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Objective

roject Began - 7/07 — Increased C, - area specific
* Increasing the energy of the system capacitance
« Energy = 1/2 CV2 e not typically done

» Four general means to increasing energy ) )
C, relatively constant for different
— Increased surface area - most common approach systems
» A -active area of electrode _
— high surface area materials (carbon - typically > 1000 IJ:E:'LQE 172 Doubledayer Capacitance
m?/g)
. . cint
_ nanoma'ferlals (e.g. carbon multiwalled nar]otube) Electrolyte (F 8 2
— Employ Faradaic processes - psuedocapacitance EMIBF, o
e asymmetric capacitors EMICF3S0, 12.4
. _ _ EMI(CF3S0,)5C 10.6
» proton and lithium insertion reactions, eg RuO,, EMI(CF3S0.).N 11.7
I d V It t t - ” d EMI(CF3S0;):N 12.07
— Increased Voltage - not typically done EMI(OE.SOL)N Ty
— aqueous based - <2V 1.5 M EMI(CF580,).N/PC 9.
1M Et4NBF,/PC 7.0
~ nonaqueous - 2.1V 0.1 M KC/H,0 15.1
» Working range of electrolyte 3 M H,S04/H;0 14.6
— primary concern - Faradiac processes R
» OXidation/rEdUCtion Of eIeCtrOIyte M. Ue, Electrochemical Aspects of Ionic Liquids,
» corrosion of current collector H. Ohno ed., Wiley Interscience, 2005.
» oxidation/reduction of active electrode materials

— Cell Resistance
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Motivation

revious program - room temperature
electrodeposition of reactive metals &
alloys. (Joint program with LANL)

— highly reactive metals

» necessitates large electrolyte working range
(large voltage)

— low solution resistance T W
 ionic liquids (ILs) #)‘it ,’tﬁ_' '
Gu glectrodepositiis- «%,

— neat

— as electrolyte in other solvents
— typical materials (eg EMI-Im, DMPI-Im) _ Cyclic Voltammogram on Pt
— new materials - DMPIpA-Im Pt dise | | 1
— In general, IL working range is limited L 200 mV/se

& resistance is relatively high. :

* Typical battery & capacitor electrolytes

— LIiBOB, LiTFS, TEABF,, etc, in DME, PC
» atypical electrolyte solutions

— e.g. reactive metal salts in DMSO

* We have observed large working range of
some of our systems. (8 V for data shown)
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Ionic Liquid Study Conclusions

« Large working ranges were observed
* Resistance in cells was high

o (Capacitance was low

« Self discharge was fairly high

« Higher voltages did not offset higher
cell resistance and lower capacitance

 Determined not to be a viable route at
this time for a high energy density
capacitor

e Returned to DMSO + reactive metal
salt electrolyte systems
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MSO Electrolyte Working Ranges Depend on

Salt and Substrate
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g | Observations & Future Work

* Reproduced initial experiments
» Voltage scans limited to working range of potentiostat in some cases

» Electrochemical behavior highly dependent upon substrate and salt
composition

o Passive film is extremely thin (specular, shiny electrode surface)
— May not plug up pores of high surface area carbons

— May have to increase layer thickness to reduce leakage current due
to tunneling (?)

» Perform these experiments on high surface area carbon electrodes
(voltage, capacitance, leakage current)

« Evaluate to determine extent of economic advantage for approach
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“Nano-Engineered Carbon
Electrochemical Capacitors”
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Phase | Study Objective

“Design and develop an innovative

all-solid-polymer-electrolyte EDLC device consisting of
nano-porous carbon, synthesized by selective leaching
of metal

from metal carbides,
and demonstrate its performance.”




Specific Objectives Achieved in

Phase |

1. High-surface-area (1954 m2/g) nano-porous carbon
powders were synthesized.

2. Single as well as multi cell (5-cell) all-solid-polymer-
electrolyte EDLCs, containing no liquid electrolytes,
toxic or corrosive materials or precious metals, were
fabricated and their performance was successfully

evaluated.




Specific Objectives Achieved in
Phase | contd

3. High specific capacitance (161.4 F/g) was
demonstrated from tested all-solid-polymer-
electrolyte EDLCs.

4. High-energy density (greater than 10 watt-h/kg)
and high power (greater than 1000 watt/kg)
was demonstrated from tested all-solid-polymer-

electrolyte EDLCs.




(a)
Figure 1. (a) single-cell (14.5 cm? active area)
all-solid-polymer-electrolyte EDLC; (b) EDLC
test hardware
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Figure 2. Discharge curve of Giner 5-cell all-solid-
polymer-electrolyte EDLC charged to 5.0 volts.




Project Title: -
High Performance Carbon Nanomaterials for Electrochemical Capa
DoE SBIR Phase | Grant Award #:
DE-FG02-07-ER84688
Principal Investigator:
Wen Lu, Ph.D.
Company Information:

ADA Technologies, Inc.
8100 Shaffer Parkway, Suite 130
Littleton, Colorado 80127-4107
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ADA - DoE SBIR Phase | program

Overall Goal & Approach of the Project -, L
S

aFooeel )

Utilize the unique properties of carbon nanotubes (CNT), high-surface-argeg 222~

activated carbons (AC), and environmentally benign ionic liquids (IL) to fabricate =:: 35+

aseel} J )

high performance CNT composite electrodes and combine them with ionic liquid ¢ & <5

aasel § 1

electrolytes to develop advanced electrochemical capacitors for utility application$zz2 222~

sasooneo[ ]
TIZEIl]laaa
(Il X]lanw
(TIf ¥l laaa

Phase | proof-of-concept ...
lonic liquid-incorporated . -

Completed USing I|C|U|d form of gel polymer electrolyte  Current collectors foirlboeat A

aassaaad

the ionic liquids E':EE'E
lonic liquid E E:E E

Phase Il prototype demonstration ik s
will use a solid-state ionic-liquid- T
-incorporated gel polymer =
electrolyte (ILGPE) to further improve
safety and lifetime of the capacitors
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ADA - DoE SBIR Phase | program

Why CNT Composite Electrodes

Fasoonell]

Roles of components in an AC/CNT/IL composite sssssss]
«  AC to provide high surface area cesecss Ty

[ ZIA Rl I0aS

«  CNT to avoid aggregation of CB (of a conventional AC/CB electrode) andto  Z222225H+

saasssaal X

provide a highly conductive and highly electrolyte accessible network sesosss/TT

asasdaoel Nl
(T ITXXY]lane

. IL to untangle CNTSs, serve as plasticizer, and reduce polymer binder content ==«

AC/CNT/IL composite electrodes sssssss 1]

ssaaaeae
[ A A AR LR QN

«  Enhanced charge storage / delivery capability in ionic liquids over AC/CB esceees
electrodes °s ses
. Large-scale and low-cost production capability similar to AC/CB electrodes s s s
Conventional AC/CB ACICNT/IL composite _ AC/CNT/IL- Al electrode . 5

Phase | electrode sample (composite
coating: 22 cm x 10 cm ) prepared
manually, which will be scaled up by a ibd Teich I
automatic coating machine in Phase Il. | || = [
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Why lonic Liquid Electrolytes ~ \;’J _,.:::
esdel k]
: I ~41rite e
Properties of ionic liquid electrolytes  Electrochemical windows of csssssal
«  High ionic conductivity o diierent glectiolyiczsyStems cecacesdT
. FIXZEITIOOS
. Large electrochemical window a3y sesssss ]
1 2.4V saassaall Tl
. Wide liquid-phase range _ 0 sessesstt
q ..p g E o / kﬁ12vfuj, : 5/ sesseee[ ]
«  Non-volatility = h | E‘:EE‘::
. Non-flammability 0.25] { sesessas '
i NOﬂ-tOXiCity -0.50 , ‘ ‘ . | 'EEEEEEEE
-2.5 -1.5 -0.5 0.5 1.5 2.5 3.5 &8 a&8a
Improved performance E (V) et ot
fOr UltracapaCitOrS ;ig §8MwltszNHBZFS4(}):C(I(\:Iu(rrentaqueous'elelctrolyfe)) : : :
. . t current organlceectro yte a & a8
o ngh Ce” Voltage 4.3V: ionic liquid [EMIM]Tf2N] : .
. High energy density
. High power density Performance of a ultracapacitor
. High safety Maximum energy: E = 1/2(CU2)
max
° Long I|fet|me Maximum power: P — Ué /4R
max
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ADA - DoE SBIR Phase | program

Enhanced Performance of CNT Composites in loni

Conventional AC/CB in ionic liquids

. Slow charge / discharge kinetics

. Low capacitance (62 F/g)
Conventional CNT paper in ionic liquids
. Fast charge / discharge kinetics

. Low capacitance (20 F/g)

AC/CNT composite in ionic liquids

. Fast charge / discharge kinetics

. Enhanced capacitance (142 F/g)
AC/CNT/IL composite in ionic liquids
. Fast charge / discharge kinetics

. Further enhanced capacitance (188 F/g)
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Cyclic voltammogram at 20 mV/s

(dy |

(a): a conventional AC/CB electrode.
(b): an AC/CNT composite electrode.
(c): an AC/CNT/IL composite electrode.

(d): a conventional CNT paper electrode.
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ADA - DoE SBIR Phase | program

Ultracapacitor Performance of CNT Composites with lonie of r.:_,.EE_

against Conventional Electrode Materials \,,,'=

AC Impedance spectra

AC - IL capacitors (b) 'El]

«  Conventional AC/CB electrode .

. lonic liquid electrolyte N e S ghgzég
. Slow charge / discharge kinetics »® S atssaeltty
. High ESR - R sssessacy]
«  Small knee frequency R/ = . | I
. Poor capacitor performance Charge / discharge at 10 mA/cm? EE EEE
CNT composite - IL capacitors (a) _ E P

e AC/CNT/IL composite electrode - i § T e

«  lonic liquid electrolyte el T

«  Fast charge / discharge kinetics 3501 =

- LowESR s 1= ;

«  Large knee frequency e

e

* Exce"ent capaC|tor performance (a): CNT composite - IL capacitor incorporating AC/CNT/IL

composite electrode and ionic liquid electrolyte
(b): AC - IL capacitor incorporating conventional. ACICB 1=
electrode and ionic liquid electrolyte
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ADA - DoE SBIR Phase | program

High Performance of CNT Composite - lonic Liquié,
Ultracapacitors against Current Ultracapacitor Technologys-

Current ultracapacitor technology (AC electrode, organic electrolyte)  :::::
. Low cell voltage seses .
saasaaaalll
. Limited performance (energy/power density) 0 00
(T ITXXY]lane
«  Limited safet . . e oo
Limited | yl'f CNT composite - IL vs. current ultracapacitor technologies « :E
. imited cycle life e
AC - IL Y it E” 100 CNT composite - IL ultracapacitors ﬁi::
- IL capacitors > (4V, 17 Whikg, 7.7 kWikg) ses
« AC/CB electrodes function S _ Y oe
L Z AC - IL ultracapacitors [ ai
poorly with ionic liquids Z 4V, 7 Whikg, 2.2 KWikg) \. v
. Slightly improved performance S 1- ,. .
] ] 5 Current ultracapacitor technology
CNT composite - IL capacitors z (2.5V, 4~5Wh/kg, 1~ 1.8 kWikg)
«  High cell voltage ol | |
AC/CNT/IL composite electrodes o ' ; .
_ _ P S Energy density (Wh/kg)
function well with ionic liquids

. Significantly enhanced performance
. Improved safety | et
. Improved cycle life

O

e
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Outline of Proposed Phase Il Programg
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Continue optimizing AC/CNT/IL composites to further improve uItracapath();r Hase
performance sessts ‘.'.’:::T

{buﬂiﬂﬂ...

\\\\\\

Produce optimized AC/CNT/IL composite electrode in large scale swtabl;e f@j’“g
fabricating industrial ultracapacitors EEE
waaaaﬁﬁnpl

Design, fabricate, and evaluate industrial packaged ultracapacitors. Leverag "-

L ) a8
a8

our established ILGPE technology to further improve safety and lifetime féfthg::

as B8
L a8 b

capaC|tors ss sss

L] aew
a = B
L ]

Integrate individual ultracapacitors to design, fabricate, and evaluate modulées =
and power systems for utility applications. Demonstrate the superior .
performance (voltage, power, and energy) of the proposed system over the
current technology

Document the design parameters for larger capacitors, modules and power
systems of utility scale applications beyond Phase Il

ADA Technologies, ml'cm -
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