEPWY OTNV ETNIPAVEIQ TOU PAPPAPOU ETTITAXUVEI TV YUYOTTOINGN.

20pQWVa PE TOV PNXOVIOPO TNG yuyoTroinong Trou ammokaAuyaue (BAéte MpooTaadia),
e€airiag TN diaxuong (Eik. 16) Twv Ca®* dnuioupyolvtal KOIAGTNTEC KATW amd Ta
€CWyAuQQa, Kal PHETA OPIOPEVO XPOVO TO TTOAUMEPEG pnypaTwveTal. Méoa atré auTég TIC
PNYMATWOEIG €EICEPXETAI PE TPIXOEIOEIG OuVANEIS pia peyaAUTepn ToodTnTa SO» Kal
UBPATUWY Kal ETITaXUVEl TNV YUWOTTOINan TOTTIKA, aAAd €Triong PETagl TTOAUNEPOUC Kal
papudpou (UTTovOuEUON) YE ATTOTEAETUA TNV ATTOKOAANGCT TOU ETTIOTPWHATOG.

21nv Eik. 14 BAéToupe TNV emTdyxuvon NG yuyoTroinong, TTou oQeiAeTal aTig d1adoxIKEG
PNYHOTWOEIG TOU TTOAUPEPOUG ETTIOTPWHATOG.

Evioxupévn doBeoTog yia TN OTEPEWON TNS EMIPAVEIAS KAl VIO TTOPWSN TTETPWHATA

H xpnoipotmoinon udpogeidiou Tou aoBeatiou (C.H.) (aoBéaTtou) yia Tn oTepéwaon NG

padag Kal TNG ETTIQPAVEIAG EXEI TPIA JEIOVEKTAUATA:

4. H taxutnta tng avBpdkwong [(Ca(OH).— CaCOg] gival TTOAU Hikpr.

5. H avBpdakwon dev rpaypatotroleital ae 6Ao 1o BéBog TnS palac.

6. AKOun Kal yia TO HEYQAUTEPO TTOOOOTO avBpAKWONG N HNXAviKA avioxn Kai n
okAnpoTnTa Tou CaCOj; eival PIKPEG.

Me okoTré va eEaAeIPOOUV aUTE Ta PEIOVEKTARATA? >, OKEQTAKALE VO OVAEIEOUpE
a6 mpiv CaCO3; o1o udpoieidlo Tou aofeatiou, TTou oF KPUOTOAAOI Tou Opouv WG
TIUPNVEG KPUOTAAAWONG, E€TTOXUVEl TNV avBpdkwon Kal OBIEUKOAUVEN €TTioNG TNV
avBpdkwon oto BdBog TnNg padag. Autr n emTAXUVON, CUNQWVa We TV eCiowon Hall-
Pech™: f=fo+b/Nd (6mou f eival n pikpSTEPN BUvapn vyia Tv gévapgn TTAAOTIKAG
TTapapopPwong Tng avlpakotroinuévng aopeatou, f, b: otaBepéc kai d: n yéon diGueTpog
TWV KOKKWV), odnyei 0€ PIKPOTEPOUG KOKKOUG KAl CUVETTWG OE augnon TnG PNXAVIKNAG
avToxng Tng avbpakotroinuévng GoReaTou. AOKINAOTNKE €TTIONG auENUEVN OUYKEVTPWON
CO, aTo mepIBaAAov, TTOoU PTTopEi £TTIONG va augRoel TNV Tax0TNTa avepdkwaong Kal TNV
avBpdkwon oe BaBog Tou udpoteidiou Tou aoBeoTiou.

MNa va dokipaotolv didgopa peiypara udpoteidiou Tou aoPBeotiou +CaCOs,
TTpokelgévou va BpeBei n kaAutepn avaloyia CaCO; oT1o udpoteidio Tou aoPeaTiou,
UI0BeTABNKE N akGAoubn Sladikacia: TTapackeudoTnkav dokipia MevreAikol Papudpou
TOU oxnuarog Kal Twv dlaoctdcewv NG Eik. 17. Kémnkav otn diatour (Eik. 17) kai Tpia
Celyn Twv KoppaTmiwv KoAANBnkav pe pia Trédota amd udpoteidio Tou aoBeaTiou” TO idI0
EQAPUOOTNKE Kal oTa Tpia deluyn pe TTdoTa udpogeidiou Tou aofeaTiou pe BIGPOPES
moodTNTEG CaCOs. Ta Sokiuia TTapéusivav oTov aépa oe avolxté BepuoaTtdtn (25+1° C),
MEXPIG OToU TO TTooo0TO Tou CaCOs va yivel 60% (atrairoUvral TTAvw atmd 650 nuépEg).
Meta 1a dokipia ToTToBeTHONKAV O0TO puNXAvnua TnG Bpalong atd dIABPWaon PE PNXAVIKN
kararrévnon kKol PETPABNKE n d0vaun Bpaldong oTto onueio TNG cuykdAAnong. Ta
armroteAéopaTa @aivovtal oTtnv Eik. 18.
2mv Eik. 18. BAémmoupe OTI n PEYAAUTEPN UNXAVIKA AvToxr ATTOKTABNKE yia PeiyHa 6%
CaCO;g.
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Mapduoleg peTproelg pe kal xwpig mpooBikn CaCOj, mpayupartotroiénkav trapouaia
dla@opwyv ouykevipwoewv CO, oTto TepIBAAAov avBpdkwong. Ta amoteAéopata
@aivovrai otnv Eik. 19. H kaAutepn avadoyia CO, eivai ~25% otnv atudéceaipa
avbpdakwong. ZTnv TrepiTTwan autr (augnon Tou COy) dev TTapartnpeital diagopd PEe Kal
Xwpig Tpoodrikn CaCOj; (BAére kai Eik. 20).

AkoOpn Kal YETA 650 nuépeg aTov aépa, Xwpig Tpoadnkn, 6%, CaCOs, n avBpdkwaon Tou
Ca(OH), @tavel yévo 10 ~60%. ATO TNV KApTrUAN 2 o€ GUYKPION WE TNV KAUTIUAN 3
BAéTToude TNV aténon Tng TaxuTnTag avepdkwong €€ armiag Tng Tpoodrikng 6% CaCOs.
ATo 10 Bidypapypa XRD avayvwpioTnke apaywvitng wg pépog Tou CaCOs, yia
avBpdakwan aTtov aépa, dnA. yia apyr avtidpaon (BAéTe Eik. 21 kai 22).

H xpovikr e€ENIEN TNG avBpakwaong udpogeidiou Tou acBeaTiou TTPAYUATOTIONONKE, OTIWG
avo@péPBnKe, OTOV aépa OE AVOIXTO BEpUOOTATN OF 25+1° C pe kai xwpig 6% CaCOs. Ze
didpopa Xpovikd diacTriyara avaAvovtav deiyparta TaocTag e TepiBAacn akTivwv X
(XRD) kai pe dilagopikr] BeppooTtartikiy avéAuon (DTG). Ta amoteAéouata @aivovtal aTig
Eik. 21 ka1 22.

Av n avBpdkwon tpayuartotroieital o TepIBAAov 25% CO. n taxdtnTa avipdkwong
gival onuavTikd peyoAutepn kai o ~100 nuépeg udpogeidio Tou aoPeaTiou £xel OAIKA
avOpakwBei. T auth Tnv TepiTTwon n Tax0TnTa avlpdkwaong dev PeTaBaAAeTal, av
TpoaBécoupe ammd Tpiv 6% CaCOs. Aev TTapatnPABNKE OXNUATIOUGS apaywvitn.

MeTpABnke etTiong n TaxutnTa avpdkwong Tou CaCOs pe TPoBAKN 6% apaywvitn (Eik.
20, KapTrUAN 4). H TaxutnTa sival pikpoTtepn Tou aplyoug udpogeidiou Tou acBeaTiou. H
avaloyia Tou apaywvitn ival yeyaAutepn PETA TNV avBpdkwaon, dnA 10 ved avBpakiko
aoBéoTio  pigeitar T doprp  Tou  apaywvitny, Tou  TpooTélnke. O Adyog
apaywvitn/udpogeidlo Tou aoBeaTiou €ival 0,26 yia TNV kapTUAN 2 Tng EIK. 20, 0,399 yia
TNV KaptruAn 3 Tng Eik. 20 ka1 0,528 yia Tnv kautruAn 4 Tng Eik. 20.

Mpayuatotroirj@nkav kai TTOAEG GANEG PETPROEIG yia TNV €TTOARBeuan TNG KAAUTEPNG
moodTnTag TpooTiBéuevou CaCO;, oTo udpofeidio Tou aoBeoTiou, OTTWG Kal TNG
kaAUTEPNS TToodTnTag CO2 aTov aépa. Emiong eTaAnBeuBnke n oxéon peTagu TaxutnTag
avBpaKwong Kal YeyEBoUG KOKKWY Kal UNXAVIKAG avToxrg. ATrodeiXTnke €triong OTI N
TTPo0BrKn avBpakikoU acBeaTiou 0dnyei oe Babutepn avBpdkwan.

Mo va emoAnBeubei Om n kaAUtepn avaloyia TmpooBrikng CaCOs, cival 6%
TpayuaToTroIRBnKav Ta akOAouBa TreipduaTa Pe péTPnon Tng Taxutnrag avBpdkwong.H
XPoVIK €EENIEN  TNG avBpdkwong Hiog ToodtnTag udpoeidiou Tou aoBeoTiou
TTPAYUATOTIOIRBNKE OTOV AEPQ yia TPEIG avahoyieg 4%, 6% kai 8% aoBeoTitn otV TTAoTA
TOU UBPOLEIBiOU ToU aoBeaTiou, O€ £éva avolXTé BeppoaTarn atoug 25 + 1°C. Ze didgopa
xpovikG dlaoTtAuara, avaAUovral deiypata amd Tnv maota pe XRD kai DTG. Ta
atroteAéoparta @aivovtal oTnv Eik. 23.

MeTprinke eTTiong oTtov aépa n xpovikn e¢ENIgn TNg avBpdkwaong Tou udpogeidiou Tou

aoBeoTiou pe 6% aoBeaTitn kar 15%, 25% kai 35% CO: atov aépa. Ta amoteAéopata
@aivovtal oTnv Eik. 24.

46



Mo va emBeBaiwBei n oxéon petall TaxUTNTAg Kai peyéBOUG KOKKWV TTapOnKav
pwroypagieg SEM oe avBpakwpuévo udpogeidio Tou acBeotiou pe 4%, 6% kai 8%
aoBearitn (EIk. 25 a, b, ¢).

MNa va emBeBaiwdei 6T n TTapoucia Tou aoBeaTitn odnyei oe BaduTepn avbpdkwaon og
6An T pada Ttou udpoediou Tou aofecTiou, TTpaAypaToTIOIRBNKAV T akdAouBa
TelpapaTa: dokipia udpogeldiou Tou aoBECTIOU PE Kal XWPIC AOBETTITN OTOV aépa Kal OF
25% CO2 avBpakwBnkav ouyxpovwg. MeTd Ta dokipia eyBarTioTnkav o€ TTOAUEGTEPA KAl
KOTIKav oTn diatouR Toug. H em@dveia kGBe Sokipiou EUTTOTIOTNKE pE €va dIGAUpa
KITPIKOU apuwviou kai BupoA@BaAeivng. To Sidhupa autd Xpwpari¢el yaAalio TO
udpogeidio Tou aoBeaTiou, aAAG o aoBeaTitng &e Bagetal (Eik. 26 a, b, c, d).

H péBodog Tou evioxupévou udpoleidiou Tou aoBeaTiou (“evioxupévn doBecTog”) pe
mpoabrikn 6% CaCOjz (ka1 25% CO,) epapudleTal Kupiwg oTa uvnueia g AKpOTToAng
yia OTEPEWON NG EMQAVEING (KAl TTWPOAIBWY), 6TTWS Kal yia OUYKOAANON HIKpWYV
KOUHOTIWV: TO UAIKG gival uttd pop@r] SIoAUPATOS, QiwpPrHaToS A maoTag. 2tov MNivaka IV
BAETTOUNE OPICPEVEG UNXAVIKEG TTAPAUETPOUS TTWPAAIBWY G AKpOTTOANG, TNG MAATag
Kal plag Budavmivig ekkAnaiag otnv ABrva, TIpIvV Kai PETE TV emidpaon “evioxupévng
aocfBeoTtou”.

MINAKAZ VI
Zrepéwon NwpoAibwv pe SidAupa “svioxupévng acBéoTou”
T e T L
ATIO AKPOTTOAN K‘AEIT\; ggg 8.25 gg 30
ATI6 M&ATa ll\_l/lg:;( gg:g 10.8 %:; 10
A6 Karmvikapéa I\H/IE'T\; gz 26.1 13:'5 27

*ﬂslpapankr’] ouvepyaoia pe Tov AvarA. Kaenynti XpioTdpa, ApiaTotéAeio MavemioTriyio
Oeoocalovikng.

H pnxavikny avroxr tng “evioxupévng doBeoTtou” eival n idia ME eKkeivn Tou TevreAikoU
Hapudpou. lNa Tov AGyo auté eQapudleTal KUPIWG OTA UVNPEIa TNG AKPOTTOANG, o€ GAAQ
Mvnueia Tng EAAGBOG kal Tou e§wTepikoU. ANOI cuvadeA@ol Ba ekBEgouv NG epapuoyn
ng.

NMpoortagia®*

O pnxaviop6g TnG yuypotroinong

Opiopéva amé T1a ulikd Tou NMivaka V, XpnoipotoioUvTal Kai ylo TIpooTacia, Me
TPOUOKTIKEG KATAOTPOPEG Kal OEV OUVIOTWVTAI. Ta TTOAUHEPK XPNOILOTIOIOUVTAY EUPEWG,
OpIopéva XpNalJoTToloUvTal Kal OAPEPA. EKTAG atrd Ta KPITAPIO TTou avagEpbnkav oTov
Mivaka V, yia 1a TToAupepr| 10XUE1 KUPIWG TO KPITAPIO Xvi (BAETTE emiong “Zrepéwon” Eik.
14 ko 15). Mpokelyévou va emPBpaduvBsi [ va avaoTaAei Mia avtidpaon OTwe n
yuyotroinan 1) n SIGAUGN TTPETTEI VO OTTOKOAUWOULE TOV UNXaviopd NG, dnA. T0 OTAdIO
Tou emRaAer v Tax0TNTG TOou OTnv avridpaon. O MNXaviopog Tng diIdAuong Tou
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Mapudpou amé Tnv 6&ivn Bpoxn ATav yvwoTog. ATTOKOAUWOUE TOV PNXAVIOPO TNG
yuyotroinong. AkoAouBrioaue OAa Ta BAuara, tTou TreEPIypd@el n Xnuikr KivnTKn:
METPROEIC TNG TaxUTNTAG Tng avridpaong oe Bepupokpacieg 25-60° C, (Eik. 27) og
mepIBdAov ammé 1 — 50% SO, pe uypacia — Aidypaupa Arrhenius (Eik. 28) —
uTToAOYIOpOG TNG EVEPYEIG EvepyoTToinong ~18 Kcal/mol yia méyog¢ yuwou mravw atrd
300 A. ZKEQTIKAWE VA LOVTEAOTTOINCOUNE TN yuyoTroinan pe éva yaABavikd aToixeio (Eik
29), 61T auTd TNG dIABPWONG TwV HETAAAWV.

To Beppoduvapikd UTTOAOYIOUEVO KavoVIKG Suvapiké autol Tou yaABavikoUu aTolxEiou
gival =1500 mV, apkKeTd yia va dnuioupyrnoou atagieg oTa 16vTa aoBeaTiou (Ta HIKPOTEPQ
ueTatu Cat, COs>, SO4%) kai va SieukoAlvouv T Bidxuon Twv Ca* (Eik. 30).

O1 NAeKTPOXNMIKEG QVTIOPATEIG Eival:

[3ODg,, t 0,50, — 50, fast catalysed reaction]
(‘) Cacog(.s.) +2 HzOu] — Ca?t {s) + C'Oa?'_{s} —Ca?t (s) +CO2[|} +0,5 Ozls) +2e

W

(+) SO].{‘} + 0’502'(51 + 2e — 3042_(3}

CaCOyy) +80z5) +0,5 Oy(g) +2 Hy O — CaS042H; O + COug)
Kl N XPOVIKH £EENIEN TNG yuwoTToinong dideTal ammd Tnv ak6Aoudn TTapaoAn:

E P,
Y?=2— - RT ~In 502 — |[p,puV .t
nF (”eF) Py, 'Pof Py o "

otmou Y: Taxog yuyou, Ep: kavoviké duvapikd, R: otabepd Twv agpiwv, T. améAutn
Beppokpacia, ne: apiBUos nAekTpoviwy avd 16v, F: otabepd Faraday, Pcoz: pepikn Trieon
ToU CO», Psoz: pepikn Trieon Tou SOy, Poz: pepIKR Triean Tou Oz, PH20: MEPIKNA TTIEDN TWV
UBPATHWY, Y. APIBUOC HETAPOPAG QVIGVTWY, |.: apIBPOG PETAPOPAG KATIOVTWY, U: EIDIKA
aywyipéTnTa Tou YOWou, Vm: YPAUHONOpIaKAg 6YKOG Tou yuyou, t: Xpovog.

Ma va omrodeixOei autr n utrdBeon'%'2 31-43:

o AIGUOPPWOAUE TO YOABAVIKO OTOIXEIO KAl PETPACAUE TO BUVAMIKO TOu: ATAV TIEPITIOU
T0 i510 YE EKEIVO TTOU UTTOAOYIOTNKE BEPUOBUVAUIKA.

o MeTaBaAAapE TIC CUYKEVTPWOEIS Tou SO, fi Tou Oz. BAETTOUUE Ta atroTeAéopaTa OTIG
Eik. 31 ka1 32 (1oxUel o vopog Tou Nernst).

e Metprioape Ca kai S ye EPMA oe éva ToAupepég emrioTpwpa (EIK. 33) Kal gidape Tn
diGxuon Twv Ca®* mpog TNV em@dveia. EGv 1o TToAupepég Bev emTPETEN TN BIGXUON
TwvV SO2(g),02(q) KaI H20(g) , £Xoupe Ta atroteAéopara Tng Eik. 34.

e ITnv MntpéTioAn Tou Cadiz (lomavia) Bprikope Ca péoa ot “TTPOCTOTEUTIKG”
TroAUPEPEC ETTIoTPWHA™.
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* To povréAo yaABavikoU oOTOIXEiOU yia Tn yuwotroinon Tou [MevreAikoU Mapudpou
ETTIKUPWONKE BIEBVLIG ™ 4447,

* O oxnuamiopég yoyou oTny ETIPAVEIA TOU JOPHAEPOU Kal O OXNUATIOPOG AETTTOUEPEIWV
OTa aydApaTa Kal oTov SIGKOTHO OTNV ETTIPAVEIR TOU YUWOU gival ETTioNG atrédeIgn.

» Emeidn o1 unxaviopoi tng yuyotroinong eivai rapdpolol pe ekeivou NG dIaBpwaong Twv
METAAAWY OKEQPTHAKAME Va TTPOCTATEWOUE TA PAPUAPA HE avTIOIaBPWTIKA XPWHATA VIO
Ta pétaAda (Eik. 35).

210 diaypaupa 35. BAémoupe 6m To Coal Tar Epoxy kai Chlorinated Rubber
TpoaTaredouv 10 pdpuapo, aAld 1o Coal Tar Epoxy eivar yadpo kai 1o Chlorinated
Rubber kiTpivifel kai Ta dUo gival adlapavr Kal avavTioTPETITA. To HOVABIKO QVTIOTPETTTO
TTOAUMEPEG Eival TO apIyEG AKPUAIKG, TTou AdN avagépbnke, Kal TTou OTTwg BAETTOUPE OTRV
Eik. 35 pnyparwveral kai emTaxUvel Tn yuyoTroinon.

MpooTacia pe n-nuIaywyoug

‘ET01, OKEQTAKOUE VO XPNOIYOTTOINCOUPE pia GAAN péBodo TrpoaTaciag, av avapioupe
éva avTIOTPETTTO TOAUMEPEG WG @OPEA  HE  N-NMIAYWYOUS, OMIYEIC R
vToTrapiopévoug. Me 1o piypa autd Ba eixape mpoatagia, Tou Ba o@elAdTav oTnv
TTPOdIABECT) TWV N-NUIAYWYWY VA TTPOCPEPOUV NAEKTPOVIA.

AuTO TO BoKipGoaue TTPWTA pe péTaMa ™ 852 kai petd pe MevrehikG pdppapo
Xpnoipotromaoape AlOs kai TiOz, Ti(OH)s auiy i vromapiopéva. Ta amoTteAéoparta
@aivovral omig Eik. 36 kai 37. Ekt6g amd TNV eCAIpeTIKA MeEYAAn TrpooTacia Twv
HaPUAPWYV Ao T YUWoTToinon auToi Ol NUIaYwYOi TTPOCTATEUOUV TO TTOAUMEPES ATTO TNV
UV®, puBuigouv Tov ouvTeAeaTr BepuikAG SIAOTOARC® TOu TTOAUPEPOUC Kai aTrwBouv
opiopéva aiwpolpeva owpdma®'. To piypa eival dlapavég Kal axpwpo. AoKiydoaue
TTOAAG dokipia lMevreAikou papudpou oTo epyaaTripio Ka dAAwv AiBwv amd tn FaAAia, Tnv
ITaAia, Tnv loTravia kai Tnv MopToyaAia pe Ta idia kaAd amoteAéoparta. Kavaue Sokiyég o
Toixoug NG AKpOTToANG Kal TeEAIKA Tnv 12" louAiou 1996 emMIKAAUWAPE PE TO Yiyda autéd
(ue vromrapiopévo AlOz) évav kiova ota MpotmUAaia, TTou pEXPI ORMEPT Eival UTTO
TapaATAPNON: WG TTIPOG TNV HETABOAN TOU XPWUATOG TNV Trapoudia Tou yuyou oTnv
em@aveia. Asv ouvéBn Titrota. AAoI ouvadeAol Ba ekBECOUV QUTA, OTTWG TA OXETIKA PE
TNV TTPOCTACia pIag emypa@rigc oto UTraiBpo. Emeidr 1o Bpaditepo oT1adio Tng 6gIvng
TMPOooBOANG eival TTiong pia didxuon, To piypa TpooTaTtelel TNV EMQAVEIQ TOU JApUGpou
eTriong amo Tnv 6&ivn Bpoxn.

53-58

TexvnrA waTiva: amwopiynon Tng @UOIKAG TATIva (pol — KaoTavépubpn)

Katd tn didpkeia Twy pyaciwv atroKatadoTaong elodyovtal véa udpuapa. Mpokeipévou
va e§aAe1pBei ] peyaAn avtiBeon pe Ta TTAAIG pApPaPA, XPNOILOTIOIOUKE TEXVATA TTATIVA:
éva piyya avTioTpeTTod TTOAUPEPOUG PE N-nuiaywyd Fe,Os, To piypa autd TrpooTaTelel
gmmiong 10 véo pdappapo (Eik. 38). 'Eva mapddeiypa @aivetal otnv Eik. 39. AAAol
ouvadeA@ol Ba PIAfjooUY YIa TNV ETTITOTIOU EQAPHOYR TNG KAl 0 PEYAAN KAipaka.
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KATAAOIOZ EIKONQN

(i) Mappapo, (iii) yuyotroinuévo pdppapo, (i) BAéte Eik. 12 OAa Ta
deiypaTa EXOUV ETTIXPIOTEI ME TO HiYHO TWV UYPWYV KPUGTAAAWV.

MIKPO — HIKPOMETPO yia Tn PETPNON TOU TTAXOUG TOU YUWOU.
FuyoTroiNuéva TTEPATWTIKA Opia, YETE aTTé TTAUCIUO KaI ETTOUEVWG
atropdkpuvaon Tou yowou. O KOKKOI gival £TOINOI VA aTTOKOAANBOUV.
ZXNUATIKA TTAapAoTacn oxnuaTiopou yuyou aTnV ETMQAVEIQ TOU
Mapudpou.

Fuyotroinon otnv TAAT piag Kapudmdag. OmioBia TTAeupd TTpoTaTEUNEVN
atréd 10 vePS TNG BPOXNAG.

(a)AvTIKOTAOTAOT £VOG ATTOAAECBEVTOG OPOVOUAOU HE Evav aTro
omrAiIopévo okupddepua, (MmmaAdvog) (B) Metd T diaBpwan Twv
XOAUBSIVWY paRdwv.

(a)XaAUBdIvog ouvdeapog dimAou T yia Tnv oTEPEWON HIAG PnyHATwang
(ATrokartaataon MtraAdvou) (B) Metd Tn d1GBpwon Tou XaAURdIVou
OUVOEOHOU.

PrnyuaTwaon Tou pappGpou PETG Tn XpnolpoTroinon kai diaBpwon Tou
XaAuBdivou cuvdéopou.

PnyuaTtwaon Tou papudpou atd Tn didBpwaon apxaiou ditrAou T
euBammiopévou og POAURSO (ABnva Nikn).

Eik. 10 AiaBpwuévol apyaiol oUvOETOL.

Eik. 11 (a)lOwocg mrpiv (i) kai peta(ii) Tnv ypagitwon kai emidpaon ye NdYag Laser

(uTTépuBPO) (B) — MuWoTTOINUEVO KAl PUTTAOHEVO APXaio HAPUAPO PETA
TNV €TTiIGPAON WE TO iBI0 PAKOG KUPATOG, = WETA eTTidpaon pe Excimer UV
(uTTEPIBEG).

Eik. 12 AvaoTpo@r| Tou yoyou.

I. BEI x 250. a. M@puapo, B. Niyog , y. TToAueoTépQ.

Il. EPMA X-rays x 400. a. Mdppapo, B. Niyog. Tautotroinon yia B¢io.
I1l. EPMA. X-rays x 400 gypsum film after partial inversion of gypsum.
IV. BEI x 130. a. Mépuapo, B. CaCO3. AvaaoTtpo@n Tou yuyou.

Eik. 13 i, i, iii. AvaoTpo@r) yuwou pe 81adoxIkoUg YekaopoUg oTny ETTIPAVEIA PE TO

SidAupa KoCO3, Meipdpara atéd tnv M. MamakwvoTavTivou.

Eik. 14 EmTaxuvon Tng yuywoTroinong Tou JapUApou PETA £TTIXPION WE

TTOAUMEPES: — MAPUAPO. .. JAPUAPO PE aPIYEG TTOAUPEPEG: ETTITAXUVON
egaitiag S1adOXIKWV PNYHATWOEWV.

Eik. 15 AvatrapdoTaon Tng pnydAarwong apyolg TTOAUPEPOUS ETTIOTPWHATOG

HMapHapoU.
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Eik. 16 2xnuariki TTapaotacn TTOAUPEPOUG ETTIOTPWHPATOS KAl PNyUATWOon Tou €€
aITiag Tou oXNUATIOPOU KOIAOTATWY.

Eik. 17 ZxAua kal dlaoTdoelg Twy dokigiwy. Aladoxiké Bripata TG SoKIMAG.

Eik. 18 Mnxaviki avroxn (EAkuopdg) Tng avBpakotroinuévng TAoTag, auiyous Kal
pe TpooBrikn CaCO3; wg Tpog % trpoadrikn CaCOs,

Eik. 19 Mnxaviki avtoxr (EAkucudg) avBpakoTroinuévng TaoTag, apiyoUs Kal Pe
mpooBnkn CO, oTo TTepIBGAAOV avBpdkwaong.

Eik. 20 Xpovikn e&€Aign TNg avBpdkwaong Tou Ca(COH), otov aépa 1. ye 25%

CO; pe kal xwpig 6% CaCOg, 2. pe 6% CaCOs, 3. xwpic CaCOs, 4. ue 6%
apaywvitn.

Eik. 21 XRD d¢iypatog pe 6% aofeoTivn atéd mpiv.

Eik. 22 XRD &¢ciypatog pe 6% apaywvitn amoé Tnv apxn Ye TV idia oAIKn

moootnTa CaCOs3 6TTwg oTnV EIK. 21, petd pia pikpig didpkeiag
avBpdakwan.

Eik. 23 Xpovikn e§€Mign Tng avBpdkwaong Tou Ca(OH). oTov aépa pe 40%, 6%
ka1 8% aoBeoTitn.

Eik. 24 Xpovikni €¢€AigN TNG avBpdkwong Tou Ca(OH), ue 6% aoBeoTitn ot 25%
(kap1rOAN 1), 15% (kapTOAN 2) kai 35% (kautoAn 3) CO..

Eik. 25 a, b, c. MéyeBog kKOKKwvV Tou avBpakikoU aoBECTIOU TTOU OXNUATIOTNKE WE
40%(a), 6%(b), ka1 8%(c) TTpoadrikn acBeoTitn. MiIkpo@wToypapiec SEMX
2000.

Eik. 26 a, b, ¢, d mepioxég Ca(OH), (yaAddio — ykpi) kai avBpakikoU aoBeaTiou.
a. AvBpakwaon trapouacia 25% CO., b. AvBpdkwon Trapouaia 25% ) CO,
Kal 6% CaCO3 o1o Ca(OH),, c. AvBpdkwaon aTtov aépa Xwpic 6%
CaCOg3, d. AvBpdakwon otov aépa pe 6% CaCOs.

Eik. 27 Xpovikn €GENIEN TNG yuyoTToinong SEIYUATWY Pappdpou PETE atré TTaxog
yUwou 300 A.

Eik. 28 Aidypapupua Arrhenius.

Eik. 29 (a) MovtéAo yaABavikou oTolxegiou yia Tnv opoidpop®n SidBpwan Twv
ueTGAAwv (Wagner), (B) TrpoTeivopevo yaABaviké GTOIXEIO yia TNV epunveia
TNG yuyoTroinong.

Eik. 30 AiGxuon Tou Ca®* oUpQwva e Toug vOUOUG TwV YOABAVIKWY OTOIXEIWV:
amoé TNV EMPAVEIR TOU JApPAPOU TTPOG To TTEPIBAAAOY, Péoa aTTd To 110N
oxnuaTIoBév oTpwua yiyou.

Eik. 31 >100epd NG TAXUTNTAG VS l0gPso2 OUYKEVTPWONG.
Eik. 32 Y1aBepd TnG TaXUTNTAG VS logPso2 CUYKEVTPWONG.
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Eik. 33 (a) Mikpoypagia atmd nAEKTPOVIKO HIKPOOKATTIO odpwaong (X150) piag
SIaTouAG “TTPOCTATEUTIKOU TTOAUMEPOUG” TTaxoug 200 um, eTTAvw O€
dokipio papupdpou, (b —f) To TPoPIA Twv CuyKeVTpWOoewWV Twv Ca Kai S pe
EPMA oTn diatour Tou TToAupdepoUg PeTd emmidpaan 50%, SOz + 50 %
aépa KOpEOPEVO O€ UdPATUOUG O0TOUG 25°C, HeTd 2 pépeg (b), 6 pépeg (c),
7 pépeg (d), 13 pépeg(e), 20 pépeg (f).

Eik. 34 Zxnuatiop6g yoyou o€ deiyua pappdapou gévo eTavw oTnv ETTIPAVEIR TOU
“ImpooTaTeuTIKOU TTOAUNEPOUG” TTayoug 200 um &€’ aitiag TnG didxuong
(Trpo@iA Ca kai S) yia TToAupepég TTou dev emiTpéTTel T didyxuon SO, Kal
UdPATUWV.

Eik. 35 (a) N'upvé pdpuapo, (b) eMOTPWHEVO PE AUIYEG AKPUAIKO, (C) ETTIOTPWHEVO
pe Coal Tar Epoxy, (c) emoTpwWUEVO WE ETTOEUDIKO, (€) ETTIOTPWHEVO HE
Chlorinated Rubber.

Eik. 36 XpoviknA e€€AIEN TG yuwoTroinong avaAoya Pe Tov TUTTO TOU N-NUIoYwyou
TTou BaacileTal o€ o&eidia ka1 udpogeidia Tou apyiAiou, apywv i
VTOTTAPIOHEVWV.

Eik. 37 XpovikA €¢€AIEN avaAloya pe Tov TUTTO TOU NIAYwYoU, TTou BacileTal o€
oteidia kal udpoteidia Tou TiTaviou, APIYWVY 1} VIOTTAPICHEVWV.

Eik. 38 Xpovikn €¢€AIEN TNG yuwoTroinong Tou TUTTOU TOU Nuiaywyou TTou
BaaoileTal oTa o&eidia kal udpoLeidia Tou aIdrPOU, AIYA 1 VIOTTAPICKEVA.

Eik. 39 'Evag véog opOVvOUAOG e VEO JAPUAPO OTOV TTEUTITO Kiova OToV
MapBevwva (NoTIa TAeupd) (a) Tpiv kai (b) petd Tnv eTTe€epyaaia pe
TEXVNTA TTATIVA.
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