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PROJECT OVERVIEW RELEVANCE TO H2@SCALE APPROACH
TIMEL INE: » The Hybrid THIS PROGRAM WILL:
Start: July 1, 2018 Sulfur (HyS) * System Analysis
End: Sept. 30, 2020 Hydrogen Hydrogen - Develop a plausible path to hydrogen production cost
TOTAL CENTER EUNDING: Generation B et less than $2/kgH., based on the process design and cost
DOE Share: $600K process has estimation.
Cost Share: $823K the potential ~ - Develop a conceptual plant design for MSR-HyS
DOE Share Expended: $510K to produce Geneon - Develop a techno-economic analysis of H, production
BARRIERS: hydrogen gas stncin via MSR-HyS
A. Hydrogen Levelized Cost usina both
B. S;/Stel’?l Energy Efficiency therr?wal and electrical » MEA Development

- Develop an SDAPP membrane composition showing
better ion conductivity than Nafion®112 in 6 M sulfuric acid.

. . - Develop electro-catalyst that show a 20mV performance
’ Sandia reactor (MSR) along with renewable electrical energy from Improvement over Pt/C in 3.5M sulfuric acid solution
SRN L @ either wind or solar generation to efficiently produce hydrogen.

C. Total Capital Investment energy at a cost of <$2/kg.

PARTNERS: « HyS can utilize thermal energy from a molten salt

National containing dissolved sulfur dioxide or sodium sulfite

SAVANNAH RIVER NATIONAL LABORATORY I_aboratones ¢ Th; HyS pI‘OCGSSIi] be|ng| a tWO Ster? pr.oce”SS, C?..n aCt as a b _ Demonstrate performance Of a.t IeaSt lOOmV Iower Ce”
A bu grtand storet t herdma ehergy ¢ e_m';? y as liquid SO, tct)_ € voltage than Nafion® of an MEA using higher temperature
used to generate hydrogen as required to minimize generation membranes and imoroved catalvsts.
HyS CHEMISTRY INTEGRATION WITH MOLTON SALT REACTOR MEMBRANE ELECTRODE ASSEMBLY (MEA)
° Hybnd Sulfur (HyS) Is a two-step thermo-chemical * New hlgh temperature T Experimental Performance NEA #11-80<C 2nd 4
cycle based on sulfur oxidation/reduction - membranes having . :ﬁziziii;ii?jgﬁﬁ_ﬁbm ot oo
- Key Reaction Step is electro-chemical water Thermal Power Hydrogen minimal SO, T odel M Trastr Continin
s . . . Generation by the . 08 -
splitting using an SO, depolarized electrolyzer Z28 78%|  >600°C Hybrid Sulfur permeability and 0 e opermtions
(SDE) Hz:mdUd Electrolvjzerand HS0, Sulfu;I::Add Process dur?.blllty IN SOZ/ SOS % 06 Target
- All fluid processing minimizes entropic losses due el e environment required. 5 | ~ Cotaysts
to phase changes O rvesged . | 1:0.50, | ,0,50;, 0, * New catalysts and = % —=——77" embrane
o . _ J el supports resulting in -~ o
* HyS is “hybrid (_:ycle requiring both electrical and . by-product 0 Fosd 600mV potential at Tigj‘isnfir
thermal energy Input 500mA/cm2 required 0 - S A
0 200 400 600 800 1000

« Optimization of the system requires trade-offs
between the various components

 Membrane electrode Current density (mA/cm?)
Assembly (MEA) required
having >10% degradation

HyS Process Integration of Hydrogen . . .

H,S0, — H,0+S0,+1,0, Thermochemical: 600-900°C Generation with an n pOt?”t_'a' after 700 hrs. operation.

SO, +2H,0 +H,S0,+H,  Electrochemical: 0.17 v, @ 80-140°C Integral K'”eT“CS (catalyst) Cell resistance (membrane)
) _ ® “ T Operating 10 ti

H,O = H,+1,0, I\et.Reactlon Salt Reactor IMSR emperature temppeer?alt:?e

vs. Low Temperature Electrochemical @ 1 Intrinsic @ Tionic

H,O = H,+1,0, Electrochemical: 1.23 v, higher activity conductivity

MEMBRANE DEVELOPMENT IN-SITU CATALYST TESTING EX-SITU CATALYST TESTING

| N115 membrane 950 mV

-850 mV

 Improve ionic conductivity and stability at high acid 09 1400 |

SDAPP membrane 750 mV
concentrations and temperatures 0.5 | 1200 \

* Prevent sulfur formation at the cathode < %0
800 ﬂﬁ
mN115 membrane E 600
3

- Limit or eliminate formation H,S and SO, reactants*
: Na,SOs in electrolyte
m SDAPP membrane 400 /\\'

- Utilize membranes with low SO, permeability 07 -
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* Developed SDAPP membranes with alternate acid
concentrations to optimize MEA performance
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1C0nductivilty Measurgment at G%ﬁ-ﬂ-\ | 1 ° Slgnlflcant Improvement In sulturiC aCld was use to (SDS) prObe fOr |I'I'€V€TS|b|e TEdOX
.5 | ' Nz _ . evaluate the catalyst reactions
. S 0.95 electrolyzer performance is observed
| 5 . performance
40} E 09 with the use of SDAPP membrane vs _
E 55| Loss state-of-the-art Nafion® membrane {15 i0ss vt * A* Cyclic voltammetry studies on SDS
l ’ £ os - SDAPP based MEA operated with 10 _'5- t show trends in activity:
o - %’0-75 psig shows ~1.5 x increased current = « Au>>Pt at high potential (kinetic
S % s 07 . . E 100 :
| Phosphoric acid §06 under same operation potential vs E region)
I ° ’ starting to | @ Nafion® > - Au>~ Pt at low potential
15 ° cvaporate - o - - - ? ¢ (activation region)
G ® 10 D0 140 1o W@ e e - Adrop in operation potential of more ¢ __— * .. _ '1e9
remperetrec e than 200 mV can be observed vs pbezmre - - - I+ Consistent with linear sweep
5@ A ed® i 0 20 40 6 8 100
o & @' previous electrolyzer runs Au at% (bal P) voltammetry results
TECHNOECONOMIC ANALY SIS PROPOSED FUTURE WORK SUMMARY
. . 4 verf f 9 Evaluate electrol f t | t The HyS process could add value to nuclear generation
* Glven prOJec(tje performance o II\(/:IISRCSD ag Hyi vadqtg e electrolyzer performance at process relevan and serve as an energy storage mechanism for
Process, pro u.ctllon gost estimated to be 2.55 $/kg H.. conditions concentrating solar
» 650°C upper limit major hurdle * Evaluate electrolyzer performance under pressure  Thermal energy can be used most effectively through hybrid
- Path to $1-93;$/k9 H2_|de_nt'f'ed * Incorporate Au based catalyst into catalyst layer thermo-chemical/electro-chemical process.
' Req“'rTS 2|5/° reduction in heat, power cost - Explore ternary alloys of PtAuM (M = transition metal) via - HyS process utilizes 78% thermal energy and 22% electrical
» Conceptual plant design based on s-PBI MEA SDE combinatorial sputter deposition energy with abllity to store SO, or H,SO, indefinitely as
* Being updated for SDAPP MEA : . : . -
J Up * e.g. V used industrially in H,SO, production required.

* Wet cathode for SDAPP MEA alters flowsheet, energy balance _ _ _ _ _ _
- TEA for H, production via MSR-HyS » ldentify combinations of cell potential, current density, and acid

concentration that will achieve specific production cost targets

Electro-chemical step key to efficient SO, oxidation

* Potential high temperature membrane with minimal

* Previous TEA being updated for SDAPP MEA SO, permeation identified as SPP which needs to be

* More flexible SDE performance targets optimized for SO.,/SO, environment.

- Potential Pt,Au,V, alloy catalyst identified to greatly reduce
required cell potential and needs further investigation.
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