Hope College
Hope College Digital Commons

23rd Annual A. Paul and Carol C. Schaap
Celebration of Undergraduate Research and
Creative Activity (2024)

The A. Paul and Carol C. Schaap Celebration of
Undergraduate Research and Creative Activity

4-12-2024

Material Characterization for Industrial Processes of Thin
Titanium Nanotube Films

Nathaniel Jobson
Hope College

Jacob Walther
Hope College

Justin Rink
Hope College

Wil Pinkerton
Hope College

Follow this and additional works at: https://digitalcommons.hope.edu/curca_23

6‘ Part of the Physics Commons

Recommended Citation

Repository citation: Jobson, Nathaniel; Walther, Jacob; Rink, Justin; and Pinkerton, Wil, "Material
Characterization for Industrial Processes of Thin Titanium Nanotube Films" (2024). 23rd Annual A. Paul
and Carol C. Schaap Celebration of Undergraduate Research and Creative Activity (2024). Paper 43.
https://digitalcommons.hope.edu/curca_23/43

April 12,2024. Copyright © 2024 Hope College, Holland, Michigan.

This Poster is brought to you for free and open access by the The A. Paul and Carol C. Schaap Celebration of
Undergraduate Research and Creative Activity at Hope College Digital Commons. It has been accepted for inclusion
in 23rd Annual A. Paul and Carol C. Schaap Celebration of Undergraduate Research and Creative Activity (2024) by
an authorized administrator of Hope College Digital Commons. For more information, please contact
digitalcommons@hope.edu, barneycj@hope.edu.


https://digitalcommons.hope.edu/
https://digitalcommons.hope.edu/curca_23
https://digitalcommons.hope.edu/curca_23
https://digitalcommons.hope.edu/curca_23
https://digitalcommons.hope.edu/curcp
https://digitalcommons.hope.edu/curcp
https://digitalcommons.hope.edu/curca_23?utm_source=digitalcommons.hope.edu%2Fcurca_23%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/193?utm_source=digitalcommons.hope.edu%2Fcurca_23%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@hope.edu,%20barneycj@hope.edu

®Hope Material Characterization for Industrial Processes of Thin

COLLEGE Titantum Nanotube Films

N. Jobson, J. Walther, J. Rink, W. Pinkerton, V. A. Bunnell, R. Phillip, Hope College, Union Christian College

Abstract Methods

Material characterization Is an important step In the experimental processes., |Access to pure compounds for material creation can be a barrier to| |To properly identify the samples 2 measurements were required, the material
This step ensures that the sample’s processing yields the intended results. This| |the use of certain material processes. By characterizing thin film| |composition and the film thickness. To find the material composition x-ray
work outlines the process taken to analyze and characterize a set of industrial| |samples, shown in Figure 1, the process can be validated. In the| |diffraction, done with the Scanning Electron Microscope, gave a preliminary
thin films. Our characterization starts with an elemental baseline from scanning| |case of TNT films, the shape creates an increase In surface area| |composition, which aided in the RBS fitting. To measure the thickness and

electron microscopy (SEM). The composition is verified by SImNRA| |which Is advantageous In cases such as energy storage. supplement the material composition as measured by the SEM, Rutherford
(Simulation Nuclear Reaction Analysis) calculations fitting Rutherford - v Backscattering data was collected by exposing the samples to a proton beam at
Backscattering (RBS) data collected from a silicon surface barrier (particle) Fiqure 1: TNT samples atranged on a tick for s ] Y el energies of 2 MeV and 3.4 MeV. The RBS data is then fit using SIMNRA,

detector. PIXIE analysis.

Scanning Electron Microscopy Rutherford Backscattering (RBS) SIMNRA Fitting

The first step to the characterization of the thin film samples was done with a| |The second portion of the characterization was done with| |[SIMNRA fits the RBS data collected with the particle accelerator. The Initial
Scanning Electron Microscope (SEM) and x-ray diffraction. The SEM works, |Rutherford Backscattering (RBS) data from a proton beam, created| |characterization that is done by the x-ray diffraction gives a set of Initial
by using a beam of electrons iInstead of light, which allows for improved| |by the Hope College 1.7MV particle accelerator. A key difference| |parameters for the fit. By giving the software the detector geometry and beam
resolution, an Image of a sample can be seen in Figure 2. X-ray diffraction| |between the proton radiation and the x-ray radiation Is the depth| energy, a spectra for each particle can be created and scaled to match the
works by exposing the sample to x-rays, which put particles into an excited| |[that the radiation can penetrate, largely due to protons possessing| |experimental data. When running the accelerator at higher energies non-
state. When the particles transition back Into a relaxed state, they give off| |mass. By increasing the depth it allows for the sample thickness to| |Rutherford reactions can occur, requiring differing models to be applied. The
different energies of light corresponding to the given element. By fitting the| |be measured. To record a measurement the samples are placed in| |initial beam energy of 3.4 MeV created too many reactions which impacted the
spectra the surface composition can be found as shown in Figure 3. The results| |front of the beam in the test chamber, shown In Figure 5. fit shown In Figure 6. To reduce the number of reactions and increase the
can be overlald as seen in Figure 4. N G density of counts, a second run of data was collected at 2.0 MeV, which gave

S e e | an improved fit, shown In Figure 7.

giving measurements of both thickness and composition.
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Figure 2: Image of TNT K4 sample at 1000X Figure 3: Fit of TNT K4 Sample With SEM Figure 4: Composition Data Overlay for TNT ST T e T T e

e K4 Sample Figure 6: Fit of TNT sample at 3.4 MeV Flgure7 Fit of TNT sample at2.0 MeV
Results Future Work Acknowledgements

The thickness and material composition of all 6 TNT After analyzing the fit for the different TNT samples, it| |We would like to thank Dave Daugherty
samples was measured by fitting in SIMNRA, the results ] was noticed that the particle steradians was significantly| [for his help in the use and maintenance
are shown in Figure 8. By examining the ratio of each e P - ey e o || [OWET than expected. The initial thinking is the roughness| |of the particle accelerator.
of the samples’ composition and thickness, the creation R el of the TNT sample reduced the back scattering, which in
of TiO2 nano-tubes, Figure 9, was verified by comparing turn reduced the counts. More time should be spend to
to the expected values. In fitting the data there were 3 Eﬁ% better understand the discrepancy In this measurement.
layers, the expected nanotube sample (Average of 2.43um), v | 2o | =ad = | Additional thin film samples were also sent from Union
a thin oxidized layer of titanium, and a final thick layer I T R R Christian that will also be measured to confirm their
of titanium as the substrate. The sample thickness shown o Figued:TNTSample composition.

Figure 8: Table of Sample thicknesses and Zn-Doped TiO, Nanotube/ZnO Nanoflake Heterostructure with Enhanced

here Is for the first layer corresponding to the nano-tubes. composition 055 i Naels .55 1 10
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