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Abstract

Porous carbon xerogels can be obtained by coneedaiying of resorcinol R)-
formaldehyde ) hydrogels, followed by pyrolysis. Drying condit® have to be
carefully controlled when crack-free monoliths witrell-defined shape and size are
required. The knowledge of the mechanical propertiethe RF xerogels and their
evolution with water content is essential to motletir thermo-hygro-mechanical
behaviour during convective drying and avoid medw&ln stresses leading to
deformation and cracking of the sample. The shgekiehaviour and the mechanical
properties of RF xerogels obtained wiiC ratio ranging from 300 to 1500 were
investigatedR/C greatly influences the shrinkage and mechaniagbgaties of the wet
gel, on the one hand, and the mechanical and @xtupperties of the dried gel, on the
other hand. The smaller tH&/C, the higher the shrinkage, the stiffening, and the
viscoelastic character of the xerogels. Water aunteas an influence on both the
stiffness of the gels and the viscoelastic respoidenerally, samples lose their
mechanical viscous character and become more vigien they are dried. Finally,

mercury porosimetry measurements showed that tlseeghibit a marked lowering of



their stiffness upon compression, interpreted agsalt of the heterogeneity of the

microstructure.

PACS

81.05.Rm Porous materials; granular materials;BEW& Sol-gel processing,
precipitation; 81.40.Jj Elasticity and anelasticgfress-strain relations; 81.70.Bt
Mechanical testing, impact tests, static and dyodoads; 83.60.Bc Linear

viscoelasticity;

1. Introduction

Production of carbon aerogels by £Qupercritical drying of resorcinol Rf-
formaldehyde K) hydrogels followed by pyrolysis in inert atmosphehas been
extensively studied, since their introduction byda [1] and [2]. RF hydrogels are
usually synthesized using water as solvent angCRa (C) as pH regulator. The final
texture of the material can be controlled by adijigsthe R/C molar ratio. Supercritical
conditions are used to preserve the pore textweauwmiding surface tensions and
shrinkage due to the appearance of liquid-vapoierfacces. With their large mesopore
volumes (> 0.89 cm3/g) and high specific surfaceaar(500-1200 m2/g), potential
applications of carbon aerogels are numerous: bdats for gas separation [3] and [4],
catalysts supports [5], [6] and [7,7], electrodetenal for double layer capacitors [8],
[9] and [10], energy storage device [11], columnckiag materials for
chromatography,...

As supercritical drying remains difficult to appét an industrial scale regarding its
expensive and potentially dangerous charactery sthfeer drying techniques have been

tested in order to produce an aerogel-like mesamortexture: freeze-drying [12],



vacuum drying [13], microwave drying [14], solveaekxchange followed by freeze
drying [15] or drying under nitrogen in tube fureafl6]. Some of us have shown
recently that it is possible to produce porous n&sol-formaldehyde xerogels by using
atmospheric convective drying to remove the solweithout any preliminary treatment
[17]. Indeed, when synthesis conditions are adegtla¢ mechanical strength of the gel
network is high enough to withstand capillary puess, avoiding the collapse of the
structure [18].

Monolithicity is one of the crucial properties ofFRxerogels needed for many
applications like electrodes or supercapacitor$, [lid], [19], [20] and [21]. For those
applications a fixed shape and size of xerogetegsiired. In some cases, a sufficient
mechanical strength is also required. To avoidkingcduring the drying step [22], the
knowledge of the evolution of the mechanical prépsrafter curing is essential.
Indeed, the simulation of the convective dryingoass by a coupled thermo-hygro-
mechanical model requires the input of the meclsmpooperties and their evolution
with water content [23] and [24].

After curing, resorcinol-formaldehyde materials mainlonger be qualified as gels as
they are very stiff even if a lot of water is spllesent in the network (about 65% of the
weight). In fact, these materials, that we willlcadrogels, are viscoelastic materials
that exhibit linear elastic behaviour under smathias and undergo densification and
plastic hardening under high strains.

Beam-bending and shear velocity measurements vgekto characterise either the wet
gels, before [25] or after the curing step [26]tlo aerogels obtained after supercritical
drying [26]. All these measurements were performaedyels obtained with R/C ratio
ranging between 50 and 200. Relaxation appearedetomainly controlled by

hydrodynamic phenomena, i.e. flow of water. Thetabuation of the network remains



low, except at lowrR/C ratio. Sound propagation experiments showed aedserof RF
aerogel stiffness when the samples are uniaxialigpressed [27]. Recently, the same
behaviour was found when RF samples are submitieshdrcury porosimetry [28].
Gross et al. [26] showed that the elastic modusua power low function of density,
over a limited range. They also found that the sheadulus increases by a factor up to
5 during supercritical drying. The same type ofaosions was obtained by Bock et al
[29].

Mercury porosimetry, which is usually used to deliee the pore size distribution [30]
and [31], is affected by a peculiar behaviour ia tase of RF samples [13], [17] and
[28]. For this material, the pore size distributmannot be obtained in a straightforward
manner due to the collapse of the sample underunepmessure [32]. Nevertheless the
data allow to determine the compression modulubehetwork according to Scherer’s
methodology [33]. This parameter has been showbetoelated to the microstructure
[28].

In this work, the evolution of mechanical propestief RF xerogels (elastic modulus,
relaxation behaviour) with the residual water caohtés studied through uniaxial
compression-relaxation tests performed in a stahdi@ction-compression machine.
Different levels of water contents are reached bying the samples in ambient air,
without any forced circulation. Stress relaxati@tadare interpreted using the Maxwell
model or a generalised Maxwell model, as commoppfiad for various materials [34],
[35], [36], [37], [38] and [39].

Analysis of mercury porosimetry curves are perfanme term of bulk modulus, in
order to obtain information about the plastic hardg behaviour of these xerogels. The
Poisson ratio at the dried state is determined doybining the results obtained by

mercury porosimetry and uniaxial compression.



Finally N, adsorption-desorption measurements are used to the obtained
mechanical behaviour to the final texture of theogels. The influence of R/C ratio is
investigated in a range between 300 and 1500, wisidomewhat higher than value

commonly reported in the literature.

2. Experimental

2.1. Sample preparation

Hydrogels were obtained by polycondensation of n@sol (1,3-dihydroxybenzene)
and formaldehyde in the presence of @@, usually called catalysC). However,
sodium carbonate does not really act as a cathiyseéssentially modify the ratio OH
/H*. As these two species have an influence on the s$teps constituting the
polymerization mechanism [13], varying tREC ratio modifies the final texture of the
material [40].

For the preparation of hydrogels, 17.34 g of reasotqVel, 99%) were first dissolved
in 32.9 ml of deionised water under magnetic stgriwith the addition of N&O; to
achieve severd®/C ratios (300, 600, 750, 900, 1200, 1500). Aftesdistion, 23.63 ml
of formaldehyde solution (Aldrich, 37% wt. in watestabilized by 10-15% wit.
methanol) was added. The resorcinol/formaldehydéamnmatio R/F was fixed at 0.5
(stoichiometric ratio). Cylindrical samples weretaibed by casting 5 ml solution into
glass moulds{ = 22 mm) and putting them for curing under satkdatmosphere in
an oven at 90°C during 24 h. Forced convectiorhéndven allowed high level of heat
transfer during gelation. After gelation, the iaitiwater content was determined
according to standard methods [41]. For all the pdas) the initial water content

expressed on a dry basi¥, was close to 2 kg/kg.



2.2. Mechanical characterization

An Adamel Lhomargy DY-36 instrument (Paris, Franaxuipped with a 1 kN load
cell, was used to determine the Young modulus ®figls by compressive axial loading
of the cylindrical samples and simultaneous measen¢ of corresponding
deformation. The gels were charged up to 700 N witbad rate of 0.5 N/s. Mechanical
tests were performed on samples at different legelsumidity, obtained by ambient
drying of the samples between two tests. This mloeensured a uniform desiccation
of the sample in order to limit internal moistureagdjents. As the gelation is totally
completed, only water is removed, and the samp@sain in a monolithic shape.
Young modulusk, is the slope of the linear part of the plot ofgessive stress versus
strain. Stress is obtained by dividing the compveskad by the cross-sectional area,
determined from the measurement of the diametaréefach test. Strain is the change
per unit length of the thickness of the sample. Trelicates were used for eaBfC
ratio.

Just after compression, the viscoelastic behaweas evaluated through relaxation
measurements during 2000 s. The stress-strainioredaip for linear viscoelastic
materials is given by the convolution product betwéehe relaxation functioR(t) and
the time derivative of viscoelastic strain (Eq. The generalized Maxwell model is
frequently used to model the relaxation functiorg.(2). This model contains n
Maxwell elements and an independent spring of ielastmodulus R in parallel. A
Maxwell element is constituted from a Hookean sprof elasticity modulusR;, in

series with a Newtonian dashpot of viscosjty The relaxation time associated with

each Maxwell element, defined a§:%, characterises the rate of decay of the stress

in this element. One should define the main relaratime as the one associated with

the more significant Maxwell element.



U(t):R(t)Dﬂ:j.R(t—T)g dr Eq. 1
= o ot '

T

R(t)%z{g{gtj}%z{g{ij} £q. 2

For uniaxial compression tests, the relaxation tiond=(t) is the temporal evolution of

the stress divided by the maximal strain obtainethe@ end of the compression stage.
Moreover, the instantaneous modulus, which candosidered as the Young modulus
determined during the compression test, is equéddsum of all the elasticity modulus
(Eq 3). Indeed, if a Dirac-type strain is applidte generalized Maxwell model comes

to a purely elastic model.
E=R+>.R Eq. 3

The ratio R/E reflects the importance of a Maxwell element ire tmechanical
behaviour of the material. When this ratio becotess than 1%, the Maxwell element
IS not considered.

2.3. Mercury porosimetry and pychometry

Mercury porosimetry measurements were made usipgraesimeter Carlo Erba 2000
(CE Instruments, formerly Carlo Erba, UK). They wesfprmed between 0.01 and
200 MPa, giving access to the volume of pores faggn 7.5 nm.

The apparent densitigg of the samples were derived from mercury pycnoyndthe
geometrical volume of the sample is determined ftbenweight difference between a
flask (calibrated volume) filled up with mercurydathe same flask filled up with the
sample and mercury. As mercury is a non-wettingidicand as no pressure is exerted,

mercury does not enter in the porosity of the sangplcrush it. The intrinsic density of
the dried xerogel,pS, was measured with a helium pycnometer Accupyc0133

(Micromeritics Inst. Co., USA).



2.4. Nitrogen adsorption desorption

Nitrogen adsorption isotherms measurements have peegformed at 77 K on a
“Micrometrics ASAP 2010M” (Micrometrics Inst. ColJSA) and on a “Fisons
Sorptomatic 1990” (Fisons Instruments, UK). Eaaihisrm point is acquired when the

pressure variation, within a fixed time, is lowkan a fixed pressure deviation.

3. Results

3.1. Shrinkage behaviour

Size measurements were performed in order to determtme natural shrinkage of
samples, i.e., when they are slowly dried at antbtemperature, without any air
circulation. The resulting shrinkage curves, the sample volume divided by its initial
value vs. the water content expressed on dry balsiajned for the differer®®/C ratios
are presented in Fig. 1. These curves show thagxtent of shrinkage increases with
decreasingr/C. There is almost no shrinkage fBfC = 1500, while a final volume
reduction of about 55% is achieved ®RIC = 300. All the curves (excep/C = 1500)
follow the same ‘master curve’ during the zone adal shrinkage (linear part), and

finish by a plateau when shrinkage has stopped.
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Fig. 1. Shrinkage curves — Each symbol represéetsterage of three measurements —

The solid lines were drawn as guides to the eyes.

3.2 Mechanical properties

Typical compression curves obtained on samplesapeelpwithR/C= 1500 andR/C =
300, i.e. extreme synthesis conditions, are pregeimt Fig. 2. For each sample, two
curves are shown: one obtained just after remawah the mould, i.e. when the sample
still contains a large quantity of water (~1.80Kg)/ and a second at a lower water
content (~0.65 kg/kg). Each trial presents a ficstved phase corresponding to
parallelism rectification and pre-consolidationtbé sample followed by a linear part,
corresponding to the elastic behaviour. Consideitiegslopes of the linear part, almost
no evolution can be detected whgi€ = 1500, while the rigidity of samples prepared
with RIC = 300 increases with decreasing water contents Thiconfirmed by the
evolution of Young modulugH) vs. the water content for the differd®C ratios (Fig. 3

and Table 1). The Young modulus is almost independethe water content for R/C =



1500 and 1200. For smallBfC, it first increases with decreasing water contgnto a

maximum value above which it remains constant ddimplete dryness. The final

rigidity of the dried sample increases with deciregB/C.

Elastic behaviour
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Fig. 2. Example of compression curves for samptepared withR/C= 1500 andr/C
300. The solid lines follow the experimental poinig/o symbols were added as labels

on each data set. The dashed lines representitpentato the linear part from which the

Young modulus was calculated.
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Fig. 3. Evolution of Young modulus with water camtefor differentR/C ratios; as
results obtained fdr/C = 750 are not significantly different from thosdated toR/C =

900, they are omitted for clarity. The curves tlylothe data are guides for the eyes.

Relaxation experiments were performed in ordereteminine the viscoelastic behaviour
of samples. Relaxation curves are illustrated o Eifor two synthesis conditions and
two water contents. FAR/C = 1500, the relaxation curves are nearly constahich
means samples are almost purely elastic. On th#acgnfor R/IC = 300, a relaxation
phenomenon is clearly observed. It is characterlzgd large decrease 8{t) with
time. The effect of the residual water content &lwwnarked forR/C = 1500: the viscous
behaviour vanishes with increasing siccities. félaxation functions obtained for the 6
different R/C ratios were modelled using the generalized Maxwedidel (Eq. 2).
According to our criteria, i.dR/E = 1%, Maxwell elements are sufficient to describe th
viscoelastic behaviour the xerogels. Table 1 shth&sparameters obtained by fitting,

using a non-linear least squares method.
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Fig. 4. Example of relaxation functions for sampbespared witfR/C= 1500 andr/C
300. The solid lines follow the experimental poir@me symbol was added as label on

each data set.
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Table 1.

Young modulus and fitting parameters of the gemsrdlMaxwell model

R/IC W Ro Ry T R> Ro/E

T
() (kg/lkg) (Mpa) (Mpa) (s) (Mpa) (s) (%)
+0.01 #1 +1 +10 =1 +50 4

1500 1.86 46 2 55 5 996 87
1.57 49 2 52 5 990 89
1.42 50 2 61 3 933 91
1.26 52 2 60 3 914 91
1.07 54 2 64 2 867 93
0.65 51 1 60 2 877 89
0.36 54 1 66 2 919 95
0.24 53 1 57 3 869 93
0.14 55 1 61 2 881 95
1200 191 50 1 20 13 1148 77
1.71 53 2 31 10 1047 82
1.59 57 2 4 7 1014 85
1.18 57 2 56 4 981 90
1.09 57 2 59 4 918 92
0.56 60 1 67 3 854 94
0.33 60 2 64 2 878 95
0.14 59 1 59 3 963 92
0.11 65 1 66 3 928 94
900 189 58 2 11 23 1130 70
1.57 75 5 16 38 1169 64
1.18 82 5 54 17 900 78
0.88 99 3 71 8 838 90
0.67 102 3 70 6 891 92
0.39 93 3 75 4 771 93
0.26 92 3 76 4 767 93
0.13 97 2 71 6 969 92
0.11 108 2 68 5 964 96
600 155 64 5 23 32 1083 63
131 77 7 28 54 1384 55
1.04 79 12 71 51 1033 55
0.70 117 6 75 16 919 85
0.53 152 5 87 9 824 93
0.38 171 5 84 8 786 93
0.19 174 2 67 6 995 97
0.13 208 2 68 8 1017 97
300 1.72 52 4 15 29 1160 62
1.46 53 4 16 30 1198 62
1.37 58 5 24 29 1083 58
1.18 69 8 45 39 995 60
0.84 116 10 26 95 1175 52
0.65 106 16 51 89 1081 50
0.25 267 5 78 15 995 93




3.3. Textural properties of the dried gels

3.3.1. Mercury porosimetry

Mercury porosimetry curves obtained for all sam@es presented in Fig. 5. Actually,
the shape of these curves does not correspond db isvlusually obtained with porous
materials undergoing solely mercury intrusion. e tase of xerogels, an irreversible
compression is observed in all the samples. Orttinees, the compression region can
be identified by a progressive increase of the orgravolume penetrating into the
measurement cell. Intrusion seems only to arisesdonples obtained witR/C = 1200
and RC = 1500, as indicated by a sudden slope chandgeeatnid of the curves. The
large hysteresis can be attributed to the fact tben depressurization of the cell is
realised, almost no mercury comes out of the samgbafirming its irreversible
compression [42]. This peculiar behaviourRF xerogels has been reported recently
[32]. This hinders a straightforward textural impetation of the mercury porosimetry
curves. However these curves allow determiningtttal pore volume of samples,
whose value can be related to the synthesis conditiThe specific pore volume
measured\(,g, cm3/g) remains equal to the pore volume corrediponto pores larger
than 7.5 nm. These results clearly show an evaliuticthe pore structure of the dried
gels withR/C. The pore volume increases WRIC, suggesting that larger pore sizes are
present (Table 2).

Because of this non usual behaviour during mergampsimetry, it is possible to get
information complementary to compressive uniaxaading tests from the mechanical
response of the dry material under the isosta@sgure. Since no mercury intrusion
occurs, the compression modul#9 ¢an be related to the volume densigy dccording

to Eq. 4., following to Scherer's methodology [33]he volume densityy at the

pressure of mercurly, defined as the ratio between the volume of théetie and the

14



total volume of the sample, can be expressed by5qug and p: are the apparent

density of the dried, uncompressed sample and rtréngic density of the resin,

measured by mercury and helium pycnometry, resgegt{see Table 3).

Q.
)

K = Eq. 4

gl
~ S

AP) = EQ. 5

pss[lo ~VHg (P)J

S

The compression modulukK) vs. the volume density is presented in Fig. 6 for the
variousR/C values. At low isostatic pressures (i.e. low dgnealueg, the compression
modulus decreases abruptly, indicating that samipée®me softer. The compression
modulus reaches then a minimum at valueg @ndP) which increase with decreasing
R/C ratios. Beyond this minimum, K increases monotsly with ¢ (andP) for all the
samples withR/C smaller than 1200, which indicates that crushimyetbps. For
samples with larged®/C, i.e. 1200 and 1500, a second minimum is obsenwbith

corresponds to the pressure at which intrusionnsegi
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Fig. 5: Mercury porosimetry curves (volume variati@as a function of mercury
pressure). The solid lines follow the experimemtaints. Two symbols were added as

labels on each data set.
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Fig. 6. Compression modulksvs. ¢ The solid lines follow the experimental points.

One symbol was added as label on each data set
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Combination of the results obtained from the mea@mrompression tests, on the dried
samples, and the mercury porosimetry measuremgioigsaobtaining the Poisson ratio,
v, according to Eq. 6 [33]. Last column of Tableh®ws the values of the Poisson ratio
corresponding to the dried state of the samplestaking into account the value Iéf
and E obtained at the beginning of the mercury porosimeteasurements and at the
end of the axial compression tests, respectiveyg Foisson ratio ranges from 0.48 at

low R/C to 0.42 at highR/C.

3(1-2v)

3.3.2. Nitrogen adsorption-desorption

Nitrogen adsorption-desorption measurements caaugen dried gels are presented in
Fig. 7. AsR/C increases, xerogels evolve from micro-mesoporewtute forR/C =
300, (combination of type | at low p/@mnd type Il at high pfpaccording to BDDT
classification [43] to a micro-macroporous texttoehigherR/C (combination of type |
at low p/pp and type IV at higtp/po). The shift of the hysteresis towards higheryp/p

indicates that the mean pore size increasesRi@h

17
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Fig.7. Nitrogen adsorption-desorption isothermse $alid lines follow the

experimental points. Two symbols were added addabeeach data set.

Table 2 shows that the specific surface &gadecreases with increasiiRjC, and

reaches a plateau fB¥C = 1200 and?/C = 1500. Table 2 also indicates that the total
porosity €), obtained from both apparept) and intrinsic (pS) density measurements,

increases witlirR/C.

Table 2.

Sample texture characterization

re |SEr(Mg)  |Vig(em¥g)  |ps(glem?) | pF (glem?) | £(%) |V ()
5 +0.05 +0.02 +0.05 +0.01 |+0.05

300 395 0.20 0.87 1.48 41 0.48

600 340 0.60 0.51 1.50 66 0.47

750 300 1.10 0.47 1.48 68 0.45

900 240 1.35 0.42 1.48 72 0.44

1200 170 1.60 0.37 1.45 75 0.42

1500 165 1.65 0.36 1.49 76 0.42
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4. Discussion
In the case of ideal shrinkage, i.e. when the redinof volume exactly corresponds to

the volume of removed water, Eq. 7 can be appbeglate the volumeM) to the water
content expresses on a dry ba¥ig.(\Wp and p,, are the initial water content of the wet

RF hydrogel, expressed on a dry basis, and thesidrdensity of water, i.e. 1000

kg/m3, respectively.

V| 1 {W +i} £q. 7

Vo | L Vo | oy p8

ps  Pu

The linear part of shrinkage curves observed on Ejgand called ‘master curve’,
indicates a zone of ideal shrinkage, whose extédfarsl according to thdr/C ratio.
During this period, no porosity is created. Theotleical value of the slope can be
estimated from Eq. 7. One can found a value of®).8/hich is in agreement with the
experimental one, 0.37 (see Fig. 1). The slopdassame for all the samples because
they were prepared with the same dilution ratisuagng the conversion degree of the
polycondensation reaction was the same.
Concerning the elastic behaviour of the gels, tiséiffening with decreasing water
content can be directly related to the extent oih&hage. Indeed, the increase of Young
modulus is observed as long as xerogels undergoksige. Once the shrinkage has
stopped, no more stiffening of the network is obedr This indicates a clear relation
between densification of the sample and elastipgenees, as already reported by
Woignier et al. [44] for silica aerogels. The Poisgatios determined for the dried
xerogels are of same order of magnitude as othgmaos obtained by a condensation

reaction, e.g. polyimides, polycarbonates, ...
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Regarding the viscoelastic behaviour of the gels, Maxwell modules are required to
fit the generalized Maxwell model (Eq. 2) on thdéaxation curves. The associated
relaxation times are close to 100 and 1000 s (s¢eTl). One can notice that the main
relaxation time is in the surroundings of 1000tgs Irather difficult to assess whether
this relaxation time corresponds to hydrodynamidconetwork relaxation. Over the
whole test series, the compon&gtrepresents the main contribution (more than 50%)
to the relaxation function (see Table 1), which ngealasticity prevails. Nevertheless,
the extent of the elastic contribution depends oth ihe R/C ratio and the residual
water content. For high moisture contents, the RJIE decreases with decreasiRif,
indicating more pronounced viscoelastic behaviduowa R/C. As already observed on
Fig. 4, the samples obtained wRfC = 1500 are almost elastic and does not exhibit an
important viscoelastic character. For a giV@, Ry/E increases with decreasing water
content, showing that the samples progressively fbsir viscous character when water
is removed. This last comment should authorizeouastsess that the main relaxation
mechanism should be related to the water migratiomg the relaxation period.
Shrinkage is favoured by high capillary forces, small pore sizes, and high mobility
of the solid matrix. The mobility of the solid miatis closely related to its physical
state: high mobility corresponds to viscoelastichds@our while low mobility
corresponds to elastic behaviour [45]. The analydisrelaxation tests using the
generalized Maxwell model showed that RF xerogetdves from an almost purely
elastic to pronounced viscoelastic behaviourR&S decreases. Moreover, it is well
admitted that the mean pore size inside the wetarktdecreases with decreasirif,
resulting in polymeric RF gels at loR/C and colloidal gels at higi/C [40]. The
combined effect of R/C on the mechanical behavang on the mean pore size of the

humid network explains that higher volume reductjoand smaller pore sizes in the
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dried state, are obtained for decreast@. Consequently, the specific area obtained for
the dried xerogels increases with decrea$tf@y as indicated by nitrogen adsorption-
desorption results.

Finally, mercury porosimetry curves showed a pecutiehaviour in which stiffness
first decreases with increasing pressure. This\netawas firstly put in evidence by
Gross et al [27] using the velocity of sound praemn on SiQ and RF aerogels for
R/C=200. More recently, Gommes et al [28] reporsgdilar results using mercury
porosimetry measurements on RF xerogels with@#8<.3, which correspond roughly
to 50<R/C<1200 using mercury porosimetry measurements. Tingsrpreted this
behaviour as caused by the heterogeneity of thegeérporous structure. When
pressure is applied, the resulting load is shaneong a small number of structures and
the collapse is prevented by the surrounding smaltees, in such a way that the
reduction of volume is negligible. As a result, thacroscopic stiffness, decreases
under the increasing pressure. After the minimume, material undergoes a classical
densification process. However, for samples obthiwéh R/C = 1200 and 1500, it
seems that intrusion occurs at high pressure. niedns that the stiffness of the
network is sufficient to prevent any further colap and that there remain some
mesopores. It is difficult to assess if these mesep were initially present or if they

result from the bulking of the structure, and tbduction in size of macropores.

5. Conclusions

In this paper, the shrinkage behaviour and the ar@chl properties of RF xerogels
obtained withR/C ratio ranging from 300 to 1500 have been investidiaAll the results
clearly showed the influence of th®/C ratio on the shrinkage and mechanical

properties of the wet gel, on the one hand, anthemmechanical and textural properties
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of the dried gel, on the other hand. Water conbastan influence both on the stiffness
of the gels and on the viscoelastic response. Tiessdts will be used in order to model
the convective drying of RF xerogels, using a cedgiygro-thermo-mechanical model.
The aim of this further work is to determine andhimize stress field and its evolution
during drying, in order to avoid cracking of thergaes.

Maxwell interpretation globalizes several mechasismich are put in series but does
not allow determining if the viscoelastic responserresponds mainly to the
contribution of the solid skeleton, or of the liguilling pores. Further work will be
carried out using a model which will allow discrimtion between the contribution of

the liquid and the solid components to the viscsiaddy.
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Figure captions

Fig. 1. Shrinkage curves - curves — Each symbotessmts the average of three
measurements — The solid lines were drawn as gtodée eyes.

Fig. 2. Example of compression curves for samptepgred witiR/C= 1500 andr/C

300. The solid lines follow the experimental poiriftaszo symbols were added as labels
on each data set. The dashed lines representfpentato the linear part from which the
Young modulus was calculated.

Fig. 3. Evolution of Young modulus with water camtefor differentR/C ratios; as

results obtained fdR/C = 750 are not significantly different from thosdated toR/C =
900, they are omitted for clarity. The curves tlylothe data are guides for the eyes.
Fig. 4. Example of relaxation functions for sampbespared witfR/C= 1500 andr/C
300. The solid lines follow the experimental poird@e symbol was added as label on
each data set.

Fig. 5. Mercury porosimetry curves (volume variatias a function of mercury
pressure). The solid lines follow the experimem@ints. Two symbols were added as

labels on each data set.
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Fig. 6. Compression modulds vs. @ The solid lines follow the experimental points.
One symbol was added as label on each data set.
Fig. 7.Nitrogen adsorption-desorption isotherms. The daliels follow the experimental

points. Two symbols were added as labels on eaehsea

Tables

Table 1: Young modulus and fitting parameters efdkneralized Maxwell model

Table 2: Sample texture characterization
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