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* Introduction 3 4450 03Lgaay » N

Studies on the synthesis, the isolotion from caplex mixtures end
the purififcation of organice compounds, particulerly these with blologieal
activity;bave stirnlated the develomment of counter-current batch extrac-
tion tochnigques (1}, (2). This process has heen used &s an amalytical tool
to study complex mixtures. Certain similaritise exist Detwoen the conditions
of applieation of the method to Diochemical problems amd the comditions
of the solvent eztrmetion purification of wraniuwm, Thsrefore, the counter-
~evrront batch extraction principle hma been spplied to the "25" recovery
process apd to othier problems in ths separation of radicective isotopss.

Summery

Counter-current betch extraction techniques that were successful in
the separation of many similer orgaeic compounds have proven usaful in the
ptuldy of inorzanic cospounds. Same slight veriations in the distribution

curves found for uraniuws may have been due to anaiytical Uivienities or
nay have boepn real, This should be checked further.

Dichromate was extrectsd in only small amounts and epparenmtly roactsd
vith the hezxone since nome was found in any of ths organic phases but a
sall amount (5,5)) was found in the aguaous of mumber 7 tube.

The analysis for the estimmtion of HNO4 inm the solutioms used wes
difficult (1504 material balance) therefors, dats ave unrelisble btut pro-
hebly .inaiea.te reastion between nitrates end herous.

Ru and miued Zr-Cb activities followed the Qistribution pattern for
gross ganpn. It 18 Yo be noted that these gspecific activities were influsnced
by the pre-treatment given them. Ozidetion econfiitions similar to those that
vere anticipated for the 1200 area process cause Ru and the w:l.xed Zx-Ch
activities to be more soluble in the Lamone.

Iron that had beer irradiated st Banford was found, in the extraction
tregtment with isopropyl ether and 5.5 BCL, to contain enother greme emitter
that vas less solubls in the organfc phase than was the ivon (perhape cobalt).
Furtiey extraction of some of the purer iron sarples gave & distridution curve
that vae slightly differert from the theoretical. The cnuse of this effect
ahouid he investigated further since it has been proposed that lsotopic
separation wight bo possible in this menmer.

rimental
The jethod -

Elght stage extraction, using nins separstory funnels, has besn used
in all the tegts reported here. The nine ssperstory funnels hereinafter
referred to as tubes, were mmber 0, 1, to 8 and contailned 50.ml of crganic
Pheses that previously hed beem equilibrsted with the sgueous phoss. 'Ihe
eguilibrated aguecus phase, that had originsily conmtained 1M AL(N 03
0. 1M Hi03, vas weed in 50 ml porticma. Into tube ¢, contalning 50
each phese, was introduced the materisl thet was being tested. In i:!mae
cages vhsyre it waae felt that the irtrodustion of the test material would
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significently change the exisling coneertretions, & syuthetic sgusous solu-
tlon vas mode te contein 13 111{1’»3'0».3}3 » 0.05U HII0y end the desired concen-
tretion of test meterial. -

Tho two phesos in tube O wares oguilibroted by agitation. After
wepavation the sgueous phaes wao transferred to tube 1 where it wss
equilibrated end the squosus moved to tube 2. loemtiile, fregh AGUEoUS
phase wag introduced imte tuble O ond efler sguilibration this LEUBOUS WBo
moved to tube 1. Thiz process of equilibysticn and movement of the sgusous
phase ves continusd watil 8 agusous portions had been used end had bheen
squilibreted ia tubes 1 to O inclusive. Samples of cach phass from the 9
tubes were anulysed. It was pessible in this wey to obtain distribution co-
effictent in & of the O tubes and an ostimste of the total capunt of the test
substanes in cach tube. The tstel emount of test materisl in eseh tube was
plotted agninst the tube nomber.

Digtzibution of Uranfum

Syunthetic agusous test solution (50 w1l for the first portion to be in-
troduced into tube O) wes mede to comtain 1M AL(NO.)., 0.05H ENO, exd 0.5 to
10 ¢ U ce UHE per 50 o). Uronium wves dstermined 'iw§ %@s az&&lyti&;.l group in
the Chemistry Divieion {eece tsois 1 apd 2 tabls 1). :

In teste 3 avd 4, however, sufficient Qichromate wae introduced to meke
the aguecus solutien O.1M. Simdtanceusly with the distribution of U in test
3 the dletribution of dichvamste was followsd by titration with Fe(ll), test
9. Dichromets was found only in the aguoous phases while nons could be detsected
in the organic phasss probebly besause of the reduction of dichremmte by the
hexons used. .

Distribution of ms :

In this test (6, table 1) the bulk of the mgueous phase comtained only
1M A1(NO3)3 before the preliminary equilibration with tho emtire velume of
the hexone phase. The synthstie sgueous portion for introduction imto tubs O
vss made to contein IM AI(NO,}, and Q.34 HNO,. The organic phasc was amalyzed
by titretion vith stenderd a¥izli to & phenolphthsolein end point., The HN
in the squesue phass eontaining 1M AL(N0s), was estirated by pH measurement.

- The amouvt of ENQ, recovered was sbout 500 greater then that put onto the test
portion. Thie spperent imcreage way beve resulted Tfrom the oxidation of
hezone to organic aeids with %503 o

Distribution of Groes Gemma Astivity

Tae distribution of the prose gamss ectivity wes followed by in-
trodueing into the squecus phsse in tube 0 e portion of some semi-works
digpolver solution made by dissclving an irradisted wreniuwm slug in niteie
acid. The metel hed coscled for a perliod of 6 momths. After the 8 extrection
stages hed besn cagpleted aliguste from esch phase were counted for gams
in the fonisation chebber {teot 14, toble 1).

Distribution of Rutherniwm Activity

Digtzibution without Czidetion - Rutheniun traser wse introduced in‘tg
the agueowd portion of tube O snd the countez-current exbraciion wede for 8
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stages. Aliguots fros each those were counted in the ionmdsation chamber
vithin b bours efter the traser vas introduced imto tube 0. {Test 7, Table 1)

4liquots were rempved from the organic layers of tubes 4 and 8,
svaporeted and absorption curves measured. The faet that thess tvo gb-
sorpticn curves were idemtical up to 1700 my Al/sq. ca. indieated the
1dentity of the radloactive material extracted at different periods in the
process.

‘With dichramte cxidation - The Pirst test with ruthenium tracer wss re-
peated with the excepltion thaet tube O was also mads 0.1M in sodium dichremte
and the mizture sllowed to stend st room temperature for 16 hours befors use.
In this cose the entire phase (50 ml) was counted. (Test 8, Teble 1)

Distribution of llixed Zirconium-Columbium Aetivity

Tracer as yeceived - The mixed Zr-Cb tracer as received from the .
Isatope Production Departwment was stobilized with omalie ecid. In this test
no attenpt was mmdes to degtroy the complexing egent. Ths tracer was added
to the agusous feoed, coutsining no dichramtis, and the equilibrations wder-
taken without ap aging period beforehond. (Test 13, Table 1)

Iracer treated with permanganste . gyfficient permangavate was added
to the trscer solution to cxidize the caletlsted quantity of ozalic scid
present. The trecer solution was then addad to the agueous feed containing
no dichrosete apd thoe equilibrations mede os before. (Tesst 10, Table 1)

The tracer containing =n ozalate stebilized solution of mixsd Zr and
Cb tracer was sdded to the aguesus feed solution (with 0.1M dichroemte) and
elloved to stand at room temperature. One porticn was submitted to the
counter-current bateh process after 20 hours standing and o gecond sample
stood for 120 hours before use. Gross gamen activity ves messured in each
solution without sttexpting to distinguish botween zirconivn end coltesbium.
- (Test 11 and 12, Teble 1).
Bxtrection of Iryredisted Iren

A sample of irom (shewn by the spectrograph to conmtain only twaces of
conteminating copper end chromium) thet haed besn irradisted at Hanford end
alloved to cool for about six months was subjecied to counter-current batech
extraction betweon diisepropyl ether and 5.5 BECL (previcusly eguilibrated).
Hore as before the layers were examined ssparately in the gowne ionization
chaxbex .

A second extraetion through 8 plates was mmde using the material fram
tubes 1, 2 and 3 in 2.5 HCL.

Discussion of Resulto:

The distribution of ursnium through en eight plate counter-current
batch process under conditions coleulatsd to give e distridbution cosfficient
of 1 shoved a differsnce between those tests made with 0.1M HepCroO7 in the
aqueous and those tests with mo dichromate yresspt. Diestribution coefficients
cbasrved in tubes 3, 4 and 5 at the end of elght squivalent steges wore grestex
than I (1.03 to 1.43) for tests 1 and 2 teble 1 without éichromate and less
in those teste (3 snd %, table 1) vhors dichromste woa upsed.
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Ingufficient data exist to explsin this cbesrved difference in the
Astribution eosfficlents. Whils 1% is poesible thet the dichremats mipht
te involved in same reschbion concerning urenyl nitraste and hexens, the fact
that the differencs is not an annlytical intorference has never becn '
established. Lese differeonve was found in the plotted curves than wvas
anticipated by the observed difforcuces in distributicn coefficients.

Nitric acid was observed (C; figure 1) to be distributed under conmditions
that lsad ome to suspect the docorposition of hexone by the nitrie acid.
This was further supported by the high rmaterial balanee.

The gross gamm cetivity wae found distributed (D, fipwre 1) ina
menmey indiceting high watsy selubility. Mived zirconium and columbiuvm,
in general, followed a similer pattern (¥, figure 1). Rutheniuwa, however,
vas more soluble in hexone than the other fission products studied so far.
Solubility im hezome waoes iucreassd by the use of dichremate. (B, figure 1)

The distvibution of the mixed Zr-Cb activity (stabilized by czalate
or citrate) woe affected by the oxidaticn procedure used on the tracer. The
highest affinity for woisr was moted in the untreated semple. Trestuent with
dichromnte and permangsnete permitted the activity to bs extracted by the
hexons, '

e iron that had deen ixradisted and asllowed to cool for several
vesks was found to have a game emitter that possessed 2 lover distribution
coofficient than that of the iren itself{G). Iurther treatment of scme or the
parer iron samples showed 1little additional separstion’®)}. T has been suggeoted,
hwever, that the seperation of isotopes might be aecorplished in this wey.
Work on this ssparetion will be storted latew.

.
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(ton Bumber Condiitions or :
: . }
le i 1 g{ Uranium Fraction of (Uraniym 0.016 0.0%3 0.145 0.2121. 0.283 0.197 I 0.041 0.016 4
D,C, - 1,20 1.43 1. 1.0 | 3. 3.90 -
2. | 1 g{ Uranium Fract{on of |Uraniym 0. o115 0.219 0.294 0.218 | 0.105 0.043 0.001
D.C. - apo | ;o |, L35 | 1 2.48 1
3. | 10 g{ Urantum Praction of Uranium 0.045 0.1 0.233 0.276 0.2¢5 | 0.0 0.025 v,
0,1 X Cr 0 D. C. - ol89 0.¢ 0. oL | o. 0.95 0.7
2 i :
be | 0.5 go Uranium Fraction of |Uraniym 0.007 0.304 0.200 0,266 . 0.220 0.123 0.033 0.093
~4- 0.8 |Ns,Cr 0, e Co - 0,99 1.00 086 | 0.85 1.05 ° 1.33 2.18
Se | Calolated[for DJC =1 Fractjon of |Urani 0,00 ~0.109 0.219 Ot | 0,29 . | 0.1p9 | 0.0 | 0.00
b | HNO, (0,5 :  Fractilon of| HNO, 0.009 0.081 | 0,255 | 0.301 o272 | 0.5 0,081 0,010
7. | Bu¥ raceri as obktained| Praction of] Bu* Aptivity 0.084 0.051 0.p66 0.473 0.0a1 o.qr;z 1 0.104 0.117 0.385
. |
) S R0 S DS N 9 L6 1.2 049 | 0.87 i 0,80 _Ouph 0,11
8. | Bu* ith OLIN My Cr 0, Fracthon of| Ru* Abtivity 0.085 0,049 0.pL6 0.057 0.064 0.087 I 0.172 0.367 0.125
D.C. - 1.67 2 2426 1466 1.0 0,38 0.15 0.1
9| 0. Na201'207 OPurv Fraction of Cr,0p - - 4 - d 4 0,005 0.04s 0.94
test mumber 3, d for a D.C.® 0.008 = 4 = <. 1.1 . y e 0.0p1 0.041 0,93
)e | 2r=Cb (Kud)h equivalent to.oxalic rcm Fraction of Zr-Ch 0.0003 0.023 0.]526 0.p36 0.p48 0.046 0.058 0.130 0.63p
b.c. - 0.004 0.04 0.02 0.b4 042 . 0.0 0,004 0.005
le | Zr=Cb tracér, O.JM Na21:r207 Fraction of 4r-Ch. o.011 0,010 0,011 0.013 0.p17 0.025 0.046 0.1]>0 0.73%
._._12QL_::nrn at r.. B R D.C.|. - 2, 122 047 | 028 | 015 | 0.p8 0.06 | 0.008
' | Aligphot of{ll L Fraction of Zr-Cb. 0.0p8 0.018 0.p15 0.017 0J028 0.pu9 o, 0.3p1 0.43p
20 hours it r.t D.C. -1 | 2.0 1,10 .53 g.42 0,23 0.3 0.95 0.009
A .30 | Lio I CEE N D L oAU S B S Bty A
jo | Zr=Cb traceﬁ-, as fis FracL:lon of Zr-Cp - - ‘1 - R < - 0.001 0.0p5 0.971
|
i NP S S I N SR S S I S - o.:t 0.0} 0.005
/s | Gross| G ’ Frackion 0.0p1 0.002 0,003 04005 04007 Q.00 | 0.017 0.0b9 0.88
- L(&__ ,.E;;;i‘)__d R R . ,_-,,T ___D.E. . | _ 9 - 0.6 i0.5 Ol ooh_ 1 0,2 0.p6 0,003
| | | ’ i | '
| | ‘
- | | | |
. | S i
| | , .
\ : i . ! ;
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