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A few more small project presentations
Paper #9 Revisit
Nanofiber-based Energy Generator
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Micromaterial Testing Rig
● Thermoactuator Grippers
● Comb Resonator for cyclical 

fatigue loading
● Single Wall CNT strain gauge  

for very precise 
measurement of the applied 
loads to the material

● Can test small fibers or 
structure under specified 
loading conditions



SWCNTs for Radar Absorption on Stealth 
Aircraft

Process
● Use CVD to synthesize a forest of SWCNTs 
● Separate the metallic SWCNTs from the 

semiconducting SWCNTs using dielectrophoresis
● Create a mold of many pyramidal holes, into 

which a mixture of epoxy and the metallic 
SWCNTs will be poured into.

● The Epoxy-CNT nanocomposite will then be 
binded to the surface of the aircraft using a layer 
of epoxy resin

Properties
● Metallic SWCNTs absorb the microwaves that 

RADAR systems emit and convert them to heat
● Metallic SWCNTs have a high thermal 

conductivity, so they are able to quickly dissipate 
the heat generated in order to avoid being 
detected by the thermal signature that is 
produced

Advantages
● Lighter weight than metallic radar absorbing 

material
● The pyramidal shape of the nano-composite 

serves to deflect the unabsorbed radar waves 
away from the RADAR system that emitted it

Carson Bacci & Cindy Valenzuela



Analysis of multi-functional nanocomposite-based self-
healing polymers Kai Lyubchenko

Objective: Combine self-healing polymers with 
functionalized carbon nanotubes to create more durable 
self-healing composites for long-term use in electronic 
and medical devices 

Background: Self-healing polymers rely on a variety 
of chemical bonding methods to autonomously repair 
damage and regenerate degraded areas.

Functionalized carbon nanotubes can be combined 
with these polymers and reinforce the self-healing 
process by introducing more covalent character to the 
polymer, as well as making the polymer more durable.

Results: Analysis and method development for the synthesis and application of a variety 
of CNT polymers, as well as the classification and characterization of these materials.

Problem: 

- Polymeric coatings degrade with use over time, 
and lose their functionality 

- Many such coatings are expensive to re-apply, 
and are used in electronics where they are 
difficult to replenish 

1) Christopher B. Cooper et al.,Autonomous alignment and healing in multilayer soft electronics using immiscible dynamic 
polymers.Science380,935-941(2023).DOI:10.1126/science.adh0619
2)  J. L. Bahr, J. Yang, D. V. Kosynkin, M. J. Bronikowski, R. E. Smalley and J. M. Tour, J. Am. Chem. Soc., 2001, 123, 6536–6542 
3)  Yuxin Jiang, Margaret Minett, Elizabeth Hazen, Wenyun Wang, Carolina Alvarez, Julia Griffin, Nancy Jiang, and Wei Chen Langmuir 2022 
38 (41), 12702-12710 DOI: 10.1021/acs.langmuir.2c02206

https://doi.org/10.1126/science.adh0619


Near Field Electrospinning : TES vs NFES

Method Forms Distance (cm) Voltage (kV) Dfiber (μm)
TES SES; MES 5–50 10–30 0.01–1
NFES solution NFES; melt NFES 0.05–5 0.2–12 0.05–30

[1]A. J. Robinson, A. Pérez-Nava, S. C. Ali, J. B. González-Campos, J. L. Holloway, and E. M. Cosgriff-Hernandez, ‘Comparative analysis of fiber 
alignment methods in electrospinning’, Matter, vol. 4, no. 3, pp. 821–844, Mar. 2021.
[2] A. Frenot and I. S. Chronakis, ‘Polymer nanofibers assembled by electrospinning’, Curr. Opin. Colloid Interface Sci., vol. 8, no. 1, pp. 64–75, Mar. 
2003.
[3]X.-X. He et al., ‘Near-field electrospinning: Progress and applications’, J. Phys. Chem. C Nanomater. Interfaces, vol. 121, no. 16, pp. 8663–
8678, Apr. 2017.

Various Fiber Alignment Methods in Electrospun fibers

(A) NFES Schematic (B) SEM photomicrograph of tungsten tip diameter of 25 µm. 
(C) 50 µm diameter polymer solution droplet (D) jet is ejected from the apex of a 
Taylor cone under electrical field (E) Decrease in droplet size during 
electrospinning process.

Ju Young Park
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Nanofibers Control

- Greater control when nanofiber 
electrospinning speed is faster 
than collector moving speed

- Local spiraling decreases as 
collector speed increases

- 1.5 μm, typical distance 
between nanofibers with no 
external control 



Locational Accuracy

- Spinneret and collector held stationary, 
local spiraling due to electrical charge 
of nanofibers and self-repelling 

- Traditional electrospinning creates a 
much more widespread result

- Figure A demonstrated radial spread of 
just 50 μm, elliptical pattern of Figure B 
within 300 μm

- Suggests the ability for locational 
control on conductive collectors



NFES Power Required

- Minimum required voltage 
increases as electrode-collector 
gap increases, or polymer 
solution concentration increases

- Silicon-oxide collectors require 
more voltage than just silicon

- Nominal polymer droplet 
diameter of 50 μm utilized



Experiment Conclusions

- Possible to deposit nanofibers with both pattern and location control
- Spiraling effects are minimized when the spinnert and collector have 

comparable speed
- Experiment factors include:

- Viscosity, conductivity and surface tension of the polymer solution
- Applied electrical field
- Tip diameter of the spinneret
- Size of the droplet
- Temperature, humidity, and air velocity.



Future of NFES

- Provides similarly effective, significantly 
less expensive alternative to industry 
standard lithography tools

- Potential use to integrate nanoscale 
devices in microelectronics and MEMS

- Formulate large area, nonwoven 
nanofibers
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What’s the limitations?

 Alignment of nanofibers.

Thinner fibers Longer distance
Whipping

Higher Voltage 

D. Li et al, 2004 J. Kameoka et al, 2004A. Theron et al, 2001

Conventional Electrospinning for smaller fibers: 
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Near-Field Electrospinning 
Electrode-to-collector distance: 500–1000µm
Drive voltage: 600–1500 V
Tip diameter: 25 µm or smaller

 

Collector 

High 
Voltage 

Probe Tip 

Polymer 
Solution 

Liquid Jet h 

Taylor cone

Polymer Jet

10µm10µm

20µm20µm 25µm



Microsystems Laboratory
UC-Berkeley, ME Dept.

23Liwei Lin, University of California at Berkeley

Comparisons 
Conventional Electrospinning Near-Field

Needle Spinneret Metal probe tip

Several hundred µm Spinneret Diameter 25 µm or smaller

Continuous supply Polymer Supply Dip pen

10–30 KV Applied Voltage As low as 600 V

Very long Nanofiber Length Centimeter to meters

10–50 cm Electrode-to-collector Distance 500–1000 µm

Controllability
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Characterizations 
Machine-controlled electrospinning
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Conventional Electrospinning 
 J. S. Lee, K. H. Choi, H. Do Ghim, S. S. Kim, D. H. Chun, H. Y. Kim, and W. S. Lyoo, J. 

Appl. Polym. Sci. 93, 1638 2004.
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Methods
 DPN

• Uses AFM to deliver 
collections of 
molecules

• Better than 30nm line 
width

 Inkjet printing
• Large area, fast 

deposition
 NFES complements 

the two for 
controllable sub-
100nm fabrication
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Results & Limitations 
3~7 wt % Polyethylene oxide (PEO)
Nanofiber diameter: 50nm– 2µm
Manual control
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Continuous Near-Field 
Electrospinning

Direct writing of large area patterns
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Large Area Deposition
• A single nanofiber in a designed trajectory

– 4X4 cm2 area
– 15 min deposition period for a total length of 

108 m, nanofiber has a diameter of 700 nm

100µm
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Potential 
Machine-controlled electrospinning
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How Does It Work?
 Piezoelectric Property of PVDF

• Mechanical Strain  Electrical Potential
• PVDF exists in several forms: α, β, and γ 

crystalline phases
•  β phase is primarily responsible for 

piezoelectric properties → Dipole orientation
 Poling process 

• Bulk  or thin film PVDF
– Stretching and strong electric field

 Electrospinning → In-situ poling 
process
• Electrospinning of PVDF from its solutions 

promoted the formation of β phase.
• In contrast, only the α  and γ phases were 

detected in the spin-coated samples from the 
same solutions

Polymer 
droplet

Polymer jet
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What’s the Challenge? 
• Conventional electrospinning

– Random orientation
• The polarities of these nanofibers 

mostly cancel out each other and the 
net piezoelectric output is close to 
zero

• Near-field electrospinning
– Orderly  nanofiber patterns with 

controlled direction of polarity
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PVDF Nanogenerator
• Fabrication process

– Spacing between electrodes: 100~500µm
– Fiber diameter: 500nm~3µm 

• Experimental setup
– Inside a Faraday cage

(Not to scale)
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Nanoletters, Vol. 10, pp. 726-731, 2010
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Mechanism - Piezoelectric Response

1. Start stretching
2. Hold stretching

3. Start releasing
4. End of release
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Effect of Strain Rate
• The current generated by strain in poling direction

d33:piezoelectric constant E: Young’s modulus      A: cross sectional area
– Current output depends on strain rate
– Charge depends on applied strain

33i q d EAε= = 
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Effect on Stretching Frequency
• Higher frequency → Higher electric output

2 Hz 3 Hz 4 Hz

Stretching

Release

2 Hz 3 Hz 4 Hz

Stretching

Release
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Long Term Stability Test
• 0.04% strain applied at a frequency of 0.5Hz for 100 min
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