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W\ W' Optical emission spectroscopy
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W\ W' Optical emission spectroscopy
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W\ W' Optical emission spectroscopy
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W\ W' Optical emission spectroscopy
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W\ W' Optical emission spectroscopy
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Temperature measurement
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Radial profiles of electric arc plasma temperatures in air, obtained by ( 6 ]
Boltzmann plot technique using Cul (m), Agl (o) spectral lines and by
relative intensities of Agl 405.5 — 768.8nm (A), arc currents 3.5 A (a)
and 30 A (b).



’\/\r M '  Optical emission spectroscopy

Electron density measurement
Element | A, nm =10 000%: ET: 10 om® ’igm'\'gr{]"X Reference
cul 448.0 0.422 2.370 [13]
515.3 0.346 2.890 [13]
R Agl 447 6 0.209 4.785 [14]
N.cm 466.8 0.230 4.348 [14]

1E16 - Stark broadening data.

1E15- I ™ Radial distributions of
electron density obtained by
Agl 447.7 (m), Agl 466.8
(A), Cul 448.0 (o) and

Cul 515.3 (/) nm

: : : \ : in arc current 30 A ( ]
0 1 2 p.mm 3 7
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’\/\r M \l\/‘ Laser absorption spectroscopy

Comparison of copper density

measurement
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Radial profiles of cooper atoms density of electric arc discharge plasma
obtained using OES (m) and LAS(o), arc current 3.5 A. ( 8 J




Conclusions

» Atomic data of Cul and Agl spectral lines were
carefully analyzed and selected. Namely,

oscillator strength of these elements are

recommended for spectroscopic diagnostics of
plasma sources with copper and/or silver

vapours.

» Stark broadening of Cul and Agl spectral lines

and parameters of this mechanism are testified.

W, nm

K =N /w,

Element | A, nm T=10 000K, N, = 10" cm’® 10% em Reference
cul 448.0 0.422 2.370 [13]
515.3 0.346 2.890 [13]
Agl 447.6 0.209 4.785 [14]
466.8 0.230 4.348 [14]
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520.9 | 1.0902 [4]
546.5 | 2.0335 [10]
547.2 | 0.3640 [11]
768.8 | 0.2392 [4]
827.4 | 0.1367 [12]
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More detailed information concerning experiment organization and
measurement techniques will be described during report:
“Spectroscopy peculiarities of thermal electric arc discharge
plasma between composite electrodes Ag-SnO,-Zn0O”
(15.40 p.m., 16" of May)
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A,nm | gf; | References | Legend

4275 | 0.9097 [1] N A, nm oifi References Legend
2651 | 1.4218 [1] N 405.5 0.2636 [8] 0
510.5 | 0.0197 [2] v 447.6 0.0300 [8] o
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570.0 | 0.0057 [5] > 546.5 2.0335 [10] *
578.2 | 0.0130 [6] " 547.2 0.3640 [11] .
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Table.1. Selected Cul spectral lines and Table.2. Selected Agl spectral lines and
their atomic data. their atomic data.
Element | 2,nm | ,._ . 000[\/1” erenz 10" o’ ]{10_24|\|Cen<VX Reference
cul 448.0 0.422 2.370 [13]
515.3 0.346 2.890 [13]
Agl 447 .6 0.209 4.785 [14]
466.8 0.230 4.348 [14]
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Abel transformation:

SRy :
o 1)=2 | etnax=2] T

] 0 y r— y
£(r) — local emissivity

X r

[*] proposed a method of representation of the this integral equation as a system

of linear equations n
()= Ll (¥i)
k=1

* Bockasten K. Transformation of Observed Radiances into Radial [ J
Distribution of the Emission of a Plasma // Journal of the optical society
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Model of local thermal equilibrium

3/2 5
myv o -
dn(v) = n47{ j exp(— jvzdv - distribution law of velocitie
2k5T of plasma particles (atom
molecules, ions) is

subordinate to Maxwell

m
27K, T

and k-th state are from the Boltzmann

i _ 9 exp(— A ikj - value of concentrations of particles in the i-th
formula

+ 2 + 3/2
n N — Z (ZMKBTJ exp( 5, j-concentrations of plasma

kBT components (electrons,
atoms and ions) linked
Saha equation of
lonization




Technique of relative intensities of spectral lines

|ki — NkAkithi - Intensity of spectral lines

| :II dv = 1 9¢A nhvexp _ E, - for optically thin plasma the
Y A Za kET Intensity of spectral lines

|1 A Qi AZZ exp| — E, -E, - the ratio of intensities of two
I, Azgznzﬁizll kT spectral lines

L Aigl p[_ El B Ez j - if two lines belong to the
| Azgzﬂi kT same atom or ion

TIK]=

EZ_El

| A - temperature of pllasma from
k,{lnl—ln A0, (

method of relative
| 5 A2 gzﬂl intensities of spectral lines




Electron density in case of dominating Stark broadening of
spectral lines
N, =K-A1

K — proportionality coefficient, which reflects the electrons density normalized to
the half-width of the spectral line

Method of calculation electron density
In case with current 3.5A

Ne =D N;; j —>Cu,Zn,N,0
U. i
NN, =4.85-10"N, L T7¥% =" U,
: U, N2 =4.85-10°T¥?> | N, —Le™
UJ'
. 15 3/2 —E kT
NZ =4.85-10"T NCUZ[ ) .
U, B~ Nc,
E5153 u kT
Cu 5153Uc3u E5153 /KT ls1s)e - 7 i2s0a




