DEOXYGENATION BY CATALYTIC OXIDATION WITH H:

Deoxygenation (oxygen removal) of captured CO, stream can
be performed by several technologies, including catalytic
oxidation of carbon monoxide, propane, methanol, and
hydrogen, oxidation of coal/carbon, cryogenic distillation, and
chemisorption of oxygen on copper. A summary of these
technologies is given in the literature.! The choice of
limit that
acceptable for a certain CCUS technology. Based on the

technology depends on the final oxygen is
advantages and disadvantages, the catalytic oxidation of
hydrogen was ranked first. The only disadvantage is the
increase in the water content of the CO; stream, requiring a
post-dehydration step. Catalytic oxidation of hydrogen (H>)
involves the use of a noble catalyst, typically palladium, to
facilitate the reaction of hydrogen with oxygen, forming water
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Catalytic oxidation of hydrogen

(H20) as a byproduct at an operating temperature of 80 °C. A dehydration step or a condensation step is required after

the process to produce a pure CO; stream with an oxygen concentration of less than 5 ppmv.2

REMOVED COMPONENTS

Primary target — Oxygen (O)
Indirect — Water (H,0)

FUNCTION IN CCU VALUE CHAIN

e Purification of CO, streams.

e Preventing corrosion and material degradation.

LIMITATIONS

e Palladium catalyst is sensitive to contaminations
(SOx, NOx).

Hydrogen concentration should be stoichiometric
or slightly in excess to ensure complete oxidation.
be

controlled, typically within 0.1 to 5% for safe and

Hydrogen concentration must carefully

efficient operation (exothermic reaction).?

ENERGY

e Electricity for blowers and compressors.

Heat (steam) for pre-heating the catalyst bed.

CONSUMABLES

e Catalysts (e.g., platinum, palladium).

e Hydrogen for the catalytic reaction.

e Cooling water is used to cool the outlet gas stream.

Energy & consumables

Parameter ‘ Coal® ‘ NGCC?
Hydrogen (kg/tCO.) 0.006 ‘ 0.033
Catalyst make-up (m3/yr) ‘ 1.77 ‘ 0.42
Cooling duty (MWh/tCO,) 0.046

*All are estimated values.?

COSTS

the
concentration in the CO, stream. Higher oxygen levels

Deoxygenation costs depend on oxygen
require more hydrogen and a catalyst for purification,
increasing overall costs.

Total purification cost: 2.7 — 4.8 €/tCO,%*

*includes both oxygen and water removal; lower range
for coal-fired case and upper range for NGCC case; use
CO, stream compositions from the table below to
convert the values to per tonne of oxygen; ignore water
removal as it is expected to cost less.

20xygen limit — 10 ppmv; water limit — 50 ppmvy;
palladium catalyst cost — 600,000 €/m>; catalyst
lifetime — 5 yrs; hydrogen — 23 €/kg; plant lifetime — 25
yrs; operating hours — 7446 hr/yr; discount factor 8%;
CFR 0.0937; electricity price 38 €/MWh; cooling water
price — 0.24 €/m>; 2012 euros.

Component Coal With NGCC With
base purif. base purif.
case case

CO: (mol%) 99.14 99.91 99.06 99.85

H20 (mol%) 0.774 50.1 0.774 48

02 (ppmv) 67.6 11.4 317 10.3

N2 (mol%) 0.0756 0.0762 0.134 0.135

Ar (ppmv) 11.3 11.4 22.5 23.4

CO: flow (t/h) 515 515 125 125

TECHNOLOGY PROVIDERS

SILPURE® by Silica, Germany



https://silica.berlin/en/silica-plant-manufacturing/#silpure

e PURAVOC BLUE™ (catalyst) by Johnson Matthey,
United Kingdom

e Puristar® R0-20 (catalyst) by BASF, Germany

e OxiGone (catalyst) by Research Catalysts, Inc.,
United States

e ZerQO, oxygen removal from biogas by ECOVAPOR,
United States

e De.OXO Biogas® and De.OXO Hydrogen®by HyGear,
Netherlands
(primarily for oxygen removal (99.8%) from biogas

and hydrogen with final oxygen content of <5 ppmv,
but can be used for CO; purification)

ALTERNATIVE TECHNOLOGIES

Chemisorption of oxygen on copper: In this process,
oxygen is adsorbed on copper at a temperature up to
200 °C to form copper oxide. Once copper reaches its
maximum oxygen-holding capacity, it is regenerated by
using either H, or CO to produce copper and
water/CO,. Generally, two reactors operating
alternatively in oxidation and regeneration modes are
needed to ensure continuous operation. The oxygen
holding capacity of one kilogram of copper is 4.5 liters
of dry oxygen. This process can reduce the oxygen
concentration in the range of 1 — 10 ppmv.® The
chemisorption on copper is only used to remove some
ppm levels of O,.

GetterMax 100 (catalyst) by Research Catalyst, Inc.,
United States

Puristar® R3-11G (catalyst) by BASF, Germany
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DISCLAIMER

Notwithstanding that this infosheet has been prepared by the
developers with the utmost care, using reliable sources, this
infosheet is provided on an "AS IS" and "AS AVAILABLE" basis. The
developers make no warranties of any kind, express or implied,
including but not limited to warranties of merchantability, fitness
for a particular purpose or non-infringement of intellectual
property rights, with respect to this infosheet. The developers do
not accept any responsibility or liability for the use of this infosheet.
Use of this infosheet is at the user’s own risk. The developers of the
infosheet are not responsible for any errors, inaccuracies, or
misinterpretations of the information contained herein.



https://matthey.com/products-and-markets/energy/purification/purification-by-catalytic-oxidation
https://download.basf.com/p1/8a8082048fa5910c018fc44d4a3d63c6/en/PuriStar%25C2%25AE_R0-20_K2-4_Datasheet#:~:text=BASF%20PuriStar%C2%AE%20R0%2D20,and%20Hydrogen%20from%20gas%20streams.
https://www.research-catalysts.com/PMCatalysts
https://ecovaporrs.com/biogas-purification-solutions/zero2-oxygen-removal-biogas/
https://hygear.com/solutions/deoxygenation/biogas/
https://hygear.com/solutions/deoxygenation/de-oxo-hydrogen/
https://www.research-catalysts.com/cu-cats-for-O2
https://download.basf.com/p1/8a8082048fa5910c018fc44d4d7163d0/en/PuriStar%25C2%25AE_R3-11G_Datasheet

