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Abstract

Cordierite monoliths, ceramic foams made from mullite and zirconia—alumina as welAgsO3 pellets were employed as supports
for Ni/La>O3 structured catalysts for the production of hydrogen by catalytic partial oxidation of ethanol. Although all catalysts were
very active for ethanol conversion and very selective towards the desired products, the one supported on the zirconia—alumina ceram
foam produced slightly better results. Tested under a wide variety of process conditions, the catalyst supported on the monolith exhibitec
excellent catalytic performance and long-term stability. In addition to this catalyst, which was prepared by washcoating the active phase or
the support, catalysts were prepared on monoliths by adsorption and sol—gel techniques. Adsorption from solutions produced the cataly
with the weakest performance while the sol-gel method resulted in a catalyst with intriguing behavior. Overall, catalysts produced by
washcoating on cordierite monoliths are the most promising candidates for the production of hydrogen by partial oxidation of ethanol.
Other supports and preparation methods have the potential to produce better catalytic materials but require further optimization.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction hydrogen for automotive and distributed power generation
applications. The most promising among the liquid bio-fuels
Environmental and public health problems stemming from s bio-ethanol.
automotive and power generation sources, in addition to en-  Bio-ethanol is a renewable energy source that can be eas-
ergy supply diversification and security issues, have pushedily produced from many biomass sources, including energy
forward new ideas for energy production in the last few plants, grains, waste materials of the agricultural and forestry
years. One of the most promising solutions appears to be fuelindustries and even from the organic fraction of municipal
cells. Although the development of fuel cells meeting the solid wastes. It is widely available, easy to store and trans-
criteria of high efficiency, portability and affordability faces port and safe to handle. It has been used for many years
significant technical challenges, a major hurdle remains the either as a primary fuel or a fuel blending component for
sourcing of hydrogen and the development of efficient, safe automobile engines in Brazil and the USA. Furthermore,
and affordable production processes. a bioethanol-to-hydrogen system has the significant advan-
In theory, hydrogen can be extracted from any hydrocar- tage of being nearly COneutral since the carbon dioxide
bon. In practice, natural gas, gasoline, diesel and methanolproduced in the process is consumed for biomass growth,
are the most commonly mentioned sources. These sourcespffering a nearly closed carbon loop.
however, are fossil fuel based and suffer from some of the  The increasing attention paid to ethanol has resulted in a
same disadvantages attributed to the established power gennumber of studies on hydrogen production from ethanol via
eration process: they do not reduce reliance on fossil fuelssteam reforming or catalytic partial oxidati¢ph-6]. Ther-
or emissions of pollutants and greenhouse gases. A viablemodynamic analysis has established the feasibility of the
alternative, gaining acceptance in recent years, is bio-fuels.procesg7-9] and several catalysts have been proposed that
They offer high energy density, safety and ease of han- show sufficient activity and stability to be considered for
dling so that they can be used for on-demand production of practical application§10-16} Although a series of metals
have been tried as the active catalytic component, a com-
* Corresponding author, Tek+30-610-991527; fax#+30-610-991527.  Mon denominator for most of the studies has been the use
E-mail address: verykios@chemeng.upatras.gr (X.E. Verykios). of Ni supported catalysts, owing to the significant body
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of knowledge gained from industrial steam reforming pro-
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impregnation with aqueous solution of Ni(NJ3-6H,O. The

cesses. A limitation of these studies has been the use ofmaterial was dried at 12@ and calcined at 50CC for 5 h.

catalysts in powder form. Handling and pressure drop prob-
lems make such a form unsuitable for practical applications.
Especially for applications where very high reliability and

A series of Ni/LaO3 catalysts supported on cordierite
monoliths were prepared by washcoating. A N¢¥Og pow-
der catalyst was prepared by impregnating@a with an

low pressure drops are required, such as automobiles, theaqueous solution of Ni(N§),-6H,0O followed by drying at
catalysts must be deposited on structural supports that havel20°C and calcination at 55@C. A dense suspension of this

excellent structural stability and can operate in harsh envi-
ronments that include vibrations, thermal cycling and thou-
sands of start-ups and shut-downs.

A major consideration in the development of ethanol-
to-hydrogen processes is the endothermicity of the reform-
ing reaction, which necessitates provisions for the supply of

powder in de-ionized water was created and the catalysts
were coated by successive immersions in the suspension fol-
lowed by drying at 120C and calcination at 55CC. A final
calcination at 1000C took place before testing.

Another Ni/LgO3 catalyst was deposited on a cordierite
monolith by adsorption. In this case, the monolith was

great amounts of heat in order to maintain the system at aimmersed in aqueous solutions of La(j}@6H,0, dried

steady reaction temperature:

CoH50H + 3H,0 — 2C0; + 6H2

(AH, = 1731kJImol?) 1)

at 120°C and calcined at 55@C. The lanthana coated
monolith was then immersed in an aqueous solution of
Ni(NO3)2-6H,O and La(NQ)3-6H,O. The catalyst was
dried and calcined under the same conditions before being
loaded in the reactor. This method resulted in the lowest

Heat can either be supplied externally by burning some type catalyst uptake;-9 wt.%, even after repeating the procedure

of fuel, or internally by co-feeding oxygen or air and burn-
ing a portion of the ethanol at the expense of hydrogen pro-
duction. At least 0.61 mol of oxygen per mole of ethanol are
required to achieve thermal neutrality

CoH50H + 0.610; + 1.78H,0 — 2CO; + 4.78H,
(AH; = 0kJmorl™t) (2)

In one embodiment of this process, combustion occurs in

seven times.

A sol-gel method was used for the preparation of
Ni/La>O3 supported on cordierite monoliths and mullite and
ZA foams. A sol—gel was prepared using A[OCH(&bl3,
Ni(NO3)2-6H20 and La(NQ)3-6H,0 as precursors. Mono-
liths or foams were immersed in the sol-gel without any
other pretreatment, removed and dried at 120A final
calcination at 550C completed the preparation.

As a base case, a plain monolith, with no catalyst, was

the gas phase before the catalyst bed. This process is termegliso tested. All catalysts were reduced in situ before reaction
as auto-thermal. When combustion takes place on the sameat 750°C under flow of pure hydrogen.

catalyst as the reforming reaction, the process is usually

termed catalytic partial oxidation. Due to the nature of the

2.2. Apparatus and procedures

process, combinations of the above can easily be created.

In this study, we examine the catalytic partial oxidation of
ethanol over a number of Ni catalysts deposited on different
supports.

2. Experimental
2.1. Catalyst preparation
Supports used in this work included: (i) 1/16in. pellets of

v-Al,03 with a specific area of 180%y from Engelhard,
(i) monoliths of the type used in automobile exhausts with

400 channels per square inch, (iii) ceramic foams made from Air

a proprietary formulation of alumina and zirconia (ZA), hav-

ing medium porosity (50 pores per square inch) and (iv) ce-
ramic foams made from mullite, having larger porosity (30

pores per square inch). All catalysts contained NiQgaas

the active phase at an average loading of 13 wt.%.

The catalyst supported oyprAl,O3 pellets was prepared
by wet impregnation. The pellets were first impregnated
with aqueous solutions of La(N{s-6H,0, then dried at
120°C and calcined at 90 for 30 h. Ni was added by

The apparatus employed consisted of a feed system, a
reactor and an analysis system. The feed system included a
set of mass-flow controllers (MKS) regulating gas flows and
an HPLC pump (Marathon) feeding liquid reagents. Liquids
were evaporated and heated to 180in an evaporator and
fed to the reactor via heated lines.

The reactor was made from two connected quartz tubes of
different diametersKig. 1). The small diameter tube acted as
the inlet section. The evaporated reagents (ethanol and wa-
ter) and air were kept separate from each other to minimize
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Fig. 1. Schematic diagram of the reactor employed for the ethanol partial
oxidation studies.
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gas phase reactions. They were mixed in the first part of the 100 X =

main reactor, which was packed with quartz chips, designed ~_ > — I

to provide complete mixing and uniform distribution of the X 801 ’ ;_:j“zg*:f”o

reactants before entering the catalyst. Glass wool provided o 60l x4 +-sCH,

support and a seal between the catalyst and the reactor walls. _- TR

Thermowells running the length of the reactor, and pass- g\f’/ 40 O X X

ing through the catalyst, allowed monitoring of the tempera- T 20 T

ture profile. The whole reactor was placed inside an electric il v e -— .

furnace. X o &——+ 3 "%
Product analysis was accomplished using two gas chro- 500 550 600 650

mgtographs (Sh_imadzq). The first GC was used fo_r the an_al- @) Furnace Temperature (OC)

ysis of all organic species and water and was equipped with

two packed columns (Porapak-Q and Carbosieve) and two —~ 4500 Alr Monolith Flow

detectors (TCD, FID) with He as the carrier gas. A con- O Inlet -

denser was placed before the inlet to the Carbosieve column 9001

to remove most of the water. This stream was also fed to 5 800

the second GC which was equipped with a Carbosieve col- & 7001 e a

umn and a TCD detector with\as the carrier gas andwas & goo] ///}/ S ———

used solely to determine the;idoncentration in the refor- g 5000 1 e/ B

mate. The chromatographs were calibrated with gas streams 1.

of known composition. Ultrahigh purity gases were supplied 40007 - : . R

from high-pressure gas cylinders (Air Liquide) and analytic 7 6 5 4 3 -2 1 0 1 2 3

grade ethanol was obtained from Merck. (B) Length (cm)

. In a typical experiment, the fresh catalyst is reduced. n Fig. 2. Effect of reaction temperature on the conversion of ethatebg)
situ at 750°C for 2h under hydrogen flow. The system is and on the selectivitiesY() towards products (A) and the associated tem-
then allowed to equilibrate at the desired temperature underperature profiles (B) over the Ni/b®; catalyst supported on a cordierite
He flow and the reactant streams are introduced to the reac-monolith. Experimental conditions: HS¥ 7245 t1; H,O:EtOH = 3:1;
tor. Catalytic activity is evaluated in terms of ethanol con- Oz:EtOH=0.61:1.
version. Selectivities are defined as the ratios of the product
moles to the consumed moles of ethanol, accounting for sto-Selectivity towards hydrogen is 94% at 50D and reaches
ichiometry. Hydrogen selectivity is calculated by the hydro- >97% at 650C. The main byproduct is methane, but its
gen balance and is defined as the molar fraction of hydrogenselectivity decreases substantially with increasing tempera-
produced to the total hydrogen in the product stream. All ture. Other byproducts, such as gEHO, GH4 and GHg
experiments were performed at atmospheric pressure. are observed at trace amounts, if at all. The very high selec-
tivity towards CQ compared to the selectivity towards CO,
indicates reasonably good ability of the catalyst to promote
3. Results and discussion the water gas shift reaction.
The exothermicity of the oxidation reactions renders any
The catalytic performance of all materials was examined attempt to attain constant temperatures at the catalyst inlet
as a function of temperature and space velocity, while someimpractical, if not infeasible, so the furnace set points are
catalysts underwent stability tests. We will first present typ- used as references Fig. 2A. This exothermicity is clearly
ical results obtained with one of the catalysts, the NiDa demonstrated irFig. 2B, which presents the temperature
washcoated on the cordierite monolith, and then will com- profiles along the centerline of the reactor. The monolith is

pare the different supports and preparation methods. approximately 4 cm long and the air enters the quartz chip
bed 2cm before the catalyst. Temperatures at the mixing

3.1. Effect of reaction temperature on ethanol conversion point are significantly lower than the furnace set points due

and product distribution to the low temperatures of the incoming streams and the heat

losses of the system. Temperatures rise inside the quartz chip

The effect of temperature on the catalytic performance of bed, especially as we approach the catalyst inlet, due to heat
the Ni/LaO3 catalyst washcoated on the cordierite mono- contacted and radiated from the hot catalyst. Although we
lith is shown inFig. 2A, where ethanol conversioXgion) cannot rule out initiation of the combustion reactions in this
and selectivities towards reaction produ@3 ére plotted as  bed, the fact that the temperature maxima develop well in-
functions of furnace temperature. The catalyst exhibits very side the monolith indicates that the majority of the combus-

high activity, with very high ethanol conversion at 5@ tion reactions take place inside the catalyst. The sharpness
and complete conversion for temperatures above 65The of these maxima points to a well established and thin com-
catalyst is also very selective towards the desired products.bustion zone. This is desirable since any oxygen diffusing
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downstream will consume the produced hydrogen. The goaltrace amounts. The temperature profiles, showidgn 3B,

is to provide enough heat to drive the reforming reactions may provide an explanation for these observations. For prac-
to completion. These reforming reactions consume heat andtically every point inside the catalyst, the temperatures in-

the temperatures downstream the reactor drop and reach therease with increasing flow. As the flow increases, more

furnace set point 3-5 cm after the catalyst. The average andethanol is combusted within the same catalyst volume, re-
the maximum temperatures inside the catalyst rise with in- leasing more heat. As the thermal mass of the catalyst is
creasing furnace set point since the furnace provides greatethe same, the temperatures keep on rising driving the sys-
amounts of heat to the reactor. The greater amounts of heattem closer to adiabatic operation. Higher temperatures mean
in turn, result in greater extend of reaction and almost com- that the reforming reactions are driven closer to completion.

plete reforming. They also mean higher CO concentration as the thermody-
namic equilibrium between CO and @G@s shifted in its

3.2. Effect of space velocity on catalytic activity and favor with increasing temperatures.

product distribution Noteworthy is the temperature profile at the lowest space

velocity examined. The relatively small exotherm may in-
The high activity of this catalyst was also demonstrated dicate combustion reactions taking place homogeneously,
by varying the space velocity as shown Fig. 3A. The to a significant extent, inside the quartz chip bed before
feed composition and the furnace set point were maintainedthe catalyst. This, in addition to the much lower temper-
constant while the feed flow varied for this experiment. atures inside the catalyst may explain the small variations
Equipment limitations determined the range of space ve- in product selectivities. An interesting reaction engineering
locities examined (3620-9055H). Ethanol conversion is  phenomenon is evident in this experiment. Increasing space
complete in the entire range of space velocities examined. velocity means decreasing residence time and one would
Interestingly, there is a very slight increase in selectivity to- €xpect a drop in ethanol conversion and selectivity towards
wards hydrogen accompanied by a small decrease towarddlydrogen. On the other hand, increasing feed flow produces
the main byproduct, methane. Selectivity towards,@&o higher temperatures that result in higher ethanol conversion
decreases slightly, accompanied by a small increase in seand H selectivity. Because the reaction is, in all cases, at a

lectivity towards CO. All other byproducts appear only in rather insensitive state (i.e. almost complete conversion and
very high H selectivity) the two factors seem to balance

out and the net effect is very small variations in catalytic

100. - XEi” o performance with increasing feed flow rate. The effects are
. ¢ 8 § 3 apparent only at the extremes of the flow range.
X 804 ’ |-A— s CH,CHO
= MEYSH 3.3. Catalyst stabilit
" i co, ~+—SCH, 3. Cataly: ity
U:v“ 60 ¥ e e —
ofl 40+ X({,C,?,,,,x - X The Ni/LaOs/monolith catalyst remained on stream for
Z 204 70 h allowing us to return at regular intervals to a standard
i v M o set of conditions and test its stability. Although harsher con-
01 & el o na ditions (e.g. higher space velocity) may have leaded to ac-
4000 6000 8000 10000 celerated aging, the aim here was to test catalyst stability at
HSV (b varying operating conditions, approaching commercial op-
(A) SV (h) : ) .
eration. In between the data points obtained at standard con-
1100 A Vonaith ditions, there were multiple start-ups and shut-downs while
O 10004 |t ?\\ —Flow the feed flow varied by a factor of 2.5 and the furnace tem-
S~ 900l PPN peratures ranged from 500 to 68D. The catalyst shows
%’ 800 1/ remarkable stability during this rufrig. 4). There may be a
® Vs \-\ | lineout period initially, but ethanol conversion and selectiv-
o 1007 o \\\S:i:t::b. ities towards products remain essentially constant after 20 h
g 600 T eoss IR — on stream.
[CE ) e s Nickel based catalysts are known to accumulate signif-
— — 5435 . . . . L
400 T . i B icant amounts of carbon in reforming or partial oxidation
7 6 5 4 3 2 1 0 1 2 3 service. Therefore, even though there was no apparent de-
(B) Length (cm) activation of the catalyst, a regeneration was performed
_ _ _ after 47h on stream to estimate coke formation and to
Fig. 3. Effect of space velocity on the conversion of etharKihdy) test catalyst regenerability. Regeneration was accomplished

and on the selectivitiesS() towards reaction products (A) and the as- under controlled air supoly and temperature conditions
sociated temperature profiles (B) over the Nif0Og catalyst supported pply P

on a cordierite monolith. Experimental condition&ymace = 600°C; a_lpproximating commercial pr_ocedures. CO anc,@@olu-
H20:EtOH = 3:1; O;:EtOH = 0.61:1. tion was monitored and provided an estimate of the carbon
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accumulation on the catalyst. Based on these results, we
calculated that 1.2 g of carbon are deposited on the catalyst 20 B
for every liter of ethanol processed. Another regeneration 164 8
was performed at the end of the run and the results gave ;\3
essentially the same carbon accumulation rate. Although a "I, 121
more extensive study is required, the preliminary results in- vy 81 “\\t\ff“;\p\
dicate that the carbon deposition rate remains constant with 4 ':j‘tmﬂ I ¥
time. The encouraging result was the complete regenerabil- L , A v .
ity of the catalyst with no apparent effect on either ethanol (C) 3000 6000 9000 12000 15000
conversion or selectivities towards the reaction products. HSV (h'1)
3.4. Comparison of catalyst supports Fig. 5. Catalyst support comparison: ethanol conversion (A), selectiv-

ity towards hydrogen (B) and selectivity towards methane (C) as func-

. L. . . tions of space velocity. Experimental condition®ymace = 600°C;
In addition to the cordierite monolith discussed above, \,o.EtoH= 3:1; 0,:EtOH = 0.61:1.

the Ni/LgO3 catalyst was also supported grAl O3 pel-

lets, a ceramic foam made from mullite and a ceramic foam

made from zirconia—alumina (ZA). Although these catalysts the absence of a catalyst and complete conversion is possi-
were tested under a variety of conditions, we will focus on ble at very high temperatures. The role of catalyst, therefore,
a standard set of conditions to compare the catalytic perfor-is to promote the reaction, i.e. achieve complete conversion
mance of these materials. The feed was a mixture of waterat lower temperatures, and to increase the selectivities to-
and ethanol at a 3/1 molar ratio and air was supplied at awards the desired products. This effect on selectivities is
flow providing 0.61 mol of @ per mole of ethanol. The fur-  shown inFig. 5B. All catalysts exhibit selectivities towards
nace set point was maintained at 6@ The catalysts will hydrogen greater than 93% while the plain monolith reaches
be compared for their ability to process given reactant flows. only 70—75%. The catalyst supported on the ZA foam pro-
Although the diameter of the samples was essentially the vided the highest selectivities and the ones supported on
same, their length and volume varied, resulting in different pellets and the monolith gave slightly lower values. The
space velocities at the same flow rate. Apparatus flow lim- catalyst supported on the monolith, however, showed the
itations did not allow scanning all space velocities for all largest increase in Hselectivity with space velocity. The

samples. increases for the other supports were notable, but smaller in
All catalysts are able to convert ethanol completely at the magnitude.
lower space velocities teste#i¢. 5A) while ethanol con- The main byproduct was methane and the selectivities of

version progressively drops as space velocity increases. Thehe different catalysts were inversely proportional to those
catalyst supported on the monolith and the one supported onshown for hydrogenKig. 50). The catalyst supported on the
the mullite foam retain their activity best, while the catalyst ZA foam had again the best performance, and lowest selec-
supported on pellets is the one most affected by increasingtivity. All catalysts, however, exhibit far lower selectivities
flow. For comparison purposes, we also present results ob-towards methane than the monolith without catalyst.

tained with a monolith without any catalyst. Surprisingly, Other byproducts such as;B4 and GHg were ob-

the plain monolith achieves reasonably high conversions thatserved only at trace amounts at some flows and are not
increase with increasing flow. Our previous stud@&shave presented here. Of interest is the selectivity towards ac-
established that ethanol decomposition is feasible even inetaldehyde shown ifrig. 6A. All catalysts produced very
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Fig. 6. Catalyst support comparison: selectivity towards acetaldehyde
(A), CO (B) and CQ (C) as functions of space velocity. Experimental
conditions: Tiymace = 600°C; HoO:EtOH = 3:1; O;:EtOH = 0.61:1.

small amounts at the lower space velocities, but the con-
centration increased with increasing flow. Comparatively,
the plain monolith selectivities are 1-2 orders of magnitude
greater, but decreasing with space velocity. Acetaldehyde is

produced by ethanol dehydrogenation and is subsequently —~ 951

reformed. Most of the catalysts are able to reform it to a
large extend at the lower flows, but as residence time is
reduced, the reforming reaction cannot be driven to comple-
tion. CH3CHO can also decompose homogeneously at high
temperatures, similar to ethanol. This is shown by the plain
monolith where higher flows result in higher temperatures
and greater CEICHO conversions.

CO and CQ have both been reported as possible primary
products of ethanol reforminfd.3] and the selectivities to-
wards CO and C®(Fig. 6B and ¢ may reflect the ability
of the catalysts to promote the water gas shift reaction. The

catalyst supported on pellets demonstrates the largest pro-

motion of this reaction, exhibiting the lowest selectivities
towards CO, while the catalyst supported on the monolith is

again most affected by the increases in space velocity. The

plain monolith produces the most CO and by far the least
CO,. This tends to support a mechanism where the CO is
the primary product of ethanol conversion and Q©pro-
duced via the water gas shift reaction.
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Overall, all catalysts exhibited very good performance,
both in terms of ethanol conversion and in terms of selectiv-
ities towards the desired products. The catalyst supported on
the ZA ceramic foam produced the best results even though
the differences were not dramatic. The catalyst supported
on the monolith appeared to be most affected by increases
in space velocity, generally improving with increasing flow.
This is also the catalyst that had the largest differences in the
observed exotherms. As discussed above, the maximum and
average temperature in the catalyst increases with increasing
flow. The monolith showed a temperature maximum of ap-
proximately 800 C at 3620 h!, but the maximum exceeded
1050°C at 9055 i, The other catalysts never reached tem-
peratures higher than 97Q. The very high temperatures
achieved at the highest flows may explain the improvement
in performance.

3.5. Comparison of catalyst preparation methods

The Ni/LaO3 catalyst was deposited on cordierite mono-
liths by three different methods: adsorption from solutions,
sol-gel and washcoating. The performance of these catalytic
systems was tested as function of space velocity at the same
conditions mentioned iSection 3.4

101
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Fig. 7. Catalyst preparation method comparison: ethanol conversion (A),

selectivity towards hydrogen (B) and selectivity towards methane (C) as
functions of space velocity. Experimental conditioffginace = 600°C;
H,O:EtOH = 3:1; O;:EtOH = 0.61:1.
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Catalysts prepared by sol-gel and washcoating showthe pores of the monolith. Since reactions at such high tem-
very good activity with very high ethanol conversions over peratures are typically diffusion controlled, material in the
the range of space velocities testédg( 7A). The catalyst pores may not be easily accessible to the reactants, result-
prepared by adsorption is slightly less active and is more ing in a smaller number of available active sites and lower
affected than the other two by increases in flow. It also pro- activity. We are currently unable to examine the surface of
vides the lowest selectivities towards hydrogé&ing( 7B). the catalyst for the number and nature of the active sites.
The catalyst prepared by sol-gel exhibits the most dramatic The low selectivity towards b and the corresponding
increase in selectivity with increasing flow. This is accompa- high selectivity towards ClJ of the catalyst prepared by
nied by an equally dramatic decrease in selectivity towards sol-gel at the lowest space velocity is a result of the very
the main byproduct: methand-i§. 7C. The other two low average temperature=650°C) inside the catalyst. The
catalysts also show improved hydrogen selectivities and de-maximum temperature is also low (approximately 8C%
creasing methane selectivities, but the differences are muchand appears at the catalyst inlet. Although ethanol is com-
smaller. Interestingly, these large performance differencespletely converted in the first part of the catalyst, the temper-
are not evident in the selectivity towards gEHO (Fig. 8A). ature drops rapidly retarding the reformation of the primary
As was the case with Hand CH,, the catalyst prepared by products such as methane and the production of hydrogen.
adsorption provides the weakest performance, producingAs space velocities increase, both the maximum and av-
the most acetaldehyde in the reformate. It also produces theerage temperature inside the catalyst increase driving the
largest amounts of CCR{g. 8B) and the smallest amounts reactions closer to completion and producing significantly
of CO, (Fig. 80), indicating the weakest promotion of the better results. At these higher space velocities the catalyst
water gas shift reaction among the three catalysts. prepared by sol—gel exhibits superior performance and this

The weak performance of the catalyst prepared by adsorp-could be the preferred preparation method. The more stable
tion may reflect both the lower catalyst loading and a smaller and predictable performance of the catalyst prepared by
availability of active phase on the exposed surface, i.e. awashcoating, however, make this method more suitable to
portion of the active phase may have been deposited insidecommercial applications.

1.5 )
4. Conclusions
Q 1.0 A
s - Ni/La>Og3 catalysts supported on four different structured
% 0.5 / materials provided very good activity and selectivity for the
5 - ethanol partial oxidation reaction. The catalyst washcoated
»  0.0] % —9¢ ® e on a cordierite monolith exhibited excellent catalytic perfor-
(A) ' T mance for a wide variety of process conditions and excellent
long-term stability, albeit with significant coke formation.
50| —AAdsorption Thg coke de_posite_d.on the cata_ly;t, however, _di(_j not appear
v s?\?:loating A to influence its activity or selectivity characteristics and the
S 40/ A //' e catalyst can be regenerated. The catalyst supported on the
< om e ZA foam gave marginally better results among all materi-
8 30l /r:f'zf”"”’ als tested while very satisfactory results were obtained with
n = the catalysts supported on the mullite foam andhth#d ,O3
20 pellets. Pellets, however, may not be a suitable support for
(B) automotive applications due to possible attrition.
Among the preparation methods tested, adsorption pro-
60 o o duced the catalyst with the weakest performance, possibly
. . I . QUe_ to_active site inacc_essibility. Sol—-gel produced the more
i’\i 504 T intriguing results and will be developed further. Washcoating
5 . resulted in a catalyst with excellent and predictable behav-
cno A ior and, given that it is the most well established technique,
401 may be the preparation method of choice.
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Fig. 8. Catalyst preparation method comparison: selectivity towards ac-
etaldehyde (A), CO (B) and GO(C) as functions of space veloc-
ity. Experimental conditions:Tiymace = 600°C; H,O:EtOH = 3:1;
O,:EtOH = 0.61:1.
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