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DECONTAMINATION OF HEPA FILTERS
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Abstract

Mound Facility, during many years of plutonium-238 experience,
has recovered over 150 kg of plutonium-238. Much of this material was
recovered from HEPA filters or from solid wastes such as sludge and
slag. Tae objective of this task was to modify and improve the exist-
ing nitric acid leaching process used at Mound so that filters from
the nuclsar fuel cycle could be decontaminated effectively. Various
leaching agents were tested to determine their capability for dis-
solving PuO,, UOC,, U30g, AmO,, NpO,, CmO,, and ThO, in mixtures of the
followinz: HNO3;-HF; HNOs-HF-H,S04; and HNO3-(NH,),Ce(NO3)e. Adsorp-
tion isotherms were obtained for two leaching systems. In some tests
simulated contaminated HEPA filter material was used, while in others
actual spent glovebox filters were used.

Th= maximum decontaminasion factor of 833 was achieved in the
recovery of plutonium-238 from actual filters. The dissolution was
accomplished by using a six-scage process with 4N HNO;-0.23M (NH,)»
Ce(NO3)s as the leaching agent. Thorium oxide was also effectively
dissolved from filter medila using a mixture of aitric acid and ceric
ammonium nitrate. Sodium carbonate and NaC03;-KNO; fusion tests were
performed using simulated PuO.-contaminated filter media at various
temperatures. Approximately 70 wt% of the PuO, was soluble in a mix-
ture composed of 70 wt% Na,CO03-30 wt% KNO; (heated for 1 hr at 950°C).

Introduction

Efforts were directed toward determining the dissolution parame-
ters of 2u0;, UO,, and U30¢** in various leachingz reagents. The re-
agents used were various concentrations of HNOs;, HNO3;-HF, HNOj3;-HF
-H2804, HNO3—-(NH4)2Ce(NO3)s, and HNO3-H2S04. Two types of plutonium
dissolution tests were conducted with 8N HNOs. In the first test,
PuO, was placed in 8N HND; at boiling temperature. In the other test,
HEPA fil-er media contaminated with PuO, were aided to boiling 8N HNO;.
The dissolution rates of PuO, as measured by th= alpha activity of zhe
acld media were determina=d for each test; as shown in Figurs 1, the
apparant dissolution ratz was less in the test ising PuO;-contaminazed
filter media. After 14 ar of heating, for example, there was a 3%
difference (11% minus 8%) in dissolution rates. At this point, plu-
tonium adsorption isotherms were developed to dztermine whether any
of the dissolved plutonium was belng adsorbed by the fllter media.

¥Mound Facility is operated by Monsanto Research Corporation for the
U.S. Derartment of Energy under Contract No. EY-76-C-04-0053.

¥¥The uranium oxlides were depleted uranium-238, whereas the PuO, was
a mixture of 80 wt% plutonium-238, 16 wt% plutonium-239, 2.5 wt%
plutonium-240, 0.8 wt% plutonium-241, 0.2 wt% plutonium-2L2, plus
small amounts of other actinildes calcined at 750°C.
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Figure 1 - Effect of filter media on
dissolution rates of PuO2 in boiling
8N HNO3.
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This is of great importance since the amount of adsorbed plutonium
would 1limit the decontamination factor that could be achieved. Ad-
sorption isotherms were determined for the Pu-HNO; and Pu-HNO;-HF
systems.

Efforts were also directed toward the determination of dissolu-
tion parameters in various reagents of PuO,* and Pu0,-UO,¥* solid
solution. The reagents used were various concentrations of HNOjg
-HF-H,804, HNO3g-HF, HNO3-(NH,),Ce(NO3)s, and HNO3-H,SOy. In one series
of tests, simulated contaminated HEPA filter media was used. This
material was prepared by mixing shredded filter media with actinide
oxides. In another series, actual HEPA glovebox filter media contam-
inated with PuO, were used. Fusion tests were also completed using
simulated PuO;-contaminated filter media. Both Na,CO3; and Na,C03;-KNOj
were investigated as possible fuslon agents.

Dissolution parameters (in various reagents) of americium-241
and plutonium-239 oxide mixtures, uranium-233 oxide, neptunium-237
oxide, curium-244 oxide, thorium-232 oxide, and PuO, were determined.
The reagents used were various concentrations of HNO3-HF-H2SO,
HNOj3-(NH4 )2Ce(NO3)g, HNO3-HF and HNO;. Both simulated contaminated
HEPA filter media and actual glovebox filter medla from spent filters
were used. The maximum decontaminatlon factor was 833, achieved using
a six-stage dissolution process. Also, PuO, was fused with NaCOj at
various elevated temperatures, and a dissolution percentage was deter-
mined.

Experimental Work

Adsorption Studies

Standard plutonium solutions were prepared by dissolving PuO, in
boiling 8N HNO3. The HEPA filter media were shredded and ball-milled
to <40 mesh. The filter media were placed in 100 ml of the prepared
PuO;-acid solution and stirred magnetically for several hours to reach
equilibrium. A blank sample was run without filter media to correct
for adsorption on the test beakers. All tests were made at ambient
temperature (v20°C).

Figure 2 shows the adsorption of plutonium on filter media in
different acids. The ordinate is x/m, where x = milligrams of pluton-
ium-238 adsorbed and m = milligrams of filter media. The abscissa is
C, which is the concentration of the solution in equilibrium with the

¥The uranium oxides were depleted uranium-238, whereas the PuO, was a
mixture of 80 wt% plutonium-238, 16 wt% plutonium-239, 2.5 wtf
plutonium-240, 0.8 wt% plutonium-241, 0.2 wt% plutonium-242, plus
small amounts of other actinides calcined at 750°C.

#%¥The uranium was uranium-238 while the plutonium was 85.0 wt% plu-
tonium-239, 12.0 wt% plutonium-240, 1.7 wt% plutonium-241, 0.75 wt%
plutonium-238, plus small amounts of other actinides.
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Figure 2 - Adsorption of %%®Py on filter media at ambient
temperature (v20°C) in different acids.

filter media (expressed in milligrams of plutonium-238 per milliliter
of solution). The Freundlich equation relates x/m and C as follows:

x/m = kcl/m (1)
or

log (x/m) = log k + (1/n) log C )

The plot of log (x/m) as a function of log C should be a straight line
with slcpe 1/n and log k the point of intercept. The straight lines
in Figure 2 are such a plot. It should be noted that for any given
concentration, the x/m ratio is smaller for the 8N HNO;-0.1N HF system.
This nezns that a larger decontamination factor could be achievad
using the HNOs;-HF leaching agent (assuming that the same percentage of
PuQ, is dissolved by the reagent in the dissolution step).

Tests were also performed to determine the solubility of the
filter media in various dissolution reagents. It was determined that
approximately 30 wt% of the filter media is soluble in 8N HNOj; and
approximately 5Q wt% of the filter media dissolves in 8N HNO3-0.1N HF.
Also, in another adsorption test it was found that the use of 4N HNO,
-Q.05M ceric ammonium nitrate (see point A, Figure 2) would result in
a decontamination factor between that obtained with 8N HNO3-0.1N HF
and that with 8N HNO; (assuming each leaching agent was equally effec-
tive in dissolving Pu0,).
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‘Pu0, Dissolution Studies

Contaminated HEPA filter media were prepared by mixing PuO,¥
powder with shredded filter media. The plutonium-238 concentration of
she mixture was -1 mg/cm® of prepared media. Small samples of ‘this
prepared mixture (about = g) were added to gzlass beakers conzaining

250 ml of leaching solution. All tests wer2 performed at boiling tem- - _
peratures. Samplgs were withdrawn periodically and the plutonium-238 Table 1 - DISSOLUTION OF PLUTONIUM DIOXIDE IN VARIOUS ACID MIXTURES
concentrztion of the solution was determined. The contents of the Acid " Time Puo,
beakers were stirred every 2 hr. The solution volume and concentration Test Heated Dissolved
were kept constant by adding acid of proper zoncentration in order to . Number Reagent Composition? (hr) (wt %)
replace evaporated acid. , 19-§ 4N HNO,;-0.05M CAN 5 3/4 42.9
Table I lists resu_ts from dissolution tests for PuO, in various 13-3 22 Eﬂgiﬁjggﬁ g:g ig %;2 gé:;
acid mixtures. The HNO;-H,SO, mixtures were relatively ineffective ’ 20-1 8N HNO;-0.1N H,SO, ) 5 3/4 14.4
dissolution agents as il_ustrated in Figure 3. A fivefold increase in 20-2 8N HNO3;-0.1N H2SO4 12 12.7
H,S0, concentration increased the dissolution rate by only 3%. The 20-3 8N HNO;-0.1N H2S504 18 15.9
maximum weight percent of plutonium-238 dioxide dissolved was only 18% gi:; gg HN°3'g~1N HF~0.1N H,50, 4 3/4 115.2
after an 18-hr reaction time. Figure U4 illustrates the effect of 22-1 12N :gga:o'ig gg—o.ln 280 13 §/§ A
initial cerium(IV) zoncentration on the dissoluzion rate. The 4N HNO, 22-2 12N-HNO;m:1N HF 6 3§4 3}‘2
-0.1M (NH,),Ce(ND;)¢ leaching agent was by far -“he most effective of 22-3 12N HNO,-0.1N HF 11 1/2 107.9
the three HNOg-cerium(IV) solutions, with 88% o7 the plutonium-238 25-1 4N HNO3;-0.005M CAN 2 1/4 11.1
dioxide dissolved in 3 h-. 25-2 4N HNO3-0.005M CAN 7 3/4 13.4
25-3 4N HNO;-0.005M CAN 13 1/4 11.9
The reaction mechanism for dissolving PuO, in HNOg-cerium(IV) §§-§-§ :s Eﬂgjig'ggiﬁ Eﬁﬂi ﬁﬂﬁg“ 3 1/2 13‘3
solutions is shown in Equations 3 and 4. 25-aA-3 4N HNO,-0.005M CAN- KMnO. 14 3;4 26.3
+1 _ +3 26-1 12N HNO;-0.01lN HF 1 3/4 31.6
2Ce ' + 2&~ % 2Ce (3) 26-2 12N HNO3-0.01N HF 7 1/4 41.0
26-3 12N HNO;-0.01N HF 12 3/4 40.9
putt 2 Putl + 2e” () 27-1 12N HNO;-0.01N HF-0.1N H;S0, 11/4 30.1
g;—g 1§N HNO3;-0.01N HF-0.1N H;SO, 6 3/4 33.1
Because stoichiometric quantities of cerium(IV) are raquired for 28-1 iZQ :ggig:g;NHSSO?éiz :;:g: 1i e 32‘3
complete disso:ution of the PuO,, large amounts of cerium(IV) are re- 28-2 12N HNO3-0.1N HF-0.01N H,SO, 6 1/2 100.9
quired to dissolve large quantities of PuO,. Therefore, it would seem 28-3 12N HNO3=-0.1N HF-0.01lN 1i,SOs 12 101.8
advantagzous to use small amounts of cerium(IV) and then add oxidizing 28-1 8N HNO;-0.5N H»S04 51/2 15.8
compounds to oxidize the cerium(III) to ceriun(IV). An example of ;g:g gs gsgazg-gg :zggu : 10 3/4 17.4
this would be the gddition of KMnO, to the ceplsted solution. This 30-1 128 HNS -0 osuﬂw“o 01N H,SO 13 1/ ;Z';
would cause the Mn" 7 + 3e~ % Mnt" reaction whick would oxidize the 30-2 12N HNO,-0.05N HF 0.01N H.SO. 8 1/4 880
depleted cerium as foliows: 30-3 12N HNO3-0.05N HF 0.01N H,SO. 14 172 97.7
) . 31-1 4N HNO3-0.1M CAN 3 87.7
3Ce+3 2 3ce +h, 36" (5) 31-2 4N HNO,;~0.1M CAN 8 1/4 88.0
: " B3 oo wis o
un*7 + 3e7 % Mn (6) 32-2 8N HNOs-K;S504 7172 g:gg
32-3 8N HNO;3;-K325,04 13 1/2 1.89
where one mole of manganese oxidlzes three moles of cerium. This was
done in acid tests 25 and 25A (see Table I). Approximately 1 g of
KMnO, was added to a depleted 4N HNO;-0.005M(NH.)2Ce(NO3)s solution N . L . . .
and the solution heated an additlonal 15 hr. In this period of time, CAN is abbreviation for ceric ammonium nitrate

the concentration of PuC, dissolved increased significantly from 12
wt% in the depleted solution to 26 wt% in the regenerated solution.

¥The Pu0; was Tine powder having a composition of 80 wt% plutonium-238,
16 wt% plutonium-239, 2.5 wt% plutonium-240, 0.8 wt¥ plutonium-241, 0.2
wt% plutonium-2%2, plus small amounts of other actinldes. It was cal-

cined for 2 hr at 950°C.
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This method does, however, add manganese and potassium to the dissolved
salts of the waste stream.

Another experiment was conducted using 85 HNO3; and K3S:0s (potas-
sium persulphate) as an oxldizing agent (see Table I, acid test 32).
After 13% hr of reaction time at boiling temperature, only 1.89% of
the PuO; had dissolved. Figure 1 shows that approximately 7.5% of the
Pu0; dissolved in 13% hr with no additional oxildizing agent present.
Thus the K,S,0, actually decreased the dissolution rate of the FuO,.

Figures 5 anc 6 show the effect of the HF concentration on the
dissolution rate of PuO,. For the HNO;-HF system, a tenfold increase
in the HF concentration increases the concentration of dissolvec PuO;
from about 40 wt% to approximately 100 wt® for 9 hr of reaction time
(Figure 5). A twofold increase in the HF concentration for the
HNO,;-HF-H,S80, system increases the concentration of dissolved PuO:
from 94 wt% to 100 wt¥ for 9 hr of reaction time (Figure 6). As can
be seen in Table I, any dissolution test in which the HF concentration
was 0.05N, or greater, was successful in obtaining a 90 to 100% dis-
solution of the Pul,. The effect of sintering temperature on dissolu-
tion rate for varicus reagents can be seen in Figures 7 and 8

U0, and U305 Dissolution Studies

Contaminated filter medlia samples were prepared by mixing 0.2 g
of either UO, or UzOgz* with 2.8 g of shredded filter media. These
samples were combired in a glass round-bottom flask containing 250 ml
of the desired leaching solutlon. The flasks were attached to reflux
condensers, and the contents were heated and refluxed at boiling
temperatures. Samples were withdrawn periodically, and the urarium
concentration of the solution was determined.

Table 2 lists results of dissolution tests for uranium oxide in
various acid mixtures; in every test the uranium oxides dissolved
rapidly. The percentage of uranium oxide dissolved was always greater
than 90%; 8N HNO; performed as well as any of the acid mixtures, dis-
solving essentially 100% of the UO, or U;0, after 6 hr of heating. As
a comparison, the percentage of PuO. dissolved after 6 hr was 4%

(see Figure 1). ’

Pu0,-75 wt§ U0, Solid Solution Studies

. The solid solution was composed of plutonium¥**and uranium-238
oxldes which had been fired at 1600°C in a reducing atmosphere, Six
dissolution tests were performed (see Table III). The powdered Pu0:-UO.
solid solution was mixed thoroughly with shredded filter media using a
ratio of 1 g of solid solution to 12 g of filter media. A small sample
of the mixture (aprroximately 3 g) was added to a glass beaker contain-

-ing 250 ml of leaching solution. Samples were withdrawn periodically

¥The U,0; had been fired at 950°C for 2 hr.

##85say of the plutonium was 85.0 wt% plutonium-239, 12.0% plutonium-
240, 1.7% plutonium-241, 0.75% plutonlum-238, plus small amounts of
other actinides.



238p,, 0, Dissolved (w1 %)

238py, 0, Dissolved (wt %}

15th DOE NUCLEAR AIR CLEANING CONFERENCE

120,

100}
80~
@ 12N HNO;-0.1N HF
A\ 12N HNO,-0.01N HF
60}

»

1 1 1 1

0 2 4 6 8 10 12 14

Time thr}

Figure 5 - Eifect of HF concentration
on dissoluticn rate of Pu02.

1
sool-

8o

cor

@ 12N HNO,-0,J5N HF-0.01N H,S80,
wh A 12N HNO 0.IN HF.0.01N H,50,
20}
1 1 1 i 1 J— 1 L
° 2 ‘« 6 [ 10 12 " 16 18

Time (hr}

Figure 6 - Effects of HF and H,S0y
concenzrations on q1ssoluticn rates.

" 238p,, 0, (wt %) Dissolved in 3 hr. in

15.7N HNO;-0.25N HF

15th DOE NUCLEAR AIR CLEANING CONFERENCE

8c

-

60

el

‘gof-

3¢

28

1 A1 i

1 1

[-]

ny
(=3

400 500 600 700 800

Sintering Temperature {°C)

Figure 7 - Effect of sintering
témperature on dissolution rate (2),




238py 0, Dissolved (wt %)

15th DOE NUCLEAR AIR CLEANING CONFERENCE

110

1300°C

1500°C

1600°C

0 5 10 15

20 25

Time (hr)

Figure 8 - Effect of sintering temperature.on pl
-0.15M cerium(IV)

dioxide dissolution in UN HNO

3

30

?t?nium

35

15th DOE NUCLEAR AIR CLEANING CONFERENCE

—————Table ]|} - DISSCLUTICN OF URANIUM OXIDES IN VARIOUS ACID MIXTURES:

Time U02 or Us30g

Acid Test Heated Dissolved
Number Reagent Composition {(hr) (wt 8)
Ud2-1-1 12N HNO3-0.01N HF-0.1N H,S50, 1/2 92.8
Ud2-1-2 12N HNO3;-0.01N HF-0.1lN H,S0, 6 1/2 94.1
Udz2-2-1 12N HNO3;-0.1N HF-0.01N H,S0, 1 91.0
Ud,-2-2 12N HNO;-0.1N HF-0.01N H;so.. 7 99.6
U0,-3-1 12N ﬁNO;-O.lN H,50. 4 3/4 99.3
UD,~-4-1 8N HNO; S5 3/4 102.8
U305~5-1 8N HNO,3 1 107.0
U305-6-1 12N HNO;-0.1N H,SO, 1 103.0

and the percentage of solld solution dissolved was determined. The
solution volume and concantration were kept constant by adding acid of
proper concentration in order to replace evaporated acid.

As can be seen in Table III, four reagents were successful in
dissolving greater than 33% of the PuO,-U0, in 2 hr. These were
12N HNO;-0.1N HF, 12N HND3-0.05N HF-0.01N H2SOs4, 4N HNO3;-0.1M
(NH..)zCe(NoaTs, and 8N HNO;. Both the UN HNO; and the 4N HNO;-0.1N
H,S0, were unsuccessful in attaining a 90% dissolution even when
leaching times of 7 hr w2re used. Figure 9 shows the effect of HNO;
concentration on the dissolution rate. Doubling the aclid normaliity
(from 4N to 8N) doubled the percant dissolved (after 2 hr of heating)
from 46% to 93%. Therefore, it can be concluded that 8N HNQj3;, 12N HNO,
-0.1N HF, 12N HNO3-0.05N HF-0.01N H2S50., and 4N HNO;-0.1M (NH,):Ce(NO3)¢
would be acceptable leaching reazents for PuO:-UOZ solid solution
whereas AN HNO; and 4N HNO;-O. 1§ H280, are unacceptable.

Salt Pusion Studies

Sodium carbonate and Na,C0;-KNOs; fuslons were completed using
PuO.* contaminated filter media. Small samples were prepared by
thoroughly mixing 0.1 g PuO, and 1.5 g of filter media. Approximately
13 g ¢f salt (Na,COs or Na,COs-KNO3) was placed in a platinum crucible
and 1.6 g of contaminated filter media was then added. This was mixed
thoroughly and then heated slowly to 950°C. The crucible and contents
were maintained at 950°C for 1 hr and then allowed to cool slowly to
amblent temperature. The cooled melt was then removed from the cruc-
ible and dissolved in 4N HNOs;. The acid was maintained at bolling
temperature for at least 1 hr and subsequently sampled for plutonium-238
concentration. Table IV tabulates the results achieved in these N

¥The PuO, was a fine powder, having a composition of 80 wt% plutonium-
238, 16% plutonium-239, 2.5% plutonium-240, 0.8% plutonium-241, 0.2%
plutordum-242, plus small amounts of other actinides, calcined at
950°cC.
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Tdble IV - Na,CO3;-KNO; Fusion of PuQ,

Fusion

Test Salt Composition Oparating Puo,

Number (wt %) Time Heated (hr) Temperature (°C) Solubilized (wt %)
Pu-38 100% Na,CO; 1 950 8.83

Pu-39 Na,CO;-8% KNOj; 1 950 27.8

Pu-40 NaC03-16% -KNO3 1 950 48.7

Pu-41 Na,C0O3;~-30% KNO; 1 950 71.0

- Effect of HN03

Acid Test Pu0,-UO;
Numker Reagent Ccmposition Time Heated (rr) Dissvlved iwt %)
| pu-t-1 12N HNOy-0.1N HF 2 100.0
;  Pu-G-2 12N HND,-0.05N HT-0.01N H,SO. 2 97.6
Pu-U-3 4N HNO3-0.1M CAN® 2 94.8
1
i Pu-U-4a 8N HNO; 1 71.8
i Pu-u-48 8N HNO3 2 93.2
f Pu-U-5a 4N HNO3 2-2/2 49.6
t Pu-L-SB 4N HHNO3 4-1/2 54.2
| pu-v-sc  4n Hwo, 7 60.0
f Pu-U-6 4N HNO3-0.1N HySO, 3-3/4 80.2
I “‘Abkreviation for ceric ammonium nitrate. ’
100
@ 8N HNO,
% T A 4NHNO,
‘E 80 +
£
2
£ 0 ¢
T et
£ so T
€
N3
& 40 +
§ 30 +
20 4+
0 4
0 + + —t + + t + t
0 i 2 3 a 5 € 8 9
Time (howrs}
Figure @ concentration on dissolutidn rate of Puoi

fusion experiments. As can be seen, the maximum percent of dissolution
obtained was 71% using a salt mixture of Na,C0;-30 wt% KNOj.

Figure 10 shows the effect of potassium nitrate composition on
PuO, solubility. The effect 1s linear between zero and 16% KNO; and
nonlinear at higher potassium nitrate concentrations. Also because of
time limitations, only three Na,CO0;-KNO; fusions were performed and the
maximum concentration of potassium nitrate used was 30 wtf. It should
be noted that the greater the concentration(wt#) of potassium nitrate,
the more vigorous the reaction. .

The temperature must be raised slowly 1n order to prevent the
contents of the crucible from spilling over. The 71% recovery obtained
using Na,C03;-30 wt% KNO; 1s considered unsatisfactory for our purposes.
The dissoluticn must be greater than 90% in order to achieve large
decontaminaticn factors. Perhaps by using greater than 30% KNO; this
result can be achieved.

Dissolution of Actual HEPA Glovebox.Filter.Media

Small test samples of approximately 3 g each were removed from
an actual glovebox filter contaminated with Pqu Each sample con-
tained approximately 55 mg of plutonium-238. These samples were
placed in a gkass beaker containing 100 ml of leaching reagent. The
leaching agents used were 4N HNO3-0.1M ceric ammonium nitrate and
12N HNO3-0.05N HF-0.01N H,SD,. The tests were performed at boiling
temperatures. . The contents of the beakers.were stirred every hour,
and samples were withdrawn periodically for plutonium analysis The

- solution volume and acid concentration were képt constarit by adding
.acid of proper concentration,in order to replace evaporated acid.

Table V contains the results obtained in these experiments The
average Pu0, dissolution was 92.5 wt% using 4N HNOs-0.1M (NH, ).2Ce (NO3)s
and 93.3 wt% using 12N HNOs-0. 05N HF-0.01N H250,. These compare well
with the average dissolution percentages found for simuldted filtér

. media samples listed in Table I (85.4% and 93. 9% respectively):
Figure 11 is a graph of the dissolution.nate for Pulz in

¥The Pqu was a fine powder having a composition of 80 wt% plutonium-
238, 16% plutonium-239, 2. 5% plutonium-240, 0.8% plutonium-241} -0.2%

Aplutonium-2u2, plus-small amounts of other actinides, calcined at

950°cC. g o L N
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Figure 10 - Effect of salt compositlion on
percent PuO2 solubilized.

12N HNO3-0.05N HF-0.01N H>SO4,. It shows that the ‘dissolution reaction
is rapid, with approximately 90% of the PuO, dissolved in 4 hr.

Larger samples (40 g) of actual HEPA filter were treated with
12N HNO3-0.05N HF-0.01N H2SOs. These experiments were conducted
similarly to those previously described (using 3-g samples) except
that different ratios of acid volume (liters) to plutonlum-238 weight
(grams) were used. Also the filter medla were processed through sever-
al successive, ldentical stages in an attempt to obtain the greatest
overall decontamination factor (see Table VI and Figure 12). As can
be seen in Pilgure 6, a value of 0.67 for the ratio of acid volume:PuO,
weight ylelds a 99.35% dissolution in filve stages. .On the other hand,
a volume:welght ratio of 2.35 produces a 99.53% dissolution in three
stages. Thus the decontamination factor is 154 for the lower volume:
weight ratio and 213 for. the higher ratio. These final dissolution
percentages and decontamination fdctors were determined by calorimetry
and gamma counting of the final filter media residues. All other .dis-
solution percentages and decontamination. factors were determined by
alpha counting of solution samples.

The fact that a higher volume of acid:welght of PuO, ratio‘pro-
duces a higher dissolution is explalned as follows: The HF in the

15th DOE NUCLEAR AIR CLEANING CONFERENCE

~Table V - Dissolution of Small Samples of Actual HEPA Filters:

Time Pu0;

Weight Percent Pu0, Dissolved

Acid Test Heated Dissolved Acid/Pu-238 Ratio
Number Reagent Composition (hr) (wt 8) (liters/grams)
3265-3A 4N HNO;-0.1M CAN 3-1/2 103.2 1.84
3265-3B 4N HNO;-0.1M CAN 5 103.3 1.84
3265-3C 48 HNO;-0.1M CAN 11-3/4 81.9 1.84
3265-3D 4N HNO;-0.1M CAN 14-3/4 81.5 1.84
3265-4A 12N HNO;-0.05N HF-0.01lN H,SO,  3-1/2 96.9 1.83
3265-4B 12N HNO,;-0.05N HF-0.01N H250, 5 ‘89.1 1.83
3265-4C 128 HNO3-9.05N HF-0.01N H,50, 12-1/2 93.9 1.83
“abbreviation for ceric ammonium nitrate - (NH,),Ce(NO,),.
110
1004
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Figure 11 - Dissolution rate of Puo in
12N HNO3 -0.05N HF-0.01N H,SOy.
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Table VI - 12N HNO;-0.0SN HF-0.01N H230,

Dissolution of Large Samples of Actual HEPA Filters
Cumulative
PuO,
Azid Test Dissolved Acid/Pu-238 Rati> Time
Number Stage (wt %) (liters/g) Heated (hr)
3265-7-1 1 84.9 0.67 ’ 3-1/2
3265-7-2 2. 88.9 0.67 5-1/4
3265-7-3 3 - 93.3 0.67 5-374
3265-7-4 4. - 95.8 . 0.67 7-1/4
3265-7-5 5 99.35 0.67 6-1/2
3265-9-1 1 94.2 2,35 10-1/2
3265-9-2 2 97.6 2.35 10-3/4
3265-9-3 3 99.53 2.35 7

-leaching solution is reecting with both Pu0. perticles and glass pre-
sent in the filter mediez. When a small amount of leachant is added to
a relatively large amount of contaminated filter media, the fluoride
ion concentration of the solution 1is quickly depleted as SiF, gas is
producec. The remaining HF is not sufficisnt to dissolve 90% of tke
PuO, present, as desired. Comversely, if a large amount of leachar:t
1s added to the same amount of contaminated filter media, there is
sufffcient HF present to react with the glass and dissolve 50% (or
greater; of the PuD.. _Vhat is needed, therefore, is a larger amount
of HF in the first stage of the process. "This could be accomplished
using a larger volume of 12N HNO3-0.05N HF-0.0-N H.SO. or a higher
concentration of HF in the acid mixture. For the subsequent stages,
an HF concentration of 0.05N should be sufficlent since most of the
glass has reactad.

Dissolution of PuO.* in UN HNOs-0.15M (NH.).Cei{NOi)s

A contaminated filter nedia sample was prepared by mixing 0.16 g

of plutonium dioxide with 3 g of shredded filtar media. Tals sample
was placed into a glass beaker containing 250 ml of UN HNO;-0.15M
ceric ammonium nitrate. The beaker and contents were heatzsd to
bolling. Samples were withdrawn periodicelly and analyzed for plu-
tonium zoncentration. The solution volme znd concentratior. were kept
constant by adding acid of proper concentratilon in_ order tc replacs
evaporated acid. Figure 13 shows the effect of Ce Y concerntration on
plutonium dioxide dissolution rate. The ug HNO3-0.10M (NH4)2Ce(NOs),

¥The PuD; was a fine powder, having a composition of 80 wt% plutonium—
238, 16% plutornium-239, 2.5% plutonium-240, 0.8% plutonium-241, 0.2%

plutonium—2h2 plus small amd>unts of other actinides, calcined at
950°C. . . .

.
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Figure 12 - Effect of acid volume:Pu0,
welght ratio on dissolution percentage.

curve 1is drawr. from data contained in Figure 4. It should be noted
that a 50% increase in the Cet" concentration results in a 10% increase
in weight percent plutonium dissolved

Americium-241 and Plutonium-239% Mixed Oxide Dissolution Studies

Contaminated filter media was prepared by mixing AmO,-PuO, powder
with shredded filter media. Small samples of this mixture were then
treated with various leaching zgents, including 4N HNO;-0.1M (NH, )2
Ce(NO3)g, 12N HNOs-0.05N HF-0.01N H,SO,, and 8N HNO, A sample of
filter media was placed in a beaker, 250 ml of the 1each1ng agent was
added, and the temperature was increased to the bolling point of the
solution. Samples were withdrawn perlodically and filtered through a
4-5 um glass filter. The americium-241 and plutonium-239 concentrations
were determined by alpha spectrometry. The solution volume and con-
centration were kept constant by adding acid of' the proper concentra-
tion to replace evaporated acid. As can be seen 1n Table VII, the

"4N HNO;-0.1M (NH.),Ce(NO;3)¢ was an effective leaching agent, dissolving

¥ This materiél was approximately three parts plutonium-239 oxide mixed
with one part americium-241 oxide by weight. - It had been fired for
2 hr at 1000°C.
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-Table VI] - ).\mo.‘_;—l’uo2 DISSOLUTION TESTS

18

Acid Test Reagent, Time Heated PuO, Dissolved Amo, Dissolved
Numker Compositior: thr) wts (wts)

—0.15M CAN
17

Am-Pu-1A 4N HN03—0.1M CAN* 5 3/4 72.9 63.2

Am-Pu-1B 4N HN03-0.1M CAN*®. 11 3/4 93.7 111.8

Am-Pu-2A 12N HNO3-O.05N HF- 5 3/4 68.9 72.4
0.01N 82504 .

Am-Pu-2B " 11 1/4 80.2 90.4

-0.1M CAN

® 4N HNO,
A 4N HNO,

Am-Pu-4A 8N HNO 7 1/4 37.2 88.9

Am-Pu-4B . 13 172 36.3 96.7

*CAN is an acronym for ceric ammonium nitrate.

greater than 90% of both AmO; and PuO; in 11-3/4 hr. On the other
hand, the 8N HNO, was not a satisfactory leaching agent since only 36%
of the Pu0, dissolved in 13% hr, although 97% of the AmO, dissolved
during this time (see Figure 1l4). The mixture of HNO;-HF-H,SO. was
effective in dissolving the AmO, (90% in 11-1/4 hr) but not as effec-
tive in dissolving the PuO, (80% in 11-1/4 hr). Of the three reagents
tested, the 4N HNO3;-0.1M (NH,).Ce(NOs)s is the recommended leaching
agent for mixtures of AmO,-Pul,.

Uranium-233 Oxide Dissolution Studies

Time {hours)

These studies were conducted using U;0s mixed with filter media.
The oxide .had beer: fired at 950°C for 2 hr. A small sample of the pre-
pared filter media (approximately 3.2 g) was placed into a beaker con-
taining 250 ml of bolling reagent. The reagents used were 8N ENOj;,
4N HNO3-0.1M (NH4)2Ce(NOs)s, and 12N HNOs-0.05N HF-0.01N H.SO,. Samples
were withdrawn periodically for alpha analysis. All samples were
filtered through 4-5 um glass fillters. The solution volume and con-
centration were kepi constant by adding acid of the proper concentra-
tlon to replace evaporated acid. As can be seen from Table VIII, in
all three cases the dissolution was very rapid and exceeded 90%. For
example, the dissolution rate in 8§ HNO3; 1is depicted in Figure 15.
“All three reagents would be acceptable dissolution reagents for
uranium-233 oxide-

Sodium Carbonate Fuslon of PuQ,*

These studies were conducted in order to determine the effect of
temperature on fusion efficiency. Small samples were prepared by mlx-
ing 64 mg of PuO, with 2.25 g of Na,CO3;. The Pu0:-Na.CO; mixture was
then placed into a platinum crucible and contents were then heated to
the desired operating temperature (1200°C and 1300°C) and maintained

Figure 13 - Effect of eeric ammonium nitrate concentration on PuO2 dissolution rate.

¥The Pu0: was a fine powder having a composition of 80 wt% plutonium-238,
16 wt¥ plutonium-239, 2.5 wt$ plutonium-240, 0.8 wt% plutonipm-zul, 0.2

z ' wt¥ plutonium-242, plus small amounts of other actinides. It'was cal-
pariosa OMIW?M‘WPM ’ clned for 2 hr at 950°C.
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Figure 14 - Dissolution rate of Amzul—Pu239 oxides in 8N HN03.
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TableVIil- U-233 OXIDE DISSOLUTICN TEST

Acid Test Reagent Time Heated U-233 Oxide Dissolved
Number Composgition {(min) (wts)
U-3-1 8N HNO, S 97.4
u-3-2 N 20 106.1
U-3-3 * 65 93.8
u-3-4 " N 255 95.9
U-4-1 4N HNO,-0.1M CAN® s 89.7
U-4-2 " 15 104.8
U-4-3 " 60 95.2
U-4-4 " 360 95.7
U-5-1 12N HN03-0.05N HF- S 100.9

0.01N H2504
U-5-2 " i5 106.2
U-5-3 " 50 ) 100.1
U-5-4 " 240 102.5
“CAN is an acronym for ceric ammonium nitrate.

there for 1 hr. The crucible and melt were cooled to room temperature,
and the melt was removed from the crucible and dissolved in 4N HNO;.

As can be seen in Table IX, there is not a significant difference (4.6%)
in the two dissolution percentages and it is probable that the differ-
ence 1s due to experimental error. Therefore, it can be concluded that
within the temperature range under ilnvestigation, the fusion efficlency
is approximately 58% (average value).

Neﬁtunium-237 Oxide Dissolution Studies

The NpO, was fired for 2 hr at 950°C. Samples of contaminated
filter media were prepared by mixing 0.2 g of NpO: with 3 g of filter
media. The procedure was identical to that used in the uranium-233
oxide dissolution studies. The following three leaching reagents were
tested: 8N HNOs, UN HNOs-0.1M (NH,)Ce(NOj3)s, and 12N HNO;3;-0.05N EF-
0.01N H,SO,. Table X 1lists the results fron these experiments. As
can be seen, the 8N HNO; was unsuccessful in dissolving the NpO, rapidiy
with only 32% solubilized in 8 hr. On the cther hand, each of the
other two reagents dissolved the NpO, rapidly with greater than 90%
dissolved after 1/2 hr of boiling (see Filgure 16 for dissolution per-
centage as a function of time). Therefore, both the UN HNO;-0.1M
(NH,),Ce(NO;3;}¢ and the 12N HNO;3;-0.05N HF-0.C1N H,SO, acid mixtures
would be recommended for dissolution of NpO, from filter media.
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Table IX - Na,CO, FUSIONS OF PuO

2773 2
Fusion Test Time Heated Operating Temperature PuO2 Solubilized Dissolution
Number (hry (°c) (wtg) Reagent
Pu-44 1 1300°C 56.4 4N HNO3
Pu-45 1 1200°C 61.0 4N HNO

3

- Table X~ Np-237 OXIDE DISSOLUTION TESTS
Acid Test Reagent Time Heated Npo, Dissolved

Number Composition {min) (wts)
Np-3-1 8N HNO, 10 1.3
Np-3-2 " 25 1.9
Np-3-3 . 45 4.1
Np-3-4 " 75 6.1
Np-3-5 N 480 32.3
Np-4-1 4N HNO;-0.1M CAN* 10 93.7
Np-4-2 " 25 97.2
Np-4-3 " 40 88.9
Np-4-4 " . 60 89.1
Np-5-1 12N HNO4-0.05N HF-0.01N 10 64.7

H,S0,
Np-5-2 " 25 - 105.2
Np-5-3 i 45 107.4
Np-5-4 " 100 102.3

*CAN is an acronym for ceric ammonium nitrate.

Curium-244* Oxide Dissolution Studies

Contaminated filter media were prepared by mixing 13 mg of CmO, with

3 g of filter media. The experimental procedures were identical to

those used for the uranium-233 dissolution studies: The two leaching
reagents tested were 12N HNO3-0.05N HF and UN HNO3-0.1M (NHs)2Ce(NO3)s.
The results of these tests, listed in Table XI, show that both reagents
~dissolved 'the CmO, very rapidly (essentially 100% dissolution ir 10 min).
Figure 17 shows the dissolution rate for UN HNO3-0.1M (NH,)2Ce(NOs)s.

Both reagents are recommended for dissolution of CmO, from contaminated
filter media.

¥This was a powder which was approximately 94% curium-244 and 4% curium-
246, the remainder being curium-~245, -247, and -248.
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Figure 16 - Dissolution rate of Np-237
oxide in 12N HNO;-0.G5N HF-0.01N H,SO,.

Table X1 - Cm-244 OXIDE DISSOLUTION TEST

Acid Test Reagent Time Heated CmO,, Dissolved
Number Composition (min) 2 (wtd)
Cm-22 12N HN03-0.05N HF 10 103.3
Cm-2B " 25 100.8
Cm-2zC " 60 105.0
Cm-2D " 120 99.1
Cm-ZE " 180 104.5
Cm-ZF " 540 93.3
Cm-2G " 540 99.0
Ca~3a 4N HN03-0.1M CAN* .10 112.1
Cn-3B " 25 110.0
Cxn-3C " 60 109.0
Cm-3D " 120 107.6
Cm-3E " 330 110.5

“CAN is an acronym for ceric ammonium nitrate.




15th DOE NUCLEAR AIR CLEANING CONFERENCE

120

100

@«
(=]

ER

CmO, Dissolved, wt %
2t 8

20 —

a 1 2 3 4 5 6
Time, hr
Figure 17 - Dissolution rate of CmO2

in UN HNO;-0.1M (NH,),Ce(NO3)q.

Thorium-232 Oxide Dissolution Tests

Contaminated filter medla were prepared by mixing 0.24 g of ThO,
with 3 g of fi:ter medla. The experimental prozedure was identical to
that used in the uranium-233 oxide studies. Thz ThO, was a fiue powder
which had been fired at 500°C. The purpose of :the experiment was to
determine whether ThO, would dissolve in 4N HNO3-0.1M (NH4)2Ce(NOs)s
similarly to other actinide oxides previously t=2sted (PuO,, CmO,, AmO,,
U3Dg, and NpOp;. As shown by the data in Table XII and Figure 18, the
dissolution rate was slow at first (0-7 hr), ranid from 7 to 9 hr, and
slow again from 9 to 20 ar. The reason for this is not known at this
time, bus it is thought that it took 7 hr tc atiack the surface of the
ThO2 and open the pores so that rapid dissclution could begin. It
therefore appears that 4N HNO;3;-0.1M (NH,).Ce(NOs3)s wculd be an accept-
able leaching agent for ThO, from Filter mediz, althcough dissolution
time is longer than for osther actinides.

A poilnt of interest is that in a similar =xperiment using Jjust
ThO, (no filter media), the dissolution percentage oktained was only
25% after 20 hr of boiling. The reason for the difference in dissolu-
tion percentages (25% versus 100%) 1s that the Filter medla contains
0.14 wt% F~', This smell amount of fluoride ion has been found to be
sufficient to catalyze the dissolution reacticn.

Dissolut—on of PuO, from Actual Glovebox Filters

These tests were conducted using samples of filter media removed

from actwal spent glovebox filters. The PuG, on the filters was the same

type as that used 1n the fusion experiments.
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-Table XII ~ ThO2 DISSOLUTION DATA

Acid Test Reagent Time Heated Tho2 Dissolved
Number Composition (min) (wtd)
Th-1 4N HN03-0.1M CAN * 5 0.6
Th-2 " 10 0.4
Th-3 . 20 1.4
Th-4 “ 35 2.4
Th-5 " 60 5.1
Th-6 " 180 4.7
Th-7 " 300 12.5
Th-8 " 440 31.7
Th-9 " 440 29.3
Th-10 " 470 42.1
Th-11 " 545 82.3
Th-12 " 905 100.5
Th-13 v 1205 104.3

"CAN is an acronym for ceric ammonium nitrate.
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Figure 18 - Wt % ThO2 dissolved in 4N HNO3—0.1M (NHU)Zce(Noa)G'
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Experiment A

A 9.5 g sample of filter media containing 0.18 g of PuO, was dis-
solved in a six-stage dissolution procedure. The leaching reagent in
the first five stages was 170 ml of 4N HNOs- 0.23M (NH,).Ce(NOs3)s, and
the sixth stage contained 12N HNOs-0.IN HF. The 12N HNO;3;-0.1N HF was
used because the 4N HNO;-0.23M (NH,),Ce(NO3;)¢ had proved ineffective
in the fifth stage of dissolution. The volume of 12N HNO3-0.1N HF used
was 250 ml and all studies were done at boiling temperature. The solu-
tion was sampled periodically for plutonium concentration, and all
samples were filtered through 4-5 um glass filters. When the dissolu-
tion rate for a particular stage had become very slow (as indicated by
a analysis of solution), the filter media were separated from the leach-
ing solution by filtration and placed in the next stage of dissolution.

Results for this experiment are given in Table XIII. Figures 19
through 21 show the dissolution rate for each stage, and Figure 22 shows
the cumulative PuO, dissolution percentage for the six-stage process. It
should be noted that final dissolution percentage was 95.88% (a con-
taminatlon factor of 833). This was determined by gamma ray spectrometry
of the residual filter media and agrees well with the final value as
determined by alpha counting of the solution samples (99.80%). It should
also be noted that the 12N HNO,-0.1N HF solution used in the sixth stage
was more than twice as effective as the 4N HNO;-0.1M (NH,),Ce(NC3)e
used in the fifth stage (0.079% dissolved versus 0.031%). The reason
for this is not understood at this time. More studies will be done to
investigate this phenomenon.

Experiment B

A 25.6 g sample of filter media containing 0.31 g of PuO, was dis-
solved in a four-stage dissolution process. The leaching reagent used
in the test was U460 ml of 4N HNO3;-0.3M (NH,).Ce(NOj3)s. The experimental
procedure was identical to that used In Experiment A of this section.
The results for this experiment are given in Table XIV; Figure 23 shows
the cumulative PuOQ, dissolution percentage for the four stage process.
The dissolution percentages in Table XIV were determined by alpha
counting, but the cumulative percentages used in Figure 23 were based
on a final gamma spectrometry value of 98.24%. This latter value com-
pares well with the value of 97.62% obtained by alpha counting. The
gamma value is, however, considered more accurate than the total ob-
tained by simple addition of the individual alpha count values. The
decontamination factor obtained using this gamma value is 88.5. The
decontamination factor obtained after four stages in Experiment A of
this section was 417.

A logical question would be: Why was the decontamination factor
less when more ceric ammonium nitrate per mole of PuO, was used? It
is known that the 25.6 g sample filter media contained a greater per-
centage of pack-to-frame sealant® than the 9.5-g sample. It is also

¥This is the material that is used to seal the asbestos-glass filter
pack to the, wooden frame. It is a fire retardant polyurethane foam
and a rubber base adhesive.
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‘TableXlli- PuO

2

DISSOLUTION DATA (9.5-g sample)

*CAN is an acronym for

(NH, ) ,Ce (NO4}

6°

Acid Test Feagent Time Heated Pu0, Dissolved Process
Number Composition (min) (wtd) Stags
256-1 A 4N HNO,-0.23M CAN" 10 82.0 1
256-2 A T 20 79.5 1
256-3 A " 40 87.3 1
256-4 A ” 60 80.9 1
256-5 A v 120 85.8 1
256-6 A ° 210 90.6 1
256-1 B " 10 0.41 2
256-2 B " 20 1.17 2
256-3 B " 45 2.50 2
256-4 B * 65 2.97 2
256-5 B " 120 4.75 2
. 256-6 B © 360 7.30 2
256-7 B " 510 7.47 2
256-1 C " 30 0.29 3
256-2 C " 75 0.5S 3
256-3 C " 135 0.87 3
256-4 C " 315 1.06 3
256-5 C 435 1.09 3
256-6 C “ 675 1.31 3
256-7 C " 675 1.39 3
256-1 D " 20 0.029 4
256-2 D " 45 0.063 4
256-3 D " 60 0.079 4
256-4 D " 135 0.139 4
256-5 D " 330 0.213 4
256-6 D - 645 0.222 4
256-7 D " 645 0.228 4
256-1 E » 15 0.011 5
256-2 E - 30 0.012 5
256-3 E " 60 0.015 5
256-4 E " 135 0.023 5
256-5 E ° 195 0.025 S
256-6 E " 465 0.029 S
256-7 E " 600 0.031 S
256-8 E " 780 0.032 S
256-9 E " 780 0.025 S
256-1 F 12N HNO3-0.1N HF 30 0.016 6
256-2 F . 60 0.030 6
256-3 F " 240 0.047 6
256-4 F " 585 0.079 6
256-5 F " 945 0.075 6
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Figure 23 - Cumulative wt # PuO2 dissolved during four-stage process.

—Table X1V- Puo2 DISSOLUTION DATA (25.6-g sample) -

Cumulative
Acid Test Reagent Time Heated Puo, Dissolved PuO, Dissolved
Number Composition Stage (hr) (wtd) (wtd)
12-1 4N HNO,-0.3M CAN* 1 6 1/2 88.40 88.40
12-2 " 2 15 4.04 92.44
12-3 " . 3 7 1/4 4.91 97.35
12-4 . 4 7 0.27 97.62°%

*CAN is an acronym for ceric ammonium nitrate.

*Gamma ray analysis of remaining filter media indicated that 98.24%
of the Puo, had been dissolved.
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known (from the color change of the leaching solution) that the Ce+“
ions were reduced miuch mere quickly during the dissolution of Pud, from
the 25.6-g filter m=dia sample. Therefore, it is surmised that the
reason for the smaller decontamiration factor (smaller percentage dis-
solved) is that the Ce*" ions were used mainly to oxldize the sealant
thus leaving fewer Ce*" tons to cxidize to Put*. A simple solution to
this problem might be to increase the amount of ceric ammonium nitrate
when larger amounts of sealant are present with the fllter media.

Summary

Plutonium adsorption isotherms were developed for the Pu-HNO; and
Pu-HNO3-HF systems which proved that the filter media did indeed adsorb
plutonium. The x/m ratio for the Pu-HNO;-HF system was less than that
for the Pu-HNO; system at any glven concentration. Thus, higher decon-
tamination factors can be obtained with HNO;-HF (assuming each leaching
agent is equally effective in the dissolution of plutonium dioxide).

Dissolution tests were conducted on filter media contaminated with
PuO,. The HNO;-H.SO, mixtures were relatively ineffective as leaching
agents (see Figure 3). The best dissolution agents found were mixtures
of HNO;-HF and HNO3;-HF-H»SO4 1n which the HF concentration was C.05N or
greater. These solutions dissolved greater than 90% of the PuO, in
15 hr (s=e Figures 5 and 6). Several tests were performed with HNOj;-
(NH,)2Ce{(NO3)¢ solutions (see Figure 4). It was found that 4N HNO,-
0.1M (NH4)2Ce(NOs)s was the best of these mixtures with 88% of the PuO,
dissolved in 3 hr. Addition of KMnO, to 4N HNOs-cerium(III) dissolution
mixtures was successful in oxidizing the cerium(III) to cerium(IV) and
thus allowing more of the PuO, to dissolve.

Several dissolution tests were completed with U0, and U304 contam-
inated filter media. All leaching agents tested dissolved the uranium
oxide rapidly (see Table II). Equally good results were obtained with
8N HNCy wich dissolved ~100% of the UO, or U30g in 6 hr.

Nelther Na,CO; nor Na,C0O3-KNOy; was satisfactory as a fusion agent
for PuO,. The greatest percentage of PuQ, recovered was 71% using a
Na;CO03-30 wt % KNO; salt mixture. Also there are tremendous corrosion
problems assoclated with this process. The platinum crucibles and the
furnace used in these experiments were corrosively attacked by the re-
sultant vapors.

The Pu02-75% UO, solid solution dissolved readily in 8N HNO;,
12N HNO3-0.1N HF, 12N HNO,;-0.05N HF-0.01N H,SO,, and MH HNO3=0.1M (NH4):
Ce(NOg)s. These would be acceptable leaching agents sInce greater E?an
93% of the PuO, dissolved in 2 hr at bolling temperatures. Hueda (
has repcrted that 2u0.-U0, c?n be dissolved in nitric acid alonz (up to
35% Pu0,). Baehr and Dippel(5) reported .that U0,-15% Pu0, fired at
1600°C will dissolve easily in 1UM HNO,. These sources substantiate
recent findings at Mound Facllity. i
Small and large samples of actual HEPA glovebox filters (contam-
inated with PuQ,) were treated with various leaching solutions. For
small samples, 12N HNO;-0.05N HF-0.0lN H,SO, proved superior to
4N HNO,-0.1M.(NH,)2Ce(NOs)s with greater than 89% of the PuO, dissolved.
For larger samples, it was founé that an increase in the ratio of acid
volume to PuO, welght increased the dissolution percentage. Figure 12
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compares a five-stage process (volume/weight ratio of 0.67) with a
three-stage process having volume:welght ratio of 2.35. It should be
noted that the latter process obtained a higher percentage of dissolu-
tion than the former.

Dissolution studies using 4N HNO3-0.15M ceric ammoniun nitrate
dissclved greater than 93% of the initial PuO,. Therefore, 4N HNO; in
combination with (NH,)2Ce(NO;)¢ 1s a.recommended leaching reagent.

Filter media which were contaminated with americium-Z41 and plu-
tonjum-239 oxides were treated with three different leachirg reagents
to determine the effectlveness of each reagent in dilssolvirg the actinide
oxides. The three reagents used were 8N HNOs;, UN HNOs-0.1M (NH4):
Ce(NOj3)g, and 12N HNO,-C.05N HF-0.01N H;50,. It was found that the best
leaching agent was the UN HNO;-0.1M {NH,).Ce(NC;)¢ which dissolved
greater than 99% of the AmO, and the PuO,.

Another series of tests was conducted to determine the best leach-
ing agent for uranium-233 oxlde (U;0g). Simulated samples of contam-
inated filter media were prepared by mixing 0.2 g of U30s powder with
3 g cf shredded filter media. The reagents used were the same three as
were used for the AmO,-PuO, studles. It was found that all three reagents
were successful in dissclving greater than 90% of the U30e in a very
short time (15 min).

Fusion studies were conducted using Na,CC; and PuO,. The purpose
of these experilments was to determine the effact of temperature on
fusicn efficiency. It was found that there was not a significant dif-
ference (4.6%) in the PuO, solubilized within the temperature range
under investigation (1200-1300°C).

Experiments were conducted using filter medlia contaminated with
neptunium-237 oxide. The purpose of the tests was to determine which
of the three resagents wculd be successful in dissolving the NpO,. Re-
sults indicate that both the 4N HNO;3-0.1M (NH,)2Ce(ND3)¢ ard the
12N HNO3;-0.05N HF-0.01N H,S0, were successful in dissolving greater
than 90% of ths NpO, in 0.5 hr. The 8N HNO; or. the other hand solubi-
lized only 32% of the NpO, in 8 hr and therefore would not be recom-
mended as a leachling agent for NpO,.

In other serles of experiments, filter media contamirated with
curium-244 oxide were dissolved in leaching tests using both 4N HNO,-
0.1M (NH,)2Ce(NO3), and 12N HNO;-0.05N HF. Both reagents dissolved
esser.tially 100% of the CmO, in approximately 10 min and therefore
would be recommended for dissolving CmO, from filter media.

Filter media contaminated with thorium-232 oxide were leached
with a 4N HNO,-0.1M (NH,), Ce(NO,;), solution in an attempt to dissolve
the ThO,. The rateé of dissolution was slow at the beginning (0-7 hr),
rapid from 7 to 9 hr, and slow again at the ené (9-2D hr). Complete
dissclution was achieved in 20 hr, considerably longsr thar. for the
other actinide oxides previously tested. A point of interest is that
in a similar experiment using only 4N HNO;-0.1X ceri:c ammor:iium nitrate
and ThO, (no filter media), the amount dissolved was only Z5% after
20 hr. The reason for this difference is that the F- catalyst is
present in the filter media. Therefore, it 1s concluded that although

15th DOE NUCLEAR AIR CLEANING CONFERENCE

the dissolution time was much longer for the ThO., it 1s still an accept-
able leaching reagent for ThO, from filter msadia.

Several experiments were completed using PuO. contaminated filter
mecia from spent glovebox filters. These tests were made in order to
determine how much (NH,);Ce(NOj3)¢ is required for dissolution of Pud,
from such filters. 1In one experiment, a 9.5-g sample of filter media
was processed through a six-stage dissolution process. In the intial
five stages, 4N HNO;3;-0.23M (NH,).Ce(NO;)¢ was used and in the sixth
stzge 12N HNO;-0.1N HF was used. The amount of (NH,),Ce(NO;), used in
each stage was 60 Times the intial moles of PuQ, present in the filter
mec¢ia. The overall decontamination factor obtained for the six-stage
process was 833. In a second experiment, a 25.6-g sample of filter
media was processed through a four-stage dissolution procedure. The
leeching solution was 4N HNO;-0.30M (NH,),Ce(NO3)g. The amount of ceric
ammonium nitrate used in each stage was 120 times the initial moles of
PuQ, present in the filter media. The overall decontamination factor
achieved in the four-stage process was 55.8.

The amount of ceric ammonium nitrate required cannot be based ex-
clusively upon the amount of actlinide present in the filter media. The
reeson for this is that other reactants such as pack-to-frame sealant¥*
and other organic materials are present in the spent filter media. A
high percentage of sealant was present in the 25.6-g sample and this is
perhaps why less plutonium was dissolved. In other words, even though
more ceric ammonium nitrate was used per mole of plutonium present, a
lower percentage of the plutonium dissolved because a large percentage
of the Ce*" ions was depleted by reaction with the organics present.

A formula for calculating the (NH,),Ce(NO;)¢ required per gram of filter
media has not been developed. More studies must be done before the
relationship can be determined.

¥Tris is a fire retardant polyurethane and a rubber base adhesive.
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