3

V.

For the best experience, open this PDF portfolio in
Acrobat X or Adobe Reader X, or later.

Get Adobe Reader Now!



http://www.adobe.com/go/reader


d
REPORT DOCUMENTATION PAGE OMB NG, 040185

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
Date of Approval (when PA # issued) Briefing Slides 9/25/2020.
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Resistivity of Mesopore Confined Solvent Free lonic Liquid Determined by Electrochemical

5b. GRANT NUMBER
Impedance Spectroscopy of Ordered Porous Carbon Nanotube Supercapacitors

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Gibson P. Scisco, Mark E. Orazem, Kevin S. Jones, Kirk J. Ziegler 5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
. . . NUMBER
University of Florida 412TW-PA-20359

P.O. Box 116005
Gainesville, FL 32611

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)

412th Test Wing N/A

195 E Popson Ave

Edwards AFB CA 93524 11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release A: distribution is unlimited.

13. SUPPLEMENTARY NOTES
NanoFlorida 2020, Miami, FL, 9/25/20

14. ABSTRACT

Detailed analysis of electrochemical impedance spectroscopy measurements of carbon nanotube/anodized aluminum oxide/silicon
supercapacitors is presented. The highly ordered structure of the AAO allows for the extraction of in-pore resistivity of ionic liquids, which
is found to be 5 times greater than bulk resistivity. These pores are 24.4 + 4.6 nm in diameter, well into the mesopore regime and larger
than other pore where increased resistivity has been reported.

15. SUBJECT TERMS
Carbon nanotubes, anodized aluminum oxide, ionic liquid, supercapacitor, electrochemical impedance spectroscopy

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
Unclassified ABSTRACT OF PAGES 412 TENG/EN (Tech Pubs)
a. REPORT b. ABSTRACT c. THIS PAGE None 17 19b. TELEPHONE NUMBER (include area code)
Unclassified Unclassified Unclassified 661-277-8615

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18







Resistivity of Mesopore Confined
Solvent Free lonic Liquid Determined by
Electrochemical Impedance
Spectroscopy of Ordered Porous Carbon
Nanotube Supercapacitors

NanoFlorida 2020

Gibson Scisco
Dr. Mark E. Orazem
Dr. Kevin S. Jones

Dr. Kirk J. Ziegler

Approved for public release A: distribution is unlimited. 412TW-PA-20359

University of Florida





Specific power (W kg-")

Supercapacitors

-

Capacitors

Increase energy density

st-i

iems .~ Maintain power delivery
104 ~and cyclability
107 ih
102
o , 10n
'ID F J’f r
1 ’I'I o IIILJ.-’ o | I o -
102 10 1 i0 102 107

Specific energy (Wh kg~")

P.Simon and Y. Gogotsi, Nat. Mater., vol. 7, pp. 845—-854, 2008.

P. Simon and Y. Gogotsi, Phil. Trans. R. Soc. A, vol. 368, pp. 3457-3467, 2010

€A . 1 2
d 2
~  macropores >50nm

micropores <2nm

mesopores 2-50nm

University of Florida





lonic Liquids
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Nanopores Increase Capacitance

e Pores close to ion size,
<1 nm diameter
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Nanopores Increase Resistivity

* BMIM-CH,SO,
* BMIM- C.H,,0,50,

* Current-Voltage measurements of
individual conical nanopores

* Below 20 nm, resistivity greater

than bulk

* Dielectric spectroscopy of IL within
Si0, nanopores 7.5+ 0.7 nm

* Untreated (hydrophilic): 10-fold

drop in diffusivity

e Silanized (hydrophobic): return to
near-bulk values
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Electrochemical Impedance Spectroscopy

de Levie Model
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Electrochemical Impedance Spectroscopy

de Levie Model
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CNT-AAO Supercapacitors
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CNT-AAO Supercapacitors

Before CNT deposition After CNT deposition
D,=51%£11nm D,=24.41£4.6 nm
Pore density = 9.9 x 10°cm™ Pore density =9.9 x 10°cm™
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Control Flat Carbon

* Polished Al to P4000 grit and evaporated carbon to
match CNT-AAO

* Roughness factor 1.12 determined by AFM
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(a)

CNT-AAO Supercapacitors
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Ratio of Q Gives Ratio of Area

fL\AO i Q-derived Geometric Q/Geometric
Thickness Q ratio 5 Area
Area [cm?] 5 Area
[um] [cm?]
Control 1.00 7.21 7.21 1
18.0 17.77 134.42 389.59 0.345
32.7 32.65 244.83 706.57 0.346
55.4 102.86 772.59 1197.44 0.645
130.4 251.37 1882.35 2820.99 0.667

* Q-derived area lower than expected based on pore
dimensions and density

* Shift from ~35% to “65% between 33 and 55 um
thick templates
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TEM of CNTs

* ~30 um template
etched in NaOH,
CNTs collected and
imaged

e 5/32 (15.6%) tubes
showed possible
blockages

e Of these, 1 showed
complete filling

* Blockages seemed
more prevalent at
ends — may be
underrepresented
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N, Adsorption BET

 AAO without CNT — 4 samples totaling 481 um AAO
 AAO with CNT — 4 samples totaling 580 um AAO
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In-Pore Resistivity
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Conclusions

* CVD of CNT in AAO may not occur simultaneously on the
pore wall as previously thought

* Initiates at points on the wall with enhanced rates leading to
blockages within the CNTs

* Other blockages may be caused by complete filling of CNTs with
carbonaceous material

* Blockages more prevalent in thinner AAO
* CVD reaction determined by the reacting surface area

* Resistivity enhanced ~5 times in pores 25 nm in diameter

* Oxygen functional groups on surface of low temperature
derived CVD carbon! may create hydrophilic/hydrogen bond
inducing interface with IL

1P. Hou et al., J. Mater. Chem., vol. 22, pp. 15221, 2012.
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