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I will go a little more in detail in the history, production procedures

and targets of 1 2 3I. The Energy Research and Development Administration

(ERDA) was formerly the Atomic Energy Commission (AEC). Imention this

since I may interchange the names during the discussion.

The Oak Ridge National Laboratory (ORHL) 86-Inch Cyclotron is an ERDA

cyclotron. It is operated by a prime contractor, Union Carbide Corpora-

tion. The Cyclotron accelerates protons to an energy of 22 MeV with a

maximum internal beam current of 3 mA. It is a fixed frequency machine

operating at 13;4 Me, a dee to dee voltage of 450 to 500 kV, at a mag-

netic field of 8790 Oe, resulting in large orbit separations. The beam

is spread over an area of approximately 3 to 4 in.2 on a flat plate

target.

The dees are suspended vertically; may I have the first slide. (A

slide presentation was given). This is a view of the building in

which the Cyclotron is housed. In this_ slide the dees are being

lowered into the Cyclotron vacuum tank with an overhead crane. The

vacuum tank, magnet coils and radio-frequency system are directly

below the dees. Slide 2 please.

This is a close-up view of the Cyclotron. The three 20-in. diffusion

pumps may be seen in the lower left of the slide and the bottom por-

tion of the U of the magnet yoke may be seen at the bottom of the

slide. Since the magnet yoke is in this position, the dees may be-' '" '" •

removed by an overhead crane. Third slide. <*

*Research sponsored by the U. S. Energy Research and Development
Administration under contract with Union Carbide Corporation.
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The dees have been removed from the Cyclotron and are being repaired by the

individual in the lower left of the slide. As you can see the dees are

relatively large.

We use three principal types of targets for internal production of accelera-

tor-produced radioactive isotopes. Flat plate targets are used in the bom-

bardment of readily fabricated metals when highest production rates are

necessary. On this target, we may apply up to 3 mA of beam current to

produce isotopes by (p,n), (p,2n), (p,2p) and (p,p,n) reactions.

Capsule targets provide a means of irradiating chemical compounds or metal

powders or inorganic compounds at 200 yA when the development of a coating

for a flat plate target is extremely difficult or where high production

rates are not necessary. Usually the isotopes produced in the capsule

are by the (p,n) reaction.

The third type of target is our window target in which the target mate-

r*a*s inay be a metal foil, metal powder, inorganic compound or an iso-

topically enriched material. This target is irradiated at a beam current

of 80-90 yA resulting in (p,2n), (p,n), (p,2p) and (p,p,n) reactions.

Slide 4 please.

This is a flat plate target. The light area, 3 by 4 in., on the plate in

the center of the slide is nickel which has been electroplated on a copper

substrate and will be irradiated to make 57Co. The beam is dissipated

over approximately 75% of the 3 by 4 in. area. Slide 5 please.
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This i s a capsule type target in which we produced the 1 2 3 I . The tellurium J

. target material i s in the aluminum tube above the ruler in the s l ide . This jj
E

is inserted in the aluminum tube in the target header shown in the center I

of the slide and the assembly is installed in the Cyclotron. -;

i
ERDA and the previous AEC have long supported medical investigations of \

medical radionuclides. The best example, and most successful nuclide j

resulting from this support, is 67Ga which is used for locating and !

Imaging certain tumors. The development of this isotope was a coopera- ]

tive effort of the 86-Inch Cyclotron Group, the Cyclotron Products

Group and the Oak Ridge Associated Universities (ORAU).

V
The OENL principal investigators of 67Ga were Joe Beaver and Homer Hupf, I

presently at Mt. Sinai Hospital; Larry Brown, presently with Abbott |

Laboratories; and M. R. Skidmore. The principal investigator at ORAU |

was R. L. Hayes. 1

The 86-Inch Cyclotron is capable of producing over 800 mCi of 67Ga an I

hour. We are no longer regularly producing 67Ga* but serving only as I
t..

a backup source for commercial supplers. Gallium-67 i s now in wide- i

spread use in the United States and abroad. 1

Iodine-123 was produced in the 86-Inch Cyclotron as early or earlier

than 1962. While reviewing our records, which go back to 1962,

recently I noted that we had produced 1 2 3 I in 1962.
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The Cyclotron end Cyclotron Products Groups with ERDA support made an

effort in 1967 and 1968 to develop 123I as a commercially available

radionuclide. Numerous irradiations were made and the 123I produced

was distributed to participating medical investigators.

The iodine was produced in sealed aluminum capsules to prevent losses

through vaporization during bombardment. The target material was

approximately 425 mg of isotopically enriched elemental 123Te powder,

packed into a semicircular cavity of a capsule target. The capsule

was fabricated from aluminum tubing with a 0.010-in. wall thickness,

0.2-in. diam and 3-3/4-in. long. A solid aluminum plug 2-3/8-in.

long with a 7/8 in. machined semicircular cavity was welded into the

open end of the aluminum tube. After the cavity was filled with

tellurium powder, a 1-3/8-in. aluminum plug was welded into the open

end to produce a pressure-tight enclosure.

The capsule was installed in an aluminum jacket on the target header

which had indentations to center the capsule leaving a 0.015-in.

annulus for circulating demineralized cooling water at 140 psi.

Slide 6. i

I

This is a cross-section view of a capsule target showing the outside |

aluminum jacket, the cooling water and the target capsule. This par- |

ticular target does not have the semicircular plug. Becuase of the high I

cost of tellurium a semicircular plug was used in the I23I production f

¥
to reduce the tellurium requirement by 50% with very little loss in

production of 1 2 3I.
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the proton energy of the beam on the surface of the outside jacket was

approximately 19.5 MeV and was reduced to approximately 15.5 MeV after

passing through the two layers of aluminum and the cooling water.

Slide 7 please.

The target capsule as removed from the target header is shown in the

lower portion of the slide. The ends of the capsule were broken and

the center section containing the tellurium and 1 2 3 I , upper portion of

slide, is dissolved. The 123I is distilled from the mixture, collected

and distributed to participating medical investigators.

The tellurium was recovered and reused for another cyclotron bombardment.

A production rate of approximately 250 mCi per hour was obtained from

a 425 mg *23Te target.

As you know, even after our numerous production runs and use by the

cooperating medical investigators, I23I has not become a successful

commercial product. In 1968,at the end of this period of investiga-

tion, we sent letters to numerous medical radioisotope users informing j

them that we would be able to supply 123I for not more than $15 per \

millicurie and, if there were sufficient orders, as low as $5 per j

millicurie. It was to be priced so that we would receive full-cost

recovery as per AEC regulations. However, we had insufficient

requests for the iodine so further studies and production were

i
discontinued. if

I:
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With some improveiaents in the target, we could easily produce 300 mCi

l23I an hour.. The high cost of tellurium target material and the cost

of processing the iodine would still be problems in reducing the cost

of the 123I unless large orders were received. A recent coat estimate

for the target material and processing would be $1,000 for each batch

of 123I produced^ Following is an example of cost per millicurie

according to the amount produced per batch. For a 2-hr irradiation

to produce approximately 600 mCi, the cost would be $8.30 per mCi

not including the cost of distributing, packaging or profit. For a

4-hr irradiation, the cost would be $5.20 per mCi. I would like to

emphasize that these costs are for present day costs and may increase

with tiiae.

For the 123I to be a successful program, the producer should have a

market for large quantities of product.
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