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ABSTRACT. This work proposed a new method for ¢termdination of mass diffusion
coefficient in hygroscopic materials. The experihwamsists in submitting one side of the
sample to a variation in time of the relative huityidRH) and to collect the RH on its
back side. The imposed RH is measured during gteatal serves as boundary condition
in a comprehensive computational code solving hedtmass transfer in porous media.
This model is the physical engine embedded in riier$e procedure implemented to
determine the mass diffusion coefficient. Compéreadassical methods, this new method
has several advantages:

- it allows several samples to be measured simetiasly simply by multipexing the RH
sensors,

- accurate values can be obtained even when stadimd ending out of equilibrium,
which allows the characterization time to be dreatly reduced,

- the external mass transfer coefficient has ndgkgeffect on the identified value,

- non-standard Fickian behaviours can be detectgdtHe disagreement between the
measured and the simulated curves.

The results show that the diffusivity obtained &pruce and for medium density
fibreboard (MDF) are in good agreement with the &f@und with classical methods. On
the opposite, result obtained for fibreboard giveeaalistic values which confirm the dual
scale nature of mass transfer occurring in thisdkai material for unsteady regimes.
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1 Introduction

Reliable data on the bound wateffuion co#ficient of building materials are very
important for accurate description of materialsimtyyas well as for the proper design and
use of structures and buildings made with theseemadgé. The problem of moisture in
buildings has always generated great interest. ifestigation of moisture transfer in
building materials were mostly investigated regagdbuilding durability (Sereda and
Litvan 1980; Derluyret al. 2012). During last decades, the global warmingleddo a
growing interest in renewable materials and enexayings in buildings construction.
Improving the energy performance of buildings beedhe main motivation in the study
of heat and mass transfers in building materialst @ al.2011).

The conception of green building is strongly linkedhe simulation of air quality inside
the envelope. Numerous models have been develamethdse purposes (Perré and
Turner 1999; Crawley et al. 2001; Woloszyn and R@068) which need materials
properties to be known with good accuracy. Therdgtetion of bound water fiusion
codficient at a sample scale is especially requiredinguhe last century, two groups of
methods for measuring this dbeient were developed. The first one, traditionaliyied
the cup method, uses data from steady state exgrisnof bound water transfer and is
based on Fick’s first law of flusion. Unfortunately, the method is not valid foet
bound water dfusion coéficient determination in wood because it cannot fyatise
requirements of the boundary condition of the fikistd and the constant value of the
diffusion coéficient (Oleket al. 2005). The second group of methods is based on the
unsteady state experiments and Fick's second ladiffasion. The common name of this
group is the sorption method and it was developeavercome the disadvantages of the
cup technique. But studies in this group of metlgale unsatisfactories results.
Sometimes the diffusion coefficient was assumed aonstant leading to significant
errors (Chong and Skaar 1972), sometimes the matidodes significant simplifications
of the solution (Hrcka and Babiak, 1999) or somesinexperimental procedure is not
sufficiently accurate leading to difficulties inelinverse analysis (Kazt al. 2002).

The objective of coming works will be to expand dalier developed inverse procedure
(Olek et al. 2005) for the dfusion coefficient identification by introducinghe improved
optimization procedure, the alternative submodettie difusion coéicient dependency
on the bound water content, parameterization ofstiiamodel as well as the improved
experimental procedure. This paper is a part dfa@femming works as it is devoted to the
presentation of the new experimental procedur¢hidetermination of mass diffusion of
hygroscopic materials in unsteady regime.

2 Materials and Methods

21 Experimental set-up

The principle of measurement is inspired by Zoheual. (2003). It consists in imposing
a relative humidity on one side of the sample ideorto create a transient diffusive flux
through the sample.

The special feature of the present study is to roéte the diffusivity from the
measurement of the relative humidity on both swfethe sample. The sample is put in a
sample support made from a PVC tube. An air tubguisinside the tube to insure air
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tightness around lateral face of the sample withwaventing its dimensional variation.
At the backside of the sample (Fig. 2), a sealisg (PVC) is put against to sample to get
a very small gaseous cavity, which includes a Temipee/Relative Humidity sensor
(Sensirion SHT25 The airtightness of the support was checkeddirygua PVC sample.

Eight sample supports are placed inside the cloretamber\(Veiss WKL100 This is a
clear benefit in terms of time saving because s$ests require long experience durations.
The relative humidity at the outer face of the sknip generated by the thermodynamic
conditions of air and water being in the climati@amber. The dry temperature of the air
of the climatic chamber may range from 10 to 95A@ the relative humidity from 10 to
98%. A sensor ensirion SHT25is placed inside the chamber to record these two
values. The samples supports were subjected foltbe/ing air conditions:

- Isothermal condition (35°C):

- Relative humidity of 40% until stabilization,

- Sudden increase of relative humidity to 75%.

Clamping
collar

Sensor

Inner tube

Fig. 1. Sample support
2.2 Materials

Several renewable buildings materials were testethis study: fibreboard, Medium
Density Fiberboard (MDF) and spruce wooHicea Abiey oriented in radial and
tangential direction. The material was carefullyd ashowly air-dried to an equilibrium
moisture content close to 12%. The disk-shaped kesnpith a diameter of 72 mm, were
cut from the equilibrated material. The samplekhéass ranges from 10 mm to 20 mm.
The lateral surface of the samples were sealedtwithlayers of an epoxy resin. Using
samples with fully coated faces, this resin wavipresly proved to be air-tight. Because
of the propensity of fibreboard samples to absdmd €poxy resin, the preparation
protocle was slightly different in this case. Tlesin was first applied on a thin strip of
aluminium coated, which was then applied aroundstmaple.

Fig. 2. Tested sample
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2.3 Methods

Figure 3 presents the general principle of iderdifion. The known sample
characteristics (thickness, density, porosity arjd estimated values of unknown
parameters (diffusion coefficient, initial watemtent) are supplied to the comprehensive
model (TransPor¢ to predict the relative humidity at the backswmfethe sample. The
difference between the predicted values and exgetah values is quantified by an
objective functiors defined as the sum of the squared residues :

5= W[ Bol D~ Bl D] (1)

whereE,,, is the experimental valug.q is the predicted valuey the weight functiont
the time andNT the number of time intervals.

An optimisation algorithmSimpleX is used to minimise this function by modifyingeth
unknown parameters. The diffusivity is given asvhkie reached after convergence.

Initial parameters

|

Experimental SiFlEtETeEE |— Updated
data parameters

|

Minimization
algorithm

Identified Yes No
parameters Convergence

Fig. 3. General principle of the inverse identifiicen method.

Objective function

Compared to classical methods (Zohatral. 2003), this new method does not need to
wait for equilibrium of the moisture field insidae sample. Actually, the equilibrium
relative humidity on the backside is already knaoatrihe beginning of the experiment:
this is the constant relative humidity imposedhe tlimatic chamber after the sudden
change. Therefore, it becomes possible to deterrthierediffusivity as soon as the
backside RH changes significantly, which resultfiilge time saving. Keeping in mind
that the stabilisation of some hygroscopic matersaich as OSB can take several weeks,
we can realize the importance of this issue.

2.4  Physical model

The transport equations used by the physical madel presented hereafter. In the
hygroscopic range the total flux of mass is exmddsy the sum of two parallel fluxes

(2). Note that at a microscopic scale these phenanaee more complicated. Indeed, a
complex system of parallel and serial fluxes ised@ping at the microscopic scale due to
the pore morphology.
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Total mass flux : i =q,+ qj (2)
Water vapour diffusion : qT = pgDeﬁﬁ(Wv) with Dest = f.Dyap Q)
Bound water diffusion : q: = pSDbE(X) (4)

where g, is the total moisture fluxg, the water vapour diffusiorg, the bound water
diffusion, D, the bound water diffusivityDe the effective diffusivity,D,., the water
vapour diffusivity,f the dimensionless diffusivityg is the bulk density of the total gas,
the bulk density of the lingo-cellulosic pakthe moisture content (dry basis) amgdthe
bulk density of water vapour.

Nevertheless, at the macroscopic level, it is diffi if not impossible, to distinguish the

contribution of each flux. From an experimentalmaif view, this would at least impose

two indepednant values to be collected (for exanipdetemperature field in addition to

the information regarding moisture content). Irstsiudy, the total flux is supposed to be
mainly due to the water vapour diffusion. Only etipra(3) is used.

3 Results and discussion

In this study, the water migration was assumedntyg occur in the gaseous phase. Thus
the gradient of bulk density of the water vapourswaking as driving force and the

reduced diffusivityf was determined. Note th&tanges from 0 (sample impervious to
any moisture transfer) to 1 (open sample havingé#mee behaviour of an air layer at rest.

Figure 4a depicts the evolution of relative hunyidit the backside of different samples
following a sudden increase of the RH in the climahamber from 40% to 75%. The

temperature was kept constant (35°C). As expe¢hsdtime constant depends on the
nature and thickness of the sample. It is aboutitafrs for spruce and much faster for
MDF and fibreboard (20 and 10 hours, respectivel)is previous observation is

confirmed by the values of reduced diffusivity (&f). Note that figure 4b confirms the

excellent agreement between simulated and expetainesdues.

f (unsteady regime f((zséﬁi% ’rezz%l(;rg)a)
MDF 0.285 -
Fiberboard >> 1 -
Spruce Radial direction 0.017 0.013
Tangential directior 0.024 0.014

Tab. 1. Reduce diffusivity (f) obtained for eachienal (average of two repetitions).

The values obtained for spruce are in good agreewigh literature data (Agoua 2001).
Note that for this materidlis similar in steady and unsteady experiments.uag@001)
also reported this observation with Norway spruBaygs sylvestris teak {Tectona
grandig and beechHagus silvatici

The identified values for fibreboard give a non-gibgl value off. This confirms the
double-scale character of mass diffusion for thigerial in unsteady regime. Ongoing
studies will improve the method to account for tlea-local balance by considering mass
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transfers at a microscopic scale. A dual-scale iisdeequired for this purpose (Perré
2007, 2010).

1.0 1.0
a) b)

08 [ P 0.8

= /
| [

RH back side (Spruce, radial dir.) oo 0.2 e
RH back side (Spruce, tangential dir.)
e RH back side (fibreboard)

RH front side

0.4

Relative humidity
Relative humidity

RH (back side) - Predicted datas
RH (back side) - Experimental datas ----------------r-ee-d

0.2 s

0 160 260 360 400 0 100 200 300 400
Duration (hours) Duration (hours)

Fig. 4. Experimental values obtained (a); Compamibetween experimental and

predicted values (MDF) (b).

4 Conclusions

This study presented an original method for theemeihation of mass diffusion of
hygroscopic materials in unsteady regime. Compaoedlassical methods, it presents
many advantages including a drastic reduction gfeggnce time. The obtained data
confirm the reliability of the method for wood aMDF: reduced diffusivities obtained
are in good agreement with previous studies. @ivadl also non-Fickian behaviour to be
detected. In this case, the method can still bd,yz®vided a dual scale model is used as
physical model in the identification procedure.
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