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(54) Nuc lea r fue l e lement . 

(57) A nuclear fuel-containing body for 
a high temperature gas cooled nuclear 
reactor comprises a flat plate in which 
the nuclearfuel is contained as a disper-
sion of fission product-retaining coated 
fuel particles in a flat sheet (9) of 
graphitic or carbonaceous matrix mate-
rial. The flat sheet is clad with a relative-
ly thin layer of unfuelled graphite 
bonded to the sheet by being formed 
initially from a plurality of separate 
preformed graphitic artefacts and then: 
platen-pressed oh to the exterior sur-
faces of the flat sheet, both the matrix 
material and the artefacts being in a 
green state, to enclose the sheet. A 
number of such flat plates are sup-
ported edge-on to the coolant flow in 
the bore of tube (1) made of neutron 
moderating material. Where a number 
of tiers of plates are superimposed on 
one another, the abutting edges are 
chamfered to reduce vibration. 
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Fig. 3. 
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SPECIFICATION 

High temperature gas cooled nuclear reactors 

5 This invention relates to gas cooled nuclear reactors. 
Gas cooled nuclear reactors such as the AGR 
employing metal canned fuel have now been de-
veloped to yield an average outlet gas temperature 
of 650°C, high enough for raising steam of the 

10 quality suited for modern turbines. The High Tem-
perature Gas-Cooled Reactor (HTR) which is still 
under development uses graphite clad fuel elements 
containing fission product-retaining particles or so 
called coated particles and offers the prospect of 

15 yielding an outlet gas at a temperature of about 
750°C. This increase in gas temperature is substan-
tial but nevertheless the higher temperature is not 
essential for contemporary steam turbines and is not 
high enough for economical use in the more import-

20 ance process heat applications, such as iron smelt-
ing nor for use as working fluid in a gas turbine 
cycle. In both instances quoted a gas temperature of 
about 900°C or above is desirable and it would seem 
that until a significant improvement is made the 

25 exploitation of the HTR technology in these fields 
will be difficult. 

However, the coated fuel particle which forms the 
basic of HTR fuel is an empirically developed item 
whose correct performance at high temperature is 

30 vital to sustain the heat generating process in the 
reactor core and the technical limits for its reliable 
operation have probably been reached. In fact, it is 
doubtful, even if a further lengthy period of develop-
ment were carried out, whether the necessary 

35 increase in fuel operational temperature could be 
achieved. If this be so, then there exists a require-
ment for some means enabling the reactor outlet gas 
temperature of the HTR to be raised whilst keeping 
the particle temperature substantially unchanged 

40 thereby maintaining the integrity of the particle. 
Once this has been accomplished, current HTR 
technology will be more readily exploitable. 

However, nuclearfuel designers operate under 
certain constraints which tend to conflict. Uniformity 

45 of performance and especial ly the achievement of 
the lowest practicable temperature drop between 
fuel and coolant, AT, requires high precision in 
manufacture. But the cost of HTR fuel tends to be 
high compared with metal clad fuel and a main 

50 source of this lies in the complex machining and 
inspection required to achieve precision with the fuel 
element configurations proposed hitherto. A desir-
able manufacturing route would be one which yields 
a precisely dimensional product using simple auto-

55 mated processes both for fabrication and inspection. 
Such a route would assist in reducing both AT and 
the fabrication cost. 

Several methods of manufacturing HTR fuel have 
been proposed hitherto based on cylindrical fuel 

60 compact designs. These designs and their methods 
of manufacture result in a fuel compact which 
presents a relatively large temperature difference 
(AT) between fuel particles and the cooled surface of 
the cladding. This is due in the case of the "tubular 

65 interacting" type of fuel element to a relatively thick 

graphite layer between fuel and coolant and to the 
unavoidable clearance gaps between the fuel com-
pact and its enclosing graphite cladding. In the 
"integral block design" of fuel bearing member the 

70 thermal resistance of the graphite block itself acts as 
an appreciable barrier to heat transfer between fuel 
compacts contained in holes in the block and those 
holes through which coolant passes. One prior 
proposal which eliminates the contribution to the AT 

75 made by the clearance gap between a cylindrical fuel 
compact and its cladding, resides in adopting an 
isostatic pressing together of these components in 
the green state. However, this technique results in a 
high degree of non uniformity both on the exterior of 

80 the pressed product and on the internal boundaries 
between fuelled and fuel free layers. The former is 
remedied by surface machining which is intrinsically 
costly while the latter leads to high mean thicknes-
ses for the fuel free layers giving high AT. 

85 The characteristics of various HTR fuel designs 
have been discussed in the Proceedings of NUCLEX, 
an exhibition held at Basle, Switzerland, 16 -21 
October 1972; see in particular Paper 3/13, "HTR 
Fuels and their future development" by L W Graham 

90 and M S T Price. 
According to the invention in one aspect a nuclear 

fuel containing body for a high temperature gas 
cooled nuclear fuel element comprises a flat plate in 
which the nuclearfuel is contained as a dispersion of 

95 fission product retaining coated fuel particles in a flat 
sheet of carbonaceous matrix material, the sheet 
being clad with a thin layer of unfuelled graphite 
bonded to the sheet by being formed from a plurality 
of separate preformed graphite artefacts which are 

100 platen pressed on to the exterior surfaces of the flat 
sheet whilst both the matrix material and the 
artefacts are in a green state, to enclose the sheet. 

Otherwise expressed the invention resides in 
forming nuclearfuel bearing bodies for use in a high 

105 temperature gas cooled nuclear reactor coolant 
channel by firstly forming a dispersion of coated 
nuclearfuel particles in aflat sheet of carbonaceous 
matrix material and cladding the flat sheet with a 
layer of graphitic material by firstly making separate 

110 preformed carbonaceous artefacts and then platen 
pressing the preformed artefacts on to the flat sheet 
whilst both the artefacts and the matrix material are 
in the green state. By producing fuel plates in that 
manner it is envisaged that a cladding of about 1 mm 

115 thickness is applied to the fuel sheet and bonded 
thereto. The temperature drop between fuel centre 
temperature and coolant may thereby be reduced to 
below the 600°C which presently typically obtains 
with tubular interacting designs and multi-hole 

120 columnar block designs. Furthermore, platen press-
ing eliminates the need for complex machining and 
lends itself to automated manufacture and inspec-
tion and thus represents an advance over tubular 
interacting pin designs and overthe complex multi-

125 hole columnar block design. 
A high temperature gas cooled nuclearfuel ele-

ment incorporating nuclear plates as aforesaid may 
comprise a tubular member of neutron moderating 
material with support structure within its bore for 

130 supporting a plurality of said plates in parallel planes 
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and spaced apart to allow coolant to pass between 
the plates. 

The support structure mentioned preferably com-
prises a spider-like partition member having a 

5 central spine coaxial with the tubular member and 
partition walls partitioning the bore of the tubular 
member into a member of similar subchannels. Each 
subchannel may then contain an array of parallel, 
spaced apart, flat fuel plates with theirflat faces 

10 exposed to coolant gas which passes through the 
subchannels. These sidefaces are clad with their 
wafers of moderator material which being applied 
by the pressing of a thin preformed artefact onto the 
inner fuel containing sheet present only a very short 

15 path for the transfer of heat from the fuel to the 
coolant. Typically the thin wafers may be only 1 mm 
thick after pressing. 

In order that the invention may be better under-
stood one form of fuel element which embodies the 

20 invention will now be described with reference to the 
accompanying drawings in which: 

Figure 7 is a side view of the fuel element in cross 
section normal to its longitudinal axis; 

Figure 2 is a view of a part of Figure 1 to an 
25 enlarged scale and shows part of a fuel 

plate in cross section; 
Figure 3 is a view of the fuel element on the line 

Ill-Ill of Figure 1,and 
Figure 4 is a view on the line IV-IV of Figure 3. 

30 In the drawings the fuel element shown comprises 
a hexagonal graphite tube 1 whose bore 1a is 
divided into three similar axial passageways or 
subchannels by a spider-like partition member 2. 
The member 2 has a central stem 3 and three 

35 partition walls 4 , 5 , 6 extending therefrom at 120° 
spacing. The extremities of the walls 4 - 6 are fixed 
into longitudinal grooves 7 at three corners between 
flats on the hexagonal bore wall. The walls 4 - 6 
extend the full length of the tube and one face of 

40 each wall contains parallel grooves 12 for locating 
one edge of each of an array of fuel plates 8. An 
abutment 12a (Figure 3) is formed at the bottom of 
each groove 12. Opposite to the groove 12 a set of 
similar grooves 13 in the bore wall receive the other 

45 edge of thefuel plates. An abutment 13a is provided 
at the base of each groove 13 to support the lowest 
fuel plate. The nuclear fuel is contained as coated 
particles in inner sheet 9 of graphite matrix material 
as a dispersion of particles. Each sheet 9 has its side 

50 faces clad with a thin wafer 10 of unfuelled graphite 
whilst the edges of the sheet are clad more thickly 
with a later 11 of the same material. A number of 
such plates are suported in each subchannel in 
parallel planes, edge-on to the axial coolant flow 

55 with the edges of the plates engaging opposite 
grooves 12,13. Plates in adjacent subchannels are 
inclined to one another. The abutting edges of the 
plates which are superimposed, are chamfered as 
shown at 15, Figure 4, because it has been found that 

60 in this way vibration of the plates in the grooves may 
be reduced ar avoided. The depth of the plates (a 
dimension measured axially of the tube bore) is 
determined by the particular fuel plates production 
process employed in making the plates but it is 

65 considered desirable that two or more tiers of plates 

are needed to occupy the full length of the tube. 
It is preferred to form the plates in the following 

way. Each plate 8 is a pressing made up of pre-
formed lightly bonded artefacts of three different 

70 kinds namely, a sheet 9 of fuel dispersed in a matrix, 
thin wafers 10 to form side cladding of the sheet and 
bars to form the edge cladding layer 11. The kinds of 
artefacts are as follows. 

i. a relatively thick (about 8 mm after pressing) 
75 rectangular sheet 9 of lightly bonded graphite matrix 

material mixed with a bonding agent containing a 
dispersion of fission product retaining ceramic fuel 
particles giving a fuel density of 0.6 grams heavy 
metal/cm3 after pressing; 

80 ii. a wafer 10 of unfuelled lightly bonded graphite 
powder mixed with a bonding agent of the same 
rectangular dimensions as the fuel sheet but of a 
thickness which would reduce to about 1 mm after 
pressing; 

85 iii. bars of unfuelled lightly bonded graphite 
powder mixed with a bonding agent whose final size 
(after pressing) will be about 10 mm x 8 mm and 
whose length is defined to match the lengths of the 
sides of the fuel sheet. 

90 Each plate is made from an assembly of two wafers 
10 one applied to each side face on the fuel sheet 9 
and four bars applied one to each edge of the sheet. 
Thus assembled the artefacts are platen pressed to 
close fine dimensional tolerances so consolidating 

95 the parts into a unitary fuel plate. The need for 
furtherfinishing operations is avoided. Thefuel plate 
is then heated to carbonise the bonding agent. 

If desired the pressing die may impart to heat 
transfer surfaces of the plate a special finish to give 

100 an extremely low temperature drop in the coolant 
film. 

It is estimated that with the fuel element described 
a gas temperature some 140°C higher than that 
obtainable with integral block elements may be 

105 achieved without increase in fuel centre temperature 
and without significant increase in fabrication cost 
and pumping power. 

By lightly bonded graphite powder is meant 
graphite powder which has been mixed with or 

110 precoated with stearic acid or another bonding agent 
such as a 12% hy.wt solid phenolformeldehyde resin 
reducableto carbon on heating but which when 
uncured or partially cured is said to be in the green 
state. The resin selected in preferably that disclosed 

115 in out UK Patent No. 1,327,786 and referred to in the 
composition of a matrix forming material. 

CLAIMS 

120 1. A nuclear fuel-containing body for a high 
temperature gas cooled nuclear fuel element, com-
prising a flat plate in which the nuclear fuel is 
contained as a dispersion of fission product retain-
ing coated fuel particles in a flat sheet of graphitic or 

125 carbonaceous matrix material, the sheet being clad 
with a thin layer of unfuelled graphite bonded to the 
sheet by being formed from a plurality of separate 
preformed graphite or carbonaceous artefacts which 
have been platen pressed on to the exterior surfaces 

130 of the flat sheet whilst both the matrix material and 
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the artefacts are in the green state, to enclose the 
sheet. 

2. A high temperature gas cooled nuclear fuel 
element incorporating a plurality of nuclear fuel 

5 containing bodies which are in accordance with 
claim 1, the fuel element comprising a tubular 
member of neutron moderating material with means 
within its bore for supporting flat fuel plates by their 
opposite edges in parallel planes and spaced apart 

10 to allow the passage of coolant gas between the 
plates. 

3. A nuclearfuel element as claimed in claim 2 
' including means for supporting at least some of the 
fuel plates in tiers, the abutting edges of the plates 

15 being chamfered sothatthe marginal portions of 
adjacent plates overlap one another. 

4. A nuclearfuel element as claimed in claim 2 
including a coaxial partition means fixed within the 
bore of the tubular member dividing the bore into 

20 subchannels and co-operating with grooves in the 
bore wall to support the fuel plates. 

5. A nuclearfuel element as claimed in claim 4 in 
which each of the partitions is formed with grooves 
extending axially of the tubular member to locate 

25 one edge of each of the nuclear fuel plates, the 
opposite edge being located in parallel grooves in 
the bore of the tubular member. 

6. A nuclearfuel element as claimed in claim 5 in 
which the cladding separating the side faces of the 

30 plates from the coolant is about 1 m m thick. 
7. A nuclearfuel element as claimed in claim 5 in 

which a number of fuel plates are arranged in tiers in 
the same or aligned grooves and the marginal 
portions of the plates which abut one another are 

35 chamfered and overlap one another. 
8. A method of forming a nuclearfuel plate as 

claimed in claim 1 which resides in forming a 
dispersion of coated nuclearfuel particles in aflat 
sheet of carbonaceous or graphitic matrix material 

40 and cladding the flat sheet of matrix material with a 
layer of unfuelled carbonaceous or graphitic mate-
rial by firstly making separate preformed artefacts 
and then platen pressing the preformed artefacts on 
to the surfaces of the flat sheet whilst both the 

45 artefacts and the matrix material are in the green 
state. 

9. A method as claimed in claim 8 substantially 
as herein described. 

10. A nuclearfuel elementfora high temperature 
50 gas cooled nuclear reactor substantially as described 

herein with reference to the accompanying draw-
ings. 

Printed for Her Majesty's Stationery Office by Croydon Printing Compeny 
Limited, Croydon Surrey, 1979. 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A1 AY, 
from which copies may be obtained. 


