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DETERMINATION OF HAFNIUM IN ZIRCONIUM COMPOUNDS USING FLAME
ATOMIC ABSORPTION SPECTROMETRY (FAAS)

The optimum conditions for determination of hafnium in zirconium matrix by FAAS were
established (1 % HF, 0,1 % Al, max. 1 % ZrOCl,). The effect of various inorganic acids (HF, HCI,
HCIlO,, HNO;, H,SO,) as well as influence of comparable amounts of Fe, Ca and Mg on Hf signal
was also studied. ICP-AES was used as comparative method.

OmnpezeeHbl ONTUMANIBHBIC YCIOBHUS ONpeAecHUs TadHUS B IIUPKOHUEBON MaTpPHUIC METO-
JIOM IIJJaMEHHOU aToMHO-abcopOnmonHoit criektpomerpuu (1 % HF, 0,1 % Al, max. 1 % ZrOCl,).
Taxkxe u3ydeHO BO3JCHCTBHE pa3iuuHbIX Heopranmdeckux kuciaor (HF, HCI, HCIO,, HNO;,
H2S0,) u BIusHUEC aHAJOTMYHBIX KOJMYCCTB jKejie3a, KaJbIUs M MarHus Ha curHai radpHus. B
KauecTBE COIMOCTABUTEILHOTO METOJa MCIOJIL30BAJICS METOJ CIEKTPOMETPUU WHAYKTHBHO CBSI-
3aHHOM IIa3MOi - CrieKTpoMeTpuu aToMHBIM m3nydeHueM (ICP-AES).

Hafnium does not occur as the primary
compound of ore but always is included in zirco-
nium minerals, usually in the range of 2-3 %.
Both of these metals are used in nuclear industry,
what requires their separation. However it is very
difficult, because of a large similarity of their
chemical properties and analytical problems con-
cerning determination of hafnium in zirconium
matrix. The techniques like: inductively coupled
plasma atomic emission spectrometry (ICP-
AES), radiometric and neutron activation analysis
(NNA) are the most often used for determination
of Hf in Zr compounds [1]. However the tech-
niques mentioned above are not always available.
More available and the most popular for determi-
nation of metals is atomic absorption spectrome-
try, but there is no information in REFERENCES
about determination of Hf in zirconium com-
pounds using AAS method.

The aim of our work was to settle the con-
ditions of hafnium determination in zirconium
matrix by means of FAAS.

Experimental.

Reagents and solutions. High purity
ZrOCl,'8H,O 99,9 % metal basis (~100 ppm
Hf), HfOCl,-8H,0 98+ % were obtained from
Alfa Aesar and used as received. Reagent grade
HF, HCI, HCIO4, HNO3, HQSO4, NHgaq,
AI(NO3)3, FG(NO3)3, Mg(NO3)2, Ca(N03)2, D,
L — mandelic acid, and “pure” ZrOCl,-8H,0O

(~2 % HY), all from POCh (Gliwice, Poland)
were used without further purification. Water
was distilled and purified using a Millipore Elix
10 system.

Concentrated solutions of studied metals
(~0,15 g of metal/ml) were prepared and
stored in 2M HCIL. The solutions were stan-
dardized by gravimetric procedure utilizing
mandelic acid [2].

Apparatus. Determination of Hf by flame
atomic absorption spectrometry (FAAS) was
performed using Perkin-Elmer 3300 spectrome-
ter with hollow cathode Hf lamp (PHOTRON
PERKIN ELMER). Following conditions were
used: wavelength 286,6 nm; slit 0,2 nm; current
intensity 25 mA; flame C,H, — N;O. IRIS I
ADVANTAGE RAD HR (serial no 7063)
Thermo Jarrell Ash (USA) inductively coupled
plasma emission spectrometer was also used
under conditions from previous work [3].

Procedure. Hf absorption lines 286,6 nm
as one of relatively high sensitivity and free
from coincidence with absorption lines of Zr
was selected. First the effect of various inor-
ganic acids on results of Hf determination was
investigated. Next the effect of additions of
aluminum salt (which improves some signals in
FAAS measurements) on Hf excitation was
studied. After selection of acid (HF) and proper
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Fig.1.The effect of various acids on determination of Hf.
Hf addition 300 g/ml

90

70 1

50 1

30 1

Found (% of Hf addition)

10 1

100

P (=) [ee]
S (= (=

N}
(=)

Found (% of Hf addition)

(=)

0,1 0,2 0,3 0,4 0,5
Concentration of Al, %

Fig.2. The effect of Al concentration on determination
of Hf. Hf addition 300 g/ml, 1 % ZrOCl,, 1 % HF
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Fig.3. The effect of HF and HCI on determination of Hf
in 1 % ZrOCl, matrix. Hf addition 300 g/ml

concentration of aluminum salt (0,1 %), stan-
dard curves containing 0,1 % of Al, 1 % of HF
and various concentrations of matrix: 0; 0,5;
1,0 and 2,5% ZrOCl, in the range O-
450 pgHf/ml were prepared to check the possi-
bility of hafnium determination in zirconium
compounds. Additionally, the effect of some
metals (Fe, Mg, Ca), which commonly occur in
zirconium ores, on Hf analysis was examined.

Inductively coupled plasma atomic emis-
sion spectrometry was used as comparative
method of Hf(IV) determination applying solu-
tions containing 2M HCl in the presence of 1 %
ZrOCl, matrix.

Results and Discussion. The best condi-
tions of hafnium excitation are obtained in HF
acid (Fig.1) with addition of 0,1 % of Al salt
(higher concentration significantly decrease Hf
absorbance — Fig.2). In the case of using other

inorganic acids, measured signal decreases in
given order HCIl>HCIO4 > HNO; > H,SO4
(Fig.1) Comparison of effect of two acids (HF
and HCI) on determination of hafnium in 1 %
ZrOCl, matrix (Fig.3) proves HF to be the best
acid for this analysis.

The results presented in Fig.4 indicate
that 0,5 and 1,0 % ZrOCl, matrix has very
little effect on Hf signal, in opposite to 2,5 %
ZrOCl, matrix, which significantly reduces
the sensitivity of investigated method. The
addition of other metals (Fe, Mg, Ca), which
occur in zirconium ores in the same range as
Hf, results in decreasing hafnium absorbance
by about 20 % (Fig.5). Therefore utilizing the
FAAS method for determination of Hf in the
presence of comparable amounts of Fe, Ca
and Mg is possible after introduction of
proper corrections.
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Fig.4. The effect of ZrOCl, concentration on determination of Hf

Accuracy of the investigated method was
verified by determination of the precise added
amounts of hafnium, employing FAAS and
ICP-AES methods.
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Fig.5. The effect of Fe, Ca and Mg addition on determina-
tion of Hf. 300 gHf/ml, 1 % ZrOCl,, 1 %HF, 0,1 % Al
A — without Fe, Ca, Mg; B — in presence of 300 g/ml Fe,
100 g/ml Ca and Mg

Conclusions. The optimum composition
of solution for determination of hafnium in zir-

conium matrix by FAAS was established (1 %
HF, 0,1 % Al, max. 1 % ZrOCl,). Other inor-
ganic acids decrease Hf absorbance in the fol-
lowing order HCI> HCIO4 > HNO; > H,SO,.
The analysis of Hf in the presence of compara-
ble amounts of Fe, Ca and Mg is possible after
introduction of proper corrections.

The presented method permits with good
accuracy and precision to determine over 0,1 %
of hafnium in zirconium matrix (in relation to
ZI‘OClz)
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