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(2) Electrochemical synthesis

» Low temperature, pressure, energy input, and emissions

> Enables networks of distributed scale and near point—of—use » Nanosized MTP (M=Sb, Mo, V, W) powder was synthesized with high purity (except VTP).
» The synthesized MoTP materials exhibits highest conductivity of 87 mS/cm at 150°C.

» Large MoTP/PTFE composite membrane was fabricated with thickness of < 300 pum
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 Issues of Current Electrochemical Synthesis Methods

» The ASR of MoTP/PTFE membrane is around o.52 £ c¢m? e A B T T e
» Only molten salt system operating at intermediate temperature range Retz)H{Ohm)
> Low ammonia production rate due to lack of highly active NRR catalyst NRR Catalyst
» Low selectivity of nitrogen reduction due to HER 1.8 IS e N 30 5.010°
» Poor stability using liquid based and proton-conducting electrolyte » BT IS A i b b s i e
1.0 . *NNH : 3 % e
O u r A p p rO aC h 0.8 Ni dOfp ing *NHN 4 zgl 30 40 ;I;)hetaé?") 70 80 90 97 on 251 dzsz 2859 y/zgé o 276 g 15_- N\ 3:0x10 (EJg
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(1) Cost-effective and intermediate temperature highly OH- conducting o S 1 e e T o T tmAem®  SmAem®  10mAcm’  20mAcm

solid membrane > DFT calculation shows that Ni dopant facilitate N2RR in a robust way
(2) Nanostructured Fe203-based bimetal > Partially r?d.uced NiFer@l.{TO I.1a.noparticles were fabricatec! as NRR ca.talyst |

‘de nit ducts 6 » ITSAE exhibited a Coulombic Efficiency of 4.54% and ammonia production rate of 3.14 X 109 mol/cm?/s at 150°C using
((I)G(Il{l{e) nl tli(l)ggn I'et lllC i()n reaction 85%N2+15% H.O.
catnoac catalys

(3) Advanced solid composite electrode Technology to Market

structure (1) The cost of ammonia produced by 150 MW ITSAE plant is around 0.1133$/kWh. which is 10% lower than REFUEL target

($0.128/kWh).
(2) Main cost factors have been identified as electrode cost, ITSAE energy efficiency, and electricity cost.
(3) Distributed ammonia production systems with productivity of 1 and 10 ton/day were selected for the first market

(4) Noble metal-free oxygen evolution
reaction (OER) anode catalyst

application.
Work Plan .
, , Final Targets
> Develop large ITSA membrane with thickness of <50 um and ASR of <o.125
5 Periods/Parameters Phase I (Completed) Phase II (Two Years) Phase IIS (One Year)

%2 Cm Cell/Stack 5-cm? single cell 5-cm? single cell Stack
> Develop highly active and selective Fe based bimetallic oxide NRR cathode Me l/btac Tctivi o i S:Zé; & e - :1(1)% e e :lago
» Use DFT methods to elucidate elementary reaction mechanisms and guide embrane conductivity (mS/em)

talvst desion Membrane thickness (um) <300 <50 <50

cd i Y ] 5 ) . Current density (mA/cm?) 5.0 350 300
» Optimize MEA and ITSAE operation conditions . e
> I with d o ¢ d Coulombic Efficiency (%) >20 294 290

Demonstrate IT?AE stac (.Wlt productivity of 100 g/day Ammonia production rate (mol/cm?/s) >3.5x10~ >1.1x10° >9.4.0x10”7
» Techno-economic- analysis and Technology to Market Energy Efficiency (%) _ 65 >60
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