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(71) W e , UNITED KINGDOM ATOMIC 
ENERGY, AUTHORITY, LONDON, a British 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which it 
is to be performed, to be particularly de-
scribed in and by the following statement: — 

This invention relates to nuclear fuel par-
ticles and to methods of applying fission 

10 product retaining coatings thereto. 
Amongst the coating materials which it 

has been proposed may be applied to a 
nuclear fuel particle in order to contribute 
to its fission product retaining properties are 

15 carbon, silicon or niobium carbides, beryl-
lium or aluminium oxides or metals such as 
tungsten or niobium. When applied by pryoly-
lytic deposition, these materials exhibit a 
very irregular surface contour. It has been po 
tulated that a coating which exhibits an 
irregular surface where it adjoins the under-
lying material, and also perhaps the over-
lying material, is not so strong structurally 
as one which presents a smooth inter-face 
at the junction between it and its neigh-
bouring materials. There is no difficulty in 
ensuring that a pyrolytically deposited layer 
of silicon carbide can be made to present 
a smooth surface on its outer surface for 

30 this can be done by simply slowing down the 
rate of deposition as this part of the layer 
is deposited. The inner surface of the layer 
presents a problem in the application of a 
silicon carbide coating on to nuclear fuel 

35 particles since in this application the silicon 
carbide layer is almost invariably laid down 
on a pyro-carbon base, and as a pyrolytic-
ally deposited carbon usually has an irregular 
surface, this means that the interface be-

40 tween it and a layer applied on top will of 
necessity be also irregular. The invention 
aims to overcome this problem by providing 
a method of laying down an overcoating 
layer upon a pyrolytically deposited layer of 

45 pyrocarbon such that the overcoating layer 
exhibits a smooth interface between it and 
the substrate. 

According to the present invention, a 

[Price 25p] 

method of applying fission product re-
taining coatings to a nuclear fuel particle 50 
comprises the steps of applying a thin layer 
of silicon carbide to the top surface of an 
underlayer of pyrolytically deposited carbon 
to fill in irregularities in the surface of said 
carbon underlayer, depositing a layer of 55 
pyrocarbon upon the thin layer of silicon 
carbide, the said layer of pyrocarbon being 
thinner than the said thin layer of silicon 
carbide, and depositing a thick layer of 
silicon carbide upon the said thinner layer 60 
of pyrocarbon. 

To complete the process a further layer 
of pyrocarbon may be deposited upon the 
thick layer of silicon carbide. 

The invention also comprises nuclear fuel 65 
particles manufactured as set forth in the 
penultimate paragraph. 

An example of manufacturing nuclear 
fuel particles according to the invention will 
now be described by way of example with 70 
reference to the accompanying drawing which 
is a fragmentary side view in medial section 
of a nuclear fuel particle. 

A 1500 gramme batch of spheroidal ker-
nels of U02 each of about 800 microns dia- 75 
meter and of about 16% porosity was placed 
in a fluidised bed coating apparatus. With 
reference to the drawings, each of the ker-
nels 2 was then coated by the pyrolytic de-
position of carbon and silicon carbide as 80 
follows: — 

layer a A porous inner layer of pyro-
carbon of about 1 grammes per cc density; 

layer b Sealing layer of pyrocarbon of 85 
about 1.6—1.7 grammes per cc density, 

layer c Barrier layer of pyrocarbon of 
about 1.8 grammes per cc density; 

layer d A thin (sealing) layer of silicon 
carbide about 3—5 /;.m thick on top of layer 90 
c filling the surface irregularities therein; 

layer e A layer of pyrocarbon, thinner 
than the said thin layer d of silicon carbide, 
about 1 /im thick on the smooth underlayer 
d of silicon carbide; 95 

layer f A thick silicon carbide barrier 
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layer of 3.2 grammes per cc density and 
about 50 jam thick; 

layer g An outer pyrocarbon barrier of 
about 1.6—1.8 grammes per cc density and 

5 50 microns thick. 
The terms "thin", "thinner" and "thick", 

as used herein, are all relative. Thus the 
layer d is thin relative to layer f and vice 
versa. 

10 As a guide it may be stated that the layer 
d of each nuclear fuel particle 1 was applied 
employing about a 1% concentration by 
volume of methyltrichlorosilane vapour in a 
carrier gas which was argon. Layer e was 

15 applied from a 15% concentration by 
volume of methane in argon whilst layer f 
was applied employing 7% by volume of 
methyltrichlorosilane vapour in argon, ex-
cept "for the outer few microns for which a 

20 low concentration of methyltrichlorosilane 
vapour (about 1% by volume) was used, 
again to achieve a smooth interface between 
layers f and g. The pyrolytic deposition 
temperature throughout was between 1400 

25 and 1600°C. The layer f was found on in-
spection to have a smooth interface with 
the underlying layer e. 

30 
WHAT WE CLAIM IS:-

1. A method of applying fission product 
retaining coatings to a nuclear fuel particle, 
comprising the steps of applying a thin layer 
of silicon carbide to the top surface of an 

35 underlayer of pyrolytically deposited car-
bon to fill in irregularities in the surface of 
said carbon underlayer, depositing a layer 
of pyrocarbon upon the thin layer of silicon 

carbide, the said layer of pyrocarbon being 
thinner than the said thin layer of silicon 40 
carbide, and depositing a thick layer of sili-
con carbide upon the said thinner layer of 
pyrocarbon. 

2. The method of Claim 1 wherein a 
further layer of pyrocarbon is deposited 45 
upon the thick layer of silicon carbide. 

3. A method of manufacturing a nuclear 
fuel particle comprising the steps of coating 
a kernel of uranium oxide with a porous 
layer of pyrocarbon, followed sequentially 50 
by a sealing layer of pyrocarbon, a barrier 
layer of pyrocarbon, a thin layer of silicon 
carbide on the barrier layer of pyrocarbon 
so as to fill surface irregularities therein, a 
layer of pyrocarbon, thinner than the said 55 
thin layer of silicon carbide, a thick layer 
of silicon carbide, and an outer layer of 
pyrocarbon. 

4. A nuclear fuel particle manufactured 
by the method of any of Claims 1, 2 or 3. 60 

5. A method of applying fission product 
retaining coatings to a nuclear fuel particle, 
substantially as hereinbefore described. 

6. A nuclear fuel particle manufactured 
substantially as hereinbefore described. 65 

7. A method of applying fission product 
retaining coatings to a nuclear fuel particle, 
substantially as hereinbefore described, with 
reference to the accompanying drawing. 

8. A nuclear fuel particle manufactured 70 
substantially as hereinbefore described, with 
reference to the accompanying drawing. 

J. A. BOUTLAND, 
Chartered Patent Agent, 

Agent for the Applicants. 
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