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ABSTRACT 
The present invention provides a method for producing 
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gamma ray beam . After irradiation , the Cu67 is isolated 
from the Zn68 by any suitable method ( e . g . chemical and or 
physical separation ) . In a preferred embodiment , the Cu67 is 
isolated by sublimation of the zinc in a ceramic sublimation 
tube to afford a copper residue containing Cu67 . The Cu67 
can be further purified by chemical means . 
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METHODS FOR PRODUCING CU - 67 radioisotopes of copper other than Cu67 , and a high specific 
RADIOISOTOPE WITH USE OF A CERAMIC activity ( no more than a few hundred stable copper atoms for 
CAPSULE FOR MEDICAL APPLICATIONS each Cu67 atom ) . In addition , the reactor method needs a 

sophisticated mechanical rabbit to retrieve the isotope from 
CROSS - REFERENCE TO RELATED 5 the core , and radioactive waste handling is costly ( frequently 

APPLICATIONS requiring subsidization by national governments ) , which 
generally hinders economic production of radioisotopes . 

This application is a continuation of U . S . application Ser . Linear accelerator ( “ linac " ) production at BLIP and 
No . 13 / 399 . 082 . filed on Feb . 17 . 2012 . which claims the LAMPF was technically successful , but the two labs simply 
benefit of U . S . provisional application Ser . No . 61 / 540 , 897 , 10 could not provide enough Cu67 to meet the demand . Pro 
filed on Sep . 29 , 2011 , each of which is incorporated herein duction was limited to a total of about 1 Ci per year , due to 
by reference in its entirety . scheduling demands on the accelerators for high - energy 

physics missions . Also , proton accelerator production 
CONTRACTUAL ORIGIN OF THE INVENTION requires irradiation of the target in a vacuum , and the 

15 machine must be opened to atmospheric pressure to recover 
The United States Government has rights in this invention the target , complicating the recovery . 

pursuant to Contract No . DE - AC02 - 06CH11357 between In the past , metal zinc target capsules have been used on 
the United States Government and UChicago Argonne , LLC electron accelerators to provide high yields of Cu67 via a 
representing Argonne National Laboratory . photonuclear process ( gamma rays from Bremsstrahlung 

20 convert Zn68 into Cu67 ) . Zinc material was then irradiated , 
FIELD OF THE INVENTION and Cu67 would be separated very quickly and efficiently 

using a sublimation process . Both the metal casting process 
This invention relates to methods and a novel device for into metal target capsules and subsequent sublimation 

producing radioisotopes for medical applications . More par attempts with metal apparatus have resulted in unacceptable 
ticularly , this invention relates to methods , as well as novel 25 levels of metal impurities , which were introduced by cor 
target units and sublimation devices for producing Cu67 rosive chemical reactions of zinc in the liquid and vapor 
radioisotope . phases . 

Accordingly , there is an ongoing need for improved 
BACKGROUND OF THE INVENTION methods for producing Cu67 , particularly having a purity 

30 and specific activity suitable for medical applications . The 
In recent years medical researchers have indicated a present invention addresses this need . 

desire to explore radioisotope therapy with beta - emitting 
sources that may simultaneously be monitored by imaging SUMMARY OF THE INVENTION 
their photon emission . Beta particles with energies of a few 
hundred KeV have sufficient range in tissue ( millimeters ) 35 The present invention provides a photonuclear method for 
that they can penetrate small tumor masses , without passing producing Cu67 radioisotope suitable for use in medical 
much further into the surrounding body and inadvertently applications . The method comprises irradiating metallic 
destroying healthy tissue . Gamma rays of a few hundred zinc - 68 ( Zn68 ) contained within a closed ceramic capsule 
KeV may be conveniently imaged with external cameras . An with a high energy gamma ray beam to convert at least a 
isotope that emits both particles must also have appropriate 40 portion of the Zn68 to Cu67 , and then isolating the Cu67 
chemical properties in order to attach the isotope to a from the irradiated target . During irradiation , at least a 
biologically active agent , such as a peptide or monoclonal portion of the Zn68 is converted to Cu67 by loss of a proton . 
antibody . Copper - 67 ( Cu67 ) has emerged as one of the most Preferably , the irradiation is continued until the conversion 
desired of these new radioisotopes ; it emits beta particles of Zn68 to Cu67 yields a Cu67 activity of at least 5 
with mean energy of 141 KeV and a gamma ray of 185 KeV . 45 milliCuries - per - gram of target ( mCi / g ) . Our work has 
Its half - life of 2 . 6 days , however , demands rapid production , uncovered that composing the target capsule and sublima 
processing , and transfer to the medical clinic . Therapy of tion apparatus out of ceramic materials that do not chemi 
non - Hodgkin ' s lymphoma is perhaps the most recognized cally react with molten zinc ( e . g . , alumina , aluminum nitride 
application for Cu67 , but the dearth of supply has seriously and boron nitride ) , and in particular alumina , offers a solu 
inhibited the research effort in this area . 50 tion to avoiding the introduction of impurities during casting 
Cu67 has been produced by two main processes , i . e . , in or sublimation known to take place in prior equipment . 

nuclear reactors in small quantities , and by bombardment of The present invention also provides an improved target 
zinc oxide ( ZnO ) with high energy protons . unit for producing Cu67 radioisotopes . It also provides for 

In the mid 1990s , Cu67 was produced by irradiation of easier handling and shipping of the target because of its use 
ZnO in DOE - subsidized high - energy physics proton accel - 55 of low activation materials . The target unit includes a target 
erators , e . g . , BLIP at Brookhaven National Lab ( BNL ) and body having a cage body coupled to a screw - on cap and a 
LAMPF at Los Alamos National Lab ( LANL ) . By 2000 , ceramic capsule containing the Zn68 target . The ceramic 
DOE changed its focus , with additional production being capsule is sealed within the target body between the cage 
performed on the proton cyclotron at TRIUMF , in Canada , body and the screw - on cap to form a substantially water 
and import of the Cu67 to medical researchers in the United 60 tight seal during irradiation . The ceramic capsule material 
States . must be selected to prevent chemical reaction with zinc ; 

Reactor production of Cu67 is particularly difficult for nevertheless , it must promote a solid physical contact 
several reasons . For example , neutron flux results in a between the capsule and solid Zn68 target ingot within the 
number of harmful , unwanted other isotopes , which are capsule . Even a small gap between the capsule and the Zn 
difficult to remove from the desired Cu67 . Human medical 65 ingot would inhibit heat transport out of the zinc during 
treatment applications require non - copper impurities to be high - power irradiation , resulting in melting and possible 
reduced to parts - per - billion ( ppb ) levels , elimination of failure of the target . For this reason certain non - metals , such 












