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(54) Recovery actinide values 

(57) A process for partitioning and re-
covering actinide values f rom acidic 
waste solutions resulting f rom repro-
cessing of irradiated nuclear fuels by 
adding hydroxylammonium nitrate and 
hydrazine to the waste solution to ad-
just the valence of the neptunium and 
plutonium values in the solution to the 
+4 oxidation state, thus forming a feed 
solution and contacting the feed solu-
tion with an extractant of di-
hexoxyethyl phosphoric acid in an 
organic diluent whereby the actinide 
values, most of the rare earth values 
and some fission product values are 
taken up by the extractant. Separation 
is achieved by contacting the loaded ex-
tractant wi th two aqueous strip solu-
tions, a mitric acid solution to selective-
ly strip the americium, curium and rare 

earth values and an oxalate solution of 
tetramethylammonium hydrogen oxa-
late and oxalic acid or tr imethylammo-
nium hydrogen oxalate to selectively 
strip the neptunium, plutonium and fis-
sion product values. Uranium values re-
main in the extractant and may be reco-
vered with a phosphoric acid strip. The 
neptunium and plutonium values are 
recovered from the oxalate by adding 
sufficient nitric acid to destroy the com-
plexing ability of the oxalate, forming a 
second feed, and contacting the second 
feed wi th a second extractant of tricap-
rylmethylammonium nitrate in an inert 
diluent whereby the neptunium and 
plutonium values are selectively ex-
tracted. The values are recovered from 
the extractant with formic acid. 
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SPECIFICATION 

Method for the recovery of actinide elements from 
nuclear reactor waste 

• 5 
This invention relates to a method for recovering 

1 actinide elements from acidic radioactive waste 
solutions resulting f rom the reprocessing of irradi-
ated nuclear reactor fuel. 

• 10 One of the major problems confronting the nuc-
lear power industry is management of the highly 
radioactive liquid wastes which result from the re-
processing of irradiated nuclear reactor fuel. One 
approach is to solidify the liquid wastes as they 

15 come f rom the reprocessing facility into a stable 
solid material which can be stored in the earth for a 
period of t ime sufficient for the radiation to decay to 
safe levels. However, the storage times required to 
achieve safe levels of radioactivity are on the order 

20 of a mill ion years. This is far longer than the geolo-
gical stability o f the earth can be expected to be 
maintained. One solution is to remove the ex-
tremeley long-lived radioactive components from 
the waste solutions - such as the actinides, i.e. the 

25 uranium, americium, curium, plutonium and nep-
t u n i u m - so that the remaining radioactive ele-
ments, presenting the bulk o f the radioactive 
waste, need only be stored for up to 1000 years be-
fore the radioactivity reaches background levels. 

30 This t ime period is within the realm of determining 
geological integrity. The actinides thus recovered 
from the waste can then be reprocessed and recy-
cled to provide additional fuel for nuclear power 
reactors and for isotopic power sources. 

35 One major problem with recovering the actinides 
f rom large volumes of acidic high-level radioactive 
waste solutions is to find a method which will do so 
effectively and economically, since the actinides 
are present in several valence states and difficult to 

40 recover together. The extractant, di-hexoxyethyl 
phosphoric acid, (hereinafter HDHoEP) is known to 
extract tetra and hexavalent actinides from an aci-

• die solution, along with some fission products and 
rare earths. However, because the extractant has a 

45 strong affinity for the actinide elements, there has 
- heretofore been no effective means for recovering 
or backextracting the actinides from the HDHoEP 
extractant and for separating the actinides from the 
co-extracted elements. 

50 We have developed a process for partitioning or 
separating actinide values from an acidic radioac-
tive waste solution using HDHoEP by which we are 
able to separate the actinides from the co-extracted 
fission products and rare earth, and by which we 

55 are able to separate some of the actinide values 
f rom each other. 

According to the process for separating actinide 
values from acidic radioactive waste solutions con-
taining actinide values, rare earth values, fission 

60 product values and other metal values, sufficient 
hydrazine and hydroxylammonium nitrate is added 
to the waste solution to adjust the oxidation state 
o f the neptunium and plutonium present in the 
waste solution to a valence of +4 to form a feed 

65 solution, which is contacted with an organic extra-

cant of 0.1 to 1.5 M HDHoEP in a water-immiscible 
inert aromatic or aliphatic hydrocarbon diluent 
whereby the actinide, rare earth, fission product zir-
conium, niobium, and molybdenum, yttrium and 

70 iron values are extracted while the other values re-
main in the feed, the loaded extractant is then con-
tacted with two aqueous strip solutions, a nitric 
acid solution which selectively strips the curium, 
americium and rare earth values from the extrac-

75 tant, and an oxalate solution of oxalic acid and tet-
ramethylammonium hydrogen oxalate (hereinafter 
TMA.HOx) or t r imethylammonium hydrogen oxa-
late which selectively strip the plutonium and nep-
tunium values f rom the extractant along with fis-

80 sion product zirconium, niobium, and molybde-
num, and iron values. The uranium and yttr ium 

values remain in the extractant and may be reco-
vered with a phosphoric acid strip. Neptunium and 
plutonium values are recovered from the oxalate 

85 strip and purified of fission products by adding nit-
ric acid to the oxalate strip containing the values in 
an amount sufficient to destroy the complex!ng 
ability of the oxalate, forming a second feed, con-
tacting the second feed containing the values with 

90 an extractant of tr icaprylmethylammonium nitrate 
'hereinafter TCMA.NOs) in a water-immiscible inert 
aliphatic or aromatic hydrocarbon diluent whereby 
the neptunium and plutonium values are selective-
ly extracted while the other values remain in the 

95 feed, and contacting the extractant with a formic 
acid solution whereby the neptunium and pluto-
nium values are stripped from the extractant, there-
by recovering and purifying the neptunium and 
plutonium values. The acid may be recovered from 

100 the raffinate of the various stripping steps for recy-
cle while the waste may be combined with the re-
maining first and second feed solutions and solidi-
fied for long term storage. 

The use of HDHoEP as an extractant has several 
105 advantages over other similar extractants and in 

particular over many of the dialkyl phosphoric 
acids. For example, phosphoric acid extractants ge-
late by forming insoluble polymers when saturated 
or only partially saturated with extractable ele-

110 ments. This prevents separation of the aqueous 
and organic phases, making the process impossi-
ble or, at best, difficult to operate. However, it is 
possible to saturate HDHoEP without any gel for-
mation, allowing the use of feed solutions having 

115 higher concentrations of extractable values. 
Many organic extractants when subjected to 

high levels of irradiation decompose to com-
pounds which no longer function as extractants or 
to compounds which adversely affect the extracta-

120 bility o f the extractant. HDHoEP, although affected 
by radiation, generally decomposes to compounds 
which do not adversely affect its function as an ex-
tractant. This permits use of the extractant for a 
longer period of t ime before it must be subjected to 

125 costly clean-up procedures and reduces the quanti-
ty of additional extractant which must be added to 
maintain process volumes. 

Another advantage of using HDHoEP as an ex-
tractant is that it may be used with any mineral acid 

130 feed solution and which may vary from slightly aci-
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die to strongly acidic. This permits the use of the 
same process over a wide range of feed solution 
conditions. 

It is therefore one object of this invention to pro-
5 vide a process for separating actinide values f rom 

acidic radioactive waste solutions resulting from 
the reprocessing of irradiated nuclear reactor fuel. 

It is a further object o f the invention to provide a 
process for separating actinide values from acidic 

10 radioactive waste solutions and for purifying these 
values f rom the rare earth and fission product 
values also present in the waste solutions. 

It is another object o f the invention to provide a 
process for recovering the actinide values f rom a 

15 wide variety of feed solutions containing these and 
other values. 

Finally, it is the object o f the invention to provide a 
process for recovering and separating actinide 
values f rom acidic radioactive waste solutions con-

20 taining these and other values and for separating 
some o f the actinide values f rom each other. 

Figure 7 is a f low diagram of one embodiment of 
the process o f the invention for recovering actinide 
values f rom an acidic radioactive waste solution. 

25 Figure 2 is a f low diagram o f the process for re-
covering and purifying neptunium and plutonium 
values f rom the oxalate strip solution as shown in 
Figure 1. 

These and other objects o f the invention for 
30 separating actinide values f rom an acidic nuclear 

fuel reprocessing waste solution containing acti-
nide, rare earth, fission product and other metal 
values are met by adding equimolar amounts of 
hydrazine and hydroxyl ammonium nitrate to the 

35 waste solution in an amount sufficient to adjust 
and maintain the neptunium and plutonium values 
present at a valence of +4 to form a feed solution; 
contacting the feed solution with about an equal 
volume of an organic extractant of 0.5M HDHoEP in 

40 a water-immiscible inert aliphatic or aromatic hyd-
rocarbon diluent whereby the actinide, rare earth, 
fission product zirconium, niobium, and molybde-
num, yttr ium and iron values are taken up by the 
extractant while the other values remain in the feed 

45 solution; contacting the extractant with a nitric acid 
strip about 6 M in nitric acid whereby the amer-
icium, curium and rare earth values are selectively 
stripped f rom the extractant and recovered; con-
tacting the extractant wi th an aqueous oxalate strip 

50 solution, about 0.35 M oxalic acid and about 0.35 M 
TMA.H0x whereby the neptunium, plutonium, and 
fission product zirconium, niobium and molybdenum 
and iron values are selectively stripped from the ex-
tractant into the oxalate strip whi le the uranium and 

55 yttr ium values remain in the extractant; adding 15 
M nitric acid to the oxalate strip solution in an 
amount sufficient to make the solution about 5 /VT in 
nitric acid, thereby destroying the complexing abil-
ity o f the oxalate and forming a second feed solu-

6 0 t ion; contacting the second feed solution with a 
second organic extractant of about 0.25 M tricapryl-
methylammonium nitrate in a water-immiscible in-
ert aliphatic or aromatic hydrocarbon diluent 
whereby the neptunium and plutonium values are 

65 selectively extracted f rom the feed solution; and 

contacting the extractant with an acid strip solution 
about 1.0 M i n formic acid whereby the neptunium 
and plutonium values are stripped from the extrac-
tant and recovered, thereby recovering_the neptu-

70 nium and plutonium values. ? 

The uranium values remaining in the HDHoEP ex-
tractant may be recovered by contacting the extrac-
tant w i th about an 8 M phosphoric acid strip solu- ? 
t ion which strips the uranium and yttr ium values 

75 which may then be recovered for reprocessing or -
added to the waste for solidification. The HDHoEP 
extractant can then be scrubbed with about 2 
MHNOs and recycled. 

The order of contact between the loaded 
80 HDHoEP extractant, the nitric acid strip and the 

oxalate strip may be reversed without any adverse 
effect upon the recovery of the various actinides. 

The process of this invention is useful for recov-
ering actinide values f rom any aqueous mineral 

85 acid waste solution containing these and other 
values and having an acid concentration varying 
from about 0.5 to about 3.0 M. The process is parti-
cularly suitable for recovering actinides in the 
waste solutions resulting from fuel reprocessing by 

90 the Purex process which are generally from about 
2.4 to about 3.0 M in nitric acid. 

It is necessary that hydroxylammonium nitrate 
(HAN) and hydrazine (N2H4) be added to the waste 
solution in a quantity sufficient to reduce the neptu-

95 nium and plutonium present in the solution to the 
extractable Np(IV) and Pu(iV), forming the feed 
solution. Thus, the amount to be added is depen-
dent upon the quantities of these actinides present 
in the solution. The HAN reduces Np(VI) to Np (V) 

100 and in the presence of Fe(ll) reduces Np(V) to 
Np(IV). Since iron is always present in the waste 
solution f rom the corrosion of stainless steel, Fe(ll) 
is produced from Fe(lll) by reduction with the HAN. 
Hydrazine is introduced along with the HAN to re-

105 move any excess HNOa which may be present in 
the solution and which would destroy the HAN. 
Thus it has been found that in recovering the acti-
nide values f rom the nitric acid waste solution re-
sulting f rom the Purex process, making the solu-

110 tion about 0.3 M i n both HAN and hydrazine is suffi-
cient to reduce the plutonium and neptunium * 
values present to the + 4 valence state. It might be 5 
noted that the reducing agents also reduce 10's pre-
sent in the waste solution to I" which is subsequent-

115 ly precipitated by an excess of Pd(ll) present at Pdl2. 
Although not necessary, it is preferred that this Pdl2 

be removed by filtration or centrifugation before 
carrying out subsequent steps since the solid tends 
to concentrate at the organic-aqueous interface, 

120 disrupting disengagement of the two phases. 
The extractant may vary f rom 0.1 to 1.5/V7in 

HDHoEP whi le 0.25 to 1.0 M is preferred and 0.5 M 
is most preferred. The diluent may be any inert, wa-
ter-immiscibfe aromatic or aliphatic hydrocarbon 

"•25 such as diethylbenzene (DEB), diisopropylbenzene, 
xylene, dodecane or kerosene or a chlorinated car-
bon such as carbon tetrachloride, or a hydrogen 
bonding diluent such as a water-immiscible car-
boxylic acid. 

130 The loaded extractant after contact with the feed 
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solution may be contacted with an 0.5 to 1.5M, pre-
ferably 1/W, nitric acid scrub solution to remove any 
Ru, Pd, Tc, Sr and Cs values which may be co-
extracted with the actinide and other values. 

5 5 The acid strip solution may be from,5 to 8M, pre-
ferably 6M, in nitric acid in order to recover the Am, 

1 Cm and rare earth values from the loaded extrac-
, tant. The Am and Cm values may then be separated 

f rom the rare earth values by methods known to 
10 those skilled in the art, such as by cation exchange 

chromatography using diethylenetriamine pen-
taacetic acid. 

The Np and Pu together with the fission product 
Zr, Nb and Mo and the Fe are readily stripped from 

15 the loaded extractant with the oxalate strip solution 
consisting of f rom 1.0 to 0.1 M, preferably 0.35 M, 
oxalic acid (H2Ox) and from 1.0 to 0.1 M, preferably 
0.35 M.tetramethylammonium hydrogen oxalate 
(TMA.HOx). The total HsOx and TMA HOx present 

20 in the solution should total no more than about 1.0 
M whi le the ratio of TMA HOx to HzOx may vary 
from 100 to 0.5, preferably 1. Alternatively, a strip 
solution o f0 .2 to 1.0M, preferably 0.5 M trimethy-
lammonium hydrogen oxalate without oxalic acid 

25 may be used. These solutions form oxalate com-
plexes with the Np, Pu and certain f.p. values which 
are orders of magnitude greater than are the forma-
tion constants of oxalate complexes with the other 
actinides. Thus only an amount of trimethylammo-

30 nium hydrogen oxalate or HzOx and TMA HOx suf-
ficient to form oxalate complexes with these values 
should be used to form the oxalate strip. 

The stripped extractant now contains only a 
small amount of uranium in addition to some 

35 yttrium and other waste and break-down products. 
The uranium and yttr ium values are recovered by 
contact with about an 8.0 M phosphoric acid strip 
solution, from which the uranium and yttrium can 
be readily separated for reprocessing or combined 

40 with the other waste for solidification and storage. 
The H3PO4 can then be recovered and recycled. 
Since there are only small quantities of U values 

1 present in the extractant, this step need occur only 
" after several cycles of the extractant through the 
45 partitioning process. The extractant may be 

•cleaned up for recycle by contact with about 2.0 M 
i nitric acid scrub solution. 

The neptunium and plutonium values are reco-
vered from the oxalate strip solution and purified of 

50 the co-extracted fission products and iron values 
by adding an amount of a strong nitric acid solu-
tion, which may be up to 15 M in nitric acid suffi-
cient to destroy the complex!ng ability of the oxa-
late, froming a second feed solution. The second 

55 feed so formed is then contacted with a second ex-
tractant which consists of 0.1 to 0.5 Mtricapryl-
methylammonium nitrate (TCMA.NOa) in an inert 
water-immiscible hydrocarbon diluent which selec-
tively extracts the neptunium and plutonium values 

60 from the feed solution. The feed may then be com-
bined with the first feed solution and other raffinate 
to be processed for storage. 

The loaded second extractant is then contacted 
with a formic acid strip solution which may be 0.5 

65 to 1.5, preferably 1.0 M, in formic acid to recover 

the neptunium and plutonium values f rom the ex-
tractant. The extractant may then be scrubbed with 
about a 4 M nitric acid solution before being recy-
cled. 

70 The extraction temperature is not critical and 
may be carried out over a range of from about 25 to 
75°C, with 50° being generally preferred for the 
stripping steps due to the self heating effect of the 
radioactive values present. A first extractant - first 

75 feed contact temperature of 25°C is slightly prefer-
red over higher temperatures in order to improve 
americium and curium distribution ratios. In gener-
al, contact times are not critical, although three 
minutes was found satisfactory to ensure phase 

80 mixing. The actual extraction operation can be car-
ried out in batch or continuous operation, using, for 
example, simple mixing, mixer settlers, direct or 
countercurrentflpw columns, centrifugal contactors 
as liquid-liquid extraction in a chromatographic 

85 column or using other similar conventional type 
equipment known to those skilled in the art. Phase 
ratios can be varied depending upon engineering 
considerations and economic factors. 

In an alternative embodiment of the process, ex-
90 traction of the actinides f rom the first feed solution 

is carried out in two phases rather than in a single 
phase. This may be done in order to reduce the 
volume of waste which must be disposed of, since 
it requires less volume of oxalate stripping solu-

95 tion. It does, however, increase the complexity of 
the process by requiring two extractant process 
streams. 

In the alternative method, the feed solution, 
which is generally about 2.2. to 2.6 M in acid after 

100 the valence adjustment, is contacted with a first ex-
tractant of about 0.5 /WHDHoEPin an organic di-
luent in a volume ratio of .25 to .50 volumes extractant 
to feed. The preferentially extracts the neptunium 
and plutonium values, the fission product zirco-

105 nium, niobium and molybdenum values, the iron 
values, and some of the americium, curium and 
rare earth values, forming the first loaded extrac-
tant. This is because of the lower organic to 
aqueous volume ratios and the acid concentration. 

110 The preferentially extracted values such as the nep-
tunium, plutonium and fission products are taken 
up first by the extractant, while only a small frac-
tion of the americium and curium values, thereby 
loading the extractant. 

115 The feed solution containing the remaining 
values is diluted to adjust the HNOa concentration 
to 0.5 to 1.5 M and contacting the adjusted feed 
with a second extractant of the same composition 
in a volume ratio of about 1:1 whereby the remain-

120 jng americium and curium values and the remain-
ing rare earths are extracted. The feed solution can 
then be subjected to additional extractions to re-
move other values present or further processed to 
prepare it for storage. 

125 The first extractant is then contacted with the 
oxalate strip to selectively strip the neptunium, plu-
tonium, zirconium, niobium, molybdenum and iron 
values f rom the extractant, forming a first stripped 
extractant. The loaded scrub is then processed as 

130 described to recover and purify the neptunium and 
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plutonium values. 
The first stripped extractant is then mixed with 

the second extractant to form a combined extrac-
tant which is contacted wi th about 8 M H N O 3 scrub 

5 solution to strip the americium, curium and rare 
earth values remaining in the extractant. The ex-
tractant may then be scrubbed and recycled or con-
tacted wi th the phosphoric acid solution to strip 
any uranium and yttr ium values, before recycling. 

10 
EXAMPLE I 

A synthetic waste solution was prepared by mix-
ing nitric acid solutions of salts of nonradioactive 
isotopes of 30 fission products and rare earths. The 

15 quantities of fission product elements used were 
for a light water reactor fuel irradiated to 
33,000 MWD/metr ic tone of heavy metal. The pro-
ducts from 1 metric ton of the fuel are assumed to 
be present in 5600 litres o f2 .9MHN0 3 (HAW waste 

20 stream) or 5900 liters of 2.4 MHNOa (EEW waste 
stream formed f rom exhaustive tributylphosphate 
extraction o f the HAW waste stream). In addition to 
the fission products 0.19 g/liter of iron as ferric ni-
trate was introduced into the synthetic waste to 

25 simulate corrosion products. Separate portions of 
synthetic waste were spiked with about 10s d/m of 
either 239Np, 239PU o r 2 4 1 Am for testing. 

A countercurrent extraction process was setup 
using 0.5 MHDHoEP in DEB, synthetic EEW waste 

30 solution which was 2.4 M in nitric acid and which 
was made 0.03 M in HAN and N2H4, and a scrub of 
I.OMHNOa. The phase ratio of feed: organic: scrub 
was 1.0:1.33:.33. Af ter four extraction stages and 
two scrub stages at 25°C, the extractant contained 

35 99.9% of the neptunium, 99.9% of the plutonium 
and 96.3% of the americium. Calculations showed 
that after ten extraction and four scrub stages 
99.8% of the americium and curium would be ex-
tracted in addition to 99.9% of the uranium present 

40 in the feed. 

EXAMPLE II 
A portion o f the extractant f rom Example I con-

taining fission products, rare earths and actinides 
45 was contacted with 6M HN03 strip solution at 50°C 

with an organic to aqueous ratio of 2:1. After three 
stages, less than 0.1% of the neptunium and pluto-
nium and 93% of the americium and curium had 
been stripped f rom the extractant. It was calculated 

50 that after eight stages less than 0.1% of the neptu-
nium and plutonium would be stripped and 99.8% 
of the americium and curium would be stripped. 

EXAMPLE III 
55 A portion o f the stripped extractant from Exam-

ple II was contacted wi th an oxalic strip solution 
which was 0.35 M in H;Ox and 0.35 M in TMA.HOx 
at an organic to strip ratio of 2:1. After four stages 
97% o f the neptunium, 99.7% of the plutonium and 

60 5% of the rare earths had been stripped from the 
organic extractant. It was calculated that after eight 
stages 99.3% of the neptunium and 99.99% of the 
plutonium would be stripped from the extractant 
into the oxalate solution. 

65 

EXAMPLE IV 
To the oxalate strip solution from Example III was 

added sufficient 15 MHNOato make the solution 5 
M i n HNOa, reducing the oxalate concentration to 

70 about 0.47 M, forming a second feed solution. The e 

second organic extractant was 0.25 MTCMA.NO3 in 
DEB and the scrub was 5 MHNOs. The feed to orga-* 
n icto scrub ratio was 0.6:0.4:0.2. Afterfour extrac-, 
t ion and 4 scrub steps, 99.9% of the neptunium and 

75 the plutonium were extracted from the second feed, 
solution. 

EXAMPLE V 
The organic extractant f rom the previous exam-

80 pie was contacted with a 1 Mformic acid strip solu-
t ion containing 0.1 M nitric acid in an organic to 
strip phase ratio of 2:1, After five stages 99+% of 
the neptunium and the plutonium had been strip-
ped from the extractant. 

85 
EXAMPLE VI 

To 5900 liters of EEW waste solution described in 
Example I is added 180 moles of HAN and 180 
moles of N2H4 in 100 liters of 0.1 MHNO3 to make 

90 6000 liters of a feed solution containing 190 g ura-
nium, 5 g neptunium, 4.5 g plutonium, 141 g amer-
icium, 37 g curium, 10.23 kg rare earths and 18.6 kg 
fission products. . 

The feed solution is then contacted in about 10 
95 stages with an extractant totaling 8000 liters of 0.5 

MHDHoEP in DEB which is in turn scrubbed with 
several portions totaling 2000 liters of 1.0M HN03 

to remove any ruthenium, palladium, technetium, 
strontium and cesium values which may coextract. 

100 The extractant now contains about 5 g neptunium, 
4.5 g plutonium, 190 g uranium, 141 g americium 
and 37 g curium in addition to about 7.0 kg fission 
products such as zirconium, niobium and molybde-
num, some iron and about 10 kg of rare earths. The 

105 raffinate is sent for evaporation and waste solidifi-
cation for storage. 

The loaded extractant is then contacted in 8 
stages with a total of about 4000 liters of a 8.0 = 
MHNOs strip solution whereby the americium, ? 

110 curium and rare earth values are stripped from the 
extractant to form an acid product solution contain-
ing 141 g americium, 37 g curium and 10 kg rare , 
earths. 

The extractant is next contacted in 8 stages with 
115 a total of 4000 liters of an oxalate strip solution 0.35 

M i n HzOx and 0.35 M in TMA.HOx whereby the 
oxalate solution now contains 5 g neptunium, 4.5 g 
plutonium, and about 7.5 kg of fission product zir-
conium, niobium and molybdenum. To the 4000 li-

120 ters of oxalate strip solution containing the pluto-
nium and other values is added about 2000 liters of 
15 MHNOato destroy the oxalate and form a feed 
stolution about 5 M i n HN03. This feed solution is 
then contacted in 4 stages with 4000 liters of extrac-

125 tant of 0.25 MTCMA.NOs in DEB. The extractant is 
in turn scrubbed in 4 stages with 2000 liters of 5 M 
HNOa which when added to the oxalate raffinate 
makes up 8000 liters of waste solution containing 
about 0.005g neptunium, 0.005 g plutonium, and 

130 about 7.0 kg fission products to be further praces-
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sed for storage. 
About 2000 liters of a 1 Mformicac id strip solu-

tion is next contacted in 5 stages with the loaded 
extractant to strip the neptunium and plutonium 

5 5 values f rom the extractant while the extractant is 
scrubbed once more with 2000 liters of 5 M HNOa to 

$ prepare it for recycling. 
It can be seen that the process of this invention 

provides a method whereby the actinide values can 
=10 be effectively portioned or recovered from a fuel 

reprocessing waste solution. 
It is obvious that some changes may be made in 

the content of the aqueous and organic solutions 
and that additional steps may be added to the in-

15 vention,such as, for example, extraction or strip-
ping steps, without departing from the invention. 
Therefore, it wi l l be understood that the invention 
is not to be limited to the details given herein but 
that it may be modified within the scope of the 

20 appended claims. 

CLAIMS 

1. A process for separating and recovering acti-
25 nide values f rom acidic nuclearfuel reprocessing 

waste solutions containing actinide values, lanth-
anide values, fission product values and other met-
al values comprising: 

a. adding hydrazine and hydroxylammonium ni-
30 trate in equimolar amounts to the waste solution to 

adjust the oxidation state of neptunium and pluto-
nium in the waste solution to +4, thereby forming a 
feed solution; 

b. contact the feed solution with an organic ex-
35 tractantof 0.1 to 1.5 /V/di-hexoxyethyl phosphoric 

acid in a water-immiscible aromatic or aliphatic 
hydrocarbon diluent whereby the actinide values, 
the rare earths, some fission product values are 
selectively extracted f rom the feed solution thereby 

40 loading the extractant; 
c. contacting the loaded extractant with a first 

aqueous strip selected f rom the group consisting of 
" a nitric acid solution and an oxalate solution, the 

oxalate solution selected f rom the group consisting 
45 of oxalic acid andtetramethylammonium hyd-

- rogen oxalate, and tr imethylammonium hydrogen 
oxalate, the nitric acid solution selectively stripping 
americium, curium, rare earth and fission product 
values and the oxalate solution selectively strip-

50 ping neptunium, plutonium, fission productzirco-
nium, niobium and molybdenum and iron values, 
the uranium values remaining in the extractant, 
whereby some of the actinide values and some of 
the other values are stripped from the extractant, 

55 forming a partially loaded extractant; and 
d. contacting the partially loaded extractant with 

the other of the strip solutions of step (c), whereby 
the remaining actinide values and some of the 
other values are stripped from the extractant, 

60 thereby recovering the actinide values from the 
waste solution. 

2. The process of claim 1 wherein the strong 
nitric acid strip is from 5 to 7 M in nitric acid. 

3. The process of claim 1 wherein the oxalate 
65 strip solution is f rom 1.0 to 0.1 M in oxalic acid and 

from 1.0to 0.1 M i n tetramethylammonium hyd-
rogen oxalate or from 0.2 to 1.0 M in trimethylam-
monium hydrogen oxalate. 

4. The process of claim 1 wherein the volume 
70 ratio of feed to extractant is about 1:1, 

5. The process of claim 1 including the addi-
tional steps: 

e. adding nitric acid to the oxalate strip solution 
containing the neptunium, plutonium and fission 

75 product zirconium, niobium, and molybdenum 
values in an amount sufficient to destroy the com-
plexing ability of the oxalate, thereby forming a 
second feed solution; 

f. contacting the second feed solution with a 
80 second organic extractant of about 0.1 toO.SMtr i -

caprylmethylammonium nitrate in an inert water-
immiscible aromatic or aliphatic hydrocarbon di-
luent whereby the neptunium and plutonium 
values are selectively extracted from the feed solu-

85 tion and; 
g. contacting the extractant wi th a formic acid 

strip solution about 0.5 to 1.5M in formic acid, 
whereby the neptunium and plutonium values are 
stripped from the extractant, thereby recovering 

90 the neptunium and plutonium values. 
6. The process of claim 1 wherein the feed solu-

tion adjusted about 2.2 to 2.4 M acid, 
contacting the feed solution with a first organic 

extractant of 0.1 to 1.5 Mdi-hexoxyethyl phosphor-
95 ic acid in a water-immiscible aromatic or aliphatic 

hydrocarbon in a volume ratio of .25 to .50 volumes 
extractant to feed, whereby the neptunium and plu-
tonium values are preferentially extracted along 
with fission product zirconium, niobium and 

100 molybdenum, and iron values, thereby forming a 
first loaded extractant, 

adjusting the acid concentration of the feed solu-
tion to f rom about 0.5 to 1.5 M, 

contacting the adjusted feed solution with a 
105 second extractant of 0.1 to 1.5 M di-hexoxyethyl 

phosphoric acid in a water-immiscible aromatic or 
aliphatic hydrocarbon in a volume ratio of feed to 
extractant of about 1 to 1 whereby the remaining 
actinide values and rare earth values are extracted 

110 thereby forming a second loaded extractant, 
contacting the first loaded extractant with the 

oxalate strip solution whereby the plutonium, nep-
tunium fission product zirconium, niobium and 
molybdenum and iron values are stripped from the 

115 extractant, thereby forming a first stripped extrac-
tant, 

combining the first stripped extractant with the 
second loaded extractant thereby forming a com-
bined extractant, and contacting the combined ex-

120 tractant with a strong nitric acid strip solution 
whereby the curium, americium and rare earth 
values are stripped from the complexed extractant, 
thereby recovering the americium and curium 
values. 

125 7. The process of claim 6 including the addi-
tional steps: 

e. adding nitric acid to the oxalate strip solution 
containing the neptunium, plutonium and fission 
product zirconium, niobium, and molybdenum 

130 values in an amount sufficient to destroy the com-
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plexing ability of the oxalate, thereby forming a 
second feed solution; 

f. contacting the second feed solution with a 
second organic extractant of about 0.1 to 0.5 M tri-

5 caprylmethylammonium nitrate in an inert water-
immiscible aromatic or aliphatic hydrocarbon di-
luent whereby the neptunium and plutonium 
values are selectively extracted from the feed solu-
tion; and 

10 g. contacting the extractant with a formic acid 
strip solution about 0.5 to 1.5 M in formic acid, 
whereby the neptunium and plutonium values are 
stripped f rom the extractant, thereby recovering 
the neptunium and plutonium. 
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