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(71) We, U N I T E D K I N G D O M A T O M I C E N E R G Y A U T H O R I T Y , London, a 
British Authority do hereby declare the invention, for which we pray that a patent may be 
granted to us, and the method by which it is to be performed, to be particularly described in 
and by the following statement: 

5 The present invention relates to coated steel fuel cans for nuclear reactors and their 5 
preparation. 

In operation of an Advanced Gas Cooled Nuclear Reactor (known as an ' A G R ' ) , a 
carbon dioxide based coolant is passed over fuel cans (alternatively known as fuel cladding) 
containing a nuclear fuel. This is to extract, by heat exchange, the heat generated by the 

10 nuclear fuel. A graphite moderator is also present adjacent the fuel cans. Under the 10 
operation conditions of the A G R , a reaction between the graphite moderator and the 
coolant is induced leading to loss of graphite by oxidation, which is undersirable. The 
reaction rate can, however, be reduced to an acceptable level by incorporating carbon 
monoxide and methane in the coolant. The carbon monoxide and methane inhibit the 

I-5 oxidation of the graphite but, dependent on concentration, can give rise to carbon 15 
deposition on the fuel cans which would deleteriously affect heat exchange between the fuel 
cans and the coolant. 

We have now devised a coating for fuel can steels, which, on the evidence of certain test 
results reduces the carbon deposition rate. 

Thus, in one aspect, the present invention provides a steel fuel can for a nuclear reactor, 20 
said can having a coating for inhibiting deposition of carbon thereon in a carbon-containing 
ionising radiation environment, which coating comprises a refractory oxide which as been 
prepared by a vapour phase condensation method, in combination with a noble metal. 

We have found that, when fuel cans according to our invention are used under the 
25 abovementioned conditions, there is marked inhibition of carbon deposition compared with 25 

fuel cans fabricated f rom uncoated steels and subjected to the same conditions. We have 
evidence to suggest that the mechanism of the inhibition is catalytic, by the noble metal in 
combination with the refractory oxide. 

We prefer that the steel is a stabilised austenitic stainless steel (for example, stabilised by 
30 niobium), since such steels are generally suitable for the fuel can materials of A G R ' s . A 30 

particular example is the so-called 20/25 steel which contains 20% Cr, 25% Ni, about 0.1% 
Nb and the balance iron, wherein the percentages are by weight. 

The coatings used are stable under the temperature and radiation conditions of the A G R . 
This is believed to be attributable, at least partly, to the fact that the refractory oxide has 

35 been prepared by a vapour phase condensation method, by which is meant a preparative 35 
method which passes through a vapour phase intermediate. Examples of vapour phase 
condensation methods are flame hydrolysis of volatile halides or alkoxides, evaporation and 
condensation methods using electron beam D.C. arc or R.F. plasma heating, or metal 
oxidation (e.g. of Mg) to give a smoke is then condensed. A specific example of such a 

40 method is the production of alumina by the hydrolytic decomposition of a corresponding 40 
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volatile halide in a flame to give a product with substantially spherical primary particles. 
Oxides produced in this way may, for example, have a particle diameter in the range 4 to 50 
nm and a particular example is a finely divided alumina having a particle diameter of ~ 1 0 
nm and a surface area of —100 m2/g. Vapour phase condensation methods generally give 

5 products of high surface area which is even retained after high temperature treatment, for 5 
example to 850°C and above. This latter property is, we believe, of great significance in the 
present invention. 

Preferred refractory oxides are those of an element whose atomic number does not 
exceed 40, and specific examples are alumina (which has already been mentioned and which 

10 is highly preferred), beryllia, zirconia, thoria and silica and also combinations of oxides. 10 
The noble metal is preferably a platinum group metal, namely osmium, iridium, 

platinum, palladium, rhodium or ruthenium, when it may be comprised of more than one 
platinum group metal. 

Optionally, there may be a layer of a second refractory oxide interposed between the 
15 coating and the steel. This layer may protect the steel from oxidative attack. The second 15 

refractory oxide, if present, is different from the refractory oxide of the coating and a 
specific example is silica. 

The steel fuel cans of the invention may be prepared by the steps of 
(i) containing the steel fuel can with a dispersion in a liquid medium comprising 

20 colloidal particles of the refractory oxide which has been prepared by a vapour 20 
phase condensation method, and comprising a noble metal or material convertible 
to a noble metal; and 

(ii) drying and firing under conditions where convertible material, if present, is 
converted to noble metal. 

25 This method of preparation consitutes a second aspect of the invention. 25 
Refractory oxides prepared by vapour phase condensation methods may be dispersed in a 

suitable liquid medium to give a sol constituting the dispersion as used in the present 
invention. For example, the A1 2 0 3 mentioned hereinbefore may readily be dispersed in 
water to give a stable alumina aquasol, wherein the colloidal particles comprise loose 

30 aggregates of substantially spherical primary particles and are in the form of r]—A1203 30 
which is a catalytically active form of alumina. 

In this context, it should be noted that r] — alumina is considered to have a defective lattice 
(see, for example, B.C. Lippens, "The Structure and texture of alumina", p.78, Ph.D. 
Thesis, Delf t , 1961) of a type in common with other aluminas which include those generally 

35 referred to as a - a l u m i n a s ; ^ - a l u m i n a , in this specification, is to be taken to include such 35 
transition aluminas. It should be further noted that where r^-alumina constitutes the 
refractory material in the dispersions used in the present method, the firing steps may cause 
the form of the alumina to change; therefore the alumina in the final catalyst is not 
necessarily ^-alumina. 

40 In the above dispersion the colloidal particles dispersed in the liquid medium, which is 40 
most conveniently water, constitutes a sol. Examples of suitable oxides have been listed 
herein. 

The term "refractory oxide" applied to the colloidal particles in the dispersion may also 
include a precursor thereof which is convertible to the refractory oxide either at some stage 

45 in the preparation of the coating of possibly during use of the coated steel. 45 
In the dispersion, we prefer to use convertible material dispersed in the liquid medium in 

the form of a solution therein. We prefer to use convertible material in the form of water 
soluble inorganic salt or salts of platinum group metals, dissolved in water as the liquid 
medium. Examples of such salts are salts of platinum group metals such as Pt(NH3)4Cl2 , 

50 chloroplatinic acid and rhodium tri-chloride which are readily converted to the metal by, for 50 
example, chemical or thermal reduction. The conversion of convertible material to noble 
metal may then be carried out by firing, as in step (ii) above, which may also convert gel 
which is present to a ceramic form and also convert any precursors as mentioned herein to 
their final form. 

55 We prefer, however, to effect the conversion to catalytically active material by reduction 55 
using a soluble carbonisable polymer. 'Soluble' means soluble in the liquid medium, and the 
polymer is provided in solution in the dispersion so that it is transferred to the steel together 
with the refractory material, and the convertible material. On calcining, the polymer is 
initially carbonised and then reduction of convertible material to catalytically active 

60 material effected by carbon and/or carbon monoxide. 60 
For such a mode to be effective, the convertible material must, of course, be capable of 

being reduced in this way. A preferred example of such a polymer is polyvinyl alcohol, 
which hereafter may be referred to as PVA, and refers to the water soluble products 
obtained by the complete or partial hydrolysis or alcoholysis of polyvinyl esters such as 

65 polyvinyl acetate. 65 
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A firing step is necessary even in cases where convertible material is not present . T h e 
purpose of such firing may, for example, be for converting the gel of the refractory oxide to 
a ceramic fo rm, for improving adhesion of the refractory oxide to the steel, or for 
converting any precursors to their final form. 

5 A grain growth inhibitor may also be included in the dispersion. By "grain growth 5 
inhibi tor" is meant a substance which inhibits the grain growth of the refractory oxide when 
the latter is subjected to heat t rea tment . 

T h e grain growth inhibitor in the dispersion in the present method may be a grain growth 
inhibitor as such or a precursor thereof which is convertible to an inhibitor as such at some 

10 step in the preparat ion of the coating. 10 
The grain growth inhibitor is different f rom the refractory oxide and is preferably a 

compound of a G r o u p I I IA metal or of a rare ear th metal , for example a salt thereof which 
is soluble in the liquid med ium, and which is provided in solution in the liquid med ium in 
the dispersion. Such salts may associate in some way with the colloidal particles in the 

15 dispersion, possibly by electrostatic at traction, to give what may be te rmed a "mixed sol" . 15 
A specific example of such a mixed sol comprises an alumina aquasol in which yttr ium 
nitrate is dissolved. The A 1 2 0 3 is the refractory material and yttrium nitrate, which is a 
precursor of yttria, the inhibitor. Alternatively, the inhibitor may be in the fo rm of colloidal 
particles dispersed in the liquid medium. 

20 T h e dispersion may be prepared by simple admixture of the required constituents. Thus , 20 
in a specific example of preparing the dispersion, A1 2 0 3 , p repared by f lame hydrolysis, may 
be dispersed in water to give an A1 2 0 3 , aquasol, an aqueous solution of yt tr ium nitrate 
mixed therewith and Pt (NH 3 ) 4 CI 2 dissolved therein. 

The contacting of the steel fuel can with the dispersion transfers the collidal particles and 
25 noble metal (or convertible material , plus the grain growth inhibitor, if present) on to the 25 

steel fuel can. T h e contacting may be carried out by simple immersion of the steel fuel can 
in the dispersion followed by removal , or by simply sponging the steel fuel can with the 
dispersion. The drying step removes the liquid medium and converts the sol to the 
corresponding gel fo rm on the surface of the steel fuel can. 

30 The firing step may conveniently be carried out at a t empera tu re within the range f rom 30 
200°C to 850°C. 

The invention will now be particularly described in the following example. 

Example 
35 Finely powdered alumina, p repared by a vapour phase condensation method and having 35 

a small particle size (—10 nm) and high surface area ( ~ 100 m2 /g), was dispersed in water to 
give a sol-containing 160 g/1 A1 2 0 3 . Yttr ium nitrate was dissolved in water to form a solution 
containing 170 g/1 Y 2 0 3 equivalent . The above sol and the above solution were mixed in 
proport ions to give a "mixed sol" having the composition: 

40 A1 2 0 3 : 91.5 g/1 ; Y 2 0 3 equivalent : 0.46 g/1 ; 4 0 
NO3" : 0.75 g/1 ; mol ratio N 0 3 / A 1 + Y : 0.006 
(i.e. 0 .5% Y 2 0 3 / A 1 2 0 3 ) . The mixed sol was observed to be stable. 

Polyvinyl alcohol was dissolved in a sample of the mixed sol and then P t (NH 3 ) 4 Cl 2 to give 
10 g/1 of Pt(NH3)4Cl2 ( = 5.8 g Pt) and 0.61 g/1 of P V A . T h e dispersion produced was a 

45 stable coloured dispersion. 4 5 
Small sections of r ibbed 20/25 (Nb) steel (as defined herein) fuel clad and of 1.5 cm 

diameter and 1.5 cm length were sponged with the dispersion and then allowed to dry. T h e 
steel was then fired for a few minutes at 400°C to 850°C. The firing carbonised the P V A 
which was then removed by oxidation and the P t (NH 3 ) 4 Cl 2 was reduced to plat inum. The 

50 steel was thereby provided with a P t / A l 2 0 3 coating. The weight of Pt applied to each section 50 
was about 0.5 mg. 
Tests on Coated Steels 

Various tests were carried out on samples of the coated steels as follows. 
55 (i) A sample was mounted on a wheel inside an evacuated target chamber and 55 

bombarded with an accelerated beam of C 0 2
 + ions, to simulate conditions in the 

A G R . Trace hydrocarbon molecules were also present in the vacuum system. 
During the bombardmen t , any carbon deposit ion was moni tored by observing the 
carbon K X-rays which were generated simultaneously. This gives a very sensitive 

60 indication of carbon deposit ion: as little as a tenth of a monolayer can be detected. 60 
It was found that the P t / A l 2 0 3 coating applied to the 20/25 (Nb) steel prevented 
any carbon build-up. 

(ii) Samples were stacked on a steel rod, and placed in a test rig in a materials testing 
reactor (known as ' D I D O ' ) and exposed at a t empera ture of 650°C for 1200 hours 

65 at a dose rate of 1 W . g - 1 to recirculated C 0 2 gas containing 2% C O , 350 vpmCH 4 , 65 
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etc . , flowing at 40 litres/hour at a pressure of 600 psig. A t the end of the irradiation 
per iod, the samples were removed and examined visually, when they were 
observed to be virtually f ree of carbon deposits. Subsequent carbon analysis 
conf i rmed this observat ion. 

5 (iii) T h e procedure of test (ii) was repeated with the exception that the irradiation t ime 5 
was 600 hours. Again the samples were essentially f ree of carbon deposits. 

Tests on Uncoated Steels 
Similar tests to tests (i), (ii) and (iii) above were carried out on samples of uncoated 20/25 

10 (Nb) steel for comparison purposes . In each case, a substantial carbon deposit appeared on 10 
the steel. 

W H A T W E C L A I M IS:-
1. A steel fuel can for a nuclear reactor, said can having a coating for inhibiting 

deposit ion of carbon thereon in a carbon-containing ionising radiation environment , which 
15 coating comprises a refractory oxide which has been prepared by a vapour phase 15 

condensation me thod , in combinat ion with a noble metal . 
2. A steel fuel can as claimed in claim 1 wherein the steel is a stabilised austenitic 

stainless steel. 
3. A steel fuel can as claimed in claim 2 wherein the steel is a Nb stabilised steel. 

20 4. A steel fuel can as claimed in claim 3 wherein the steel comprises 20% Cr , 25% Ni, 20 
about 0 .1% Nb and the balance Fe , wherein the percentages are by weight. 

5. A steel fuel can as claimed in any of the preceding claims wherein the refractory 
oxide is an oxide of an e lement whose atomic number does not exceed 40. 

6. A steel fuel can as claimed in claim 5 wherein the refractory oxide is alumina. 
25 7. A steel fuel can as claimed in any of the preceding claims wherein the noble metal is a 25 

platinum group metal . 
8. A coated steel fuel can substantially as described herein with reference to the 

example. 
9. A method of coating a steel fuel can for a nuclear reactor which comprises the steps 

30 of 30 
(i) contacting the steel fuel can with a dispersion in a liquid medium comprising 

colloidal particles of a refractory oxide which has been prepared by a vapour phase 
condensat ion method , and comprising a noble metal or mater ial convertible to a 
noble metal; and 

35 (ii) drying and firing under conditions where convertible material , if present , is 35 
converted to noble metal . 

10. A method as claimed in claim 9 wherein the colloidal particles have been prepared 
by dispersing substantially spherical primary-particles, made by a vapour phase condensa-
tion method , in the liquid medium. 

40 11. A method as claimed in claim 12 wherein the vapour phase condensation method is 40 
f lame hydrolysis. 

12. A method as claimed in any of claims 9 to 11 wherein convertible material is used 
and in the form of a water soluble salt of a plat inum group metal dissolved in water as the 
liquid medium. 

45 13. A method as claimed in claim 12 wherein the dispersion contains a soluble 45 
carbonisable polymer for reducing the salt to the metal in step (ii). 

14. A method as claimed in any of claims 9 to 13 wherein the firing in step (ii) is carried 
out at a t empera tu re in the r ange of 200°C to 850°C. 

15. A method of coating a steel fuel can substantially as described herein with reference 
50 to the example. 50 

16. A steel fuel can when coated by a method as claimed in any of claims 9 to 15. 

K . R . M A N S E L L . , 
Char tered Patent Agent , 

55 Agent for the Applicants. 55 
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