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Description

The invention concerns a moderator material used
for moderation of high-velocity neutrons, in particular of
fission neutrons, to epithermal neutrons.

Further, the invention concerns a novel use of the
moderator material for neutrons in accordance with the
invention.

With respect to the prior art related to the present
invention, reference is made to the cited paper Proceed-
ings of an International Workshop on Neutron Beam De-
sign, Development, and Performance for Neutron Cap-
ture Therapy, held March 29-31, 1989, at the Massachu-
setts Institute of Technology, in Cambridge, Massachu-
setts, Edited by Otto K. Harling, John A. Bernard and
Robert G. Zamenhof, Plenum Press, New York.

The boron neutron capture therapy (BNCT) is
based thereon that, to the patient, through the blood cir-
culation, an agent is administered that seeks its way into
the cancer tissue and to whose molecule components
have been attached that include boron atoms. A neutron
flux is directed at the location of the cancer tissue, the
neutrons in said neutron flux being absorbed into the
boron and splitting the boron to lithium and helium,
which destroy exactly cancer cells very locally, but which
destroy any other tissue very little.

In BNCT, the formula of the boron neutron capture
is as follows:

%8 4 n> "Li+alpha + 2.79 MeV (6.1 %)
> Li* + alpha + 2.31 MeV (93.9 %)

> Li + gamma + 0.48 MeV

The boron neutron capture therapy produces quite
a little strain on the patient. Surgical operation and an-
aesthesia are not needed. For the therapy team, the ra-
diation strain does not differ in any way from adminis-
tration of conventional radiological therapy.

In BNCT, slow or thermal neutrons have been used,
whose depth of penetration is so little that the patient's
cranium must be opened for the time of the therapy. On
the contrary, epithermal neutrons of higher velocity are
not moderated for capture by boron atoms until in the
interior of the head, in which case the cranium does not
have to be opened.

In boron neutron capture therapy, attempts are
made to produce a distribution of the flux of thermal neu-
trons in the area of the body part to be treated, for ex-
ample the head, which distribution of flux has a rather
wide maximum sufficiently deep in the area to be treat-
ed. It is well known that this aim is reached best if epi-
thermal neutrons are passed from an external source to
the body part to be treated, which neutrons are not ther-
malized until in the interior of the body. The neutron
source best suitable for the therapy purpose is a re-
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search reactor, which produces primarily high-velocity
fission neutrons. They must be moderated under control
to epithermal neutrons, to the energy range of 1 eV...10
keV, so that the proportion of high-velocity neutrons re-
mains sufficiently low. As is known from prior art, many
different materials have been suggested for the moder-
ator material, such as metallic aluminum, aluminum ox-
ide, aluminum fluoride, silicon, and equivalent.

Aluminum fluoride is a subliming compound, which
is available as a porous powder, but out of it, it is impos-
sible to prepare a dense material free of pores. Porosity
is a drawback in principle, for it increases the necessary
material thickness and brings the treatment point unduly
far from the primary source, thereby lowering the useful
intensity that can be achieved.

The object of the present invention is to provide a
novel moderator material for neutrons by which means
the above drawbacks can be eliminated.

In view of achieving the objectives stated above and
those that will come out later, the moderator material in
accordance with the invention is mainly characterized
in that the principal components of the moderator ma-
terial are aluminum fluoride and aluminum metal, which
have been formed into a dense composite substantially
free of pores.

According to the present invention, the moderator
material defined above is used in boron neutron capture
therapy (BNCT) of cancer tissues.

In the following, the invention will be described in
detail with reference to the schematic illustration in the
accompanying drawing, which is an illustration of prin-
ciple of BNCT therapy by means of a research reactor.

In the figure, a research reactor is shown as used
in BNCT therapy. In a way in itself known, the reactor
comprises a reactor core 10, a graphite reflector 11 sur-
rounding said core, and a tank 12 with aluminum walls,
which tank is filled with water. The BNCT station is con-
structed by replacing the graphite, which is placed
around the reactor core 10 in a so-called thermal col-
umn, with a moderator material piece 15, which requires
an epithermal beam and which is made of the material
in accordance with the present invention, and with a
gamma shield 13. The patient P, in whose head H the
cancer tumour to be irradiated is placed, is surrounded
by a lead shield 14 and by a deuterium/lithium epither-
mal-thermal neutron shield 17. The concrete frame of
the reactor is denoted with the reference numeral 16. In
order that the patient P could be placed in the neutron
beam as freely as possible, the thermal column is wid-
ened in the horizontal direction by cutting the concrete
wall of the reactor thinner. The radiation space R is lined
with a gamma and neutron shield and isolated from the
reactor hall by means of boronized heavy-concrete
units.

According to calculations that have been made, an
optimal moderator material for the moderator piece 15
is a material in which the atomic ratio of aluminum to
fluorine is clearly higher than that in aluminum fluoride
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1:3. This goal is achieved by preparing a composite in
which the pores in aluminum fluoride are filled with alu-
minum metal. The manufacture of the composite is car-
ried out, for example, by means of the so-called HIP
technique (HIP = hot isostatic pressing). If necessary,
to the material, it is possible to add little amounts of a
substance that absorbs thermal neutrons, such as lithi-
um, for example in the form of lithium fluoride, if it is de-
sirable to get rid of the component of thermal neutrons
without formation of an intensive capture gamma source
at the same time.

In a moderator material in accordance with the in-
vention, the amount of aluminum is preferably 20...50
%-vol. (per cent by volume) and that of aluminum fluo-
ride 80...50 %-vol. With the above range of mixing ratio
of aluminum to aluminum fluoride, in the moderator
piece 15, out of the metallic aluminum, a unified and
continuous, three-dimensionally network-formed matrix
is formed, which keeps the moderator piece 15 together
and in which the interior spaces are completely and
densely filled with aluminum fluoride. The amount of lith-
ium fluoride, which absorbs thermal neutrons, is prefer-
ably about 1 %.-vol.

A moderator piece 15 that is made of a material in
accordance with the invention has typically the dimen-
sions 700 x 1000 x 1000 mm, of which the dimension L,
indicated in the figure is L, = 700 mm. The dimensions
L, and L3 indicated in the figure are typically L; = 1050
mm and Lz = 100 mm.

In the following, the patent claims will be given, and
the various details of the invention may show variation
within the scope of the inventive idea defined in said
claims and differ from what has been stated above by
way of example only.

Claims

1. Moderator material used for moderation of high-ve-
locity neutrons, in particular of fission neutrons, to
epithermal neutrons, characterized in that the prin-
cipal components of the moderator material are alu-
minum fluoride and aluminum metal, which have
been formed into a dense composite substantially
free of pores.

2. Moderator material as claimed in claim 1, charac-
terized in that the material contains 20...50 %-vol.
of aluminum metal and 80...50 %-vol. of aluminum
fluoride.

3. Moderator material as claimed in claim 2, charac-
terized in that, into a moderator piece (15) that is
made of the moderator material, out of the alumi-
num metal, a continuous, three-dimensional, net-
work-formed matrix is formed, in whose interior the
remaining spaces are filled by aluminum fluoride
substantially completely.
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4. Moderator material as claimed in any of the claims
1 to 3, characterized in that, to the moderator ma-
terial, a substance which absorbs thermal neutrons
has been added, such as lithium fluoride, which
does not produce high-energy gamma rays that are
difficult to attenuate.

5. Moderator material as claimed in claim 4, charac-
terized in that lithium fluoride has been added to
the moderator material as an amount of about 1 %-
vol.

6. The use of the moderator material as claimed in any
of the claims 1 to 5 in neutron capture therapy of
cancer tumours.

7. The use as claimed in claim 6 in boron neutron cap-
ture therapy (BNCT).

8. The use of the moderator material as claimed in any
of the claims 1 to 5, wherein epithermal neutrons
are passed from an external source into the body
part (H) to be treated, which neutrons are not ther-
malized until in the interior of the body.

9. The use as claimed in any of the claims 6 to 8,
wherein the neutron source is a research reactor,
which produces primarily high-velocity fission neu-
trons, which are moderated under control to epither-
mal neutrons to the energy range of 1 eV...10 keV,
so that the proportion of high-velocity neutrons re-
mains sufficiently low.

Patentanspriiche

1. Moderatormaterial zur Moderierung von Hochge-
schwindgkeitsneutronen, insbesondere von Spalt-
neutronen, zu epithermischen Neutronen,
dadurch gekennzeichnet, daB
die Hauptkomponenten des Moderatormaterials
Aluminiumfluorid und Aluminium-Metall sind, die in
ein dichtes, im wesentlichen porenfreies Komposit
geformt sind.

2. Moderatormaterial nach Anspruch 1,
dadurch gekennzeichnet, daf3
das Material 20 bis 50 Vol-% Aluminium-Metall und
80 bis 50 Vol-% Aluminiumfluorid enthalt.

3. Moderatormaterial nach Anspruch 2,
dadurch gekennzeichnet, daB
in ein Moderatorteil (15), welches aus dem Mode-
ratormaterial hergestellt ist, eine kontinuierliche,
dreidimensionale netzférmige Matrix aus dem Alu-
minium-Metall eingeformt ist, in deren Innerem die
verbleibenden Raume im wesentlichen vollstandig
mit Aluminiumfluorid ausgefullt sind.



5 EP 0 704 093 B1 6

Moderatormaterial nach einem der Anspriiche 1 bis
3,

dadurch gekennzeichnet, daB3

zu dem Moderatormaterial eine Substanz, welche
thermische Neutronen absorbiert, hinzugefigt wor-
den ist, wie z.B. Lithiumfluorid, welches keine ener-
giereichen Gammastrahlen produziert, welche
schwierig zu dampfen bzw. abzuschwéachen sind.

Moderatormaterial nach Anspruch 4,

dadurch gekennzeichnet, daf3

Lithiumfluorid in der GréBenordnung von ungefahr
1 Vol-% zu dem Moderatormaterial zugefigt ist.

Verwendung des Moderatormaterials nach einem
der Anspriche 1 bis 5 bei einer Neutroneneinfang-
theraple von Krebstumoren.

Verwendung nach Anspruch 6 bei einer Bor-Neu-
troneneinfangtherapie (BNCT).

Verwendung des Moderatormaterials nach einem
der Anspriiche 1 bis 5, wobei epithermische Neu-
tronen von einer externen Quelle in den zu behan-
delnden Koérperteil (H) eingeleitet werden, wobei
die Neutronen nicht thermalisiert werden bis sie im
Inneren des Kérpers sind.

Verwendung nach einem der Anspriiche 6 bis 8, wo-
bei die Neutronenquelle ein Forschungsreaktor ist,
welcher in erster Linie Hochgeschindigkeitsspalt-
neutronen produziert, welche gesteuert zu epither-
mischen Neutronen auf das Energieniveau von 1
eV bis 10 keV moderiert werden, so daf der Anteil
von Hochgeschwindigkeitsneutronen ausreichend
niedrig bleibt.

Revendications

Matériau modérateur utilisé pour la modération de
neutrons a grande vitesse, en particulier les neu-
trons de fission, en neutrons épithermiques, carac-
térisé en ce que les principaux composants du ma-
tériau modérateur sont le fluorure d'aluminium et le
métal d'aluminium qui ont été formés en un compo-
site dense, sensiblement exempt de pores.

Matériau modérateur selon la revendication 1, ca-
ractérisé en ce que le matériau contient 20.... 50 %
en volume de métal d'aluminium et 80.... 50 % en
volume de fluorure d'aluminium.

Matériau modérateur selon la revendication 2, ca-
ractérisé en ce que dans un élément modérateur
(15) qui est réalisé a partir du matériau modérateur,
en métal d'aluminium, on forme une matrice conti-
nue tridimensionnelle réticulaire, a l'intérieur de la-
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quelle les espaces restants sont remplis de fagon
sensiblement compléte de fluorure d'aluminium.

Matériau modérateur selon 'une quelconque des
revendications 1 a 3, caractérisé en ce qu'on a ajou-
té au matériau modérateur, une substance qui ab-
sorbe les neutrons thermiques tels que le fluorure
de lithium et qui ne produit pas de rayons gamma
haute énergie difficiles a atténuer.

Matériau modérateur selon la revendication 4, ca-
ractérisé en ce que le fluorure de lithium a été ajouté
au matériau modérateur dans une quantité d'envi-
ron 1 % en volume.

Utilisation du matériau modérateur selon l'une quel-
conque des revendications 1 a 5, dans la thérapie
de capture de neutrons des tumeurs cancéreuses.

Utilisation selon la revendication 6, dans la thérapie
par capture des neutrons de bore (TCNB).

Utilisation du matériau modérateur selon l'une quel-
conque des revendications 1 & 5, dans laquelle les
neutrons épithermiques sont amenés d'une source
extérieure dans la partie corporelle (H) a traiter, les-
quels neutrons ne sont pas thermalisés tant qu'ils
ne se trouvent pas a l'intérieur du corps.

Utilisation selon I'une quelconque des revendica-
tions 6 a 8, dans laquelle la source de neutrons est
un réacteur de recherche qui produit principalement
des neutrons de fission grande vitesse qui sont mo-
dérés sous contréle en neutrons épithermiques a la
plage d'énergie de 1 eV .... 10 keV, de sorte que la
proportion de neutrons grande vitesse demeure
suffisamment basse.
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