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or nitrite ion (see Australian Patent 65 Specification 45086/72 now Patent
Number TECHNETIUM-99m GENERATOR                        464,043).
Chromatographic technetium generators of the The present invention concerns
advances       type referred to above have become the accepted relating
technetium generators forproducing    practical form of generator for
hospital use where technetium suitable for medical and other uses.    70 a
daily supply of technetium for radio- Technetium-99m is an important
radionuclide   pharmaceutical purposes is required. Other used extensively
in hospitals and other         methods are known to exist for producing
establishments. When formulated into various    technetium but are
considered generally chemical compounds it is commonly used as a
disadvantageous and therefore are less widely 10  diagnostic
radiopharmaceutical. However,   75 used. These other methods include the
solvent technetium-99m which decays into technetium-99,  extraction
generator and the sublimation has a half life of only 6 hours and therefore
for use  generator. Although these two alternative in a medical clinic
there must be a readily available  processes have specific advantages, the
source.                                         disadvantages are
sufficiently great for the 15     In practice, technetium-99m is obtained
as a  80 chromatographic generator to prevail. The solvent decay product of
its parent radionuclide        extraction generator is inconvenient in use
and molybdenum-99. This radionuclide has a half life  requires skilled
personnel to carry out the of 67 hours and decays continuously to yield
relatively complicated operations. The technetium-99m. Several practical
devices known  sublimation generator has the disadvantage of a 20 as
generators are commercially available which  85 low separation efficiency
and the arrangement is enable the user to separate the daughter
quite unsuitable for relatively small scale radionuclide, technetium-99m,
from the parent   operations. radionuclide.
The chromatographic generator has therefore One such generator employs the
technique of   become the preferred form of generator especially 25
chromatographic separation. Molybdenum-99, in   go for use in hospitals,
but has the disadvantage when the form of soluble molybdate, is absorbed
onto  using only low specific activity (n,[err]) molybdenum- the surface of
aluminium oxide arranged in a bed  99 of only providing a low activity
generator. and the technetium-99m which forms due to decay  Consequently,
it is normal to use carrier-free of the molybdenum-99 may be separated by
fission-produced molybdenum-99; there are 30 elution. The elution step
comprises passing a  95 inherent disadvantages in doing this in view of the
solution of physiological saline (0.9%NaCl) which  high captial cost of
processing plant, elaborate is called the eluant, through the bed of the
precautions required to prevent contamination, a aluminium oxide. The
molybdenum-99 remains on   waste disposal problem of other fission products
the bed, whilst the technetium-99m enters the    and a high cost for the
technetium produced. 35 lquid phase (eluate) and issues at the exit point
of .100   The present invention provides a different the generator bed.
approach to the production of technetium-99m A properly constructed
generator must satisfy  which can offer advantages over the prior art.
qualitative and quantitative criteria which       In a first aspect of the
present invention there is include:-
provided a generator for technetium-99m 40 (a) the eluate contains
essentially onlv    105 comprising a container in which is provided a
technetium-99m and that there is no carry through  matrix in which
technetium-99m is produced, the of molybdenum-99
matrix comprising a mass of polymolybdate (b) the eluate is of an
acceptable pharmaceutical.  compound other than a heteropolymolybdate
quality and,                                    compound, said
polymolybdate compound being 45 (c) the separation effficiency (the ratio
of the  110 of chemically bound molybdenum containing quantity of
technetium-99m obtained in the eluate  molybdenum-99 and being in a
substantially non- to the quantity of technetium-99m available) is
elutable form in any eluant which may be used in a maximised and remains at
a high level through a  radiopharmaceutical, the matrix permitting
succession of periodic elutions which conveniently     diffusion of
technetium-99, therethrough and 50 take place at twenty-four hour
intervals.    115 elution therefrom. In commercially practical generators
having     Generators embodying the present invention are relatively high
activity levels, for example greater  just as convenient and simple to
operate as a than 200 millicuries, it has been found that
chromatographic type generator and relatively secondary effects can
substantially reduce the  unskilled personnel can be entrusted with the 55
yield. It is thought that due to radiolysis the  120 generator without
particularly stringent 



technetium reduces to chemical species which are not readily eluted, and
that hydrated electrons  reations. may be a major cause of this reducion.
This            In the prior art chromatographic type generators,
molybdenum in the form of molybdate reduction of yield has been mitigated
by the use of has been absorded onto the surface of a porous 60 strong
oxidising agents such as chlorine or  125 medium or matrix for example, an
alumina column chromate but with consequential significant     whereas by
contrast in the present arrangement disadvantages, or by the use of
electron scavenging  the porous medium comprises a compound within agents
which are not strong oxidising agents, such  which molybdenum is chemically
bound in a    2
GB 2 000 361 B   2 substantially non-elutable form and accordingly a
zirconium chloride. Alternatively a salt of another greater concentration
of molybdenum can be      suitable cation is used. A molybdate precipitate
provided in an effective form within the generator.  then occurs and the
precipitate is removed by It is thought that the polymolybdate compounds
filtering or evaporation of the liquid, the resultant 5  used in generators
embodying the present   70  solid product being air dried and then sized
for use invention may be described as generally gel-like; a  in a
generator. gel-like structure has been observed in the      The nature and
manner of manufacture of a compounds used in preferred embodiments of the
generator embodying the present invention may be invention, the compounds
including zirconium   varied considerably and there will now be 10
molybdate, titanium molybdate, ceric molybdate,  75 described details of
specific alternatives and the ferric molybdate and stannic molybdate.
criteria to be considered in selecting any particular The preferred
molybdates are of multivalent   alternative. metals of valency 3 or greater
or a mixture of such molybdates.
ALTERNATIVE MOLYBDENUM 15   Zirconium molybdate is a highly suitable
COMPOUND PREPARATION METHODS compound since it has a high degree of
insolubility  80   An alkaline dissolution method has been in the eluant
and. allows a high rate of diffusion of  described above. An alternative
subsequent technetium-99m out of the matrix.               procedure is to
mix the solutions containing Particularly where generators are prepared
from  molybdate and zirconium salts or salts of other 20 high specific
activity molybdenum, and this is the  cations in strongly acidic solution.
The molybdate case for many commercially desirable        85 is then
precipitated by gradually increasing the pH arrangements, a substantial
reduction in yield can  of the solution by the addition of alkali. occur
due to radiolysis effects. One manner of dealing with this problem is to
include in the eluant  CHOICE OF COMPOUNDS 25  a substance which could be a
strong oxidising      Zirconium molybdate is a convenient and agent (such
as chromate) or materials such as  preferred compound for use in
embodiments of nitrate or nitrite which have an electron scavenging    90
the invention since it has a high degree of effect and can assist in
maintaining satisfactory  insolubility to the eluant and provides a high
yield yields,                                        of technetium-99m.
Using similar techniques other 30   However, one major improvement which
can      compounds may be made and used, for example advantageously be
included in embodiments of the  titanium molybdate, ceric molybdate, ferric
invention is to incorporate into the matrix of the    95 molybdate, stannic
molybdate, and any other generator a solid oxidant which is reduced in
molybdenum compounds which have a very low * preference to the
pertechnetate ion, yet remains  solubility to eluants which may be used for
35 strongly bound into the matrix.                generators of the present
type and which have Although many compounds may be possible     suitable
elution characteristics. With advantage solid oxidants for the matrix,
unacceptable levels  100 mixtures of the above compounds may also be of
toxicity would exist with many compounds. One  used. example of a compound
suitable for use in 40 embodiments of the invention is a compound of
FORM OF MOLYBDENUM COMPOUND zirconium, in which the zirconium is wholly or
Preferably the molybdenum compounds for use partly replaced by cerium, the
matrix having the  in the present invention are in gel-like form oxidant in
the form of cerium molybdate.   105 although some degree of fine
crystallinity may be The invention also extends in other aspects to a
observed in some compounds. 



45 method of producing technetium-99m using a generator embodying the
invention and in any one  EFFECT OF pH. of the forms as described herein
and in addition  It has been found that the pH selected for the extends to
a method of preparing the generator.   precipitation of the molybdenum
compounds can A gel-like material for use as the matrix, for  110 have some
effect on both the elution yield and 50 example zirconium molybdate, can be
prepared by  purity when the compound is used in a generator, precipitation
from a solution of molybdate. It is.  Tests have been conducted and
comparative data thought that a high mobility of pertechnetate ion
obtained where the compound is produced from occurs and this provides
favourable kinetics for  an amonium molybdate solution. Where the pH of
release.                                   115 the molybdate solution was
about 3 and the pH of 55   Onegoodmethodformanufacturingthe
the final suspension about 1.1 and elution was generator matrix will now be
described in general  conducted for 5 days in sequence, the average terms.
elution efficiency was about 81%. If, however, the Reactor irradiated
molybdenum trioxide       molybdate solution has a pH of 7 and the pH of
the containing [err] is dissolved in a slight excess of   120 suspension is
2.8, the average elution efficiency 60 aqueous ammonia or sodium hydroxide
solution.   has been found to be about 92% although the Acid is added to
adjust the pH to between 1.5 and  eluate impurity has increased from 0.02%
to 0.35% 7 and preferably in the range 2.5 to 5.5 and the  molybdenum-99.
It would seem that. an resultant solution added to a stirred aqueous
approximate optimum value would be to have a solution of zirconium in the
form of zirconium  125 molybdate solution of about pH 5 with a pH of the 65
nitrate or other suitable soluble salts such as  final suspension of about
1.5 giving an    3                                   .
GB2000361 B    3 average elution efficiency of about 93% and an
molybdenum-99 content from 0.15% to 0.003%. average eluate impurity of
about 0.06%.            For illustrative purposes only specific examples
relating to the invention will now be given. SOUCE OF MOLYBDENUM A major
advantage of the present invention is  EXAMPLE I 5  that a high activity
generator can be prepared  65   1. 4 g of MoO3 was dissolved in excess of
3M using (ny) produced molybdenum-99 although    ammonium hydroxide
solution which was then fission produc"Mo could be used. However, the
acidified to pH 4 by 5M nitric acid solution. present invention permits yet
another useful     2. The acidified solution was added slowly with
alternative to be adopted if desired. Zirconium  constant stirring to a
solution of zirconium nitrate 10  molybdate in inactive form is prepared
and in an   70  containing 6.6 g of ZrO(N03)2 and of pH isotope exchange
operation, fission product    approximately I, thereby precipitating
zirconium molybdenum in solution is exchanged with the   molybdate.
inactive molybdenum of the zirconium molybdate.  3. The zirconium molybdate
precipitate was This technique permits the generator to be     vacuum
filtered on a Buchner funnel and air dried 15  manufactured without any
safety precautions   75  at about [err]. because the molybdate is in an
inactive state. To  4. The precipitate was sieved and particles sized make
the column active, the procedure is simply to  150-500 [err] were packed to
forma column in a contact the generator column with a fission    generator
which will now be described with product molybdenum-99 solution. After
about I  reference to the accompanying drawing: 20 hour, during which about
85% of the molybdenum- 80   The generator comprises lead-shielding in the
99 activity is transferred to the column, the column  form of end caps I
and a sleeve-like central is rinsed with water.   .
portion 2 in the centre of which a glass vessel 3 is In a particular case
the activity of the column  provided and contains a bed of the gel-like
matrix was 400 millicuries. A high average elution     4 which is located
on sintered glass frit 6 which is 25 efficiency of 85% was found using
normal saline    85 mounted on a support 5. A retaining ring 7 is solution
as the eluant and the eluate had a good  provided on top of the bed.
radionuclidic purity averaging 0.02%              For the purpose of
elution, a supply container 8 molybdenum-99.
of eluant is disposed above the level of the bed, the eluant being passed
slowly through a supply tube CHOICE OF ELUANT                            90
8a, through the bed and through a discharge tube 9 30   The present
generators can be milked with      into a receiving vessel 10 disposed in
its own lead water if desired, and saline solutions are not  shield 11. In
this particular example the bed 



essential. Furthermore, other solutions such as   .    contained about 1.5
g of the material and had an sodium sulfate solutions could be used. By
initial activity of about 0.5 curie. contrast prior art chromatographic
generators    . 95   Three such generators were manufactured and 35 cannot
be eluted with water.                    were eluted 5 times at 24 hour
intervals with normal saline solution. The elution efficiency over
RADIOLYSIS EFFECTS                             the three generators over
the 5 days varied There is apossibility that elution efficiency of  between
79% and 90%, the average being 85%. generators having. a high activity may
be seriously  100 . This is considered to be a very. acceptable impairpd
due to radiolysis effects. However, a  commercial performance. significant
advantage is that such an effect has not 40 been observed with zirconium
molybdate and      EXAMPLE 2 generators having activities of up to 16
curies have  1. 4 g of MoO3 was dissolved in an excess of been prepared.
Should the effect be observed it  ammonium hydroxide. may be dealt with by
incorporating oxidizing .   105   2. The solution was evaporated to dryness
and agents into the molybdate matrix (for example  the solid redissolved in
water to form ammonium 45 cerium manganese chromate or periodate) or
molybdate solution of pH about 5.5. alternatively oxidizing agents such as
a chromate  3. This solution was added to zirconium nitrate or nitrate may
be included in the eluant.      solution of pH about 1.0 to precipitate
zirconium 110 molybdate which was filtered and then treated in PURITY OF
ELUATE                               accordancewith Example I above. In
this case the High radionuclidic purity may be achieved with  initial
activity of the column was approximately 1 50 generators. of the present
invention. To achieve  curie and a fairly consistant elution efficiency
over very high standards, however, a small bed of   6 days averaging about
83% was achieved. alumina or zirconia or the like may be provided in series
with the bed of molybdate so that   115 EXAMPLE 3 radionucides other than
the pertechnetate ion tend  Using the procedure of Example 2, a mixed 55 to
be trapped on this additional bed. It has been .  zirconium
molybdate/cerium molybdate was found in one example in which a generator
has an  produced having a molar ratio of 80-20 of 80-20 ratio of zirconium
molybdate and cerium  zirconium to cerium. In this case the precipitation
molybdate, the use of an alumina bed although    120 step was varied by
adjusting the pH of the reducing the elution efficiency from 86% to 82%,
ammonium molybdate solution 3.5 before addition 60 greatly increased the
eluate purity by reducing the  of the mixed cation solution. The pH of the
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000 361 B   4 suspension was then adjuted to 3.0.              10. A method
of forming a generator for Elution of the generators manufactured from
technetium-99m suitable for radiopharmaceutical the compound elution
efficiencies of 90% and   use, the method comprising dissolving average
molybdenum solubilities of 0.04% over 6  molybdenum trioxide in alkaline
solution, 5 days. Elution of a pure zirconium molybdate gel,   65
acidifying the solution to an acid pH and adding to which was prepared in a
similar manner, gave   a solution of a cation salt and precipitating a
average elution efficiency of 85% and average  molybdate of the cation,
separating the precipitate molybdenum solubility of 0.17% over the same
and after drying packing in finely divided form into period.
-        a bed comprising a mass of cation molybdate 70 compound, the
cation salt being chosen such that 10 CLAIMS
the precipitate is a polymolybdate other than a 1. A generator for
technetium-99m comprising a  heteropolymolybdate, and is a compound of
container in which is provided a matrix in which  chemically bound
molybdenum containing technetium-99m is produced, the matrix
molybdenum 99, the polymolybdate being comprising a mass of polymolybdate
compound  75 substantially insoluble in any eluant which can be 15 other
than a heteropolymolybdate compound, said  used in a radiopharmaceutical
and the molybdate polymolybdate compound being of chemically     permitting
diffusion of technetium-99m bound molybdenum containing molybdenum 99
therethrough nd elution therefrom. and being in a substantially
non-elutable form in  11. A method of forming a generator for: any eluant
which may be used in a radio-        80 technetium-99m suitable for
radiopharmaceutical 20  pharmaceutical, the matrix permitting diffusion of
use, the method comprising dissolving technetium-99m therethrough and
elution        molybdenum trioxide in an excess of ammonium 



therefrom.                                     hydroxide solution,
evaporating the solution to 2. A generator as claimed in Claim 1, wherein
dryness and redissolving the resultant solid in the molybdenum compound is
a polymolybdate of  85 water to provide an ammonium molybdate 25 a
multivalent metal of valency 3 or greater or a  solution, adding the
ammoniummolybdate mixture of such polymolybdates.                solution
to a solution of a salt of a cation at acid 3. A generator as claimed in
Claim 1, wherein  pH, precipitating a cation molybdate removing the the
molybdenum compound comprises any one of   precipitate and afterdrying pack
ing in finely or a mixture of two or more of the following  90 divided form
into a bed comprising a mass of 30 compounds; zirconium molybdate, titanium
cation molybdate compound, the cation salt being molybdate, ceric
molybdate, ferric molybdate and  chosen such that the precipitate is a
stannic molybdate.                             polymolybdate other than a
heteropolymolybdate, 4. A generator as claimed in any one of the  and is a
compound of chemically bound preceding claims, wherein the matrix is
supported   95 molybdenum containing molybdenum 99, the 35 in the container
on a porous inert bed and adapted  polymolybdate being substantially
insoluble in any to be eluted with a liquid selected from       eluant
which can be used in a radiopharmaceutical physiological saline solution,
other salt solutions  and the molybdate permitting diffusion of and water.
technetium-99m therethrough and elution 5. A generator as claimed in any
one of the  100 therefrom. 40 preceding claims, wherein a bed of alumina,
12. A method as claimed in claim 10 or claim 11, zirconia or other
insoluble oxide to which.    wherein the solutions of molybdate and the
salt of molybdenum-99 has a high affinity is disposed  the precipitating
cation are mixed at a strongly downstream of the matrix whereby any  .
acidic pH, and alkali is gradually added to increase molybdenum compound
eluted from the matrix   105 the pH of the solution to precipitate the 45.
tends to be captured.                          molybdate. 6. A generator as
claimed in any one of the    13. A method as claimed in any one of claims
preceding claims, and including a solid oxidant in  10-12, wherein said
molybdenum trioxide is the matrix and having a substantially greater
reactor-irradiated. preference for reduction than [err], and being    110
14. A method of forming a generator for 50 strongly bound into the matrix.
technetium-99m suitable for radiopharmaceutical 7. A generator as claimed
in any one of the  use, the method comprising placing a non- preceding
claims, wherein the matrix comprises  radioactive cation molybdate in
finely divided zirconium molybdate and cerium molybdate.    form into a bed
comprising a mass of cation 8. A generator as claimed in claim 7, wherein
the 1 15 molybdate compound, which is a polymolybdate 55 proportion of
cerium molybdate to zirconium     other than aheteropolymolybdate, and is a
molybdate is of the order of one quarter.      compound of chemically bound
molybdenum, the 9. A generator of technetium-99m, substantially
polymolybdate being substantially insoluble in any as described herein with
reference to the      eluant which can be used in a radiopharmaceutical
accompanying drawing, the matrix being as  120 and the molybdate permitting
diffusion of 60 claimed in any one of the preceding claims.
technetium-99m therethrough and elution    4
GB 2 000 361 B    4 suspension was then adjusted to 3.0.              10. A
method of forming a generator for Elution of the generators manufactured
from   technetium-99m suitable for radiopharmaceutical the compound elution
efficiencies of 90% and    use, the method comprising dissolving average
molybdenum solubilities of 0.04% over 6  molybdenum trioxide in alkaline
solution, 5 days. Elution of a pure zirconium molybdate gel,   65
acidifying the solution to an acid pH and adding to which was prepared in a
similar manner, gave    a solution of a cation salt and precipitating a
average elution efficiency of 85% and average   molybdate of the cation,
separating the precipitate molybdenum solubility of 0.17% over the same
and after drying packing in finely divided form into period.
a bed comprising a mass of cation molybdate 70 compound, the cation salt
being chosen such that 10 CLAIMS
the precipitate is a polymolybdate other than a 1. A generator for
technetium-99m comprising a  heteropolymolybdate, and is a compound of
container in which is provided a matrix in which  chemically bound
molybdenum containing technetium-99m is produced, the matrix
molybdenum 99, the polymolybdate being comprising a mass of polymolybdate
compound  75 substantially insoluble in any eluant which can be 



15 other than a heteropolymolybdate compound, said  used in a
radiopharmaceutical and the molybdate polymolybdate compound being of
chemically     permitting diffusion of technetium-99m bound molybdenum
containing molybdenum 99      therethrough nd elution therefrom. and being
in a substantially non-elutable form in  11. A method of forming a
generator for any eluant which may be used in a radio-    80 technetium-99m
suitable for radiopharmaceutical 20 pharmaceutical, the matrix permitting
diffusion of  use, the method comprising dissolving technetium-99m
therethrough and elution         molybdenum trioxide in an excess of
ammonium therefrom.                                     hydroxide solution,
evaporating the solution to 2. A generator as claimed in Claim 1, wherein
dryness and redissolving the resultant solid in the molybdenum compound is
a polymolybdate of  85 water to provide an ammonium molybdate 25 a
multivalent metal of valency 3 or greater or a  solution, adding the
ammonium molybdate mixture of such polymolybdates.                solution
to a solution of a salt of a cation at acid 3. A generator as claimed in
Claim I, wherein  pH, precipitating a cation molybdate removing the the
molybdenum compound comprises any one of   precipitate and after drying
packing in finely or a mixture of two or more of the following  90 divided
form into a bed comprising a mass of 30 compounds; zirconium molybdate,
titanium        cation molybdate compound, the cation salt being molybdate,
ceric molybdate, ferric molybdate and  chosen such that the precipitate is
a stannic molybdate.                             polymolybdate other than a
heteropolymolybdate, 4. A generator as claimed in any one of the   and is a
compound of chemically bound preceding claims, wherein the matrix is
supported   95 molybdenum containing molybdenum 99, the 35 in the container
on a porous inert bed and adapted  polymolybdate being substantially
insoluble in any to be eluted with a liquid selected from       eluant
which can be used in a radiopharmaceutical physiological saline solution,
other salt solutions  and the molybdate permitting diffusion of and water.
technetium-99m therethrough and elution 5. A generator as claimed in any
one of the  100 therefrom. 40 preceding claims, wherein a bed of alumina,
12. A method as claimed in claim 10 or claim 11, zirconia or other
insoluble oxide to which     wherein the solutions of molybdate and the
salt of molybdenum-99 has a high affinity is disposed  the precipitating
cation are mixed at a strongly downstream of the matrix whereby any
acidic pH, and alkali is gradually added to increase molybdenum compound
eluted from the matrix   105 the pH of the solution to precipitate the 45
tends to be captured.                            molybdate. 6. A generator
as claimed in any one of the     13. A method as claimed in any one of
claims preceding claims, and including a solid oxidant in  10-12, wherein
said molybdenum trioxide is the matrix and having a substantially greater
reactor irradiated. preference for reduction than [err], and being    110
14. A method of forming a generator for 50 strongly bound into the matrix.
technetium-99m suitable for radiopharmaceutical 7. A generator as claimed
in any one of the  use, the method comprising placing a non- preceding
claims, wherein the matrix comprises  radioactive cation molybdate in
finely divided zirconium molybdate and cerium molybdate.      form into a
bed comprising a mass of cation 8. A generator as claimed in claim 7,
wherein the 115 molybdate compound, which is a polymolybdate 55  proportion
of cerium molybdate to zirconium     other than a heteropolymolybdate, and
is a molybdate is of the order of one quarter.      compound of chemically
bound molybdenum, the 9. A generator of technetium-99m, substantially
polymolybdate being substantially insoluble in any as described herein with
reference to the      eluant which can be used in a radiopharmaceutical
accompanying drawing, the matrix being as  120 and the molvbdate permitting
diffusion of 60 claimed in any one of the preceding claims.
technetium-99m therethrough and elution    5               .5
GB 2 000 361 B          5 therefrom, and the method further comprising
molybdenum-99 whereby the bed becomes a activating said generator by.
passing through the          5  radioactive by isotopic exchange. bed a
solution of a compound of radioactive Printed' for Her Majesty's
Stationery. Office by the Courier Press,' Leamington Spa, 1982. Published
by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.    


