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Abstract 

tnt.m- aS37fo") 

Mo nd Facility, during many years of plutonium-238 experience, 
has recovered over 150 kg of plutonium- 238. Much of this material was 
recoverej from HEPA filters o::-- from solid wastes such as slt;_dge and 
slag . T3e objective of this task was to modify and improve the exist­
ing nitric acid leaching process used at Mound so that filters from 
the nuclear fuel cycle could be decontaminated effectively . Various 
leaching agents were tested to determine their capability for dis­
solving PuO,, U0 2, U30 8 , Am0 2, Np0 2, Cm0 2, and Th0 2 in mixtures of the 
following: HN0 3- HF; HNO,-HF- H2SO,; and HN0 3- (NH,) 2Ce(N0 3) • . Adsorp­
tion isotherms were obtained for two leaching systems. In some tests 
simulatej contaminated HSPA filter material was used , while in others 
actual s:;ient glovebox filters were used . 

The maximum decontamina~ion factor of 833 was achieved in the 
recovery of plutonium- 238 from actual filters. The dissolution was 
accompli3hed by using a six-s~age process with 4N HN0 3-0.23K (NH,) 2 
Ce(N03}s as the leaching agent . Thorium oxide Nas also effectively 
dissolved from filter media using a mixture of 3itric acid and eerie 
ammonium nitrate. Sodium carbonate and Na2C0 3- KN0 3 fusion tests we::--e 
performed using simulated Pu0 2 - contaminated filter media at various 
temperat·.ires. Approxima :e ly 70 wt% of the Pu0 2 was soluble in a mix­
ture com;:iosed of 70 wt% :'lfa2C0 3- 30 wt% KN03 (heated for 1 hr at 950 ° C) . 

Introduction 

Efforts were direc ted toward determining the dissolution parame­
ters of ?u02 , U0 2, and U30 8**in various leaching reagents. The re ­
agents used were various concentrations of HN0 3, HN03 - HF, H~03 -HF 
-H2SOh, HN03-(llH• )2Ce(N03)s, and HNQ3-H2SO, . T;.;o types of plutonium 
dissolution tests were c)nducted with 8N HN0 3. In the first test, 
Pu0 2 was placed in 8N HNJ 3 at boiling temperature . In the Jther test, 
HEPA fil~er media contaminated with Pu0 2 were ajded to boiling 8N HN0 3 . 
The dissolution rates of Pu0 2 as measured by the alpha activity of ~he 
acid ~edia were determined for each test; as sh)wn in Figure 1, the 
apparent dissolution rate was less in the test .ising Pu02-c)ntamina~ed 
filter media. After 14 ~r of heating, for exam~le, there was a 3% 
difference (11% minus 8%) in dissolution rates . At this point, plu­
tonitr.n adsorption isothe::'ms were developed to determine whether any 
of tne dissolved plutoni·.im was being adsorbed by the filter media. 

*Mound Facility ~s oper ated by Monsanto Research Corporation for t he 
U.S. De~artment of Energy under Contract No. EY-76-C-04-0053. 

**The uranium oxides wer e depleted uranium- 238 , whereas the Pu02 was 
a mixture of 80 wt% pl~tonium-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 actinides calcined at T50 °C. 
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This is of great importance since the amount of adsorbed plutonium 
would limit the decontamination factor that could be achieved . Ad­
sorption isotherms were determined for the Pu- HN0 3 and Pu-HN0 3- HF 
systems . 

Efforts were also directed toward the determination of dissolu­
tion parameters in various reagents of Pu0 2* and Pu0 2- U0 2** solid 
solution. The reagents used were various concentrations of HN0 3 
- HF- H2SO,, HNOs - HF, HN0 9- (NH,)2Ce(N0 3) 6 , and HN0 3- H2S0 4 • 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 Pu02 were used . Fusion tests were also completed using 
simulated Pu02 - contaminated filter media. Both Na 2C0 3 and Na 2C0 3- KN0 3 
were investigated as possible fusion 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 Pu02 were determined. 
The reagents used were various concentrations of HN0 3- HF- H2S0 4 , 

HN03 - (NH,)2Ce(N03) 6 , HN0 9 - HF and HN0 9 • Both simulated contaminated 
!{EPA filter media and actual glovebox filter media from spent filters 
were used . The maximum decontamination factor was 833, achieved using 
a six- stage dissolution process. Also , Pu0 2 was fused with NaC0 3 at 
various elevated temperatures , and a dissolution percentage was deter­
mined. 

Experimental Work 

Adsorption Studies 

Standard plutonium solutions were prepared by dissolving Pu0 2 in 
boiling 8N HN0 3 • The HEPA filter medi a were shredded and ball- milled 
to <40 mesh . The filter media were placed in 100 ml of the prepared 
Pu02 - 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 c~20 ° c). 

Figure 2 shows the adsorption of plutonium on filter media in 
different acids. The ordinate is x/m, where x = milligrams of ~luton­
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 ur anium oxides were depleted uranium- 238 , wher eas t he Pu0 2 was a 
mixture of 80 wt% plutonium- 238 , 16 wt% plutonium- 239 , 2 . 5 wt% 
plutonium- 240, 0.8 wt% plutoni um- 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- 232, 12.0 wt% plutoni um- 240 , 1 . 7 wt% pl utonium- 241 , 0 . 75 wt% 
plutonium- 238 , plus small amounts of other a ctinides. 
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Figure 2 - Adsorption of 23 8Pu on fi l ter media at ambient 
temperature (v20 °8) in different acids . 

1.0 

filter media (expressed in milligrams of plutonium- 238 
of solution). The freund l ich equation relates x/m and 

per mi l li l iter 
C as foL_ows: 

x/ m = kCl/n (1) 
or 

log (x/m) = log k + (l/n) log C (2) 

The plot of log (x/rr_) as a function of log C should be a straight line 
with slcpe l /n and log k the point of intercept . The straight lines 
in Figure 2 are such a plot. It shouid be noted that for any given 
concentration , the x/m ratio is smaller for the 8N HN0 3 - 0 . 1N HF system . 
This neans that a larger decontamination factor could be achieved 
using the HNOi - HF leaching agent (assuming that t he same percentage of 
Pu02 is dissolved by t he reagent in the dissolution step) . 

Tests were also performed to determi ne the sol~bi lity of the 
filter media in various dissolution reagents . It was determined that 
approximate l y 30 wt% of the filter media is soluble in 8N HN0 3 and 
approxinate l y 50 wt% of the filter media di ssolves in 8N- HN0 9- 0 .1N HF. 
Also , in another adsorption test it was found that the use of 4N HNO, 
- 0 . 0·5?:1. eerie ammonium nitr ate (see poi nt A, Figure 2) would result in 
a decontaJnination fa ctor be t ween t hat ob t ained with SN HN0 3 - 0 .1N HF 
and that wi th 8~ l!NO i (assuming ea ch leaching agent was equally- e f fec ­
tive in di ssolving Pu0 2) . 
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Pu0 2 Dissolution Studies 

Contaminated HEPA filter media were prepared by mixing Pu0 2 * 
powder with shredded filter media. The plutoni~m-238 concentration of 
~he mixture was :..1 mg/cm~ of prepared media. Small samples of this 
prepared mixture (about :;: g) were added to glase. beakers con:;aining 
250 ml of leaching solution. All i:ests were performed at boiling tem­
perature~. Samples were withdrawn periodically and the plutonium-238 
concentrc.tion of the solution was determined. ':'he contents of the 
beakers .,·ere stirred every 2 hr. The soluti:m Yolume and concentration 
were kept constant by adding acid of proper ::oncentration in order to 
replace evaporated acid. 

Table I lists resu:..ts from dissolution tests for Pu0 2 in various 
acid mixtures. The HN0 3 -H 2 SO• mixtures were relatively ineffective 
dissolut:!.on agents as il:..ustrated in Figure J. A fivefold increase in 
H2 SO, concentration increased the dissolution rate by only 3%. The 
maximum weight percent of plutonium-238 diox::l.de dissolved was only 18% 
after an 18-hr reaction time. Figure 4 illustrates the effect of 
initial cerium(IV) :oncentration on the dissolu:;ion rate. The 4N HNOs 
-0.lM (NH.hCe(ND 3 )~ leaching agent was by far :;he most effective of 
the three HN0 3 -cerium(IVl sol~tions, with 88% o: the plutonium-238 
dioxide dissolved in 3 h7. 

The reacti~n mechanism for dissolving P40~ in HN0 3 -ce~ium(IV) 
solutions is shown in Equations 3 and 4. 

2Ce+ 4 + 2e- t 2Ce+3 (3) 

(4) 

Beaause stoichiometric quantities of ceriJm(IV) are required for 
complete disso:..ution of the Pu0 2 , large amo4nts of cerium(IV) are re­
quired t~ dissolve large quantities of Pu02. Therefore, it would seem 
advantageous to use small amounts of cerium('IV) and then ad::l oxidizing 
compounds to oxidize the cerium( III) to ceriun(IV). An exarr.ple of 
this would be the ~dditi~n of KMnO, to the cepleted solution. This 
would ca~se the Mn 1 + 3e- * Mn+• reaction wh:!.ch would oxidize the 
depleted cerium as fol:..ows: 

3Ce +3 :t 3Ce +4 + 3e- (5) 

Mn+7 + 3e- :t Mn+ 4 (6) 

where one mole c·f manganese oxidizes 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 HN0 3 -0.005M(l:IHL)2Ce(NOs)6 solution 
and the solution heated an additional 15 hr~ In this period of time, 
the concentration of Pu0 2 dissolved increased significantly from 12 
wt% in the depleted solution to 26 wt% in the regenerated solution. 

'The Pu02 was fine powder having a composit:!.on of 80 wt% plutonium-238, 
16 wt% plutonium-239, 2. 5 wt% plutonium-240, 0 .. 8 wt% plutonium-241, 0 .. 2 
wt% plutonium-242, plus .small amounts of other actinides. It was cal­
cined for 2 hr at 95o•c. 
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Table I - DISSOLUTION OF PLUTONIUM DIOXIDE IN VARIOUS ACID MIXTURES 

Acid Time Pu0 2 
Test Heated Dissolved 

Number Reagent Corn122sitiona -1!!!.L (wt %) 

19-l 4N HN0,-0.05M CAN 5 3/4 42.9 
19-2 4N HN0,-0.05M CAN 12 l/4 41.4 
19-3 4N HN0,-0.05M CAN 18 3/4 38.5 
20-l 8N HN0,-0.lN H,SO, 5 3/4 14.4 
20-2 8N HN0,-0.lN H,SO, 12 12.7 
20-3 8N HN0,-0.lN H,so, 18 15.9 
21-l l2N HN0,-0.lN HF-0.lN H,so, 4 3/4 115.2 
21-2 l2N HN0,-0.lN HF-0.lN H,so, 10 l/2 107.l 
22-l l2N. HN0,-0.lN HF l 3/4 87.0 
22-2 l2N HN0,-0.lN HF 6 3/4 94.l 
22-3 l2N HN0,-0.lN HF 11 l/2 107.9 
25-l 4N HN0,-0.005M CAN 2 l/4 ll.l 
2:S-2 4N HN0 3 -0.005M CAN 7 3/4 l3 .4 
25-3 4N HN0,-0.005M CAN 13 l/4 ll.9 

25-A-l 4N HN0,-0.005M CAN- KMnO, 3 13.4 
25-A-2 4N HN0,-0.005M CAN- KMnO, 8 l/2 18.9 
25-A-3 4N HN0 3 -0.005M CAN- KMnO, 14 3/4 26.3 
26-l l2N HN0,-0.0lN HF -l 3/4 31.6 
26-2 l2N HN0,-0.0lN HF 7 l/4 41.0 
26-3 l2N HN0,-0.0lN HF 12 3/4 40.9 
27-l l2N HN0,-0.0lN HF-0.lN H,so, l l/4 30.l 
27-2 l2N HN0,-0.0lN HF-0.lN H,SO, 6 3/4 33.l 
27-3 l2N HN0,-0.0lN HF-0.lN H,so, 12 l/4 36.3 
28-l l2N HN0,-0.lN HF-0.0lN H,so, l 96.3 
28-2 l2N HN0,-0.lN HF-0.0lN H,SO, 6 l/2 100.9 
28-3 l2N HN0,-0.lN HF-0.0lN 11,so, 12 101.8 
29-l 8N HN0,-0.5N H2SO, 5 l/2 15.8 
29-2 8N HN0,-0.5N H2SO, 10 3/4 17.4 
29-3 8N HN0,-0.5N H,SO, 15 l/4 17.4 
30-l l2N HN0 3-0.05N HF O.OlN H,so, 3 95.9 
30-2 l2N HN0,-0.05N HF O.OlN H2SO, 8 l/4 88.0 
30-3 l2N HN0,-0.05N HF O.OlN H,so, 14 l/2 97.7 
31-l 4N HN0,-0.lM CAN 3 87.7 
31-2 4N HN0,-0.lM CAN 8 l/4 88.0 
31-3 4N HN0,-0.lM CAN 14 l/4 80.6 
32-l 8N HN03-K2S20e 3 0.86 
32-2 8N HN03-K2S20e 7 l/2 0.82 
32-3 8N HNO,-K,s,o, l3 l/2 l.89 

a.CAN is abbreviation for eerie ammonium nitrate 
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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 8N HN0 3 and K2S20 8 (potas­
sium persulphate) as an oxidizing agent (see Table I, acid test 32) . 
After 13~ hr of reaction time at boiling temperature, only 1.89% of 
the Pu02 had dissolved. Figure l shows that approximately 7.5% of the 
Pu02 dissolved in lJ~ hr with no additional oxidizing agent present . 
Thus the K2S20e actually decreased the dissolution rate of the Pu0 2. 

Figures 5 anc 6 show the effect of the HF concentration on the 
dissolution rate of Pu02• For the HN0 3-HF. system, a tenfold inc.rease 
in the HF concentration increases the concentration of dissolvec Pu0 2 
from about 40 wt% to app::-oximately 100 wt% for 9 hr of reaction time 
(Figure 5). A twofold increase in the HF concentration for the 
HN0 3 -HF-H2SO, system inc::-eases the concentration of dissolved Pu02 
from 94 wt% to 100 wt% for 9 hr of reaction time (Figure 6). Ae 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-9f the Pu0 2. The effect of sintering temperature on dissolu­
tion rate for various reagents can be seen in Figures 7 and 8. 

U0 2 and U3 0 8 Dissolution Studies 

Contaminated filter media sa~ples were prepared by mixing 0.2 g 
of either U0 2 or U3 0 8 * with 2.8 g o~ shredded filter media. These 
samples ~ere combined in a glass round-bottom flask containing ~50 ml 
of the desired leaching solution. The flasks were attached to reflux 
condensers, and the contents were heated and refluxed at boiling 
temperat·.ires. Samples were withdrawn periodically, and the urar,ium 
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%; 8~ HN0 3 perfor~ed as well as any of the acid mixtures, dis­
solving essential!~· 100% of the U0 2 or U3 Q.8 after 6 hr of heating. As 
a comi:arison, the percentage of Pu02 dissolved after 6 hr was "-ll% 
(see Figure l) . · 

Pu02-75 wt% U0 2 Solid Solution Studies 

The solid solution was composed of plutonium**and uranium-238 
oxidee which had been fired at 1600°C in a reducing atmosphere. Six 
dissolution tests ~ere performed (see Table III). The powdered Pu02-U02 
solid solution was mixed thoroughly with .shredded filter media using a 
ratio of 1 ·g of solid solution to 1.2 g of filter media. A small sample 
of the mixture (app.roximately 3 g) was added to a glass beaker contain-

- ing 250 ~1 of leaching solution. Samples were withdrawn periodically 

*The U30 8 had been fired at 950°C for 2 hr. 

**Assay of the plutonium was 85.0 wt%.Plutonium-239, 12.0% plutonium-
240, 1.7% plutonium-241, 0.75% plutonium-238, plus small amounts of 
other actinides .. 
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Figure 5 - Effect of HF concentration 
on dis~oluticn rate of Puo2 . 
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~---Table If - DISSOLUTION OF URANIUM OXIDES IN VARIOUS ACID MIXTURES:-----

Acid Test 
Number Reagent ComE!:!sition 

uo,-1-1 12N HN0,-0.0lN HF-0.lN H,so. 

uo,-1-2 12N HN0,-0.0lN HF-0.lN H,so. 

uo,-2-1 12N HN0,-0.lN HF-0.0lN H,so, 

uo,-2-2 12N HN0,-0.lN HF-0.0lN H,so. 

uo,-3-1 12N HN0,-0.lN H,so. 

uo,-4-1 SN HNO, 

u,o.-s-1 SN HNO, 

u,0,-6-1 12N HN0,-0.lN H2SO, 

Time 
Heated 
_l.h!L 

1/2 

6 1/2 

U02 or U30e 
Dissolved 

(wt %) 

92.S 

94.l 

91.0 

99.6 

4 3/4 99.3 

5 3/4 102.S 

l 107. 0 

l 103. 0 

and the percentage of solid solution dissolved was determined. The 
•elution volume and =oncentration 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 ~3% of the Pu02-U02 in 2 hr. These were 
12N HN0 3-0.1N HF, 12N HND3-0.05N HF-0.0lN H2S04, 4N HNOs-0.lM 
(Ntt4)2Ce(N03Ts, and ~N HN03. Both the 4N HN03 and-the 4N HN03-0.lN 
H2S04 were unsuccessful in attaining a 90% dissolution even when -
leaching times of 7 hr were used. Figure 9 shows the effect of HN03 
concentration on the dissolution rate. Doubling the acid normality 
(from 4N to 8N) doubled the percent dissolved (after 2 hr of heating) 
from 46% to 93%. Therefore, it ·::an be concluded that BN HN03, 12N HN03 
-0.lN HF, 12N HN03-0.05N HF-0.01~ H2S04., and.4N HN03-0.lM (NH4):Ce(N03)s 
would be acceptable leaching reagents for Puo2=uo2 solid-solution 
whereas 4~ HN0 9 and 4N HN0 3 -0.l~.H 2 S0 4 are unacceptable. 

Salt Fusion Studies 

Sodium carbonate and Na 2C0 3-KN0 3 fusions were completed using 
P~0 2 * contaminated filter media. Small samples were prepared by 
thoroughly mixing 0.1 g Pu02 and 1.5 g of filter media. Approximately 
13 g cf salt (Na 2C0 9 or Na2COs-K~03) 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 
ambient temperature. The cooled melt was then removed from the cruc­
ible and diss·olved in 4N HN0 9 • ·rhe acid was maintained at boiling 
temperature for at least 1 hr and subsequently sampled for plutonium-238 
concentration. Table IV tabulates the results achieved in these 

*The Pu02 was a fine powder, having a composition of 80 wt% plutonium-
238, 16% p1utonium-239, 2.5% plutonium-240, 0.8% plutonium-241, 0.2% 
plutonium-242, plus small amounts of other actinides, calcined at 
950°C. 
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,--------~Table III - Pu02-U02 Solid Solution Dissclution---------, 

·~ 
§ 
c: 
,§ 

"' -~ 
i 
{. 
~ 

Acid Tes.t 

NwnJ:.er 

Pu-t:-1 

Pu-l'-2 

Pu-l'-3 

Pu-t:-4A 

Pu-t:-48 

Pu-l'-5A 

Pu-t:-58 

Pu-t:-5C 

Pu-t:-6 

Reagent Composition 

l~~ HN0,-0. l~ HF 

12~ HNo;-0.05~ H?-0.01~ H,so, 

4!i HN0,-0. l~ CAN' 

B!i HN03 

8!i HNO, 

4!i HNO, 

4!i HNO, 

4!i HNO, 

4!i HN0,-0.l!i H,so, 

Pu02-U02 

Time Heated (tr) Dissolved (wt %) 

1 

2 

2-:;2 

4-1/2 

7 

3-J/4 

100.0 

97. 6 

94.8 

71.8 

93.2 

49.6 

54.2 

60.0 

80.2 

•Abt.revjation for eerie ammonium nitrate. 
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Figure 9_ - Effect of HNO concentration on dissoluti6n rate of PuO · 
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Table IV - Na2C03-KN03 Fusion of Pu02 

Fusion 
Test Salt Co~position Operating PU02 
~wnber (wt %) Time Heated (h~) Temeerature c•ci Solubilized (wt %) 

Pu-38 100% Na2C03 950 8.83 
Pu-39 Na,co,-8% KNO, 1 950 27.8 
Pu-40 Na,co,-16% ·KNO, 1 950 48.7 

Pu-41 Na,co,-30% KNO, 1 950 71.0 

fusion experiments. As can be seen, the maximum percent of dissolution 
obtained was 71% using a salt mix~ure of Na 2C0,-30 wt% KNO,. · 

Figure 10 shows the effect of potassium nitrate composition on 
Pu0 2 solubility. The effect is linear between zero and 16% KN0 3 and 
nonlinear at higher potassium nitrate concentrations. Also because of 
time limitations, only three Na 2C0 3 -KN0 3 fusi~ns were pertormed and the 
maximum concentration of potassium nitrate used was 30 wt%,. It should 
be noted that the greater the concentration(wt%) of potassium nitrate, 
the more vigorous the reaction. 

The temperature must be raised slowly in order to prevent the 
contents of the crucible from spilling over. The 71% recovery obtained 
using Na 2C0 3 -30 wt% KN0 3 is considered unsatisfactory for our purposes. 
The dissoluticn must be greater than 90% in order to achieve large 
decontaminaticn factors. Perhaps ~y 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 fro~ 
an actual glovebox filter contaminated with .Pu02*. Eac·h· sample con­
tained approxima te"ly 55 mg of ·plutonium-238. These samples were 
placed in a gC.ass beaker containing 100 ml of l.each.ing .reagent. The 
leaching agents used were 4N HN0 3 -0.1M eerie ammonium nitrate and 
12N HN0 3 -0 ;·05N HF-:O. OlN H2So,. The tests wer·e per.formed at boiling 
temperatures.-· The contents of the beakers .. were stirred 'every ho.ur, 
and samples were withdrawn periodically .for plutonium arialysis .' The 
solution volume anci acid concentration were kept constant by adding 

. acid of proper. concentration, in order to· replacE!" e·vaporat:ed .acid. 
Table V contains the results obtained iri these·experiments. The· 
averagi Pu0 2 dissoluti~n was 92,5 wt% using 4! HNQ,~0.1~ (N~4~2Ce(NOs)s 
and 93,3 wt% using 1"2N HN0 3 -0.05N HF-0 .. 0lN H2so,. These· compare well 
with the average dissolution.percentages found for ~imulated fiit€r 

.media samples listed in Table I (85.4% and 93.9% respectively)_; 
Figure ll is _.a graph of the dissolution .z:ate for ~i.10 2 ii") 

*The Pu02 was a fine powder·, having a· ccimpqsi.tion. of 80 wt% plutonium-
238, 16% plutonium-239, 2. 5% ·plutonium-240, O. 8% plutonitim-241 ~ ·O. 2% 
plutonium-242, plus-small amounts of other actinides, calcined at 

·950°c. -~ · •. · 
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Figure 10 - Effect of salt composition on 
percent Puo2 solubilized. 

30 35 

12N HN0 3 -0.05N HF-0.0lN H2SO~. It shows that the"dissolution reaction 
is-rapid, with approximately 90% of the Pu0 2 dissolved in 4 hr. 

Larger samples (40 g) of actual HEPA fiiter were trea.ted with 
12N HNOs-0.05N HF-0.0lN H2SO~. These experiments were conducted 
similarly to those previously described (using 3-g samples) except 
that different ratios of acid volume (liters) to plutonium-238 weight 
(grams) were used. Also the filter media were processed· through sever­
al successive, identical stages in an attempt to obtain the greatest 
overall decontamination factor (see Table VI and Figure 12). As·can 
be seen in Figure 6, a value of 0.67 for the ratio of acid volU:me:Pu0 2 
weight yields a 99.35% dissolution in five stages. On the other hand, 
a volume:weight ratio of 2.35 produces a 99.53% dissolution in three 
stage_s. Thus the decontamination factor is 154 for the lower ·volume: 
weight ratio and 213 for. the higher ratio. These final dissolution 
percentages and decontamination ·factors ·were determined by calorimetry 
and gamina counting of the final filter media residues. All other-dis­
:iolution percentages ·and decontamination. factors were det_ermined by 
alpha counting of solution samples. · 

The fact that a higher volume of acid:weight of Pu02 ratio pro­
duces a higher dissolution is explained as follows: The HF in the 
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.------~·Table V - Dissolution of Small Samples of Actual HEPA Filters--------. 

~ 
~ 
Ci 

~N 

c 
~ 

.E 

.c 
~ 

~ 

Time Puo, 
Acid Test Heated Dissolved Acid/Pu-238 Ratio 
Numbe:: Reagent Come:osition ~ (wt %) (liters/2rams) 

3265-3A 4~ HN0,-0.l~ CAN 3-1/2 103.2 L84 

3265-38 4~ HN0,-0.~ CAN 5 103.3 1. 84 

3265-3C 4~ HN0,-0.l~ CAN 11-3/4 81.9 1. 84 

3265-30 4!:1_ HN0,-0.~ CAN 14-3/4 81. 5 1.84 

3265-4A 12~ HN0,-0.05~ HF-0.01~ H,so. 3-1/i 96.9 1. 83 

3265-48 12~ HN0,-0.05~ HF-0.01~ H,SO, -99 .1 1.83 

3265-4C 12£! H!IO,-.J.05~ HF-0.01~ HzSO, 12-1/2 93.9 1. 83 

•Abbreviation for eerie ammonium nitrate - (NH,), Ce (NO,) 6 • 
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Figure 11 ~ Dissolution rate of Pu06 in 
12!! HN03-0.05!i HF-0.0l!i H2S04. 

15 16 18 



15th DOE Nl!ICLEAR AIR CLEANING CONFERENCE 

~---------Table V.l ·- 12~ HN0,-0.05~ HF-0.01!:1_ H,so,------------. 

A=id rest 
Number 

3265-7-1 

3265-7-2 

3265-7-3 

326"5-7-4 

3265-7-5 

3265-9-1 

3265-9-2 

:.265-9-3 

Dissolution of :Large Samples of Actual HEPA Filters 

Cl:...11ula ti •tf:! 
Pi.:.02 
Dissolved Acid/Pu-238 Rati~ Time 

Stage (wt %) (liters/9:) Heated (hr) 

1 84.9 0.67 3-1/2 

88.9 0.67 5-1/4 

3 93.3 0.67 5-3/4 

4, 95.8 0.67 7-1/4 

99 .35 0.67 6-1/2 

1 94.2 2.35 10-1/2 

97.6 2.35 10-3/4 

99.53 2.35 

·leaching solution :'..s ree.cting: with both Pu02 pe.rticles and glass pre­
sent in the filter medic.. When a small amount of leachant is added to 
a relatively large amount of contaminated filter media, the fluoride 
ion concentration of the solution is quickly depleted as SiF• gas is 
producec. The remaining HF is not sufficient to dissolve 90% of tte 
Pu0 2 present, as desired. Conversely, if a large amount of leachant 
is addec to the same amount of contaminatej fi:ter media, there is 
suff:'..cient HF present to react with the glass and dissolve 90% (or 
greater: of the Pu0 2. _ Vhat is needed, therefore, is a larger amount 
of H'P in the fi:-st stage of the process. ·This could be acc·:>mplished 
using a larger volume of 12N HN03-0.05N HF-O.O:N H2so. or a higher 
concentration of HF in the acid mixture. For the subsequent stages, 
an HF concentration of 0.05N should be sufficient since most of the 
glass has reacted. -

Dissolution of PuO,* in 4N BNO,-O.l5M (NH.)2ce:N03)s 

A contaminated filter nedia sample was p·'.'epared by mixing 0.16 g 
of plutonium dioxide with 3 g of shredded filter media. Tjis sample 
was placed into a glass beaker containing 250 ~l of 4N HN0 3-0.15M 
eerie a=onium nitrate. The beaker and cc•ntents were-heated to -
boiling. Samples were withdrawn periodice.lly and analyzed for plu­
tonium ~oncentration. The solution volme 2nd concentratior. were kept 
constant by adding acid of p;:""oper concentrat:'..on in+order tc replace 
evaporated acid. Figure 13 shows the effect of Ce 4 concentration on 
plutonium dioxide dissolution rate. The 4rr HOO 3-0 .10!':'!_ (NH. )2Ce (NO 3) s 

*The Pu0 2 was a fine powder, having a composition of BO wt% plutonium-
238, 16% plutonium-239 > 2. 5% plutoniu_m-240, 0. 8% plutonium-241, 0. 2% 
plutoni.um-242, plus small am:>unts of other actinides,_ calcined.at 
95o•c. 
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2 3 

DISSOLUTION STAGE 

• Ratio of 0.67 

a Ratio of 2.35 

Figure 12 - Effect of acid volume:Pu02 
weight ratio on dissolution percentage. 

5 

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

Americium-241 and Plutonium-239* Mixed Oxide Dissolut'ion Studies 

Contaminated filter media was prepared by mixing Am0 2-Pu0 2 po~der 
with shredded filter media. Small samples of this mixture were then 
treated with various leaching e.gents, including 4N HN0 3-0.1M (NH.)2 
Ce(N0 3)s, 12N HN0 3-0.05N HF-0.0lN H2S0 4 , and BN HN03 . A sample of 
filter media-was placed-in a beaker, 250 ml of-the leaching agent was 
added, and the temperature was increased to the boiling .point· of the 
solution. Samples were withdrawn periodically and filtered through a 
4-5 µm 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 in Table VI!', the 

·4! HN0 3 -0.l~ (NH 4 ) 2Ce(N0 3 ) 6 was an effective leaching agent, dissolving 

* This material was approximateiy three parts· plutonium--239 oxide mixed 
with one part americium-241 oxide by wefght. · It had been fi_red for 
2 hr at 1000°C. 
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r-----------~'.'blev11- Amo2'-Pu02 DISSOLUTION TESTS---------~ 

Acid Test Reagent. 
Number ComEositior~ 

Am-Pu-lA 4N HN03-o. lM CAN' 

Am-Pu-lB 4N HN03-o. lM CAN' 

Am-Pu-2A 12N HN03-0.05K HF-
0. OlN H2so4 

Am-Pu-28 

Am-Pu-4A 

Am-?u-48 

Tice Heated 
(h.rl 

5 3/4 

11 3/4 

5 3/4 

11 1/4 

7 1/4 

.lJ ·112 

•CAN is an acronym for eerie ammonium nitrate. 

Puo2 ce~:~o1ved 

72.9 

93.7 

68.9 

80.2 

37.2 

36. 3 

Am02 Dissolved 
(wt%) 

63.2 

111.8 

72.4 

90.4 

88.9 

96.7 

greatP.r than 90% of both Am02 and Pu0 2 in 11-3/4 hr. On tJ1e other . 
hand, the SN HN0 3 was not a satisfactory leaching agent since only 36% 
of the Pu02-dissolved in 13~ hr, although 97% of the Am0 2 dissolved 
during this time (see Figure 14). The mixture of HN0 3-HF-H 2 SO. was 
effective in dissolving the Am02 (90% in 11-1/4 hr) but not as effec­
tive in dissolving the Pu0 2 (SO% in 11-1/4 hr). Of the three reagents 
tested, the 4N HN0 3 -0.1M (NH 4) 2Ce(N0 3 ) 6 is the recommended leaching 
agent for mixtures -of Aiii0 2-Pu0 2 • 

Uranium-233 Oxide Dissolution Studies 

These studies were conducted using U30 8 mixed with filter media. 
The o.xi·je .had been fired at 950°C for 2 hr. A small sample of the pre­
pared filter media (app~oximately 3.2 g) was placed into a beaker con­
taining 250 ml of boiling reagent. The reagents used were SN.EN0 3, 
4N HNU3-0.lM (NH4)2Ce(NOs)s, and 12N HNOs-0.05N HF-0.0lN H2S04. Samples 
were withdrawn periodic'ally. for alpha analysis-:-- All samples were 
filtered through 4-5 ~m glass filters. The solution volume and con­
centration were kept constant by adding acid of the proper concentra­
tion to replace evapora~ed 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 SN HN03 is depicted in Figure 15. 
All three reagents would be acceptable dissolution reagents for 

· uranium-233 oxide·. 

Sodium Carbonate Fusion of Pu02* 

These studies were conducted in order to determine the effect of 
temperature on fusion efficiency. Small samples were prepared by mix­
ing 64 mg of Pu0 2 w~th 2.25 g of Na 2 C0 3. The Pu02-Na2C03 mixture was 
then placed into a platinum crucible and··contents were then heated to 
the desi.red operating temperature (1200°C and 1300°C) and maintained 

*The Pu02 was a fine powder having a c·omposition of .SO wt% plutonium-23S, . 
16 ·wu plutonium-239' 2.5 wt% plutonium-240, o.S wt% plutoni.um-241, 0.2 
wt% plui;onium-242, plus small amounts of other actinides. It'was cal­
cined for 2 hr at 950°C. 
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Figure 14 - Dissolution rate of Am241-Pu239 oxides in 8N HN0
3
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r----------'Tablevm- U-233 OXIDE DISSOLUTIC-N TESTS----------~ 

Acid Test 
Number 

U-3-1 

U-3-2 

U-3-3 

U-3-4 

U-4-1 

U-4-2 

U-4-3 

U-4-4 

U-5-1 

U-5-2 

u-5-3 

U-5-4 

Reagent 
Compos-i.tion 

12N HN03-0.05N HF-

0.0lN u2so4 

Time Heated 
(min) 

20 

65 

255 

5 

15 

60 

360 

15 

50 

240 

•CAN is an acronym for eerie ammonium nitrate. 

U-233 oxide Dissolved 
(wt%) 

97.4 

106.1 

93.8 

95.9 

89.7 

104.8 

95.2 

95.7 

100.9 

106.2 

100.1 

102.5 

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 HN0 3 • 

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 is due to experimental error. Therefore, it can be concluded that 
within the temperature range under investigation, the fusion efficiency 
is approximately 58% (average value). 

Neptunium-237 Oxide Dissolution Studies 

The Np0 2 was fired for 2 hr at 950°C. Samples of contaminated 
filter media were prepared by mixing 0.2 g of Np02 with 3 g of filter 
media. The procedure was identical to that used in the uranium-23~ 
oxide dissolution studies. The following three leaching reagents Kere 
tested: 8N HN0 3 , 4N HN0 3-0.1M (NH 4) 2Ce(N0 3 ) 6 , and 12N HN0 3 -0.05N EF-
0.0lN H2SO~. Table-X lists the results fro~ these experiments. -As 
can be seen, the 8N HN0 3 was unsuccessful in dissolving the NpO, rapidly 
with only 32% solubilized in 8 hr; On the ether hand, each of the 
other two reagents dissolved the Np0 2 rapidly with greater than 90% 
dissolved after 1/2 hr of boiling (see Figure 16 for dissolution per­
centage as a function of time). Therefore, both the 4N HN0 3-0.1M 
(NH4)2Ce(N0 3 )s and the 12N HNOs-0.05N HF-0.0lN H2S04 acid mixtures 
would be recommended for aissolution-of Np0 2 from filter media. 
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~-----------Table IX - Na2C03 FUSlONS OF Pu02-------------r 

Fusion Test Time Heated Operating Temperature Pu02 Solubilized Dissolution 
Number (hr)° <•c> (wt%) Reagent 

Pu-44 1 uoo•c 56.4 4N HN03 

Pu-45 1 1200°c 61.0 4N HN03 

,.----------·Table X· Np-237 OXIDE DISSOLUTION TESTS------------. 

Acid Test 
Number 

Np-3-1 

Np-3-2 

Np-3-3 

Np-3-4 

Np-3-5 

Np-4:.l 

Np-4-2 

Np-4-3 

Np-4-4 

Np-5-1 

Np-5-2 

Np-5-3 

Np-5-4 

Reagent 
Composition 

SN HN03 
" 

4N HN03-0.1M CAN" 

12N HN03-0.05N HF-0.0lN 
H2so4 

Time Heated 
(min) 

10 

25 

45 

75 

480 

10 

25 

40 

60 

10 

25 

45 

100 

'CAN is an acronym for eerie armnonium nitrate. 

Curium-244* Oxide Dissolution Studies 

Np02 Dissolved 
(wt%) 

1.3 

1.9 

4.1 

6.1 

32.3 

93.7 

97.2 

88.9 

89 .1 

64.7 

105.2 

107.4 

102.3 

Contaminated filter media were prepared by mixing 13 mg of Cm0 2· 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 HNOs-0.05N HF and 4N HNOs-0.lM (NH.)2Ce(NOs)s. 
The results of these tests, listed-in Table XI, show that both reagents 
dissolved ·the Cm0 2 very rapidly (essentially 100% dissolution in 10 min). 
Figure 17 shows the dissolution rate for 4N HNOs-0. lM (NH. )ice (NO s) 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 12~ HN0 3-0.G5~ HF-0.01~ H2so4 . 

..-----------'l'able XI - Cm-244 OXIDE DISSOLUTION TESTS----------, 

Acid Test 
NUilber 

Cm-2A 

Cm-2B 

Cm-2C 

Cm-~·o 

cm-a: 
cm-a· 
Cm-2G 

C:n-31\ 

C:n-3B 

C:n-3C 

C:n-30 

C:n-3E 

Reagent 
Composition 

4N HN03-0. lM CAN" 

Time Heated 
(min) 

10 

25 

60 

120 

180 

540 

540 

10 

25 

60 

120 

330 

'CAN is an acron~'IR for eerie ammonium nitrate. 

Cmo2 Dissolved 
(wt%) 

103.3 

100.8 

105.0 

99.1 

104.5 

93.3 

99.0 

112.1 

110.0 

109.0 

107.6 

110.5 
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~ 

2 3 4 

Time.hr 
Figure 17 - Dissolution rate of Cm02 in 4~ HN0 3-0.l~ (NH 4 ) 2Ce(N03 ) 6 . 

Thori~m-232 Oxide Dissolution Tests 

-

·-

5 6 

Co~taminated filter media were prepared b mixing 0.2~ ~ of 1'h0 2 
with 3 g of fi~ter media. The experimental pro edure was identical to 
that use·:! in the uranium-233 oxide studies. Th Th0 2 was e. ;f'1n~ powder 
which had been fired at 500°C. The purpose of he experime:-it was to 
determine whether Th0 2 would dissolve in 4N HN0 3 -0.1M (NH,)2Ce(N03)s 
similarly to other actinide oxides previously t=sted-(Pu0 2, Cm0 2, Am0 2, 
U 30 8 , and Np0 2;.. As shown by the data in 'Iable XII and Figure 18, the 
dissolut~on rate was slow at first (0-7 hr), ra?id from 7 to 9 hr, and 
slow again from 9 to 2C• :ir. The reason for this is not known at this 
time, bu~ it is thought that it took 7 hr to attack the surface of the 
Th02 and open the pores so that rapid dissclutiJn co~ld begin. It 
therefore appears that 4N HN0 3-0.1M (NH 4 )2Ce(N0 3 ) 6 would be an accept­
able leaching agent for Th0 2 from filter media, although dissolution 
time is longer than for ~ther actinides. 

A point of interest is that in a similar =xperiment using just 
Th0 2 {no filter media), the dissolution percentage obtained was only 
251 after 20 hr of boili:-ig. The reason for the difference in dissolu­
tion ~ercentages (25% versus 100%) is that the filter media contains 
0.14 wt% F- 1

• This small amount of fluoride io:-i has been found to be 
sufficient to catalyze tie dissolution reaction. 

Dissolut~on of Pu0 2 from Actual Glovebox Filters 

These teE.ts were conducted using sampleE ·Jf filter media removed 
from actual spent glovebox filters. The Pu0 2 o:-i the filters was the same 
type as that used in the fusion experiments. 
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-------------.JJ'ableXll - Th02 DISSOLUTIOK DATA------------, 

120 

100 

... so 
i 
ii 
j 60 
i5 . 

N 
0 
i= 

40 

20 

0 
0 

Acid Test 
Number 

Th-1 

Th-2 

Th-3 

Th-4 

Th-5 

Th-6 

Th-7 

Th-8 

Th-9 

Th-10 

Th-11 

Th-12 

Th-13 

Reagent 
Composition 

Time Heated 
(min) 

10 

20 

35 

60 

180 

300 

440 

440 

470 

545 

905 

1205 

•cAN is an acronym for eerie ammonium nitrate. 

v-L---
..,..,.. 

( 
1 

. 
J 

l---
L--/ .. ~ 
4 6 8 10 12 14 

Time, hr 

-

16 

Tho2 Dissolved 
(wt%) 

0.6 

0.4 

1.4 

2.4 

5.1 

4.7 

12.5 

31. 7 

29.3 

42.1 

82.3 

100.5 

104.3 

18 

I 

20 22 
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Experiment A 

A 9.5 g sample of filter media containing 0.18 g of Pu02 was dis­
solved in a six-stage dissolution procedure. The leaching reagent in 
the first five stages was 170 ml of 4N HNOs- 0.~3M (NH,)2Ce(N03)s, and 
the sixth stage contained 12N HN0 9-0.IN HF. The I2N HN0 3-0.1N HF was 
used because the 4N HN0 3-0.23M (NH 4 ) 2Ce(N03) 6 had proved ineffective 
in the fifth stage-of dissolution. The volume of 12N HN0 3-0.1N 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 µm 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 Pu02 dissolution percentage for the six-stage process. It 
should be noted that final dissolution percentage was 9S.88% (a con­
tamination 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 HN0 3-0.1N HF solution used in the sixth stage 
was more than twice as effective as-the 4N HN0 3-0.1M (NH 4 ) 2Ce(N0 3) 6 
used in the fifth stage (0.079% dissolved-versus 0.~31%). 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 Pu02 was dis­
solved in a four-stage dissolution process. The leaching reagent used 
in the test was 460 ml of 4N HN0 3-0.3M (NH 4 ) 2Ce(N0 3) 6 • 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 Pu02 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 eerie ammonium nitrate per mole of Pu0 2 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 ~s 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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r----------'!ableXIE- Pu02 01:SSOLllTION DATA (9.5-g sample)--------< 

Acid Te.st 
Number_ 

256-1 A 

256-2 A 

256-3 A 

256-4 A 

256-5 h 

256-6 h 

256-1 B 

256-2 B 

256-3 B 

256-4 B 

256- 5 B 

256-6 B 

256-7 B 

256-1 c 

256-2 c 

256-3 c 

256-4 c 

256-5 c 

256-6 c 

256-7 c 

256-1 D 

256-2 D 

256-3 D 

256-4 D 

256-5 D 

256-6 D 

256-7 D 

256-1 E 

256-2 E 

256-3 E 

256-4 E 

256-5 E 

256-6 E 

256-7 E 

256-8 E 

256-9 E 

256-1 F 

256-2 F 

256-3 F 

256-4 F 

256-5 F 

F.eagent 
Composition 

Time Heated Puo2 (min) 

10 

20 

40 

60 

l.20 

210 

10 

20 

45 

65 

120 

360 

510 

30 

75 

135 

315 

4 35 

~75 

675 

20 

45 

60 

135 

330 

645 

645 

15 

30 

60 

135 

195 

465 

600 

780 

780 

30 

60 

240 

585 

945 

Dissolved 
!wt%) 

82.0 . 
79.5 

87.3 

80.9 

85.8 

90.6 

0.41 

1.17 

2.50 

2.97 

4.75 

7.30 

7. 4 7 

0.29 

0.55 

0.87 

1.06 

1. 09 

1. 31 

1. 39 

0.029 

0.063 

0.079 

0 .139 

0.213 

0.222 

0.228 

0 .011 

0.012 

0.015 

0.023 

0.025 

0 .029 

0.031 

0.032 

0.025 

0 .016 

0.030 

0.047 

0 .079 

0.075 

Process 
Stage 

6 
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Figur-e 19 - Dissolution rate of Puo 2 from filter media. (lst stage). 
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Figure 20 - Dissolution of PuO~ from 
filter media (2nd and 3rd stage). 
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·Figure 22 - Cumulative wt % Puo 2 dissolved during six-stage pvocess. 
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Figure 23 - Cumulative wt % Pu02 dissolved during four-stage process. 

.---------~rableXIV- Pu02 DISSOLUTION DATA (25.6-g sample)--------: 

Cumulative 
Acid Test Reagent Time Heated Pu02 Dissolved Puo2 Dissolved 

Number ComEosition Stage (hr) (wt%) (wt%) 

12-1 4N HN03-0.3M CAN' 1 6 1/2 88.40 

12-2 2 15 4.04 

12-3 7 1/4 4. 91 

12-4 7 0.27 

•cAN is an acronym for eerie anunonium nitrate. 

'Gamma ray analysis of remaining filter media indicated that· 98. 24% 

of the Puo2 had been dissolved. 

88.40 

92 .4.4 

97. 35 

97.62' 
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known (from the color change of the leaching solution) that the Ge+• 
ions were reduced m·lch me.re quickly during the dissolution of Pu02 from 
the 25.6-g filter media sample. Therefore, it is surmised that the 
reason for the smaller decontamination factor (smaller percentage dis­
solved) is that the ce+• ions were used mainly to oxidize the sealant 
thus leaving fewer ce+• ions to oxidize to Pu+•. A simple solution to 
this problem might be to increase the amount of eerie ammonium nitrate 
when larger amounts of sealant are present with the filter media . 

Summary 

Plutonium adsorption isotherms were developed for the Pu-HN0 3 and 
Pu-HN03-HF systems which proved that the filter media did indeed adsorb 
plutonium. The x/m ratio for the Pu-HN0 3 -HF system was less than that 
for the Pu-HN0 3 system at any given concentration. Thus, higher decon­
tamination factors can be obtained with HN0 3-HF (assuming each leaching 
agent is equally effective in the dissolution of plutonium dioxide). 

Dissolution tests were conducted on filter media contaminated with 
Pu02. The HN0 3-H2S0 4 mixtures were relatively ineffective as leaching 
agents (see Figure 3). The best dissolution agents found were mixtures 
of HNOa-HF and HNOa-HF-H2SO, in which the HF concentration was G.05N or 
greater. These solutions dissolved greater than 90% of the Pu02 in-
15 hr (see Figures 5 and 6). Several tests were performed with HN0 3 -

(NH,)2Ce(N03)6 solutions (see Figure 4). It was found that 4N HN0 3 -

0.1M (NH,hCe(NOs)s was the .best of these mixtures with 88% of the Pu0 2 
dissolved in 3 hr. Addition of KMnO, to 4N HN0 3 -cerium(III) dissolution 
mixtures was successful in oxidizing the cerium(III) to ceriurn(IV) and 
thus allowing more of the Pu0 2 to dissolve. 

Several dissolution tests were completed with U02 and 0 30 8 contam­
inated filter media. All leachi~g agents tested dissolved the uranium 
oxide rapidly (see Table II). Equally good results were obtained with 
8!i_ HN0 3 wich dissolved '1-100% of the U0 2 or U30 8 in 6 hr . 

Neither Na 2C0 5 nor Na 2C0 3 -KN0 3 was satisfactory as a fusion agent 
for Pu02. The greatest percentage of Pu0 2 recovered was 71% using a 
Na2COs-30 wt % KNOs salt mixture. Also there are tremendous corrosion 
problems associated wfth this process. The platinum crucibles and the 
furnace used in these experiments were corrosively attacked by the re­
sultant vapors. 

The Pu02-75% U02 solid solution dissolved readily in 8N HN0 3 , 

12N HNOs-0.lN HF, 12N HN0 3-0.05N HF-0.0lN H2S0 4 , and 4N HN0 3~0.1M (NH 4 ) 2 
CeTNOs)s. These would be acceptable leaching agents since greater tban 
93% of the· Pu02 dissolved in 2 hr at boiling temperatures. Hueda ( 4) 
has reported that ?u02-U0 2 c~n be dissolved in nitric acid alone (up to 
35% Pu02). Baehr and Dippell5) reported.that U0 2-15% Pu0 2 fired at 
1600°C will dissolve easily in 14M HN0 3 • These sources substantiate 
recent findings at Mound F.acility~ 

Small and large samples of actual HEPA glovebox filters (contam­
inated with Pu02) were treated with various leaching solutions. For 
small samples, 12N HN0 3-0.05N HF-0.0lN H2 SO, proved superior to 
4N HN0 3 -0.lM.(NH 4 )2Ce(NOs)s with greater than 89% of the Pu02 dissolved. 
For larger samples, it was found that an increase in the ratio of acid 
volume to Pu0 2 weight 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:weight ratio of 2.35. It should be 
noted that the latter i;:rocess obtained a higher percentage of dissolu­
tion than the former. 

Dissolution studies using 4N HN0 3-0.15M eerie ammoniur.i nitrate 
dissclved greater than 93% of the-initial Pu02. Therefore, 4!! HN03 in 
combination with (NH 4) 2Ce(N0 3) 6 is a.recommended leaehing reagent. 

Filter media which were contaminated witt americium-241 and plu­
tonj um~239 oxides were treated with three different leaching reagents 
to determine the effectiveness of each reagent in dissolving the actinide 
oxide~. The three reagents used were 8!! HN03, 4!! HN03-0.l~ (NH,)2 
Ce(N0 3) 6 and 12N HN0 3-C.05N HF-0.0lN H 2 ~0 4 • It was found that the best 
leaching' agent was the 4.!! HN03-0.l~ \NH4)2Ce(NC3)s which dissolved 
greater than 9:J% of the .Am0 2 and the Pu0 2. 

Another series of tests was conducted to determine the best leach­
ing agent for uranium-233 oxide (U 30 8 ). Simulated samples of contam­
inated f.ilter media were prepared by mixing 0. 2 g of U 30a i;:owder with 
3 g cf shredded filter rr.edia. The reagents used were the same three as 
were used for the Am0 2-Pu0 2 studies. It was fo~nd that all three reagents 
were successful in dissolving greater than 90% of the U30a in a very 
short time (15 min). 

Fusion studies were conducted using Na2CCs and Pu02. The purpose 
of these experiments was to determine the effect of temperature on 
fusicn efficiency. It was found that there was not a significant dif­
ference (4.6%) in the Pu0 2 solubilized within the temperature range 
under investigation (1200-1300°c). · 

Experiments were conducted using filter rr.edia ·:ontaminated with 
neptunium-237 :n:ide. The purpose of the tests was to deterr.iine which 
of the three reagents wculd be successful in dissolving the Np02. Re­
sults indicate that both the 4N HN0,-0.lM (Irn,)2Ce(NOs)s ar.d the 
12N HN0 3-0.05N HF-0.0lN H2S0 4 were successful in dissolving greater 
than 90% of the Np0 2 in o. 5 hr. The 8!! HNO 3 or. the other hand solubi­
lized only 32% of the Ni;:0 2 in 8 hr and therefore would not be recom­
mended as a leaching agent for Np02. 

In other series of experiments, filter media contaminated with 
curium-244 oxide were dissolved in leaching tests using both 4!! HNOs-
0. lM (NH 4 ) 2Ce(N0 3 )& and 12!! HN0 3 -0.05!! HF. Bo:>th reagents .d!.ssolved 
esser,tially 100% of the Cm0 2 in approximately ]0 min and tt.erefore 
would be recommended for dissolving Cm0 2 from filter media. 

Filter media contaminated with thorium-232 oxide were leached 
with a 4N HN03 -0.U! (NH 4) 2 Ce(N0 3 ) 6 solution in an attempt to dissolve 
the Th0 2-:- The rate of dissolution was slow at the beginning (0-7 hr), 
rapid from 7 to 9 hr, and slow again at the e::'ld (9-20 hr). Complete 
dissolution was achieved in 20 hr, considerably longer than for the 
other actinide oxides previously tested. A point of interest is that 
in a similar experiment using only 4N HN03 -0. lM ceri·c ammonium nitrate 
and Th0 2 (no filter media), the amount dissolved was only 25% after 
20 hr. 'The reason for this difference is that the F- catalyst is 
present in the filter media. Therefore, it is concL1ded that although 
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the dissolution time was much longer for the Th02, it is still an accept­
able leaching reagent for Th0 2 from filter media. 

Several experiments were completed usi::'lg Pu02 contaminated filter 
me6ia from spent glovebox filters. These tests were made in order to 
determine how much (NH 4 ) 2Ce(N0 3) 6 is required for dissolution of Pu02 
from such filters. In one experiment, a 9.5-g sample of filter media 
waE. processed through a six-stage dissolution process. In the intial 
five stages 4N HN0 3-0.23M (NH 4 ) 2Ce(N0 3) 6 was used and in the sixth 
stage 12N HN0 3 ~0.1N HF was used. The amount of (NH 4 ) 2Ce(N0 3) 6 used in 
each stage was 60 times the intial moles of ?u0 2 present in the filter 
media. 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 
leaching solution was 4N HN0 3 -0.30M (NH 4 )2Ce(N0 3) 6 • The amount of eerie 
ammonium nitrate used in each stage was 120 times the initial moles of 
Pu0 2 present in the filter media. The overall decontamination factor 
achieved in the four-stage process was 55.8. 

The amount of eerie ammonium nitrate required cannot be based ex­
clusively upon the amount or· actinid.e prese.nt in the filter media. The 
reason 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. I::'! other words, even though 
more eerie 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 4 ) 2Ce(N0 3 ) 6 required per gram of filter 
media has not been developed. More studies must be done before the 
relationship can be determined. 

*This is a fi~e retardant polyurethane and a rubber base adhesive. 
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