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UNCLASSIFIED

ABSTRACT

On prolonged heeting in dilute nitric acid (0.5M to 6.8M) a consider-.
able amount of Pu*h 1s oxidized to Pu46; Precipitation of the plus three
plutonium oxnlate is complete in fifteen minutes. Oxidation of Pu4u to

%S by bromine is quantitative at 105°C after 1/2 houry at 50°C the rate

B33
of oxidation is slow, but measurable. At room temperature the rate is tog
slow to measure. A method of counverting PuCl3 to Pu(NO5)h is given., A
solubility of NaPanAc3 increases with temperature, the vaiue at 25°C being

1.5 g/k acd that at 95°C, 37.5 g/l » Supersaturation was observed on slow

cooling of a saturated solution.
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SOME OBSERVATIONS ON THE BASIC CH4ISTRY OF PLUTONIUN

.A‘_I ~
OAIDATION OF Pu ™ TO Pu.ﬁ6 BY NITRIC ACID

In order to determine the oxidation state of plutonium in stock
solutiorn ard in solution which had stood for 22 hours at 90°C in various
soncentrations of nitric acid, two methods were used: The first consisted
ol & rough determination of the solubility of the hydroxides the results
vbtuined vhrough use of this method ure presented in the fourth column
e ¥able 1. The second method involved the precipitation of any Pu46 as
%aPuOEAeaa

In the second method the supernatent was removed and the precipitate
vas washed twice apnd dissolved in a knovm volume of nitric acid. 4 cut of
the dizsolved precipitate was taken and acsayed. The HaPqu&c5 wes then
reprecipitated and a cut of the superunatant was tekern and assayed. The
amount of ¥} in the final precipitate, as determined by the difference of
6

these two assays, was taken as the amwount of Pu = in the original solution.

The conditions for the N:\PuOE‘Ac5 precipitaticons throughout were:
HAo = Ac™ = a1 %

e’ > 3 M

iThe rosults are shown in Table I. -
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Tabie I
PR , . S RO LS A b S e oo R Kbt o
Concentration | Initial congen= Hydroxide %lotal ™u npt
HNO tretion Puh Treatment solubility NaPuognc
5 ‘mesL 2
1-5M C.08 N None , 11 2
Os M c.08 M 22 urs. 90°C 276 33
1.5 0.08 M " 22,5 8
6.6 M 0.17T ¥ " 111 o9
1300 ) 0.08 " 8.8 none ®

* Feilure to obtain e procipitate may he due to tﬁe low concentraticn of Pu
during the attempted precipitation. Dilution was nacessary to obtain the
conditions of preoipitaticn.

In order te show more conclusively that the Pu in fhe acetate pre-
ﬂipiﬁatioﬂs was in the Pu¢6 state, ether extrections were tried on two pre-
eipitates obtained after treatment as above ir 1.6M HNOEn In the first
attempt 17:L4% of origipal Pu was extracted by ether, in the second, 8.4%

was extracted.

RATE OF Pu'? OXALATE PRECIF IPATION

In order to determine roughly the rate of the Pu*? oxalate preoipi-
tetion, four tubes were prepared, each containing about 1 mg Pu*h‘ Sufficient
XY 8oiution was added to reduce all Puch o Puéi and te give an excess such
what; I%/i“ = 1/3: About one hour vas allowad for the reduction. At the end
of The reduction period oxalic acid was added, and the oxalete was precipi-

subod. The precipitatss were stirred for various times, after which they

e centiiluzed- A out of tho supernatant was taken and assayed to deternine
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the solubility of the precipitate. Conditione of supernatant were

imo, = 75 M

/ 5. The resuits vere as follows:
lﬁa"a"u = .25 m{

able II .
Time ellowed after Solubility
oxaiioc acld addition Pu?? gxalate
1. | 5 min | 10.6 ng/ 2
2. 15 min 18.4 mg/ %
3. 60 min 23.5 mg/ 2.
( L 7 hours 38.8 mg/ x

The solubility product as determined {rom sn average of 2 end 3,
since the concentrations in these two wesre most accurately known, is 53 x 10° -5

OXIDATION OF Pu™ T0 Pu*® BY BROMINE

An excese of liquid bromine was added to tubes contmining about

!

1 omg Pu ™ in 1.54 HHOSJ The tubes wero sealed and placed at various tempera-
tures Yor various times. After the oxidation period the ezcess Br, was
Tesoved, and HE KI&O3 solutions woere added ir order to precipitate Puéh as
EaPuFe. 127 ves added to carry traces of Puqh if almost complete oxidation
had ocourrade

Conditions in supernatant wore:

+

H =~.8 M
LA
HF = 2.7

A cut of the supseroatant was taken and assaved giving the amount
vi” o oxidized by Braﬁ In some casea the supernatant vms removed und the

precipiiebe washed, dissolved and asgsaved giving a somewhat wore accurate
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Fablo I11-

Control, Temperature and Timo of Oxidation Period
no oxidae ~
tion breat-) 25°¢C 50°C 105°¢C
nent ' .
= . 2 h ¥ 4 hr} 2 hrs {4 hrs
‘? { 2hel 2 hry 2hrs] L hrs {2 br {1 hrj 2 hrs Lhrsid hr |l
APu in sue | 1% ag |az |ag | < |-woprg (205 | by | P9 | 9% 1972
perngtant 9%3% | 924 § 1207« | 80%
(Pu™) 120%»
ZPu in ppt B
* (m“h‘))P oo ien seud-Not determifedee—~-tee~-st wecadoomaan B 2.-% |2.00 ) 2.6¢ |2-%%
t

% Tho presence of percentages avove one hundred is indicative of the inaccuracy of the assays
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Some difficulty was enoountered in the subsecguent use of bromine as
en oxidant after one hydroxide precipitation awey from 1N B580), solutica. A&
tast vas made to determine the effect of sulfate ion on the oxidation after
one anpd after two hydroxide precipitetions. After a period of oxidatioun of

four hours at $09C, the percentage oxidized was determined as before.

Table IV.
After one After two
hydroxide ppt. hydroxide ppta.
7 Pu in superanatant .
{oxidized) T % 2 %
% Pu in ppt. (not
oxidized) 85 % - na%

L]

ATTEMPT TO CONVERT PuCl,} ¢ #u(ﬁ%)h

The F’u(OH)3 was precipiteted, wushcd und disso:ved in a mixture of
H&ioZs and ‘BP.SOI.; 50 that the fiuel solution was 2N in each acid. The solution
van hoated on a steam buth for wbout 30 minutes In order to oxidize Pu3 to
Pu"’}“.- After oxidation the nydroxide was precipitated, washed, dissolved in
PR 3@05 and reprecipituted. The insoluble residue left after the second
precipitation was dissolved in hot concentrated HE'.‘()E’9 assayed, end found
Lo contain L.B% of the original material. 95% of the material which went into
sointron precipitated es KaPuF6 shov.ving thaet it was in the Pu"'}"' stete. Less
than 1% was found in the supernatant after this precipitation. In a subsequent

use of this method 2.3% of matericl vas lost in am insoluble residue,
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SOLUBILITY OF NaPquAc3 AT VARIOUS TiMPERATURES

Three washed end dryed NaPanAc5 procipitates, emch containiny -.u
¢f Pu, were prepared from stock solution which had been oxidized witn narru,
Fifty microliters of water yms added to the first tube, after which it w3
placed on a steam bath. Water was added at 1S5minute intervuls, ac firav i
25-microliter portions and later in 10-microliter portions. Ihen the'pres
eipitate just went inte solution the tube was removed, cooled, ana the wvoiuns
marked. later the tube was callibrated to this merk, and the volume oi' solwii-:
a8 found to be 200 microliters. After romoval from the steam bath the tube
vy placed in dry ice and cooled to 5°C, ﬁhera it wes leflt for 2 hovurs while
whe Ea?u02A03 settled out: The superuationt was removed as compistely as
possible without wmshing. The precipitate wvas dissolved in nitric acid
snd both precipitate and supernatant were assayed-

A Ynown volume of vater was added to eech of the other twe tubes,
alter which they were left standing overnight - one at 25°C, the other at
55°0. The undissolved precipitate settled out, and the solubility was deter-

mined by assaying & cut from the supernatant. Results were as ollows:

“Temperature, -C Solubility as HaPuO icy
a . 5 12.3 g_/' 2801,
25 19.5 &/ AH0
55 22.0 g/ LHL0
95 37.5 g/ Luol.

ook abuenpbed ATwetionel crysseillzation just suaificient water
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wag added to n 7.5-mg NaPuOQAc3 precipitate to dissolve it at 9s°c¢ When

the precipitate was dissolved, it was immediately placed in a Dewar fiask
sonseining wter at 90°C and was allowed to cool te room tompsrature gver
& poriod of two days. dhen the tube was removed, the golution wne supere
saturated, no precipitate having settied out. After shaking, crystels bagen
©o form on the sides of the tubes. The crystals grew over a pericd of aboun

Yiva hours.
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