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• Timeline
– Start date:  8/1/08 (funds received 11/08)
– End date:  7/31/12
– Percent completed:  30%

• Budget
– Total:  $2,472,005
– DOE share:  $1,935,500
– Funding received in FY09:  $984,000
– Funding for FY10: $951,500

• Barriers
– None

• Partners
– NiSource Energy Technologies

Overview Slide
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• Project Team
– Joan Brennecke, UND, CBE, thermodynamic measurements
– Mark Stadtherr, UND, CBE, dynamic modeling
– Mihir Sen, UND, AME, thermal conductivity measurements
– Edward Maginn, UND, CBE, molecular simulation of ILs
– Sam Paolucci, UND, AME, molecular simulation of IL/nanofluids
– Mark McCready, UND, CBE, IL/nanoparticle mixtures
– Mike Zdyb, Nisource Energy Technologies
– Pete Disser, Nisource Energy Technologies

Overview Slide
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Relevance/Impact of Research

• Develop ionic liquids for two geothermal applications
• High temperature heat transfer fluids

– Decomposition temperatures greater than common high temperature 
heat transfer fluids

– Thermal conductivities as good as or better than common high 
temperature heat transfer fluids

• IL/water absorption refrigeration
– COPs better than conventional system at generator T < 150 °C

• Allow efficient transfer of heat from geothermal source
• Efficiently use low temperature geothermal resources for 

cooling
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Scientific/Technical Approach

• Exploit unique properties of Ionic Liquids for geothermal 
applications
– ILs are organic salts with low melting points
– Large liquid range
– Negligible vapor pressure/good thermal stability
– Tunable by choice of anion, cation and substituents

• Go/no-go decisions
– Thermal decomposition temperatures > 250 °C
– Thermal conductivities > silicone oil
– COPs > LiBr/water system
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Scientific/Technical Approach
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• ILs as heat transfer fluids
– Measurement of thermal stability, densities, heat capacities, 

viscosities and thermal conductivities
– Materials compatibility
– Molecular simulation of IL and IL/nanoparticle mixtures

• ILs for absorption refrigeration
– Measurement and modeling of heat capacities, vapor-liquid 

equilibrium, densities and heats of mixing of IL and IL/water 
systems

– Calculation of COPs
– Molecular simulation of IL/water systems
– Dynamic process simulation

Scientific/Technical Approach

Milestones
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Accomplishments, Expected Outcomes 
and Progress

Heat Transfer Fluids

• Thermal decomposition temperatures better than 
silicone oils

Liquid Tonset (°C) Tstart (°C)
[hmim][Tf2N] 427 347
[hmDMAP][Tf2N] 444 358
[hDMAP][Tf2N] 443 376
Silicone Oil ~250
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Heat Transfer Fluids

• Thermal conductivities better than common heat transfer 
fluids

Accomplishments, Expected 
Outcomes and Progress

Ionic Liquid K (W/mK) Standard Fluids K (W/mK)
[hmim][Tf2N] 0.128 Alcohol 0.170
[hmDMAP][Tf2N] 0.132 Freon 12 0.073
[hDMAP][Tf2N] 0.138 Glycerol 0.280
[bDMAP][Tf2N] 0.136 Engine Oil 0.150

Silicone Oil 0.100
Water 0.606
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Heat Transfer Fluids

• Reasonable viscosities

Accomplishments, Expected 
Outcomes and Progress
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Absorption Refrigeration

• Small heats of mixing

• Other key data:  vapor-liquid equilibrium, heat capacities

Accomplishments, Expected 
Outcomes and Progress
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Absorption Refrigeration

• Excellent coefficients of performance, especially for 
generation temperatures < 150 °C

Accomplishments, Expected 
Outcomes and Progress

Tevap = 5 ºC
Tcond = 50 ºC
Tabs = 40 ºC
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• New capabilities
– Measurement of thermal conductivity
– Measurement of viscosities at temperatures >70°C
– Gas Chromatography/Mass Spectrometry system to 

analyze decomposition products
– New ‘automated’ forcefield development system
– Molecular simulation method for liquid/nanoparticle 

systems

Accomplishments, Expected 
Outcomes and Progress
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• PI (Joan Brennecke) received the 2009 E. O. Lawrence 
Award in Environmental Science and Technology from 
the Department of Energy.

• Co-PI (Edward Maginn) received the 2009 inaugural 
American Institute of Chemical Engineers CoMSEF 
(Computational Molecular Science and Engineering 
Forum) Early Career Award for outstanding research.

• Researcher (Gianluca Puliti) received a graduate award 
by the American Institute of Aeronautics and Astronautics 
(AIAA) during the 47th AIAA Aerospace Sciences 
Meeting in Orlando, Florida on January 6, 2009.

Accomplishments, Expected 
Outcomes and Progress

http://www.sc.doe.gov/lawrence/index.htm�
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Project Management/Coordination

• Group meetings every 2-3 weeks with all PIs, 
researchers, NiSource representative

• Meeting of PIs and researchers with NiSource 
management 5/3/10

• Careful budget tracking by PI
• All 2009 funds spent by 7/31/10 except corrosion testing
• Continuation of project with 2010 funds starting 8/1/10
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Future Directions

• Decomposition mechanisms from GC-MS
• Design of even more thermally stable ILs, guided by 

molecular simulations
• Testing of IL/nanofluids systems, guided by molecular 

simulations
• Exploration of IL/CO2 systems for absorption 

refrigeration
• Continued discussions with commercial absorption 

refrigeration manufacturer (Dometic)
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• Dimethylaminopyridinium-based ionic liquids have 
excellent thermal stability and good thermal conductivity; 
excellent candidates for high temperature heat transfer 
fluids 

• Numerous IL/water systems tested have higher 
Coefficients of Performance (COP) than conventional 
LiBr/water systems at low generator temperatures

• IL/water absorption refrigeration ideally suited for 
obtaining COOLING from low temperature geothermal 
resources

Mandatory Summary Slide
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Supplemental Slides
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Publications
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Presentations
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