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Comparison of ICP Atomic Emission Intensities on Axial and Radial Views, and Determination of
Trace Amounts of As, Sb and Sn in Iron and Steel

Toshiko 1TAGAKI, Kunio TAKADA, Kazuaki WAGATSUMA and Kenji ABIKO

Synopsis : Trace amounts of As, Sb and Sn in iron and steel were determined by ICP-OES. Intensities of some atomic emission lines were simultane-

ously determined from axial or radial view of argon plasma. Atomic emission intensities from the axial view were higher about 37 to 53

times than those from the radial view. Detection limits of As, Sb and Sn were order of 1 ppm in iron and steel by axial view measurement.

Detection limit of As was lowered to order of 0.1 ppm after removal of iron as main component in sample solution with co-precipitation of

MnO,,.

Key words : inductively coupled plasma optical emission spectrometry (ICP-OES); arsenic; antimony; tin; iron; steel; axial view; radial view; co-precipi-

tation with manganese(1V) oxide.
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Table 1. Instrument and operating condition for ICP-OES.

Instrument IRIS Advantage DUO
Thermo El tal Co.Ltd.
Plasma conditions
RF frequency 27.12 MHz
RF power 1.35kW
Argon gas flow rate
Plasma gas 15 L min™
Auxiliary gas 0.5 L min’'
Nebulizer gas 1.4 X 10° Pa (Axial view)
1.6 X 10° Pa (Radial view)
Spectrometer conditions
Grating Echelle type
Resolution <0.005 nm (200 nm)
<0.01 nm (400 nm)
<0.02 nm (600 nm)
Detector CID
Plasma torch Long-torch
Sample flow rate 1.85 mL min”
(peristaltic pump)
Viewing position Axial view,/Radial view
| Signal integration time 30 sec
Wavelength As1 189.042 nm
AsI 193.759 nm
Sb1 206.833 nm
SbI 217.581 nm
Snil 189.989 nm
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E@ A : Values after subtracting BG intensity from emission intensity.

Fig. 1. Relationship between RF power and atomic emission intensity of As, Sb and Sn in the presence of Fe.
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RF power : 1350 W, Integrated time : 30 sec
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B ® A : Values after subtracting BG intensity from emission intensity.

Fig. 2. Relationship between nebulizer gas pressure and atomic emission intensity of As, Sb and Sn in the presence of Fe.
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Table 2. ICP atomic emission intensity on axial view and radial view in the presence of Fe 10 mg ml~"

Element | Wavelength mmﬁ;i:lns\g;w Enﬁssiom;w Is(Axialyls(Radial)
(10pgml™) nm (BG intensity) lyls (BG intensity) Ils
As 189,042 (ats.lsf,)li9 3 13) 326 (2.53 ﬁ)m) 1.4 406
193.759 (52_:777;318) 338 23 :;_E‘:).oz) 2.09 366
Sb 206833 (57.3!?;3.06) 451 3.1 15 g.oz) 1.81 463
217581 91 .3210;(;.2 1) 242 (5.575 zi).o‘u 1.06 37.1
So 189.989 (46.39%)?3.1 g | &% (2.466 12.03) 251 527

Fe:10mgml', HNO;14M, HCI12M
RF power : 1350 W, Nebulizer gas pressure : 1.6 10° Pa, Integrated time : 30 sec

Table 3. ICP atomic emission intensity on axial view and radial view in the absence of Fe.

Element | Wavelength s Afxial Yiew : ~R‘-!dial yiew i i
opgmry | om [ FRSERIY ) it | o0 ey | 0 DR
N 189.042 (6.2‘:1-%‘.’06) 30.87 (0.53':1?).01) 820 473
193.759 (8‘62121%3‘2) 26.17 (0.734_%%.01) 6.96 426
o 206.833 (]4‘33358;(‘;’_13) 23.60 (1‘02;_3?).0 R 540
. 217581 (18.%)?)653.11) 16.39 (z.ogﬁ).oz) 314 58
So 189.989 (5.;31207) 8354 (0.5273_2?).01) 14.92 648

HNO; 14M, HCI12M
RF power : 1350 W, Nebulizer gas pressure : 1.6 X 10° Pa, Integrated time : 30 sec

Table 4. Determination of As, Sb and Sn in high-purity iron and steels by ICP-OES.

As
Sample Reference Found (%)
value Axial view Radial view
(%) 189.042 nm 193.759 nm 189.042 nm 193.759 nm
High purity iron <0.0003 <0.0002 <0.004 <0.002
1SS 003-4 <0.0003 <0.0002 <0.004 <0.002
0.0111 0.0115 0.011 0.011
Low alloy steel 0.012 0.0110 0.0115 0.012 0.011
S5 168-7 0.0111 0.0115 0.011 0.011
0.0112 0.0116 0.011 0.011
0.0013 0.0014 <0.004 <0.002
Low alloy steel - 0.0013 0.0014 0.005 <0.002
1SS 172-7 0.0013 0.0013 <0.004 <0.002
0.0013 0.0013 0.004 <0.002
Low alloy steel | o 001 0.0011 0.0009 <0.004 <0.002
NIST 1765 00005 0.0009 0.0010 <0.004 <0.002
= 0.0009 0.0009 <0.004 <0.002
Detection limit 0.0003 0.0002 0.004 0.002
(30) _
Sh Sn
Sampl Reference Found (%) Reft Found (%)
value Axial view Radial view value Axial view | Radial view
(%) 206.833 | 217.581 | 206.833 | 217.581 (%) 189.989 | 189.989
nm nm nm nm nm nm
High purtty iron <0.0003 | <0.0006 | <0.001 | <0.002 <0.0001 | <0.001
JSS 0034 <0.0003 | <0.0006 | <0.001 | <0.002 — | <0.0001 | <0.001
0.0005 | <0.0006 | <0.001 | <0.002 0.0057 0.007
Lowalloysteel | _____ | 00005 | <0.0006 | <0.001 | <0.002 0.0065 | 0.0058 0.009
IS5 168-7 0.0005 | <0.0006 |<0.001 | <0.002 0.0058 0.009
0.0005 | <0.0006 | <0.001 | <0.002 0.0057 0.007
0.0023 | —— | 0.002 0.0008 | <0.001
Lowalloysteel | 00022 | 00022 | — 0002 | — —— | 0.0009 <0.001
1881727 0.0023 0.003 00009 | <0.001
0.0022 0.003 0.0007 | <0.001
Low alloy steel 0.011 0.0114 0.011
NIST 1763 +0002 | 0.0114 0.010
Low alloysteel | 0010 00014 | <0.0006 | 0.002 | <0002 | 0.002 0.0019 0.002
NIST1765 | 4oo00s | 00013 | <0.0006 | 0001 | <0.002 roon | 00018 0.002
=Y 0.0015 | <0.0006 | 0.002 | <0.002 - 0.0018 0.002
D"‘“‘g‘:‘;‘m“ 0.0003 | 0.0006 | 0.001 0.002 0.0001 0.001
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Table 5. Determination of As in high-purity iron and steels by ICP-OES after co-precipitation with MnO,.

As
Sample Reference value Found (%) [Axial view]
(%) 189.042 nm 193.759 nm
_ High-purity iron <0.00002 <0.00004
JSS 0034 <0.00002 <0.00004
0.0113; 0.0113,
Lom alloy sieel 0.012 0.0115, 0.0115,
0.0114, 0.0115,
0.00171 0.00193
L"J"ggul","zs;‘”l - 0.00172 0.00192
0.00169 0.00193
Low alloy steel 0.00104 0.00102
NIST 1765 0.001£0.0005 0.00106 0.00110
0.00106 0.00112
Detection limits (3 ¢ ) 0.00002 0.00004
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