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Producing Hydrogen

Steam refor ming
Fuel + H,O® H,+ CO

Water Gas Shift
CO+H,0® CO, +H,

95% of H, ismade by this process
Endother mic process
Requirestube furnace

Does not scale down

Catalytic Partial Oxidation
Fuel + 0,® H,+ CO

Need H, for large and small applications
Gasto liquidsrefineries

Fueling station

Portable power







Catalytic Partial Oxidation

Reactants _
Converts hydrocarbons into

- valuable chemicals: syngas (H,
\ & CO), olefins, oxygenates,
elC.

Exothermic process
Runsaute hermally

Short contact times
(Milliseconds)

Vapor phase reactions

Shields — Catalyst

Products




Hydrogen and Chemicals
In Millisecond Reactors

Hydrogen Economy
Distributed power

Fuel cells

Pollution abatement
Renewable energy
Renewable chemicals




Reactions

CH,® H,+CO® SYIISIES
® methanol

® H, hydrogen economy

gasoline ® H, portable power
diesss ® H,

alcohols ® H, renewable ener gy
carbohydrates® H,
biodiesel ® H,

olefins renewable chemicals




Renewable Hydr ogen

Hydrogen

Methanol
Wastes Syngas Dimethyl ether

FT liquids

. _ Ethanol
2

Glycerol

Wilgle Electrolysis H,+0O, Aol .
Ammonia




Reactor

Fuel Injector
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Methane to Syngas

Rh Catalyst, 5 SLPM Total Flow, no preheat

Temperature

Temperature C
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Gasoline and Diesel to Syngas

High boiling points, >300°C
Pyrolysis before vaporization
Polycyclic aromatics

Mixtures




Hexadecane Partial Oxidation

80 ppi a-AlL,O,, ~3 Wt% g-Al,O,, ~3 W% Rh




Reactor Tunability

Syngas « Ethylene « a-Olefins
c/lO ~1 ~ 1.3 ~ 2.0
S(%) ~ 85 ~ 36 ~ 60

* 45 or 80 ppi a-Al,O,
* 0-3 wt% g-Al,O, wash-coat
* ~1-5wt% Rh




Steam Addition

3

80 ppi a-Al,Oq
monolith
coat

~2 Wt% Rh
4 SI.PM

Steam to Carbon ratio
of 1




Steam Addition

80 ppi a-Al,O,, ~4 Wt% g-Al,O,, ~2 Wt% Rh, 4 SLPM, S/C = 1




Catalysis

Surface area not important
al ~2 m?/g
g-Al,O; converted to a after heating to 1000°C
metals form films 1 mm thick

All conversions 100%

mostly complete in first mm

Selectivities dominate
wash coat and small channels makes hydrogen
no wash coat and large channels makes olefins




10% Rhodium Before and After Use
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Spatial and Transient Analysis

microcapillary
U “\ Side hole sampling
.‘ \_‘:ﬁ * No void behind the capillary
)} ,?2.’1\1‘.‘,“% v | 1:itl;/l(;nlmal disruptionsto the flow
 Capillary can movein and out
» Spatial temporal profiles

.05 sec, 0.3 mm resolution




Spatial Analysis:

Experimental Results



Transient Switch C/O



maonolith

heat
shield



Spatial-temporal profiles






Hydrogen and Chemicals from Biomass



Fenewaonle Chne



Fenewaonle Chne






Methanol a

2-propanol

2-propanol

Methanol



Methanol
__909

2-propanol 2-propanol



1-Propanol and 2-Propanol Products

2-Propanol









M echanism



M echanism

Oxidation zone

Reforming zone



Why Does it Work?

. High flow velocities
.High T
.High T gradients

Challenges



Summary



