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Simultaneous Determination of Arsenic and Antimony in Steels and Pure Coppers by High Power
Nitrogen Microwave Induced Plasma Atomic Emission Spectrometry Coupled
with Hydride Generation Technique
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1. ¥

The feasibility of an annular-shaped high power nitrogen microwave induced plasma atomic emission spectrometry (N,-MIP-AES) has been
studied for the simultaneous determination of arsenic and antimony in combination with the hydride generation method. Under the optimized
experimental conditions, the best attainable detection limits at As I 228.812 and Sb I 231.147 nm lines were 4.13 and 4.50 ng/m/ for arsenic
and antimony, respectively, with a linear dynamic range of 10 to 10,000 ng/m/ in concentrations. The presence of several diverse elements
was found to cause more or less a depressing interference by the proposed technique. Of the several pre-reductants examined, thiourea was
found to be the most preferable to reduce arsenic and antimony from their pentavalent state to trivalent one prior to hydride generation.
Therefore, thiourea was utilized as a pre-reductant for the determination of total arsenic and antimony concentration, i.e., As(IIT)+ As(V) and
Sb(III)+Sb(V). When arsenic and antimony in steels were determined simultaneously, a large amount of Fe(III) in the solution caused a se-
vere depressing interference, while the presence of Fe(Il) showed little or no significant interference. Of the several interference-releasing
agents examined, both thiourea and L-ascorbic acid were found to be the most preferable to reduce Fe(III) to Fe(II). When arsenic and anti-
mony in high purity coppers were determined simultaneously, copper of principal constituent interfered to a great extent. Thiourea was found
to reduce the depressing interference from copper, so that any separation procedure of copper matrix was not necessary. The proposed
method using thiourea not only as a pre-reductant but also as an interference-releasing agent was applied to the simultaneous determination
of low concentrations of arsenic and antimony in carbon steels and high pure coppers. The results obtained by this method were in good
agreement with the certified values.

high power nitrogen microwave induced plasma; atomic emission spectrometry; hydride generation method; simultaneous determination; ar-
senic; antimony; thiourea; steels; pure coppers.
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Fig. 1. Schematic diagram of high power N,-MIP-AES
system.
A: microwave power supply, B: microwave genera-
tor, C,, C,: tapered wave guide, D: uniline, E: di-
rection coupler, F: three-stub tuner, G: copper pipe,
H: lens, I: monochromator, J: photomultiplier, K:
high-voltage power supply, L: computer, M: print-
er, N: nitrogen tank, O: argon tank, P: gas con-
troller, Q: plasma gas, R: carrier gas, S: sample so-
lution for nebulization, T: carrier gas for sample
aerosol or hydride, U: nebulizer, V: nebulizer
chamber, W: waste, X: three-way stopcock, Y:
sample solution for hydride generation, Z: NaBH,
solution, a: peristaltic pump, b: mixing joint, c:
gas-liquid separator, d; drying flask, e: cavity, f:
plasma, g: discharge tube (plasma torch).

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 Rikakikal
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Table 2. Optimized operating conditions for the simultane-
ous determination of arsenic and antimony by
high power N,—-MIP-AES with solution nebuliza-
tion and continuous-flow hydride generation.

Solution Hydride
nebulization generation
Plasma
Wavelength (nm) As]1 228.812 AsI 228.812
Sb1 231.147 Sb1 231.147
Slit width (xm) 25 25
Slit height (mm) 2.0 2.0
Microwave forward power (W) 1000 1000
Plasma gas flow rate (I/min) 12.0 11.0
Carrler gas flow rate (I/min) 0.6 0.5
Vertical position for observation (mm) 4.0 4.0
(above the top of the cavity)
Horizontal position for observation (mm) 0.0 (center) 0.0 (center)
Hydride generation
Sample solution acidity (M in HCI) 1.0
Sample solution flow rate (ml/min) 11.8
NaBHa4 concentration® [ %(w/v)] 0.5
NaBHs4 solution flow rate (ml/min) 12.4

* In 0.4% (w/v) NaOH solution.
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Table 3. Emission characteristics of major lines of arsenic
and antimony by high power N,—-MIP—AES with
solution nebulization and continuous-flow hy-
dride generation.

Solution Hydride
nebulization® generation'
Wavelength (nm) h* I©/b* BEC' In* /' BEC!
As1 189.042 0.03 0.08 81.8 0.01 0.03 1.63
AsI 193.759 0.04 0.07 95.2 0.03 0.05 0.83
Asl 197.262 0.10 0.03 182 0.03 0.02 2.63
As1 200.334 0.15 0.23 27.2 0.14 0.12 0.38
Asl 228.812 1.00 1.00 6.31 1.00 1.00 0.04
SbI 206.833 0.42 0.51 6.90 0.53 0.39 0.46
Sbl 217.581 0.66 0.76 4.61 0.70 0.87 0.21
Sbl 231.147 0.87 1.00 3.87 0.82 1.00 0.18
Sb1 259.807 1.00 0.77 4.57 1.00 0.78 0.23

* With solutions containing both As and Sb(200 xg/mb.

t With solutions containing both As and Sb(1 xg/ml).

$ Relative to Inand In/Io of As 1228.812 and Sb I 231.147 nm.
8 Background equivalent concentration (¢ g As or Sb/mb.
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Fig. 2. Effect of NaBH, concentration on /,/I, for arsenic
(@) and antimony (O) with continuous-flow hy-
dride generation.
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Fig. 3. Effect of HCI concentration on /,/1, for arsenic (@)

and antimony (O) with continuous-flow hydride
generation.
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Fig. 4. Effect of thiourea concentration on emission inten-
sity ratio of As(V) to As(IIl) (@) and Sb(V) to
Sb(11T) (O).
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Table 4. Effect of diverse elements or ions on the simulta-
neous determination of arsenic and antimony by
high power N,-MIP-AES with hydride genera-

tion.
Element or ion” Added as Relative intensity '
Arsenic Antimony
Ag AgNO3 101.1 58.0
Al Al(SO4)3 101.7 67.4
Bt Bi(NOs)2 - 5H20 104.9 50.8
Co Metal in HClI 34.9 22.2
Cr(lD CrCls « 6H20 102.6 75.4
Cr(VD K2Cr207 25.2 27.6
Cu CuSQs « 5HzO 56.3 56.9
FedIl) FeCls - 6H20 34.5 38.6
Ni NiSO4 « 6H20 14.5 18.9
Se Naz2SeO3 71.0 51.0
Te NazTeOs 6.1 11.3
v NH4VOs3 25.1 21.5
w NazWOs4 - 2H20 90.9 30.3
BrO* KBrOs 24.7 24.8
clo* NaClOs 27.5 26.8
0% KIOs 29.5 24.4
NOz2” NaNO:2 36.4 49.2
* Diverse element or ion added at level of 1000-fold ratio of arsenic and
antimony.

t Relative to 100 for the emission intensity of arsenic and antimony
0.2 pg/mb .
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Fig.

W

. Effect of the concentration of L-ascorbic acid on
I/1, for arsenic (@) and antimony (O) in the pres-
ence of 500 ug Fe(III)/m/ and 0.05 M thiourea.
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Fig. 6. Effect of the concentration of thiourea on 7,/1I, for
arsenic (@) and antimony (O) in the presence of
5000 pg Fe(IlI)/m/ and 1% L-ascorbic acid.

Table 5. Simultaneous determination of arsenic and anti-
mony in steel samples by high power N,—MIP-
AES with hydride generation.

Sample Certified value (1 g/g) Present work(ug/g)’
composition® Arsenic Antimony Arsenic Antimony
A:D=1:1 460 200 459 £ 19(n=3) 200 £ 13(h=3)
A:D=2:1 460 200 462 £ 19(n=3) 181 £ 11(n=3)
A:D=1:2 460 200 452 + 14 (n=3) 196 + 8(n=3)
A:E=1:1 460 97 452 + 19 (n=3) 99+ 9(n=3)
A:E=2:1 460 97 460 + 18 (n=3) 91+ 6(n=3)
A:E=1:2 460 97 457 £ 17 (n=3) 96 + 8(n=3)
A:F=1:1 460 50 448 + 13 (n=3) 46+ 6(n=3)
A:F=2:1 460 50 462 £ 20 (n=3) 48+ 5(Mn=3)
A:F=1:2 460 50 450 £ 14 (n=3) 51+ 4(n=3)
B:D=1:1 320 200 318 + 18 (n=3) 199 £ 15(n=3)
B:D=2:1 320 200 333 £13(n=3) 191+ 9(n=3)
B:D=1:2 320 200 312 £ 15(n=3) 203 £ 15(n=3)
B:E=1:1 320 97 316 £ 16 (n=3) 94+ 7(n=3)
B:E=1:1 320 97 315 £12(n=3) 94+ 6(n=3)
B:E=1:1 320 97 310 £ 12(n=3) 98 + 7(n=3)
B:F=1:1 320 50 308 + 11(n=3) 46+ 6(n=3)
B:F=1:1 320 50 321 + 14(n=3) 48+ 4(n=3)
B:F=1:1 320 50 314 + 15 (n=3) 53+ 6(n=3)
C:D=1:1 120 200 108 £ 11 (n=3) 192 £ 11 (n=3)
C:D=2:1 120 200 118 + 10 (n=3) 204 + 10 (n=3)
C:D=1:2 120 200 117+ 8(n=3) 203+ 8(n=3)
C:E=1:1 120 97 112+ 9(m=3) 104 £ 10 (n=3)
C:E=2:1 120 97 107+ 8(n=3) 98+ 9(n=3)
C:E=1:2 120 97 116 £+ 10 (n=3) 98 + 12(n=3)
C:F=1:1 120 50 114+ 8(n=3) 49+ 5Mn=3)
C:F=2:1 120 50 120+ 12(n=3) 49+ 4(n=3)
C:F=1:2 120 50 115+ 9(n=3) 53+ 5(n=3)

* "Carbon Steel for Minor Elements Determination Series B" issued by The Japan Iron

and Steel Federation. A: JSS 171-7, B: JSS 170-7, C: JSS 168-7, D: JSS 175-7, E: JSS

174-5, F: JSS 173-5.

t The mean * standard deviation (number of determinations).
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Fig. 7. Effect of the concentration of thiourea on I,/I, for
arsenic (@) and antimony (O) in the presence of
1000 pug Cu/m/.

Table 6. Simultaneous determination of arsenic and anti-
mony in high purity copper by high power N,—
MIP-AES with hydride generation.

Sample  Certifled value (1 g/g) Present work(ug/g)’
Arsenic  Antimony Arsenic Antimony
M 260 360 253 +12(n=3) 352+ 18(n=3)
N 260 200 242 £ 11 (n=3) 195 +£10(n=3)

* The mean = standard deviation (number of determinations).
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