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Determination of Trace Amount of Bismuth in Iron and Steel

by Inductively Coupled Plasma Mass Spectrometry with

Sample Introduction by Electrothermal Vaporization

Tsuyoshi IMAKITA, Hiroko Hor1l, Tsuneo KAWAMURA and Kiichi NARITA

Synopsis :

The performance of an inductively coupled plasma-mass spectrometer with an electrothermal vaporizer
(ETV-ICP-MS)has been investigated as a function of several parameters associated with ETV operation.
Signal profiles of bismuth in some acid solutions were measured using a pyro-coated graphite tube as the

ETV device.

Signal appearance time of bismuth in nitric acid was later than that in hydrochloric acid and

the signal intensity of bismuth in nitric acid was lower than that in hydrochloric acid. The use of nickel as
a modifier for bismuth in nitric acid improved the intensity to those of bismuth in hydrochloric acid and in

aqua regia.
nebulization with ICP-MS was obtained.

This method was applied to the determination of bismuth in iron.

The detection limit at the sub-picogram level which was 50-fold better than that obtained by

The detection limit of 0.01 ppm which

was 20-fold better than that obtained by nebulization with ICP-MS was obtained. However the signal in-
tensity of bismuth in iron solution was depressed to the half of those obtained without iron and there was
no effect of nickel as a modifier on the improvement of the sensitivity. Bismuth in some certified reference
materials of iron which were dissolved in aqua regia was determined, and the results agreed with reference

values.

Key words : inductively coupled plasma mass spectrometry; electrothermal vaporization;

bismuth in iron; nickel modifier.
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Table 1. Typical operating conditions for
ETV-ICP-MS.
Plasma conditions

R. F. POoweRr 1.25 kW

Carrier gas flow rate 0.851/min

Plasma gas flow rate 131/min

Auxiliary gas flow rate 0.41/min

Electrothermal vaporizing conditions
Heating conditions for Bi

Step Temperature (°C) Ramp (s) Hold (s)

Drying 75 5 0
175 100 0
300 4 0

Vaporizing 2200 0 20

Heating conditions for ion lens tuning

Step Temperature (°C) Ramp (s) Hold (s)

Drying 75 0

Vaporizing 175 120 55
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Fig. 1. Signal profile of mercury before ion lenz

tuning.
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Table 2. Effect of scanning range of m/z on :_g
sensitivity. 3
o
Scanning range Ion counts RSD*1( %) og 13
209 hold 4.4X10° 3 -
208~212 5*2 2.6%10* 14 s
205~215% 1.3x10* 16 g
*1 Relative standard deviation (n=5) E
*2 Tiie for one scan : 41 ms -_
Sample solution : Bi 5 ppb, aqua regia 1% g
2ol . .
® = 1000 2000 3000

Table 3. Effect of carrier gas flow rate on ion
intensity.

Carrier gas flow rate (1/min) Normalized intensity

0.70 0.02
0.75 1.09
0.85 1.00
0.95 0.57

Sample solution : Bi 5 ppb, aqua regia 1%
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Vaporizing temp (°C)

Fig. 2. Effect of vaporizing temperature on signal
intensity of bismuth.
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5ng/ml of Bi in 1% nitric acid : (A) 1% nitric acid containing

0.02% Ni: (B) 1% aqua regia: (C) 1% aqua regia containing
0.02% Ni : (D)
Fig. 3. Signal proflles of bismuth in some acid
solutions.
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Signal intensity (10* counts)

ol

(A) (B) (C)

5ng/ml of Bi in 1% nitric acid : (A)

1% aqua regia : (C)

taining Ni 0.02%
Fig. 4. Signal intensities of bismuth in some acid
solutions.

1% hydrochloric acid : (B)
Hatched bars represent the solutions con-

Signal intensity (10° counts)

b . . .
O 005 oI oI5
Ni (g/100mL )

Sample solution : 5ng/ml of Bi in 1% nitric acid
Fig. 5. Effect of nickel amount on bismuth signal
intensity. ~
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(A), (B}, (C) and (D) are same as described in Fig. 3
Fig. 6. Signal profiles of bismuth in some acids
solutions containing 0.1% iron.
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Signal intensity (10*counts)

o

(A) (B) ()

Concentrations of aci‘ds and Ni are same as described in Fig. 4.
Fig. 7. Signal intensities of bismuth in some acids
solutions containing 0.1% iron.
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Fig. 8. Carrier gas fow rate at vaporizing stage.

Gas flow meter fitted just before plasma torch :
solid line, and before graphite tube : perforated
line.
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Signal profile of Bi: (A) Clo(m/2:70) : (B)
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Fig. 9. Signal profiles of bismuth and other ele-
ments in 0.1% iron solution.
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Signal intensity (10® counts)

o] 05 | 5
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Closed circle : Bi in 1% aqua regia containing 0.02% Ni
Open circle : Bi in 1% aqua regia containing 0.02% Ni and 0.1%
Fe

Fig. 10. Calibration curves of bismuth in a log
scale.

Table 4. Detection limit of Bi by ETV-ICP-MS.

Sample introduction Detection limit calculated

method from 3 o of blank soln. (ppb)
Nebuliger*l 0.09
ETV™ 0.002

*1 Sample uptake rate : 2 ml/min *2 Sample volume : 40 pl
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X 13
1) A. L. GRAY and A. R. DATE: Analyst, 108 (1983),

2) @il EESHT, 36 (1988), p. 229
) EfEHL— KA E, 1990, p. 136

p. 1033

Table 5. Determination of bismuth in iron and steel.
Sample Recommended value (wtppm) 'Nebulizer method ( wtppm) ETV-ICP'MS (wtppm) Reference value®! (wtppm)
JSS 002-2 <1 <0.5% <0.5 <0.03, <0.03*2 ==
JSS 003-1 <1 <0.5, <0.5 <0.03, <0.03
NIST 361 4 5.4, 5.6 5.6, 5.4 5.5%+0.7
NIST 363 8 4.4, 5.1 5.4, 4.5 5.0%£1.0

*1 Data were refered from literature reference 13
*2 Calculated from 3times of D.L.
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