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Background:
The standard, commercially available physical solvents for CO2

capture are:

Selexol® (UOP LLC, Des Plaines, IL, United States)      &

Rectisol® (Lurgi AG, Frankfurt am Main, Germany)

Both of these solvents are hydrophilic.

Selexol® operates at 10
o
C 

Rectisol® operates at -10
o
C 

NETL/R&IC is developing solvents that absorb selectively at 

temperatures between 25
o
C and 80

o
C and that can be 

regenerated at 25
o
C to 120

o
C.
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Motivation: CO2 Capture at Warm Temperatures 

& Take Advantage of Low Grade Heat

http://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Coal/LR_IGCC_FR_20110511.pdf

•
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Motivation: CO2 Capture at Warm Temperatures 

& Take Advantage of Low Grade Heat

http://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Coal/LR_IGCC_FR_20110511.pdf

•

•
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Pros & Cons of Selexol vs. Silicone Oils
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Pros & Cons of Selexol vs. Silicone Oils
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PEG-PDMS Solvents: Best of Both

Hybrid structure:  Improved CO2/H2

selectivity compared with PDMS

while maintaining good CO2 solubility

in a hydrophobic solvent system

Water uptake measurements performed by Jeff Culp on the Hiden Microbalance

http://www.google.com/patents/US20150114226
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Foaming issue has been addressed

PEG-PDMS-1 PEG-PDMS-3

Severe foaming No foaming
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Physical Properties

CO2/H2 selectivity measurements performed by Lei Hong on CSTR

MW, 

g/mol

Viscosity at 

25°C, cP

Surface Tension 

at 25°C, N/m

CO2/H2 at 

25°C

CO2/H2 at 

40°C Foam?

Selexol* 280 5.8 32 45 30.7 no

PEG-PDMS-1 427 3.9 22 38.5 27.4 yes

PEG-PDMS-2 427 5.3 22 - - yes

PEG-PDMS-3 617 12.2 22 57.7 48.3 no

• First two versions of hybrid PDMS had favorable viscosities 

and CO2 uptake, but lower CO2/H2 selectivity and tendency 

to foam limited their suitability

• Third version showed better selectivity than Selexol and 

reduced tendency to foam

* = dry Selexol-like polyethylene glycol dimethyl ether (PEGDME)  

Note: CO2/H2 selectivity is a strong function of water content
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Hybrid PDMS Solvents

Selexol PDMS T4PEG disub4PEG

20

25

30

35

40

45

50

55

60

C
O

2
/H

2
 s

e
le

c
ti
v
it
y

Progress of CO
2
/H

2
 selectivity in Hybrid PDMS Solvents

hydrophilic

hydrophobic

hydrophilic

CO2/H2 selectivity measurements performed by Lei Hong on CSTR at NETL using dry solvents



R&IC’s Pre-combustion Continuously 

Looping CO2 Capture Facility
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Absorber Design
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CFD Modeling



14Green, Christian W., et al. "Novel application of X-ray computed tomography: Determination of gas/liquid contact area 

and liquid holdup in structured packing." Industrial & engineering chemistry research 46.17 (2007): 5734-5753.

CFD Model Validation

• Diameter: 14.61 cm (5.75 in)

• Mellapak 250Y 

(ap = 250 m2/m3, ε = 0.987)

• Height of packing = 40.7 cm (16 in)

• Liquid flow rate = 5.4 – 48.9 m3/m2-h

• Koch-Glitsch Drip tube liquid 

distributor

UT Austin Water Column



CFD Model Validation – Liquid Holdup

Liquid holdup close to experimental values

Working on improving CFD model

AARE = 7.31%AARE = 11.32%

15
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CFD Model Validation – Pressure Drop

Dry Pressure Drop: One Phase – Gas through empty packing

Wet Pressure Drop: Two Phase – Gas through wetted packing

16
J. A. Rocha, J. L. Bravo, and J. R. Fair, “Distillation columns containing structured packings: a comprehensive model for their 

performance. 1. Hydraulic models,” Industrial and Engineering, Chemistry Research, vol. 32, no. 4, pp. 641–651, 1993.
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CFD Model Validation – Mass Transfer

Validating kGa using data from a 0.1 m diameter column

17
Aroonwilas, Adisorn, Amornvadee Veawab, and Paitoon Tontiwachwuthikul. "Behavior of the mass-transfer coefficient of structured 

packings in CO2 absorbers with chemical reactions." Industrial & engineering chemistry research 38.5 (1999): 2044-2050.
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Column Design from CFD Modeling
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Integrated Computational Solvent Screening
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Conclusions

New PEG-PDMS solvents were synthesized and 
characterized

All have good CO2 working capacity between 2 - 25 bar

All have low water uptake and low viscosities (<20 cP)

PEG-PDMS-3 had both high CO2/H2 selectivity and no 
foaming issues

A small pilot plant is currently being designed through 
the use of CFD modeling and validation

Construction of the unit will begin in 2018
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Disclaimer
This presentation 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 therein 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 opinions of authors 

expressed therein do not necessarily state or reflect those of the United 

States Government or any agency thereof.


