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Importance of Electrochemistry in Climatic and Sustainable Energy
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* Cleaner energy generation - Wastewater treatment
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- Effective pollutant removal « Electrochemical sensors
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History of MXene and motivation towards electroch
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Why Nb,CT, over other MXene materials:
» Superior elegtronic conductivity and Why MXenes are preferred for
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Literature survey of hydrogen evolution reaction studies of Nb,CTy
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Synthesis methods, challenges and objectives of this work
MILD method:

S
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Etching memewnn e e w8 YEgfliating Summary for the synthesis of Nb>CT,, MXene using in-situ/MILD HF solution.
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« Vast majority of the reports: Nb,AIC MAX powders immersed into 47-51% HF at room temp for 160 h
« MILD method using LiF:HCI less hazardous alternative route but different reaction condition with variation in time
and temperature particularly.

» Obijectives of this work:
» To optimize the standard conditions of time and temperature for transition of MAX to MXene phase
N « Time-dependent study of reaction from Nb,AIC to Nb,CT,
IRS « Evaluate the activity of Nb,CT materials for HER.
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Methodology
Schematic Presentation for Nb,AlC to

- MILD
Etching \SI(Vashlng
. LiF-HCI/24-90h  Purification
48-50°C Centrifugation FS RS
Cycles
pH (5-6)
MAX (Nb,AIC) MXene (Nb,CT,) multilayer . o s o
. l (F/OH)
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Intensity (a.u.)

X-ray diffraction and Scanning Electron Microscopy
images
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« XRD of MAX phase matching well with literature and SEM shows the layered structure of Nb,AIC

IQ% » Disappearance of peak at 12.6 at 48-50°C..
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Bulk material - Effect of time (0 to 90 Hours) at 48 °C
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Samples taken for XRD are from bulk material
after washing and purification.

Reduction in the intensity of peaks at 12.8° and 25.3
° 20 indicates conversion of MAX to MXene

Disappearance of peak at 38.5 indicates etching of
Al layer

But conversion from MAX to MXene is not
completed even after 90 Hrs of reaction.

LiF peaks at 44.996 (200), PDF No. 00-004-0857



Bulk material Time dependent SEM of Nb,AIC to Nb,CT, transformation
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Bulk material Mapping of all the samples

Presence of all the elements including Nb, C, Al and functional groups as F and CI




Bulk material Elemental analysis of all the samples
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Intensity of Nb and Al at 24 hours is changing to more Nb content on increasing time period confirms the etchir111g.



Supernatant’s structure and morphology

Nb,AIC_90 Hours Supernatant

- Filtered Nb-MXene
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« SEM performed on sample from supernatant solution after purification of 90 hours of reaction
IN « Uniformity of etched Mxene can be observed on left image

RS On magnification, increase in interspatial distance can be found, giving indication of etching of MAX phase
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Elemental mapping of Nb,CT, (supernatant solution after 90 hr)
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RS The signal of Al is very weak in supernatant solution indicating absence of aluminium salts (such as -
AlF.)



Electrochemical studies of Nb,CT,_90 hours bulk vs supernatant

Electrode preparation 15 min of

i - Bulk or supernatant powders + dispersion in IPA, DI water and Nafion i sonication 20 pL drop
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Conclusion

« Successful synthesis and characterization of time dependent transformation of Nb,AIC to multilayer Nb,CTy type
materials.

«  With MAX/MXenes, the complete removal of Al not possible under these synthesis conditions.
 Electrochemical activity for hydrogen evolution reaction (HER) of supernatant is higher than the bulk like MXene

after 90 hours of reaction.

Future Outcome

- Additional chemical analysis of the materials using X-ray photoelectron spectroscopy and EELS .
« Time dependent prepared samples will be studied for hydrogen evolution reaction.

« Long term stability tests will be performed using chronoamperometry.
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| am removing the following slides; but keep this information while speaking.
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Challenges in lab :

We are majorly following etchant method (Minimally Intensive Layer
delamination; (MILD; LiF/HCI))
To avoid the hazard issues with HF, MILD method (LiF/HCI) is .

I Npreferred

Rs Nature Reviews Chemistry, 6, 389-404 (2022)

Reproducibility

Long purification steps
Aggregation and storage
Large scale production

Thermal and oxidative stability
18
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