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I INTRODUCTION
. ,,L...,)~f,,.. Jj !Pf)~@s~lfl!~ Cr+! af !ne grealest challenges for !he ~uclear

a..!:’-’, T’, !, ,S (:,, p In p,ifl ‘rn-~ ‘r?e fact [hat the fission yIe Icf for ‘W 99 Sobar

.-,],. ,, irg~ ,,e ~ ‘no fcr ‘351J !nermal neutron Induced flssioni An exarn~le

,’ :’-+. Y ‘;&b\,+>r~ ~ !r, s ~rc~ err s (given by the estlma!e that by lfIe year 2030

‘-e’e WII b~~99 FP”’C !OTS of ‘~ ‘Tc n need of processing from (J S L,qrlt. Wa!er

;3+ It:.’ D[’nt fuels It IS also t?stlmated that at present there s -2(’CC ig of

‘PC“’nle:luc’ n :be Hanfora !anks alcne This does nor acco~-t ‘c’ ‘he

‘.+c’’Ie! J~ al Savannar R’ver and other DOE facllltles Another DrcDlern

iss; ca!ed with !ecnne~lurm as a waste product IS that II forms water soiut)le

arlc-s TC04 - Wnlch ea,ly migrate in tha enwronment Thus, a~y geologic

‘eo ;itory wmcR contained nuclear wastes bearing this element would s~ffer

“a- he fmsslblllty of Iecnnetlum mqralion If the reposlto~ were breachea by

.nr.l ground waler and therefore would fall the EPA 10,000 year requirement

‘or “eDosllory staD:llty Thus. both clvlllan and defense related waste (e g

Nds:P !hat s stored in tne double and single shelled tanks at Hanford) musl be

ofocessea with a strategy for deallng with technetium A solution to IhIS

~rc~’em s to remove the technetium from the waste stream and !ransrr~!e the

‘~c ‘-V” Um !O slaote ruthenium ~ e!lher a reactor or an accelerator
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Drovlaea .n a purity ana form Sultabl@ for

Figure 1
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$, .,. ? ‘. ic!, ons occ Jrrlng n this process“: :“?:1’1.

,<
j 2 LT.(). – —+ DTc04 + 020

17TKJ — ● LITC04 - 020

i’ “1

! ~LIJ.f . ‘;~ - — . l+@4 . LI* + ~

1.’. 17,:0 .-. .— . LIOD + 1 202

lra

Huo.$ - o~o~— %()? + 020 + 3/2

are lhe followlng

02
4 f+(~(l.1 - 4 LIOD _ ~ LJRu04 + Oz + 2 D20

. ~~i,?r,r(l mass balances WIII requlr~ the accounting of water formation aca

aes!ruc:lcn fc’ eacn of these processes It WIII also be required to remove any

oxygen and deuterlum gases formed chemically and radlolytlcally. The SIIP

stream shown In Fgure 1 IS cvoposed as 10?/oof the flow rate. This fraction (an

-3°’0 Ru removal rate per hour) WIII be modeled to optlmlze the removal of

‘uthenlum resulting In a steady-state mlnlmum Concentration of ruthenium

‘Iowlng :Prough the trar?smuter The raactlon of ruthenium tetroxlde with

~eroxlde forming solld ruthenium choxlde IS also a Slgnlficacl lnlpeGlment

‘(~ablrlng either a continual flltrallon step to remove the sollds formed see

f’ !r:]~on ~naer Advanced Concepts) of oofentlal trapping Of the soltd an the !00

+ .b:ti,. :a!ur ,~xcnange column Ano!’ P’ means of prevenllnq !hls reducllon !0

‘> ,lt peroxide In !he TcO~ dlsso!u! On mii~eI ; ,~Ij+jJmV a s:oicrniomelrc amoti~! “

ID >Ieo 1! ~roul(j ,~;so be f’o!ed !h~I: the lorm of ulthenlum comit’lq OiJf ..lf f-e

Or,I’I:;r~.i!Pp *III orc~at)ly be HuC34 since Rjc)d IS Kfic!wn !O ‘ei~ct wi!~ na~e ~ NC

qPrl$3f;l: )“’ ;! D20Z IS snowf’ In the !rarsmuter ,1s desc’lt)ea in F,q”’t? ‘ TE $

i:”)slJml)!’orl ~’ ~naouo!edly no: valld

“ $ ,isslJ~l’h?a that thQ SOtulYlltif4S at flu(l~ and ~C04 Snould PO! ~Da,f Odr

to ‘v “) DPr40’T !5P ‘~(~~’s-:,,~~f )*I ~pac:on AVaIItIbIP aata ,1s I;fI(-VVfI ‘I l,~D P

,,4, ..!, 1’!:”,,’’”()’ c“



Table 1 .5cu~~lfIes Ig L: ot relevant Iechnellum and ruthenwm spec:es as

J;3m Darea wl!h analogous perrnena[e and perchlorate arvons

NH.i LI Na K Rb Cs

2000 128 4

Iv AOV

,,. ,# pt:”~

r): ’000 ~~~

.L,J - 600 2900 75 5 -r.J

v sol s sol

# sol

NCED CONCEP rS

~e :PCr ro!c.~y w IS cnosen as the basellne due !0 DuDllShed

~,iti,l~,l: OF Iac:sfs for technetium and ruthenium Other Mchnologles may be

.-:lre .~*:r~c:;Ve since II may be possible 10 reduce the amount of wasle

;~neraled ,1s well as Improv!ng the separation factors

:~rlcnD:s ‘or !ecnne!lum separation are described

JH’Llc::ve-PX5

A. Ozonolysis

The followlng advanced

in order Of perceived



.’1 (20 .Oar:ir,:] ‘*Jr~CveS H’dOA 3) The D20 trap removes 80?% of aerosol

“rarsuc”!ea !ecnn(!f.., m ‘rcm the Ru0403 stream thus Increasing the purity of
“7P ~maImtnenlum oroa Ucf a) RuOJ IS convened to LI#hJ04 In a LIOO fraD 5)

lles,c~a, 02 ,s recyc!~ !hrohgil an ozone generalor. 6) DZ can he used IU form

‘<d ‘-e: I ‘Pam “~:nenlur Droauc: with !ne D@ formed being recycled ITIO !~e

:~~, ~,.,i mal~ ,3av,lrllJge ?f !hIs sys~em IS waste mlnlrnlzallon WII’I “he

3“CM,.,:::, ~+IfIq RU m~t~I ~qa ()-

Figure 2.
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IS oolve!hylevq Deacls This should Increase the ruthenium reduction rale In

~ca ‘on !O the absorption of solld RIJOZ The proposed flowsheel ullllzlng
.,, . . .. .,l(--q:~.=eq ,5 showr= I Flgtir~ 3

Figure 3,

WlkJp ‘
Tco: I (i gjhr
D:O. 15.4 g/hr

:he ru!henlum filtration The



\*! :.(+~ ●:V*” : -“’; U8c W Dosslble to seocirale solid RU02 ancl olner reduced
,,,:r+r. ,Jm ~D~c:~s ‘“am, an aaueous clurry The flowsneef dew?lopea !of lhIs

‘~!nocmloqy s snown :n Figure 4

Figure 4.

sold%
Handlinga

A
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m

i)~(l 4.!4X .whr +

t
I

l“rall~nlulcr

i I.ITL(),] = 2 ~! TcO./D.():
‘l. I-riO, I ,W1 k@r W&p”
[):{) J L,’hr TcO: 16 yhr
[).(). s,~ g:hr D:(l: 15.4 @hr. .

D, ExtractIon
F r!’ac: or o“ R_O,I IIfC CC:4, :ho~gn effec!we. presenrs many problems F’mt

;Xc,;: on ;:me ,~aj~stmenf WIII be wau!rvd to malnlam Ihe rutherwm as RUOA

,C :h;I: ! rrdv De ex:racted Secono, I must be back exlrimted Into Dase Thwa.

‘ c’oa~ces J r-1’xea waste s:ream Foutih, racholyss of the CC14 may mlroduce

. -wan!ed DrcdLcfs ,nlo !he transmutation Stream For these ‘easons, ~0 ‘LInher

;eve ocmem o! !RIS Drocess was undetiahen

E, Electrodepositlon
.. JA il dqI-I Na!’ona Laboratory has expresses an ‘nteresl n examlnlng lhe

,.,,, u.:: <p 6ecause,:lec:. oaegosl[lon Of !e~nne!lum versus %thenlum

.,f( “’-%-urn s pas er :0 reduce 10 !he ‘?’!etalllc stale aS comgared 10 ‘u!henlum f

.. Id :P r)oss me !0 teoarate tec-nellum seledwelv
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F Fluorination

Tko !MSIC comDonords at the aqueous- and ?Iuorlde”basea process Ior
“e~h~e~,um Durrl.(Jp co~sists of Ihe lechnellum lead stock, probably Tc02 or

TCZC-, a dl%OlutiOn steD m 020 asssted by 0202 as Ihe oxidant. !he

:ransmuler a technetwmlruthenmm drying step, fluorination (poss151y several

SIPDS XJ !aKe advan!age of favorable klnetlcs). a means of ruthenium Separallon

‘rem techrellum, and finally a reduction of the remalnlng Iechnenurn !0 be

Pelumed !0 the transmwer This process IS graphically depcted In Flg’ure 5

Figure 5.

White u-s process greally reauc~s the amO’Jnt of waste generated as corwareo

‘o :he Ion excnange technique, !he main disadvantage o! !hls Drocess IS that a

,arqe amount of Iechnellum IS separat~d from a relatlve’y Smal: amount Of

ru!henlum Therefore. IRIS process IS t?elng pursued because 1 may have

aDp:icatlons to separation procdems other than those assoc Wed with !he

mlom of fectine!lum“(1-S-’U!L

-—
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G. pyrOtySkl

Technetmm volatilization Tc@7is another possibility forseparating technetium

and ruthemum. Like the fluorination procw, it a180 suffers from the

dlsactvantage of separating a large amount of technetium form a small amount

Of mthenlum, Therefore this process is deemed nOt v6ry &llEMiVe.

v. ISSUES FOR CONSIDERATION

Issues for Conslderatlon:

1. Radiolysis--Effect on systems chemistry

2. Triti~m production: D(n,y)T

3. Lithium bum-up (Helium-4 production)

4, Tc fate in system (plating out)

5. flu fate in @em (plsting out)

6. Waste streams

7. RU form in final waste--suggest metal or oxide.

& Quantity of D20 needed and supply 0202.

9. Design and size of plant

10. Gas handling needs

V1. CONCLUSIONS
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