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1.1. Introduction

Intrinsic Methods Transition metal oxides based nanomateri-
als are frequently prepared by electrodepo-
sition [1]. The tool to influence the activity

3. Development of ink composition for electrochemical measurments on RDE

a 3.1. Pretreatment of electrodes

of manganese(IV) oxide is the doping by Before the first use, electrodes are sandpapered with decreasing roughness
Improving other cations. The ED (electrodeposition) (e.g. 400-1000-1500-2000-2500). Before each measurement, electrodes are
[ealeedrforl?rg:nce procedure modifies structure and defect polished with polishing paste (Al,O; slurry; 1.0 um and 0.05 um) on a wet
states, the shape of nanocrystal-lites having polishing cloth for 3-5 minutes, and rinsed thoroughly with water. No
sl larger . strong influence on functionality of a scratches must be visible on the glassy carbon surface. Before drop-coating
i ; it ' of catalyst, electrodes are ultrasonicated in millipore water for 5 minutes,
energy surface area; transition metal oxide [2]. y p
: : - and let to dry in air [3].
barriers T Strategies to mitigate problems 4 [3] .
\ 2 s o p . .v structure : MnO:2 in water MnO2 in ethanol
i & o "Bholo9” conducing o e
il WA g materials JEd § N Higher |microstructure/ combining transi- ' ‘ =
4 4 electricalImorphology  controlling||tional metal ox- e
Improve conductivity | a¢ provides large surface||ides with con- kMR e
electrode . . e e Ca
SRR area and porous/hollow||ducting materials _ _ ' _
kinetics - Figure 3. RDE photo. a—polished RDE, b—ink printed on RDE before electrochemi-
stirses (9 skolital e | o effter  musi) cal measurements, c—RDE after electrochemical measurements
Extrinsic Approaches alkali cation adsorption/||oxides to enhance ’
intercalation and alleviate||the electrical con- 3.2. Ink preparation protocol Table 3. Ink Recipe = athanol — i MnO- in ethanol — in wafer
Figure 1. Schematic diagram showing the ,,extrinsic “and ,,intrinsic * approaches for improving the the structural strain t ductivi nd . : L MnO2 in ethanol = in water :
. ¢ structiral strain to acsj | ductivity d 1.Sonicate the oxide material in ethanol for — +Nafion
electrochemical energy storage performance [4] commodate large volume ||electrochemical 60 min C,HsOH (ml) 0.833 Figure 4. Photo of the degree of coagulation of manganese (IV) oxide in various
variation reactivity ' . H,O (ml) 0.833 solvents and their combinations
2.Evaporate ethanol at 90°C for 60 min . : . .. :
1.2. Methods Nafion (5%) (ml) |0.167 Reasons for using ethanol: H-bonding interactions, structure and
: : — : : : : : : ' h Ipi ' - i - inole-di i i i -di
AAS, TGA, SEM, laser diffraction with light scattering, porosimetry, X-ray diffraction, Fourier IR 3.Ultrasound d1§perse the precipitate In wa- | MnO, (mg) 2.5 flynaml.cs of H-bonds, dlpole. le.O.le interactions, induced dlp.ole
spectroscopy, electrochemical measurements - RDE ter for 45 min. Ultrasonic (min) | 60+45 interactions, gas-phase polarizability of the c?thanol molecule is
4.Addition of Nafion and sonication 15 about five times greater than the corresponding value of the water
min molecule.

2. Preparation of manganese dioxide materials and their characterization 4. Protocol of optimitzation for electrochemical measurments on RDE

.. . . 1M KOH
e 2.1. Electrodeposition oxide materials a R et o (TR TE S . . .
. ) ) ) ) ) 3 measurements: 100ug/sm? R ) 1,6_' — MNF-1
Manganese dioxide samples were electrodeposited galvanostatically (1= 10  The chemical formula was calculated for each sample (Tab. 1) using AAS [T MNF2
A/dm? ) on Pt anode. The anode area was 10 times smaller than the cathode  (Tab. 2) and TGA data. This formula was introduced in P. Ruetschi's catio- e M N
area. Electrodeposition was carried out for 60, 120, 180 min. nic vacancies model: _ 127
. . ~g - é 1,0
The pristine fluoride-containing electrolyte consisted of 0.1 M HF + 0.7 M Mnit, yMn3* 0,02 x 4yOHuy. conditontug o m : | S -
MnSO, and the dopant additives in the electrolyte were sulfates of the fol- . g I -
- - .1 - T o 2+ 2+ : h d lar fracti fMn>" and cationi B OCP, EIS =- MNF-1 LS o]
lowing cations in different concentrations: NH, ', Fe™, Co”". Electrolytic where X, y, and arc molar Iractions o Min- and cauonic vacancics (L), . —— MNF-CoFe[ ™ ° ]
doping by Fe*"and Co’" of EMDs (electrodeposited manganese dioxides) respectively. P | ' el 041
mcluded the b}nary or trinary cationic adc.h.tlves to affect the phase composi- All obtained samples are nanoparticles (Fig. 2, Tab. 2). a0 l; L T el 0z,
tion and functionality of the electrodeposition product (Tab. 1). CA (stationary pol.) e Y N S I I «
. . , Table 2. Average size of sample nanocrystals and the results of atomic ab- 1,125, 1.5,1.55,1.6, 1.65, 1.7 Ve 00 02 04 06 08 10 12 14 .
The resulting precipitate was filtered off, washed to a negative sample for corption analvsis E (Corrected) (Vo) ’ " £ (Cormected) (Voo ’
sulfate lon. The precipitate was dried in an oven fo constant weight (180 Sarrllj le Aver;/ e length of | Average nanoparticals Content in samples, % Figure 3. Protocol for electrochemical measurements Figure 6. C rison of current densities Fi 7. C ] of activi
min at 110°C). The dried powder was ground in an agate mortar for 30 min P 8 lg d'g P e = P*>, COO rgure 0. Lompart igure 7. Comparison of activity of
and sieved through a sieve [1]. names | nanoparticals, nm lameter, nm C values of the second and last cycles (I 2-1 50)  doped oxide materials
r . . MNF-1 372+10 2342 51.89 - -
2.2. Characterization of the obtained materials NINE- 337211 ) 5061 1 022 0.20
Table 1. Characterization of NH,", Co’', Fe’" doped Manganese(IV) oxides CoFe Conclusions
Sample | Electrolyte composition |Calculated formula according to Ruetcshi's MINE- - 1962 3321 291 0.15 : z 2 z 1l :
ple | tiectrolyte comp " i cng 1o B HE@o Investigated samples of doped manganese oxides/hydroxides are nanomaterials with improved performance provided
names |0.1M HF, 0.7M MnSQO, model of cationic vacancies MNFE-2 6045 5 5 5 ) )
- - I : ' by the electrolytic doping procedure.
_ SIS % 4+ 3+ » . . . .
MNF-1 |+ 1.5M (NH,),SO;4 Mnggs™ Mngos” [10.1201.480Ho 52 The recipe of electrode ink for electrochemical measurements on RDE has been developed demonstrating the for-
N M NS0 ? ion of stable films. These fil ined stable after electrochemical ts using th d in thi
MNF- |+ 1.5M (NH;),S0,, 0.01M [Moe™ Mngss™ [o0:Co0027F000e01 5:0H0 17 mation of stable films. These films remained stable after electrochemical measurements using the proposed in this
CoFe _|FeSO,, 0.1M CoSO, work protocol for RDE in IM KOH.
MNF- |+ 1.5M (NH4),SOy4, 0.IM  [Mng5*" Mngs7> [93C00.005F€0100230H; 77

FeCo |FeSQO4, 0.01M CoSO,
*electrodeposition time 60 min;

**electrodeposition tlme ]20 mln CVT 5.0kV 6.7mm x100k SE(L) 12/02/2022
Figure 2. SEM image of an MNF-2 sample

MNF-FeCo sample showed the best electrochemical characteristics (activity and process current densities) as an elec-
trode nanomaterial for OER processes in alkaline electrolytes
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