
A

t
f

d
c

c
p

r
e
©

K

1

r
a
t
t
a
e
m
o
t

t

0
d

Journal of Power Sources 165 (2007) 210–216

Novel process to evaporate liquid fuels and its application
to the catalytic partial oxidation of diesel

T. Aicher a,∗, L. Griesser b

a Fraunhofer-Institut für Solar Energiesysteme (ISE), Heidenhofstrasse 2, D-79110 Freiburg, Germany
b Riedhofstrasse 71, CH-8049 Zürich, Switzerland
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bstract

A novel process for evaporation of liquid hydrocarbons, like gasoline, diesel or kerosene, has been developed and tested. It allows to directly
ransfer a liquid hydrocarbon mixture into the gaseous phase avoiding all problems related to residue and carbon formation due to contact of the
uel with hot heat exchanger surfaces.

This process is especially advantageous when designing combustion or reforming systems for diesel, since this fuel can not be evaporated
irectly. By transferring diesel into the gaseous phase, thorough mixing of the hydrocarbons with steam and air is possible, reducing the risk of
arbon formation in subsequent combustion or reforming processes.

In Part I, this paper describes the evaporation process and presents first experimental results. A map will be given characterizing operating
onditions where the evaporation is complete. Furthermore, the composition of the evaporator products were measured providing insight into the
rocesses taking place in the evaporator.
In Part II, the paper explains how the evaporator was connected to a catalytic partial oxidation reformer reactor and presents first experimental
esults with diesel which showed that at temperatures around 800 ◦C the thermodynamic equilibrium is reached and no carbon is formed in the
vaporator nor in the CPOX reactor.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Mixture preparation is a crucial step in both combustion and
eforming processes when liquid fuels are used. With the first
pplication good mixing is important to control emissions, with
he second to reduce the risk of carbon formation, a problem
hat many researchers have been battling with and that still is
n objective of current research, as reaffirmed recently by Porš
t al. [1]. In both processes one of the fundamental steps is to
ix liquid and gaseous reaction partners. For instance, in partial

xidation, combustion, or autothermal reforming of liquid fuels,

he fuel has to be mixed with air and in latter case also with water.

One way to achieve thorough mixing of all feed streams is
o vaporize all liquid reactants prior to mixing with air. The

∗ Corresponding author. Tel.: +49 761 4588 5194; fax: +49 761 4588 9320.
E-mail address: thomas.aicher@ise.fraunhofer.de (T. Aicher).
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n; ICE exhaust gas treatment

implest way to achieve this is the direct evaporation of liquid
ydrocarbons. It can be employed for liquid fuels as reported for
nstance for pure alkanes [2], alcohols, gasoline [3], kerosene [4]
r surrogate fuels [2]. In case of diesel, however, problems like
he formation of residue, carbon deposits, and fouling on heat
xchanger surfaces arise, which make it difficult to evaporate
iesel by direct contact with hot heat exchanger surfaces. There-
ore, to the authors’ knowledge no accounts have been published
tating the successful direct evaporation of diesel.

Since the direct evaporation of diesel seems impossible, many
oncepts have been developed to indirectly transfer diesel into
he gas phase. One way is the injection of liquid fuels, e.g. diesel,
nto the hot combustion air. Even though this concept seems rel-
tively simple, high inlet temperatures and high pressures can

ield self-ignition of the fuel and stable flames in parts of the
eactor that were designed for pre-mixing only. These problems
re more pronounced for heavy hydrocarbons since their boiling
oints exceed their auto ignition temperatures and their ignition

mailto:thomas.aicher@ise.fraunhofer.de
dx.doi.org/10.1016/j.jpowsour.2006.12.018
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elay times are very short under conditions typical for reformers
nd combustors. This is described in more detail by Krumme-
acher et al. [5]. Another draw-back of this concept is that the
iquid hydrocarbons have to be injected into a hot gas stream by
nozzle, oftentimes a dual-fluid nozzle. This allows the use of
nozzle in a small range of flow rates only, thus reducing the

urn-down ratio of the plant.
Numerous papers have been published with more sophisti-

ated approaches to the problem of mixing liquid fuels with
ombustion and reforming air. Reh and his co-workers suggest
n their concept for combustion processes to atomize and evap-
rate the liquid fuel externally in the absence of air prior to
lending it with the combustion air in a static mixer (see for
nstance Wei et al. [6]). The fuel air mixture is then supplied to a
remixed surface burner. They use small amounts of superheated
team (molar steam-to-carbon ratio of about 0.2–0.8) to atomize
he diesel fuel before it is mixed with the combustion air. Sim-
lar concepts have also been developed by others, for instance
y Piwetz et al. [7], Scoles and Perna [8], Steinfeld et al. [9],
auzey et al. [10], and Perna et al. [11] for mixture preparation

pstream of a pre-reforming and autothermal reforming reactors
s part of fuel cell systems. All these systems use much higher
team-to-carbon ratios.

Combining the simple direct injection concept with a steam
uffer concept to avoid high local heat release yields a process,
here diesel is directly injected into a hot steam/air mixture, as
escribed by Aicher and co-workers for the autothermal reform-
ng of diesel [12]. They use a proprietary reactor design to
rovide good mixing of the diesel spray with hot air/steam mix-
ure and demonstrate that it is possible to control such a system
ver a wide range of operating conditions (40–100% turn-down
peration) without formation of any soot. The same concept
f injecting liquid fuels directly into the reaction chamber is
lso reported by Docter et al. for diesel and gasoline [13] and
oychoudhury et al. for kerosene and diesel [14].

Another, very common approach to mixture preparation with
iesel that avoids problems associated with direct evaporation
f diesel is to first mix diesel and water and then evaporate the
wo-phase mixture, as described by Pereira et al. [15], Palm et
l. [16], Cheekatamarla and Lane [17], and Sgroi et al. [18] for
utothermal reforming of diesel.

Another concept, that completely avoids the problem of
lending liquid diesel with gaseous reactants, is the reforming of
iesel in supercritical water as reported for instance by Taylor et
l. [19] and Pinkwart et al. [20]. While the first team reports dif-
culties when supplying diesel to their reactor, the latter states

hat their process does not show any coke formation attributed
o low temperatures.

All these aforementioned concepts have in common that they
ely on water as one of the reactants. However, in case of partial
xidation for fuel cell applications and ICE exhaust gas treat-
ent or total oxidation for combustion applications, no water is

vailable. For those applications, different methods have been

ublished. A widely investigated way of mixture preparation
s the “cool flame” concept reviewed in a very comprehensive
aper by Naidja and his co-workers [21]. The cool flame concept
ses the effect that sub-stoichiometric mixtures of fuels and air
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eact chemically producing weak lightly blue flames, so called
cool flames” which release very little heat. The energy released
hrough the partial oxidation of the fuel causes the molecules to
reak down and recombine producing a variety of stable organic
ompounds, including alcohols, peroxides, aldehydes and car-
on monoxide. The most recent developments by Hartmann et
l. [22] applied this concept for mixture preparation to reforming
rocesses, e.g. partial oxidation [23].

Part I of this paper describes a novel, proprietary, very sim-
le process for direct evaporation of diesel by radiative heat
xchange with the energy being provided by partial oxidation
f the diesel. First experimental results are presented including
map with operating regimes for various diesel and air flow

ates. The process can be designed for pure evaporation with
nd without the presence of water. Thus, it can be applied for
ixture preparation in combustors, reforming systems for fuel

ell applications and for ICE exhaust gas after-treatment for
mission control. A patent for this process has been granted
24].

In Part II, this paper describes how a partial oxidation cata-
yst (CPOX) was integrated into the evaporator along with static

ixing devices to enhance mixture preparation. First experimen-
al results with varying the air flow to the CPOX reactor were
btained and interpreted. No carbon formation was observed,
either in the evaporator nor in the CPOX reactor.

. Part I

.1. Process description of the evaporator

This novel evaporation process does not rely on external heat
ources because it uses heat generated by partial oxidation of a
ortion of the fuel with sub-stoichiometric amounts of air. The
ir flow rate is characterized by the air number λ being in the
ange of 0.1–0.2. The air number λ is defined as the ratio of air
ow supplied to the reactor divided by the air flow required for
omplete (total) combustion. The partial oxidation takes place
n an alumina wash coat with noble metal used as a catalyst
upported on a cylindrical metal mesh consisting of stainless
teel. The evaporator comprises an inclined tube with the inter-
al cylindrical catalyst. The fuel is supplied to the upper end
f the evaporator, flowing down on the lower part of the tube
all as shown in Fig. 1(a). Due to heat transfer by radiation and

onvection from the hot catalyst support to the thin fuel film, the
ore volatile components of the fuel evaporate immediately and

eact on the catalyst surface with the air supplied to the tube, as
epicted in Fig. 1(b). By this way, the fuel on the wall is com-
letely evaporated along its way down the tube without forming
ny residues or coking, since there are no walls heated from
utside, which can lead to the formation of crusts and coking.
he catalyst is not in direct contact with liquid fuels at any time,
ecause this would result in an accelerated deterioration of the
atalyst.
For start-up the evaporator wall or the catalyst support must
e preheated, either electrically or by process heat from other
ources. After the appropriate start-up temperature of the cata-
yst (e.g. about 500 ◦C for diesel) has been reached, the fuel is
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ig. 1. Longitudinal (a) and cross (b) section of the evaporator. The diameter of
re 20 mm in diameter and 150 mm in length.

upplied to the evaporator and the external energy source can be
witched off.

.2. Experimental

The evaporator used for the investigations consists of a stain-
ess steel tube of 30 mm inner diameter and 215 mm length
nclined about 15–45◦ from the horizontal. On both ends stain-
ess steel disks with the inlet and outlet ports are connected via
anges. Sulfur-free diesel (16 ppm total sulfur) is used as a fuel
nd supplied at the upper end of the tube right onto the bottom
f the tube, with the tip of the supply tube pointed perpendic-
larly to the evaporator tube wall. The diesel flows downwards
vaporating completely along the way.

At the center of the evaporator, connected to the upper disk,
thin tube with 6.5 mm inner diameter is located with several
oles for air supply along its axis. The openings face downwards
o provide air to the reaction zone where partial combustion takes
lace. The air inlet tube also serves to support the catalyst metal
esh.
The catalyst is finely dispersed Pt supported on a cylindrical

tainless steel mesh of 20 mm inner diameter and 150 mm length
ith an �-alumina wash coat.
Two possibilities to start up the evaporator have been utilized:

1) by running an electric current through the catalyst metal
esh, or (2) by heating the evaporator tube from the outside
ith an electric heating coil. Both methods work well with the

econd being the simpler, since preheating of the evaporator tube
rom the outside is necessary for start-up in any case.

The diesel flow to the evaporator and the air flow can be
tarted, as soon as the catalyst has reached about 500 ◦C. The

atalyst temperature is measured by a thermocouple attached
o the catalyst mesh in the lower half somewhere in the mid-
le between upper and lower end. During start-up the diesel
ow is also pre-heated by an electrically heated supply hose. As

r
n
b
t

Fig. 2. Process flow diagram
aporator tube is 30 mm and the length 215 mm. The dimensions of the catalyst

oon as the temperature of the catalyst has stabilized all external
eat sources can be switched off. During operation the catalyst
emperature can be controlled by the air flow to the evaporator.

For analysis the gaseous product leaving the evaporator is
ooled down in an air cooler and the condensate is separated
rom the gas stream in a flash drum (please refer to Fig. 2). Since
he gas downstream of the flash drum still contains aerosol-like
roplets that look like a mist it became necessary to supply the
as stream to a toluene filled bubble column to retain the fine
roplets for analysis. Both, the condensate after the air cooler
nd the loaded toluene were weighed and, after completion of
he test run, analyzed by an external lab. From the clean gas
eaving the bubble column a small stream was supplied to a gas
hromatograph for analysis of its composition.

.3. Results and discussion

In a first set of experiments the operating conditions for com-
lete evaporation of the diesel feed were determined varying the
iesel mass flow and the air mass flow to the evaporator. To deter-
ine whether the evaporation was complete a transparent Teflon

ube was connected to the lower end of the evaporator to detect
ny liquids leaving the apparatus. The operating conditions for
omplete evaporation can be related to the catalyst temperature.
or operating conditions where the catalyst temperature is above
critical temperature of about 460 ◦C no liquid flow from the

vaporator was detected at any time. Fig. 3 shows the catalyst
emperature plotted against the diesel feed to the apparatus with
he air number being the parameter for the curves. The diesel
ow rate to the evaporator is expressed as the energy flow rate
ased on the LHV of diesel (i.e. 43,000 kJ kg−1), the air flow

ate is characterized by the air number λ. With increasing air
umber the catalyst temperature increases since more diesel is
urned causing a higher heat release. Because heat losses from
he system depend on the surfaces temperature of the insulated

of evaporator test rig.
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ig. 3. Operating regimes for diesel: at catalyst temperatures of above 460 ◦C
ompleted evaporation is observed at all times, below 420 ◦C the evaporation is
ot complete.

ube and, therefore, are almost constant, the catalyst tempera-
ure rises. An increase in diesel flow rate also increases the heat
elease inside the evaporator and yields an increase in catalyst
emperature.

In the transient region of catalyst temperatures between 420
nd 460 ◦C complete as well as incomplete evaporation has been
bserved. The reason for this has not been clarified yet. Below
atalyst temperatures of 420 ◦C the diesel supplied to the evap-
rator is not transferred into the gaseous phase completely. The
nal boiling point (FBP) of the diesel used for the investigations
as 390 ◦C.
The air flow to the evaporator should be controlled such that

he catalyst temperature is between 500 and 800 ◦C at all times.
he actual supplied air flow depends on the diesel flow rate
nd the insulation of the system. The catalyst temperature has
o stay above the lower critical temperature to ensure proper
peration of the evaporator with no liquids leaving the apparatus,
nd below an upper critical temperature of about 800–900 ◦C to
revent catalyst deterioration.
In a subsequent set of experiments the influence of load
hanges on the evaporator performance was investigated. In
ig. 4 the catalyst temperature is plotted versus time for a run
here the diesel (energy) flow rate was changed from 6.5 down

ig. 4. Catalyst temperature over time for various diesel flow rates (expressed
s energy flow rates) at a constant air number λ of 0.10.
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nalyzed separately. The concentrations of nitrogen (N2), cut off at 16 vol.%,
re in the range of 66 vol.%.

o 2.0 kW while the air number λ was held constant at 0.10.
fter an initial start-up phase of about 60 min the diesel feed

o the evaporator was started and all external heat sources were
witched off. Then, the diesel feed to the evaporator was reduced
n small steps. It takes about 30 min to reach a new steady state.
t all times, even during the transition to a new steady state,

he evaporation was complete, i.e. no liquids were leaving the
pparatus.

As a next step the composition of the product gas leaving the
vaporator was analyzed for conditions where the evaporation
as complete. Fig. 5 shows the gas composition for a test run

t 6.0 kW diesel feed and an air number λ of 0.14, measured
uring one test run in intervals of about one hour. The dominant
omponent is nitrogen with a concentration of about 66 vol.%,
ut off in Fig. 5 at 16 vol.%. The nitrogen is carried in by the
artial oxidation air. Significant amounts of hydrogen, carbon
onoxide and carbon dioxide in the order of 5–10 vol.% have

een observed. These components indicate that partial oxidation
f higher hydrocarbons occurs under heat release. The energy
eleased initiates thermal cracking of the hydrocarbon chains,
hich yields methane and alkenes, like ethene and propene

s reaction products. These three components can be found to
maller extent (between 1 and 2.5 vol.%) in the gaseous reac-
ion products. Both, partial oxidation and thermal cracking lead
o a reduction in mass flow rate of the liquid reaction products
nd shift its composition towards lighter hydrocarbons. The first
onclusion is confirmed by a mass balance, which reveals that
bout one quarter of the mass of the diesel feed is converted into
aseous reaction products. The composition of the remaining
iquid products was analyzed, the result of which is shown in
ig. 6.

In Fig. 6 the compositions of diesel and the “liquid” evapo-
ator product, i.e. the mixture of the flash drum and the bubble
olumn liquid products, are plotted as molar concentrations for
arious hydrocarbon fractions between C7 and C33. The toluene
as been subtracted from the analysis results. The curve for the

eaction products confirms that the “liquid” evaporator product is
ighter than the diesel feed, i.e. the curve is shifted towards lighter
ydrocarbons while the content of hydrocarbons of C11–C13
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Fig. 6. Analysis of the “condensable” reaction products.

nd heavier has decreased. The hydrocarbons above C17–C19
o not change significantly.

. Part II

.1. Description of the evaporator-cum-partial oxidation
eactor and experimental procedure

After having obtained a good understanding of the processes
nside the evaporator and after having determined the range
f operating parameters required for a complete evaporation,
partial oxidation catalyst was installed right downstream of

he evaporator by adding a second tube, a little shorter than the
vaporator tube, as depicted in Fig. 7. In addition, static mixing
evices were added to enhance mixture preparation. This step
roved to be important to avoid carbon formation and to achieve
omplete fuel conversion (patent pending).

The catalyst used for the tests was a platinum based CPOX
atalyst wash-coated on a ceramic monolith. The monolith was
5 mm in length and 28 mm in diameter. In the test-rig, the
eformer air to the CPOX catalyst is provided through a tube that
enetrates the core of the catalyst monolith, as shown in Fig. 7.
ther ways of supplying the air are also feasible, e.g. feeding
he air from the side or from an extension of the evaporator air
ube.

For start-up the entire evaporator-cum-reformer was heated
rom the outside by two electrical heating coils, one for each

ig. 7. Sketch of the evaporator-cum-CPOX reformer. Air is supplied separately
o the evaporator and the CPOX reformer. The diameter of the evaporator-cum-
eformer tube is 30 mm and the length 365 mm. The dimensions of the reformer
atalyst are 28 mm in diameter and 35 mm in length.
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ection. Depending on the heat input of the heating coils, start-
p times between 10 and 30 min could be achieved. As soon
s the evaporator catalyst reached 400 ◦C and the CPOX cat-
lyst 500 ◦C, the diesel flow and both air flows were started.
ithin seconds after switching on the feed streams the temper-

ture of the evaporator catalyst increased to about 500–550 ◦C
nd the temperature in the CPOX catalyst to about 700–900 ◦C
epending on the air flow rates. Both air flows were controlled
ndependently from each other by mass flow controllers.

To minimize heat losses and to increase system efficiency at
he same time, the entire evaporator-cum-reformer was insulated
ith mineral wool.

.2. Results and discussion

In a first set of experiments the performance of the evaporator-
um-reformer was investigated by measuring the product gas
omposition and the catalyst temperatures and by inspecting the
nside of the apparatus for carbon formation. The diesel feed was
ept constant at 1.7 kW (LHV diesel) for this set of experiments.
he total air flow was in the range of λ = 0.37–0.48, with about
5–50% being supplied to the evaporator, and the balance to the
eformer. The reformer gas composition of the product gas was
nalyzed by gas chromatograph, with mass balances closing to
ithin 3%.
The minimum air flow for a partial oxidation process must

xceed an air number of about 0.33 (i.e. O2/C = 0.5), following
consideration by Lutz et al. [25] when just the carbon of the

uel is oxidized and the hydrogen is released. This minimum air
umber was determined by using C13H26 as a diesel surrogate
uel, because it was available in the process simulator’s data base
ChemCad®) and seems close to the average diesel composition
f C12.95H24.38, as reported by Amphlett et al. [26].

At the end of each test run the evaporator-cum-reformer was
isassembled and the inside was checked for carbon deposits and
ar-like residues. However, the inner walls and all the internals
roved to be clean at all times.

Fig. 8 shows the product gas composition for constant diesel
ow and various air flows. It turned out that the air number for

he given diesel flow rate (1.7 kW) has to be at least 0.4 to achieve
omplete diesel conversion. This was deduced from the fact that
t air numbers below 0.4 the product gas was still a slightly
erosol like gas, similar to the product gas from the evaporator,
s stated in Part I.

In order to present all gas components in one diagram, the
oncentrations are plotted using a logarithmic axis. The concen-
rations shown are wet concentrations including water. In order
o obtain accurate values for water all the connection tubes were
eated to above 150 ◦C. As can be see in Fig. 8, the air flow
oes not have a significant influence on the concentration of
ajor components, like nitrogen, hydrogen, carbon monoxide

nd water.
The concentrations of hydrocarbons up to pentane were deter-
ined as well. While no pentanes were measured in the product
as, trace amounts of C1, C2’s, C3’s, and C4’s were found. Espe-
ially, ethylene and propylene concentrations are in the order of
enths of a percent, which indicates that some cracking is still
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ig. 8. Product gas composition for operation of the evaporator-cum-CPOX
eformer at 1.7 kW and λ of 0.37–0.48, determined by gas chromatography.

ccurring inside the catalyst or that some of the unsaturated light
ydrocarbons formed in the evaporator were not converted in the
POX reactor. On the other hand, it can be deducted from Fig. 8

hat a higher air number, which corresponds with a higher cat-
lyst temperature, decreases the amount of hydrocarbons in the
eformer product gas flow.

At the high air number λ of 0.48, the reformer catalyst temper-
ture measured by thermocouples was 790 ◦C and the evaporator
atalyst temperature was 520 ◦C. At λ = 0.37 the catalyst temper-
ture only was 720 ◦C. Both, evaporator and reformer catalyst
emperatures were controlled independently from each other by
he air flow rate to the respective section of the apparatus.

For comparison a commercial process simulation software
ChemCad®) was used to calculate the thermodynamic equi-

◦
ibrium for a temperature of 790 C. As a reference point the
easurements obtained at a diesel feed corresponding to 1.7 kW

LHV diesel) and an air number λ of 0.48 were utilized. In
able 1 measured and calculated gas concentrations are com-

able 1
omparison of measured (gas chromatograph) and calculated (ChemCad®)
vaporator-cum-reformer gas composition for 1.7 kW (LHV) diesel feed and
.48 air number

omponent name Measured
concentration (vol.%)

Calculated
concentration (vol.%)

O 16.1 16.3
O2 5.5 4.6

2O 4.7 4.6

2 14.7 17.9

2 57.6 56.6
H4 0.57 0.02

2H4 0.56 0

2H6 0.05 0

3H6 0.06 0

3H8 0.01 0
-C4H10 0.10 0
-C4H10 0.07 0

he catalyst temperature measured was 790 ◦C.
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ared with each other. The agreement for the major components
ith the exception of CO2, H2 and CH4, is better than 2%. The

race amounts of methane and the hydrocarbons up to butane
re not predicted properly. The significant amounts of methane
nd ethylene indicate that carbon formation within the catalyst
ight be occurring. This will be objective of future investiga-

ions, including Temperature Programmed Oxidation (TPO) to
etermine the amount of carbon deposited on the CPOX catalyst.

The problem of carbon formation in the reactor seems to
e even more pronounced at lower temperatures and lower air
umbers, respectively. For an air number of 0.37, the simulated
as composition deviates quite significantly from the measured
ne. In fact, the simulation shows that at this temperature carbon
s predicted to be present among the reaction products. This is in
greement with the observation stated earlier, that at air numbers
elow 0.40 the gaseous product stream from the reformer was no
onger clear and resembled the aerosol-like evaporator product.

For the operating point at 1.7 kW (LHV diesel) and λ = 0.48,
he conversion efficiency (lower heating value of product gas
ivided by lower heating value of diesel feed) was calculated to
e 78%. This value can be even further increased by using the hot
eactor product gas to preheat the feed streams (heat integration)
nd by a better heat insulation.

. Conclusions

A novel, very simple evaporation process, which promises
ignificant advantages for combustion and reforming processes,
as been investigated. Both combustion and reforming have in
ommon that mixture preparation is the crucial process step,
hich can be facilitated if the fuel is evaporated prior to being
ixed with the air and steam, the latter if present. In case of

iesel, evaporation has not been an option until recently, because
iesel forms residues and carbon deposits when evaporated over
ot heat exchanger surfaces.

The novel process, presented in this paper, transfers hydrocar-
on fuels, including diesel, into the gaseous phase by radiative
eat transfer from a hot catalyst supported on a metal mesh,
hus avoiding contact of the diesel with a hot metal surface. The
enerated diesel vapor can then be supplied to a combustion
hamber or – as described in the second part of this paper – to a
eforming reactor.

The performance of the evaporator has been investigated and
map derived that shows operating conditions where the fuel

s completely transferred into the gaseous phase. The catalyst
emperature is a very simple indicator for proper operation of
he evaporator: as long as it is above 460 ◦C (in case of diesel),
he evaporation is complete. The evaporator can be started very
asily by electrical preheating. The enthalpy of fuel vaporization
s provided by the process itself since about 10% of the fuel are
artially oxidized.

In a second step, a catalyst for partial oxidation was added
ownstream of the evaporator and successfully operated with

he evaporator. The evaporator-cum-reformer can be started up
y electrical heating from the outside, like the evaporator. In a
rst set of experiments, it was operated at a constant diesel flow
ate with varying air flows. No carbon formation was observed
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nside the reactor at any time, however the small amounts of
nsaturated hydrocarbons (in the order of up to 0.6 vol.%) in the
roduct gas indicate that some carbon formation occurs within
he catalyst for low air numbers and low reforming catalyst
emperatures. To further back up this observation and to eval-
ate how severe this problem is, it is planned to determine the
mount of carbon deposited on the catalyst surface by tempera-
ure programmed oxidation (TPO). Further objectives of future
nvestigations are the influence of sulfur on the performance and
ests with kerosene and gasoline.
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