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Studies of sample cleaning for the determination of ultratrace amounts of
carbon in high-purity iron by infrared absorption after combustion
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For a precise and highly sensitive determination of ultratrace amounts of carbon in high-purity
iron, cleaning methods of the sample surface were investigated. The cleaning methods tested
were 3 kinds of chemical etching reactions (etching in HF - HeOs, electrolytic etching in acetic
acid - HCIO;4 and etching in HCI); the effects of these cleaning on the determination of carbon
were investigated. Contaminated carbon amounts, not only by adsorption on sample surface,
but also by invasion inside sample, the could be removed in all cleaning methods. In etching
with HF - HoOq, the lowest analytical value of carbon was obtained by using an electric tube fur-
nace for sample combustion, while the highest analytical value was obtained for oxygen.
However, the analytical values of carbon using an induction furnace were in good agreement in
all methods. When samples were allowed to stand in a CO2-H,O atmosphere, the amounts of
carbon adsorbed on the sample surface was found for all cleaning methods. Moreover, when
etching using HCI, contaminated the carbon amounts were found not only on the surface, but
.also inside the sample. Only adsorbed of carbon amounts on the sample surface could be
removed by heating at 623 K for 10 minutes in an ambient atmosphere. Both contaminated
carbon amounts could be removed by etching in HCIL.

Keywords : determination of ultratrace carbon; infrared absorption after combustion; high-puri-
ty iron ; sample cleaning; X-ray photoelectron spectroscopy.
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Table 1 Instrument and operating conditions
Carbon (1) Horiba EMIA-U511
Furnace Electric tube furnace
Temperature 1523 K
Pressure of oxygen 8.0 X 10° Pa
Detection Infrared absorption
Detection time 60 s
Accelerator Tin metal
Carbon (2) LECO CS-444LS
Furnace Induction furnace
Frequency 18 MHz
Power 2.2 kW
Pressure of oxygen 2.4 X 10° Pa
Detection Infrared absorption
Purge time 30s
Delay time 60 s
Detection time 50 s
Accelerator Tungsten and tin metal
Oxygen LECO TC436
Furnace Impulse electrode furnace
Outgas power 6000 W
Analysis power 5100 W
Pressure of helium 2.7 % 10° Pa
Detection Infrared absorption
Purge time 10s
Outgas time 30s
Delay time 60 s
Detection time 30s
Accelerator No used
XPS Surface Science Instruments SSX-100
X-ray Al Ko
Vacuum 1.1 X107 Pa
Analysis area 300 um
Sputtering Argon ion
Voltage and current 1kV,1mA
Area 2 mm
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Fig. 1
determination of carbon

Effects of sample cleaning after cutting on

Table 2 Carbon analysis in Mairon HP/ug g '

Furnace Electric tube furnace Induction furnace
Cleaning HF-H,0:" Electrolytic” HCI? HF-H;0," Electrolytic” HCI?

1 2.03 2.35 2.66 2.70 2.43 3.15

2 1.85 2.82 2.56 2.77 2.67 2.69

3 2.25 2.66 2.44 3.03 2.69 2.63

4 2.08 3.08 3.02 3.12 2.93 3.41

5 1.77 2.86 2.82 2.52 3.14 2.38
Average 2.00 = 0.17 2.74 * 0.23 2.70 £ 0.20 2.83 * 0.22 2.77 % 0.24 2.85 % 0.37
RSD, % 8.54 8.36 7.51 7.76 8.75 18.11

Instrument: Horiba EMIA-U511 (Electric tube furnace), LECO CS-444LS (Induction furnace).
b): Electrolytic etching in acetic acid-perchloric acid.

hydroperoxide.

a): Etching in hydrofluoric acid-
c): Etching in hydrochloric acid
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Table 3 Oxygen analysis in Mairon HP/ug g

Cleaning HF-H,0," Electrolytic” HCT”
1 8.21 6.89 7.58
2 7.81 7.20 6.31
3 8.08 6.91 7.01
4 8.42 7.28 6.63
5 8.13 7.06 6.67
Average 8.12 + 0.27 7.06 = 0.16 6.84 = 0.48
RSD, % 2.21 2.93 7.02

Instrument: LECO TC-436.
acid-hydroperoxide.
perchloric acid.

a): Etching in hydrofluoric
b): Electrolytic etching in acetic acid-
¢): Etching in hydrochloric acid.

Counts (arb. unit)
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/ 5min
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75 110 B
700

Binding energy / eV

Fig. 2 XPS measurement of Mairon HP after cutting
and cleaning

Cleaning: etching in hydrofluoric acid-hydroperoxide
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Fig. 3 XPS measurement of Mairon HP after cutting
and cleaning

Cleaning: electrolytic etching in acetic acid-perchloric
acid
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Fig. 4 XPS measurement of Mairon HP after cutting
and cleaning

Cleaning: etching in hydrochloric acid
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Fig. 5 Effects of standing in ambient atmosphere on
determination of carbon

Cleaning: etching in hydrochloric acid

Table 4 Carbon analysis in Mairon HP standing in ambient atmosphere

No standing 7 days 30 days
Cleaning Surface/ In sample/ Surface/ In sample/ Surface/ In sample/
-2 G -2 B -2 P
ug cm ugg ug cm Hgg Hg cm ugg
HF-H0,” Average N.D. 2.00 + 0.17 0.37 2.06 = 0.07 0.42 2.05 + 0.13
RSD, % — 8.54 —_ 3.47 — 6.24
Electrolytic” Average N.D. 2.74 £ 0.23 0.38 £ 0.01 2.69 £ 0.26 0.44 £ 0.01 2.70 = 0.17
RSD, % — 8.36 1.96 9.70 1.71 6.33
HCI? Average N.D. 2.70 £ 0.20 0.56 £ 0.01 2.75 + 0.22 0.85 % 0.02 2.67 £0.15
RSD, % — 7.51 2.08 8.15 1.90 5.54 -
n=>5. Instrument: Horiba EMIA-U511. a): Etching in hydrofluoric acid-hydroperoxide. b): Electrolytic etching in acetic acid-

perchloric acid.

c): Etching in hydrochloric acid. N.D.: not detected, RSD: relative standard deviation
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Fig. 6 Effects of hydrocarbon atmosphere on deter-
mination of carbon

Cleaning: etching in hydrochloric acid
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Fig. 7 Effects of standing in carbon dioxide-water
atmosphere on determination of carbon

a: Etching in hydrofluoric acid-hydroperoxide; b:
Electrolytic etching in acetic acid-perchloric acid; c:
Etching in hydrochloric acid

Table 5 Carbon analysis in Mairon HP standing in hydrocarbon atmosphere
No standing 12 hours 24 hours

Cleaning Surface/ In sample/ Surface/ In sample/ Surface/ In sample/
pgem ugg ' ugem ugg pgem™  ugg

HF-HgOg“) Average N.D. 2.00 £0.17 4.05 = 0.27 2.14 = 0.14 7.80 = 0.20 2.09 £ 0.20
RSD, % —_ 8.54 6.57 6.75 2.57 9.39

Electrolytic®  Average N.D. 2.74 * 0.23 4.00+0.20 273 %0.27 7.92 014 265 = 0.22
RSD, % — 8.36 5.00 9.86 1.77 8.46

HCI? Average N.D 2.70 £0.20 4.54 = 0.22 2.71 = 0.22 9.43 £ 0.29 2.77 £ 0.21
RSD, % — 7.51 2.08 8.11 3.05 5.b4

n=5. Instrument: HORIBA EMIA-U511.

perchloric acid.

a): Etching in hydrofluoric acid-hydroperoxide.
¢): Etching in hydrochloric acid. N.D.: not detected, RSD: relative standard deviation

b): Electrolytic etching in acetic acid-
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Table 6 Carbon analysis in Mairon HP standing in carbon dioxide-water atmosphere

No standing 6 hour
Cleaning Surface/ In sample/ Surface/ In sample/
ug em ™ ugg ' ugem™ ugg '
HF-H,0," Average N.D. 2.00 £ 0.17 1.15 £ 0.02 2.08 £ 0.14
RSD, % — 8.54 2.08 6.64
Electrolytic” Average N.D. 2.74 * 0.23 1.07 £ 0.03 2.78 = 0.1
RSD, % — 8.36 2.49 11.34
HCI? Average N.D. 2.70 £ 0.20 1.65 = 0.02 6.88 + 0.42
RSD, % — 7.51 1.51 6.10
n=>5. Instrument: Horiba EMIA-U511. a): Etching in hydrofluoric acid-hydroperoxide. b): Electrolytic etching in acetic acid-

perchloric acid. c¢): Etching in hydrochloric acid. N.D.: not detected, RSD: relative standard deviation

Table 7 Carbon analysis in Mairon HP after removal of carbon amounts on sample surface

Removing None Baking™ Cleaning in HC1 Cleaning in ethanol
Species Surface/ In sample/ Surface/ In sample/ Surface/ In sample/ Surface/ In sample/
P pg em™ ugs' pgem™ ugg™ pgem™ ugg' pg cm”’ ugg’
Average 1.65 £0.02 6.88 £ 0.42 N.D. 6.63 = 0.18 N.D. 2.70 £ 0.21 0.32 £0.02 2.62*0.19
RSD, % 1.51 6.10 - 2.71 — 7.78 0.06 7.25
n=5. Instrument: Horiba EMIA-U511. Sample: Cleaned by etching in hydrochloric acid. *': Baking at 723 K for 10 min in

ambient atmosphere. N.D.: not detected, RSD: relative standard deviation
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Bk ZHVTHRELZOMEZRHE L. WO HEEZHWZSAETS, UK 23 80755
REMIIBET ERESEZRET LI ENTE, T2, BREEREEZ VS, WThokEEes
WTHREODEEMIZ—IHL72A, EBRIPRBEEEZAVAEE, 7 v IWKER - BERIKRRREEE v/
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ThEs % L AP KREWREREDSOARETE, I-BOEBRE TS L TRBNE~NORARES DK
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