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(57) ABSTRACT 

The present invention is a method and a system for the 
gasi?cation of a liquid fuel and includes providing a supply 
of a liquid fuel and an oxidant, atomiZing the liquid fuel and 
mixing it With the oxidant, catalytically reacting the fuel 
oxidant mixture, providing an ignition source for initiating 
the catalytic reaction, positioning a heat exchanger in prox 
imity With the catalytic bed, and producing steam Which can 
be fed back into the system thereby eliminating the need for 
a vaporizer. A hydrocarbon fuel can be mixed With oxygen, 
as a constituent of air, preferably forming a fuel rich fuel air 
mixture that passes through a catalytic reactor having an 
ultra-short channel length metal monolith substrate. 
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FIG. 4A 

FIG. 4B 
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CATALYTIC SYSTEM FOR CONVERTING LIQUID 
FUELS INTO SYNGAS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/733,643 ?led Nov. 4, 2005. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention is directed to a method and 
system for the process of reactively converting a liquid fuel 
into a gasi?ed stream. More particularly, the method and 
system of the present invention provide a novel means for 
converting the liquid fuel into a gas by partial oxidation and 
steam reforming. In addition, When fuels containing sulfur 
are used, a device according the present invention can be 
employed to provide de-sulfurization. 

[0004] 2. Brief Description of the Related Art 

1. Field of the Invention 

[0005] Gasi?cation of liquid fuels typically comprises use 
of a vaporizer. Vaporization of liquid fuels (e.g., alcohols, 
hydrocarbons) typically is achieved by indirectly supplying 
heat into a stream of liquid fuel via heat exchange With a hot 
Wall. One disadvantage of this method is that the rate of 
vaporization is limited by the rate of heat transfer such that 
relatively large surface area is required for fuel vaporization. 
Another disadvantage of this method, especially for vapor 
izing long chain hydrocarbons, is that heating the fuel stream 
to the vaporization temperature tends to cause fuel decom 
position and formation of deposits. More speci?cally, coke 
formation is problematic. Moreover, preventing deposits 
from forming Within the fuel passages in the nozzle during 
steady state operation due to heat-up of the nozzle from the 
doWnstream hot zone is challenging. 

[0006] Another knoWn method for gasi?cation of a fuel 
stream comprises mixing atomized fuel With a hot gas such 
as superheated steam that supplies the heat required for fuel 
vaporization and prevents coke formation. HoWever, the 
large amounts of superheated steam required in this method 
result in a large heat load for steam production. 

[0007] Spray methods for atomization of liquid fuels 
knoWn in the art include air-blast or pressure atomizers, 
ultrasonic and electrospray atomizers. These spray systems 
are capable of providing a uniform distribution of atomized 
fuel across the entrance of the catalyst bed. Such atomizers 
may include a co-?oW of air that alloWs mixing of the fuel 
and oxidizer. HoWever, very ?ne and uniform droplet size 
along With homogeneous fuel-air distribution, required to 
avoid coke formation and obtain temperature/mixture uni 
formity in the reactor, is di?icult to achieve in practical 
systems. 

[0008] Ignition devices, such as a spark or gloW plugs, are 
Widely used to ignite fuel-oxidizer mixtures at startup. These 
devices often are subject to failure due to the high operating 
temperatures by virtue of their location required for ignition. 

[0009] Monoliths are commonly used catalyst substrates 
for the gasi?cation of liquid fuel. Fuel oxidizer mixture 
inhomogeneities are usually detrimental to these substrates 
as they lead to localized lean or rich zones respectively 
causing hot spots or carbon precipitation regions. Since 
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there is no opportunity for these zones to re-mix Within the 
long, separated channels of a monolith, these substrates are 
particularly vulnerable. In addition, carbon precipitation is 
favored in monoliths due to the boundary layers that develop 
in these substrates. 

[0010] Combustion of liquid fuels in fuel cell or internal 
combustion engine systems poses signi?cant problems, 
especially for fuels With high aromatic content and Wide 
boiling point distribution. This can be attributed to the 
propensity of the heavier aromatic compounds in the fuel to 
form deposits or coke When vaporized at high temperatures. 

[0011] Liquid hydrocarbon fuels such as gasoline, kero 
sene or diesel may be used With high temperature solid oxide 
fuel cells (“SOFC”) to directly produce electric poWer. For 
these fuel cells, the choice of fuel is not limited to pure 
hydrogen as is the case for loW temperature proton exchange 
membrane (“PEM”) fuel cells. Conversion of the hydrocar 
bon fuel into gaseous mixture containing syngas, though, is 
required before the fuel may be fed to the SOFC. Further 
more, removal of sulfur normally contained in the fuel prior 
to feeding to the SOFC is needed. 

[0012] These and other knoWn methods and systems for 
gasi?cation of liquid fuels, together With their associated 
disadvantages, are described further in US. patent applica 
tion Ser. No. 10/902,512 ?led on Jul. 29, 2004; Which is 
incorporated herein in its entirety. 

[0013] Gasi?cation and pre-reforming of liquid fuel Would 
resolve many of the issues noted above With respect to the 
prior art. Accordingly, there is a need for a pre-reforming 
reactor capable of operating With a range of liquid fuels. It 
is therefore an object of the present invention to provide a 
pre-reforming reactor for partially oxidizing and cracking 
the heavy components of the fuel. The pre-reformed fuel 
subsequently can be further reformed or combusted to poWer 
fuel cell systems, internal combustion engines, burners, and 
other knoWn devices. 

[0014] It is therefore another object of the current inven 
tion to provide a catalyst substrate that facilitates mixing of 
the stream ?oWing therethrough, for example a substrate 
having plurality of voids in random order and short channels 
extending in the doWnstream direction the length of Which 
is similar to the channel diameter. Such a con?guration 
results in a comparatively high conversion rate of the 
reactants to the desired products and minimizes break 
through of unreacted fuel. 

[0015] It also is an object of the current invention to 
provide a catalytic reactor for the gasi?cation of liquid fuels 
comprising a catalyst that yields partial oxidation products, 
such as CO and H2. This results in a higher level of fuel 
conversion for the same amount of added air and produces 
hydrogen-rich gas directly from the gasi?er reactor. It is a 
further object of the current invention to provide a method 
Whereby steam or atomized Water and/or CO2 may be added 
to the fuel/ air stream to adjust the amount of hydrogen in the 
product stream. It also is a further object of the current 
invention to provide a method Whereby no external pre 
heating of either air or fuel is required. 

[0016] Lastly, it is a further object of the present invention 
to provide de-sulfurization of the fuel in the liquid form 
When required by a particular application of the gasi?cation 
system taught herein. 
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DESCRIPTION OF THE INVENTION 

[0017] The system of the present invention eliminates the 
need for a liquid fuel vaporiZer in a typical gasi?cation 
system. By eliminating the vaporiZer, an essential and criti 
cal part of the reforming systems known in the art, the entire 
system is less complex and more robust. VaporiZing hydro 
carbon fuels is di?icult because of loW decomposition 
temperature of these fuels Which leads to coke deposits and 
clogging of the fuel delivery lines. Spraying cold fuel 
directly into the catalyst bed eliminates this problem. 

[0018] In one embodiment of this invention, a heat 
exchanger is positioned doWnstream of the catalyst bed 
thereby utiliZing the heat generated in the reforming reaction 
to produce steam required for the system While cooling the 
reformate stream to the temperature required by the doWn 
stream components, i.e. de-sulfuriZation bed. 

[0019] In yet another embodiment of this invention, a 
de-sulfuriZation bed is positioned doWnstream of the catalyst 
bed. In other systems knoWn in the art, de-sulfuriZation is 
achieved by de-sulfuriZation of the fuel in the liquid form in 
a hydro-de-sulfuriZation (“HDS”) process prior to the 
reforming process. 

[0020] In summary, the present invention is a system for 
converting liquid fuels into gas mixture containing CO and 
H2 (syngas). The system is comprised of: (i) a noZZle; (ii) a 
catalyst bed in ?uid communication With the noZZle exhaust 
stream; (iii) a heat source for igniting the catalyst; and (iv) 
a heat exchanger. The hot side of the heat exchange is in 
?uid communication With the catalyst bed and the cold side 
of the heat exchanger in ?uid communication With the 
noZZle. 

[0021] AtomiZed liquid fuel is exits the noZZle in a stream 
comprising an oxidiZer and optional steam. In most appli 
cations, oxygen as a constituent of air is a preferred oxidiZer. 
The ratio of the fuel stream to the oxidiZer stream should be 
such that there is insu?icient amount of oxidiZer to com 
pletely oxidiZe all fuel into CO2 and H20, i.e. the ratio 
should be fuel rich. 

[0022] The fuel entering the noZZle is cold (i.e., beloW the 
temperature at Which the fuel starts to decompose creating 
coke deposits). The noZZle design is such that the liquid fuel 
remains cold before exiting the noZZle. This is an important 
point distinguishing this invention from previous methods, 
for example U.S. Pat. No. 4,381,187. 

[0023] The noZZle may be of any type (i.e., based on 
pressure atomization, air blast, ultrasonic atomiZation, elec 
trospray, or other type knoWn in the art). The noZZle pro 
vides ?ne atomization of cold liquid fuel and uniform 
distribution of the atomiZed fuel Within the inlet air or 
optionally steam containing inlet air. Appropriate noZZles in 
Which reaction air and/or steam ?oW and/or fuel ?oW are 
used to atomiZe liquid fuel. 

[0024] The catalyst bed comprises catalyst suitable for 
supporting partial oxidation and reforming reactions. Pref 
erably the catalyst is one of the metals of group VIII of the 
periodic system of elements, preferably, rhodium. The sub 
strate on Which the catalyst is supported preferably provides 
good mixing for the fuel/oxidizer mixture passing there 
through. To provide good mixing capabilities, the substrate 
preferably comprises a multiplicity of void volumes in 
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random order. This may be best achieved by using porous 
metal or ceramic substrates or by using multiple ceramic or 
metal screens or foams. 

[0025] The preferred catalyst bed geometry provides a 
decreasing mass ?ux of the reactive mixture ?oW through 
the catalyst bed as disclosed in Us. patent application Ser. 
No. 10/324,464 ?led Dec. 19, 2002; the contents of Which 
are incorporated herein in its entirety, particularly the teach 
ings at Paragraphs 0014-0031 including FIGS. 1 and 2. As 
an example of such geometry is a coil of MicrolithTM 
short-contact-time, ultra-short-channel-length substrate and 
catalyst Where the reactive mixture is introduced in the ID 
plenum and the reformed gas exits at the OD of the coil. 
Preferred catalyst formulations could be used on different 
parts of the coil. MicrolithTM short-contact-time, ultra-short 
channel-length substrate is available from Precision Com 
bustion, Inc., 410 Sackett Point Road, North Haven, Conn. 

[0026] The noZZle and the catalyst bed are arranged in 
such a Way that the stream of atomiZed fuel mixed With air 
and steam provided by the noZZle is uniformly distributed 
across the entry face of the catalyst bed. It is preferred that 
the rate of ?oW of the reacting mixture through the catalyst 
bed is su?iciently high such that signi?cant amounts of 
partial oxidation products (i.e., CO and H2) are formed. 
When partial oxidation products are formed, less heat is 
released thereby resulting in loWer temperatures of the 
catalyst bed. 

[0027] The heat/ignition source is placed in closed prox 
imity With the catalyst bed. It is required for the initial 
pre-heat of the catalyst to the temperature Where the oxida 
tion reaction betWeen the fuel and the oxidant Would ignite. 
The heat source may be of any type knoWn in the art. An 
electrically heated gloW plug is a preferred heat source. 

[0028] The heat exchanger doWnstream of the catalyst bed 
can be any type of a heat exchanger knoWn in the art. The 
heat exchanger should be placed such that the gaseous 
reformate ?oW exiting the catalyst bed passes on the hot side 
the heat exchanger. The heat exchanger then cools the 
reformate ?oW to the required temperature. The heat 
exchanger vaporiZes cold liquid Water to produce steam 
Which is fed to the noZZle outlet. 

[0029] In some embodiments of the invention, a sulfur 
removal bed may be placed in ?uid communication With the 
heat exchanger. In this embodiments, the cooled reformate 
stream containing sulfur in the form of H28 exiting the heat 
exchanger passes through the sulfur removal bed to provide 
a sulfur free reformate stream. 

[0030] The method and system of the present invention 
provide gasi?cation of liquid fuel Without a requirement for 
supplying external heat or steam to the gasi?er. Fuel and air 
may be supplied to the gasi?er at ambient temperatures. This 
alloWs a smaller mixing volume, since the catalytic bed 
tolerates partial unmixedness, and a simpler fuel and air 
delivery system design. This also alloWs a means for start up 
and operation in the absence of initial heat at the reactor 
inlet. More importantly, the method and system of the 
present invention provide a means for the gasi?cation of a 
liquid fuel Without the use of an external vaporiZer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 depicts a schematic representation of an 
embodiment of a gasi?cation system. 

[0032] FIG. 2 depicts a schematic representation of 
another embodiment of a gasi?cation system according. 

[0033] FIG. 3 depicts a diagrammatic representation of a 
detailed design of a gasi?cation system according to the 
present invention. 

[0034] FIGS. 4a and 4b provide a three-dimensional ren 
dering of a detailed design of a gasi?cation system accord 
ing to the present invention. 

[0035] FIG. 5 provides a graphical representation of light 
olf temperature versus time in a gasi?cation system accord 
ing to the present invention. 

[0036] FIG. 6 provides a graphical representation of the 
dependence of fuel conversion on the air-to-fuel ratio in a 
gasi?cation system according to the present invention. 

[0037] FIG. 7 provides a schematic ?oW diagram of a 
gasi?cation system according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] As depicted schematically in FIG. 1, a typical 
gasi?cation system (10) comprises a path (12) de?ning a 
?oW of air (14). Fuel stream (16) is introduced into injector 
(18), Which atomiZes fuel stream (16). AtomiZed fuel (20) 
and air (14) enter catalyst bed (22) Where fuel (20) is 
additionally mixed, vaporized and partially reformed. Gas 
i?ed fuel stream (24) leaves the catalyst bed (22). Ignition 
source (26), in close proximity With catalyst bed (22), is used 
to initiate the process. 

[0039] FIG. 2 schematically depicts alternative gasi?ca 
tion system (110). Functional elements corresponding to 
those depicted in FIG. 1 are referenced by corresponding 
100-series reference numbers. In this embodiment, catalyst 
bed (122) de?nes a cylindrical shape and comprises a Wound 
catalytically coated, short-contact-time, ultra-short-channel 
length substrate. AtomiZed fuel (120) and air?oW (114) enter 
into the inner diameter (128) of catalyst bed (122) and ?oW 
out radially (130) through catalyst bed (122). The igniter 
(126) in this embodiment comprises an electric gloW plug 
(132) placed inside inner diameter (128) of catalyst bed 
(122). GloW plug (132) may be coated With catalyst (134) to 
further assist the start up process. Electric current initially is 
supplied to gloW plug (132) to preheat catalyst bed (122) to 
the start up temperature. Fuel stream (116) is introduced into 
injector (118), and air (114) is then mixed With atomiZed fuel 
(120) causing catalyst bed (122) to heat up to the operating 
temperature at Which point the electric current to the gloW 
plug (132) is stopped. Gasi?ed fuel stream (124) exits the 
system (110). 

[0040] FIG. 3 depicts a diagrammatic representation of a 
design of a gasi?cation system (200) according to the 
present invention for converting liquid fuels into gas mixture 
containing CO and H2 (syngas). The system (200) is com 
prised of a noZZle (202) having an inlet (204) and an outlet 
(206). A cold fuel liquid stream (208) and an inlet oxidiZer 
stream (210) are introduced into the inlet (204) (Which inlet 
may have more than one ori?ce). A noZZle exhaust stream 
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(212) comprising atomiZed liquid fuel mixed With oxidiZer 
and, if desired, steam exits noZZle (202) at outlet (206). 
Catalyst bed (214) is in ?uid communication With the noZZle 
exhaust stream (212). The system (200) further comprises a 
heat source (216) for igniting the catalyst bed (214). A heat 
exchanger (218) is in ?uid communication With, or placed in 
close proximity With, the catalyst bed (214) and the noZZle 
(202). 
[0041] AtomiZed liquid fuel exits the noZZle (202) in 
exhaust stream (212) Which further comprises an oxidiZer 
and optional steam. In most applications, oxygen as a 
constituent of air is a preferred oxidiZer. The ratio of the fuel 
stream to the oxidiZer stream should be such that there is 
insu?icient amount of oxidiZer to completely oxidiZe all fuel 
into CO2 and H20, (i.e., the ratio should be fuel rich). 

[0042] Exhaust stream (212) is uniformly distributed 
across the entry face of the catalyst bed (214). Preferably, the 
reactive mixture comprising exhaust stream (212) is intro 
duced in the ID plenum of the catalyst bed (214) and the 
reformed gas exits at the OD of the catalyst bed (214) coil. 

[0043] The heat/ignition source (216) is placed in closed 
proximity With the catalyst bed (214) in order to pre-heat the 
catalyst bed (214) to the temperature Where the oxidation 
reaction betWeen the fuel and the oxidant ignite. Gaseous 
reformate ?oW exits the catalyst bed (214) in ?uid commu 
nication With a ?rst side (220) of heat exchanger (218). The 
gaseous reformate is then cooled to the required temperature 
by passing through, or in close proximity With, heat 
exchanger (218). The second side (222) of heat exchanger 
(218) vaporiZes cold liquid Water stream (224) to produce 
steam (226), Which is fed to the inlet (204) of noZZle (202). 

[0044] If desired, a sulfur removal bed (228) may be 
placed in ?uid communication With the ?rst side (220) of 
heat exchanger (218). In this embodiment, the cooled refor 
mate stream containing sulfur in the form of H2S exiting the 
heat exchanger (218) passes through the sulfur removal bed 
(228) to provide a sulfur free reformate stream. 

[0045] FIGS. 4a and 4b provide a three-dimensional ren 
dering of detailed design of a gasi?cation system (300) 
according to the present invention. An Auto Thermal 
Reforming (ATR) reactor comprised a coiled catalyst bed, a 
fuel atomiZation noZZle and a start up gloW plug. The reactor 
comprises the core of the reforming system, Which system is 
further incorporated into a system comprising a heat 
exchanger/steam generator, ZnO de-sulfuriZation bed and 
fuel, air and Water pump. The ATR Was enclosed in a quartz 
housing to enable visual observation of the catalyst tem 
perature uniformity. The reactor Was also equipped With 
eight thermocouples for studying temperature distribution 
Within the catalyst bed. Gasi?cation system (300) is an 
embodiment of gasi?cation system (200) described herein 
above and some of the features are called out using similar 
characteristics numbers for descriptive and illustrative pur 
poses. 

[0046] FIG. 4a depicts the system (300), catalyst bed 
(314), heat/ignition source (316), and heat exchanger (318). 
FIG. 411 also depicts, among other features described here 
inabove With reference to FIG. 3, cold fuel liquid stream 
inlet (308), oxidiZer stream inlet (310), and liquid Water 
stream inlet (324). 

[0047] The gloW plug permits the reactor to lightolf at 
ambient conditions. In order to start the reactor, 12 V DC 
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potential is applied to the glow plug providing heat directly 
to the catalyst. This results in catalyst temperature increasing 
to above lightolf temperature in about 30 seconds. Fuel How 
is then started resulting in the reactor lightoff and transition 
to operational state in about 1 minute. As the catalyst lights 
off, the gloW plug is shut off and steam How to the reactor 
is started. This causes temperature decrease on the front of 
the catalyst bed, such that more air can be added to the 
reactor and complete fuel conversion achieved. Reactor 
temperatures during the lightolf process are shoWn in FIG. 
5. 

[0048] The reformate gas Was analyZed by a GC at each 
O:C setting to measure the gas composition and the reactor 
performance. The inlet temperature and the 81C ratio Were 
then varied and the QC scan repeated to measure the 
dependence of the ATR performance on inlet temperature, 
air-to-fuel ratio (OzC) and steam-to-fuel ratio (81C). The 
results are provided in FIG. 6. It Was found that the reactor 
could be operated With loW Water addition (S:C~l). It Was 
also found that increasing the inlet temperature improved 
reactor performance. At 400|I|C and S:C=1.1, the JP-8 
reforming ef?ciency (LHV based) Was ~65%. Note that due 
to equipment tolerances analytical considerations resulted in 
a maximum 95% material balance. The ?attening of the 
conversion curve indicates that this corresponds in actuality 
to essentially complete fuel conversion. 

[0049] ASPEN® modeling Was used to examine and 
determine the system layout including sensitivities to Water 
addition/recycle/recapture and their associated impacts. The 
system con?guration is illustrated in FIG. 7. The system 
operates at approximately 1-2 atm. The ATR feed Water is 
delivered to a heat exchanger Where it is vaporiZed prior to 
mixing With air supplied at the same pressure. The steam/air 
mix is combined With hydrocarbon fuel (represented by 
dodecane) through a noZZle, prior to delivery to the ATR. 
The ATR is represented as an adiabatic reactor yielding an 
equilibrium product distribution. The hot ATR product 
serves as the heat source for vaporizing the feed Water. This 
is a bene?t because it alloWs loW temperature valving to be 
used to control the reformate ?oWs. 

[0050] Typically, the feed O/C ratio Was ?xed and tWo 
convergence criteria Were imposed on the simulation. The 
?rst required that the temperature of the steam exiting the 
heat exchanger Was suf?cient to achieve a speci?ed ATR 
mixed feed temperature (300° C.-400° C.). The second 
required that the temperature of the cooled ATR product 
leaving the heat exchanger be compatible With effective 
sulfur removal in a doWnstream ZnO bed (typically 300° 
350° C.). This Was controlled by regulating the Water feed 
rate. Thus, for a given O/C, the S/C ratio Was that value 
Which simultaneously satis?ed these tWo requirements. Case 
studies shoWed that there Was a preferred O/C range (~1.1 
1.2) beloW Which target ATR feed temperatures could not be 
achieved and above Which system e?iciencies declined 
excessively. As an example, at a ?xed O/ C of 1.2, acceptable 
operation for a 400° C. target ATR feed temperature and a 
300° C. ATR product temperature exiting the heat 
exchanger, could be obtained at a feed S/C of 2.16. The 
resultant LHV based thermal ef?ciency for these conditions 
Was ~75% for the reforming system (including BOP para 
sitics but not including fuel-cell e?iciency). Without a fuel 
cell, heat integration Was relaxed in the system prototype. 
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Integration of heat and Water-recovery from the doWnstream 
SOFC Will be required When operating With the stack. 

[0051] Although the invention has been described in con 
siderable detail With respect to reactively converting a liquid 
fuel into a gasi?ed stream by partial oxidation and steam 
reforming, it Will be apparent that the invention is capable of 
numerous modi?cations and variations, apparent to those 
skilled in the art, Without departing from the spirit and scope 
of the invention. 

What is claimed: 
1. A method for gasi?cation of a liquid fuel comprising: 

a) providing a supply of a liquid fuel; 

b) providing a supply of an oxidant; 

c) providing a supply of Water; 

d) atomiZing the liquid fuel; 

e) mixing the atomiZed fuel With the oxidant; 

f) catalytically reacting the fuel oxidant mixture creating 
reaction products; 

g) providing an ignition source for initiating the catalytic 
reaction; 

h) positioning a heat exchanger proximate to the catalytic 
reactor; 

i) transferring heat from the reaction products to the Water 
to produce steam; and 

j) mixing the steam With the atomiZed fuel and the 
oxidant. 

2. The method of claim 1 Wherein the liquid fuel com 
prises hydrocarbons. 

3. The method of claim 1 Wherein the oxidant is a 
constituent of air. 

4. The method of claim 1 Wherein the step of mixing the 
atomiZed fuel With the oxidant further comprises forming a 
fuel rich fuel oxidant mixture. 

5. The method of claim 1 Wherein the step of catalytically 
reacting the fuel oxidant mixture includes providing a cata 
lytic reactor comprising an ultra-short channel length reactor 
substrate. 

6. The method of claim 5 Wherein the step of providing a 
catalytic reactor further comprises providing a plurality of 
the substrates thereby providing void volumes in random 
order. 

7. The method of claim 5 Wherein the step of providing a 
catalytic reactor further comprises providing a catalyst on at 
least a portion of the substrate, the catalyst comprising one 
of the metals of group VIII of the periodic system of 
elements. 

8. The method of claim 5 Wherein the substrate is pro 
vided in a coiled con?guration. 

9. The method of claim 8 Wherein the substrate is mounted 
to avoid bypass of the substrate by the fuel oxidant mixture. 

10. The method of claim 1 Wherein the step of providing 
an ignition source for initiating the catalytic reaction further 
comprises providing a gloW plug. 

11. The method of claim 1 Wherein the step of catalyti 
cally reacting the fuel oxidant mixture includes vaporizing 
and partially oxidiZing the fuel oxidant mixture. 
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12. The method of claim 1 including the additional steps 
of: 

j) positioning a sulfur removal bed proximate to the heat 
exchanger; and 

k) passing the reaction products through the sulfur 
removal bed. 

13. A system for gasi?cation of a liquid fuel comprising: 

a) a supply of a liquid fuel; 

b) a supply of an oxidant; 

c) a supply of Water; 

d) a fuel noZZle for atomiZing the liquid fuel; 

e) a mixing region for mixing the atomiZed fuel With the 
oxidant; 

f) a catalytic reactor for catalytically reacting the fuel 
oxidant mixture thereby creating reaction products; 

g) an ignition source for initiating the catalytic reaction; 
and 

k) a heat exchanger positioned proximate to the catalytic 
reactor for producing steam. 

14. The system of claim 13 Wherein the liquid fuel 
comprises hydrocarbons. 

15. The system of claim 13 Wherein the oxidant is a 
constituent of air. 

16. The system of claim 13 Wherein the mixing region 
further comprises forming a fuel rich fuel oxidant mixture. 

17. The system of claim 13 Wherein the catalytic reactor 
comprises an ultra-short channel length reactor substrate. 

18. The system of claim 17 Wherein the catalytic reactor 
further comprises a plurality of the substrates thereby pro 
viding void volumes in random order. 

19. The system of claim 17 Wherein the catalytic reactor 
further comprises a catalyst on at least a portion of the 
substrate, the catalyst comprising one of the metals of group 
VIII of the periodic system of elements. 

20. The system of claim 19 Wherein the substrate de?nes 
a coiled con?guration. 

21. The system of claim 20 Wherein the substrate is 
mounted to avoid bypass of the substrate by the fuel oxidant 
mixture. 

22. The system of claim 13 Wherein the ignition source 
comprises a gloW plug. 
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23. The system of claim 13 further comprising a sulfur 
removal bed positioned proximate to the heat exchanger. 

24. A system for gasi?cation of a liquid fuel comprising: 

a) a supply of a liquid fuel; 

b) a supply of an oxidant; 

c) a supply of Water; 

d) means for atomiZing the liquid fuel; 

e) mixing the atomiZed fuel With the oxidant; 

f) means for catalytically reacting the fuel oxidant mixture 
and creating reaction products; 

g) means for initiating the catalytic reaction; 

h) means for transferring heat from the reaction products 
to the Water to produce steam; and 

i) mixing the steam With the atomiZed fuel and the 
oxidant. 

25. The system of claim 24 Wherein the means for 
atomiZing the liquid fuel comprises a fuel noZZle. 

26. The system of claim 24 Wherein the means for mixing 
the atomiZed fuel With the oxidant further comprises a 
means for forming a fuel rich fuel oxidant mixture. 

27. The system of claim 24 Wherein the means for 
catalytically reacting the fuel oxidant mixture comprises a 
catalytic reactor that comprises an ultra-short channel length 
reactor substrate. 

28. The system of claim 27 Wherein the catalytic reactor 
further comprises a plurality of the substrates thereby pro 
viding void volumes in random order. 

29. The system of claim 27 Wherein the catalytic reactor 
further comprises a catalyst on at least a portion of the 
substrate, the catalyst comprising one of the metals of group 
VIII of the periodic system of elements. 

30. The system of claim 27 Wherein the substrate de?nes 
a coiled con?guration. 

31. The system of claim 30 Wherein the substrate is 
mounted to avoid bypass of the substrate by the fuel oxidant 
mixture. 

32. The system of claim 24 Wherein the means for an 
ignition source for initiating the catalytic reaction comprises 
a gloW plug. 


