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FFALo] Q%= Glucose AF8} HHS-(Glucose oxidation reaction, GOR)S ESH BIW7RR17) 322 GlucoseS Glucaric
acid© %2 xi-‘?l‘?f— ofdet H, B BES-S 71 4= Q= Ce doped ¥ NiFe 37 o5 ks SulE /Usigic.

Abstract — The water electrolysis reaction, an electrochemical process that produces hydrogen through the reduction
of water, is gaining significant attention as a green energy technology to replace fossil fuels. However, the efficiency and
long-term stability of this technology remain limited in industrial hydrogen production due to the slow reaction rates and
serious deactivation issues associated with the oxygen evolution reaction (OER). Consequently, there are numerous
challenges to address. In this study, we developed a cerium-doped nickel-iron layered double hydroxide catalyst that
enhances hydrogen generation and facilitates the conversion of high-value-added glucose to glucaric acid via the glucose
oxidation reaction (GOR). This reaction requires an overpotential that is lower than that needed for the oxygen
generation reaction in an alkaline medium.

Key words: Layered double hydroxide (LDH), NiFe electrocatalyst, Glucose oxidation reaction (GOR), Oxygen evolu-
tion reaction (OER), Glucaric acid (GRA)
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Fig. 1. Schematic illustration of fabrication process of hydrothermal synthesis NiFe LDH/NF electrode.
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Fig. 2. Digital images of 3D Ce doped NiFe LDH Nanosheets.
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Fig. 3. The glucose electrolysis experiments were conducted in an
H-type electrochemical cell, in which the anode electrolyte
was 1 M of KOH solution dissolved with glucose (100 mM),
and the cathode electrolyte was 1 M KOH, and an anion-
exchange membrane.
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Fig. 4. Electrochemical analysis of OER and GOR in 1.0 M KOH electrolyte. (a) and (d) OER and GOR LSV curve, (b) and (¢) OER and
GOR Tafel plots, (c) and (f) Overpotential comparison of the electrodes at different current density.
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NiFe LDH (OER) 0.74 12.3
NiFe LDH (GOR) 0.76 12.7
10% Ce-NiFe LDH (OER) 1.72 28.7
10% Ce-NiFe LDH (GOR) 1.84 30.7
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Fig. 5. Electrochemical analysis of OER and GOR in 1.0 M KOH electrolyte. (a) EIS plots, (b) Cg of electrodes for OER and GOR.
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Fig. 6. Chronopotentiometry measurement of GOR by 10% Ce-NiFe
LDH/NF for 24 h.

| e - il ——— i an mrnm "..
———  Ew LT

Fig. 7. FE-SEM image of Nickel foam (a-b), NiFe LDH (c-d) and
10% Ce-NiFe LDH (e-f).

S7Fet AS 21 E 4 9=, o] & Ce =8 02 23] oxygen
vacancy”} 3/ = A surface active site”} T 713F 21 02 2HQlE
o} o] Ql8f a4 FA AT olvA] H A3 W H,0 w2k 41
& 5 FrEste] Ce £33 A, Follx] 171384 s
Aol 7} ek Zs FRlskgirH62].

Fig. 61= 10% Ce-NiFe LDH/NF=-2] Glucose A3} HE-g-ol| 4]
471 A HIAES AT Aok vehdle 1EEE, 30 mA/
em?e] AFU A 2447 B9 CPE ST 7] Ik
420 mV, HF XL 520 mV, Bt AL 470 mVE QHEA
MM fratths A Rl

Fig. 7& Al A=52] FeiE 18] 918 54§ SEM o]
#]o]t}. NiFe LDH A= LDH®] g 4]Ql el S5l 2244
(2D) Nano sheet 755 LR 218 2218131t} 7t Nano sheeti=

0]4-3F Glucose2] %17]3}8H4] Aks} 29

— 10% Ce-NiFe LDH ;  # Nickel foam  |#

~ |——NiFe LDH

5

)

2>

)

OC) w

= sl \ o Noremrtird ot
—— Nickel foam

-
E

.

L L L L L ' L L L L L L L L

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
2 Theta (©)

Fig. 8. XRD patterns of Nickel foam, NiFe LDH and 10% Ce-NiFe
LDH.
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Fig. 9. HPLC for the Glucose oxidation at 6 h reaction times (ini-
tial glucose concentration: 10 mM).
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Fig. 10. H NMR for the Glucose oxidation at 6 h reaction times (ini-
tial glucose concentration: 100 mM).
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Fig. 11. Glucaric acid synthesis from Glucose [63].

Table 2. Electrochemical oxidation of Glucose in 1M KOH with glucose.

0 OHOH 0 OHOH

D-glucuronic acid D-glucaric acid

J (mA cm™) Potential applied (V)

Reaction time (h)

Glucose conversion (%) Y (GNA+GRA, %)

30 0.55V 6

>99.0 99.0
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