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Differential Temperature Water Gas Shift
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Experimental Results
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> Tested with Steam Reformate

5 WWicm® heat transfer power density in heat exchanger
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Steam reformate with 3:1 ornginal steam to carbon ratio
Conventional 2-stage adiabatic estimated at 8.9 L
m 0.8 Liter Stage 1, 1.25 Liters heat exchanger, 7.8 Liters Stage 2
e Does notinclude piping between devices
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Water Gas Shift Manufacturability Preferential Oxidation
. B MMethods for loading catalyst powder in situ are being » Evalugte alumi d titani I : : h | PRO
» Complete testing of 2 ke WiGES real:’.m:lr i il aopiat Ul reuaactuuar e aluminum and titanium alloys for microchanne
> Eﬁét‘];acﬁsﬁm{ and W55 reactors with steam reformer at 2 » Extrusion of microchannel arrays has been demonstrated « Potential weight reductions
« Demanstrate rapid start » [esign a next generation 2 KVYe reactor
s Evaluate the startup time, energy, and CO content versus . P — e o Uptimize size and weight
time for this system | ' s Facilitate heat integration within fuel processing system
» Fesolve durahility technical challenges m | e [esigned for rapid start and transient operation
# |dentiy source of VWG5S deactivation with shutdownirestart » Test as part of integrated fuel processor with steam reformer, water-
e Demonstrate 2000 hour durability . gas-shitt and heat exchangers
it » Coupletoa PEM fuel cell
B Additional nvestments in low cost manufacturing technigues
are reguired for adoption of the technology
b
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Microchannel Reformate Cleanup: Water Gas Shift and Preferential Oxidation
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Objectives

» Overall Objectives

o Apply microchannel architectures where appropriate in fuel

processing for transportation, stationary, and portahble
applications to reduce size and weight, iImprove fuel
efficiency, and enhance operation.

o Develop a prototype microchannelksteam-reforming fuel

processor at 2 ke scale that will meet DOE pedformance
targets when scaled up to 20 KWWe.

Ferfarmance 2004 Projected 2004 Demo
Criterla Ferformance Target
Cold (202 Start Time 12 sec, reformer only =kl 5 1o 20%
atart up Energy <=7 M (3) 2 Tl
Fower Density 2307 WAL (3) FOO WYL
Efficiency T E%0 Ta%
Ciurahility =1000 hr 2000 hr

(21 bhaszed on individual com ponents only, excludes tube, duct, insulation etc,

> Task Objectives

o [Demonstrate 90% CO conversion in a single-stage WG5S
reactor that scales to less than 3 liters at full-scale

e Determine whether microchannel architecture provides
opportunities for size and welight reduction for PRECX reactor

Approach

B Compact size and weight to meet packaging reguirements
e rapid heat and mass transfer for high hardware producteity
B Thermal management
e high heat transfer effectiveness in heat exchangers and

reactors for maximum heat utilization and high fuel efficiency

P FHapid start-up
e Imhbedded heat transfer in reactors facilitates rapid heating

> (Cost

e Improved productivity of precious metal catalysts

Targets

Key DOE Technical Targets Addressed:
e 0 Content in Froduct Stream

m (<= 10 ppm steady-state, = 100 ppm transient)
e Fower Density

m (= B00WIL)
e Specific Fower

m (=800 Wikn)

Preferantal Oxieation
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Microchannel PROX Reactor Investigations

» Objective: Determine whether microchannel architecture provides
oppartunities for size and weight reduction for FROX reactor,

s Support fast kinetics
o Minimize H, Cadation
s Maximize CO Conversion

» Approach:

= Single-channel, isothermal catalyst tests
e Evaluate industrial PEOX catalysts
s Charactenze kinetics
e [dentify temperature and o<ygen sensitiviies

# [lesign and test a 2 kKWe PREOX reactor
m Control temperature
m Alternating catalyst pieces and microchannel heat exchangers
m Conduction to remove heat from catalyst
m [nject ar within each chamber of the reactar
m Adjust amount and type of catalyst in each chamber

O Conwarilan

® Progress:

e 1%t Stage PROE microchannel reactor demonstrated at 2 KAe
scale — exhibts high productivity due to internal microchannel
heat exchangers providing temperature control

s Combined 15 and 2rd stage PROX reactor achieves 1% to 10
ppm O reduction at a 2 kKWe scale
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Fesults
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> First Stage (1% CQ)
e Sud-Chemie MEM Catalyst
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P Second Stage (330 ppm CQO)
e Engelhard PM Catalyst Eesults

s Alr addition after each stage

results in high conversions
up to 4 kKWe with 1 and 2%

CO Feed

CO Comcertration [ppm |

e 140-160°C 2M Stage Catalyst
operates atthe same
termmperature as MNP M 17 Stage
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» Combined 15t and 2"® Stage PROX

e Combined Sud Chemie NEM Catalyst and Engelhard
Fh Catalyst

e Added higher ratios of Q20 0 later chambers to
INCrEaSE CONYErsion

e [ecreased COfrom 1% to = 10 ppm at 2 kKWe
throughput wath an overall O./CO ratio of 1.2 and a
combined GHZY of 93,000
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