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Sensitive Determination of Antimony in Steels by High Power Nitrogen Microwave Induced Plasma
Atomic Emission Spectrometry Coupled with Hydride Generation Technique

Akihiro MATSUMOTO, Atsuyoshi OHEDA and Taketoshi NAKAHARA

Synopsis : The feasibility of an annular-shaped high power nitrogen microwave induced plasma (N,-MIP) atomic emission spectrometry (AES) has

been studied for the determination of antimony in combination with hydride evolution method. Under the optimized experimental conditions,
the best attainable detection limits at Sb I 231.147 nm line by use of N,-MIP-AES coupled with hydride generation technique was 1.87 ng
Sb/m/ with a linear dynamic range of 5 to 10,000 ng Sb/m/. The presence of several diverse elements was found to cause more or less a de-
pressing interference with the determination of antimony by the present technique. Of the several pre-reductants examined, L-cysteine was
found to be the most preferable to reduce Sb>* to Sb** prior to hydride generation. Therefore, L-cysteine was utilized as a pre-reductant for
the determination of total antimony, i.e., Sb>*+Sb°*. When antimony in steels was determined, a large amount of Fe** in the solution caused
a severe depressing interference with the antimony determination, while the presence of Fe?* showed little or no significant interference. Of
the several interference-releasing agents examined, L-cysteine was found to be the most preferable to reduce Fe** to Fe?”. The proposed
method using L-cysteine not only as a pre-reductant but also as an interference-releasing agent was applied to the determination of low con-
centrations of antimony in carbon steels. The results obtained by this method were in good agreement with the certified values.
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Table 1. Experimental instrumentation for high power

N,-MIP-AES.
Component Model Manufacturer
Microwave generator MKN-103-3S Nippon Kousyuha
Microwave cavity Okamoto cavity Hitachi
MIP torch 300-8352 Hitachi
Sequential spectrometer Part of ICAP-575 Nippon Jarrell-Ash
Photomultipliers R427 & R550 Hamamatsu Photonics
Personal computer PC-9801EX NEC
Peristaltic pump MP-3 Tokyo Rikakikai
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Fig. 1. Schematic diagram of high power N,—-MIP-AES
system. A: Sample solution for hydride generation,
B: NaBH, solution, C: Peristaltic pump, D: Mixing
joint, E: Gas-liquid separator, F: Waste, G: N,
tank, H: Ar tank, I: Gas controller, J: Carrier gas
for hydride generation, K: Three-way stopcock, L:
Carrier gas for solution nebulization, M: Plasma
gas, N: Drying flask, O: Sample solution for nebu-
lization, P: Nebulizer, Q: Nebulizer chamber, R:
Microwave generator, S: Cavity and Torch, T:
Plasma, U: Lens, V: Computer-controlled sequen-
tial spectrometer, W: Photomultiplier, X: Data ac-
quisition and computing system.

Table 2. Optimized operating conditions for the determi-
nation of antimony by hydride generation—high
power N,-MIP-AES.

Plasma
Wavelength Sb1 231.147 nm
Slit width 25 um
Slit height 2.0 mm
Microwave forward power 1000 W
Plasma gas flow rate 16.0 1/min
Carrier gas flow rate 0.2 1/min
Vertical position for observation 5.0 mm
(above the top of the cavity)
Horizontal position for observation 0.0 mm {(center)
Hydride generation
Sample solution acidity 1.0 M HCI
Sample solution flow rate 10.8 ml/min
NaBH4 concentration 1.0 %(w/v)*
NaBHa solution flow rate 11.6 ml/min

* In 0.5% (w/v) NaOH solution.
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| Steel sample 0.5 g

l 10 ml of aqua regia
Dissolution
l 50 mi of distilled water

Dilution
20 ml of 20% L-cysteine solution

Pre-reduction (Sb* —» Sb*)
l 1.6 ml of 6 M HCI

Dilution

¢

Sample solution (100 ml)

Fig. 2. Preparation of sample solution.
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Table 3. Emission characteristics of major lines of antimo-
ny by high power N,-MIP-AES with continuous-

flow hydride generation.

Wavelength (nm) In /v BEC'
Sb1 206.833 0.59 7.72 0.26
Sb1 217.581 0.83 16.43 0.12
Sb1 231.147 1.00 21.34 0.09
Sb1 259.807 0.90 18.08 0.11

* Relative to In and In/Io of Sb1 231.147 nm as 1.00 with solutions of 1.0 zg
Sb/ml.
t Background equivalent concentration (1g Sb/ml.
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Fig. 3. Effect of HCI concentration on I, (O) and 1./I, (@)

at Sb I 231.147nm with continuous-flow hydride
generation.
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Fig. 4. Effect of L-cysteine concentration on emission in-
tensity ratio of Sb®* to Sb3".
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Table 4. Effect of diverse elements or ions on the determi-
nation of antimony by high power N,-MIP—AES
with hydride generation.

Element or ion” Added as Relative intensity '
Ag AgNOs 28.7
As As203 40.2
Au HAuCls - 4H20 8.2
Bi Bi(NOs3)2 54.4
Co Metal in HCL 20.6
cr* CrCls - 6H20 28.2
Cu CuSO04 - 5H20 74.3
Fe** FeCls + 6H20 38.2
Ni NiSO4 + 6H20 7.9
Pd PdCls 0.9
Se NazSeOs 30.4
Te NazTeOs3 72.3
w NazW0s4 - 2H20 40.5
BrO* KBrOs 35.5
clo* NaClO3 28.6
10* KIOs 26.6

* Diverse element or ion added at level of 1000~-fold ratio of antimony.
t Relative to 100 for the emission intensity antimony (0.1 xg/mb alone.
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Fig. 5. Effect of the concentration of L-cysteine on /,/I, for
antimony (0.1 ug/m/) in the presence of 5000 ug
Fe**/ml.

Table 5. Determination of antimony in steel samples by
hydride generation—high power N,-MIP-AES.

Antimony content (g/g)
Sample*
Certified value Present work t
JSS 172-7 22 20+1 (n=5)
JSS 173-5 50 47+2 (n=5)
JSS 174-5 97 94+5 (n=>5)
JSS 175-7 200 197+11(n=5)

* "Carbon Steel for Minor Elements Determination Series B" issued by The
Japan Iron and Steel Federation.
t The mean + standard deviation (number of determinations).
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