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Abstnract

The scatftering Law o4 the heavy water i& Jdztaamined as
a funcliov of femperature. The zxpeaimental values
contespondine to 295°K, 365°K, 452% and 5339k ane

neponted.
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1. Introduction
e gy e - — .

The promiaent place the water eccunics in liquid physics
wes Pointcd out by its utilization, both as light and hecavy water,
as moderator and cooling agent in nuclear power rcactors.

fa this way there may be explained the continuous and
sustdtned interest the study of these substances has attracred,
both theoretically an:d exnerimentally, especially after the
derveiopment of the thermal neutron spectrometry niethod. Ry this
mcthod 1t is possible to obtain dirictly the scactering law, i.e.
that phystrcal cuantity fully Jdescribing the structural and
dynaricai properties of the condensad system:~ 4t NMICrosconic
scaje.

however, though the heavy water - to which we shall
further refer - reaches insi.c the power reacteor. temperatures of
about 3007, thcre are not puhlished up to now any experimental
dats concerming the scatterine layw for temperaturces nivnor fogn
150%

cie parposc of tne present paper is to fil1l1 in this
1d1lure witn the cxperimental velucs of the scattering law of
hecavy water at nigh temperaturcs. [hesc roesults may be uscd tg
obtain the cffective cross scctions for nuclcar data librarics

as well a5 to generate the multi-group comstants, necessary for



nuclear reactors design.

The choigce 5 this subject was altogether stimulated by
the increasing interest shown in litcrature for the study of
effects connected with the dencndence upon temperature and

pressure of the structure and molecular kinetics in liquid state.

2. Description of the method

The double differential effective cross-section of thermal
neu’ron scattering on the heavy water is rcluted to the scattering

law by the relation:
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where :

Eo - the incident ncutron energy

E - the scattered neutron encrgy

Og - the bound cross-section of the deuterium atom

KB the Bolt:zmann constant

T - the absolute temperature of the sample

hw = E - E, - the energy transfer

ik - the momentum transfer

By using the notations

a = B - hﬂ
MK gT KgT

where MD is the deuterium atom mass, one may obtain from (1)
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dadE * Ts /E e 75,8 (2

The measurements have been pevformed at temperatures of 22°, 29,
180° and 270°C by means of a time-of-flight spectrometer in

operation at the horizontal channel no. 1 of the VVR-S resctor at



the Institute of Physics and “uclear kngineering Bucharest. lne
performances and the characseristics orf the chopper and of the
experimental unit are presented in /1/.

fFor the time-of-flight analysis, a EM96 analyser,
ewploying 256 channels, of 16 vs each for every soectrum, ias been
used. The neutron are simultaneously detected at four scattering
angles.

The heavy water conteiner is made up of vertically
positioned steel pipos. Each of the 6 pipes has a diameter of
10 mm and a wall thickness of 0.5 mm., The conteiner is introduced
in a thermostat which ensyrcs with the help of an electsonic
control unit & constant temperature with an accuracy of 2 19C. The
'ércssurization system assures an increase of the heavy weter
pressure up to 100 atm.

Measurements have been performed both with full conteiner
as weli as with empty conteiner at 8 scattering angles: 20°, 30°,
40°, 50°, 60°, 70°, 80° and 88°.

The calibration measurements have been performed by using

a 3 mm thick vanadium plate.

3. Data processing

The calibration measurements performed with the vapsdium
sample gave standardizing factors as follows:

1. The channel no. N, corresponding to the cutt-off of the
incident neutron spectrum by the Be filter; here the neutron
energy is Ec = 5,2428 meV.

1. Knowing N, and L - the flight path between the chopper
center aad ;hc sample center - we have determined, by megns Of g
computer programme:

L, - means }light path betveen sample and counter batteries,
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En - the energies of the inelastic scatter.d neutrons correspond-

ing to the n-th channel,

Knj - the momentum transfer corresponding to channel n and to

scattering angle j.
3. There have been determined the factors fb necessary for
effective calibration - € the var:_ us counter batteries.

4. The calibration factor Yj leading to absolute values of

the effective cross-saection has been determined from:

-1
z(Nnj"l:j)':nTanfof!.':lefs
n

A P 3 (3)
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where:

Nnj is the counting rate of scattcred neutrons registered in the
channel n and at the j scattering angle.

Fj is the continuous background counted at battery j.

€ is the relative efficiency of the counter batteries.

Tan is the correction factor, which takes into account the loss of
neutron on the flight-path.

f. is the monitoring factor.

fb is the factor specific to every counter hattery under the given
working conditions

fM is the multiple scattering correction factor.

f, is the correction factor due to the atenuation of the neutron
beam in the sampln.

0; is the effective cross-section of the vanadium atonm.

3 is the momentum transfer corresponding to the channel thst

contsins E,.

a is the mean square displacesent of varadium atoms.

£, is a factor taking into account the units §f measure transfer.



L is vanadium density.
V is the volume of the sample.
The experimental values of the scattering law of heavy

water has been obtained from the following rclation:

P . 1€
(Inj Inj)fb‘nTan

S(Ky;,Fe)) = s (4)
OE -.giﬁT i Eﬂfﬁ% in,* el b
onpvpp me e £ (ESY) /T, 7(EFY)
where:

p is a correction factor which takes into consideration the
impurities in the sample.

Igj and l: are the corrected counting rates corresponding to

¥
sample and to empty conteiner as well.

In both cases the multiple scattering corrections factors
have been calculated by means of a Monte Carlo programme /2/. This
programme was modified so that the resolurion of the experimental

instrumentation to be taken into account.

4. Experimental results. Conclusions

The experimental values of the scattering law S(a,s), as a
function of o and for 15 different values of 8 parameter, are
presented in rigs. 1-4, corresponding to the temperatures of 22°,
92°, 180° anc 270°C, respectivelly. As compared to the results
previously obtained in literature for D, 0 at room temperature, our
data are included between those repoited by Haywood /3/ and
Whitemore /4/. However, up to now there do not exist dynamic
models for heavy water able to describe tae scattering law
behaviour within the whole ranges of (k,w) and of temperatures
experimentally accessible.

As compared to the atomic liquids study, where simplified
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methods of the Vineyard /5/ or Schofield /6/ types are attempted,
the study of molecular liquids is more complex becausc:

a) The basic component in molecular liquids, the molecule,
exhibits in most cases a symmetry much different from the
spherical one. This is why the interaction potential will depend
not only on the distance between the molecules but also on their
relative orientation.

b) The molecules may be composed of atoms having different
masses; these have different positions in comparison with the
molecular mass center. Tnus, what can be observed during a neutrcn
scattering experiment is a sum, generally unresolved, of
contributions of various mu:clei.

c) In most cases the molecular dynamic cannot be
approached classically. This is true even in the case of the
translation movement that can be correlatcd with repositioning
movements and with short-1life vibrations. Under these
circumstances the most available method of theoretical study is
the direct simulation of the molecular dynamic on a computer /7/.

The discrepancies hetween theoretical and experimental
results are even more striking in the case of high temperature.
The scattering law cslculated in the Butler formalism /8/ did not
offert @ satisfactory correspondence with our experime::tai
results. In this case too, the technique of computer simulation
succeeded, till now in explaining some phenomena related to the
modification of pre.sure and temperature /9/; there is expected
that developaent of this technique will lead to the elaboration of

some realistic dynamic models for heavy water.
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