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i INTRODUCTION
Tecnnenr, s rapresents ¢rer 0t the greatest challenges for ‘he ruclear
guoy Trsoas auen pan i the fact that the fission yielcs for the 39 sobar
Sar ooarge e 3 %6 tor <351 tharmal neutron inducea fission)  An example
Cme Sweverty SH g DIeo em s given Dy the estimate that by the year 2030
mere wol be 39 metretors of Y Te n need of processing from U S L.gnt-Water
Re-ictr pent fueis  1ths alsc estimated that at present there .5 -200C =g of
‘ecrnenur n o 'te Hantorg 'anks alcne.  This goes not account ‘cr 're
actnetum at Savannar Rwer and other DOE facuities  Another proplem
1552C.ated with technetium as a waste product is that it forms water soiuble
aric~s. TcO4s~ which ea iy migrate :n tha environment. Thus. anry geologic
‘@D, 3110ry which contaired nuclear wastes bearing this element would sitler
**0~  re possibity of technetium migratuon if the repository were breached by
“Na: ground water and theretfore would fail the EPA 10,000 year requirement
‘or repository stab:ity  Thus. both civikan and detense related waste (e g .
~as'e that s stored in the double and single shelied tanks at Hanford) mus! be
orocessea with a strategy for deahng with technetium A solution to this
prco'em s 1o remove the technetium from the waste stream and ‘ransmute the
'RCT et Um0 stabie rutheniu™ 1 ether g reactor or an accelerato’

S SR o ;. TCRL stable)

e Gty DTSCeSssSING Of Tur Bat wdSte streams car be per‘ormed even !
CATOTGIANC T s 1Ol perormad e 1enaralions chemistry tram the spert tuels
e g1ored NATTES CONLA NN tectretiu™ must be deve'oped  Jr me earuer
CLITT T Tarres  CrLOdl teature o panitior rg scremen §,Cpinng
At LAt TURmMIZInG f recy cling the varnous waste sirearms whicT anse
e Aot DRICTE Qny transmutaticn expenments are pertformea e separation
meemtr, 00 Ut eTIUM IO tect netlum must also be develgpea T s repan
1013 5 oM 20 the separaton scremaes possibie for \he separaton of
St et Moyt tharyym
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e B e LR e Ottt
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AL3LTDlCe Tugrnetum-+3 w. be prov.deg .n a punty and form suitabie for
rarsmotai e
1 BASELINE TECHNOLOGY

"re CuDisred resuits of Roberts. Smith ang Whee!wrnight (1962) gemonstrazed
A e ceparatec 'om tachnetium with separation 'actc’s on ‘e
T™is ictere "as ceen 100pted as the basenr: 9rccess ‘or tre

el 1 Ag tro Tooard n meditied torm s llustrated n Figlre

255e°° L (Srponent Ct this process 1S 'he selective

~itresy Cutter umo o nitrate cauonic species in the presence ot TcQg4

Ar

‘ormation of

Tre

‘Srmaton of cal.onic ruthenium complexas allows the scavenging of ruttenium

3M a £al cn exchange coiumn ¢
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Ttaomoanant e chions occurnng in this process are the following

on . EDC‘LO; - - DTC04 - 020

OTeCy -~ — « LiITcO4 - DO
TR
P Tedy - on - — 4+ RuDygq « Lo« ¥
Lt D0 —~—-Llob « 120

rag

RuQy - D207 —— RUO; +« D20 + 320,

dRLO;y - 4LOD —— ALRUO4 » 02 « 2020
T eretorn mass dalances will requirg the accounting of water formation ara
gestructicn fcr each of these processes. It will also be required 1o remove anry
oxygen and deutenum gases formed chemically and radiolytically. The siip
stream shown in Fqure 115 proposed as 10% of the flow rate. This traction (an
~-3% Ru removal rate per hour) will be modeled to optimize the remaval of
ruthemum resulting 'n a steady-state minimum concantration of ruthemum
‘lowing "rough the transmuter The raaction of ruthenium tetroxide with
peroxide torming sohd ruthenium diox:de s also a significart impeciment
‘equinng either a continual hitrahor step to remove the solids formed see
Fotraton unger Advanced Concepts) or potential trapping of the solid on the 0o
.t e cator wxchange column Angt er means of preventing this reduction to
SOt ase Qnly A stoicriometrc amount of peroxide in the TcOpo dissoiut.on Mase:
0 step ! should also be noted thal the form of ruthenium coming ou! of tre
reansmuter ae predadly 98 HuOa since ROy 's known 10 7eact with hase ¥ No
qeneral o ot D20, 's shown in the transmuter as descmbea n Fqure * T s
155umplon * ungoubtedly no! vaid

“o5 s5umed that the solubiities ot RuQa and TcQ4 should not mMpasr our
WDty ) DRrtor T thae trargiutat e reacton  Avanable @ata as srown o Tape
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Table 1 3Scubaties g L. of relevant technetium and ruthenium spec:es as
.ompareg with anaiogous perrnenate ana perchlorate arnons

NH 4 Ly Na K Rb Cs

.04 <000 128 4
IATH "l 000 2.0

oG ! o 600 27900 75 5 20
AuC | v SO! s sol
RLC e v sol

v ADV. NCED CONCEPTS

v owal™a Je 'ecrrolcly wis chiosen as the baseune due 0 puDhished
-»5aral 0 racis’s for technetium and ruthenium  Other technologies may be
mpre Jtractive since it may be possible to reduce the amount of waste
jenerated as well as /mprov:ng the separation factors The following aavanced
.ancep's ‘or technetium separaton are descrnbed in order of percewved
arractveress

A. OQzonclysis

T'e ‘ow '00p proposed :r F gure ° “as severa aisadvantages First. no
“A0™G cop-exes of ruthemnum are ‘s'meg :r A simple L.TcO4 » 0-0 D20,
¢t e Preg reguires aaation o L TYNQO) to 'ne sup-stream to ‘arm canonic
~{rosylruthenum™ rmtralc complexes Second. ! ruthemum s not eluted from the
‘050 vatyapie SN will be tost  Thira arsposal Of the saturated resin columns
A1 gererate a mimmum of ' 700 pounds idry weight) of wasie ‘rom the
“anyrutghon O 400U pounds ¢ - 2000 kg) of techretium  Feunh rac:oivsis of
e o mdy Arsduce unwanted species iInto the ‘ransmutaton stream  For
tetp egus™s an alternative ‘0 or-exchange technology 's attractive

oo tern e oo Doty O sepdrarng rethen.,m whine e samdg ime

Cq tme emaaet o waste sroauced t This meod ot sepatating RuQy
e, o, rawn nFoqgre 0 Impertant gferences n s sCheMa are
Lot T T GGt ) DTG 'O TNe N2Cr0vS 5 SIRD Ry wirt natl g

Sl taep enve Op DDgas matutes 0 the main ansmytat ot Q0P



M C. parmirg removes RUOyg 3) The D20 trap removes 80% of asrosol
‘rfarsperied tecnnet..m ‘rem the RuQ4 O4q stream thus increasing the punty of
e tnal uthrenium proaguct  4) RuQy 15 convened 1o LiIzRuQ4 1n a LIOD trap 5
Resicua Oz .5 recyc'eo througii an ozone generator. 6) D> can he used tu form
s ety rom rutheniur proguct with the D20 formed beirg recycled 'nio tne
e Treomain advantage of tis systeém s waste minimizalion with "he
000,275 Deing Ry metas ana O

9]

Figure 2.
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8. Filtration

e uerty P HUDgas wel as RLO4 ana RuQa- tor requcter o sexa Ry,

et eSS O ly TG oseleclivery tomave rythenium by the physical means of

Ctan s B otaton techni@ues tave been ysed On an indust: Al scale ‘ar many

(e Arg s thewfore a ~ature tecmroiogy  As an agunct 'o tmis method. t ™May
Dis Y anrgesn the reguct 9n 9t hemum Dy using A “er meadia suc”



is Dolyethyiera beagds This should increase the ruthemum reduction rate in
g *.on 'o the absorption of sohd RuO> The proposed tlowsheet utilizing
Corror o agnroigaes s showr n Fgure 3

Figure 3.
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cLooett Qe '0 't s “owsheetl 's the etft.ciency of the ruthemum filtration  The

©1CCT Deing nat a steady-state cercertration of ruthemium myst be sutfic.ently
LA D IS mevmize the proguction o *aaioactive sotopes « e . 03 "Ry

C Magnetic Separation
“wenruhurt rthe oxdation state of seven as TcCy  nas a ~obie nas electronic
a7 c.Lraton ard as such s damagnenc  However re many reduced
S gat en ostates ot ruthenium are all paramagnetc  Ths aifterence .n
Tavtet smogtars tre possibility to separate these metals by the technique
wre s Magret o Separation Thee tgchnology has heen used lor years oy
2 st drg qen,chemists to sypdrate minera's ang rocks Expenmental
JUaoave seawn At s possible 10 separate piutomum ram matrices such
oot A cucioes Other resylls found n the  terature snow that it s
LR e g tachnQue AN sohid 5uspensiors N aqueous media  Thus

~d



v Leeyee U _mauaid Be possiblie to separate soid RuQj; and otner reduced
CLrer um o Species "M an aqueous siurry The Howsheet developea ‘or this
~&1hoaology .S shown :n Figure 4

Figure 4.
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D. Extraction

Faracior o' R.L04 :nte CCly. thouan ettecti've. presents many problems  Frrst,
SXCa 0N state agjustment wul be required 1o maintain the ruthernum as RuOa
,C thal t may be extracted Secono, ! must be back extracted into base Thirg.
* oroQuCes a rxed wasle siream  Founth, raaiolysts of the CCiy may introduce
.~wanted prcoucts .nto ‘he transmutation stream For these reasons. no tunher
-Jeve opment Q! this Drocess was undertaken

E. Electrodeposition

Tan R dge Natona Laboratory has expressea an 'nterest .n examining the
eIt ye an@cttogeposition of ‘echnetium versus ruthenium Because
e teRTu™ S RAas er to reduce (o ‘he metailic state as compared (o "uthemum t
"1y T# DOSS Die ‘0 separate tec~netium selectively



F  Fluonination

T-e bpusic componanrts of the aqueous- and fluoride-based process for
‘echnetym purn-up consists of the technetium feed stock, propably TcO3z or
Tc-C-. a dissoiution step in DO assisted by D202 as the oxidant. the
rransmuter a technetium/ruthenium drying step, fluornination (possidly several
steDS 0 ‘'ake adgvan:age of favorable kinetics). a maans of ruthemum separaton
‘rom techretium, and finaily a reduction of the remaining technetum o be
raturned o the transmuter  This process 1s graphically depicted in Figure 5

Figure 5.
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Whie ih's process greatly reauces the amount of waste generatea as comparea
'0 ‘he 10n excnhange technique. the main disadvantage of this process s that a
.arge amount of technetium s separatnd from a relatively smali amount of
ruthenium  Tharefore. this process 'S being pursued because t may have
app..catons o separation problems other than those assoc ated with the
ansTuianon of ‘echnetium



G.

Pyrolysis

Technetium volatilization Tc207 is another possibility for separating technetium
~and ruthemum. Like the fluonnation process, it also suffers from the
disadvantage of separating a large amount of technetium form a small amount
of ruthemium. Tharefore this process is deemed not very atiractive.

V.

ISSUES FOR CONSIDERATION

Issues for Consideration:

Vi.

Vil.

1

r

—

Radiolysis--Effect on systems chemistry
Tritium production: D(n.y)T

Lithium burn-up (Helium-4 production)

Tc fate in system (plating out)

Ru fate in system (plating out)

Waste streams

Ru form in final waste--suggest metal or oxide.
Quantity of D20 needed and supply D202.

. Design and size of plant

10. Gas handling needs

©CENOOEON

CONCLUSIONS
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