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D 4 CRED PLUTONITM I1DE BHIPMENT HRA~
. TEODUCTY UHMMARY

The Beparations Technology Laboratory was reguested to chemically
examine samples of lot pumbers 27, 28, ang %E Irem Hanford plutonium
cxide shipment HRA-37. The oxide, 12% Pu<4V wss 5 product of
cxalata ¢onversion and wes purportediy rather pure material hased

on cmizsion spectrographic analyees accompanying it. Filtration
difficulties produced by rather copilous sludging had slowed process-
ing of this oxide in Cabineta 6-8, Special Recovery, F B-Lins,

Varying levels of impurities were found from SRP emissetion spectro-
graphic analysis of the oxide lots, For exmmple,. lot #27 hed
.25 ppm irem dmpurity; lots #28 and #3%, >500 ppm. Lot #27 had
<10 ppm 8n; lots #28 and #29, 100 ppm. 4nelyses for al, Cr, Ni,
E Cu show similar differernces between oxide lots.

Disrclution tests were made on samples of the oxids, asg recsived,
es well as on a sample of the process sludge taken durlng dis-
solution of lot #37. None of the oxlde samples nor the sludge
completely dissolved upon treatoment with 14M HNOg - 0,15M HF st
elevated temperature for an extended period of time, Analyvsis
of the residual material by scenning electron microscopy/X-ray
fluorescence (SEM/XRF) showed that 81, Ti, Fa, ahd Pu were com-
ponents of the undissolved materiel from lot #27. For lots #2928
-and #29, the residue consiated of Bi, Pu, Bn, Ti, Fe, Ca, 2z,

and Al.

The total plutonium content of the oxide meterizl was found to

vary betwean lots. All three lots, according to Hanford data,
should anelyze B7.5-B7.6 weight percent plutonium vergus a theoret-
ical 88.2%, 1f the oxide wera pure Pu0s. analyesis of our test
dissolver solutiona yilelded 86.7, 70.2, and 85,7 wt%, respectivaly,
for lots #27, #28, and #289. The zample with the loweat Pu yield

on dissolution aleo produced the greatest quantity of residual
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soldde, The different plutonium yields are theorizsd to he caused

by undisszolved solids resulting from the presence of small quantities
of higher-fired oxide. Lot inhomegenity ¢r nonrepresentative

gamples could also be factors,

The aludges encountered during oxide procemsing in Cabipete &-B
regult from the relatively intractable oxides, especially 8i0g,
of these impurities or of plutonium itself. Via 3EM/XRF analysis,
Plutonium wag confirmed to be & component of the residues from
the dissclution tests oo the procese eludege and the oxide samples.

The uee of & Dynel® cloth prefilter hms provided relief from the
s8ludge-caused plugzgege of process filter frits. However, since
plutonium ls a gludge component, approximately U.B g Pu per mL
gludge, proper loes controls and nuclear safety procedures should
be in place as part of prefilter handling and disposel.

EXPER IMENTAL |
lpitial Test of Lot #27 Oxida snd Process Sludge

Samples of the oxlde from lot #27 and of the process sludpe were
furnished the Separations Techrology Lzboratory. OQur testing
philcsophy for these imitiel samples was to determine their hehavior
under processing conditions, but to extend the hesating periocd

from the nominally used 2 hours to 4 hours. We emploved 14M HNOg

= 0.15M HF am the dizsolvent,

For the oxlde, 4.011 g wes used in 20 mL of mixed asid, approxi-
mately the same ratio used 1n Cabinets 6-8 processing. These

were placed Iin a 30-mL graduated centrifuge cone. Bimilarly,

che ml: of the sludes wag placed in & conw topgsther with 20 ml

of mixed acld. Beth contelners were hezated in & boiling water

bath for a 4-hour period. Following the dissolutlon cycle, the
containers and zsontente were oooled and centrifuged. Approximately
0.4 mlL of gray-tan s0lids persisted in the cone originally bearilng
the oxide. For the sludge, the white splids remaining had a velune
of 2 mL, double that of the original sludge sample! A sample

ef coly the disaclution =olution of the sludge was taken for total
plutonium analysis by dicde array spectrometry by W. L. Frazier

nf Laborastorier. Analiyzls of diseglver solutions of oxidss from
ell three lots was done in later tests incorporating a dissolution
period (2 hrs.) similar to the one used in Cabirets 6-8 processing.
The residues were thoroughly washed with 1M HNOgq and dried om

the surface of the hot plate. ERach residue wae primerily conteined
in a polystrene vial. These residual solides were forwarded to

D, F. 8teedly of ADD, SRL, for IEM/XRF mnalysis. A sample of

the crigingl oxide, as recelved, was forwarded to J, T. Coleman

of Laboratorises for emission spectropraphiec analvaim,
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igssoluy T of Oxide from Lots #2827, #3238, aod #25

Ancther sample of lof #2% oxide together with samples from the
next two lots were obtained. On comparing the 3 samples of oxids,
that from lot #B27 was n shede darker than those from #28 aopd #%9.
Disswlution tests of these were made as described above, except
that the heating ceycle in the mixaed acid was the same, 2 hours,

ag that used in full-scale processing. Small gquantitles of tanoish-
gray soclids persisted: Q.05 mL for #27, 0.1 mL for #28, and about
(.03 mL for #289. Figure 1 in the Aprendix ils a Polarold photo
ehowing these residues following washing and centrifugation.
Apalyses, similar to thoee run during the initisl investigation
described above, weres performed on the ag-recelved oxider, on

the dissclution solutions, and on the residuss,

n rminat ilicon Blank

The teet dissolutions were carried out in Kimax® glassware with

a PYC-lined screw cap. - Because of the potentisl for HF to react
with the glasswire, two of the ceones used for the test dissclutions
were sublected to a 4-hour disselution eycle with conditigns the
BRmMe ag those used for the tests sxcapt no salids were included.
After this test, neo solids wers ohgBerved, nor were the interiors

- 0f the centrifuge coneg noted to have been atched. The mixed

acid wag suomitted for silicon analysis by direct current argon
plasmoe spectrometry {(DCAP) by H. M, Forrest of Leborstorics.
Analysle of esch solution showed & total of 10 mg soluble silicon
{500 ppm) in sach 20-mL mixed scid aliquot. BSome silice was ren-
dered soluble by the mized s¢id attack, bBut no residual solids

wore praduced. The residues being formed from the test digsolutions
were therafors considered an intrinaic part of the initial oxide
sample rather than originating from disscluticn of the glams con-
tainer.

ESULTH AND D IO

Table 1 lists the analytical results from emission Epactrogrephic
analyegls of the oxide samples, as received.
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TABLE 1
SBECTROGRAD OF HRA-37 Pu OXIDR
ppm
Elament Initial #27 407 #28 #29
41 7 13 >200  >200
cr 1D <10 100 78
Ca 50 25 25 15
Hi <10 <10 200 100
Mg <10 <10 25 a5
Fe 200 256 500 3500
81 10 5 15 15
cd SIS 11 107 - <10 <10
B {1 <1 16 5
Ti (Faint Trace - - -
. Ga <10 (10 20 20
Zn (50 50 50 50
Cu 2 5 50 50
Sn {10 (10 00 100
Be . 0.5 0.5 <0.5 <0.B
Fb <10 10 10 10
Mg 5 5 10 10

The impurity levels in the three oxide lots are not compositionally
conglstent. Also, there is some dissgreement hetween the two
semples of 1ot #27, particularly for the iron impurity. The rala-
tively high tin levels In lots #28 and #28 are manifested later

in theo resgldues from their dlssclution tests. These lattsr two
lots have much higher levels of contemination by sluminum =nd

by stainlens steel corrosion products: Fe, Cr, and Ni. Iromn,
chromium, ard aluminum, whese oxides are rathar intractable in
nitric mcid, were all components of the dissolution residues ag
well.

An f Di i iy T B nium
Aliguots of the dissolver solution (two-hour) for each lot were

analyred for total plutonium content by diode array spectrometry.
Tabls 2 shows the data involved in determining totzl Pu content.
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T4BLE &
DETERMINATION OF Pt CONTENT OF ONTDEH AN PROCESS 31 UDGE

Frocess

pludge #2327 Oxjide #28 Oxide #28 Oxide
mg Pu/ml Diss, Sol.
by Diode Array Spee. 4an 1864 134.8 135.0
Vol. Dige. Sc¢l., nmlL 20.0 21.0 21.0 14,0
g Total Pu in
Diege, Bol. 0.8 3.49 2,83 2.17
wt. sample, g {1 mL} 4,032 4,031 2.532
wth Pu (0.8 g/mL} . 86,7 70.2 . 85.7
wt% Pu-Hanford dats - 87.6 87.5 87.5
{mL reeldue 2 0,086 0.1 0.03)

These data show that the samples of the oxlde lots were not coneBlst-

-eat in the quantity of proceas—-scluble plutonium oxide. The lot

rielding the smallest quantity of ecluble plutcnium alsc vleldsd
tha largest volume of residual =olid=. There are two major factors
to consider: 1) homogenity of the material within a lot so that
replicate grab mamples would be representative of the whole, 2)
preasence of undissolved, Pu-conteining solids that would diminish
the yield. Possibly undetected "hot spots” are forming during
oxelate caleinaeticon end sre producing Bmall quentities of higher-
fired mnd, therefore, less tractable oxide.

Due to lack of sample, less of lot #29 oxide was treated. However,
the volume of diszsolvent was reduced accordingly. For lot #29,
less undissclved material resulted, but the residue/sample volume
ratio waa the same as that for lot #27. The ratic for lot #28

wes twice that of #E7 & #22. 4 corroborating effect for lot #28
is the appearance of less plutonium in its digeolver solution.

SEM/HRF Analysis of R

The washed and dried residues from the four oxide samplea and
from the process sludge following their dissolution tremtment
were forwarded to D. F. Steedly of ADD, SRL, for EEM/XRF analysis.
SEM photos and XRF scans of these are contained in Figures 2-8
in theg Appendix. Teble 3 aummarizes the gqualitative analysis
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of these resldues with the component eslementa listed in approxi-
metely decreasing order of peak height.

TABLE 3

SRF QUALITATIVE ANALY ISSOL UES
Initizal Initial
Bludge Lot #57 Lot #27 Lot #28 Lot #20
8i 2i 51 g1 31
TL Pu Ti Fu Pu
Fe& Fe Fe Sn Sn
Pu T Pu Ti Ti

al Zr Fa

Za ' " Fe Ce
' ' Al Al

The residues ccngist primarily of elements whose oxides are, or
can be, rather intractable under the dissocluticn conditions em—
Floyed,

The residuse from lot #27 {initial sample) followinmg the four-hour
mixed acid contact is structurelly different from the others and
-appaars to be mainly elliea with only relatively small quantities
of other elements., I suggest that the reazsom for this is the
longer contact time 1n the mixed roid has, to some extent, de-
hydrated the scluble silicon (Bi0g-xHoO or HoSiFg-xHg0), thersby
reducing 1te sglubllity and precipitating it from salution, Less
dehydration would be produced by the shorter contact time which
would ¥ield leas inscluble silica. Bilice dehydration can be
quantitatively effected by heating in concentrated mineral acidsa
such as perchleri¢, sulfuric, or hydrochloric.l Nitric acid (or
HNQg-HF) is just not as efficlent.

The residue from the process sludpe disaclution contained intrac-—
‘takle oxides of primarily Si and Pu. In the SEM photo, they appear-
ed to be less hydrated (1. e., less "fluffy") than the solids

from initisl lot #27 oxide diesolution. The appearance of tracea

of chloride im the XRF scens is due to attack of the FVC cap liner
by the mixed acilds,

The residue particles obtalned from the two-hour digseclution period
-for lota #27, #28, and #29 appear to be structurally similer.

They consist of rather Anhydrous oxides of the less tractable
olemente. Note the appearance of tip in digsolution solids from
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lots #28 and #29. Tin's occurrsnce in the residues parallels
its presence in the as-recelved oxide, reportsd in Table 1 as
found by emission spectrographic aznalysis,

£o SIONS

The three lots of shipment HRA-37 of Hanford plutonium oxide were
not cempogitlionally conaistent as determined by dissolution behavior
and component analysla. The kinds and amounts of impurities in

the oxida vary.

A small part of the plutonium oxide remalne intractable to SEP
dissolutlon conditions, I Buspect that thig material has Leen
expoged to calcination temperatures (“"hot-spots'} highser than
those nominally uged for conversion Bt Hanford.

2llicon (or 10z}, as a Pu nxide impurity, is the prime asgurce

0of the filtration preblems that csuse¢ throughput himdrence. Our
study- indicatea that too long = heeting pericd during dissolution
could even promote formation of Jelly-like S5i0g-xHpQ via dehydration
of aoluble silicon. Such compounds exacerbats filtration difficul-
ties. Therefores, even shorter dissclution periods should be con-
sldered,

In conversation with Rocky Flate Plant staff concerning agueous
golution processing of highly-impure plutonium oxide, I was told
that they became resigned to filtering to remove insolubles and

to chenging filters aften due fo pluggage. We may have to assume
a =2imilar processing pallosophy even for relatively pure Hanford
oxide. The use of Dynel? prefilters and chahging them es necosaHary
has eppeared to alleviate part of the plugrage problem in Cabitets
6-8, thereby improvimng processing. Howaver, our test with process
sludge found a reletively high content of accompanying plutonium.
Ite recovery as well as nuclear safety concerns for the use of
these prefilters should have already been addresseod.
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FIGURE 1

WASHED RESIDUES FROM LOTS #37, #28, & #22 (1. to r.)
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