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The Tale of Two Terms

Near Term

» Carbon Capture
» Higher CO, comp streams
» Amine absorption

» Carbon Utilization
» Enhanced Oil Recovery

Longer Term

» Carbon Capture
» Lower CO, comp streams
» lonic Liquid absorption,
pressure swing adsorption

» CO, Conversion
» Tri-reforming
> Photocatalytic conversion
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The Disclaimer:

This presentation is based upon work Slipported by the Department of Energy
and was prepared as an account of work sponsored by an agency of the United
States Government.

Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights.

Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof.

The views and ollziniong of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



Carbon Capture and Storage (CCS)

CO, Sources

CO, Processing
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Deep Underground Storage

Gulf of Mexico Partnership for Offshore Carbon Storage (GoMCarh)

Mineralization

Why Store in Gulf of Mexico? Sonkade

Terrestrial

»Well studied geology
» Industrial CO, emission sources
» Large volume, low risk

> Industrial sources close to
transportation facilities

» Existing Capture and transportation =2
»Commercial EOR to offset costs Sy,

http://www.beg.utexas.edu/gccc/research/gomcarb



Evaluation of Annual CO, Emissions from Refineries

CO, Emissions (metric Tons/day)
Operating Capacity (1,000 bbl/day)
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CO, Emissions vs Operating Capacity
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Carbon Capture and Storage (CCS)

(Process simulation from waste flue gas to pipeline quality)

10 — 15 wt% COj,and 1 atm —p CO, w/ 500 ppm water and 130 atm

. CO, Generation — Combustion Reaction

. CO, Capture using Amine (MEA) — Amine Absorber and Stripping Column

. CO, Compression

. CO, Dehydration using TEG — CO, Dehydration Column and Glycol Regenerator

NH,
HO/\/

Monoethanolamine (MEA)




Process Simulation: Actuals vs Predicted
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Madugula, et al. (2020) Chem. Eng. J. Advances, 100162.




Carbon Capture Using Cyclic Absorption/Stripping

i @ 2 _— | Amine Absorbents
; Fﬁ . + . .

<1 ssmaco,  *Established chemistry

5 mol% H,0 stablished technology
" = . + Industry ready
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Capturing of Flue Gases (10 — 15 wt% CO,)

Flue Gas
—

Rich

Absorbent

Condenser

~

CO,-rich flue gas

Lean Absorbent

Steam

I

Condensate

s Amines
¢ Current Technology
¢ High regeneration costs
¢ Produces VOCs
¢ Poisoned by contaminants

¢ Ionic Liquids
** Lower regeneration costs
¢ No VOCs
¢ High viscosities
+»» Poisons (??
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Aprotic Heterocyclic Anion Ionic Liquids (AHA- IL)

[P2228] [2CNPyr]
Triethyl(octyl) : [P66614] 2JCNPvr
phosphonium 2-Cyanopyrrolide Hee Trihexyl(tetradecyl) [ yrl
phosphonium 2-Cyanopyrrolide

Henry’s Law:

PC02 = YCOZP = XcozH(T) ViSCOSity T, DifoSiVity i
Temperature 7, Viscosity |
Temperature 7, Capacity |




Chemisorption Mechanism
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Viscosity (n), cP
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CO, - Birth, Death, and Reuse

(Y ¥ L"

AL [N

CO +H,

—
CO, + H,0 /cataIyst Diesel
Methanol
DME
Alcohols

Thermo-Chemical
v" Dry Reforming
CO,+CH, > CO +H,

v Tri-Reforming
CO, + CH, + H,0 > CO +H,

Non-thermo-Chemical
v Electrolytic
CO, +H,0 > CO+H,

v' Photocatalytic
CO,+H,0 > CO + H,+ HCs
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Tri-Reforming: Turning CO, into a Fuel

CH, + CO, > 2CO +2H, AH = +247 kJ/mol
CH4 + HzO 2> CO+ 3H2 AH = +206 kJ/mol . .
CH,, O, Tri-Reforming
CH, +% 0, > CO +2H, AH = - 36 kJ/mol
CH, +20, 2> CO, +2H,0 AH = - 880 kJ/mol CO, + CH,=2CO +2H,
_ CO,, H,0 H,0 + CHy= CO +2H,
+ = 4 29 2
CH, > C+2H, AH 75 kJ/mol 40, + CH, = CO + 2H,
2C0 > C +CO, AH = -172 kJ/mol .
C +CO, > +2CO AH = +172 kJ/mol l T
C+H,0~> CO+H, AH = +131 kJ/mol Ht Exchange Mass
C +0, 2 CO, AH = -394 kJ/mol . Trans
Fuels, FischerLropsch l
Conversion: 70% CO,, 98% CH, Sliemicals (Sgg—f‘;s)
2
HZ/CO =15-2.0 Unreacted C

Methanol

» Conversion and utilization of CO, without CO, separation from power plant
Zhang et al. (2013) Int. J H2 Energy, 38, 13617-13630.

» Effective production of syngas with desired H,/CO ratio for Fischer —Tropsch synthesis Zhang et al. (2014) Energy & Fuels, 28, 2717-2726.
Zhang et al. (2014) Chem Eng & Tech, 37, 1493-1499.
» Reducing the possibility of carbon formation compared with dry reforming Zhang et al. (2015) Fuel Proc Tech, 131, 37-465



Combined Methanol Synthesis and Tri- Reforming
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TO-M2

M2

RECYCLE

, COPRES

=

CO + 2H, > CH3;0OH

SPLIT

AH = - 91 kJ/mol

COy + 3H3 2 CH30H + H,O AH =-50 kdJ/mol

CO + 2H,0 = COy + H,

AH = - 41 kJ/mol

2

H_/CO Ratio

Flowsheet Element

Parameter

methanol reactor
sepl
sep2

S3 (Radfrac)

temperature (°C)
pressure (bar)
temperature (°C)
pressure (bar)
temperature (°C)
pressure (bar)
Number of stages
Feed stage
Reflux ratio
Distillate to feed
ratio

19
11
1.5

0.988
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Tri-Reforming — Searching for the Right Catalyst

Reaction % Conversions
Catalyst
Conditions . i

Ni/MgO 850°C, 1 atm 75% COs, 95% CHy 1.5
A F{0J(OfVAS0 R 850°C, 1 atm 70% CO,, 93% CHy 1.6
Ni/Mg; Ti;,O 700-850°C, I atm  75% CO», 98% CHy 2.0

650-850°C, 1 atm  100% CO,, 90% CH;  1.67
750°C, 3 atm 80% CO,, 88% CH, 1.2
750°C, 1 atm 91% CO,, 31% CH,4 2.0
750 °C, 1 atm 50% CO,, 75% CH;  1.5-2.0

» Need data under real conditions
» Catalyst and contaminants (NOx/SOy)




Tri-Reforming — Novel Catalyst Synthesis

Reverse Micelle Formation
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Piler et al. (2019) Chem. Eng. Com., 207, 537-548
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Photocatalytic Conversion of CO,

TiO,-SWCNT Catalyst

Piler et al. (2020) Mater. Letters, 278, 12810
Piler et al. (2020) Adv Catal., 66, Ch. 2 20



TiO, — SWCNT Photocatalyst

» Band gap reduction

» Longer electron — hole pair
separation

» Enhanced adsorption of
reactants (Such as CO,, H,0)

——SWCNT SDS-SWCNT/TiO; NP ﬂ TiO, Dispersion

A SDS-SWCNTTIO, NP 350 °C . SDS-SWCNT/TIO; NP 500 °C . H ;
— TiO:NP —— SDBS-SWCNTTIO; NP 500 °C z SWCNT |
— SDBS-SWCNTTIO; NP 350°C —  SDBS-SWCNT/TIO; NP £

L aaS

0 500 1000 1500 2000
Raman Shift, cm!

axe)  (1604) Bk - ;
.‘ : » TiO, NP

o | 200 400 600 800 1000 1200 1400 1600 1800
Raman Shift, cm™!
——SDS-SWCNT/Ti02 NP ——SDBS-SWCNT/TiO2 NP
23 28 33 38 43 a8 53 s8 63 68 73 78 ——SDBS-SWCNT/TiO2 NP CALCINED ——SDS-SWCNT/Ti02 NP CALCINED
26()

Intensity (a.u)

Intensity, au

(6
(400) (516) |




Acknowledgements

Students:
Yishan Zhang, Ph.D.

Karishma Piler, Ph.D.
Adhish Madugula, Ph.D. Dr. Clayton Jeffryes

Thomas Zacharia
Khaled Alamr
Mihir Kulkarni
Ashik Mahmud
Gautam Thakur

Bleinie Dickerson
ﬁ ;}ac TRIMERIC CORPORATION

CENTER FOR MIDSTREAM
= MANAGEMENT & SCIENCE

Collaborators: § \\\ LAMAR UNIVERSITY

Dr. Sylvestre Twagirayezu 2"
Dr. Cristian Bahrim

Dr. James Henry

Dr. Juan Cruz
Darshan Sachde

Partnership for carbon capture
& offshore geologic storage

GoMCar

=2, U.S. DEPARTMENT OF

JENERGY

s NATIONAL

'|TECHNOLOGY

LABORATORY



