TECHNIQUES OF TREATMENT OR CONDITIONING FOR
WASTE ARISING FROM ''| PRODUCTION

J. €. Dallamano
Commisao Macional de Energla Nuciear [CNEN)
S0 Paulo, Brazil

ABETRALT

Diatillation, evaporationfcrystallizssion, direct lsmobilisstion and soms chemical processss like precipica-
tion and redsecion were studied as techninues of Crestmsnt or condicisning For waste arlslng From Lalg production.

Tt dedcription of all teckniques studied, as well an evalustion and discusslon of the results are presented.

1. INTRODAKT IOM

Tha growing demand of radipactive lnotepes of fo=
dine, particalarly the 711, has been justified by its
large use in medicine, mainly in the fleld of thyredd
disgnoselc and theraphy. Due to chis Fack, 790 han he-
come ane of the most leportsnt isctopas In radioisotopes
production cantren (1),

The nuclear processss for the praduction of 179p
inwolwa, aither the irradiatios of wranium with the re-
covery of 11 from the reaulting fisalen products, ar
extraction of 13 from irradiaced tellurius.

Hore frequently, the target elements utilized are
tellurium compounds (2], and after irradiation twa sz
traction methods are used to peparate the 1317: dry
discillacion, in which the iodine is distilled dirsctly
through the heating of Irradiated target and wat meth-
od, which adjust chemically the irradisated target far
later dimtillation.

At the Badioisotopes Prodection Departsent of Tne—
titute de Pesquisss Energftices & Wuelesres (IFER-CHEM/
5F) che 1317 is produced by tharmal seatron irradiation
of telluriun onide (Te0y) for 252 hours (5 howrs per
day}, in a seutren flux of 1009 noen ™07, The re-
sulclng laotopes from this {rrsdistion amd  thair
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After irradiation, the 1307 iy extrscted by wot
method uslng the following process: T, in diesolved
i & Aodium bydrowide (MaOH) eolution, oxidised &a
eplurate I;T'IU;I:P with hidroges paroxide (Hy0,). The
By, in excess is decomponed wring molybdsts l'lln._l}.
The rasulting suspension 1s acidified and dissolved
with sulphuric acid (Hy50,), and then Ehe 1My e




digrilled.

Far each proceased bateh, ems litre of radicactiwe
waat# is gemerated, totaliring approximately L{D litres
per year. The waste is  composed basically of cellurium
jeotopes, Tepidual iodioe and molybdace lena ina 5M
pulphuric asid sslucion, with sm ackivity concentraclon
of 159 ﬁh.-l." at the moment of colleccion.

Howadays, che precadocs adopted to treot this wasce
jg collection and storage into 30 licres palyethylens
gattles for decay, The time to Che muclidea reach the
discharge limits established by federal radiclogical reg
platicns is, at least, 5 vears afver complete filling of
gha bobttlea. Afcar decay, the waste is them relsassd te
the enviromsent throogh controlled discharge ince tha

aEwape A¥Sten.

7. ALTERMATIVES FOR TREATHENT OB CORDITIONTNG OF THE
WASTE

Tn aploe of the vaste values be emall, its chemi=

T '[_n_m_b:i.t:i.nti.nn in cesment or biguman

To use the techoiques of radicscclve vasts immohi-
ligation under development at Muclear Fual Cycla Daparl
mant of IPEK-CHEN/SF (esmentatice and biteminization} ,
it wos necessary a pH ad justment of cha waste. Thraagh
thia adjastmist the corrosion problems were minimized
and the residual iodine behawed ltsalf 1iké nen  wola-
tile salrs {KaI, Hﬂl:ljfl. hindering wolatilization.

o the other hamd, the sodium sulphace eoncentra—
plon (340 g.L7') limiced che smount of waete to be  im-
mobilized. Thie concentration was mamv clmes higher chen
the incorporation limit foar cewsnt matrix (3}, and if
bitumen wan used ns matrtixz, the hrgroscopicicy of the
lem“‘ would make the final product am unsate form in

WETEY PreEadsie.
e e e Lo e

Aiming ar obrabnlng & cryetalline precipitate, the

In these condicions Lodies wolatllizacion le sveidad
and Te” and iron hrdroxide (htu‘HJa} ars cheained  anm
praduct.Ironm hydroxide is a colloid that acts as a car=
rlar, able bo carry ocut the telurAce ioms that for any
teason have not been ceduced .

e = B 4

Ted,” + 6 Fa'' & 10 OH --—gg _I%_iﬁ:?_eéﬁ}s

& great volume of colloidal precipitate with high water
comtent was obtained givimg rise co am Incresss in the
wnnte voloms and aven waing iron hydroxide as  carrier
the 0.F. was 219, lower than that obtslnad with B

Tn ahort, the wolume reduction facktors were low or
even mull (case of the l’eH}. the reagents comsweption
was high (case of tha BnH} amd the difficulcles found
in tha Tileracion process were the same of the precipi=

totiom assays.

Z.5%. Ewsporationfcryeatallization

Evaporation haa keen uaed profitably as trestment
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el composition facid ligeid forn} becomes Lra handling, wante was meutralized with ammonium hydroxide (KH UH) , techaiqus Co large volumes of Tow— apd intermediate-lew IE}:F-;TF‘H..:: x‘tl ""‘:;ﬁu‘;m sl
tranaportation and storage risky. fellowed by ethanol additiom until cotal eryscalliza- el liguid waste, altheugh it can be also recomended oo @n.'“m_ Wi g = BN
Eesping this resson in mind, it was performed & tlon. In chia process, ssmples were analyaed by v Tay swall scale {6). The main attracclvaness af the process
study to evalunte alternatives techalyuss for treatment speckrometry before and ofcer the assave, in ordar o in it high volums reduccion factor. Figrs | - Disin of the ssaporstor ferypiolieer profotyps
or copditiening of this kind of waste, aiming ar adep- svaladts decontamination factor (I.F.}. B e Mo e Teae) Iy s LRCLeS o comnr Yol & IR
ting anfer Eorm of storage and in this vay decressing The average D.F, obtoined was 33, the volums Fadag or bitumen matrices, but in the present camse, solidi- i %
the contamimation risk. The alternatives studied wera: tion fectar (Vinjpj.Vejge! var 2.5 and the main prob Firatlam  dntuo, re m—ra e o COC et s m e ot D
sulpburic meid distillation, Lmsobilisstion in o t Llems occurred during che assayd were: sulphates. :
ar hitusin, smoniem telurate precipitation, teluracae {a) the precipitate adhered to the glassware wall; On cha othar hand, as it is well koown, the inter- 5
jens reduction, evaporation/erystallization, pypmm ma {h) the filtration was very slow; im storage of tallurioe sdlte &a dry powder is accepta~ 3
Erix and dalay aod decay. {c) the reagosca usad, (lamnshla snd wolatile, incresed ble, and so, studies about eveporatiom until complete 1
the hapdling riaks. crretallization of tha waste salt were realized. :
1.1, $ulphuric_acid distillatiom Preliminary screening tests showed that the tech- L B
i ; 34 peburuba TN v e el ony nigue wan promlalng as treatsant sechod of 13T produc— A
Conslderimg thar che wasce ls composed mainly by . 5 — -
R ! tion waste, Hased on these results it was wsed one cva T @0 30 40 %0 60 T G0 0 00 K 65 00 a0 B0 s i o
120 g of solid radicactive material, suspand or  die- Taking into accoune that in the process of 1*11 o e T e e ) i i)
a . .
#olvad in ene 1ices af SM sulphutic acid solutien, Ethe saparation by wec mechod, the levadiated cellurlum eox- PR e, il Figurn 2 = Ewviporaion curve for waber.
firet Ereatwent technigque was carried sut through alm— ide iz nxidized to telorste, the waste was treated i -
+ by & i val. i
pla distlitaclon of tha wancs. Gxter snd sulphiric scid using reducing ngents (5o** or Fe**), in order to obtain 2.5,1, Cold testing. Gold testing were made in oc- LET -3y
"
wirs chtsained as distilled and the radicactive material walid tellurics {Te"] ar praduct. der to werify tighcteess, experimental evaporatiom race L] ‘J_H_‘_,.,-r""-
- Pt o A
a8 & dry product in comditions to be acored. An lodins {a}) 5n by the addition of Sa"" to the waste (acid etc of the squipment. They can he divided in two phoses: L L]
A ®
Terantion aystam wam necessary due the occurrence  of ediu) ) R ANUREREE SEtaimTe ERduod R0 e {a) With water: aiming at checking if cha experimental t
indine wolatilieation. 'i'leﬂ':_ ris™ s an = Te” + 2 M s 0 svapnration rate agress with the theorethical one (7 .
Dutimg the Assayes cracks and breaking occurred in i e bl:l e e litres per hour) and ©o verify cventual leskapes im H
3 4
the glass apparatus, caused by localised superheating. P R L R A SR the joints, thie Firat teat was done weing batchs  of i Gl ity s
v
Dot o thass n.rlt-ml luiﬂ]nf ﬂl:ql AIRL 316 and 304 ance of selysiece; Ta 15h) L& litres of wakter. i [ I e ———
o AREayid, Alaiig: et Rt ibl ing ke aLAss Wy prsat- The 0.F, and the vwolume reduction Factor were 574 and Thers war no Leakage in che squipsest 4nd che el :
us. The resulcs abowed chat acafnless avsel ATST 316 1.5 ot tal ovaporation rate achieved was 4.2 L.h°l. Figure 2 TR R o oan ki W A o Ro 1o 5o B0 Ao B B0 o B0 R
i y -5 respectively. 1iminl
presancad s good corrosion resistance at room tempera- T L it b tha DT, 4 4 shows the evaporation cores chiained.
& b 1 tel (k) Fe iming mproving the D.F. it waz  upe f : j Fiors 3 - E for
_I.I:I'!'. ut under operaclon cenditions both of them were Pt in alkaline medlus {h] With sapdiym swlphage:! For thass Costs, §F was ori- sokitian
inadequate . A
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jlzed a simslaced waate (sodium sulphate solution with
340 g.L ! concentration). One of these tests was carried
aut with eomplete heating system (7.5 kW) and the other
with partisl heating system {7.5 kW ar tha baginning and
2.5 kW afear hall of the woluee was discilled), in order
to compare the evaporation rate and wolmme reduction.
The wolime reductlom factor obbained was I for both of
them, The svaporation rafe was aroond 5.5 L.b"! For that
oné carrled out with complets heating ayates and

3.7 l..h._:| for the test with partial heatiog eyatem. The

avaporation curves are shows im Figure 3,

2.5%.2. Cold testing problems. The thearetical wel-
us# reduction Factor sma achieved and the evaporation
races were Lower than the theoretical one. This rasulc
could ba lsproved with & better insulstiom.

n the othet Band, body = pot coupling and en—
crudtations were the min probless found daring ehi
tests. Tha coupling was made difficult by any minal
lignement of the pat, what can lasd 1o leskages im
the process and the encrustations gave rise to  Chree
updesirahle afecis:

(&) After svaporatiom, tha pot remsins adhered co the
body, being necasmary to apply & wmechamical effort ko
maks the body = pot wmeoupling.

(&) A thin salt Llayer resains &dhared o the bedy amd
can contsmlnate the system when the uncoupling occurs.
(e} & hard salt loyer resaine cwer the complieg [langes
of the body (making difficult a perfect coupling of =
naw pot) and of the pot (making difflealic che mealing).

Figures & - 9 abow the evaporator/cryetallizer and

aome gncTustatioms cccured durisg che teaca.

Figure 4 - General view of the equipment
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Figore 5 - Poe-body coupling

Figars & — Uncoupled pot after oparation

Figure 7 - Concenbrate wasbe

Figure ¥ = Balt layer remaining over the coupling flange

2.6, Gypsum oatrix

Considering that Els wAsCe has in its composition
& groat amount of sulphurie scld, sssays werae perlormed
wring caleium hydroxide Lq’.u(ﬂ'H]2], comercially nased
Lime, im order to form n produce chat had cha character
intics of & solid macrix.

The fundsmental reaction of the process 1s
B8O, & Caf0H);—=Casg, + 2 Hyo

Ta cAFry out Che sasaye, it was weed 8 Teactor pro
wided with mixer and cooling jackec. _ Thras differ—
ent Eypes of lime were used: light, hydrsced ssd quick-
lime (utilieed in civil enginsering). Data refering to
lize types and the process in which they were wtllised
ara shews in Table 1.

The prodects of thess sasaye  were white,
slightly soluble in water, have low mechanical re=
alatance, are britile and & locee aslt crest remsloms in

samples surface. Scme samples are shown im Figure 10.

i

Twbal | - Daca referlng to wasts lmmohilizatiom in grpeem

Price
l'-lliﬂ'H:Iz per kg

Consunprion Latey TamperaCuTs
clma

(FgTnnre) (£}

(Us§) (mim}
light L] 0.3 Lo 33
hidrated 9.5 o.38 L 353
quicklime 0.05 0,98 Ly 3463

Figure 11 - Samplaa produced by gypeum immobilization
(1lma wead: & = light; A = hydrated; € = quicklime)

2.7, Alternative delay amd decay

Delay and decay in the technigue that has been
used to treat Ehe waate, but dus ta ita charscteristics
it was atudied an alternative delay and decay im order
to improve the collaction and atorape, and in this way
to mimimiee risks,

Toe maln alberaticns carried ot weie:

(2] Waste alkplinizetion = The waste ewsc be alkalisi-
2] bafora collection, The addition of NaOh 10 B wecil
pH % = 11 for each waste bateh awalda ladine wola—

rilieation and minimizen chemical attacks. HeDE wan
choren hecause this compound is commere fally avallahls

4t low coRt.




(k) Batele capacity — The capaelcy of the botcles to
colléce spnd Co sEore the wasts muat be higher than chee
paed till mow (3 L}. The usae of a bottle with higher
capaclty decreases the total number of botcles and nus—
ber of changes per vasr, without incrasas the decay or
handling Eime. Exposures rates at 1 metre were calen=
laced for 30 L amd LEO L loaded bottles, supposimg chac
the sources were punctual and without considering self
ghielding #ffecta. Although the 100 1. bottlea exposurs
rvate be higher, the scouuleted dose for operation
seaff during ome year is lower, due che numbar af cimes
that the botcles are hendled.

Based om the values showed im Table 2, it was choaen &
1A0 L bartla ce eallsct snd scors che weste, ia  ordar
ta Facilitate the warte management and minimize acoomer
lated deses smd risks in handiing.

{e) Storage site — Whem the batEles are Full, they must
be stored st least for 5.3 vears, permiting decay to
the leavels astablishad by Taderal radiological repula-—
cioma (&).

Tha aite to store the bottles wunt be provided wich a
retention Eray fo minimise contsmination im  case  of

some leakages.

ishla 1 - Compmrative dets betwwsn 30 L and 180 L bortles wsed
for waste collactlon snd storags

Bottle Deziy i Y wnl bary
Erpusafe viald Tolel nimder
capac |ty (1] ST priee
b e kg b of betthis -
" 51 et w b5, U0
10 5.3 100! 5 120,00

Esposurs rate nf Insded bottles consldering them as  puesiual
sourcen wlthout el shialdlng &fleccs,

Hislwon sanbar of bottles recessary to atore the peutralieed

wankn, umtl] soem of thes could be released.

3. COHMEETS

Except imsobilization in cemsent or bitumem, all
tha techniquas are Feaslble, esch ome of coures, with
pdvantages and dissdvantages. The choice of one Ecech=
nigue cam vary according te the necessities and ra—
sources of each tesearch centre, and depending upon the
salectad cechniques, sddlclenal atudies can he performed
in order to improve it.

At IFER-CHMENSSF it was established chac che wasce

ariming from 1311 production muse ba Created by the al
teroative delar and decay, dus to the waste voluss |,
half life of the present nuelldes snd smtorage Facilitr
axiarent.,

In order to describe soms infornatlons that can be
useful to evalusis the techaiqoes of to conduct further
atudims in this fiald, the altermative techniques were
divided sccording to their similar characterlstics.

{a) Amonium telurate precipltetion and telurace icna re
dugtien.

Conaidering that the sulphate ions have the sewe cheml-
cal behavicur of the teluracta lona, [t follews that the
lew volums reduction amd decontmmination factors are
due b0 its presence in che waste. Therefors amy proca-—
durs that decrasss the sulphats loms interference will
result in am increase of these factors.

Rediucing spenta, like hydeazine and zioc, under contraol
led tewpetature, can be also uwiilieed to improve thess
factora, and borosolicars glass filtars can be used to
decresne the difficulties of the filtration process.
{b) Sulphuric acid distillation and Evaporatiom/Cryatal
lieation.

In the case of pulphuric acid distillatios, studles &-
baut different types of stainless stesl can be  made
aiming ac obtaining 4 macerlal wich hipghar carfosion
TeRintADCE

Some alterstiome in the operation conditions [lowar
prafaure)] can ke giudied, since in this conditions will
be achieved lLower temparatures, decraasing the cor-
rosion attacks.

The main ateractivenans of this technique are the possi
ble reutilizaclon of the tellurium compounds and  tha
recoveriog of sulphuric acid as by-product .,

In the case of evaporacianferyacalllizaclon, some peoj-
ect alterations can be made in order to decrease  the
encrustation Jdifficulties and a conjoint treatment with
arher wadte acreans (with lower aall concentration) can
alpo improwe the technigue.

(e} Twmobilization in cement ar hitumen and Gypaum  ma—
trix,

The increane in the waste wvolume and the short  hall
1ife of tha nuclides presemc in the waste, 40 nor justi
fr the immwbilization in cement ot bitwen, therefore
thia technlgque is not recomsended.

fn the ather hasd, the yas of lime o imcbilization ,
dogs pot increase the waste wolume and, altEhough the
grpesum doss nok present emcellent characteristice as
wagte matrix, its properties are emough to make the

wapte a solid form for the necessary time. Thie fact

Akl chi hamdling, tramsporcation and storage aalar
than in ligquid form.

{d) Alrarsative dalay and decay

The bottle capacity has to be selected dependimg en che
waabe volume apd existent atorage Facility, @n order ta
mininize the expodure Fate and contamination risks. Low

cadt i# Eld nain acteactivensss of this technigoe.
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