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Abstract

This paper describes a study undertaken to examine the moisture behaviour, in either the vapour or liquid phase of a series of six Clayey
Cellular Concrete (CCC) mixes featuring different porosities. These mixes have been obtained by expanding a clay—cement paste through adding
a small quantity of aluminium powder during mixing. The material porosity analysis performed using mercury intrusion porosimetry shows that
two classes of porosity in the materials derived may be distinguished: microporosity within the clay—cement matrix and macroporosity in the form
of gaseous cells dispersed within the matrix, resulting from the chemical reaction between aluminium powder and lime freed at the time of cement
hydration. Macroporosity would thus constitute the parameter that differentiates all CCC mixes. Another purpose of the present work is to display
how the moisture properties of homogeneous porous materials are expected to change as the macroporosity rate changes. On the basis of
experimental results, it will be demonstrated that macroporous cells serve to diminish both the adsorption capacity and sorptivity of CCC; however

hydraulic diffusivity in the capillary process increases as a function of macroporosity.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The durability of building materials is very sensitive to
humidity; both high and low moisture contents as well as abrupt
content changes, may cause problems, damage the materials and
reduce their mechanical and thermal performances. An
improved understanding of moisture transport can therefore
serve to limit or prevent damage in building materials, and
hence in components of the building envelope. These
phenomena are of great interest to physicists and engineers
working in the areas of heat and mass transfer [1] and building
materials [2].

As new data on sorption isotherms, sorptivity and hydraulic
diffusivity have become available; it is now possible to examine
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how the measured values of these moisture properties vary from
one material to the next in response to differences in both
material composition and porous structure. When modelling
moisture transport, the concept of unsaturated flow is
increasingly adopted [3—8] and several research efforts have
been pursued in order to predict moisture transport coefficients
through establishing relationships between moisture properties
and structure porosity [9—15].

In the aim of enhancing the reuse of clayey by-products, the
notion of their transformation into building materials and
especially thermal insulation building materials becomes very
attractive not just from economic perspective but from an
environmental one as well. Such objectives have led to
developing Clayey Cellular Concretes (CCC) by means of
expanding a clay—cement paste through adding a small quantity
of aluminium powder during mixing. These concretes are
composed of clayey type kaolinites stabilised with a small
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quantity of cement. In general, cellular concretes are manufac-
tured using an autoclaving process along the lines of
Autoclaved Aerated Concrete AAC, yet this process remains
very costly due to the need for an autoclave and the high energy
consumption involved. Clayey Cellular Concretes however are
produced at room temperature and without any autoclaving
[16]. In order to predict the durability of the materials generated,
a study of their moisture behaviour thus proves essential. In this
study, experimental results on moisture properties of CCC
determined at isothermal conditions are presented, with
consideration given for either the vapour or liquid humidity
states. A series of six mixes with varying porosities has been
elaborated and examined herein. Mercury intrusion porosimetry
analysis shows that CCC materials exhibit dual porosity: a
microporosity localised essentially in the clay—cement matrix
and a macroporosity dispersed within the matrix in form of
gaseous cells, as produced by chemical reaction with the
aluminium powder. Macroporosity thus constitutes the struc-
tural variable parameter that differentiates all CCC mixes.
Another purpose herein is to show how moisture properties of
the materials derived are expected to change as the macro-
porosity rate changes.

2. Theoretical aspects of water absorption

Given the assumption that the interaction of vapour, liquid
and solid phases may be neglected, at least two distinct
techniques for retaining water within porous building materials
are available. First, as the relative humidity of the surrounding
air gradually increases, the porous material once takes up water
again by means of adsorption and capillary condensation.
Second, if the surface of the structural element lies in contact
with liquid water, the material absorbs water quickly by
capillary suction.

During the adsorption process water vapour molecules
within the surrounding environment are attracted toward the
material interface due to Van Der Waals’ Forces. As this
process unfolds, various water-fixation steps can be distin-
guished [17—19]. The first is monomolecular adsorption, in
which a single water molecule layer covers the pore surfaces;
this step can be observed at low relative humidity levels (less
than 0.10). The second step is characterised by the fixation
of multilayer water molecules on pore surfaces when relative
humidity is between 0 and 0.40. Lastly, and at high relative
humidity levels (more than 0.40), liquid bridges can appear
in between the pore wall, characteristic of the capillary
condensation phase. The evolution curve of water content in
the porous material as a function of relative humidity at a
given temperature is known as the isotherm adsorption curve.
For this particular case, a relationship between surface
tension and vapour pressure exerted at the vapour—liquid
interface known as Kelvin—Laplace equation [20] is given
below.

where ¢ is the relative humidity, o the air/water surface
tension (=~0.0728 N/m at 20 °C), p,, the volumetric mass of
water (~998.3 kg/m> at 20 °C), M the molar mass of water
(=~18.10 3 kg/mol), T the temperature (K), R the perfect gas
constant (=8.3143 J/mol/K) and r the pore radius.

From Eq. (1) a pore radius size limit that serves to distinguish
hygroscopic pores from capillary pores may be determined. At
ambient temperature 7=20 °C (293 K) and for ¢ ~0.989
corresponding to the critical water content, this limit is about 0.1
um. Such a finding allows us to differentiate hygroscopic
materials from capillary materials. For the hygroscopic
materials, the quantity of water absorbed is relatively high
with respect to the material saturation threshold; the pore radius
for such a class is less than 0.1 um. For capillary materials, the
quantity of adsorbed water, as relative humidity reaches 98.9%,
is very low in comparison with the total volume of accessible
pores. The saturation of such material may only be achieved by
capillary suction when the material is placed in contact with
liquid water. In this case the capillary pressure P, thereby
created tends to attract water inside the porous network. For a
cylindrical pore model, capillary pressure is given by the
Laplace law expressed as follow:

P, — 20 cosfs

[Pa] (2)

r

where o and r are as defined above; f3 is the contact angle
defining liquid wettability on the given solid surface (water is
considered herein as a perfectly wetting fluid, then, f=0).

Capillary suction ¢ is the capillary pressure expressed in
water height column, thus:

Y .

where g is the gravity acceleration (~9.81 m/s?).

When neglecting gravitational effect, the isothermal mois-
ture transport in porous materials is generally described using
Philip and De Vries simplified model [21] given as follow:

a0
E = diV(D(} \Y 0) (4)

0, is the volumetric water content; Dy the hydraulic diffusivity
(m?/s) and ¢, the time (s).

This expression is subject to the appropriate initial and
boundary conditions. For the one-dimensional case of water
absorption through the end face of a long bar for example, we
have:

a0 J a0
m_ax(max) (s)

0 =05 atx=0,r>0

0 = 0o for x)0, 1 = 0.
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Using the Boltzmann transform b=x-t"*’ Eq. (5) reduces to
an ordinary differential equation:

bdo d do
T2db b (DG@) (6)
With 6=6, at b=0; and 6=0, as b— o,

Hydraulic diffusivity D, at the volumetric water content 6 is
then obtained from integrating Eq. (6), hence:

1dp [

Dy=—~—
‘7 246,

b-do (7)

From the solution 0 (b), the total water content i () per unit
area may be calculated as

0
i(t) =12 /H b-df = Syt'/? (8)

0

This relation serves to define material sorptivity Sy, of the
material at both the initial and final states 8=40, 6. Moreover, it
represents the rate of water penetration, with high-quality
concrete being indicated by low water sorptivity values. See
Refs. [3,5,7,8] for more details.

Furthermore, the isotherm sorption curves, sorptivity and
hydraulic diffusivity mentioned above constitute the target
moisture properties.

3. Materials and experimental set up
3.1. Materials

The Clayey Cellular Concretes produced herein are com-
posed of clayey fines (containing almost exclusively kaolinites)
stabilised with a Portland cement (CPA CEM 1 52.5). The
composition in terms of weight percentage of dry clay—cement
materials for CCC samples amounts to 75% clay and 25%
cement. The percentage of mixing water which has been
optimised in order to satisfy both the workability criterion and
the RILEM recommendations [22], represent 65% of the dry
clay—cement weight. Six compositions of CCC have been
produced with aluminium powder percentages varying from 0%
to 1% by increments of 0.2%. A more detailed description of the
materials and sample preparation is provided in Refs. [4] and

Table 1

Physical, mechanical and thermal characteristics of all CCC mixtures

CcCC Relative mass percentage Bulk 28-day Dry thermal

mixture of aluminium powder density compressive conductivity
Al/(Clay+Cement) (kg/m’)  strength (W/m/K)

(MPa)

A (matrix) 0.00 1038 3.85 0.281

B 0.20 962 3.15 0.264

C 0.40 953 2.40 0.235

D 0.60 903 1.85 0.223

E 0.80 876 1.20 0.216

F 1.00 843 0.95 0.201

[16]. Table 1, gives the thermal and mechanical character-
istics of all CCC mixes measured after 28 days of conserv-
ation at 20 °C and 90% relative humidity.

3.2. Experimental setup

3.2.1. Porosity identification

Among the set of parameters representing pore structure,
total porosity (pore volume fraction), specific surface area and
pore size distribution prove to be especially important. Three
methods have been applied to determine the density and
porosity of the materials developed: mercury intrusion por-
osimetry, vacuum saturation and pycnometry.

Mercury intrusion porosimetry was carried out by means
of an Autopore III 9420, manufactured by Micrometrics Corp.
The characteristics of the mercury used in these experiments
are f=142° ¢=0.485 N/m and d,=13.53, respectively, for
contact angle, surface tension and density. Further details on
the mercury porosimetry method are provided in Refs.
[11,23,24].

The principle behind the method consists of immersing a
representative sample volume of about 10x10%x20 mm
previously purged of all constituent air in mercury at the lowest
pressure generated by the apparatus. In this manner, the sample
volume V' may be determined. The mercury pressure Py is then
gradually increased; for each pressure level until reaching
equilibrium, the penetrated volume Vi, is measured from the
beginning of the test onward. When the maximum pressure has
been reached (about 400 MPa), both the accessible pore volume
and principal intrusion curve Vy,=f(Pyg) can also be
determined.

By substituting mercury characteristics in Eq. (2), pore
diameters D=2r may be expressed as function of mercury
pressures Py, as follow:

15.287

©)

Using Eq. (9), the primary intrusion curve can be expressed
as a function of pore diameters Vi, =AD), and is known as the
pore size distribution curve.

Given that mercury porosimetry may not be straightfor-
ward to implement should the applied pressure not fill all of
the pores, since micropores are not accessible by means of
mercury intrusion; both the vacuum saturation and pycno-
metry methods have been used herein in order to estimate the
rate of porosity explored by mercury porosimetry. The
experimental set-up complies with all pertinent recommenda-
tions [25,26].

3.2.2. Sorption measurements

The sorption measurements were conducted using the
installation shown in Fig. 1. Samples of about 20x20x10
mm?® in size were dried and placed in an atmospheric chamber.
The temperature controlled chamber serves to maintain the
entire thermostatic chamber as well as the saturation system at

the desired temperature. This configuration prevented the
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Fig. 1. Experimental apparatus for isothermal sorption measurement.

appearance of any cold points that could modify the desired
H,O pressure.

The atmosphere within the test chamber was maintained at
the desired level by means of circulating air from the
saturation system. The amount of air introduced into the
apparatus was metered in order to ensure that experimental
conditions were held constant. The desired relative humidity
¢ was obtained through application of a water and sulphuric
acid (17.82 M) mix. Concentrations were chosen on the basis
of the relationship between relative humidity and density of
sulphuric acid solutions (see Table 2) [27].

During testing, each sample was monitored using gravimetric
analysis, i.e. weighing every day until the weight has stabilised.
For each composition category, variations in sample mass as a
function of time reach a plateau in approximately 12 days.

3.2.3. Capillary imbibition test

According to test protocol, the studied sample (40 x40 x
160 mm) which was initially dried at 70 °C until reaching
constant mass, is sealed laterally with a plastic film to ensure a
one dimensional flow. One of the unsealed surfaces is placed
in contact with liquid water (20 °C) at a depth of
approximately 3 mm, as shown in Fig. 2, with the water
level in the pan being held constant throughout the
experiment.

Table 2
Relative humidity, vapour pressure and sulphuric acid solution density rapport

H,SO, density Relative Vapour pressure
humidity ¢ (%) P, (10" bars)
1.00 100.0 17.4
1.05 97.5 17.0
1.10 93.9 16.3
1.15 88.8 15.4
1.20 80.5 14.0
1.25 70.4 12.2
1.30 58.3 10.1
1.35 472 8.3
1.40 37.1 6.5
1.50 18.8 33
1.60 8.5 1.5
1.70 3.2 0.6

Total water content i(£) per unit surface area is then measured
by weighing the sample at regular intervals using a 0.01-g
precision scale. The following formula is then applied:

[m3/mz] (10)

where M(7) is the sample mass measured after ¢ time spent in
contact with water; M(0) is the initial dried mass of the
sample and A4 is the section area in contact with water
(A=40x40 mm?).

The plot of cumulative water absorption versus the square
root of time enables determining the sorptivity coefficient.

The hydraulic diffusivity or capillary transport coefficient of
the derived materials has been identified by measuring moisture
profiles at various heights using a gravimetric technique [4].
Application of the Boltzmann transformation allows combining
the various measured moisture profiles into a single profile that
serves to determine hydraulic diffusivity by using Eq. (7).

4. Experimental results and discussions
4.1. Characterisation of porous structure

The total porosity measurements obtained from the various
techniques explained above have been listed in Table 3, which

reveals the strong similarity among results. This finding led us
to suppose that nearly all porosity values for the entire set of

sample plastic film

constant water level

Fig. 2. A one dimensional capillary imbibitions test.
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Table 3

Results of total porosity obtained by various methods

CCC Aluminium Pycnometry ~ Vacuum Mercury Average
mixture percentage saturation  porosimetry  values
A (matrix)  0.00 0.577 0.581 0.579 0.579

B 0.20 0.595 0.596 0.591 0.594

C 0.40 0.618 0.619 0.620 0.619
D 0.60 0.641 0.634 0.630 0.635

E 0.80 0.678 0.649 0.662 0.663

F 1.00 0.704 0.651 0.670 0.675

mixes had been explored. The normalised pore size distribution
curves using mercury porosimetry intrusion are presented in
Fig. 3.

For the purpose of this exercise it has been assumed that cells
created within the material by adding aluminium powder cannot
modify in any way the microporous matrix structure. Fig. 3
indicates that adding aluminium powder subdivides total
porosity into two distinct classes. Consequently, the matrix
(composition A) is composed exclusively of pores with
diameters less than 1 pm, this class is referred to as micropores.
The other class of pores (D>1 pm) is referred to as macropores
and features a porosity that stems from the chemical reaction
between aluminium powder and clay—cement paste. This
reaction can be explained as follow [28]:Initially, the lime
freed at the time of cement hydration dissolves in aqueous phase
as:

Ca(OH),—Ca’" + 2(OH)"
Next, during a second stage:
2Al1+2(0OH) + 4H,0—2AIlO0(OH), + 3H,”

This reaction clarifies that the expansion phenomenon is
caused by the release of the gaseous hydrogen that provides the
material with its cellular structure.

It should be noted that the pH of the medium is about 12.5
[29] and that the calcium hydroxide freed by cement

1,0

—— Matrix (A) ]
—O— CCC mix. (B)

—4A— CCC mix. (C)| 4
—v— CCC mix. (D)
—O— CCC mix. (E)| 1
—%— CCC mix. (F)

0,6

Microporosity

Normalised cumulative pores volume

0,1 1000
Pores diameter (Lm)

0,01

Fig. 3. Normalised pore size distribution curves for all CCC mixtures.

hydration will attack the surface of clay particles under
highly basic conditions; such a condition induces the
dissolution of silicium and aluminium oxides making with
Ca®" an insoluble product cementing the clay particles. This
reaction has been studied by many authors such as Za-Chiem
Moh [30] who showed that the major products generated are
hydrated calcium silicates and aluminates. Some studies have
been conducted [31,32] on the specific factors influencing the
kaolinite—cement reaction. Mitchell and El Jack [33],
studying the reaction kinetics for a kaolinite/cement ratio
close to the value used herein, demonstrated in particular that
a clay particle interconnection appears and after 32 weeks it
becomes impossible to distinguish the cement phase from the
kaolinite phase. The kaolinite—cement reaction is slow
compared with cement hydration. In this work, the samples
have been aged 28 days. Consequently, the kaolinite—cement
reaction is not very well advanced.

As regards mercury porosimetry results (Fig. 3), both the
microporosity and macroporosity rates in all CCC compositions
have been reported in Table 4.

4.2. Moisture properties

4.2.1. Sorption isotherms

Fig. 4 shows all the sorption isotherm curves. Experimental
results were derived as the mean of three independent
measurements conducted on three samples of each CCC
compositions. The relationship between mass water content
(w) and relative humidity (¢), denoted w(¢), is a non-linear
increasing function. The curves were smoothed using the
Hillerborg model [18] developed on the basis of BET theory
[34]. This model has already been validated in the case of
autoclaved aerated concrete [6].

Experimental results reveal that a small amount of water is
absorbed back into Clayey Cellular Concretes whenever the
relative atmospheric humidity is less than 70%. Beyond this
threshold, the increase in water content proves to be very
significant. We can also note that the critical water content (. )
reached at approximately 98.9% decreases as macroporosity
increases as shown in Fig. 6. Its value varies from 0.07 kg/kg for
the matrix (A) to 0.052 kg/kg for the composition (F), a range
that corresponds respectively to 12.55% and 6.50% of the
material saturation threshold. This drop in maximum water

Table 4
Microporosity, macroporosity and specific surface area of pores for all CCC
mixtures

CCC Total Microporosity Macroporosity BET specific

mixture porosity (o)  (&pp) (&mp) surface area of
pores (m*/g)

Matrix (A) 0.579 0.579 0.000 14.391

B 0.594 0.497 0.097 14.113

C 0.619 0.440 0.179 10.774

D 0.635 0.417 0.218 3.983

E 0.663 0.388 0.275 3.109

F 0.675 0.366 0.309 1.847
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Fig. 4. Sorption isotherm curves of various Clayey Cellular Concrete mixtures.

absorption by means of physical adsorption is essentially due to
the fact that capillary condensation in macropores does not start
until the relative humidity values lie very close to 100%.

Furthermore, the small quantity of water absorbed by
physical adsorption, in comparison with the quantity at
saturation, proves that CCC does not exhibit hygroscopic
behaviour, as opposed to similar materials such as Autoclaved
Aecrated Concretes (AAC) [35]. The low values of pore specific
surface area (see Table 4) determined using the BET model
reflect the presence of a small proportion of hygroscopic pores.
The decrease in pore specific surface area as a function of
macroporosity rate allows us to conclude that the presence of
macroporous cells within building materials attenuates the
capacity of materials to adsorb water in the surrounding
atmosphere. In our particular case, macroporosity reduces
maximum water adsorption by a factor of: 1-0.377¢gy,
- 1.4648ﬁ1p with a correlation coefficient of 0.9988, as shown
in Fig. 5. &4, is macroporosity.

4.2.2. Capillary imbibitions properties
The temporal evolution of total water content i(f) in the
sample per unit area (suction curve) was measured by precise

weighing. In Fig. 6, this reduced-scale figure displays an
example of suction curves as a function of the square root of
time for (A) and (F) mixes, representing the lower and higher
CCC porosity levels. This figure indicates that, before mass
stabilisation, all suction curves are linear functions of the square

Critical water content @, (kg/kg)
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Fig. 5. Critical water content as function of macroporosity rates.
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root of time as given by Eq. (8) with a small intercept at £=0; in
this case, an additional term iy would need to be included in the
equation, hence:

i(t) = Sy 17 + iy (11)

According to Hall and Kam-Ming TSE [36], the quantity i,
results from the rapid filling of open pores on the side faces of
the test specimen.

Fig. 6 also presents experimental values of sorptivity
coefficients for all CCC compositions. This figure shows that
sorptivity decreases as a function of macroporosity. It should be
pointed out that the total water content values measured at
equilibrium are approximately #=0.510 for matrix (A), whereas
total porosity is £9=0.579; this water content amount drops to
just #=0.386 for mix (F) while total porosity stands at
£0=0.675. These results have led us to consider that all
micropores in the matrix are basically saturated with water; in
contrast, only the microporous portion of composition (F)
£,,=0.366~0 is completely saturated. Consequently, the
macropores, due to hydrogen gas release, are not involved in
the capillary imbibition process. Their role therefore is to create
tortuous paths that elongate water flow routes. This contribution
provides a rationale for the decrease in sorptivity coefficient as a
function of macroporosity. In normalised sorptivity terms, the
following formula is established between sorptivity and rate of
macroporosity.
Sw

<= = 1.00-0.0566m,—2.087¢;,

" (R =0.9913) (12)

where Sy is the sorptivity coefficient of the matrix (mixture A).

The moisture profiles and hydraulic diffusivities measured
during the absorption process have been given in a previous
study (see Ref. [4]). Hydraulic diffusivity Dy results, which are
known as the capillary transport coefficient of matrix (A), along
with the (C) and (F) Clayey Cellular Concrete compositions
have been replicated in Fig. 7. This figure shows that hydraulic
diffusivity increases with macroporosity and can be explained

by the fact that capillary invasion tends to arise mainly through
homogeneous small-radius paths (micropores); at a certain
stage, this phenomenon leads to excluding those macropores in
which a gas will definitely be occluded. The surface area
provided for diffusion phenomena therefore becomes progres-
sively reduced as macroporosity increases, which incites an
increase in the diffusion coefficient. This same phenomenon has
been observed in wood-cementitious composites [10] and this
moisture transfer has been compared to that appearing with
autoclaved aerated concrete (AAC). The notably weaker
capillary transport coefficient may be connected to the
production process. During AAC curing which takes place
under high temperature and high pressure in saturated steam, a
portion of siliceous sand chemically reacts with lime and lead to
a micro-crystalline structure that, to a large extent, is composed
of crystalline tobermorite, which proves more stable than
products formed in normally cured concretes. A comparison
[14] of the capillary behaviour of AAC and unautoclaved
aerated concrete indicates their behavioural differences and
provides one possible explanation for such differences in the
formation of cracks due to drying shrinkage.

5. Conclusion

In this paper, an experimental investigation on the isothermal
moisture properties of Clayey Cellular Concretes at various
porosities has been conducted. The purpose herein has also been
to demonstrate how macroporous structures can affect CCC
moisture properties. Based on the results of this investigation,
the following conclusions may be drawn:

1. Porosity identification, as performed by Mercury Intrusion
Porosimetry (MIP), has revealed the existence of two distinct
pores classes: micropores in the matrix and macropores or
gaseous cells, resulting from the addition of aluminium
powder at the time of mixing, dispersed within the matrix.
The pore diameter threshold that distinguishes these two
porosity classes has been estimated at 1 um.

102'"'I'"'I""I""I""I""E

Hydraulic diffusivity D, (mmZ2.s1)

10_2 L —O— Matrix-(A): €= 0.579; €= 0 |
—O— CCC-(C): g;=0.619; ,,,=0.179 | 3
—4— CCC-(F): gy= 0.675; €= 0309
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Fig. 7. Hydraulic diffusivity as function of volumetric water content for (A), (C)
and (F) CCC mixtures.



M.S. Goual et al. / Cement and Concrete Research 36 (2006) 1768—1776 1775

2. The comparison between total porosity values measured
using the MIP method and those obtained by either the
vacuum saturation or pycnometry method indicates a high
level of similarity, which leads us to suppose that nearly all
porosity values for the entire set of CCC mixes have been
explored.

3. The isotherm adsorption curves reveals that all CCC mixes
are non-hygroscopic materials. The maximum water content
. adsorbed by all compositions at a relative humidity of
98.9% is thus significantly less than the material saturation
threshold. It has also been shown that macroporosity reduces
the critical water content by a factor of (1-0.377¢p,
- 1.46481211[,) approximately. Moreover, it has been found that
Hillerborg’s model used for smoothing sorption isotherms
accurately reconstruct experimental results of adsorption
tests.

4. In the capillary imbibitions testing series, it was confirmed
that all suction curves for CCC mixes are fully described by
the well-known +/7—law. New data on sorptivity coefficients
of CCC mixes with macroporosity rates ranging from 0% to
31% indicate that macroporosity serves to reduce sorptivity
by a factor of (1 —0.0568mp—2.0878,2np) approximately.

5. Hydraulic diffusivity Dy results, as a function of volumetric
water contain for three different CCC mixes with a
macroporosity rate of roughly 0%, 18% and 31% de-
monstrate that prior to total saturation, hydraulic diffusivity
in the capillary process increases slowly as a function of
water content. This trend slows when macroporosity
increases and becomes faster as water content reaches the
material saturation thresholds. It has also been shown that
hydraulic diffusivity increases as a function of the macro-
porosity rate.

6. Lastly, when used as an interior building material, CCC can
provide satisfactory thermal and moisture comfort due to its
non-hygroscopic behaviour. When CCC 1is exposed to
outside air however, protective measures against liquid
water infiltration must be taken into consideration due to
the material’s ability to absorb water by means of capillary
suction.
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