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In some embodiments, the assemblies may include a vapor 
ization region with packing material configured to transfer 

(21) Appl. No.: 13/178,098 heat from a heated exhaust stream to a liquid-containing feed 
stream, and/or an insulation base adjacent a combustion 
region and configured to reduce external temperature of an 

(22) Filed: Jul. 7, 2011 E. In Shini, the E. may include 
a cooling block configured to maintain an igniter assembly in 
thermal communication with a feed stream conduit, an igniter 

Publication Classification assembly including a catalytic coating, and/or a fuel stream 
distribution assembly. In some embodiments, the assemblies 
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HYDROGEN GENERATIONASSEMBLES 
AND HYDROGEN PURIFICATION DEVICES 

BACKGROUND OF THE DISCLOSURE 

0001. A hydrogen generation assembly is an assembly that 
converts one or more feedstocks into a product stream con 
taining hydrogen gas as a majority component. The feed 
stocks may include a carbon-containing feedstock and, in 
Some embodiments, also may include water. The feedstocks 
are delivered to a hydrogen-producing region of the hydrogen 
generation assembly from a feedstock delivery system, typi 
cally with the feedstocks being delivered under pressure and 
at elevated temperatures. The hydrogen-producing region is 
often associated with a temperature modulating assembly, 
Such as a heating assembly or cooling assembly, which con 
Sumes one or more fuel streams to maintain the hydrogen 
producing region within a suitable temperature range for 
effectively producing hydrogen gas. The hydrogen genera 
tion assembly may generate hydrogen gas via any Suitable 
mechanism(s). Such as steam reforming, autothermal reform 
ing, pyrolysis, and/or catalytic partial oxidation. 
0002 The generated or produced hydrogen gas may, how 
ever, have impurities. That gas may be referred to as a mixed 
gas stream that contains hydrogen gas and other gases. Prior 
to using the mixed gas stream, it must be purified, such as to 
remove at least a portion of the other gases. The hydrogen 
generation assembly may therefore include a hydrogen puri 
fication device for increasing the hydrogen purity of the 
mixed gas stream. The hydrogen purification device may 
include at least one hydrogen-selective membrane to separate 
the mixed gas stream into a product stream and a byproduct 
stream. The product stream contains a greater concentration 
of hydrogen gas and/or a reduced concentration of one or 
more of the other gases from the mixed gas stream. Hydrogen 
purification using one or more hydrogen-selective mem 
branes is a pressure driven separation process in which the 
one or more hydrogen-selective membranes are contained in 
a pressure vessel. The mixed gas stream contacts the mixed 
gas surface of the membrane(s), and the product stream is 
formed from at least a portion of the mixed gas stream that 
permeates through the membrane(s). The pressure vessel is 
typically sealed to prevent gases from entering or leaving the 
pressure vessel except through defined inlet and outlet ports 
or conduits. 

0003. The product stream may be used in a variety of 
applications. One such application is energy production, Such 
as in electrochemical fuel cells. An electrochemical fuel cell 
is a device that converts fuel and an oxidant to electricity, a 
reaction product, and heat. For example, fuel cells may con 
Vert hydrogen and oxygen into water and electricity. In those 
fuel cells, the hydrogen is the fuel, the oxygen is the oxidant, 
and the water is a reaction product. Fuel cell stacks include a 
plurality of fuel cells and may be utilized with a hydrogen 
generation assembly to provide an energy production assem 
bly. 
0004 Examples of hydrogen generation assemblies, 
hydrogen processing assemblies, and/or components of those 
assemblies are described in U.S. Pat. Nos. 5,861,137; 6,319, 
306; 6,494.937; 6,562,111; 7,063,047; 7,306,868; 7,470,293; 
7,601,302; 7,632.322; and U.S. Patent Application Publica 
tion Nos. 2006/0090397: 2006/0272212; 2007/0266631; 
2007/0274904; 2008/0085434; 2008/0138678; 2008/ 
0230039; 2010/0064887. The complete disclosures of the 
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above patents and patent application publications are hereby 
incorporated by reference for all purposes. 

SUMMARY OF THE DISCLOSURE 

0005. Some embodiments provide a steam reforming 
hydrogen generation assembly configured to receive at least 
one liquid-containing feed stream that includes water and a 
carbon-containing feedstock and generate a reformate stream 
containing hydrogen gas as a majority component and other 
gases. In some embodiments, the hydrogen generation 
assembly may include a vaporization region configured to 
receive and vaporize at least a portion of the at least one 
liquid-containing feed stream to form a vapor feed stream, 
and a hydrogen-producing region containing a reforming 
catalyst and configured to receive the vapor feed stream and to 
produce the reformate stream via a steam reforming reaction. 
The hydrogen generation assembly may additionally include 
a heating assembly configured to produce a heated exhaust 
stream for heating the vaporization region to at least a mini 
mum vaporization temperature. The vaporization region may 
include packing material configured to transfer heat from the 
heated exhaust stream to the at least one liquid-containing 
feed stream. 
0006. In some embodiments, the hydrogen generation 
assembly may include an enclosure, and a hydrogen-produc 
ing region contained within the enclosure and including a 
reforming catalyst. The hydrogen-producing region may be 
configured to produce, via a steam reforming reaction, the 
reformate stream from the at least one feed stream. The 
hydrogen-generation assembly may additionally include a 
heating assembly configured to receive at least one air stream 
and at least one fuel stream and to combust the at least one fuel 
stream within a combustion region contained within the 
enclosure producing a heated exhaust stream for heating at 
least the hydrogen-producing region to at least a minimum 
hydrogen-producing temperature. The hydrogen generation 
assembly may further include an insulation base configured 
to reduce external temperature of the enclosure, the insulation 
base being adjacent to the combustion region. The enclosure 
may be supported on the insulation base and the insulation 
base may include insulating material and at least one passage 
that extends through the insulating material. The at least one 
passage may be in fluid communication with the combustion 
region. 
0007. In some embodiments, the hydrogen generation 
assembly may include an enclosure, and a hydrogen-produc 
ing region contained within the enclosure and including a 
reforming catalyst and configured to receive the at least one 
feed stream and to produce the reformate stream via a steam 
reforming reaction. The hydrogen generation assembly may 
additionally include a feed stream conduit in fluid communi 
cation with the hydrogen-producing region and through 
which the at least one feed stream is passed prior to delivery 
to the hydrogen-producing region, and a heating assembly in 
thermal communication with the hydrogen-producing region. 
The heating assembly may include inlets for receiving at least 
one fuel stream and at least one air stream, and an igniter 
assembly configured to ignite the at least one fuel stream. The 
igniter assembly may include a body portion, at least one 
igniter element attached to the body portion, and wires in 
electrical communication with the at least one igniter element 
and at least partially enclosed by the body portion. The igniter 
assembly may additionally include a metal cooling block 
having at least first and second channels in thermal commu 
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nication with each other. The first channel may receive at least 
part of the body portion and at least part of the wires, and the 
second channel may receive at least part of the feed stream 
conduit. 

0008. In some embodiments, the hydrogen generation 
assembly may include a hydrogen-producing region contain 
ing a reforming catalyst. The hydrogen-producing region 
may be configured to receive the at least one feed stream and 
to produce the reformate stream via a steam reforming reac 
tion. The hydrogen generation assembly may additionally 
include a heating assembly in thermal communication with 
the hydrogen-producing region. The heating assembly may 
include an igniter assembly configured to ignite at least one 
fuel stream. The igniter assembly may include an igniter 
element having a catalytically active coating configured to 
combust hydrogen in the presence of oxygen. 
0009. In some embodiments, the hydrogen generation 
assembly may include an enclosure having a bottom portion 
and a hydrogen-producing region contained within the enclo 
Sure and including a reforming catalyst. The hydrogen-pro 
ducing region may be configured to produce, via a steam 
reforming reaction, the reformate stream from the at least one 
feed stream. The hydrogen generation assembly may addi 
tionally include a heating assembly configured to receive at 
least one air stream and at least one fuel stream and to com 
bust the at least one fuel stream within a combustion region 
contained within the enclosure producing a heated exhaust 
stream for heating at least the hydrogen-producing region to 
at least a minimum hydrogen-producing temperature. The 
hydrogen generation assembly may further include a fuel 
distribution assembly attached to the bottom portion of the 
enclosure. The fuel distribution assembly may be configured 
to distribute the at least one fuel stream into the combustion 
region. The fuel distribution may include a base including at 
least one passage that is in fluid communication with the 
combustion region, and a mesh assembly Supported on the 
base. The fuel distribution assembly may additionally include 
a top wall having a perimeter, and at least one sidewall having 
a top portion and a bottom portion. The top portion may be 
mounted around the perimeter and the bottom portion may be 
Supported on the mesh assembly such that a fuel stream 
distribution region is formed within the at least one side wall 
and between the top wall and the mesh assembly. The fuel 
distribution assembly may further include an inlet into the 
fuel stream distribution region, and a fuel stream conduit 
fluidly connected to the inlet and configured to receive the at 
least one fuel stream. The mesh assembly may include at least 
one pathway for the at least one fuel stream to flow from the 
fuel stream distribution region to the combustion region. 
0010. In some embodiments, the hydrogen generation 
assembly may include an enclosure, and a hydrogen-produc 
ing region contained within the enclosure and including a 
reforming catalyst. The hydrogen-producing region may be 
configured to produce, via a steam reforming reaction, the 
reformate stream from the at least one feed stream. The 
hydrogen-generation assembly may additionally include a 
heat conducting assembly external to the enclosure and 
attached to at least a portion of the enclosure. The heat con 
ducting assembly may be configured to conduct heat from 
one or more external heaters attached to the heat conducting 
assembly to the at least a portion of the enclosure. 
0011. Some embodiments provide a hydrogen purification 
device. In some embodiments, the hydrogen purification 
device may include first and second end frames. The first and 
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second end frames may include an input port configured to 
receive a mixed gas stream containing hydrogen gas and other 
gases, and an output port configured to receive a permeate 
stream containing at least one of a greater concentration of 
hydrogen gas and a lower concentration of the other gases 
than the mixed gas stream. The first and second end frames 
may additionally include a byproduct port configured to 
receive a byproduct stream containing at least a substantial 
portion of the other gases. The hydrogen purification device 
may additionally include at least one hydrogen-selective 
membrane disposed between and secured to the first and 
second end frames. The at least one hydrogen-selective mem 
brane may include a feed side and a permeate side. At least 
part of the permeate stream may be formed from the portion 
of the mixed gas stream that passes from the feed side to the 
permeate side, with the remaining portion of the mixed gas 
stream, which remains on the feed side, forming at least part 
of the byproduct stream. The hydrogen purification device 
further includes a plurality of frames disposed between at 
least one of the first and second end frames and the at least one 
hydrogen-selective membrane. Each frame of the plurality of 
frames may include a perimeter shell defining an open region 
and a frame plane. Each frame may additionally include at 
least a first membrane Support structure extending into the 
open region. Each of the at least a first membrane Support 
structure may be co-planar, within a first membrane Support 
plane, with other first membrane support structures of the 
plurality of frames. The first membrane support plane may be 
perpendicular to the frame plane of each frame of the plurality 
of frames. 

0012. In some embodiments, the hydrogen purification 
device may include first and second end plates. The first and 
second end plates may include an input port configured to 
receive a mixed gas stream containing hydrogen gas and other 
gases, and an output port configured to receive a permeate 
stream containing at least one of a greater concentration of 
hydrogen gas and a lower concentration of the other gases 
than the mixed gas stream. The first and second end plates 
may additionally include a byproduct port configured to 
receive a byproduct stream containing at least a substantial 
portion of the other gases. The hydrogen purification device 
may additionally include at least one hydrogen-selective 
membrane disposed between the first and second end plates. 
The at least one hydrogen-selective membrane having a feed 
side and a permeate side. At least part of the permeate stream 
may be formed from the portion of the mixed gas stream that 
passes from the feed side to the permeate side, with the 
remaining portion of the mixed gas stream, which remains on 
the feed side, forming at least part of the byproduct stream. 
The hydrogen purification device may further include a 
microscreen structure configured to Support the at least one 
hydrogen-selective membrane. The microscreen structure 
may include generally opposed Surfaces configured to pro 
vide support to the permeate side, and a plurality of fluid 
passages extending between the opposed surfaces. The 
microscreen structure may include stainless steel containing 
an aluminum oxide layer configured to prevent intermetallic 
diffusion between the stainless steel and the at least one 
hydrogen-selective membrane. 
0013 Some embodiments provide a method of manufac 
turing a frame for a hydrogen purification device. The frame 
may be disposed between and secured to at least one of first 
and second end frames. The method may include plating first 
and second sections of the frame with at least one layering 
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metal having a melting point, and joining the first and second 
sections. The method may additionally include raising the 
temperature of the joined first and second sections above the 
melting point, and allowing the at least one layering metal to 
diffuse into the first and second sections such that an alloy is 
formed. The alloy may have a melting point that is higher than 
the melting point of the at least one layering metal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a schematic view of an example of a hydro 
gen generation assembly. 
0015 FIG. 2 is a schematic view of another example of a 
hydrogen generation assembly. 
0016 FIG.3 is an isometric view of a further example of a 
hydrogen generation assembly. 
0017 FIG. 4 is a sectional view of the hydrogen genera 
tion assembly of FIG. 3 taken along lines 4-4 on FIG. 3. 
0018 FIG. 5 is a partial bottom isometric view of an insu 
lation base of the hydrogen generation assembly of FIG. 3. 
0019 FIG. 6 is a partial view of a vaporizer coil of the 
hydrogen generation assembly of FIG. 4. 
0020 FIG. 7 is a partial isometric view of a catalytic 
igniter of the hydrogen generation assembly of FIG. 3. 
0021 FIG. 8 is a sectional view of the hydrogen genera 
tion assembly of FIG. 3 taken along lines 4-4 on FIG. 3, 
showing feed stream and fuel stream conduits on the same 
side of the assembly, and an igniter assembly and a cooling 
block on that side. 
0022 FIG. 9 is an isometric view of the cooling block of 
FIG 8. 
0023 FIG. 10 is a sectional view of the hydrogen genera 
tion assembly of FIG. 3 taken along lines 4-4 on FIG. 3, 
showing a fuel distribution assembly. 
0024 FIG. 11 is a partial view of the hydrogen generation 
assembly of FIG. 10. 
0025 FIG. 12 is a schematic view of a hydrogen purifica 
tion device of the hydrogen generation assembly of FIG. 1. 
0026 FIG. 13 is an exploded isometric view of an example 
of the hydrogen purification device of FIG. 12. 
0027 FIG. 14 is a schematic exploded isometric view of 
the hydrogen purification device of FIG. 13, showing an 
example alignment of frame projections within membrane 
Support planes. 
0028 FIG. 15 is a top view of an example of a feed frame 
of the hydrogen purification device of FIG. 13. 
0029 FIG. 16 is a top view of another example of a feed 
frame of the hydrogen purification device of FIG. 13. 
0030 FIG. 17 is a top view of an example of a permeate 
frame of the hydrogen purification device of FIG. 13. 
0031 FIG. 18 is a top view of another example of a per 
meate frame of the hydrogen purification device of FIG. 13. 
0032 FIG. 19 is a sectional view of the feed frame of FIG. 
15 taken along lines 19-19 on FIG. 15. 
0033 FIG.20 is a flow chart of an example of a method of 
manufacturing a frame for a hydrogen purification device. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

0034 FIG. 1 shows an example of a hydrogen generation 
assembly 20. Unless specifically excluded hydrogen genera 
tion assembly may include one or more components of other 
hydrogen generation assemblies described in this disclosure. 
The hydrogen generation assembly may include any Suitable 
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structure configured to generate a product hydrogen stream 
21. For example, the hydrogen generation assembly may 
include a feedstock delivery system 22 and a fuel processing 
assembly 24. The feedstock delivery system may include any 
suitable structure configured to selectively deliver at least one 
feed stream 26 to the fuel processing assembly. 
0035. In some embodiments, feedstock delivery system 22 
may additionally include any suitable structure configured to 
selectively deliver at least one fuel stream 28 to a burner or 
other heating assembly of fuel processing assembly 24. In 
some embodiments, feed stream 26 and fuel stream 28 may be 
the same stream delivered to different parts of the fuel pro 
cessing assembly. The feedstock delivery system may include 
any Suitable delivery mechanisms, such as a positive dis 
placement or other suitable pump or mechanism for propel 
ling fluid streams. In some embodiments, feedstock delivery 
system may be configured to deliver feed stream(s) 26 and/or 
fuel stream(s) 28 without requiring the use of pumps and/or 
other electrically powered fluid-delivery mechanisms. 
Examples of suitable feedstock delivery systems that may be 
used with hydrogen generation assembly 20 include the feed 
stock delivery systems described in U.S. Pat. Nos. 7,470,293 
and 7,601,302, and U.S. Patent Application Publication No. 
2006/0090397. The complete disclosures of the above patents 
and patent application are hereby incorporated by reference 
for all purposes. 
0036. Feed stream 26 may include at least one hydrogen 
production fluid 30, which may include one or more fluids 
that may be utilized as reactants to produce product hydrogen 
stream 21. For example, the hydrogen-production fluid may 
include a carbon-containing feedstock, Such as at least one 
hydrocarbon and/or alcohol. Examples of suitable hydrocar 
bons include methane, propane, natural gas, diesel, kerosene, 
gasoline, etc. Examples of Suitable alcohols include metha 
nol, ethanol, polyols (Such as ethylene glycol and propylene 
glycol), etc. Additionally, hydrogen-production fluid 30 may 
include water, Such as when fuel processing assembly gener 
ates the product hydrogen stream via steam reforming and/or 
autothermal reforming. When fuel processing assembly 24 
generates the product hydrogen stream via pyrolysis or cata 
lytic partial oxidation, feed stream 26 does not contain water. 
0037. In some embodiments, feedstock delivery system 22 
may be configured to deliver a hydrogen-production fluid 30 
that contains a mixture of water and a carbon-containing 
feedstock that is miscible with water (such as methanol and/or 
another water-soluble alcohol). The ratio of water to carbon 
containing feedstock in Such a fluid stream may vary accord 
ing to one or more factors, such as the particular carbon 
containing feedstock being used, user preferences, design of 
the fuel processing assembly, mechanism(s) used by the fuel 
processing assembly to generate the product hydrogen stream 
etc. For example, the molar ratio of water to carbon may be 
approximately 1:1 to 3:1. Additionally, mixtures of water and 
methanol may be delivered at or near a 1:1 molar ratio (31 
volume 96 water, 69 volume '% methanol), while mixtures of 
hydrocarbons or other alcohols may be delivered at a water 
to-carbon molar ratio greater than 1:1. 
0038. When fuel processing assembly 24 generates prod 
uct hydrogen stream 21 via reforming, feed stream 26 may 
include, for example, approximately 25-75 volume methanol 
or ethanol (or another suitable water-miscible carbon-con 
taining feedstock) and approximately 25-75 volume 96 water. 
For feed streams that at least substantially include methanol 
and water, those streams may include approximately 50-75 
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volume 96 methanol and approximately 25-50 volume '% 
water. Streams containing ethanol or other water-miscible 
alcohols may contain approximately 25-60 volume 96 alcohol 
and approximately 40-75 volume '% water. An example of a 
feed stream for hydrogen generating assembly 20 that utilize 
steam reforming or autothermal reforming contains 69 Vol 
ume 96 methanol and 31 volume 96 water. 

0039. Although feedstock delivery system 22 is shown to 
be configured to deliver a single feed stream 26, the feedstock 
delivery system may be configured to deliver two or more 
feed streams 26. Those streams may contain the same or 
different feedstocks and may have different compositions, at 
least one common component, no common components, or 
the same compositions. For example, a first feed stream may 
include a first component, Such as a carbon-containing feed 
stock and a second feed stream may include a second com 
ponent, such as water. Additionally, although feedstock deliv 
ery system 22 may, in some embodiments, be configured to 
deliver a single fuel stream 28, the feedstock delivery system 
may be configured to deliver two or more fuel streams. The 
fuel streams may have different compositions, at least one 
common component, no common components, or the same 
compositions. Moreover, the feed and fuel streams may be 
discharged from the feedstock delivery system in different 
phases. For example, one of the streams may be a liquid 
stream while the other is a gas stream. In some embodiments, 
both of the streams may be liquid streams, while in other 
embodiments both of the streams may be gas streams. Fur 
thermore, although hydrogen generation assembly 20 is 
shown to include a single feedstock delivery system 22, the 
hydrogen generation assembly may include two or more 
feedstock delivery systems 22. 
0040 Fuel processing assembly 24 may include a hydro 
gen-producing region 32 configured to produce an output 
stream 34 containing hydrogen gas via any suitable hydro 
gen-producing mechanism(s). The output stream may 
include hydrogen gas as at least a majority component and 
may include additional gaseous component(s). Output stream 
may therefore be referred to as a “mixed gas stream” that 
contains hydrogen gas as its majority component but which 
includes other gases. 
0041 Hydrogen-producing region 32 may include any 
Suitable catalyst-containing bed or region. When the hydro 
gen-producing mechanism is steam reforming, the hydrogen 
producing region may include a suitable steam reforming 
catalyst 36 to facilitate production of output stream(s) 34 
from feed stream(s) 26 containing a carbon-containing feed 
stock and water. In Such an embodiment, fuel processing 
assembly 24 may be referred to as a “steam reformer hydro 
gen-producing region 32 may be referred to as a “reforming 
region.” and output stream 34 may be referred to as a “refor 
mate stream.” The other gases that may be present in the 
reformate stream may include carbon monoxide, carbon 
dioxide, methane, Steam, and/or unreacted carbon-containing 
feedstock. 

0042. When the hydrogen-producing mechanism is auto 
thermal reforming, hydrogen-producing region 32 may 
include a suitable autothermal reforming catalyst to facilitate 
the production of output stream(s)34 from feed stream(s) 26 
containing water and a carbon-containing feedstock in the 
presence of air. Additionally, fuel processing assembly 24 
may include an air delivery assembly 38 configured to deliver 
air stream(s) to the hydrogen-producing region. 
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0043. In some embodiments, fuel processing assembly 24 
may include a purification (or separation) region 40, which 
may include any suitable structure configured to produce at 
least one hydrogen-rich stream 42 from output (or mixed gas) 
stream 34. Hydrogen-rich stream 42 may include a greater 
hydrogen concentration than output stream 34 and/or a 
reduced concentration of one or more other gases (or impu 
rities) that were present in that output stream. Product hydro 
gen stream 21 includes at least a portion of hydrogen-rich 
stream 42. Thus, product hydrogen stream 21 and hydrogen 
rich stream 42 may be the same stream and have the same 
composition and flow rates. Alternatively, some of the puri 
fied hydrogen gas in hydrogen-rich stream 42 may be stored 
for later use. Such as in a Suitable hydrogen storage assembly 
and/or consumed by the fuel processing assembly. Purifica 
tion region 40 also may be referred to as a “hydrogen purifi 
cation device' or a “hydrogen processing assembly.” 
0044. In some embodiments, purification region 40 may 
produce at least one byproduct stream 44, which may contain 
nohydrogen gas or some hydrogen gas. The byproduct stream 
may be exhausted, sent to a burner assembly and/or other 
combustion source, used as a heated fluid stream, stored for 
later use, and/or otherwise utilized, stored, and/or disposed. 
Additionally, purification region 40 may emit the byproduct 
stream as a continuous stream responsive to the deliver of 
output stream 34, or may emit that stream intermittently, Such 
as in a batch process or when the byproduct portion of the 
output stream is retained at least temporarily in the purifica 
tion region. 
0045 Fuel processing assembly 24 may include one or 
more purification regions configured to produce one or more 
byproduct streams containing Sufficient amounts of hydrogen 
gas to be suitable for use as a fuel stream (or a feedstock 
stream) for a heating assembly for the fuel processing assem 
bly. In some embodiments, the byproduct stream may have 
Sufficient fuel value or hydrogen content to enable a heating 
assembly to maintain the hydrogen-producing region at a 
desired operating temperature or within a selected range of 
temperatures. For example, the byproduct stream may 
include hydrogen gas, such as 10-30 weight% hydrogen gas, 
15-25 weight% hydrogen gas, 20-30 weight% hydrogen gas, 
at least 10 or 15 weight% hydrogen gas, at least 20 weight% 
hydrogen gas, etc. 
0046 Purification region 40 may include any suitable 
structure configured to reduce the concentration of at least 
one component of output stream 21. In most applications, 
hydrogen-rich stream 42 will have a greater hydrogen con 
centration than output stream (or mixed gas stream)34. The 
hydrogen-rich stream also may have a reduced concentration 
of one or more non-hydrogen components that were present 
in output stream 34 with the hydrogen concentration of the 
hydrogen-rich stream being more, the same, or less than the 
outputStream. For example, in conventional fuel cell systems, 
carbon monoxide may damage a fuel cell Stack if it is present 
in even a few parts per million, while other non-hydrogen 
components that may be present in output stream 34, Such as 
water, will not damage the stack even if present in much 
greater concentrations. Therefore, in Such an application, the 
purification region may not increase the overall hydrogen 
concentration but will reduce the concentration of one or 
more non-hydrogen components that are harmful, or poten 
tially harmful, to the desired application for the product 
hydrogen stream. 
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0047. Examples of suitable devices for purification region 
40 include one or more hydrogen-selective membranes 46, 
chemical carbon monoxide removal assemblies 48, and/or 
pressure swing adsorption (PSA) systems 50. Purification 
region 40 may include more than one type of purification 
device and the devices may have the same or different struc 
tures and/or operate by the same or difference mechanism(s). 
Fuel processing assembly 24 may include at least one restric 
tive orifice and/or other flow restrictor downstream of the 
purification region(s). Such as associated with one or more 
product hydrogen stream(s), hydrogen-rich stream(s), and/or 
byproduct stream(s). 
0048 Hydrogen-selective membranes 46 are permeable to 
hydrogen gas, but are at least Substantially (if not completely) 
impermeable to other components of output stream 34. Mem 
branes 46 may be formed of any hydrogen-permeable mate 
rial Suitable for use in the operating environment and param 
eters in which purification region 40 is operated. Examples of 
suitable materials for membranes 46 include palladium and 
palladium alloys, and especially thin films of such metals and 
metal alloys. Palladium alloys have proven particularly effec 
tive, especially palladium with 35 weigh% to 45 weight % 
copper. A palladium-copper alloy that contains approxi 
mately 40 weight% copper has proven particularly effective, 
although other relative concentrations and components may 
be used. Another especially effective alloy is palladium with 
2 weight% to 10 weight% gold, especially palladium with 5 
weight % gold. When palladium and palladium alloys are 
used, hydrogen-selective membranes 46 may sometimes be 
referred to as “foils. 

0049 Chemical carbon monoxide removal assemblies 48 
are devices that chemically react carbon monoxide and/or 
other undesirable components of output stream 34 to form 
other compositions that are not as potentially harmful. 
Examples of chemical carbon monoxide removal assemblies 
include water-gas shift reactors that are configured to produce 
hydrogen gas and carbon dioxide from water and carbon 
monoxide, partial oxidation reactors that are configured to 
convert carbon monoxide into carbon dioxide, and methana 
tion catalyst regions (or beds) that are configured to convert 
carbon monoxide and hydrogen to methane and water. Fuel 
processing assembly 24 may include more than one type 
and/or number of chemical removal assemblies 48. 

0050 Pressure swing adsorption (PSA) is a chemical pro 
cess in which gaseous impurities are removed from output 
stream 34 based on the principle that certain gases, under the 
proper conditions of temperature and pressure, will be 
adsorbed onto an adsorbent material more strongly than other 
gases. Typically, the impurities are adsorbed and removed 
from output stream34. Adsorption of impurity gases occurs at 
elevated pressure. When the pressure is reduced, the impuri 
ties are desorbed from the adsorbent material, thus regener 
ating the adsorbent material. Typically, PSA is a cyclic pro 
cess and requires at least two beds for continuous (as opposed 
to batch) operation. Examples of suitable adsorbent materials 
that may be used in adsorbent beds are activated carbon and 
Zeolites. PSA system 50 also provides an example of a device 
for use in purification region 40 in which the byproducts, or 
removed components, are not directly exhausted from the 
region as a gas stream concurrently with the purification of 
the output stream. Instead, these byproduct components are 
removed when the adsorbent material is regenerated or oth 
erwise removed from the purification region. 
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0051. In FIG.1, purification region 40 is shown within fuel 
processing assembly 24. The purification region may alterna 
tively be separately located downstream from the fuel pro 
cessing assembly, as is schematically illustrated in dash-dot 
lines in FIG. 1. Purification region 40 also may include por 
tions within and external to the fuel processing assembly. 
0.052 Fuel processing assembly 24 also may include a 
temperature modulating assembly in the form of a heating 
assembly 52. The heating assembly may be configured to 
produce at least one heated exhaust stream (or combustion 
stream) 54 from at least one heating fuel stream 28, typically 
as combusted in the presence of air. Heated exhaust stream 54 
is schematically illustrated in FIG. 1 as heating hydrogen 
producing region 32. Heating assembly 52 may include any 
Suitable structure configured to generate the heated exhaust 
stream, Such as a burner or combustion catalyst in which a 
fuel is combusted with air to produce the heated exhaust 
stream. The heating assembly may include an ignitor or igni 
tion source 58 that is configured to initiate the combustion of 
fuel. Examples of Suitable ignition Sources include one or 
more spark plugs, glow plugs, combustion catalyst, pilot 
lights, piezoelectric ignitors, spark igniters, hot surface ignit 
ers, etc. 
0053. In some embodiments, heating assembly 52 may 
include a burner assembly 60 and may be referred to as a 
combustion-based, or combustion-driven, heating assembly. 
In a combustion-based heating assembly, heating assembly 
52 may be configured to receive at least one fuel stream 28 
and to combust the fuel stream in the presence of air to 
provide a hot combustion stream 54 that may be used to heat 
at least the hydrogen-producing region of the fuel processing 
assembly. Air may be delivered to the heating assembly via a 
variety of mechanisms. For example, an air stream 62 may be 
delivered to the heating assembly as a separate stream, as 
shown in FIG.1. Alternatively, or additionally, air stream 62 
may be delivered to the heating assembly with at least one of 
the fuel streams 28 for heating assembly 52 and/or drawn 
from the environment within which the heating assembly is 
utilized. 

0054 Combustion stream 54 may additionally, or alterna 
tively, be used to heat other portions of the fuel processing 
assembly and/or fuel cell systems with which the heating 
assembly is used. Additionally, other configuration and types 
of heating assemblies 52 may be used. For example, heating 
assembly 52 may be an electrically powered heating assem 
bly that is configured to heat at least hydrogen-producing 
region 32 of fuel processing assembly 24 by generating heat 
using at least one heating element, Such as a resistive heating 
element. In those embodiments, heating assembly 52 may not 
receive and combust a combustible fuel stream to heat the 
hydrogen-producing region to a suitable hydrogen-producing 
temperature. Examples of heating assemblies are disclosed in 
U.S. Pat. No. 7,632.322, the complete disclosure of which is 
hereby incorporated by reference for all purposes. 
0055 Heating assembly 52 may be housed in a common 
shell or housing with the hydrogen-producing region and/or 
separation region (as further discussed below). The heating 
assembly may be separately positioned relative to hydrogen 
producing region 32 but in thermal and/or fluid communica 
tion with that region to provide the desired heating of at least 
the hydrogen-producing region. Heating assembly 52 may be 
located partially or completely within the common shell, 
and/or at least a portion (or all) of the heating assembly may 
be located external that shell. When the heating assembly is 
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located external the shell, the hot combustion gases from 
burner assembly 60 may be delivered via suitable heat trans 
fer conduits to one or more components within the shell. 
0056. The heating assembly also may be configured to 
heat feedstock delivery system 22, the feedstock supply 
streams, hydrogen-producing region 32, purification (or 
separation) region 40, or any suitable combination of those 
systems, streams, and regions. Heating of the feedstock Sup 
ply streams may include vaporizing liquid reactant streams or 
components of the hydrogen-production fluid used to pro 
duce hydrogen gas in the hydrogen-producing region. In that 
embodiment, fuel processing assembly 24 may be described 
as including a vaporization region 64. The heating assembly 
may additionally be configured to heat other components of 
the hydrogen generation assembly. For example, the heated 
exhaust stream may be configured to heat a pressure vessel 
and/or other canister containing the heating fuel and/or the 
hydrogen-production fluid that forms at least portions offeed 
stream 26 and fuel stream 28. 

0057 Heating assembly 52 may achieve and/or maintain 
in hydrogen-producing region 32 any suitable temperatures. 
Steam reformers typically operate at temperatures in the 
range of 200° C. and 900°C. However, temperatures outside 
this range are within the scope of this disclosure. When the 
carbon-containing feedstock is methanol, the steam reform 
ing reaction will typically operate in a temperature range of 
approximately 200-500° C. Example subsets of that range 
include 350-450° C., 375-425°C., and 375-400° C. When the 
carbon-containing feedstock is a hydrocarbon, ethanol or 
another alcohol, a temperature range of approximately 400 
900°C. will typically be used for the steam reforming reac 
tion. Example subsets of that range include 750-850° C. 
725-8250 C., 650-750° C., 700-800° C., 700-900° C., 500 
800° C., 400-600° C., and 600-800° C. Hydrogen-producing 
region32 may include two or more Zones, orportions, each of 
which may be operated at the same or at different tempera 
tures. For example, when the hydrogen-production fluid 
includes a hydrocarbon, hydrogen-producing region 32 may 
include two different hydrogen-producing portions, or 
regions, with one operating at a lower temperature than the 
other to provide a pre-reforming region. In those embodi 
ments, the fuel processing assembly may also be referred to as 
including two or more hydrogen-producing regions. 
0058. Fuel stream 28 may include any combustible liquid 
and/or gas that is suitable for being consumed by heating 
assembly 52 to provide the desired heat output. Some fuel 
streams may be gases when delivered and combusted by 
heating assembly 52, while other may be delivered to the 
heating assembly as a liquid stream. Examples of Suitable 
heating fuels for fuel Streams 28 include carbon-containing 
feedstocks, such as methanol, methane, ethane, ethanol, eth 
ylene, propane, propylene, butane, etc. Additional examples 
include low molecular weight condensable fuels, such as 
liquefied petroleum gas, ammonia, lightweight amines, dim 
ethyl ether, and low molecular weight hydrocarbons. In 
embodiments of hydrogen generation assembly 20 that 
include a temperature modulating assembly in the form of a 
cooling assembly instead of a heating assembly (such as may 
be used when an exothermic hydrogen-generating process is 
utilized instead of an endothermic process such as steam 
reforming), the feedstock delivery system may be configured 
to Supply a fuel or coolant stream to the assembly. Any Suit 
able fuel or coolant fluid may be used. 
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0059 Fuel processing assembly 24 may additionally 
include a shell or housing 66 in which at least hydrogen 
producing region32 is contained, as shown in FIG.1. In some 
embodiments, vaporization region 64 and/or purification 
region 40 may additionally be contained within the shell. 
Shell 66 may enable components of the steam reformer or 
other fuel processing mechanism to be moved as a unit. The 
shell also may protect components of the fuel processing 
assembly from damage by providing a protective enclosure 
and/or may reduce the heating demand of the fuel processing 
assembly because components may be heated as a unit. Shell 
66 may include insulating material 68, Such as a solid insu 
lating material, blanket insulating material, and/or an air 
filled cavity. The insulating material may be internal the shell, 
external the shell, or both. When the insulating material is 
external a shell, fuel processing assembly 24 may further 
include an outer cover orjacket 70 external the insulation, as 
schematically illustrated in FIG. 1. The fuel processing 
assembly may include a different shell that includes addi 
tional components of the fuel processing assembly, such as 
feedstock delivery system 22 and/or other components. 
0060. One or more components of fuel processing assem 
bly 24 may either extend beyond the shell or be located 
external the shell. For example, purification region 40 may be 
located external shell 66, Such as being spaced-away from the 
shell but in fluid communication by suitable fluid-transfer 
conduits. As another example, a portion of hydrogen-produc 
ing region 32 (Such as portions of one or more reforming 
catalyst beds) may extend beyond the shell, such as indicated 
schematically with a dashed line representing an alternative 
shell configuration in FIG.1. Examples of suitable hydrogen 
generation assemblies and its components are disclosed in 
U.S. Pat. Nos. 5,861,137; 5,997,594; and 6,221,117, the com 
plete disclosures of which are hereby incorporated by refer 
ence for all purposes. 
0061 Another example of hydrogen generation assembly 
20 is shown in FIG. 2, and is generally indicated at 72. Unless 
specifically excluded, hydrogen generation assembly 72 may 
include one or more components of hydrogen generation 
assembly 20. Hydrogen-generation assembly 72 may include 
a feedstock delivery system 74, a vaporization region 76, a 
hydrogen-producing region 78, and aheating assembly 80, as 
shown in FIG. 2. In some embodiments, hydrogen generation 
assembly 20 also may include a purification region 82. 
0062. The feedstock delivery system may include any suit 
able structure configured to deliver one or more feed and/or 
fuel streams to one or more other components of the hydro 
gen-generation assembly. For example, feedstock delivery 
system may include a feedstock tank (or container) 84 and a 
pump 86. The feedstock tank may contain any suitable hydro 
gen-production fluid 88, Such as water and a carbon-contain 
ing feedstock (e.g., a methanol/water mixture). Pump 86 may 
have any suitable structure configured to deliver the hydro 
gen-production fluid, which may be in the form of at least one 
liquid-containing feed stream 90 that includes water and a 
carbon-containing feedstock, to vaporization region 76 and/ 
or hydrogen-producing region 78. 
0063 Vaporization region 76 may include any suitable 
structure configured to receive and vaporize at least a portion 
of a liquid-containing feed stream, Such as liquid-containing 
feed stream 90. For example, vaporization region 76 may 
include a vaporizer 92 configured to at least partially trans 
form liquid-containing feed stream 90 into one or more vapor 
feed streams 94. The vapor feed streams may, in some 
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embodiments, include liquid. An example of a Suitable vapor 
izer is a coiled tube vaporizer, Such as a coiled stainless steel 
tube. 

0064 Hydrogen-producing region 78 may include any 
suitable structure configured to receive one of more feed 
streams, such as vapor feed stream(s) 94 from the vaporiza 
tion region, to produce one or more output streams 96 con 
taining hydrogen gas as a majority component and other 
gases. The hydrogen-producing region may product the out 
put stream via any suitable mechanism(s). For example, 
hydrogen-producing region 78 may generate output stream(s) 
96 via a steam reforming reaction. In that example, hydrogen 
producing region 78 may include a steam reforming region 97 
with a reforming catalyst 98 configured to facilitate and/or 
promote the steam reforming reaction. When hydrogen-pro 
ducing region 78 generates output stream(s) 96 via a steam 
reforming reaction, hydrogen generation assembly 72 may be 
referred to as a 'steam reforming hydrogen generation assem 
bly' and output stream 96 may be referred to as a “reformate 
stream. 

0065 Heating assembly 80 may include any suitable 
structure configured to produce at least one heated exhaust 
stream 99 for heating one or more other components of the 
hydrogen generation assembly 72. For example, the heating 
assembly may heat the vaporization region to any Suitable 
temperature(s). Such as at least a minimum vaporization tem 
perature or the temperature in which at least a portion of the 
liquid-containing feed stream is vaporized to form the vapor 
feed stream. Additionally, or alternatively, heating assembly 
80 may heat the hydrogen-producing region to any Suitable 
temperature(s). Such as at least a minimum hydrogen-produc 
ing temperature or the temperature in which at least a portion 
of the vapor feed stream is reacted to produce hydrogen gas to 
form the output stream. The heating assembly may be in 
thermal communication with one or more components of the 
hydrogen generation assembly, such as the vaporization 
region and/or hydrogen-producing region. 
0066. The heating assembly may include a burner assem 
bly 100, at least one air blower 102, and an igniter assembly 
104, as shown in FIG. 2. The burner assembly may include 
any suitable structure configured to receive at least one air 
stream 106 and at least one fuel stream 108 and to combust the 
at least one fuel stream within a combustion region 110 to 
produce heated exhaust stream 99. The fuel stream may be 
provided by feedstock delivery system 74 and/or purification 
region 82. The combustion region may be contained within an 
enclosure of the hydrogen generation assembly. Air blower 
102 may include any Suitable structure configured to generate 
air stream(s) 106. Igniter assembly 104 may include any 
suitable structure configured to ignite fuel stream(s) 108. 
0067. Purification region 82 may include any suitable 
structure configured to produce at least one hydrogen-rich 
stream 112, which may include a greater hydrogen concen 
tration than output stream 96 and/or a reduced concentration 
of one or more other gases (or impurities) that were present in 
that output stream. The purification region may produce at 
least one byproduct stream or fuel stream 108, which may be 
sent to burner assembly 100 and used as a fuel stream for that 
assembly, as shown in FIG. 2. Purification region 82 may 
include a flow restricting orifice 111, a filter assembly 114, a 
membrane assembly 116, and a methanation reactor assem 
bly 118. The filter assembly (such as one or more hot gas 
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filters) may be configured to remove impurities from output 
stream 96 prior to the hydrogen purification membrane 
assembly. 
0068 Membrane assembly 116 may include any suitable 
structure configured to receive output or mixed gas stream(s) 
96 that contains hydrogen gas and other gases, and to generate 
permeate or hydrogen-rich stream(s) 112 containing a greater 
concentration of hydrogen gas and/or a lower concentration 
of other gases than the mixed gas stream. Membrane assem 
bly 116 may incorporate hydrogen-permeable (or hydrogen 
selective) membranes that are planar or tubular, and more 
than one hydrogen-permeable membrane may be incorpo 
rated into membrane assembly 116. The permeate stream(s) 
may be used for any Suitable applications, such as for one or 
more fuel cells. In some embodiments, the membrane assem 
bly may generate a byproductor fuel stream 108 that includes 
at least a Substantial portion of the other gases. Methanation 
reactor assembly 118 may include any suitable structure con 
figured to convert carbon monoxide and hydrogen to methane 
and water. Although purification region 82 is shown to 
include flow restricting orifice 111, filter assembly 114, mem 
brane assembly 116, and methanation reactor assembly 118, 
the purification region may have less than all of those assem 
blies, and/or may alternatively, or additionally, include one or 
more other components configured to purify output stream 
96. For example, purification region 82 may include only 
membrane assembly 116. 
0069. In some embodiments, hydrogen generation assem 
bly 72 may include a shell or housing 120 which may at least 
partially contain one or more other components of that assem 
bly. For example, shell 120 may at least partially contain 
vaporization region 76, hydrogen-producing region 78, heat 
ing assembly 80, and/or purification region 82, as shown in 
FIG. 2. Shell 120 may include one or more exhaust ports 122 
configured to discharge at least one combustion exhaust 
stream 124 produced by heating assembly 80. 
0070 Hydrogen generation assembly 72 may, in some 
embodiments, include a control assembly 126, which may 
include any suitable structure configured to control operation 
of hydrogen generation assembly 72. For example, control 
assembly 126 may include a control system 128, at least one 
valve 130, at least one pressure relief valve 132, and one or 
more temperature measurement devices 134. Control system 
128 may detect temperatures within the hydrogen-producing 
region and/or purification regions via the temperature mea 
surement device 134, which may include one or more ther 
mocouples and/or other suitable devices. Based on the 
detected temperatures, the control system and/or an operator 
of the control system may adjust delivery offeed stream 90 to 
vaporization region 76 and/or hydrogen-producing region 78 
via valve(s) 130 and pump(s) 86. Valve(s) 130 may include a 
solenoid valve and/or any suitable valve(s). Pressure relief 
valve(s) 132 may be configured to ensure that excess pressure 
in the system is relieved. 
0071. In some embodiments, hydrogen generation assem 
bly 72 may include aheat exchange assembly 136, which may 
include one or more heat exchangers 138 configured to trans 
fer heat from one portion of the hydrogen generation assem 
bly to another portion. For example, heat exchange assembly 
136 may transfer heat from hydrogen-rich stream 112 to feed 
stream 90 to raise the temperature of the feed stream prior to 
entering vaporization region 76, as well as to cool hydrogen 
rich stream 112. 
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0072 Another example of hydrogen generation assembly 
20 is generally indicated at 140 in FIGS. 3-4. Unless specifi 
cally excluded, hydrogen generation assembly 140 may 
include one or more components of other hydrogen genera 
tion assemblies described in this disclosure. Hydrogen gen 
eration assembly 140 may include an enclosure or shell 142 
and an insulation base 144. The shell may include a top 
portion 146 and a bottom portion 148. Shell 142 may include 
a plurality of cylinders or tubes 150. For example, cylinders 
150 may include an inner cylinder or tube 152, an intermedi 
ate cylinder or tube 154, and an outer cylinder or tube 156, as 
shown in FIG. 4. Cylinders 152, 154, and 156 may be of any 
suitable diameters and locations. For example, cylinders 152, 
154, and 156 may be of successively larger diameter and/or 
may be arranged in concentric and/or eccentric relation to one 
another. Additionally, inner cylinder 152 may be mounted to 
create an offset region 158 in intermediate cylinder 154 via 
one or more suitable mounts 160 (one of those mounts is 
shown in FIG. 4). Intermediate cylinder 154 may be mounted 
on an end portion 162 of outer cylinder 156. Cylinders 150 
may form a plurality of annular regions 164, which may 
include an outer annular region 166 and an inner annular 
region 168, as shown in FIG. 4. 
0073. Shell 142 also may include a plurality of ports 170, 
such as feed stream port(s) or inlet(s) 172, fuel stream port(s) 
or inlet(s) 174, air stream port(s) or inlet(s) 176, and refor 
mate stream port(s) or outlet(s) 178, as shown in FIG. 4. Feed 
stream port 172 may be configured to receive one or more 
feed streams, such as one or more liquid-containing feed 
streams, from a feedstock delivery system and/or other Suit 
able system into inner annular region 168. Fuel stream port 
174 may be configured to receive one or more fuel streams 
into inner annular region 168. Air stream port 176 may be 
configured to receive one or more air streams into inner annu 
lar region 168. Reformate stream port 178 may be configured 
to receive one or more reformate streams from outer annular 
region 166. 
0074 The shell may be mounted on and/or supported on 
the insulation base. For example, the shell may be mounted on 
the insulation base Such that the insulation base is adjacent 
bottom portion 148 and is spaced from top portion 146. The 
insulation base may be configured to reduce external tem 
perature of the enclosure. For example, insulation base 144 
may be adjacent to the combustion region of hydrogen gen 
eration assembly 140, as further discussed below. Insulation 
base 144 may include insulating material 180 and passages or 
air stream port(s) 176 that extend through the insulating mate 
rial. The passages may be in fluid communication with the 
combustion region to allow delivery of one or more air 
streams to the combustion region. Passages 176 may be 
arranged in any suitable manner or in any suitable pattern(s). 
For example, passages 176 may be arranged in curvilinear 
and/or circular pattern(s), as shown in FIG. 5. Shell 144 also 
may include at least one cavity 182 within insulating material 
180. The cavity(ies) may be in fluid communication with the 
passages and/or may be sized to at least partially receive one 
or more air blowers 184 that are configured to produce at least 
a portion of the air stream(s) that may be forced into the 
combustion region from below the burner assembly. 
0075) Hydrogen generation assembly 140 also may 
include a vaporization region 186, a hydrogen-producing 
region 188, and a heating assembly 190, as shown in FIG. 4. 
In some embodiments, hydrogen generation assembly 140 
may include a purification region or hydrogen purification 
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device (not shown). Vaporization region 186 may be at least 
Substantially contained and/or located within inner annular 
region 168 and may be fluidly connected to outer annular 
region 166 via inter-annular conduit 171. Thus, vaporization 
region 186 may be referred to as being at least substantially 
contained within enclosure 142. The vaporization region may 
include any Suitable structure configured to receive and 
vaporize at least a portion of at least one liquid-containing 
feed stream received by feed stream port(s) 172 to a vaporized 
feed stream. For example, vaporization region 186 may 
include tubing 192 that may be disposed between heating 
assembly 190 and hydrogen-producing region 188. Tubing 
192 may include any suitable materials, such as stainless 
steel. Additionally, the tube may have a sinusoidal or other 
laterally-extending path that increases the heat transfer effect 
or the amount of time that the feed stream is heated by a 
heated exhausted stream generated by heating assembly 190. 
For example, tubing 190 may wrap aroundinner cylinder 152, 
as shown in FIG. 4. Tubing 190 may have any suitable shape 
(S), orientation(s), length(s), cross-sectional area(s), relative 
position(s) to the hydrogen-producing region and/or heating 
assembly, number of paths, etc. When vaporization region 
186 includes tubing 192, the vaporization region may be 
referred to as a “tube vaporizer.” 
0076 Vaporization region 186 also may include packing 
material 194, as shown in FIG. 6. The packing material may 
include any Suitable structure configured to transfer heat from 
heated exhaust stream(s) of heating assembly 190 to the liq 
uid-containing feed stream(s) and/or to provide a plurality of 
nucleation sites 196 to promote vaporization of at least a 
portion of the liquid-containing feed stream(s). The packing 
material may be contained within at least a portion of tubing 
192 and/or may provide increased surface area within the 
tubing and/or a tortuous path for the liquid-containing feed 
stream, which may increase heat transfer and promote vapor 
ization or boiling of the liquid-containing feed stream. For 
example, the packing material may include a plurality of 
irregular Surfaces 198, Such as sharp edges, cavities, and/or 
other Surface imperfections that provide increased Surface 
roughness. The irregular surface may provide at least a por 
tion of the plurality of nucleation sites. The packing material 
also may store heat in the vaporization region, which may 
promote partial to complete vaporization of the liquid-con 
taining feed stream(s) during startup of the hydrogen genera 
tion assembly. 
0077. In some embodiments, packing material 194 may 
include a plurality of metallic rods 200 configured to transfer 
heat from the heated exhaust stream of heating assembly 190 
to the at least one liquid-containing feed stream, as shown in 
FIG. 6. The metallic rods may be any suitable dimensions 
sized to fit within tubing 192. For example, metallic rods 200 
may include portions of wire. Such as copper, aluminum, iron, 
and/or steel wire. Those portions of wire may be in short 
lengths, such as the diameter(s) to a few multiples of the 
diameter(s) of the wire portions. Alternatively, packing mate 
rial 194 may include beads composed of glass, metal, and/or 
ceramic. 

0078 Vaporization region 186 also may include one or 
more retainers 202 configured to retain packing material 194 
in tubing 192, as shown in FIG. 4. For example, retainers 202 
may include wool (not shown), such as copper or stainless 
steel wool, positioned at end portions of tubing 192. Alterna 
tively, or additionally, retainers 202 may include one or more 
constrictions (not shown) in the end portions of tubing 192. 
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0079 Hydrogen-producing region 188 of hydrogen gen 
eration assembly 140 may include any suitable structure con 
figured to receive at least one feed stream, Such as at least one 
feed stream from vaporization region 186, and to produce a 
hydrogen-rich stream (such as a reformate stream) containing 
hydrogen gas as a majority component and other gases. For 
example, hydrogen-producing region 188 may include a 
reforming catalyst 204 configured to produce, from the feed 
stream(s), reformate stream(s) via a steam reforming reac 
tion. Any suitable reforming catalyst(s) may be used. In some 
embodiments, hydrogen-producing region 188 may be at 
least substantially contained and/or located within outer 
annular region 166. In those embodiments, the hydrogen 
producing region may be referred to as being at least Substan 
tially contained within enclosure 142. 
0080 Heating assembly 190 may include any suitable 
structure configured to produce at least one heated exhaust 
stream for heating one or more other components of the 
hydrogen generation assembly. For example, the heated 
exhaust stream may heat at least the hydrogen-producing 
region to at least a minimum hydrogen-producing tempera 
ture. Additionally, or alternatively, the heated exhaust stream 
may heat at least the vaporization region to at least a minimum 
vaporization temperature. Heating assembly 190 may thus be 
referred to as being in thermal communication with one or 
more other components of the hydrogen generation assembly, 
Such as hydrogen-producing region 188 and/or vaporization 
region 186. 
I0081 Heating assembly 190 may include a burner assem 
bly 206 and an igniter assembly 208. The burner assembly 
may include any Suitable structure configured to receive at 
least one fuel stream from fuel stream port(s) 174 and at least 
one air stream from air stream port(s) 176 and combust the 
fuel stream in the presence of the air stream to produce at least 
one heated exhaust stream. The combustion of the fuel stream 
may occur within a combustion region 210, which may be 
located in any suitable portion(s) of the hydrogen generation 
assembly, such as within inner annular region 168. Burner 
assembly may include a fuel stream conduit (not shown) that 
wraps at least partially around inner cylinder 152 and having 
a plurality of apertures (not shown) to distribute the fuel 
stream received from the fuel stream port into a plurality of 
fuel streams. The plurality of fuel streams from those aper 
tures mix with the air stream(s) that air blower(s) 184 dis 
charge into inner annular region 168 to create a combustible 
mixture of fuel and air. 
0082 Igniter assembly 208 may include any suitable 
structure configured to ignite the fuel stream(s) in the pres 
ence of air (and/or ignite the combustible mixture of fuel and 
air). For example, the igniter assembly may include a body 
portion 212 and at least one igniter element 214, as shown in 
FIG. 4. Igniter element 214 may be attached to the body 
portion and may include any suitable type of igniter element. 
For example, igniter element 214 may be an electrical igniter 
and/or any other types of igniters described in this disclosure. 
Igniter assembly 208 also may include wires 216 that may be 
in electrical communication with the igniter element and/or 
may be at least partially enclosed by body portion 212, such 
as when the igniter element 214 is an electrical igniter. Wires 
216 may connect the igniter element to an electrical source, 
Such as an electrical outlet and/or one or more batteries. 
0083. Alternatively, or additionally, igniter element 214 
may have a catalytically active coating 218 configured to 
combust fuel (such as hydrogen containing fuel) in the pres 
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ence of air or oxygen, as shown in FIG. 7. Coating 218 may 
include any of (or any combination of) the platinum group 
metals (i.e., ruthenium, rhodium, palladium, osmium, iri 
dium, and platinum) and/or any other Suitable catalytically 
active coating(s) configured to combust fuel in the presence of 
air or oxygen. For example, coating 218 may include plati 
num or platinum mixed with rhodium. The coating may be a 
mixture of two or more platinum group metals and/or other 
coatings. Igniter element 214 may be made of any Suitable 
materials, such as ceramic(s) and/or metal(s), with Suitable 
porosity and Surface roughness. Additionally, the igniter ele 
ment may include a Surface area of one square meter per 
gram, or more preferably 5-10 square meters per gram. Coat 
ing 218 may be about 0.1% to about 5% of the total weight of 
the igniter element. 
I0084. In some embodiments, igniter assembly 208 may 
include at least one electrical wire 222 in electrical commu 
nication with an electrical power source and attached to the 
igniter element. The wire may be configured to cause local 
ized heating to facilitate ignition of the fuel stream(s), par 
ticularly in colder operating temperatures and/or in the pres 
ence of impurities, such as carbon monoxide, which may 
raise ignition temperature of coating 218. Wire 222 may, for 
example, be wrapped around at least part of igniter element 
214. Such as around an end portion 224 of the igniter element. 
Any suitable wire may be used for wire 222, such as nickel 
chromium wire. 

I0085. In embodiments where igniter assembly 208 
includes at least one electrical igniter element 214, heating 
assembly 190 also may include a cooling block 226, such as 
a metal cooling block, as shown in FIGS. 8-9. The cooling 
block may include any Suitable structure configured to bring 
one or more components of igniter assembly 208 in thermal 
communication with a feed stream conduit 228 through 
which at least one liquid-containing feed stream is passed 
prior to delivery to the vaporization and/or hydrogen-produc 
ing regions (the feed stream conduit may be referred to as 
being in fluid communication with one or both of those 
regions). Bringing those components in thermal communica 
tion with the feed stream conduit may, for example, cool the 
components and prevent those components from overheating 
and/or failing. For example, when wires 216 are copper wires, 
cooling those wires may prevent them from oxidization and/ 
or failure caused by overheating. 
I0086 Cooling block 226 may include a first channel 230 
and a second channel 232 in thermal communication with 
each other. The first channel may receive at least part of body 
portion 212 and/or at least part of wires 216. Second channel 
232 may receive at least part offeed stream conduit 228. First 
and second channels 230 and 232 may extend along long axes 
234 and 236, respectively. The first and second channels may 
be positioned in any suitable relationship to each other. For 
example, the first and second channels may be positioned 
such that long axes 234 and 236 are parallel to each other. 
Cooling block 226 may include any suitable cross-section 
transverse to long axes 234 and 236 of the first and second 
channels, respectively, as shown in FIG. 9. For example, 
cooling block 226 may include a rectangular, circular, and/or 
square cross-section. A cooling block 226 with a square 
cross-section is shown in FIG. 9. 

0087. In some embodiments, hydrogen generating assem 
bly 140 may include a fuel distribution assembly 410, which 
may include any Suitable structure configured to distribute at 
least one fuel stream into combustion region 210, as shown in 
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FIGS. 10-11. The fuel distribution assembly may be posi 
tioned in any suitable locations, such as attached to or at least 
partially formed with the bottom portion of the enclosure. 
Fuel distribution assembly 410 may include a base 412, a 
mesh assembly 414, a top wall 416, at least one side wall 418, 
at least one inlet 420, and at least one fuel stream conduit 422, 
as shown in FIGS. 10-11. Base 412 may include any suitable 
structure configured to Support the enclosure and the fuel 
distribution assembly, and/or to provide one or more passages 
in fluid communication with the combustion region. For 
example, base 412 may include at least one passage 424 that 
is in fluid communication with the combustion region. In 
Some embodiments, base 412 may include structure similar to 
insulation base 144 having a plurality of air stream ports 176 
in fluid communication with combustion region 210 as 
described above. 
0088 Meshassembly 414 may include any suitable struc 
ture configured to provide one or more pathways 426 for at 
least one fuel stream to flow to the combustion region, as 
shown in FIG. 11. For example, the mesh assembly may 
include one or more layers of mesh 428, Such as medium 
sized steel woven mesh (or Screen) in the range of about 6 to 
about 40 mesh. The mesh may include any suitable type(s) of 
steel, such as carbon steel and stainless steel. Mesh 428 may 
be supported on base 412 and sized to fit over passage(s) 424 
Such that the mesh extends into the combustion region. The 
mesh also may be size to fit over at least a Substantial portion 
of the base. Mesh 428 may sometimes be referred to as “fuel 
gas dispersion mesh 428. Although mesh assembly 414 is 
shown to include a single layer of mesh 428, the mesh assem 
bly may include two, three, four, five, or more layers of the 
mesh. 
0089 Top wall 416 may include any suitable shape(s) and 
may include a perimeter 430. For example, the top wall may 
be circular, rectangular, or square. In some embodiments, the 
top wall may be formed with the enclosure or be part of the 
bottom portion of the enclosure. Sidewall(s) 4.18 may include 
a top portion 432 and a bottom portion 434. Top portion 432 
may be mounted or attached around perimeter 430 of top wall 
416. In some embodiments, the side wall(s) may be formed 
with the top wall and/or with the enclosure (or be part of the 
bottom portion of the enclosure). In other words, at least apart 
of the bottom portion of the enclosure may also be the top wall 
and/or sidewall(s) of the fuel distribution assembly. Bottom 
portion 434 may be supported on the mesh assembly. Side 
wall(s) 4.18 may be any suitable length to allow fuel stream to 
flow to the combustion region, such as about 0.2 to about 0.25 
inches. A fuel stream distribution region (or fuel gas plenum) 
436 may be formed within sidewall(s) 4.18 and between top 
wall 416 and mesh assembly 414. 
0090. When enclosure 142 includes inner cylinder 152 
with a circular sidewall 448, the inner cylinder may include a 
bottom plate 450 mounted to (such as via welding) or formed 
with the inner cylinder adjacent an end portion 452 of the 
inner cylinder such that bottom plate may be top wall 416, and 
an end portion 454 of circular sidewall 448 may be sidewall 
418 forming a cavity 456 in the bottom portion of the enclo 
sure, as shown in FIGS. 10-11. Although top wall 416 and 
sidewall(s) 418 are shown to be at least partially formed from 
enclosure 142, the top and/or sidewall(s) may be discrete 
elements mounted and/or attached to the enclosure. 

0091. The fuel distribution region may include one or 
more inlets 420, which may beformed on top wall 416 and/or 
sidewall(s) 418. Fuel stream conduit(s) 422 may be fluidly 
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connected to the inlet and configured to receive at least one 
fuel stream and to transport the at least one fuel stream to the 
fuel distribution region. In some embodiments, the fuel 
stream conduit may go through any suitable portion(s) of 
enclosure 142. For example, fuel stream conduit(s) 422 may 
go through a central (or inner) portion 438 of the enclosure, as 
shown in solid lines in FIG. 10, and/or one or more side (or 
outer) portions 440, as shown in dashed lines in FIG. 10. 
When enclosure 142 defines and/or includes a longitudinal 
axis 442, the fuel stream conduits may extend along the 
longitudinal axis, as shown in Solid lines in FIG. 10, and/oran 
axis 444 that is parallel to but spaced from the longitudinal 
axis, as shown in dashed lines in FIG. 10. 
0092. Whenhydrogen generation assembly 140 includes a 
fuel distribution assembly 410, heating assembly 190 may 
include at least one combustion catalyst 446 configured to 
combust hydrogen in the presence of oxygen, as shown in 
FIGS. 10-11. The combustion catalyst may be supported 
within the combustion region via the mesh assembly. For 
example, combustion catalyst 446 may be supported or dis 
posed on mesh assembly 414 (such as on a top layer of mesh 
428 of the mesh assembly). The combustion catalyst may be 
used instead of, or in addition to, igniter assembly 208 and/or 
other ignition sources described above. For example, an elec 
trical ignition source (such as one or more of the igniter 
assemblies described above) and combustion catalyst 446 
may be provided as redundant ignition sources. Combustion 
catalyst 446 may include any suitable catalyst, such as plati 
num, platinum-rhodium alloy, and palladium. The combus 
tion catalyst may be granular allowing the catalyst to be, for 
example, sprinkled or poured on the mesh assembly. 
0093. In some embodiments, hydrogen generating assem 
bly 140 may include a heat conducting assembly or heat 
distributing assembly 238, as shown in dashed lines in FIG.8. 
The heat conducting assembly may be external to enclosure 
142 and be attached to at least a portion of the enclosure. 
Heating conducting assembly may include any suitable struc 
ture configured to conduct and/or distribute heat from one or 
more external heaters 240 (Such as cartridge heaters) to at 
least a portion of the enclosure and to one or more annular 
regions of the shell. The external heaters may be used to assist 
in start-up of the hydrogen-generation assembly and/or to 
facilitate hydrogen generation by raising temperature in the 
hydrogen producing and/or vaporization regions. The heat 
conducting assembly may be referred to as distributing heat 
from the external heaters to a larger Surface area of the enclo 
Sure. For example, the external heaters may have a total 
heating Surface area that is less or Substantially less than a 
heated surface area of the portion of the enclosure that is 
heated by the heat conducting assembly. 
0094. Heat conducting assembly 238 may include a metal 
band 242 attached to at least a portion of the enclosure. Such 
as partially or completely around at least a portion of the 
enclosure. Any Suitable portions of the enclosure may be 
covered by the metal band. For example, the bottom quarter or 
third of the enclosure may be covered by the metal band. 
Metal band 242 may be made of any suitable thermally 
conductive materials, such as aluminum, copper, and/or 
brass. External heaters 240 may be attached to metal band 242 
via any suitable means, such as via any Suitable fasteners 
and/or by drilling holes in metal band 242 to receive the 
external heaters. 
0.095 An example of a purification region 40 (or hydrogen 
purification device) of hydrogen generation assembly 20 of 
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FIG. 1 is generally indicated at 244 in FIG. 12. Unless spe 
cifically excluded, the hydrogen purification device may 
include one or more components of the other purification 
regions described in this disclosure. Hydrogen purification 
device 40 may include a hydrogen-separation region 246 and 
an enclosure 248. The enclosure may define an internal vol 
ume 250 having an internal perimeter 252. Enclosure 248 
may include at least a first portion 254 and a second portion 
256 coupled together to form a body 249 in the form of a 
sealed pressure vessel that may include defined input and 
output ports. Those ports may define fluid paths by which 
gases and other fluids are delivered into and removed from the 
enclosure's internal Volume. 

0096 First and second portions 254 and 256 may be 
coupled together using any Suitable retention mechanism or 
structure 258. Examples of suitable retention structures 
include welds and/or bolts. Examples of seals that may be 
used to provide a fluid-tight interface between the first and 
second portions may include gaskets and/or welds. Addition 
ally, or alternatively, first and second portions 254 and 256 
may be secured together so that at least a predetermined 
amount of compression is applied to various components that 
define the hydrogen-separation region within the enclosure 
and/or other components that may be incorporated into a 
hydrogen generation assembly. The applied compression 
may ensure that various components are maintained in appro 
priate positions within the enclosure. Additionally, or alter 
natively, the compression applied to the various components 
that define the hydrogen-separation region and/or other com 
ponents may provide fluid-tight interfaces between the vari 
ous components that define the hydrogen-separation region, 
various other components, and/or between the components 
that define the hydrogen-separation region and other compo 
nentS. 

0097. Enclosure 248 may include a mixed gas region 260 
and a permeate region 262, as shown in FIG. 12. The mixed 
gas and permeate region may be separated by hydrogen 
separation region 246. At least one input port 2.64 may be 
provided, through which a fluid stream 266 is delivered to the 
enclosure. Fluid stream 266 may be a mixed gas stream 268 
that contains hydrogen gas 270 and other gases 272 that are 
delivered to mixed gas region 260. Hydrogen gas may be a 
majority component of the mixed gas stream. Hydrogen 
separation region 246 may extend between mixed gas region 
260 and permeate region 262 so that gas in the mixed gas 
region must pass through the hydrogen-separation region in 
order to enter the permeate region. The gas may, for example, 
be required to pass through at least one hydrogen-selective 
membrane as discussed further below. The permeate and 
mixed gas regions may be of any suitable relative size within 
the enclosure. 

0098 Enclosure 248 also may include at least one product 
output port 274 through which a permeate stream 276 may be 
received and removed from permeate region 262. The perme 
ate stream may contain at least one of a greater concentration 
of hydrogen gas and a lower concentration of other gases than 
the mixed gas stream. Permeate stream 276 may, in some 
embodiments, include at least initially a carrier, or Sweep, gas 
component, such as may be delivered as a Sweep gas stream 
278 through a sweep gas port 280 that is in fluid communi 
cation with the permeate region. The enclosure also may 
include at least one byproduct output port 282 through which 
a byproduct stream 284 containing at least one of a substantial 
portion of other gases 272 and a reduced concentration of 
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hydrogen gas 270 (relative to the mixed gas stream) is 
removed from the mixed gas region. 
0099 Hydrogen-separation region 246 may include at 
least one hydrogen-selective membrane 286 having a first or 
mixed gas surface 288, which is oriented for contact by mixed 
gas stream 268, and a second or permeate surface 290, which 
is generally opposed to surface 288. Mixed gas stream 268 
may be delivered to the mixed gas region of the enclosure so 
that is comes into contact with the mixed gas Surface of the 
one or more hydrogen-selective membranes. Permeate 
stream 276 may beformed from at least a portion of the mixed 
gas stream that passes through the hydrogen-separation 
region to permeate region 262. Byproduct stream 284 may be 
formed from at least a portion of the mixed gas stream that 
does not pass through the hydrogen-separation region. In 
Some embodiments, byproduct stream 284 may contain a 
portion of the hydrogen gas present in the mixed gas stream. 
The hydrogen-separation region also may be configured to 
trap or otherwise retain at least a portion of the other gases, 
which may then be removed as a byproduct stream as the 
separation region is replaced, regenerated, or otherwise 
recharged. 
0100. In FIG. 12, streams 266, 276, 278, and/or 284 may 
include more than one actual stream flowing into or out of 
hydrogen purification device 244. For example, the hydrogen 
purification device may receive a plurality of mixed gas 
streams 268, a single mixed gas stream 268that is divided into 
two or more streams prior to contacting hydrogen-separation 
region 246, a single stream that is delivered into internal 
volume 250, etc. Thus, enclosure 248 may include more than 
one input port 264, product output port 274, Sweep gas port 
280, and/or byproduct output port 282. 
0101 The hydrogen-selective membranes may be formed 
of any hydrogen-permeable material Suitable for use in the 
operating environment and parameters in which the hydrogen 
purification device is operated. Examples of hydrogen puri 
fication devices are disclosed in U.S. Pat. Nos. 5,997,594 and 
6,537.352, the complete disclosures of which are hereby 
incorporated by reference for all purposes. In some embodi 
ments, the hydrogen-selective membranes may be formed 
from at least one of palladium and a palladium alloy. 
Examples of palladium alloys include alloys of palladium 
with copper, sliver, and/or gold. Examples of various mem 
branes, membrane configuration, and methods for preparing 
membranes and membrane configurations are disclosed in 
U.S. Pat. Nos. 6,152,995; 6,221, 117; 6,319,306; and 6,537, 
352, the complete disclosures of which are hereby incorpo 
rated by reference for all purposes. 
0102. In some embodiments, a plurality of spaced-apart 
hydrogen-selective membranes 286 may be used in a hydro 
gen-separation region to form at least a portion of a hydrogen 
separation assembly 292. When present, the plurality of 
membranes may collectively define one or more membrane 
assemblies 294. In Such embodiments, the hydrogen-separa 
tion assembly may generally extend from first portion 254 to 
second portion 256. Thus, the first and second portions may 
effectively compress the hydrogen-separation assembly. In 
Some embodiments, enclosure 248 may additionally, or alter 
natively, include end plates (or end frames) coupled to oppo 
site sides of a body portion. In Such embodiments, the end 
plates may effectively compress the hydrogen-separation 
assembly (and other components that may be housed within 
the enclosure) between the pair of opposing end plates. 
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0103 Hydrogen purification using one or more hydrogen 
selective membranes is typically a pressure-driven separation 
process in which the mixed gas stream is delivered into con 
tact with the mixed gas Surface of the membranes at a higher 
pressure than the gases in the permeate region of the hydro 
gen-separation region. The hydrogen-separation region may, 
in Some embodiments, be heated via any suitable mechanism 
to an elevated temperature when the hydrogen-separation 
region is utilized to separate the mixed gas stream into the 
permeate and byproduct streams. Examples of suitable oper 
ating temperatures for hydrogen purification using palladium 
and palladium allow membranes include temperatures of at 
least 275°C., temperatures of at least 325°C., temperatures 
of at least 350° C., temperatures in the range of 275-500° C. 
temperatures in the range of 275-375°C., temperatures in the 
range of 300-450° C., temperatures in the range of 350-450° 
C., etc. 
0104. An example of hydrogen purification device 244 is 
generally indicated at 296 in FIG. 13. Unless specifically 
excluded, hydrogen purification device 296 may include one 
or more components of other hydrogen purification devices 
and/or purification regions described in this disclosure. 
Hydrogen purification device 296 may include a shell or 
enclosure 298, which may include first end plate or end frame 
300 and second end plate or end frame 302. The first and 
second end plates may be configured to be secured together to 
define a sealed pressure vessel having an interior compart 
ment 304 in which the hydrogen-separation region is Sup 
ported. The first and second end plates may include input, 
output, Sweep gas, and byproduct ports (not shown) similar to 
hydrogen purification device 244. 
0105 Hydrogen purification device 296 also may include 
at least one hydrogen-selective membrane 306 and at least 
one microscreen structure 308. The hydrogen-selective mem 
brane may be configured to receive at least part of the mixed 
gas stream from the input port and to separate the mixed gas 
stream into at least part of the permeate stream and at least 
part of the byproduct stream. Hydrogen-selective membrane 
306 may include a feed side 310 and a permeate side 312. At 
least part of the permeate stream being formed from the 
portion of the mixed gas stream that passes from the feed side 
to the permeate side, with the remaining portion of the mixed 
gas stream, which remains on the feed side, forming at least 
part of the byproduct stream. In some embodiments, hydro 
gen-selective membrane 306 may be secured to at least one 
membrane frame (not shown), which may then be secured to 
the first and second end frames. 

0106 Microscreen structure 308 may include any suitable 
structure configured to support the at least one hydrogen 
selective membrane. For example, the microscreen structure 
may include generally opposed surfaces 314 and 316 config 
ured to provide support to permeate side 312, and a plurality 
offluid passages 318 extending between the opposed surfaces 
which allows the permeate stream to flow through the micro 
screen structure, as shown in FIG. 13. Microscreen structure 
308 may include any suitable materials. For example, the 
microscreen structure may include stainless Steel 320 con 
taining an aluminum oxide layer 322 configured to prevent 
intermetallic diffusion between the stainless steel and the at 
least one hydrogen-selective membrane. 
0107. In some embodiments, the microscreen structure 
may include stainless steel 303 (Aluminum modified), 
17-7PH, 14-8 PH, and/or 15-7 PH. In some embodiments, the 
stainless steel may include about 0.6 to about 1.5 weight% of 
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Aluminum. The microscreen structure may, in some embodi 
ments, be supported by and/or secured to a non-porous perim 
eter wall portion or frame (not shown). When the microscreen 
structure is secured to a non-porous perimeter wall portion, 
the microscreen structure may be referred to as a “porous 
central area portion.” Examples of other microscreen struc 
tures are disclosed in U.S. Patent Application Publication No. 
2010/0064887, the complete disclosure of which is hereby 
incorporated by reference for all purposes. 
0.108 Hydrogen purification device 296 also may include 
a plurality of plates or frames 324 disposed between and 
secured to the first and/or second end frames. The frames may 
include any suitable structure and/or may be any Suitable 
shape(s). Such as Square, rectangular, or circular. For 
example, frames 324 may include a perimeter shell 332 and at 
least a first membrane support structure 340, as shown in FIG. 
13. The perimeter shell may define an open region 338 and a 
frame plane 339. Additionally, perimeter shell 332 may 
include first and second opposed sides 370 and 371, and third 
and fourth opposed sides 372 and 373, as shown in FIG. 13. 
0109 First membrane support structure 340 may include 
any suitable structure configured to supporta first portion 386 
of hydrogen-selective membrane 306, as shown in FIG. 13. 
For example, the first membrane support structure of the 
plurality of frames may be co-planar with each other (or with 
other first membrane support structures of other frames of the 
plurality of frames) within a first membrane Support plane 
388 to support first portion 386 of the hydrogen-selective 
membrane, as shown in FIG. 13 and as schematically dem 
onstrated in FIG. 14. In other words, the first membrane 
support structure of each frame of the plurality of frames may 
mirror the first membrane support structure of the other 
frames of the plurality of frames. The first membrane support 
plane may have any suitable orientation to frame plane 339. 
For example, first membrane support plane 388 may be per 
pendicular to the frame plane, as shown in FIG. 14. Alterna 
tively, the first membrane Support plane may intersect but not 
be perpendicular to frame plane 339. 
0110. In some embodiments, frames 324 may include at 
least a second membrane support structure 390, which may 
include any Suitable structure configured to support a second 
portion 392 of hydrogen-selective membrane 306, as shown 
in FIG. 13. For example, the second membrane support struc 
ture of the plurality of frames may be co-planar with each 
other (or with other second membrane support structures of 
the plurality of frames) within a second membrane Support 
plane 394 to support second portion 392 of the hydrogen 
selective membrane, as shown in FIG. 13 and schematically 
demonstrated in FIG. 14. In other words, the second mem 
brane support structure of each frame of the plurality of 
frames may mirror the second membrane Support structure of 
the other frames of the plurality of frames. The second mem 
brane Support plane may have any Suitable orientation to 
frame plane 339. For example, second membrane support 
plane 394 may be perpendicular to the frame plane, as shown 
in FIG. 14. Alternatively, the second membrane support plane 
may intersect but not be perpendicular to frame plane 339. 
0111 Second membrane support structure 390 may have 
any Suitable orientation to first membrane Support structure 
340. For example, first membrane support structure 340 may 
extend into open region 338 from first side 370 of perimeter 
shell332, while second membrane support structure 390 may 
extend into the open region from second side 371 (which is 
opposed from the first side) of the perimeter shell. Alterna 
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tively, the first and/or second membrane Support structures 
may extend into the open region from the same side. Such as 
from the first, second, third, or fourth sides of the perimeter 
shell. In some embodiments, the first and/or second mem 
brane Support structures may extend into the open region 
from the third side and/or fourth side (which is opposed from 
the third side) of the perimeter shell. 
0112 The first and/or second membrane support struc 
tures may, for example, be in the form of one or more projec 
tions or fingers 346 attached to the perimeter shell and/or 
formed with the perimeter shell. The projections may extend 
from the perimeter shell in any suitable direction(s). The 
projections may be the full thickness of the perimeter shell or 
may be less than the full thickness of that shell. The projec 
tions of each frame of frames 324 may be compressed against 
the hydrogen-selective membrane thereby locking the mem 
brane in place and reducing the impact of expansion of the 
hydrogen-selective membrane due to hydrogen dissolution. 
In other words, the projections of frames 324 may support the 
hydrogen-selective membrane by being stacked extension(s) 
of the end frames within the first and/or second membrane 
Support plane. In some embodiments, projection(s) 346 may 
include one or more receptacles or apertures 352 configured 
to receive at least one fastener396 to secure frames 324 to the 
first and/or second end frames, as shown in FIG. 16. 
0113 Frames 324 may include at least one feed frame 326, 
at least one permeate frame 328, and a plurality of gaskets or 
gasket frames 330, as shown in FIG. 13. Feed frame 326 may 
be disposed between one of the first and second end frames 
and at least one hydrogen-selective membrane 306, or 
between two hydrogen-selective membranes 306. The feed 
frame may include a feed frame perimeter shell 398, a feed 
frame input conduit 334, a feed frame output conduit 336, a 
feed frame open region 400, at least a first feed frame mem 
brane support structure 402, as shown in FIG. 15. In some 
embodiments, the feed frame may include at least a second 
feed frame membrane support structure 404. 
0114. The feed frame input conduit may be formed on the 
feed frame perimeter shell and/or be configured to receive at 
least part of the mixed gas stream from the input port. Feed 
frame output conduit 336 may be formed on the feed frame 
perimeter shell and/or be configured to receive the remaining 
portion of the mixed gas stream that remains on feed side 310 
of hydrogen-selective membrane 306. Feed frame open 
region 400 may be disposed between the feed frame input and 
output conduits. Feed frame perimeter shell 398 may include 
a plurality of grooves or channels 341 fluidly connecting the 
input and output conduits with the feed frame open region. 
The channels may be formed on the perimeter shell via any 
suitable method(s). Additionally, channels 341 may have any 
Suitable orientation(s). Such as angled orientations which 
may induce mixing in feed frame open region 400. 
0115 The first and/or second feed frame membrane Sup 
port structures may include any Suitable structure configured 
to Support the first and/or second portions of at least one 
hydrogen-selective membrane and/or may mirror the first 
and/or second membrane Support structures of other frames, 
as discussed above. Additionally, the first and/or second feed 
frame membrane Support structures may include any Suitable 
structure configured to change direction offlow of at least part 
of the mixed gas stream as it flows across the feed frame open 
region between the input and output conduits. The first and/or 
second feed frame membrane Support structures also may be 
configured to promote turbulence or mixing within the feed 
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frame open region. For example, without the first and/or 
second feed frame membrane Support structures, flow of at 
least part of the mixed gas stream across the feed frame open 
region between the input and output conduits may move in at 
least a first direction 342. The first and/or second feed frame 
membrane Support structures may be configured to change 
the flow of at least part of the mixed gas stream from the at 
least a first direction to at least a second direction 344 that is 
different from the first direction, as shown in FIG. 15. 
0116. The first and/or second feed frame membrane Sup 
port structures may, for example, be in the form of at least one 
feed frame projection or finger 406 attached to the feed frame 
perimeter shell and/or formed with the feed frame perimeter 
shell. The feed frame projection(s) may extend from the 
perimeter shell in any suitable direction(s). For example, at 
least part of the mixed gas stream may flow from the input 
conduit toward the feed frame open region in generally a third 
direction 348, while the feed frame projection(s) may extend 
from the feed frame perimeter shell in a fourth direction 350 
that is generally perpendicular to the third direction, such as 
shown in FIG. 15, and/or generally parallel to the third direc 
tion, such as shown in FIG. 16. For example, if the flow of the 
mixed gas stream from the input conduit toward the feed 
frame open region is generally in a horizontal direction, the 
feed frame projection(s) may extend from the feed frame 
perimeter shell in generally a vertical direction (as shown in 
FIG. 15) and/or a horizontal direction (as shown in FIG. 16). 
0117. In some embodiments, the feed frame projection(s) 
may be configured to promote flow reversal of the mixed gas 
stream. For example, at least part of the mixed gas stream may 
flow from the input conduit toward the feed frame open region 
generally in third direction 348, while the mixed gas stream 
may flow into the output conduit from the feed frame open 
region generally in a fifth direction 351. When the fifth direc 
tion is opposite the third direction, then the feed frame pro 
jection(s) may be referred to as promoting a flow reversal of 
the mixed gas stream. 
0118 Permeate frame 328 may be positioned such that the 
at least one hydrogen-selective membrane is disposed 
between one of the first and second end frames and the per 
meate frame or between two hydrogen-selective membranes. 
The permeate frame may include a permeate frame perimeter 
shell 360, a permeate frame output conduit 362, a permeate 
frame open region 364, and at least a first permeate frame 
membrane support structure 366, as shown in FIG. 17. In 
Some embodiments, the permeate frame may include at least 
a second permeate frame membrane Support structure 408. 
0119 Output conduit 362 may be formed on permeate 
frame perimeter shell360 and/or be configured to receive the 
permeate stream from permeate frame open region 364 and 
the hydrogen-selective membrane(s). Perimeter shell 360 
may include a plurality of grooves or channels 368 fluidly 
connecting output conduit 362 with the permeate frame open 
region. The channels may be formed on perimeter shell360 
via any suitable method(s). Additionally, channels 368 may 
have any Suitable orientation(s). Such as angled orientations. 
0.120. The first and/or second permeate frame membrane 
Support structures may include any suitable structure config 
ured to Support the first and/or second portions of at least one 
hydrogen-selective membrane and/or may mirror the first 
and/or second membrane Support structures of other frames, 
as discussed above. The first and/or second permeate frame 
membrane Support structures may, for example, be in the 
form of at least one projection or finger 374 attached to 
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perimeter shell 360 and/or formed with that shell. The pro 
jection(s) may extend from perimeter shell360 in any suitable 
direction(s). For example, the projection(s) may extend from 
the perimeter shell in generally a vertical direction (as shown 
in FIG. 17) and/or a horizontal direction (as shown in FIG. 
18). Projection(s) 374 may be the full thickness of perimeter 
shell360 or may be less than the full thickness of that shell. 
The projections may be compressed against the hydrogen 
selective membrane thereby locking the membrane in place 
and reducing the impact of expansion of the hydrogen-selec 
tive membrane due to hydrogen dissolution. In other words, 
the projection(s) may support the hydrogen-selective mem 
brane by being stacked extension(s) of the first and/or second 
end frames within the first and/or second membrane Support 
planes. 
0121 Projection(s) 374 may include one or more recep 
tacles or apertures 376 configured to receive at least one 
fastener (not shown) to secure the permeate frame to the first 
and/or second end frames. In some embodiments, output 
conduit 362 may be located on one or more of projections 
374. In those embodiments, channels 368 may fluidly connect 
the output conduit with open region364, as shown in FIG. 18. 
Because the projections of the frames discussed above extend 
into open regions, those projections also may be referred to a 
“constrictions' or “flow constrictions.” 
0122 Frames 324 also may include gaskets or gasket 
frames 330, as shown in FIG. 13. The gasket frames may 
include any suitable structure configured to provide fluid 
tight interfaces among the other frames, such as between first 
and second end plate 300 and 302 and feed frames 326, 
between feed frames 326 and hydrogen-selective membranes 
306, between the hydrogen-selective membranes (and the 
microscreen structures) and permeate frame 328. An example 
of a suitable gasket for gasket frames 330 is flexible graphite 
gaskets. Another example of a suitable gasket material is 
THERMICULITER 866 sold by Flexitallic LP (Deer Park, 
Tex.). Although frames 324 are shown to include two feed 
frames 326 and a single permeate frame 328, the frames may 
include any suitable number of feed frames and permeate 
frames. Additionally, although hydrogen purification device 
296 is shown to include two hydrogen-selective membranes 
306, the device may include any suitable number of those 
membranes. 

0123. Although frames 324 are shown to include projec 
tions that extend only in the vertical direction or only in the 
horizontal direction, the frames may additionally, or alterna 
tively, include projections that extend in the horizontal, ver 
tical, and/or other suitable directions, such as diagonal, etc. 
Additionally, although frames 324 are shown to include a 
single or two projections, the frames may include three, four, 
five, or more projections. Moreover, although frames 324 are 
shown to include projections that are co-planar within the first 
and/or second membrane Support planes, the frames may 
additionally, or alternatively, include projections that are co 
planar within third, fourth, fifth or more membrane support 
planes. 
0.124 Frames 324, such as feed frame 326 and/or permeate 
frame 328, may include any suitable structure. For example, 
frames 324 may include a first section 378 and a second 
section 380, as shown in FIG. 19. The first and second sec 
tions may be first and second halves of the frame, or may be 
any suitable portions of that frame. Additionally, the first 
section may include first channels or first grooves 382, while 
the second section may include second channels or second 
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grooves 384. The first and second channels may be in any 
suitable relationship with each other, such as offset from each 
other. First and second sections 378 and 380 may be joined 
via any suitable method(s) to form a gas-tight seal between 
those sections. For example, the first and second sections may 
be brazed together or gaskets may be used between the sec 
tions. Another example of joining the first and second sec 
tions (such as part of manufacturing a frame 324) is generally 
indicated at 500 in FIG. 20. At step 502, the first and second 
sections may be plated with at least one layering metal having 
a predetermined melting point. The first and second sections 
may be made from at least one clad metal. Such as copper-clad 
steel (e.g., copper-clad stainless steel and copper-clad carbon 
steel). The layering metal may, for example, include tin. 
0.125. At step 504, the first and second sections may be 
joined together. In some embodiments, the first section may 
include first channels (or channel portions) and the second 
section may include second channels (or channel portions), 
and joining the first and second sections may include joining 
those sections such that the first and second channels are 
facing each other and/or offset from each other. At step 506, 
temperature of the joined sections may be raised above melt 
ing point of the layering metal(s). The liquid layering metal(s) 
may form an initial seal and/or fill imperfections at the inter 
face between the first and second sections. At step 508, the 
layering metal(s) may be allowed to diffuse into the first and 
second sections to forman alloy. The alloy may have a melt 
ing point that is higher than the melting point(s) of the layer 
ing metal(s). For example, when the first and second sections 
are copper-clad and the layering metal is tin, the alloy formed 
may be tin-copper alloy. However, the steps discussed above 
may be performed in different sequences and in different 
combinations, not all steps being required for all embodi 
ments of the method. 
0.126 Hydrogen generation assemblies and/or hydrogen 
purification devices of the present disclosure may include one 
or more of the following: 

0127. An enclosure supported on an insulation base. 
0128. An enclosure including a top portion and/or a 
bottom portion. 

0129. An enclosure including a longitudinal axis. 
0.130. A vaporization region configured to receive and 
vaporize at least a portion of at least one liquid-contain 
ing feed stream to a vapor feed stream. 

0131) A vaporization region contained within an enclo 
S. 

0.132. A vaporization region including packing material 
configured to transfer heat from the heated exhaust 
stream to at least one liquid-containing feed stream. 

0133. A vaporization region including tubing disposed 
between a heating assembly and a hydrogen-producing 
region. 

0.134 Packing material contained within at least a por 
tion of tubing. 

0.135 Packing material configured to provide a plurality 
of nucleation sites to promote vaporization of at least a 
portion of at least one liquid-containing feed stream. 

0.136 Packing material including a plurality of irregular 
surfaces that provides at least a portion of the plurality of 
nucleation sites. 

0.137 Packing material including a plurality of metallic 
rods configured to transfer heat from a heated exhaust 
stream to at least one liquid-containing feed stream. 
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0.138 Plurality of metallic rods including a plurality of 
portions of at least one of copper wire and aluminum 
wire. 

0.139. A hydrogen-producing region containing a 
reforming catalyst. 

0140. A hydrogen-producing region configured to 
receive at least one feed stream (and/or vapor feed 
stream) and to produce a reformate stream via a steam 
reforming reaction. 

0.141. A hydrogen-producing region contained within 
an enclosure. 

0142. A heating assembly configured to produce a 
heated exhaust stream for heating a vaporization region 
to at least a minimum vaporization temperature and/or a 
hydrogen-producing region to at least a minimum 
hydrogen-producing temperature. 

0.143 A heating assembly configured to receive at least 
one air stream and at least one fuel stream and to com 
bust the at least one fuel stream within a combustion 
region contained within an enclosure producing aheated 
exhaust stream for heating at least a hydrogen-produc 
ing region to at least a minimum hydrogen-producing 
temperature. 

0144. A heating assembly in thermal communication 
with a hydrogen-producing region. 

0145 Aheating assembly including inlets for receiving 
at least one fuel stream and at least one air stream. 

0146 A heating assembly including an igniter assem 
bly configured to ignite at least one fuel stream. 

0147 An igniter assembly including a body portion. 
0.148. An igniter assembly including at least one igniter 
element attached to a body portion. 

0149. An igniter assembly including wires in electrical 
communication with at least one igniter element and/or 
at least partially enclosed by a body portion. 

0150. A heating assembly including a metal cooling 
block. 

0151. A metal cooling block having at least first and 
second channels in thermal communication with each 
other. 

0152. A first channel of a metal cooling block receiving 
at least part of a body portion of an igniter assembly 

0153. A second channel of a metal cooling block receiv 
ing at least part of a conduit. 

0154. A metal cooling block having a rectangular cross 
section transverse to long axes of first and second chan 
nels. 

0.155. An insulation base configured to reduce external 
temperature of an enclosure. 

0156 An insulation base adjacent to a combustion 
region. 

0157 An insulation base including insulating material 
and/or at least one passage that extends through insulat 
ing material. 

0158. At least one passage in fluid communication with 
a combustion region. 

0159. An insulation base including at least one cavity 
within insulating material. 

0160. At least one cavity sized to at least partially 
receive an air blower configured to produce at least a 
portion of at least one air stream and/or in fluid commu 
nication with at least one passage. 

0.161. At least one passage including a plurality of pas 
Sages arranged in a curvilinear and/or circular pattern. 
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0162 An insulation base adjacent a bottom portion and 
spaced from a top portion of an enclosure. 

0.163 A conduit in fluid communication with a hydro 
gen-producing region and/or through which at least one 
feed stream is passed prior to delivery to a hydrogen 
producing region. 

0164. A fuel distribution assembly configured to dis 
tribute the at least one fuel stream into a combustion 
region. 

0.165 A fuel distribution assembly attached to a bottom 
portion of an enclosure. 

0166 A fuel distribution assembly disposed between a 
bottom portion of an enclosure and an insulation base. 

0.167 A base including at least one passage that is in 
fluid communication with a combustion region. 

0.168. A mesh assembly supported on a base. 
0169. A mesh assembly supported on an insulation 
base. 

0170 A mesh assembly including at least one pathway 
for at least one fuel stream to flow from a fuel stream 
distribution region to a combustion region. 

0171 A mesh assembly including at least one layer of 
mesh. 

0.172. A mesh assembly that extends into a combustion 
region. 

0173 At least one combustion catalyst supported 
within a combustion region and on a mesh assembly. 

0.174. At least one combustion catalyst configured to 
combust hydrogen in the presence of oxygen. 

0.175. A top wall having a perimeter. 
0176 A top wall formed with the enclosure. 
0177. At least one side wall having a top portion and a 
bottom portion. 

0.178 A top portion of at least one side wall being 
mounted around a perimeter of a top wall. 

0.179 A bottom portion of at least one side wall being 
Supported on a mesh assembly 

0180 A fuel stream distribution region formed within 
the at least one side wall and between the top wall and the 
mesh assembly. 

0181. At least one side wall formed with the enclosure. 
0182 An inlet into a fuel stream distribution region. 
0183 An inlet formed on a top wall. 
0184. A fuel stream conduit fluidly connected to an inlet 
and configured to receive at least one fuel stream. 

0185. A fuel stream conduit that goes through a portion 
of an enclosure. 

0186. A fuel stream conduit that extends along a longi 
tudinal axis of an enclosure. 

0187. A fuel stream conduit that extends along an axis 
parallel to but spaced from a longitudinal axis of an 
enclosure. 

0188 A heat conducting assembly external to an enclo 
Sure and/or attached to at least a portion of an enclosure. 

0189 A heat conducting assembly configured to con 
duct heat from one or more external heaters attached to 
the heat conducting assembly to at least a portion of an 
enclosure. 

0190. A heat conducting assembly including a metal 
band attached to at least a portion of an enclosure. 

0191 A metal band that includes aluminum. 
0.192 One or more external heaters including a total 
heating Surface area that is less (or Substantially less) 
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than a heated Surface area of at least a portion of an 
enclosure that is heated by a heat conducting assembly. 

0193 First and second end frames including an input 
port configured to receive a mixed gas stream containing 
hydrogen gas and other gases. 

0194 First and second end frames including an output 
port configured to receive a permeate stream containing 
at least one of a greater concentration of hydrogen gas 
and a lower concentration of other gases than a mixed 
gas Stream. 

0.195 First and second end frames including a byprod 
uct port configured to receive a byproduct stream con 
taining at least a Substantial portion of other gases. 

0196. At least one hydrogen-selective membrane dis 
posed between first and second end frames. 

0.197 At least one hydrogen-selective membrane hav 
ing a feed side and a permeate side. 

0198 At least part of a permeate stream being formed 
from a portion of a mixed gas stream that passes from a 
feed side to a permeate side of at least one hydrogen 
Selective membrane. 

0199 A remaining portion of a mixed gas stream that 
remains on a feed side of at least one hydrogen-selective 
membrane forms at least part of a byproduct stream. 

0200. A plurality of frames disposed between first and 
second end frames and at least one hydrogen-selective 
membrane. 

0201 A frame including a perimeter shell defining an 
open region and a frame plane. 

0202 At least a first membrane support structure 
extending into an open region. 

0203 At least a first membrane support structure 
extending into an open region on a first side of a perim 
eter shell. 

0204 First membrane support structures of a plurality 
of frames being co-planar within a first membrane Sup 
port plane that is perpendicular to a frame plane to Sup 
port a first portion of at least one hydrogen-selective 
membrane. 

0205 Each first membrane support structure being co 
planar, within a first membrane Support plane, with other 
first membrane Support structures of a plurality of 
frames. 

0206 First membrane support plane that is perpendicu 
lar to a frame plane of each frame of a plurality of 
frames. 

0207. At least a first membrane support structure 
including one or more receptacles configured to receive 
at least one fastener to secure the plurality of frames to 
first and second end frames. 

0208. At least a first membrane support structure 
formed with the perimeter shell. 

0209. At least a second membrane support structure 
extending into an open region. 

0210. At least a second membrane support structure 
extending into an open region on a second side opposed 
from a first side of a perimeter shell. 

0211 Second membrane support structures of a plural 
ity of frames being co-planar within a second membrane 
Support plane that is spaced from a first membrane Sup 
port plane and/or perpendicular to a frame plane to Sup 
port a second portion of at least one hydrogen-selective 
membrane spaced from the first portion. 
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0212. Each second membrane support structure being 
co-planar, within a second membrane Support plane, 
with other second membrane Support structures of a 
plurality of frames. 

0213 Second membrane support plane that is perpen 
dicular to a frame plane of each frame of a plurality of 
frames. 

0214. At least a second membrane support structure 
including one or more receptacles configured to receive 
at least one fastener to secure the plurality of frames to 
first and second end frames. 

0215. At least one feed frame disposed between at least 
one of first and second end frames and at least one 
hydrogen-selective membrane. 

0216. At least one feed frame including a feed frame 
perimeter shell. 

0217. At least one feed frame including an input conduit 
formed on a feed frame perimeter shell and/or config 
ured to receive at least part of a mixed gas stream from an 
input port. 

0218. At least one feed frame including an output con 
duit formed on a feed frame perimeter shell and/or con 
figured to receive a remaining portion of at least part of 
a mixed gas stream that remains on a feed side of at least 
one hydrogen-selective membrane. 

0219. At least one feed frame including a feed frame 
open region disposed between input and output con 
duits. 

0220. At least one feed frame including at least one feed 
frame membrane Support structure within a first mem 
brane Support plane. 

0221. At least one feed frame membrane support struc 
ture being co-planar with at least a first membrane Sup 
port structure of other frames of a plurality of frames to 
Support a first portion of at least one hydrogen-selective 
membrane. 

0222. At least one feed frame support structure within a 
second membrane Support plane. 

0223. At least one feed frame membrane support struc 
ture being co-planar with at least a second membrane 
support structure of other frames of a plurality of frames 
to Support a second portion of at least one hydrogen 
Selective membrane spaced from a first portion. 

0224. At least one feed frame membrane support struc 
ture configured to change direction of flow of at least 
part of a mixed gas steam as the at least part of the mixed 
gas stream flows across a feed frame open region 
between input and output conduits. 

0225. Without at least one feed frame membrane Sup 
port structure, flow of the at least part of the mixed gas 
stream across a feed frame open region between input 
and output conduits moves in at least a first direction, 
and the at least one feed frame membrane Support struc 
ture is configured to change the flow of the at least part of 
the mixed gas stream from the at least a first direction to 
at least a second direction different from the at least a 
first direction. 

0226. At least one feed frame membrane support struc 
ture including one or more receptacles configured to 
receive at least one fastener to secure a feed frame to at 
least one of first and second end frames. 

0227. At least one feed frame membrane support struc 
ture formed with a perimeter shell. 
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0228. At least one feed frame membrane support struc 
ture that extends from perimeter shell in a fourth direc 
tion generally parallel and/or perpendicular to a third 
direction, where flow of at least part of a mixed gas 
stream from an input conduit toward a feed frame open 
region is generally in the third direction. 

0229. A feed frame perimeter shell including a plurality 
of channels fluidly connecting input and output conduits 
with an open region. 

0230. At least one hydrogen-selective membrane dis 
posed between at least one of first and second end frames 
and at least one permeate frame. 

0231. At least one permeate frame including a permeate 
frame perimeter shell. 

0232. At least one permeate frame including an output 
conduit formed on a permeate frame perimeter shell 
and/or configured to receive at least part of a permeate 
stream from at least one hydrogen-selective membrane. 

0233. At least one permeate frame including a permeate 
frame open region Surrounded by a permeate frame 
perimeter shell. 

0234. At least one permeate frame including at least one 
permeate frame membrane Support structure within a 
first membrane Support plane. 

0235. At least one permeate frame membrane support 
structure being co-planar with at least a first membrane 
support structure of other frames of a plurality of frames 
to Support a first portion of at least one hydrogen-selec 
tive membrane. 

0236. At least one permeate frame membrane support 
structure within a second membrane Support plane. 

0237. At least one permeate frame membrane support 
structure being co-planar with at least a second mem 
brane support structure of other frames of a plurality of 
frames to supporta second portion of at least one hydro 
gen-selective membrane spaced from the first portion. 

0238. At least one permeate frame membrane support 
structure including one or more receptacles configured 
to receive at least one fastener to secure a permeate 
frame to at least one of first and second end frames. 

0239. At least one permeate frame membrane support 
structure formed with a permeate frame perimeter shell. 

0240. A microscreen structure configured to support at 
least one hydrogen-selective membrane. 

0241. A microscreen structure including generally 
opposed surfaces configured to provide Support to a 
permeate side of at least one hydrogen-selective mem 
brane and/or a plurality of fluid passages extending 
between the opposed surfaces. 

0242 A microscreen structure including stainless steel 
containing an aluminum oxide layer configured to pre 
vent intermetallic diffusion between the stainless steel 
and at least one hydrogen-selective membrane. 

0243 A microscreen structure including stainless steel 
having about 0.6 to about 1.5 weight percentage of Alu 
minum. 

0244. A microscreen structure including one of 303 
(Aluminum modified), 17-7 PH, 13-8 PH, and 15-7 PH 
stainless steel. 

0245. A frame disposed between and secured to at least 
one of first and second end frames. 

0246 A frame including first and second sections. 
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0247 First and second sections for a frame made from 
at least one clad metal. Such as copper-clad Stainless 
steel and/or copper-clad carbon Steel. 

0248 First and second sections for a frame plated with 
at least one layering metal having a metal point, such as 
tin. 

0249 First and second sections for a frame joined 
together. 

0250 First and second sections for a frame joined 
together and heated to a temperature above melting point 
of at least one layering metal plated on the first and 
second sections. 

0251 First and second sections for a frame joined 
together, heated to a temperature above melting point of 
at least one layering metal plated on the first and second 
sections. 

0252. At least one layering metal being allowed to dif 
fuse into first and second sections such that an alloy is 
formed with a melting point higher than the melting 
point of the at least one layering metal. 

0253 First and second sections for a frame including 
first and second channels, respectively. 

0254 First and second sections for a frame including 
first and second channels, respectively. 

0255 First and second sections joined such that first and 
second channels are offset from each other. 

INDUSTRIAL APPLICABILITY 

0256 The present disclosure, including hydrogen genera 
tion assemblies, hydrogen purification devices, and compo 
nents of those assemblies and devices, is applicable to the 
fuel-processing and other industries in which hydrogen gas is 
purified, produces, and/or utilized. 
0257 The disclosure set forth above encompasses mul 
tiple distinct inventions with independent utility. While each 
of these inventions has been disclosed in its preferred form, 
the specific embodiments thereofas disclosed and illustrated 
herein are not to be considered in a limiting sense as numer 
ous variations are possible. The subject matter of the inven 
tions includes all novel and non-obvious combinations and 
Subcombinations of the various elements, features, functions 
and/or properties disclosed herein. Similarly, where any 
claim recites “a” or “a first element or the equivalent thereof, 
Such claim should be understood to include incorporation of 
one or more Such elements, neither requiring nor excluding 
two or more Such elements. 
0258 Inventions embodied in various combinations and 
Subcombinations of features, functions, elements, and/or 
properties may be claimed through presentation of new 
claims in a related application. Such new claims, whether 
they are directed to a different invention or directed to the 
same invention, whether different, broader, narrower or equal 
in scope to the original claims, are also regarded as included 
within the subject matter of the inventions of the present 
disclosure. 
What is claimed is: 
1. A steam reforming hydrogen generation assembly con 

figured to receive at least one liquid-containing feed stream 
that includes water and a carbon-containing feedstock and 
generate a reformate stream containing hydrogen gas as a 
majority component and other gases, comprising: 

a vaporization region configured to receive and vaporize at 
least a portion of the at least one liquid-containing feed 
stream to form a vapor feed stream; 
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a hydrogen-producing region containing a reforming cata 
lyst and configured to receive the vapor feed stream and 
to produce the reformate stream via a steam reforming 
reaction; and 

aheating assembly configured to produce aheated exhaust 
stream for heating the vaporization region to at least a 
minimum vaporization temperature, wherein the vapor 
ization region includes packing material configured to 
transfer heat from the heated exhaust stream to the at 
least one liquid-containing feed stream. 

2. The assembly of claim 1, wherein the vaporization 
region includes tubing disposed between the heating assem 
bly and the hydrogen-producing region, wherein the packing 
material is contained within at least a portion of the tubing. 

3. The assembly of claim 1, wherein the packing material is 
further configured to provide a plurality of nucleation sites to 
promote vaporization of the at least a portion of the at least 
one liquid-containing feed stream. 

4. The assembly of claim 3, wherein the packing material 
includes a plurality of irregular Surfaces that provides at least 
a portion of the plurality of nucleation sites. 

5. The assembly of claim 1, wherein the packing material 
includes a plurality of metallic rods configured to transfer 
heat from the heated exhaust stream to the at least one liquid 
containing feed stream. 

6. The assembly of claim 5, wherein the plurality of metal 
lic rods includes a plurality of portions of at least one of 
copper wire and aluminum wire. 

7. The assembly of claim 1, further comprising: 
an enclosure, wherein the vaporization region and the 

hydrogen-producing region are contained within the 
enclosure; and 

a heat conducting assembly external to the enclosure and 
attached to at least a portion of the enclosure, the heat 
conducting assembly being configured to conduct heat 
from one or more external heaters attached to the heat 
conducting assembly to the at least a portion of the 
enclosure. 

8. The assembly of claim 1, further comprising an enclo 
Sure, wherein the vaporization region and the hydrogen-pro 
ducing region are contained within the enclosure, and 
wherein the heating assembly is configured to receive at least 
one air stream and at least one fuel stream and to combust the 
at least one fuel stream within a combustion region contained 
within the enclosure producing the heated exhaust stream, 
further comprising an insulation base configured to reduce 
external temperature of the enclosure, the insulation base 
being adjacent to the combustion region, wherein the enclo 
Sure is Supported on the insulation base and the insulation 
base includes insulating material and at least one passage that 
extends through the insulating material, the at least one pas 
sage being in fluid communication with the combustion 
region. 

9. The assembly of claim 1, wherein the heating assembly 
is configured to receive at least one air stream and at least one 
fuel stream and to combust the at least one fuel stream to 
produce the heated exhaust stream within a combustion 
region contained within the enclosure, further comprising: 

an enclosure, wherein the vaporization region and the 
hydrogen-producing region are contained within the 
enclosure; and 

a fuel distribution assembly attached to the bottom portion 
of the enclosure and configured to distribute the at least 
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one fuel stream into the combustion region, the fuel 
distribution assembly including: 
a base including at least one passage that is in fluid 

communication with the combustion region, 
a mesh assembly Supported on the base, 
a top wall having a perimeter, 
at least one side wall having a top portion and a bottom 

portion, the top portion being mounted around the 
perimeter and the bottom portion being Supported on 
the mesh assembly such that a fuel stream distribution 
region is formed within the at least one side wall and 
between the top wall and the mesh assembly, 

an inlet into the fuel stream distribution region, and 
a fuel stream conduit fluidly connected to the inlet and 

configured to receive the at least one fuel stream, 
wherein the mesh assembly includes at least one path 
way for the at least one fuel stream to flow from the 
fuel stream distribution region to the combustion 
region. 

10. The assembly of claim 1, further comprising a conduit 
in fluid communication with the vaporization region and 
through which the at least one liquid-containing feed stream 
is passed prior to delivery to the vaporization region, wherein 
the heating assembly includes: 

inlets for receiving at least one fuel stream and at least one 
air stream; 

an igniterassembly configured to ignite the at least one fuel 
stream, comprising: 
a body portion; 
at least one igniter element attached to the body portion; 
and 

wires in electrical communication with the at least one 
igniter element and at least partially enclosed by the 
body portion; and 

a metal cooling block having at least first and second chan 
nels in thermal communication with each other, the first 
channel receiving at least part of the body portion and at 
least part of the wires, and the second channel receiving 
at least part of the conduit. 

11. The assembly of claim 1, wherein the heating assembly 
includes an igniter assembly configured to ignite a fuel 
stream, the igniter assembly including an igniter element 
having a catalytically active coating configured to combust 
hydrogen in the presence of oxygen. 

12. A steam reforming hydrogen generation assembly con 
figured to receive at least one feed stream and generate a 
reformate stream containing hydrogen gas as a majority com 
ponent and other gases, comprising: 

an enclosure; 
a hydrogen-producing region contained within the enclo 

Sure and including a reforming catalyst, the hydrogen 
producing region being configured to produce, via a 
steam reforming reaction, the reformate stream from the 
at least one feed stream; 

a heating assembly configured to receive at least one air 
stream and at least one fuel stream and to combust the at 
least one fuel stream within a combustion region con 
tained within the enclosure producing a heated exhaust 
stream for heating at least the hydrogen-producing 
region to at least a minimum hydrogen-producing tem 
perature; and 

an insulation base configured to reduce external tempera 
ture of the enclosure, the insulation base being adjacent 
to the combustion region, wherein the enclosure is Sup 
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ported on the insulation base and the insulation base 
includes insulating material and at least one passage that 
extends through the insulating material, the at least one 
passage being in fluid communication with the combus 
tion region. 

13. The assembly of claim 12, wherein the insulation base 
further includes at least one cavity within the insulating mate 
rial, and wherein the at least one cavity is (a) sized to at least 
partially receive an air blower configured to produce at least 
a portion of the at least one air stream (b) in fluid communi 
cation with the at least one passage. 

14. The assembly of claim 12, wherein the at least one 
passage includes a plurality of passages arranged in a curvi 
linear pattern. 

15. The assembly of claim 14, wherein the plurality of 
passages is arranged in a circular pattern. 

16. The assembly of claim 12, wherein the enclosure 
includes a top portion and a bottom portion and the insulation 
base is adjacent the bottom portion and is spaced from the top 
portion. 

17. The assembly of claim 12, further comprising a conduit 
in fluid communication with the vaporization region and 
through which the at least one liquid-containing feed stream 
is passed prior to delivery to the vaporization region, wherein 
the heating assembly includes: 

inlets for receiving at least one fuel stream and at least one 
air stream; 

an igniter assembly configured to ignite the at least one fuel 
stream, comprising: 
a body portion; 
at least one igniter element attached to the body portion; 
and 

wires in electrical communication with the at least one 
igniter element and 

at least partially enclosed by the body portion; and 
a metal cooling block having at least first and second chan 

nels in thermal communication with each other, the first 
channel receiving at least part of the body portion and at 
least part of the wires, and the second channel receiving 
at least part of the conduit. 

18. The assembly of claim 12, wherein the enclosure 
includes a bottom portion, further comprising a fuel distribu 
tion assembly disposed between the bottom portion of the 
enclosure and the insulation base, the fuel distribution assem 
bly being configured to distribute the at least one fuel stream 
into the combustion region, the fuel distribution assembly 
including: 

a mesh assembly supported on the insulation base, 
a top wall having a perimeter, 
at least one side wall having a top portion and a bottom 

portion, the top portion being mounted around the 
perimeter and the bottom portion being Supported on the 
mesh assembly such that a fuel stream distribution 
region is formed within the at least one side wall and 
between the top wall and the mesh assembly, 

an inlet into the fuel stream distribution region, and 
a fuel stream conduit fluidly connected to the inlet and 

configured to receive the at least one fuel stream, 
wherein the mesh assembly includes at least one path 
way for the at least one fuel stream to flow from the fuel 
stream distribution region to the combustion region. 

19. The assembly of claim 12, wherein the heating assem 
bly includes an igniter assembly configured to ignite a fuel 
stream, the igniter assembly including an igniter element 
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having a catalytically active coating configured to combust 
hydrogen in the presence of oxygen. 

20. The assembly of claim 12, further comprising a heat 
conducting assembly external to the enclosure and attached to 
at least a portion of the enclosure, the heat conducting assem 
bly being configured to conduct heat from one or more exter 
nal heaters attached to the heat conducting assembly to the at 
least a portion of the enclosure. 

21. A steam reforming hydrogen generation assembly con 
figured to receive at least one feed stream and generate a 
reformate stream containing hydrogen gas as a majority com 
ponent and other gases, comprising: 

an enclosure; 
a hydrogen-producing region contained within the enclo 

Sure and including a reforming catalyst and configured 
to receive the at least one feed stream and to produce the 
reformate stream via a steam reforming reaction; 

a feed stream conduit in fluid communication with the 
hydrogen-producing region and through which the at 
least one feed stream is passed prior to delivery to the 
hydrogen-producing region; and 

a heating assembly in thermal communication with the 
hydrogen-producing region, the heating assembly 
including: 
inlets for receiving at least one fuel stream and at least 

one air stream; 
an igniter assembly configured to ignite the at least one 

fuel stream, comprising: 
a body portion; 
at least one igniter element attached to the body por 

tion; and 
wires in electrical communication with the at least 

one igniter element and at least partially enclosed 
by the body portion; and 

a metal cooling block having at least first and second 
channels in thermal communication with each other, 
the first channel receiving at least part of the body 
portion and at least part of the wires, and the second 
channel receiving at least part of the feed stream con 
duit. 

22. The assembly of claim 21, wherein at least a portion of 
the metal cooling block has a rectangular cross-section trans 
verse to long axes of the first and second channels. 

23. The assembly of claim 21, wherein the enclosure 
includes a bottom portion and the heating assembly is con 
figured to combust the at least one fuel stream within a com 
bustion region contained within the enclosure producing a 
heated exhaust stream for heating at least the hydrogen-pro 
ducing region to at least a minimum hydrogen-producing 
temperature, further comprising a fuel distribution assembly 
attached to the bottom portion of the enclosure and config 
ured to distribute the at least one fuel stream into the com 
bustion region, the fuel distribution assembly including: 

a base including at least one passage that is in fluid com 
munication with the combustion region, 

a mesh assembly Supported on the base, 
a top wall having a perimeter, 
at least one side wall having a top portion and a bottom 

portion, the top portion being mounted around the 
perimeter and the bottom portion being Supported on the 
mesh assembly such that a fuel stream distribution 
region is formed within the at least one side wall and 
between the top wall and the mesh assembly, 
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a fuel stream inlet into the fuel stream distribution region, 
and 

a fuel stream conduit fluidly connected to the inlet and 
configured to receive the at least one fuel stream, 
wherein the mesh assembly includes at least one path 
way for the at least one fuel stream to flow from the fuel 
stream distribution region to the combustion region. 

24. The assembly of claim 21, wherein the heating assem 
bly includes an igniter assembly configured to ignite a fuel 
stream, the igniter assembly including an igniter element 
having a catalytically active coating configured to combust 
hydrogen in the presence of oxygen. 

25. The assembly of claim 21, further comprising a heat 
conducting assembly external to the enclosure and attached to 
at least a portion of the enclosure, the heat conducting assem 
bly being configured to conduct heat from one or more exter 
nal heaters attached to the heat conducting assembly to the at 
least a portion of the enclosure. 

26. A steam reforming hydrogen generation assembly con 
figured to receive at least one feed stream and generate a 
reformate stream containing hydrogen gas as a majority com 
ponent and other gases, comprising: 

a hydrogen-producing region containing a reforming cata 
lyst and configured to receive the at least one feed stream 
and to produce the reformate stream via a steam reform 
ing reaction; and 

a heating assembly in thermal communication with the 
hydrogen-producing region, the heating assembly 
including an igniter assembly configured to ignite at 
least one fuel stream, the igniter assembly including an 
igniter element having a catalytically active coating con 
figured to combust hydrogen in the presence of oxygen. 

27. The assembly of claim 26, wherein the igniter assembly 
further includes wire attached to at least part of the igniter 
element, the wire in electrical communication with an elec 
trical power source. 

28. The assembly of claim 27, wherein the wire is wrapped 
around at least part of the igniter element. 

29. The assembly of claim 26, wherein the catalytically 
active coating includes at least one of platinum, rhodium, and 
palladium. 

30. The assembly of claim 26, wherein the igniter element 
includes at least one of a ceramic material and a metallic 
material. 

31. The assembly of claim 26, wherein the heating assem 
bly is configured to receive at least one air stream and the at 
least one fuel stream and to combust the at least one fuel 
stream within a combustion region contained within the 
enclosure producing a heated exhaust stream for heating at 
least the hydrogen-producing region to at least a minimum 
hydrogen-producing temperature, the assembly further com 
prising: 

an enclosure having a bottom portion, wherein the hydro 
gen-producing region is contained within the enclosure; 
and 

a fuel distribution assembly attached to the bottom portion 
of the enclosure and configured to distribute the at least 
one fuel stream into the combustion region, the fuel 
distribution assembly including: 
a base including at least one passage that is in fluid 

communication with the combustion region, 
a mesh assembly Supported on the base, 
a top wall having a perimeter, 
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at least one side wall having a top portion and a bottom 
portion, the top portion being mounted around the 
perimeter and the bottom portion being Supported on 
the mesh assembly such that a fuel stream distribution 
region is formed within the at least one side wall and 
between the top wall and the mesh assembly, 

an inlet into the fuel stream distribution region, and 
a fuel stream conduit fluidly connected to the inlet and 

configured to receive the at least one fuel stream and, 
wherein the mesh assembly includes at least one path 
way for the at least one fuel stream to flow from the 
fuel stream distribution region to the combustion 
region. 

32. The assembly of claim 31, further comprising a heat 
conducting assembly external to the enclosure and attached to 
at least a portion of the enclosure, the heat conducting assem 
bly being configured to conduct heat from one or more exter 
nal heaters attached to the heat conducting assembly to the at 
least a portion of the enclosure. 

33. A steam reforming hydrogen generation assembly con 
figured to receive at least one feed stream and generate a 
reformate stream containing hydrogen gas as a majority com 
ponent and other gases, comprising: 

an enclosure having a bottom portion; 
a hydrogen-producing region contained within the enclo 

Sure and including a reforming catalyst, the hydrogen 
producing region being configured to produce, via a 
steam reforming reaction, the reformate stream from the 
at least one feed stream; 

a heating assembly configured to receive at least one air 
stream and at least one fuel stream and to combust the at 
least one fuel stream within a combustion region con 
tained within the enclosure producing a heated exhaust 
stream for heating at least the hydrogen-producing 
region to at least a minimum hydrogen-producing tem 
perature; and 

a fuel distribution assembly attached to the bottom portion 
of the enclosure and configured to distribute the at least 
one fuel stream into the combustion region, the fuel 
distribution assembly including: 
a base including at least one passage that is in fluid 

communication with the combustion region, 
a mesh assembly Supported on the base, 
a top wall having a perimeter, 
at least one side wall having a top portion and a bottom 

portion, the top portion being mounted around the 
perimeter and the bottom portion being Supported on 
the mesh assembly such that a fuel stream distribution 
region is formed within the at least one side wall and 
between the top wall and the mesh assembly, 

an inlet into the fuel stream distribution region, and 
a fuel stream conduit fluidly connected to the inlet and 

configured to receive the at least one fuel stream, 
wherein the mesh assembly includes at least one path 
way for the at least one fuel stream to flow from the 
fuel stream distribution region to the combustion 
region. 

34. The assembly of claim 33, wherein the mesh assembly 
extends into the combustion region, the heating assembly 
further comprising at least one combustion catalyst Supported 
within the combustion region via the mesh assembly, the at 
least one combustion catalyst configured to combust hydro 
gen in the presence of oxygen. 
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35. The assembly of claim 33, wherein the inlet is formed 
on the top wall and the fuel stream conduit goes through a 
portion of the enclosure. 

36. The assembly of claim 33, wherein the enclosure 
defines a longitudinal axis, and the fuel stream conduit 
extends along the longitudinal axis. 

37. The assembly of claim 36, wherein the enclosure 
includes a longitudinal axis, and the fuel Stream conduit 
extends along an axis parallel to but spaced from the longi 
tudinal axis. 

38. The assembly of claim 36, wherein at least one of the 
top wall and the at least one side wall is formed with the 
enclosure. 

39. The assembly of claim 33, wherein the mesh assembly 
includes at least one layer of mesh. 

40. The assembly of claim 33, further comprising a heat 
conducting assembly external to the enclosure and attached to 
at least a portion of the enclosure, the heat conducting assem 
bly being configured to conduct heat from one or more exter 
nal heaters attached to the heat conducting assembly to the at 
least a portion of the enclosure. 

41. A steam reforming hydrogen generation assembly con 
figured to receive at least one feed stream and generate a 
reformate stream containing hydrogen gas as a majority com 
ponent and other gases, comprising: 

an enclosure; 
a hydrogen-producing region contained within the enclo 

Sure and including a reforming catalyst, the hydrogen 
producing region being configured to produce, via a 
steam reforming reaction, the reformate stream from the 
at least one feed stream; and 

a heat conducting assembly external to the enclosure and 
attached to at least a portion of the enclosure, the heat 
conducting assembly being configured to conduct heat 
from one or more external heaters attached to the heat 
conducting assembly to the at least a portion of the 
enclosure. 

42. The assembly of claim 41, wherein the heat conducting 
assembly includes a metal band attached to the at least a 
portion of the enclosure. 

43. The assembly of claim 42, wherein the metal band 
includes aluminum. 

44. The assembly of claim 42, wherein the one or more 
external heaters includes a total heating Surface area that is 
less thana Surface area of the at least a portion of the enclosure 
that is heated by the heat conducting assembly. 

45. The assembly of claim 44, wherein the one or more 
external heaters includes a total heating Surface area that is 
Substantially less than the Surface area of the at least a portion 
of the enclosure that is heated by the heat conducting assem 
bly. 

46. A hydrogen purification device, comprising: 
first and second end frames including: 

an input port configured to receive a mixed gas stream 
containing hydrogen gas and other gases: 

an output port configured to receive a permeate stream 
containing at least one of a greater concentration of 
hydrogen gas and a lower concentration of the other 
gases than the mixed gas stream; and 

a byproduct port configured to receive a byproduct 
stream containing at least a Substantial portion of the 
other gases; 

at least one hydrogen-selective membrane disposed 
between and secured to the first and second end frames, 
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the at least one hydrogen-selective membrane having a 
feed side and a permeate side, at least part of the perme 
ate stream being formed from the portion of the mixed 
gas stream that passes from the feed side to the permeate 
side, with the remaining portion of the mixed gas stream, 
which remains on the feed side, forming at least part of 
the byproduct stream; and 

a plurality of frames disposed between the first and second 
end frames and the at least one hydrogen-selective mem 
brane, each frame of the plurality of frames including a 
perimeter shell defining an open region and a frame 
plane, and at least a first membrane Support structure 
extending into the open region, wherein each of the at 
least a first membrane Support structure are co-planar, 
within a first membrane support plane, with other first 
membrane Support structures of the plurality of frames, 
the first membrane Support plane being perpendicular to 
the frame plane of each frame of the plurality of frames. 

47. The device of claim 46, wherein the at least a first 
membrane Support structure includes one or more receptacles 
configured to receive at least one fastener to secure the plu 
rality of frames to the first and second end frames. 

48. The device of claim 46, wherein the at least a first 
membrane support structure is formed with the perimeter 
shell. 

49. The device of claim 46, wherein each of the plurality of 
frames includes at least a second membrane Support structure 
extending into the open region, wherein each of the at least a 
second membrane Support structure are co-planar, within a 
second membrane Support plane, with other second mem 
brane support structures of other frames of the plurality of 
frames, the second membrane Support plane being spaced 
from the first membrane Support plane and perpendicular to 
the frame plane. 

50. The device of claim 49, wherein the perimeter shell 
includes first and second opposed sides, and the at least a first 
membrane Support structure extends into the open region 
from the first opposed side and the at least a second membrane 
Support structure extends into the open region from the sec 
ond opposed side. 

51. The device of claim 46, wherein the plurality of frames 
includes at least one feed frame disposed between at least one 
of the first and second end frames and the at least one hydro 
gen-selective membrane, the at least one feed frame further 
including: 

a feed frame perimeter shell, 
an input conduit formed on the feed frame perimeter shell 

and configured to receive at least part of the mixed gas 
stream from the input port, 

an output conduit formed on the feed frame perimeter shell 
and configured to receive the remaining portion of the at 
least part of the mixed gas stream that remains on the 
feed side of the at least one hydrogen-selective mem 
brane, 

a feed frame open region disposed between the input and 
output conduits, and 

at least one feed frame membrane Support structure within 
the first membrane Support plane to support the first 
portion of the at least one hydrogen-selective mem 
brane, the at least one feed frame membrane Support 
structure further configured to change direction of the 
flow of the at least part of the mixed gas stream as the at 
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least part of the mixed gas stream flows across the feed 
frame open region between the input and output con 
duits. 

52. The device of claim 51, wherein, without the at least 
one feed frame membrane support structure, flow of the at 
least part of the mixed gas stream across the feed frame open 
region between the input and output conduits moves in at least 
a first direction, and the at least one feed frame membrane 
Support structure is configured to change the flow of the at 
least part of the mixed gas stream from the at least a first 
direction to at least a second direction different from the at 
least a first direction. 

53. The device of claim 51, wherein flow of the at least part 
of the mixed gas stream from the input conduit toward the 
feed frame open region is generally in a third direction, the at 
least one feed frame membrane Support structure extending 
from the feed frame perimeter shell in a fourth direction that 
is generally parallel to the third direction, and the at least a 
first membrane Support structure extending from the perim 
eter shells of other frames of the plurality of frames in the 
fourth direction. 

54. The device of claim 51, wherein flow of the at least part 
of the mixed gas stream from the input conduit toward the 
feed frame open region is generally in a third direction, the at 
least one feed frame membrane Support structure extending 
from the feed frame perimeter shell in a fourth direction that 
is generally perpendicular to the third direction, and the at 
least a first membrane Support structure extending from the 
perimeter shells of other frames of the plurality of frames in 
the fourth direction. 

55. The device of claim 51, wherein the feed frame perim 
eter shell includes a plurality of channels fluidly connecting 
the input and output conduits with the open region. 

56. The device of claim 46, wherein the plurality of frames 
further includes at least one permeate frame, the at least one 
hydrogen-selective membrane being disposed between one 
of the first and second end frames and the at least one perme 
ate frame, the at least one permeate frame including: 

a permeate frame perimeter shell, 
an output conduit formed on the permeate frame perimeter 

shell and configured to receive the at least part of the 
permeate stream from the at least one hydrogen-selec 
tive membrane, 

a permeate frame open region Surrounded by the permeate 
frame perimeter shell, and 

at least one permeate frame membrane Support structure 
within the first membrane Support plane to Support the 
first portion of the at least one hydrogen-selective mem 
brane. 

57. The device of claim 46, wherein the plurality of frames 
further includes at least one microscreen structure configured 
to Support the at least one hydrogen-selective membrane, 
wherein the at least one microscreen structure including gen 
erally opposed surfaces configured to provide Support to the 
permeate side, and a plurality of fluid passages extending 
between the opposed surfaces, the at least one microscreen 
structure further including stainless steel containing an alu 
minum oxide layer configured to prevent intermetallic diffu 
sion between the stainless Steel and the at least one hydrogen 
selective membrane. 
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58. A hydrogen purification device, comprising: 
first and second end plates including: 

an input port configured to receive a mixed gas stream 
containing hydrogen gas and other gases: 

an output port configured to receive a permeate stream 
containing at least one of a greater concentration of 
hydrogen gas and a lower concentration of the other 
gases than the mixed gas stream; and 

a byproduct port configured to receive a byproduct 
stream containing at least a substantial portion of the 
other gases; 

at least one hydrogen-selective membrane disposed 
between the first and second end plates, the at least one 
hydrogen-selective membrane having a feed side and a 
permeate side, at least part of the permeate stream being 
formed from the portion of the mixed gas stream that 
passes from the feed side to the permeate side, with the 
remaining portion of the mixed gas stream, which 
remains on the feed side, forming at least part of the 
byproduct stream; and 

a microscreen structure configured to Support the at least 
one hydrogen-selective membrane, wherein the micro 
Screen structure includes generally opposed surfaces 
configured to provide Support to the permeate side, and 
a plurality of fluid passages extending between the 
opposed Surfaces, the microscreen structure including 
stainless steel containing an aluminum oxide layer con 
figured to prevent intermetallic diffusion between the 
stainless steel and the at least one hydrogen-selective 
membrane. 

59. The device of claim 58, wherein the stainless steel 
includes about 0.6 to about 1.5 weight percentage of Alumi 

l 

60. The device of claim 58, wherein the microscreen struc 
ture includes one of 303 (Aluminum modified), 17-7 PH, 
13-8 PH, and 15-7 PH stainless steel. 

61. A method of manufacturing a frame for a hydrogen 
purification device, the frame disposed between and secured 
to at least one of first and second end frames, the method 
comprising: 

plating first and second sections of the frame with at least 
one layering metal having a melting point; 

joining the first and second sections; 
raising the temperature of the joined first and second sec 

tions above the melting point; and 
allowing the at least one layering metal to diffuse into the 

first and second sections such that an alloy is formed, the 
alloy having a melting point that is higher than the melt 
ing point of the at least one layering metal. 

62. The method of claim 61, where the first and second 
sections includes first and second channels, respectively, 
wherein joining the first and second sections includes joining 
the first and second sections such that the first and second 
channels are offset from each other. 

63. The method of claim 61, wherein the first and second 
sections are made from at least one clad metal. 

64. The method of claim 61, wherein the at least one clad 
metal includes copper-clad Steel. 

65. The method of claim 61, wherein the copper-clad steel 
includes one of copper-clad stainless Steel and copper-clad 
carbon steel. 

66. The method of claim 61, wherein the layering metal 
includes tin. 


