BRNO UNIVERSITY OF TECHNOLOGY

VYSOKE UCENI TECHNICKE V BRNE

\
%
\S

k
//

FACULTY OF CIVIL ENGINEERING

INSTITUTE OF BUILDING STRUCTURES

FAKULTA STAVEBNI
USTAV POZEMNIHO STAVITELSTVI

EXPERIMENTAL DRYING AND DESALINATION OF
BRICKS, SANDSTONES AND MASONRY UNDER AN
APPLIED ELECTRIC FIELD

EXPERIMENTALNi ODVLHCOVANiIi A ODSOLOVANi CIHEL, PiSKovCU A ZDIVA VLIVEM
ELEKTRICKEHO POLE

SHORT VERSION OF DISSERTATION THESIS

Zkracena verze disertacni prace

AUTHOR ING. ONDREJ MATYSCAK
AUTOR

SUPERVISOR PROF. ING. MILOSLAV NOVOTNY, CSC.
VEDOUCI PRACE

BRNO 2014






1 MOISTURE IN THE BUILDING MATTERS ... i, 6
1.1 General knowledge about the hygric properties of ta building

MNATLEIS .. e et e e e e e et e e eaaas 6

2 SA LTS i ————— e et it e e e e e e enanes 7
2.1 The damaging concentration related to the salt anigs.................. 7

3 ELECTROKINETICS ... e e e e 7
G 700 R =t = Tox 1 0] o 1o | = 11T o I 8
3.2 ElCCIIO-0SMOSIS . uuuiiiiiiiiiiiie ettt e et eeeeeeene 9

4 SPECIFICATION AND THE GOALS OF THE DISSERTATION ... .. 9
4.1 The specification of the ISSUE............uvtmmmmervniee e 10
4.2 The goals of the dissertation...............oocciiiiiniiiieii s 10

4.2.1 The optimization of the closed laboratory setup ftobe
dewatering of the tap water saturated bricks dueléotro-osmosis

using the different types of clay poultices ...........ccooeeviieiiiiiiinnnenn. 10

4.2.2 Desalination of the sandstones under the laboratory

conditions using one type of clay poultiCe...cccccvvvvviiiiiiiiiiiiiienee, 11
4.2.3 The optimization of the closed laboratory setup ftobe
desalination of the bricks saturated with sodiuntogtie solution
using the different types of clay poultices ..........cccooovviiiiiiiiiinnnnne. 11
4.2.4  Desalination of a brickwork in the pilot test................... 11

4.2.5 To desalinate the sandstone wall in the pilot stedeon the

basis of [aboratory reSults ..........cooo o cccmmmrccie e 12
5 THE METHODS USED IN THE DISSERTATION ....ccvviiiiiiiieeien. 12
5.1 Theoretical MethOdS.......ccoonieiiee e e 12

5.1.1  The study of literature and the consultation wipezts.... 12
5.2 Experimental methodsS.........ccoooevvviiiiiiiiieee e 12

5.2.1 Laboratory methods .........ccoooiiiiiiiiiiiiec e 12

5.2.2 Methods used in the pilottest.............cmmevcieeeeevennnnnn. 12



5.3 The comparative method............ooooiiiiiiiicceei e, 13
6 EXPERIMENTAL DRYING AND DESALINATION UNDER AN
APPLIED ELECTRIC FIELD ...covviiiiiiiiieee e 13
6.1 EXPERIMENT 1 — To find out the combination of the day
poultices which is the most efficient for the dewatring of the tap water

saturated bricks due to electro-osmosis under an @fied electric field13

6.1.1  INtrOdUCHION.....ccoviiiiii e e 13
6.1.2 The goals of the experiment 1 ...........ccoccceeeviiiiiieeeeenne, 13
6.1.3  The results and the conclusion...........cccoiiiiiinne, 14
6.2 EXPERIMENT 2 - Desalination of sandstones using cla
poultices with an applied electric field ........cccceeiiiiiiiiiii . 15
6.2.1  INtrOAUCHION.....ccoviiiiiii et 15
6.2.2 The goals of the experiment 2 ...........ccocccceeeviiiiieeeeenne, 15
6.2.3  The results and the conclusion...........cccoiiiiiiinne, 16
6.3 The additional experiment to experiment 2......ce..covvvevvvviiineennne. 17
6.3.1  The main goals of the additional experiment ............... 17
6.3.2  The results and the conclusion...........cccoiiiiininne, 18
6.4 EXPERIMENT 3 — Desalination of the bricks contaminded with
the sodium chloride under an applied electric field............................. 19
6.4.1  INtrOAUCHION.....ccouiiiiiie i 19
6.4.2 The goals of the experiment 3 ...........ccocccceeeriiiiiiee e, 19
6.4.3  The results and the conclusion...........cccoiiiiiinnne, 19

6.5 EXPERIMENT 4 — Desalination of a masonry in the pibt test

under an applied electric field............ccooveeeiiii s 20
6.5.1  INtrOdUCHION......couiiiiiiii i 20
6.5.2 The goals of the experiment 4 .............occcceeevvviiiieeeeenn, 20
6.5.3  The results and the conclusion...........cccoiiiiinn, 21

7 CONCLUSION AND FINDINGS OF SCIENTIFIC KNOWLEDGE 21

4



7.1 The optimization of the closed Ilaboratory setup for the
dewatering of the tap water saturated bricks due toelectro-osmosis
using the different types of the clay poultices...........cccccceveeiiievviiinnnnnnn. 21
7.2 Desalination of the sandstones under the laboratorgonditions
using one type of clay POUlICe..........coovveeiiii e, 22
7.3 The optimization of the closed laboratory setup for the
desalination of the bricks contaminated with sodiunthloride using the
different types of clay poultiCes............oeiiiiiiiiii e, 22
7.4 The use of the electrokinetics for the desalinationf constructions
such as brickwork and sandstone walls ..........cccoooiiiiiiiiiiiieeii, 23
7.4.1  The choice of the suitable type of the clay poaltic........ 23
7.4.2 The recommended setup for the desalination of the

brickwork with the plaster when an electric fieddapplied .............. 23
7.4.3 The recommended setup for the desalination ofdhdstone
wall under an applied DC field using the clay pog .................... 26
7.5 Assumption for the next experimental work based orthe results
from the diSSertation .............uuuiiiiiiiiii e 29
8 BIBLIOGRAPHY ...ooiiiiiiiiiiiiiiiee ettt e e e e e st e e e e e e e ennnnaes 29
O CURRICULUM VITAE ..oooie ettt e e e e e e e 32
10 CESKY ABSTRAKT ..ottt 33



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 productistorage etc. The climate
influences the materials as well. The water inrtisters can be transported by
diffusion of the water vapour, transmission, capitl, absorption or sorption.

In the engineering practice, the water can occuhree phases, e.g. the solid
phase as ice, the liquid phase as water and th@lgese as the water vapour.
The building constructions such as outside wal®pfg, foundations are
influenced with these phases mostly. The leasti@mited 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.



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 brickwofk]
Levels of the Water content

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

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

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 The damaging concentration related to the salt anits

Currently, only few countries have a threshold fiwe Ilimits of the
concentrations of the most common salt anionsic@liamount 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 acogrdith ONORM 3355-1 [2]
are taken into account. The used thresholds as¢eckkolely to the anions of
chlorides (C), nitrates (N@) and sulphates (SO). [3]

3 ELECTROKINETICS

Electrokinetics may be also called electrokine@imediation. These methods
offer a high efficiency in the decontamination bétfine pores soil. When an
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electric field is applied across the porous maketie movement of ions in a
solution starts. Minimally two electrodes are nektta such ion transport (see
Fig. 1). Due to thus obtained electrokinetic pre¢ceadio-nuclides, heavy metals
and other organic compounds or their mixed inorgamatters can be removed
from the different porous matters. The method fe temediation of the soil
was described in the previous studies [4] [5] [@] [

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. 1 Scheme of migration of ions towards the electrodiéis the opposite polarity
under an influence of electric field.

3.1 Electromigration

The transport of the dissolved salts is connectegd 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 byeafons in the metallic
electrodes. Processes, which transform electricenticarried by electrons to
the current carried by ions and vice-versa, aréeddlelectrode processes”.
These processes are dependent on the materiak ofléletrodes, 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.



3.2 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. 2). lons with the same chaggthe charge of the internal
surface are called co-ions. Opposite ions are ccadleunter-ions. From this
equilibrium double electric layer is created. Cagare 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 arotmedcbunter-ions are dragged to
the cathode electrode together with the countes-jéh

Fig. 2 The scheme of the internal surface of a porougmadibrick). 1 — the internal
surface (negative charge in the case of poroukdjri@ — the solution (positive ions —
counter-ions ) and (negative ions — co-ions), hatahsolution (electrolyte).

4 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.

4.1 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 ssfi¢the moisture and the salts.
The theoretical part of the dissertation (chapté,ldescribes the problematic
of the moisture, salts, electrokinetics and thelmtrons to the building matters.

The important parts of the fundamental knowledgethe initial conditions
which are different in the laboratory and on thddig site. The amount of the
water and the distribution of the salts in someofalbry 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 huiddsites are. In the experimental
part of the dissertation, the electrokinetic methddr the dewatering and
desalination are tested with the materials sudbriaks and sandstones.

4.2 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 anbdeobtickwork in the pilot test
under an applied electric field. The final recomuatetions are based on these
findings and analysis both from the laboratory drelpilot test.

4.2.1 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
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relation to the dewatering of the bricks which weaturated with the tap
water.
» To find out the overall changes of pH in the cloBdabratory setup.

4.2.2 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.

4.2.3 The optimization of the closed Ilaboratory 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 poulcéas the highest
efficiency in decreases of the chloride concerurati

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 cloBdabratory setup.

4.2.4 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 sulphatdsernwthe specific
constant current is applied.
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 To use the obtained experience from the test ferrdtommendations
how to desalinate the brickwork with the higheséicesncy.

4.2.5 To desalinate the sandstone wall in the pilot scatest 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.

5THE METHODS USED IN THE DISSERTATION
5.1 Theoretical methods

5.1.1 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.

5.2 Experimental methods

5.2.1 Laboratory methods

With the use of abstraction method, the real consttns were replaced with
the simplified models such as simple bricks andistomes. In these models, the
simplified conditions were evoke mainly becausesa$ier implementation for
the dewatering and the desalination. In the laboyagxperiments the following
data were collected and calculated:

« The water contents, pH, voltage, concentration ldbrades, nitrates,
sulphates;

5.2.2 Methods used in the pilot test

The dewatering and desalination of a real wall whenelectric field was
applied was also conducted. Firstly, the initighmnation 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 iniltater contents, concentration
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of salts and the historic facts, it was found obtoh salts damaged the wall and
the plaster mostly. After the application of clayuftices on the part of the wall,
which was the aim of the desalination treatmerdggtelc field was applied into
these clay poultices.
In the pilot experiment the following data wereleoted and calculated:
« The water contents, voltage, concentration of o, nitrates and
sulphates;

5.3 The comparative method

The comparative method was used both for the exygerts in the laboratory
and in the pilot test. The results from the labamaexperiments were compared
with each other. The results from the present pdst were compared with the
results from the previous pilot tests to get timalficonclusions.

6 EXPERIMENTAL DRYING AND DESALINATION
UNDER AN APPLIED ELECTRIC FIELD

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

6.1.1 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 lalaory experiments might
contribute to the improvement of the dewateringeurath applied electric field.
The experiment tightly follows the previous stu@y. [

6.1.2 The goals of the experiment 1

The experiment 1 focuses on:
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e (1) to demonstrate the electroosmotic flow in thesed laboratory setup
with the combination of two types of the clay pads,

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

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

Ty

f b . A =
Fig. 3The used yellow bricks, the clay poultices — thetare (w
(brown);[10]

hite), the brick clay

6.1.3 The results and 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 flowsvimund out because
the decreases of the water contents were highbeanode clay poultice
than at the cathode clay poultice in the every.case

e (2) The combination of the poultices where thelbiglay was used on
the both sides of the closed laboratory setup stiaiat the brick clay
was dried the least on the anode side from alliaxeats. In addition, the
same combination (experiments 3, 9) showed evemitifeest decreases
in the water contents inside the bricks from alpexments from the
initial water contents (15.4-14.7 %) to the finater contents (14.5 and
12.7 %).

* (3) The combination where the brick clay was usedthe both sides
showed only the slight average increases in pHeiation to the initial
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values of pH inside the bricks from the initial was (10.50.03) to
values (10.6-10.7).

* The lowest increase in pH was also measured atat®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.

6.2 EXPERIMENT 2 — Desalination of sandstones using ca
poultices with an applied electric field

6.2.1 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 [11] [12].

6.2.2 The goals of the experiment 2

The experiment 2 focuses on:

e (1) to see whether it is possible to desalinate saedstones to levels
meeting safety limits where no damaging risk iseeted,

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,

* (4) to verify the suitability of a mixture used apoultice in relation to the
pH changes and water contents,

e (5) to find out the removal rate, removed masscfdorides, nitrates and
sulphates when the constant current is applied,
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Fig. 5 Four segments of the stone 2. The stone segmeas 3ised as the reference.

6.2.3 The results and the conclusion

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

* (1) In the segmented stones, the initial concaptiatof chlorides (1670
and 425 mcg™) were reduced to values (410 and 140-kgQ); for
nitrates from (1140 and 990 rkg’) to values (415 and 310 mkg™); for
sulphates from (890 and 540 rkg™) 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 watentents in the cathode
clay poultices. Inside the stone segments, thd fwader contents were
similarly flat.

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

* (4) The pH was lower in the reference stone segsntran pH in the
segmented stones at the end of the experimentddlie shown in the
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thesis). The used mixture as poultices showed Bliiyafor desalination
in relation to the pH changes and successfullyrabzéd the acidic front
at the anode from electrolysis. The alkaline franthe cathode was high
as a function of time.

(5) The removal rate and removed mass for chlorigesates and
sulphates were found out (the table shown in tlesi$). These findings
might have been useful for the further applicatiothe future pilot test.

6.3 The additional experiment to experiment 2

6.3.1 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 setup &ény influence on
the removal rate and removed mass of chloridesgtes, sulphates and
thus on the decreases of the chloride, nitratesaighate concentrations
in the sandstones,

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

(3) to confirm whether the placement of the samisto(original outer
surface) in relation to the electrodes has infleemis 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 apg@lied to verify the
suitability of the mixture used as the poulticeeration to pH changes.
(5) from the obtained results to give recommenaatior the application
in the pilot test (read 7.4.3 The recommended sktuthe desalination of
the sandstone wall under an applied DC field utiiegclay poultices).
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6.3.2 The results and the conclusion

The concept of the electrokinetic desalination afbjematic salts followed
the previous experiment with the sandstones. Hlkicietic treatment showed
that the concentration could be reduced to the doncentrations. During the
experiments with duration from (9 to 15 days) timgial concentration of
chlorides, nitrates and sulphates were decreasguifisantly to the low
concentrations and in the cases of sulphates,dbeedses were below limiting
values of concentrations from ONORM B 3355-1 [2].

* (1) In the stone segments, the initial concertratiof chlorides (1800
and 1550 mdg™) were reduced to values between (1200 and 17&gng
1; for nitrates from (1650 and 1150 rkg’) to values between (1390 and
370 mgkg?); for sulphates from (1680 and 510 k') to values
between (170 and 95 ma™").

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

* (3) The placement of stone segments confirmednortance from the
previous results because the biggest mass of dekr{1.3-1.7 g) was
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 foundand confirmed the
supposed velocity of migrated ions (the table showthe thesis).

* (5) The encourage results of desalination (remaatais of chlorides and
nitrates) were used in the following recommendatifor the desalination
of the sandstone wall.

18



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

6.4.1 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 comiions with the halves of
bricks. The experiment tightly follows the previamuerk [13].

6.4.2 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 concerarati
e (2) to find out which combination of tested clayuices has the highest
decreases in the water contents inside the brickeaend of experiments,
* (3) to find out which combination of the clay pocdis creates the least
amount of OHions in the cathode clay poultice,

Fig. 6 The used yellow brick contaminated with NaCl scojut(left)and the used
closed laboratory setup (right). The wrapping isstmown.[14]

6.4.3 The results and 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 verw lconcentration under an
applied electric field within 10 days.
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e (1) The combination with the mixture as clay padt 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 belowrtibihg value.

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 %).

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.

6.5 EXPERIMENT 4 — Desalination of a masonry in the pibt
test under an applied electric field

6.5.1 Introduction

The present pilot test follows tightly the previcatsidies [9] [15] where the
similar electrode units were tested for the purpissectrokinetic desalination.

6.5.2 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 sulphatesivthe clay poultices
and the constant current were applied,

e (2) from the obtained results to give recommenaatior the application
in the pilot test (read 7.4.2 The recommended sktuthe desalination of
the brickwork with the plaster when an electriddies applied.),
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Fig. 7 The reference old stable fc?f ' pllott55 ‘

6.5.3 The results and 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.

* (1) The efficiency of the desalination was found. cAt the end of the
pilot test, the initial concentration of chlorid€00 mgkg™) was reduced
to the value (420 mig’), the initial concentration of nitrates (19600
mgkg?) to value (16000 mig') and the initial concentration of
sulphates from (1600 migy™) to the value (640 mig™).

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

7/ CONCLUSION AND FINDINGS OF SCIENTIFIC
KNOWLEDGE

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

 The tested combination of the clay poultices whir@ brick clay as
poultice was used on the both sides showed theesigltecreases in the
water contents at the end of the laboratory expartsi(read 6.1.3 The
results and the conclusion),
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e The same combination showed the lowest increaspblim the cathode
clay poultice (read 6.1.3 The results and the amich),

» The both types of tested clay poultices showed thdifering capacity in
relation to the changes of pH in every experimesdd 6.1.3 The results
and the conclusion),

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

* The tested clay poultices in which the mixture (Ca€kaolin+distilled or
tap water) was used on the both sides showed wignilfy high decreases
in the chloride, nitrate and sulphate concentratiab the end of the
desalination experiments (read 6.2.3, 6.3.2 Thelosions),

» The tested mixture buffered the acidification iregvexperiment with the
sandstones (read 6.2.3, 6.3.2 The results andti@usions),

* The placement of the electrodes in relation toslredstone 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 impoc& of the placement
was confirmed in the additional experiment where #tronger current
was applied into the electrodes (read 6.3.2 Thaulteesand the
conclusion),

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

e The tested combination of clay poultices where thaxture
(CaCQ+tkaolin+distilled or tap water) was used on thehbsitles showed
the highest decreases in the chloride concentratitime bricks at the end
of the laboratory experiments (read 6.4.3 The tesuld the conclusion),
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* The combination with the brick clay on the bothesidhowed the highest
decreases in the water contents inside the briged (6.4.3 The results
and the conclusion),

* The both types of the tested clay poultices shaenl buffering capacity
in relation to pH changes in every experiment (i@dd3 The conclusion),

7.4 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 mattersd construction is
successfully used.

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

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

The dewatering of the bricks and the brickwork

e 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 sheolttain approximately
17.0-18.0 % of carbonates,

* The set up of the constant voltage and good coshtenild be maintained.

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

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. 8 shows the area of a wall which should bekiested.

VISIBLE WET OR FIXKED PLACES
ON THE waLL SURFACE

REFERENCE SAMPLES

Fig. 8 The simplified scheme of a part of a wall whicls @ be 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.
9 and Fig. 10).

g 350-400

THE SUPPOSET PLACEMENT

OF THE ELECTRODE UNITS JEFERENCE SAMPLES
- | T

Fig. 9 The area from where the initial (reference) samplee taken (drilled). Dashed
lines — the supposed placement of the electrods;uni

» To take the initial (reference) samples from thd Watween the supposed
placement of the electrode units (see Fig. 9),

 To take the reference samples by drilling in thekwork 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 outefaxe of the brickwork
between the layer of a plaster and bricks,
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* 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 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. 10
shows the suitable placement of the electrode onithe brickwork.

,350-500 , 250, 350-500 ,250 , 350-500 ,
4 i 7 i i i
e — i = — = 3
-}
- — + || — + | — + 5 -
3
POWER
LGROUND & 3 o °  |sUPPLY
N o

Fig. 10The 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 higheent is possible to
set up. The distance 350 and 500 mm between allecttmits is
recommended,

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

e To wrap a part of a wall which is being desalinated

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

* The process of desalination should be running timtilremoved grams of
chlorides, nitrates and the sulphates gets steattigrp as clear in the Fig.
11,
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e During the tests, it is suitable to take samplesciwhmay show the
efficiency of the desalination so far.

» At the end of the desalination treatment, to tdieeftnal samples and to
compare the concentrations with the concentrattotine@ beginning and
with the norm ONORM B 3355-1 [2].

NOS, SOs

Removed grams [q]
Cl

Q [C]
Fig. 11 The supposed pattern of the complete desalinbaged on a mass removal of
salt anions and transferred charge.

7.4.3 The recommended setup for the desalination of theaadstone wall
under an applied DC field using the clay poultices

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

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

» To design a solution which avoids moistening of¢bastruction,

Fig. 8 shows the area of a wall which should bekiested.

e 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.

e The supposed placement of the electrode units @sdahdstone wall (see
Fig. 12, Fig. 13 and Fig. 14).
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Fig. 12 The front view on the electrode units and thesoramended placement on the
outer surface of the sandstone wall. The connettidghe power supply is not shown.
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Fig. 13The scheme of the placement of the electrode unttee axonometric
projection on the part of the sandstone wall. Tleeteode units are placed exactly on
the opposite sides and connected to the power ws@ppl shown). The dashed line —

the electrode units on the opposite side (interior)

CROSS SECTION A-4 GROUND PLAN
70
THE SAMDSTONE WALL 40y
——’V— ELECTRODE —
UNITS
I — EXT. INT.
+ |
2
= ELECTRODE
2 & UNITS
[I9] )
o
Tim Bi
70
EXT. INT,
GROUND —
A
i

LI,

THE FOUNDATION

Fig. 14 The scheme of the placement of the electrode anidshe distance between
them. On the left (the cross section), on the r{gte ground plan). EXT. - exterior,
INT. - interior;
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To take the initial (reference) samples from thdl Wetween the supposed
placement of the electrode units (see Fig. 9).
To take the reference samples by drilling in thedséone wall from the
different heights and to analyse these samplethé&initial 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 laboratoryegxnent 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:
To place the electrode units filled with the mixuor brick clay on a
sandstone wall and to set up the constant curiidre. electrode units
should be placed on a sandstone wall in the fotlgvarder (see Fig. 12 to
Fig. 14). The closer the electrode units are plabedhigher current is
supposed to be to set up. The distance 350 andnmfiObetween the
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 desalinated
To keep the clay poultices on the place until todage of the power
supply gets its maximum,
The desalination process should be running undélrdmoved grams of
chlorides, nitrates and sulphates gets steadyrpatteclear in the Fig. 11,
During the tests, it is suitable to take samplescivwimay 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 concentrattotine beginning and
with the norm ONORM B 3355-1 [2].
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7.5 Assumption for the next experimental work based orthe
results from the dissertation

The future experimental work should be aimed at éxéension of the
theoretical and the practical knowledge of the psses during the dewatering
and the desalination when an electric field is &goplThe 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,

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 skhrgognd strength etc.,
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10CESKY ABSTRACT

Odvihcovani a odsolovani stavebnich konstrukci je wWasné dob velmi

diskutované téma. V soasnosti jsou pouzivanéizné zmsoby jak pro

odvihcovani tak pro odsolovani stavebnich konstrukcistyci metody jsou

ucinné, ale je nezbytné vyvijet stale noviégppdre starSi metody vylepSovat.

Problematika vihkosti ve staveni konstrukci je spd se solemi, které v ni

mazou byt rozpu®hy a spoléné dale putovat. Tyto soli pak iou pisobit
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Skody v konstrukcich a &nit jak mechanické tak fyzikalni vlastnosti stavigtn
materia.

Zakladni pozadavky pro vysouSeci a odsolovaci fkghjsou rychlost,
ucinnost a ekonomicky faktor. Presentovana praceabgvA odviidovanim a
odsolovanim pouzitim elektrokinetickych metod spoée s technikou
piiloznych prvkKi. V prvni c¢asti disertéani prace jsou popsany zakladni
teoretické principy v oblasti vihkosti a soli. Vuthé ¢asti (experimentalni) byly
provedeny série éieni v laboratti a v in situ.

V této casti disertani praci jsem odvikoval a odsoloval cihly, piskovce
vlivem &inku elektrického pole. Snazil jsem se optimalizovaboratorni
nastaveni, aby oduweni a odsoleni cihel a piskdvelivem &inku elektrického
pole bylo co nejtsi. DalSi ndfreni bylo provedeno v in situ, kde byla také
pouzita technikaifloZnych prvki spole&né s aplikaci elektrického pole.
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