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Determination of Mg Cu, Zn, Ag and Pb in Pure Iron
by Isotope Dilution Analysis/Inductively Coupled Plasma Mass Spectrometry

Isamu Inamoro and Koichi Cuisa

Synopsis : Isotope dilution analysis (ID) with inductively coupled plasma mass spectrometry (ICP-MS) was applied to, the determina-
tion of ultra trace levels of impurities, such as Mg Cu, Zn, Ag and Pb in pure irons. Furthermore, a cation exchange method
was combined with the ID as a pretreatment procedure in order to remove the iron matrix cation to preconcentrate
impurities. It was found that the cation exchange method was very suitable for a pretreatment procedure for ID, because
the cation exchange resin contained almost no contaminant elements after properly rinseing. Recoveries of elements by the
cation exchange method were 50 to 869 for the above elements, and it was high enough to be combined with ID. Using
ID-ICPMS, it was possible to measure 0.1xg/g levels of these elements with R.S.D. of less than 4%. In particular, Ing/g

of Ag was determined with R.S.D. of less than 17%.
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Mg [99.995 9%MgCl,* 6 H,O (Aldrich®!)]
Cu  [99.99999%Cu (HA§LZH) ]

Zn  [99.998%Zn (Johnson Matthey#) ]
Ag  [99.999%Ag (Johnson Matthey!) ]
Pb  [99.999%Pb (Jhonson Matthey#Y) ]
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Table 1. Operating conditions.

ICp

~ Power 1.3 KW
Coolant gas flow rate 12.4 1/min
Auxiliary gas flow rate 0.48 I/min
Carrier gas flow rate 0.82 1/min

Mass Spectrometer
Mass range 24.0~209.0
Channel No. 512
Scanning No. 1300~1500
Exposure time per channel 80 us
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Table 2. The spike solutions.
Elements Isotope Isotope abundance Concentration
(Atom. %) (ug/g)

Mg 0.98

Mg Mg 98.81 0.2470
Mg 0.21
52Cu 0.37

Cu %Cu 99.63 0.7280
sZn 1.11
%Zn 1.96

Zn §7Zn 94.62 0.4101
Zn 2.27
°Zn 0.04
107 A, 99.11

Ag 10 Ag 089 0.8164
204Ph <0.001
2067

Pb mi,ﬁ 9(9);(15 0.9015
208Ph 0.026
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Fig.1. Relationship between error magnification and
isotope ratio in Ag analysis.
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Fig.2. Dependence of R.S.D. of isotope ratio measure-
ment on Ag concentration.
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Table 3. Mass discrimination effects of ICP-MS.

Elements Isotope ratio of Measured isotope ratio (ICP-MS)
standard (IUPAC) conc. ratio 1o (n=10) R.S.D.

25Mg/**Mg 0.1266 100ng/ml 0.1366 0.0007 0.51
10ng/ml 0.1362 0.0028 2.06
85Cu/%*Cu 0.4457 100ng/ml 0.4413 0.0010 0.23
10ng/ml 0.4418 0.0047 1.06
87Zn/%Zn 0.1470 100ng/ml 0.1438 0.0011 0.76
10ng/ml 0.1451 0.0038 2.62
107Ag/109A g 1.076 100ng/ml 1.072 0.003 0.28
10ng/mt 1.068 0.017 1.59
206 P /208 0.4599 100ng/ml 0.4698 0.0032 0.68
10ng/ml 0.4683 0.0059 1.26
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Fig.3. Distribution coefficients for the system cation-
exchange(Dowex 50W X-8-hydrofluoric acid
solution.
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Fig.4. Elution curve from cation-exchange(Dowex 50W
X-8)for nitric acid eluant.
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LR TR DTSS 002- 3 DBHE I FRIAZHEYE O AR
FUIERINTO2ET, SHEBHSOSHHEIZICP-MS
DIZHETRINGE AL M F BEHMEAMETER LICETH 5,
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Table 4. Determination of Mg, Cu, Zn, Ag and Pb in high purity iron by ID/ICP-MS.

ppm (m/m)

JSS 002-3*! High purity electrolitic iron
Elements ID/ICP-MS Other method*? ID/ICP-MS Other method*®* Other method**
Mg nl 0.582 £0.004 1 0.0124 +0.0003 <01
n2 0.583 +0.004 0.0127 +0.0005
Cu nl 1.749 $0.014 2 0.599 =£0.004 0.6
n2 1.746 £0.012 0.601 =£0.004
Zn nl 0.099 +0.002 <1 3810 £0.024 4 4
n2 0.100 £0.002 3.800 +£0.031
Ag nl 0.001210.0002 0.00070+£0.00009 <04
n2 0.0013+0.0002 0.00068 +0.00006
Pb nl 0.038 0.001 <1 0.227 +0.004 0.2
n2 0.039 £0.001 0.226  +0.004
Dispersion : +1¢(n=10)
% 1 Japanese Iron and steel CRMs(pure iron series)
*2 JSS 002-3 Non-certified value
% 3 ICP-MS(Standard addition method)
* 4 Newtron activation analysis
% 3w Pbiz DL TREEA 365 5 U £ ThOBZ ORI bs,
WL o T, RRRNERGFAELY L OEI L H) 2R
LaZEPMOoNTEY, MEITIZ4 - 2THRNERESE X 73

BIRIER DM IE % NIST DRI 1E AZHEPb # H W TAT 5
SEDBETHED, MOTKLRL L 5 CEBIEHEIETE
THREL THERMIGH 2 5 BUIED T3, EHL
DEEERRCDOTNISTIZ L 2HIERRFEBL T2,

EHEr @ L TZERERMEIL, Zni0.0334gT, Cuk U'Pbik
1ngllF, Mgl UFAgld0.1ngbl FT &H » 72,

B. B

(1) FLERFR FEES TS A-—BREIECL 5
EHLE S DR Mg, Cu, Zn, AghUPbDER L%
fESL L 72,

(2)A3£120.1ppm (m/m) v <X DORILE#RSD. 1
~4%TERT S, AgD & 52 1ppb(m/m) v T,
R.S.D. 9 ~17% L HER DT FRELMT I3 T W IR - EAE R 45
WETH 5,

(3)EBILKDFed & DA BERMICIZ, FEA & > 24
B2 & 3 7 vAWKRERERIE R RIEEHE 2 WA L 12,
COHFECINEERBRBERIEREHELLVETDH 5,
AR ORNEIL, +2IDEVEAT S 350~869%T
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