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Abstract The reactor neutron cross-section for ®!Hf(n, ) ®2Hf reaction has been measured with the activation method at the heavy
water research reactor of China Institute of Atomic Energy. Thermal ionization mass spectrometry was used to determine the ¥2Hf/

18Hf and B'HE/®HS atom ratios of the irradiated sample. The reactor neutron cross-section for ®'Hf(n, v) "™ Hf reaction is 80.0 =
5.6b, given by 14.80 + 0.60b for the ®Hf(n,v) B Hf reaction as a reference.
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1 Introduction

Knowledge of the reactor neutron cross-section for hafmi-
um (Hf) is of great importance not only for the design and
development of nuclear reactors'') but also for the activation
analysis and other theoretical as well as experimental studies
concerning the interaction of neutrons with matter.

Previously, the reactor neutron cross-section for B,
v)"®2Hf reaction was estimated roughly only by J. Wing et
al.[*in 1961. J. Wing et al. exposed 300 mg HfO,, en-
riched in ™ HF to 93%, to high neutron flux of a materials
testing reactor in September, 1956, for one-year irradiation.
82Hf was produced by double neutron capture of °Hf in the
reactor. Mass spectrometric analysis of the irradiated hafnium
gave a " HE/™ Hf atom ratio of 0. 00147 + 0.00001. The
neutron capture cross-section of ' Hf was estimated to be
40*43b, based on the cross-section value of 10 b for reactor
neutron induced " Hf(n,y) S Hf reaction.

In this experiment, the reactor neutron cross-section for
the B Hf(n,y) B2 Hf reaction was measured with the activation
method at the heavy water research reactor of China Institute

of Atomic Energy. After irradiation, the isotopic ratios of

Received 1 November 2004, Revised 17 January 2005
* Supported by National Natural Science Foundation of China(10490185)
1) E-mail : jiumm @ 163 . com

hafnium in sample were measured by a thermal ionization
mass spectrometry (TIMS) . The reactor neutron cross-section
for B'Hf (n, 7) ®2Hf reaction was obtained from our data of

atom ratios.
2 Formula for the cross-section calculation

In the process of sample irradiation, the number of "' Hf
atoms produced in sample can be calculated by Eq. (1) .
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where N, is the number of ®'Hf atoms, N, the number of "Hf
atoms in the sample before the irradiation, ¢ the neutron flux at
the sample irradiation site, o the cross-section for "Hf (n,
¥)"®'HE reaction, ¢ the sample irradiation time, A = A; + 03,
where A; =1.893 x 10™s™! is the decay constant of ®'Hf and
o, is the cross-section for BIHE (n,v)®Hf reaction.

In the process of sample irradiation, the mumber of 'S2Hf
atoms produced from BIHf( 1, v) " Hf reaction can be calcu-
lated by Eq.(2).
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where N, is the number of “2Hf atoms produced from
BIHf(n,y) ¥ Hf reaction. Because the half-life of 2Hf is
about (8.9 + 0.09) x 10%a (3] , the number of ®*Hf atoms
decayed during irradiation is neglected. Here, we also do not
take into account the decrease of the number of ¥2Hf atoms
via the 2 Hf (n,7)"™ Hf reaction.

From Eq. (1), we can get
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From Egs.(2) and (3), we can get
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In this experiment, @oy<< Ay, so A =~ A;. If the ratios
of N,/ Ny and N,/ Ny in sample are known at the moment of
the sample irradiation completion, the reactor neutron cross-
section of ®'Hf (n,y) " HF reaction can be calculated using

Egs.(3) and (4) and A = &, + g0, by iteration method.

3 Experiment

3.1 Sample irradiation

In this experiment, 50 mg HfO,, enriched in ®°Hf to
98.3%, was exposed to the high neutron flux of the heavy
water research reactor of China Institute of Atomic Energy, in
December 2002, for eighteen-day irradiation. The reactor

neutron flux was about 4.54 x 101+ cm™2

-5 ! at the sample
irradiation site. In the reactor, "Hf may capture a neutron to
produce 1 Hf, and the produced ®'Hf may capture another
neutron to produce 2Hf. Meanwhile, the produced STHf de-

cays with a half-life of 42.39 = 0.06d 4],
3.2 Isotope ratios measurement

After a cooling time of 232 days, the sample was dis-
solved in 10 ml 40% HF and 10 ml 68% HNO; mixed solu-
tion. The solution was heated on a hot plate, and evaporated
to near dryness, then 10 ml 409% HF solution was added and
evaporated to dryness to obtain a HIF, sample. The sample
was re-dissolved in 50 ml 1M HF solution for column separa-
tion. A 1ml sample solution was loaded onto an anion ex-
change column. The column was rinsed with 10 ml of 1 M
HF. Hf was then eluted by 30 ml of 0.01 M HF-9 M HCI,
while W and Ta retained on the column. Tracer experiments
showed that the average chemical yield of Hf was greater than

95% , and the decontamination factors for W and Ta were

larger than 1000. The Hf sample purified with this procedure
was satisfactory for keeping the isobaric interferences from W
and Ta minimized in TIMS determination of isotopic ratios of
Hf.

Following the chemical purification of hafnium, the
sample was isotopically analyzed for eight times by a Finnigan
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MAT 262 thermal ionization mass spectrometry
Power Institute of China. Mass 182 was corrected for isobaric
interference from "W, using isotope ratio *W/*W =1.77
in original HfO, sample. The average "*Hf/'"Hf and ®'Ht/
OHf atom ratios measured by TIMS were (2.33 £0.07) x
107®and (1.92 +0.05) x 1073, respectively, on August
6th, 2003, the day of measurement. From the data we ob-
tained the atom ratios of "?HE/®Hf and ®'HE/'HS at the
moment of the sample irradiation completion were calculated

to be (2.33+0.07) x 10® and (8.53£0.23) x 107*, re-

spectively.
4 Result

The reactor neutron cross-section for B'Hf (n, v) ' Hf
reaction has been calculated to be 80.0 + 5.6b using twice
iteration from our data, in which the cross-section value of
14.80 + 0.60b for the ®Hf (n,Y) ™ Hf reaction was used as
a reference. The main sources of the uncertainties are due to
the atom ratios of hafnium isotopes (5.0% ), the cross-sec-
tion for ®°Hf (n, ) Hf reaction (4.0%), the neutron flux
(2.0%) and other errors (2.0% ). The total standard un-
certainty of the result is 7.0% .

The reference value of 14.80 + 0.60b for reactor neu-
tron induced °Hf (n,y) B'Hf reaction was calculated based
on the recent literature values of 13.04 +£0.47b and 32.4 +
1.2b™* for the thermal neutron cross-section and the reso-
nance integral of this reaction, respectively, and the thermal
over epithermal neutron flux ratio of 10 at the sample irradia-

tion site of the reactor used in this work.

5 Discussion

The reactor neutron cross-section for S Hf (n, v) S Hf
reaction has been measured at the heavy water research reac-
tor of China Institute of Atomic Energy relative to the refer-
ence cross-section value of 14.80 = 0.60b for the "Hf(n,
v)BUHf reaction. Thermal ionization mass spectrometry is the

most accurate technique available for quantitative analysis of
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isotope ratio. The previous value of 40 7% b given by J. Wing
et al.'?! was obtained relative to the reference cross-section
value of 10 b for ®°Hf(n, v) B'Hf reaction. If the reference
cross-section value of 14.80 b for Hf (n,y)™  Hf reaction had
been used by J. Wing et al, the value would be 59.27%2 b,

26% lower than the present measurement 80.0 £ 5.6b, but it is

still well within the error limits.

The authors would like to express their thanks to Prof.
TIAN Wei-Zhi for his direction in the present work .
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