Project 3

* Title: Planar plasma jet: characterization, diagnostics and surface
interaction

* PIl: Danil Dobrynin, Drexel University

* Need and Relevance: planar He jet characterization for future

applications (surface treatment, plasma medicine); development of in
situ diagnostics

* G@Goals: to understand planar He plasma jet development and its
characterization; development of in situ diagnostics

* Approach: characterization of uniformity, measurements of plasma
parameters and chemicals in gas and liquid phases

* Outcomes/Deliverables: data on planar jet development, propagation
and chemical characteristics; development of in situ diagnostics

Project Duration, Budget: 3 years, $120k
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Plasma jets for surface treatment/medicine
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Multi-jets, arrays, "brushes” for large surface treatment
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Surface wave propagation

In noble gases, the anode glow can propagate as ionization wave along the dielectric
surface outside of the discharge gap. For the case of traditional dielectric tubes, the

lonization wave appears as what is known as a “plasma bullets”, often with characteristic
“donut” shape




Planar He DBD plasma jet

/ / 2D plasma bullet - planar jet
N
:l_ feflow > propagating wave
ey T  inside the chamber
HV
— electrode

High Pressure Plasma Energy, \/ ] Trecrone:

UNIVERSITY

Agriculture, and Biomedical Technologies Drexel T NS




Planar He DBD plasma jet
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Need and Industrial Relevance

* Uniform plasma treatment with
controllable parameters

Materials

and Manufacturing
* E.g., Plasma deposition
* Plasma etching

e Surface treatment

Plasma Medicine
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Project Goals

* The goal of the proposed efforts is to carry out a
fundamental study of the planar DBD-based plasma jet,
and especially to understand physical mechanisms of jet
formation via measurements of electric fields, jet
attachment and interaction with the treated surface and
to measure reactive chemistry (e.g., gas phase OH and
liquid phase H,0,)

e and to explore possibility of using Raman scattering for in
situ detection/measurement of reactive chemistry
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Objectives

* Quantitative characterization of planar He plasma jet uniformity
and reactive chemistry

imaging of the discharge dynamics and development and quantification of
plasma uniformity

measurements of electric fields inside the plasma chamber, during
propagation and at the treated surface

spatially resolved spectroscopy to determine plasma characteristics
(temperature)

spatially resolved measurements of OH generation in gas phase and its
delivery into liquid (H,0,)

* Explore possibility of using Raman scattering for in situ
detection/measurement of reactive chemistry
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Approach/Methods

* Fast imaging

* Optical emission
spectroscopy

* Absorption spectroscopy

Fluorescence spectroscopy
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Task 1: quantification of uniformity
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Task 2a: measurements of electric field
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Task 2b: temperature measurements
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Task 3a: measurements of OH

* Absorption spectroscopy

Lptasma+LED D —Lpiasmad)
AN =1- 2 P
) Liep(D)—Lpack(A)

OH emission in H2/H20 DBD
—— OH emission in air/fH20 DBD

Ll
”J ¥

\ \\M )\ 1 ﬁ M
JHWJ] \} H H/ }

S MMJIIWWWWV/\[ ahollry iy MMW'VW MMLM'L

Emission, a.u.

C eab High Pressure Plasma Energy, ﬁ
* : S : [aicuican | SRiCToN
Agriculture, and Biomedical Technologies Drexel T M T s



Raman spectrosco
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Figure 16. Raman spectra of various HO,/H>O solutions in a cuvette. Measurements were made on eleven
different concentrations of H,O, ranging from 0% to 49.8 wt%, only five of which are plotted here for

better clarity.

Table 1. Raman band assignments

Raman shift (cm™)
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Project Budget (per year)

hem T

Salaries/stipend $ 35000.00
Supplies S 5000.00
Purchased services $0.00
Equipment $0.00
Travel $0.00
Project total” S 40,000

"C-PEAB leadership recommends not to exceed $40,000/year unless discussed with I1AB
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C-PEAB Project Proposal

* Title: Planar plasma jet: characterization, diagnostics and surface
interaction

* PIl: Danil Dobrynin, Drexel University

* Need and Relevance: planar He jet characterization for future

applications (surface treatment, plasma medicine); development of in
situ diagnostics

* G@Goals: to understand planar He plasma jet development and its
characterization; development of in situ diagnostics

* Approach: characterization of uniformity, measurements of plasma
parameters and chemicals in gas and liquid phases

* Outcomes/Deliverables: data on planar jet development, propagation
and chemical characteristics; development of in situ diagnostics

Project Duration, Budget: 3 years, $120k

C eab High Pressure Plasma Energy, & L) %
p Agriculture, and Biomedical Technologies Drexel T M1 Seers



