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Investigation of the Effectiveness of Siloxane
Hydrophobic Injection for Renovation of Damp
Brick Masonry

Z. Pavlik, M. Keppert, M. Pavlikova, Rerny

Abstract—Experimental  investigation of the
hydrophobic injection on siloxane basis on the prtpes of old-
fashioned type of ceramic brick is presented in paper. At the
experimental testing, the matrix density, totalroperosity, pore size
distribution, sorptivity, water absorption coeféai, sorption and

effect of

Moist or damp buildings have been in several studie
attributed to the negative health effects [1]. Dize the
excessive moisture, several biological processeseapked
leading to the biological growth ranging from baiealgae,

desorption isotherms are measured for the origiaslwell as the @nd fungi to moss [2]. Another serious problem tbe
hydrophobic-injection treated brick. On the basisneasured data, functionality of building materials and buildingspresents the
the functionality of the hydrophobic injection fibre moisture ingress decrease of thermal insulation function of matsriafith

prevention into the studied ceramic brick is assgss

increasing moisture content. Since the thermal gotidty of
water is approximately 0.60 W/mK at 20°C [3], whishmore

Keywords—Brick masonry, siloxane hydrophobic injection, than 20 times higher than of the air, the thernmalductivity

moisture ingress, functionality testing.

|. INTRODUCTION

RICK masonry usually suffers from moisture comiranf
several sources. In case of older brick buildingsere
the horizontal water-proofing layer is usually nmgs the
moisture intakes especially from the subsoil. Otfignificant
sources of moisture in building structures are féudts of
eaves, water pipelines and improper constructicigde
Water in all its phases significantly decreases haeical

of damp material rapidly increases [4].

Since the negative effects of moisture presendauilding
materials and structures are quite obvious, thenecessary to
prevent moisture ingress into the buildings forirthghole
service life. In case of the damp brick masonngreéhare
several methods that can be applied for its recoctstn and
renovation. Among them, the use of injection sutsta is the
most popular method for barring the liquid moisttnensport
from the subsoil. In this paper, the experimenakstigation
of the effectiveness of hydrophobic siloxane injattis

properties of masonry materials. Furthermore, iMmma nresented in order to access its applicabilityeataration of

conditions porous building materials are suscegptiol frost

damage, because of the volume changes accompatheng

phase conversion of water from the liquid into sloéid phase.
Water can deteriorate building materials and stinecsurfaces
also by acid decomposition reactions. Typical examg

sulphur dioxide that dissolves in water and paifftyms

sulphurous acid and sulphur trioxide that formsdeaas well.

Both acids decompose lime and lime-mixed binders
coatings and mortars.
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brick masonry.

Il. STUDIED MATERIALS AND SAMPLES

The siloxane injection was applied into the oldifased
type of ceramic brick produced by the brick fact@ijnské
cihelny Ltd., Czech Republic. This brick was chosen
iconsideration of its composition and appearancedtavery
aose to the original historical bricks that wereewf the most
often used building material in the Central Eurapétritory
over the last centuries. The brick is poorly burnt,
inhomogeneous, and its colour varies from brighd te
greyish. The original brick size is 290 mm x 145 m@5 mm.
Within the samples’ preparation, the brick was icuhalves
and into the each part, a 100 mm deep hole of 20dimameter
was bored. The prepared holes were then filled iloxane
injection Aquafin SMK. In this way, the free-flowjection
was performed. For sample preparation see Fig. 1.

14 days after injection penetration the particidamples
were cut from the treated brick halves, whereasvikibly
injection saturated parts of the brick were choden
experimental testing.
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Siloxane injection Aquafin FMK is product of compgan

of porous materials to absorb water and transporbyi

SchomburgCechy a Morava, Ltd. For its application, thecapillary forces, thus for describing liquid wateansport.
water dilution is necessary at the rate of 1:11thiNithe
application of this hydrophobic substance, fastpertion was
for

observed what is beneficial use i

reconstruction works.

its practical

Fig. 1 Ceramic brick filled by siloxane injection

I1l.  EXPERIMENTAL METHODS

At the experimental testing, measurements of matr
density, total open porosity, pore size distribmitiovater
absorption coefficient, sorptivity, sorption and sdeption
isotherms were done for the penetrated brick sasrgdewell
as for the reference material. All the experimevise realised
in the air-conditioned laboratory at constant terapge
23 + 1°C and relative humidity 30 + 5%.

A. Matrix Density

The sorptivityS (m/s”?) is defined [8] as

1
| =Sz, 1)
wherel (m) is the cumulative absorption of water dr(d) the
corresponding time of water absorption.

Equation (1) is a simplification of the general Bgsion for
the cumulative mass of water in terms of the sguaoéof-
time rule that is commonly employed in the diffusitheory,
which is obtained by dividing the original equation

N

i= Al )
by the density of watem, (kg/nt). In Equation (2)i (kg/nf) is
the cumulative mass of water awd (kg/nfs*?) the water
absorption coefficient. A combination of (1) and [@ads to
A=Slp,- 3)
The experimental setup applied in this paper fotewa
absorption coefficient and water sorptivity meamgat was
Iﬁ(uite common. The specimens of plate form were mwated
vapor-proof insulated on all lateral sides usinggpresin.
Then, the particular specimens were fixed on autiema
balance and immersed 1-2 mm in the water. Constater
level in the tank was achieved using a Mariottdalbatith two
capillary tubes. One of them, with inner diamete?2 onm, was
immersed under water, while the other, with inniamter of
5 mm, was above water level. Using automatic baanc

The matrix density was measured by helium pycnometallowed recording the increase of sample mass. Fiioen

using apparatus Pycnomatic ATC (Thermo). It appliedl

known technique of helium displacement to measheereal
density of solid substances. Since helium is ieé@tnent and
has a very small atom, it can penetrate even ertyenarrow

plotted relationships between the cumulative méssvater
and square root of time, water absorption coefficizias
accessed as a slope of the linear part of thisrdkpee.

pores in a solid [5]. The accuracy of the gas velum D-. Sorptionand Desorption Isotherms

measurement using this device is £ 0.01% from teasured
value, whereas the accuracy of used analyticalnbata is
+0.0001 g.

B. Total Open Porosity and Pore Size Distribution

The porosity measurements were performed on drie

samples using apparatuses Pascal 140 and 440 @her
working on mercury intrusion principle [6]. The mgal basis
of this measurement results from the assumptionttiganon-
reactive and non-wetting liquid (in our case meygwvill not
penetrate pores until sufficient pressure is agpieeforce its
entrance. As narrow pores must be filled up, sudah h
pressure must be applied [7]. The relationship betwthe
applied pressure and the pore size into which teecany will
intrude is then given by the Washburn equation [8].

C.Water Sorptivity and Water Absorption Coefficient

Water sorptivity and water absorption
measurement was done using a free water intakeimemd. It
is the simplest technique for the characterizatibthe ability
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Apparatus DVS-Advantage (Surface Measurement System

Ltd.) was used for measurement of sorption and rgésa
isotherms of studied materials. The instrument mnegsthe
uptake and loss of vapour gravimetrically usinghhigorecise
bdallances having resolution 1@. The vapour partial pressure
I%round the sample is generated by mixing the datiend dry
carrier gas streams using electronic mass flowrobats. The
humidity range of the instrument is 0 — 98% witltaacy +
0.5% at temperatures 5 — 60°C. In this way, theptature
dependence of vapour adsorption/desorption candssuned
as well.

The studied samples were first dried in the vacualiier at
60°C. Then, the particular samples of the resedrohaterials
were put in the climatic chamber of the DVS-Advaeta
instrument and hung on the automatic balanceserspecial
steel tube. The experiments were performed at 20t@

coefficienisympjes were exposed to the following partial presgrofile:

0; 10; 20; 30; 40; 50; 60; 70; 80; 90 and 98% edat
humidity. For each sample, one full sorption cyd&s
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measured. During the experiments, the DVS-Advantac 0020
instrument was running in dm/dt mode (mass vamateer ) —Lefelzence
time variation) to decide when equilibrium was feed. A " "
fixed dm/dt value of 0.0000% / min was selected & & o015 - L
. T . . . o \
relative humidity segments. This criterion perntite DVS 3 SMK
software to automatically determine when equilibrithas §
been reached and complete a relative hqmidity Stéren the g 0.010 4
rate of change of mass fell below this thresholccroa =
determined period of time, the relative humidityt g@int ¢
proceeded to the next programmed level. 5 0,005
5 - ]
£
V. RESULTS AN DISCUSSION
Matrix density measured by helium pycnometer isenéed 0,000 - S
in Table I. We can see that the application of xsitte 0001 0.01 04 1 10 100
hydrophobic injection led to a slight decrease afrim density Pore diameter (um)
of the treated brick in comparison with referencearial.
TABLE | Fig. 3 Pore size distribution curve
MATRIX DENSITY OFRESEARCHEDMATERIALS 01 —
Material Matrix density (kg/m) 0.00
Reference bric 274% 0.08 .
Brick treated with 2693 — oo7 D reference brick
siloxane injectio 2" D brick treated with
; . § 0.06 - Aquafin SMK
Results of total open porosity measurements arengin e
Table Il. We can see that the application of sitex@njection % 0.05 1
did not affect the total open porosity of the cabrick. This 5 0.04
finding is in agreement with the data given by thguafin < g3 |
SMK producer, since the material was designed as 0.02 |
hydrophobic injection without capillary filling edftt. '
TABLE Il 0.01 1
TOTAL OPENPOROSITY OFRESEARCHEDMATERIALS 0 B R
. . 0.001-0.01 0.01-0.1 0.1-1 1-10 10-100
Material Porosity (%) Pore diamater (um)
ore diamater (um
Reference brick 23.4
Brick treated with 23.7

siloxane injectio

Results of pore size distribution analysis are qméed in
Figs. 2 - 4.

0.12

0.10 4 —reference brick

= =brick treated with
Aquafin SMK

0.08 -

0.06 -

0.04 -

Pore volume (cm?3/g)

0.02 4

0.00 T T
0.001 0.01 0.1 1 10 100
Pore diameter (um)

Fig. 2 Pore size distribution - cumulative curve

International Scholarly and Scientific Research & Innovation 6(1) 2012

Fig. 4 Pore size distribution - histogram

The pore size distribution data did not show agyificant
decrease of the volume of capillary pores trangpprthe
liquid water which was in a good agreement with tiedium
pycnometry measurements.

Data obtained in the free water intake experimeatgiven
in Fig. 5. Looking at the data one can see a vabstantial
slowing down of moisture transport in material pdad by
siloxane injection. The differences in measuredresirof the
same material can be assigned to the inhomogenéithe
brick structure and distribution of applied injecti

Water absorption coefficient and water sorptivity
determined on the basis of data given in Fig. Sirreduced
in Table 11l where the average values of researgadmeters
are presented. The obtained results confirmed ¢agec
reduction of both studied liquid water transpomperties that
reached for the treated brick values typical forghhi
performance concrete that is usually consideredatsr proof
material.
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18 —treated brick,
sample 1

—treated brick,
sample 2

-+ reference brick,
sample A

- - reference brick,
sample B

-=-=reference brick,
sample C

Cumulative water mass (kg/m?)

0 200 400 600 800
Time (s2)

Fig. 5 Results of water intake experiment

TABLE Il
WATER ABSORPTIONCOEFFICIENT ANDSORPTIVITY

Material Water absorption coefficient Sorptivity

(kg/n?s?) m/&?)
Reference bric 0.0¢ 8.16x 107
Brick treated with 0.0015 2.00 x 10°

siloxane injection

Sorption and desorption isotherms measured byythardic
vapour sorption device are displayed in Figuresi@ & We
can see that the application of the hydrophobiecinpn led to
the reduction of brick water vapour sorption capadn
comparison with the reference ceramic brick. Tlslifg is
beneficial from the practical point of view, sinc®t only
overhygroscopic moisture but also adsorbed moistare in
some building structures cause problems,
functionality and durability.

0.18 4
0.16 4

0.14 1 -4-Sorption process

0.12 A & Desorption process

0.10 1

0.08 4

Change in mass (%)

0.06 |
0.04

0.02
|
0.00 T T . . . !
0 20 40 60 80 100 120
Relative humidity (%)

Fig. 6 Sorption and desorption isotherms of refeedorick
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Fig. 7 Sorption and desorption isotherms of treatgck

V.CONCLUSION

The experiments presented in this paper showedgh hi
effectiveness of the researched hydrophobic silexaased
injection at the slowing down of liquid moisturegness into
the analyzed ceramic brick. The obtained findinggresent
valuable information for building practice, wheleetstudied
injection Aquafin SMK can be
reconstruction of brick masonry.
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