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Analytical Conditions for Quantitative Analysis of Lead in Steels in Direct-current or
Radio-frequency Glow Discharge Optical Emission Spectrometry

Kazuaki WAGATSUMA
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: Optimum analytical lines as well as the discharge conditions for lead determination in steel samples were investigated in direct-current and

radio-frequency glow discharge optical emission spectrometry (d.c. and r.f. GD-OES). Two emission lines: PbI 405.784nm and Pbll
220.356 nm, were compared on their analytical performance in d.c. GD-OES, indicating that the PbII 220.356-nm line should be selected as
the analytical line because the emission intensity is much larger than that of the Pb1 405.784-nm line. Several iron lines were also measured
for correcting variations in the sampling amounts so that the emission intensities of PbII 220.356 nm can be estimated more accurately.
Atomic and ionic iron lines, such as FeT 344.374 nm and Fe Il 254.874 nm, having similar excitation energies to Pb 1I 220.356 nm, were suit-
able for the internal standard line, because their emission intensities well follow the intensity of the Pb I line when the sampling rate and the
excitation conditions are changed. In r.f. GD-OES, a bias-current introduction method was employed for enhancing the emission intensity of
the Pb1405.784-nm line. By conducting of the bias-current of 33 mA at the r.f. power of 80 W, the emission intensities were 12 times larger
than those obtained with the conventional plasma. This effect contributes to Pb determination with a higher detection ability in r.f. GD-OES.
optical emission spectrometry; direct-current and radio-frequency glow discharge plasma; lead; analytical emission line; internal standard
emission line.
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Table 1. Instrumentation and the experimental conditions.

Glow discharge excitation source

hollow electrode

distance between the electrodes

plasma gas

Spectrometer
mounting
focal length
grating
blaze wavelength
slit width

(a) DC Discharge

DC power supply

voltage range
current range

(b) RF Discharge

RF linear amplifier

available forward power
frequency range

RF driver amplifier

Function generator
available frequency range

Roller-inductor tuner

DC/RF separator (low-pass filter)
cut-off frequency
time constant

Grimm-style structure
(Laboratory-made)

8 mm in inner diameter
0.2-0.3 mm
Argon(99.9995%)

P-5200 (Hitachi Corp., Japan)
Czerny-Turner

0.75m

3600 grooves/mm

200 nm

30 um

Model KLOO5R540-20
(Glassman High Voltage, Inc., USA)

0-5000V

0- 500 mA

Model HL-2K
(Tokyo High Power Co. Ltd., Japan)
: 0-200W

3-27 MHz

Model WL-2000HF
(World System Eng. Co. Ltd., Japan)

Laboratory-made
0.1 -30 MHz

Model MFJ-989C
(MFJ Enterprise Inc., USA)

Laboratory-made
ca. 100 kHz
more than 12 dB/oct
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Table 2. Lead emission lines for the quantitative analysis
in steel samples.

Wavelength Assignment Relative
(nm) Upper (eV) Lower (eV) Intensity

Pbl 283.306 7s°Py (4.3749) 6p *Po (0.0000) 100

Pbl 363.958 7s°P, (4.3749) 6p *P1 (0.9694) 50

Pbl 368.347 7s °Po (4.3344) 6p *P1 (0.9694) 50

Pbl 405.784 7s °Py (4.3749) 6p *P2 (1.3205) 200

PblII 220.356 7s 281 (7.3704) 6p P31 (1.7458) 2000

Pbll 179.665 6d D, (8.6465) 6p *P32 (1.7458)

Pbll 182.206 6d *Ds, (8.5503) 6p 2Py (1.7458)

% &, Pbl 283.306nm (7s °P,, 4.3749¢V) & Pbl 405.784 nm
(7s °P,, 4.3749eV) D 2K M W4 5 Z LA bH» %, Pbl
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179.665nm (6d 2Dy, 8.6465eV), PbIl 182.206nm (6d *Ds),,
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0.01 mass% (100ppm) DEENRRLHEE NS, —7F,
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Fig. 1. Spectra of I-A (a) and I-B (b) samples in the neigh-
borhood of PbI 405.784-nm line. Discharge volt-
age: 700 V; Ar gas pressure: 530 Pa.
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Spectra of I-A(a) and I-B (b) samples in the neigh-
borhood of PbII 220.356-nm line. Discharge volt-
age: 700 V; Ar gas pressure: 530 Pa.
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Fig. 3. Variations in the emission intensity (a), the signal-to-background ratio (b), and the relative standard deviation (c) of Pb1I
220.356-nm line as a function of the discharge voltage. Sample: I-A; Ar gas pressure: 530 Pa.
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Table 3.

Emission intensities of the PbI 405.784-nm and
the PbII 220.356-nm lines at the dc discharge
voltage of 850V and the Ar gas pressure of
530Pa.

Emission Line

Sample

(nm) I-B (Pb <0.001 %) I-A (Pb 0.034 %)
PbI 405.784 270 600
PbIl 220.356 310 2650
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530PaD & T 5 AF=, Pbl 405.794nm & PbIl 220.356
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EARETE S, MAOEAICE, ) v I AERST
HBFeDRENBHEENEER L L GERTIDOHPEHETH
BH, EBOFeRARMNBRTE 3 - 0BIRINIIAL,
AIERER L U COBEMAFMICRET T4 Z LA AIRETH
3, PIZHE A ONER/EL LT, 289 2 V8D
BRI IEREIERES 5 Z & RS (RESRMF) D%t
ZX U TN ERAMRIERET 2 Z L A% T ohs, Ih
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Table 4. Atomic emission lines of iron for the internal
standard in Pb determination.

Wavelength Assignment Relative Transition

(nm) Upper (eV) Lower (eV) Intensity Probability (x10%)
Fel 368.305  4p°F, (3.4169) 4s°D; (0.0516) 8 0.014
Fel370.782  4p°F, (3.4301) 4s°D; (0.0873) 15 0.022

Fel 379.851 4p °F5 (4.1776) 4s °F4 (0.9146) i8 0.355

Fel 379.955  4p °F,(4.2203) 4s °F; (0.9581) 25 0.659

Fel 341.017  4p°F,(7.0494) 4s 'Py (3.4148) 4 235

Fel 355.374  4p 'G4 (7.0609) 4s 'Hs (3.5731) 10 7.29

Fel 359.962  4p°F. (7.0164) 4s 'Hs (3.5731) 5 1.62

0.15
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L7&S512, GD-OESIZ & 3D P D012
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Fe WIZUERR DO RET AV E L 2N 5B,

Table 4 & Table 513 F NZF NG L7z Fe DR TR ET
fli4dh /&4t DTHE, W OPELLHEL
FE - EFORKHmABEITHh, REFHET AL F —-DK
WFeHETHICEL T, BREENIEFICNEHSH
INAFaE W EFEZ 55 Fel 368.305nm & Fel 370.782
nm % U7z, Fig. 4 & Fig. SI3PbIl 220356 nm & TN %
NOFeREBOBEILE, HEEL% S00VAH 5900V IS
bz THIEL =R TH 5. Fig. 4(c) & Fig. 5(b) DT —
ANRBEEICH L THRERFE» < —EE 2D,
PbIl 220.356 nm & [AlRFIZHITE § 5 PIIEHER & LG L T
5 ZLabh b, Fig 4(c) & Fig. 5(b) D Fe FAARDIHE T
FINF-FZFhEFNHT.0eV, 7.6eVTH D, PbIl 220356
nmDFHET FILF —734eVERVMEA > T %, Fek
Pb i JLERRINT Y A A V(L BT (Fe 7.86¢V, Pb 7.42eV) TH
52 EHEETNT, ZThoDFERIT, ET A LE—-D

Table 5. Ionic emission lines of iron for the internal stan-
dard in Pb determination.

Wavelength Assignment Relative Transition
(nm) Upper (eV) Lower (eV) Intensity Probability(x10%)

Fell 261.762  4p °Ds» (4.8178) 4s °Ds (0.0516) 90 2.64

Fell 262.167  4p °D, (4.8488) 45°Dyz (0.1211) 30 0.98

Fell 262.567  4p °Dsy; (4.7682) 45 %Dy, (0.0477) 150 3.4

Fell 254.833  4p *Gs (7.5680) 45 ‘Py, (2.7043) 80 12

Fell 254.874  4p ‘P12 (7.5672) 45 ‘P3, (2.7043) 150 34

Fell 256.841  4p ‘Dsp (7.6041) 4s P, (2.7784) 35 1.76
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Fig. 4. Variations in the intensity ratio of the Pb1I 220.356-nm line to several atomic lines of iron as a function of the discharge
voltage. Iron lines: (a) Fel 368.305nm (circle) and Fel 370.782nm (square), (b) Fel 379.851nm (circle) and Fel
379.955 nm (square), (c) FeT 355.374 nm (square), Fel 359.962 nm (circle), and FeT 341.017 nm (triangle); Ar gas pres-

sure: 530 Pa.
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Fig. 5. Variations in the intensity ratio of the PbII
220.356-nm line to several 1onic lines of iron as a
function of the discharge voltage. Iron lines: (a)
FelIl 261.762 nm (circle), Fe IT 262.167 nm (square),
and Fell 262.567 nm (triangle), (b) Fell 254.874
nm (circle), Fell 256.841 nm (square), and Fell
254.833 nm (triangle); Ar gas pressure: 530 Pa.

Table 6. Emission intensity of the PbI 405.784-nm line
with dc bias currents of 0mA and 33 mA at the rf
forward power of 80 W and the Ar gas pressure of

470 Pa.
Bias current Sample
(mA) I-B (Pb <0.001 %) I-A (Pb 0.034 %)
0 120 250
33 370 2600

FMLL 22 BB HER O o3t U C [RIkk 25 38 8 kA

WERTZLIZEBRALTWSEEEZISNS,

3-4 NAMT7RAERBEAZEBAV/-EREMGD-0ESIC &
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INA T ZAEREAEIL, BT AL - 3~6eVDhH
FRTH#ORNEE % 10 BISH ARSI LATELERA
R GD-OESIZHF BT H 5., ZDFFIZERICTA
il L 72210, RIEHREE O R REERITFIAE = 0 L £ — ITIRTF L
TRELEHT 51219,

B GD-OES D Rl AER (Fig. 1) L [FkkIZ, ¥ GD-
OESDIFA & PbI 405.794nm DHIEREIZ F T EEL &
Vo LA LEYS, ZORKMOGIKE T 2L F —13 4.3749
eVTHDNA T AERBEARIZE DR EBEDHE AN
FTX2%', Table 61, HREAMEESISOW, ArH ZES
470Pa (3.5 Torr) DRIE S TH 5172 Pbl 405.794 nm D 3
HBETHD, /N4 7 2AEHAH omA GEF ) & 33mA
DREMBETRL T B, LARKE (Pb 0.034 mass%) 2%

65

FAEREABER REEALRBEEDOR FICHFET 58
DEFEZOEND, &k, FBRBIZIBWT & MERANE
WENDH, THILPbI 405.794 nm DI RABERHEIZH 5
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