. 94

) % & ] etsu-to~Hagané Vol. 93 (2007) No. 2

IFLOT7ICHEEBERAWE LS LEEHF L/
Vi EEESREEI7OY N TS 74 —I2k 3
HIMPDWMEE AT ANDTEE

A

K-> - B OFE K AR - RE ik

Determination of Trace Amounts of Bismuth in Iron and Steel by Pre-column Derivatization Reversed-phase
High-performance Liquid Chromatography with Ethylenediaminetetraacetate

Taihei MURAMOTO, Yoshitaka YUKISHITA, Tokuo SHIMIZU and Nobuo UEHARA

Synopsis : Determination of trace amounts of bismuth in steel and iron was demonstrated with high performance liquid chromatography using ethylene-
diaminetetraacetate (EDTA) as a pre-column derivatizing reagent. Standard materials of steel and iron were decomposed with a mixture of
nitric acid and hydrochloric acid, followed by subjected to sulfuric fuming. The residues were dissolved with 0.1 mol dm™3 hydrochloric acid
to prepare digested sample solutions. Bismuth ions in the digested solution were separated from iron matrix with an anion exchange column
under 0.1 mol dm~? hydrochloric acid. The adsorbed bismuth ions on the anion exchange column could be recovered with 0.1 mol dm ™ nitric
acid, quantitatively. After the recovered bismuth ions were derivatized with EDTA under pH 3.0, HPLC separation of the bismuth-EDTA
complex was performed with an ODS column using an aqueous solution containing 0.01 mol dm > monochloroacetate buffer (pH 3.0) and
2.0x10"* mol kg™" of tetrabutylammonium bromide was monitored at 265 nm spectrophotometrically. A linear calibration was observed in
the concentration range from 1X10 ®* to 1X10™°mol dm ™ of bismuth. The detection limit (3 0) of Bismuth was 8.8107% mol dm >, which
corresponded to 0.92 ppm in iron and steel samples. An analytical recovery of a steel sample obtained with the HPLC method agreed with
that obtained with GD-MS. The recoveries of bismuth added to the digested solution of iron and steel were with in 99.5 to 1 18%, indicating

potential of the HPLC method for iron and steel analyses.
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Fig. 1. Simulation of distribution of metal-EDTA species
as a function of pH: @, Bi(II)-EDTA complex; O,
Bi(111); A, Fe(III)- “EDTA complex; A, Fe(Ill); W,
Fe(I)- EDTA complex; UJ, Fe(Il); letrlbutlons of
species are calculated with 1.0X10 mol/L of
EDTA.
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Fig. 2. Absorption spectra of metal-EDTA complexes:
[EDTA]=1.0X10"*mol/L, [metal]=1.0x107*
mol/L, [monochloroacetate buffer (pH 3.0)]=
0.1 mol/L; reference: reagent blank.
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Fig. 3. Typical chromatogram of metal-EDTA chelates.
Column: Mlghtysll RP- 18 4.6mm i.d. X150 mm;
eluent: 2.0X 107> mol kg™ ! of tetrabutylammmom-
um bromide and 1.0X 1072 mol kg™! of phosphate
buffer (pH 3.0); detection wavelength: 265 nm;
flow rate: 1.0mLmin~'; sample solution; [Bl”']
[Fe"]=1.0X10">mol/L, [EDTA]=1. 0><10
mol/L, [monochloroacetate buffer (pH 3.0)]=
mol/L.
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Fig. 4. Effect of (a) acetonitrile content and (b) ion-pairing
agent concentration in the eluent on the retention
time of metal-EDTA complexes: O, Bi(Ill), O,
Fe(Il); HPLC conditions other than acetonitrile
content or tetrabutylammonium bromide are the
same as those in Fig. 3.
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Table 1. Effect of hundred-fold element on the relative
peak height of bismuth—-EDTA complex.

Element Relative peak height*
Co" 101.0
cu" 103.1
Mn" 101.1
Ni! 104.0
Pb" 103.7
sn' 104.5
Zn" 101.9
Al 101.7
Fe ’ 96.1
Ti" 101.5
vY 99.5
Mo"! 103.9

*Measured peak height of 2.0 < 107 mol/L Bi(II)-EDTA with
2.0 X107 mol/L diverse clement is standardized with the one
without diverse element.
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a) Removal of iron b) Recovery of bismuth
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Fig. 5. Anion exchange separation of bismuth from iron:
Sample solution contcumng 9.3X10 *mol/L of
iron(Ill) and 1.0X107>mol/L of bismuth(IIl) is
passed through anion-exchange column (packed
with 0.3 g of Dowex 1X8). 0.1 mol/L hydrochloric
acid and 1.0 mol/L nitric acid were used in (a) as a
rinse solution to remove iron(II) and in (b) as an
eluting solution to recover bismuth(IIT), respectively.
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Fig. 6. Chromatogram obtained by analyzing CRMs of
steel. HPLC conditions are the same as those in
Fig. 3. TR-A was used as a CRM.
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Table 2. Analytical results and recoveries of bismuth in certified reference materials of iron and steel.

Analytical results* /ppm

Recovery test

Materials GD-MS this method Bi added Bi found** Recovery
/ ppm / ppm /%

TR-B N.E.** <LOD' 20.9 234402 112

NIST 1765 0.608£0.032 <LOD 20.9 239423 114

JSS 001-4 N.E.** <LOD 20.9 20.8£1.0 99.5

JSS 003-4 N.E.** <LOD 209 246+1.7 118

TR-A 35619 352435

* mean = standard deviation (three replicate analyses)

*% N,E.: Not examined

¥ < LOD: lower than determination of limit which is defined as 10 times of standard deviation (10 ¢ )
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