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U Thermochemicastoragesystembasedon elementalsulphur

U Oxidebasedmaterials

A Non-modified proppantssynthesizedy BalticCeramic§BCR)
A Particlessynthesizedy APTL

U Physicechemicalcharacterization
U Setupfor catalyticactivity measurements
U Resulton catalyticactivity

U Conclusiongind next steps
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Process concept scheme

U Theconceptcombines
. Ss—
A Solidparticlesas heat transfer fluid, alsoused > L]
for directthermal (sensibleenergystorage A { —
A Solid sulphur used for indirect thermo- 4 /(
M

chemicalstorageof solarenergy Solar P

SO,+H,0 SO, Electricity

Sulphuric acid (H,S0,) Sulphur dioxide (SO,) Sulphur (S)
decomposition disproportionation burning
Combustion chamberin
Reactor &
gas turbine power plant
k %

Sulphur pile

U Advantage®f the sulphurenergystoragescheme
V Veryhighenergydensity approx 12,500kJ/kgctf. 300kJ/kgfor moltensalts
V Qost-effectivematerial (<60 €/tn cf. ~400¢/tn for moltensalts)and cheaplystoredin pilesunderambientconditions
V Constantemperatureheatrecoveryand possibilityfor highertemperaturestoredenergyretrievalcf. originalheatinput



Process diagram

£ Solar particle ﬁ
%8 _ receiver ﬂ
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Hot particles
storage tank

Cold particles
storage tank

Air

Sulphuricacid splittingdecomposition

Reaction set Temperature nH

ge (kd/mol)
2H,SQq M H 4yl 2HO,, 450500
2SQy D H 4yl Oy 800-900

CSkexploitationstep
Energyintensive(endothermicktep

Reactionset 1) non-catalytic, 100% splitting; i)
requirescatalyst

Solarreceiverdesignrequiresparticlesascatalyst




SQ, decomposition catalysts state of the art

- Kawada, T. et al., 2014, Hydrothermal synthesis ofQy8¢ipported on mesoporous
SiQ as SQdecomposition catalysts for solar thermochemical hydrogen productiol

)

< . . Int. J. Hydrogen Energy 39, 20620#651

A CUOV205/SIOZ’ CGV/SIQ - Kawada, T. et al., 2015, Structure and, 8€composition activity of nCu@0O,/SiO,

A CUVSIQ (n=0,1,2 and 5) catalysts for solar thermochemical water splitting cy&#tal Today
242, 268273

- Kawada, T. et al., 2015, Structure and, 8€composition activity of Ce\{SiO,
catalysts for solar thermochemical water splitting cycles, Int. J. Hydrogen Energy 40,
1072610733

A PYALO,

- KaragiannakisG. et al., 2011, Hydrogen production via sdifased thermochemical
cycles: Part 1: Synthesis and evaluation of metal éxaded candidate catalyst

A FGZO based Cu_Fe_AI FeCr powders for the sulfuric acid decomposition step, Int. J. Hydrogen Energy 36, 2831
3 ’ 2844

- Giaconia A. et al., 2011, Hydrogen production via sulfased thermochemical
cycles: Part 2: Performance evaluation ofdséased catalysts for the sulfuric acid
1000°C decomposition step, Int. J. Hydrogen Energy 36,6508

U Reactionthermodynamicgequiretemperatures>600°C,especiallyat high SQ, content



Oxide-basedsolid particles

Materialssynthesizedy both BCRand APTL
APTsynthesizedxidesrich in Fe,0;, the rest mainlyaluminosilicategAl-S)
V  Dry(or slurry) mechanicaimixingof oxides- wetting - shapingby applyingrotary forces-
calcination
Nearsphericalwith sizerange425- 1700>m (BCR, 700- 1400> Y{APTL)
Density ~2 g/ml
Demandfor highthermo-mechanicaktrength& resistanceo chemicallyharshenvironment
Particlescolor blackor blackish
V  Achievemenbf highsolarirradiation absorption

cC:. C. C. C

S : Jsmm

APTlparticles

drying -




List ofevaluatedsolid particles

Samples [ Man | Secondary

BCR1L
APTEL/APTE2
BCR2/BCR3 : Manganese oxide,
Bauxite :
BCR4 Iron oxide APTL3/APTEA
BCR5/BCR6
. Bauxite Iron oxide, APTL5/APTLG

Manganese oxide

U Groupedsamples

Ve

A BCR: Same compositions, different particle sizes
V BCRz, BCFK5, BCR - bigger p.s.
A APTLSame compositions, different calcination temperatures

V APTHL, APTi3, APT15 -
V APTE2, APTi4, APT16 -

low calcination temperature
high calcination temperature

Commercialron
oxide

Commercial Iron

oxide Aluminosilicate

Iron oxiderich steel Aluminosilicate
industry byproduct residuals



Physicechemical characterization

U Appliedtechniques
A ScannindgElectronMicroscopy(SEM)
A X-RayDiffraction(XRD)
A Hgporosimetry
A Surfacearea(BET)y liquid N, adsorption
A Crushingstrengthmeasurements



BCRsamples- SEM analysis

BCRlL 425850> Y BCR3425y pn>Y BCRA425y pn>Y BCR6 425y pn>Y
N 77 . -

i

U Resultsverysimilarfor all 425-850>m samples
U Major elementsidentified by EDSAI, Mn, Si,0. Alsopresent Ca,Ti& Fe



