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Absiract—The dlffusion paremeters of Santowan-R have been measured ar the temperalures 1707,
2P, and 230°C usiog the pubsed newtron technique, and over & buckling range of 0-014-4-206 cm =
A Philips neutron generator wad used Lo peneriie the neutron pulscs, The demy constanis of the
neatrans were determined by means of 4 BF, counter operating with @ 256-channel time-analysec.
The measured diffusion constanta and diffusion cooling constanta are in Ig,-u-nd apreement wich the
results of the scatlering model developed by ome of va (F5) for polypbenyls,

INTRODUCTICHN

Among organic compounds, Santowax-R, a mivture of various terphenyl isomers,
appears to be most resistant to the decomposihg effects of the combination of high
temperatures and radiations present in & auclear reactor.  [nterest has heen shown in
using Santowax-R s a coolant in heavy waler moderated organic conled reactors,
and therefore an accurate knowledge of the diffusion parameters of thermal neutrons
in Santowax-R is of practical interest. On the other hand, these results can be used
to test the model proposed for polyphenyls (SEFIDVASH ef al. 1969).

Prior to this experiment, according to our knowisdge, no measurements have been
made on the Jiffugion parameters of thermal neutrens in Santowax-R by the use of
the pulsed neutron technique. The dilfusion length of thermal neutrons, using the
stationary method, was measured by Hom f of, (1965) and GoDDaRD.and TREMEFR
(1969) over a temperature range of 171-300°C.

For measuring the diffusion parameters of thermal neutrons in orgame moderators,
the use of pulsed neutron technique is more advantageous than the stationary method.
This is due to the difficulties that exist in the precise measurement of the boron
concentration in polyphenyis (SEFDVASH 1968k). In the stationary method a 1jv
absorber such as boron is required, which ia then mixed, at various concentrations,
with the moderator, the diffugion lengths of thermal neutrons then being measuned
in these media,

THEORY

The theoretical values of the diffusion parameters [or thermal oeuteons were

abtained by solving the Boltemann equation
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by a methad deseribed by Honeck {1962). Ta this equation Zpf L) 38 the total macro-
soOpic cross-section ot energy F, and j, is the cosing of the angle between the direc-
tions corresponding to the cosines g and g,

The scattering keenel, I(E’, £, ), was calculated by the scaltering model for
polyphenyls previously developed (Seriovasi 1968a; SErnvasH et al. 1968). The
physical model comprises a free translator of mass T8, a hindered rotational oscillator
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of eflective mass 21-3 at wn encrgy of 0402 eV, and twa vibrational oscillators at ener-
gics 0146 and 0-38 eV with equal masses of 2128,

The fundamental space eigenvalue, x, was caloulated by the B, method, but the
diffusion constant und diffusion coaling constunts were calculated by a power sevies
expansion. The flux and the scattering kernel were both expanded in Legendre poly-
nomials and the fundamental space eigenvalue was expressed by the relation

B = ‘,:iI.’—I]r“":':n'.,c:rJ
j=1

where, for a /v absorber, g = Z_ (k7).
The diffusion constants and cooling constants were related to the coeficients

By = Vpfxy
C = Vypagla)
where Vy i3 the neutron speed corresponding to an energy, & T,

EAPERIMENT

INeutrons were produced for the experiment by a Philips neutron generator using
the deuteriumetritium reaction producing 3 » 104 neutrons/sec during the pulse,
For these measurements, the pulse duration was 20 sec with a repetition rate of 100
pulsessec, This pulsing mode provided adequate counting rates, as well as a sufficient
time for the neutrons from one pulse to decay before the next pulse.

The containers consisted of three rectangular alominium boxes of approsimate
dimensions 40 x 40 x 60em?®, 20 x 20 x 35em”, and 12 = 12 w 20 em?, coverad
with cadmium sheets and insvlated by 5 e thick rockwool thermal insulation. The
whole system was further shielded by about 15-20 e of boric acid Blocks.

The containers with Santowax-R were heated by 0:7-3 kW hot plates the tempera-
ture being measured by an iron-constantan thermocouple located 5cm helow the
surface of the wax, The temperatires were recorded on o Btrip chart recorder and
also visually observed vsing a digital voltmeter, The tem perature was regulated by an
independent thermocouple connected to an INDIN an-ofl L¥pe temperature controller,
this being supplemented by a circuit which caused the contraller to act as a propor-
lional regulator. In this way, & temperature variation of less than 0-3°C was observed
during each measurement. The lemperature variation bebtween different purts of each
container was ohserved to be less than 0-2°C,

Depending on the size of the container, either ¢ 1 em or 2-5 cm diameter BF,
detector was vsed, To minimize the firher harmonics effect, the detector and the
source were positioned in the manner described by Josmi et af. (1965). The detector
and the neatron penerator were cooled by a roem temperature air flow. The pulses
from the detector were collected by a 256-channel rime analvser in which the channeal
widths were 10 and 20 psec and the dead times were 20 and 25 psec respectively, After
each neutron pulse there was a delay time of 40, , . 0 see before the analyser
started counting. The measurements were made with nine bucklings ranging from
(014 to 0206 cm~? at the temperatures 170°, 200°, and 230°C 4 0-5°C in each CilBe.
The measuring time varied from 3 to & hr during which more than 10° counts were
collected in the first channels,
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AMALYSIS

The data from the multichanae] time analyser was first corrected for dead time
losses pnd for the small backeground, Typical curves of the decay of the neutran field
are shown in Fiz, 1. A weighted least squaces analysis of the corrected data was used
to obtain the value of the decay constant, 4, and its standard error.  Alter one decay
constant was computed from the piven duta, the two first channels were dropped and
i second decay constant was computed, in this way the decay constant a3 a function
of channels dropped was obtained. The reglon where the decay constant remaing
constant indicates freedom [rom higher harmonics, The mean velue of the caleulated
A5 in the harmonic free region was taken as the final decay constant.
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TIME AFTER THE HEUTROM PULSE ps=c
Fiti. 1,—The examples of the decay curves for several bucklings at 200°C.

The thermal expansion of the aluminivm containers was taken mlo account in the
buckling calculations, As wax lnsses pceurred during measurement, the height of the
wax wias determined in each case as an average value during & measuriog tioe, A
typical decrease of the height was about 05 per cent,

The decay constants, &, and bucklings, 8% were fitted by the weighted least squares
method to

A=3~ 0,8 — Ci,

where A, = s¥, is the macroscopic absorplion probability, and Dy and C are the
diffusion constant and dillusion cooling constant respectively. The weighting function
was Lhe inverse square of the standurd ecror of the decay constant. The 4 vs. B2 curves
for Santowax-R at 1707, 2007, and 230°C are shown in Fig. 2.
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Fics, 2.—The decay constants vs. bucklng in Santewas.R at temperatures 1707, 200°
and 230°C.

The extrapolation Jistance was calculated from the relution

g 213120y
1

where # is the mean velocity of neutrons corresponding to the Maxwellian spectrum.

This leads to an iterative process in the buckling calculations.

KRESULTS AMD DISCUSIIONS

The results of the measurements of the thermal neutron diffusion parameters of
Santowax-R at 170°, 200°, and 230°C along with the results due to the proposed
scattering model for polyphenyls are presented in Table 1. A good agreement between
the theory and experiment is chserved. The experimental results of other workers are
also presented in the same table. The results of HoHET ef al. (1963) suffer from low
accuracy, The results of the present experiment full between those of Gopoakp and
TREMEER (1960) and the presented theory (Sermovasn 19682, SEnovasi ef af,, 1969).

Although a recent measurement of the total cross section for neutrons of wave-
length in the 6-20 A range with various Santowax-R constituents namely arthno-,
para-, and meta-terphenyls shows that differences do exist among them due to the
difference in their rotatienal degrees of freedom (SEFIDVASH, in press), the diffusion
parameters are insensitive to such differences, The results of this experiment with those
on diphenyl and Dowtherm-A (SEFIDVASIT and GRaNT, 196%), and their mood npree-
ment with the theary, clearly confirms that the neutron thermalization properties af
polyphenyls are primarly determined by the benzene ring struciure assumed in this
theory.



[l

Thffusion paranselers of tharmal neutrons in Sadlowas-1L

sed g Cta-0 15-L =r = — TET
(85610 1 Jd TEvanod) e N1 £[9 = gp9 - o N TED
(EART) T 17 LSy AdLEs e Q- an-Rk B0 — TiT
BIINE [UAsL] = LI-0F Ity Tl T oG- .-+ 490 ay T LFET (LL
(546} o 3# THHOT| Tl 69 - = 1o d
#E5 parg LO6 12-L - — iy
{G9GT1 P 2 PEvalldag L9f:0 SiiE Si-TF B — 10z
961 Jor & LYy Lo5-0 rd £ o T iy o s [0
[S596 [} T2 & [HHOT] e (N0 A P . = 0T
IR ALy i £ = tHF 1-E1 + &Ik TL— 758 E§ I (HED OIE
(E R N R A P L6640 140 = 265 e = =" Ll
FEd o8, ek} 65 s -_— e il
(GOGT} & 32 msvAdIaEg TE&D % LL-LE tHEL il
£ JIEAT JUSsL] — 710 F o545 £l G-RE 9-1F FO8 1, B 0t
;EMARY ") ) {282 ) {o0) i g1 PR ()

5.,__:“5“_ T e NT g ; £

prnrmEEys

WEWAGLNYE K1 SMITALNT] TywEail 40 PEIINyEvd MOR01a wM]—T TNV



12 8. SaisENHAARA and F. Surinvass

This model has also been tested ageinst the rethermalization process in terphenyls.
The model predicted a rethermalization length of 1421 cm in terphenyl compered to
I-13 em according to the experiment of RAsTAS and SaasTAMOINEM (1969). The
culculations were made using & Ppapproximalion assuming linearly anisotropic
scatlering, h i

The predictions of the proposed model and its good agreement with the present
experiment raises the hope that it will find a useful application in the design of arganic
cooled heavy water moderated reactors. :
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