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Separation and Preconcentration of Trace Amounts of Bismuth in Iron-digested Solution by Ion-exchange Adsorption/lon-
pair Elution Followed by Graphite Furnace Atomic Absorption Spectrometric Determination

Nobuo UEHARA, Koji Ozawa and Tokuo SHIMIZU

Synopsis : A unique preconcentration method “ion-exchange preconcentration followed by ion-pair elution” was applied to separation and preconcentra-
tion of trace amounts of bismuth in a digested solution of iron and steel. Bismuth(III) was derived to anionic iodo complex prior to precon-
centration. The bismuth complexes were adsorbed on cotton impregnated with capriquat through ion-exchange reaction, followed by being
recovered as ion-pair of capriquat by elution with methanol. Since iron ions in the digested solution were reduced into divalent state with
ascorbic acid, which also works as an anti-oxidized agent of iodide ions, matrix irons did not form iodide complexes, leading to no adsorp-
tion on the cotton. More than 99.99% iron could be removed by rinse with a solution containing 0.8 mol dm ™ ascorbic acid and 0.5 mol dm™*
hydrochloric acid. The described preconcentration could be successfully combined with graphite furnace atomic absorption spectrometry
(GF-AAS) due to the removal of capriquat with ashing stage in the GF-AAS protocol. Combination of 10-fold preconcentration and GFAAS
measurement allowed us to determine trace amounts of bismuth in a digested solution of iron with a detection limit (30) of 4.4X 10~° mol
dm™3, which corresponds to 4.6 ppb in iron and steel. The combined method was successfully applied to determination of bismuth in certified
reference materials of iron and steel.

Key words : bismuth; iron and steel; graphite furnace atomic absorption spectrometry; ion-exchange adsorption/iron-pair clution.
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Table 1. Conditions of graphite furnace atomic absorption
spectrophotometer.

Atomic absorption spectrophotometer

Bi-HCL, 14.5 mA
223.1 nm
0.2 nm

Light source
Wavelength
Spectral band width

Temperature /°C  Ramp mode /sec Hold mode/ sec

Graphite furnace

Drying 1 60-400 20 0
Drying 2* 50-50 0 20
Drying 3 60-140 40 0
Ashing 400-400 0 20
Atomizing 2500-2500 0 5
Cleaning 2700-2700 0 4

* A 20 cm’ of a matrix modifier solution of methanol containing 4.7X 10° mol dm™
Pd" and 0.01 mol dm™ EDTA was injected.
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Fig. 1. Principal model of ion-exchange adsorption/ion-
pair elution.
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Table 2. Conditions of preparation of ion-exchange columns.

Capriquat solution*

Adsorbent” solvent  [capriquat] ‘mol dm” volume/em’  Mass of capriquat impregnated /g
A glass wool acetone 0.5 20 0.08
B cotton methanol 0.5 20 0.09
C cotton methanol 1.0 20 0.15
D cotton methanol 1.0 5 0.15

*  The solution is passed through plastic mini-columns filled with the adsorbent.

+ 0.2 g of adsorbent was filled.
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Fig. 2. Break-through profiles of bismuth on cotton col-
umn impregnated with capriquat. 10cm® of
5x10"*mol dm* bismuth solution (C1) and 5 cm?
of 5X10°moldm™> bismuth solution (O) were
used as feed solutions. Other constituents in initial
solutions are 1.0moldm™ of KI, 0.5moldm™ of
HC], and 0.8 mol dm ™ of ascorbic acid.
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Table 3. Leakage of bismuth adsorbed on ion-exchange
column during rise process.

Times of rinse process* Percent of leakage’

1 0.094 %
2 0.14 %
3 0.12%
4 0.15%
Total 0.50 %

*AS cn13 of rinse solution containing 0.5 mol dm'3 of hydrochloric acid, and 0.8 mol dl’\’lr3 of
y s
ascorbic acid was used for one rinse process.

T 1.25 mol of bismuth was adsorbed through ion-exchange adsorption process.
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Table 4. Recoveries of bismuth during whole process of
ion-exchange adsorption/ion-pair elution.

Concentration factor Constituents of Sample* Recoveryi' 1%

10 fold 1.0X10® mol dm™ Bi, 1023

10 fold 1.0X 10 mol dm™ Bi, 95.5
0.36 mol dm™ Fe

1 fold 1.0X107 mol dm™ Bi 104.3

* The other constituents were 0.5 mol dm™ potassium iodide, 0.5 mol dm” hydrochloric acid
and 0.8 mol dm* ascorbic acid.
¥ Atomic absorption signal of 1.0X 107 mol dm™ Bi solution was used as a standard.

$10 fold preconcentration was followed by 10 times dilution.
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