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Influence of Sample Temperature and Hygroscopicity of W-Electrode on Carbon Analytical
Value in the Analysis of Low Carbon Steel by Atomic Emission Spectrometry

Kazuya Isun and Yoshivo Matsumorto

Synopsis :

In our previous paper concerning the analysis of low carbon steel by atomic emission spectrometry, carbon intensity

was found to increase considerably with the rise of sample temperature before discharge and with the time intervals
between analyses. However, the mechanism of this intensity rise has not been known. Therefore, we tried to establish

a model for this mechanism.
The results were as follows:

(1) The analytical value of carbon increased 0.2ppm with 1°C rise in sample temperature before discharge. It is
explained from the additional atomic emission ; QDan oxide layer produced on the sample surface was thicker as the
sample temperature rose. ; @carbon monoxide gas(CO gas) was formed through the oxidation of carbon in the sample
by the oxide layer (C+0=2CO). ; @the formed CO gas was introduced in a discharge column and decomposed to C and

O to give rise to the carbon intensity.

Therefore, to analyze carbon in low carbon steels accurately, the sample temperature before discharge should be
adjusted to room temperature. If the sample temperature is higher than room temperature, we must grind the sample
again after cooling the sample to lower temperature than room temperature and adjust the sample to room temperature.

(2) Carbon intensity increased when the time intervals between analyses were prolonged. It is considered that this
increase results from water adhesion to W-electrode ; Din the time intervals, the dust as by-product of discharge
adhered to W-electrode. ; @as being discharged under this condition, CO, in water adsorbed to the dust was introduced
in discharge column and decomposed to C and O to give rise to carbon intensity. Therefore,to analyze carbon in low
carbon steels accurately,we needed to remove the dust adhered to W-electrode by discharge of cleaning or heating of

Ar gas as an atmosphere.
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Table 1. Reference samples used for experiment

(ppm)
Sample No. C Si Mn P S Al
1 6 16 1900 1.5 3.7 6.3
2 9 38 2000 1.8 4.0 11
3 11 59 2000 1.6 5.2 13
4 13 89 1900 87 9.4 28
5 19 94 1900 8 20 22
6 50 245 2000 8 49 12
T 102 559 2000 2 88 49

EFUEE QO L LIGERD 2@ ZHv, KA A ik
R LIz, i, RIVERIE, 2C, Ot L1
23 HRIZOZ ST 4« —BH(GCHHR)

EEICR, BEMERGC-14A¥HVI:, TEY Z 2
LB v X a7 —r—T7APRIELIH 6mm, TS 3mD
AT UVAAT LR, RBBRCIIKRERA A Vb8
(Flame lonization Detector, FID) # A«~72. COfiti % H
FHCRMIBESRBIOTMEB I A X VELEEPHREL, EEIIE
EanCEILNIBEC L Y, A%, FIDTHRE TR T
BOCO%Ei L, CH,#4%(CO+3H,=2CH,+H,0) &
¥52 LT, FIDIC L 2CORMP®REL LT,

2« 4 BRBEFRINERIE

WE I, LECOABIRC-412 # 12, 29— 2 K&
L OFRELLKER R b ZRREKFH TP T30°C 670°C/
SFOFARMET 900°C  THIR L, KBLX A b #ifi (o
LTwACH L FHOPMRE s L UEG 3 ¥, FRIERK
YUE & 9 COL % & UH,OZ B LT,

3. RRERBLUEE

3-1 BEHREORE

SHTARD NI b BBHELIE O BRI 25T 45 0 T 1=
Eo TEMEL, B2 EFeO ST X, SRHRIED L3
L2 Fell271. 4nm D FLME KT L, Fe I251.8nm,
Fell292.6 nmOFNME X EHF 559, 272, C, Si, Mn

High power

Spark

Arc-like

| | |

| sous | sous |

|
12045 ]

Fig. 1. Schematic diagram of current waveform of
triple combined type discharge.

Table 2. Analytical conditions for atomic emission spectrometry.

Spectrome ter Focal length 0.5m
Reciprocal linier dispersion 0. 74 nm/mm
Secondary voltage 300 V
Spark repetition rate 330 s™!

Excitation source Counter electrode v
Ar gas flow rate 13 9 /min
Ar gas flash 4 sec
Pre-burn triple combined

spark :1500

Number of discharges PDA measurement 11500

Cleaning cleanirllgugpark
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Fig. 2. Calibration curves of Carbon obtained using
samples heated to 27, 50 and 100°C.
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Fig. 3. Influence of sample temperature on C ana-
lytical wvalue.*C analytical value was
obtained from calibration curve of Carbon in
reference sample at 27°C.
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Fig. 4. Plots of Carbon pulse height versus Oxygen or Iron pulse height for low alloy iron steel at (a)27°C and
(b)100°C. Carbon pulse height and Oxygen pulse height in (b) gave a good correlation.
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Fig. 5. Depth profiles of ?2C- and 'O~ ions from
samples heated to 27°C and 100°C.
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Fig. 6. Chromatograms of the gas generated at
sparking samples heated to 27°C and 100°C.
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Fig. 7. Intensity - cycles curves obtained by

photometry of spark and arc-like areas in
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kept at 27°C and 100°C before sparking. 100
— 27°C showed in Figure 7 represented to
drop sample temperature to 27°C from 100°C
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Fig. 8. Variation of C, O, H, N and Fe intensities
analyzed after the time intervals of 10 min
and 30 min.
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Fig. 9. Plots of Carbon pulse height versus Oxygen or Hydrogen pulse height for low alloy iron steel with(a)no
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Fig. 10. Absorption plofiles of CO, and H,O gener-
ated from dust as by-product at sparkings
of low alloy iron steels.
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