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Abstract

The preparation of chemisorbents based on tungsto- and molybdophosphoric acids supported on two types of synthetic
mesoporous carbons and two types of mesoporous silica is described. Strong solid acids with good accessibility to acid
sites may potentially be effective adsorbents for the removal of basic molecular impurities, such as amines, from ultrapure
manufacturing environments. Prepared materials were characterised by scanning electron microscopy, nitrogen adsorption,
Fourier-transform infrared spectroscopy, powder X-ray diffraction, and equilibrium ammonia uptake. Composites of SBA-15
with heteropolyacids were synthesised. It was shown that the inclusion of HPAs into SBA-15 results in the loss of long range
order. Adsorbents based on the HPAs impregnated into the supports with the open-pore morphology (Novacarb and SBA-15)
were found to be promising materials. A composite of tungstophosphoric acid with sol–gel SiO2 was found to have the highest
ammonia uptake.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The development of solid acid catalysts is an ac-
tive and very important area of research, underpinning
the development of future “green” chemical processes.
There is significant need for new catalysts active in
such reactions as Friedel–Crafts acylation and alky-
lation, esterification, and selective oxidation, which
would substitute more conventional stoichiometric re-
actions known to generate large quantities of haz-
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ardous waste materials. At the same time porous solid
acid materials of very similar physico-chemical and
textural properties as solid acid catalysts may also find
applications in separation processes.

Removal of molecular impurities from ultrapure
manufacturing environments, such as in the manufac-
ture of silicon wafers, is based on the use of acidic and
basic chemisorbents[1]. At present, acidic chemisor-
bents are based on mineral acids, such as phosphoric
and sulphuric acids, impregnated into activated car-
bon and dispersed in a polymer mesh filter. Sorbents
based on supported liquid acids have a number of
drawbacks. The formation of insoluble salts upon re-
action with primary impurities restricts access to the
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remaining acid, thus decreasing the overall capacity
of an adsorption bed. Furthermore, liquid sulphuric
and phosphoric acids generate secondary oxide impu-
rities, due to vapour pressure above liquid acids, and
require installation of additional downstream filters.
Using highly dispersed solid acids could potentially
eliminate these drawbacks. The peculiarity of this ap-
plication is that adsorbents must be efficient at very
low concentration of pollutants, whereas high equi-
librium capacity is of lesser importance. Therefore,
the main focus of the development of such adsorbents
should be on the acid strength and good accessibility
to the acid sites.

There exist a large number of solid materials ex-
hibiting varying degree of Brönsted acidity, rang-
ing from natural acid-leached clays, amorphous
silica–aluminas, meso-structured silicas such as MCM
and SBA type materials, zeolites, free and supported
heteropolyacids, and sulphated oxides[2]. Amongst
these materials heteropolyacids supported onto meso-
porous solids seem to be the most promising materials
for this application. Heteropolyacids are strong Brön-
sted acids which already have found a number of
commercial applications as catalysts (examples of two
commercial applications of heteropolyacid catalysts:
(a) direct hydration of propene to propanol; (b) acy-
lation of anisole with acetic anhydride[3]), and are
being actively investigated for new catalytic processes
(see, e.g.[4]). Their applications as sorbents are much
more limited[5]. It was shown in[6] that each Keg-
gin unit of tungstophosphoric acid (H3PW12O40, or
W-HPA) is able to adsorb four molecules of ammonia
irreversibly, which is higher than the proton content
of the acid molecule. Thus, application of heteropoly-
acids as chemisorbents should ensure high sorbent
capacity. However, in order to provide easy accessi-
bility to adsorption sites it is necessary to obtain a
highly dispersed acid and preferably use mesoporous
supports providing easy pathways for convective and
diffusional fluxes.

Preparation of supported heteropolyacids on a va-
riety of support materials is widely reported (see, e.g.
[7]). It was shown that the Keggin structure of HPAs
is retained upon adsorption onto supports over a broad
range of loadings. However, due to the interaction
between the acid and the supports, the acidity of het-
eropolyacids may vary significantly. The acidity of
HPAs supported onto carbons is generally lower than

that of supported onto silica[7]. Preparation of het-
eropolyacids supported on a number of mesoporous
solids was reported. Thus, it was shown that at load-
ings up to 23 wt% W-HPA supported onto MCM-41
by impregnation exhibits higher acidity than that of
pure acid[8]. However, at higher loadings a significant
distortion of the structure of the support and a decrease
of acidity were observed. The low thermal stability
of MCM-41 may potentially be disadvantageous for
application in adsorption processes, as it precludes
the use of thermal regeneration methods. Although
the filters used in clean-room air purification systems
are not regenerated, it is of general interest to develop
materials that could be regenerated and re-used. It
was shown that following thermal decomposition into
�-MoO3 oxide, the original structure of H3PMo12O40
might be recovered by treatment in an atmosphere
of steam[9]. Furthermore, the Keggin structure of
tungstophosphoric acid may be regenerated by simple
thermal treatment[10]. This may potentially provide
a method of regeneration of adsorbents based on
heteropolyacids. However, thermal stability and the
nature of the supports become important. Compared
with MCM-41, sol–gel derived mesoporous silica and
SBA-15 are characterised by higher thermal stability.
Furthermore, the sol–gel preparation method allows
the making of heteropolyacid–silica composites with
high acid loading[11].

This paper reports initial results on the preparation
and characterisation of heteropolyacids supported on
SBA-15, sol–gel derived SiO2 and two different syn-
thetic mesoporous carbons, to be used for removal of
basic molecular impurities (e.g. ammonia and amines)
from air in ultrapure manufacturing environments.

2. Experimental

2.1. Support materials

Four different support materials were used in
this study: mesoporous phenolic resin derived car-
bon (NovacarbTM), mesoporous synthetic carbon
(SibunitTM), mesoporous silica SBA-15 and sol–gel
derived silica. Samples of NovacarbTM were kindly
provided by MAST Carbon (UK) in the form of mi-
crospheres with diameters in the range of 10–45�m.
Detailed information on the preparation and properties
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of NovacarbTM can be found in[12]. Brominated No-
vacarb was prepared by direct contact with bromine
gas in a three-neck flask at 673 K over 6 h in an at-
mosphere of argon to prevent oxidation of carbon. A
35% weight increase was observed following bromi-
nation. A sample of mesoporous carbon catalyst sup-
port SibunitTM was kindly provided by the Boreskov
Institute of Catalysis (Novosibirsk, Russia). Sibunit
was washed in water and ethanol, and dried under
vacuum at 473 K for 2–3 h prior to impregnation.

Pure SBA-15 was prepared as described in[13]. In
a typical synthesis 2 g of Pluronic (P123) co-polymer
was dissolved in a mixture of 52.5 g H2O and 12 g
HCl (36.5 wt.%) at 313 K. 4.28 g of tetraethoxy silane
(TEOS) was added dropwise and the resultant mixture
was stirred for 24 h. After stirring the mixture was
poured into a polypropylene bottle and aged in an
oven for 24 h at 363 K. Following ageing the mixture
was filtered, washed with deionised water and dried
under atmospheric conditions for 48 h. Finally, plain
SBA-15 samples were calcined in flowing oxygen. The
calcination temperature was increased from ambient
to 773 K at 1 K/min and kept at that temperature for
6 h.

Composites of SBA-15 with W-HPA and molyb-
dophosphoric acid (H3PMo12O40), or Mo-HPA,
heteropolyacids were synthesised by adding the cor-
responding acid to a solution of Pluronic co-polymer,
water and hydrochloric acid. Mo-HPA (0.3970 g) and
W-HPA (0.3065 g) were used to prepare composites
containing 0.5 mol% W-HPA and 1 mol% Mo-HPA.
The amount of HCl in solution was adjusted to main-
tain pH≈ 1. The calcination temperature of compos-
ite samples was kept below 723 K in order to avoid
decomposition of heteropolyacids.

Sol–gel silica and HPA/silica composites were pre-
pared as described in[11]. In a typical synthesis 4.62 g
TEOS was dissolved at 353 K in a mixture of 2.753 g
of ethylene glycol and 2.67 g of ethanol while stirring.
The calculated amount of heteropolyacid, yielding 20
and 50 wt.% composites, was added to the solution.
After stirring for 1 h, a mixture of 8 g ethanol, 2 g wa-
ter and a catalytic amount of acetic acid was added
to the solution. The solution was kept at 353 K un-
der stirring until a clear transparent gel was obtained,
typically after 3 h. The resulting gel was aged at am-
bient conditions for 24 h and dried under vacuum at
413 K for 3 h, followed by calcination in flowing oxy-

gen at 723 K for 6 h. The calcination temperature was
ramped from ambient to 723 K at 1 K/min.

2.2. Preparation of supported heteropolyacids

W-HPA and Mo-HPA were obtained from Fischer
and purified by re-crystallisation prior to impregna-
tion. Supported acids were prepared by adsorption
from ethanol–water solutions (1:1 volumetric ratio of
demineralised water and 96 wt.% ethanol) as described
previously in[14]. Gently stirred samples were equili-
brated for 72 h at ambient temperature. The amount of
acid adsorbed was evaluated gravimetrically. Sibunit
samples were dried in vacuum at 473 K for 2 h fol-
lowing impregnation. Samples of Novacarb, SBA-15
and sol–gel silica were dried in air at 473 K for 2 h. A
list of prepared samples and characterisation results is
shown inTable 1.

2.3. Materials characterisation

Low temperature nitrogen adsorption experiments
were performed using a Micromeritics ASAP-2010
volumetric system. Scanning electron microscopy
(SEM) images were obtained using a JEOL 6310 sys-
tem. Fourier-transform infrared (FT-IR) spectra were
recorded using a Bruker Equinox 55 instrument in
transmission mode (KBr pellets) and ATR mode (with
a Golden GateTM, Specac, cell), using an MCT-A de-
tector and resolution of 4 cm−1. Powder X-ray diffrac-
tion (XRD) patterns were measured using a Bruker
D8 powder diffractometer with Goebels mirrors.

2.4. Ammonia adsorption experiments

Breakthrough curves of ammonia were recorded
using a custom-built setup equipped with a thermal
conductivity detector (TCD). U-shaped quartz reac-
tors of 10 and 5 mm ID were used. Sample of 0.3 g
were loaded into a reactor with quartz beads and
treated in flowing nitrogen at room temperature for
approximately 2 h until a stable TCD signal was ob-
served. The breakthrough curve was then recorded.
In a typical experiment 2.1 vol.% ammonia in nitro-
gen and 70 ml/min flow were used. Total equilibrium
ammonia uptake was calculated by integration of
the breakthrough curves, less the free-volume of the
reactor.
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Table 1
Characterisation data for the supports and impregnation acids

Starting
solution
(g[W]/l)

Starting
solution
(g[Mo]/l)

HPA loading
(wt.%)

SBET
a

(m2/g)
Mesopore
volumeb

(cm3/g)

Micropore
volumec

(cm3/g)

Equilibrium
NH3 sorption
(mmol/g)

Novacarb 0 – – 522.1 0.52 0.18 0.22
– 110 20 1.37

120 – 24 359.4 0.35 0.12 0.96

Novacarb brominated 0 0 – 0.56
– 110 19 2.30

120 – 16 –

Sibunit 0 0 – 286.1 0.23 0.02 0.05
– 110 19 0.35

120 – 22 149.1 0.17 0 0.47

SBA-15 0 0 – 321.1 0.38 0.01 0.89
– 110 16 522.4 0.64 0.05 –

120 – 16 421.9 0.52 0.04 1.67

SBA-HPA composite – – 0.5d

– – 1.0d

SiO2–W-HPA composite 0 0 20 2.11

SiO2 sol–gel 0 0 – 381.4 0.15 0.03 0.85
– 110 33 1.29

120 – 35 240.1 0.10 0.03 1.00

a Measured by nitrogen adsorption at 77 K.
b Calculated from desorption branch of isotherms using BJH method.
c Calculated usingt-plot method.
d Expressed in mol%.

3. Results and discussion

3.1. Novacarb

Amongst the four support materials used, Novacarb
shows the highest BET surface area at 522 m2/g and
mesopore volume 0.52 cm3/g (seeTable 1). This com-
parison is made between the pure support materials:
the Mo-HPA impregnated SBA-15 exhibits higher
BET surface area and mesopore volume. Novacarb
also exhibits appreciable microporosity. This is clearly
seen from the relatively high amount adsorbed at low
relative pressures on the nitrogen adsorption isotherm
(seeFig. 1). The mode of the pore-size distribution
in the mesopore range for Novacarb is ca. 17.4 nm
(seeFig. 2). The equilibrium loading of HPAs on No-
vacarb is ca. 20 wt.%. Reduction in the mesopore and
micropore volumes after impregnation indicates that
some W-HPA molecules are adsorbed in the micro-
porous structure of Novacarb. However, the majority

of the acid is located in the mesopores. According to
the FT-IR data, the Keggin anion structure of W-HPA
is retained upon adsorption on Novacarb (seeFig. 3).
The fingerprint bands of the W-HPA Keggin anion at
795, 893, 983 and 1081 cm−1 are clearly seen on the
spectrum of the supported acid.

The total equilibrium uptake of ammonia on pure
Novacarb is relatively high. However, this is likely to
be due to physical adsorption in the micropores. The
equilibrium uptake of ammonia on the impregnated
Novacarb samples corresponds to both reversibly,
and irreversibly, adsorbed ammonia. This amount is
slightly higher than could be expected from a simple
sum of ammonia adsorbed by the support plus the
total amount of ammonia adsorbed by the heteropoly-
acid. Vedrine and coworkers[6] have estimated that
the total, reversible plus irreversible uptake of am-
monia by W-HPA is about 7.7 molecules per Keggin
anion, which in our case should give approximately
0.86 mmol/g of total uptake. Given that the accuracy
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Fig. 1. Nitrogen adsorption–desorption isotherms measured at 77 K.

of gravimetric measurements of HPA loading is quite
low, this agreement between the data is very reason-
able.

The brominated Novacarb was prepared in order to
modify the surface chemistry of carbon. Halogenation
of carbon surfaces is used to increase the hydropho-
bicity of carbon surface, thus altering interaction with
polar substances, as well as prevent ageing (oxidation)
of carbon surface (see, e.g.[15]). Bromination should
result in the formation of fairly labile C–Br bond, and
may potentially influence interactions between carbon
and heteropolyacids.

The FT-IR spectra of brominated Novacarb shows
a band at 1400 cm−1, an increased band at 1709 cm−1

and a broad band with a maximum at 1035 cm−1, in
comparison to the spectra of the parent Novacarb sam-
ple (seeFig. 3). The band at 1577 cm−1 present in
both samples could be assigned to C=O groups of sur-
face quinine groups[16,17]. An increase in the band

at 1709 cm−1 (C=O groups of carboxylic acids or lac-
tones) and 1035 cm−1 (C–O stretch in ether groups)
indicate oxidation of carbon during the bromination
reaction. Although reaction of bromination was per-
formed in the atmosphere of argon, some oxygen may
have been present in the reaction vessel, resulting
in slight oxidation of carbon surface. The band at
1400 cm−1 is probably due to symmetrical stretch-
ing of –COO−. The band for C–Br stretching could
be expected in the frequency range of 600–500 cm−1

[18], and could not have been registered in our ex-
periments.

The loading of HPAs on brominated Novacarb is
slightly lower than that on the untreated support, indi-
cating that bromination does not have any beneficial
effect on the adsorption of heteropolyacids. There is a
more significant effect of bromination on the ammonia
uptake on both the brominated support and the acid
loaded brominated samples. This could be attributed to
two factors: (i) an increased acidity of carbon surface,
indicated by FT-IR results and (ii) a reaction between
ammonia and bromine, resulting in the formation of
either NH4Br or more complex adducts. The available
experimental data does not permit to elucidate the true
nature of the effect and requires more careful exam-
ination of the heats of adsorption and desorption of
ammonia.

3.2. Sibunit

Sibunit is a mesoporous carbon support prepared
by depositing pyrolytic carbon onto carbon black par-
ticulates, followed by controlled gasification of defec-
tive pyrolytic carbon, but mainly of carbon black[19].
The resulting open hollow shells are formed into gran-
ular particles. Preparation of W-HPA supported onto
several Sibunit samples is reported in a recent paper
[20]. The Sibunit sample used in this work is charac-
terised by lower BET area, lower mesopore volume
and smaller pore diameter, compared to most samples
used in[20]. The mode of the pore-size distribution for
Sibunit was determined to be 4 nm. The morphology
of Sibunit is significantly different from that of No-
vacarb. Sibunit has virtually zero microporosity. The
hysteresis of nitrogen adsorption–desorption on Si-
bunit shows a long plateau on the desorption branch
(seeFig. 1). This type of hysteresis may originate
from narrow pore necks, whereas the abrupt nature of
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Fig. 2. Pore-size distributions calculated from nitrogen adsorption data using the BJH method.

hysteresis for Novacarb is indicative of a more open-
pore structure.

The amount of HPAs adsorbed onto Sibunit is simi-
lar to that in the case of Novacarb. The maximum HPA
loading found in this work is lower than that in[20].
However, these results cannot be compared directly
due to the differences in the solvent and the concen-
tration of the starting HPA solutions used in the two
studies. An ethanol–water solution with the maximum
concentration of acid ca. 120 g[W]/l was used in this
study, whereas Likholobov et al.[20] used a methanol
solution and 150 g[W]/l acid concentration.

Pure Sibunit adsorbs very little ammonia. This is
due to the absence of microporosity and, possibly, due
to lower surface functionality. The total ammonia up-
take registered for the HPA loaded Sibunit is also quite
low. Using the data of Vedrine and coworkers[6], the
total ammonia uptake on samples with this HPA load-
ing could be estimated to be≈0.5 mmol/g. The low
ammonia uptake observed for HPA impregnated Si-
bunit is possibly due to the strong interaction between
HPA molecules and the carbon surface. This is sup-
ported by the data that between 12 and 25% of to-
tal HPA loading is irreversibly adsorbed onto Sibunit
[20].

3.3. SBA-15

Fig. 4 shows the SEM images of synthesised
SBA-15 mesoporous silica. The larger magnifica-
tion image clearly shows hexagonal particles or-
ganised into rope-like structures, which are further
agglomerated into elongated particles of length of
the order of 0.1�m. Similar structures were reported
in earlier papers on SBA-15[13,21]. The material
synthesised in this work is characterised by a BET
surface area of 321 m2/g, which is low compared
to literature data. However, the shape of the nitro-
gen adsorption–desorption hysteresis (seeFig. 1) is
characteristic of a narrow pore-size distribution in
the mesopore region[22]. The mode of the pore-size
distribution was found by the Barrat–Joyner–Halenda
(BJH) method to be 6.3 nm and the mesopore volume
was determined as 0.38 cm3/g. The hexagonal struc-
ture of synthesised SBA-15 was confirmed by record-
ing the XRD patterns (seeFig. 5). The d-spacing of
(1 0 0) planes in pure SBA-15 is 9.4 nm.

Apart from pure SBA-15 materials, two composite
materials with HPAs were synthesised in an attempt to
incorporate HPA anions into the walls of mesoporous
silica. At high HPA concentrations in the synthesis
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Fig. 3. FT-IR spectra of pure W-HPA, Novacarb, brominated
Novacarb and Novacarb impregnated with W-HPA.

solution both acids react with Pluronic surfactant.
Therefore, only very small concentrations of HPAs
could be used, resulting in 0.5 mol% W-HPA/SBA
and 1.0 mol% Mo-HPA/SBA composites. According

Fig. 4. SEM images of calcined SBA-15 at two magnifications.

Fig. 5. XRD patterns of SBA-15, 1.0% Mo-HPA/SBA composite,
0.5% W-HPA/SBA composite, Mo-HPA impregnated SBA-15 and
W-HPA impregnated SBA-15.

to the XRD patterns for the composite materials,
diffraction from (1 0 0) planes is shifted to lower 2θ

angles, indicating an increase ind-spacing, possibly
due to swelling of the surfactant micelles arising from
the strong interaction between the HPAs and surfac-
tant. At the same time the lower intensity diffraction
from (1 1 0) and (2 0 0) planes appear as broad peaks,
indicating the loss of long range order.

Impregnation of heteropolyacids onto pure SBA-15
resulted in an increase in BET surface area and meso-
and micropore volumes, compared to those of pure
SBA-15 (seeTable 1). The XRD spectra of SBA-15
impregnated with W-HPA and Mo-HPA reveal a shift
of the pattern to larger 2θ angles, i.e. a decrease in
d-spacings. This is probably due to restructuring of
silica during the step of adsorption of HPAs from
water–ethanol solution. The XRD spectra showed no
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Fig. 6. FT-IR spectra of pure SBA-15, SBA-15 HPA composite
and SBA-15 impregnated with W-HPA.

pattern of crystalline HPAs[23] (see inset ofFig. 5),
which is probably due to (i) too low a quantity of het-
eropolyacid for detection, (ii) molecular distribution
of heteropolyanions or (iii) too small crystallites of
HPA for detection. However, the FT-IR spectrum of
the W-HPA impregnated sample (seeFig. 6) clearly
shows the fingerprint bands of the Keggin anion, which
indicates that the heteropolyacid structure is preserved
upon impregnation.

The total equilibrium uptake of ammonia by pure
SBA-15 is considerably higher than that of the car-
bons. This is likely to be due to the acidity of silica
itself, as mesopore and micropore volumes of SBA are
lower than those for carbon. The total uptake of am-
monia by W-HPA impregnated SBA-15 is higher than
could be expected from analogous considerations as
applied to carbons. However, as was demonstrated in

[8], the acidity of the HPA/MCM-41 system depends
on acid loading and exhibits maxima at ca. 23 wt.%
HPA loading. It is feasible that a similar phenomenon
is present in the case of HPA/SBA-15 system and is
responsible for the high uptake of ammonia.

3.4. Sol–gel SiO2

Pure sol–gel SiO2 was synthesised according to a
literature recipe[11]. This material is characterised
by a relatively low mesopore volume 0.15 cm3/g com-
pared to both carbons and SBA-15, but it has a higher
micropore volume than SBA-15 and Sibunit. The BET
surface area of synthesised sol–gel SiO2 material was
found 381 m2/g, which is higher than that reported in
[11]. Due to the morphology of sol–gel derived ma-
terials the adsorption–desorption hysteresis exhibits a
long plateau on the desorption branch (seeFig. 1).
Similar hysteresis was observed in the case of Sibunit.
The morphology of the two materials can probably be
described by the spherical pores with narrow opening,
which is responsible for long desorption hysteresis.

Similar to the results obtained in[11], impregnation
of HPAs results in a decrease in BET surface area.
Comparison between the relative changes in the meso-
pore and micropore volumes of pure support and im-
pregnated support indicates that all the HPA is located
within mesopores.

The total equilibrium uptake of ammonia by the
pure SiO2 support is very similar to that of SBA-15 de-
spite the differences in morphology, which indirectly
supports our hypothesis that the acidity of silica it-
self might be responsible for the uptake of ammonia.
However, the amount of ammonia uptake by the im-
pregnated samples is considerably lower than that on
SBA-15 and similar to the uptake by samples of No-
vacarb with a much lower HPA loading.

A significantly higher ammonia uptake was mea-
sured on the sample of W-HPA/SiO2 composite
containing 20 wt.% acid. This result seems to be
in contradiction to the conclusions obtained in[11]
that HPA/SiO2 sol–gel composites have lower acid-
ity compared to the impregnated samples. It was
concluded in[11] that after calcination at 723 K the
Keggin anion of W-HPA in the composite material
is decomposed. However samples containing 20%
W-HPA were shown to have catalytic activity in the
reaction of 1-butene isomerisation. The FT-IR spectra
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Fig. 7. FT-IR spectra of pure sol–gel derived SiO2, SiO2–W-HPA composite and SiO2 impregnated with W-HPA.

of 20% W-HPA/SiO2 composite sample does not
show clearly resolved W-HPA bands (seeFig. 7).
However, weak shoulders at 980 and 895 cm−1 are
likely to be due to the W-HPA bands at 983 and
893 cm−1, respectively. The bands of heteropolyacids
at 1081 and 795 cm−1 are masked by stronger absorp-
tion of silica at the same wavenumbers. Therefore,
the Keggin structure of the acid seems to be at least
partially retained. However, at this stage there is no
sufficient data to explain why W-HPA/SiO2 compos-
ite material shows such a high ammonia uptake.

It is useful to provide a comparison of the adsorp-
tion capacity of materials prepared in this study with
that of conventional adsorbents. However, equilibrium
uptake, although an important parameter, is not the

key function for the specific application in the air pu-
rification in clean rooms. Therefore, it would not be
possible to make selection of the best material for this
specific application based on this information alone.

A recent systematic study of ammonia adsorption
on a number of adsorbents[24], aimed at develop-
ing adsorbents for a pressure swing adsorption pro-
cess of separation of ammonia, provides some data
for comparison. Thus, in this study the highest am-
monia uptake ca. 2.3 mmol/g, at the partial pressure
of ca. 2.1 kPa, was measured on the brominated sam-
ple of Novacarb impregnated with Mo-HPA acid. At
a similar pressure, the highest ammonia uptake ca.
6.7 mmol/g was reported on microporous synthetic ze-
olite 13X with the mean pore diameter of 0.85 nm
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and BET surface area of 430 m2/g [24]. Ammonia
uptake on a mesoporous silica–gel (ca. 1.68 mmol/g)
with the mean pore diameter of 10 nm and BET sur-
face area of 238 m2/g was considerably higher than
that on the sol–gel derived silica prepared in this work
(0.85 mmol/g).

4. Conclusions

Four different mesoporous supports were im-
pregnated with tungstophosphoric acid H3PW12O40
(W-HPA) and molybdophosphoric acid Mo3PW12O40
(Mo-HPA). Characterisation of the morphology of
supports showed that mesoporous synthetic carbon
NovacarbTM and template-derived mesoporous silica
SBA-15 have relatively narrow pore-size distributions
and open porous structures, whereas mesoporous car-
bon SibunitTM and sol–gel derived SiO2 both have
bottle-neck type pores.

Between the two mesoporous carbons, the open-
pore morphology and larger pore size of Novacarb
seem to be beneficial for ammonia uptake. Between
the two silicas the impregnated samples show com-
parable performance in ammonia uptake, although
SBA-15 showed slightly higher uptake. It was shown
that inclusion of heteropolyacid molecules into the
SBA-15 framework results in a significant loss of
structure, even at very small concentrations of HPAs.
At the same time, the incorporation of HPAs into
HPA/SiO2 composites via the sol–gel technique seems
to give a material with the highest total ammonia up-
take amongst the materials studied. This phenomenon
could not be explained in this study without further
characterisation.

Further study is under way to characterise the
performance of these materials in the removal of
ammonia and amines from air streams at very low
concentrations. These results, as well as results on
ammonia TPD and regeneration of heteropolyacid
based chemisorbents will be presented in a forthcom-
ing paper.
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