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Table 1. Radionuclides, cooling times and energy of gamma
rays used.

weighing the obtained solutions. Aliquots of the
standard solutions (10-50 µg) were weighed into
polyethylene vials and air-dried in a laminar flow

β1=0.01 for gallium and β1=2.32, β2=3.6, β3=4.0
for indium.

It seems justified to assume that the much stron-
ger complexes of indium fractionate the heavy iso-
tope to the solution, according to the general rule
of vibrational approximation of Bigeleisen. For
gallium, which is weekly coordinated, the differ-
ent mechanism should be taken into account. We
suggest that the differences in the composition of
the hydration spheres of the complexes in both
phases are mainly responsible for gallium isotope
fractionation.

This work is supported by the State Commit-
tee for Scientific Research (KBN) – grant No.
4 T09A 057 25.

Tabele 2. Results of analysis of ECRM 379-1, Highly Alloyed Steel by INAA, OES and XRF methods.

Neutron activation analysis (NAA) is extremely
valuable for development of reference materials.
Because of non-destructive nature, it is free from
blank and does not depend on the chemical form
of elements. Moreover, it has been shown that in-
strumental NAA (INAA) can comply with the defi-
nition of primary ratio method of measurements
[1-3]. Analytical techniques used mostly for the cer-
tification of CRMs (certified reference materials)
for the iron and steel industry are optical emission
spectrometry (OES) and X-ray fluorescence spec-
trometry (XRF). The use of INAA may contribute
to improve the certification, especially in the case
of minor and trace elements. The INAA method of
analysis of stainless steel materials has been elabor-
ated. The obtained results are compared with those
of common analytical techniques.

Samples of steel of 60 to 120 mg were weighed
into polyethylene vials. Elemental standards were
prepared from appropriate amounts of spectral
purity elements or oxides by weighing and dissolu-
tion in aqua regia or nitric acid of high purity and
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box. The package containing samples sandwiched
by standards, CRMs and blank were irradiated
for 5 min in the nuclear reactor “Maria” (Świerk,
Poland) at a neutron flux of 2x1013 n cm–2 s–1. A
gamma-ray spectrometer consisting of 255 cm3 well
type HPGe detector (Canberra) well, diameter 16
mm and depth 40 mm, resolution 2.4 keV for the
1332.4 keV peak of 60Co, relative efficiency 24%
with GENIE-2000 Canberra Gamma Spectroscopy
System was used. Different cooling times were se-
lected to determine the radionuclides with differ-
ent half-lives. Gamma-ray energies used and cool-
ing times are shown in Table 1.

The elaborated method was applied for the certi-
fication of Euronom Certified Reference Material
CRM 379-1, Highly Alloyed Steel within the frame-
work of European Committee for Iron and Steel
Standardisation. In Table 2, the obtained results
are compared with those obtained by the other
laboratories participating in the certification cam-
paign using other analytical techniques as well as
INAA [4,5].
Generally, the results agree well. The mean values
with their confidence limits overlap. The only dif-
ference is in the case of antimony determination.
The INAA results for antimony agree well but dis-
agree with the results obtained by OES and XRF
methods. Taking into account the level of antimony

content, it seems that the results obtained by INAA
should be more correct as INAA detection limit
for antimony determination is much more favor-
able than those of OES and XRF.
The precision of INAA determination for all el-
ements determined can be considered better than
those of OES and XRF determinations especially
taking into account the smaller number of INAA
determinations.
The presented results show the usefulness of the
INAA method for the certification of CRMs for
the iron and steel industry.
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This work is a continuation of our previous studies
on the mechanism of zone spreading and the ef-
fect of temperature on cation-exchange separation
of rare earth elements (REEs). An improved ver-
sion of gradient cation-exchange separation pro-
cedure of 14 REE as well as Y3+ and Sc3+ has been
proposed with the use of temperature as an addi-
tional factor improving the quality of separation
[1,2]. In order to optimize the method, several iso-
cratic elutions of REE, as Y3+ and Sc3+ were per-
formed at different temperatures, and during the
experiments some interesting observations on the

mechanism of band spreading in this system were
made indicating the contribution of longitudinal
diffusion in the resin phase to total zone spread-
ing was provided. Because of significant differences
between retention factors (k) of REEs separated
in isocratic elutions and substantial changes of k
with changing temperature (10-65oC), experiments
were conducted on two groups of REEs. The first
comprised scandium, yttrium and heavy lanthanides
from terbium to lutetium (eluent 80 mmol·L–1

α-hydroxyisobutyric acid – α-HIBA) and the sec-
ond – the light lanthanides from europium to lan-
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Fig.1. Elution curves of REE cations obtained during isocratic elution at 35oC: a) Sc3+, Lu3+, Yb3+, Tm3+, Er3+, Ho3+,
Y3+, Dy3+ and Tb3+ (Column – Ion Pac CS3+CG3, eluent – 80 mmol·L–1 α-HIBA, flow rate – 1 mL·min–1. Sample:
Sc3+ – 5 mg·L–1; Lu3+, Yb3+, Tm3+ and Y3+ – 10 mg·L–1; Er3+ and Ho3+ – 20 mg·L–1; Dy3+ – 30 mg·L–1; Tb3+ – 40
mg·L–1.). b) Eu3+, Sm3+, Nd3+, Pr3+, Ce3+ and La3+ (Column – Ion Pac CS3+CG3, eluent – 220 mmol·L–1 α-HIBA,
flow rate – 1 mL·min–1. Sample: Eu3+ – 10 mg·L–1; Sm3+, Nd3+ and Pr3+ – 20 mg·L–1; Ce3+ – 40 mg·L–1; La3+ – 50
mg·L–1.).


