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the appropriate proportions of 9:52 -0 : 8 res-
pectively, Terphenyls are the molecules of thres joined
benzene rings.

81, Stationary method versus pulsed experiment

The present experiments applied the stationary
methed for Dowtherm-A and pulsed method for
Santowax-R in order to measure the thermal neutran
diffusion parameters of these compounds. Each of the
methods has many advantages over another but also
snffers from some disadvantages too.

The pulsed method suffers from at leust two pro-
blems. The first is the exact determination of the
fundamental mode decay constant s, and the second
the exact calculation of the buckling B Although
mssuming that the cxperimenter has an ideal neutron
detection equipment, ie, no dead time effects exist
which may affects measurements considerably,
there still remains other causes for errors in the » -
determination such as background neutrons from the
source, backscatiering of neutrons, the presence of
high spatial modes, and the presence of higher energy
modes, In addition, there may be physical cffects
which prevent the establishment of the pure fundamen-
tal mode.

In order to determine the geometrical buckling of
the moderator blocks, most rescarchers increase the
linear dimensions by twice the exlrapolation length,
This is certainly correct as long as the moderator is

large, so that errors in the extrapolation length do et
effect B2

Due to the energy dependency of the mean free
paths, space-encrgy transients may arise near the sur-
faces which lead o a different ‘effective exlrupola-
tion length'. The extrapolution length may also depend
on the shape of the moderator.

The stationary method of this cxperiment suffers from
the difficulties encountered in the boron analysis af the
poison mixed with polyphenyls.! In an gXperiment
on Dowtherm-A, trihexylens plycol biborate [tr-{2
methyl-2 4-pentanediol) biborate], commercially known
as Borester-7 was uwsed to mix with Dowtherm-A
at various conceniralions.
perimental arrangement did not allow the direct de-
termination of boron concentrations by the addi-

B4

Unfortunately, the ex- -

tion of known amount of BoressersT. The neutronic
measurements were accurate (o about 4%, but some
dilficulties exist in determining the boron COnceEn -
tion to a similar accuracy.

§4. Experiment on Dowtherm-A by slationary
methad

The thermal neutron diffusion length in Dovtherm-A
has heen measured at 20, 50, 80, 110, 140, 170, 200,
and 220°C. By varving the neutron absorption cross
sections by the addition of trihexylene glyeol biborate,
the neutron diffusion constant and diffesion heating
constant were defermined at 20, 80, 140, and 200°C.
The measurement of the boron concentrations was
carried out by a double-beam infrared absorption
method using the characteristics absorption frequency
of the B-O-B bond at 1412 ¢m—!,

The experiment essentially consisted in measuTing
the relaxation length of thermal neutrons from the
reactor thermal colamn in 100 = 100 % 75 cm.3
aluminiom tank.? The negative source technique
was applied using a U335 fisgsion chamber as the de-
tector, The gas-tight tank was heated externally by
heating blankets and temperature was controfled to
within 0.25°C. The uncertainly in the extrapalution
distance for the worst case cavsed an error for 0 155
in diffusion length.

§5. Experiment on santowax-R by the pulsed
meutron  technigue

MNeutrons were produced for the experiment by a
14 MeV neutron generator using the deuteriym-tritiom
reaction producing 3 % 1011 neutrons per see, during
the pulse. The pulse duration was 20 w5 with a repe-
tition rate of 100 pulsesisec. The containers con-
sisted of three rectangular aluminum boxes of appro-
ximately 40 = 40 » 60 em, 2, 20 % M0 ¥ 35 em. 3,
and 1212 220 em. ? in dimensions covered with cad-
miumt sheets and insulated by 5 em. thick rockwonl
thermal insulation.3 The whole syslem was further
shiclded by about 15-20 cm, of boric acid Blocks,

The temperature was measured by o set of thermo-
couples within 0.2°C. Depending on the size of the
container, either | cm or 2, 5 cm. dia BF ; detector
was used,
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&6, Cold meufron scatlering from polvphenyls

The cold peutron cross sections of benzene, diphe-
nyl, Dowtherm-A, =, o-, and p- terpheny! mole-
cules have besn mensured at room temperaturs in
wavelength range of G620 A by transmission method
using the cold npeutron tme-of-flight  facilitv 4 A
chopper using two 31 cm. dia, discs rotating at 13350
rpm on the same shafl was used to cut off nestrons
with wavelengths of 6 A and less.5 The discs were
made of 0.2 mm. cadmium sandwiched between 2 mm.
thick aluminium plates with the slots phased st the
distance of 50 cm., from each other, A flight path of
1.6 meter kept in a He atmosphere was used. The
sample was shilied in and out of the beam nuto-
matically every two min. Beam moniloring was used
but with frequent sample cycling no intensity correc-
tion was necessary. The size of the collimated in-
cident neutron beam was 5 % 9 mm.? The 2.5 cm.
dia, BF; detecior was placed at 70 mm. from the
samples. Spectra were accumulated in 2 % 256 channels
of & multichannel (ime analyzer,

The solid samples were cast in 40 = T mm.2 alu-
minium frame sandwiched tightly between two 0.3
mm. parallel aluminivm plates. Two l-mm O.0.
pipes circulated the liquid into and out of the sample
holder thus assuring that no voids in the sample can
accur dus to air or gas as a result of filling or evapora-
tiom.

§7. The theorctical muodel

In order 1o predict the thermal spectrn, a model has
been developed for neutron scatiering by protons
bound in polyphenyls, analopous to that of MNelkin
for water. The physical moedel® comprises a Free
translator of mass 78, a hindered roletional oscilla-
tor of eflective mass 21.3 at an energy of D02 eV,
and two vibrational oscillators at energies 0,146 and
0.38 eV with equal masses of 2,128, The model assumes
that the benzene molecule conslitutes the basic
dynamical unit and the differences in various poly-
phenyls in the reactor caleulations are important only
in the fine structures. The sensitivily of the predic-
tions of the model 1o the variations of mode para-
melers 13 investigated. T

The theoretical values of diffusion parameters in
thermal nevirons were obtained by solving the Boli-
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Emann equalion ;

[zr (B)—xn | # (B} -.j“nrr j' “‘* dE

I, E p b g lE ) e (1)
by the method described by Honeck. ¥ In this cquation
T (8 s the olal macroscopic cross section at ensrpy
Fand e, is the cosine of the angle between the direc-
bons corresponding (o the cosines @ oand '

The scattering kernel, X, {(F" E, i), was caleuluted
by the scattering model for polyphenyls as suggested
above. The Mndamental space eipenvilue, ¥, was
calculated by the BL method, but the diffusion con-
stant and the diffusicn cooling constants were calcu-
lated by a power serics expansion. The flus and the
scattering kernel were hoth expanded in the Legendre
polynomials and the fundamental space cigenvalue
was expressed by the relation

aa _||'+ i J
% -_;Elf_l:' of i - {2h

where in an IV absorber @ -~ Fa (KT).

The diffusion constants and cooling constants were

related to the ecoefficients :
Do = ¥y ja v [:3}
and
C = Frazln? we {#)

where ¥y is the neuwtron speed corresponding o an
energy KT.

§8. Conclusions

The results of the mersurements® on the thermal ney-
tron difusion parameters of Dowtherm-A by the
stationary methods and of Santowax-R by the pulsed
neutron technique at various lemperatures along with
the results due to the proposed scallering model for
polyphenyls are presented in Tahle 1. A good agree-
ment between the theory and the experiment iz ab-
served.

The results on the slope of the total neutron
Cross section curve a8 a function of energy in the 6-20 A
range for varions polyphenyl molecules are presented
in Tuble 2. Although these measurements show diffi-
erences between the molecules due to their diferences
n rotational degree of freedom the diffusion para-
meters are insensicive to such differences. A com-
panson of the resulis clearly indicates the adeguacy
of the proposed model for resctor calculations.
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T-H:_ I—THE THERMAL HELTRON CHPFUSION PARAMETTRY OF VARIOUS POLYPIENYLA
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Tabbs I—se0pn OF THE TOTAL CROSE BECTION CLRYE A%
& FUMCTION OF SELTROM EFERGY

Compound Slope (barn/A)

Benzene (CgH g fi.45-0.24
Diphenyl (C:H 1) 297-£0.24
Dawtherm-A {Cy oHy 0. 715) 4064012
Terphenyl-o  (CygHy s 3.84—0.28
Terphenyl-p (CgyH L) 3404024
Terphenyl-m [Cg H 4 2.6240.36
Sefidvash model 4.1
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