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SPECIFICATION 

Preparation of oxides 

5 This invention relates to the preparation of 
23SPu1602, in particular to the preparation of23SPu1602 

with radiation characteristics acceptable for bio-
medical use as a heat source for a miniature nuclear 
battery in a cardiac pacemaker. 

10 The implantation of cardiac pacemakers to control 
heart beat rates in case of malfunctioning or failed 
cardiac electrical conductive systems is a widely 

,«, accepted medical procedure. Until recent years, 
conventional pacemakers generally used a chemical 

- 15 battery as power source to the electronic pulse 
generator that supplies trigger pulses to the heart via 
an electrode lead or catheter. Such batteries have, 
however, a short in vivo lifetime and replacement 
surgery is required at frequent intervals. Interest 

20 therefore developed in longer life power sources 
which could be hermetically sealed. Use was accord-
ingly made of radioactive isotopes, the heat of decay 
of which is used in conjunction with a suitable ther-
moelectric converter. 23BPu, by virtue of its energy 

25 output (0.569 J.s"' g-1), half life (87.75 years), and 
radiation characteristics, is the most suitable 
radioactive isotope for use in cardiac pacemaker bat-
teries. 

However, the Nuclear Energy Agency of the 
30 Organisation for Economic Cooperation and 

Development has recommended that the fuel in 
radio isotopic powered devices be compatible with 
its containment in both normal and accident condi-
tions, in particular when undergoing cremation at 

35 temperatures of at least 1300°C. The fuel therefore 
has to be in the form of a ceramic compound of238Pu 
rather than plutonium metal or alloy. This require-
ment, however, creates the problem of increased 
radiation levels since most light element con-

40 stituents or impurities in a23BPu compound will 
increase the dose rate by virtue of (a, n) reactions. 

238Pu1602, i.e.238Pu02the oxygen content of which 
is substantially free of isotopes other than ,sO, is 
potentially suitable in this respect and methods for 

45 its preparation are described in the literature. For 
example, in an AEC Research and Development 
Report DP-1153 of November 1968 entitled "Prepara-
tion of^Pu^O," by J. A. Porter and M. C. Thompson 
there is described a direct exchange process for pre-

50 paring238Pu1602 which involves oxygen isotope 
exchange between H2

,60 vapour and233PuOs contain-
ing the natural abundance of oxygen isotopes. The 
minimum neutron emission rate quoted in this 
report is, however, 5.5 x Wns 1 238Pu. Further 

. 55 description of a direct exchange process is contained 
in U.K. Patent Specification No. 1 414 560. There are, 
however, problems associated with a direct 
exchange process such as slowness of the proce-
dure, requirement for complex and expensive 

60 equipment and difficulty of obtaining a satisfactory 
160 content in the product. These problems are men-
tioned in U.K. PatentSpecification No. 1 415234 
which describes an indirect exchange process where 
238Pu02 containing the natural abundance of oxygen 

65 isotopes is converted to23aPuCI4 which isthen hyd-

rolysed toS33Pu1602 by means of steam depleted in 
the170 and18 0 isotopes. Whilst this overcomes 
some of the problems of a direct exchange process, 
it still has limitations such as its use of a subli-

70 mate/vapour phase that requires efficient collec-
tion/condensation to minimise plutonium losses. 
Another possibility of preparing238Pu'802 is by direct 
oxidation of Pu metal. However, we understand that 
an acceptable neutron emission rate in the product 

75 can only be achieved by using Pu metal prepared by 
electrorefining, which is a complicated procedure. 

We have now been able to produce, by an indirect 
exchange process,238 Pu1602 suitable for use in a car-
diac pacemaker and whose radiation characteristics 

80 are acceptable for bio-medical use. 
The present invention provides a method of pre-

paring 238Pu1602 which comprises 
(i) reducing238 Pu02 containing oxygen of natural 

isotopic composition to238Pu carbide; and 
85 (ii) hydrolysingthe238Pu carbide with water 

depleted inthe170 and180 isotopes to give238Pu1602. 
23s puieq2 r e f e r s t 0

 238 Pu02 the oxygen content of 
which is substantially free of isotopes other than16 O. 

238 Pu refers to Pu having a substantial proportion 
90 of238Pu. For example Pu having from 75% to 95% by 

weight of238Pu may be used. 
238 Pu carbide refers to a carbide of23SPu which is 

hydrolysable to give238Pu1602 and may be a mixture 
of carbides. Preferably it contains the sesquicarbide 

95 (238Pu2C3). The238 Pu carbide may have from 5% to 9% 
by weight of carbon and may contain free carbon. 

We have found that the238 Pu1602 produced by our 
invention may be suitable for use as a heat source 
for a miniature nuclear battery e.g. in a cardiac 

100 pacemaker. 
Thus, the presence of natural oxygen in238Pu02 

gives rise to a neutron emission of—15000 ns~1g~1 

238Pu forthe oxide due predominantly to (a, n) reac-
tions with 170 and180. This is much greater than that 

105 of high purity238Pu metal i.e. 2800 ns-'g-'234Pu, 
(where neutrons result only from spontaneous fis-
sion of the Pu isotopes 238-240). Thus,238Pu02 is not 
suitable as a heat source fora miniature nuclear bat-
tery in a cardiac pacemaker. In contrast the16 O 

110 isotope has a threshold energy for the (a, n) reaction 
in excess of the 5.5 meV particles emitted during 
238Pu decay, and therefore gives rise to no extra 
neutrons in2MPu1602 produced by the method of our 
invention. We have been able to produce238 Pu1602 

115 reproducibly by this method and with neutron emis-
sion rates within limits acceptable for implantation, 
i.e. 4.25 x 1CP ± 0.35 x 10? ns~1 g~1 238 Pu. We have 
also found that, except for residual carbon, the purity 
of the original 238Pu is not reduced by light element 

120 contamination during our method. Further, we 
believe that we can generally achieve a lower neut-
ron emission rate in the238Pu1s02 than possible with 
a direct exchange process using H2

160. 
When the product of our invention is intended for 

125 bio-medical use, it is necessary to use238Pu02 of 
appropriate purity in step (i). Such material may be 
produced by irradiation ofZ37Np02 in a Magnoxtype 
nuclear reactor by the reactions: 



2 GB 2 080 268 A 2 

?Np + n 3Np 8Pu 

An example of a Pu composition suitable for use in 
our invention falls within the following ranges:-

with respectto total Pu 

238 Pu 90-93% 
239 p u 7-9% 
240 Pu 0.5-1% 
2 " Pu 0.04-0.2% 
242 p u 0.004-0.02% 
236pu 0.2-0.4 ppm 
22STh <0.004 ppm 

15 Step (i) of our method may conveniently be carried 
out by heating a mixture of238Pu02 and carbon in the 
form of graphite in an inert atmosphere, for example 
of flowing argon. High temperatures, for example 
about 1600°C, are generally required in this step. 

20 Step (ii) may conveniently be carried out by heat-
ing the238Pu carbide in an inert atmosphere, such as 
argon, containing H2

160. 
A further recommendation of the aforementioned 

Nuclear Energy Agency is that the fuel used in radio 
25 isotopic pacemakers be non-dispersible in the envi-

ronment and non-transportable in the body. This 
recommendation may be met by providing the 
^Pu^Oz product of our invention in the form of sin-
tered pellets by sintering the product in an appropri-

30 ate sintering atmosphere. The pellets may then be 
incorporated into a cardiac pacemaker by methods 
known in the art. 

The invention will now be particularly described, 
by way of example only, as follows. 

35 Example 1 
Reduction of238 Pu02 to 238 Pu2C3 

A batch of 238Pu02 containing 13.2 wt% of Ring-
sdorff high purity graphite was weighed in a nickel 
crucible and roughly mixed with a spatula. The mix-

40 ture was loaded into a tungsten carbide lined millpot 

(13 mm diameter by 38 mm long), together with a 9.5 
mm diameter tungsten carbide ball and sufficient 
carbon tetrachloride to form a thick sludge. The reac-
tants were mixed for 15 minutes using a high energy 

45 vibratory mill. After mixing, the carbon tetrachloride 
was removed using a vacuum desiccator and pump. 
When the oxide-graphite mixture was dry, shown by 
no further weight loss on evacuation, it was pressed 
into low density pellets in a 3.2 mm diameter die, 

50 using a pressing pressure of 15 MN -2. The pellets 
were loaded into the tungsten lined tantalum reac-
tion vessel of a furnace, and heated to 1600°C for 10 
hours in argon containing <1 ppm 02 , <1 ppm H20, 
with a flow rate of 0.751 per minute. A heating and * 

55 cooling rate of 5°C per minute was used. The 
plutonium sesquicarbide, in the form of low density, ~ 
silver coloured pellets, resulting from the reaction, 
was stored in gas tight pots filled with glove box 
argon until required for hydrolysis. Various mixtures 

60 were made up with from 4.1 to 7.3 ga38Pu02 and 
reduced as above. 
Hydrolysis of238 Pu2C3 to 238Pu1602 

An all silica apparatus was used for the hydrolysis 
stage to avoid contamination by light elements such 

65 as are present in boro-silicate glass. Hydrolysis was 
carried out at as low a temperature as possible to 
minimise the potential transfer of silicon to the 
oxide, and any exchange of natural oxygen between 
the silica equipment and the oxide. 

70 The carbide pellets, eithercrushed or intact, were 
placed in 1.3 to 6.3 g batches, in a platinum lined 
silica boat 38 mm long and heated for 45 to 55 
minutes at 1075°C in argon containing water 
depleted to 0.002%180/0 and 0.004%170/0 (supplied 

75 by Norsk Hydro a.s.). After hydrolysis the oxide was 
crushed, homogenised and then monitored for neut-
ron emission rates. Measurements were made using 
a BF3 detector, in paraffin wax, calibrated with stan-
dard sources. 12 batches were sampled and the 

80 results are shown in Table I below. 

TABLE/ 

Wtof Pu2C3 neutron emission neutron 
Batch used in rate ofZ3BPuK02 emission rates 
No. hydrolysis produced of pellets 

(g) (n s-1 g~1238 Pu) (n s"1 g~1 238 Pu| 

1 3X 1.3 4000 4070 
2 3 x 1.3 4000 4270 
3 2 x 2.2 4600 3890 
4 2X2.2 4050 3910 
5 3 x 2 4100 4070 
6 3 x 2 4200 4060 
7 3 x 2 4500 4620 
8 2 x 3.2 4150 3990 
9 1 x 4.5 4000 4010 

10 1 X 5.17 3885 3920 
11 1 x 4.85 4200 3930 
12 1 x 6.31 4250 3750 



It will be seen thatthe neutron emission rates 
range from 3.9 x 103 to 4.6 x 103 n s~1g"123aPu and 
are reproducible as evidenced by the 12 examples 
above. 

5 Pellet Fabrication 
The238Pu1602 produced as above was crushed, 

ball-milled for 15 minutes and pressed at 300 MNrn-2 

in dies ranging in diameter from 4.3-5.3 mm. Pellets 
were sintered at 1550°C for 6 hours in an atmosphere 

10 of hydrogen bubbled through depleted water 
(0.002%160,0.004% 170) maintained at 0°C, flowing 
at 50 cm3 per minute, diluted in pure argon flowing 
at >11 per minute. The products were again moni-
tored for neutron emission rates and the results are 

15 also shown in Table I above. 
CLAIMS 

1. A method of preparing238Pu1602 which com-
prises 

1. reducing23BPu02 containing oxygen of natural 
20 isotopic composition to238Pu carbide; and 

ii. hydrolysing the238Pu carbide with water 
depleted in the170 and180 isotopes to give238Pu1$02. 

2. A method according to claim 1 substantially as 
herein described. 
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