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The effect of alumina support source as well as preparation method on the methanation activity of cobalt
catalysts promoted with lanthanum and ruthenium was investigated. The catalysts were prepared by
incipient wetness impregnation using either an acetone and ethanol mix (ratio 4:1 - non-aqueous)
or using a dilute nitric acid solution (aqueous) on two commercial aluminas, Puralox SBA200 or Nor-

ton type SA6176 alumina. The catalysts were characterised by nitrogen adsorption/desorption, X-ray
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diffraction, temperature-programmed reduction, temperature-programmed desorption of hydrogen and
Fourier transform infrared spectroscopy. Both the support and synthesis method were found to influence
the methanation activity with the non-aqueous plus Puralox combination giving the best performance.
The activity differences could arise from modification of surface properties leading to variations in cobalt
crystallite size and hence improved cobalt metal dispersion.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Cobalt is considered one of the most active metals for synthe-
sis gas — carbon monoxide plus hydrogen - reactions [1-4]. Cobalt
catalyst activity is reported to be influenced by a number of fac-
tors, such as support [5,6], additives [7-11] and the number of
active sites formed by reduction. The active site density is governed
by Co° crystallite size, Co° dispersion and the degree of reduction
[12-14]. The chemical properties of the support also play a role in
influencing the catalytic activity primarily through modifying the
reducibility and dispersion of cobalt [15,16]. Synthesizing highly
dispersed Co catalysts often requires a strong interaction between
the support and Co metal; however this may be to the detriment
of catalyst activity. Strong interaction between the metal and sup-
port generally lower the extent of reduction and/or may leave a
fraction of the cobalt chemically inactive after reduction [17-19].
Catalyst synthesis conditions play a significant role in controlling
this interaction. Solvents used to either dissolve the Co precur-
sor or pretreat the support can influence the interaction between
cobalt and the support. This may arise from alkyl groups in the
solvent remaining on the support surface and reducing sintering
of the supported cobalt [16,20]. For example, Ho et al. reported
that impregnation involving an ethanol and cobalt nitrate mixture
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instead of aqueous cobalt nitrate improved cobalt catalyst disper-
sion and retained a high extent of reduction of the cobalt phase
[21]. Several groups have observed that the pH value of the precur-
sor solution can also alter the interaction between cobalt and the
support, providing variations in dispersion and reducibility of the
supported cobalt which in turn strongly impacted on the catalytic
performance [15,22,23].

This work compares the effect of ethanol and acetone mixed
impregnation on two y-aluminas with that of nitric acid and water
impregnation in terms of cobalt crystallite size, cobalt dispersion,
degree of reduction and methanation activity.

2. Experimental
2.1. Catalyst preparation

Two <y-alumina substrates (Norton type SA6176, grain size
60-71 pm; Puralox SBA 200, grain size 51 um) were used as cat-
alyst supports in this work. The alumina supports were initially
loaded with lanthana after which Co and Ru were simultaneously
added. These components were added under either aqueous or
non-aqueous conditions.

2.1.1. Aqueous

Lanthanum (1wt%) was initially loaded onto the <y-alumina
using aqueous lanthanum nitrate (Aldrich, 99.99%). Briefly, 2 g of
alumina support was suspended in ~10 ml of lanthanum nitrate
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solution at pH 2 (adjusted using 3 M nitric acid) and agitated for 3 h.
The slurry was then dried for 12 h in an oven at 120°C after which
it was calcined at 400 °C for 8 h. Lanthanum was used as an additive
in this work as it was previously demonstrated to improve Co dis-
persion and catalyst performance for methanation [24]. Promotion
with cobalt (20 wt%) and ruthenium (0.43 wt%) the La/y-alumina
was achieved by co-impregnation of cobalt nitrate (Sigma-Aldrich,
98+%) and ruthenium nitrosyl nitrate (Aldrich, 1.5% Ru) precursors.
The La/y-alumina was suspended in approximately 10 ml of the
Co/Ru nitrate precursor solution (at pH 2 - adjusted using 3 M nitric
acid) under agitation for 3h and then dried for 12h in an oven
at 120°C after which it was again calcined at 400°C for 8 h. A pH
of 2 was maintained throughout both impregnation processes by
regular addition of nitric acid.

2.1.2. Non-aqueous

Similar to the aqueous preparation, 1wt% lanthanum was
initially loaded onto the vy-alumina using (aqueous) lanthanum
nitrate. This was followed by simultaneous non-aqueous promo-
tion with cobalt (20 wt%) and ruthenium (0.43 wt%). Non-aqueous
impregnation used an ethanol/acetone (1:4) mixture in place of the
nitric acid solution with no pH adjustment. Co/Ru addition was per-
formed using 15 impregnation cycles with 0.2 ml added to the 2 g
of La/y-alumina during each cycle [25]. This was performed while
the sample was held at 50 °C. Upon completing precursor addition
the sample was ramped at a rate of 1°C/min to 120°C whereby it
was held for 4 h. The sample was then calcined for 8 h at 400°C.

2.2. Catalyst characterisation

A Perkin Elmer Optima 7300 inductively coupled plasma opti-
cal emission spectrometer (ICP-OES) was used to determine cobalt,
lanthanum, ruthenium and sodium content of the catalysts. The
amount of metal was measured using a segmented-array, charged
coupled device detector. The catalyst sample was digested by the
fusion method involving a mixture of lithium metaborate (65%) and
lithium tetraborate (35%) prior to analysis for cobalt, lanthanum
and ruthenium. When determining sodium content the catalyst
sample was extracted with HNOs.

BET surface area, pore volume and average pore diameter of
the catalysts were evaluated by N, adsorption at 77K using a
Micromeritics Tristar 3000 instrument. The catalysts were out-
gassed at 150 °C for 6 h prior to analysis.

The zeta potential of La/y-alumina for both Puralox and Norton
supports at pH 7 and pH 2 were measured by phase analysis light
scattering (PALS, Brookhaven BI-90 PALS) using Smoluchowski’s
theory. Acidic pH adjustment was achieved using 3 M nitric acid.

XRD measurements were carried out on a Philips X’Pert MPD
diffractometer fitted with a Cu Ka source and operated with a scan
rate of 2.6°/min and a step size of 0.0262°. The average size of the
Co304 crystallites in the calcined catalysts was estimated from the
line width using the Scherrer equation. XRD was also used to con-
firm the presence of Co metal on the catalyst following reduction.
This required passivation of the Co metal prior to analysis. Passiva-
tion involved passing a stream of 0.5% O,/He (at 10 ml/min) over
the reduced catalyst for 10 h at room temperature.

Fourier transform infrared (FTIR) spectroscopy was performed
using a Perkin Elmer Spotlight 400 FTIR Microscope equipped with
an attenuated total reflectance (ATR) imaging crystal on the cal-
cined samples. Prior to scanning, each calcined sample was treated
for 2h with a 50 ml/min He stream at 120°C in a reactor setup.
The transmittance spectra were obtained using 500 scans at 4cm™!
resolution at ambient temperature.

Cobalt reducibility over the temperature range 25-800°C was
determined by Temperature Programmed Reduction (TPR) using
a Micromeritics Autochem II 2920 instrument. The catalyst was

Table 1
Elemental composition of catalysts prepared by aqueous and non-aqueous impreg-
nation methods.

Sample Metal content
Co (wt%) La (wt%) Ru (wt%) Na (ppm)

Puralox (P) - - - 37.8
Norton (N) - - - 45.5
Co-P-aq 19.2 0.82 0.34 35.5
Co-N-aq 19.5 0.81 0.36 37.8
Co-P-nonaq 19.4 0.84 0.36 35.7
Co-N-nonaq 19.2 0.84 0.37 38.2

pretreated by first passing 50 ml/min Ar gas through the catalyst
bed for 30 min at 300°C before cooling to room temperature. A
5% Hy/Ar gas stream was then passed through the catalyst bed at
50 ml/min and the temperature ramped at 5°C/min to 800 °C.

Hydrogen Temperature Programmed Desorption (H,-TPD)
measurements were carried out on the same Micromeritics
Autochem II 2920 instrument using 0.18 g samples of catalyst for
each analysis. Catalyst pretreatment involved passing 50 ml/min of
Ar gas through the catalyst bed for 30 min at 300 °C before cool-
ing to room temperature. The catalyst was then reduced under a
50 ml/min 10% H, /He gas stream at a temperature of 400 °Cfor 10 h
after which it was cooled under flowing 10% H,/He to 50°C. The
sample was then held under 50 ml/min of 100% H, for 120 min and
further cooled with flowing 100% H; to 40 °C. The flow was changed
to 50 ml/min of Ar and held for 30 min to remove physisorbed and
weakly bound Hj. Retained hydrogen was desorbed by increasing
the temperature at a ramp rate of 10 °C/min to 350 °C where it was
held for 1 h.

2.3. Catalytic activity

Catalytic tests were performed on 0.2 g samples mounted in a
glass tube (6 mm I.D.) fixed bed flow reactor operating at 200°C
and ambient pressure. The thermocouple used to control the tem-
perature of the reactor was located within the catalyst bed. Prior
to activity testing, the sample was activated in 50 ml/min of 50%
H,/He from room temperature to 400 °C at a ramp rate of 5°C/min
where it was held for 10 h. The sample was then cooled to 200°C
under He after which the reactant gases (4% CO, 40% H, balance
helium) were introduced at a flow rate of 50 ml/min. Online gas
chromatography analysis, using a Shimadzu GC8A gas chromato-
graph fitted with a Porapak Q column and a thermal conductivity
detector, was used to determine CO and methane levels. Water pro-
duced by the reaction was removed by a cold trap located between
the reactor and the chromatograph. Activities were measured over
a period of 480 min and are expressed in terms of the percentage
conversion of CO.

3. Results and discussion

The actual metal loadings for the four calcined catalyst samples
are provided in Table 1. All elemental loadings are slightly below the
nominal values (20%, 1% and 0.43% for Co, La and Ru, respectively)
with the difference similar for each catalyst. Based on the values
in Table 1, the maximum surface coverage (monolayer) attainable
by lanthana on both the Puralox and Norton alumina supports was
estimated to be no greater than ~6-7% implying the loaded La has
no discernible impact on the surface charge of the original alumina.
This idea was confirmed by zeta potential analysis whereby zeta
potentials of both the La-Al,03 and Al,03 supports (at pH 2 and
pH 7) were found to lie in the range +36 to +46 mV.

The sodium content of the synthesised catalysts was also eval-
uated as it has been previously reported to influence catalyst
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Table 2

Physical properties of pristine y-alumina supports and calcined y-alumina supports promoted with La, Co and Ru.?

Sample Sger (M?/g) Pore volume (cm?/g) Pore diameter (nm) XRD Co304 crystallite size (nm)
Puralox (P) 157 0.42 8.2 -

Norton (N) 234 0.80 114 -

Co-P-aq 134 0.26 7.0 8.2

Co-N-aq 195 0.56 9.6 8.3

Co-P-nonaq 121 0.26 7.8 7.3

Co-N-nonaq 173 0.50 10.3 7.6

2 Included are Co304 crystallite sizes following calcination. Pore volume and diameter were calculated using the BJH model.

performance for Fischer Tropsch reactions [26]. The difference
in the sodium content of the synthesised catalysts for the two
supports is small (~2 ppm). To identify whether the sodium origi-
nated from the impregnation salts or was originally present in the
alumina supports, ICP-OES was performed on the neat alumina
samples. The results, as illustrated in Table 1, show the supports
possess comparable sodium contents before and after impregna-
tion, indicating the sodium originates from the alumina support
with minimal contribution from the metal precursor salts.

Comparison of the BET surface area and pore distributions of the
two alumina supports (Table 2) indicates the Norton type SA6176
support has an approximately 50% larger surface area than the
Puralox SBA200 support, due primarily to a more open pore struc-
ture as reflected by its larger pore volume. Loading the supports
with the active components (La, Co, Ru) decreased both the SSA
and the pore volume due to partial filling of pores by cobalt oxide
crystallites and/or pore collapse due to dissolution of the sup-
port during the impregnation process [27]. The capacity for the
impregnation solutions to dissolve Al and La was investigated by
subjecting the lanthana-loaded alumna supports to the conditions
used to load Co and Ru but without the Co and Ru salts present with
the results detailed in Table 3. The aqueous impregnation condi-
tions are represented by the values at pH 2 while the non-aqueous
impregnation is mimicked by the values at pH 7. The findings show
that between 0.83% and 0.88% of the aluminium and 7.3-8.1% of
the lanthanum were released into solution under the acidic condi-
tions, depending on the alumina support. At pH 7, no aluminium
dissolution was observed while between 1.59% and 2.96% of the
lanthanum was released into solution. These findings indicate that,
under acidic (aqueous) conditions, pore collapse may occur con-
tributing to the loss in surface area. The milder pH conditions in
the non-aqueous environment result in less support dissolution,
suggesting the reduction in surface area for this catalyst arises
largely through the pores being filled with Co crystallites. Prepara-
tion using the non-aqueous method leads to a greater loss in area
(~24%) compared with the aqueous method (~15%).

XRD patterns for the calcined samples are shown in Fig. 1. Strong
peaks pertaining to Co304 and alumina reflections were observed
with peaks representing lanthanum and ruthenium oxides absent
due to their lower concentrations. The widths of the Co30,4 peaks,
and hence the corresponding average Co304 crystallite sizes were
calculated using the Scherrer equation for the peaks located at
20=56° and 59.5° (422 and 511). The values are provided in

Table 3

Dissolution of aluminium and lanthanum from calcined lanthanum +y-alumina-
support using aqueous (pH 2) and simulated non-aqueous (pH 7) preparation
conditions.

Sample Amount of metal in catalyst Amount of metal dissolved
Al (mg/gcat) La(mg/gcat) Al (mg/gcat) La(mg/gcat)
La-P-aq (pH 2) 208.4 8.2 1.73 0.60
La-N-aq (pH 2) 208.4 8.1 1.83 0.66
La-P-nonaq (pH7) 208.3 8.4 <0.1 0.13
La-N-nonaq (pH7) 208.3 8.4 <0.1 0.24

Table 2 and show both the support and the impregnation environ-
ment impact on the Co304 crystallite size. That is, the non-aqueous
impregnation method delivers a smaller Co304 crystallite size than
the aqueous method as does the Puralox support over the Norton
support. The difference in Co304 crystallite size may arise from fac-
tors such as impregnation pH, diameter of the support pores and
characteristics of the aqueous/non-aqueous impregnation solution
as discussed below.

During aqueous impregnation at low pH, the alumina surface
is more positively charged making Co/Ru species mobility more
amenable due to a lower attraction to the surface. This facilitates
larger crystallite formation due to the increased tendency of Co304
to agglomerate during calcination. For non-aqueous impregnation,
the pH is closer to neutral, hence the surface of the alumina is less
positive. This promotes stronger interaction between the Co/Ru
and the alumina surface and provides a greater number of poten-
tial anchoring sites contributing to a smaller Co30,4 crystallite size
[15,27].

Table 2 indicates the average Co304 crystallite size was compa-
rable to or smaller than the average pore diameter of both alumina
supports. The Puralox support possesses a narrower pore struc-
ture compared with the Norton support which may act to constrict
the relative Co304 crystallite sizes for the two supports. That is,
the smaller pores in the Puralox support may limit growth of the
Co304 particles to a greater extent than the Norton support [28].
The apparent dependence of the Co3 04 particle sizes on the catalyst
pore diameters also implies a localisation of Co304 crystallites in
the alumina pores which can contribute to the loss in pore volume
and area during impregnation.

The different volatilities of the two dispersing media as well as
the variations in impregnation procedures may also influence the
Co304 crystallite size. It is anticipated the non-aqueous solution
will evaporate at a faster rate due to both its more volatile nature
as well as using multiple cycles of small impregnation volumes

. Co-P-aq

_Mnomq
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- ; -
30 40 50 60 70
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Fig. 1. X-ray diffraction patterns of calcined alumina-supported La/Co/Ru catalysts.
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Fig. 2. H,-TPR profiles of alumina-supported La/Co/Ru catalysts.

compared with the aqueous solution. This will lead to faster sat-
uration of the metal precursors in the impregnating solution in
turn promoting a faster precipitation/crystallisation rate which
may then lead to a smaller crystallite size [29].

The ease of Co304 reduction to metallic Co for all calcined cata-
lysts was evaluated using H,-TPR with the resulting profiles given
in Fig. 2. All catalysts displayed three reduction peaks. The first
reduction peak occurred over the temperature region 200-325°C,
reflecting the reduction of Co304 to CoO. The second peak appeared
between 325 and 580°C can be attributed to CoO reduction to
metallic Co. The third peak is present as a shoulder on the second
peak and occurred at temperatures above 580 °C and may represent
difficult to reduce mixed oxide species [30,31]. These mixed oxide
species may originate from the dissolution of alumina and lanthana
followed by their reprecipitation as Co-Al and/or Co-La compos-
ites during the Co/Ru impregnation step. As previously indicated in
Table 3, during impregnation lanthanum is released into solution
at pH 7 (mimicking the non-aqueous environment) while both lan-
thanum and aluminium are released into solution at pH 2 (aqueous
environment). It is conceivable that these cations may then repre-
cipitate as mixed cobalt oxides (depending on relative solubilities)
during the drying stage.

Of particular interest in the H,-TPR profiles is the compara-
tive size of the third reduction peak (580°C) for the two synthesis
conditions. This peak is smaller for samples prepared using the
non-aqueous precursor than for the aqueous precursor, which
may arise from either the lower degree of (La/Al) support disso-
lution (Table 3) during impregnation as already discussed and/or
decreased interaction between the Co and the alumina (or lan-
thana) during calcination of the non-aqueous catalysts. Decreased
interaction may arise from changes to the support surface intro-
duced by the ethanol/acetone impregnation mixture, as identified
by FTIR analysis (Fig. 3).

FTIR-ATR analysis of the alumina surface following Co/Ru
impregnation by the two methods (Fig. 3) indicated the pre-
cursor solution influenced surface chemistry of the support. The
peak at 3600-3100cm™!represents the OH stretching vibration
of OH species remaining on the surface after impregnation [32].
In addition, the non-aqueous samples exhibit a peak over the
region 1480-1340cm™!, representing the deformation of CH, and
CH3 surface species [33]. This observation reveals acetone and/or
ethanol were adsorbed on the alumina surface during non-aqueous
impregnation with CH, and CHj3 functional groups remaining on
the surface even after calcination at 400 °C for 8 h. It is thought that
the difference in surface functionality, in particular the presence
of organic groups, arising from the impregnation solutions may
contribute to a decreased interaction between cobalt and alumina,
while still allowing for retention of the smaller Co crystallite size.
Ho et al. previously suggested that CH, and CHs3 functional groups
on an alumina surface hindered the agglomeration of Co304 by
physical interference during the thermal decomposition of cobalt
nitrate promoting a smaller Co304 crystal size [16]. The findings in
this work imply the surface hydrocarbons may also interfere with
interaction between the Co species and the alumina surface during
the calcination process.

The reduction of Co304 to metallic Co was verified by XRD
analysis on passivated catalyst samples. Spectra of the passivated
catalysts are given in Fig. 4 and confirm the reduction conditions
(50 ml/min of 50% H;/He from room temperature to 400°C at a
ramp rate of 5°C/min and held for 10h) lead to the presence of
metallic Co. The peak located at 26 =44.3° (11 1) is due to Co metal
in the cubic form [34], while the peak at 26 of 45.8° represents CoO
[35,36]. All catalysts exhibit similar diffraction patterns indicating
a mixture of Co and CoO were present on the passivated samples.
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Fig. 3. FTIR-ATR spectra of calcined alumina-supported La/Co/Ru catalysts following pretreatment at 120°C in He for 2 h.
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Table 4

83

Cobalt crystallite size and cobalt dispersion taken from XRD and H,-TPD analyses for alumina-supported La/Co/Ru catalysts.

Catalyst Co crystallite size (nm) H,-TPD results
Co from XRD? Co from Co304 size® H, desorbed mol (H)g~' x 104 % Dispersion Co° diameter (nm)“
Co-P-aq 6.5 6.1 2.51 7.6 6.6
Co-N-aq 6.9 6.2 2.31 6.6 7.5
Co-P-nonaq 53 5.5 2.93 8.6 5.8
Co-N-nonaq 5.8 5.9 2.76 8.1 6.1

3 Calculated from the line widths at 20 =44.3° using the Scherrer equation.

b Calculated from the Co30y4 sizes in Table 2 assuming reduction to metal reduces the crystallite size by a factor of 0.75 [32].

¢ Calculated from Co dispersion values assuming the crystallites are uniform spheres.

Similar to the XRD findings for the calcined samples (Table 2), cat-
alysts fabricated by the non-aqueous process and then reduced
gave a smaller crystallite size than for the aqueous process, with
the values listed in Table 3. It has been reported that the metallic
Co crystallite size can be estimated from the Co304 crystallite size
by multiplying the Co304 values by a factor of 0.75 [37]. Table 4
shows good agreement in relation to metallic Co crystallite sizes for
the four catalysts when comparing the adjusted Co304 XRD values
using this factor with the actual metallic Co XRD values.

Co metal dispersion values of the reduced catalysts, as measured
using H,-TPD, are provided in Table 4. Note that control experi-
ments demonstrated hydrogen uptake by the y-alumina supports
was negligible. The findings indicate catalysts prepared by the non-
aqueous method desorb relatively larger amounts of hydrogen than
the aqueous catalysts. This translates to a relative increase in Co
metal dispersion of 13% on the Norton y-alumina support and 23%
on the Puralox y-alumina support for the non-aqueous synthesis
method. Moreover, estimation of the Co crystallite sizes from the
H,-TPD results (Table 4) confirms the XRD findings in relation to
the influence of impregnation solution on Co crystallite size.

Bae et al. observed a decrease in Co crystallite size as the pH
increased from acidic to neutral to basic which agrees with the
variations in size observed in this study [27]. However, despite
them using a similar synthesis procedure, the Co crystallite sizes
they reported (at pH 2) were larger than those observed here. The
smaller values obtained in this study may derive from Co passiva-
tion required for XRD analysis and assumptions used in estimating
the values from the H,-TPD results. Passivation may shrink the
metallic Co component (core) of the crystallite by one or two atom
layers which will reduce the size estimated from the XRD peaks.

Co®
] l CoO
iMq
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5 -
S ] Co-P-aq
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35 40 45 50 55 60 65 70

2 Theta, degree

Fig.4. X-ray diffraction patterns of alumina-supported La/Co/Ru catalysts following
reduction in 50% H,/He at 400 °C and passivation in 0.5% O, /He at room temperature
for 10h.

Size estimates based on the H,-TPD results assume the Co is com-
pletely reduced. Earlier work [24] showed the reduction protocol
applied to these samples reduced approximately ~80% of the Co on
the surface in which case the calculation of the Co crystallite size
may also be an underestimate.

Methanation activity of the catalyst samples, in terms of CO
conversion, is provided in Fig. 5. Catalysts prepared using the
non-aqueous process exhibited higher CO activity than their aque-
ous counterparts. The absolute improvement in CO conversion
for the non-aqueous samples was between 7 and 8% for both
v-alumina supports. The increase in catalytic activity can be pri-
marily attributed to the higher Co metal dispersion achieved by
the non-aqueous synthesis method (as demonstrated in Fig. 6)
and, to a lesser extent, the decreased presence of mixed Co species
(e.g. Co aluminates) as presented in Fig. 2. To further confirm the
controlling influence of Co dispersion on methanation activity CO
conversion versus Co dispersion data for Co-only-promoted Norton
v-alumina (aqueous preparation - from our earlier work [24]) and
Puralox y-alumina promoted with Co alone (non-aqueous prepa-
ration) has been provided in Table 5. These catalysts exhibit low
Co dispersion and a correspondingly lower methanation activity,
further supporting the notion that Co dispersion is a dominant
factor governing catalyst performance. Fig. 5 also indicates metha-
nation activity is improved for the Puralox support compared with
the Norton support, irrespective of the impregnation solution.
Sodium content has been previously reported [38] to influence cat-
alyst activity although the two supports in this work possessed
similar Na levels (Table 1) indicating this is not the case here.
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Fig. 5. CO conversion with time during the CO methanation reaction by alumina-
supported La/Co/Ru catalysts impregnated using aqueous or non-aqueous precursor
solutions. Catalysts were reduced in 50% H, /He at 400 °C for 10 h prior to the metha-
nation reaction. Conditions during methanation were reactant gas ratio (H,/CO)=10,
flow rate = 50 ml/min, temperature =200 °C.
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Fig. 6. Relationship between Co metal dispersion and CO conversion during the
methanation reaction by alumina-supported La/Co/Ru catalysts.

Table 5
Relationship between Co metal dispersion and CO conversion during the methana-
tion reaction by alumina-supported La/Co/Ru catalysts.

Sample CO conversion (%) Fractional Co dispersion
Co/P-nonag? 19 0.055
Co/N-aq® 24 0.059
Co-P-aq 34 0.068
Co-N-aq 37 0.074
Co-P-nonaq 40 0.081
Co-N-nonaq 45 0.086

@ Corresponds to Puralox y-alumina promoted with Co alone.
b Corresponds to Norton y-alumina promoted with Co alone (taken from [24]).

Consequently, the differences in performance between the two y-
alumina supports appear to derive primarily from differences in the
pore structure and the potential influence this has on Co crystallite
size.

4. Conclusion

The influence of impregnation solution and support on the
methanation activity of cobalt/ruthenium/lanthanum promoted y-
alumina was studied. Synthesis using a non-aqueous impregnation
solution delivered a smaller Co crystallite size as well as decreased
interaction between the Co and alumina surface when compared
with impregnation by an aqueous precursor solution. The smaller
Co crystallite size is thought to be governed by the higher pH of the
non-aqueous solution while decreased interaction between Co and
the alumina is suspected to derive from surface functionalisation of
the catalyst by organics from the non-aqueous mixture. The smaller

Co crystallite size and ensuing higher Co dispersion was found to
dominate catalyst activity for the methanation reaction.
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