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INTRODUCTION

- 3 s * 1«”’1
One of the most frequently used ralioisotopes is I 77
and thus special attention should be given bto its production
methods,

bl can be carried out by two processes,

Production of I
nanely as fission products and from Tellurium activation based on
the following reaction: Telﬁa‘(n,z-) e _éz:_ T

25m

The former is used in large nuclear installations while by
the second method Tellurium can be irradisted in several forms such
as metallic Tellurium, Tellurium oxide and Telluric aecid,; this last
target only being used when thermal fluxes inferior to 1013 n{cm?/
sec. are avoilable. :
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31 Lased on irradistion of Tellurie

The production of the T
Acid presents as an advantage the simplicit; of the chemicsl proces~

sing involved, thereby justifying its use whenever feasible. Experie
13

ence has shown, however, that irradiation in fluxes higher thsn 10
- : : g :

n/en” /sec. gives rise to the formation of high consistency masses

when Telluric Acid is lirradiated in powdered form (1). This, then,

hinders the chemical processing and consequently reduces the yisld.

It must be stressed that this phenomenon is not only due
to the temperature,; for its occurence also appears in water-cooled
irradiation elements, (2} in which the Tellurie Acid temperature
was verified to bte lower than its melting or decomposition point.

' In order that the production of I'2% at the Instituto de

Energla Atomica be kept at the deszired level; a change of the tar-



get to metallie T.llurium or Tellurium Oxide would be required.

This would mean a change in the chemical processing systen (3).
Bvidently, another alternafiVe would be to reduce the reactor flux
and thus increase the irradiation time of Telluric Aeid in powdered
form. Such en alteration in the reamctor operating program, besides
being anti-economiral, would jeopardize other uses such as beam-
hole ~xperiments, and the radioisctopes activations with high spe-
cific activity. As & result,%Telluric Acid irradistion in solution’

was suggested.

Considerable controversy (4} abounds as to the convenience
of irradiating solutions; for if irradiation is carried out in =z
closed container; problems arise related to pressure build-up due
to the decomposition of the weter, Onvthe other hend, irradiétion
in an open air condition creates enviroumental contamination pro-
blems. The latter condition was. decided ony using an atmospheric
pressure system whereby the gases were conveniently filtered and
directed to the off-gas system. Due to the solubility of the Tel-
luric Acid, it was found that reasonable guantities conld be irra-
diated in accordance with the reactor geomeiry. The concentration

used was 400 g/liter.

IRRADIATION FACILITY ASSEMBLY

Initially the material to Le used in the construction of the
irradiation facility assembly had to be chosen and, for this, preli-
minary corrosion tests with the Telluric Acil solution were made.
Among the materiuls t:cted, it was found that stainless steel 89316

and anodized aluminum were the most resistant,

Aluninum was preferred due to its absorption and activation
cross-sections and also owing to its assembly simplicity. Subsequently,
a container subjected to various 1r%adiations wag opened up (fol- |
lowing a convenient decay time) in order to e;amine its internal

condition in relation to corrosion, but nothing abhonma} was observed,

Direct contact between the container with the Telluric Acid

in solution and the swimming pool water is not sdvisable. For that




reason,; the conteainer was placed in a 3-inch alundnum tube contain-

ing water up to 30 cums. below the flange F, In irradiating position,

this flange is located 1.9 mts above the upper core surface. Thus
ati

when the irradi on elenent is suspended for transfer of the solu-

@

o the transport coutalner, the flange caun be opened manually

ot

tion
without any danger 1o sxposure on behalf of the operators. Connected

&

to the ssid ?Eang@ are twoe 6.7 wuts long aluminum tubes whose extremes
remain at 1. from the surface of the water. Inside one of the
tubes ‘another plastic one passes, direetly con ted to the irradia-

tion container. Consequently, both the surface of tha water in the
irradiatieon 2lement as well as the Tellurice Aeid surface rpmain at
atmospheric pressure, independently bowever. As the surface of the
water in the tube is at 1.7 mts above the Telluric Acid surface, the
hrdrostatic pressure in the Telluric Acid solution is lower than
the pressure of the water contained in the outer tube while the
latter in turn ie lower than tha 4 of the swimming pool water. Any
eventual leakage either through rupture or deficient closing of the
Tlanges will he inwardly dirvected thereby avoiding the contamination
of the swimming pool watsr as also a possible effect of the reactor
reactivity. The positive variation of reactivity resuliing from the
rapid replecem-nt of the solution by water was calculated. The re-
sult indicated that said variation would always be inferior to
0.000¢ érgb s whieh is consistent with the control rod range.

A carbon filter was placed at the end of the plastic tube
and the air asctivity was nmessured.
The contalner apd irradiation facility are shown in Pig.l.
Two containers of 2.5" and 2" in dianeter respectively are being
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It is to be noted that the total volume occupled by gases .
resulting from the decomposition of the water would be only 600 cms,
feesy tie internal volume of the Al tube (B) and the plastie tube
up t¢ the aclive carbon filter. Passing this filter, the gases arc

mixed with the air in the off-yas systen.

During the preliuinary tests, spcelal cars was provided to
131 ‘
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cheaek the degrec of purity of T « The preseace of contaminations,




a0t found in the case of eraﬁLaiﬂeu in paw&ered form, m1ght he
noas;ble. famma specirometric and chrmm@tagraph;o analyses were

'ﬂaée, CQ&JIPPiQa (5) the same degrﬂe of purxty.

: «

A thermal flux depressidn rosulting from the replacement of

water by th: Tellurie Acid solution in the 2,5" diameter container

was caleulnted by the Tewis mathod (€)s providing » total pertur-
bation of only 27 (£=0.93). i =

TVOLUTION

Onee the irradiation faecility is established, the next step
should be to identify and measure the activity of each of the radio;
isctopes carried by the gsses and, at ghe same time, to meas&re the

gas svolution resulti-g from the water decomposition, as alsc the
variation of those parsmaters with the concentration, the quantity

of material sad the reactor power,

IDERTIPICATIOR

131' 4

The elements most likely to appear would be I
1351

Tellurium isotopes. An active carbon column to withold the I
the A41-was placed in a plastic tube exit. A gamma spectrometric
analysis of the columns was made by a mu¢tichannel analyzer. The

- initial ocannlng showed several pea?s besides I and A; in all pro-
bability Tellurium isotopes. The energy and intensity of tha'peaks
were compared with the results of calculation of the Tellurium iso-

. topes activation. According to the laiter, the isotope with the
highest activity to appear Wﬂuiﬁbbe‘Talz?. In fact following the
half-life in the corresponding peek, the expectsd' value is found
and by this proccss the identification of most af'%he peaks became
possible.

¥

In the initial irradlatimn t»sts, 41 was expected owing to
the quantit of irradiated solution heing small in relation to the
2 valume of the container; eair ocecupying the ramaining volume.




LFFICIENCY

FILTER

Pilters of several sizés weré uged durinrg the nateriasl

collection period, it being noted that under identical exposure
conditions the activity ﬁeyénaeﬁ on the carbon quantity, whereby
it was found that some activity continued escaping into the atmos-
phere.

; fitted, one after the other,

&

A

gntl

é‘n

Twe columns were subseg
and thoelr gammaspectrometry performed (£fig.2). It bocame evident
that the Ffirst filter retained all the lcdine yet only 507 of the
Tfellurium isotopes. To eliminate this, a Ifillipore filter was attached
to the columns and followed by a Ffurther carbon column in which

nothing was detected.

RATE OF GAD EVOLUTION

Tn order to determine the maximum mmount of radioisotopes
carried off by the gases, which depends on the evolution rate (7, 8),
measurements were taken of said rate as Tunctions of the resacter

power and solution coneentration, the aim in mind for these measure-

L

ments thus being to ascquire data of operational interest. The varia-

tion of the local thermal flux in small core reactors {e.g. IEAR-1)

9, 10), readers the reproducibility of the rate of gas svolution
$ ) o £

measurements difficult.

X
irradiation ¢ u(,,ifl.wm

is apprecluble

]

concerning ?&g o

olution, Various measurements were made and a
maximhnn 107 deviation was observed in gas evolution from on2 day

s

to the next, resultia 5 the different pﬁsi%immzm@ of the rods,

- pemeining copstant.

container wos conn
polyethylene container , ilmwersed iu
to allow for the messurcment of the

baing me red in function of tinme,



fitted with a rmanometer for registering the internal precsure. Por
every measureient, the prossure difference betyeen the internal

systecm and the outside was npproximately 15 nm Mg,

Directly under the free surface of the tank water, there is
a supporting grid to avoid the polyethylene containing floating to
the surface, The water column from the polyethylene container base
to the water surface furnishes the pressure difference aforemen-

tioned (i.e. 20 on of water average). I'c corrections were made to

o
the zne cvolution rate neasurenents due to tiwet pressure. The mea-

ceurenent syztow used ie extremely sipple: however, it will only
shov relatively zcecurate resultis when the rate of zas evolution
values are of the same order of magnitude as those indicated in

this paver, or higher.

of pas evolution comuences to be neasured after
beer operating for at least an hour at constant

power in corder to cbtain a steady aotate condition.

Tnitislly, o nunber of measurements taken showed the line-
arity of the gas evolution rats with the volumes of the solution.
11 lat-r measurcvents werce therefore taken in function of the

volune.

Several neasurements of the gas evolution rate for diffe-
rent conceatrations from 10 g/l to 400 g/l were taken and the results
shown in Tig.J. As Tar as it was poseible, the existing conditions
for the meacsurenents referred to were identical. Under the czame
conditions aforementionecd, a measurcient of deionlzed water was
talen and the resulting value found to be negligible in relation to
the values found for the different solutions. The curve shows that
for low concentrations the gas evolution rate is high, decrsasing
rapidly with the concentrailon inerease until reaching a plaﬁeau.

It is expected that the curve will initially rise until atteining
a nmaximum, in as ruch as for pure water the rate value is much lower
then the minimum scale on the graph. To attain an equilibrium rate
of—higher concentration (3 100 g/1), approximately one hour was re-

guired, yet with lower concentrations up to seven were necessary.

\




Measurements of gas evolution as a function of the reactor
power were made. The reactor attained eriticality at 500 Kw, the
povier later raised to 1 Mw, subseguently to 1.5 Mw and finally to
2 Mw, The power was kept constant for two hours at each level and
the gas evolution measured. The results are shown in Fig; 4, Por
every measurement, only a small variation in local temperature and

the position of the control rod was observed.

AIR ACTIVITY

e

It was judged necessary o determine tha.specifie gir acti«
vity mainly for health physics considerations as also %o evaluate
; 131 '
the loas of 177 .

The ecarbon Tilter activities were determined with the aid
of a multi@hamgel_amalyﬁer with & well-type crystal. :

L3351
I

Initially,; several standerd samples with different activities.

were prepared, and their spectrums. compared with that of the carw
bon filter. '

“he

spveotrun was verforned under given conditious

i Y i 3 = o, B BT, S
and, subsequently, under the znme
$

P L, S 4 s o - T 1N T h

The counting times wern compared i

. anl - 9 iy S

te aight n bhe mame level, wihich was

eaual to the relation betweesn ihz activities of the standard and
filter, thus the Tilter activity was essily determined. T0 avold

Aepd time corrections or peak dlnplrce

asovorl chandoels weve

uscd and the sanple wae couparcd with that whieh nost epproschad its

netivity b visual evaluation,
of

.

e s
Toth the filtar and the stnndard 1

samples were placed
in similar contsiners snd occupying equal voluues. The two contaln-
ers wore then rcounted in the sawmc relative position,

By this procedurey the differencen owing to ahsorption and




Soometry wore winliized,

2z

The measurenents for 300 g TA in 750 cz” were the following:

Foi-the first three hours: O.?%ﬁ; e

Tor theifonrtlithour: al'e

~noth e £iTth bour onvward: 0,35 p~ c/hr.

Alloving that vithiv the first three hours a certain time

2eesgary to attain a stead; stat- 'UQdL 1on, a ean velue can

sdmitbad an 0O, ey Far 300 o in ”Su ew’ for a 2 w operation.

3 houp operxtion, we should have approvinately 1 %)Lc of Il)l
Thot nctivity dispers? in the nwimniw; pool roon results in a4 spe~
131 -

is ]3 3

/ 7 . .
¢em”, thuz if all the radioactive usrierizl were to escape to

Ghilic alatactivisy ol 2L ix a0 /}*c e’ The 17C for I

the surroundings, no dangervous councentrstion would eznut.

HAUDLING AND TRANSPORT

After irradiation and a Mconvenient decay time"™, the ele-
nent iz hoisted by a cranc to a suspended position that flange (E)
to be opened manually (Fig. 5). The plastic tube i3 then disronnected
from the container., A spall diameter =2luminum tube; connected to a
plastic one, is introduced into the solution container; and the
plastic tub: is connceet2d to the transport container. The solution
is then removel by suction to the trausport cask-ehield {fig. 5).
The 1att¢r is thén withdravm to ihe vicinity of the processing cell.
The transfer to the flask is also through suction (fig. 6). During
the'tﬁansfer, the dose rate in the operator's position is of 10 mr /‘
h and iasts for roughly 2 minutes, exposure, as a result being in-
significant.

GENERAL CONSIDERATIOLS

As previously stated, when the Telluric acid in‘powdéred
form was irradiated, conglomerations which reduced the processing
sfficiency were found. This at times toock place with all the Tel-
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luric acid irradiated, rendering it difficult to maintain a regu-
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valus of the sctivation efficleney was .04 me

131 : - i -
of & 3 per gram of irradiated Tellurie scid and per lwhr. By the

present method, production is regular and the aversge value of the
activation efficiency is 0.06 me , irradiation being carried in the

W
v : . . O uhr
seme reactor corve condiiions,

& fuvther advan%age is the elimination of the sample alumie

nameapsules for waste disposal following irradlation, as also the
absence of la . from these aluminum capsules which increased the

Py oy

radiation level of the processing ceilg Hondling 14 simplified and
the removal is by suction allowing the operators to work safely,

As nreviously stressed, the meacurements indicated in item
Mrate of Gas Fvolution® were aired at acuiring general Jata of ope-
rational interest. Thus, it was possible to extvﬁpﬂl;a+e‘daﬁa in

eetimate the totel volune of gae evoluled under different

ine ond pow calso the guantity and con-

Pelly > ic iutiou. An ¢ xamn;@ of & routine
&

75"} f‘xﬁ’)

Z & & 3 £ F3 e = o » a 3’ J'}“ S 4 ;
svoluted is aspprovimately 8 liters. The anount of T retained

ton at this Insiitute fsllows: Irradiation of 300 g TA in a
Fitd

solution for 15 hours at 2 Iw. The total volume of zas

ia the filter is noar to 1.1M¢. The amciivity of the procesased
131 St

sonlution from the

saing eell iz an average 30 ninutes.

re to ths proc

ned previcuse

("i

a5 the amount of I~ * petained in tHe Tilter mentio
1y, other losses c«vidently taXe yzaﬁ& &@ring’th@ romoval b; suction,
Said iodine as well as
other carbon filters found on the vacuum line.

One drawbank is the foruation of milke-white and extremely
light precipitates in the solvtion during irradiation, periodically

reqiiring the reuoval of these deposits by waler cleansing.

B
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ig.l. Irradiation element

assemblye
Reactor core
Pool water level
hetivated carbon filters

Solution container, 2% or
2,5% diam. .
Aluminum tube, 0,5" diam,

Liners
Yiater level

Flastic Tube

Screw fastened rubber gasket
filled flange. '
Quter aluminum tube, 3% diam.

A.C.Penteado
DM, Vigsu
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40 50 0
minutes after steady state decomposition rate

DN R

‘5_ reactor pewer {Mw!

2

fig. 4. Rate of gas evolution x Reactor power. 300 g of Telluric acid in 750 5;
B A
of solution. The average thermal neuitron flux is 10“"3 n/cmz/sec at 2 Hwed

f
i

Reactor core poéition 52+

Pal
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For technical reasons it was impossible to reproduce Figures 5 and 8.
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