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Abstract

Mortars are considered among the most important elements in any construction. The deterioration of this ele-
ment represents a serious problem that faces restorators. In the current paper the behavior and different prop-
erties of lime mortars treated with some types of Praloid after submitting them to some cycles of artificial
weathering is discussed. These cycles were carried out using a scientific exposure program similar to the
deterioration factors dominant in Fatimide necropolis in Aswan (the study area). Salt containing water as is
provided by domestic wastewater, aggressive effects of heat and UV radiation are provided by the solar radi-
ation. The behavior of the studied mortars were evaluated by applying laboratory tests to select the best pro-
cedure for application in the archaeological sites particularly this study area. The results proved that our sam-
ples consist mainly of calcite with embedded quartz clastic grains, feldspars and traces of silicate minerals.
Presence of some deterioration symptoms such as granular disintegrations, presence of some contamination
layers covered the main components of mortar. In addition to existing types of salts are calcium, magnesium
and sodium bicarbonate, sodium chloride, sodium and potassium sulphate. Also, the results prove that con-
solidant materials could be classified according to their positive roles as follows (samples treated with Par-
aloid B 82, B 72, B 48, B 44 and finally samples treated with Paraloid B 66. 
Keywords:   Lime mortar; Artificial weathering; Water salinity; Paraloid.



M.A. El-Gohary

370

1 Introducion

Mortars are working as elements of masonry struc-
tures and must be studied structurally, chemically
and mineralogically as an integral part of wall mass
mortars in earth constructions which differ signifi-
cantly in their chemistry and behavior [1]. The
behavior of ancient mortars in different environ-
ments was studied by many researchers, especially
in polluted environments. Susceptibility of the mor-
tars to decay agents depends essentially on the type
of masonry, its location, dominating microclimatic
condition and mechanical and microstructural char-
acteristics of the mortars itself. [2]. The problem
with mortars is that, being wet and below the liquid
limit on placing, shrinkage occurs with setting, in
the prepends. This shrinkage may be expressed in
cracking within wide joints and may be important
at junctions. In horizontal courses, this problem
disappears, as shrinkage is taken up by settlement
[1]. The standard methods used for analyses of
mortars of historic provenance are mostly limited
to restoration intervention, where it could be seen
that the methodological studies on mortars form
archaeological monuments have been carried out in
order to obtain information and correlation between
the different areas [3]. To find a suitable repair
mortar and put it into the joint spaces in such a way
that a durable bond of masonry is achieved is a dif-
ficult task [4]. Therefore, many attempts have been
made to amend mortars to avoid these problems
especially shrinkage. The development of suitable
repair mortars for historic masonry, and an estimate
of the load bearing capacity of existing historic
masonry structures, requires special knowledge of
the mechanical and physical properties of historic
mortars in addition to some information about their
chemical and mineralogical composition [5].
Fatimide necropolis is one of the most important
Islamic archaeological sites in Aswan governorate,
from an archaeological point of view [6, 7]. These
necropolis were divided into 3 kinds. One of them
is a rectangular closed from all sides ascended by a
dome, the second is rectangular and centered by a
square ascended by a dome and 2 Iwans ascended
by 2 Vaults; the last is a curt of graves with a niche
[8] covered by a dome [9]. Two kinds of domes
which are already affected by many factors of dete-
rioration (second and third categories) were stud-
ied. From the scientific point of view, it could be
claimed that the main materials of building are mud
and red brick and we can divide this necropolis into
3 categories. The 1st category contains some domes

already restored by unsuitable methods and incom-
patible materials, 2nd category contains some
domes without restoration actions and 3rd category
contains some domes not valid for any restoration
interventions.
It is well known that rapid and increasing deteriora-
tion of facades of buildings and monuments has
been reported in many countries in recent decades.
The most dominant factors of deterioration in the
area under study are water and humidity which are
the main factors that cause the decay of building
materials especially after evaporation [10].
Through studying the environment of the study
area, it could be said that this area was exposed to
some aggressive factors of deterioration resulted
from variation in air temperature, conservation
faults, man-made damage which is represented in
human contamination resulting from using some
materials inside the different necropolis (wax and
henna) and effects of domestic wastewater which is
considered the main factor of deterioration in this
area. Moreover, the main source of water is domes-
tic wastewater resulting from 4 main building raises
about 15-20 m. They are (Nubian museum on the
south-western side, Basma hotel on the north-west-
ern side, opening the museum of the uncompleted
needle on the south-eastern side and the industrial
area on the north-eastern side), in addition to the
disposal of solid waste in and around the necropo-
lis. This solid waste can cause a serious problem
resulting from the chemical interaction between
exogenous surfaces of the necropolis (plasters and
mortars) and the chemical components of these
solid wastes especially with presence of water
sources. These symptoms could be summarized as
follows:

• Leaching of lime mortar from the mud-brick
walls as a result of the effect of domestic
waste water in the form of seepage and leak-
age water. 

• Falling down of mortar layers from the red
brick walls as a result of the effect of temper-
ature.

• Growth of Sedge layers around the Fatimide
necropolis leading to the production of some
harmful enzymes.  

• Color changes in the layers of mortar as a
result of UV rays due to exposure to sunlight.

• Spots of Henna resulting from human activity
in the area under study, some of these forms
are shown in Fig 1.   
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The scope of this research is to study the behavior
of lime mortar treated with some types of Paraloid,
a ethyl methacrylat copolymer, a consolidant for
wood, mortar and wall paintings, after some artifi-
cial weathering cycles that simulate the major fac-
tor of deterioration dominant in the study area,
saline water from domestic wastewater, electric
heat from sun and UV radiation from solar radia-
tion.

2  Experimental Studies

2.1 Characteristics of Archaeological 
Mortars and Domestic Wastewater

2.1.1  Chemical Characteristics of Archaeo-
logical Mortars

Scientific examinations of ancient mortars were
conducted on some samples collected from the
study area to evaluate their chemical, mineralogi-

cal and mechanical properties before treatment as
follows:
The different samples submitted to analysis by
EDX technique to identify their different compo-
nents, the results are listed in Table 1.

2.1.2  Morphological Features of Archaeolog-
ical Mortars by SEM 

The morphological features of investigated mor-
tars produced by SEM [12] proves that these mor-
tars consist mainly of calcite with embedded
Quartz clastic grains, Feldspars and traces of sili-
cate minerals. In addition to some deterioration
symptoms resulting from many factors. These
symptoms such as granular disintegrations, pres-
ence of some contamination layers which cover the
main components of mortar. In addition some
types of salts can be observed such as Calcium,
Magnesium and Sodium Bicarbonate, Sodium
Chloride, Sodium and Potassium Sulphate and
Potassium Nitrate, Fig. 2.

Figure 1: Deterioration symptoms in the area under study.

Table 1: Average of analytical results by EDX of ancient mortars. 

 Analytical results (main value of 5 samples)

 Si  Al  Fe  Ca  S  Mg  Cl  K  Na  Others Total

 22.69  10.14  10.40  34.11  4.90  2.66  2.50  2.30  3.44  6.86 100.00
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2.1.3  Granulometric Distributions of Archae-
ological Mortars

In this part of the study, some samples of ancient
mortars were crushed using small smooth mill-
stones. The crushed samples were passed from, sci-
entific electrical sieves to separate and classify into
their main constituents (fine, medium and coarse
materials) [13], the results are listed in Table 2. 
2.1.4   Domestic Wastewater Quality 
Water supply is one of the major factors which
limit the influence of saturation and variation in
groundwater chemistry [14]. There is no informa-
tion available on the environmental problem asso-
ciated with domestic wastewater, in the study area.
So, some samples of this water were examined by
Atomic absorption spectroscopy technique [15] to
evaluate its quality and its harmful mechanisms
affecting the monument under study [16], the
results are listed in Table 3. 

2.2  New Lime Mortar 
It is well known that the strength of mortars is very
important in relation to its uses as a joining or a
render material [17]. Thus, deterioration symptoms
found in architectural elements (stones and mor-
tars) require some treatment interventions in order
to improve the cohesion among the mineral con-
stituents [18]. Additionally, the choice of proper
treatment or reversal methods frequently depends
on the knowledge of the polymers used [19]. In

this study, some types of Paraloid were used to
conserve strength and isolate the new lime mortar
against the aggressive deteriorated symptoms. Par-
aloid is considered one of the well-known consoli-
dant materials and one of the clearest coatings used
for masonry and stonework in general and monu-
mental stonework in particular [20]. New mortar
was composed similar to the essential composition
of ancient mortar collected from historical build-
ings of the study area "Fatimide necropolis of
Aswan". After it had been analyzed both chemi-
cally and mineralogically, the preparation steps
could be summarized in the following technique:

• Preparing the different components of mor-
tars, lime powder as binder material [21-23],
fine sand to avoid micro-cracks after drying,
fly ash to improve the final mixture and
crushed red brick or pottery fragments to give
the mix a hydraulic quality [24] suitable color
and improvement in its properties [25].

• Soaking the materials in distilled water for
48 h., to remove any contamination and con-
vert the essential material in this mixture lime
powered to slaked lime or lime putty. 

• Mixing the materials, putting this mixture in
oblong containers divided to cylindrical sam-
ples with the following dimensions
2.5×2.5×2.5 cm, and leaving these cubes in
open air until they were fully dry.

Figure 2: SEM photomicrographs of different appearances of archaeological mortars.

Table 2: Average of granulometric distributions of ancient mortars. 

 Granulometric distribution (main value of 5 samples)

 µm  %

 Coarse grains (Si) 185 × 140  09.72

 Medium grains (Fe, Na, K) 97.5 × 47.5  20.83

 Fine grains (Ca, Mg, Al) 22 × 15  69.44

 Total  100.0
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2.2.1  Color Change of Un-treated Lime Mor-
tars

Pigments in sedimentary materials (main compon-
nents of lime mortars) represent a big problem
because of their different origin [26]. To adjust the
color of new lime mortar to match the monuments
[27], some pigmented materials were added to
realize this purpose such as red brick or pottery
fragments, where the color of new lime mortars
before treatment is milky white. 

2.2.2  Different Physical Properties of 
Un-treated Lime Mortars

The physical and mechanical properties of mortars
are extremely variable where the suitability of
building materials for a given purpose should be
based upon various properties, which must be
tested in laboratories [28-30]. In this part of study;
some of these properties were measured and the
results are listed in Table 4. 

2.2.3   Consolidation
Different methods of conservation, as applied
today, result from continuous improvement of
techniques used in the past, so many attempts to
consolidate building materials and to make them
water repellent by some techniques with suitable

materials started in the beginning of 19th century, it
was hoped that it could be possible in this way to
avoid difficult process of replacement with the
added advantage of preserving the original mate-
rial [31]. The treatment in this part was done using
7.5 % concentrations for all consolidant materials
and absorption technique to make sure that the
consolidation materials penetrated inside the pore
space and covering the grains [32] of mortar, fol-
lowing the next steps: 

• Putting consolidation of the dried samples,
with different types of consolidant materials
by absorption [33, 34]. The following con-
solidants have been applied: Paraloid B 44,
Paraloid B 48, Paraloid B 66, Paraloid B 72
and Paraloid B 82. 

• Preparing the consolidated samples for differ-
ent measurements [35] such as visual appear-
ance, and different physical properties.

2.2.4  Color Match of Treated Lime Mortars 
Based on the accuracy study of visual appear-
ance, the color match of treated lime mortars is
not changed completely but there are differences
from one to another, Fig. 3.

Table 3: Average of analytical results of domestic wastewater in the area under study.

Analytical results (main value of 3 samples)

Elements mg/l % Minerals Formula %

Cations

Ca++ 283.0 5.30 (Calcium Bicarbonate) CaHCO3 5.30

Mg++ 290.5 0.60 (Magnesium Bicarbonate) MgHCO3 0.60

Na+ 5050 93.8 (Sodium Bicarbonate) NaHCO3 5.70

K+ 21.30 0.40 (Sodium Chloride) NaCl 48.6

Anions

HCO3
- 1090 11.6 (Sodium Sulphate) Na2SO4 39.5

Cl- 4567 48.6 (Potassium Sulphate) KSO4 0.30

SO4
-- 3746 39.8 (Potassium Nitrate) KNO3 0.02

NO3
- 2.130 0.02 --- --- ---

Other Properties
TDS 18133 mg/l
PH 7.71
Alkalinity 35.8 mg/l
EC 1133 moh

Table 4: Average of physical properties of un-treated mortars.

 Measuring results (main value of 5 samples)

 Density
 g/cm3

 Total porosity %  Saturation 
degree %  Strength Kg/cm3  Shrinkage   %

 Porosity  Sat p.  Non-Sat.  p.
 1.88  28.76  16.11  12.65  56  4.32  10
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2.2.5  Physical Properties of Treated Lime 
Mortars

The main physical and mechanical properties of
treated samples were measured to evaluate the dif-
ferences between these properties before and after
treatment. The results are shown in Table 5. 

2.2.6  Study of Treated Samples through SEM
In this part of study, the treated samples of mortars
were examined by SEM to evaluate the morpholog-
ical changes and to know the polarity between the
grains and different consolidant materials, Fig. 4. 

2.3 Accelerated Ageing Tests
Changes in the physical and chemical conditions
of materials are always important to conservators
[36]. It is well known that the behavior of build-
ing materials depends on both their intrinsic
characteristics (composition, texture and struc-
ture) and different environmental conditions to
which they are exposed (climate, atmospheric
pollution) [37-39]. One of the most important
ways used in estimating the ageing characteris-

tics of an adhesive is to carry out tests, which
accelerate the effects of time [40]; the main
objective of artificial weathering processes is to
obtain more information about the aging behav-
ior of different consolidant materials with lime
mortar, these cycles were divided as follows:

Figure 3: Visual appearances of treated mortars.

Table 5: Average of physical properties of treated mortars. 

 
 Measuring results

 Treated samples 
 (main value of 5 samples for each consolidant)

 B-44  B-48  B-66  B-72  B-82 

 Density (g / cm3)  1.890  1.890  1.880  1.890  1.910

 T
ot

al
 p

or
os

ity  Porosity %  27.82  27.40  27.99  27.94  27.83

 Sat. p. %  14.71  14.37  14.87  14.81  14.56

 Non-sat. p. %  13.11  13.13  13.12  13.13  13.27

 Degree of sat. %  52.90  52.45  53.12  53  52.31

 Shrinkage %

 Strength kg/cm2  6.200  6.210  6.200  6.210  7.270

Figure 4: SEM photomicrographs show different appearances treated samples of mortars.

----
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2.3.1  Saline Water as a Source of Domestic 
Wastewater

It is well known that the decay of building materi-
als is first examined generally, in relation to envi-
ronmental conditions (humidity, air quality, depos-
its of soil, presence of water and temperature) [41].
In addition, the decay of porous building materials
(stones and mortars) occurs fairly quickly if the
soaking water has a high content of dissolved salts
[42] by the complex chemical process, which is
known as ion exchange [43]. In order to verify this
decay mechanism, some samples of treated mor-
tars were subjected to a wetting-drying cycle in
NaCl solution with a salt content of 35 % for
23 days as a major source of salts and in Na2 So4
solution with a salt content of 25 % for 8 days as a
minor source of salts. Each of these cycles was
soaked alternatively 24 h in saline water and 24 h
in thermostatic incubator “model M 780” for one
month in open air, with total time 720 h, to evalu-
ate the efflorescence behavior of mortars [44]. 

2.3.2  Electric Heat to Simulate Solar Heating
It is well known that the effect of temperature on
building materials is considered one of the most
serious problems affecting the behavior of these
materials. So knowledge of the basic effects of
temperature is important [45]. In this part of the
study, treated samples of mortar were submitted to
some cycles of temperature weathering as follows:
6 h in an electric oven “model FN 500” at 120 oC
and 18 h at air cooler at 5 oC for one month with
total time 720 h. 

2.3.3  UV Radiation to Simulate Sun Radia-
tion

Ultra violet radiation [46] is among the most com-
mon radiations of sunlight. It causes fading and

photochemical degradation processes of building
materials especially after treatment. UV lamb
model-ENF 260 C/F with 230 V, 50 Hz and 17
Amps using 2 sources of UV radiation (Short wave
254 nm and Long wave 365 nm) were used for arti-
ficial weathering cycles [47] [48] [49]. These expo-
sure cycles were carried out in a closed box after
covering half of the treated samples by aluminum
foils for 30 days for a total time of 720 h, (6 h expo-
sure to UV waves and 18 h in natural environment).

2.3.4  Color Match of Weathered Lime Mor-
tars 

From the study of visual appearances of weathered
samples, it could be concluded that the color of
treated lime mortars has noticeably changed as a
result of weathering processes with some differ-
ences from one sample to another, Fig. 5 a-c.

2.3.5  Physical Properties of Weathered Lime 
Mortars

The different physical and mechanical properties
of weathered samples were re-evaluated after
weathering processes, the results are shown in
Table 6. These results prove that these properties
partially changed with different grades.

2.3.6  Study of Weathered Samples through 
SEM

Also, SEM photo after artificial weathering shows
that there are some differences between weathered
samples according to the type of weathering itself
(Saline water, Electric heat and UV radiation) and
the kind of consolidant materials (Paraloid B 44,
Paraloid B 48, Paraloid B 66, Paraloid B 72 and
Paraloid B 82), Fig. 6 a-e.

Figure 5: Visual appearances of weathered mortars by a Saline water, b Electric heat c UV radiation.
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3  Discussion 

The study proves that the mortar, as an essential
building element, suffers from several deteriora-
tion factors. These factors are basically environ-
mental [50]. From the previous studies, the follow-
ing conclusions can be made:

Deterioration Factor Affected the Study
Mortars 

Main factors of degradation which affect mortars
and their composition in the area under study is the
result of interaction among many factors of deteri-
oration, especially alternative cycles between sun
rise and saline water and other factors of deteriora-
tion. Day and night represent a small cycle, while
summer and winter represent a larger cycle. Chem-
ical characteristics by XRF technique proved that
Ca 34.11 % and Si 22.69 % as main components of
ancient mortar with other accessory components
such as Fe 10.40 %, Al 10.14 %, S 4.90 and Mg
2.66 % also, presence of Na 3.44 %, Cl 2.50 % and
K 2.30 % as source of salt materials dominant in
the land or resulting from domestic waste water in

the area under study. Also, the other components
6.86 % of the samples are due to contamination
materials dominant in the area under study espe-
cially resulting from man made damage. Morpho-
logical examination by SEM indicated that the
presence of granular disintegrations of ancient
mortars of Fatimide necropolis resulted from con-
tinuous alternating between high values of solar
and air temperature at day and values of cold at
night. In addition, the presence of different types
of contamination layers on ancient mortar resulted
from precipitation and cementation of the dusts
and artificial particulates by the domestic waste-
water and air currants. In addition, the presence of
some types of salts such as bicarbonate, chloride,
sulphate and nitrate are due to the double effects of
interaction between domestic wastewater and air
temperature. Furthermore, the fully weathered
state of the different components of ancient mortar
layers is a result of direct soaking of domestic
waste water during some seasons of the year. Gran-
ulometric distributions proved that the components
of ancient mortars (fine, medium and coarse mate-
rials) resulted from some deterioration effects

Table 6: Average of physical properties of weathered samples.

 
 Measuring results

 Weathered samples 
 (main value of 5 samples for each consolidant)

 B-44  B-48  B-66  B-72  B-82 

 Density (g / cm3)  1.820  1.770  1.790  1.790  1.760

 T
ot

al
 p

or
os

ity  Porosity %  24.21  21.65  23.48  23.83  23.83

 Sat. p.%  13.30  12.30  14.21  13.34  13.51

 Non-sat. p. %  10.92  9.360  9.300  10.50  10.35

 Degree of sat. %  54.95  57.14  60.92  58.62  56.50

 Shrinkage %

 Strength Kg/cm3  5.160  4.360  4.650  4.960  5.640

Figure 6: SEM photomicrographs show different appearances of weathered samples treated with different types of
Paraloid B44, B48, B66, B72 and B82.

a
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(mechanical and chemical) which were caused by
some environmental factors as wind erosion and
dissolution by domestic wastewater dominate in
the area under study. Domestic wastewater quality:
this study proved that there is a high percentage of
contamination in the ground water by many salts
of this area because of the interference and effects
resulting from domestic waste water of civil build-
ing in the area under study (Nubian museum on the
south-western side, Basma hotel on the north-west-
ern side, opening the museum of the uncompleted
needle on the south-eastern side and the industrial
area on the north-eastern side). These salts are
(Ca HCo3 5.3 %), (Mg HCo3 0.6 %), (Na HCo3
5.7 %), (Na Cl 48.6 %), (Na2 So4 39.5 %), (K So4
0.3 %) and (K No3 0.02 %). All these salts affected
either the brick of necropolis or the binder materi-
als (Mortars). These results are in agreement with
the analytical results of salt analysis using other
techniques. 

Samples After Treatment and Before Arti-
ficial Weathering 
There are differences between the samples before
and after treatment. The color of the samples
changed by different percentages according to the
amount of absorbed treatment materials, and the
nature of physical and chemical properties espe-
cially the Tg (oC) of the consolidant itself, where
we can arrange these materials according their abil-
ity to change the color of mortar samples as fol-
lows: B 72, B 82, B 44, B 48, B 66, [51]. Properties
of mortar samples after treatment were improved
with different types of consolidants. There are
increases in density value between 0 - 0.02 % and
decreasing either in porosity between 0.77 - 9.66
%, or in saturated pores between 0.55 - 6.04 %,
also, we can see that there is an increase in non-sat-
urated pores between 0.47 - 1.61 %, degree of satu-
ration between 2.90 - 3.12 % and in degree of
strength values between 43.52 % - 68.30 % while
there is no change in shrinkage. SEM microphoto-
graph of treated samples proves there are some dif-
ferences in the degree of consolidation of treated
mortars. These differences depend on the kind of
consolidant materials and its chemical and physical
characteristics shown above in Table 5- a, b. Sam-
ples treated with Paraloid B 82 and B 72, which led
to full consolidation of mortar and full covering of
different grains, samples treated with Paraloid B 44
led to partial consolidation of mortar and partial
covering of different grains, samples treated with
Paraloid B 48 led to partial consolidation of mortar

and weak covering of different grains, samples
treated with Paraloid B 66 led to weak consolida-
tion of mortar and weak covering of different mor-
tar grains. In addition, all the results are caused by
the increase of the amount of consolidant materials
inside the pores of mortar samples, positive effects
of these treatment materials through its ability for
covering and consolidating the mortar components
and grains and filling its pores.

Samples After Artificial Weathering
The results of different studies of treated samples
after finishing the artificial cycles of weathering by
Saline water, Electric heating and UV radiation
indicate that there are some characteristic differ-
ences between the samples. The color change of
weathered samples differed according to the con-
solidant applied. The percentage of variation with
Paraloid B 72 and B 82 was 0.66 % followed by
B 44 with 2.3 %, B48 with 4.3 % and finally B 66
with 10 %. All these variations resulted from differ-
ent effects of these cycles especially effects of pho-
tochemical degradation which resulted from high
temperature and UV radiation. Moreover, the aver-
age of most physical properties of weathered sam-
ples changed. All properties decreased while the
degree of saturation increased. Density decreased
by 3.84 % with B-44, by 6.78 % with B-48, by
5.03 % with B-66, by 5.59 % with B-72 and  8.52 %
with B-82. Porosity decreased by 14.91 % with
B-44, 26.56 % with B-48, 19.21 % with B-66,
17.25 % with B-72 and 16.79 % with B-82. Satu-
rated pores decreased by 10.60 % with B-44,
16.82 % with B-48, 4.64 % with B-66, 11.02 %
with B-72 and by 7.77 % with B-82. Non saturated
pores decreased by 20.54 % with B-44, by 40.28 %
with B-48, by 41.08 % with B-66, by 25.05 % with
B-72 and by 28.21 % with B-82. Degree of satura-
tion increased by 3.88 % with B-44, 8.02 % with
B-48, 14.68 % with B-66, 10.60 % with B-72 and
5.98 % with B-82. Strength decreased by 20.15 %
with B-44, by 42.43 % with B-48, by 41.88 % with
B-66, by 25.20 % with B-72 and  by 28.90 % with
B-82, while there is no change in shrinkage. All of
these changes take place because of the different
effects of these cycles such as effects of chemical
degradation which resulted from saline water inside
the pores of mortar samples. In addition, investigat-
ing the morphological features of weathered sam-
ples of lime mortar by SEM proved that there are
other differences. These differences vary according
to the degree of consolidant stability and to the abil-
ity of each material against the different cycles of
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weathering. From this point of view, these materials
could be ranked as follows: samples treated with
Paraloid B 82 and B 72, samples treated with Par-
aloid B 48, samples treated with Paraloid B 44 and
samples treated with Paraloid B 66. 
The suitable kind of mortar which will be used for
restoring and conserving the monuments under
study (Fatimide necropolis in Aswan) either used as
a mortar layer between the blocks or as a plaster
layer could be arranged, according to its successful
and ability against all the artificial cycles of weath-
ering as shown in Table 7. Finally, we can apply
some biocidal treatments [52] [53] to prevent the
growth of microorganisms either during preparing
the mortar or after drying by spry techniques, from
numerous experimental works in this field some of
these materials could be chosen such as 3-5 % aque-
ous solution of methyl siliconate of sodium
(GKZ-10), sodium ethyl siliconate (GKZ-11) or alu-
minum methyl siliconate. Also, 2 % aqueous solu-
tion of biophenyl l0. (O.F.F.) could be used, or using
0.5-1% aqueous solution of 2.2 dihydroxy-5.5
dichloro-diphenyl sulphide (Fenticide 40). 
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