“l had not known what research
meant until | saw it. We were babes
compared to what | saw.”:

Modeling and simulation of
Fischer—Tropsch GTL Energy
Conversion
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Abstract

*Fischer-Tropsch process for gas-to-liquid (GTL)
conversion was developed in 1925 by German
scientists and used extensively by Nazi Germany
during World War II and subsequently in times of
petroleum shortages.

*Various catalysts are used to achieve less
methanation and more moderate sized hydrocarbons.
» Computational chemistry is used to calculate the
surface of cobalt, creating many different surface
structures, and determining how the structure
influences the mechanism for the catalytic reaction.
*When CO dissociates on the surface of cobalt, does it
first react with a H atom to form CHO, and then
dissociate, or does it dissociate itself?

*Furthermore, once there are C atoms on the surface,

% 80|

-
&

3
W
7y
W
LA
&Y9
7
é

how do they react to form either methane gas or Source: “T had not known...” Walter
longer chains of carbons (C-C bonds)? C. Teagle, president of Standard Oil
*Investigators attempted to model the tips to see how of NJ, 1926. Quoted in “Fischer-

they promote the formation of carbon-carbon bonds. Topsch Fuels: Historical Review”
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Gas shortages in war & peace

“Levittown is Burning!”
1979 Five Points Gas
Riots. Levittown, PA.

Ovperation Tidal Wave: B-2 4 bomber Sources: S. L. Wuestoff. The utility of targeting the petroleum-
p ) base of a nation’s economic infrastructure. Air University, 1993.

“Sandman” over Astra Romana refinery D.M. Anderson. Levittown is Burning! Labor. 2005
during the Ploesti Oil Campaign, 1943.
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Unconventional QOil
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Source: Unconventional Oil Forecast- Oxford Institute of Energy Studies



American Unconventional Oil Resources

U.S. Coal Reserves U.S. Natural Gas Reserves

-

(as of May 2011)
2011 Coal Production by Region in Millions of Short Tons ‘ o
(Percent Change from 2010)
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* Mixed shale & chalk play
** Mixed shale & limestone play
*** Mixed shale & tight dolostone-

siltstone-sandstone play
] Prospective shale plays
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Source: U.S. Energy Information Administration based on data from various published studies. Canada and Mexico plays from ARI.
Updated: May 9. 2011

Source: U.S. Energy Information Administration
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BIG LABORATORY GIVEN FREE!

Are you looking for a WONDERFUL FUTURE that can start at home
right now? The NATIONAL SCHOOL OF CHEMISTRY offers a fascinat-
ing correspondence course in PRACTICAL CHEMISTRY which will give
you a wonderful education that can be used almost immediately to in-
crease your income and your position in life, with prospects of a
GLORIOUS FUTURE!

The course is very THOROUGH, yet specially prepared to be easy to all
regardless of lack of previous t.rammg Very little theory . . . this is a
PRACTICAL course with HUNDREDS of fascinating EXPERIMENTS and
valuable FORMULAS! Students learn, almost from the start, how to
make chemicals and chemical products of commercial value, how to
convert wastes into money, etc. THERE IS A GOLD MINE IN CHEMIS-
TRY! Why not share in it? We will open your eyes to GOLDEN OPPOR-
TUNITIES you’ve never dreamt of; for this is a GOLDEN AGE for
those who possess special KNOWLEDGE!

An extensive laboratory of chemicals and equipment is included with
the course at no extra cost! Just send 25c¢ for your first lesson and
CHEMICAL KIT; full details will be included. If you send $1.00 we
will send first 5 lessons and supplies, including ‘‘How To Make 100
New Chemicals.’”” Absolutely no obligation! START YOUR NEW
CAREER TODAY!

NATIONAL SCHOOI. OF CHEMISTRY

POST OFFICE BOX 606-A REDWOOD CITY, CALIFORNIA

Use of chemistry to
solve energy issues

*Organic chemistry
reactions of organic (C)
compounds

Analytical chemistry

*Computational chemistry —
use of computer simulation
to calculate structure &
properties of molecules

*Physical chemistry —
application of physics to
chemical reactions, such as
quantum mechanics &
thermodynamics
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Who were Fischer & Tropsch?

Franz Fischer (1877-1947) Hans Tropsch (1889-1937)




Fischer-Tropsche Research at Kaiser
Wilhelm Institut fur Kohlenforschung

F-T Apparatus at the Kaiser-Wilhelm
Gesellschaft, 1930

Svumitroleaarm”

Kaiser Wilhelm (now Max
Planck) Institute at Milheim
an der Ruhr in 1943.



Fischer-Tropsche Flow Chart: 2 CO(g)
HZ(g) —(-CH?2- )n(l) CO2(g) + H20
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Fischer-Tropshe Catalysts: Fe Ru Co
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Use of Co as a F. T. Catalyst
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FT Cobalt nanowires are
Reactor used as a catalyst

Cobalt (Co) frustums, resembling the
nanowires, model catalysts for H &
CO molecules reactions . Single
(above) and double (below), upon
which the various C molecules are
attached.

This structure has been found to form
longer chained hydrocarbons
(important for gasoline).




Methodology: How do we simulate and
model the Fischer-Tropsch process?

In-situ density functional theory (DFT)

calculations were performed with the

DMol3 code in Materials Studio using the -?EB?B
double numerical with polarization (DNP)
basis.

Allows the efficient calculation of
energetics associated with moderately
large clusters with modest resources (4
processor computers)

Source: J. Gao, E. de Smit, G. Fitzgerald et al. Dynamic characterization of Co/TiO2 Fischer-
Tropsch catalysts with infrared spectroscopy and DFT calculations. 224 North American Catalysis
Society Meeting, Detroit. 2011




We Need to Understand the Mechanism
for Hydrocarbon Formation

CO + Cobalt — CO (ads)

CO (ads) — C(ads) + O(ads)

C(ads) + H, — CH,(ads)

CH,(ads) + CH,(ads) — H,C-CH,(ads)

H,C-CH,(ads) + CH,(ads) — larger and larger chains (until
around 8 Cs)

We did not address larger chains because of the limited
nature of this study. We investigated a larger frustum
(right), which took too long to study (around a week to get a
good answer for each calculation)




Ii.-l-;_The CO appears to prefer binding
to the ‘bridge’ site, where it is
bound to two cobalt atoms

CO + Cobalt — CO (ads)

« Many sites were trialed, but this one had the lowest energy
* The energy for adsorption was strongly negative or
exothermic, so it is strongly energetically favorable
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CO atoms dissociate into highly coordinated
atoms

CO (ads) — C(ads) + O(ads)

*Positive Energy
for these steps
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Hydrogenation of carbons occur fairly
readily

* The energy for hydrogenation is strongly negative
« The carbon moves away from the Cobalt a bit after
hydrogenation (weaker carbon-cobalt bonding)




Carbon-carbon bond formation only
occurs if one carbon releases from

Cobalt

The formation of a C-
CH,, bond is exothermic

« CH,-CH, when bound
with cobalt did not form
a bond, but moved away
form one another.




Further hydrogenation can occur via
one of two routes, but similar in
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energy

» Hydrogenation of both
carbons is exothermic.

« Hydrogenation of the bare
carbon (the one bonding with
cobalt) is slightly more
exothermic




A USAF B-52H Stratofortress from Minot AFB
flying on a mix of synthetic and conventional
JP-8 fuel.

Syntroleum plant near Tulsa

Cleaner than conventional Diesel
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Conclusions

- GTL takes advantage of plentiful American coal & gas reserves and
is a solid move toward energy independence.

- Computational chemistry has provided major advances in the study
of catalysts on a molecular level.

« Cobalt reactors prove to be the most successful F.T. catalyst with
hydrogenation (dissociation) occurring and avoiding a methanation
step in the process.

« Further research is needed in developing improved F.T. catalysts.
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