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Abstract

The research of pilot plant scale explores syngas formation from such liquid fuels like isooctane and gasoline by selective catalytic oxidation
at short contact times in nearly adiabatic reactor operating with the representative throughputs. The original monolithic catalysts with differen
(microchannel ceramics and metallic honeycomb structure) supports have been used in the experiments. The results demonstrated that ove
the range of the operational parametef@=0.50-0.53 required for syngas generation, equilibrium synthesis gas was produced over the
catalysts employed, thus proving some evidence of their high activity and selectivity. Pre-reforming of fuel with releasing of some chemical
energy before the catalytic monolith can occur in reactor. Both feed composition and superficial velocity affect the pre-reforming process.
The phenomenon may be favored in syngas production because of a milder catalyst temperature mode is created. In general, axial temperatur
profile depends on catalytic composition in the frontal part of monolith, while the back-face catalyst temperature controls equilibrium product
gas. Minimal both longitudinal and transversal temperature gradients were observed in the metallic catalytic monolith in comparison to the
microchannel ceramic one. This helps to decrease deformations and thermal stresses in monolithic catalysts at the process performance.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction conventional technology. Two leading liquid fuel reforming
techniques are considered to be the candidates for transporta-
Atpresent, hydrogen is believed to be the fuel of choice for tion applicatiori5]: direct partial oxidation, intensively stud-
the future automotive applications. There is alarge currentin- ied by Schmidt and co-workers in Minneapo]&-8], and
terest of discovering new ways to convert current transporta- so-called indirect partial oxidation, i.e. combination of par-
tion liquid fuels, such as gasoline or diesel to high-content tial oxidation and steam reforming in stand-alone catalytic
hydrogen and combustion products by on-board processingsystem, viewed as authothermal reforming, represented by
[1,2]. One of the ways to generate hydrogen-rich gases is Argonne National Laboratorf2,9,10] Both of the oxidation
a hydrocarbon reforming to produce synthesis gas or syn-reforming processes in monolithic catalysts at short contact
gas (B + CO). Gasoline and diesel fuels are very complex times are autothermal and nearly adiabatic because the rate of
mixtures, which both contain compounds such as aromaticsheat generation is large. After light-off, the reactions usually
that are hard to reforrf8], therefore, in practice liquid fu-  runto completion of the limiting reactant. No reactor preheat
els are converted to predominantly @kh a pre-reformer  was necessary other than that required to vaporize the fuel.
unit [4]. Selective oxidation of hydrocarbons in monolithic Depending on the catalyst used the reforming reactions may
catalysts at very short contact times has a great promise forrequire temperatures of 700-120D[2,11].
on-board processing because it is capable of producing even For transportation application monolithic catalyst should
highly non-equilibrium products with no carbon formation exhibit a high activity, thermal and mechanical stability. The
using reactors that are much smaller and simpler than with structure of the catalyst is important for reducing mass and
heat transfer resistances and thus maintains a high overall
* Corresponding author. throughput. Moreover, gas-phase reactions can be suppressed
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by minimization the void volume between catalytic surfaces. followed by drying and calcination in air at 90C. The inlet
Ceramic monoliths, foam or extruded one, are commonly and outlet parts of a monolith were separately promoted by
used as supports for the structured catalysts. Rh or Ru + La by two additional impregnations with corre-
The research explores syngas formation from liquid fu- sponding solutions followed by drying and calcination.
els such as isooctane and reformulated gasoline, in a nearly For catalysts based upon thermal conducting metallic sub-
adiabatic reactor at short contact times with representativestrates (4700 fim3, porosity~0.8), the first preparation
throughputs in a pilot plant scale. The Institute of Catalysis stage includes supporting of a thirn§—10wm) protective
proprietary monolithic catalysts with microchannel ceramics corundum sublayer on a fecraloy foil (50-106 thickness)
and metallic honeycomb support struct{t2,13]have been by blast dusting techniqugl2]. Monolithic substrates are
used in the process performance. obtained via stacking a flat and corrugated foils and wind-
ing them into an Arkhimed spiral. Secondary Ce—Zr-La—O
mixed oxide support is coated via a standard washcoating
procedure using an alumina hydroxide as a binder. LaNiPt

2. Experimental (1wt.%) and LaRu (1 wt.%) active components were succes-
sively supported via wet impregnation followed by drying
2.1. Catalysts and calcination at 90CC.

The monolithic catalysts were prepared according to pro-
cedures described in detaildir?,13] To synthesize compos- 2.2. Experimental apparatus and materials
ite ceramometal microchannel monoliths, a powder of alu-
minum (a commercial PA-4 grade) as well as G wt.%, 2.2.1. Flow scheme
prepared by decomposition of nitrate) were used as raw ma- The experimental results reported in this work were
terials. To form the transport microchannels along the mono- obtained using high purity isooctane and commercial desul-
lith length, easily burned organic fibers were inserted into furized reformulated gasoline as fuels and the oxygen of air
the cermet matrix before the hydrothermal treatment (HTT) as an oxidant. Flow rates and compositions of inlet reactants
stage by a proprietary proceduf®l]. The channels run-  (including distilled water addition) were altered in the exper-
ning along the monolith length (diameter$.5 mm, channel iments. Gasoline composition is illustrated by chromatogram
density~ 300 cpsi, porosity- 0.3) are intersected by narrow  shown inFig. 1 The tested gasoline contained 191 types
(~0.1 mm) channels winded into spirals and separated by of hydrocarbons. Amount of aromatics was about 40 wt.%.
distances~0.05 mm. The mixture of aluminium and CeO  According to analysis data, the averaged composition of
loaded into a special die was subjected to HTT atZD0  gasoline required for estimation of a stoichiometric air/fuel
followed by calcination in air at 900-120C. Platinum and ratio in the feed corresponds to; @H13.36 To control the
LaNiOg3 as basic active components were introduced by the inlet feed flow rates and composition, air entering from a
incipient wetness impregnation with corresponding solutions high-pressure host system was adjusted using a mass-flow
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Fig. 1. Chromatogram of reformulated gasoline. Operation conditions: DB-1 column 60 m, programming 20-800/min.
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Blank monolith tube was placed into stainless steel 85 mm diameter reactor.
M' T, Empty space between the metal and quartz tube walls was

thoroughly closed up with clay and alumina—silica fibers.
Catalyst

2.3. Methods

Ts

Gas composition was analyzed by GC method at using
“Zvet —=500” chromatograph equipped with Porapac Q, ac-
tivated carbon and zeolite NaX columns in a series/bypass
arrangement. Inert nitrogen was a standard in the procedure

Blank monolith

of balance calculations. Carbon balance was typically closed
Tin T Heedd within 6%.
In general, an experimental procedure was performed as
_ _ . o follows. Air blown through the fluidized bed heater was ad-
Fig. 2. Schematic of the monoliths assembling in the quartz Tiel.1~Te, mitted first to heat the reactor. If the catalyst temperature was

thermocouples. not sufficient to light-off the catalyst, the electrical coil wound

around the quartz tube was switched-on to ignite the reaction.
The reaction was shut down by stopping first the air supply,
then the fuel and water. Inert gas was used occasionally to
lower the temperature in the catalyst bed.

Ranges of experimental conditions applied are shown in
Table 1

controller (Brooks), while the liquid fuels and distilled water
were metered with plunger pumps. Heating, vaporization
and mixing fuel with air occurred simultaneously inside a
stainless steel tube (length of 3m, i.d. 30 mm) filled with
Rashig ringsd=7 mm), positioned into fluidized bed heater
to keep an uniform temperature along the tube. The tube wall
was heated up to 35, depending on the inlet temperature
required in the reactor for a given feed and catalyst. A
vertical reforming reactor (for details see below) was fixed
on the top of the fluidized bed heater. Exit gas samples were
taken periodically directly after the blank monolith served
as a heat shield downstream from the catalyst. The reactor
product gases were incinerated in a fume hood and vented.

3. Results
3.1. Thermodynamic considerations

In general, reforming process considered for the produc-
tion of syngas from the fuels can be expressed as follows:

2.2.2. Reactor Fuel (G,H,,) + air + steam
All experiments have been carried out with a reactor spe-
cially designed to operate with a maximum of 90% adia-
baticity. Catalytic monoliths of different diameters and length  The process is carried out in the presence of a catalyst, which
were utilized. A catalytic monolith and three blank 80 ppi un- controls the product composition. A desirable future of the
coated honeycomb cordierite monoliths (10 mm thickness) catalyst is a close approach to the thermodynamic equilib-
served as heat shields were housed into a quartz tube of rerium. Fuel/air/steam ratio determines both hydrogen yield
quired diameter according to the scheme showFRig 2 in the product gas (reformate) and the energy released or
Chromel-alumel thermocouples were used to control the absorbed by the reaction and hence, the adiabatic reaction
temperature at selected points of this package. The distancéemperature.
between two blank monoliths placed upstream the catalytic The operation conditions and process intensity, yield
one was about 10 mm. Bypassing of gases along the innerof the products desired and power consuming, as well as
quartz wall was prevented by wrapping the monoliths with the ways for intensification of the process performance
thin alumina-silica fibers. An electrical resistance wire was can be clarified on the basis of thermodynamic laws. The
coiled over the quartz tube to light-off the catalyst. The quartz work employs a series of multi-component equilibrium

= carbon oxides- hydrogers- nitrogen AH

Table 1
Ranges of experimental conditions applied in adiabatic reactor catalytic experiments
Parameters Microchannel monolith Ce©AIl,03 Metal honeycomb (FeCrAl) monolith
Catalyst LaNiPt: 7.8 wt.%, LaRu: 0.87 wt.%, front-face Rh: LaNiPt: 1 wt.%, LaRu: 1 wt.%
0.02 wt.%
Catalytic monolith size and volume Diameter: 46 mm, length: 23 mm, 38L& mm?3 Diameter: 55 mm, length: 45 mm, 107—2¢4.0° mm®
Light-off temperatureqC) 275-245 280-420
Inlet feed temperature C) 200-270 200-320
Flow rates of reagents Isooctane: 0.350 kg/h, air: 1.2—-13@irh Isooctane: 0.757 kg/h, air: $nn)/h; gasoline:

0.757-1.86 kg/h, air: 3.58-6.9Crtn)/h, water: 0-2.3 kg/h
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Fig. 3. Thermodynamic predictions of equilibrium gas composition pro- ) o )
duced in the isothermal partial oxidation of isooctane with air as a function Fig- 4. Plot of thermodynamic equilibrium concentration of hydrogen and
of temperature (@C = 0.48). COinthe product gas and corresponding adiabatic temperature risg@s. O
molar ratio in the feedT, =270°C).
calculations. Reforming isooctane, as a standard reference o ] .
fuel for gasoline was used in the thermodynamic analysis. (Tin) of 200°C for example, equilibrium product gas in adia-
Thermodynamic equilibrium in both isothermal and adiabatic Patic reactor would have the temperature of 8S@®ver the
reactors was calculated by varying the tunable parameters/Vide range of Q/C ratio up to the value of 0.5. With further
of the process, such as fuel/air (expressed s Qnolar dilution of the feed W|th air both the cqncentratlon hydro-
ratio) and water/fuel (HO/C molar ratio), with a purpose ~ 9€n and_carbon mono?q(_:le strongly decline because excess of
of determining operating temperature, maximum hydrogen ©Xygen in the feed oxidizes3ind CO to HO and carbon
yield, and adiabatic temperature rise available. Equilibrium dioxide resulting in increasing the adiabatic temperature rise,
calculations were performed for each experiment as well. hence operational temperature in the adiabatic reactor.
Specified reaction stoichiometry was used for carrying out
the computations. The condition that the Gibbs free energy 3.1.2. Effect of the water/fuel ratio
of the reacting system including such components a0, The presence of steam in the feed mixture changes the
CO;, Hy0, CHy, CoH4, CoHg was at a minimum at equilib-  thermodynamic behavior of the reforming process consid-
rium was used to calculate the resultant mixture composition. erably Fig. 5. Autothermal reforming occurs at relatively
Computations were executed with HYSYS simulator soft- low operational temperatures. The maximum concentration
ware (HyproTech HYSYS Process v2.2 AEA Technology). of hydrogenis observed at 700—7380. Thermodynamic lim-
itations reveal a low tendency to the by-product hydrocarbons
3.1.1. Effect of the fuel/air ratio formation. Hydrogen concentration increases due to convert-
The thermodynamic limits for the case of isooctane selec- ing carbon monoxide to carbon dioxide with releasing thus
tive oxidation in the isothermal reactor are showrfig. 3. one molecular of hydrogen from a molecule of wakgg. 6
In the range of 800—120@, which is a practical temper-
ature range of the process, concentrations of syngas key 0,/C=0.42; H,0/C=0.66
components—hydrogen and carbon monoxide change only 35 H
weakly. At high temperatures, a small increase in the hy-
drogen content is accompanied by appearance of secondary
hydrocarbons in the equilibrium mixture. In the real exper-
iments, the content of by-products depends not only on the
temperature and fuel/air ratio, but also on the catalytic activity
and a monolith structur@]. Increasing @Q/C molar ratio up
to stoichiometric value of 0.5 affects the hydrogen concentra-
tion rather than CO, as shown kig. 4 The maximum con-
centration of hydrogen of 27.54% is observed at@=0.5.
The concentration of carbon monoxide holds near 23.7% over
the range of @C =0.42-0.5 at the given inlet temperature.
The operational temperature in the adiabatic reactoris defined
by the adiabatic temperature rise at given inlet conditions. In
the r_ange of @/C ratio Cor_]SIdered’ the adiabatic te_mperature Fig. 5. Thermodynamic predictions of equilibrium gas composition pro-
rise is nearly constant with the average value being close t0qyceq in autothermal reforming of isooctane versus temperature wieh O
650°C (Fig. 4). It means, that at the inlet feed temperature ratio=0.48, HO/C ratio=0.66.
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Fig. 6. Concentration of hydrogen (on a dry basis) in the product gas and Fig. 7. Thermodynamic predictions of influence of®IC ratio in the feed
adiabatic temperature rise for autothermal reformingadtane or its mix- (Tin = 270°C) on both concentration (left-axis) and hydrogen yield.
ture with toluene vs. the £IC ratio in the feed according thermodynamic

predictions Tin = 270°C). at increasing the value of #/C up to~ 1. This value
corresponds to the maximum reformer efficiency, because
depicts an influence of the C molar ratio in the feed con-  further increasing in the hydrogen yield requires an addi-
tainingi-octane or its mixture with toluene as fuels, on both tional energy input to dry the reformate gas. The maximum
the maximum achievable percentage of hydrogen in the prod-reformer efficiency at the ratio #0/C =0.7 was found by
uct gas and adiabatic temperature rise for the chosen molaDocter and Lamniil4] in the thermodynamic calculations of
ratio of H,O/C =0.66. Theoretically, the highest percentage equilibrium in adiabatic reactor for a mixture of 35% hexane,
of Hy is observed under steam reforming conditions. At air 25% hexane and 40% xylol with a general formutai,.
addition, the concentration of hydrogen in the product gas di-
minishes because of the dilution effect, and also because more8.2. Experimental results
hydrogen is converted tod®. As it can be seen in the same
figure, an adiabatic temperature rise depends exponentially3.2.1. Microchannel monolithTéble 1
on the air/fuel ratio. The higher dilution, the higher adiabatic =~ Selective oxidation of isooctane with air has been investi-
temperatures rise is and, hence, the operational temperaturegated over the microchannel catalytic monolith (Sable ).
in the adiabatic reactor. In the related experiments, the flow rate of isooctane was
Due to a lower adiabatic temperature rise in comparison fixed at 0.350 kg/h, flow rates of air were varied from 1.2
with the partial oxidation, a higher preheat temperature is re- to 1.38 n¥/h. These flow rates correspond to the operational
quired in an autothermal reforming performance. To achieve parameter @C=0.458-0.527. The appropriate catalyst
the autothermal operation temperature desired, e.g°G@50 contact time slightly varied within 0.094-0.108 s, while the
the feed mixture consisting of fuel, water and air must be superficial velocity (at STP) was of 0.20—-0.24 m/c at the total
heated up to a higher temperature, a lower respective adi-feed flow rates. The light-off temperature for the pristine
abatic temperature rise iFif). 6). The maximum reformer  (fresh) catalyst utilized in isooctane reforming was about
efficiency around 80% is achieved at the preheat temperature275°C, while in further runs the temperature of 246 was
for the fuel-water—air mixture around 300, asitwasfound  detected.
in [14]. Fig. 8 shows both the front- and back-face catalyst tem-
Toluene is typically the largest aromatic component in peratures in the steady-state modes of isooctane selective ox-
gasolineFig. 6illustrates the effect of aromatics inthe fuelon idation at various @'C ratios. As Q/C ratio increases, the
its reforming to synthesis gas. At the samgQratio, toluene front-face temperature increases too due to the high exother-
addition decreases the hydrogen yield, but operational tem-micity of the local oxidation reactions occurring in the inlet
perature increases due to a higher adiabatic temperature risepart of the monolith. The back-face temperature responds

Similar results were obtained by O’Connor et[él. at feed- badly to altering the inlet conditions. The difference of
ing toluene—isooctane—air mixture into the experimental short 200-250°'C between the front and back faces is character-
contact time reactor. istic of both reforming chemistry and the catalytic monolith

The catalyst affects the relative contribution of en- structure.
dothermic and exothermic reactions in an autothermal fuel Comparing an experimental adiabatic temperature rise
processing. However, at given characteristics of the feedwith the theoretical one showed poor adiabaticity for the
(inlet temperature and £IC ratio), there is an equilibrium  low throughput experiments. At the ratioo@=0.5 the
limit for the relative content of hydrogen in syngas, even in difference between the feed stream temperatilig @nd
the case of a highly active cataly$tig. 7). Steam addition  the back-face temperature 4jTof 560°C was registered.
increases the hydrogen percentage in the product streanTheoretical adiabatic temperature rise for reforming of the
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1200 descending the front-face catalyst temperature was observed.
£ In steady-state mode, nearly uniform axial temperaturesinthe
11004 .___.__,.,_?291__‘__ range of 850—-900C were achieved over both the front heat
Y T shield and catalyst. This could be aresult of nonselective ther-
molysis and pre-reforming reactions occurred in front of the
End catalyst. Indeed, homogeneous reactions are known to play
800 —M—— .- a prominent role in the reactions of hydrocarbon selective
oxidation. Thus, for the reaction of butane partial oxidation
700 4 studied in the presence of Pt—-Rh gauze and in an empty tubu-
lar reactor under identical conditions, Marengo et[&8]
046 048 050 052 054 observed a fast transition from heterogeneous to homoge-
0,/C neous reaction mechanism at the temperature arount80
These results show that a reaction front can be stabilized in
Fig. 8. Steady-state front-face (face) and back-face (end) catalyst tempera-the inlet section of the reactor, where butane is converted to
tures measured bysTand T; thermocouplesKig. 2) vs. Q,/C parameter. partial oxidation products: ((=C4)—olefins and oxygenates.

A mechanism involving free radicals is also known to control
isooctane—air mixture was about 643 (seeFig. 4). The the oxidation of butane and higher alkanes in the region of
difference of 83C, or 13% is characteristic of the heat cool flames, near the borderline of the explosion refid.
loss at given both flow rates and reactor design. Indeed, the Inour experiments described above, the gas samples taken
effect of these losses becomes apparent from the fact that thén 10 min after light-off and at the steady-state mode with the
temperatures measured at the quartz tube wall (gesnd high temperature upstream the catalytic monolith were found
Te in Fig. 2) were of 90°C (9—-11%) less than corresponding to differ only slightly in the syngas key components. Namely,
axial temperatures. It was the lowest throughput experiment25.5% H, 21.6% CO, 2.2% Ce@after light-off, and 28.6%
with the poorest adiabaticity observed. At higher flow rates H,, 24.6% CO, 0.34% C@®in the steady-state mode were
the rate of heat generation increases causing the reactor taletected. This suggests that syngas yield is slightly affected
operate closer to adiabatic one. by speculated pre-reforming reactions occurring in the front

Atthe feed flow rate, which resulted in superficial velocity shield. Nevertheless, they could favor a lower temperature
of 0.2m (STP)/s the temperature measured by the thermo-gradient along the catalyst bed.
couple B mounted between two blank monoliths placed A close approach to the thermodynamic equilibrium is
upstream of the catalyst gradually went up with the run time. a desirable feature of the catalyst. Equilibrium calculations
The steady-state mode with» Temperature of about 60C were performed for each experiment basing on the exit
(Fig. 9, set 1) was settled down in 30min after light-off. temperatures for the given feed composition. It is seen
This temperature was high enough to initiate pre-reforming (Fig. 10, that over the range of the operational parameters
reactions upstream of the catalyst. We have revealed the sam@®,/C = 0.50-0.53 required for syngas production, a close
phenomenon at the superficial velocity of 0.27 m (STP)/s on approach mentioned above is achieved. Accordingly, an equi-
isooctane reforming over identical catalytic foam (20 ppi) librium synthesis gasisindeed produced over the catalyst. For
monolith with only one heat shield placed upstream (not the rich feed (Q/C <0.5), reactions kinetics seems to affect

shown in this paper for brevity). The gradual increasing of the reforming process thus departing it from equilibrium.
the heat shield temperature up to about 35@vas followed

by the abrupt rise of the temperature up to 8G0 while
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Fig. 12. Gasoline partial oxidation with air. Axial temperatures along the

Fig. 11. Closed symbols exhibit experimental data of concentrations of H "€actor with one metallic honeycomb monolith: (1) shortly after light-off;
and COinthe product gas, the front- and back-face temperatures for the partly(z) 1hlater.
sintered catalyst (0.350 kg/h isooctane). Comparable experimental data for
the pristine catalyst are exhibited by the open symbols. Data/&t ©0.56 inlet temperature, air and water supply were varied in the
corresponds to 0.525kg/h isooctane flow rate. experiments. Representative results of the experiments are
listed inTable 2 Of particular note irrable 2is the increase
The idea of the next set of experiments was to show that of ahout 100 C in the catalyst temperature observed for gaso-
changing the catalytic composition in the frontal part of the |ine compared with that for isooctane reforming at the same
catalytic monolith affects a temperature profile in the cat- molar Q/C ratio.
alytic monolith due to changing reforming chemistry. The  The same phenomenon of elevation of the temperature up-
microchannel catalyst was partly sintered during the short- stream catalytic monolith was observed in the gasoline par-
term (3 min) temperature excursion up to 1280caused by  tjal oxidation experiments at superficial velocity of 0.45m
decreasing the fuel flow rate. After renewing flow rates, the (STP)/s Table 2 mode 3 andFig. 12). Increasing the T
front-face temperature went down by 250-3@) while the  temperature from 220 to 52€ coupled with decreasing the
catalyst back-face temperature was kept unchanged at arounggnt-face catalyst temperature from 1185 to 1085was
800°C (se€Fig. 9, set 2). Overheating appears to cause evap- monitored. ThermocouplesTmeasured a gas phase temper-
oration of Rh (0.02%wt) supported withininlet mm) part  atyre of the feed directly in the face of a heat shield adja-
of the catalyst. This seems to coincide with a drop in their cent to the catalyst. It means that the temperature in the heat
catalytic activity in exothermic reactions. With reference to shijeld of itself was higher than the bulk gas phase temperature
Fig. 11, this resulted in a milder thermal mode of the catalyst measured upstream. The observations are consistent with the
operation with a low axial temperature gradient. However, assumption that pre-reforming reactions accompanied with
the product gas composition was determined by equilibrium releasing of some chemical energy occur, thus evolving a re-
at the exit temperature. Only at high isooctane flow rates the action front upstream the catalyst. At isooctane reforming
front-face temperature exceeded the back-face temperaturghis effect was detected at superficial velocities lower than
in the sintered catalyst due to a higher heat generation (seg .3 m (STP)/s. It looks like a fuel composition is most likely

Fig. 11). to affect the velocity limit.
In all experiments with the microchannel monolith-Cs Therefore, superficial velocity is one of the critical oper-
components were not detected in product gas. ational parameter at the process performance.
As follows from Table 2 a product gas is a function of
3.2.2. Metal honeycomb (FeCrAl) monolitfaple J both the feed composition and the fuel reformed. In partial

For this catalyst, both partial oxidation and authothermal oxidation of gasoline—air mixture with the ratio =0.53
reforming processes using isooctane as well as gasoline havéhe molar ratio of hydrogen and carbon monoxide in syn-
been experimentally investigated. In the first experiment with gas~0.84 correlates with corresponding/g ratio~ 0.93
the pristine catalyst, the light-off temperature wa420°C. in gasoline (G2H133¢. Reforming of isooctane (§H1s
The ignition temperatures 6f280-320C for isooctane and  with Ho/C = 1.13) gives synthesis gas withhKCO molar ra-
~350°C for gasoline were detected for used (activated) cat- tio~ 1.1. These results show a high activity and selectivity
alyst in further experiments. of the metallic monolith tested.

3.2.2.1. Load of one monolithn the experiments described 3.2.2.2. Load of two monolithsThe idea that motivated the
below liquid volumetric flows of both fuels were equal, while  experiments was to clarify an effect of altering throughput in
mass flow rates of isooctane and gasoline amounted to 0.75%he metallic monolith operation. The representative results
and 0.893 kg/h, respectively due to the different densities are shown iffable 3andFig. 13 It is of a prime importance
(0.682 g/ml for isooctane and 0.775 g/ml for gasoline). The to arrange co-feeding the reactants in the right proportion
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Table 2
Experimental data of fuel reforming over one metallic honeycomb monolith
Parameter Experimental mode
1 2 3 4
Flow rates Isooctane: 0.757 kg/h, air:  Isooctane: 0.757 kg/h, air: Gasoline: 0.893kg/h, air:  Gasoline: 0.893 kg/h, air: 3.58%n
3.00#(n)/h,Q=3.15nn%/h, 3.00n? (n)/h, water: 0.735kg/h, 3.58n? (n)/h,Q=3.75n? (n)/h, water: 1.14 kg/h,
0,/C=0.53,Ti, =205°C Q=4.1n? (n)/h, B,/C=0.53, (n)/h, &/C=0.53, Q=5.17n? (n)/h, &/C=0.53,
H,0/C =0.8,Ti, =265°C Tin=220°C H,0/C=1.0,Ti, =280°C
Contact time (s) 0.105 0.081 0.092 0.064
Superficial velocity  0.38 0.5 0.45 0.63
(m (STP)/s)
Front-face catalyst 1033-1067 985-957 1185-1G385 1063-1058
temperature°C)
Back-face catalyst  903-951 913-892 1087-1G76 1001-1003
temperature°C)
Synthesis gas (dry) composition (mol%)
Ha 26-27.3 31-31.6 22.8-22.2 27.5
CcO 22.2-24.8 19.2-17.7 27.1-286.3 17.4
CO 0.4-2.7 4.5-6.0 Trace-6.3 7.1
N2 49-53.0 44.5-49.1 50.4-5%.4 49.4
CHgy Trace-0.2 0.1-0.3 0.4-G.4 Trace
C—C3 0 0 0 0

2 Data with T, thermocouple temperature of 520.

over entire range of throughputs. The fuel-oxygen ratio is causes the back-face metallic monolith temperature to in-
the most important tunable parameter that can affect the crease while the front-face temperature changes only slightly.
reforming performance. Only two percent altering in the air It stems due to the high thermal conductivity for the metallic
flow rate at the same amount of gasoline causes pronouncednonolith. Hence, thermal axial (longitudinal) gradient is
variation in both the catalyst temperature and reformate minimized in the metallic monoliths. A similar trend was
composition.Fig. 13illustrates the influence of an air/fuel observed for the radial (transversal) catalyst temperature.
ratio on both synthesis gas composition and the temperatureMaximum difference of 60was detected between the axial
in selective catalytic oxidation of gasoline with air over the and wall temperatures in the reactor with the metallic mono-
metallic monolith. Both hydrogen and CO concentrations lith against the difference of 9@ for microchannel ceramic
decline, as the feed becomes leaner. Contrary to observationgatalyst.

in reforming process over microchannel ceramic monolith,  In the experiments concentration of g@as less then
where the temperature gradient along the monolith length 0.5 mol%, while CH and G_3 by-products were not detected
grows in similar conditions, the increase of the air/fuel ratio at all.

Table 3
Experimental data of fuel reforming over two metallic honeycomb monoliths
Parameters Experimental mode
1 2 3 4
Flow rates Gasoline: 0.893kg/h, air:  Gasoline: 1.86 kg/h, air: Gasoline: 0.893 kg/h, air: 3.38%n Gasoline: 1.86 kg/h, air: 6.98
3.31n? (n)/h,Q=3.51 6.90n? (n)/h,Q=7.32m? (n)/h, water: 1.14kg/hQ =5n?  (n)/h, water: 2.3kg/h,
(n)/h, &/C=0.48, (n)/h, &/C=0.48, (n)/h, @/C=0.49, HO/C=0.9, Q=10.18n% (n)/h, Qx/C =0.48,
Tin=220°C Tin=206°C Tin =290°C H,0/C=0.86,Tin =250°C
Contact time (s) 0.19 0.09 0.13 0065
Superficial velocity  0.42 0.9 0.6 1.23
(m (STP)/s)
Front-face catalyst 1081 1117 992 958
temperature°C)
Back-face catalyst 963 1000 971 898
temperature°C)
Synthesis gas (dry) composition (mol%)
Ha 23.9 24.8-24.7 295 30.6-30.3
CcO 28.6 27.7-28.7 18.6 18.0-18.8
CO, Trace Trace-0.4 7.2 7.3-7.0
N2 50.3 51.6-51.7 47.0 46.3-50.5
CHy 0.4 trace-0.1 Trace Trace

Co—G3 0 0 0 0
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30 - 41100 phenomenon can be favorable for syngas production because
a milder catalyst temperature mode is created. Minimal both
o 28] {1050, longitudinal and transversal temperature gradients were ob-
= s served in the metallic catalytic monoliths in comparison to
Z 26 1 g the microchannel ceramic monoliths. This feature is particu-
2 17°% § larly important for the selective oxidation short contact time
§ 24 O “é.’ process, pecause ]ower thermal stresses and deformations in
g 1950 S the metallic monolith based catalysts can occur.
O 4 | H, U
. . . — 900
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