BEHAM (R AND STRUCTURES CF ®Tc- SPEQ ES | N SQLVENT
EXTRACTI ON SYSTEVS OF THE NUALEAR RUE. CYALE
S Tachinori, T. Yaita, S Suzuki
Japan Atomc Energy Research Institute, Tokai-nura, |baraki-ken, Japan

The objectives of the present study are to anal yze the distribution
behavi or of technetium (Tc) in the tri-n-butyl phosphate (TBP) extraction
systemand to clarify the chemcal forns of Tc(MI)-extractant conpl exes
in various extraction systens by neans of EXAFS net hod.

The extraction of Tc(M1) wth TBP fromnitric acid solution proceed
through the followng stepw se equilibriumreactions wth increasing H\Q
concentrati on.

H + TcQ + 4TBP —> HIcQ. 4TBP

HcQ.4TBP + H + N -— HIcQ.3TBP + H\Q TBP

HicQ. 3TBP + H + N — HIcQ.2TBP + H\Q. TBP

HcQ.2TBP + H + N — HIcQ. TBP + H\Q. TBP

HlcQ.TBP + H + N — H + TcQ + HQ.TBP
In the presence of netallic ions, i.e., UM), Pu(lV) and Zr(1V), the
extraction of Tc(M1I) is enhanced by the coexraction nechani smas,

Zr* + 3Ny + TcQ + 2TBP — Zr(NQ)s (TcQ).2TBP

Frstly the distribution ratio of Tc(M1), Dwx7, was neasured in 30vol %
TBP- n- dodecane- HNQ extraction systemat 25 °C as functions of the aqueous
concentrations of HNQ, UM) and Zr(1V), and the data obtai ned were added
to the Purex distribution database: D STEXFP and the nunerical equations
to calcul ate Dr; were established by using O STEXHP, whi ch contai ns about
500 points of Dg; values including our own data. Due to the fact that
Tc(M1) is extracted as HIcQ and coextracted as TcQy wth other netal s
by replacing N of the TBP-netal conpl exes, Dr; is expressed as the sum
of extraction of Tc(MI) by all nechanisns like Kolarik's nodel[1]. In
the present study, it was nodified and the followng equation was

adopt ed,
Do = Di® + Dy + Didt + D,
wher e
D = PG (1 + G® + PG )
D’ = RCuw (1 + RQ)

D' = RCpau (1 + RG™)



Drc7zr = PuC Zr4CNP12
where P, P, ..., Py are paraneters of which value were to be determned
by a best fit nethod, and

G = G + 4G + Gu + Gsa + GCu).
G and C; are respectively the aqueous and the organi c concentrations of
species i.
After having been determned the paraneter val ues, dependencies of Dg; on
Gy for several solute systens were obtai ned by using the nodel. D7 has a
maximumat Gyof 0.6 M where Dgy value is less than unity at 25 °C. The
enhancing effect of UM) is significant only in the region of low G
whereas that of Zr(1V) is appreciable only in a high acidic region were
Zr(1V) is extractable. The positive influence of Pu(lV) is promnent not
only inlowG,but asoin high Gyregion.
By conparing Dg; val ues between cal cul ated by the nodel and experinental ,
it becane clear that Di; data are still lacking in Tc(MI)-Pu(lV)-H\Q
systemin which a limted reliability was shown by scatter of the data
poi nt s.
The distribution nodel developed above was put into a Purex process
simulation code; EXTRAM [2], and the effects of sone flow sheet
conditions, e.g., flow rate, concentrations of HNQ and Zr(1V), on the
concentration profile of Tc(MI) were analyzed by setting a reference
flowsheet. The undesired catal ytic effect of Tc on the redox reactions of
Pu and hydrazine at the partitioning cycle[3] suggests that it should be
rejected to an agueous waste stream or recovered prior to the
partitioning cycle.

A sufficient flow rate of a high-acid strip, such as 5 M H\Q, is
necessary depending on the Zr(1V) concentration to achieve a conplete
stripping of Tc into the aqueous waste stream Uhder a relatively high
concentration of 2Zr(1V) and the high-acid strip, the concentration
profile of Tc(M1) showed an accumul ation of Tc(M1) in the process. Then
the conplete rejection of Tc into the waste streamis to be acconpl i shed
by a large flowrate of the aqueous/strip solution or by enpl oying a by-
pass flow sheet in which the aqueous strip solution containing Tc in high
concentration passes by nost of the extraction stages and enter the stage
near the aqueous outl et.

Froma view point of Tc recovery, the accumul ati on phenonenon shoul d be



taken into account, the naxi num concentration of Tc is observed in the

aqueous phase of 7th stage. (hange of the aqueous concentration of Tc in

the 7th stage as a function of operation tine was cal cul ated by EXTRAM

The increase of Tc-concentration is drastic,e.g., nore than 100 tines of

the feed concentration and higher than 100g dm® after the operation of

one day and 4 days, respectively. Gonsequently, it woul d be considered to
recover Tc effectively from the aqueous phase of 7th~8th stage, where
radi oactivity of the fission products is very low conpared wth that in
the aqueous waste stream coming out from lst stage. Onhe proposed net hod
istoset up aloop at the specific stage to recycle the agueous stream
going through a Tc-recovery station (Tc-RS. The extent of Tc-recovery
can be flexiblly controlled because it depends on the timng;
concentration of Tc increasing in the loop, and recycling ratio of the
flowintroduced by the | oop, and of course on separation yield at the Tc-

RS. The place to set up the Tc-RS should be apart fromthe 1st cycle

extractor to avoid strong radiation field. The nethod of Tc recovery is

not nentioned in the presentation.

As is well known, Tc(M1) takes the formof TcQ® which is very stable
anion in acidic solutions. Thereby the chemca form of extracted
Tc(M1)-conplex is very interesting. V¢ have neasured EXAFS of sone
organic sanples of Tc(MI1) extracted by TBP, amdes etc. The anal yzed
chemcal formof Tc(M1) wll be presented.
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