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Stable, GHG-Free 
Carbon Oxide 
Emissions
honey, I mineralized the carbon



Pop Quiz!
There are four stable* compounds† that consist solely of  carbon and oxygen.

How many can you name?

* stable at standard temperature and pressure
† neutral molecular species (carbonate & graphene oxide don’t 

count)

Carbon Dioxide
CO2

the problem child

Carbon Monoxide
CO

the partner-in-crime

Carbon Suboxide
C3O2

sir not-appearing-in-this-talk

Mellitic Anhydride
C12O9

today’s main character



WTF is Mellitic Anhydride?

Mellitic Anhydride
C12O9

Mellitic Acid
H6C12O12

Mellite
Al2[C12O12]

·16H2O

hydration

dehydration

complexation

decomplexation



WTF is Mellite?

Mellite
Al2[C12O12]

·16H2O
Hoffmann, C. A. S.; Werner, A. G. Mineralsystem des herrn Inspektor Werners mit dessen Erlaubnis herausgegeben von C.A.S. Hoffmann 
(as Honigstein). Bergmänn. J. 1789, 2, 369–390.



WTF is Mellite?

Mellite
Al2[C12O12]

·16H2O Gmelin, J. F. Mellites. In Systema Naturae per Regna Tria Naturae; Georg Emanuel Beer: Lipsae [Leipzig], Germany, 1793; Vol. 3, p 282.



WTF is Mellite?

Mellite
Al2[C12O12]

·16H2O Vauquelin, C. IX. Analysis of the Honey-Stone, or Mellite. Philos. Mag. 1801, 8, 329. https://doi.org/10.1080/14786440108562654.

https://doi.org/10.1080/14786440108562654


WTF is Mellite?

Mellite
Al2[C12O12]

·16H2O

Mellite Facts:
➢ 21 wt% C
➢ occurs w/ lignite
➢ incombuſtible
➢ only known 

aromatic mineral
➢ pyroelectric

○ piezoelectric Palache, C.; Berman, H.; Frondel, C. Dana’s System of Mineralogy, 7th ed. 1951, v. II, 1104-1105.
Giacovazzo, C.; Menchetti, S.; Scordari, F. The Crystal Structure of Mellite. Acta Cryst. 1973, 29, 26-31.

Jobbins, E. A.; Sergeant, G. A.; Young, B. R. X-ray and other data for mellite. Mineral. Mag. 1965, 35, 542-544.
Barth, Tom. F. W.; Ksanda, C. J. Crystallographic Data on Mellite. Am. Mineral. 1933, 18, 8–13.



So what?



Carbon Oxidation States 101
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+1.5 C12O9

?



Mellitic Anhydride 
Thermodynamics

“If you want 
something done right, 

do it yourself.”

ΔHf°:
(jo’s estimate – big error bars!)



Mellitic Anhydride Energy

more
oxidized
(lower energy)

more
reduced

(higher energy)

+4

+2

+0

-2

-4

CO2

CO, HCOOH

C, H2CO

CH3OH, (CH2)n

CH4
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Bioimplants
(titanium)

Carbon consumption circumscribes contemporary civilization

Batteries
(phosphorus)

Computers
(silicon)

Solar Panels
(silicon)

Fertilizers
(phosphorus)

Cars, 
Ships,

 Buildings
(iron, aluminum)

Metall. Mater. Trans. B 2020, 51, 1315.
J. Sus. Metall. 2021, 7, 848.
Chem. Soc. Rev. 2021, 50, 87. 

Aviation
(titanium)



Carbon Oxide E uents
(without the greenhouse gases)

C

Fe

C12O9Fe2O3
oxygen-flux 

reactor

Al2[C12O12
]·16H2O

Al2O3H2O



Carbon Oxide E uents
(without the greenhouse gases)

C

Fe

C12O9blast furnaceFe2O3

Al2[C12O12
]·16H2O

Al2O3

H2O

lithification 

reactor

CO2

O2

ENERGY



Mellitates for Carbon 
Mineralization

Carbonate
CO3

2-

oxidation state: +4
10-15 wt% C

Oxalate
C2O4

2-

oxidation state: +3
16-20 wt% C

Mellitic Anhydride
C12O9

oxidation state: +1.5
21-50 wt% C

J. Chem. Inf. Model. 2007, 47, 905.
Clean Technol. Environ. Pol. 2016, 18, 1123.

Ind. Eng. Chem. Res. 2019, 58, 3450.
ACS Energy Lett. 2021, 6, 3563.

Ind. Eng. Chem. Res. 2022, 61, 14837.



Applications of Mellite

Pyroelectrics



Applications of Mellite

Polymers



Applications of Mellite

Pre  



Carbon
Reduction
Yielding
Solid
Tailings
Amenable to
Lithification



reaction ow equals cash ow

Architectures for 
New Chemical 
Flow Reactors



48 half-bagels 
per hour

2400 half-bagels 
per hour

The Parable of the Bagel

 3× size
10× cost
50× rate



Every Chemical Reactor Ever:
flow reactors



Big Reactors = Flow Reactors
done in batch: done in flow:(“semi-batch”)

batch / lot #



Big Reactors = Flow Reactors
batch reactors:
● lower CAPEX (at small scale)
● higher OPEX (labor costs)
● react “to completion”

flow reactors:
● higher CAPEX
● lower OPEX
● steady-state reaction

“artisanal”

“lab-scale”

“bespoke”
“automated”

“process-scale”

“mass-produced”



Not Your Grandma’s Chemistries:
mechanochemistry

sonochemistry

magnetochemistry

photochemistry

Electrochemistry plasma chemistry radiochemistry

biochemistry



Not Your Grandma’s Chemistries:

sonochemistry

Science 2018, 360, 489.



Not Your Grandma’s Chemistries:
mechanochemistry

ACS Macro Lett. 2014, 3, 305.



Bagelifying the Ball Mill

ball mill
screw extruder

mechanochemistry



Flow Mechanochemistry

screw extruder

Molecules 2022, 27 (2), 449. 
https://doi.org/10.3390/molecules27020449

Chem. Soc. Rev. 2022, 51 (11), 4243. 
https://doi.org/10.1039/D1CS00657F

mechanochemistry

https://doi.org/10.3390/molecules27020449
https://doi.org/10.3390/molecules27020449
https://doi.org/10.1039/D1CS00657F
https://doi.org/10.1039/D1CS00657F


Flow Plasma Chemistry

plasma chemistry

Jen Shafer

Concept: John Kopasz, 
Argonne National Lab



Flow Photochemistry
photochemistry



Ovens to Conveyors

★ space velocity
★ reaction rate
★ catalyst 

productivity
★ single-pass 

conversion
cross-cutting chemical engineering

Metrics



new catalysts
existing process architecture

existing catalysts
new process architecture

CATALCHEM-E

Cory Phillips



Brand-new
Architectures to
Translate
Chemical
Heaps
2
Fabrication
Lines with
Ongoing
Workflow



what you hit it, like, really hard?

High-Entropy
Percussive Tribo-
Plasma Synthesis 



Not Every Springer 
Textbook is Boring

[...] when I returned from the sabbatical at Tokyo Institute of  Technology 
in 1989, we decided to build a second, larger gun to conduct time-resolved 
measurements of  shock synthesis […] If  observed, it would be definitive 
evidence of  the reaction speed, which is comparable to the detonation wave 
speed in high explosives. The possibility of  condensed phase detonation 
was an exciting and titillating news to the SCCM community. They saw the 
possibility of  a new class of  energetic materials that are ordinarily inert but 
when combined with other materials, and under high-pressure shock 
compression, release energy fast. The behavior resembles that of  high 
explosives and pyrotechnic materials, and like high explosives, the reaction 
was thought to be controlled by high-pressure shock waves. Thus, Bob 
Graham coined and promoted the use of  the word ‘ballotechnics’ for 
the new class of  energetic materials to emphasize the new features in 
analogy to pyrotechnics. The Greek prefix ‘ballo’ signifies pressure.

Horie, Y. Shock Wave Synthesis and Modeling. In My 
Journey with Shock Waves; Horie, Y., Ed.; Shock Wave 
and High Pressure Phenomena; Springer Nature: 
Singapore, 2022; pp 81–103. 
https://doi.org/10.1007/978-981-19-3712-5_7.

https://doi.org/10.1007/978-981-19-3712-5_7
https://doi.org/10.1007/978-981-19-3712-5_7


❖ ultrafast shock-induced 
reaction
➢ P ~ 1010 Pa
➢ t ~ 10-8 sec

❖ exothermic
➢ ΔH ~ -1000 J/g (8% ξ)

❖ non-redox chemistry
➢ Ni(0) + Al(0) → NiAl

Horie, Y. Time-Resolved Measurements and Model Analyses. In My Journey with Shock Waves; 2022.

What are Ballotechnics?



Tribol. Lett. 2017, 66, 10.

Why are Ballotechnics?

“electron avalanche”



NATIONAL MATERIALS ADVISORY BOARD (NAS-NAE) 
Shock Compression Chemistry in Materials Synthesis and 

Processing, Washington DC, 1984. 
https://apps.dtic.mil/sti/citations/ADA173995

Why are Ballotechnics?

https://apps.dtic.mil/sti/citations/ADA173995


Applications of Ballotechnics

AIP Conf. Proc. 2006, 845, 1153.

energy storage?



Applications of Ballotechnics

AIP Conf. Proc. 2006, 845, 1153.
Mater. Sci. Technol. 2015, 31, 1223.

energy storage?

Probably 
not.



Mater. Trans. 2005, 46, 2817.
doi:10.2320/matertrans.46.2817

Mater. Today 2016, 19 (6), 349–362. 
doi:10.1016/j.mattod.2015.11.026
Adv. Eng. Mater. 2008, 10 (6), 534–538. 

doi:10.1002/adem.200700240

Applications of Tribology
high-entropy material synthesis?

Maybe!

https://www.jstage.jst.go.jp/article/matertrans/46/12/46_12_2817/_article
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1002/adem.200700240
https://doi.org/10.1002/adem.200700240


Applications of Tribology
high-entropy material synthesis?

Mater. Trans. 2005, 46, 2817.
doi:10.2320/matertrans.46.2817

Mater. Today 2016, 19 (6), 349–362. 
doi:10.1016/j.mattod.2015.11.026
Adv. Eng. Mater. 2008, 10 (6), 534–538. 

doi:10.1002/adem.200700240

maximize 
this unitless 
parameter

https://www.jstage.jst.go.jp/article/matertrans/46/12/46_12_2817/_article
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1002/adem.200700240
https://doi.org/10.1002/adem.200700240


Applications of Tribology
high-entropy material synthesis?

Concept: Corey Oses et al., JHU APL



Concept: Corey Oses et al., JHU APL



Kinetically
Activated
Ballotechnic
Levers to
Optimize
Output &
Input of
Energy



Lightning Round



Solar’s Silver Lining

The Silver Institute. World Silver Survey 2023.
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Ikaite CO
2

 Removal

J. Geol. 1965, 73, 391.
J. Sediment. Res. 2001, 71, 176.

Eurospel. Mag. 2016, 3, 47.
Energy Procedia 2018, 146, 59.

Jb. Geol. B.-A. 2020, 159, 67.
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SPACE LASERS

J. Appl. Phys. 1989, 66, 5622.



Gigantic Pumpkins

Plant Cell Environ. 2015, 38, 1543.



Landauer Computing

 

at 298 K: ~0.01 eV
typical HDD: ~10,000,000 eV
typical SSD: ~1,000,000 eV

Sci. Adv. 2016, 2, e1501492.

Koomey's law



Landauer Computing

 

Sci. Adv. 2016, 2, e1501492.



“Luminous was, literally, a computer 
made of  light. It came into existence 
when a vacuum chamber, a cube five 
meters wide, was filled with an elaborate 
standing wave created by three vast arrays 
of  high-powered lasers. A coherent 
electron beam was fed into the chamber – 
and just as a finely machined grating built 
of  solid matter could diffract a beam of  
light, a sufficiently ordered (and 
sufficiently intense) configuration of  light 
could diffract a beam of  matter.



“The electrons were redirected from layer 
to layer of  the light cube, recombining and 
interfering at each stage, every change in 
their phase and intensity performing an 
appropriate computation – and the 
whole system could be reconfigured, 
nanosecond by nanosecond, into complex 
new ‘hardware’ optimized for the 
calculations at hand. The auxiliary 
supercomputers controlling the laser arrays 
could design, and then instantly build, the 
perfect machine of  light to carry out each 
particular stage of  any program.”



Auroral Currents

109 a×104 v=1013 
w

J. Atmos. Sol.-Terr. Phys. 2002, 64, 1755.



Auroral Currents

Adv. Space Res. 2006, 38, 145.



CONCLUSION
thoughts and musings

on a fellowship
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ARPA-stupid ARPA-hard

Not all difficult things are worth doing.
Some ideas are just as silly as they sound.

“the fun zone”



high impact

low impact

ARPA-stupid ARPA-hard

“If  it works, it 
will matter.”

“lol. lmfao, 
even”

“So what?”

“iF iT wORkS, iT 
WiLl mAtTEr!”
🤡🤡🤡 



high impact

low impact

ARPA-stupid ARPA-hard



What’s next for me?



What’s next for me?



Why Singapore?

jo, so
on



Email: jo.melville@gmail.com
Phone: +1 510 371 3050 (SMS, Signal, WhatsApp)

LinkedIn: /in/jomelville/
Website: https://jmelville.science

Stay in touch with me!
(or just come visit)

https://www.linkedin.com/in/jomelville/
https://jmelville.science


Katharine Greco Christina Chang Emily Yedinak

Dan Garcia Mervin Zhao Cate Pitman Pat Barboun Toni Marecheux

Jen Shafer Priyanka Bakaya Zach Berquist Ryan Chaban Elise Goldfine

Jack Lewnard Kirk Liu Othon Monteiro

Cory Phillips Rakesh 
Radhakrishnan

Jim Seaba Ben Weiner Doug Wicks Phil Kim Sam WurzelJulia Greenwald

So long, and thanks for all the fish


