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CONFIDENTIAL Overview 
Timeline 

• Start Date 10/1/13 
• End Date 9/30/15 
• 25% Complete 

 
 

Budget  
• Total - $1,291,029 

— DOE - $912,021 
— Daikin America - $379,008 

• Expenditure of Gov’t Funding 
— FY2014 – YTD TBD 

Target and Barriers 
• Start Date 10/1/13 
• End Date 9/30/15 
• 25% Complete 

 
 

Partners 
• Interactions/Collaborations 

— Coulometrics, LLC:  Cell 
Fabrication and Testing. 



CONFIDENTIAL Relevance/Objectives 
Project Objective:  to develop a stable (300 – 1000 cycles), high-voltage (up to 
5 volts), and safe (self-extinguishing) formulated electrolyte.  

Objectives through March 2014 
 
• Identify high voltage battery materials suppliers – get quotes - 

Complete 
• Determine location and get quotes for electrode fabrication – 

Complete 
• Collect and summarize all existing internal data regarding fluoroethers 

- Complete 
• Collect and review literature to summarize current state of knowledge 

for electrolyte additives/solvents - Complete 
• Determine base formulations and prepare DOE – In progress 
• Basic  property measurements – conductivity, viscosity, solublity and 

voltammetry – In progress 



CONFIDENTIAL Milestones 



CONFIDENTIAL Approach 



CONFIDENTIAL Conductivity of Baselines 
Hydrocarbon vs. Flourocarbon 

D7 = fluoroether 



CONFIDENTIAL Baseline Cycling Behavior  
3.0-4.2 V RT 
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Hydrocarbon 1

60% Hydrocarbon/40% fluorocarbon

Cycling  performance of a 6:4 Hydrocarbon/Fluorocarbon  is comparable 
to 100% hydrocarbon electrolyte to 4.2 V 



CONFIDENTIAL Capacity as function of C-rate shows marked 
decrease at 2C not consistent with conductivity 

change 



CONFIDENTIAL Temperature Stability 
Electrolytes containing FEC not stabile over 60 C 



CONFIDENTIAL Temperature Stability 
Electrolytes containing FEC show increased gassing on storage 



CONFIDENTIAL Linear Scanning Voltammetry 
Fluorocarbons generally show higher voltage stability 



CONFIDENTIAL 
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Linear Scanning Voltammetry 
Fluorocarbons generally show higher voltage stability 



CONFIDENTIAL Linear Scanning Voltammetry 
of fluorinated SEI additive vs VC  



CONFIDENTIAL Conductivity 

• No benefit of increased salt concentration 
• DMC electrolytes have generally higher 

conductivities both in the presence of 
absence of fluoroether D7.  



CONFIDENTIAL Conductivity  

• FEC generally higher conductivity 
than EC  

•   



CONFIDENTIAL High Voltage Cycling 3.0 to 4.6 V  
Preliminary data shows increase capactity retention at 4.6 V 

for fluorocarbon based electrolyte  



CONFIDENTIAL Differential Scanning Calorimetry 
Safety Testing 



CONFIDENTIAL DKDA samples show increased stability with 
charged cathode (DKDA-07 FEC/EMC/DKD7 2:6:2, 

DKDA-08 FEC/EMC/DKD7 2:5:3, DKDA-09 
FEC/DEC/D2 2:6:2 all one molar) 

 



CONFIDENTIAL Future Work 

• Completion of DOE which includes variations of two baseline 
electrolytes optimized for rate and cycle performance 

• Begin PDCA cycle 2 which is a continuation of solvent 
package optimization 

• Begin screening film forming characteristics of SEI additives 
both electrochemically and through physical surface analysis 

• High voltage cathode electrode fabrication needs to be 
completed. 

• Construct and evaluate high voltage NMC/graphite and 
LMN/graphite cells for future testing.  

• Begin initial constant temperature high voltage (4.6 V) cycle 
testing 



CONFIDENTIAL Technical Summary 
• A comprehensive review of internal data and external literature was 

completed initially.  Based on this review two electrolyte compositions were 
chosen for baselines.  They are: 
• 1.0 M LiPF6 EC/EMC 3:7 (hydrocarbon standard) 
• 1.2 M LiPF6 FEC/EMC/D7 fluoroether  2:6:2 (fluorocarbon standard) 

• The rate performance and 4.2 cycling data were collected and compared 
for the baselines.  
• 4.2 V cycling at 1 C shows parity performance for both baselines 
• Discharge capacities of fluorinated baseline are not significantly 

different until higher rate discharge (2 C).  This is not consistent with 
only the conductivity change of the baselines. 

• 4.6 V cycling at 1 C shows improved performance for the fluorinated 
baseline 

• Calorimetric safety performance shows marked decrease in 
exothermic events between charged electrodes and fluorinated 
electrolytes 

• Voltage stabilities were assessed using linear scanning voltammetry for all 
the native hydrocarbons and fluorocarbons as well as mixtures. 

• Conductivities have been measured for a series of electrolytes containing 
hydrocarbons/fluorocarbons.   
 


