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Natural Catalytic Phenomena
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The Earth’s Carbon Cycle




Beyond Petroleum - New Sources for Fuels and Chemicals
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The Catalytic Cycle

Homogeneous - Atom, molecule, metal
complex
Catalyst i 4
Molecules y Biocatalyst Enzyn_1e
Heterogeneous - Simple or complex
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Catalysis is the fundamental chemical phenomenon that underlies

Life
90% of new chemical processes
CO, conversion to roses

Most important
environmental
technology
G. Ertl's 2007 Nobel
prize involved study
of this catalytic

system

Nontoxic auto-exhaust
Petroleum fuels

Ammonia fertilizer
Chateau Lafite Rothschild (1887)
Nylon
Sulfuric acid

L-dopa

"Virtually every
chemical reaction that
occurs in living
organisms is
catalyzed by a
specific enzyme."
The Living Cell - C. deDuve

Hefty trash bags
Anti-freeze
Fuel cells

Plastic drain pipe

Makes diet coke
possible

Aspartame
Roundup
andonandon ......

Chiral Rh complex
creates a chiral
product
W. Knowles shared
2001 Nobel prize for
work on this system




Example Discussion

Beyond petroleum, manufacturing fuels and
chemicals from small molecules...
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Human Population and the Distribution of Wealth

World Population Projection
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World Crude Qil Reserves (Qil and Gas Journal)
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[DOE-Energy Information Agency - 2008}

=
i}
B M-
E ! ol
- 400
1 15—
= !
i~ b u (Selected consumers - 2005)
:
: : =
]
Morth Eusegus® Eurasia® Middles Enst Alricn Asin and -_ - - -_
Central, and Ocearer’ =
Sanith Afmerca Chimg Japan Rzl Sermamy Camda

World Petroleum Consumption /\
Current Consumption

Total = 83,560,000 barrels/day
oo 5% of Workd = 30,499,400,000 barrels/year
% ’ (1 barrel =42 gallons)
_: e Projected Consumption (2020)

Total = 104,100,000 barrels/day
p = 37,996,500,000 barrels/year
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TAP Reactor Studies of Catalytic Processes

Continuous flow valve

F"ulse valve
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Kinetic Data from Pulse Response Curves

Quantities calculated from Oth, 1st,
and 2"d moments

e Conversion (number of surface
oxygen atoms and hydrocarbon)

* Selectivity

* Product Yield

* Residence time

» Apparent rate constants

» Apparent intermediate gas constants
e Apparent time delay

time(s) Shekhtman, S. Interrogative Kinetics A New Methodology or
Zeroth Moment Cat_alys'F Characterization. Doctoral Thesis, Washington
o University, 2003.




Normalized Flow

1. Knudsen Transport - well defined

Reactor Packing - Inert
Quartz Particles

Experiment cooo
Theory

Argon response

time(s)
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2. Small pulse size - High S/N
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Comparison of Argon and Butane Responses
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Thank you.
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