I:Immrmm ramrrwh'amdh
1991 1992
\‘ 1993 + Created fist micro
1994
+ Irwested to evaluste the potensal of \
MICICSYSA6M process lechnologes for
DOE anviranmental cleanup neads . Ihn:meﬂ profech fo deselop microoompnnent
* Buit first microchannel heat exchangers
ure - sca .
increasing number of units, "numbenng up” mﬁhlmm NicrOLATS paont « Built first catalyic microchannel reacior
+ Concatved MicroCATS-based heal pumps + Submitted first PAINL MicroCATS publication + Started DOE project to develop
and heat engines on Energy system miniaturization (ASME rrcrochianne fusl COmponants
maonthly maganne, arics itled: ':J&.elopng for automative cells
Mew Muniature Energy Syslems”) + Presented first PNNL paper on chemical
+ Demonstrated rapsd heal Wansport in mwmm{mm 1997
microchannel haal exchangars
' * Receied first MicroCATS : M
MicroHeater Sheet Architecture (5,611,214)
Microchannel Combustor 5““ rled ﬁ’fl:"]:? me::ib'EL“'E'I Intative on ,:.,.1,..".;1’;:“:;:
* Demonstrated laminale microfabrication nmetals g9 ——
= Parfcipaled in Mﬁln%m
\ Microchannel Fuel Vaporizer
= Demansirated fast kinatics for steam relorming calalylic reaacion
#gﬂm{s.sﬁmﬂ

+ Started NASA program in MirGATS dévelopment 1999 + Initiated BMI Chemical Sector MicroCATS program

+ Built first microchannel steam reforming reactor - ml : |mﬂm - at high rates ~ in

+ Raceived twa RAD 100 Awards: 8] MicroCombusior - ;

and b Microchannel Gasakng Vaporzes mﬂwﬁﬂmmr ¥ infmationa
+ Damanstrated frst highly aflactive, rcuperative '
migrochanned heat exchanger Demonstrated scale-up: 10 kiWe microchannel steam reforming system

+ Developed cancept for integral combustoriredorming - Developed Lattice-Boltzman Code for microchanned processing
microchannel reacior - Demonstraled gas separations in microchanael gas adsorpbion urd

2000 « Received patenl Microchannel Laminatud Mass Exchanger and
Method of Making (5,120,973

* Recaived patent Microcomponent Assambily for Efficient
Contacting of Fluid (5,126.723)

+ Recipient of National Laboratary Fuel Coll RED Award from DOE:

= Demonstrabed fuel-flexibilgy in microchanne! sleam reforming units
'..mmmgmﬁﬂﬂ*'nqrmﬂa g adiammﬁhm?uﬂ (for suliur-free fels)
o S : . : .
oo wetTa—y —— B iy v e
+ Estabished spinclf company Io commercialize MicroCATS technology mmnfam Microchannel Laminated Mass Exchanger and
» Received patent Actve Microchanne! Heat Exchanger (5.200,536) Method lﬂh[ﬁ.ﬁt‘rﬁ'ﬁ??:
* Received patent: Activie Microchannel Fiuld Processing Uinit and -MH-:I . Chemical Reacior and Method Tor Gas Phase
Method of Making (6,192 586) Hmm{ﬁmaﬂﬂ]
+ Raceived patent: Method and Catalyst Structure for Steam Reforming mf of a MicroCATS-based cooling systam for
ol & Hydrocarbon (6,284, 217) 2002 apphcations for the LS. Ammy.
«» Receivad patent: Heal Power and Elaciric-Power-Ganerasng +» Teamid with Oregon Stade Liniversity [0 mtabe ths
Component Containing & Thermoelectric Devica (6,313.383)

Migroproducts Breakihrowgh instiute.

Pacific Northwest
National Laboratory

Ciperaied by Banelle b the
U Deypusrtrrond o By

/Q ICROPRODUCTS
UNIVERSITY BREAKTHROUGH INSTITUTE



