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CO, capture technologies — possible use of
MOF based sorbents
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Various families of CO, sorbents:

Organic-inorganic
hybrids

Zeolites
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What determines the applicability of a certain
adsorbent?

» The shape of the isotherm relative to boundary conditions of the adsorption
process.

— T, p & composition of inlet gas

— T, p & composition demand of
outlet gas(es)

— For TSA processes you need
a sorbent having large capacity
difference between sorption and
desorption temperatures

— For a PVSA process you need
a sorbent having large capacity
different between the sorption
and desorption pressures

CO; Uptake (cm’*(STP)cm?)
— - N w o
- 2 82 8 8 8 &

0 15 30 45

* And kinetics! Pressure (bar)

* And certainly; selectivity is an issue.......
*And so is the physical stability of the sorbent.....  \yarg & Yaghi, /. Am. Chem. Soc, 2005
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What are MOFs?

Metal centre or . Metal Organic
Linker
cluster Framework

(inorganic part) lorganic part (coordination polymer)

« Combining the whole inorganic chemistry with the whole organic
chemistry give a close to infinite number of possible diverse structures !
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Post-combustion CO, capture - possible use of MOF

based sorbents 1 atm, ambient T, 4-13% CO,,
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Post-combustion
The CPO-27-M family:

* Relatively high adsorption energies
are needed to selectively adsorb CO,
from dilute flue gas

High potential cyclic CO, capacities
Synthetic gas mixtures (also H,0)
seems to give stable and good results
Ongoing work on cyclic capacity
using realistic gas composition

400 {*= 2K st The best adsorbent
K e z’_.j_. .eeeee+-+1 CaN adsorb as much
. 300 p@,.g:ﬁ,wi’-" ) as 25 wt% CO, at
o |f& iasesee ] roOm temperatures :
~ 20 %oﬁ_,s»-‘**' R and 10 kPa CO, Structu rgl analyses show that CO,
E Xl e pressure (0.1 atm) bonds directly to the open metal center
wf & e on CPO-27-Ni
ot
0p— . . — Dietzel, Johnsen, Fjellvag, Bordiga, Groppo,
0 20 40 50 80 100

Chavan & Blom, Chem. Commun., 2008
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MOF challenges: Water stability
and selectivity....
- Hydrothermal stability......
- If stable... what is the moisture limit?
*  Kinetics......
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Comparison of Breakthrough Time:

VSA using CPO-27-Ni 0.15 atm CO,, (0.09 atm H,0)
beads: -
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5 1\
. . . I= g W
- Steady cyclic CO, capacityis €4 - 55 oC
achieved also in the g3 —Wet Feed
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Nanoti & Blom, 2014.
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Pre-combustion CO, capture — possible use of

MOF based sorbents 38 atm, T>473K, ~12 atm
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Pre-combustion
Pressure/Vacuum swing adsorption (PVSA)

1

1 1 1 1 1 1
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p CO, (kPa)

E_4 = 20 kd/mol.
Vertical dotted lines at 13 and 3 atm.
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Pre-combustion

Systematic increment of pore size: UiO-6X system
*‘ ! :.}ﬁ S . | Increasing the

:ﬁ length of the linker

F ST results in materials

with lager pore size
and higher surface

UiO-66 Uio-67 UiO-68

BET=1100-1350 m?/g BET=2200-2450 m?/g

area.

The pore openings
are also increasing
as a function of
linker length.

UiO-66; Probe 6 A diameter.  UiO-67; Probe 8 A diameter. UiO-68; Probe 10 A diameter.
Cavka, Jakobsen, Olsbye, Guillou, Lamberti, Bordiga & Lillerud, J. Am. Chem. Soc., 2008
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Pre-combustion

Physical properties of the different
adsorbents: state-of-art vs. novel
MOF adsorbents

Activated USO-2-Ni UiO-67/MCM-41

Carbon
d, [mm] 3 1-2 0.2-0.5
60
lmat [KG/M3] 1970 1700 1570 50
—— 298K —— 343K
40 393K 443K
Foart [KQ/M3] 850 531 557 9:30
§
lbeq [K9/M3] 507 300 320 207
10
Cs [J/K kg] 1000 1160 1250 0

T T T |
0 1000 2000 3000 4000
p (kPa)

Structure and CO, isotherms of USO-2-Ni

Casas, Schell, Blom, Mazzotti, Sep. Purif Techn. 2013
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Comparison assuming higher densities for the MOFs
- modeling of 6-column PSA separation process based on
breakthrough experiments
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So formulation Is
Important !

Firstly, because a chemical
engineer will never put a fluffy
powder into their reactor........

Secondly, because it really
Improve the process
performance!

But — important to keep the
properties of the virgin (nano)-
powder throughout the
formulation process

o
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.
-
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MOF formulation: Can a general method be
developed?

- Pelletizing: The fine powder is blended with a binder (e.g. polyvinylalc

(PVA), graphite or silica) and pressed at a certain pressure to give pe
can be crushed and fractionized by sieving.

« Cake crushing: The fine powder is mixed with a certain amount of a bin
typically PVA, dissolved in a solvent. Enough binder/solvent solution i

to make a paste that is dried, then crushed and sieved into the wanted
size fraction.

« Mixing/extrusion/Spheronizing: Using this method the fine powder is p>
with a binder (e.g. cellulose, PVA, etc.) and a solvent (e.g. water, alcoh
to give a paste. The paste is extruded to give “spaghetti” which is then
into spheres in a “spheronizer” (a fast circulating plate)

« The alginate method: A slurry of the fine powder is made in a solution of a
alginate dissolved in water. The homogeneous slurry is dropwise added

water solution of Ca?* ions where a spontaneous cross-binding of the al
slurry droplets occur.
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Formulation of metal-organic frameworks - Extrusion

Focus on utilization of organic linkers that remain in the structure but provide hardness and porosity.

UTSA-16 Scale
« Adsorbent presents low surface area loss * We have obtained around 200 grams of
after extrusion. High CO, loading remains. extruded UTSA-16 with: very low surface
* No significant mass transfer resistance area loss, good adsorption properties,
added after extrusion. narrow pore distribution and with density
o | e |-mco cabeor —eend oers comparable to zeolite materials.
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Aqueda, et al. Chem. Eng. Sci. 2015, 124, 159; Grande, et al, Chem. Eng. Sci. 2015, 124, 154.
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« Discovery of alginates were done by Edward Stanford in 1883

 Polymerizes into a three dimentional metal-bioorganic network in the
presence of cations such as Ca?*

 Used in molecular gastronomy for ages.....
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MOF formulation by molecular gastronomy
methods......
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Looking into the spheres: CPO-27-Ni/alginate

* The interior has
macro-pores that
give fast gas
diffusion

* The alginate matrix
seems evenly
distributed and
glue to MOF
crystallites together

- Still, there is alot to
gain on increasing
the particle density
through
optimisation of the
procedure

Spjelkavik, Didriksen, Aarti, Divekar, Blom. Chem. Eur. J. 2014
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But formulation is not only preparation of
well defined particulates.....
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Advanced Materials and Electric Swing Adsorption Process for
CO, Capture (MATESA)

The objective of MATESA is to make a "proof of concept” of a cutting-edge adsorption technique termed
Electric Swing Adsorption (ESA) as a new-generation high-efficiency post-combustion CO, capture
process.

—_—
Low-CO, output

Main benefits for Europe

* Novel energy-efficient technology for CCS

* Improved hybrid materials for improved
adsorption processes

* High CO, loading adsorbents for CCS.

* Promote R&D cooperation with Australia

- Develop an innovative CO, capture
technique with better environmental
fingerprint.

SINTEF
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Concluding comments:

- Several MOFs have adsorption properties superior to state-of-art
adsorbents like Zeolites and Activated Carbon both for post- and
pre-combustion CO, capture.

 However, the MOF field is still in its infancy, and certain issues
needs more attention:

— Hydrothermal stability

— Stability in the presence of contaminants (SOx, NOx, etc.)
— Water selectivity (?)

— Still black box synthesis (?)

— Price (?)

- Developing good formulation techniques that maintain the good
properties of the MOF at high volumetric capacities are needed
before real application takes place
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