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Goals :

1. Image microstructure of freeze-cast (FC) and lyophilised Ti,C,T, aqueous
suspension

2. Use EDX on freeze-cast sample to verify nanoparticle composition

3. Image dropcast dilute Ti,C, T, agueous suspension to obtain a particle-size
distribution with subsequent image analysis

Sample preparation:
Dropcast samples:

« MXene synthesis products are produced in [Experiment] MXene synthesis VII
and diluted in [Experiment] Dynamic Light Scattering (DLS) for nanoparticle
size-distribution acquisiton IV

« The two least concentrated suspensions, at 9.4 x 10°and 1.9 x 10°wt% are
dropcast using the methodology as described elsewhere (see [Experiment]
SEM stub preparation for PSD VII)

Freeze-cast samples:

« Sample #1 produced in [Experiment]| Freeze-casting of Ti3C2 MXene
suspension is sliced with a scalpel into smaller fragments using a scalpel, such
that the exposed top faces which can be imaged in the microscope are
detailed in the table below:

Sample Upward face

// to freeze-direction and temperature gradient

A (i.e. plane [ to freeze-plate)

C Same as above, but cut at 90° around the axis [ to
freeze-plate

D 0 to freeze-direction and // to freeze-plate

Same as above
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« Each fragment is mounted atop an aluminium SEM stub, using sticky carbon
tape as a conductive adhesive between both the stub and the sample

Procedure :

« Load samples into SEM chamber and acquire vacuum

 Accelerating voltage set at 5 keV and WD at 3 mm for dropcast nanoparticle
imaging or at 5 - 20 keV and 8.5 - 15 mm WD for freeze-cast microstructure
imaging

« Working distance set at AWD of 8.5 mm for EDX

« Everhart-Thornley secondary electron (SE) detector used for FC
microstructure imaging and in-beam SE detector detector employed for
dropcast nanoparticle imaging

Results :
'LineScan'/'Sum
Sample tif filename prefix(s) Spectrum'’ .png 'Electron Image' N° / #
docx/txt N° / #
ActualCofefeStainEdge
MXene synthesis CoffeeStainEdge
product dropcast at 1.9 | FlakeOverlap
x 10° wt% OutsideCoffeeStainEdge
OutsideStan
Freeze-cast Sample A FC_SampleA 1-3 1-3
E:eEeze—cast Sample C, D FC_SampleCDE

tif files are micrographs taken directly in the SEM, .png files are electron
micographs with annotations, captured via the EDX software program Aztec 5.0,
.dat are EDX data files, .docx are reports generated in Aztec with zoomed
micrographs depicting linescan regions, .txt files are xy column data of the sum
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spectra of each linescan and .oip is the Aztec project file.

Freeze-cast samples:

Micrographs of the freeze-cast and cut sample, consisting of Ti,C,T, aqueous
suspension FC at 14.83 wt% (~ 150 mg/mL), show the interconnected network of
nanoparticles formed as a result of the freeze-casting and lyophilization process.
Away from the smoother surfaces seen at low resolution, which may have been
smoothed by the scalpel slicing, the structure is seen to be highly porous, as is
typical of aerogels. Note that in all images of FC Sample A, the bottom of the
image is aligned with the surface where the freeze-plate was situated. Hence,
when freeze-casting under these particular conditions (suspension concentration,
temperature ramp, PSD) there is no visually-identifiable orientation preference on
nanoparticles.

When using EDX, the first linescan conducted at 5 keV again supports the
conclusions found previously in [Experiment] SEM - Zeiss Sigma VP FEG-SEM
(SDD + EBSD) that 5 keV accelerating voltage is insufficient to provoke
measurable Ti K, X-ray emission (at 4.5 keV), as nanoparticles are clearly visible on
the sample surface, yet no measurable titanium concentration is found. Increasing
the accelerating voltage to 15 keV for the second linescan (actually the sum of
multiple linescans) over the same region gave the average values stated in the
table below, returning an average Ti/C atom ratio of 1.13 compared with the
theoretical 1.5 from stoichiometry:

Element ;:/elght 0 Qtom
Ti 62.7 0.1|35.3
C 13.9 0.0|31.2
11.5 0.1]194
F 7.7 0.0|10.9
Cl 4.1 0.0|3.1
Al 0.1 0.0/0.1
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For the third linescan, a seemingly more dense region of MXene nanoparticles is
chosen and the accelerating voltage is set at 20keV. The average element
concentrations are listed in the table below, where the Ti/C atom ratio is 0.89.
These findings suggest that either the Ti/C stoichiometry is indeed < 3:2 or that
carbonaceous contamination is present in the microscope chamber on the sample
surface. There was no improvement in optimising the deadtime on increasing
accelerating voltage from 15 to 20 keV. Note that aluminium presence in both
linescans 1 & 2 is negligible, but chlorine is not.

Element }Qlelght 0 ;l;tom
Ti 56.8 0.2]29.8
C 16 0.1|33.5
13.3 0.2|20.9
F 9.6 0.1|12.7
Cl 4.3 0.0(3.0
Al 0.1 0.0/0.1

Dropcast samples:

Nanoparticles are clearly visible across many micrographs. Lateral dimensions
seem to vary from hundreds of nanometres to microns, although particle overlap in
micrographs renders image analysis for PSD production challenging, so the
dropcast suspension can be deemed too concentrated. Oxidation (small, bright
regions) appear consistently across nanoparticle surfaces and edges, as anticipated
due to the 22 day separation between the synthesis beginning and SEM analysis.

Conclusions :

« 15 keV accelerating voltage EDX seems optimal for FC structure
compositional analysis

« Aluminium concentration is negligible in the MXene synthesis product used in
freeze-casting, whilst chlorine concentration is less neglible and can be
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presumed to be a terminating group following the literature

 Fracturing FC structures must be done when samples are frozen to avoid
smoothing of surface during incision via shear

» The suspension at ~ 150 mg/mL is too high in concentration for lamellar ice-
growth which would lead to visible nanoparticle alignment in the lyophilized
FC structure

« When dropcasting suspensions for PSD production, the concentration should
be < 1 x 10° wt% to enable image analysis
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