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Operational solar cells were fabricated using hematite (Fe,0;) as the light absorbing substrate. - 7 s T~
Some of the solar cells were fabricated using hematite minerals or ores that may be similar to b) c) £ 40e0s | E ‘ .
those found in the Martian regolith; specifically, samples of: specular hematite, oolitic hematite, 2 8 1oe0s
and hematite concretions. The light absorbing electrode was fabricated using three different g R ,E,
techniques: electrophoretic deposition, spin coating, and solvent evaporation of the hematite I 2 Soe0e /1) )
samples onto a fluorine-doped tin oxide substrate (FTO). The dark electrode was a platinum (Pt) 3 g |
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coated FTO and the redox mediator was 0.5 M Nal, 0.05 M 1,, in acetonitrile witha 0.1 M £ BEE - 01 0 0.4
tetrabutylammonium hexafluorophosphate (TBAPF,) electrolyte. Solar cells were tested under 1 § sy QA 3 50606
sun (0.5 AMU) of white light illumination. The largest short circuit current was observed for 0.1 0 0.1 0.2 \'\PB 0.4
samples fabricated from spectral hematite. The largest open circuit voltage was observed for 1.06-05 ' RO potential (V)
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hematite films fabricated from spin-coated metal nitrate (Fe(NO,);)precursors. el T
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Introduction and Background Information Figure 6. Current-Potential (iP) curve of
) L . . . 40605 solar cells fabricated from: a) spectral, b)
Renewable energy collection and storage using in-situ extraterrestrial resources will be a key b= L : :

. . . S Alfa Azar, and c) oolitic hematite as the light
technological hurdle that must be overcome to support NASA missions to Mars. The long-range . absorbing substrate. Solar cells employed a
goal of this investigation is to develop a method for fabricating photovoltaic devices using B /1. redox mediator. 1 Pt counter electrode
minimally-processed in-situ resources available on Mars and fabrication techniqgues amenable to 2 oeos anél were iIIuminate’d with 3 halogen lam ’
the Martian environment to support NASA’s mission goals. Hematite (Fe,0,) is an n-type Figure 2. Photograph of bulk samples and/or mechanically ground powders of: a) specular hematite, b) 9 (100 mW/cm?) Current-PotentiagI curvesp
semiconductor that is abundant in the Martian regolith and was used as the light absorbing oolitic hematite, c) hematite concretions, and d) Alfa Aesar nanopowder. e) Four different types of £ 10e0s _thered in the' dark (grey), continuous
substrate for all the solar cells studied.? mechanically ground hematite electrophoretically deposited on a fluorine-doped tin oxide (FTO) R ?Ilumination (blue) angd cr\c;pped
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Thin films of hematite were deposited using three technigues: electrophoretic deposition (EPD)2, EUbSt?:ei\(/FrZ? I:ft tc:] rlghtt).tl.outer shelldof hematite concretion, II. spectral Hematite Ill. oolitic o0es00 : N . . we | illumination (red).
spin coating, or solvent evaporation. Electrophoretic deposition (EPD) is the process of the ematite Iv. Alta Azar hematite nahopowaer. Figure 3. UV-Vis absorption spectra of hematite potential (V)
movement and accumulation of charged nanoparticles placed under an electric field onto a 3 thin films fabricated from spin coating Fe(No3)3
;ondu.ctl\éebworklkr?g surfalce.. Hon]:ogen?us ’Fgm films of mjtal-omdle nanoparticles wzre . ) solutions onto the FTO substrate and sintering at Conclusion
ep05|te. y making a solution o me_ta -oxide nano-powder, equal parts acetone and pyridine 500°C. Samples were prepared with 4 (red), 6
then sonicating to ensure homogeneity. o | : (blue), and 8 (green) sequential layers of spin Open Circuit ~ Short Circuit ~ Power Point
Spin coating mvplves the deposition of Fe203t metal oxm.le film .metal nitrate salt precursors or 3 coating. Voltage (V) Current (x10-) (LW)
suspended particles of pre-synthased hematite. The spin coating solutions are prepared by =15 . . .
dissolving/suspending the iron source (0.5 M Fe(NO;); or mechanically ground hematite) in an < Figure 4. Scanning electron microscope (.SEM) Cross
aqueous ink base solution of 35% ethylene glycol and 1% ethylene glycol monoethyl ether. These | sectlogahl and sjurfalce |maies Of.mﬁChjn'Cal.ly ’ spectral 0.272 4.22 3.6
. . . . |
ink bases are then added in an even layer over FTO substrates by mode of spin coating. ) srotin emat|tg © ec.trop oretically deposited on a liti 0.182 0.40 0.15
. . . o c fluorine-doped tin oxide (FTO) substrate: a) spectral OOlitic ' ' '
After deposit the FTO films were heated to 550 °C to sinter the hematite films. , - _ '
0 hematite, b) oolitic hematite, and c) Alfa Azar Alpha Azar 0.25 1.42 0.73
00 0 “gielength (:;1) 00 21 hematite oxide nanopowder. These images _ _
correspond to samples Il), Ill), and IV) in Figure 2. spin coated Fe(NO3); solution 0.37 0.273

Table 1. Open circuit voltage and short circuit current values for solar cells.

Operational solac cells were fabricated with multiple sources of hematite

Some minimally processed hematite showed large photocurrent and photovoltage

No evidence was found for enhanced photo voltage or photocurrent in n-p junctions
EPD is a promising technique for fabricating light absorbing electrodes out of minimally
processed materials
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