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Why Redox Flow Batteries (RFB) i

Pacific
Northwest

NATIONAL LABORATORY

(e}
r'ﬂoo.

:

LR

U High safety
Spatial separation of reactive materials
Anokth Major constituent is water
Easy thermal management.
Battery health monitoring

Catholyte

7 e, U Easy recycling after service life
< Membrane > Consumption vs. Investment

U Decoupling of Power and Capacity
Tailor system to application

u 7 confirmed lithium-ion ESSfires in
Korea this summer alone.
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Vanadium  Redox Flow Batteries

0 Vanadium Redox Flow Battery (VRB)
Advantages
Current statef-the-art, highly studied
High solubility
High cell voltage
MWh scale deployment

-5°C 25°C 40°C
V species
sulfate sulfate sulfate
v2r 2M 2M 2M
(419 h)* (>30d) (>30d)
Ve 2M 2M 2M
(634 h) (>30d) (>30d)
2M 2M 2M
V4 (VO?*
(Vo) (18 h) (95 h) (>30d)
2M 2M 2.2M
Vo (VO,*
(VO;") (>30 d) (>30 d) (95 h)
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High material cost

Capacity loss from crossover
Precipitation issues (temperature window)
RequiredNafion
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Vanadium  Redox Flow Batteries

(VRFB)
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(FY 2018 Milestone

GMW/4MWh system operating at 75 mA/em

U Evaluate new electrolyte composition on a pilot scale s

capable of meeting $250/kWh cost target for a projected
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High material cost

Capacity loss from crossover
Precipitation issues (temperature window)
RequiredNafion
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Aqueous -Soluble Organic (ASQ) vs Vanadium <
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U Benefits of Organics vs Vanadium U éhowever é
Potentially lowercost High material cost
Vastlibrary of candidates Capacity loss from crossover
Systems ranging from pHD4 Precipitation issues (temperature window)
Improved electrochemical kinetics RequiredNafion
Candidates with 2@&edox events 50 mA/cm?
$615/kWh
'Oiher;
600 2% | chemicals
500 s ‘ 240 mA/cm?
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Aqueous -Soluble Organic (ASO) RFB %
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U Benefits of Organics vs Vanadium U System Challenges
Potentially lowercost Moderate Solubility
Vastlibrary of candidates Low Potential
Systems ranging from pHD4 Chemical Instability
Improved electrochemical kinetics Membrane Crossover
Candidates with 2eedox events
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ldentifying Potential Redox -Active - Species %
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U Selection Strategy
Identify redoxactive core structure

Natureinspired ° 0
redoxactives Quinonebased
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ldentifying Potential Redox -Active - Species %
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U Selection Strategy
Identify redoxactive core structure
Target solubilizing groups (pH dependent) and
) 9 groups (pH dep ) /Control Solubility )

appropriataedoxtuning groups - - )
Pprop J Jrotp -SQj,-CO,", -PO?2T, -NH,, -NR;", -OH

Tune Redox PotentialWithdrawing
-SQ;, -CO,", -PO2T, -NR,*
Tune Redox PotentialDonating
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U Selection Strategy
Identify redoxactive core structure
Target solubilizing groups (pH dependent) and
J g groups (pH dep ) /Control Solubility )

appropriate redoxuning groups T T . .
Substitute core structure based on readily available -S0;, -C0, Y, -POST, -NH,, -NRy", -OH

reagents and scalable synthetic methods Tune Redox PotentialWithdrawing
-SQJ,-CO,’, -PO2T, -NR;"

Tune Redox PotentialDonating

\ “NH,, -OH )

? = T T

Phenazindased




DFT -Directed Synthesis

U Selection Strategy
Identify redoxactive core structure
Target solubilizing groups (pH dependent) and
appropriate redoxuning groups
Substitute core structure based on readily available
reagents and scalable synthetic methods
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