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1. Introduction 

The prominent place the water occupies in liquid physics 

wes pointed out by its utilization, both as light ana heavy water, 

as moderator and cooling agent in nuclear power reactors. 

in this way there may be explained the continuous in-J 

sustJiiioi interest the study of these substance*; has attracted, 

both theoretically am.! experimentally, especially Titer the 

development of the thermal neutron spectrometry method. By this 

method it i 5 possible to obtain directly trie scactering law, i.e. 

tbot physic-»! .iuiintiry fully describing the structural an.l 

dyna.ncdl properttos of t:»e condensed systen>> at: iTucrosconu: 

scjie. 

however, though the heavy vatCT - to which ve shall 

further refer - reaches ins;.:e the power reactors temperatures cf 

about 300't , there are not published up to not.' any experimental 

<j9ta concerning tae scattcrirv lav; lor temperatures n i •_: h .-;• r t •". «* n 

1S0°t 

. ;ie ;>jrpO'C of the present oapcr is to fill in this 

uiJure wit a the experimental values of the scattering law of 

heavy water at high temperatures. These results may be used to 

obtain the effective cross- sections for nuclear data libraries 

as well as to generate the multi-group constants, necessary for 



nuclear reactors design. 

The choice ; this subject was altogether stimulated by 

the increasing interest shown in literature fpr the study of 

effects connected with.the dependence 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 

neutron scattering on the heavy water is related to the scattering 

law by the relation: 

u 
d o b 
JSdT: TÎ 

vb ere: 

|jr e-
ft"/2KHT

S(k.iu.>T) (1) 

t - the incident neutron energy 

t - the scattered neutron energy 

o. - the bound cross-section of the deuterium atom 

Kg the Boltnnann constant 

T - the absolute temperature oi the sample 

fiw • E - E - the energy transfer 

ftk - the momentum transfer 

By using the notations 

where M^ is the deuterium atom mass, one may obtain from (1) 

The measurements have been performed at temperatures of 22°, >2°, 

180° and 270°C by means of a time-of-flight spectrometer in 

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



the Institute of Physics and \uclcar bnj-ineering Bucharest. The 

performances and the characteristics or the chopper and of the 

experimental unit are presented in /l/. 

for the time-of-£light analysis, a fcM96 analyser, 

employing 256 channels, of 16 us each for every snectrum, has been 

used. The neutron are siaultaneously detected at tour scattering 

angles. 

The heavy water conteincr is nade up of vertically 

positioned steel pipes. Bach of the 6 pipes has a diaaeter of 

10 ma and a wall thickness of O.S nn. The conteiner is introduced 

in a thermostat which ensures with the help of an electronic 

control unit a constant teaperature with an accuracy of 1 1°C The 

pressurization systca assures an increase of the heavy water 

pressure up to 100 ata. 

Measurements have been performed both with full conteiner 

as well as with empty contei.ier at 8 scattering angles: 20°, 30°, 

40°, S0°, 60°, 70°, 80° and 88°. 

The calibration measurements have been performed by using 

a 3 an thick vanadiu» plate. 

3. Data processing 

The calibration measurements perforated with the vanadium 

saaple gave standardizing factors as follows: 

1. The channel no. N corresponding to the cutt-off of the 

incident neutron spectru* toy the Be filter; here the neutron 

energy is Ef - 5.2428 aeV. 

2. Knowing N and Lf - the flight path between the chopper 

center and the saaple center - we have deterained, by aeajis Of a 

coaputer prograaae: 

La - aaans flight path between saaple and counter batteries, 

file:///uclcar
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6 - the energies of the inelastic scatter^ neutrons correspond-
n " 

ing to the n-th channel, 

K - - the moventua transfer corresponding to channel n and to 

scattering angle j. 

3. There have been determined the factors f, necessary for 

effective calibration * f the valgus counter batteries. 

4. The calibration factor Y• leading to absolute values of 

the effective cross-section has been determined from: 

E<N„i-Fi)c,J frtfKf„f „ nj y n an o o M 
-l 
s 

Y - _J! (3) 

where: 

Nnj is the counting rate of scattered neutrons registered in the 

channel n and at the j scattering angle. 

F- is the continuous background counted at battery j. 

cn is the relative efficiency of the counter batteries. 

T_„ is the correction factor, which takes into account the loss of 

neutron on the flight-path. 

fQ is the monitoring factor, 

f^ is the factor specific to every counter battery under the given 

working conditions 

fM is the multiple scattering correction factor. 

f$ is the correction factor due to the atenuation of the neutron 

beaa in the saapl.?. 
y 

»b is the effective cross-section of the vanadiu» ato». 

X\ is the aosentu» transfer corresponding to the channel that 

contains EQ. 

a is the nean square displacement of varadiu» atons. 

fz is a factor taking into account the units •£ Measure transfer. 
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0y 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 relation: 

(TP . I C ) f t T 

S(K-, f , - n ) : L»J ni\b " a n (4) 
n j ' n' _» ..* 

D fi-n * Kn 
< " *CT " ^ V in » .IS 

TiPpV?îe e £
2

( E n > / ^ / < E C l ) 

where: 

p is a correction factor which takes into consideration the 

impurities in the sample. 

*ni anc* ^n* a r e t n e 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 111. This 

programme was modified so that the resolution oc. the experimental 

instrumentation to be taken into account. 

4. Experimental results. Conclusions 

The experimental values of the scattering law S(a,b), as a 

function of <* and for 15 different values of S parameter, are 

presentee in figs. 1-4, corresponding to the temperatures of 22°, 

92c, 180° and 270°C, respectivelly. As compared to the results 

previously obtained in literature for l),0 at room temperature, our 

data are included between those repotted by Haywood HI and 

Whitemore 14/. However, up to now there do not exist dynamic 

models for heavy water able to describe tne 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 because: 

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. Thus, what can be observed during a neutron 

scattering experiment is a sum, generally unresolved, of 

contributions of various nuclei. 

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 correlated with repositioning 

movements r.nd with short-life 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 between theoretical and experimental 

results are even more striking in the case of high temperature. 

The scattering law calculated in the Butler formalisa /8/ did not 

offert a satisfactory correspondence with our experimental 

results. In this case too, the technique of computer simulation 

succeeded, till now in explaining some phenomena related to the 

modification of pressure and temperature /9/; there is expected 

that davelopaent of this technique will lead to the elaboration of 

SOB* realistic dynamic models for heavy water. 
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