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ABSTRACT

The matrix of a dilute homogeneous H,T.G.C. reactor fuel employing metallic beryllium
as a moderator can be selectively dissolved by a caustic soda solution containing salicylate
ion. At least 99 per cent. of the uranium and thorium can be recovered as insoluble solids, but
in the case of irradiated material the uranium loss might be higher. Some decontamination of the
resulting beryllium solution from fission products and Pa 233 can also be cbtained. A tentative
chemical flowsheet is proposed on the basis of the results obtained.
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1. INTRODUCTION

Homogeneous beryllium—based fuel in which the atomic ratio of U : Th : Be is of the order of
1: 30 : 3000 may be processed by cither completely dissolving the whole fuel element or by selectively
dissolving the beryllium moderator, leaving the fertile and fissile material as solids.

If complete dissolution is used the resulting solution contains uranium at a very low concentration
(c. 10—4 M) which has to be separated from a large excess of an inactive beryllium salt, and if the
beryllium also has to be recovered, large volumes of the highly active solution have to be reprocessed.
Altematively, if the beryllium is not recovered, the waste solutions have a high salt content, which
makes concentration difficule,

A selective dissolution of the beryllium matrix on the other hand would produce a concentrated
uranium solution, containing most of the fission products. Subsequent recovery and decontamination of
the beryllinum would then allow the waste solutions to be concentrated for storage. Purification of the
beryllium could be achieved by using simple processes, such as ion—exchange, which would otherwise
be impossible because of the radiation levels,

Although there are various ways in which beryllium might be selectively removed from a metal
sy stem, the most obvious is to take advantage of its amphotetic nature by dissolving it in alkali.
Goldowski (1945) reported that beryllium will not dissolve in boiling 3M caustic alkali solutions. Our
preliminary experiments have not only confirmed this but have shown that the metal readily becomes
passive in canstic alkali solutions less concentrated than 8M. Also there appears to bea critical
temperature region in which the passive layer breaks down to allow the metal to dissolve vigorously
and exothermically. This occurs from about 8¢ — 90°C, depending on the alkali concentration and the
initial condition of the metal surface, However, the beryllate solution formed is unstable to heat and
deposits an insoluble form of beryllium hydroxide. Unless this can be prevented, alkali less concentrated
than about 8M cannot be used as selective solvent for the metal,

2. PRELIMINARY EXPERIMENTS

Itis well known that beryllium forms anionic chelate compounds with suitable ligands, for
example oxalate ion (Sidgwick and Lewis 1926) and salicylate ion (Jones et al. 1930). In preliminary
experiments using alkali concentrations below 8M, at temperatures near 100°C, we found that addition
of sufficient salicylate produced a clear solution, stable for several months at least; & — hydroxy
B — naphthoate also produced a clear stable solution. Oxalate stabilized the solution temporarily,
but precipitation occurred after a short time. Malonate had no effect,

Although the complexing agents were added in an attempt to stabilize the solution we found
that under certain conditions they could increase the dissolving rate, presumably by preventing the
formation of a passive layer on the metal. Their effectiveness in preventing passivity parallelled
their effectiveness in stabilizing the beryllium solution, that is salicylate and o— hydroxy PB— naphthoate
were permanently effective, oxalate temporarily so, and malonate without effect.

This behaviour was reflected in the variations in the potential of a beryllium electrode immersed
in alkali, which were produced when chelating agent was added to the solution. While potassium oxalate
and salicylate both raised the electrode potential of the beryllium, the effect was greater and more
pemanent in the case of the salicylate, Oxalate increased the potential of the beryllium from its steady
passive state of 0.56V to 0.75V in 2 to 3 minutes, the potential then slowly decreasing towards its
original value. Further additions of oxalate gave a repetitive effect. Addition of salicylate increased
the electrode potential to about 1.0V in about 5 minutes, but the potential continued to increase slowly
to 1.45V after 24 hours, There was no collapse of the time—potential curve in the case of the salicylate.

Both sets of observations can be explained by assuming that a soluble beryllium complex is
formed which removes or prevents the formation of the passive layer on the metal, The addition of
salicylate produces a permanent change because the complex is stable in concentrated alkali. The
effects produced by oxalate or malonate are tran sitory, probably because these ions are broken down
more or less rapidly by alkali according to the reactions

(1) (COONa), = Na,CO, + CO

(2) CH, (COONa), + NaOH = Na,CO, + CH, COONa
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A solution of caustic soda containing salicylate ion therefore appeared to be a promising reagent for
the selective dissolution of Be from the metal fuel. This was tested in further experiments described
in the remainder of this report.

3. DISSOLUTION OF BERYLLIUM IN SOLUTIONS OF SODIUM HYDROXIDE/SALICYLATE

3.1 Experimental

Dissolutions were made in standard Quickfit apparatus (Figure 1). Discs of beryllium, 1.85 c¢m
in dia, x 0.32 cm thick, with a central hole, were fitted with Teflon washers and securing nut to a stain -
less shaft rotated in the boiling alkali at 200 r.p.m. The dissolution was followed by analysing samples
withdrawn at suitable intervals. (Figure 1). After centrifuging, they were analysed colorimetrically by
the method of Mustafin and Matveev (1958). Initial dissolving rates per unit area were calculated from
the curves of weight loss versus time, (see Figures 2, 3, 4, and 5) and the geomettic surface of the samp
exposed. As a check, average dissolving rates were also calculated from the weight of the sample remai
ing at the end of the experiment,

Analytical grade reagents were used except in the third series of dissolutions to test the effect
of beryllium concentration on dissolving rate. There the required amount of moist Murex beryllium
hydroxide was added to the solution of salicylic acid in caustic soda and the volume adjusted with
demineralized water, Because of possible inhomogeneity in the beryllium hydroxide powder the solu—
tions were standardized in each case.

3.2 Results and Discussion

3.2.1 Effect of alkali and salicylate on dissolving rate

In Tables 1, 2, and 3, alkali concentrations are expressed as “‘nominal’’, *ttotal’’, and *‘free’’
respectively, these terms referring to initial concentrations in all cases. “Total alkali’' is equal to
the total concentration of Na* present, initially added as NaOH. ‘*Nominal alkali’’ is the total alkali
less the amount of salicylic acid added, assuming that only the — COOH group is neutralized. - *'Free
alkali’’ is the total alkali less the amount of salicylic acid added, assuming that both the phenol and
the carbonyl groups are neutralized. In all mns except 14 and 15, the ‘‘free’’ alkali is a positive
quantity. In 14 and 15 the values are negative,

Positive values of ‘'free’’ alkali may be taken as a measure of the initial concentrations of OH”

Figure 7 shows that the initial dissolution rates are directly proportional to free alkali above
a threshold concentration of about 1M. The relation between total alkali and initial rave (Figure 8)
shows a similar trend but the rate is lowered by increasing the salicylate concentration at the expense
of the free alkali. When the initial rate is expressed as a function of initial salicylate for a given
nominal alkali concentration, a maximum is found (Figure 6). The fall in rate at the higher salicylate
concentration is at least partly caused by the buffering action of salicylate produced by. the reaction

high pH
NaOH + NaH Sal _———= Na, Sal + H,0

-

low pH

The dissolving rate appears to be erratic in the absence of salicylate. Thus for practical
purposes some uncomplexed salicylate ion must always be present, although the minimum concentration
required is not known. i

The few clectrode potential measurements made suggest that the chelating agent acts on the
surface layer on the metal. If thisis so, probably only a small excess is required. In the present work
the free salicylate concentration decfeased during the experiment. Figure 6 shows that in the range of
free alkali concentrations from 2 — 5 M an initial salicylate concentration of at least 0.4M is required
to increase the initial dissolving rate but if the initial salicylate concentration is greater than 2M the
initial rate is decreased even after allowance is made for the decrease in free alkali. The reason for
this is not known, -

3.2.2 Effect of beryllium concentration on dissolving rate

The rate diminishes as the reaction proceeds, even when free salicylate is present, This fall
is not wholly caused by the drop in free alkali concentration, By adding beryllium salicylate at the
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start of the experiment, it can be shown that the rate is an inverse function of the concentration of
beryllium present in solution. (See Figure 9).

3.2.3 Nature of the precipitate formed

Table 1 shows that precipitation occurs when insufficient salicylate is present, The results
obtained by de Bruin, Kairaitis, and Temple (1961) imply that if sufficient ligand is present the beryllium
should exist in strongly alkaline solutions almost entirely as the bis(salicylato) beryllium anion, and any
uncomplexed beryllium in solution would almost certainly be in the form of the beryllate. The precipitate
that forms in the presence of some salicylate could therefore be either beryllium hydroxide, formed by
hydrolysis of the beryllate, or a mono—(salieylato) beryllium complex, which is known to be fairly
insoluble (Jones et al, 1930), The chemical analysis of the precipitate was as follows:

Be Salicylate-
Actual Analysis of Precipitate * 13.4% 0.4%
Calculated for Be Sal 2H,0 5.5% 72.9%
" ' Be(OH); 2H,0 14% -

These results show that the precipitate was beryllium hydroxide, and this conclusion was confirmed by
X--ray diffraction. Its pattem was very similar to that recorded by Seitz et al. (1950) for **’ —beryllium
hydrozide.

3.2.4 Variations experienced with metal of different origin

The results of Table 1 were obtained with Pé&chiney metal extruded at A.E.R.E., Harwell, while
those in Tables 2 and 3 were for Péchiney metal extruded at Lucas Heights. Samples from both sources
appear to have similar, but not identical, chemical properties. For example, although the A.E.R.E. —
extruded metal would dissolve readily in boiling 5M caustic soda, the Australian — extruded material
would not. The addition of sufficient salicylate overcame the passivity in both cases, but to dissolve
the Australian—made samples, higher concentrations of alkali and salicylate had to be used.

4. THE DISSOLUTION OF UBe,; AND ThBe,; AND THEIR DISPERSIONS IN METALLIC BERYLLIUM

4.1 Experimental

The alloys, either as powder or compacted in a beryllium matrix, were boiled under reflux for a
known time with caustic soda/salicylate solutions prepared as described in Section 3.1. After cooling,
the solutions were centrifuged and the supernatant liquid removed with a Pasteur pipette,

The sludge was washed three times, the washings being separated in the same way. The combined
liquid:phases were then analysed for beryllium, and uranium or thorium, Beryllium analyses were made as
before; thotium was determined colorimetrically using APANS (Fletcher 1957), uranium colorimetrically as
isocyanate (Neitzel and Desesa 1957). The sludge was dissolved in 13M HNO g, containing 0.05M fluoride.
The resultant solution was also analysed for beryllium, uranium, and thorium as necessary.

4,2 Results and Discussion

Results of preliminary experiments are given in Table 4, The effects of alkali concentration and
digestion—time on the dissolution of UBe, 5 and ThBe,q powders are given in Tables 5 and 6 respectively,
Figure 10 shows a dissolving rate curve for a compact, containing UBe 15 and ThBe, g in beryllium,

4.2.1 Dissolution of UBe,4

Beryllium was selectively dissolved from the UBe,, powder and from the compacted dispersion of
UBe 14 in beryllium using a solution containing salicylate in a free alkali concentration of 3-4M. The
amount of uranium dissolved was found to increase with digestion~time; doubling the digestion—time
trebled the uranium in solution. Vith the UBe,, powder, 99 per cent. of the beryllium was dissolved in
4 hours, together with 1 per cent. of the uranium, Figure 10 shows that less than 2 hours digestion will
remove greater than 98 per cent, of the beryllium with a uranium loss of less than 1 pet cent. The average
dissolving rates observed for the compacts were between G and 10 mg cm™ 2 min—L,

* From dissolution of Be in 5M NaOH containing salicylate to a final Be /Sal ratio of 1 * 0.3 .



4.2.2 Dissolution of ThBe 4

ThBe, 3 powder, and the dispersion of ThBe,; in Be both became passive in free—alkali concentra
tions of 3 and 4M, but not in 5M, The presence of the thorium appeared to diminish the rate of solution of
the beryllium, Thorium losses appeared to be independent of digestion time and were low even after 7
hours, 98 per cent, of the beryllium was dissolved in ] hour,

5. SELECTIVE REMOVAL OF BERYLLIUM FROM IRRADIATED SPECIMENS

During this part of the work the partitioning of the Pa and gross fission products between the
alkaline solution and the metallic sludge was examined,

5.1 Experimental

Specimens of mixed UBe;5 and ThBe, 5 in beryllium in one case, and of ThBe,4 only in beryllium
in the other, were prepared in the usual manner and irradiated in an average flux of 2 x 1012n cm—2 sec—
for 25 days. They were then allowed to decay for periods from four to seven months. Each was treated
as described in Section 4.1, but the equipment was located in a remote handling cell shielded with 4 inch
lead walls, The apparatus is shown in Figures 11 and 12.

The alkaline solution from the selective dissolution step, and the acid solution obtained from the
metallic sludge were both analysed for Be, U, and Th as described in the preceding sections, Pa was
measured radiometrically using a method developed by Morgan (1961). Total Y counts and total 3 counts
were registered by Y-—scintillation and 2 T proportional counting respectively.

5.2 Results and Discussion

Details of the experiments are given in Table 7. The analytical results obtained are in Table 8,
and the Y—spectrum analyses in Table 9.

5.2.1 Dissolution of irradiated ThBe, 3/ Be specimens

From the digestion of specimens Bl, and B2 in a 5M NaOH/salicylate mixture it is evident that;
1. the marrix broke down rapidly, »

2. little thorium entered the alkaline solution, (the loss of 3 per cent. for B 1 was probably
in error because of an inefficient separation of the solid),

3. the beryllium recovery was good; for B2 it was probably nearer 99 per cent. than the
95 per cent. found for B1, and

4, the decontamination factor for Pa233 was about 500, Nearly all the activity in Bl
and B2 arises from Pa233, very little.being produced by the fission of U233,

5.2.2 Dissclution of jrradiated UBe 5, ThBe;3/Be specimens

Some inferences can be made from Table 8, but the results of the uranium analyses are incon—
clusive, The matrix broke down readily, and the thorium lost to solution was about the same as for
the ThBe  3/Be compacts, Beryllium removal appeared to be greater than 99 per cent,; the quantity of
uranjum lost to the alkaline solution appeared to be larger but uncertain. The apparent loss of 25 per
cent. to solution would not have been expected from the previous work and may have been caused by
poor solid/liquid separation. It was not caused by the formation of a soluble uranium carbonate complex
by the carbonate present in the alkali. This is shown in the following table which gives the results of
dissolutions of UBe, 3 powder in caustic soda/salicylate solutions containing known quantities of
carbonate;

Na,COj; U Dissolved
Molarity (after 1 hr digestion of
(in the caustic soda— UBe 15 powder)
salicylate solution) Lg/ml
0.54 42
0.29 33
0.04 _ 29
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The decontamination factor for Pa233 was at least an order of magnitude lower than in the case of the
irradiated ThBe,3 /Be specimens. The decontamination factor for gross Y and P emitters between the
alkaline stream and the original sample was about 50. Because the quantities of protactinium and fission
products present were small the accuracy obtainable with reasonable counting times was low.

6. GENERAL CONCLUSIONS

L. Beryllium will readily dissolve in caustic soda solutions containing salicylate ion.

2. Sufficient salicylate must be present at all times to complex the‘be'rj}"llium as the
bis(salicylato) anion; this prevents precipitation of the insoluble hydroxide.

3. Neither thorium nor uranium readily dissolves in this reagent, which therefore offers
a means of removing beryllium selectively from mixtures of these three metals.

4. Preliminary experiments on irradiated compacts of UBe,; and ThBe,g in beryllinm
show that 2 good decontamination of the beryllium stream from Pa233 can be
expected, and that some decontamination from fission products is also possible,

5. There is sufficient chemical evidence to warrant further work to discover
(i) the effect of irradiation on the dissolution of the uranium and thorium,

(ii) the precise decontamination factors that can be obtained, and

(iii) the identity of the fission products entering the alkaline solutien,

7. A TENTATIVE FLOWSHEET

If some assumptions are made about the type of fuel to be processed, a tentative chemical
flowsheet can be drawn up from the results presented. (See Figure 12).

Further work on altemative methods of separating the beryllium from the alkaline solution
seems desirable, if development of metal-based fuels continues. Experiments with more highly
irradiated samples would also lead to more accurate figures for the decontamination factors obtainable,
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TABLE 1

DISSOLUTION OF BRITISH-EXTRUDED PECHINEY

BERYLLIUM METAL IN CAUSTIC SODA AND CAUSTIC SODA-SALICYLATE SOLUTIONS

Run | Total}| Initial Nominal| Initial Free| Initial Final Mole Appearance of Final
No. | Alkalij Salicylate| Alkali Alkali OH' Dissolving Ratio Solution

Nat Sal'! rate Salicylate:Be

mg cm~2 min~

17 1.0M nil 1.0M 1L.OM 0.01 0o 1 milky white precipitate forme
18 1.4 0.4 M 1.0 0.6 1.3 2.0 : 1 slight turbidity
16 | 1.8 0.8 1.0 0.2 0.9 2.4 : 1 | v. slight turbidity
39 1.8 0.8 1.0 0.2 2.6 1.7 : 1 slight turbidity
15 2.2 1.2 1.0 -0.2 1.7 2.5 : 1 clear solution
14 2.6 1.6 1.0 -0.6 2.2 4.5 : 1 clear solution
23 3.0 nil 3.0 3.0 0.16 0 < 1 milky white precipitate
22 3.4 0.4 3.0 2.6 3.1 0.6 : 1 cloudy
21 3.8 0.8 3.0 2.2 4.8 1.1 : 1 cloudy
20 4.2 1.2 3.0 1.8 2.6 1.6 : 1 very cloudy
19 4.6 1.6 3.0 1.4 2.7 2.1 : 1 slightly cloudy
31 4.0 nil 4.0 4.0 4.6 0 1 precipitate
32 4.4 0.4 4.0 3.6 7.7 0.7 : 1 precipitate
33 4.8 0.8 4.0 3.2 9.0 1.4 : 1 less precipitate
34 5.2 1.2 4.0 2.8 7.6 1.7 : 1 very slight precipitate
40 5.2 1.2 4.0 2.8 14.6 2.2 1 clear
35 5.6 1.6 4.0 2.4 11.0 1.9 : 1 very slight precipitate
41 5.6 1.6 4.0 2.4 11.0 2,9+ 1 clear solution
42 6.0 2.0 4.0 2.0 9.3 3.0 : 1 clear solution straw—coloure
43 6.0 2.0 4£.0 2.0 6.1 5.0 : 1 clear solution
26 5.0 nil 5.0 5.0 1.4 0 : 1 heavy white precipitate
27 5.4 0.4 5.0 4.6 11.4 0.5 : 1 large precipitate white
28 5.8 .8 5.0 4.2 14.3 0.9 : 1 some precipitate
29 6.2 1.2 5.0 3.8 15.7 1.3 : 1 small precipitate
30 6.6 1.6 5.0 3.4 9.4 1.8 : 1 slight precipitate
36 6.6 1.6 5.0 3.4 14.3 1.8 : 1 | very slight precipitate
37 7.0 2.0 5.0 3.0 5.3 3.0 : 1 | clear solution
38 7.4 2.4 5.0 2.6 3.0 4.4 : 1 clear solution
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EFFECT OF BERYLLIUM CONCENTRATION ON DISSOLVING RATE

TABLE 3

OF BERYLLIUM METAL IN CAUSTIC SODA — SALICYLATE SOLUTIONS

Total | Free Total Free Initial Final Total |Final Lissolving Final Ratio
Wsn Alkali | Alkali | Salicylate| Salicylate | Beryllium | Beryilium | Initial |[Volume ratg Sal'': pett Observations
% INa* | OH™ | = Sal Sal "' Be* Bett | Volume| m] |mg cor? min! :
ml
33 6.4M | 4.0M 1.2M 1.2M NIL 1.70M 200 185 15.00 076 : 1 Turbid, greyish solution
Control :
54 6.4 4.0 2.8 1.2 0.8M 1.80 200 186 5.40 156 = 1 Clear solution
56 8.0 4.0 2.0 1.0 1.0 2.10 200 165 0.98 1.72 : 1 | Solution clear but grey
57 9.0 4.0 4.0 1.0 1.5 1.90 200 170 1.00 2.5 : 1 | Turbid, grey solution
58 7.0 4.0 2.0 1.0 0.5 1.85 200 180 5.14 1.2 : 1 Clear solution
39 6.0 4.0 1.0 1.0 NIL 1.50 200 130 13.10 0.74 : 1 | Turbid with dark precipitate
Control of metal
60 8.0 4.0 3.0 1.0 1.0 1.66 200 165 1.27 2,19 : 1 Solution clear but grey
61 9.0 4.0 4,0 1.0 1.5 1.60 200 170 0.30 294 : 1 Solution clear but yellow
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THE DISSOLUTION OF UBe,; IN CAUSTIC SODA —
SALICYLATE SOLUTION

TABLE 5

Analyses (Total Present)

Run | 1hitial Free Inital Initial Mass | Alkaline Dissolution/Acid Dissolution | U Loss o | Be Recovery Cigestion Time
No. Alkal: Salicylate | of UBe, g - m - Alkaline Minutes
mg € Be Solution 7
mg mg mg mg %

1 3.0M 1.3M 355 0.5 91.4 220 14.6 0.25 85 60

2 3.0 1.3 355 45 1 80 238 | 15.0 | 20 84 120

3 5.0 1.8 353 3.0 92 250 | 17.5 1.0 85 120

4 5.0 1.5 457 2.25 147 301 1.7 0.7 99 240

5 5.0 1.5 472 7.75 149 305 1.7 2.4 99 420
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THE DISSOLUTION OF IRRADIATED FUEL SPECIMENS IN

TABLE 7

CAUSTIC SODA — SALICYLATE SOLUTION: EXPERIMENTAL CONDITIONS

Specimen Initial Composition Cooling Inital Inidal Digeston Times Initial Acid Inizial Fluoride ion
No. T T e .%MMMM mnmwo ﬁ_w.mr wmw %me.mnm Alkali Acid Concentration Concentration
mg mg mg (b (ho
B1 NIL 431 2149 16 5.0M L5 M 4.0 3 13.0M 0.05 M
B2 NIL 427 2133 20 5.0 1.5 4.0 6 13.0 0.05
Al 224 224 2232 25 5.0 15 4.5 L3 13.0 0.05
A2 222 222 2216 29 5.0 LS 4.0 L5 13.0 0.05

Each specimen was irradiated for 25 daysin 2 2 x 10'2 1 cm

—2

mmm.H themal flux
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TABLE 9
Y —SPECTRUM ANALYSIS OF ALKALINE AND ACID

SOLUTIONS FROM THE DISSOLUTION OF SPECIMEN A1

Peak Energy Count Count Half Life Suggested
MeV 14/3/61 24/4/61 Identification
0.05 106 94 long

(7900] [ 2862] [28d] [Pa233]
0.12 306 179 60d
0.21 131 132 long
0.33 [2956] [1006] [28d] [Pa233]
0.34 200 200 long |
0.43 67 40 65d
0.50 [276] (193] [1104] [Ru 106]
0.54 225 136 70d Ru
0.69 110 104 long
0.76 [ 1105)] [705] (704d] [Zr95]

The figures in square brackets are from analyses of the nitric
acid dissolutien. Cs 137 could be expected in the alkaline
solution but was not detected.
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The following assumptions have been made in order to
construct this fowsheet and are not necessarily the
finat basis for flowshee! design
1 kg of UBe.o ThBe 1o/ Be type fuel
u: ! S.Mm u_usm_._h ratio 1:30: 3000

100% breeding factor

1 year imadiation

day cooling

The foltowing assumptions have been made as a result |,
of the experimental work in this report for poirt A.

imadiated Metallic Fuet
F R
y, 1200c

1 : - Be recovery 9% 2~ These are very
RO 1o L RE” R mm
reflux -2 hours at B. F.r, Br? P DF T
F.P.By gross OF 10° -
The U and Th loss figures given for the split at point B:
M are based on some qﬁ«.uam_.___aa eemwvamaw ﬁ_s
Tutron votume 1331 have not been reported in detail,
Mass o1 Slodee The solchility of salicylic acid in dilute H,S0, at 4°C
%%B_ mw_m 2 oM is assumed to be not greater than 0.1%
otal Sal"  LoW , = L
m _ﬁwﬂ The betyllium can be recovered from the alkatine]
Wash Solid-liquid Separali e ._aﬂ%%mm%__m ﬁ"a@ﬁsﬁﬁ_uﬁﬁﬁmwﬁwﬁy ang
5 Loy [11.13] 1on B f 5 TeCIpl 1CYIH A0, Wit 1
I:no 7L _ By nma_#__u J Feturned to the dissolver, A considerable saving in
materials would result if this step could be eliminated
and the bervilium recovered from the alkaline solution
] by some non--destructive means. The alkali could then
5o ﬁ_“_ _mumma the cost of waste storage and tre
okl 53¢ Pa 80 would be reduced.
Th 184.0g F.P. By1isc
c1d Dissolation of U—Th Wash, Soljd-liquid Separation Totdl fiitraie 3001
" o DR nop 5Ll “Fifer of cortiiige . [mmmmmmm=- " eSO, 0. PP ?
reflux -2 fiours at B P2 o0 Na.S0,L8M ?
1 ) m »&o B EP.ByT
.
Hosal 0.5-10g/L
) Be Z5pl
ANO,9.0M 1250 H_Sal 27.3kg Pg™ 7 PHLS
s JL EF e ﬁm_w i i A= r
fe 3oL " " Y : WDe—acidite FF Anion exchange . B0, 0.2M
|||||| Na S0, 1.7-1.8M
 oH
= Ry _
[sat 0.31d o salicylic acid dissoiver | —"——— w
E Eluate 0.2 Beryllium Purification.
HNO 5 3.0M Possil fation and
——t u am.ma /L eawmo«,ﬁ;mﬁz_ﬂ_s_a
L : BelOis oo Wl
Na+ 8.0M
Sal "' L5
U 03mg/L
f .
22 d TR CEEE B
extraction usi : of in ot obtained from
Solven e e Beryllium Stream - — - — - = =~ - - P Jenkins & R.J_Richardson C/R 1217
i (1953). However, this step is purely
Uranium Stream msmss— speculative and has yet to be test
with process solutiops, Data from
J.Fardy{A_A_E.C. - Unpublisted work) 1
FIGURE 12 TENTATIVE CHEMICAL FLOWSHEET FOR THE SEPARATION OF were also used,

BERYLLIUW FROM IRRADIATED H.T.G.C. METALLIC FUEL USING
A SELECTIVE DISSOLVENT, -- CAUSTIC SODA/SALICYLATE,



