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bstract

anosized TiO2 powder with an average primary size of ∼20 nm and surface area of ∼50 m2/g (Aeroxide® P25, Degussa-Evonik, Germany) was
sed as starting material. A colloidal titania suspension from the same supplier was also used (W740X). The dispersing conditions were studied
s a function of pH, dispersant content, and solids loading. Well-dispersed TiO2 nanosuspensions with solids contents up to 30 vol.% (62 wt%)
ere obtained by dispersing the powder with 4 wt% PAA. Suspensions with solids contents as high as 35 vol.% were prepared by adding the TiO2

anoparticles to the TiO2 colloidal suspension under optimised dispersing conditions.

TiO2 powder reconstitution was performed by spray drying both types of nanosuspensions to obtain free-flowing micrometre-sized nanostructured

ranules. The spray-dried nanostructured TiO2 granules were deposited on austenitic stainless steel coupons using atmospheric plasma spraying.
oating microstructure and phase composition were characterised using scanning electron microscopy and X-ray diffraction techniques.

 2011 Elsevier Ltd. All rights reserved.
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.  Introduction

Titania (TiO2)-based materials are very attractive due to their
hotocatalytic activity.1 TiO2 occurs naturally as minerals with
utile, anatase, and brookite phases. Rutile and anatase phases
ave been extensively studied and have significant technological
ses, principally with relation to their optical properties, since
oth are transparent in the visible range and absorb in the near-
ltraviolet region.

As a photocatalyst, TiO2 can be used in the form of pow-
er and thin films.2 There is a growing interest in developing
eliable, economical, and environmentally-friendly methods for
anufacturing thin and thick coatings and layered systems.
ayered ceramics and coatings have drawn increasing atten-

ion because of their ability to satisfy critical requirements that
3
re not met by any monolithic material. Current methods for

roducing these coatings include chemical and physical vapour
eposition (CVD and PVD), thermal spraying, self-propagating
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igh-temperature synthesis (SHS), etc.4,5 Atmospheric plasma
praying (APS), a thermal spraying method, allows finely nanos-
ructured coatings to be fabricated.6–9

In a plasma spraying process, a feed material is melted and
ccelerated until it impacts upon the substrate where it is rapidly
ooled, forming the coating. According to the literature, nanos-
ructured coatings could enhance the properties of the final

aterial. In order to obtain nanostructured coatings by plasma
praying, it is convenient to use nanoparticles as raw mate-
ial. However, nanoparticles are not directly sprayable owing
o their small mass. Sprayable micrometre-sized powders made
p of nanoparticles, also known as nanostructured powders,
an be obtained by granulation10 or freeze-drying11 methods,
pray drying being the most widely used method.12,13 Recent
tudies have focused on the conventional spray-drying process
or producing nanoporous/mesoporous spheres – for example,
sing compositions based on titania,14,15 silica,16,17 and other
aterials.18

Though nanostructured powders could provide enhanced

roperties, their use still remains a challenge, however, owing
o the health and hazard risks involved in the direct handling of
anosized powders.13

dx.doi.org/10.1016/j.jeurceramsoc.2011.08.007
mailto:monica.vicent@itc.uji.es
dx.doi.org/10.1016/j.jeurceramsoc.2011.08.007
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Fig. 1. Processing flow chart of diluted and concentrated nanosuspensions
p
s

a
a
i
H
e
d
(
t
o
w

2

w
G
w
e
p
r
a

p
w
4
p
u
t
s
f

2

c
s
(

86 M. Vicent et al. / Journal of the Euro

In order to produce such spray-dried nanostructured powders,
omogeneous suspensions of nanoparticles are required. How-
ver, most papers on coatings obtained by APS from spray-dried
anostructured powders only note the reconstitution process,
ithout providing any details on the suspension preparation step.
urther research on nanosuspension preparation for obtaining
econstituted powders by APS is, therefore, still needed.

The dispersion of micrometre-sized ceramic powders, such
s titania, in either an aqueous or a non-aqueous medium
as drawn considerable attention.19,20 Stable slurries with high
olids loading and low viscosity are known to be required for
pray drying.21,22 This is difficult to achieve with particles in
he nanometre range because the increased surface activity and
igher interparticle interactions make it difficult to stabilise the
articles in the dispersing medium.23–25

This study focuses on the preparation and optimisation of
oncentrated nanosized titania suspensions for reconstituting
ppropriate spray-dried nanostructured powders for producing
PS coatings. Two different starting commercial raw materi-

ls were used: a titania nanopowder and a titania nanoparticle
uspension from the same supplier. The effect of suspensions
olids loading on the characteristics of the resulting granules
nd coatings was also examined.

. Experimental

.1.  Starting  raw  materials  characterisation

A commercial nanopowder (Aeroxide® P25) and a commer-
ial nanoparticle suspension (Aerodisp® W740X), both supplied
y Degussa-Evonik (Germany), were used in this study. The
ain physico-chemical characteristics provided by the suppli-

rs are shown in Tables 1 and 2. According to the supplier, the
olloidal suspension was prepared from the same P25-powder,
nd contained anatase and rutile phases in a ratio of about 3:1.26

he dry powders were characterised by transmission electron
icroscopy, TEM (H7100, Hitachi, Japan and CM10, Philips,
etherlands).
Specific surface areas were determined using the single-point

ET method (Monosorb, Quantachrome Co., USA). In addi-
ion, thermogravimetric analyses TG/DTA (STAY09, Netzsch,
ermany) were performed at a heating rate of 0.17 ◦C/s to ascer-

ain the possible presence of additives or precursors.

.2. Colloidal  behaviour  characterisation

The colloidal behaviour of the dry P25 nanopowder in water
as reported in a previous study,27 in which a commercial salt

DURAMAXTM D-3005, Rohm & Haas/Dow Chemicals, USA)
f polyacrylic acid-based polyelectrolyte (PAA), with 35 wt%
ctive matter was used.

The colloidal stability of TiO2 nanopowders was studied in
erms of zeta potential as a function of deflocculant content

nd pH, using a Zetasizer NanoZS instrument (Malvern, UK),
ased on the laser Doppler velocimetry technique. Suspensions
ere diluted to a concentration of 0.005 wt% titania, using KCl
.01 M as inert electrolyte. The pH values were determined with

7
b
b
s

repared by dispersing the P25-powder in water and in the colloidal W740X-
uspension, respectively.

 pH-meter (716 DMS Titrine, Metrohm, Switzerland) and were
djusted with HCl and KOH solutions (0.1 and 0.01 M). To
mprove the dispersion state an ultrasounds probe (UP 400S, Dr
ielscher GmbH, Germany) was used in order to avoid agglom-

ration. The diluted aqueous suspensions were also used to
etermine particle size distribution by dynamic light scattering
DLS) using the same equipment as that used for the zeta poten-
ial measurements. In a second phase, the colloidal behaviour
f the nanopowder dispersed in the commercial nanosuspension
as evaluated in two different pH ranges.

.3.  Rheological  study

The rheological behaviour of all the nanosuspensions
as determined using a rheometer (Haake RS50, Karlsruhe,
ermany) operating at a controlled shear rate (CR). Flow curves
ere obtained with a three-stage measuring program with a lin-

ar increase in the shear rate from 0 to 1000 s−1 in 300 s, a
lateau at 1000 s−1 for 60 s, and a further decrease to zero shear
ate in 300 s. The measurements were performed at 25 ◦C using

 double cone and plate system.28

Fig. 1 schematically illustrates the procedure used to pre-
are the two types of suspensions: on the one hand, suspensions
ere prepared by adding the P25 nanopowder to water (with

 wt% PAA) and, on the other, suspensions were prepared by dis-
ersing the P25-powder in the commercial colloidal suspension
sing the same dispersant content. In both cases, low concentra-
ion suspensions were prepared by mechanical stirring, but high
olids loadings could only be reached by using a sonication probe
or dispersion, sonication time changing for each suspension.

.4. Spray  drying

Spray-dried granules were obtained from a diluted (i.e.
ommercial) suspension at 10 vol.% and from a concentrated
uspension (prepared in-house) at 30 vol.% in a spray dryer
Mobile Minor, Gea Niro, Denmark) with a drying capacity of

 kg water/h.12,27 Both types of granules were fully characterised

efore APS deposition. Granule size distribution was measured
y laser light scattering (Mastersizer S, Malvern, UK) and den-
ity was measured by helium pycnometry (Multipycnometer,
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Table 1
Main characteristics of the commercial TiO2 nanoparticles (Aeroxide® P25), information provided by the supplier.

Average primary particle size (nm) Specific surface area (m2/g) pH in 4% dispersion Purity (wt%)

21 50 ± 15 3.5–4.5 99.5

Table 2
Main characteristics of the commercial TiO2 suspension (Aerodisp® W740X), information provided by the supplier.

Suspension type Solids content (wt%) pH Viscosity Aggregate size Density (20 ◦C)
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uantachrome Co., USA). Specific surface area and pore struc-
ure were measured by nitrogen gas adsorption (TriStar 3000,

icromeritics, USA), though pore structure was also measured
y mercury intrusion porosimetry, MIP (AutoPore IV 9500,
icromeritics, USA). A field-emission gun environmental scan-

ing electron microscope, FEG-ESEM (QUANTA 200FEG, FEI
ompany, USA), equipped with an energy-dispersive X-ray

pectrometer (EDAX Genesis) was used to examine the feed-
tock microstructure. In addition, agglomerate apparent density
as calculated from tapped powder density by assuming a theo-

etical packing factor of 0.6, which is characteristic of monosize,
pherical particles.29 Powder flowability was evaluated in terms
f the Hausner ratio, defined as the ratio of the tapped density
o the apparent (or poured) density of the powder.29

.5.  APS  processing

TiO2 coatings were deposited by an atmospheric plasma
pray (APS) system using spray-dried nanostructured
ranules.12 The metallic substrates (AISI 304) were grit-
lasted with corundum before the plasma spray application
n order to clean and roughen the surface. The plasma spray
ystem consisted of a gun (F4-MB, Sulzer Metco, Germany)
perated by a robot (IRB 1400, ABB, Switzerland). Deposition
as performed using argon as primary and hydrogen as

econdary plasma gas. Plasma spray conditions are detailed
n Table 3. Finally, the crystalline phases were determined by
-ray diffraction (XRD D8 Advance, Bruker AXS, Germany),
icrostructure being determined by FEG-ESEM.

. Results  and  discussion

.1.  Starting  raw  materials  characterisation
Fig. 2 shows TEM micrographs of the P25-powder and the
olid material of the W740X-suspension, in which spherical

able 3
PS parameters.

r slpm H2 slpm He slpm aI (A) bd (m) cv (m/s)

8 14 – 600 0.120 1

lpm: standard litre per minute.
a Arc intensity.
b Spraying distance.
c Spraying velocity.
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≤1000 mPa s ≤100 nm 1.41 g/cm3

anoparticles may be observed. The microstructural observa-
ions of both nanopowders showed that the particles were
gglomerated and the primary particles were about 30–40 nm in
iameter. The W740X-suspension contained P25-nanopowder,
s reported by the supplier, though the dispersion in water was
resumably obtained with the aid of some processing additives,
hich might change certain physico-chemical characteristics.
he specific surface area of the P25-powder and the W740X-
uspension solid fraction was 48.5 and 49.0 m2/g, respectively.

The results of the thermogravimetric and differential ther-
al analyses (TG/DTA) performed on the P25-powder and the
740X-suspension solid fraction are presented in Fig. 3. It

hows that there were important differences between the two
owders. In the P25-powder, a small amount (less than 2.5 wt%)
f organic matter was burned out before 500 ◦C. However, in
he W740X-suspension solid fraction, a weight loss of 4.5 wt%
as detected, 0.5 wt% of the total weight loss corresponding to
umidity. In the W740X-suspension solid fraction, a small peak
as detected at 700 ◦C in the DTA, which could be related to
rganic matter burnout and/or removal of alkyl groups associated
ith synthesis precursors.

.2.  Colloidal  behaviour  characterisation

Colloidal behaviour was studied by measuring particle size
istribution and zeta potential as a function of sonication time,
nd pH and deflocculant content of the two suspensions.

The application of ultrasounds (US) plays a key role in
anoparticle dispersion23 and needs to be optimised in each sus-
ension to assure dispersion without re-agglomeration.24 Fig. 4
hows the effect of US time on the particle size distribution
f the colloidal W740X-suspension and of a suspension pre-
ared from P25-powder, both diluted to a titania concentration of
.005%. The particle size distribution of the diluted P25 suspen-
ions (Fig. 4a) exhibited a monomodal particle size distribution
fter 30 s sonication, with a mean particle size of ∼200 nm. How-
ver, when 60 or 120 s was applied, a bimodal distribution was
bserved, in which the first peak appeared at ∼140 and ∼100 nm,
espectively, whereas the second peak increased from 300 to
00 nm after 60 or 120 s sonication. That is, sonication broad-
ned the size distribution and increased the volume of the finer

raction, which suggests that new surfaces were being formed
nd particles tended to re-agglomerate. These measurements
ndicated that 30 s sonication could be deemed an optimum value
or the P25-powder in the diluted suspension. In the case of the
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Fig. 2. TEM micrographs of TiO2: a) P25-powder and b) W740X-suspension solid fraction.
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Fig. 3. TG/DTA measurements of a) P25-p

740X sample (Fig. 4b), increasing sonication time from 180
o 480 s encouraged dispersion and decreased agglomerate size
rom 400 to 150 nm. In contrast, longer sonication time (900 s)
roduced the opposite effect and increased agglomerate size to
000 nm.

The evolution of zeta potential with pH of the P25-powder
nd the W740X-suspension is shown in Fig. 5. Although both
owders were nominally the same, the measured isoelectric
oint (IEP) changed from pH 7 for the P25-powder to pH 6 for
he W740X-suspension. This confirmed the assumption noted
bove that some processing additive had been used as a stabil-

sing agent in the commercial colloidal suspension or that some
recursor material was still present. When a polyelectrolyte
PAA) was added as a dispersant, the IEP of the P25-powder

a
s
t

Fig. 4. Particle size distribution of diluted suspensions prepared fro
r and b) W740X-suspension solid fraction.

hifted from 7.0 to 4.0, 3.8, and 2.7 after the addition of 1.0,
.0, and 4.0 wt% deflocculant, respectively.27 This confirmed
he successful adsorption of PAA onto the titania nanosized
owder.25 Based on these curves, 4.0 wt% PAA was selected for
urther experiments as it provided the best zeta potential values
∼−40 mV) in a wider pH range. Higher deflocculant contents
ere not studied because these suspensions were sufficiently
omogeneous.27

The evolution of zeta potential with PAA content of the P25-
owder and of the W740X-suspension at two different pH values
7 and 10) is shown in Fig. 6. It may be observed that the

ddition of PAA increased the zeta potential of the P25 suspen-
ions, whereas in the case of the colloidal W740X-suspension
he zeta potential remained constant at each studied pH after

m a) P25-powder and b) W740X-suspension after sonication.
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Fig. 5. Evolution of zeta potential with pH of the P25-powder and the W740X-
suspension.
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Fig. 8. Fitting of relative viscosity versus solids volume content to the
Krieger–Dougherty equation.

Fig. 9. Granule size distribution of the spray-dried powder obtained from the
diluted and the concentrated suspensions. The granule size distribution of the
s
i

p
h

3

F
a

ig. 6. Effect of the PAA addition on the zeta potential measurements (at two
ifferent pH values) using the P25-powder and the W740X-suspension.

he PAA additions. This again suggests that the powder surfaces
n the commercial suspension were covered with some addi-
ive or precursor that impeded PAA adsorption. The addition
f 4.0 wt% PAA provided the P25 suspensions with higher zeta
otential values, while it maintained the stability of the com-
ercial W740X suspensions. This PAA content was therefore
sed for the mixtures.
The particle size distribution measured by DLS in the com-

ercial suspension indicated that the suspension had a mean p

ig. 7. Viscosity curves of a) 30 vol.% TiO2, obtained by adding the nanopowder to 

dding the nanopowder to the commercial nanosuspension.
pray-dried powder obtained from the concentrated suspension sieved at 100 �m
s also displayed.

article size of 32 nm, demonstrating that appropriate dispersion
ad been achieved with PAA.

.3. Rheological  study
Titania nanosuspensions of P25-powder in water were pre-
ared at solids loadings of 30 vol.% (∼62 wt%) by dispersion

water (0′ and 1′ US could not be measured) and b) 35 vol.% TiO2, obtained by



190 M. Vicent et al. / Journal of the European Ceramic Society 32 (2012) 185–194

Table 4
Main characteristics of the spray-dried nanosuspensions.

Nanosuspension Solids content (vol.%) aρ (g/cm3) pH bη at 100 s−1 (mPa s) bη at 1000 s−1 (mPa s)

Diluted 10 1.26 6.7 2.6 2.8
Concentrated 30 1.71 7.4 212 48

a Density was measured by a pycnometer.
b Viscosity values taken from the upward flow curves.

Fig. 10. Pore size distribution of the spray-dried powder obtained from the
diluted and the concentrated suspensions measured by mercury intrusion
porosimetry.

Fig. 11. BJH curves of the spray-dried powder obtained from the diluted and
t

Fig. 12. FEG-ESEM micrographs of granules obtained from a) dil
he concentrated suspensions measured in the desorption step.

uted nanosuspensions and b) concentrated nanosuspensions.
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ith the sonication probe. Fig. 7a shows the viscosity curves of
he P25 suspensions prepared at 30 vol.% solids with sonication
imes of 3 and 5 min. Suspensions with lower sonication time
ould not be measured because of their high viscosity.27

Suspensions of P25-powder dispersed in the colloidal
740X-nanosuspension were prepared up to solids contents

f 35 vol.% (∼69 wt%). This route enabled suspensions to be
repared with a higher solids content and lower viscosity than
hose of the P25-nanosuspensions, as may be observed in Fig. 7b,
hich shows the viscosity curves of suspensions of P25-powder

dded to the colloidal W740X-suspension prepared to a total
olids content of 35 vol.% at sonication times of 0, 1, 3, and

 min.
The evolution of relative viscosity with solids volume

raction of the two suspensions (P25-powder + water and
25-powder + W740X-suspension) is depicted in Fig. 8. The
iscosity values were all taken from the downward flow curves
t a shear rate of 1000 s−1. The experimental points were fitted
o the Krieger–Dougherty equation.30 The figure shows that, in
oth cases, the experimental data fitted the model quite well.
he maximum volume fraction (Φm) determined by the model
as 0.5 for the two nanosuspensions (in water and in colloidal

uspension), because the W740X-suspension solid fraction com-
rised P25-nanopowder. Intrinsic viscosity [η] decreased from
1.6 in the P25 + water suspension to 8.4 in the suspension
btained from the P25 + W740X sample, indicating higher par-
icle sphericity in the latter (lower agglomeration giving rise
o irregular shapes in the former), as expected for the colloidal
uspension.

.4. Characterisation  of  the  spray-dried  granules

Two nanosuspensions were prepared (Table 4) for spray dry-
ng: the commercial 10 vol.% W740X-nanosuspension and a
uspension with a high solids content, 30 vol.% (∼62 wt%),
btained by dispersing P25-powder in the commercial W740X-
anosuspension, referred to hereafter as the diluted suspension
nd the concentrated suspension, respectively. Despite the much
igher viscosity of the concentrated suspension, this was also
eadily spray dried.

Fig. 9 shows the particle size distribution of both types of
ranules. Due to the high viscosity of the concentrated sus-
ension, large agglomerates (balls) appeared. The resulting
pray-dried powder therefore needed to be sieved to avoid trans-
ort problems caused by these coarse agglomerates when the
ranulated powder was fed into the plasma flame torch.

Table 5 details the principal characteristics of the spray-
ried granules obtained from the diluted and concentrated
anosuspensions. These include particle size (measured by laser
iffraction), real density (measured by helium pycnometry), spe-
ific surface area (measured by nitrogen adsorption at 77 K, BET
ethod), two representative pore structure parameters (cumu-

ative volume and mean pore diameter) obtained by nitrogen

as adsorption, and granule mean pore diameter measured by
orosimetry.

The pore size distribution measured by MIP (Fig. 10) shows
he inter- and intra-granular porosity of the resulting powders. Ta
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he pore size distribution measured by nitrogen gas adsorption,
arret–Joyner–Halenda (BJH) method (Fig. 11), only exhibits

he intra-granular porosity.
The inter-granular mean pore diameter (Table 5) of the

ranules obtained from the diluted and from the concentrated
uspensions was quite similar. The FEG-ESEM observations
Fig. 12 top) revealed that the granules obtained from the concen-
rated suspension were highly spherical and uniform, whereas
he agglomerates from the diluted suspension displayed an
rregular doughnut-shaped geometry. This greater heterogeneity

ay be attributed to liquid-phase separation during the spray-
rying operation, possibly due to some surface tension modifier
ncorporated into the commercial suspension.12 The irregular
ranules resulting from the diluted suspension therefore yielded
oorer layer packing, and the inter-granular mean pore diameter
f these granules was larger.

At higher magnifications (Fig. 12 bottom), the micrographs
how that both granules were built up of adhering nanoparticles,
ndicating that the granules were porous (intra-granular porosity)
nd consisted of an agglomeration of primary nanoparticles. The
ntra-granular mean pore diameter measured by BJH was more
ccurate than that measured by MIP. With regard to this kind
f porosity, the mean pore size of granules (Table 5) obtained

rom the diluted suspension was lower than that of the granules
esulting from the concentrated suspension. The reason could be
hat, in the concentrated suspension, the nanoparticles were more

b
c
s

ig. 14. FEG-ESEM micrographs of coatings produced from the spray-dried powder o
ig. 13. XRD analysis of the nanostructured TiO2 coatings produced from the
pray-dried powder obtained from the diluted and the concentrated suspensions.

lustered owing to the much greater number of nanoparticles in
he stabilised starting suspension. Such nanoparticle grouping is
learly visible in the FEG-ESEM observation (Fig. 12 bottom) of
he agglomerated TiO2 nanoparticles inside the 30 vol.% powder
ranules.

Finally, agglomerate apparent density (Table 5) of the gran-
les obtained from the diluted and the concentrated suspensions
as 1870 and 1620 kg/m3, respectively. The Hausner ratio for

oth powders was <1.25, indicating good flowability. These
haracteristics make both powders appropriate for use as feed-
tock in the APS process.12

btained from: a) diluted nanosuspensions and b) concentrated nanosuspensions.
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.5.  Characterisation  of  the  APS  coatings

In the last step, the spray-dried granules obtained from
he diluted commercial and the concentrated suspensions were
eposited by APS, coatings being obtained of similar thickness
nd microstructure. These coatings were characterised by XRD,
hich indicated that both coatings contained mainly rutile and

bout 10% anatase (Fig. 13).
The FEG-ESEM micrographs of the microstructure (Fig. 14)

how that the coatings consisted largely of dense areas (molten
atrix). There were also some porous zones, pores, and partially
olten areas containing fine nanometric and submicrometric

rains made up of initial nanoparticles. These results are con-
istent with findings reported in previous studies, indicating
hat rutile is more prevalent than anatase in these fully melted
egions.31

To increase the anatase fraction and, hence, photocatalytic
ctivity, the melted regions need to be minimised by controlling
lasma gas heat input in addition to feedstock characteris-
ics. Recent research has also shown the influence of coating

icrostructure on photocatalysis performance.32,33

It should be noted that the purpose of the present research was
o study the dispersion and stabilisation of titania nanopowder,
s well as nanosuspension rheology, in order to obtain free-
owing spray-dried nanostructured granules for atmospheric
lasma spraying. Further research is currently in progress to
ptimise plasma spraying conditions with different spray-dried
eedstock in order to obtain coatings with improved microstruc-
ure and properties.

. Conclusions

In this study, aqueous titania nanosuspensions were stabilised
y means of an electrosteric mechanism. The effect of pH and
onication time was evaluated. Highly concentrated nanoparti-
le suspensions of TiO2 were prepared from ∼20-nm powders,
sing either distilled water or a commercial nanoparticle suspen-
ion as liquid medium. The solids content of the final suspension
as 5 vol.% higher when the commercial nanosuspension was
sed.

The TiO2 nanoparticles were reconstituted into plasma
prayable powders by spray drying. The resulting spray-dried
owder properties made the powders appropriate for use as
lasma spray feedstock. The use of concentrated suspensions
or the reconstitution process enabled more regular, spherical
pray-dried agglomerates with considerably higher porosity to
e obtained, owing to the nanoparticle agglomerates inside the
ranule.

The reconstituted powders were deposited by atmospheric
lasma spraying to obtain nanostructured coatings. All coat-
ngs displayed a bimodal microstructure, with partially molten
gglomerates that retained the initial nanostructure of the feed-
tock surrounded by fully molten particles that acted as a binder.

urther optimisation of the plasma spray parameters is needed

n order to retain more nanostructured zones and to increase the
natase phase with a view to enhancing photocatalytic perfor-
ance.
eramic Society 32 (2012) 185–194 193
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