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Abstract

In this paper we report on recent results ob-—
tained at thizgilan AVF Cyclotron in the production
and use of I .

A new method has been developed for the sepa-
rf&%on of iodipe, bgsed on the dry distillation of
I from the irradiated target, carried out at
400°C in a 20-40cc/min gas carrier flux.

This technique turns out to be suitable for
an "on line'" separation of the isotope. Equipment
being built for this purpose is briefly described.

1. Introduction
. 123 s

Production of I was arted at the Milan
AVF Cyclotron some time ago . This paper reports
some recent results on the use of this isotope at
the Clinical Physiology Laboratory in Pisa and the
developments now under way at the Cyclotron Labora-
tory in order to imprfye the production method.

123 We might recall that we chose to produciza

i via a (p,2n) reaction on a 927 enriched Te

target, at a proton energy of 24 MeV. Target thic-

kness is usually around 350 mg/cm”, corresponding

to a beam energy loss of 4 MeV. Details of the ear—

ly irradiation set-up are found in ref. 1).

The more or less conventional chemical separa-
tion process used so far yielded the following re-—
sults: 123
- separation efficiency of I = 70% - 807 after

6 hours,

- labelling efficiency of iodine compounds such as
"hyppuran" or antipyrine is about 75% and 55% re-
spectively, for a 30 minutes process,

- efficiency of Te recovery between 707 and 807.

Because of the time needed for the separation
and labelling process,and the distance between pro-
ducers and users, it takes about two half lives (24-
26 hours) from irradiation for the isotope to be de-
livered to the patient.Therefore,taking into account
all losses, only 1 mCi of labelled compgggds reaches
the patient out of 12 mCi of produced I 3

2. Results from the use of 1123

Labelled antipyrine has been used for scinti-
graphic studies of patient chests. An example is
shown in Fig. 1. This picture was taken with about
5 mCi, and shows quite cleaf}y details of pulmona-
ry region, heart and liver .

Labelled antipyrine will also be used for the
detection of the acqueous content of the pulmonary
region in a patient. This technique is now being
set-up. It is based upon the fi@ultaneous detection

of the 159 keV y 1line of I and the K-lines of
Te characterisiis x-rays. The latter is formed
in the decay of I by EC.

In fact the spectrum of these y and x-ray lines
is remarkably pure in the preparations made so far.
An example obtained with a NaI(T1l) scintillator coun-—
ting system, is shown in Fig. 2.

Fig. 1 Scintigraphy Q§ a patient chest obtained
< A ’ ”
with 5 mCi I antipyrine.

The simultaneous detection of y and x-ray
lines allows the separation of the contribution to
the total counting rate of iodine contained in the
pulmonary region and of iodine contained in the
chest walls. Details of the technique are given in
a self-explanatory way in Fig. 3.
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Fig. 2 Spectrum of an 1123 source obtained with a
NaI(Tl) collimated scintillator.
q 123
Tests were made so far with NaIl on a phan-
tom built out of saw dust,with perspex walls, which
should simulate pulmonary tissue and chest respec—
tively. The results obtained look promising and it
is expected that routine measurements on patients
with labelled antipyrine will begin in about two
months.
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Ca = iodine concentration in chest wall
Ci = lodine concentration in pulmonary region
Va = volme seen of chest wall

| known from clinical examinations
V, = volume seen of pulmonary region |
X, = counting rate of I 159 - kev |
Xz = counting rate of Te? K- lines (unresolved . + ; etc.)
Sa.Si.Sy. Sy = absorption + geometrical coeffic. for radiation of lodine (s, b)
and telurium (3. b ) for the regions & (chest wall)
b (pulmonary region) - (known through phantom measurement ).

X = S CVe + SyiCy
X2 = SiCV'+ Gy,
Result

lodine tracing measurements yield values of C, and C

Fig. 3 Principle of the detection of acqueous con-
tent in pulmonary regions.

3. Needs for a new separation technique for 1123.

Even though the production and chemical separa
tion technique used so far did prove successful, so-
me shortcomings did show up on the technical side,
which ultimately result in a higher production cost
with respect to the anticipated one. Here we brie-
fly review the reasons which suggested an entirely
different approach to the problem.

a) 1123 production. The poor thermal conductivity

of Te sets an upper value tg the proton beam in
tensity of about 3-4 pA/cm”, if normal water
caoled targets, as described in ref. 1), are u-
sed. As a conseiggnce,in order to produce 1 Ci
quantities of I in irradiation tiges of a
few hours,large area targets (4-6 cm”) are ne-
cessary,employing up to 2 g of Te. This techni-
que requires therefore a high reliability in
the tellurium recovery.

Otherwise the limit on the beam density can
be overcome with sealed vacuum proof targets.
In this case possible fusion of the target du-
ring irradiation does not give rise to losses
of either tellurium or iodine. However,in order
to separate the iodine,it would be necessary to
dissolve the target and its container. This tech

nique requires a fair amount of development work.

b) 1123 separation and tellurium recovery. As men-

tioned above, our chemical separation yield is
at most around 807 in 6 hourslzghis is then a
rather slow process, 257 of I is lost just
because of the time lapse. Besides, the recove-
ry yield of tellurium, at least in the test ma-
de so far, is around 807 with a conseguent lar-
ge cost per irradiation due to the relatively
large amount of lost tellurium.

These results and the difficulty stemming out
of the fact that our laboratory is not equipped
nor has the manpower for extended chemical develop-
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ment work, suggeiﬁgd an effort in the direction of
separating the I through physical techniques.®®
The goal of this research line was to develop
a method which would reduce tellurium losses to less
than 27, thus reducing targets cost to negligible
levels. It was also hoped that the development of a
purely physica}zgechnique would allow the set-up of
an "on line" I production system. 123
The method consists in the separation of I
via the diffusion process enhanced in the target by
heating it at a proper temperature. To the best of
our knowledge this method has never been tried befo-
re in the case of iodine diffusing out of tellurium
matrix. However such a technique as been developed
and used by others Authors for theasggaration of ra-
dioisotopes with short life-times "’77.

4. Diffusion process

In the diffusion process the concentration C of
the diffusing element in a pure matrix varies with
time t according to the Fick's equation:

oc_Dn 92%c
ot 3% 1)
where x is the distance along the diffusion direc-
tion and D is the diffusion coefficient, which is
assumed indipendent of C, but depends upon:
i) the physical and chemical properties of the
matrix substance and the diffusing element,
ii) the temperature T of the matrix. 123

If we assume that after irradiation the I
is uniformly distributed within the target volume,
the initial concentration C is given by

C(x,0)=C(0) O<x<a (2)

where a is the target thickness.
Under the hypothesis that the diffusing iodine is
constantly carried away by a gas flux,one has that:

C(x,t)=0 x<0, x2a (3

Given the boundary conditions (2) and (3) the
solution of (1) can be expressed as:

C)=-8_c(0) ¥ (2n+1)72 exp[—(2n+”2l:| (4)
2 n=0 T

where T is the time constant of the diffusion pro-
cess and is given by T (T)=a2/w2D(T)
The diffusion efficiency 7p , defined as
My =[c(0)-T(1)]/c(0) is given by:
=1_8 %
5 e

(2n+1)-2 exp[—(2n+1)2 i] (5)
n=0 T

The temperature dependence of the time cgystant
T can be expressed through a relation like 8

exp(Q/RT)=T, exp (Q/RT) (6)

T (T} w22
m2p,
where Do, depends upon the target material and the
diffusing element, and Q is the diffusion activati-
on energy.
Given the lack of experimental data on the dif-

oo

It has been brought recently to our knowledge 3
that a group at the Brookhaven Natl. Lab. has suc—
ceeded in obtaining, through1§3different chemical
process, 857 efficiency in I separation and 997
efficiency in tellurium recovery. The production
reaction is the same used by our group.
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fusion processes of iodine in tellurium, a series of
measurements were carried out with the aim of deter
mining the time constant 7 at various temperatures.
This knowledge is in fact essential to check the
feasibility of this separation method and, in the
affermative case, to design the irradiation set-up.

5. Experimental set-up

Target heating after irradiation has been car-
ried out with the set-up sketched in Fig.4

Te target

Needle valve

\Filters

/’quuld nitrogen

Fig. 4 Sketch of experimental set-up for dry distil-
lation of the iodine from the tellurium tar-
get.

The target is placed in a pyrex glass tube of
5 mm diameter, inside a temperature controlled oven.
Helium or N, gas fluxes of 20 to 40 cc/min are used
to carry away the diffused out iodine.

The gas is heated by passage in a glass serpen
tine inside the oven and subsequently cooled in a
liquid nitrogen trap, as shown in Fig. 4 The gas
carrier bf gles then in a 0.001 M NaOH solution,
where NaI should be formed.

Several testswere ?ade with this set-up, gene-—
rally using a 350 mg/cm~ thick natural tellurium
target irradiated with an integrated charge of 15
mC with 35 MeV protons. Measurements were also made
with an enriched Te target, after the main ope-
rating parameters had been determined.

6. Results

6.1. Diffusion rate of iodine.

As shown by equation (6) the diffusion rate of
iodine will depend upon the crystalline structure
of Te, target thickness and temperature. With the
target thickness of 0.5 mm we found that an appre-
ciable diffusion rate of iodine only takes place at
oven temperatures above 300 °C. Consequently the
temperature range used was between 300 °C and 430
°C, namely just below the tellurium melting point
of 452 °C.

In order to have a reliable value of the dif-
fusion rate we measured the activity of the target
before and after the heating. From their values, cor
rected for iodine decay, one gets according to (4)
the diffusion efficiency 7y , and therefore the
time constant T

105
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Fig. 5 Time constant of the iodine diffusion pro-
cess as a function of target temperature.

The resultsare summarized in Fig. 5. The data
look consistent with an exponential law like the
one given by (6) if one assumes for 7o = 1.29 msec
and for Q = 18.6 KCal/mole.

In the range of 400 to 430 °C the diffusion ef-
ficiency reaches values of 807 to 907 in time pe-—
riods of 15 to 30 minutes.

These measurements were carried out with the
same target irradiated for three consecutive times,
up to a total integrated charge of 45 mC. We found
that up to these irradiation levels the crystalline
structure of Te did not get damaged in such a way a:
to consistently alterate the diffusionlgﬁocess.

During the tests with enriched Te a possibli
radiation damage effect has been observed. In fact
for one target, which had been submitted to approxi:
mately 100 mC of integrated charge, some drop in
the diffusion rate was observed. However, since con—
sistent sets of measurements for enriched tellurium
are not yet available, we are unable to set a reali-
stic charge limit for a measurable radiation damage

6.2. Iodine collection.

The diffused iodine did not get collected in
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Fig. 6 Percentage iodine distribution along the
glass tube and temperature gradient at the
exit of oven.
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the NaOH solution, but rather deposited (807 - 90%)
on the walls of the glass tube immediately at the
oven exit. Tellurium vapours, although in negligi-
ble quantities, condensed mostly in a higher tempe
rature region of the glass tube, inside the oven.

The percentage iodine distribution along the
glass tube, normalized to the maximum, is drawn ac—
cording to the scale on the right. The temperature
variation, again along the tube, is drawn for the
scale on the left. The region where tellurium depo-
sition occurs is the dashed one. The total evapora-
ted Te is estimated of the order of 17 at most.

The total iodine fraction which is deposited
on the glass tube is pratically independent of the
oven temperature, while it is strongly influenced
by the carrier gas flux. As an example, Fig. 7
shows the integrated fractional deposit of iodine,
as a function of time, at a temperature of 410 °C
and for N, fluxes of 25 and 120 cc/min.

2
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® N, flux ~ 25 cc/min
x N, flux ~120 cc/min
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Fig. 7 Percentage of 1123 deposited along the tu-—
be for two values of the N2 gas flux.

As one could expect, too large a flux reduces
drastically the amount of deposited iodine.

An easy procedure has been developed in order
to collect the iodine from the glass pipe. The lat-
ter is washed with a 0.00L M solution of NaOH in
an ultrasonic washer for 10 minutes and the resul-
ting collection efficiency is larger than 907.

7. A possible "on-line" separation of iodine

A consequence of the above results is the pos-
sibility to build an irradiation set-up with 'on-
line" separation capability. The apparatus is sket-
ched in Fig. 8, and it followsto a large extent
the ideas developed in the off-line dry distilla-
tion experiment. Measurements with this set-up
will start soon.

We expect to be able to reduce the target han-
dling and isotope separation times, with respect
to the off-line procedure. In particular we should
get a ratio of iodine delivered to iodine produced
improved by a factor of at least 2 and possibly 3.

The overall efficiency of the process, defi gd
in terms of the ratio of iodine produced to Nal
should be of the order of 707, with negligible los-—
ses of the enriched tellurium.
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Fig. 8 Sketc?zgf the irradiation set-up for '"on-1i
"1 separation.

8. Conclusions

We believe that the dry distillation,as develo
ped so far, offers a promising alternative to che-
mical techniques. This even in the case that the
next step, namely the '"on-line" method, does not
work out as expected. In fact the iodine separation
efficiency and tellurium losses are well comparable,
while the handling times are perhaps in favour of
the dry distillation method.

The one problem which remains to be fully un-
derstood and solved is that concerning the radia-
tion damage on the tellurium crystal structure and,
therefore, the limiting proton dose after which the
diffusion process would'nt work any more. It is ho-
wever anticipated that when the limiting dose is
reached, chemical dissolution of the target, follo-
wed by drying and reconstruction of the target it-
self, will reestablish the original properties of
the tellurium powder.
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