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4. SEM and BET

1. Motivation /. CV and EIS

NiO physical — NiO electrochemical

characteristics performance

Connections between physical characteristics and
electrochemical performance are often unknown.

AMethod B resistances ~30% lower than Method A.

AThree sections of weight loss3:

Ni(OH),A xH,0 A Ni(OH), + x,,H,0O AAround 85% average decrease in resistances for

. . Na,CO,; vs. KOH solutions T consistent with ~3-4x
NI 5 0G0 b-Ni(OH), larger currents seen in CVs.

NiO, A NiO + (x-1)/2 O, b-NiOOH

AAIl reactions irreversible; no return scan activity.

ANo noticeable differences in electrocatalytic activity
between Method B and Method C; Method B preferred
due to ease of synthesis.

ANi(OH), layer forms instantly on NiO electrode
surface in alkaline media2

ASmaller crystal size for Method B leads to 30°C a-Ni(OH),
decrease in calcination temperatures over Method A% gNiOOH

8. Conclusions

NiO nanoparticles fabricated using three different

NIOOH + CH;OH NI(OH%Z T OH - Figure 5. Cyclic voltammogram (CV) for Methods A and B Niclin | | Synthesis methods.
Ni(OH)Z = [pieeluel MO 01 & _?; gzz 0-005M KOH. Range front to 1.05V'vs. SCE at 20mVs. Method B showed several advantages over Method A:
\ / —(C) AStructural faults and/or poorer crystallinity
leading to improved electrocatalytic activity.
gNiOOH 3 U > 4
R | ‘ " ALower reaction resistances vyielding greater
b- N'OOH Figure 1. Scanning Electron Microscopy (SEM) micrographs of Meghod ?h | idati f y g 9
(A) Ni(OHRnd (B) NiO, and Method B (C) Nj@id)(D) NiO. | | NELAEE] e e A rietriiEie e,
. \« Mw Vo . _ . Almproved cyclability and stability in alkaline
Oxygen evolutlon reaction (OER): i i Figure 5. CVs for Methods A and B NiO in (A) 0.005M KOHOHM EH

40H 2 O, + H,O + de-

Ni(OH), BET Specific Surface Areas (m?/g) ! .
Method A Method B Method C and (B) 0.1M Ma0y0.1M C}DH. Range frof.1 to 1.05V vs. SCE at media of moderate pH.
17 140 212 \“""J 20mVv/s. Lower resistances and higher currents for CO,?2

solutions than OH- solutions at similar pH:

Methanol oxidation is used as a tool to examine NiO BET Specific Surface Areas (m%g)
electrocatalytic activity and make these connections. JL J jk j{ A A e AlLess aggressive medium prevents rapid
Method A Method B Method C ' o
42 29 31 15 20 25 30 35 40 45 502955 60 65 70 75 80 85 90 electrode and membrane degradatlon .

2. Goals

ATo examine effects of multiple NiO synthesis methods
on Dboth physical properties and electrochemical
performance through the scope of the methanol
oxidation reaction. Physical properties studied using:

ASEM, BET, TGA, DSC, and XRD
Electrochemical properties studied using:
ACV and EIS

Figure 3. Xay Diffraction (XRD) patterns for (A) Method A, (B) Metf§jod APotential for alternative to hydroxide-driven
B, and (C) Method C precursor Ny @ahoparticles. Inset shows alkaline devices.
Scherrer Equation average grain boundary sizes.

AAverage particle sizes much larger for Method A than
for Methods B and C, yielding lower surface area.
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AMethods B and C produce spherical agglomerations; —(A)
Method A maintains bladelike structure even after —(E)
calcination. —(©
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AHigh calcination temperature and times result in
lower and more uniform surface areas after
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Figure 7. Stability CVs in 0.1MOX5H0.1M CDH for Method A NiO (A

_ _ _ calcination to NiO. current buileup and (B) current deterioration, and Method B NiO ()
To determine an optimum synthesis method for JL J\ current builelp and (D) current deterioration. Rangeftdrto 1.1V
maximum electrocatalytic activity and stability. N vs. SCE at 20mV/s. 200 scans performed for each.
5 TGA and DSC | JL J ' AElectrode degradation sources: a/gphases, OER®S6,
. . k
3. SyntheS|s Methods AMethod A degrades 50 scans sooner than Method B. _ | | _
2.0 National Science Foundation UConn Research Foundation
Three aqueous-phase methods were investigated: 5 |  Method A J K J L j\ AN ACathodic scan oxidation peak: surface reactivation.
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