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

Akihiro MATSUMOTO, Tadashi SHI0ZAKI and Taketoshi NAKAHARA

Synopsis

: Trace amount of bismuth was determined by an annular-shaped high power (1.0 kW) nitrogen microwave induced plasma (N,-MIP) atomic

emission spectrometry (AES) with hydride generation technique. Under the optimized experimental conditions, bismuth was determined at

Bi 1223.061 nm line by use of N,-MIP-AES coupled with hydride generation, and the best attainable detection limit was 102 ng/m/ with a

linear dynamic range of 30 to 30,000 ng/m/. The presence of several diverse elements and ions was found to cause more or less depressing

interferences with the proposed technique. This method was applied to the determination of trace amounts of bismuth in steels. When bis-

muth in steels was determined, a large amount of Fe(III) in the solution caused a severe depressing interference, while the presence of Fe(I)

showed little or no significant interference. Of the several interference-releasing agents examined, thiourea was found to be the most prefer-

able to reduce Fe(lIl) to Fe(Il). The present method has been applied to the determination of bismuth in steels. The results obtained by the

proposed method agreed satisfactorily with the certified values.

Key words : high power nitrogen microwave induced plasma; atomic emission spectrometry; hydride generation method; bismuth; thiourea; steels.
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Table 1. Optimized operating conditions for the determi-
nation of bismuth by high power N,-MIP-AES
with solution nebulization and continuous-flow
hydride generation.

Solution Hydride

nebulization generation
Plasma
Wavelength(nm) Bi 1 223.061 Bi I 223.061
Microwave forward power (W) 1000 1000
Plasma gas tlow rate (I/min) 17 11
Carrier gas flow rate (1/min) 1.3 0.5
Vertical observation position (mm) 4 4

(above the top of the cavity)

Horizontal observation position (mm) 0 (centered) 0 (centered)

Hydride geberation
NaBH. concentration (%) 0.4
NaOH concentration (%) 0.4
Sample acidify (M in HCI) 1.0
Sample solution flow rate (ml/min) 8.2

NaBH: solution flow rate (ml/min) 1.3

Table 2. Emission characteristics of major lines of bismuth
by high power N,-MIP-AES with solution nebu-
lization and continuous-flow hydride generation.

Solution Hydride
nebulization* generation t
Wavelength (nm) In¥ I./Iv* BECS It Io/Iv* BECS
Bi 1 195.389 0.04 122 410 1.31 1.08 4.65
Bi 1 206.170 0.21 1.04 479 0.31 0.47 10.69
Bi I 222825 0.69 2.70 18.5 0.34  0.63 7.95
Bi I 223.061 1.00 3.10 16.2 1.00 1.97 2.54
Bi 1 306.772 0.51 2.98 17.1 0.34 0.77 6.51
* With solutions containing Bi (50 ug/ml).
T With solutions containing Bi(5 ug/ml).
t Relativeto In and In/Tvof Bil223.061 nm.
§ Background equivalent concentration (&g Bi/ml).
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Fig. 1. Effect of NaBH, concentration on /, (O) and /,/I,
(®) for bismuth with continuous-flow hydride gen-
eration.
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Fig. 2. Effect of HCI concentration on /, (O) and /,/, (@)
for bismuth with continuous-flow hydride genera-
tion.
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Table 3. Effect of diverse elements or ions on the determi-
nation of bismuth by high power N,-MIP-AES
with hydride generation.

Element or ion* Added as Relative intensity T
As As203 93.0
Be BeSO4 91.7
Cd Cd(NO3)z * 4H20 814
Co Metal in HCl 85.1
Cr(VI) K2Cr207 911
Cs CsCl 934
Cu CuSOa * 5H20 84.8
Fe(11I) FeCls * 6H20 81.4
Hg Hg2(NO3): 80.6
Mo (NH4)sMo7024 * 4H20 87.3
Ni NiSO4 * 6H20 85.7
P (NH4)zHPO4 84.7
Pb Pb(NO3)2 84.8
Sb CsHsO6KSbHO * 1/2H20  84.7
Se Na2SeO3 87.6
Sn Metal in HCI 90.4
Te Na:TeO3 81.3
A% NH4VO3 829
w Na:WOs4 * 2H20 74.9
Zn Metal in HC] 86.5
Zr ZrO(NO3)z * 2H20 76.5
BrOs~ KBrOs3 934
ClOs~ NaClO3 93.9
NO2~ NaNO2 30.0
SOs32” NazSOs3 874

* Diverse element or ion added at level of 1000 £¢g/ml.
T Relative to 100 for the emission intensity of Bi (1 4 g/ml) alone.

IZE > THARDE R LF VIZEBL, BiE~ ) 9o R
NOFEELTT I XAVHIZEBATENDT, FLLTIDK
FIDERRICORRORAEFTTE (L) ICK2{LENL
TP 572, ¥ 22 2DBEHEIZHL T 1000580
LB TFEL 2L EDZFNFNDOILRD I NEE & IE
L, THOBREEBRET L, THERLAETTEBLUZED
THOEA WA, ¥ 27 A (1.0 ug/ml) DIETRD AO RN
BIZxt T 2 HNBE TR =R % Table 3128 T, 7272
U, MR 2 1005 INOE 2R L 2 TERE L4 A
> (Al B, Ba, Ce, Cr(1I1), Fe(1l), Ga, Ge, In, K, La, Li, Mg,
Mn, Na, Sr, TI, Y, V, Br™, ClI, CN", C,0,%, CO", F,
HCO,™,10;,7,NH,", SCN" 5 K1 S0,27) &, HIEHRELE
BLTTER N DL L, ZOBRN2E, TN b,
81, gk, = LB EDORAETTEL LUERRMEA A+,
WERA A, BREAA Y DR A Y ORFIZES
RET LB I NS, £7/-, Y27 R &R, KFEL
MEKT ETTETHHLER, 7UFEY, #M, LY, X
X, TR DWTERETEIEHRE S I,
3.4 SHMEF~DICH
BHPOMBEY A~V 2 EEET SHAICIE, LT Table 3



$% &80 Tetsu-to-Hagané  Vol. 89 (2003) No. 9

IS
S
T

Relative Intensity (%)
(=)
=

201
0 ! 1 I 1 i
0 1 2 3 4 5 6
L-systeine (%)

Fig. 3. Effect of L-systeine concentration on emission in-
tensity of bismuth in the presence of 1000 ug
Fe(III)/m/.
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Fig. 4. Effect of L-ascorbic acid concentration on emission
intensity of bismuth in the presence of 1000 ug
Fe(1IT)/m/.
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Fig. 5. Effect of thiourea concentration on emission inten-
sity of bismuth in the presence of 5000 ug
Fe(IlI)/m/.

Table 4. Determination of bismuth in steels by high power
N,-MIP-AES with hydride generation.

Bismuth (& g/g)”

Sample * Certified value Present work
JSS 190-1 7 N.D.*¥
JSS 191-1 22 N. D.

JSS192-1 98 90 * 13
JSS 193-1 34 28 £ 10
JSS 195-1 32 27+ 7
NIST 363 80 74 12

* The mean t standard deviation, based on 5 replicate determinations .
T Not determinatble.

1 Referrence value.
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