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Analysis of Iron and Steels for Tramp Elements by Graphite Furnace AAS

Takeshi KOBAYASHI, Shin ’ichi HASEGAWA, Shinji ITOH, Kunikazu 1DE, Hitoshi Y AMAGUCHI and Katsura Y AMADA

Synopsis : We examined the methods for determining trace amount of tramp elements contained in iron and steels using the graphite furnace atomic ab-

sorption spectrometry (GF-AAS). We also investigated the graphite furnace heating conditions for no-loss ashing and high-efficiency atom-

ization of tramp elements by the graphite furnace atomic absorption method. Vaporization of each element was observed for various heating

conditions by using the electrothermal vaporization /ICP mass analysis method, which used the same type of graphite furnace as the one used

for the atomic absorption method. As a result, we confirmed that all elements could only be observed by the atomizing step. Assuming the
lower detection limit of this method to be 30, the detection limit for 1 g of specimen was 0.05 ppm for As, 0.025 ppm for Bi, 0.017 ppm for
Pb, 0.022 ppm for Sb, 0.020 ppm for Sn, and 0.003 ppm for Zn. This method was demonstrated to be an accurate and fast tramp element ana-

lyzing method.
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Table 1. Operating parameters of GF-AAS.

Analytes As Bi Pb Sb Sn Zn
Atomic Absorption Spectrometer
Light Source (HCL : mA) 12 12 10 12 10 10
Wavelength (nm) 193.8 223.0 283.3 217.5 286.3 2139
Spectral Band-width (nm) 0.7 02 0.7 0.2 0.7 07
Integration Time (s) 5 4 3 4 5 3
Graphite Furnace
Drying Step (°C-s-s ?) 130-10-20
Ashing Step (°C-s-s) 500-10-20

Atomizing Step® (°C-s-s)
Cleaning Step (°C-s-s)

2400-0-5 1700-0-4 1600-0-3 2400-0-5 2100-0-5 1200-0-3

2500-1-4

a): Temperature-Ramp time-Hold time
b): Internal gas stopped
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Fig. 1. Schematic of purge gas flow through the HGA-600MS graphite furnace.
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Table 2. Operating parameters of ETV/ICP-MS.

ICP Mass Spectrometer

RF Power 1.0kW
Coolant Ar Flow Rate 15.0 L min”
Auxiliary Ar Flow Rale 1.2 L min*
Carrier Ar Flow Rate 0.68 L min"
HGA-600MS Electro thermal Vaporizer
Sample Volume 20uL
Drying Step (°C-s-s V) 130-10-30
Ashing Step (°C-s-s) 500-10-20
Vaporization Step (°C-s-s) X "0-5
Cleaning Step (°C-s-s) 2500-1-4
Data Acquisition
Dwell Time (ms) 25 AMU

Scan Mode Peak Hopping

a): Temperature-Ramp time-Hold time
b): (200-2400)
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Fig. 2. ETV/ICP-MS signal-time profile for Pb.
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Fig. 3. ETV/ICP-MS signal-time profiles for As, Sb and
Sn.
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Fig. 4. ETV/ICP-MS signal-time profiles at atomizing step
for Pb and Bi.
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Fig. 6. Effect of atomizing and vaporization temperature
on Pb signal.
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Table 3. Analytical results.

Sample As(ppm) Bi(ppm) Pb(ppm) Sb(ppm) Sn(ppm) Zn(ppm)
Certified value 550 - - 110 -
NIST 1763 This method <0.03 0.60 - - 37
(RSD %) @ (3.8)
GD-MS 528 <0.04 0.62 100 116 35
Certified value 10 <1 30 10 20 -
NIST 1765 This method " 10.8 0.58 31.0 10.5 20.1 25
(RSD %) (2.8) (5.1) (1.8) (3.4) 2.9) 4.3)
GD-MS 9.5 0.55 29.7 10.9 20.9 23
ECRM 097-1  Certified value - <5 <5 - -
This method - 0.21 0.25 - -
1) n=5

Table 4. Reciprocal sensitivities and detection limits for the determination of each analytes in iron solution.

Analytes  Sensitivitics®  Limits of detection”  Limits of detection ™ Limits of detection ™
GF-AAS GF-AAS ICP-AES® ICP-MS®
(P2) (ng mL™) (ng mL™) (ng mL™)
As 31 0.17 10 0.003
Bi 22 0.084 S 0.0004
Pb 13 0.057 20 0.0002
Sb 19 0.073 14 0.001
Sn 25 0.066 9 0.0005
Zn 0.5 0.010 0.5 0.005

a) Concentration giving 1% absorption (0.0044absorbance unit).

b) Concentration giving 3¢ of blank value.
¢) Refl13
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