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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '
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CHEMICAL SEPARATIONS

Element separated: Bismuth Procedure by: lieinke
Parent material: Tracer R1228 and daughterg Time for sep'n:r~J 1 1/2 hours
Milking experiment Equipment required:
' Centrifuge, stirrers,
tank H,S

Yield: ~» 60%

Degreec of purification: Factor of at least 103 from Pa and at least 100
from sther activities. Factor of at least 5 from Pb.

Disadvantages: Gives a thick plate - rather bad for alpha pulse analysis.

Procedurc: Purified tracer Pa in benyene - TTA solution (procedure 91-1
with DIPK and TTA extractions only)..

(1) Stir organic layer 10 min with equal volume 6 N HC1 (dauﬁhtor
- into acid layer - most of Pa remains with organic layer).

(2) “Tash the acid layer three times with double volume .4 M TTA in
benzene, stirring 5 min each. (Removes Pa ).

(3) Dilute acid layer to ~ 2 N and add~ 1/2 mg Bi carrier. Bubble in
H S gas to ppt Bi and Pb sulfides. Centrifuge.

(4) Again add 1/2 mg Bi carrier and repeat sulfide pptn. Centrifuge
and combine ppts of (3) and (4).

(5) Dissolve sulfide ppts in few drops hot conc. HCl., Dilute to at
least 1 N acid and reppt sulfides by bubbling in HQS- Centrifuge.

(6) Repeat step (5), four.times.

{7) Dissolve sulfide ppt in few drops conc HC1 dilute to ~ 6 cc and
b011 to rid solutlon of HyS.

(8) Add 1 mg Pb carrier and ppt PbS0, by adding some SO, 2 (1,8
(NH )2804, etc.) Discard preplcltate.

(9) Repeat step (8) three times,

(10) Ada Hés to supn from last pptn and centrifuge out the BiZSS formed.

(11) Dissolve the Bi§, in hot conc. HCl, dilute to known volume and
plate aliquot for counting. Caubion: Do not flame the BlCl
plate or much of the activity may be lost.

.+ P=18«137
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Remarks:
In step (3) if the acidity is groater than 2 N the Bi will not ppt.

See Prescott and Johnson's Qualitative Chemical Analysis (1933)
p 157 for notes on PbSO4. '

- In some experiments no Bi'- Pb sepn is required and the solution of
step (7) con be plated directly.

8/9/49
-14-1%0



CHELICAL SEPARATIONS

Element separated: Radium Procedure by: Ikinke
Target material: Thorium (~10 gm metal) Time for sep'n:~ 8 hrs.
Type of bbdt: 184" full energy particles Bquipment required: Standard

plus centrifuges:.of:
250 ml capacity
50 ml capacity
15 ml capacity
Tank HC1-

vield: 25-50%

Degree of purification: A%t least 107 from Thorium, and at least 104 from
other alpha activities present in high yield.

Advantages: Can be used to separate Ra with Ba carrier from large amounts of
target material and (if coupled with column separation) to give weightless
fraction of Ra. :

Procedure:

(1) Dissolve the thorium metal target in concentrated HNO, with dzops
of .2 i (NH,),SiF, soln added %o make the sol'n ~ (Of°M SiF ~°.
(A large bedker should be used to nrevent bubbling over in %he
vigorous reaction. The solution needs to be heated to start the
reaction but once started the recaction proceeds vigorously.)
Cont inue adding conc. HNO, and (NH#)ZSiF solution until target
completely dissolves (may be an hour or %WO for 25 mil pieces of

Th. )

(2) Evaporate off most of HNO, leaving Th(NO )4 crystals. Caution:
Do not evaporate to dryneSs or the nitrate will turn to ThO
which is harder than the original Th me%tal to dissolve. If some
ThO2 is accidentally formed usc- the same combination of conce

HNO, (NH4)231F and heat to dissolve it. ThO, is considerably
easier to dlssoﬁve immediately after forming than after prolonged

heating and standing. ' (See 90- 4),

(3) Add 6 mg Ba't carrier to the crystals and dilute with water to
~30 cc. Transfer to 250 ml centrifuge bottle.

(4) Add ~ 16 cc conc. NH,OH (precipitating Th(OH)4) dilute to 200 cc
wish water and diges% for several minutes.

(5) Centrifuge and pour off supn {containing Ba and Ra plus other
activities.)

(6) Dissolve ppt (amounting to ~ 125 cc volume) in~ 16 cc conc.bHNos.
(7) Add 3 mg Ba™* carrier, dilute o~ 30 cc.

(8) Add~ 20 cc conc. NH,OH ppting the Th(OH)4 dilute %o ~ 200 cc with
wator and digest for several minutes. - :

- P-18-143
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(9) Centrifuge and pour off supn.

(10) Repeat steps 6 through 9.

-~

" (11) Combine the three supernatants from steps 5, 9 and 10. Ivaporate
- combined solutions until ~» 200 cc. volume and transfer to 250
ml cent. bottle. ‘

(12) Add 5 mg La:Z+ carrier and precipitate the La(OH), plus Th(OH)
from any Th ~ remaining by the addition of conc N 4OH. Discar
ppt. , .

(13) Evaporate the supn to ~ 40 cc and repeat step 12.

(14) Add Na _CO, solution to the supn to ppt BaCO, (carries Ra) digest
for several minutes. Centrifuge. o

(15) Dissolve BaC0, ppt in minimum of conc. HC1 (one or two co's pro-
bably enough). '

(16) Place in ice bath. Add double or triple volume of ether and
“ bubble in HCl gas until water and organic layers become miscible
and the B ppts out as the BaClz. Centrifuge.

(17) Dissolve the ppt in minimum of H,0.

(18) Repeat steps 16 and 17 twice (total of 3 BaCl, pptns). Caution:
‘HCl-ether mixtures spatter readily when warmea. :

(19) The BaCl, can be used for a counting or further purification can be
made using a resin column. ' :

Remarks:

i

Usually about 50 gms B£5Th metal can be bombarded at once in the
cyclotron to produce the Ra . Hence the large centrifuge is necessary
for the separation of the original Th(OH)4 pptns and purifications.

The Th(OH), ppt is very bulky-occupying more than half of the tube in
step 4. However, with the Ba  carrier added and the +two reprecipitations
of the thorium it is believed much of the Ra is recovered in the supernates.

The amounts of NH, OH and HNO, used should be calculated rather
closely so as to allow %ittle exceSs, otherwise when the supn's are
evaporated to ns 40 cc (step 13) the solution will be saturated with
NH4NO3 and interfere with the BaCO3 pptns.’ '

. In step 13 some of the yield is lost through the solubility of some of

the BaCO,. This might be recovered by destroying the NH,NO, and
reducing the volume drastically before the carbonate precipitation.

P~18-142
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Originally Ba and Ca were added as holdback carriers in the Th(OH)
ppts. The Ca, however, did not separate as well from the Ba as cxpecteg
in the later parts of the procedurc. -

When working up 50 gms of Th, 10 gms at a time, residues might be
combined and further recovery of Ba lost in the original procedurc might
be made. Also the BaCO3 ppt of step 14 (first 10 gms) can be dissolved in
conc. HNO, and uscd as carricer for the various stops of succceding 10 gm
portions = thus reducing the total amount of Ba in the fimal samplo.

10 grams is about the maximum cmount of thorium practical %o work up
at onc time by this procedure using 250 ml centrifuge bottles.

If carrier frece Ra is nceded, BaCO, can be pptd from the water soln
of the end of step 18. This BaCO, can ge dissolved in acid pH 1-2 and
absorbed on Dowex 50 resin. The gr, Ba & Ra ocan then be cluted in that
order by citratec at pH-7.5-8.0 (Sce E. R. Tompkins AECD-1998). This
column procedure, howcver, has not been included in the runs mde to datec.

8/24/49
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CHEMICAL SEPARATIONS

Element sepafated: Actinium 295 226 Procedure by: Hyde
(Procedure,designed for Ac & A )
Target moterial: Thorium metal Time for sep'n: 24 hours

(Two 25 mil foils 1 1/2" square
bombarded on edge) About 25 grams Th.

Type of bbdt: protons from 184" . Equipment required: beakers,

centrifuge cones, 250 ml
separctory funnel, resin
column,automatic sampler,
pH meter. '

Yicld: ©Not known - c¢stimated 75%

Degree of pur1f10ataon~ Complete scparation from all other clemonts by factor
of at least 107.

Procedure:

(1)

(2)

(6)

(7)

Dissolve thorium in hot conc. dUO Add 1 drop 1 N HF occasionally
to catalyze dissolution.

Evaporqte solution nearly to crystallization. Cool. Transfer to
250 ml pear-shaped separatory funnel. One which has been modified
to provide a side funnel as shown in figure 1 is recommendced.

Add 1-2 volumes penta ether (dibutoxytetracthylenc glycol)*. Stir.
Let settle. Drain agueous layer into original beaker. Drain
pentaether layer inbto bottle for storage.

(4) Return aqueous layer to funnel. Add solid armonium
: nitrate with stirring until solution is saturated.
“Add 2-3 volumes pcntaether. Stir. Drain aqueous into
50 ml centrifuge cone. Drain pentaether layer into
storage bottle, :

(5) Repeat pentacther extraction once again after adding
0.5 ml conc. HNO5 to replace that extracted by solvent.

Aqueous layer in 50 ml centrifuge conc centrifuged to separate last
ccts of pentacther, which are pipetted off.

Add NH,0H to ppt last amounts of thorium as Th(0H),. This serves
to carry the actinium out of the salted solubion., VWash twice with

H20.

* It is quite importont that the solution be cool before the solvent is
added as pentacther is rapidly decomposed by hot nitric acid.

** Pentaether is used to extract the bulk of thc thorlum away. The thorium

scrves as

it and roduccs the aqueous volume greatly. Sy
aided by NH[/,NO5 salting.

its own salting agent in the first pa

‘~:@¢s°thb bulk of



(8)

(9)
(10)

(11)

(12)
(13)

(14)

(15)

page 2(89-1)

Dissolve mixcd hydroxides in minimum smou ml.,
Adjust pH to 1.5 -~~~ 2.5%%x c¢heck . Gt '
1 drop glass clectrode. Add 10 mdf ¢ WLgtire .,

Recheck and if necessary recadjust
Centrifuge. Pipct off benzone layer containing thor ium.

To agqueous add 10 ml fresh TTA. Stir, check pH. 8tir 10-20 minutes.
Centrifuge. Pipet off bengene layer.

To aqueous layer containing actinium, rare carth and other activities
add NH,OH to adjust pH to hetwcen 5.5-7.0%k:,

Add 10 ml TTA-benzenc. Stir. Recheck pH. Contact 20 minutes.

Pipet benzene layer containing actinium and rare carths into clean
50 ml centrifuge conc. Re=-extract activity into 2.5 ml 0.1 ¥ HCl
by 2 minutcs of stirring. -

At this point the only likely impurities arc rarc-carth fission
productse. If thesc do not interfore, this solution may be considered
the final solution. If separation from rare earths is desired tho
following resin scparation is rccommended.

Add o fow mg of ammonium form colloidal dowex 50 resin to the dilute
HCl solution. Tlarm to»,36O°C in water bath for 2-3 minutes. Centri-
fuge.

If assay of supcrnate indicates nearly complcte adsorption on resin,
pinet. the resin on to the top of a short resin column. Elutc wibth
5% citrate solution of pH 3.8 - 4.0. Usc a mechanical sampler to
toke samples cvery 20 minutes.

The rare carth and actinium peoks can not be prcdicted accurately
cnough %o climinatc the necessity of alpha and beta counts to deter-
minc their location. The rare carth fractions comcf off in the
first soamples as indicated by % Cngta counts. The actigigm pcak is
located by thgl%lpha counts of Ac”™"". The clution of Bi and its
associated Po daughter alpha activity in the early fractions
obscurcs the location of the actiningpoak unless samples arc pulsc
anclyzed or unless the 47-minute Bi is allowed to decay beforc
counting.

My experience with o column 6 cm x 2 mm of colloidal resin cluted
with pH 3.9 citrate at a rate of 1 drop per 2.5 minutes was that the
rarc oarth fraction came off within two hours and the actinium
fraction, wcll scparated from the rare carths, started to come off
aftcr 5 hours and was spread over 2-3 hours. Others (Orth & Stroct)
report mueh morc rapid elution under csscontially the same conditions.

%% An cqual volume of TTA-benzene will cxtract thorium ¢ssentinlly completely
from an aqucous solution of pH >1. Actinium cxtraction is O at pH 2.5 or
less, is 10% at pH 4 and riscs sharply to essentially complete cxtraction at
pH 5.5 or greater., Scc Hapgemann AECD 1933.

7/6/49
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{ : CH MICAL SZPARATIONS
Element sefarated: Actinium Procedurc by: Meinke
Parent material: Tracer Pa230 - Time for sep!n: .3-4 hrs.
Milking experiment Equipment required:

3tandard, centrifuge
Yield: ~ 40%
Degree of purification: Factor of at least 107 from Pa, U and Th.

Adventages: Can separate very smll amounts of Ac from large amoun§§60f

Pa7 U and Th activi In one experiment separated 500 d/m Ac from
gotal d/m of Pa and about equivalent amounts of U and 30 minute
Th : ;
Procedure:
230 . . . ,
Pa in G_ELHNOS after DIPK extractions (procedure 91-1)

(1) Take 10 cc of Pa sqlh and add 1/4 mg La™*" and 5 mg ce™* carriers.
(2) Add 10 drops of conc HF to ppt the fluorides. Contrifuge.

(3) Hetathesize ppt to lLa and Ce hydroxides by adding several ml of
conc KOH soln. Centrifuge out the hydroxides and wash once w1th
5 ml alkaline water.

(4) Dissolve ppt in few drops 6 N HC1 and dilute to 5 cc.

(5) Add 1/4 mg 2r™ carrier and HePO, to make 3 N PO4"5.
Steps 2 through 5 are repeated albternately or consecutively until

the desired degree of purification is obtained. For the purifications
noted above, 10 fluoride pptns and 9 phosphate pptns were made.

After the 10th fluoride ppt had been metathesized to the hydrox1de,
the following procedure was used:

Discard ppt.

(6) DlSSOlVG hydrox1de ppt in 10 M HNO,, make .0l M Fe T+t and oxidize

ce™ " o ce*t +++1ith solid sodium Bismuthate (Warm to speed up
reaction.) (Ce = will now carry on the ZrS(PO ) ppt.)

(7) Repeat step (5).

(8) Repeat (2) and (3). °

(9) Disselwve. ppt in few drops 6 E'HCl, dilute to known volume and
plate aliguot for counting.

P=18-138
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R ‘

emorks : _ sz
The fluoride cycles decontaminate primarily from—~Saemd T ’
from Th. If further purification is required include more cycles in
procedure.

Only one milking can be made from a given batch of Pa by this procedure
since it is difficult to again get the Pa into an extractable form
once fluoride ion has been added.

It has been found that the LaCl, solution mokes o more adherent and
thinner plate than the LaF, ppt: The amount of La**" carrior used
in step (1) should be determined by the amount of bulk that can bo
tolernted on the final plate.

8/9/49
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CHEMICAL SEPARATIONS

Element separated: ' Thorium - Procedure by: Meinke
Target material: Tracer Pa scpanated from Time for sep'n: Several hours.

60" bbdt of ionium.

Type of bbdt: (Milking oxpt.) _ | Equipment required: Stirrers

and TTA

Yield: As high as 50% possiblo.

Degree gf purification: Decontaminate from 107 c/h Pa, 106 c/m U and
10° ¢/m Ac. _

Advantages: Gives carrier-free Th, a thin platbe for pulse analysis and
good purification although not speed.

Procedure:

(1)

(2)

(3)
(4)

' (5)
(6)

(7)

Remarks:

8/24/49
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Nitric acid uscd throughout. Make sample 6 N acid and TTA
extract (with .4M TTA in bonzene) 5 times with double volume
of TTA -~ stirring 5 minutes for cach extraction. (Removes Pa
into TTA ~ 70% or morc per pass).

Evaporate to dryness (wash twice with water and teke these
washings also to dryness) and take up in acid pH 1.0. TTA
extract with equal volume (.25M TTA in benzene) stirring 15
minutes. (Th into TTA but not U or Ac.)

Repeat TIA extn of (2) with fresh TTA and combine the extins.

Wash TTA with equal volume of pH 1.0 soln for 15 min. (U con~-
tamination into acid.)

Viesh TTA with 6 N acid (equal volume) and stir 15 min. (Th into
acid).

Repeat parts (2), (3), and (4). (Repeat wash as in (4) if
necessary for further U purification.)

Plate out the .25 M TTA on Pt plates and flame.

See curves of Hagemann for % extn into TTA vs pH for Th and Ac.

At pH of 1 Th should go into the TTA almost completely but U should
only go in less than 10% -- perhaps as little as 2%. Ac will not
go into TTA until about pH 3 or so and of course Pa goes in up to
about 6 or 8N acid. :

PH conditions for separating Th from U by TTA extns are quite
criticall

Equivalent and molecular weight of TTA is 222 gms .



RESTRICTED
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CHEMICAL SEPARALTIONS
Element separated: UXl‘(Thofium) Proccedure by: D. B. Stewart
Target material: UOZ(NOS) .SHZO in which Time for sep'n: 24 hrs.

UXl has come to cquilibrium

Equipment requircd: 40 ml
centrifuge conc

Yield: 50,000 - 10,000 ¢/m from 20 g UNH.
Degree of purification: factor of ¢~ 10° from U.

Advantages: Good yicld with small amount of inert carrier (Very voluminous
insoluble prccipitate) (Uranium does not precipitate at all)

i

Proccduro:

(1) Dissolve 20 g UO (NOS) .8H,0 in 20- 30 ml 0.01 N HNO, in a 40 ml
centrifuge cone qnd warm sélution to about 80° T in®a hot wator
bath. 4add 0.5 mg - 1 mg Zr carrier as nitrate.

(2) Add 5 ml of 2 saturated solution of me-nitrobenzoic acid in water
and continuc warming for about 1 hr. Lot stand overnight.

(3) Centrifuge, decant supernataent, and wash 2Zr(C H, NO COO) twice with

0.01 N HNO3 + m-Nitrobenzoic acid.

Remarks :

Saturated solution of menitrobenzoic acid mﬂdc up by dissolving 400
mg. of the material in 100 ml HZO' Heat to 80°C. Allow to stahd sovoral
hours & filter to rcmove cxcess and impuritics.

7/28/49
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CHEMICAL SEPARAT IONS

Element separated: Thorium | Proccdurc by: Mcinke

Parent material: Tracer Pa and daughters Time for sep'n: ~/ 3/4 hr.
(both a & X)

Milking cxperiment Equipment required: standard

Yield: Only ~s 40-50% Th per cycle

Degroc of purification: 2-3% Ac carriod por cycle - othor ¢lements docon-

tominated by factor of at least 100,

Advantages: Good proccdurc if Th present in ~ same amount as other
aot1v1tlcs.

Procodurec:
Pa daughtors in 6 N HC1 after milking from Pa in TTA (91-1).

(1) To ~10 cc daughter soln add 1/?-1 mg Zr+4 carricr and cno ngh
H,PO, to make ns 4 M in PO4~. Contrifuge ppt (earries h*™*)

(2) Add to the ppt 3 mg La'' carricr and dilute with 1 N HCl. Add
HF digest and ccentrifuge.

(3) Mctathosizo the fluoride ppt +o hydroxlde by adding conc KOH.
Contrifuge. Vlash onoce with alkaline water.

- (4) Dissolve in HCl and rcpeat steps 1-3 rcducing amount of La carrier.
(5) Platec as the LaCl, soln, flome and count.
Remarks:

Zr (PO ppt quitc specific for carrying ™** from other olemonts
in the4heavy region., Yicld lost in the LaFS-La(OH)5 pptns.

Do not use this proccdurc. if more purification nocded than given by
2 cyclos sincc the Th ¥ield will bo very low.

I1aCl, soln when cvaporated sticks to Pt plates much betitor than the
ppts encountercd in this nrocedure.

8/12/49
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Solution of Thorium Metal and Thorium Dioxide

. —— . .

Thorium metal can be dissolved rapidly in conc EC1l but a considerable
amount of black insoluble residue is fommed in the process. If a few drops
of (NH,),SiF, solution (enough to make ~ 0.4 M) arc added to the HC1 before
solution is started the black residuc is dissolved, leaving only a small
residue of thorium oxide (<1%) in the clear solution.

Thorium metal can be dissolved in conc. HNO, with the addition of
(NH,),SiF, (or HF) to .O% 1I. The metal becomes passive to <t _solution

from imeSto time requiring further additions of acid and SiFS';

If the excoss HNO, is evaporated’off carc should be taken not to allow
the solution %o go completely to dryness or difficultlysoluble ThOz will
be formed. '

If it is desired to dissolve ThO,, tho HNO,- (NH4)2's1F solution should
be used and the mixture heated with s%irring for sevéral hours. Thoz when
first formed is much more soluble than after prolonged heating.

Note: A bombardment of 50 mg 13% ionium (Thzso) in thorium (Thzsz_) mixture
in the dioxide form should be mentioned here. The hydroxide was pptd and
heated in a Pt crucible until only the dioxide rcmained ’if is dioxide was
then packed into a Pt "boat" 1" x 1/2" x .085" and wet/a few drops of
sodium silicate soln. The nmixture was then dried under a heat lamp, more
silicate added and again dried. The boat was then flamed over a Fisher
burner.

It was found that a tﬁrget prepared this way could withstand considerable
mechanical shock and also the high target temperature produccd by the 60"
cyclotron deutoron beam without bresking the silica crust.

It was also found that the target material could be rather easily
scraped out of the boat and mostly dissclved in 5 or 6 hours -- after several

additions of HNOSeSiFe— soln.

Newton, Hyde, Meinke

8/15/49
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CHEMICAL SEPARATTO

Element separated: Protactinium Procedure by: leinke
Target material: ~4 10 gms Th metal Time for sep'n: 1 1/2-2 hrs.
Time of bbdt: 60" D' bbdt and 184" " Equipment required: Centri-

bbdt all particles fuge Kjeldahl flasks,
: : dry ice and stirrers.

Yield: Roughly 10% through entirc chemistry

Degroee gf purification: Separate from all elements by a factor of at least
10°, For further purification from Cb and Zr do more DIPK washes.

Advantages: Gives carrier-free Pa on weightless plates for pulse analysis
and counting. Purification can bc made more extensive by repeating
individual steps,

Procedure:

(1) Nitric acid used except where indicated otherwise. Dissolve Th
metal in conc. HNO, ~ Ol M in (NH )fSiF soln (25 cc acid and

3 or 4 drops of l/g g&ﬁiFsahéoln us&a ly gufficient to dissolve
10 gms Th.)

(2) Dilute o~ 4 N acid and Th** con. less than 0.65 M (Greater cecn.
of Th salt interfers with pptn.) -

(3) Add %o 40 cc Th(NOS) soln in 4 N HNO, an oxcess of Mn(l\ros)z;
(1/2 cc of 50% solf Sufficient.) |

(4) Add 1.5 cc N0, soln (40 mg/cc). (Pa carricd quantitatively
on 1.5 gm/liter Mn0, ppt.)

(5) Digest over water bath, centrifupe and pour off supn.

(6) To ppt. 2dd few drops of 4 ¥ acid and dissolve in a few drops of

sat., soln of NHZOH-HCl.

(7) Dilute to rcquired volume and rcpeat pptns. threec times,reducing
volume ecach time. F inal volumec is a few cc's,

(8) Make soln 6 IJ HNO, or HCl. Extract with 2-3 times volume of di-
isopropyl ketone {DIPK) shaking together for 1/2 min. in Kjeldahl
flasks and scparating phases by freezing aqueous layer with dry
ice = pectono mixturc. (Pa into DIPK ~» 60% yicld/pass).

(9) Wash DIPK layoer with 3 washs of an equal volume of soln 1 N HNO
and 3 ENHANO3 in successive flasks.

(10) Pa thén washed into 2 successive portions of .1 E'HNOS.

P.18-259
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(11) DIPK extn repeated once and .1 N solns combined and made 6 N ENO, .

(12) Equal volume of TTA (.4 M in benzone) stirred for 5 min. with
. the 6 N acid - (Pa into TTA.)

(13) Organic layer washed once with equal volume 6 N HNO, «
(14) The Benzeno-ITA plated out on platinum.

Remarks: The am!t of F introduced by the .01 M (NH ) SiF, is not enough
to complex an appreciable amount of the Pa. Traces o? Pa 2oppt
with good yield from 1 -~ 5 N HNO, soln less than .65 M Th*® on 1.5
* gm/liter MnO, with good separatidn from moecro am't of Th. A concentra-
tion factor of at least 10 can be obtmined by these pptn cycles.

Any Th and fission product that oxtract into DIPK are washed out in
the acid~salt washes. 0.1 N HNO, used %o wash Pa out of DIPK kecps
Pa from hydrolyzing to the colloid state.

The Pa must never get very near a neutral pH or it will go into the
non-extractable colloid.

TTA scparates Pa from all elements formed in bbdt except Zr, Cb, and
Hf. DIPK extracts only Pa and U at theso cens. MaQ, carries Pa,
Zr, Cb and meybe some others, but does eliminate things like I which
might solvent extract through the other chemical procedures. =

8/24/49
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CHE:{ICAL SEPARATIONS

Element separated: Protactinium Procedure by: leinks

Target material: Th(N03)4 or thorium metal Time for sen'n: 2 minute
minimum average 15 min.
with metal

Type of bbdt: 60" & 184" - all particles Equipment regquired: stirrer
Yield: 40-80%

Degree of purificatic... Factor of at least 100 from all elements present
except 2r, Cb, Hf. : .

Adventages: Fast, weightless plate & Pa, good for alpha pulse analysis.
Zr & Cb fission products ‘coming through procedure make Geiger counting

of Pa impossiblé without more chemistry.

Procedure:
(1) Dissolve Th metal in conc. HNO, sm.0f I in (NH ) SiF_. soln. (25 cc.
acid and 3 or 4 drops of 1/5 M’SiF_. sol'n suff 1c1eng to dissolve
10 gms Th.) Th(NOS) can be dissolved directly in 4 I HNO.
(2) Dilute to \~ 4 N acid.

(3) Add equal volume of TTA (.4 I in benzene) and stir for 5 minutes.
(Pa, Zr, Cb into organic layer).

(4) If want somewhat better durification wash TTA layer with equal
volume of 4 N HNOS. (*y lose up to half Pa yield in this wash.)

(6) Plate out benzene-TTA layer on platinum.

Remarks: TTA separates Pa fromall elements formed in bbdt except Zr, Ch, & Hf.
This method used for excitation function work where as many @s
16 foils are worked up simultanecusly. Identical amounts of reagents are

added and each sample subjected to the same procedure, giving approximately
equal chemical yields for each foil (to within 5 or 10%).
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CHEMICAL SEPARATIONS

Element separated: Protaotinium (~v2 mg) Procedure by: Crane

Removal of macro amounts of Pa from rare Time for sep'n: Several days
earths, Mn, Zr, iron

Yield: v 80% Equipment required: anion
exchange. resin, beakers,
hot plate, centrifuge

Advantages: Takes Pa out of colloidal state
Procedure:

(1) Add ten times as much zr*t as you have Pa (~ 20 mg of Zr+4) moke
3 M in HF and allow to stand for several hours. Theh add excess
Ba¥2 ion; Po carries on the BaZrF, ppt.

(2) Check floride, solution for Pa activity. If carrying not complete
add 10 mg 2r ~ and digest at low temperature for a few hours.

(3) Combine BaZrF, + Pa ppts and dissolve in conc. HNO3 + boric acid.

6
(4) Dilute and precipitate Zr + Pa as hydroxide with KOH.

(5) Redissolve ppt in conc. HCl. Boil this solution for a few hours
then make HC1 8 If ang absorb on anion exchange resin (Dow A-1
used in 20 om x 1 cm” column; flow rate ~ 1 drop/min). Wash resin
with 8 M HC1. ‘ ’

(6) Elute with 4 M HCl. Pa will come off in ~15 column volumns .
(Uranium requires ~» 45 column volumns).

Alternate step for S&):If desired and solution of Pa does no%
contain too much Zr ~ and other floride complex ions the Pa
solution may be absor, %ﬁl directly on the resin from 2 3 M HF soln,
washed with cone 1101/&; uted with 4 1 HCL.

(7) Final solutions of HCl are then concentrated,made 6 M HC1 and
Po extracted into equal volume diisopropyl ketone .

(8) The Pa is taken back into . +1 volume 0.1 M HNO, solution and
: mide 4 M in HCl to keep Pa from forming colloids

8/17/49
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CHEMICAL SEPARATIONS

Element separated: Uranium Procedure by: Crane

Target material: v~20 gr of Th metal Time for sep'n: Several hrs.

' /
Type of bbdt: 184" bbdt . Equipment required: Centri-

fuge, Kjeldahl flasks,
dry ice and stirrers.

Yield: w~ 90%

Degree of purification: Segarate all elements in Th fission by
factor greater than 10~ .

Advantagest Gives carrier free Uranium.

Procedure:

(1) Nitric acid used except where indicated otherwise. Dissolve
Th metal in conc. HNO, & w~ .0% M in (NH;) SiF6 (50 cc acid
and w6 drops 1/5 M SiF, « Solution usual%y sufficient to
dissolve 20 gram Th metal),

(2) Evaporate to near dryness & redissolve in 1 I HNO, and

saturate with NZ%NOS.

(3) Ether extract uranium using 3 separate portions of ether

and combining; wash twice with .1 M HI\IO5 +10 M NH4N03.

(4) Extract uranium back into water solution. Add La**" carrier
» 1 mg/ce solution

(5) ppt hydroxide with NH,OH. (carries uranium)

(6) Dissolve in 6 M HNO, and add zr*e scavenger (v~ 1 mg/ce),
dilute to 3 N acid.
(7) Add iodic acid to ppt ZrO(I03)2 to scavenge solution.

(8) Remove supernatent ' and ppt Ia+3 as hydroxide.

(9) Dissolve in 1 M HNO,. Saturate with NH N03 and ether
extract using 3 separate portions of etﬁer and combining.

(10) Wash twice with .1 M HNO, + 10 M NHAI\IO3 and re-extract
~uranium into water. -

Remarks: Use one part ether, two parts salt solution in extraction.

Wash with equal volume salt solution.
Re~extract into half volume water.

In step 7 do not add excess icdic acid or La will also be
pptd. Add just enough to ppt the Zr as ZrO(IOS)z, otherwise
much yield will be lost. For ether extraction of uranium see:
b. 8. Wewton, Phys. Rev. 75 209 (1949).
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