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% 5 % [EtOH (aq) BMER(LD 7= D Pt-Ru-Sn/KB 7/ — FIZH1F 5 Pt, Ru, Sn & = FAFEFELN T
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ST, ZOMEDREOKIEA T =ALE LT, ESNTBRILM Ry NI —27#EZ LT3 2D
SEVPMHAEERATIZ EE2RE LR,

ZOMRIE, B 6 T TE LD L] TER I, fmd il Xb TV 5, P-Ru-Sn/KB il EtOH

(aq) @ SPE HEMFIC X 5 EMAESEIC L 0 KEEZRET B8, RbEWFIHAEZ R L, BLVE
D 0.6V T, 1.43 moluz * molgon™ D=# J — /ViHE &, 16.1 kwh - kepz DT RIVF—{HE & TOKFR
WERER SN, ZOxZ ) —AFRHNEROREFEZ, H1ETEXRXLZLIIT, "M Fx=F ) —L
DX D IpNA A~ AHKRDOGEFEN S KFERET D 2 & OFATARENEZHIWTT 5 72D DI # 2 $ k7
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This paper, entitled “The Three-way Synergy of Pt, Ru, and Sn in the Electrocatalytic Reforming of Aqueous
Ethanol Solutions to Pure Hydrogen Using Solid Polymer Electrolyte Electrolysis”, consists of 6 chapters.

In Chapter 1, “Introduction to Electrocatalytic Reforming of Aqueous Ethanol Solutions”, the necessity for
renewable production of hydrogen for the mitigation of climate change was discussed. The advantageous use of
biomass-derived sources for carbon-neutral and potentially carbon-negative processes were proposed. The
advantages of using a solid-polymer-electrolyte (SPE) electrolysis cell for the electrocatalytic reforming of
biomass-derived bioethanol to hydrogen is a promising renewable method of hydrogen production which make
it an attractive method to utilize biomass-source bioethanol. Literature review show that anode development is
needed for the viability of electrocatalytic reforming of EtOH.

In Chapter 2, “SPE Electrolysis of EtOH (aq) over Ketjenblack®-supported precious metal anodes”, the
experimental conditions for the evaluation of anodes for EtOH (aq) electrolysis were established to determine
the EtOH (aq) electro-oxidation activity and EtOH utilization efficiency of catalysts. Ketjenblack-supported
precious metals (M/KB, M = Pt, Ir, Ru, Pd, Rh) at 10 wt% loading were investigated. Ru was found to be able to
maintain the lowest overvoltage at a current density of 10 mA cm™.

In Chapter 3, “Synergy of Pt and Ru in Pt-Ru/KB anodes ethanol (aq) electro-oxidation”, EtOH
electro-oxidation over Pt—-Ru/KB anode results in synergistic enhancement of catalytic activity. Enhanced
current density over Pt-Ru/KB anode was accompanied by an enhanced rate of oxidation to AcOH. CV studies
were also conducted to further investigate the synergy.

In Chapter 4, “Structure of Pt—Ru/KB anodes and mechanism of ethanol (aq) electrolysis”, various
characterization techniques were performed to reveal the structure of the Pt—Ru/KB electrocatalyst from Chapter
3. In-situ XANES studies were also performed to further elucidate the reaction mechanism of EtOH (aq)
electro-oxidation. A synergistic mechanism between Pt and Ru was proposed based on the characterization
studies, in-situ studies, and CV studies from chapter 3.

In Chapter 5, “Three-way synergy of Pt, Ru, and Sn in Pt~-Ru—Sn/KB anodes for EtOH (aq) electro-oxidation”,
the three-way synergy between Pt, Ru, and Sn was observed in the electro-oxidation of EtOH (aq) over
Pt—Ru—Sn/KB anodes. Current densities were almost two times higher than that of Pt-Ru/KB. COz formation
was detected at lower cell voltages (0.4-0.6 V). Characterization studies reveal low coordination between the
three metals but high metal-oxygen coordination from which an oxide network is proposed. A reaction
mechanism for this synergy is proposed wherein the three metals interact through the proposed oxide network
structure.

This study was summarized and concluded in Chapter 6, “Summary and Conclusions”. The Pt-Ru—Sn/KB
catalysts showed the highest utilization of EtOH to produce hydrogen via electrocatalytic reforming by SPE
electrolysis of aqueous EtOH. With an applied terminal voltage of 0.6 V, hydrogen production with an ethanol
consumption and energy consumption of 1.43 moluz . moleon ! and 16.1 kWh . kg, respectively was achieved.
This method of determining the ethanol utilization efficiency is essential to provide information to determine the
viability of sourcing hydrogen from biomass-derived sources such as bioethanol as discussed in chapter.
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