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PROCESS FOR DECONTAM NATI NG RADI CACTI VE MATERI ALS The present
i nyention MP88120 a process for decont am nati ng r rOTGR9%/02989

mat eri al s. 5 Envi ronmental contami nation with radi oactive
materials is a common problem The problenfﬁﬁy occur as a result of
m ni ng operations, such as for uranium or contam nation due to
operation of nucl ear ' facilities with i nadequate environnent al
controls, or 10  fromthe disposal of radioactive wastes.

Al ternatively, contanpRécke8 FOX PBEONTARIRATERE! RaptoacTIve MAreReAfsON Of
urani um bi |l | ets whi ch have been used as a hig ensity materral in
mlitary or civil. applications as a result of warfare or civi

acci dent. 15 . Whe pyesemtalinventiore rediathls twed [pravidslfoind
econom ¢ net heds faqr t r f. S0 r.adi L Ve el ements from
cont-am nat ed nat er%ﬁcg%%g'%%%é‘é ?.-\?gﬁo';%tl% 8% ne’lrr%'leanlgs:' however, is
usual |y the e®ononi c r eEpvdrpnmental centamimatdlon anidh aadidagtiveste is

rarely the major ,2ReridiESU® a ldonEdA rﬁ?ﬂﬁ@nﬁ.‘ A prébldn Gy Yl

objective is to conplete effective clean-up wt, m ni mum’secondary
waste at mini mum c&§ @ FHeFulife afamiding operafkigngy RURY as FiFadtranium,

substances is of serordAtamination iU A PRratEOmicfiamcisheheni cal s
whi ch woul d not

., .0De econqnui cal_ or _appropri.ate fQr. mnin
appl i cati ons Qf'%% c?'or‘?@‘q" g&q{egu ot éhv\firrom%hﬁag cccfrg'éﬁ?-]lﬁ!. or
It is well edtabli freok tthe dimpiasedt iofe rdddoaatsive wastes.an be recovered
from envi ronnent al | 4 : | i i
53*“3&“5‘4;#?'53?' cqntam;ﬁt{l@i:ﬁi BSO&IB?P E1°Y) aY‘”xLéEdPé .

with or w thout ) ] active additives. © However, such procedures
are general ly |ini tGHFRGF IR (Rfc MFATEN Ridakeh isth have beap)ysad amg

will not renpve coni anigidendityt miterial in M IEIE08) lor koiwEl to the solid
phase. Eﬁg&f are establishqﬂbch i cal. met hods_f or 35
ap tht

di ssol vi ng i nsol ubl P2 ST Shedi fprfare or civil accident.
' 15 Mining operations have established practical and

economic methods for the recovery of some radiocactive
elements from contaminated materials. The objective
of mining, however, is usually the economic recovery
of materials and secondary waste is rarely the major

20 issue. In environmental clean-up, the economic
objective is to complete effective clean~up with
minimum secondary waste at minimum cost, and the value
of recovered radioactive substances is of secondary
importance. Techniques and chemicals which would not

25 ‘be economical or appropriate for mining applications
may become practical for environmental clean-up.

It is well established that radioactive elements
can be recovered from environmental materials by
mechanically washing with water with or without

30 surface active additives. However, such procedures
are generally limited to the mechanical separation of
solids, and will not remove contaminants that are
chemically bound to the solid phase.

There are established chemical methods for

35 dissolving insoluble radioactive contaminants in
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concentrated solvents, such as strong acids in a process known as
aci d | ®@98/19812 Such procedures are ef fective, but paf,@pesmaere

di sadvant ageous if the spent concentrated solution ultimtely
beconmes waste. In 5 many cases, ti<toncentrated solvents thensel ves
are hazardous in addition to containing the radioactive :
contam nant that the process is designed to concentrate. The acid

| eachi ng and ot her processes usi ng concentrated solvents to dissolve
the 10 rad| av, fu h di sadyant age of

al so di ssol ving d%%XEr%g%§:%§¥E§ﬁE§%r§§é$' é%?e e ééf&¥ Q&ag not desi gned

to renove, suchrocesPnkaovDaRs| aeid leachhmga|38uch proceduregnarge

deCO”ta”‘”at'quﬁécﬁhee'”E@ﬁﬂ@%eS&iééﬁ%ﬁhtéé%ougf19U€héa§ pkfgctor circuits,
early processes inv concéentrated chem cal

{
solutions to °“°e“BF§§%?v§°£¥F&%Hh?éﬁh@???ﬁ&l%$ﬂ°%9§oﬂ€§ﬁ?rat58 sol ution
cont ai ni Ny t hemanyt assea) i-the Thenpeweestsed solvéhescthemselvassagesol uti ons

tos Tound 10, Hafhi&bG! i 201 20on LOCOIVERLEN, B’ E5HLLEEL 100 o

becom ng waste ogy %Xﬁressed to
al l ow the reco@@myaminaaﬁlbb@tlVthErQ9$$%ai$yd%§1GDﬁd to exchange, in a

dilute acidic é@ﬁééﬁﬂfé&éng PHE &Fia leachlﬂ@e§ﬁd58£H&f08§oc3§586 dilute
and acidic, do not contain carbonate and, are_not particularly useful

or appr%@%?ﬁt%°F8?nHF§§%$V?%ﬁV%%?$h?%edbﬁﬁﬂ%ﬁ?st €cause they
do not fpem sotadicacbipeezontaminantich&eéi théefurther dlisaavhftage

or gani o reagerSt SURCoR ERekbiRE oEREE cotapiarith: SRR EPE PERESERC u €
to an ion was cnohadgeignedntonremoee; rsucht angnenvadiecactivech a
way that the oggegig.reagent. is continuously re-used.
In the decontamination of the internal surfaces
15 of nuclear reactor circuits,-early processes involved
washing with concentrated chemical solutions to
dissolve contaminants tO'yieldaa“concentrated solution
containing the contamination The-processing of these
waste solutions was found to be difficult and
20 inconvenient and resulted in them becoming waste
reguiring disposal. The technology has progressed to
allow the recovery of radioactiVity, typically by ion
exchange, in a dilute acidic recirculating system.
These solutions, being dilute and acidic, do not
25 contain carbonate and are not particularly useful or
appropriate for: dissolving'actinide elements because.
they do not form soluble complexes with the actinide

elements.
In reactor decontamination it has been
30 established that certain organic-reagents can be used

to dissolve contamination and yield it to an ion
exchange resin in a-fecirculating process in such a
way that the organic reageht is“continuously re-used.
Examples of solutions used in reactor decontamination
35 processes are vanadous formate, picolinic acid and
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hydr oxi de. Qther processes typically use m xtures of citric acid and
oxalic acid. These reactor decontani™dati ng sol utions have the

di sadvant age of not being capable of being used in a 5. single one tine
application to dissolve actinijdes, radi um and certain fission
products such as techneti um Previ ous reactor

decont am nati ng sol_. . ) ' qaay aci di c,
di ssolving the i ror?l%’tdl%gls h‘}%}é&%&ge%i (%{xg%ﬁ{ﬁﬁ%%éﬁa i.olz%mqé$%nent S
commonl y f odxFunesc oft sit¥dce@qish@anst axaldd tacidrhi These

non-sel ective met alolicko! WetbrntaMATHADANS shlutions HEVEd age of the
aci di ¢ solutions and nakes them unsui tabl e for the decontan nation

of material such a@isaflyantage of,not. haing,canahie, qf R fted <in e
are not 5 i ntsdmadd iohe & imec appldtcation vy dlssuiwentageiwides,

acidic solutions igt terials .su . concrete | i mest one
are subject to dan%&glgﬁs“ g?'sqicﬁe%ttlsa fﬁ}s}?}&, rbcrc’éucétgél cﬁuCChr'reaasl' um Also, in
deal i ng with previ Geshnetiom 20 washi ng solutions for treating soil,

these sol utions RS b JEY ddiertlfidld iy SBRsLYes! do not

contam nants preventing ,subjection of the solutjon to_, ., recovery of
contami nants and r SQT@ARGAFPARES,@nd are agidif, gitPLERFpER piron
further-deconieam nati@es whdTh contair ttHeSrdtbidactsivd| e Sampeht $ adomttidnl ym

and transurani c. radi oactive el epents can be di§§olv in
concentrated acidi cﬂﬂgl <1f) cc%%rﬁ"}fﬁ}aetsié?reﬁc.t%ecucul S- a?ﬁﬁﬁy poses
difficulties as di starsss=lediive metal didseiving arpawitat i tesathorium are
recovered in mni n%isiﬁ%anté?g%erd? Qs %é‘id’i&%ﬁ%f s?d?x’i@.srhé?ké@d{ﬁ&h
cont ai ni ng carbonate.” The use of concentrated solutions Is
unsuitable for the decontamination of material such as

15 soil that contains iron and other metals that are not
intended to be recovered. Another disadvantage of
acidic solutions is that materials such as concrete or
limestone are subject to damage or dissolution in an
acidic medium. Also, in dealing with previously known

20 washing solutions for treating soil, these solutions
contain too many non-selectively dissolved
contaminants preventing subjection of the solution to
recovery of contaminants and recirculation of the
solution to accomplish further .decontamination.

25 It has been established that uranium and
transuranic radioactive elements can be dissolved in
concentrated acidic (pH <1) chemical systems. The
acidity poses difficulties as discussed above.

Uranium and sometimes thorium are recovered in mining

30 . operations in a concentrated basic medium containing
carbonate. The use of concentrated solutions is
motivated by the need to dissolve materials at a rate
economic for mining operations, and such solutions are
not particularly suitable where avoidance of secondary

35 waste is of primary concern. There are also



notivated by the need to dissolve materials at a rate econonmi c for
m ni ng operations, and such solutions are not particularly suitable

wher e wowsdesiae of secondary 35 waste is of primary ..aThere are,
al so VO 96/ 19812 FCHsP995) 02910
-4- ref erences whi ch suggest=4-hat urani um and pl ut oni um

can be dissolved in a dilute basic solution containing _ car bonat e,
citrate (as a chelating agent) and an oxi di zing or reducing agent.
5 US Patent No. 5,322,644 describes a nmet hod for di ssol vi ng

radi oactive c L nants .i,n - solution_hav basi ¢ pH and
havi ng an eff<ﬁ€¥£§kéeg;&ﬂ¥éh) 4 ?ﬁs rﬁﬁ%&l 5aabgﬂta eggﬁ?°"%ﬂ§ pat ent

al so dexoy iusasiimlsw#)sm & dElutverbasictselubioancontadning0
fromthe sol utd gy, AMH ,.L%i@é hgpge or

sel ective catlon exc ange algggcg|£ﬂef%%iﬂg‘%%ent gﬁge of magnetic

i on exchanger ©¥ifiging or raduRing agentating the contaninants fromthe

contacted naterial .us foatent No. |18,332 )e44 desrPibestalnethoa gap be
di ssolved in c.car nate nedlunlang recov é ﬂ P anlon
ants f.

exchange (thi 5’!%59]%1%5%&0‘?3‘? Ve FU Y in.g -pul p" process
I n which poromhﬂgmmfhmnm a basic epdthmn@ehaesng aaneﬁéeq‘sedeto renove

car bonat e &ﬁgmg ri f c
mat eri al and cf'sso Vi nﬁ@gerr%%ﬁ @%@%éé% “End pQQQE? 284 ed to in US
Patent No. 5, 3Es@uibes the skaps *for re¢%ﬂﬁﬁytﬁﬁttEﬁrﬁﬁﬁﬁfﬁl§éF&Pnons in

t he abseanre offom the séiﬁiiﬁﬁfthEﬁ”&n@I@dQQtaﬁﬁéﬁ stfestivg at
di ssol vi ng 25 ason for this inability t‘n

| ut oni g
di ssol ve ?ﬂ{hQﬁu?ﬁn??#??ﬁ?%ﬁ§%ﬁ%%95feé?%ﬂ%?ﬁt|ﬁﬁ aBef? was
t hought to be descrtibéscthelude vaf ymapoet Sol Lbn| ekghangers aadastability of

the plutoni umddags é¥t§£EEf%£¥“6”éﬁé co§9am1n§ﬂgs'ErQﬂstR§en hypot hesi sed

that the presence of
contacted material.-

- 15 It is well known that uranium can be dissolved in
a basic carbonate medlum and recovered by anion
exchange (this is the basis of the so called
“resin-in-pulp" procéss in which porous bags of anion
exchange resin can be used to remove carbonate

20 _ complexes of uranium from slurries of contacted
material and dissoiving-composition). However, as
referred to in US Patent No. 5,322,644 it has been
found that carbonate solutions in the absence of a
chelating agent are not very effective at dissolving

25 plutonium.

The reason for this inability to dissolve
plutonium in the absence of a chelating agent was
thought to be due to the relatively poor solubility
and stability of the plutonium (IV) carbonate complex,

30 and it has been hypothesised that the presence of a
chelating agent such as EDTA in the dissolving
compositiqn assists the dissolution by stabilising the
dissolved plutonium (IV) as an EDTA complex.
Thermodynamic calculations have'Suppbrted this

35 hypothesis. It has also been shown that the presence



chel ating agent such as EDTA in the dissolving conposi tion assists

t he dissolu&b&gngﬁzstabiIising the di ssol ved plutonium (1V) as an
EDRA conpl e Ther nodynani ¢ cal cul ati ons have suppor tPe/GCBES®H291935
hypot hesis. 1t has- al so been shown that tkm%presence WO 96/ 19812
PCT/ GB95/ 02919 - 5- of an oxi di zi ng
agent is beneficial for the di ssol ution of both urani um and
plutonium It is known iin the case of uraniumthat the oxidizing
agent has the function of raising the uraniumto the (V) 5

oxi dation state in ofiah ckbdbzihgpagert istPeneficial SPbit tRE. The

[ roved kinetics of. disso i on i gh . ocegur n_a chan
ogPdation state of %+ﬁ§%§?g¥3?n°fmgogh uranipmap t?f8g°P§uﬂ6II9%

est abl i shed. known i% theecases dfverapiumathabctbe 6ridizifig agent
decont am natl 0, LadaB LA elRLEI Al 6 LA IGIAg the urafli8ACLY! Ble

conposi tion cont ai ni ng_car bonat e ontain a éhelatlng
agent therein.5 oxidationcsbatieninywhigh EFEEEn%t|H§§ﬂFPoHn§POV|des a

process for the decapiaeionti ophef ikpHovadtkyRetidd® ofNALSEbILEIWAI GAich

process conprises the steps tacti the terial
Po’be 85e3EE 8N changn P8 At ion FERES P ohg Betal in
cont ai ning solutiomisolid patticecisfwell established. i on exchange

particles which either 20hav now deve o EﬁnéabPoeésQa¥8ra chel ating
function % % ﬁ] i

separating thQion %&%ﬁ%ﬁg@lﬂﬁF%PGI§§d1°aCthe materlals usipgmat he dilute

carbonate contai ni ngissolving composition &8hthifling c2Pbonate Wh@ch does
radi oactive materials_which are g to the process of

the invention may bB°t con alﬂa?u?g?iﬁgf§9lﬁggntSEEﬁrﬁén50lI or man- nade

materials . such chcondnagéyorthéepfesahtchnhantxbneprsuﬁﬂe&tad
to contamnation. ,r,cess for the decontamination of radiocactive
15 materials which process comprises the steps of:
' i) contacting the material to be

~ decontaminated with a dilute carbonate
containing solution in the presence of
ion exchange particles which either

20 contain or have a chelatlng function

' bound to them; and
ii) separating the ion exchange particles
from the dilute carbonate containing
solution.

25 The radioactive materials which are treated
according to the process of the invention may be
natural materials, such as soil, or man-made materials
such as concrete or steel, which have been subjected
to contamination. |

30 ' The present invention is of particular utility
with regard to the dissolution and recovery of the
actinide elements and much greater efficiency in the
dissolution and recovery of the actinide elements can
be achieved as compared to the process described in US

35 Patent No. 5322644. One reason for the greater



30 ‘The present invention is of particular utility with regard "

to the ﬁ?ﬁ%ﬂ%lon and recovery of the actinide elenents and much
greater € ncy in the di ssol uti on and r ecovePgT/GBIs/R91ACt i ni de
el ements can be achieved as conpared to the process described in US
35 Patent No. 5322644. One reason for the greater MO 96/ 19812

PCT/ GB95/ 02919 - 6- selectivity
of the process of the present invention, as conpared to US Patent
No. 5322644 is that since there is no chelating agent present in

t he di ssol vi ngselectividyl wff dthe Ipraeeseet tlie thresdrt ainventjen; to 5

O Ve oo A eBflatad YF 4 B nd (WY | $3290Uf1%F ehat since [N
process of the Erese it invention |s frci e at the

radi oactive co ds & ichelating #Qﬁﬁfd&#‘ﬁ%tm %h%s%l%fhlg\'ing

conposi tion at sbhats.@ie the tendéncssﬁ 6 tﬁé cho Bt ihid Odgenugo keepi ng the
10 conc ntratlon 3 di_ssol ved. tam nants to .a r eby

reduci ng the r Y H2 ﬁ?ﬁﬁ vetPns such ?ﬁmﬂfﬂ?nbsthﬁoldeé
decont am nati on acl'nlm/q:lrlce:ess of the presemtirinvemtion islevqarpcess of the

present .fg-.\éﬁ'etrito o Q‘ﬁl Lad alj:a& o%’@?ﬂ@& O&ﬁ@%ﬂfﬂfgl&s is!

cont act ed mnth I'ssol ving ut1 on i e the
solution is coﬁﬁmﬂﬂﬁﬁ\ﬁHQﬂsﬁﬂﬁ(ﬁ45ﬁ9¥¥Qﬂﬁu@RFP°51t1°np%?tt%?e%ammlch have

a chel ati ng ageimeb@ed s dmlutlon, tiis WespingnEmeén a chel ating

ol cat oo BRI Pra Erveied S EEEEh G  tn kSRR iBE R
suff|C|entIy vmuamdbﬁ(redunungchhnmxaqunrémamtSIfor rlnseughange ‘
particles. The (Hgygggrggééﬁigﬁlﬁgyigﬁ ac?l?VT%fgspended i n a porous

bag within the ssol utron ey’ contain a nmagneti c
material) may 25 In lﬂ@%@é’éﬂ Precths precess okithe Presewtdi ssol ving

sol ution and CQWW@H%%Eﬂ“ﬁHK'ﬁﬁteriéﬂtﬂ@ S&Q@écéﬁﬁﬁmlnated ighe material to
be decontlasm natcecgltlasct%dl arq&o Jg.t.ssolvl.ng solution and at. the same
time the solution is contacted with solid ion exchange
particles which have a chelating agent bound to thenm,
or which contain a chelating function. The contacting
device should generally create adequate agitation of
20 the solid materials with the solution, but not be
sufficiently violent to create damage to the ion
exchange particles. The ion exchange particles may be
suspended in a porous bag within the dissolving
solution, or (if they contain a magnetic material) may
25 be added directly to the mixture_of the dissolving
~ solution and contacted materjal. . In the event that
the material to be decohtaminated.is a large object,
.the dissolving solution can be contacted with the
object and rapidly returned to a vessel'in which
30 contact is achleved between the dissolving solution
and the ion exchange materlal. Contact between the
contacted material and the d;ssolvihg solution is
continued until the contaminant is transferred from
the contacted material, by way of dissolution into the
35 dissolving solution, to the ion exchange material.



t he di ssolving solution can be contacted with the obj ect and
rapidly returned to a vessel in which 30 contact is achi eved bet ween

t he di ssol vWO&I9B1R | ON and -the ion exchange materi al per/&RsN@61lo

bet ween t he contacted material and the dissolving solution 1s
continued until the contaminant is transferrdd from t he cont act ed
material, by way of dissolution into the 35 di ssolving solution, to the
i on exchange nateri al . WD 96/ 19812 -
PCT/ GB95/ 02919 . ' -7- - The
next step involves the aratl.o f the i e rial  If
the i on exchange naterigﬁ igg&t @t%p 6P§E&%§% ﬁﬁf[ﬁﬁéﬁ%?q¥§§,ogﬁggﬁhd°n
cont ai ni ng the i on exchangecmaterdelint fi &hendprsiexshange raverdalf iem t he
> di ssol ving SO'#EE%@nt lil %hiokgﬂseéﬁﬁé”Q%é“ﬁéﬂ”dﬂnﬂéininqjthe ion |
intermngled wwth the contacted rmaterial, "the twy n%y . e separ at ed
for exanpl e by magn&¥chadgsamatediainddy simply ke Hemoved. fiae Y& ticl es
contain a magnetic dissolviiif @olatiohe difs e/ iitth snidiame aatexdailadisd

10 material (bein ssentially. non- net i i 1] pass .. through
t he magneti c separ ag‘ %ﬁﬂﬁ“@i ewilgzﬁ’ e %hé‘r? e(‘i:)ac ed n%q;r?%ti«g’]’l'altqes tr"'ecf ed.
I n certain applicat benseparabed dorbexanpdss dyy tagnetic sepagpdrizine when
contacted materi al EH@“ﬂdﬁaéyéﬁayd@ Eﬁﬁﬁﬁ%ﬁes égﬂﬁ%ﬂﬂn& agﬁagﬁgbonate

salts are wdely present in materi al s and ray be acceptabl e

for return of matigrd adont I ALEHAMINT 59 1Y YhAND GRFached
separation of iohe coRftaitied NAedngledgerBildldy non~madHeétSd)Viwidis@adsd on

is required, this can _be achieved Q by st.andard. sol id/l. quid :
separation devices 3&’&?”@ e S %:ri‘@n-spﬁﬁl@fftocfr BALS RS hang
separ at ed dimesrEniialy isolnetiadmeshin t hen be recycled to contact

further naterial to be %ggggﬁgir}f’ita loifcag'i(ﬂqs it ,igxirgué%é ‘ﬂé&sﬁﬂ} ey

conprises an effective anou ut e, , .carbonate |
sol uti on, ‘separate the contacted material from the dissolving
15 solution. The carbonate salts are widely present in

natural materials and may be acceptable for return of
the contacted material to the environment. If
separation of the contacted material from the
dissolving solution is required, this can be achieved
20 by standard solid/liquid separation devices such as
pinch-press or'belt-press filters. The separated
dissolving solution can then be recycled to contact
further material to be decontaminated.
The dissolving solution comprises an effective
25 amount of a dilute, basic, carbonate solution,
sufficient to dissolve the contaminants in the
material. The sdhrces of carbonate include carbon
dioxide gas, carbonic acid, sodium carbonate, sodium
-bicarbonate or other carbonate salts. The carbonate
30 salts form soluble complexes with various actinides.
Other anion radicals which are capable of forming
soluble compléxes with actinides may also be used.
‘The dissolving solution has a basic pH, that is,
any pH from 7 to 11, and preferably'in the range of
35 from 9 to 11, with the most preferred pH being about



sufficient to dissolve the contam nants in the material. The

sources of carbonate include carbon di oxi de gas, carbonic acid,

sodi umwaedmsat e, sodi um bi carbonat e or ot her |ts. The
car bonat e 30 salts form sol ubl e conpl exes with var %@&gﬁ?zﬁ?des

Q her anion radicals which are capabl e®? forning sol ubl e conpl exes
with actinides may al so be used. The di ssol ving solution has a
basic pH, that is, any pH from7 to 11, and preferably in the range
of 35 from9 to 11, with the nost preferred pH bei ng about - WO
96/ 19812

i oy The Process inctudes the srek 'SP atetly e p
of the dissol vpigthe| dissalvéngbsaluviey tedahgutn? by adddhgesni ve anpunt

of a base, sucafféceﬂdéuahbuﬁtoards base, suEﬁeaEGQBHiQﬁSﬁ avegdqBer ein
I ncl udes any subpst ance sol ution above

oH 7 o TRE . BEFE, poRsnscRad BFﬁ%FﬂAéBCEﬁFEFfEBYnSURFFH"Fﬁe
di ssol vi ng f uncapablef ofheadsingl thagpHobfit aosol@tlien above pHages

cont enpl at ed {g¢eysenknshBEtanby! bR bEAbIMIZse interPALIRG WTLAYQpRXi de.

annDnlun1hydrOX| e an na eis
rat her noxi ousdigaelving fupgbtippecfidtbe disanlyyngf sPlukden.nafsherent

that it | bEQEsbéoh€éﬂ$Qé€édfEeﬁ1ﬁQéU§h0ﬂhEYS61ﬁﬁﬁbﬁthﬁ&lﬁﬂ&m
solution. Any S acc nition, could be

used. The anDEH aﬁﬁlBﬂsgyg §1d§5 ammPFFuBthPF8§PaeeaP9 ABPRBAUMe pH to
t he prefeored carbonatengeAwmbhidmpeasbonatbeispeather haxdousgdputhe ot her

constiLuents of akNepgoluklAnaaddichls $H2"AGLEL! abhBenent spdk W1° ¢

particul ar soi her mat er
Al ter nati vel y, cahebearpenyeredofyemogodnting: bY evappratden frovess can

al so be used fgp1hBgodl. SSRhy! bage, accoreingoas 2Rki Bbdee at neutral pH
The process Ofdgggn Ei%%?tcbﬂ gnhgogsggy The amount of base that

1s will be effectlye to_adjust_the pH to the preferred
range will depend on the specific base used, the other
constituents of the solution, and the characteristics
of the particular soil or other material being
processed. o _

20 Alternatively, the carbonate solution of the
present process can also be used for the dissolution
of some actinides at neutral pH. _

The process of the presen; inyention_may further
include the step of generating carbonate by adding an

25 effective amount of carbon dioxide gas to the _
dissolving solution prior to the contacting step. The
carbon dioxide gas is bubbled through the dissolving
solution cohtaining»all of the components, except
carbonate, to generate a carbbnate-solutibﬁ according,

30 for example, to the following equations: -

co, + H,0 — H,CO,4

2NaOH + H,CO; —*  Na,CO; + 2H,0



incl ude the step of generating carbonate by adding an 25 effective

anmount of carbon dioxide gas to the . di ssolving solution prior to the
cont act i ng Yé@ 8¢19812rhe carbon di oxi de gas i s bubbl ed tRCIMGBsHI9EY

di ssol vi ng solution containing all gf_the conponents, except
carbonate, to generate a carbonate sol ution according, 30 for exanpl e,
to the foll owi ng equati ons: [err] [err] WO
96/ 19812 L PCT/ GB95/ 02919

- 9- The process of bubbling carbon di oxi de gas through

t he di ssol ving sol uti otheapretessbefubabtbldngdarbonhdioxide gpd dhridugh
solution to the ap Pk k e . (I AR t : r .
di oxi de gas suffic?é%ta§%E81ggﬂgggﬁgpg 8“05?80%2%& %%dgggﬁﬁgg ?&éu%ﬁ g?ﬁﬁhe
sol ution of pHhefi kbeamsplptaens $oc fhehappropripted ropgs-andded
?Eal ytical rre}g hggsefﬂe&e&?at hiﬁ%h%ﬁ_t ble cagblanaliexide g:ssghtftggeriew&e% n

e process o e present invention . made hy in n
effective anodnt ofeRerage °E§P88ﬁ§?ea§§IFdPBS¥h2% i F&iﬁ%esﬁFgﬁﬁﬂﬁm The
preferred concentr afi éheofinstatnprecessalcant be deltermined by stantlard
solution used in th f pre : v i | so
I ncl ude an effecti9§a§%§§§§ioﬁe§%ggs' iﬁ%%F |§ﬂX§1§3e%?% %ggggﬁgﬂﬁ?Qrogen
per oxi de pref erabl golution used donthet pProcessotfatbe Preseptminyentipme

oxi di zi ng agent capayabasenhbe Py dauitgy sntle¥fektive amcudi! denaactini des
to facilitate their dissolution.in the dLssoIv&%%.solutlﬁp as shown

by the fol | ohPng CarbonglgesaltefQatihgdisssdving solution., The

preferred concentration of carbonate is about 1 molar.
The solution used in the process of the present

invention may also include an effective amount of an
oxidizing agent, such as hydrogen peroxide pfeferahly

15 at a concentfation of about 0.005 molar. The
oxidizing agent can raise the oxidation state of
certain actinides to facilitate their dissolution in
the dissolving solution as shown by the following
general equation:

20
UO, + H,0, + 3Na,c0, ~—* Na,UO,(CO;); + 2NaOH
Oxidizing agents are also needed in the dissolving
solution to dissolve plutonium. Other effective
25 oxidizing agents include ozone, air and potassium

permanganate.
The preferred dissolving solution of the present
invention comprises about 1 molar carbonate, about
0.005 molar hydrogen peroxide and an effective amount
30 of sodium hydroxide so that the solution pH can be
adjusted to pH 9. SblutiOns‘comprisinq other amounts
of the above constituents that are sufficient to
dissolve actinides in soil and other materials are
also contemplated. Such solutions can comprise from



Oxi di zi ng agents are al so needed in the dissolving solution to
di ssol ve plutonium Oher effective 25 oxi di zi ng agents include ozone,

ai r anvQo6/tesg2 um per manganat e. The %

di ssol ving solution of the present ~invention con%?ﬁ%%égg e 1
nol ar car bonat e, about 0. 005 i%r hydrogen peroxide and an

ef fecti ve anount 30 of sodi um hydroxi de so that the solution pH can be
adjusted to pH 9. Solutions conprising other anmounts of the above
constituents that are sufficient to di ssol ve actinides in soil and

other material g 8heto from 12h82a0BREEBNALRT andUEhciPlollddy &, £ONPri se
from WO 96/ 198712 S | | -
PCT/ GB95/ 02919molar hydrogen peroxide. -~ -10- ' 0.01 to

from1 nolar carboralieingdtheotefpeRatu®elabove ambidht HadWergen
per oxi de. t he tenpibat&%g above anhi ent has been

. Rai si .
found to be efF&BPFv§9R§ﬁye?gﬁS§PXEare eragure &R and 100[err] C
can be usé&d, peasbdealtl andbd0P°G0Ean be used, preféunabhbyrabouvp BO°Che

process of the preggghfther ste%nggnk'gn Egdgggmggiﬁgg_- S am nant s
fromthe . .dissolving sol ttion é.g sorption on arfi i on exchange
nmedi um The abd@®Vgntdenudéd seRarpéipgothes comFamiaants) from tthe yse of a

chel ati on reacidiesodVinge scadtaseh@pdabsorption’ @F RMIdrs didnigat ed
bel ow for an | m g nd to a
n -

di ' . d. funct hem cally. b
solid particle 1tn?°Clrne absﬂﬁ?&ﬁ?’%b&?&ﬁ(’% rﬁe’-')rg[c%%ﬁ yll“’g-'(u]ﬂ

N[ CH er r RGOQ| [ &he] Nasleeof] p [chedlptionl¥Feaction on th¥ Hewmi rexchange
N[ CH er r] OO0 [ ¢felihUdeerilsl NMahasthated\BelidW €JreaH iminodiacetic ‘

acid function chemically bound to a solid particle:

Na,U0,(COy); + 2(Resin - N[CH,CO0),Na,). —

15 .
2(Resin - N[CH,C00],)UQ,Na, + 3Na,CO;

Because of the stability of the complexes so

formed in comparison with carbohate_complexes, the

20 chelation reaction is capable of removing actinides
from the dissolving solution in the presence of
concentrations of carbonate which are sufficiently
high to allow dissolution of actinides from aged soils
in which the contamination has become strongly

25 absorbed onto the soil. | '

The particular chelation reaction shown above is
exemplary only and ény similar chelation reaction can
be used (e.g. using such functions as resorcinol
arsonic acid, 8-hydroxyquinoline or amidoxime). The

30  prime requirement of the chelating function is that it
forms a'thermodynamically stable complex with the
actinide elements it is desired to remove.

The chelating function may be bound by physical
means or by ion exchange to a solid absorbent for use

35 in the present invention, but the preferred method



Because of the stability of the conpl exes so formed in conparison

w th carbonate conpl exes, the 20 - chelation reaction is capable of
regovi ng actWepeissi2 fromthe dissolving solution in thpcsp m@lﬁsﬁ
concentrations of carbonate which are sufflglently high to allow

di ssolution of actinides fromaged soils i n which the contam nation
has becone strongly 25 absorbed onto the soil. , The
particular chel ation reacti on shown above is ' exenplary only and any
simlar chelation reaction can be used (e.g. using such functions
as resorcinol 1nvéﬁ¢§§"@hQCiﬁbo£b$wﬁtfaaqafn@ﬁéneneiaeﬂhQOfuﬁeiithe

30 prime requirenent. of, the ch atl g?functl

a ther modynani cal | yP¥% iR eRHP tQ the so IQCP?HFHEIQreﬁﬁﬁPEIFF i s
desired to renove. of SUltable d&mmeimdadlpga@mnbabbe ongléeihguidnby

ngfLSaLresent |nve éﬁéﬁg% @ﬁf@fgggeég bﬁ §950@@§g%?§9§§§§g >

PCT/ GB95/ 02919 C466 andlﬁﬁb}v@BdtﬁﬂELﬁ%oigﬁrathﬁ uset ag suehaipng
function by &hemasGér 00 €e OBEScéds é?'tﬂepﬁféééhe ihvaneien

of suitable commercially available chelatin xchangers of this
type are DOVEX Al , IREETEgEpaguires th?ﬁ6gh%nﬁ°kbq pﬁﬁﬁlﬁﬂEEEirTOO The
use of such ion sus méangﬁmhendibeopvm@ssomuhn pyeeentinamenti dn
general ly requires éhqé % $ d particles are suspended in the

di ssol ving sol ution TONTi 1 in a porous bag. 10 The -
chel'ating funt®ion can Ehsocbelptbngdéungylon can phsoi bal pupvaded by, i on

exchange or Chen1CaﬁnggféaﬂgabsorptleﬂtolansgkeﬂaﬂgéeafacwehﬁeausbaﬁaaﬁblC

such as described In ropean Patent
case the solid magn@ete %a?@i%ﬁlm35ﬁ¥éPth§°Phés magnetic, such as

described in European Patent No. 0522856. In this
case the solid magnetic material containing the

i5 absorbed contaminants can be recovered from the
dissolving solution by magnetic separation. -

An additional step can be incorporated in the
process of the present invention of recovering the
contaminants from the chelating ion exchanger.

20 Eluting the contaminants is accomplished by means of a
solution which removes the contaminants from the
absorbent. The eluting solution, also known as the
eluent, can be predictably chosen to be selective for
the specific contaminant based on the known

25 characteristics of the contaminant and the absorbent.
A typical eluent is an acid such as nitric acid at an
intermediate concentration of about 1 molar. The
degree to which the contaminant is concentrated in the
eluent can be varied according to the specific eluent

30 used, but will in any case be more concentrated than
in the unprocessed contaminated material.

The step of recovering the radioactive
contaminants can further include the step of
recirculating to the contacting step the dissolving



15 absorbed contam nants can be recovered fromthe ' di ssol vi ng

sol ution by magnetic separation. An additional step can be

I ncor pwoedisagsiz2n t he process of the present invent recovering
t he contam nants fromthe chelating ion exchangeﬂkﬁmiﬁkNZIEIutlng
the contami nants is acconplished by nedds of a sol uti on which

renoves the contam nants from.the absorbent. The el uting solution,

al so known as the el uent, can be predictably chosen to be selective
for t he specific contam nant based on the known 25

characteristics pf,_ihe gon apt and 1 he_abgo pi cal
eluent is anaﬁﬁi?gﬁﬁﬂlég %a? sspdssPaﬁﬁéea %rom ﬁPsrﬁsatEF&e&
concentrati on metemiak. 1 nol ar. The degree to whi ch t he cont am nant

I's concentrated i ﬁémbresent EﬁUEﬁExﬁﬁ”a?éovﬁfbegdégcﬂéﬁhggfBQ the

speci fic el uent 30 used 'n any_case ‘be nore concentrated than
in the unprocé%@@ﬁF%b%%%ﬂ1ﬁ%?eﬁlﬁﬁﬁeVP&Pme in the con¥pgtipgpsgePrecovering

the radi ogicti veither th60@63n1maavanaahéUpfbeéssnehudnabheaSh ?h&E

Il’:)g_cll_} E;%gg?glzg%g&atépecgggé Etkﬂgnsgggtt b8 g'r?.ﬁgl, \{Igggevapora ons 8%?&8?_3” t hat

has been separkbe edséd obethecovarapurd water framethel dissolving The
present inventiof,&lse. pr@Méd8§ Eﬁéﬁé BQrﬁther suiEHF&P'hb@ﬂthecBhU'd

volume in the contacting s SOl eavi ng the process
can have a hi gprused to Hﬁ?!?“EoﬁPEnPuﬁﬁﬂn“Phaf EﬁPéﬂ|H§1“8P-evaporat|on

can 10 be usedrhé rerd¥winguhenwatiflitingnEkAfpldiesitlvstgates the
solution. One of these.or %her sui tabl e nmet hods can be used to
prevent the buPTESEREoFYPOFA®Dol ure. 10 The follomnng non- I|mt|‘@
Exanple illustrates the ~ present invention.

EXAMPLE 1

15 ~ A magnetic resin having an imino diacetic acia
function was prepared according to the method as
described in European Patent No. 0522856. The resin
was converted to the ammonium form by treatment with
ammonium acetate (0.1M). Aged plutonium contaminated

20 soil acquired from a site in USA (67grams)'was nixed

- with a dissolving solution (100 mls) containing 1M
carbonate adjusted to pH 9. Hydrogen peroxide (S1
microliters, 30% solutlon) and magnetlc resin (0.8g
dry weight) was added and the mixture was stirred for

25 2 hours at 50°C. The resin was separated from the
soil by magnetic separation and washed with water.
The dissolving solution was separated from the soil by
filtration. The magnetic resin was regenerated by
washing with 8M nitric acid. The soil, the eluent

30 from regenerating the resin and the dissolving
solution were analyzed for plutonium.

The average results of triplicate samples indicate
that 27% of the plutonium originally present on the
soil was still present on the soil, 68% of the

35 plutonium originally present on the soil had been



EXAMPLE 1 15 A magnetic resin having an imno diacetic acid -
function was prepared according to the nethod as described in

Eur opean PaWese/1bg12 0522856. The resin was converted "h%%m 19
amoni um form by treatnent with ammoni um acetate (0.1 ?

pl ut oni um cont am nat ed 20 soil acquired 1ffoma site in USA (6 gramns)
was m xed wth a dissolving solution (100 ms) containing 1M
carbonate adjusted to pH 9. Hydrogen peroxide (51 mcroliters, 30%
solution) and nmagnetic resin (0.8g dry wei ght) was added and the

m xture was stirre S [ T, regl
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filtration. The magfedm cthiesdissebvingeseiat £6nby washing with 8M
nitric acid. The soil, the eluent 30 fromregenerating the resin and

t he di ssol ving sol ution were anal yzed for plutonium :

The average results of triplicate sanpl es BXAMRLE that 27% of the
plutoniumoriginally present on the soil was still present on the
soil, 68%of the 35 plutonlun1or|g|nally present .on the soil had been

WO 96/ 19812 A magnetic resin having an p@;pggggpgggggac1d

- 13- tr eRRECIOR0wA® pPEpaFe@NasSOhUEkafpaad15% Thet Pesin was

pl ut oni um ori gi nal | esen e soil _was re ov re fromthe
di ssol vi ng solutlon‘\{sgé 13 tn8ny@fo5eh' cOER. &4 g&ﬁﬂﬂ&&“z

A magnetic rekdn hagdontaminatedosoateacquared from a site in the USA (6qg)
was mixed with a dissolving solution (100mls)
containing 1M carbonate adjusted to'pﬁ 9. Hydrogen
peroxide (51 microlitres, 30% solution) and magnetic
resin (0.8g dry weight) was added and the mixture was

15 stirred for 2 hours at 50°C. The soil was sebarated
from the solution and resin. The same soil was
subjected four further times to fresh batches of resin
and solution using the same procedure. At the end of
the 5 contacts the average of two duplicate samples

20 showed that the concentration of plutonium in the
soil, originally 35.8 Bq g°', had been reduced to 3.7
Bg g”, i.e. >90% of the plutonium had been removed
from the soil. |

25

30

35



function was prepared as in Exanple 1. The resin was used in the
hydr ogen form Aged plutonium 10 contam nated soil acquired froma

site | wgbg (69) : was mixed with a dissolving_solution (100n s)
cont ai ni ng fﬁ?@arbonate adjusted to pH 9. Hydrogen PCTIGRI§NI%9R (51
mcrolitres, 30% sol ution) and magnet rd4- resin (0.8g dry weight) was
added and the m xt ure was 15 stirred for 2 hours at-50fer+i€— The
soil was separated- fromthe solution and resin. The sane soil was

subj ected four further times to fresh batches of H“‘IM“MI‘!“NE sol ution
usi ng the sane dure. At the end. of J“ml aver age
of two duplic | es 20 showed that the concentralioh of pl ut oni um
in the soiI originally 35.8 Bq gferr], had been reduced to 3.7

Bg gl[err], i . e. >910%% lgpgcé)éélt g{,u&gage%%qg%?ggg¥ggn of from t he

soi l.
pCT/GBQ5/0291gadloact1ve materials which procesgg. comprises the

5 steps of: _

i) contacting'the material to be _
decontaminated with a dilute carbonate
containing solution in the presence of
ion exchange particles which either

v

10 contain or have a chelating function
bound to them; and : .
ii)- separating the ion exchange parficles
' from the dilute carbonate containing
solution.
15

2. A process as claimed in claim 1 wherein the
dilute carbonate containing solution has a pH in the
range of from 7 to 11.

20 3. A process as claiimed in claim 1 or claim 2
wherein the dissolving solution additionally comprises
an oxidising agent. ' '

4. A process as claimed in claim 3 wherein the
25 oxidising agent is hydrogen peroxide.

5. A process as claimed in any one of the
preceding claims wherein the chelating function
comprises iminodiacetic acid, resorcinol arsonic aciqd,

30 8-hydroxyquinoline or amidoxime groups.

6. A process as claimed in any one of the
preceding claims wherein the ion exchange particles
are also magnetic. | '

35



CLAI M5 1. A process for the decontami nation of
radi oactive materials which process conprises t he 5 steps of :

Jin o o RE Sl ST conca o g o PERRAERRE

presence of “ i%n exthang% particles which either

contain or have a chelating function bound to then1 and
i) .separating the ion exchange partlcles fromthe
dilute carbonate containing - solution. 15 2.
A process as clained i cl @Lrpr"om?g &g éﬂﬁmed dn cdldﬂﬂes Qﬁ{éifb_riﬁ}{ &he
contai ning solution has a In th of from7 to ) 20

3. A process as<ﬂ¥ﬂﬂnﬂ¥QW?Qﬂ%uRﬁﬁ?¥ﬁl?ﬁeﬁ?ﬁﬁ?ln “the wa&n%ﬁ%thﬂ$erlal

di ssol vi ng sol uti orepgside®reldye ONpPri ses an OXIdISIng agent .

4. A process as clainmed in claim3 wherein the 25 oxi di sing agent is
hydr ogen per oxi de. 5. A process as clained in any one of the

precedi ng cl aisrs wher eig. t e pivstess ms felrninegh in any onmmf sdwe
| mnodiaceti ¢ acl d.pd GGG U1 RO NKerEl théOton Srdbaiqu i ORlide of

anm doxi me groups. process as clainmed i nany one of the
precedi ng cl ai ns V\/n?el‘r'%lﬁ’f"ﬁfbl‘i'% E&&]&E@@‘ﬁ%r"’t‘ﬁ%‘i es are al so
magnetic. 35

9., A process as claimed in claim 6 or claim 7
10 wherein the magnetic ion exchange particles are
separated by a magnetic separation device.

10. A process as claimed in any oné of the
preceding claims wherein the contacted material is
15 separated from the dilute carbonate containing
solution.

11. A process as claimed in claim 10 wherein the
separation is carried out using pinch-press or
20 belt-press filters.

12. A process as claimed in any one of the
preceding claims wherein the contaminants are
_ recovered from the chelating ion exchanger.
25
13. A process as claimed in claim 12 wherein the
contaminants are recovered by elution with a suitable
eluent.
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