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

Takatsugu IKEDA, Tokuo SHIMIZU and Nobuo UEHARA

Synopsis : Trace amounts of lead(Il) in an iron-digested solution was derived to anionic iodo complex prior to being preconcentrated and separated from

iron matrices by an ion-exchange adsorption/ion-pair elution method. Anionic lead(II)-iodo complex adsorbed on cotton impregnated with

capriquat through ion-exchange interaction. The adsorbed lead(Il)-iodo complexes could be eluted with methanol so as to be analyzed by

graphite furnace atomic absorption spectrometry (GF-AAS). Iron matrices in the digested solution did not adsorb on the anion-exchanging

cotton to be separated from lead(Il) since iron ions reduced by iodide ion did not form stable anionic iodo complex. Satisfactory separation

(more than 99.99%) of iron matrices and quantitative recovery of lead(1I) could be achieved with the proposed preconcentration method. GF-

AAS exhibited an excellent compatibility with the concentrate in analyzing lead(I) because GF-AAS can remove capriquat and iodide ion in

the concentrate at a chirring stage. With 5-fold preconcentration GFAAS measurement allowed to determine trace amounts of lead in a di-

gested solution of iron with a detection limit (36) of 5.3X107° mol/L, which corresponds to 0.11 pg/g in iron and steel. Lead contents in cer-

tified reference materials of iron and steel were successfully determined by GF-AAS combined with the proposed method.

Key words : lead; iron and steel; graphite furnace atomic absorption spectrometry; ion-exchange adsorption/ion-pair elution.

1. ¥

B, SPEEIC BV TIREMEEERY 44 2 L 0#
Hre, 2259 THEEMCLZE8AER IR T 5,
A2 Ty T#EBENHETS 212, FFryTFIL Ay
F (eFE, 292, TYFEY, X, 8, RUOHS)
EMHEN B TEROBBFANDRADR, ZHIZ K 58805
BERFEOVSZMEE2WIRT 20BN H 5, —HfipITRE
ALZNF UV TIL Ay ME, LI TE RIS
DR ZERE#ETHB I Ens, WEEHE, gHh
DI VTIVLAY M 2EREPOEREIZERTESH
FBORBALEEIHTNBY, PV TITLAY MOHRTY
SIHWAETLETHD, A v FRBFALLEEHFLTY S A
INAEAPIZIRATABNAH D, ZOERIINTS=—X
ANEO,

Pl IR ICE ENAMESHOERELE LT, T —
LIRS BEMP IR 7 IREER(GF-AASY ", k7
HriE®, B K UBESEA T 5 X~ G E5EJICP-MS)>?
EVSHFARY PG, BB VIEARLE Y A
=D PR IR TNE, MTEFRTFANY LY
WEZEEETH 5 Z L Hh 68HZR S T8 O EARHM

MRO A RENAEINTOBHETHS, L2l
Do, FFAXRS PGHERHTFEY MY v o 20508
BLEZIRTWHETH B8, TOFEIZX D FMEIZSH
B AIT O IR E LT~ b ) v 7 ZDREHH
HTHD,

IhE CHSMIZE N 2 WMESOBPIED 728 ORILEE L
& LT, BRSO 4 YA ke RO g
ERRE SN TBD, RITWILFiELh->THh 5,
L Lans, BEOSEHHEE L £  BREAHHKKOR
s, KIREAMROSMIIEORBEILENS LD
il ->TED"O, Z2O-HOFRMMABKIIENTEH-4F
BHRABEIZE > T3,

Feald, BRBAMSE BE DO E LS LT,
A4 AZHRIRAE - A S U XIERREICEHL, b v T
LAY IO—FETHBE AV ADFEEEHEICBEE L7219,
ZOHEOBSK % Fig. 1IR3, ZOHFETIE, HAME
DK T H AR, BB T v =Y LETH 3
FUFOFAAFLT YV EZSL (A7) a— ) bR
L7 DEELI A4 & 28k LTHWTWS, &
SRR Og~ r ) v 2 20 HNTERE DT 2729
12, A4 4 v ARWT I — FEERE A A VICERERL

TR 2046 A30 BT SERK204F-8 A 25 HA2H (Recieved on June 30, 2008; Accepted on Aug. 25, 2008)
% FERE AT T8 (Department of Applied Chemistry, Faculty of Engineering, Utsunomiya University, 7-1-2 Yoto Utsunomiya 321-8585)
% 2 FEE KEAER T2 F (Department of Material and Environmental Chemistry, Graduate Schoool of Engineering, Utsunomiya University)

59

59 IS



M 60

$k & $A Tetsu-to-Hagané Vol. 95 (2009) No. 1

Derivatizing reaction

Ton-exchange
adsorption

R O

Capriquat

Adsorb

<

ent

P
e’
% Organic solvent
of

S

—> Measurement with Atomic

& absorption spectrometry

Fig. 1. Principal model of enrichment of lead by ion-exchange adsorption/ion-pair elution.
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Table 1. Conditions of graphite furnace atomic absorption
spectrophotometer.

Atomic absorption spectrophotometer

Light source Pb-HCL, 9 mA
Wavelength 283.3 nm
Spectral band width 1.3 nm

Heating program

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

Drying 80-140 40 0
Ashing 600-600 0 20
Atomizing 2400-2400 0 5
Cleaning 2700-2700 0 4

Other conditions

Graphite furnace; Pyrographite cuvette

Sample volume; 20uL
Matrix modifier; 20 1 L of 47X 10° mol/L Pd" and 0.01 mol/L EDTA
solution
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Fig. 2. Simulation of distribution of lead(II) species as a
function of iodide concentration."
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Fig. 3. UV-Vis absorption spectra of lead(II) solution con-
taining potassium iodide. Sample: [Pb?*]; 1.0x107*
mol/L, [KI]; 0.2-2.0mol/L, [HCI]; 0.5mol/L, and
[ascorbic acid]; 0.8 mol/L Reference: reagent blank.
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Fig. 4. Leakage of lead(Il) from cotton column 1mpreg-
nated with capriquat. 20cm® of 1X107°mol/L
lead(II) solution was used as a feed solution. KI in
a feed solution varies from 0.2 to 1.5 mol/L. Other
constituents in a feed solution are 0.5 mol/L of HCI
and 0.8 mol/L of ascorbic acid.

Table 2. Leakage of adsorbed lead from ion-exchange column and removal of iron matrix through rinse process.

Number of times of rinse*

Percentage of lead leaked”

Percentage of iron(I11) remained in column*

1 0.057 %
2 0.21 %
3 0.59 %
4 1.28 %

0.0095 %
0.0048 %
0.0021 %
0.0015 %

* A 5 mL of rinse solution containing 0.5 mol L™ of hydrochloric acid, and 0.8 mol L' of ascorbic acid was used for one rinse.

+A 25 mL of 5 X 10™ mol/L lead without iron matrix was loaded on an anion exchange column prior to rinse

1A 25 mL of 0.36 mol/L iron solution without lead was fed through an ion-exchange column prior to rinse.
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Table 3. Regression analyses of calibration curves for lead determination.

Sample intercept’ slope” R
Standard methanol solution * 0.003 3.26 X107 0.996
Concentrated solution without iron * 0.039 326%10° 0.996
Concentrated solution with iron® 0.105 3.11%x107 0.997

* Absorbance = intercept + slope X lead concentration (concentration range ; 0 - 50 u g/L)
** Correlation coefficient
a) A standard methanol solution was prepared form 1000 mg/mL of an aqueous lead standard
solution by diluting methanol containing 8.0 X 10~ mol/L capriquat.
b) An aqueous standard solution of lead without iron matrix was concentrated by the proposed method.
¢) An aqueous standard solution of lead with 0.36 mol/L iron matrix was concentrated by the proposed

method.
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Table 4. Effect of foreign elements for atomic absorption
signal of lead in concentrate.

Element Relative absorbance Relative absorbance
without iron matrix with iron matrix
Al 102.8 96.5
Bi" 97.2 102.5
vY 94.2 106.0
Zn" 96.4 98.2
Co" 93.9 103.8
cu" 96.9 98.4
Mn" 101.7 98.1
As™ 101.0 106.5
Sn 96.4 97.5
Ni" 94.3 105.5
Ti' 93.4 103.9

* A 25 mL of sample solution containing 6 1 g/L lead and 1000 » g/L.
foreign ion with or without 0.36 mol/L iron matrix was treated by the

proposed method.

Table 5. Analytical results of lead in certified reference
materials of iron and steel.

Analytical results* / ppm

Materials this method GD-MS ICP-MS ICP-AES Certified
NIST-1765  2.88£0.07 2724013 - - 3
NIST-1763  0.595(n=1)  0.631£0.038°  — -

TR-A 61912 586" 465+15"  501.5+2.1Y

*mean * standard deviation (three replicate analyses)
a) Data were donated by Dr. Iwasaki.
b) Ref. 20

Table 6. Recovery test of lead digested solution of certified
reference materials of iron.

CRM Pbadded/ug/g Pb found* /ug/g Recovery / %
JSS001-4 1.00 1.09%+0.02 109
JSS003-4 1.00 1.02£0.01 102

* mean % standard deviation (three replicate analyses)
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