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o Overview

Timeline Target and Barriers
o Start Date 10/1/13 « Start Date 10/1/13
« End Date 9/30/15 « End Date 9/30/15
« 25% Complete « 25% Complete
Budget Partners
« Total - $1,291,029 * [nteractions/Collaborations
— DOE - $912,021 — Coulometrics, LLC: cell
— Daikin America - $379,008 Fabrication and Testing.

Expenditure of Gov't Funding
— FY2014 - YTD TBD
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” 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

+ |dentify 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
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Milestones

Milestone Type Description
Experimental design completed with consistent
Complete Identification data sufficient to build models. Promising
of Promising Electrolyte | Technical | electrolyte formulations are identified which are
Formulations suitable for high-voltage battery testing. In
Progress
Fabrication and Delivery | Sm.:cessﬁll fabrication of 10 interim cells and
. Technical | delivery of cells to DOE laboratory to be
of Interim Cells .
specified.
Electrochemical and battery cycle tests are
Demonstrate Stable Go/No Go completed and promising results are obtained
Performance at 4.6 volts which demonstrate stable performance at 4.6
volts
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Approach

Technical Approach: Exploratory Development

Using a stable, established cell chemistry (4.6 V LMMNO/

graphite), we will conduct 4 PDCA cycles to develop a \
DEMMNG -

high-voltage electrolyte.
« 2 PDCA cycles to identify optimum base solvent T

and salt formulation utilizing basic property
measurements

« 1 PDCA cycle to identify best available fluorinated
anode/cathode additiveswhich form stable SEl layersat high cellvoltage

« 1 PDCA cycleto identify and optimize out gassing/acid scavenger additives

« Each PDCA cycle includes basic property measurements (conductivity,
viscosity, electrochemical measurements and brief cycle testing in full cell

test batteries

Status: First PDCA cycle underway
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V Baseline Cycling Behavior
3.0-4.2 VRT

Cycling performance of a 6:4 Hydrocarbon/Fluorocarbon is comparable
to 100% hydrocarbon electrolyte to 4.2 V
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paikiv - Capacity as function of C-rate shows marked
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Temperature Stability

Electrolytes containing FEC not stabile over 60 C
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Temperature Stability

Rate test after the cells are stored at 850C for 72hrs

Electrolytes containing FEC show increased gassing on storage
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¥ Linear Scanning Voltammetry

Fluorocarbons generally show higher voltage stability

Current Density vs Voltage, 0.3M LiPF6

Measurement Conditions: [
Working: Pt

Coumnter: Li

Reference: Li
Tempertaure: Room Temp.
Scan Rate: 5mV/s

Scan Range: QCV - 8V
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Current, A

Linear Scanning Voltammetry

Fluorocarbons generally show higher voltage stability
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9 Linear Scanning Voltammetry
of fluorinated SEI additive vs VC

Current Density vs Voltage, 0.3M LiPF6
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Conductivity

Effect of LiPFs Concentration EMC vs DMC w/ D7 but not FEC
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Conductivity

EMC vs DMC w/ D7 and FEC EMC vs DMC w/ FEC but no D7
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"y“"‘"" High Voltage Cycling 3.0 to 4.6 V

Preliminary data shows increase capactity retention at 4.6 V
for fluorocarbon based electrolyte
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P9  Differential Scanning Calorimetry
Safety Testing

Mew
Pan_FRupture Disk  Lid

Pan Rupture Disk Lid

Used
*Hermetically sealed .DSC run under
'CAREFULLY pan rateq for 6.9 Mpa nitrogen gas,
disassemble charged (1000 psi) equilibrate at 50 C,
oattery ramp 10 C/min to
350C, and
| isothermal at 350C
Purpose —to provide safety data about for 15 minutes

electrolyte behavior in actual battery



DAIKIN 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)
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Vv 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 SE| 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



DAIKIN

4

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 LiPF4; EC/EMC 3:7 (hydrocarbon standard)

* 1.2 M LiPF4; FEC/EMC/DY fluoroether 2:6:2 (fluorocarbon standard)
The rate performance and 4.2 cycling data were collected and compared
for the baselines.

« 4.2V 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.

« 4.6V 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.



