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Abstract : The new system using a glow discharge atomic emission spectrometer for the direct analysis of
solid samples has been developed and characterized. The system was consisted of new glow discharge cell
improved previous gas-jet boosted nozzle and radio-frequency power supply. In the case of previous type
glow discharge chamber, it had been fitted trace analysis of low alloy steel with low discharge power,
because it was to decrease redeposition and increase sample weight loss. But it had a problem that plasma
becomes unstable due to increased sample weight loss and redeposition resulting from the high discharge
power. Because of being problem of previous glow discharge, it is impossible to analyze using high
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power. The modified gas-jet boosted glow discharge to solve this problem would improve to be less

sample loss rate of modified nozzle than sample loss rate of previous nozzle on the equal discharge

condition, and improve to increase stability of plasma.

The effect of discharge parameters such as discharge pressure, gas flow rate and power on the sample

loss rate, emission intensity has been studied to find optimum discharge conditions. The calibration

curves of Fe were obtained with 3 low-alloy samples.
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Fig. 1. Schematic diagram of the gas-boosted glow
Discharge atomic emission spectrometry.
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Fig. 5. Effect of pressure on the emission intensity of
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a) Power 20 W, Gas flow rate 500 ml/min.
b) Power 30 W, Gas flow rate 500 ml/min.

3247 nm®] A= WEA A7 Afdde BHEE 2
torrol] W3] FEg WilE g1

gk ®slol] oA W g Ik Wl 9=
7h SVEFE A HEA A7
e As BoF1 gtk aga WA

A Fig. 5-bollA WA HES 30 w2 & o,
o] S7HEFE Cu ot Cu(e] W= A717L Fig.
5-aRTh ztol7t @ol e AoE AR Ut o]

o2
)
o
g
=
=2

27 2oz} U o]frE Fig. 49 Fig. 58 A2 Hlm
3] HH 20 WollAl W g wsle] vls) Alg &4
o] 30 woll Hlg| dZHE Ao} HARE & F7)
AN, 30 W 4 torroll A 7HE B AR Ao
yeha, o] we] WEA AVe B Wiyl 2oz
3 9JSlth ol9h o] WEA AVl AR &AFHY

wdo] sle& YEhiaL Ao
Fig. 62 573 7 oA W dEs wsiag



I~}
BN
rio
[

*
[>
S
2
il
[
il
ol
o\
e
=

2 AT AT AR

o2 A BEA A7l mAE 9 ARE e B 37} oled, ol a4k AA F4ol o &
9 Aolth. Fig. 6adld AP 40 WolX F48H4 4 Fetn B $ ok cu@) 2824 nmolAE AA F5
e AL B 5 Ik = Cul) 2824 nme] WA 7h dojuA] eda A AHYo] SR A 2ol
A71E 40 WETE Eobgel el wol yehAw  FTkke A% @ F7F AAT cumitel F7HEHA
Cu) 3247 nme 992 Zoj=e ZAL & F Sk &g & 7 Atk
oJAE A Fvt doju= AR B g 3inh ¥ Fig. 72 3d 283 W qkEe F7hZEYY
2o WA Ao Hl8] modified gas-jet boosted FZ$- DC Hpolo]~ AHete] WalE Jehd o]t} DC i)
WA Aol A F57F Bel dojus o] 2 5 ol HAYE AR &4 g Fehavte] 2TEHY A
Aok & 4 Siok. #E gog vehidl Bk WA gelo] wess v}
Fig. 6-b9lX= 5 torr, 500 ml/min®] 750 Cu(l) oloj2 H]te] AAE AE E 4 ded, o WA
3274 nm7k WA Aol AR w} Fol=e S ol WErE A

N
Aol Aol AA7] wjEolct.
= 9 age] 2l A A3t
9] Aole =& FET AR Afolo| dark space
proz FRtes ssHud qdes I
g w2 gt go] dojuA|
T 2HE Y &&o| wolE FA A9 o] Azt
ZollX SA YATIO] negative glow FEO.Z o]F3}
7] Wil Ego] Eusle] HH xo] B FE
Aol oflt}. wielojx At Fol E tE 54

B Aol w25 voloiz Agte] et

fd

Relative
emssion
intensity

9\)]\
o
]
w7 &2 Anxom Feparie WETE A4 #
< & 57 8l o] EEfavt dke Eeps
=5 w0 st 4 We A, ARt ¥

bIe & 57} ek

[¢]

40
wl
ol
Bias ol
potential
W) el
tial
v F
190
100
ol
b) Storr, 500 ml/min. 0
Fig. 6. Effect of power on the emission intensity of b D:mage;%sure(ISr) v
Cu(I) 224.7 nm, Cu(l) 282.4 nm, Cu(l) 324.7 nm, B er———
Cu(l) 327.4 nm, Cu(Il) 427.8 nm, Cu(I) 521.9 nm.
a) Pressure 2 torr, Gas flow rate 500 ml/min. Fig. 7. Effect of pressure on bias potential at power
b) Pressure 5 torr, Gas flow rate 500 ml/min. 20, 30, 40, 50 and 60 W.

Analytical Science & Technology

Copyright (C) 2005 NuriMedia Co., Ltd.



Modified gas—jet boosted radio—frequency glow discharge 412} 7jgt 2

3.2 7t SEO| Hisl [ME AIZ &alEka W
E MN7I19 Hst

29 e Gz HEYoA AREE o 13|
oF & B9 siu= 2¥EHIH A5 A2t 373
AG7A] ERtElojo} gtk Atdolth A 4EE 4
torr¢} WA AELS 40 WE 1A Aol Tk
FELS 100, 200, 300, 400, 500 ml/min®.E wW3la}
AA B2 A7IE S-S Fig 85 BW 973
i
|

(ol

g g HYs AE o 7k S5 %0] 400 ml/min
o] FE <= Cu(l) 3247 nm®] B¢ A&H R F7let
W2 Zo]=e AES Holi gtk Cu()Y
QAYEA A7) Zol=e ofe AH F49 AL
2 AAHEY. a8 o] WwE MAE AEHeE SAHY

AT BED AL EolEe A

A
a9 244 P 7o) Yok @yol dolgie.
300000

Relative
emission
intensity

Wavelength
(nm)

Fig. 8. Effect of gas flow rate on the emission intensity
of Cu(Il) 224.7 nm, Cu(I) 282.4 nm, Cu(l) 324.7
nm, Cu(l) 327.4 nm, Cu(Il) 427.8 nm, Cu(l) 521.9
nm. Pressure 4 torr, Power 40 W.

Fig. 9k o] 348 Holl RErtxs FU8HA Gk
€ A4S Azte] BEFE WEA AP EolEE A

rok

3.3 29 WA Mo| Z2ADt oFEM0| 2

29 U AdA ZEkavle] S AT
A= B Fig 99} Zo] WA Al 3ESFE

ot

Vol.15, No.2, 2002

Copyright (C) 2005 NuriMedia Co., Ltd.

Y
2
ol
=2
e
o
re
-
—_
ja
w

Z 7125 FYA E%e W WEAVTE A
o} oz EAHS B S8 2 wd de =
A& Aol Bz 7f2E FYste WE AVI7F 2AE
= AL A2 F AU REItAE FYsA] gt
Sy 100 Z2FEE g9 IHoz WEH AUt
Zoj=E AL B 4 9lon, oF 600 olMe WEA
of A7I7F A 282 FEE AS B F e w
W, BE 7125 FYIS e BEAe Al w3}
7F glslth 7] Rl Bl Aol o8| Zefvrirt
R B HF7F 58 Fo AT MRl
sz Hed 7] $ddAe BE 7FarE FYEA
ggu) Zekavprl HFEA He Aol BEIbAv)
A9 Zekavte] b= A7kl vl thd ZojR
<, Bx7t27t S0t wet Fefivte] M EE

AZko] Fobxth

600000
auxiliary gas of observed window

500000 f
B
e
2
.S 400000 p
c
kel
@
£ 300000
=
()
_g 200000 not auxiliary gas of observed window
<
o

100000

0
0 100 200 300 400 500 600

Time(Second)

Fig. 9. Temporal stability of without purging and with
purging gas for trace elemental Emission line.

W w
&~ N
o
om
H
forz

gk
> |

e -
H
m T
w
i
°, [U[O
k=3
oftt
(o
il
A
ofN
o
e

+ o e
) :
[
"0,
)
2
&
~
[>
fol
ot
L
&)

B
2
By
)
g o ¢
@
>
QL
2
o%
Y
BN
)
tllo
4™
QL
X8
o

|4 Nie] 0.37%, 0.56%, 2.16%7}
4 ZAstd A A AFRHE T
AL w Fig. 109 o] 09801t} 1ela Cro
Sole 12%, 16%, 24%7}F = o AF =
N
el

i)
2

0
ol
2
o
of
1p

2o

¢
o

293t R*S Tak32ul Fig. 10-b8} 2] 0.99
th AN AP)AFE S92 253 nmPF2AA

2 ¥} 44l sl HES S5 gx g,



114 ZYR* . ABolE W

fl
ox
o\
i<y
o
rio
=1
jan
=1
ot
)
kol
25

£ dFdAe PEREE 3FS 213 nmollA S48t 4. 4 =

A AL Agstgler, Fig 10colMgl o] BF

E2Q Fe@aolA PAELS 0.016%, 0.022%, 0.03%7}F Modified gas-jet boosted nozzle®} Radio-frequency
Frslol da, ARAFR)7F 092 A4S HY ALZRAE o] &ste 22F B WHoRE Fepant
th. PR M= 0016%4 003%7H4 He F o] AR AUEE AN st F2¢ A
2 H9E 7 S-S

REEEAEEY Aol Bz AaE FYenh Fekwle] ogae

BE R 2] 84 %2 el WA A7)}
@ Azrel Aol mre A7)} Ahste W BE Tk
7 el @ W 3 A7 Akl mre} s

TEA
40000
2 35000 | 7F itk Elal AlE EAF0] 60 WOl = A&3
8 30000 f o2 IUWIRAL, AR FEo WAS o= M =
§ 20000 © AEg AgslolE Bk e Eearle 84
% 20000 F
oo | T 5 Qo AE WA 2 AQEY FEA e
% 10000 | Ao 2 Yehylth
& so00 |
0 : : : - -
0 05 1 1.5 2 2.5 & 28
Concentration(%)
(b) 1. W. Grimm, Spectrochim. Acta, 23B, 443(1968).
2. 1. B. Ko, Spectrochim. Acta, 39B, 1405(1984).
120000
@ 100000 | 3. R. K. Marcus, “Glow Discharge Spectroscopies”, 24,
£ boooo | Plenum Press, New York, U.S.A.(1993).
é 60000 |- 4. P. R. Banks and M. W. Blades, Spectrochim. Acta,
o 40000 | 44B, 1117(1992).
g 20000 5. P. R. Banks and M. W. Blades, Spectrochim. Acta,
0 44B, 1287(1992).
10 15 20 25
Concentration(%) 6. P. R. Banks and M. W. Blades, Spectrochim. Acta,
© 44B, 1435(1992).
7. D. S. Gough, Anal. Chem., 48, 1926(1976).
} 1800 8. A. E. Bernhard, Spectrosc., 2, 24(1987).
5100 9. H. J. Kim and E. H. Piepmeier, Anal. Chim., 60,
E 1400 |
= 2040(1988).
% 1200
£ 1000 | 10. W. B. Cho and H. J. Kim, Appl. Spectrosc., 51,
2 800 | 1060(1997).
<
& 600 | 11. W. B. Cho and H. J. Kim, Appl. Spectrosc., 51,
400 1062(1997).
0.015 0.02 0.025 0.03 0.035
Concentration(%) 12. W. B. Cho and H. J. Kim, Appl. Spectrosc., 51,
1061(1997).

Fig. 10. Calibration curves of Ni in alloy iron(a) Cr in
alloy iron(b), P in alloy iron(C) measured with
RF-GDS. Condition 2 torr, 500 ml/min, 30 W.
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