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Desired capacitor characteristics for Energy
harvesting and storage
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Lithium-ion capacitor technology
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Synthesis of bimodal porous carbon cathode

PFA_Ph
OH HO, OH Simultaneous
O + polymerization
\ |
OH Pyrolysis & activation _~
Furfuryl alcohol Phloroglucinol E
-
PEO-PPO-PEO S
1400 =]
= 1200 Kk
:’n 1000 1.00 lDl.IJD 10[;.00
E 800 Pore width (A)
< 600
£ 400 » High surface area carbons that have
= . . o
= ultramicropores and mesoporosity in the
~ 200 Surface area — 2160 m?/g P P . y
0 range of 5 - 6 nm can be synthesized
0 0.2 0.4 0.6 0.8 1
Relative Pressure (P/ PO) Microporous and Mesoporous Materials, 196, 235 — 242 (2014)




Impact of pore size distribution on electrode
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Bimodal porous carbon electrode has almost double the capacitance of the state-of-the-
art commercial YP-50F carbon



Improving rate capability of
graphite

CMS graphite

Carbon, 152, 89-97 (2019)




Prelithiation of graphite

Lithiated graphite (golden yellow)
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Voltage (V)

Half cell performance comparison of carbon onion-
based anode against other high-rate anode materials
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Coalesced carbon onion anodes have high-capacity retention

(~400 mAh/g @ C-rate of 20C)




Performance of high-power lithium-ion capacitor
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Performance of high energy density LIC2016

capacnor
Specifications LIC2016
Cell Voltage 3.8V
Capacity 2.5 mAh (4.7F)
Nominal current 4C (10 mA)
Maximum current 50 mA for 36s
Operable Voltage range 2.2-3.8V
Leakage current <1uA
Self discharge 10% over 2 months
Volumetric packaged 13 Wh/L

energy density (Wh/I)

Energy Density, wh/Lit

3Imw 3I5mW 65mW 130mW

100

10

i1 i=F Commercial Battery

L3 ASSIST Capacitor

10 100
Power Density, w/Lit

11



Relative Capacity

Performance comparison at different C-rates versus

Li-ion rechargeable battery
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Comparison of cycle life performance versus

battery

Capacity retention (%)
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LIC2016 based demo

Maxim health sensor platform
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Demo based on capacitor powering wearable health
sensor

Pulsed load current profile

Time, hr




Summary

* Li-ion capacitor fabricated using a high surface area carbon cathode with bimodal
pore size distribution demonstrated higher specific capacitance

* Li-ion capacitor fabricated using a prelithiated coalesced carbon onion anode
demonstrated excellent cyclability with 90% energy efficiency when charged and
discharged at 2 A/g (discharge time ~ 27s)

» High energy density design allowed us to fabricate 13 Wh/L, 4.7F capacitor packaged
in @ 2016 coincell prototype

* The capacitor can be charged using solar cell to continuously run a health sensor
platform

* The designed capacitor can offer significant advantages either as a standalone energy
storage device or in conjunction with batteries for handling pulsed load current
applications such as wearable technologies or 10T based systems
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