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Coal as a Precursor for High
Value-added Products

Coal
Mine

Coal “Refinery” chemicals
L. g N
tivated
H aci
e g carbon thermal :
management §

mesoporous

Bs

thermal

water | carbon _ o—— _
Rare Earth Elements /" graphene conduction
La[Ca[Pr Eu/Gd[Tb Dy Ho| Er T Yb Lu thermal
Hiw|w e g W U WP A nin / 4 InSUIaﬁon

i
§

metallurgical
coal

carbon
fibers E
electronic devices building and
including photovoltaics e construction
. Electrodes for materials
Courtesy: i Li-ion batteries and
R Edgar Lara-Curzio supercapacitors iOr\K RIDGE
Oak Rldge Natlonal Lab National Laboratory



Coal Processing in Coke Ovens:
Chemicals Production

Coke by-product recovery in chemical plant(s)
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The technology is well-developed for metallurgical-grade coals,
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Commercial Production of High-value Coal-
derived Products (I\/Iitsubishi Chemical)
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Graphite electrodes — electric arc furnaces (steel recycle, Al)
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Objective

e Utilize non-coking coals for purposes other than energy
generation

* Create high-quality mesophase pitch for carbon fiber or needle
coke production

Need large PAH’s
like these
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Utilization of Western Coals

e Challenge:

* Pyrolysis tar products from these coals tend to have excessive aliphatic/oxygen
groups that inhibit mesophase formation/coalescence

* These functional groups lead to cross-linking that inhibits stacking

e Approach:

* Design appropriate reaction sequences for each coal type to allow production
of mesophase pitch (temperatures, residence times, oxidizing vs. inert)

 for carbon fiber and needle coke production

* Requires appropriate conditions for liquid crystal (LC) formation and
coalescence

* Narrow T range — formation rate vs. premature coking
» Appropriate MW range for “solvent” hydrocarbon for LC’s

* Have demonstrated that a coal (Utah Sufco), not initially good for
making mesophase/needle coke, has performance improved
significantly by appropriate reaction conditions
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Example: Coal Pyrolysis & Secondary Reactions
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Scanning Electron Microscope (SEM) Results for Mesophase Formation
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Concluding Comments on Coal Products Efforts

* The University of Utah is working on:

* Production of mesophase pitch from coal for carbon fiber

and needle coke production (anodes) (cddings, Mohanty,
Weisenberger-UofKY, UAMMI)

* Development of sodium-ion battery using “hard carbon”
materials derived from coal (warren, Eddings)

* Development of web-accessible database to link coal
properties with required processing conditions for different
high-value products (rascucci, Johnson)

* Production of H, and CO, from coal using photo-catalytic
electro-oxidation via black titania nanotubes. (Mohanty, Eddings)
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Thank youl!

Questions?

Eric Eddings
eric.eddings@utah.edu
801-585-3931
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