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ÅPure salts that are liquid around ambient temperature

ïNot simple salts like alkali salts

ÅMany favorable properties

ïNonvolatile

ïAnhydrous

ïHigh thermal stability

ïHuge chemical diversity
Examples of cations

Examples of anions

Ionic Liquids
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AHA ςaprotic heterocyclic anions

Gurkan et al., JPC Lett, 2010

- Retain amine in ring structure

- Further reduce free hydrogens to reduce hydrogen bonding
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Gurkan et al., JPC Lett, 2010

Eliminate Viscosity Increase by Using 
AHA ςaprotic heterocyclic anions
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Phase Change Ionic Material
70 ÁC

Pure material; Tm=166 ÁC; no CO2 60 mbar CO2

100 mbar CO2 150 mbar CO2



Microencapsulation

ÅIdea

ÅImprove mass transfer by increasing            

gas-solid (liquid) contact AREA

ÅDecrease column size

ÅDecrease capital costs

Vericelli et al., 2014
Random and structured packing



Selection of ILs and PCILs

ÅChose one IL and one PCIL

ïNDIL0230

ïNDIL0309

ÅCriteria
ïMelting point
ïThermal stability
ïEnthalpy of reaction with CO2 between -45 and      

-60 kJ/mol
ïViscosity
ïTm

complex< Tm
pure for PCIL



Microencapsulation

- LLNL produced encapsulated IL

- Reported last year

- Unfortunately, shell material deactivated the IL

NDIL0230 encapsulated in SiTRIS



Å LLNL developed and refined 
ThioleneQshell material 
formulation 

ÅChemical compatibility with 
NDIL0230 and NDIL0309 
established

ÅAlternative crosslinkeridentified 
for improved NDIL0230 
production and in-air production

Microencapsulation



Thermodynamic testing (of encapsulated PCIL)

Corrected for 

physical CO2 

uptake by shell 

material 

- Excellent agreement in CO2 capacity and no degradation

Sample received 10/19/16

Meets CO2 uptake 

criterion



Thermodynamic testing (of encapsulated PCIL)

- Excellent recyclability

Corrected for 

physical CO2 

uptake by shell 

material 

Meets CO2 uptake 

criterion
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Solubility of CO2 in NDIL0230 in Thiolene-Q at 20°C
(Batch #: 7-27-2017, IL: 19 wt%)

pure IL 22°C

7-27-2017 Batch (19wt%)

Corrected for 

physical CO2 

uptake by shell 

material 

Meets CO2 uptake 

criterion

Thermodynamic testing (of encapsulated IL)

Mixture of 18 and 21 wt% IL capsules



Effect of Impurities

ÅBoth NDIL0230 and NDIL0309 react irreversibly with 
SO2 and NOx

ÅBoth free IL/PCIL and encapsulated
ÅCO2 capture with IL or PCIL would need to be after 

the FGD and NOx reduction units



Effect of Impurities - Water

Possibility of reprotonation and bicarbonate formation

Adapted from Thompson et al., RSC Adv., 2014, 4, 12748

Eliminated from 

consideration ILs that 

reprotonated just in 

presence of water



Reaction of water with 

IL/PCIL in the presence 

of CO2 is completely 

reversible and 

recyclable!

Do not need to exclude 

water from the core of 

the microcapsules

Effect of Impurities - Water



Reaction of water with 

PCIL in the presence of 

CO2 in capsules is 

completely reversible 

and recyclable!

Do not need to exclude 

water from the core of 

the microcapsules

Effect of Impurities - Water

Also true for encapsulated PCIL



Laboratory Scale Unit

ÅDesign, construction 
and shake-down

ÅAbsorption and 
stripping

ÅLocated in walk-in 
hood

ÅInterchangeable 
columns

Å1, 3, 6 cm diameter 
thus far


