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This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.
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ABSTRACT

Plutonium is now being purified on a routiro bssie by the
following scheme: 1) oxidation to PuOp’ *, 2) tws NePrOpAc3 preci-
pitations, 3) two ether extractions of PuOg(EO;)g (tre second extraction !
in the absence of selting-out agents), L) reduction tc Pu*h. The aversge
yield through this procedure hag been 86 per cemt, The piurity cf the final
piroduct is very satisfactory for present requirements (1 goam metal reduc-
tion) end is surprisingly close to tolerance requirements censidering thet .
no precsutions have been taken (i.e.. ordirary C.P. reagents and pyroex

containers are used and solutions ars lelt exposed to the air ciring and

after purification).
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PURIFICATION OF PLUTONIUM

Twe months ago while locoking for a methed to purify the product
from X 80 it would be suitable for metal reduction, we performed tho

following éxperiment on 10 mg of Pu.

1) 10 mg Pu oxidized to Pu0g* with MagCrp07 im HNO3 at 85° ¢
(sealed in 1 ml cone during oxidation). .

2) DNaPuOpAcz precipitated with NaAc-3HoO and NefG; and washad with
Na*, Ac", Hic solution.

3) NaPuOphcy dissolved in HNOz and evaporated to ~10 ul.

(NaNOs and Puoa(NO3)2°xHEO crystallized out on cooling.)

L4) ~100 ul. diethyl ether sdded, the ether frozen im ligquid #,,
the cone sealed, warmed to room itomperature and shaken.
PuOg(N05)2 dissolved to give reddish brown «thor solution.

5) The solution centrifuged to the bottom of the come, the ether
frozen in liguid N5, the cone opened, and after melting the
sther solution, theo Naﬁ0§ separated from the ether soiutisn by
cantrifoging through a frithed funnel into another 1 ml cone.
The :EaN03 wag washed several times with ether.

6) 1 ut Hy0 added to the ether solution, the sclution frozem, the
top of the cone pulled into a capillary and sesled. The cone
vias warmed to room temperature, shaken and centrifuged to thse
capillery end of the cone {the capillary beiné supported in a

C.5 ml cone ~ see Fig. 1), The H,0 phuse in the tip of the
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capillary was frozen in a CUj-acetone mixture end the ethsr
solution gently centrifuged eway from the solid weter phase.
7) Tip containing Hy0 phase broken off and step (6) repemted.
8) Ho0 added to ether and ether evaporated (reddish brown water
solution of PuOg(HO5)2)o
2) HHO3 and HI added to Puog(N03)2 solution, heated to oxidize
HI to I, and to eublime I,. Resulting solution Pu(NOB)h in
HND;, colled lot 5 (see Table II for purity) /
Encouraged by the resulte of the above runm, we devised technioues

“o purily Pu on the 1 gram scale. The method is described on the followiag
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PEOCEDURE #OR PURIFIING Tk GEap OF RLUTONIUH

Pu(uvz)u soln. in HNO3
in 40 mil grad. cone

+6.25ml 0.5 M Na Cr 0,

+ HNO}

DNil. to 20.9 ml

Place 30 wnl beaker over cone
feat at 85% C for ~10 hrs

Dil to 20,9 m)

Composition of soln.

Pu02++ = 0.2 ¢
HNO§ 2.0 %

- ) N7’ )
Cr?07 = 0.0d) i i
cr™d = 0.1%33 M
nat = 0.3%

+11.6 g NaAc “3HoD
Stir

Cent.

Wash twice 25 ml S M Nt

0.2 M Ac™,; 0-35 M HAc

Superngtant + .ashes

[_r_z_-l

Comp. of $.N. {vol. = ~26 ml)

vt = 3L ¥
Ac™ = 1.2 M
Hic = 1.6 M

N&PuOEAc5 ppi-

+10.9 m2 5 V¥ HNO3

Dil. %0 20.9 ml

Comp. of soln.

Puostt. 0.2 K :
HNOS s 200 M “
NS-* = 002 N |
HAc < 006 ] ‘l
Stir
Cent..

Wash once 25 ml S5 N Ha't,
0.2 ¥ Ac™, 0.55 M HAc

-.5.,—_-,

L&

Supernatani 4 vmshes

[R -1 w e

Comp. of S, M. (vol., = 20 mlp ¢

Nﬂ.+ = }°5 M ooc: «
Ac” = 1.2 % e .
Hdc = 2.1 M . % .

-

NaPuOphc 5 ppt-

+2.5ml 5N HNO3
Traasfer solnr. to excraction cu

Evap., ta ~1.3 ml

A9 IPAURA e

=y

3SV3A134 O I19Nd d04 d3aNOdddVY



PROCEDURE FOR PORIFYING ONE GRAM OF PLUTONIU% (cout.)

P '1925130522’-%}120 and }132103 in
extradtlion cup

Fatract with ether in micro
soxhlet extractor ~1.5 hrs
at ~2 min/eycle
{Flask filled with 3 ml

H,0 and 15 ml ether.)

*{JF0HddV

dASV3 13 O, b JdNel =04

.,.Q:J,HISS'VUN”

Vater phasoe NaNJz and
unextracted Puls( N05)2

Bther phase

Ether e¢vap. from flask
leaving Ho0 soln. of

Pu02( N03)2.
Trans. to extraction cup
Evep. to ~1.0 ml

Extract with ether in
micro soxhlet extractor
1.5 hrs at
2 minfeycle.

Water phase
Unextractsd PuDQ(N03)2

R=3

Ether phase

Ether evap. from {lack
Trans. to 4O ml cone
+2mx S5 N HNO;
+7ml 6 N HT

+3ml SN HXiOS

Heat (to oxid. oxcess
I” to 1Ip)

Cent.

Trans. S.N. soln to
another 40O ml cone

fiash 12 three times
~3 ml H20

5 R,
*

SN, + wu.shf.a..g ‘
Heats to elimicgte

dissglved J ¢ ¢

.:.E i

Final Product * .

Pu(NOz), in Hd; o

-

-

&

1, ppt. J

o PP <

”»

Beat to sublime Ia
g -

Dissolve residue ’u
HNO5 )

L
Rel

ASV31=3d O I'1dNd d04 d3N0HddV
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Vac.

/\————-— ! m/ core

ePer phase

0.5 1/ core

20 phase

Fig.
/o mgqg. ether extraction

Flg. 4 )
“pparalus To Transter Solu’iors 1o
4o m] core

A ’ .

Fig. 2
Apparatus Fo withoraw superratant
ornd woshes From NoluOz&c3.

Furirnel
THurnble

Ag. PuCe(A/Os)z solution

L J

g 3
Appaoratus 1o Transfer Pula(NOsz)s
solutiory #o extractior fFurmble..

Flask

e ——— — e )

187 ether
S8l 20

Fig. 5
£theyr ex Jrac for

« {Arsigred by, W Kernnscly)
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Table I

YIFLD DATA ON FOUR RUNS

# . Praction Lot 7 lot 9 Lot 12 Lo% 1).:
Original 60 mg 1300 mg 2160 ng 1460 ©
Amount, & . ng
% R-1 S.ii. + washes 0.8% 0.8% 5.8% 1.3%, ¢
in R=2 Ag. phese lst ether 1.1 2,3 L.6 i 3,78
extraction E esee
Residues .
R=3 Aq. phase 2nd ether 3.2 9.3 L.5 13.2 eees
extraction coce
R:s).; 12 residue 0.9 Ooh 2.1 0.5¢ *o2
Yield Finel product 9L.0 87.2 83.0 81.3

* NaBrOg used for oxidising ngent {see discuasion p. 19 for procedure).

3ASV3T3d O 1'19Nd d04 d3aNodddv
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Table IT

SPECTROGRAPHIC ANALYSIS FOR IMPURITIES IH FINAL PRODUCT

flement | Tolerence Lot 5 Lot 7 Lot 9 | Lot 12% ! ot 1° [ U Stend=in (HI red. omitted)
After ops Final
other oxt, Product
Li 1.2 <15 T 5 <.l < 0,5 0.5
Be 0.96 <10 10 <20 <0,5 b 1 ¥ 50%
B c.22 1 0.5
" Na 52 . <160 T 25 20% 1%
> Mg 6 <100 20 <200 6 50 15,‘: 7%,
T Al 11 < 500 120 <2000 <l < < 2 <2%
L si 50 500 8
§ooo e o P £550 . + * - 50
Heve 2w ca 2000 100 <80 200 1100 200 20 5 *
sveoe L ecee Cr < 1000 =200 557" 20
§' . Mn + <1 <1 ‘F. o'
It Fe L4000 <200 <2000 | <1000 < 200 <57 °
80" ° Ni <5 < 'oo:""
us] Ha Cu t+ + + <20 egee
LY segee r <1000 <2000 < 2000 < 200 1000 .
o * ° Mo 15000 <5 <210 eoee
%.o..i :::: : Ag 0r2 Oeh....
cd 0,2 0.2 ° 3
@ .Yn < ] < 1 o‘oo ..~
(@)) sn 4 + 4 < 5 oo
m a <1000 < 2000 <2000 < 1000 <1000
Ce <5000 «< 10000 <10000 | <2000 <4000
[ g Au ®0.2 0.2
= Pb 1 <3
> Bi <1000 = 20007 <2000 { « 10001 21000
— Th 25000 20007* | =10000 | 20007
: @ 1ots 12 and 14 oxidized by NaBrO; and the final P“(mi)l; solution converted to PuCl, soln by two
™ hydroxide pracipitations.
w—— * poasible 49 intertorence
2 1 Element known to be pressnt befove puriiicatiox.
rve ¥ Blement added before purification {1} as mmch impurity as U).
< '

= Q=

PFY IRy Y I LY. r.}

ASV3aT3d O 1'19Nd d04 d3INOdddV
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Discussion

The purity of tho product from the procedure dsscribed is qui%e
satisfactory for our present requirements {plutonium pure erough for 1 gram
metal reduction experiments), and the basic chemistry (NePuOpicy precipita=
tiona and ether extractions) looks promising for purification to tolerance
iimits,

The 1L per cent of the product that does not follow through the
schems is not lost since all but R-l (NaPu02A05 supernatents and washes )
can oe thrown directly into the next batch and reworksad.  R-1 requires a
hydroxide precipitation beofre reworking.

The techniques described are not wheolly satisfactory. The worst
objection to them is that they allow the room in which the work is dome to
bacome conteminated, and this is a health hazard., Solutlons are also lgft
exposed to the air (mainly during eveporations and during the HI rsduction)
which resulte in the introduction of impuritics during and after the purifi-
cndion,

fmprovenents whioh have been or are being made in the procedure are
" dsmeribed bslow,

1 Hasr05 has been substituted for Na20r207 as an oxidizing agert.
Ha20r207 geve trouble by precipitatiag Th, Zr, etc. chromates
upon &ddition of the NeAc. The conditions before oxidation

on the 1 gram soale are; 0.2 M NaBrO,, 1 N HNO,, snd 0.2 M Puth.

39

After oxidation at 85° ¢ (which we know to be complete in four

hours) 1.9 g HaN05 and 9.0 g NeAc°3H50 are added. Thils gives

2 UNCLASSIFIED
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30 €02 00 00O 300 O
3 =e, L. c s o
L 4 [ ] oe [ J o0 e 9
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o supernatant of the following composition: 3. 1 e, 1.0 M AcT,

1.1 ¥ HAc, ‘

Electrolytic reduction of PuOy** to Puth will be cubstiiuted for the

HI reduction, The HI reduction is messy and probably substantially con-
tributes to room contamination and contesmination of the product with
impurities boeceuse of the bubbling and exposure to air during the HNO;
oxidation of the HI. The electrolytic reduction hes not been applied to
the 1 gram seale. However, 50 g of 0.16 M Puogd™t in 1 K H@NOy bas been
ruccesafully reduced in about one hour using Pt electredes, 1.6 volts
coross the cell, and o current of 20 millismperes. Successful reduction
w26 determined by the color change and the absence of Pud, (failure %o
precipitetes N&Pu02&o5 upon addition cf NaAc°5H20 = had 21l the Pu been
FuQs  » 92.5 per cent would have precipitated).

Technicues ere heing rovised, svbatituiing filtering for centrifugirg
using larger extractors amd in peneral keeping eolutions covered =zt all
times and minimising trsneafers. The new apparatus and techaiques have

not been thoroughly tested so are not reported here.
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