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(54) Method for the production of copper-67

(57) A method for the production of copper-67 com-
prising the provision of a zinc-70 enriched target and the
irradiation of at least a portion of the target with deuteron

particles, thereby producing an irradiated target portion
comprising copper-67, which can than be isolated from
the target.
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Description

Technical field

[0001] The present invention generally relates to a
method for the production and the separation of copper-
67 (67Cu).

Background Art

[0002] Radionuclides of copper are of sustaining inter-
est in biology, chemistry, nuclear medicine, and other
industrial applications. They are used as radiotracers,
radiotherapy agents or as industrial ionizing radiation
sources. Especially they are used in vivo either in ionic
form or as part of molecules of target selective tracers
(mainly copper-61, -64 and -67). Their decay modes, with
different decay radiation emissions, favour their multi-
purpose use (e.g. radiotherapy, PET & SPECT imaging,
etc.). Particularly copper-67, which is β- emitter with half-
life of 61.8 h, emits also 93 keV and 185 keV y peaks
and is therefore suitable for radiotherapy and/or SPECT
imaging. Copper-64 and copper-61 are positron emitters
and can be used for PET imaging.
[0003] It was shown recently, that the copper-67 has
superior therapeutic effects over copper-64 [1], iodine-
125 [2] or iodine-131 [3] and is a radionuclide of prefer-
ence for targeted radio-immunotherapy. The main limi-
tation factor however is still the lack in copper-67 world-
wide supply. Copper-64 and copper-61 are mainly pro-
duced from enriched nickel targets [4, 5] or zinc [e.g. 6].
[0004] Current state-of-art production methods of cop-
per-67 are summarized in Table 1.
[0005]

[0006] In the above Table 1, e.g. 70Zn(p,α)67Cu in the
well known nuclear reaction notation means that 70Zn is
the target nucleus, p represents the incident particle, in
this case a proton, α denotes the emitted particle,
and 67Cu is the residual nucleus.

Technical problem

[0007] It is the object of the present invention to provide
an alternative method for producing copper-67 (67Cu).
The method should preferably yield the copper-67 radi-
onuclide in commercially significant amounts and at spe-

Table 1.

Method Reference

70Zn(p,α)67Cu [7], [8]
natZn(p,x)67Cu [9]
64Ni(α,p)67Cu [10]

68Zn(p,2p)67Cu [11]
natZn(d,x)67Cu [12]

75As(p,spall.)67Cu [13]

cific activities which are suitable for use in diagnostic and
therapeutic applications. Preferably, the method should
further be feasible using low or medium energy charged-
particle accelerators, such as a cyclotron commonly
found on-site at major medical treatment and/or research
facilities. Finally, the method of the invention should be
such to minimize the expense of preparing said radionu-
clide.
[0008] This object is achieved by a method as claimed
in claim 1.

General Description of the Invention

[0009] The present invention therefore proposes a
method for the production of copper-67 comprising the
provision of a zinc-70 enriched target and the irradiation
at least a portion of the target with deuteron particles,
thereby producing an irradiated target portion comprising
copper-67. The reactions leading to copper-67 following
irradiation of enriched zinc-70 with deuteron particles
may be represented by the following nuclear reaction
notations: 70Zn(d,αn)67Cu and/or 70Zn(d,αp)67Ni
wherein 67Ni decays almost immediately (t� = 21 s)
to 67Cu (see also Fig. 1).
[0010] Hence, the method of the invention concerns a
preparation method of copper-67 by the deuteron irradi-
ation of targets containing zinc-70 in enriched form, i.e.
in relative amounts greater than the natural isotopic oc-
currence.
[0011] In the method described herein, the zinc-70 en-
riched target is generally a target enriched with respect
to zinc-70 content, which contains at least 25 at-%, pref-
erably at least 50 at-%, even more preferably at least 70
at-%, still more preferably at least 75 at-%, in particular
at least 85 at-% of zinc-70 relative to total zinc content.
In particular embodiments of the invention, the zinc-70
enriched target advantageously contains at least 90 at-
%, preferably even at least 95 at-% of zinc-70 relative to
total zinc content.
[0012] Hence, the present invention first provides for
an alternative production method of copper-67. Second,
a major advantage of this invention compared to known
methods is the fact that low energy deuteron accelerator
is sufficient to produce adequate quantities of copper-67.
[0013] In fact, the inventors have found that surpris-
ingly, and compared to the known methods presented
above, low energy deuteron accelerator is sufficient to
produce significant quantities of copper-67. Indeed, the
inventors’ experiments lead to the conclusions that ad-
vantageous cross-section data are obtained with the
present method. The comparison of cross-section data
for different known production methods of copper-67 and
that of the present invention are shown in Fig. 2.
[0014] The nuclear cross-section of a nucleus is used
to characterize the probability that a nuclear reaction will
occur. The concept of a nuclear cross-section can be
quantified physically in terms of "characteristic area"
where a larger area means a larger probability of inter-

1 2 
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action. The standard unit for measuring a nuclear cross-
section (denoted as σ) is the barn, which is equal to 10-28

m2. Nuclear cross-sections are used in determining the
nuclear reaction rate, and are governed by the reaction
rate equation for a particular set of particles.
[0015] Although the method of Skakun et al. slightly
advantages in cross-section values, high current alpha
particle beam is not readily available in common cyclo-
trons. Furthermore, compared to proton irradiation of
zinc-70, the present method exhibits higher cross-sec-
tions at lower energies.
[0016] As a conclusion, the method presented herein
allows for a high production yield of copper-67 even at
relatively low incident energies.
[0017] In practice, the deuteron particles in the present
method generally need incident energy of at least about
5 MeV, commonly between 7 and 35 MeV. Preferred val-
ues are comprised between 10 and 30 MeV, especially
between 10 and 25 MeV, still more preferably between
14 and 22 MeV, although incident energies < 20 MeV will
generally be sufficient.
[0018] Hence, in one embodiment, the invention is di-
rected to a method for producing a copper-67 radionu-
clide from a zinc-70 enriched target using an accelerator
capable of generating a beam of deuterons at energies
ranging from about 7 MeV to about 20 MeV.
[0019] The solid target comprising the target zinc-70
nuclide is generally loaded in a target holder adapted for
use with the accelerator. The zinc-70 enriched target nu-
clide is in any appropriate form, preferably in metal or
oxide form. The deuteron beam is preferably generated
using an accelerator, such as in a cyclic and/or linear
accelerator, e.g. a biomedical cyclotron.
[0020] The irradiation can thus be accomplished by
inserting the target into any particle accelerator capable
of producing deuteron beams of the desired energy and
beam current. A beam current of greater than about 1
pA, but generally less than about 100 pA, is generally
preferred to maximize production. In practice, the current
will usually be selected between 5 - 50 pA.
[0021] In one embodiment of the method of the present
invention, a copper product essentially free of any cop-
per-64 can be produced as the reaction with enriched
zinc-70 produces only copper-67 if the target contains
no or essentially no zinc-67.
[0022] This leads to a product that avoids the presence
of a second radioisotope thus eliminating the unneces-
sary exposure to that radioisotope while using the target-
ed radioisotope copper-67. Further, as essentially only
copper is produced, the specific activity of the product is
naturally greater.
[0023] By "essentially copper-64 free" is meant that
the ratio of copper-64 : copper-67 is about 0.1 or less :
1, preferably about 0.01 or less : 1.
[0024] Another embodiment of this invention proposes
the simultaneous production of copper-67 (useable for
therapy and SPECT imaging) together with copper-64
(useable for therapy and PET imaging) and/or copper-

61 (useable for PET imaging). When the mixture with
variable content of zinc-70, zinc-67 and/or zinc-64 is ir-
radiated with a deuteron beam, copper-64 and copper-
61 isotopes may be produced along with copper-67.
[0025] Thus, in a further embodiment of the invention,
the zinc-70 enriched target may further contain zinc-67
or zinc-64 or both, the method thereby producing an ir-
radiated target portion comprising additionally to copper-
67, either copper-64 or copper-61 or both.
[0026] This approach advantages in the simultaneous
production of PET/SPECT imaging and therapeutical ra-
dionuclides, the possibility to modify the ratio of produced
copper isotopes and therefore set precise therapeutical/
imaging dose (as a radionuclidic cocktail) for nuclear
medicine applications. The ratio of the above zinc-67
and/or zinc-64 isotopes to zinc-70 can be varied in order
to prepare irradiated target portion comprising not only
copper-67, but also copper-64 and/or copper-61 at cor-
respondingly varied ratios.
[0027] The method preferably further comprises at
least one physical and/or chemical separation step for
separating the resulting copper isotope(s) from the irra-
diated target portion in order to yield on the one hand
copper isotopes and on the other hand a target portion
essentially purified from copper. Further separation steps
may be included if necessary to eliminate possible further
impurities or unwanted compounds and elements.
[0028] In the case where more than one zinc isotope
is present in the zinc-70 enriched target, a plurality of
copper isotopes will be obtained after irradiation. The
above physical and/or chemical separation step will thus
generally yield a composition comprising all the copper
isotopes. One or more further isotope isolation step(s)
can thus be envisaged if desired for isolating one or more
of the different copper isotopes, e.g. copper-67, copper-
64 and copper-61 using any appropriate method or com-
bination of different methods, such as for example laser
isotope separation techniques [14].
[0029] This is of particular interest in view of the differ-
ent fields each of these isotopes can be used in, as men-
tioned above.
[0030] The physical and/or chemical separation step
(s) are preferably chosen among ion exchange, electrol-
ysis, extraction, sublimation or any combination of two
or more of them.
[0031] In a further advantageous embodiment, the
method further comprises a step of recycling the purified
target portion in the preparation of the zinc-70 enriched
target for use in the irradiation step.
[0032] A further aspect of the invention relates to the
use of the copper isotopes obtained as claimed in any of
claims 1 to 9 in the preparation of radiopharmaceuticals
and/or radiation sources, which contain copper-67 or
copper-67 in combination with copper-64 and/or copper-
61.
[0033] As a conclusion, the different aspects of the
present invention describe the deuteron irradiation of an
enriched zinc target material, the selective recovery of
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radioisotopes of copper from the enriched zinc target ma-
terial, as well as the fabrication of new targets from such
recovered target material. Such a method can produce
sufficient quantities of such radioisotopes for use in the
fields on nuclear medicine and/or nuclear chemistry. The
method can further be effected using low or medium en-
ergy charged-particle accelerators, such as those com-
monly found at major medical treatment and/or research
facilities. Finally, the above presented method allows to
minimize the expenses in relation with preparing said ra-
dionuclide(s).

Brief Description of the Drawings

[0034] Preferred embodiments of the invention will
now be described, by way of example, with reference to
the accompanying drawings in which:

Fig. 1 is a schematic diagram of reactions which can
occur in a method of the invention; and

Fig. 2 is a figure showing the comparison of cross-
section data for different known production methods
of copper-67 and that of the present invention.

[0035] Further details and advantages of the present
invention will be apparent from the following detailed de-
scription of not limiting embodiments.

Examples

Example 1

[0036] 97 % enriched zinc-70 metal foil target of diam-
eter of about 1 cm, mass of about 56 mg and thickness
of about 100 Pm is placed together with/or without thin
catcher protecting metallic foil (e.g. 30 Pm Ti) into a ded-
icated holder equipped with appropriate water or helium
cooling loop and irradiation with deuteron beam of 15 pA
of incident energy of 20 MeV is performed for 3 hours as
continuous single irradiation. Deuterons can be acceler-
ated to incident energy of 20 MeV on a cyclic (e.g. cyclo-
tron) and/or linear accelerator (e.g. tandem electrostatic
accelerator). All chemicals used in the preparation proc-
ess should be of highest available purity, particularly with
respect to Cu and Zn contaminants content. The target
is dissolved in appropriate concentrated acid (e.g. HCl)
and produced copper-67 is separated by ion exchange
chromatography from other activation by-products and
the zinc-70 target, which is then recycled for next irradi-
ations by electrolysis.

Example 2

[0037] A powder mixture of about 200 mg of enriched
zinc-70 oxide and zinc-67 oxide is placed into metallic
target holder or capsule (e.g. made of Platinum) with ap-
propriate water or helium cooling loop and with cavity of

diameter of about 0.8 cm and thickness of about 300 Pm.
The cavity may be closed with a metallic foil (e.g. 30 Pm
Al, Havar®, Ti, etc.). The target is then placed into beam
and irradiated with deuterons of selected incident energy
of 19 MeV, accelerated on a cyclotron. Irradiation is per-
formed in 12 hours or in a series of shorter-time irradia-
tions to give 12 hours of total irradiation time. After the
end of bombardment the zinc mixture target is transferred
to appropriate radiation shielding container, hot-cell or a
glovebox for further processing. All chemicals used in
the preparation process should be of highest available
purity, particularly with respect to Cu and Zn contami-
nants content. Target is dismantled and zinc oxides are
placed into oven with temperature gradient from 300 to
1200°C, equipped with gas flow washing system. Pro-
duced nuclides of copper and others are separated ther-
mochromatographically from the zinc oxide mixture tar-
get, which is recovered and recycled for next irradiations
using known chemical processes.
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Claims

1. A method for the production of copper-67 comprising
providing a zinc-70 enriched target; and irradiating
at least a portion of the target with deuteron particles,
thereby producing an irradiated target portion com-
prising copper-67.

2. The method as claimed in claim 1, wherein the zinc-
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70 enriched target is a zinc-70 enriched target con-
taining at least 50 at-%, preferably at least 60 at-%,
still more preferably at least 75 at-%, in particular at
least 85 at-% of zinc-70.

3. The method as claimed in any one of claims 1 or 2,
wherein said deuteron particles have an incident en-
ergy between 5 and 35 MeV, preferably between 10
and 25 MeV and still more preferably between 14
and 22 MeV.

4. The method as claimed in any one of claims 1 to 3,
wherein the irradiation is effected in a cyclic and/or
linear accelerator.

5. The method as claimed in any one of claims 1 to 4,
wherein the zinc-70 enriched target further contains
zinc-67 and/or zinc-64, thereby producing an irradi-
ated target portion comprising copper-67, as well as
copper-64 and/or copper-61.

6. The method as claimed in any one of claims 1 to 5,
further comprising one or more physical and/or
chemical separation step(s) for separating copper
isotopes from the irradiated target portion to yield
copper isotopes and a purified target portion.

7. The method as claimed in claim 6, further comprising
one or more isotope isolation step(s) for isolating one
or more of the different copper isotopes, preferably
using laser separation.

8. The method as claimed in claim 6 or 7, wherein the
physical and/or chemical separation step(s) are cho-
sen among ion exchange, electrolysis, extraction
and sublimation or combinations thereof.

9. The method as claimed in any one of claims 6 to 8,
further comprising a step of recycling the purified tar-
get portion in the preparation of the zinc-70 enriched
target for use in the irradiation step.

10. Use of the copper isotopes obtained as claimed in
any of claims 1 to 9 in the preparation of radiophar-
maceuticals and/or radiation sources, which contain
copper-67 and/or copper-64 and/or copper-61.

7 8 



EP 2 372 720 A1

6



EP 2 372 720 A1

7



EP 2 372 720 A1

8



EP 2 372 720 A1

9

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 6011825 A, Welch M.J. [0038]
• US 20060004491 A1, Welch M.J. [0038]

• WO 9527987 A, Jamriska D.J. sr. [0038]
• US 4487738 A, O’Brian H.A. jr. [0038]

Non-patent literature cited in the description

• SHEN S. et al. J. Nucl. Med., 1996, vol. 37 (1),
146-150 [0038]

• BISCHOF DELALOYE A. et al. J. Nucl. Med., 1997,
vol. 38 (6), 847-853 [0038]

• DENARDO S.J. et al. J. Nucl. Med., 1999, vol. 40
(2), 302-310 [0038]

• KOZEMPEL J. et al. Radiochim. Acta, 2007, vol. 95,
75-80 [0038]

• KASTLEINER S. et al. Radiochim. Acta, 1999, vol.
84 (2), 107-110 [0038]

• SKAKUN Y. et al. Appl. Radiat. Isot., 2004, vol. 60
(1), 33-39 [0038]

• ZSELECSÉNYI F. et al. Nucl. Instr. Methods B,
2009, vol. 267 (11), 1877-1881 [0038]

• TARKÁNYI F. et al. Nucl. Instr. Methods B, 2004,
vol. 217 (4), 531-550 [0038]

• GRANT P.M. et al. J. Label. Compd. Radiopharm.,
1979, vol. 16, 212 [0038]

• ENGELMAN R. JR. et al. Nucl. Instr. Methods B,
1987, vol. 26 (1-3), 448-451 [0038]


	bibliography
	description
	claims
	drawings
	search report

