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THE USED SYMBOLS AND UNITS

symbol

b
Cc
C

du
duoverall

unit
[m]
[mol1™]
[motl™]

[mol1™]
[m]

[m]
[m]
[m]

[m*s™]
[m*s]
[mf-s™]
[ms™]
[C'mol™]
[J]

[-1 [%]
[-1, [%]

[-]
[A]
[FK7]
[-]
[m]
[mol™]

description

the thickness of the brickwork,

the concentration of ions in the water,
the saturation concentration inside the
pore,

the concentration of the ions in the bulk
solution,

the thickness of the layer of the plasier
paints on the facades or their sprays,
the diffusion resistance,

the overall diffusion resistance,

the sums of the partial diffusion
resistances,

the isothermal moisture diffusivity,

the coefficient of ion diffusion,

the effective diffusion,

the traditional diffusion,

the Faraday constant,

free enthalpy,

the relative humidity of the air,

the relative humidity of the air/ligd

inside the porous material,

the level of hydrophobization,

the current,

the Boltzmann constant,

the coefficient of the evaporation,

the length of a sample,

the Avogadro constant,
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-]

NV s
Nsz,f
Nst
NV,

NV
vas,h

Pv,sat

qmt,l

qmt,2

Qv

unit

[ka]
[ka]
[ka]
[kg:mol™]
[-]
[%]

[%]

[%]
[%]
[%]
[%]

[Pa]
[%]

[Pa]
[Pa]

[Pa]
[Pal

[-]

[-]

C]
[kgm?s']

[ kg2

[ms’]

description

a mass of the water,

a mass of a matter,

a weight of a material,

the molar mass,

the number of ions in the salt,

absorption under the boiling on the water
surface,

absorption under the boiling with the
forced submersion,

absorption under the forced submersion,
the volumetric absorption,

absorption,

the absorption due to the boiling on the
water surface of the hydrophobic matter,
the pressure,

the porosity,

the partial pressure of the water vapour,
the partial pressure of the water saturated
vapour,

the capillary pressure,

the crystallization pressure,

pH of material,

the Peclet’s number

the charge,

the density of a mass flow of liquid water
by transmission,

the density of a mass transport of the
liquid water by transmission,

the water flow,
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Pw
Ps

unit
[Fmol™K™]
[mol-I™*sY]
[m]

[°C]

[K]

[days]

[s]
[°C]

description

the gas constant,

the rate of the crystallization,

a radius of the pore,

the ambient temperature of the air,
thermodynamic temperature,

the time necessary for the drying @i@o
building matter,

the time,

the temperature of dew point,

the velocity of the water,

the ionic mobility,

the volume of the water,

the total volume of a porous matter (soll
volume+water volume+air space),
a volume of a material,

the volume of void space,

the volume of solids,

the molar volume of the salt,

the mass (gravimetric) water content of a
matter,

the mass of a sample before drying up,
the mass of a sample after drying up,

a mass equilibrium moisture content,

the unit charge,

the mass transfer coefficient,

the volumetric mass density of dried up
sample,

the volumetric mass density of the water,
the volumetric mass density of a matter,
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unit
[°C]
[%]
[-]

[s]
[Fkg™]

[-]

s’}

[- 1 [%]
[N'm™]

[°]

description

the dew point,

the volumetric water content,

the total amount of the salt content in the
porous matter (material),

the time,

the chemical potential of the water
contained in the material,

the diffusion resistance factor,

coefficient of the moisture conductivity
during the moisture gradient,

the relative humidity of the air,

the tension of the surface - liquid/vapour
interface.

the contact angle - liquid/air and

liquid/soil interface,

the tortuosity factor,

the constrictivity,

coefficient of the moisture conductivity
during the temperature gradient,
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INTRODUCTION

The removal of the moisture from the building comstions and the
desalination is currently discussed topic in thel @ngineering. At the present
time different methods are used both for the denwageand for the desalination
of the building materials. The existing methods effecient for the dewatering
and for the desalination but it is necessary ndy ¢m improve them for the
higher efficiency but also to develop new ones. prablematic of the moisture
and the salts in the building constructions is ingnat because the moisture and
salts dissolved in it can considerably change asitachanical as the physical
properties of the building materials. These propsrinfluence the suitability of
the used building materials and matters in the rexeging practice. Basic
demands for the used methods are the velocityeffi@ency and the economic
factor both for the operation and for the costha tised equipments. Time for
the dewatering and the desalination may be longeower, the application of
the methods is different in relation to the typéshe building materials. The
main problem of the desalination is that much krealgk in the area of the salts
Is needed to understand the whole process of tlgstatlization and its
treatment. Within the frame of my dissertation iledr to dewater and to
desalinate the bricks and the sandstones. Togeitiethese issues, one of the
main goals was to improve the laboratory setup whised the clay poultices
for the dewatering and the desalination when actrédefield was applied.

In the first part of the thesis, the basic thecosdtprinciples about moisture
and salts are described. In the second part, thtseof my experimental work
related to the dewatering and the desalination madeapplied DC field are
presented.
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1 MOISTURE IN THE BUILDING MATTERS

The moisture is an important factor in the civigereering. The moisture is
the technical-physical quantity which has the iefloe on the majority of
mechanical and physical properties of the buildingtters and constructions
(brickwork). The moisture as quantity describesdtete of the building matter
(brickwork), construction in relation to the volunoé the water in any state.
Among the mechanical properties the moisture hihigeince on the fabrication,
strength, cold resistance and lifetime of the bngdmatters. Among the
physical properties it influences mainly thermatkteical properties, which have
a huge impact on the environment. Wet building erattan also suffer from the
biological corrosion (fungi).

1.1 General knowledge about the hygric properties of th
building matters

Building materials are rarely completely dried upcéiuse the water can
penetrate into the materials during the productstorage etc. The climate
influences the materials as well. The water inrtisters can be transported by
diffusion of the water vapour, transmission, capitly, absorption or sorption.

In the engineering practice, the water can occuhree phases, e.g. the solid
phase as ice, the liquid phase as the water anghthphase as the water vapour.
The building constructions such as outside wal®pfg, foundations are
influenced by these phases mostly. The least infeé building constructions
are the constructions with the lowest temperatadcethe moisture gradient and
without the direct source of the moisture. Fromiesv of the practice the most
important properties for the moisture are sorptiabsorption, capillarity,
diffusion of the water vapour and the conductiofythe water. From the view
of the rehabilitation of the existing buildings arwhstructions, it is necessary to
know principles and behaviour of the water in thies#dings and constructions.
The moisture describes the state of the buildinger&a(masonry), construction
from the view of the water content in the matteamny phase.
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The water (moisture) content is possible to cateuom the following

equation:
W, — W
W= [—d].loo [%] (1.1)
Wd
where  W.......coooee.... a water (moisture) confésit
Wi eeeeeeennnnnns the mass of a sample before drymdkg]
Wi eeennneeeeeees the mass of a sample after dryipdkg]

The following Table 1 shows the levels of the maistin the brickwork.
There are several levels of the moisture:

Table 1The levels of the moisture in the brickwork. [1]
Levels of the Water content

moisture w [%0]
Very low w<3.0
Low 3.05w<5.0

Increased | 5.0Ssw<7.5
High 7.5<w<10.0
Very high 10.0 >

The moisture of the building matter (brickwork) adfected by its own
moisture of the building matter and by the relattwemidity of indoor and
outdoor climate during the lifetime.

If the temperature and humidity are in a constéance, equilibrium between
the moisture of a building matter and the humidifythe surrounding air is
obtained. This stance is called equilibrium moistcontent.

The moisture of the building matters is affectediry the lifetime of the
building matters by many aspects and is therefareable. The moisture of the
building matter until the end of the industrial pess is called the industrial
moisture. From then the industrial moisture gralgudecreases or increases
according to the surrounding climatic and the maérconditions until the
moisture gets levelled off content. This stancehaf moisture is called stable
moisture. [2]

17



1.1.1 Physical properties of the moisture influence on th building
matters

The basic characteristics of the moisture influennethe building matters
which have been investigated for many years inrtboies and testing rooms
are porosity, absorption, capillarity and the aquiim moisture content. Other
physical properties of the water as the diffusidrthe water vapour and the
capillary conductivity of the water in the porouaterials are also in the aim of
the interest. Among the newest investigated phisicaperties belong the
chemical potential of the moisture and the critioalisture content.  [4B] [4]

The porosity

It is the overall percentage amount of a free spaueh is not filled with the
solid particles. For the determination of the payop the following equation is
used:

VV
p= (V—j-loo [%] (1.2)
where  Voooeevvnnnnnn. the volume of void space’m
V2SR the volume of solids {n

The brickwork is characterized as a very porousenst composed of a
ceramic shard and a mortar. During the sanitatibrthe brickwork, it is
necessary to take into account not only the poragithe brickwork from which
the amount of the water can be found out but dealtstribution of the pores in
the brickwork. In the practice, the pores of theekwork are distributed non-
uniformly. The shapes of the pores are simplifisdhee shapes of the cylinders
about the definite radius. Thus the effective valti¢ghe pores radius has to be
determined. The porous structure of the buildingtena contains the radius of
the pores about different sizes from the smallesissas the sizes of the water
molecules are up to the pores of the macroscopessiAccording to Dubinin
the pores are divided into three groups.

1% group — macroscopic pores about effective radiogerthan 2107 m;
18



« 2" group — transitional pores about effective ra@i€®’—1.510° m;
« 3 group — microscopic pores about effective radiss than 1:40° m;

[2] [3] [4]
Absorption

Absorption is characterised by the mass moistunetwéxpresses the partial
amount of the water which is absorbed by the dugtuilding matter when it is
submerged in the water for some fixed time togetwégh the conditions
specified in the norm. From the absorption we caeh dut the overall amount of
so-called open pores.

For the determination of absorption NV from the sagater contents the
following equation is used:

NV = (V"Ww;d""d].loo %] (1.3)

The volumetric absorption is recalculated fromfthlowing equation:

NV, = y [%6] (1.4)
where  We.oooooeeeees the mass of a sample before drymdkg]
Wi evenneeeeeens the mass of a sample after dryingkg]
D eeeeeernnnnens the volumetric mass density oedrup sample
[kgm?]
[0 PP the volumetric mass density ofwaer [kgm’]

In addition to the normalized methods, the absonpthay be specified:
e under the cold conditions NV;
* under the cold conditions with the forced submer$iy;;
» under boiling on the water surface NV
» under boiling with the forced submersion MY
The absorption of the building matters is affecteg hydrophobic and
hygroscopic properties of the building matters. kahobic surface coatinig
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the treatment of the building matters with a matiersome cover which is
hydrophobic. When this matter is used the absarptiocthe building matters is
decreased. The level of the hydrophobization irtdecdhow many times the
absorption of thus hydrophobic matter is decreasedomparison with the

Initial state.
NV
H =—"%
YNV, (1.5)
where  H.....cooce.. the level of the hydrophobization
NViseeeneenn. the absorption due to the boiling oe tater surface
of the non-hydrophobic matter [%0]
NV s freeeeeees the absorption due to the boiling on Weder surface

of the hydrophobic matter [%0]

If the brickwork contains salts the other propexdyled hygroscopicity of the
building matters takes place. This is the propeftyhe salts. Hygroscopicity
may be characterised as the property for the takaigr spontaneously from the
air in the surrounding. In the case of the brickgydine absorption increases and
In many cases the water content in the brickworknudtiplied in comparison
with the brickwork without salts. [2] [3]]4

Equilibrium moisture content

The equilibrium moisture content is the moisturachiithe matter takes from
the ambient air during the steady temperature amad conditions. In the case,
the water has the influence on the porous buildingtters, the moisture
absorbing from the ambient air on the touch betwkem layers under the
influence of the intermolecular and surface fortles,term sorption is used. It is
the expression for the absorption, adsorption tegetith the chemisorption. In
the practice, the water vapour is the most imporédasorbent. If the partial air
pressure in the object is lower than in the airchhs in the surrounding, the

20



object takes the water vapour from the air. Thiysptal process is called
sorption.

If the partial air pressure in the object is higtiean in the air which is in the
surrounding, the object takes the water vapour avais physical process is
called desorption. If the temperature and the huoaidditions are steady the
equilibrium between the moisture in the object #m&l moisture in the ambient
air gets the equilibrium state of the moisture. ilfgpium moisture content is
characterized as the zero increment of the moisintethe temperature in the
time under the condition:

ﬂ
or

ow

- 50
or

-0 (1.6)

7 >0 T - 00

Because this condition is practically unrealizalthee equilibrium moisture
content is expressed from the dependence:

w,. = f(#) for t = constant (1.7)
where  Wieovvevennnn.. a mass equilibrium moisture confésit

Wertiiineeeeennnns a water (moisture) conteni,[[90]

| SO the ambient temperature efdir [°C]

(P time [s]

(0 JTOOTT the relative humidity of the pir], [%]

The equilibrium moisture content of the air is degent on the temperature,
the relative humidity of the air and on the atmasph pressure. If the
atmospheric pressure is constant the equilibriunstone@ content of the air is
dependant only on the temperature and the relativ@dity of the ambient air.

Steady-state and the industrial moisture

The steady-state moisture is the moisture of thédibhg matter or a
construction which is stabilized during the usetlé building matters or
materials during a longer period of time. The irtdabmoisture is the moisture
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which has the building matter just after its pratut This type of the moisture
is gradually decreasing under the influences ofdimatic conditions and the
internal conditions to the value of the steadyestabisture. [2] [3]

The critical moisture level

The critical moisture level is the maximal amouhthie moisture acceptable
in the building matter with which the building nme&ttmay be used in the
practice. If the value of the critical moisture ébis exceeded the changes in the
building matter are extreme. The mechanical andothesical properties of the
building matters are changed so significantly tthet use of such matters or
building materials in the practice is not recomnmehdor might be even
dangerous because the guaranteed properties sstiegth, heat conductivity,
chemical properties etc. are different. Its valsespecified for the individual
building matters according to the norms. [2] [3]

Chemical potential of the moisture (water)

Chemical potential of the moisture (water) is arti@dynamic potential of
the water transport. Its gradient is an agent efrtfain transport process of the
moisture. It is defined as a partial enthalpy clea@gaccording to the amount of
the moisture content w under the constant pressemgerature and the amount
of other parts.

My = ;TGW p,T,m #m, [Fkg ™ (1.8)
where  tyeooveeeevnnnn.. the chemical potential of the watentained in the
material [kg ]

| C TR free enthalpy [J]

o T pressure [Pa]

T, thermodynamic temperature [K]

10 AT a mass of a matter [kg]

1 PP a mass of the water [kg]
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m # my....... It signifies that the process occurs uritier constant
masses of all parts of the systenertept the mass of the water contained in the
matter ny. The significance of the chemical potential istthas possible to
specify the moisture in the different position ofiet building matter
(construction) and thus to estimate sources ofttisture. According to the law
of thermodynamics the transport of the moistur&rasn the position with the
higher chemical potential toward the position vitie lower chemical potential.
On the basis of this knowledge, it is possible peci#fy the direction of the
moisture (water) transport. [2] [3]

The conductivity of the moisture (water)

The conductivity of the moisture also called trarssmon is the property of a
material to transport the moisture in the liquicagph towards its surface from
where the moisture is evaporated or diffused. #dwially capillary transport of
the water in the continuous thin canals.

The transport of the moisture takes place if théstnce gradient is obtained
(the gradient of the moisture during the differen€¢he temperature 0 °C) or if
the gradient of the temperature is obtained (tagethth the actual gradient of
the moisture). During the gradient of the moistarel zero gradient of the
temperature the Lykov's law may be expressed bydlleving equation. That
is for the calculation of density of a mass flowliqtiid water by transmission.

dw

™ [kgm?st] (1.9)

qmt,l = _Km'pd'

where  Ghgooeeeeeeens the density of a mass flow of liquidter by
transmission [kgn?'s’]
Ko eeeennneeeeees coefficient of the moisture conduity during the
moisture gradient [frs”]
o E R the volumetric mass density of mtiaterial in the dried
up state [kgn’]

— e, the moisture gradient fin
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If the transport of the moisture takes place evennd the gradient of the
temperature then the movement in the capillariespecified by the following

equation:
_ dt 2.1
U2 = ~Km-Pa 'Kt'a [kgm S ] (110)
where  Ghoooeeeeeees the density of a mass transport oflilpeéid water by
transmission [kgn?'s’]
Kereeeerreennnnns coefficient of the moisture contiuty during the
temperature gradient [
dt
o the temperature gradientid]

In the building practice, the both gradients takkeat together therefore the
overall density of a mass flow of the moisture tansmission is expressed as:

O = Oea T Qe [kgm-z's-l] (1.11)
[2] [3]

The transport of the moisture in the brickwork

The transport of the moisture in the brickwork reder the influence of the
different physical processes. The following arerian:
 capillary attraction;
» the diffusion of the water vapour;
e condensation of the water vapour and the capilkamydensation of the
water vapour;
» sorption;
» the transport of the water by other mechanisms;

Capillary attraction

Capillary attraction is an increase of the watethim porous matter as a result
of the capillary elevation (capillary lift) abovke level of the water surface in
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the surrounding if the matter is connected with th@sture. For the lifts, the
shape, size of the pores and their connections @aehn are very important. The
higher the moisture is being lifted, the smalleandeter of the capillary is. The
average diameter of the capillaries in the brickwgarick + mortar) is about
0.01 mm. These capillaries can lift the moisture tapl.49 m. The older
buildings have a lot of problems with the watergmg membranes. The height
(1.49 m) correspondents with the practice becaussetbuildings show the wet
maps on the facade up to the height of 1.5 m when waterproofing
membranes are missing or are badly done. The dawelot of the capillary
attraction was observed for many building materials

In the practice, the salts are dissolved in theewakhese salts increase the
surface tension and the weight of the liquid. Theal rshape of the capillary
(grooved walls of cavity) differs considerably frahre continuous capillary of
the circle diameter and thus even the height ofithis different.

The water transport in the pores of the brickwarkshown in Fig. 1. The
water, which is lifted up in the capillary, doest met through the pore of the
large diameter (cavity). Nevertheless, the trartspdrthe moisture is not
stopped. The water at the end of the capillary exatps and diffuses to the next
wall of the cavity where the water vapour condere®s in the liquid phase is
lifted by the capillaries higher. Except the freat@r also the water bonded in
the thickness of few molecules is lifted up slowtlythe walls of the capillaries.
Thus on the walls of the capillaries the stiff filsncreated. This bounded water
does not freeze at 0 °C and it is not possiblevaperate it at the temperatures
above 100 °C. Under the normal conditions the wet@anges its phase from the
liquid to the gas and thus the evaporation is akthi The share of the rising
water in the construction is dependent on the hyg@aogical properties of the
subsoil. The gravel subsoil may transport the watdy about 100 mm above
the groundwater. The subsoil from the clay maydpant the water even few
meters above. [2] [3]
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Fig. 1 Sections of the pore with the grooved surfacecawity.

Diffusion of the water vapour

Diffusion of the water vapour occurs due to thefedénces of the partial
pressures of the water vapour in the soils, coastms and in the air between
the outdoor and the internal environment. The gabewater vapour diffuse in
every porous matter if the pores are larger thanawerage free track of the
thermal motion of the gas molecules or the molexolethe water vapour. The
average free track of the water molecule®Hht 2.7810 %'m. There are micro-
capillaries or macro-capillaries in the building tteas. In macro-capillaries
about dimension d >> 10m the capillary condensation does not occur. The
water vapour is transported under the law of tifieision because the free track
of the molecules of the water vapour is shorten tiii@ diameters of the porous
matter. In micropores about dimension d <<’ 10 the capillary condensation
occurs and the motion of the water vapour is utiderdaw of effusion because
the free track of the molecules of the water vapsuwaither the same or longer
than the diameter of a porous matter. The wateomgmhich diffuses, moves
from the place with the higher partial pressurglier concentration of the
water, higher temperature) towards the place vhth lbwer partial pressure.
Under the specific temperature and the pressurditooms, the water vapour
may condensate in the matter and construction.cbmelensation of the water
vapour may occur even at the homogeneous and sage constructions but
its influence is generally neglected. At the moagered constructions, the
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condensation is more dangerous and may lead todéwggadation of the
construction.

The diffusion resistance factqr defines how many times the diffusion
resistance factor of the building construction ighler than the diffusion
resistance factor for the same layer of the aimédisionless quantity). The
diffusion resistance represents the transmissighefvater vapour through the
surface and is given as:

d, = uld [m] (1.12)

where  d......cccc..... the thickness of the layfethe plaster or paints on the
facades and their sprays [m],

The overall diffusion resistance of the buildingnstiuction ¢overan IS
calculated from the sums of the partial diffusiesistances:

d,wverall :Zd,u,i [m] (113)

For the ordinary use of the building, it is suilbbr the diffusion resistance
of a single layer being lower towards the outs@#herwise the condensation of
the water vapour may occur between the layers.th@iongest period of the
year the motion of the water vapour is from thedaegowards the outside of the
building. The diffusion of the water vapour mayregersed for a short period of
time during the summer, however, that moment hdyg bttle importance
because the differences between the outside andniee surface of the
brickwork are little. Generally in practice, it &lvised that the plaster on the
facade should have a lower diffusion resistance tthe brickwork and the
paints should have a lower diffusion resistance thalaster. [2]

Condensation

The condensation means that the water vapour idetsed either on the
surface or inside an object. The air may contaily &me partial amount of the

water vapour. If the partial pressure of the watgour gets a specific maximal
27



value Ry then the air gets saturated with the water vap®dhe air gets so-
called the dew point. If the additional air getshas saturated state of the air, it
results in so-called condensation of the water wapdhe condensation is
shown as mist, drops of the water (dew) etc. Alisth cases are called the
condensation of the water vapour on the surfacet HEffect is due to the
changes of the temperature. If the temperaturehenstirface of an object is
lower than the dew point, the condensation on thdase occurs. The
proportion of the partial pressure of the waterota@?, and the partial pressure
of the water saturated vapoussRis called the relative humidity:

P
¢ = [ 5 . }100 [%] (1.14)

v,sat

The water content in the air is expressed eithef%gsor as the absolute
moisture [gm™]. The percentage of the air saturation with théewaapour is
the function of the temperature. The relative hutyit thus different for the
specific value P at the different temperature of the air.

N
[Pl //////////
/P R/SAT P
?é;nde{ns’éfion oCCUrs V.SAT
/ R’,SAT
t tr°C]

iy

Fig. 2 The dependence of the & on the air temperature.
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Table 2 The dew point. [5]
The air temperature [°C] -20 -10 0 10 20 30

Max. amount of the
water vapour in the [gm?® | 0.9 2.2 4.8 9.4 17.3 30.3
air

Table 3 Amount of the water vapour in the air at the dif@ relative humidity. [5]

Ehe re_latlve Amount of the water vapour in the air [g'm™]

umidity of : . o

the air during the air temperatures [°C]

¢ [%] -20 -10 0 10 20 30

30 0.3 0.7 1.4 2.8 5.2 9
40 0.35 0.9 1.9 3.8 6.9 12
50 0.45 1.1 2.4 4.7 8.7 15
60 0.54 1.3 2.9 5.6 10 18
70 0.63 15 3.4 6.6 12 21

The condensation in the capillaries occurs in theep with the diameters
larger than 0.840° mm because the diameter of the water molecul® fsmim.

In the pores with the smaller diameters the diffosof the water vapour does
not occur. At the tortuous surfaces with the diansmaller than IO6mm the
condensation of the water vapour occurs much féséer the condensation on a
surface. In the building practice that means if themid and temperature
conditions and the same volume of the pores areeasth then the same two
matters will be diversified by the internal moigwontent if they have the pores
of the different diameters.

The capillary condensation is the reason why the fiorous stones and a
cement mortar have the higher moisture content rutitee same temperature.
The places fixed with the cement mortar or the ceméaster in the wet cellars
have the higher moisture content for the life tiofi¢he construction contrary to
the building materials with the larger pores whstéy dry. The similar case is at
new and old brickwork. The old brickwork has alreabaked salts up. That
results in the changes of the capillary attractlmrefore the brickwork has the
higher water content. [2] [3] [4] [5]
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Brickwork chemistry

In the building materials, there are a lot of diffiet chemical reactions. The
chemical processes of the degradation occur madtky to the chemical
reactions of less stabilized elements as calciunbocete CaC@ with the
solutions of the weak acids. The results of thenebal reactions are salts which
have the influence on the properties such as pgrosiygroscopicity,
absorption, electrical conductivity, electrical @atial etc. On the surfaces of the
building materials and constructions, the colousatls are seen mostly on the
boundary between wet and dry part of the matei@lat effect is called
efflorescence. These salts have a negative effestlynfrom the aesthetic view
on the construction. The efflorescence is showspags of powder, crystals or
crust on the walls. The salts which are dissolvethe moisture are transported
towards the surface of the plaster and after tlapenation of the water these
salts may crystallize.

In addition to efflorescence created on the surfdoe salts can crystallize
even between the layers of the plaster and thekvoik. That is called
subflorescence. That case has much more damagwect &r a construction.
The important property of the salts is their hygayscity. Due to this property
the salts increase the amount of the water in thielibg construction. During
the crystallization very high internal pressuresusdogether with the increases
in the volume. The crystallization pressure mayupeo 200 MPa. Except the
efflorescence and subflorescence even the watethanag negative influence as
a result of the chemical reactions. According te tihemical properties, the
rainwater, groundwater and operative water causdéitiher water content in the
construction. The water may be classified intoghgeoups:

1% group — the acidic water;
« 2" group — the water which contains sulphates;
« 3“group — the water with lack of minerals;

[2] [3] [6]
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The water transport due to other mechanisms

The shape, polarity and the gradient of an elefild in the wet brickwork
are related to the direction, speed, amount ofhtbesture which is transported
in the brickwork and to its chemical composition.

The electric field may be created in the brickwagka result of the different
mobility of ions of dissoluble salts in the risimgater which are massed at the
border of the evaporation. From here ions penetratk towards the bottom
part of the foundations into the zone with a solutof less concentration. The
mobility of cations and anions is different. Theref the positive pole at the wet
brickwork is found out generally in the evaporat@mne and the negative pole
at the bottom of the brickwork or close to theadarrsurrounding.

The other chemical processes may occur when aibgiltaterial is in the
connection with the different material. That mayluance electrical voltage
between these materials. The material with the drighalue of the electrical
voltage transfers the electrical voltage to theemal with the lower value of the
electrical voltage. The metallic parts which atée@l in the wet brickwork and
are under the process of the degradation are theceso of the galvanic cell
which influence the water transport. These voltagey be even above 1000
mV. The moisture in the brickwork moves even in ¢hess direction. From the
wall with the higher temperature or from the plaggh the higher partial
pressure of the water vapour the diffusion stamstds the place with the lower
pressure. Diffusion occurs only in the capillardéesl the pores filled with the air
and in the capillaries and pores which are notyftilled with the water. The
second force which operates in this direction isriio-osmosis (TO). That
phenomena transports the water towards the locawath the higher
temperature. It operates in the opposite diredi@m diffusion does under the
condition that the capillaries or pores have tofldélled with the water. In
general, the diffusion occurs mostly in the cap#ls and pores with the larger
diameters and the thermo-osmosis in the thinnatlaa@s. These both kinds of
the water transport are summed up. The prevailmog fthe both processes
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establishes the final direction of the moisture eraent either towards the outer
or inner surface. The electric field in the builgliconstructions is influenced
with so-called stray currents which are created éxample around the
electrified rails or in the cities around the teglllines. [2] [3]

1.2 The methods for the drying of the building materiak

The sanitation of the brickwork means the procdsghvresults in a high and
a permanent decrease in the water contents bdtleinonstructions which are
underground and above the ground. The excessivstun®icontent in the
building construction may be as the result of micyors because the water can
penetrate into the building matters in the phasehef liquid and the water
vapour in many ways. The following kinds of the graéire among these causing
the excessive dampness in the constructions:

e rain water,

e capillary water;

e condensed water;

e ground water which causes the pressure;

e the water which penetrates into the constructioa assult of the failure
of the water installations;

It is important to realize that after the sanitatiof the wet brickwork, the
water content in the brickwork will not decreaseldenly below the limiting
values but the significant decreases should ber@usia The decreases of the
water contents depend on the properties of the rralteor brickwork,
temperature and the relative humidity. This staotéhe moisture is called
hygroscopic equilibrium moisture content. From gractice, it was found out
that to dry out a new built house from the briakskt about two years.

The methods for the sanitation of the wet brickwadcording to the norm
CSN P 73 0610 are divided into groups:
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1.2.1 Direct methods

» Mechanical;

e Chemical;

» Electroosmotic;
» Magnetokinetic;
 Air-isolating;

1.2.2 Supplementary direct methods

» Hydrophobic mediums;
» Quter paints, spraying and sealing of seam;

1.2.3 The indirect methods

Drainage of the terrain and landscaping;

The functionality of the sanitation;
The adaption of the terrain in surrounding;
Heating in the building;

Ventilation of the internal rooms;

The drying methods;
1.2.4 The supplementary indirect methods

e The system of the sanitation plasters.

The effective sanitation of the wet brickwork catsiof a complex design
and a combination between both direct and indireethods. At the present
dissertation, | focused on the building materialshsas bricks and sandstones
and on the direct electroosmotic methods. [1] [2]

1.3 The building matters such as the porous materials

The most of the building materials contain excéet $olid phase also other
two phases in some volumes. The spaces, whichilee With liquid and gas
phase and are much smaller in their size than itmersion of an object, are
called pores. The matter is defined as porous &f ghres in the matter are
distributed in the way that the system can be §pdcan its continuum i.e. the

33



representative volume of an object can be defied. water usually fills these
pores either partially or fully. The materials cantrarely no water. The water
contained in the pores is not chemically pure amttains much or less amount
of the different dissoluble matters in it. If thesencentrations are low the
dissoluble matters may be neglected. The water atrrelated to a unit of mass
or a unit of volume is called the moisture of a teat

A mass water contentw is a proportion of a mass of a sample before the
drying up w, and a mass of a sample after the drying yf{see the equation
1.1). The volumetric water contefitis a proportion of the volume of the water
V., to the volume of a porous mattef ¥om the following equation:

V

6= 7““.100 [%] (1.15)
t
where  0................ the volumetric water cont¢¥]
VT the volume of the wafen’]
LY/ the total volume of a porous maffsoil volume +

water volume + air spacpg)’]

The volumetric water content is preferred when dima is to quantify the
overall amount of the water in the porous mattetoospecify the level of the
water filled in the pores. Because the specificatod the volumetric water
content in the building material is quite difficutontrary to a mass water
content, the volumetric water content is determifnech the following equation:

_ W0
g = > [%] (1.16)
w
where  0................ the volumetric water cont¢¥]
Waiiiiiiieeeenns a mass water content of a endb]
Dieerrrrnnnananens the volumetric mass density ofatter[kg-m]
[o VP the volumetric mass density ofweer[kg:m]

2] [3]
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1.3.1 The methods for the dewatering of the building matrs and the
constructions

The moisture problems occur usually at the oldetdimgs in which the
waterproof membrane was badly done but also atnghwe buildings which
suffered from the floods etc. The flooded brickwaskvet for a long time even
when it seems to be dry on the surface, howevehdrbrickwork a high water
content remains. We can assume that the brickwa¥ Ibe saturated with the
water content about 20 % at the specific weight01BGm™>. Then the water
content in 1 mof the brickwork is about 360 I-17of the brickwork about 450
mm thickness may contain up to 160 | of the wdtere want to estimate time
in which the brickwork will be dried up spontanelyuto the water content
about 3 % the following Cadiergue’s equation mayde:

T =k [b? [day§ (1.17)
where  T....ooceeeeee, the time necessary fordityeng up of a building
matteffdayg
Kiveriiiiieeeee, the coefficient of the evapara (brickwork 0.28)
[-]
o JUR the thickness of the brickwprkn|

The spontaneous drying of the brickwork in thiclse$ 45 cm would take
under the normal conditions about 1.5 years. tigisessary to take into account
the changes of the seasons mostly wet, rainy dagstlaus the time for the
drying is prolonged. At the brickwork with the tkieess of 60 cm the duration
for the drying under the optimal conditions woutldbout 3 years.

The speed of the evaporation is therefore infludrimemany factors. Except
of the speed of the air flow also the relative hiitgiand the air temperature are
significant. During the summer the relative hunyidg higher than in the winter
and the spontaneous evaporation is thus much slaver drying is moreover
influenced by the air permeability of the surfa¢eh@ brickwork. The materials
with lower air permeability as some paints, cerafa@ng (bath-rooms, kitchens
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etc.) but also the cement plasters slow down gpo e spontaneous drying
process. The evaporation coefficient for the cerpéaster is 2.5. In the practice,
that generally means the stop for the drying p&ces [2]

Equipments for the drying under the influence of tre hot air

The drying process with the heaters

The water saturated wall gets warmer due to tHaante of the circulating
air from the heaters. In addition, the relative mity of the circulating air is the
lower (positive effect), the colder air from thetside gets into the system. The
wet wall is gradually warmed up and the circulatanmgenables faster exhaust of
the water vapour from the wet brickwork. The speéthe drying or the final
drying depends on the temperature with which thewadl is being warmed up.
Another factor is the intensity of the circulati@md the duration which is
necessary for the wall being warmed up. The ladbfas the humidity of the
circulating air. The heaters belong to the easipsion for the drying of the
building constructions. At the present time, thevredectrical heaters may be
also classified to this group.

The possible use of the heaters:

» The rooms where the use of the condensing dehuerslifis not
appropriate the use of the heaters is a suitaliergp

» spaces without the possibility to close (halls)etc.

* too big rooms;

The recommendations for the proper use of the heat

 The heaters are not allowed to radiate on the Wwock in the distance
less than 70 cm to be efficient;

* The ventilation to the outer space is necessarnngltine drying process;

e It is not recommended to use heaters together tnéh condensing
dehumidifiers with the open fire because during tinging the water
vapour is created and accumulated in the closeth raich is being
dried up;
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 The sudden decrease in the humidity has to be edebkcause under
some circumstances that might lead to the failfitbestatic;

» The places, where the electrical and water instaifia are, have to be dry
with the care especially parts where the watenénptiastic pipes is;

Fig. 3 Figure of a heater: 1 — a fan, 2 — electrical ée& — a hot air, 4 — a cold air.

Radiation panels

The drying process with the radiation panels
During the convective heating, the air is beingmeal with the heaters. Then
the hot air transmits the heat by the heat flowthe® surfaces of the warmed
objects (walls, furniture etc.). From the energinpof the view, the radiate part
Is minimal. During the heating with the radiatiomnels this proportion is
reversed. It means that the radiation do not ware dir but freely passes
through it. The sharing heat is mostly due to thdiation. The radiation flow
after the fall on the objects (wall, floor, furmé) is partially reflected about 15
% and its 85 % is absorbed in the objects on wthehradiation felt. From this
point, the radiation energy is transformed in tleatrenergy and the objects are
being warmed up. This principle is called infra tirega
The possible use of the radiation panels:
» The use of the panels is suitable for the heatiramp spaces;
» The lower costs of the energy in comparison withabnvective heating;
e To reduce the possible condensation on the wdlhses because the air
humidity does not increase significantly;
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 The wall from the panels and a concrete wall sipossible to dry up a
concrete wall about 30 cm of thickness and 1.3 ineaght which is fully
water saturated after 24-48 hours when an apptepragiation panel is
used;

pare

“

l c
i
\ 57N/
Fig. 4 Radiation panel: 1 — a radiation panel, 2 — a tadidlow,
3 — areflected radiation flow.

The condensing dehumidifiers

The drying process with the condensing dehumidifiers
During the use of the dehumidifiers, the condensatif the moisture which
Is contained in the air occurs therefore it is 138aey to keep rules for their use
otherwise the efficiency of the dehumidifiers midpat decreased. The moist air
gets into the dehumidifier where the air is cool€de condensed water flows
Into the storage or directly into the drainage.
The possible use of the dehumidifiers:
e To dry out cellars, halls and archives after flgods
e To dry out wet rooms and the buildings without lifies;
The recommendations for the proper use of the dehuiatfiers:

e |t is necessary to remove any dirt, salts fromgudace. If the plaster is
deteriorated it has to be removed before the drgnogess;

» The dehumidifiers have to be used in the right tjtitabecause there are
many dehumidifiers with the different capacitiestHe quantity of the
dehumidifiers is not sufficient, the condensatioaynoccur on the walls
and windows. If the dehumidifiers were more, therenenergy would be
consumed;
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e The access of the air from the different rooms otside should be
avoided,

» To cover every gap in the drying-out room;

e The temperature of the air in the drying-out rodrmawdd be kept between
20-30 °C (the higher temperature, the quicker exatmm of the moisture
from the brickwork);

e The ventilation is not allowed. The access to th@r is allowed only to
empty the storage with the water;

 The dehumidifiers should be kept running in themoontil the water
content decreases to the state of 3 % called axyalow level of the
moisture. Then it is possible to move the dehunadsfinto the other
room. The moisture may be checked with the humiahigyers;
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Fig. 5A figure of a dehumidifier drier: 1 — a compressdr a storage for the water, 3
—afan, 4 — a condenser, 5 — an evaporator, § aigr7 — moist air,

Adsorptive dehumidifiers

The drying process with adsor ptive dehumidifiers

Adsorption is a property of the solids to conceaetigases and liquids on their
surfaces. The adsorption is a physical processhatecurs on the interfaces of
the liquid—solid phase or gas—solid phase. Duimg process the concentration
of either gas or liquid compounds appears on tiniasel of an adsorbent (solid
substance). The adsorptive dehumidifiers draw tleemdirectly from the
absorbed air on the basis of the hygroscopic atearpThe air for the
dehumidification gets into the system with a farotigh a filter and continues
over the slowly rotating sorption wheel where theev molecules are bonded to
a sorbent etc. gelatinous silica gel.
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The possible use of the dehumidifiers:
e To dry out the buildings and the storage spaces;
e To dry out the places which have already been ditethe very low

I
o
»iﬂ@% I

Fig. 6 A figure of the adsorptive dehumidifier: 1 — anumf the process air, 2 — an
output of the regenerative air, 3 — a filter foe thput air, 4 — a adsorptive rotor, 5 —
heater of the regenerative air, 6 — a filter oferegyative air, 7 — an output of the

dehumidified air, 8 — an input of the regeneratire

moisture level;

Ventilation—windows, doors

The drying process with the ventilation
The ventilation is one of the way how to dry outoam. It is based on the
natural air flow through the open windows or dodis.speed-up the ventilation,
different types of fans may be used.
The possible use of the ventilation:
e To dry out the rooms;
e To regulate the stuffy air—the air exchange;
» To regulate the temperature;
e The air is needed for burning boiler, stove etc.;
Two main types of the ventilation:

a) Natural ventilation b) Forced air ventilation
- ventilation in joints, - the equipment for thentilation,
- ventilation through windows, doors, - air conaliting,

- ventilation in shafts,
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The microwave drying

The drying process with microwaves

The principle of microwave drying is based on thierations of the water
molecules when the microwaves are applied intdtiekwork. This movement
and the friction generate the heat energy. Thiegded energy transforms the
water molecules in the water vapour which is vated. The vibration of the
water molecules is the primary action in this pescelhe water molecules are
able to get rid of their energetic potential whiminds them to the capillaries in
the building materials and makes them impossiblevaporate. It is not possible
to get this stance only due to the water heatihg. dressure of the water vapour
Is created from the vibration of the water molesuleder applied microwaves.
That pressure comes from the middle of a matendl @ntinues to the outer
surface of a material but at the basement onhhéointerior (slower process).
The microwaves cause the heat of an object in ftslevmass and that is the
main difference against the heaters. The dependsnae absorbed amount of
the energy is on the properties of the material$ the characteristics of the
radiation such as the frequency of the microwaeél fipermittivity, dielectric
dissipation factor and the intensity of an electratd in the material. For the
drying process of the materials and for the remaMathe pests in it, the
frequency 2450 MHz is generally used. This corragigsao the wave length of
12.5 cm. This frequency is chosen because it inflas the water molecules the
most. The duration of the drying depends on thdofacsuch as the wall
thickness, type of a material and the level offager content in the brickwork.

Sl
1

Fig. 7 A device for drying with microwaves 1 — microwawggply, 2 — a generator of
microwaves, 3 — a waveguide antenna, 4 — a stiskaded antenna, 5 — a horn shaped
antenna,
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The possible use of the microwave drying:

e To dry out quickly the buildings after floods;

» To dry out wooden parts;

e To remove pests and fungi;

e To dry out only the specific parts of the buildicgnstructions;
The electroosmotic drying
The drying due to electro-osmosis is described e tchapter (3
ELECTROKINETICS)

[2] [7][8] [9] [10] [11]
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2 SALTS

Soluble salts are considered as the most commorcesaf the building
damage in the building constructions mainly in linger parts of the buildings.
The sources in the building matters are differégpes and the amount of the
salt concentrations in the building matters depemdhe physical properties of
the salts, the used materials, the amount of thetame in the material, the way
of its contamination and on many other factorsteeldo the environment.

2.1 Transfer of the salts and the moisture

» To understand how and which mechanism of the dansagreated,;

e To choose and to design the right intervention #@mdestimate the
efficiency of the outcome;

» To predict the future evolution of the damage,;

The final distribution of the salts balances and deends on the three
processes:
e The rate of the moisture loss through the evapmrati
e The rate of the moisture supply by the capillaoy/]
» The rate of ion back diffusion due to the concditna gradient
established within the salt solution; [6]

2.2 Transport of the moisture and ions

There are two main types of the transport mechanfemthe salts induced by
the water in the matters-diffusion and advectionthle first stage of the drying
of the building matters, the advection takes a magte. It means that the ions
accumulate at the surface of an object during tigang from the beginning and
their concentration increases following the wateaporation from the surface.
The first stage is in the liquid phase. That evapon process occurs until the
amount of the moisture supplied to the surfacagbdr or equal to the amount
of the evaporated moisture. The drying phase laented by the environmental
conditions such as the relative humidity, tempemtwair speed and many
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factors such as the porosity of the material, treeaand the surface of the
material and the level of the saturation in theegor [6]

drving
surfoce

4—MOISTURE FLOW 4

AIRFLOW
odvection dif fusion

| S2 |

sdsorphion s neglected

v v

accumulation 4 leveling of £
Fig. 8 A scheme of one-sided drying sample which is ségdravith a salt solution.

The diffusion as the second main transport mechaissinfluenced mostly
by the porous structure in the connection withdagillary forces. The moisture
flows preferentially into the micropores due to giressure gradient. That action
results in a lack of the water inside the macropamd thus the isolated clusters
are created. The discontinuity of the moisture floecurs and the moisture
transport is provided through the vapour phase. Hodated clusters are
evaporated due to the high difference of the nedaliumidity between the air
around the clusters and the relative humidity at ghrface of the matter or a
material. During the drying process, the air mowves the largest pores, where
the capillary pressure {Pis the lowest. The following equation describleatt

process as:
2y
p. == codg) (P4 2.1)
where  frooooeeeeeennn. a radius of the pore [m]
Verrrrmnneeneennnns the tension of the surface -uililqvapour interface
[N-m]
(0 TR the contact angle - liquid/aiddiguid/soil interface
[°]
[o WP the volumetric mass density ofwaer[kg'm]
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The following equation describes the moisture fpans during the drying
process. The gravity is neglected. The mechanismbea liquid flow and the
diffusion of the vapour are in the combination edlhs the moisture diffusivity.
The following model does not include the moistur@nsport due to the salt

gradient.
086 0 06
—=—21D 8 _
b LG ) (2.2)
where  0....cccoc....... the volumetric liquid moisturertent{m®m™]
D(0)............ the isothermal moisture diffusiviip®s]

In the following equation the influence of the saft included:

(6, ) dc
(at ) :—&[H(DC&—cUJ—R (2.3)
where  Cocoeeveeeeeenns the concentration of ionthe watefmol1™]
Deovevrrrenenn, the diffusion coefficient of thens in the moisture
inside the porous medium®*s?]
Ui, the velocity of the wafen's™]
= ST the rate of the crystallizatjonol1™s™]
S P the total amount of the salt conia the porous matter
(material) [12] [13] [14]

As it has been written two main mechanisms the etttwe and diffusion are
responsible for the moisture transport connectel thie salt transport. The Fig.
9 shows these two mechanisms during the drying sdraple of the fired-clay
brick contaminated with the 3 M(NaCl) solution. Theeasurements of ions
were conducted with the nuclear magnetic resondfroen the beginning of the
experiment, a quick and a high increase of ionthatsurface of the sample is
seen. That quick increase at the surface was dtietadvection—the first stage.
When the concentration of ions at the surface gstssaturated value the
additional advection may lead to the crystallizatithe crystals may be seen on
the surface. When the surface changes due to the sdficiency of the
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advection decreases. Diffusion (second stage)sstartimportance from that
point. The concentration of ions is being leveltgtlin the cross section of the
whole material during the next days until the conicion of ions in the sample
of brick gets saturated value 6 M. The relationMeein the advection and the
diffusion may be expressed as the Peclet’s number P

R, EFC (2.4)
where L., the length of a sanipié

DS the coefficient of ion diffusi¢m?s”]

U the velocity of the wafen's™] [6] [12] [14]

If the P, << 1 the diffusion prevails. If the,P> 1 the advection dominates.
From the Fig. 9 it is clear when the diffusion @autVection are dominant.
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Fig. 9 The profile of NaCl concentration measured dutheydrying of a fired-clay
brick sample of 45 mm length after 0, 1, 3, 6,8,dnd 15 days. The drying surface is
at 0 mm. [6] [12]

2.3 The viscosity — the property of a solution

The viscosity of the liquid is a very important pesty and may influence the
capillary flow significantly. The accumulation dig ions which results in the
high concentration at the surface may slow down dagillary flow and the
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evaporation rate which was demonstrated in theysfu]. It was shown that
the different types of salts influence the capylldow differently. [6] [12]

2.4 The structure — the influence of the structure on he
evaporation

It was observed that the damage by salts in themabtstructure may be
transported from one layer into the other by theeation. The different size of
the pores is important because in the pores o$ithed| sizes (fine pores) it was
proved that these held the moister longer due ¢ohigher capillary pressure.
That results in the drying of the larger poreglijts [6] [16]

2.5 The structure — the influence of the relative humidy

Another important condition for the water flow igetrelative humidity which
may also influence the crystallization significgntlThe following equation
expresses the connection of the surfaces air/hieterface:

q, =B(h, —h) (2.5)
where  Rucoeeveevennn the mass transfer caeffigkg-m*s?]

o IO the relative humidity of the &, [ - ]

o AT the relative humidity of the hiuiid inside the

porous material [%], [ - ]

Nevertheless, the 3 coefficient may be influencgedilny factors such as the
velocity of the air, the thickness of the dryingrfage, the porosity of the
material etc. If the salts are presented in thestaoe, the situation becomes
even much more complicated. The relative humiddyone of the most
important factor for the crystallization. [6] [12]

2.6 The damaging effect of the crystallization

The salts can cause serious damages in the builkbmgtructions. The
damages are due to the changes in the mechanatg@hgsical properties of the
salts in the building matters. During the changethe salt properties, the high

a7



pressures occur. These pressures are much higirethid tensile strength of the
building materials. Generally, the main responsiblechanisms for these
damages in the matters caused by the salts are:

 the crystallization pressure;

* the hydration pressure;

 other theories exist; [17]

2.6.1 The crystallization pressure

The salts have different chemical and physical @rigs. Their combinations
and the salt mixtures can be created. In additioa,different salts and their
mixtures crystallize at the different relative hdity. Thus it is very difficult to
predict the crystallization. The mathematical modet the crystallization
pressure was defined by Correns. It was provedthigacrystals of the salts had
to be in a supersaturated state to derive thealliygstion pressure [18]. The
following equation describes the pressure:

P =ﬂ'n(gj Pal @6)
V, C,
where R............... the crystallization pressure [Pa]
Coreeeeeenn the saturation concentratitside the pore [mdl'],
Corrrrnrrnnennn, the concentration of the ionsha bulk solution
[mol1™]
= ST the gas constantfdl™K™]
| I the thermodynamic temperafiie
\VARRUT the molar volume of the salt{if]
[ DT the number of ions in the salt

In the recent years, this equation has been ofilyeck and it was found out
that the equation was appropriate only for calootabf the high pressures in
very small pores (< 10 nm). Thus the problemati¢hef crystallization at the
historic buildings and building materials is veriffidult because the historic
buildings are built with the different materials ialn may contain even larger

48



pores. Moreover the building constructions arethiudm many layers of the
materials and the different salts have differerapprties in relation to the
crystallization pressure. Therefore the mathemiatiwadel which might solve
the problematic of the crystallization pressure iatsbeen found out so far.

2.6.2 The hydration pressure

The crystallization of the salts may be repeatechynames due to the
changes of the relative humidity. During the crijetation and re-crystallization
a low hydrate may be changed to the higher hydramonjunctions with the
high pressures called as the hydrate pressures [19] [6] [12] [17]

2.6.3 Other theories

In the previous study it was proved that the ciyztdion pressure was
dependent on the type of the salt. Not every saltareate such a high pressure
to cause the damage in the material. For exampleddium chloride does not
create such a high pressure [20]. The pressurendsp® many factors such as
the material porosity, RH, the water content andyrathers. [17]

2.7 The climate and its influence on the salt formation

The influence of the climate on the salts is a i@leactor. The different types
of the salts and their formations crystallize duéhe different relative humidity.
Table 4 shows the deliquence points of some salts.

Table 4 Deliqguence point for some salts. [17]

The deliquence
point [% RH]
MgCl, - 6H,O 33
Ca(NOGy)2 50
NaNGQ; - 4H,0O 74
NaCl 75
NapSOy 82
NaSQO, - 10H,0 91
CasQ - 2H,0 100
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The increases in the relative humidity from belamvabove the deliquence
point cause the dissolution of the salts which @exipitated contrary to the
decreases in the relative humidity from above ttowethe deliquence point
where the precipitations of the salts occur. Thenges of the relative humidity
iIs only a partial condition for the dissolution/pigtation effect. The other
important factor is the temperature because sompestyof the salts are
dependent on the temperature therefore the predict the salt behaviour is
complex and complicated. [17]

2.8 The damaging concentration related to the salt anits

Currently, only few countries have a threshold fine limits of the
concentrations of the most common salt anionsic@tliamount of the salts in
the building matters are different in accordancéhwine type of the material,
characteristic of the salt, amount of the moisetie Generally, to find out the
limiting amount of the salts in the building consfiion is difficult. In the
present dissertation, the threshold values acaprgith ONORM 3355-1 [21]
are taken into account. The used thresholds aa¢eckkolely to the anions of
chlorides (C), nitrates (N@) and sulphates (SO). [17]

Table 5 Treshold values for chloride anions from ONORM 335 [21]
anion | Water content [9-kg™] solution
w [%0]
<0.03 <0.3 without risk
chlorides| 0.03-0.10 0.3-1.0 individual evaluation

(CI_) necessary

active salt removal i
advised

>0.10 >1.0

Table 6 Treshold values for nitrate anions from ONORM 335%21]

anion watsvr [<(:)/oo]n tent [9°kg™] Solution
< 0.05 <05 without risk
nitrates | 0.05-0.15 | 0.5-1.5 | Ndividual evaluation
(NO2) _necessary |
>0.15 515 active salt_ removal i$
advised

50



Table 7 Treshold values for sulphate anions from ONORM 335pR1]

water
anion content [9°kg™] solution
w [%]
<0.10 <1.0 without risk
sulphates  0.10-0.25 1.0-2.5 | ndividual evaluation
(SO42') necessary
>0.25 595 active salt_ removal i
advised

\°ZJ
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3 ELECTROKINETICS

Electrokinetics may be also called electrokine@éimediation. These methods
offer a high efficiency in the decontamination bétfine pores soil. When an
electric field is applied across the porous maketiee movement of ions in a
solution starts. Minimally two electrodes are nektta such ion transport (see
Fig. 10). Due to thus obtained electrokinetic pssgeradio-nuclides, heavy
metals and other organic compounds or their mixedganic matters can be
removed from the different porous matters. The wetfor the remediation of
the soil was described in the previous studies [22] [24] [25].

Electrokinetic processes consist of two main paelectromigration and
electro-osmosis. The following chapters are related the use of the
electrokinetic phenomena in the porous buildingamals.

Fig. 10Scheme of migration of ions towards the electradfdbe opposite polarity
under an influence of electric field.

3.1 Electromigration

The transport of the dissolved salts is connectegld thie movement of the
moisture. When an electric field is applied to ashporous material the electric
field is carried by ions in the pore solution. Thmocess is called
electromigration. Electric current is carried byeatons in the metallic
electrodes. Processes, which transform electricenticarried by electrons to
the current carried by ions and vice-versa, aréeddlelectrode processes”.
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These processes are dependent on the materiak aéléictrodes, the applied
potential and on the type of the electrolyte solutiOxidation and reduction
processes will occur at the anode and cathodegctgely. In addition to these
processes, around the electrodes, where the dii@ck ps, the ions can
precipitate. Electromigration was described in finevious study [26] by the
following equation:

D, = k;‘Tzl“L In(c%] (3.1)
where Koo, the Boltzmann constant [1.3807° JK™]
T, the temperature [K]
e, the ionic mobility [rs™V ]
Lo the Avogadro constant [6.028°mol™]
oo, the Faraday constant [96488dT"]
720 the unit charge

Electromigration in the bricks was further desadilbe the study [17].

3.2 The problems during the electromigration

When an electric field is applied into the brickWwathe transport of the
current by ions may be interrupted from the difféneasons. One of the reasons
might be the stray current effects. There are maniding which have some
metallic parts in the walls. These parts may beparsible for those
interruptions. Therefore some forms of the protexdi are necessary. The
following solutions are given:

The cathodic protection:

e The connection with the metal which has in the \mment
spontaneously more negative potential than theeptiog potential of the
metal which is aimed—-the anode is given up;

* The connection of the protective metal with theaiteg pole of the direct
current—the outer direct current supply;
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Others:
* The changes of the metallic parts for resin-andgre
» Electrical isolation around discontinuous metghasts;

3.3 The migration of the ions and their velocity under an
applied electric field

The velocity of ion migration varies in differentaterials. Generally, if the
lon concentration is the same, the ion with thehégy velocity is transported
firstly. From the experiments with the porous bsidke following velocities
were calculated:

Table 8 Mobility for the relevant anions [u/Tom?*s™V™]. [27] [28]
OH" ClI" | 2NO3 | .50 | %,CO5*

Mobility of

. 20.64 7.91 5.49 4.15 3.73
1ons

Table 9 Mobility for the relevant cations [u/fom?s™ V™. [27] [28]
H* K* Na" | Y%.Cay' | YoMgs' | YoFe' | YsFest

Mobility of
ions

36.23 7.62 5.19 3.09 2.75 2.74 2.3p

Migration of ions is related to the one valencecet which is transported
between the electrodes. If the ions are dissolaetthe electrolyte the order of
the electromigration is following:

Anions:

OH > CI >'/,NO; >',SO” >'/,CO*
Cations:

H* > K'>Na >,Ca’ >',Mg," > Fe" > Y/5Fe*

Nevertheless, the velocity of anions is limitedthg velocity of the fastest
cation because the neutrality has to be maintailmethe previous research, it
was found out that the velocity for Neas lower in a NaCl solution than in a
Na,SO, due to the different velocities of Gnd SG”. [17]
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3.4 Electro-osmosis

After the application of the voltage into a fineagred or porous material,
lons which are in the solution (electrolyte) st&ot move by the electrical
migration and this migration induces movement &f Water in the direction to
the positive or negative electrode in relationhte whole charge of the interface
of a fine-grained or a porous material. In the cak¢he bricks, the internal
surface has a negative charge. The internal swfadebe polarized with the
charges of the opposite polarity and then the cba@mequilibrium will be
maintained (see Fig. 11). lons with the same chasgihe charge of the internal
surface are called co-ions. Opposite ions are ccadleunter-ions. From this
equilibrium double electric layer is created. Cadgare presented much less in
this double layer than the counter-ions. Applicataf the voltage causes the
movement of the counter ions and co-ions towards dlectrodes with the
opposite signs. Because counter-ions are domimgamst the co-ions inside the
double electric layer, the water molecules arotlmedcbunter-ions are dragged to
the cathode electrode together with the countes-ja4y.

Fig. 11 The scheme of the internal surface of a porougmahibrick). 1 — the internal
surface (negative charge in the case of the pdyocks); 2 — the solution (positive
lons — counter-ions ) and (negative ions — co-iomajch — a solution (electrolyte).

The water movement towards the cathode was seeamost of the porous
materials. The following theory from Helmholz aneh@uchowski describes the
velocity of the water movement as:
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U =U[—é E (3.2)
n

AL
where  G.o..oooeeeenee, the surface current densitynfc]
Ouevrrrnnaennennns the thickness of the electricibole layer [m]
Mevereeeeeeeenn, the viscosity [ka*'s’]
AE/AL......... the size of the applied electric fiekek @rea [17]

The surface current density depends on the useerialatin the experiments
with the bricks the surface current density vabetiveen bricks of the different
colours [17]. The thickness of the double layerdependent on the ionic
concentration in the electrolyte. The increasehi@ ¢lectrolyte concentration
results in the decrease in thickness of the doldner. The viscosity is
connected to the compound of an electrolyte impthres.

3.5 Electrode processes

The current transported by electrons is changeldaaurrent carried by ions
in the pore solution (electrolyte). The chemicalgqasses occur at the electrodes.
If the inert electrodes are used in the experinagra the low concentration of
ions is obtained in the solution (electrolyte) tiolowing primary reactions
occur:

Cathode (electrolysis)

(1) 2HO +2¢é - 2 OH + H, (gas)
Anode (electrolysis)

(2) 20H- HO+%Q(gas)+2¢e
(3) HO - 2H+% QO (gas) +2 e

Chloride oxidation

(4) 2 Cl - Cly (gas) + 2e

Reactions (1) and (3) influence the changes of IpHhe case of the inert
electrodes covered with the platinum (laboratorgeziments in the presented
work) reactions (2) and (3) will prevail at the deo The creation of Hions at
the anode (3) results in the acidification contrrythe reaction at the cathode
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(1) where the OHions are created. The base front is thus developkd
amount of the acid and base fronts is dependernh@muration and the total
current passed through the set up. If the usedretixs are non-inert and there
iIs a presence of chlorides other reactions may rocluat may result in the
changes of the colour around the electrodes togettte the corrosion. There
may be created plenty of other reactions in thenicof the electrodes. The
examples of reactions which may occur:

Cl - Y.Cl,+e Me — ne + Mg
[17]

3.6 The changes of the matrix

The pH of the material or structures changes dutimg lifetime. The
development of Hions from the electrode processes results in tiaglugl
decreases in pH. Generally, the acidification isvamted in the structures
because it causes the deterioration. Therefore mecessary to hinder this
acidification of the brickwork and the structuresuridg the treatment
(dewatering and desalination). Thus the setup figrteeatment should have the
possibility to control the pH during the duratiorf the treatment. The
electrokinetics allows this possibility of the caited pH. [17]

3.7 The dependence on the material

The transport of the ions in a porous materiakigeshdent on the factors such
as the distribution of the pores, their structurel site. The degrees of the
saturation and the concentration of ions in antelfte are also important. The
factor of the traditional diffusion in the liquidas found out 10higher than in a
saturated brick. The ion transport that is in eopermaterial under steady-state
conditions is called effective diffusion {f). It is suggested that there is a link
between the traditional diffusion {Pthat is actual in a free solution and the
second kind of diffusion called effective diffusidb.y) that is in a porous
material.
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&
Deff = p?D0 (33)

where  po.eeeeeennnn. the porosity of a matelda)
(P the tortuosity factor [ - ]
et eeeanns the constrictivity [ - ]
Defferveeeeeeenns the effective diffusion frs]
Dowevvvverrnnnnnn. the traditional diffusion frs"] [17]

3.8 The change of the conditions during the experiments

There are many conditions which may influence tlificiency in the
laboratory scale experiments aimed at the migradfcthe ions. One of the most
important is the applied current strength. Thengjtie of the applied current was
optimized for the highest removal efficiency of theavy metals from the fly
ashes. The laboratory optimization is dependenthentype of the material or
the mixture and the aim of the treatment. Sucheim®e in the constant current
strength results in the increase of the voltagedas the Ohm’s law (U = R-1).
This increase seems to be a limiting factor for rdi@oval of the salts or any
ions due to the electromigration. The problematithvthe high resistance is
discussed in the dissertation (read the experirhpaty. [17]
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4 OSMOTIC METHODS - THE USE IN PRACTICE

During the moisture flow through the capillary, tdeuble electric layer is
created on the interface between the capillarytardiquid. For the sanitation
practice, the positive zeta potential and the pasparticles close to the surface
of the capillary are important. If the direct cuntres applied into the layer the
positive charges start to move together with théewaolecules towards the
cathode. The drying methods based on the electmasnprinciple are
technically suitable for every type of the mateaad constructions with the
porous structure in which the water movement ocduesto the capillary forces.

4.1 The passive electro-osmosis

The setup of the electrodes consists of the eldesrdouilt in the moist
brickwork and the electrodes underground. The mldes in the brickwork and
in the soil are from the same material (coppeglstnd these are connected in a
short distance. The electric field during the passlectro-osmosis is created
between the steel electrodes put in the mortar(peld= 12-14) and the steel
grounding electrodes in the soil with the pH aroéndrhe created voltage is
small (0.2-0.5 V) and takes place until the pamivhich the mortar around the
electrodes in the wall gets carbonized. The dutglaf the setup is between 1-3
years. Moreover the installation is sensitive toeotinduced voltage which may
change the polarity of the electrodes and thugrtbisture gets higher amount.

[4]
4.2 Galvano-osmosis

The galvano-osmosis differs from the passive abeatmosis in the
electrodes that are made from the materials with dtiferent conductivity.
These two materials and the moisture in the brickveoeate the voltage supply
resulting in the desirable electroosmotic watengpmrt. The intensity of the
electric current is very low, the electrodes undecgrrosion, the interaction is
caused by the stray currents and induced voltaga the traction. That results
in the shorter durability. [4]
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4.3 Use of the passive electro-osmosis and galvano-osiso

The passive electro-osmosis and the galvano-osmass not suitable
methods especially due to the short durability Hrefefore these methods are
not used at the present time any more. [4]

4.4 The active electro-osmosis

The problems of the passive electro-osmosis areedolith the active
electro-osmosis (AEQO). At the active electro-osmpoan electric field from the
power supply forces directly against the capilaater. The electric field in the
brickwork is created with the gradient which canbet interrupted with the
induced voltage from the surrounding.

At the setup of AEO, the electrodes built in thechkwork are connected to
the positive pole of the power supply and the neggbole to the grounding
electrodes. The positive electrodes are electrowadiy influenced and their
operating life depends on the anodic dissolutiothefmaterial from which the
electrodes are made. At the present time, the ube @lectrodes made from the
modified carbon are the most common.

The electrodes in the brickwork are set up mosslythee strips conductors
either on the one or both sides. These conductersadled strips electrodes and
may have a different width. These electrodes magédbaip also in the form of
the conductive paints or the plastic conductivgpst(both with the admixed
carbon). Other types of the electrodes have stiddlow shapes. These are put in
the holes in the brickwork drilled before. The smns are shown in the Fig. 12.

[4]

60



p
e HH“ &
e ; -
z) ; 7
/ 74

Fig. 12The variation of the electrodes in the brickworkstiipe electrodes, b) stick
electrodes, c) bow electrodes. [4]
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5 DRYING AND DESALINATION OF THE MATTERS
UNDER AN APPLIED ELECTRIC FIELD

5.1 The use of electrokinetics for the drying and the
desalination of the matters

At the present time, the electrokinetics is usethasadvanced option for the
dewatering and the desalination of the buildingstattions. That technique in
the field of the civil engineering was tested foe dewatering and desalination
of many buildings materials. It is necessary toagioinitial exploration of the
construction of the interest. If some metallic padre found out in the
construction it is necessary to protect this paead chapter 3.2) otherwise the
technique may not be efficient enough.

5.2 Poulticing

This term "poulticing" has origin in medicine, wkepoultices such as
different mixtures were placed on the body in ordereduce pneumonia or to
reduce pain.

5.2.1 Classic poulticing

At the present time, the use of the poultices ésrttost common method for
the desalination of a brickwork. For the purposkdasalination, poultices are
applied on the outer side of the brickwork. Thesistency of the poultices may
be different such as mixture of cellulose, clay. 8tece desalination is obtained
by (i) diffusion of salts into the poultices in cmyuence of different
concentrations and/or by (ii) advection in consegeeof evaporation of vapour
from the poultice into the surrounding and by tbkofving capillary transport
of salts from the object into the poultice. Theaestion by diffusion is a very
long process, which may take weeks, months to ohta¢ desired level of
desalination. Advection is relatively a quick presef desalination contrary to
diffusion. The desired desalination can be obtaimetéw days. Nevertheless,
this process is limited with the size of pores otiice and the substrate. The
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efficient desalination by advection is obtained wiige poultices contain many
more pores of smaller size than the pores of satiestlherefore this limitation
for the desalination by advection is only for desgion of materials with big

pores such as bricks, whereas advection is natiesfti for the desalination of
materials with relatively small pores such as cetecand mortars.

During the drying, the size of the pores in poelivaries in relation with the
changes of a mass water content. The size of thesbminishes in volume.
Therefore it is difficult to adapt the size of psr®r the highest efficiency of
desalination. The other limitation for desalinatiosing poultices may be the
depth of building material in which the materiabgld be desalinated. In the
case of bricks, the depth where the desalinati@&ffisient is about 20 mm from
the surface. Moreover the use of poultices isdiffibecause the poultice has to
be applied on the whole surface of a wall whiclksupposed to be desalinated.
For the desalination by diffusion, it is necesdarghange the poultices to keep
the concentration gradient. Thus the salts can nmwehe poultice. [30]

Fig. 13 Application of pouliée othe brickwork. [30]
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5.2.2 Electrokinetics

The previous limitations are solved with the elekimetic methods based on
migration of ions (see Fig. 10). This method isrently the most used. Many
electrokinetic experiments have been focused ondhmval of chlorides from
the concrete so far.

Electrokinetic methods have few advantages contrarythe classic
application of poultices such as (i) the electrekin methods can be used for
desalination of many materials regardless the sizéghe pores and their
distribution, (ii) the electric field applied inthe electrodes has better influence
into the higher deep of the material, (iii) thichaique can be used regardless
the temperature and humid conditions, (iv) only fests of electrodes can be
used for the desalination contrary to the claseidtes where the whole wall
has to be covered. [30]

5.2.3 The use of electrokinetics for the drying of bricksand brickwork

There have been many works so far which are ainidteadrying of the
bricks by electro-osmosis. Firstly, the experimentse successfully tested in
the laboratories where the decreases in the watdeits were obtained. The
pilot tests followed. At the pilot scale testswis possible to decrease the water
contents in the walls and in the basement of a -sletaiched house. The
dewatering due to electro-osmosis is a long estadadi method and is used
mostly in Germany, Denmark, Austria. The techniqguas tested even in
Czechoslovakia where the method called PU 10 baseglectro-osmosis was
developed.

5.2.4 The characteristic of the dried and desalinated marials

Generally, it is possible to say that the electnelics which uses an applied
electric field is influenced by many factors suchthe internal structure of a
material (density), by the amount of the water Ire tpores and the ion
concentration in an electrolyte. The drying andatieation under an applied
field was successfully tested on different matsrglch as:
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wooden parts of the constructions;

the ceramic materials with the filled structure€ksi of different types;
the bricks together with a mortar;

the sandstones;

the limestones;

the ceramic tiles and the different types of paints

concretes;

The examples for the use of electrokinetics infigle of civil engineering are
shown in the following table:

Table 10An overview where the electrokinetics is usedhi ¢ivil engineering. [31]

Areas of electrokinetic The description of the treatment

application
Salt removal from The chloride ions are removed from the
concrete concrete under an applied DC field.
The alkalinity which is important in concrefe
The re-alkalization of thg science may be established during
concrete elektromigration due to the electrode
processes.

The special compounds of Cagénd
r]\/Ig(OH)z may be filled into the cracks by the
electromigration.
Application of the The degradation of concrete may be slowed
different inhibitors againgt down significantly due to the inhibitors su¢h
corrosion in the concret¢ as amino compounds.
The special compounds of boron may coyer
and prevent degradation of the wooden
constructions.
| The concentration of the salts in the bricks
may be decreased up to very low
concentrations after the treatment.

The closure of the crack
the concrete

The cover as impregnation
on the wooden structurefs

The salt removal from th
brickwork

{

Electrokinetics is used not only for the dewateramgl the desalination of the
materials but also in other fields. The exampleastiie@ use in the field of the
environmental engineering are shown in the follgniable:
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Table 11 An overview where the electrokinetics is used mé¢nvironmental
engineering. [31]

Areas of e_IecFroklnetlc The description of the treatment
application
Removal of the differenf The electrokinetics offers the environmental
heavy metals from the friendly removal of heavy metals in
soil, sludge, fly ashes anaonnection with the pollutants from soils wjth
sediments. the different grains.

Remediation of the | The effective removal of the pollutants from
groundwater the water with the use of a passive membrgne.

Removal of the organic The organic element as phenol may be
contaminants from the sqil removed due to the electromigration.

| The salts which may cause the degradatign of
soils and lands may be removed due to the
electromigration.

Removal of the The power plant or concrete in general may
radioactive elements fron be contaminated with some types of radip-
the concrete structures nuclides that may be removed.

The salt removal from th
soil.

(

The experimental drying and desalination underpgiied electric field in the
presented dissertation was carried out on:
» the simple bricks of Danish format which were tegtev saturated;
» the simple bricks of Danish format saturated whle sodium chloride

solution;
» the sandstones from a warehouse;
 the pilot test was carried out on a brick wall citable;
The additional descriptions of the used materiedsia the experimental part

of the thesis.
5.3 Summary of the basic knowledge about the electrokeatics

It is possible to say that the drying and the deatbn due to the influence of
an electric field is efficient and quick. The adiages and disadvantages are
described in more details in the following chapter:
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5.3.1 The advantages and disadvantages of electrokinetickr the
drying and the desalination

Among the basic advantages of electrokinetics belgn

e The method is non-destructive;

e |tis possible to dry out only local areas whick arore water saturated or
salt contaminated and need to be treated. Theglofithe specific places
is not possible with other dehumidifiers;

e The technique does not have negative influencegeople or any other
organisms;

* The drying with electrokinetic technique is easytfee service;

e To dry out the area of interest together with tilé emoval;

Among the basic disadvantages of electrokinetics lomg:

e If a wall contains a lot of space (air room) betwdbe brick and the
mortar, the current flow cannot get through the huoaterial or a wall
and stops in this place. Thus the water movemetit the movement of
the salts is limited;

e In the case of the desalination, it is necessargutothe samples to the
laboratory for the analysis by chemists;

 The efficiency for the water removal is not as high at the other
dehumidifiers. There has been still much reseaeftthfdr upgrades of the
setup units;

e The existing metallic parts in the wall have todowered or the current
interactions may occur;

» Higher energy costs;

* Too high density of current applied can createkgac the material,
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6 SPECIFICATION AND THE GOALS OF THE
DISSERTATION

The dissertation deals with the extension of bdikotetical and practical
knowledge with the use of the electrokinetics ia fleld of civil engineering.
The dissertation is focused on the sanitation eflhilding materials such as
bricks, sandstones in relation to the moisture thedconcentration of the most
common salts. The issues of the moisture and the aee wide enough and
contain much knowledge from the fields as chemiatrg physics.

6.1 The specification of the issue

The dampness and a high concentration of diffetgoés of salts in the
basement is the problem especially at the oldddings where the precautions
such as the waterproofing membranes against therwet completely missing
or badly done.

The dissertation interconnects issues of the mmisand the salts. The
theoretical part of dissertation (chapter 1-5),cdbgss the problematic of the
moisture, salts, electrokinetics and their relaitmthe building matters.

The important parts of the fundamental knowledgethe initial conditions
which are different in the laboratory and on théddmg site. The amount of the
water and the distribution of the salts in someotatory experiments are
supposed to be uniform contrary to the water cdatend distribution of salts in
the pilot tests. Thus it is difficult to evoke tr@milar conditions in the
laboratories as the initial conditions on the hniddsites are. In the experimental
part of the dissertation, the electrokinetic methddr the dewatering and
desalination are tested with the materials sudbriaks and sandstones.

The dissertation is focused on the experimentdliriigs from the laboratory
experiments and pilot tests. These findings areneced with the overall
distribution of the moisture, pH and salt concerdrain the tested materials.
The pilot test is focused on the verification o€ thbtained results from the
laboratory experiments. Many experimental worksehlagen running so far and

68



many problems have been still unsolved. The resuoltthe dissertation are
unique and therefore it is difficult to verify them

6.2 The goals of the dissertation

The main goals are in the complex experimental tardtheoretical analysis
of the dewatering and the desalination of the penmaterials such as bricks,
sandstones under the laboratory conditions antdeobtickwork in the pilot test
under an applied electric field. The final recomuatetions are based on these
findings and analysis both from the laboratory trelpilot test.

6.2.1 The optimization of the closed laboratory setup fothe dewatering
of the tap water saturated bricks due to electro-amosis using the
different types of clay poultices

» To demonstrate electroosmotic flow and to find which combination of
the clay poultices is the most suitable and hashigbest efficiency in
relation to the dewatering of the bricks which wiee water saturated.

» To find out the overall changes of pH in the cloBdabratory setup.

6.2.2 Desalination of the sandstones under the laboratorgonditions
using one type of clay poultice

e To desalinate the sandstones under an appliedrield&ld to levels
meeting the safety limits where no damaging riskxisected.

e To find out an overall charge, the efficiency o€ tbesalination as the
removal of mass and removal rate of chloridesatay and sulphates.

e To verify whether electro-osmosis takes place i thosed laboratory
setup and how much.

 To find out whether the placement of the sandstofesinal outer
surface) in relation to the electrodes has anyifsignt influence on the
efficiency of the desalination.

» To verify the suitability of the mixture used asetlelay poultices in
relation to pH changes.
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6.2.3 The optimization of the closed laboratory setup for the
desalination of the bricks saturated with sodium cloride solution
using the different types of clay poultices

e To find out which combination of the clay poulticeas the highest
efficiency in decreases of the chloride concerdrati

e To find out which combination has the highest dases in the water
contents inside the bricks at the end of the erpants.

» To find out the overall changes of pH in the clokdabratory setup.

6.2.4 Desalination of a brickwork in the pilot test

e To find out the efficiency of the desalination he removal of mass and
removal rate of chlorides, nitrates and sulphatdsenvthe specific
constant current is applied.

 To use the obtained experience from the test ferrdtommendations
how to desalinate the brickwork with the highesicesncy.

6.2.5 Desalination of the sandstone wall in the pilot s¢éa test on the
basis of laboratory results

 To give recommendations for the high efficiencydefsalination of the
sandstone wall, on the basis of results from therktory experiments.
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/ THE METHODS USED IN THE DISSERTATION

In the dissertation, few basic methods were useddéda analysis. The
dissertation is based on the analogy method. Thethaalology helps for the
exploring of the new findings. The analogy is based already published
scientific studies and on obtained results frompesent experiments.

7.1 Theoretical methods

7.1.1 The study of literature and the consultation with eperts

Theoretical knowledge was obtained mainly from {herature abroad,
internet and from the cooperation with Denmark Tecdl University in
Lyngby (DTU), Denmark. The theoretical knowledgedafindings were
discussed with the experts for the dewatering &eddesalination at DTU in
Lyngby, Denmark.

7.2 Experimental methods

7.2.1 Laboratory methods

Every laboratory experiment was conducted at Dekmachnical University
in Lyngby in the cooperation with the departmenthe materials. With the use
of abstraction method, the real constructions weptéaced with the simplified
models such as simple bricks and sandstones. &e thmdels, the simplified
conditions were evoke mainly because of easier amphtation for the
dewatering and the desalination.

The following materials were used as simplified misd

 the yellow bricks of Danish format 22.80.8° 5.4 cm,

e Obernkirchen sandstones with the different levels tbe salt
concentrations and porosity (1621 %) and the dames approximately
50-10-7cm,

In the laboratory experiments the following dataravecollected and
calculated:
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The water contents at the beginning and at theoéride experiments —
the gravimetric method,

The changes of pH at the beginning and at the énldeoexperiments —
pH meter,

The changes of the voltage during the duratiomefexperiments,

The initial and the final concentration of chlomgde titration,

The initial and the final concentration of the saltions (chlorides,
nitrates, sulphates) — the ion chromatography,

7.2.2 Methods used in the pilot test

The dewatering and desalination of a real wall whenelectric field was

applied was also conducted. Firstly, the initigh@xnation of the water contents

and concentrations of salts from the samples téloen the wall of interest was

done. On the basis of the evaluation of the initater contents, concentration

of salts and the historic facts, it was found obtoh salts damaged the wall and

the plaster mostly. After the application of thaycpoultices on the part of the

wall, which was the aim of the desalination treattnelectric field was applied

into these clay poultices.
In the pilot experiment the following data wereleoted and calculated:

The initial and the final water contents from tlaenples — the gravimetric
method,

The voltage during the duration of the pilot test,

The initial and the final concentration of salt@ms (chlorides, nitrates,
sulphates) — the ion chromatography,

7.2.3 The used equipments

Digital weight Sartorius CP3202S;
Membran — Vakuumpumpe ME;
PHM220 Lab pH meter;

716 DMS Titrino 727 Ti Stand;

The mechanical mortar and the oven;
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e |lon chromatography device;
e DC power supply Hewlett Packard E3612A;

7.3 The comparative method

The comparative method was used both for the axjeats in the laboratory
and in the pilot test. The results from the labamaexperiments were compared
with each other. The results from the present pdet were compared with the
results from the previous pilot tests to get timalficonclusions.
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8 EXPERIMENTAL DRYING AND DESALINATION
UNDER AN APPLIED ELECTRIC FIELD

8.1 EXPERIMENT 1 — To find out the combination of the day
poultices which is the most efficient for the dewa&tring of
the tap water saturated bricks due to electro-osmas under
an applied electric field

8.1.1 Introduction

The electro-osmosis may be influenced significalyythe composition of
the clay poultices together with the changes ofduting the electroosmotic
flow. Therefore the following findings in the lalory experiments might
contribute to the improvement of the dewateringeurath applied electric field.
The experiment tightly follows the previous stu8y].

8.1.2 The goals of the experiment 1

The experiment 1 focuses on:

* (1) to demonstrate the electroosmotic flow in thesed laboratory setup
with the combination of two types of the clay pads,

e (2) to find out which combination of the clay paocdts is the most suitable
and has the highest efficiency in relation to tesvatering of the bricks
which were tap water saturated,

e (3) to find out which combination of the clay pocés creates the least
amount of OHions inside the bricks and inside the clay poe#ijc

8.1.3 The experimental section

The bricks used for the laboratory experiments wdaken from
Wienerberger's brickfield. Danish yellow bricks d@imensions 22.810.8- 5.4
cm were used in every laboratory experiment (sgeld). The porosity of these
yellow bricks was about 28.0 % (given from a fagjoEvery experiment was
conducted with 2 halves of the brick. In the lalbonaexperiments, two types of
the clay poultices were used (see Fig. 14).
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e a mixture of (calcite, distilled water or tap watand kaolin) — the tap
water contains a lot of free ions and therefores¢h&ee ions could
influence the conductivity of the clay poultice.eTbonductivity of the tap
water was measured between 0.7—0.8cmS;

e the brick clay — it contains approximately 17.0-0180 carbonates (data
from Wienerberger’s brickfield);

Fig. 14 The used yellow bricks, the clay poulticés — thetare (white), the brick clay
(brown); [33]

8.1.4 Materials for experiments

 the yellow Danish bricks;

the rubber stoppers, the rubber tape band;

an adhesive tape;
the plastic lids, vials, cylinders and a plastimfi
the electrode platinum covered from Permascand;

8.1.5 Analytical

In the present experiment 1, the water solublditradn the distilled water is
relevant for the measurements. Before analysis, hlges of bricks were
segmented to 4 pieces and the clay poultices vegmmanted to 4 slices on the
both sides (see Fig. 16). Inside these slices tAemncontents and pH were
measured. The water content was found by the wamghdry method (drying
for 24 hours at 105 °C) and calculated as (watgmass) 100 %. The dried
samples of the clay poultices were powdered in ganby hand and the bricks
in @ mechanical mortar. The fine powder was suspe&rd10 g of powder in 25
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ml of the distilled water in the plastic vials, whiwere placed on an agitating
table for 24 hours. After this pH (PHM 220 Lab pHetdr) was measured with
electrodes directly in the suspensions.

8.1.6 The experimental setup

At the beginning of the experiments, the whole lbw@s put into the oven to
dry up over the night. The next day, the wholedlbeick was segmented with a
hammer and a chisel by hand to 2 similar halveses&hdried halves were
weighed and then submerged into the tap water t&keesimilar conditions,
which are on the building site because the watechvban get inside the walls
Is not clear like distilled water which does nontaon any minerals. After 2
hours of submersion the two halves were weighethagaery experiment was
conducted with 2 such water saturated halves dbtic& (see Fig. 17).

Plastic cylinders; 5 cm long and with an internanaeter of 10 cm were used
as the electrode compartment. The cylinders haadh dyp#toms which were
closed with the plastic lids. Each cylinder haddekl (diameter 1 cm). These
holes were closed with the rubber stoppers. Oretlye of the cylinders facing
the brick the rubber tape band was placed for betiatact with the brick. So
prepared cylinders were filled with the mixturelwick clay up to the edges of
the rubber tape band. The halves of the bricks weaeed between the
cylinders.

Then the grabs were used to press the setup tog€he stopper was put out
of the cylinder on each side to the mixture or bnek clay could go out from
the cylinder during tightening the grab. After thi®cedure the electrodes were
placed with the stoppers in the outer holes. Theteldes reached 7 cm into the
electrode compartment. Every half of brick was yep with a plastic film to
minimize the evaporation from the setup duringdheation of the experiment.
Finally, a constant voltage was applied to thetedeles by a DC power supply
(Hewlett Packard E3612A). The laboratory setugh®s in Fig. 15.
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Fig. 15The closed laboratory setup of the electrodes agedeo the power supply.
L1 —the clay poultice; L2 — a half of the bricB3]

8.1.7 The experimental series

Overall eleven electrokinetic experiments were cateld. Every experiment
was done with two halves of the brick. The expentseare outlined in the
Table 12 by the experimental conditions. The expenits had different duration
and an applied constant voltage was between (30.4\3. The changes in the
current were monitored within the day from 9 a.ih.5 p.m. an every hour
during the duration of the experiments.
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Table 12The experimental initial conditions for the expeents — type of the
poultice, the duration, the initial current, th&ial constant voltage, the weight of
dried halves of the bricks, the initial water corigeof halves of bricks. DW — distilled

water; TW — the tap water; BR.1 — half 1; BR.2 # BaKAOL. — kaolin; [33]

cop | Fopce | Poutee | Duraton | Curnt Vol "Gra” | comnts
bricks [g] [%0]

. gzv‘\i/iq* ECV?/EQ+ BR1=72| 12.0: |30.2:| 13815; | 13.7:
<AOL) | RAOL) BR2=49| 90 |301| 8539 13.7

2 [twe s [SRITHE a0 e e | 10n
KAOL) |KAOL) : ' : : :

5 |BRICK [BRICK  |BR1=142 2.0, |304;| 11132 | 154
CLAY |CLAY BR2=147 230 | 30.4| 10906 | 13.8

. S:V?IEQ”+ BRICK BR.1=142 23.0; |30.2:| 12695 | 16.1;
)AOL) |CLAY BR2=143 230 |30.2| 12663 | 159

s [ Jows T |eizi e 309 Lao ) 100
KAOL.) : : : : :

o fow ows T |SRIIL a0 s | 15
KAOL) |KAOL) : ' : : :

, |£acO+(CaCO T pr1=247 180; |30.3;| 11307, | 166
<AOL) |RaoL) |BR2=242 150 |30.4| 10683 | 149

: (T(\:A‘}‘EQ”L (T?A‘}‘EQJ’ BR.1=260 23.0: |30.3:| 1110.1; | 16.2;
KAOL) |KAOLy |BR2=260 220 |30.3| 10701 | 17.0

o |BRICK [BRICK  |BR.1=204 20.0; |30.3; 12219, | 139;
CLAY |CLAY BR2=204 200 |30.3| 9781 14.7

0 gzv‘\i/iq* BRICK BR1=214 21.0: |30.3:| 11184; | 16.1:
<AOL) |CLAY BR2=214 220 |30.3| 10951 | 17.2

11 |BRICK ECV";‘/EQJ’ BR.1=233 250; |30.4:| 1182.0: | 17.1;
CLAY |oaory —|BR2=233 150 | 304 10004 | 17.0
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Fig. 16 The segmented parts, where thewater contenpr msr.
L1 — the clay poultice, L2 — half of the brick;

8.1.8 Results and discussion

In the experiments, the changes in the water ctseemd pH were measured.
Because there were many samples in the closedakaloprsetup the average
values were calculated together with their standdediations. The average
percentage decreases or increases of these vakresrelated to the average
values.

The reference bricks

It must be taken into account that the differenoethe initial water contents
inside the halves of the bricks were measured aemn the bricks were taken
from the same batch. In the experiments, the Ini&ter contents of the bricks
were measured between the numerical values (13Z-%7 see Table 12).
Table 13 shows the changes in the water contenthansmall additional
experiment in which two halves of the brick werbmmgrged into the tap water
for few days. The deviations in the water contemése measured. In general,
the longer submersion of the two halves was, tks tkeviation in the water
content between the two halves was.

When the initial values of pH were measured thaal®ns were also seen.
The reference pH for the bricks was calculated ffora brick samples which
were taken from five various yellow Danish brickbe average numerical value
and the standard deviation of pH was then caladlgte0.5+0.03). This
numerical value of pH was taken as reference pH tha bricks in the
experiments.
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Fig. 17 The halves of the brick submerged in the tap watetwo hours.

Table 13The changes in the water contents inside the aixel of the brick - the
initial weight of the dried halves, the water congeduring the submersion and the
differences in the water contents between the @eds in relation to the time; [33]

Half1 | water | Half2 | water | Difference
Date | Time| during | content 1{ during | content 2 in the water
| e | M | e | o™
[%0]
10:00| 1182.25 VT/ellngIE?L 1000.69
11:00| 138852 17.45 | 1172.41 17.16 0.29
8.12. M5.00[ 1389.25] 17.51 | 117257 17.18 0.33
13:00| 1389.90| 17.56 | 1174.15| 17.33 0.23
15:00| 1390.83| 17.64 | 1174.86] 17.40 0.24
9.12.| 9:00] 1392.93| 17.82 | 1176.65 17.58 0.24
11.12]14:30| 1398.85| 18.32 | 1182.05| 18.12 0.20
1 1, 10:00] 140054] 1846 |1183.79 18.30 0.17
14:00| 1400.66| 18.47 | 1183.98] 18.32 0.16
9:00 | 1401.78| 1857 | 1185.01] 18.42 0.15
13.1211:00] 1182.25| 18.58 | 118525 18.44 0.14
13:00| 1388.52| 18.59 | 118535 18.45 0.14
14 1| 900] 1389.25] 18,73 |1186.70] 18.59 0.14
13:00] 1389.90| 18.83 | 1187.76] 18.69 0.13
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Electro-osmosis inside the bricks and the clay potites

In every experiment the water transport was cleadgn since the clay
poultices at the anode side had lower water cositdran the poultices at the
cathode side in every experiment (see Table 14)ameover water (about 10-
15 ml) was also seen under the clay poultices emuttderlay at the cathode side
but never under the anode side.

The pattern of the water contents inside the habf¢be bricks were unclear
in the experiments 1-6. The decreases in the watetents inside the bricks
were expected higher inside the anode halves afkdrisince the water
movement was towards the cathode. The overall dsamgthe water contents
in the experiments 1-6 are shown in Fig. 18 and F83 Possibly, the main
reason for the unclear patters and non-successfuédses in the water contents
inside the bricks in the experiments 1-6 was insth@t duration. Therefore the
experiments were repeated with the longer duration.

After the repetition of the experiments with thader duration, the average
decreases of the water contents inside the briokse wnly in the repeated
experiments 9, 10 and 11. The combinations wheeentixture as the clay
poultice was used on the both sides showed theases or unexpected pattern
even with the longer duration of the experimentse Dverall changes in the
water contents in the bricks and in the clay poa#tiare shown in the Fig. 20,
Fig. 21 and in Table 14.
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Electro-osmosis inside the bricks — the experimentsvith the shorter
duration
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Fig. 18 The changes in the water contents inside the halvétge bricks at the of
experiments 1, 2 and 3. BR.1 — half 1; BR.2 — RBa[B3]
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Electro-osmosis inside the bricks — experiments witlonger duration
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Fig. 20The changes in the water contents inside the halvérge bricks at the end of
experiments 7, 8 and 9. BR.1 — half 1; BR.2 — Ra[B3]
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Table 14 The type of the used poultices, the initial watentents of the poultices, the
final water contents inside the anode and cathodéipes at the end of the
experiments. DW — the distilled water; TW — the wagder; KAOL. — kaolin; [33]

Poultice tvpe Initial water Poultice Poultice

YP® | contents [%] | ANODE[%] | CATHODE [%]

Brick clay 21.0-24.9 14.6-19.0 17.1-21.3
mixture (CaCQ

+KAOL. + DW)| 429450 32.6-36.7 35.2-40.0
mixture (CaCQ@

+KAOL. +Tw) | #2:3-46:3 33.1-35.7 35.9-39.0

The changes in pH inside the bricks

Before the experiment started it was expectedth®pH in the bricks would
be lower close to the anode poultice because ofetbetrode reaction from
which H' ions are created contrary to the cathode whereltatrode reaction
creates OHions. In the experiments 1-5 with the shorter tlomathat expected
pattern was not clear (see Fig. 22). In the expaEms16-11 where the duration
was longer the expected pattern was obtained ie wases (see Fig. 23 and Fig.
24).

pH changes in the anode clay poultice (s@able 15

The highest average percentage decreases in pH mveasured in the
experiment 10. The least average percentage ig@apH at the anode side of
the clay poultices were measured in the experirBeanly about (1.9-1.6 %)
contrary to the initial value of pH (8.1) and sexble 16.

pH changes in the cathode clay poultice (s@able 15

The lowest average percentage increases in pHeindthode clay poultice at
the end of the experiments were measured in therement 3 (5.3-1.9 %) and
in the experiment 9 (7.4-7.8 %) contrary to théahvalue of pH (8.1) and see
Table 16. Generally, increases of pH were meashigdter at the cathode side
of the clay poultices than at the anode side ottag poultices.
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Fig. 22The changes in pH in the bricks related to theahjtH value (10.50.03) at
the end of experiments 1-5. BR.1 - half 1; BR.2lf B; [34]
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Fig. 23The changes in pH in the bricks related to theahitH value (10.50.03) at
the end of experiments 6—8. BR.1 - half 1; BR.2lf B; [34]
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Fig. 24 The changes in pH in the bricks related to theailnpH value (10.50.03) at
the end of experiments 9-11. BR.1 - half 1; BRhalf 2; [34]

Table 15The initial pH inside the clay poultices. The fip&l inside the anode and
cathode clay poultices at the end of the experimddiV — the distilled water; TW —
the tap water; KAOL. — kaolin; [34]

. " pH in the pH in the
Poultice type Initial pH anode poultice| cathode poultice
Brick clay 8.0-8.1 8.1-8.5 8.8-10.5
mixture (CaCQ +
KAOL. + DW) 8.6-8.8 8.1-8.3 9.0-11.0
mixture (CaCQ +
KAOL. +TW) 7.3-7.7 8.2-9.0 10.2-10.6
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Table 16 The percentage changes in pH in the clay poultoethe anode and cathode
sides related to the initial pH of every clay pmdtat the end of the experiments. BR.1
- half 1; BR.2 - half 2; DEC. — the average peragatdecrease; INC. — the average
percentage increase; [34]

ANODE CATHODE
POULTICE POULTICE
BR.1 BR.2 BR.1 BR.2
0.8 0.8 | DEC. 7.8 3.8
12.4 4.3 40.1 45.5
1.9 1.6 5.3 1.9
4.6 6.6 14.6 14.6
4.0 3.9 24.0 23.4
3.9 5.5 15.4 18.5
3.8 4.7 24.6 20.9
23.8 13.6 52.6 40.9
3.3 2.3 | DEC. 7.4 7.8
exp.10|DEC.| 7.7 7.5 |DEC. 12.2 11.9
exp.11 4.2 3.5 26.9 16.5

8.1.9 The conclusion

The experiments were conducted with one type dbwebricks which were
tap water saturated and with two types of poultices

e (1) The demonstration of the electroosmotic flowsviaund out because
the decreases of the water contents were hightbeanode clay poultice
than at the cathode clay poultice in the every ¢sse Table 14).

Generally, the water contents in the bricks de@@as comparison with the
initial water contents only at the combination, whehe brick clay as the
poultice was used at least on the one side of ltheed laboratory setup within
10 days.

* (2) The combination of the poultices where thelbalay was used on the
both sides of the closed laboratory setup showatttte brick clay was
dried the least on the anode side from all experimésee Table 14). In
addition, the same combination (experiments 3, l®)wed even the
highest decreases in the water contents inside btieks from all
experiments from the initial water contents (154141%) to the final
water contents (14.5 and 12.7 %; see Fig. 18 agnd2B)).
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This detection might have been useful especialiytiie pilot test since the
use of this combination could have lead to lessgbs of dried brick clay and it
could have saved both money for the clay and the for the change.

e (3) The combination where the brick clay was usadtlte both sides
showed only the slight average increases in pHeiation to the initial
values of pH inside the bricks from the initial we$ (10.50.03) to
values (10.6-10.7; see Fig. 22 and Fig. 24).

* The lowest increase in pH was also measured atati®de clay poultice
from the initial pH of the brick clay (8.1) to vas (8.5-8.2) in the
experiments 3 and 9 (see Table 15 and Table 16).

Low increase in pH at the cathode side is expeictdne useful because it is
clear that the amount of created Obhs is not so high and the low amount of
OH ions may have better influence on the efficiencyet#ctro-osmosis and
desalination. In every experiment, the clay poaliduffered to decrease pH
below 7 which would mean unwanted acidification &aese the clay poultice
contained a high amount of carbonates.

The consistency of the mixture used as poulticensee be inconvenient for
the electroosmotic dewatering of bricks becausertains a high water amount
and that was probably the main reason for the wesstul dewatering under the
laboratory conditions. Also the bad contact duritigg experiments as a
consequence of too much dry clay poultice at thedanside might have
influenced the efficiency of electro-osmosis negdyi. The bad contact was
especially in the experiments where the mixture used as the clay poultice.
The pressure/suction effect between the brickstlamdlay poultices might have
been another reason for the unsuccessful dewatering

In the future, that problem might be solved witte thse of the meshed
electrodes on the anode side because that sidenegasup more at the end of
the experiments. Also the investigation of a newxtare especially its
consistency might be a good solution how to impritweelectroosmotic flow.

88



8.2 EXPERIMENT 2 — Desalination of sandstones using cla
poultices with an applied electric field
8.2.1 Introduction

The present experiment 2 was conducted with thelstanes which were
removed during the renovation from a historic warede. The sandstones

contain chlorides, nitrates, sulphates and the wa® focused on decreasing in

the concentrations of all those, as they can caueeersible damage. The
technique of the poultices was used. The preseperarent follows the
previous studies [35] [36].

8.2.2 The goals of the experiment 2

The experiment 2 focuses on:
* (1) to see whether it is possible to desalinate saedstones to levels
meeting safety limits where no damaging risk isesxted,

e (2) to verify whether electro-osmosis (the watervement under an
applied DC field) takes place,

e (3) to find out whether the placement of the samus$ (original outer
surface) in relation to the electrodes has anyanite on the efficiency of
desalination,

e (4) to verify the suitability of a mixture usedapoultice in relation to the
pH changes and water contents,

» (5) to find out the removal rate, removed masscfdorides, nitrates and
sulphates when the constant current is applied,

8.2.3 The experimental section

The sandstones for the experiments
Two sandstones used in the laboratory experimeats vaken from the main
entrance gate of the historic warehouse Eigtuedkhiar on Strandgade in
Copenhagen, Denmark. They were cut out from a tasgjene which was
damaged by the salts. The sandstones were abouh @ohig and 5 to 7 cm
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thick. They had gray colour (see Fig. 25 and Fig). Z2A relatively smooth
surface of the sandstones had been the originar autrface and the rough
surface had been facing towards the wall. Lightet darker areas were clearly
seen (see Fig. 25) on the smooth surfaces of tme st. There were not found
any darker areas on the surface of the stone Z{ge&6). The stones contained
unknown amount of the salt concentration but it wagected that these white
and dark areas contained high concentration ot.sdle two experimental
stones (1 and 2) were weighed and further segmenittida hammer and a
chisel by the hand to 4 segments each (Fig. 25 Rgd 26). For the
segmentation of the stones sawing was not usedudedais would add extra
water to the stone segments which could cause updardistribution of the
salts. After the segmentation, the desalinatioreergents were conducted with
these stone segments.

In the laboratory experiments, one type of the fioeiwas used:
* a mixture of (calcite, distilled water and kaolard (sed-ig. 14);

Fig. 26 Four segments of the stone 2. The stone segmeas 3ised as the reference.
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Fig. 27The reference stoneegment 3 (on the left) frarstbne 1 was used as
reference for the experiments 1, 2 and 3. The eafar stone segment 3 (on the right)
from the stone 2 was used as reference for theriexpets 4, 5 and 6.

8.2.4 Materials for experiments

» the sandstones (Obernkirchen Sandstones);

» the rubber stoppers, the rubber tape bands;

e an adhesive tape;

» the plastic lids, vials, cylinders, the plastiorfifor wrapping;
» the electrode platinum covered from Permascand;

8.2.5 The analytical

Prior to the chemical analysis of CNO;, SQ? the stone segments were
segmented to 4 pieces and the clay poultices vegmmeanted to 4 slices on the
both sides (see Fig. 28). The reference stone segmere segmented the same
way (see Fig. 29). Inside these segments and dieesvater contents were
measured. The water contents were found by thehnaag dry method (drying
for 24 hours at 105 °C) and calculated as (watgmuass) 100 %.

Then the extractions were made with 10 g of driesvgered sandstone
(powdered in a mechanical mortar) or 10 g of dat (powdered by hand)
and 25 ml distilled water. The suspension was placean agitating table for 24
hours. After this time, pH was measured with thecebdes directly in the
suspension by a PHM 220 Lab pH Meter. After thedilon through 0.4mm
under vacuum, the concentration of chlorides, w@fgaand sulphates was
measured in the segmented parts of the laboratbmp @ind reference segments
with the ion chromatography (see Fig. 28 and F&J. 2
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Fig. 28 The laboratory closed setup (left) usetheexperiments, the segmented parts
of each laboratory compartment where the watererast pH and the concentration of
the salts were measured (right). — the clay poultice, L2 — sandstone;
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Fig. 29The reference stone segments from the stone 1.artte2eference stone
segment 3 (on the left) was used for the experisngén and 3. The reference stone
segment 3 (on the right) was used for the experisr®ns and 6. The numbers show

the segmented parts of the reference stones winergater contents, pH and the

concentration of salts were measured.

8.2.6 The experimental setup

The laboratory setup for the electrokinetic desdiom experiments is shown
in Fig. 30. After the segmentation (see Fig. 25 &igd 26) a known quantity of
tap water was sprayed on the stone segments tdyshepmoisture to the pores
except the reference stone segments. The tap V@tespraying had the
conductivity between 0.7-0.8 m®i’. Submersion the stone segments in the
water was not an option since the salts could baes washed out.

Plastic cylinders; 5 cm long and with an internianaeter of 5 cm were used
as the electrode compartments. The cylinders haoh dq@ttoms which were
closed with the plastic lids. Each cylinder haddkek (diameter 1 cm). These
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holes were closed with the rubber stoppers. Oretlye of the cylinders facing
the stone segment the rubber tape band was placdekfter contact with the
segmented stones. So prepared plastic cylindess filled with the mixture (see
Fig. 14). The stone segments were placed betweetwth filled cylinders. The
grabs were used to press the setup together. @ppestwas put out of the
cylinder on each side to mixture could go out frone cylinders during
tightening the grab. It was a sign that no room waghe cylinders. The
placement of the smooth and the rough sides oftthree segments in relation to
the electrodes (see Fig. 31) was taken into accdtlattrodes were placed in
the stoppers in the outer holes. The electrodesheeh3 cm into the electrode
compartment and were platinum covered with a diamet 3 mm. The stone
segments were wrapped in the plastic film to hirtherevaporation during the
desalination experiments (see Fig. 30). A constantent of 2 mA was applied
to the electrodes by a DC power supply (HewletkBatt E3612A).

= |
€ |\ L
! \

—+— anode coathode | —

| |

L1 Le L1

s

Fig. 30Laboratory closed se up of the electrodes conndotte power supply.
L1 —the clay poultice, L2 — the segmented stone;

8.2.7 The experimental series

Six electrokinetic desalination experiments wereduted. The experiments
are outlined in Table 17 by the experimental cood# and by the placement of
the stone segments in relation to the electrodes ksg. 31). All experiments
were conducted with the constant current of 2 mA #re voltage had been
followed. A good contact during the lasting of tleperiments was not

maintained (read The results and discussion).
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Table 17 The experimental conditions for the desalinatigpegiments — duration, the
initial current, the initial voltage, weight of thigied stone segments, the initial water
contents, the placement of the stone segmentd-{gedl);

Initial Weighted | - Initial Placement of
Duration | Current dried water
Exp. Voltage stone segmentg
[h] [MA] V] sandstong content (Fig. 31)
[9] [%] '
1 14.8 936.6 1.9 (@)
2 120 2 9.7 1022.4 2.0 (@)
3 14.8 916.4 15 (b)
4 240 13.9 693.9 1.3 (@)
5 2 12.9 881.4 1.6 (b)
6 264 12.5 746.8 1.7 (b)
(@) (b)
e” || P:::- ¥
|| |I
—— |aNDDE CATHODE] — |- |anope caTHODE
P L1 K S K L1 K L/ LI L/ Se L L1 L/
71 1 7 71 71 i 7 1

Fig. 31 The placement of the stone segments in relatithe@lectrodes.
a) Original outer surface towards the cathode;
b) Original outer surface towards the anode; L1 -dlag poultice; S1, S2 - the
stone segment;

The reference stone segments

Because the stones are from a non-homogeneousanahaterial, the
differences were expected even though the stones taken from the same
area. From the evaluation of the chlorides, nigad®@d sulphates under an
applied electric filed it was necessary to know theriation of the salt
concentrations in the two reference stone segmblatsvater was added or DC
field applied into the reference stone segments.

The water contents, pH and salt concentration wezasured in the segments
to the outer surface 1 and 3 and to the masonfgim the segments 2 and 4
(see Fig. 29). The profile of salt concentrationcbforides and nitrates was

measured higher in the outer (smooth) surface psated. Sulphates showed a
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different pattern than chlorides and nitrates a&s dhlphate concentration was
high only at the original outer smooth surface. Threference (initial)
concentrations were taken as the mean values abtieentrations from 1 and 3
segments and 2 and 4 segments for each referemee st

Table 18The initial salt concentrations, pH and water eotd in the anode and

cathode halves of the reference stone segments.

Reference| Outer Masonry Outer | Masonry | Outer Masonry
stone (smooth) (rough) | (smooth)| (rough) | (smooth)| (rough)
segment | surface surface surface | surface | surface | surface
chlorides Cl[mgkg™] pH w [%]
1670+£290 1190+50
1 nitrates N@Q [mg-kg™]
1140i8o| 880+80 | 7.2+¢0.8 | 6.9+0.9 0.3+0.C 0.3+0.1
sulphates Sg [mg-kg™]
890+40 | 90+14
chlorides Cl[mg-kg™]
420+105 | 360485
2 nitrates NG [makg™] | ¢ 5.0, | 67:00| 02:0 02500
1000+240 | 660+115
sulphates S€& [mgkg]
540+370 20+10

8.2.8 The results and discussion

The removal of the salts (chlorides, nitrates, sulpates) from the
sandstones

From the initial concentration of salts (see Tab® in the reference stone
segments it is clear that the salt concentratignifscantly exceeded the limiting
values from ONORM B 3355-1 [21] (see Table 5 tol&at). Chlorides, nitrates
and sulphates migrated towards the anode elecbypdee electromigration. So
the pattern of salt decreases was expected higliee ianode halves of the stone
segments. At the end of the experiments 1, 2 arttie3deviations in the
efficiency of desalination were seen and the exquephattern was not obtained
(see Fig. 32 to Fig. 34). Possibly non-homogengou® structure, uneven
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distribution of the salts and short duration coéde caused these deviations in
the final concentrations.

Therefore the experiments were repeated with aglodgration. The repeated
experiments 4, 5 and 6 showed the decreases satheoncentrations related to
the concentrations of the reference stone segmeafte? 10-11 days of an
applied current and the expected patterns in careseg of the electromigration
were obtained. The decreases of chloride, nitrate sulphate concentrations
reached to the low or below limiting values frone toNORM B 3355-1 [21].
The overall results from the experiments 4, 5 amdesshown in Fig. 35 to Fig.
37.

The average percentage decreases in the chloriggerconcentrations were
higher in the anode halves in experiments 3, 5 @il relation to the initial
concentrations. In these experiments, the placeménihe smooth (outer)
surfaces of the stone segments with the highercsatentrations was to the
anode electrode, however, in the experiment 3 theredse in the nitrate
concentration was not high.

The deviation in the sulphate concentration cowdehbeen connected with
an uneven distribution of the sulphates in the edoor with the inaccuracy of
measurements. The sulphates have also differenticake and physical
properties and therefore different results in tlnoval efficiency were
expected. The initial sulphate concentration inégkperiments 4, 5 and 6 were
very low below limiting values from the ONORM B 333 [21].

The transferred charge in the experiments 1, 2 &andas 864 C, in the
experiments 4, 5 and 6 the transferred charge W28-11900 C. It was about 4—
8 times less than in the previous experiments efdsalination conducted with
the sandstones using the same clay poultice [3&}. ffansferred charge was
insufficient and thus the increases might havedlor higher decreases in the
salt concentrations.
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Experiments 1, 2, 3 — duration 120 hours
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Fig. 32The changes in the chloride concentration at tlileoéexperiments 1, 2, 3.
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Fig. 33The changes in the nitrate concentration at theoémaperiments 1, 2, 3.
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Fig. 34 The changes in the sulphate concentration at the@ktexperiments 1, 2, 3.
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Experiments 4, 5, 6 — duration 240 and 264 hours
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Fig. 35The changes in the chloride concentration at tltkod experiments 4, 5, 6.
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Fig. 36 The changes in the nitrate concentration at theoémeaperiments 4, 5, 6.

98



mINITIAL
1200 CONCENTRATION OF
SULFATES ANODE
PART [mg'kg]

1000 EFINAL
CONCENTRATION OF
SULFATES ANODE
PART (+) [mg/kg]

]
=1
=

HFINAL
CONCENTRATION OF
SULFATES CATHODE
PART (-) [mg/ke]

o
=
=

mINITIAL
CONCENTRATION OF
SULFATES CATHODE
PART [mg/'kg]

.
=
=

SULPHATES [mg/ke]

200

HONORMB 3335-1

0 4
EXPERIMENT 4 EXPERIMENT 5 EXPERIMENT 6

Fig. 37The changes in the sulphate concentration at thektexperiments 4, 5, 6.

The salt concentration in the anode clay poultices

The Fig. 38 to Fig. 40 show the overall concentratf chlorides, nitrates
and sulphates in the slices of poultices on thedamsides at the end of the
experiments. The concentrations of salts in thbazk poultices are not shown
because the concentrations were very little assHieanions electromigrated
towards anode.
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Fig. 38The changes in the chloride concentration in trearclay poultice at the end
of experiments 1, 2, 3, 4, 5 and 6.
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Table 19The anions of salts — removed mass, removal rate.

Exp. Sglts Removed Rerr;tzval Exp. | Salts Removed Rerr;tzval
anons| 19| jg-day?) 91 | [g-day?y
cr 0.12 0.02 cr 0.22 0.02

1 | NOs 0.10 0.02 4 NG 0.33 0.03
SO | 0.03 0.01 Se? | 0.01 0.00
cr 0.29 0.06 cr 0.23 0.02

2 | NOg 0.21 0.04 5 NG 0.42 0.04
SOo? | 0.05 0.01 SEe* | 0.05 0.00
cr 0.17 0.03 o] 0.21 0.02

3 | NOy 0.14 0.03 6 NG 0.37 0.03
SO | 0.03 0.01 S’ | 0.04 0.00

The resistivity and the duration of desalination

The duration of the experiments with the stone sagasifrom the stone 2 was
increased (10-11 days) compared to the experinwaititsthe stone segments
from the stone 1. Fig. 41 shows the overall changebe voltage during the
duration of the experiments 4, 5 and 6. At the g, the voltage differed
slightly (between 12.5 V and 13.9 V). The voltagereased during the first day
of these experiments but from the second day it datkcreasing tendency.
During the third and the fourth day strong peakthefvoltage were measured in
the experiments 4 and 5. It was caused by the @mublith the contact. After
the re-establishment of the anode electrode by ,htdrel voltage decreased
significantly. Since then the voltage had an insieg tendency till the end of
the experiments.

The longest experiment 6 had the problems withcthr@act in the seventh
and the tenth day. The increasing tendency of tiitage demonstrated the
Ohm’s law. The resistance increased due to theasurg voltage. The increase
in the voltage might have been result of the chamgeurring on the electrodes
during the experiments and because of drier antadepoultice (read Electro-
osmosis inside the clay poultices and the sandsjdng it might have been still
possible to continue the experiments since the mmaxi voltage of the used

power supply (Hewlett Packard E3612A, DC power $g)ppas not exceeded.
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Fig. 41 The changes in the voltage during the experimenisashd 6 with the constant
current 2 mA.

Electro-osmosis inside the clay poultices and tharsdstones

The water contents in the clay poultice decreasdmbth anode and cathode
side (see Table 20). In every experiment the ctaytige at the anode side had a
lower water content than the clay poultice at ththade (the difference was in
the range of few percentages). The water (abouml)@vas also seen under the
clay poultices leaked to the underlay at the cathside but never under the
anode side. The drier anode clay poultice causedntireases in the resistance
in the closed laboratory setup. The water contehthe two sides of the stones
are very similar, however, a slightly higher watamtent was seen in the
cathode part of some of the stones if not the sarheth parts.

The overall tendency thus seems to be the watesgoat from the anode side
to the cathode side. This may indicate electro-@ssnehich is the movement of
the water in a porous material under an appliedtitefield. The initial water
contents in the reference stone segments werdawr{see Table 18).
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Table 20The initial and final water contents in the stsegments and in the clay

poultices at the end of the experiments.
Init. water | Einal water content | Initial water | Final water | Final water
contents in in sandstones contents in | contentsin | contentsin
Exp. the the clay the anode | the cathode
sandstoneg Anode | Cathode| poytices poultice poultice
[%] %] %] [%] [%] [%]
1 1.9 1.8+0.1| 2.1+0.2 31.6+02 33.1+1.4
2 2.1 2.1+0.1| 2.1+0.1] 45.0+0.3 29.9+34 33.2+0.4
3 1.5 1.4+0.2 1.740.0 32.2+07 36.0+0.5
4 1.3 1.1+0.1 1.1+0.1 25.0+0.9 27.0+£1.5
5 1.6 1.5+0.1 1.5+0.00 43.0+04 31.0+1.2 31.7+0.5
6 1.7 1.5+0.2 2.2+0.1 30.0+2.1 34.0+0.2

The pH in the sandstones and in the clay poultices

An importing finding was that the mixture used amulfice buffered the
acidification from the anode process (read Ele&rpdocesses and Table 21)
and thus it showed the suitability as poulticetfor desalination processes. The
initial pH of the reference stones without an aggplelectric field (see Table 18)
were lower than pH in the segmented stone segmeertgery case at the end of
the experiments.

The increased pH in the cathode halves of the ssegenents was due to
electrolysis at the cathode which resulted in" @kbduction from the process
(read 3.5 Electrode processes). The transport oftl@blugh the stone segments
by electromigration increased pH in the stone sedsnelhe lower pH at the
anode halves resulted in*Hroduction from the anode process (read 3.5
Electrode processes).

The changes in pH are dependent on the chargddraasd the duration of
the experiments if the other conditions are theesamclear from the Table 21.
Generally, the longer duration the higher increase3H in the cathode halves
of the stone segments and in the cathode clayipesilt
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Table 21Initial and final pH inside the stone segments imsdle the clay poultices.

Ini.tial pH Final pH in the Initial pH in Fi.nal pH Fi'nal pH
pr in the stone Segments the Clay in the in the

' stone oultices anode | cathode

segments| Anode | Cathode P poultice | poultice
1 7.840.1 | 7.6+0.1 8.2+0.1 | 10.8+0.1
2 7.2 8.0+0.2 | 8.7+0.1 8.7 8.4+0.2 10.8+0
3 7.9+0.1| 7.4+0.2 8.3+0.1 11.0+0
4 7.9+0.1 | 9.2+0.3 8.1+0.1 | 11.3+0.2
5 7.1 7.7+0.2 | 9.8+0.2 8.8 8.0+0.1 11.2+0
6 8.1+0.2 | 10.0+0.1 8.3+t0.1 11.2+0

8.2.9 The conclusion

The experiments were conducted with the salt comtaed sandstones from
the historic warehouse. The concept of the elertetik desalination showed
that the salt concentration could be reduced tdotveconcentrations.

e (1) In the segmented stones, the initial concantratof chlorides (1670
and 425 mekg?h) were reduced to values (410 and 140-kgQ); for
nitrates from (1140 and 990 rkg ") to values (415 and 310 rkg™); for
sulphates from (890 and 540 tkg™) to values (175 and 30 nkg™). The
decreases in salt concentrations were within 5-&l/s evith 2 mA applied
constant current, however, the concentrations wetedecreased below
limiting values in every case.

e (2) Electro-osmosis (movement of water) was provewever, only in
the clay poultice where the final water contentsenggnificantly lower
in the anode clay poultices than the final watemtents in the cathode
clay poultices. Inside the stone segments, thd fwader contents were
similarly flat. These findings are in correspondengith the previous
study [36]. Thus the used mixture as poultice shibthe unsuitability for
the dewatering of the segmented stones.

There might have been a slight flow of water thtotlge sandstone caused by
electroosmotically driven pressure from clay pa@éltio stone at the anode side
and suction from the segmented stone to clay peudti the cathode.

Too high initial water contents of the clay poutimight have been another

problem for the dewatering of the segmented stameder the laboratory
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conditions. The increases in the water contenteensandstones may have also
been caused by the amount of the water sprayed tbeestones before the
beginning of the experiments. Thus the tests ottag poultices with the lower
initial water contents might have been more effitier the dewatering purpose.

* (3) The placement of the stone segments showathjgsrtance in these
desalination experiments.

At the end of the experiments the decreases irsdifteconcentrations were
higher in the anode halves of the stone segmengseanthe smooth surfaces of
the stone segments were placed towards the anbdeshbrter path for the salt
anions towards the anode electrode might be anaeapbn for the higher
decreases in the salt concentrations at the araldeshof the segmented stones
but more experiments are needed to be done to/tkatke results.

* (4) The pH was lower in the reference stone segsnéhan pH in the
segmented stones at the end of the experimentsTédde 18 and Table
21). The used mixture as poultices showed suitgditir desalination in
relation to the pH changes and successfully nexlthe acidic front at
the anode from electrolysis. The alkaline fronthet cathode was high as
a function of time.

Electromigration of OHfrom the cathode into the stone segments may be
unwanted because it can influence the transporbeusiof the targeted anions.
Such decrease was seen in the electrochemicalceatraof CI from the
concrete where OHons from the cathode process became the mairgehar
carriers [37]. Therefore the development of a @aultice for the neutralization
of the hydroxyl ions produced from the cathode tieacmay increase the
effectiveness of the desalination.

e (5) The removal rate and removed mass for chloridesates and
sulphates were found out (see Table 19). Thesefisdmight have been
useful for the further application in the futuréopitest.

In general, the bad contact between the electraddshe clay poultices was
the main problem during the longer experimentsefoge for the future tests it
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would be necessary to improve the contact espgclthe anode electrodes

which were dried up.

8.3 The additional experiment to experiment 2

8.3.1 The main goals of the additional experiment

The main focus of the additional experiment is on:

(1) to find out whether the higher constant curtegether with the more
charge passed through the closed laboratory setwp &ény influence on
the removal rate and removed mass of chloridesgtes, sulphates and
thus on the decreases of the chloride, nitratesatyghate concentrations
in the sandstones,

(2) to verify whether electro-osmosis (the watervement under an
applied DC field) takes place more significantlyestthe stronger electric
field is applied,

(3) to confirm whether the placement of the samsdo(original outer
surface) in relation to the electrodes has infleemie the efficiency of the
desalination when the stronger current is applied,

(4) to find out the removed mass and removal ratecfilorides, nitrates
and sulphates when the constant current is apglred to verify the
suitability of the mixture used as the poulticeetation to pH changes.
(5) from the obtained results to give recommenaatifor the application
in the pilot test (read 9.4.3 The recommended sktuthe desalination of
the sandstone wall under an applied DC field utinegclay poultices),

8.3.2 The experimental section

The sandstones for experiments

Two sandstones used in the laboratory experimeets taken from the same

place as in the previous experiment 2. They weteoat from a larger stone

which was damaged by the salts. The sandstonesalerg 0.5 m long, 5-7 cm

thick and 10 cm high. They had grey colour (see #&jto Fig. 44). A relatively

smooth surface of the sandstones had been thenariguter surface and the
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rough surface had been facing towards the wallhteigareas were clearly seen
on the smooth surfaces of the stones 1, 2 (seedBignd Fig. 44. The stones
were contaminated with unknown amount of the saftcentration. The two
experimental stones (1 and 2) were weighed anddbgmentation of the stones
was done the same way as in the previous experi(eeatFig. 43 and Fig. 44).
For the segmentation of the stones sawing was sext because this would add
extra water to the stone segments which could causdistribution of the salts.
After the segmentation, the desalination experisi@rdre conducted with these
stone segments.
In the laboratory experiments, one type of the glayltice was used:
e a mixture of (calcite, kaolin and distilled water);

Fig. 42Two stones used in experiments.

Psed as reference.

e

Fg. 43 Three segments of the stoe 1. he ne"s_é

107



Fig. 44Three segments of the stone 2. The stone segnveas uised as reference.

8.3.3 Materials for experiments

» the sandstones (Obernkirchen Sandstones);

the rubber stoppers, the rubber tape bands;

an adhesive tape;

the plastic lids, vials, cylinders, the plastierfifor wrapping;
the electrode platinum covered from Permascand,

8.3.4 The analytical

The samples for the chemical analysis were prephiedame way as in the
previous experiment 2. Fig. 45 shows the segmeipi@ds of the closed
laboratory setup where the water contents, pH aid concentrations were
measured. The reference stone segments were segmetd four pieces with
which the same extractions as in the previous @xjeit 2 were done (see Fig.
45).

ROUGH

s ROUGH i
}1 SURFACE SURFACE
N _ / —//
anode cathode 2 4
3 3
Z -
12314 1 | 2 4321 W 1 4“‘_/
1 P L1 |
AV /||/ AV AV SMOOTH SURFACE SMOOTH SURFACE

Fig. 45The segmented parts of each laboratory compartwieerte the water
contents, pH and the concentration of salts wergsomed. The reference stone
segment 2 (fig. in the middle) was used for theeeixpents 1, 2. The reference stone
segment 1 (fig. on the right) was used for the erpents 3, 4. Small numbers on the
sides of the reference stones show the parts whengater contents, pH and salt
concentrations were measured.
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The reference stones

Because the stones are from a non-homogeneousinataterial differences
were expected. For the evaluation of the chloridegates and sulphates
removal when an electric field was applied it wascessary to know the
variation in the salt concentrations in the twoerefice stones. No water was
added or DC field applied on the reference stogensats.

The water contents, pH and salt concentration wezasured in the segments
to the outer (smooth) surface 1 and 3 and to theom& (rough) surface in the
segments 2 and 4 (see Fig. 45). The profile ofcgaltentration of chlorides and
nitrates was measured higher in the outer (smosethijace as expected.
Sulphates showed a different pattern contrary ¢gopifevious experiment as in
the reference stone segment 2 the concentratisnlphates was similar in the
The reate (initial)
concentrations were taken as the mean values abtieentrations from 1 and 3

outer (smooth) and masonry (rough) halves.

segments and 2 and 4 segments for each referamee st

Table 22 The initial concentrations of the salts and theahpH in the anode half and
cathode half of the reference stone segments.

Reference| Outer Masonry Outer Masonry Outer Masonry
stone (smooth) (rough) | (smooth) | (rough) | (smooth)| (rough)
segment | surface surface surface surface surface | surface
chlorides Cl[mg-kg ] pH w [%)]
18004200 | 1560490
1 nitrates NQ [mg-kg™]
16504210 | 1380+40| 7.8+0.2 8.4+0.5 0.12+0.0 0.19+0J1
sulphates S§' [mg-kg™]
1680+40 | 160420
chlorides Cl[mg-kg]
16504540 | 1460+330
. - 1
2 f'ltg%tiegl':? [T??;égﬂ]zc 7.4:0.2 | 7.94¢0.2 | 0.1%0.0,  0.1:0.(
sulphates S¢' [mgkg™]
6404830 | 510+690

8.3.1 The experimental setup

The laboratory closed setup for the electrokind@salination experiments is
shown in Fig. 30. The two experimental sandstonesewweighed and
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segmented the same way as in the previous expdrimeéhree segments each
(see Fig. 43 and Fig. 44). After the segmentagoknown quantity of tap water
was sprayed on the stone segments to supply thstummito the pores. The
reference stones were without any additional waBrbmersion the stone
segments in the water was not an option since callilsl have been washed out.

The same experimental setup as in the previousriexpats using the plastic
cylinders was used. The difference in the laboyat®tup was in the use of
constant current which was set up 10 mA by a DC grosupply (Hewlett
Packard E3612A).

8.3.2 The experimental series

Four additional electrokinetic desalination expemts were conducted. The
experiments are outlined in the Table 23 by theearmental conditions and by
the placement of the stone segments in the relatidhe electrodes (see Fig.
46). All experiments were conducted with the comistarrent of 10 mA except
the experiment 1 where the initial constant curdrtO mA was changed for 2
mA after a day. The change in voltage was followedood contact during the
duration of experiments was not maintained (reag fBlsults and discussion).

Table 23The experimental conditions for the desalinatimpegiments — duration,

initial constant current, initial voltage, weigHttbe dried stone segments, initial water
contents, placement of the stone segments (sed®)ig.

Initial . Weighted| Initial
. Initial . Sandstone
Duration | constant dried water
Exp. voltage placement
[h] current V] sandstong content (Fig. 46)
[mA] [a] [%] '
1 360 10-2* 40.7 950.7 1.0 a)
2 217 38.1 1062.7 1.0 b)
3 238 10 50.3 1553.2 1.0 b)
4 260 57.7 878.4 1.0 a)
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Fig. 46 The placement of the stone segments in relatiogheg@lectrodes.
a) Original outer (smooth) surface towards the cathbile  Original outer
(smooth) surface towards the anode; L1 - the ctaytige; S1, S2 - the stone
segments;

8.3.3 The results and discussion

Removal of the salts (chlorides, nitrates, sulphas® from the sandstones

From the initial concentration of salts (see Td#l¢ in the reference stones it
is clear that the salt concentration significarglyceeded the limiting values
from ONORM B 3355-1 [21]. At the end of the expegims 1, 2, 3 and 4
deviations in the desalination efficiency were seEme decreases in chloride,
nitrate and sulphate concentrations were high.hm éxperiments 1, 2 the
average percentage decreases in chloride andcenttvatentrations in relation to
the reference values were higher even when thealbbvelnarge that passed
through the segmented stones was lower than inexiperiments 3, 4. The
overall results from the experiments 1-4 are shiowthe Fig. 47 to Fig. 52.

Contrary to the previous experiments the highersnmasremoved chloride
and nitrate anions was measured in every of théiaodal experiment 1, 2, 3
and 4 (see Table 24). In the experiments 2, 3 atite £onstant current of 10
mA was applied during the duration of the experitaein the case of sulphates
the removed mass was similar to the previous exjsaris.

The overall transferred charge in the experimentwas 3200 C, in the
experiments 2, 3 — 7810, 8570 C and in the expatide— 11800 C. The
placement of the stone segments confirmed its itapoe from the previous
experiment because the biggest mass of chlorides mgaoved in the
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experiments 2 and 3 and the biggest mass of rstiat¢éhe experiment 3 (see
Table 24). The removal rate showed the velocitsnmjrated ions and confirmed
the fact from the previous experiment (see Table PHAe velocity of sulphates
was measured the least as expected.

Experiments 1,2,3,4
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Fig. 47 The changes in the chloride concentration at tldeogéexperiments 1, 2, 3, 4.
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Fig. 48 The changes in the nitrate concentration at theoéeaperiments 1, 2, 3, 4.
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Fig. 49 The changes in the sulphate concentration atrttie@texperiments 1, 2, 3, 4.

The salt concentration in the anode clay poultices

The Fig. 50 to Fig. 53 show the overall concentratf chlorides, nitrates
and sulphates in the slices of poultices on thedarmides at the end of the
experiments. The concentrations of salts in theatk poultices are not shown
because the concentrations were very little ass#itieanions migrated towards
anode.
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Fig. 50The changes in the chloride concentration in treglarclay poultice at the end
of experiments 1, 2, 3, 4.
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Fig. 52 The changes in the sulphate concentration innbeeclay poultice at the end

of experiments 1, 2, 3, 4.

Table 24 The removed mass and the removal rate of chlgridgates, sulphates at

the end of experiments.

E Salt | Removed Removal Salt | Removed Removal
XP- | anions [a] rate_1 EXxp. anions [a] rate_1
[g-day~] [g-day ]

cr 0.81 0.05 cr 1.66 0.17

1 | NOs 0.52 0.10 3 NG 0.93 0.09
SO, 0.07 0.01 S’ 0.05 0.00

cr 1.25 0.14 cr 0.97 0.09

2 | NOs 0.58 0.06 4 NG 0.58 0.05
SO, 0.01 0.00 S’ 0.01 0.00
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The resistivity and the duration of the desalinatio

The duration of the experiments with the stone ssgsifrom the stones 1, 2
was ( 9—-15 days ). Fig. 53 shows the changes indhage during the duration
of the experiments 1, 2, 3 and 4.

At the beginning of the experiments, the voltagéedtd between 38 V and
58 V. The voltage in the experiment 1 increaseeérafthe first day to the
maximum voltage of the power supply so it was deditb decrease the constant
current from 10 mA to 2 mA. Then the voltage deseshto 58.3 V. The
following day the problem with too high resistarmzurred and the electrodes
had to be fixed by hand to establish a good cordgein. The experiment 1
operated maximally for five days in a raw withoutyanecessary correction of
contact. However, the maximum value of voltage weasched at the end of
experiments thus the experiment was stopped.

The experiment 2 was influenced by the bad corfitaot the second day of
the experimental duration and from then the corftactto be established every
day at least once. In the experiment 3 the prohiam the bad contact started
from the second day of the experimental duratiod #re longest duration
without any correction was three days in a raw.

The longest experiment 4 had the problems withct@act from the third
day of the experimental duration. Then the problesih the bad contact
occurred every day till the end of the experimditite increase in the voltage
might have been due to changes occurring on thetretkes during the
experiments and also because of drier anode claljigm (read Electro-osmosis
inside the clay poultices and sandstones). It wassiple to continue the
experiments since the maximum voltage of the us€dpobwer supply (Hewlett
Packard E3612A) was not exceeded at the end @&xheriments.
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Fig. 53The changes in the voltage during the experimings 3 and 4 with a constant
current.

Electro-osmosis inside the clay poultices and in gdstones

The water contents in the clay poultices decreaséoth anode and cathode
clay poultice (see Table 25). In every experiméet ¢lay poultice had a lower
water content at the anode side than poultice atctthode at the end of
experiments.

The initial water contents in the reference stoegngents were very low (see
Table 22). The final water contents of the two balwf the segmented stones
are very similar, however, a slightly higher watamtent was seen in the
cathode part if not the same in both parts at titead experiments (see Table
25). The overall tendency thus seems to be thepgahof water from the anode
side to the cathode side. These findings are irespondence with the previous
experiments. The increases in the water conteritgistone segments may have
been caused by the amount of the water sprayed tbeestones before the
beginning of the experiments and by the water frdma mixture which
contained a lot of water.
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Table 25The Initial and final water contents in the st@egments and in the clay

poultices.

lvr\]/gl[ilr F.inal water content | Initial watgr Final wat(?r Final watgr

contentin | M the sandstones | contents in | contents in| contents in

Exp. the [%0] the c_Iay the ar!ode the cat_hode

sandstones poultices poultice poultice
(%] Anode | Cathode [%0] [%0] [%0]

1 1.0 1.7+03 1.7+0.1 44.2+0 1 21.4+0.6 31.7+0.9
2 1.0 1.6+01 | 2.0+0.1 T 30.6+0.7 34.1+0.4

3 1.0 1.9+01 | 2.1+0.3 44.140.1 29.2+1.1 33.7£0.5
4 1.0 2.0+01  2.2+#0.1 T 30.5+0.8 33.7+£0.5

The pH in the sandstones and in the clay poultices
As in the previous experiments, the mixture usethaslay poultice buffered

the acidification from the anode process (readE¥strode processes and Table

26). The initial pH of the reference stones withantapplied electric field (see

Table 22) were lower than pH in the segmented stamevery case at the end
of experiments. The increased pH in the cathodeekabf the stone segments

was due to electrolysis at the cathode which redutt OH production from the
process (read 3.5 Electrode processes - cathodgodysis). The transport of
OH  through the stone segments by electromigratioreased pH in the stone
segments. The lower pH at the anode halves resumlted production from the

anode process.

Table 26 The initial and final pH inside the stone segmemd inside the clay

poultices.
Initial pH in . : Initial Final pH | Final pH
Final pH in the : . .
the pH in the in the in the
Exp. segmented segmented stones clay anode cathode
stones poultices| poultice poultice
Anode Cathode
1 7.91+0.0 8.820.6 8.0+0.1 11.6x0.2
> | 8101 mgaioe] 102+0.1] 5001 [Tgsr02]  116+0p
3 8.5+0.7| 10.6+0.0 8.310.1 11.0£0.0
4 | 77038 193107 106+02] S0l g 1s01] 113+00
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8.3.4 The conclusion

The additional experiments were conducted with #adt contaminated
sandstones from a historic warehouse. The concépth® electrokinetic
desalination of problematic salts followed the povas experiment with
sandstones. Electrokinetic treatment showed thatctimcentration could be
reduced to the low concentrations. During the erpants with duration from (9
to 15 days) the initial concentration of chloridesrates and sulphates were
decreased significantly to the low concentrationd en the cases of sulphates,
the decreases were below limiting values of comatiohs from ONORM B
3355-1 [21].

* (1) In the stone segments, the initial concentnatiof chlorides (1800 and
1550 mgkg™') were reduced to values between (1200 and 17%gtfg
for nitrates from (1650 and 1150 rkg') to values between (1390 and
370 mgkg™); for sulphates from (1680 and 510 +kg') to values
between (170 and 95 nkg'). The decreases in the salt concentrations
were within 9—15 days with 10 mA applied constamtrent and in the
experiment 1 with 2 mA.

e (2) The movement of the water was clearly seen,elvew only in the
clay poultice the water movement was significariite highest difference
in the water decreases was Iin the experiment 1 hhdtthe longest
duration.

The used mixture as the clay poultice showed thsuitability for the
dewatering in the segmented stones because theadesrin the water contents
clearly do not indicate electro-osmosis within segmented stones at the end of
experiments. The wrapping of the segmented stornstiae plastic film was
possibly one of the limiting factors for more sigrant dewatering as in the
previous experiment.

e (3) The placement of the stone segments confirmsdniportance from
the previous results because the biggest masdafdds (1.3-1.7 g) was
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removed in the experiments 2, 3 and in the casetiadtes, the removed
mass was the biggest in the experiment 3 (0.9 g).

* (4) The removal rates of salt anions were found and confirmed the
supposed velocity of migrated ions (see Table 24).

Even when the experiments 2, 3 did not have thgdsnduration and the
highest amount of charge passed through, the rdmmate for chlorides and
nitrates was the highest. Possibly, the relatigelgd contact during the duration
of experiments contributed to these results. Alsorter path for salt anions
towards the anode electrode from the place withigleer concentration of salts
might be the explanation for the higher remova¢ ratt certain salts. The used
clay poultices confirmed their suitability in retat to the pH changes and
successfully neutralized the acidic front at thedmnfrom electrolysis.

e (5) The encourage results of desalination (remoata&s of chlorides and
nitrates) were used in the following recommendatifor the desalination
of the sandstone wall.

8.4 EXPERIMENT 3 — Desalination of the bricks contaminded
with the sodium chloride under an applied electridield

8.4.1 Introduction

The experiment 3 was aimed at the desalinatiorhefbricks contaminated
with the sodium chloride solution. The experimenta&s conducted with the use
of technique of clay poultices placed externallghwthe use of electric field.
Two types of clay poultices were tested in the comaiions with the halves of
bricks. The experiment tightly follows the previauerk [38].

8.4.2 The goals of the experiment 3

The experiment 3 was focused on:
e (1) to find out which combination of the clay pocéts has the highest
efficiency in decreases of the chloride concerurati
e (2) to find out which combination of tested clayuices has the highest

decreases in the water contents inside the brickeaend of experiments,
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e (3) to find out which combination of the clay pocés creates the least
amount of OHions in the cathode clay poultice,

8.4.3 The experimental section

The same type of Danish yellow bricks of the dinems 22.8 cm 10.8 cmr
5.4 cm were used in the present laboratory expetsnésee Fig. 14). These
were taken from Wienerberger’'s brickfield. The ity of these bricks was
about 28.0 % as in the previous experiment 1. Eegperiment was conducted
with 2 halves of a brick. In the laboratory expesnts, two types of clay
poultices were used (see Fig. 14).

e a mixture of (calcite, kaolin and distilled water tap water) — the tap
water was used only in the experiment 2;

» the brick clay — it contained approximately 17.08-0 % of carbonates
(date from Wienerberger’s brickfield);

8.4.4 Materials for experiments

 the yellow Danish bricks;

» the rubber stoppers, the rubber tape bands;

e an adhesive tape;

 the plastic lids, vials, cylinders, the plastierfifor wrapping;
* the electrode platinum covered from Permascand;

8.4.5 The analytical

In the present work, the water soluble fractiothia distilled water is relevant
for the measurement. Before analysis, the halvdwioks were segmented the
same way as in the previous experiment 1 (se€lbig.

Inside these segmented slices the water contedtptdrwere measured. The
water content was found by the weigh and dry metfdoging for 24 hours at
105 °C) and calculated as (water/dry mas$)0 %. The dried samples of the
clay poultices were powdered in a mortar by hardithe bricks in a mechanical
mortar. The fine powder was suspended — 10 g optwveder in 25 ml of the
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distilled water in the plastic vials, which werapéd on an agitating table for 24
hours. After this pH was measured with electrodesctly in the suspensions
with pH meter (PHM 220 Lab pH Meter). The suspemsiavere then filtered
through 0.45um filter under vacuum. The concentration of chlesdvas then
measured with titration method (716 DMS Titrinoael mean values of the
water contents, pH and the chloride concentratimide the bricks and inside
the clay poultices were calculated with the statidimviations.

8.4.6 The experimental setup

At the beginning of the experiment, the whole breks put into the oven for
drying overnight. The next day, the whole drieccbrivas segmented with the
hammer and the chisel by hand to 2 similar halizsery half of the brick was
completely submerged into the NaCl solution for aysl (see Fig. 54). The
solution contained 52.5 g of NaCl in 3.5 L of thstilled water (0.26 M NaCl).
After the submersion, the two halves of the brickrevweighed again. Every
experiment was conducted with 2 such saturatecehalf’/the brick.

The laboratory setup with the use of the plastibnders filled with clay
poultices was set up the same way as in the expetirh (read 8.1.6 The
experimental setup). Finally, a constant currerd aplied to the electrodes by
a DC power supply (Hewlett Packard E3612A). Theotatory closed setup is
shown in Fig. 54.

i ;
Fig. 54 The used yellow brick contaminated with NaCl sant{left) and the used
closed laboratory setup (right). The wrapping isstown. [39]
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8.4.7 The experimental series

Overall five electrokinetic experiments were cortddc Every experiment
was conducted with two halves of the brick. Theeskpents are outlined in
Table 27 by the experimental conditions.

Table 27 The initial conditions of the experiments: the dmations of poultices, the
duration, the initial constant current, the initvaltage, the weight of dried halves of

the bricks, the initial water contents of halvedotks. TW - the tap water; DW — the
distilled water; BR1 - half 1; BR2 - half 2; KAOLE kaolin; [39]

Ex Poultice | Poultice |[Duration [ Current | Voltage d\/rYeegng:ic?li c\(/)\:ftlteenrts

P-| ANODE |CATHODE | [h] [MA] V] - %)

(CaCQ | (CaCQ + BR1=91| 1173.8 | 16.5:

1 |+DW+[ DW BR2=9.1| 10849 | 16.2
KAOL) | +KAOL) : : :

(CaCQ | (CaCQ + BR1=7.9] 1203.7 | 175

2 | +TWH TWH BR2=7.0| 10454 | 17.1
KAOL) | KAOL) =7 : :

5 | BRICK | BRICK 040 10 |BRL=70] 11166, | 189,

CLAY | CLAY BR2=7.0| 10736 | 19.0

. frcg\?v% BRICK BR1=7.8| 1109.4: | 16.9:

<AoLy | CLAY BR2=78| 107.9 | 17.7

s | BRICK (CD""VCV%* BR1=83] 11256: | 17.3:

CLAY | aor) BR2=83| 10837 | 16.4

8.4.8 The results and discussion

The reference bricks

It must be taken into account that the differenoethe initial water contents
inside the halves of the bricks were measured #¢veagh bricks were taken
from the same batch. It is seen from the initiatewa&ontents inside the halves
of the bricks after submersion for 4 days into $bdium chloride solution (see
Table 27).

For measurements of chloride concentration, tweddhalves of the brick
were submerged for 4 days into the NaCl solutioffiterAthis period of
submersion, the chloride concentration inside tlaévds of the brick was
measured. These values of the concentration wkea tas the reference for the
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chloride measurements (see Table 28). The referbnicgs were without
application of DC electric field.

Table 28The reference blind halves of the brick submeriged days into the NaCl
solution: the reference initial concentration ofoctes, the initial pH, the initial
conductivity; BR.1,2 — the halves of the brick; [39
chloride

Halves of concentration| pH conducti\iity
brick ! S.cm
BR.1 1130 10.7 1390
BR.2 1000 10.6 1000

The removal of chlorides from the bricks

From the initial reference blind halves of the kr{see Table 28), it is clear
that the chloride concentration exceeded the Ingitvalues from ONORM B
3355-1 [21] significantly.

The initial chloride concentration (1130 and 100§-kg™) was reduced the
most significantly to below limiting values in tlegperiments 1, 2 (see Figb).
This corresponds to the mean chloride decreaseitie bricks about (95-100
%) in the experiment 1 and about (80—94 %) in ttreeament 2. The decreases
in the chloride concentration were high in the expent 3 as well. Inside the
half 1 of the brick, the mean chloride decrease evas 100 %, however, inside
the half 2 the mean chloride decrease was only taBOwWb6, moreover, the
decrease of chloride concentration inside the amadfeof the brick was not to
below the limiting values (see Fig. 55). The simpattern of the deviation was
seen also in experiments 4, 5 (see Fig. 55). Tomerted samples of the anode
sides of the bricks were re-measured but even dfterrepetition of the
measurements the deviations were confirn&dj.
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Fig. 55 The changes in the chloride concentration insigehidves of the bricks at the
end of the experiments. [39]

Electro-osmosis inside the bricks and in the clayqultices

In every experiment the transport of the water wigmrly seen since the
higher water contents were obtained in the catlhadees of the bricks (see Fig.
56 and Fig. 57), moreover, the clay poultices atahode side had a lower water
contents contrary to the poultices at the cathade i& every experiment (see
Table 29). The leaked water (about 10 ml) was sésm under the cathode clay
poultices on the underlay but never under the arsidie These signs clearly
indicate the electroosmotic flow inside the laboratsetup. Table 29 shows the
overall changes in the water contents inside tag poultices in all experiments.
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Fig. 56 The changes in the water contents inside the halivée bricks at the end of
experiments 1, 2 and 3. BR.1 — half 1; BR.2 — Ra[#0]
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Fig. 57 The changes in the water contents inside the halivée bricks at the end of
experiments 4, 5. BR.1 — half 1; BR.2 — half 2;][40

Table 29The changes in the water contents inside thepdaltices: the initial water
contents, the final water contents on the anodecatitbde sides. DW — distilled

water; TW — tap water; KAOL. — kaolin; [40]

Initial water | Poultice Poultice
Poultice type contents ANODE | CATHODE
[%] [%] [%]

Brick clay 19.3-21.5( 13.6-18.p 21.0-21)2
mixture (CaCQ +

KAOL. + TW) 43.4-44.5 34.0-36.4 37.4-38.[
mixture (CaCQ +

KAOL. + DW) 425-44.8 | 30.5-36.4 36.3-39.p

The pH inside the bricks and in the clay poultices

In every experiment, the clay poultices bufferedcessfully to decrease the
pH below 7 which means acidification (see Fig. B8 &ig. 59). Generally, the
pH was lower at the anode poultice than at the ockthpoultice in every
experiment. These facts support the suitabilittheftested clay poultices for the
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electrokinetic desalination. Table 30 shows ther@Vehanges in pH inside the
clay poultices at the end of experiments.

The pH changes inside the bricks

1.4

EINITTIAL PH

1.2

1

10.8

T ] EFINAL PH
e ANODE (+)
10,4 4
10.2- =FINAL PH
10 CATHODE (-)

9.8

0.6+
EXP1 EXP1 EXP2 EXP2 EXP3 EXP3
(BR.1) (BR2) (BR.1) (BR2) (BRI1) (BR2)

Fig. 58 The changes in pH inside the halves of the britkkeaend of the experiments
1,2 and 3. BR.1 — half 1; BR.2 — half 2; [40]

B INITIAL PH

®FINAL PH
ANODE (+)

" FINAL PH
CATHODE (-)

EXP4 EXP4 EXPS5 EXP5
(BR.1) (BR.2) (BR.1) (BR.2)

Fig. 59 The changes in pH inside the halves of the britkkeaend of the experiments
4 and 5. BR.1 — half 1; BR.2 — half 2; [40]

Table 30 The changes in pH inside the clay poultices: titeal pH, the final pH at the
anode and cathode sides. TW — the tap water; D¢ distilled water; KAOL. —
kaolin; [40]
Initial Poultice Poultice
pH ANODE | CATHODE

Brick clay 7.9-8.2| 7.2-7.4 10.7-11.0

mixture (CaCQ
+ KAOL. + TW) 75-7.8| 7.9-8.0f 10.9-11.(

mixture (CaCQ
+ KAOL. + DW)

Poultice type

8.8-8.9] 8.3-9.0 10.9-11.3
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8.4.9 The conclusion

The experiments were conducted with one type dbwebricks which were
submerged in the sodium chloride solution for 4sd&yhe initial concentration
of chlorides was decreased significantly to veryw looncentration under an
applied electric field within 10 days.

e (1) The combination with the mixture as clay pads used on the both
sides showed the highest decreases in the chlooiesntration between
(80—99 %) in relation to the initial concentratioh chloride. The final
decreases in chloride concentration were belownrtibihg value.

Other combinations showed the deviations in theedses of the chloride
concentrations and thus the unsuitability for tee.urhe solution how to avoid
these deviations and to improve the decreaseinhioride concentration with
these combinations might have been in changeseoflly poultices after some
period of time. That action might have removed ¢thirides soaked into the
poultices and helped to re-establish good contattelectrodes which are
needed for the current flow and thus for the precdsiesalination.

e (2) The combination with the brick clay as the ctaultices on the both
sides showed the highest decreases in the watentennside the bricks
from the initial water contents (18.9 and 19.0 %)the final average
water contents (9.9 and 9.5 %).

The mixture used as the clay poultices containéat af water and that was
probably the main reason, why the water conterdsnot decrease below the
initial water contents in the experiments 1 andlBe pressure/suction effect
could have influenced the electro-osmosis as well.

e (3) The combination with the brick clay on the amosides and the
mixture on the cathode side showed the lowest as&a® of pH in the
cathode poultice (24.3-24.6 %) in relation to thiéal value of pH (8.8)
of the clay poultice.

Every tested combination of the clay poultices éxdgfl the acidification
successfully.
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8.5 EXPERIMENT 4 — Desalination of a masonry in the pibt
test under an applied electric field

8.5.1 Introduction

The present pilot test follows tightly the previaitsdies [32] [41] where the
similar electrode units were tested for the purpufselectrokinetic desalination.
The results from the previous study showed enceuragults in the decreases of
chloride concentration but the electrode units wgrige unpractical because of
making other useless holes into the masonry wheytrere applied on a wall.
Therefore it was difficult to change the clay pads for the new ones. The
present investigation is conducted with new utdizgdectrode units (see Fig.
61). Desalination of masonry is aimed at threentiost common type of salts:
chlorides, nitrates and sulphates. The electrodis fihed with the brick clay
were used externally putting on the wall of anstlble.

8.5.2 The goals of the experiment 4

The main goals of the pilot scale test are:

e (1) to find out the efficiency of the desalinatisach as the removal rate,
removed mass of chlorides, nitrates and sulphalesihe clay poultices
and the constant current were applied,

e (2) from the obtained results to give recommenadatior the application
in the pilot test (read 9.4.2 The recommended sktuthe desalination of
the brickwork with the plaster when an electriddiss applied),

8.5.3 The experimental section

The stable for the pilot test

The pilot scale test was conducted on the walhefdld stable. It was seen
that the wall of the stable was suffering from {laster peeling because the
fixed areas of the plaster were seen (seed@dy.|t was expected that the stable
was build from the Danish bricks connected with line2-cement mortar and
the lime-cement plaster with the different thickses
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Fig. 60 The reference old stable for the pilot test.

8.5.4 The materials for experiment

» the rubber tape bands;
» an adhesive tape;
» the metal net electrodes;
» the brick clay from Wienerberger’'s brickwork withpsoximately 17.0—
18.0 % of carbonates;
e wood;
Electrode units — specification
The electrode units consist of white plastic casingovable plastic bottom,
metal net electrodes, metal springs, plastic he@#® Fig.61), power supply
(Hewlett Packard E3612A, DC power supply) and wooslepport construction
(see Fig.63). The rubber tape band was placed on the edgdseaoplastic
casings.

Fig. 61 The electrode unit — the movable bottom, the mésttrede, the springs, the
plastic heads, the rubber tape band.
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8.5.5 The analytical

Before the chemical analysis, the initial masoramgles taken from the wall
were examined for the water contents and concemtratf salts. The water
contents were found by the weigh and dry methowlirfdrfor 24 hours at 105
°C) and calculated as (water/dry mas)00 %. Then the dried powder was
suspended — (dry mass) 10 g of powder in 25 misiilled water in the plastic
vials, which were placed on an agitating table 2drhours. The suspensions
were then filtered through 0.46n filter under vacuum. The concentrations of
chlorides, nitrates and sulphates were measurddtigtion chromatography in
the laboratory. The same procedure was done wehyeaxamined sample.

8.5.6 The experimental setup

The mesh metal electrodes were put on the movattterb inside the plastic
casings (see Figl). These two plastic casings serve further agrelge units.
The rubber tape bands were pasted on the edgé® dioxes. That prepared
casings were filled with the brick clay up to thages of the rubber tape bands.
One electrode unit served as the anode the oth#reasathode. The wooden
support construction was used because the plasiogs did not have any holes
for screws and therefore the construction had fgpsu them. That was the
difference in comparison with the casings usedédrevious study. The plastic
casings were put into the wooden construction aedsed to the wall (see Fig.
62 and Fig. 63). After pressing, the metallic sgsinvere put outside the casings
and the plastic heads screwed these springs inBie action pressed the brick
clay which was filled in the plastic casings tightib the masonry. Thus a good
contact between the brick clay and the masonrymaiatained. A good contact
Is essential for electrokinetics. Finally, the dans$ current was set up (Hewlett
Packard E3612A, DC power supply).

8.5.7 The experimental series

The initial samples were drilled from the differdmights (30, 60, 90, 120, 150
cm) above the ground between the supposed placerhéhé electrode units.
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After drilling, the electrode units were placed thie wall. For the intention of
the desalination the constant current was adjusibd. distance between the
electrodes was 1 m from the beginning but it waangled to 0.5 m. The upper
edge of the electrode units was at the height X80above the ground. The
values of current and voltage were followed eveay df the pilot test. At the
beginning of the pilot test, the problem with setfaoltage increases was found
out. The voltage had such a quick increasing teryd@m consequence of the
masonry resistance because the wall was dry tod niteerefore the tap water
was sprayed on the wall. The voltage decreasedeslyddth consequence of the
lower resistance. The area around the electrods wais then wrapped with a
plastic to hinder evaporation of the water (see 68). It helped to prolong the
duration of the brick clay as poultice to be chahgé&/hen the voltage got
maximum of the power supply (Hewlett Packard E361R& power supply)
the brick clay was changed for a new one. Aftemgwhange, the brick clay
was segmented to 3 parts on the anode side arfttaathode side (see Fig. 63)
in which the concentration of salts was measured.

Fig. 62 The placement of the electrode units on the wadhden construction and the
area of the wrapping in the second stage.
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Fig. 63 The deI of the setup on the wall and the segetkparts of the units, where
the concentration of salts was measured after esleagge of the brick clay.

8.5.8 The results and discussion

The removal of the salts (chlorides, nitrates, sulmtes) from the masonry

From the initial concentration of salts (see Taki¢, it is clear that the salt
concentration significantly exceeded the limitirgues from ONORM B 3355-
1 [21]. The utilized electrode units decreased ¢bacentration of chlorides,
nitrates and sulphates in the masonry at one totalihe brick clay inside the
units was changed 8 times during the pilot tese mew brick clay was placed
on the same place and the experiment continued.ldfgest period with the
same brick clay was a month, however, the problemk a high masonry
resistance occurred in this period. The overafidfarred charge was 88 900 C
at the end of the pilot test. It correspondentd@anA current applied into the
wall within 3.5 months. Every change of the claylpices is shown in the Fig.
64 to Fig. 66 together with the removed mass obraths, nitrates, sulphates
and the transferred charge. Another problem wasngluthe winter. The
temperatures decreased below zero and the piloh#esto be stopped for 2.5
months because the brick clay was frozen and theisriaximum voltage was
reached quickly due to the high resistance of tbeeh clay. The whole duration
of pilot test was thus 6 months. The overall ressaftthe water contents and salt
concentrations from the pilot test are shown inTtable 31 to Table 33.
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Fig. 64 The removed grams of chlorides after every chardleeoclay poultice.
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Fig. 65The removed grams of nitrates after every chandgbkeo€lay poultice.
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Fig. 66 The removed grams of sulphates after every chahtie a@lay poultice.

Table 31 The mean initial concentration of chlorides, rigsaand sulphates in the
masonry based on the salt concentrations examioedthe initial samples, the
duration of the constant current applied to theof#te electrodes.

Salt Initial . Duration | Current

anions concentrqlnon [months] | [MA]
[mg-kg™]

CI 7004360

NO5 19600+9050 35 10

SO,? | 160041130

Table 32The removed mass of chlorides, nitrates, sulph#tesmean final
concentration in the wall and the removal rateldbdes, nitrates, sulphates.

Salt | Removed Final . Rate
anions [a] concentr:flltlon [g-day’!]
[mg-kg™]
Cr 3.4 420+160 0.03
NOs 43.7 16000£7800 0.40
SO, 6.0 6401570 0.05
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Table 33 The initial and the final water contents in thigsiah samples measured in the
different heights above the ground.

Initial water Final water
Samples
(height) content w content w
[%0] [%0]
30 cm 4.4 1.9
60 cm 1.8 6.5
90 cm 3.9 7.3
120 cm 53 7.3
150 cm 4.6 5.4

8.5.9 The conclusion

The pilot test and tested utilized electrode uslitswed that the electrokinetic
method worked in relation to the decreases ofcgaltentrations. The problems
with too high resistance of the masonry were solbedpraying the tap water
on the wall and wrapping the area around the @édetunits with the plastic.

Nevertheless, the addition of extra water inside wall is unwanted. It is
seen that the water contents of the samples taki&e and of the pilot scale test
were higher contrary to the initial water conteatshe beginning especially in
the heights (90, 120, 150 cm) between the electnods (see Table 33).

* (1) The efficiency of the desalination was found. At the end of the
pilot test, the initial concentration of chloridé00 mgkg™) was reduced
to the value (420 mig™), the initial concentration of nitrates (19600
mgrkg?) to value (16000 mgg') and the initial concentration of
sulphates from (1600 mkg™) to the value (640 migg™). The removed
mass and removal rates are shown in Table 32.

In the case of sulphates, it was successful toedserthe initial concentration
below the limiting value which means no damage, éwew, the duration of the
experiment was too short to obtain sufficiently éveoncentration of chlorides
and nitrates.

e (2) From the obtained results following recommermhest for the
application in the pilot test are given.

135



9 CONCLUSION AND FINDINGS OF SCIENTIFIC
KNOWLEDGE

9.1 The optimization of the closed laboratory setup forthe
dewatering of the tap water saturated bricks due tcelectro-
osmosis using different types of the clay poultices

On the basis of the experimental drying of the wader saturated bricks
under the laboratory conditions the most suitaldenlmnation of the clay
poultices for the dewatering due to electro-osmasis found out.

 The tested combination of the clay poultices whir@ brick clay as
poultice was used on the both sides showed theebigtecreases in the
water contents at the end of the laboratory exparts (read 8.1.9 The
conclusion).

e The same combination showed the lowest increaspblim the cathode
clay poultice (read 8.1.9 The conclusion).

» The both types of tested clay poultices showed thdifering capacity in
relation to the changes of pH in every experimemlad 8.1.9 The
conclusion).

9.2 Desalination of the sandstones under the laboratory
conditions using one type of clay poultice

On the basis of the experimental electrokineticatilestion of sandstones
under the laboratory conditions, the efficiencydefsalination was found out,
moreover, the suitability of the used clay pouliéer desalination was verified.

e The tested clay poultices in which the mixture (Cg& kaolin + distilled
or tap water) was used on the both sides showedifisantly high
decreases in the chloride, nitrate and sulphateerdrations at the end of
the desalination experiments (read 8.2.9, 8.3.4cOnelusions).

» The tested mixture buffered the acidification iregvexperiment with the
sandstones (read 8.2.9, 8.3.4 The conclusions).
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* The placement of the electrodes in relation tostlwedstone surfaces with
the different salt concentration showed its impac&a The higher
removed mass and removal rates of chlorides anatest were calculated
when the anode electrodes were placed towards ahdstone surface
with the higher concentration of salts. The impoct of the placement
was confirmed in the additional experiment where #ftronger current
was applied into the electrodes (read 8.3.4 Thelasion).

9.3 The optimization of the closed laboratory setup forthe
desalination of the bricks contaminated with sodium
chloride using the different types of clay poultice

On the basis of the experimental desalination eflthcks contaminated with
the sodium chloride under the laboratory conditioiie most suitable
combination of the clay poultices for the desaloratvas found out.

* The tested combination of clay poultices where rhgture (CaCQ +
kaolin + distilled or tap water) was used on théhbsides showed the
highest decreases in the chloride concentratidharbricks at the end of
the laboratory experiments (read 8.4.9 The conmh)si

» The combination with the brick clay on the bothesidhowed the highest
decreases in the water contents inside the brickad(8.4.9 The
conclusion).

» The both types of the tested clay poultices shavenl buffering capacity
in relation to pH changes in every experiment (1@dd9 The conclusion).

9.4 The use of the electrokinetics for the desalinationof
constructions such as brickwork and sandstone walls

In the present building practice, the electrokiceetas the method for the
dewatering and desalination of the building mattarsd construction is
successfully used. The method of dewatering dueld@otro-osmosis has been
used mainly in Germany, Austria, Denmark for desadad many of the
equipments in these countries have been alreadifiextrhowever, the method
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for drying and desalination may be sorted as arm@sige because of the rising
prices of energy. The last chapters are writtethenbasis of laboratory results

and results from the pilot tests.

9.4.1 The choice of the suitable type of the clay poult&e

The choice of the suitable type of the clay posaltis an essential for the
dewatering and desalination. The right choice grflces the efficiency of the
dewatering significantly.

The dewatering of the bricks and the brickwork

» For dewatering of bricks and brickwork, the brideycused as the clay
poultice showed the highest decreases in the watetents from the
water saturated bricks. The used brick clay sheaolttain approximately
17.0-18.0 % of carbonates.

* The setup of the constant voltage and good coshaild be maintained.

9.4.2 The recommended setup for the desalination of therickwork
with the plaster when an electric field is applied

From the experiment 4 (read 8.5 EXPERIMENT 4 — [Deston of a
masonry in the pilot test under an applied eledteld) and from the previous
pilot scale test [42] the approximate effectiveniasthe desalination of the two
types of clay poultices was found out.

The following recommendations for desalination la@sed on the results from
the pilot scale tests and the experience obtaimech fthem. The specific
conditions such as the initial water contentsjahttoncentration of salts and the
outer temperature have to be taken into account.

The following points describe the way how to setelgctrode units for the
desalination of the brickwork properly in orderget the highest efficiency for
desalination:

 To have the visual survey and the knowledge from history of the
building — to find out the sources of the moistanel salts,
e To design a solution which avoids moistening ofd¢bastruction,
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Fig. 67 shows the area of a wall which should satieated.

VISIELE WET OR FIXED FLACES
ON THE wALL SURFACE

REFERENCE SAMPLES

. RDUND

Fig. 67 The simplified scheme of a part of a wall whicls bhabe desalinated.

» To think about the future placement of the elearadits. The same type
of the electrode units as in the experiment 4 ampssed to use for the
desalination purpose,

» The supposed placement of the electrode units emtick wall (see Fig.
68 and Fig. 69),

A, the recommended diseabetween the used electrode
units (350-500 mm) given from the experimental
results,

B the height of the uséetctrode units (500 mm),

4 350-400
THE SUPPOSED PLACEMENT REFERENCE SAMPLES

OF THE ELECTRODE UNITS
{ —

= | =S -
|

A

< |

Fig. 68 The area from where the initial (reference) samplee taken (drilled).
Dashed lines — the supposed placement of the etlectmits;

» To take the initial (reference) samples from thd Watween the supposed
placement of the electrode units (see Fig. 68),
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To take the reference samples by drilling in thiekwork from the
different heights above the ground and to analysertitial water contents
and the initial salt concentrations. The samplesilshbe taken from the
whole depth of the brickwork. In general, it is paped that the salts are
distributed in higher concentrations at the outefaze of the brickwork
between the layer of a plaster and bricks,

* The finding of the salt concentrations in the whotess section of the
wall may be useful for better placement of the tetete units and thus for
the improvement of the efficiency of desalination,

« From the ion chromatography, the initial concemratof chlorides,

nitrates and sulphates may be calculated:

The initial concentration of Cl................... [mdkg™]
The initial concentration of NQ................. [mekg™]
The initial concentration of SO................. [mekg ]

* The next step is the placement of the electrodes wmi the wall and set up
of constant current. The electrode units shoulg@lbeed on the same side
of the brick wall where the higher concentrationsafts is. The Fig. 69
shows the suitable placement of the electrode onithe brickwork,

,350-500 250, 350-500 250 , 350-500,
7 1 7] 1 7 1
R [— — T—] —1 T— — LT
-
= + || — o + 3 =
L | o
POWER
LGROUND & 3 A ©  lsupPLY
N

Fig. 69The view on the electrode units and their recomradrmdacement on the brick
wall from the outer wall surface.

* The closer the electrode units are placed the higleent is possible to
set up. The distance 350 and 500 mm between dlectumits is

recommended,
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 To spray the distilled water on the brickwork irethase of too high
resistance,

» To wrap a part of a wall which is being desalingszk Fig. 62),

 To keep the clay poultices on the place until todage of the power
supply gets its maximum,

» The process of desalination should be running timéilremoved grams of
chlorides, nitrates and the sulphates gets steattlgrp as clear in the Fig.
70,

* During the tests, it is suitable to take samplesciwimay show the
efficiency of the desalination so far.

The following equation expresses the overall chargieh passes through the
setup of the pilot test at the end of the test.

Q=tIl (9.1)
where  Q.......ceeeee. an overall charge [C]

L the constant current setaptie desalination [A]

| FETTTR the overall time after thettfs]

* At the end of the desalination treatment, to tdleefinal samples and to
compare the concentrations with the concentrattotine beginning and
with the norm ONORM B 3355-1 [21].

RNEH

NO,

Removed grams [g]
cl

Q [CI
Fig. 70 The supposed pattern of the complete desalindsad on a mass removal of
salt anions and transferred charge.
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9.4.3 The recommended setup for the desalination of theaadstone wall
under an applied DC field using the clay poultices

The laboratory experiments were aimed at the ded&n of the sandstones
under an applied electric field with the use of ¢heey poultices. From the series
of experiments the removed mass and removal rdteklorides, nitrates and
sulphates together with the suitable placemertt@ttectrodes were found out.

The following recommendations are based on the waged laboratory
results which can be useful for the future destibnaof a sandstone wall. The
specific conditions such as the initial water catge initial concentration of
salts and the outer temperature have to be takemacount.

The following points describe the way how to setelgctrode units for the
desalination of a sandstone wall properly in oreget the highest efficiency
for desalination:

e The visual survey and the knowledge from the hystdrthe building — to
find out the sources of the moisture and the salts,

e To design a solution which avoids moistening ofd¢bastruction,

Fig. 67 shows the area of a wall which should satieated.

» To think about the future placement of the elearadits. The same type
of the electrode units as in the experiment 4 ampased to use for the
desalination purpose.

» The supposed placement of the electrode units @sdahdstone wall (see
Fig. 71, Fig. 72 and Fig. 73).

A the recommended distabetween the used electrode
units (350-500 mm) given from the experimental

results,
B the height of the uséetctrode units (500 mm),
G, the thickness of tlamdstone wall (70 mm — a fixed

value based on the laboratory experiments),
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Fig. 71 The front view on the electrode units and thezioramended placement on the
outer surface of the sandstone wall. The connettidghe power supply is not shown.
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Fig. 72 The scheme of the placement of the electrode imttee axonometric
projection on the part of the sandstone wall. Tleeteode units are placed exactly on
the opposite sides and connected to the powerwsppl shown). The dashed line —

the electrode units on the opposite side (interior)
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CROSS SECTION A-A GROUND PLAN

70
THE SANDSTONE WALL i
—h— ELECTRODE Ay
UNITS
+H 1. EXT, INT.
=~ + L

ELECTRODE
UNITS

=4

200

}E 350-400
FF]

-

™~
ExT. 2o T, )
GROUND v
L
..//
7

7777

THE FOUNDATION

Fig. 73The scheme of the placement of the electrode andshe distance between
them. On the left (the cross section), on the r{gte ground plan). EXT. - exterior,
INT. - interior;

» To take the initial (reference) samples from thd Wetween the supposed
placement of the electrode units (see Fig. 68).

» To take the reference samples by drilling in thedséone wall from the
different heights and to analyse these samplethéinitial water contents
and initial salt concentrations. The samples shdaddtaken from the
different depth of the wall because the signifigahtgh concentration of
the salts may be measured even towards the intsuréhce of the
sandstone wall. This was found in the laboratoyegxnent 2.

» The finding of the salt concentrations in the whotess section of the
wall may be useful for better placement of the tetete units and thus for
the improvement of the efficiency of desalination,

« From the ion chromatography, the initial concemratof chlorides,
nitrates and sulphates may be calculated:

The initial concentration of Cl................... [mdkg ]
The initial concentration of NQ................. [mekg™]
The initial concentration of SO................. [mekg™]
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To place the electrode units filled with the mixuor brick clay on a
sandstone wall and to set up the constant curiidm. electrode units
should be placed on the sandstone wall in theviatig order (see Fig. 71
to Fig. 73). The closer the electrode units areqaahe higher current is
supposed to be to set up. The distance 350 andh&00etween electrode
units is recommended,

To spray the distilled water on the sandstone wathe case of too high
resistance,

To wrap a part of a wall which is being desalingszk Fig. 62),

To keep the clay poultices on the place until todage of the power
supply gets its maximum,

The desalination process should be running undéil rdfmoved grams of
chlorides, nitrates and sulphates gets steadyrpatteclear in the Fig. 70,
During the tests, it is suitable to take samplesciwimay show the
efficiency of the desalination so far.

At the end of the desalination treatment, to tdleeftnal samples and to
compare the concentrations with the concentratiotine@ beginning and
with the norm ONORM B 3355-1 [21].

9.5 Assumption for the next experimental work based orthe

results from the dissertation

The future experimental work should be aimed at éxé&ension of the
theoretical and the practical knowledge of the psses during the dewatering

and the desalination when an electric field is &oplThe changes which occur
during the electrolysis on the electrodes seemetdirniting factors as for the
efficiency of the dewatering due to electro-osmaassfor desalination. The

following points might be investigated in the fugur
* To analyze the changes at the anode electrode &s dreated from the

chemical reaction at the anode. The gas might heeen taken away
directly from the closed laboratory setup. Thaticactmight have
improved and increased the efficiency of dewateand desalination.
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e The pH influence the dewatering and the desalinatsgnificantly
therefore it might have been useful to find out amdest the mixtures
which can buffer the increases in Qbhs at the cathode electrode.

* To test the materials which were desalinated byieglectric field for
the mechanical properties as the compressive sktreglognd strength etc..
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CESKY ABSTRACT

Odvihcovani a odsolovani stavebnich konstrukci je wWasné dob velmi
diskutované téma. V soasnosti jsou pouzivanéizné zmsoby jak pro
odvihcovani tak pro odsolovani stavebnich konstrukcistayci metody jsou
acinné, ale je nezbytné vyvijet stale noviégppdré starSi metody vylepSovat.
Problematika vihkosti ve staveni konstrukci je spd se solemi, které v ni
muazou byt rozpugny a spolén¢ pak v konstrukci dale putovat. Tyto soli pak
mazou pisobit Skody v konstrukcich aémit jak mechanické tak fyzikalni
vlastnosti stavebnich matefial

Zakladni pozZadavky pro vysouSeci a odsolovaci fkghjsou rychlost,
ucinnost a ekonomicky faktor. Presentovana praceabgvA odvidovanim a
odsolovanim pouzitim elektrokinetickych metod spote s technikou
piiloznych prvkKi. V prvni casti disertani prace jsou popsany zakladni
teoretické principy v oblasti vihkosti a soli. Vuthé ¢asti (experimentalni) byly
provedeny série &tieni v laboratt a v in situ.

V experimentélnicasti disertani prace jsem odvitoval a odsoloval cihly,
piskovce vlivem dinku elektrického pole. SnaZil jsem se optimalizova
laboratorni nastaveni, aby odi#mi a odsoleni cihel a piskdvelivem &inku
elektrického pole bylo co nejtsi. DalSi ndteni bylo provedeno v in situ, kde
byla také pouZzita technikatipZznych prvki spole&né s aplikaci elektrického
pole. V testu bylo dosazeno snizeni koncentracé Zolexperimentalnich
vysledki je mozné dat navod, jak spré&ypostupovat i odsolovani.
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