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Project Objectives

* A scalable highly-robust and highly-efficient sorbent that can be delivered
and validated through lab-scale testing

e A sorbent that will be economically feasible to scale-up and use in
commercial carbon capture processes

* An ideal sorbent for post-combustion CO, capture that will approach the
goal of 90% CO, capture rate with 95% CO, purity at a cost of electricity
30% less than baseline capture approaches



Amine-decorated Porous Materials

e Porous Polymer Networks (PPNs)

A. M. Fracaroli, H. Furukawa, M. Suzuki, M. Dodd, S. Okajima, F. Gandara, J. A. Reimer, O. M. Yaghi, J. Am.
McDonald, T. M.; Long, J. R., Nature 2015, 519 (7543), 303-308.
Lu, W.; Sculley, J. P.; Yuan, D.; Krishna, R.; Wei, Z.; Zhou, H.-C., Angew. Chem. Int. Ed. 2012, 51, 7480.
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Initial PPN Candidate Materials
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PPN-151-DETA
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Presentation Notes
We’re only focusing on PPN-151 as that is the final target sorbent we’re using. Mention that the incorporation of Cyanuric acid is crucial for improved tethering of DETA into the PPN. 


PPN-151 Porosity Measurements
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Presentation Notes
This is a typical sample of PPN-151 produced on the 15 g scale. The surface area does tend to vary from about 700 to 900 m2/g for optimal performance. 


PPN-151-DETA Fixed-bed Testing Long-term Wet Cycling

16 PPN-151-DETA CO, wet gas cycling
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This is done using the breakthrough with a 5 mL column. The variability in the adsorption is due to the small size, the small column results in poor packing so the adsorption is less efficient. 


Regenerative Energy Demand

e Heat of adsorption at 150 mbar
CO, and 40°C:

 PPN-151-DETA: 1.40 MJ/kg CO,

* Heat capacity increases
exponentially with higher
temperatures

 Regenerative energy demand at
85°C
e PPN-151-DETA: 1.8 MJ/kg CO,

(Typical MEA process: 3.8 MJ/kg
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Heat Capacity increases exponentially with higher temperatures
85°C chosen as optimal regeneration temperature both maximizes CO2 uptake and minimizes regeneration energy requirements
Incomplete Regeneration observed at 80°C and below



250 g Scale-up

* The team utilized framergy’s 10 L i |
jacketed solvothermal reactors to scale-
up the sorbent synthesis to >250 g

e ~250 g of the sorbent was produced

150°C

5 day
~80%
(EET T 201.62¢
108.00
15.48¢

Dimethyl Sulfoxide (DMSO) 2080 mL

BETsurfacearea (m?/g) 500
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Initial scale up at the 250 g scale resulted in low BET surface areas. The sample performed well enough upon DETA loading, but we were interested in reaching lab scale performance. 


The Importance of Formaldehyde Morphology

The initial 250 g syntheses had low BET surface areas and showed a high degree of inhomogeneity

-
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250 g batch utilizing powdered

paraformaldehyde 12
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The improper dissolution of the granular paraformaldehyde resulting in a low surface area and inhomogeneity in the material (the top of the material had a lower surface area than the bottom of the material). If we performed the same experiment at the lab scale it did not noticeably effect the PPN, the dissolution was much faster at that temperature, which just seem to be a size issue, it was also a much lower amount of material even if it was all at the same concentration. 


BET Surface Area (m?%/g)

Comparison of BET Surface Area Through Scale-Up

BET Surface Area of PPN-151

Granular CH,0
1000 A

900 |
800

700

600
500
400
300
200
100

Powder CH,0

9-d
bottom _

5-d

o
7-d
9-d Top

15 g 250 g
(avg of 5 runs)


Presenter
Presentation Notes
In general the granular paraformaldehyde results in a lower surface area at the 250 g scale, but switching to the powdered results in surface areas comparable to the lab prepared batches. 


250 g Scale-up: Processing

e framergy’s Nutsche filter system
utilized to wash sorbent
(acetone, THF, DCM, methanol)

e For 250 g batch wash with 4 L of
each solvent

* Solvent Exchange (heat to 60°C in |F°§

sealed Nutsche filtration device
for 12 hr while agitating) twice
with methanol

e Additional 4 L
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Solvent wash process requires excess amounts of solvents, 4 solvents at 4 L apiece, plus 4L for solvent exchange, 20 L for 250 g of PPN. 


Reducing Solvent Washing: Improving Cost of Processing Steps

BET Surface Area of Washed PPN-151
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Analysis done on the washing procedure. Each sample was just washed with the sample 3 times. All samples were taken from the same 250 g scale batch of PPN-151. It seems solvent exchange is the most important part, although rinsing with acetone did help. 2x solvent exchange with MeOH resulted in a 830 m2/g surface compared to the full washed 870 m2/g. 


1 kg Scale-Up Reactor
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This reactor was designed by Vapor point with assistance from Ray and Greg


1 kg Scale-up at Vapor Point

Reaction Set-up PPN Removal
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This scale up was done at Vapor Point’s facility. 
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Left: N2 isotherm of the 1 kg scale up, right: 3 cycle test of the DETA loaded 1 kg PPN-151. All 3 cycles are over 12%wt. 


100 mL column cycling

* Previous Lab scale wet gas
testing performed using a 5 mL
column

e Long-term cycling tests will be
done with 100 mL column

* Multiple thermocouples will
inform us on temperature
gradients

 Manual testing resulted in non-
uniformity of runs.

e Tests will need to be repeated
upon instrument repair
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The breakthrough instrument currently being used is broken, it has been sent back for repairs. We were able to get some data in manual mode, but the data was inconsistent (that’s why cycle 1 and 10 are so low). 


Remaining Tasks

 Final cycling tasks require the fabrication of 1.5 L adsorber:

e 400 mm double walled column, adsorber stand, heat insulation, larger mass
flow controller and upgrade kit for software integration

* Instrument Manufacturer, Quantachrome Instruments, was recently
bought out by Anton Paar USA Inc. delaying fabrication

 DynaSorb BT has also been shipped back for upgrades and repairs
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Reasons for requesting the NCE. 


Summary

* PPN-151-DETA can achieve > 0.1 g/g CO, loading at large scale

e Parameters that have been ignored during lab scale testing can have a large impact
on polymer porosity

e 1 kg synthesis performed in partnership with framergy and Vapor Point
1 kg batch shows >0.12 g/g CO,

e Final cycling tests will be performed
e 1.5 L adsorber column has been ordered from Anton Paar
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