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Abstract

The typical electrolysis cell/ fuel cell components like membrane-electrode assembly (MEA),
gas/liquid diffusion layer, and flow plates were eliminated by the strategic implementation of
microfluidics. Microfluidic devices rendered membraneless operation owing to the prevalence
of plane parallel flow in the microchannel. Hydrogen (H2) production by water splitting in a
membraneless microfluidic electrolysis cell («EC) allows flexibility in the choice of pH. An
applied voltage induced a two-phase flow of gas products and liquid electrolyte in the 4EC
microchannel. The gas products intermixing in the microchannel were averted by optimizing
the electrolyte flow rate, which balanced the inertial and viscous forces acting on a fluid.

The development of the #EC is limited by the complexity in fabrication the low hydrogen
throughput, and gas purity in membraneless operation. The present research sheds light on the
investigation and development of the #EC that encompasses techniques to improve the reaction
kinetics, ease the manufacturability, and enhance mass transfer in the microfluidic electrolysis
cell to increase the hydrogen production rate with negligible gas crossover.

An asymmetric electrolyte configuration (acidic catholyte and alkaline anolyte) was used in
the uEC to drastically reduce the overpotential of water electrolysis by utilizing the
electrochemical neutralization energy. The uEC operating at 10 mA cm™ current density could
electrolyze water at 1.58 V for the asymmetric electrolyte which was less as compared to that
in acidic and alkaline electrolyte. The #EC advancement was limited by the availability of a
bifunctional catalyst compatible with microfabrication techniques. The scalable synthesis of a
nickel nitride/ nickel (Ni3zN/Ni) bifunctional catalyst was demonstrated. Ni microelectrodes
were microfabricated, and nitridation and N-H grafting of the electrodes was achieved by
ammonia plasma. The uEC with Ni3N/Ni exhibited a current density of 263.73 mA cm™ at 2.5

V, a stable 6 h operation, and a performance efficiency of 99.86%. The multiple fabrication



steps and low H» production rate impedes the scale-up of the uEC for commercial application.
The fabrication of the #uEC was elucidated, and the H> production increased by implementing
a 3D-printed xEC with flow-through porous electrodes. The ¢EC attained an H» production
rate of 15 mL min™! with a current density of 748 mA ¢cm™ at 2.5 V. Accelerated stress testing
was performed for 370 h with a fluctuating current density as a stressor. Minimum degradation
of the electrodes was observed with a slight decrease in the performance of the uEC. Negligible
gas crossover at the optimized flow rate was observed in the #ECs, which was analyzed by gas
chromatography. The optimized flow rate of operation was obtained whereby, no gas
intermixing takes place, by equating drag force acting on the gas bubble and opposing
interfacial tension force at the triple phase boundary of electrode — gas bubble — liquid
electrolyte interfaces in the direction of the flow.

The H:z produced in the 4uEC was consumed in a microfluidic fuel cell (¢«FC) operating in
tandem to generate micropower. In tandem operation, asymmetric electrolyte configuration
could not be used due to opposite nature of operation of electrolysis cell and fuel cell. However,
the results of the acidic and alkaline electrolyte were compared for the #EC and tandem uEC-
uFC operation. A voltage applied to the 4EC induces two-phase flow in the uEC-uFC,
resulting in the evolution of Hz and O gases that are transported to the #FC by convection, and
consumed to generate power. The uEC-uFC delivered 14.68 mW cm™ maximum power
density with uEC operating at 99.98% energy conversion efficiency and the 4FC attaining up
to 50% fuel utilization with 4 h of stable tandem operation.

The outcome of the thesis paves the way for future research towards the scale-up of the uEC

for integration with renewable energy systems for on-site off-grid green hydrogen production.



LIRS

fafise saafafde Qa/rge ¥ & ol S i AFsl-saaals Idaen (MEA),
a/fateras fErgetet oY 3R Toll Tolcd ol ATSHITIS ST & HAN fhaiade & GanT
HHTC &Y AT AT AT| ATSshIeleTel 7 Teis TaEeh!E BIF &l AUl oh HRUT HIShITo[sSh
3TN T FFsieTold Fofl TGAT IAT AT| Teh AFSeTeld HASHIFc[S5H Felaciiorad dol
(LEC) # areX Fecelfeer & gregiete 3cures & we goita H FarehieTar i 3efATd em &

ABHRAST H TG Selacisd 9N dlecsl o[l WX 394 3F 3curg 3R fafdas

SoleFelelIST o T-Whal Foll ol ITGeT GBIl & | HTSshileTel HT S TATHATT Glel ATl I HISFCH
T olFEICISE Fell IC T JefhTolcd leh cllel f&IT I1AT, S Ueh Fo[gs U I kol dlel
gefedel 3R faEhra BRI &I Tlfold HAT &1 Teh IHATHT SAFEIATST il hIRLIT
(GTFeT HAfod 3R T TAfore) &1 39T LEC 3 R a7 AT AThT Soiargioh el
YOOI TsToll ol SUANT &eh AT Folere I Tl ad shl HTaXUITAeT &t e fehdT ST

b | 10 mA cm-2 HC STAET G 1A el arell pEC TAARLH Selaiaise H 1.58 VIR

qlalY Y Selereleligol fehar AT, ST & TfAfSeh 3R & gATelelise Sl Jofell # S |

HISShIhTsIehelel ddheileh oh ATY HITA Teh G[d-PIATcHS ScUXeh Sl 3c2Te o dtel pEC FI

3eoifad HifAd | e asgEs/fmea (Ni3N/Ni) gfa-wicas 3R & Tholdd

Vi



HRAYUT &T Ul T IrT| i ATSHISAFCISH I ATShIthisiche fohar T 2T, 3R
AEfesee 3R SOFCIES F TATT IMTUEHT Y IAAAT TATGHT GaRT I fomam I 27|
Ni3N/Ni & &I uEC & 2.5 V IR 263.73 mA cm-2 T e STACT e, T & 6 8¢ &1
ORI |, 3R 99.86% T T GaTar YafRid @l fordiembr & garT faffiest BigehersT
Tl 3R HH TH2 JeulesT eIcqdalieh 379191 o [T 4EC & Tahel 379 T ST el
£ 1 3D Rifdar & SIRT LEC & AATOT it 3 foRar 7137 3R vatE & #Lgd ¥ IRy

Soldals & AT uEC as’raammqﬁgwmﬁqaﬁgél uEC# 2.5 V UX 748 mA 9HI-2 &

TJATT Uelcd & 1Y 15 TATS THeAe-1 T T2 3cUTesT &3 UIed fhaT| Uk daid & &9 &

3R TeTd aTel IaiHT Heled & AT2T 370 8¢ & fow calRd dara 916707 faar aram &m| jEC
& I F HHN HHAT & Y FAFLIS T wGATTH PRI S@T IAT| JHeJHieicd Fag & TN
1S ot I hI3NaR ATSRISSET & ¢! a@r a1y, Toreeht faReryor 3 shistetamdh eany feman
T AT| TR &I 3efehicld TaTe el e & ars oY, forad &g de gexfafeder
el Bl 8, 3 Forgel W AHRAT FXel arel 397 B A Wl FF 3R s

aﬁr@ﬂﬁ-ﬂﬁrmwmﬁmmw%ﬂvm@-ﬂﬂm-ﬁ%

Soldciese ScXhd I feem & sg

MWEC # 3cUTiE Hy T WU Teh ATSshITIS(Seh ST AT (WFC) H T 318 ST ATSshITal

3cUTCH ST oh ToTT THelent H1a T TET &Y | 3TATeTshe Tellelel &, Folaeloser A SteT
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ol & FaTolel T AT Fehid & RO FHATHT FeFeIAISC hlfothaRelel i IUATeT
oTgl fRaT ST Hehcl &1 glelifeh, 3Feld 3R &R Selerciolise & IRUMAT &I Jefell
UEC 3R 3mamefshe PEC-UFC TR & T & a1 Al pEC 9 &6 U aeest
WEC-uFC & & Z-Uhol Foll sl URA Il 8, Tordeh IRUMA Fa&a w2 3R 32 34t &
e gYar § e shafdrea Fell gaRT uFC H of SR SATAT § 31 9TaR SAeAR2le diat & folw
3YSRT 81T &1 pEC-pFC me pEC 3T 99.88% Fail ®UTARUT G&TAT IR TTelel & HTU14.68
AIMATE QA2 HTAFIA fITel Telcd ST 3 uFC A 4 € & TFR FdTeleT & A1 50%

SeTeT UGN G&TT Uod foha|
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