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PLUTONIUM PROCESSING AT THE 

LOS ALAMOS SCIENTIFIC LABORATORY 

By 
Eldon L. Christensen and William J. Maraman 

ABSTRACT 

Plutonium-bearing residues created in the many research and develop
ment programs at the Los Alamos Scientific Laboratory are extremely varied 
in type of contaminant as well as in the nature of residue. The recovery and 
purification of the plutonium in these residues requires, therefore, the use of 
a number of processes. This report discusses the equipment and procedures for 
plutonium recovery ranging from the ether extraction and acetate precipitation 
used in 1943 to the anion-exchange systems now used. 

INTRODUCTION 

The plutonium purification group at Los Alamos 
was created within the Chemistry Division in 
May 1943 when the division was assigned the job 
of purifying the plutonium received from other 
laboratories.<1• 2 • 31 From May 1943 to March 1944 
this group studied the chemistry of plutonium on 
the microgram scale. Not until February 1944, 
when the first material was received from the 
Clinton pile, was enough plutonium available to 
enable the group to work on the gram scale.< 1 • 21 

By March 1944 the research had led to the 
adoption of a purification process based on sodium 
plutonyl acetate precipitation and ethyl ether ex
traction. This process was used until the purifica
tion and recovery operations were transferred to 
DP Site West. 

Research programs since then have led to the 
adoption of procedures for all phases of plutoniwn 

recovery and purification. This report discusses 
the development work since 1943 and application 
of the many procedures required to recover and 
purify the plutonium contained in the residues 
generated by the research. process development. 
and production activities of the Los Alamos 
Scientific Laboratory. 

The discussion is divided into chapters on 
historical background. general plant facilities and 
standards, and each of the recovery and purifica
tion methods. The equipment and procedures now 
used are discussed in detail, with only brief refer
ences to superseded processes and equipment. 

The experimental work which led to the se
lection of specific operating conditions is not dis
cussed if the experimental program has been de
scribed in other LASL reports and documents 
given as references. 

1 



Chapter 1. 

Rcscorch on methods for the purification of 
plutonium by the Chemistry Division was started 
in May 1943.121 This research led to the adoption. 
in March 1944. of a purification procedure in
volving two sodium plutonyl acetate precipitations 
and two ethyl ether extractions;l8 l the process did 
not, howe,·er, separate uranium from plutonium. 
This separation problem became serious when the 
plutonium had to be recovered from the uranium 
sulfide crucibles used by the metallurgical 
group. 121 

Research showed that precipitation of pluto
nium trioxalate would give a satisfactory separa
tion from uranium if the reduction of plutonium 
was accomplished with HI. m The combination of 
this oxalate precipitation with a sodium plutonyl 
acetate precipitation and an ethyl ether extraction 
became known as Process "A". The steps in this 
process are shown in the flow sheet given in Fig. 
1. This pt·ocess was the basis for the design and 
construction of new production facilities at what is 
now called DP Site West.14l 

The potential loss of plutonium in purifica
tion In· Process "A" led to the establishment of a 
recove"ry and concentration section. By September 
19·14 this section had developed .,everal methods 
for the recovery and concentration of plutonium 
from purification residues so that the plutonium 
could be recycled. us. 6 • 71 The flow sheet for the 
recovery operations is shown in Fig. 2. 

'By the time purification and recovery opera
tions were transferred to DP Site \Vest in Septem
ber 1945. the tolerances for light-element im
purities in plutonium metal were relaxed and the 

2 

HISTORY 

chemistry of plutonium was well enough under
stood so that a new Process "B" could be adopted. 
This process differed from Process "A" in thnt the 
first oxalate precipitation and the sodium plutonyl 
acetate precipitation were eliminated. 12• 81 Th<' 
flow sheet for Process "B" is shown in Fig. 3. 
When the purity of the incoming material wos 
again increased it was found that only n single men
late precipitation was required to attain the de· 
sired purity in the plutonium metal. 11• !!. BJ This 
precipitation was called Process "C". the flow 
sheet for which is shown in Fig. 4. 

During the development of the purification 
chemistry, the need for recovery of plutonium 
from purification residues became greater and. as 
the metallurgical and chemical research program~ 
expanded. more complicated. The flow sheet in 
Fig. 5 shows the major residue items and reco,·err 
methods used through December 19S9. 

The major types of residues currently re· 
ceived and processed. with methods now used for 
plutonium recovery and pmification, arc shown 
in Fig. 6. The product is a purified plutonium ni
trate .solution that is compatible with the processes 
used in the preparation of plutonium metal. 

As shown in Figs. 5 and 6. many of the 
processes or operations arc merely steps in pre
paring the feed for one of the purification systems. 
For example, the plutonium is curr<'ntly removed 
from noncombustibles in the pickling operation 
with an HNO" leach. The HNOa lench solution is 
the product of this operation and is sent to on(' 
of the nitrate anion-exchange systems for concen
tration and purification. 
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Chapter 2. GENERAL PLANT FACILITIES AND STANDARDS 

2.1 Location of Facilities 

The purifi('ation of plutonium solutions and 
the recovery of plutonium from purification resi
clucs was carried out in D Building in the original 
technical area from February 1944 to August 1945. 
At that time facilities were completed at DP Site 
\'Vest. a few miles from the original technical 
urea. for processing large quantities of plutonium 
on a routine basis. The arrangement of buildings 
i~ ~hown in Fig. 7. The ether extraction facilities 
were in Building 2. oxalate precipitation in Build
'3, rlry chemistry for conversion of oxalate to 
fluoride in Building 4, and reduction of fluoride 
to metal and casting and machining of metal in 
Building 5. 

Research and development efforts. along with 
engineering improvements, led to the consolidation 
of the plutonium recovery and purification pro
cesses in Building 2. The location of each recovery 
nnd pur·ification process currently used is shown 
in Fig. 8. 

2.2 Glove Box Design 

During the first years of operation of the re
cover.Y section at Los Alamos, much of the plu-

()O 
14 

tonium work was done in open-face hoods. The ap
paratus shown in Fig. 9, for example, was used for 
the ethyl ether extraction of plutonium. 12> In 1945 
it was felt that the variety of residues necessitated 
the use of open hoods for flexibility of operation 
and that the operators could be protected by 
special clothing and various types of respiratory 
equipment.<O. 10 l By 1946, 9 of 15 workers in the 
recovery section had shown urine counts at 
>7d;'min per 24-hr sample.clll On this evidence it 
was decided to rely on equipment in glove boxes 
rather than seek perfect respirator protection for 
the workers.c~. 1:!l Therefore, glove boxes were de
!';igned and built to provide an isolated enclosure 
for each of the processes used in working with 
plutonium. The glove boxes shown in Fig. 10, for 
example. were used for the filtration of plutonium 
hydroxide. The recovery of plutonium from low
level waste solutions or reduction residues was 
performed in tank systems, an example of which is 
shown in Fig. 11. The dissolution of slag and cnt. 
cible from metal reduction was carried out in the 
vessel shown at the extreme left of the picture. 
Hydroxide and oxalate precipitations were made in 
the large dry hox shown at the far right. 

Glove box design changed from year to year 
in an attempt to create a more spacious yet con-

BUILDINGS 

I. OFFICES 8 CHANGE ROOMS 
2. ETHER EXTRACTION 
3. OXALATE PRECIPITATION 
4. FLUORINATION OF OXALATE 
5. METAL PREPARATION 8 FABRICATION 

6-21. PLANT SERVICES 
22.RESEARCH 8 DEVELOPMENT 

~ 7 :::::::::::::======:::::::..... __ 
Fig. 7. General layout of DP Site West. 
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LEGEND 

I RESIDUE STORAGE 
2 NITRATE ANION EXCHANGE 
3 PRECIPITATION PROCESSES 
4 METAL AND OXIDE DISSOLUTION 
5 CHEMICAL STORAGE 
6 INCINERATOR 
7 LOADING a UNLOADING AREA ,__ __ _, 

5 

8 PICKLING 8 LEACHING OPERATION 
9 PLANT STORAGE 
10 BULK FUSION PROCESS 
I I PROCESS FOR HCI SOLUTION 
12 SPECIAL ISOTOPE PURIFICATION 
13 ELECTROREFINING MELT 

14 REDUCTION 8 CASTING 
DISSOLUTION 

15 SOLUTION STORAGE TANKS 
16 FILTRATION 6 HYDROFLUORINATION 
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Fig. 8. Recovery facilities at DP Site West. 

venient working enclosure and had. by 1954, 
changed to the style shown in Fig. 12. These were 
constructed of standard ser.tions which could be 
arranged in any desired configuration of mod
ules. ns1 

In wet chemistry areas, it was difficult to 
maintain the integrit)· of the gasket at each floor 
joint and external surfaces were difficult to de
contaminate in the event of a radioactive spill. tl4 1 

These factors led to the design shown in Figs. 13 
and 14. The design remains basically the same 
for all applications but may be easily modified for 
special applications. The self-locking weather 
strip window gasket gave such a tight seal that 
the same window installation could be used on 
inert atmosphere enclosures. mJ 

Constant air flow is maintained in the glove 
boxes by drawing room air through absolute filters 
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ut the rate of 16 cfm for each 25 ft~ of glov~ box 
space. The air is exhausted through absolute filter~ 
to the plant process ventilation system. A pressur<> 
differential of 0.4 to 0.8 in. of water is maintained 
bet"·cen glove box atmosphere and room atmos
phere to provide an inwar·d flow of nir if n lenk 
occurs. 

The low ambient humidity at Los Alamo~ 
made it unnecessary to provid~ an inert ntmo~
phere throughout the plant. A few glove> boxc~. 
such as the one used for processing plutoni
um hydride, were designed so that an inert at 
mosphere of helium could be provided. In addition. 
the compartments of the glove boxes used for 
weighing and dissolving plutonium metal nncl 
oxide are equipped with helium lines. In thC' 
weighing compartments, the helium line .is con
nected to the top of a bell jar so that. in the event 
of n plutonium fire. the bell jar ran be placed 
over the burning mnss and thm quick]~· provic!C' 
nn inert atmosphere. In the dissolving compart
ments. the helium lines provide a gas flow to 
~parge the solution and at the same time providl' 
an inert atmosphere in the dissolving vessel. 

Fig. 10. Glove boxes for filtration of plutonium hydroxide. 
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Fig. 12. Typical glove box. construction during 1954-1959. 

11 



Fig. IS. Typical glove boxes in present plant. 

Each air exhaust line on the glove box is 
equipped with a fire detector. Neither the glove 
boxes nor the processing and storage rooms are 
equipped with automatic sprinkler systems be
cause of criticality and contamination considera
tions. 

2.3 Nuclear Safety Control 

During the early years of operation. the nu
clear safety program was based solely upon ad
ministrative control of batch sizes. The need for 
controls other than administrative becomes more 
acute when the chemica] process being used de
posits small amounts of plutonium on equipment 
surfaces at an irregular rate. Such deposits can 
he per·iodically removed. but inherent in this ap
proAch is the possibility that solids containing large 
e~mounts of plutonium can form a critical mass 
when removed and collected. 

It was just such a situatio11 that led to a criti. 
cality incident at Los Alamos in 1959. Cl8l The hy
drolysis product~ of tri-n-butyl J)hosphate (mor{o
and dilmtyl phosphate) have a great affinity for 
plutonium and tend to precipitate from acid solu
tions. Being gununy in nature, the hydrolysis 
products tend to cling to the walls of the process 
,·essels. The operating procedure for this system 
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called fo1· filtration of all plutonium-bearing solu
tions before combining them with other solutions 
for processing. Thus the solids, containing nn un
known quantity of plutonium, would be removed 
in safe-geometry equipment. However, the solids 
were allowed to come in contact with fresh kero
sene where they were dissolved, bringing the or
ganic phase to a plutonium concentration of 20.4 
g/liter. several orders of magnitude higher than 
expected. This layer was subcritical whll!n undis
turbed but became critical when the layer was de· 
formed by activation of the stirrer in the tAnk. 

Prior to the incident, the decision had been 
made to convert to geometrically favorable equip
ment for nuclear safety control. Design and test
ing of new equipment which had been started was 
accelerated after the criticality incident. The 
operation of the crucible dissolvers and the sal
vent extraction columns was discontinued pend
ing the completion of design, fabrication. testing. 
ami installation of the new equipment. 

All equipment ha~ now hecn reJJlared with 
geometrically favorable equipment or has been 
poisoned by the addition of high bot·on-content 
glass RRschig rings. Since the new equipment is 
not eve1·-safe but only geometrically favorable, 
procedural control must still be employed as part 



uf the nuclear safety program. 

Gamma-sensing elements have been installed 
throughout the plant to detect and warn of any 
significant increase in the radiation background 
level. 1171 The warning is given automatically by 
the sounding of electric horns which can be trig
gered only by coincident alarm signals from two 
sensing devices. This coincident connection re
duces the probability of false alarms due either 
to equipment failure or to radiation sources being 
brought within detection distance of one sensing 
head. Individual process equipment items and 
safety factors involved are discussed in Chapter 3. 

2.4 Contamination Control 

The retention of plutonium in the body may 
produce bone diseases (including cancer) many 
years later. ClRl Because the primary mode of entry 
of plutonium into the body is by inhalation, the 
process equipment and rooms have been designed 
to minimize the release and spread of airborne 
contamination. The processing of plutonium is 
done inside glove boxes already discussed. 

At Los Alamos, the room air is sampled by 
continuous samplers operating on a 10-min cycle 
and by a central vacuum system pu1ling room air 
through filter papers, located in 10 to 20 stations. 
which are counted the following day in fixed 
counters. The continuous samplers respond only 
to airborne activity that is more than 100 times 
the maximum permissible concentration of 4.0 dj 
min/m3 • The continuous air samplers are relied 
upon to give an alarm only in the event of an 
accidental release of a large amount of airborne 
activity. The filter papers collected from the 10 
to 20 stations of the central vacuum system in 
each room are relied upon to show the amount of 
airborne activity originating from small leaks in 
the process equipmE'nt. Even though these samples 
are 24 hr old when counted. they nevertheless 
provide a basis for determining if the equipment 
is free of leaks and if the prescribed procedures are 
being followed for introducing items into and re
moving them from the glove boxes and for chang
ing the gloves on a glove box. 

ObjectionablP. amounts of airborne activity 
may also originate from contaminated glove box 
and room surfaces. A concentrated effort is made 

r~3~1 
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Fig. 14. Dimens ions o{ glove box es shown in Fig. 13. 
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to keep all surfaces clean, allowing a maximum 
direct tt count of ?00 c/minj60 cm2 and n maxi
mum swipe count of less than 100 cjmin. The 
surface surveys are made with a portable pro
portional meter which has an external air-filled 
probe with a detection surface of 60 cm2 • Areas 
in which the surface contamination exceeds the 
tolerance level are decontaminated using an ap
plicable procedure listed in LAMS-2319. ClOI Sodi
um citrate. sodium EDT A, HN03• HNO:~-HF, and 
HCI are some of the most frequently med de
contamination solutions. 

Surface surveys are made daily on the gloves. 
glove. boxes. sample ports. unloading devices, etc. 
The remaining areas are spot checked naily hut 
are surveyed at least once a week. 

2.5 Storage of Nuclear Materials 

In the storage of plutonium residues. con
sic!Pmtion mmt he given to fire hazards. possibility 
of interaction between solution and metal residues 
in the event of container breakage. containment 
of rontamination. selection of storage containers so 
thnt the recovery prohlem will not he increased 
in the event of a leak. and especially the possibility 
of accidentally forming a critical assembly. Con
sequently. the following storage regulations were 
Pstablished: 

1. All items must be stored in steel con
tainers. (I .iquid rPsidues in glass or plastic hottlPs 
must he placefl in stainless steel containers.) 

2. Metal and solution residues must be stored 
iu separate rooms. 

3. Residues must be packaged so that the 
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contamination is completely rmttuint'CL (All con· 
taiuers of solution mu.;tlJt' Yented.) 

4. The contniuers selected for the ~lol'ilge of 
an item must be compntihl<' with th<' phy.;icnl 
qualities of the re~idue. 

Examples: 

a. Liquid residue~ (ontaining uncom
plexed fluoride should not h<> l'lorecl in glass. 

b. Metal residues should not be stored 
in plastic bag~. especially if the hags arc 
sealed with a pressure-sensitive tape. :\leta! 
residues generally ha,·e many sharp edge" 
which may cut the plastic bag and rclensr 
contamination. Even if the bag i~ not cut. 
the metal pieces will become embedded iu the 
bng so that recovery of the plutonium is nn 
longer a surface problem. 

5. Tlw resicl Ut'~ Ill\ lsi h(! pal'kag<'cl aut I .;tor<'d 
so that thPt·c nre: 

a. No mm·c than I kg of plutnniulll 
metal per rontninet·; no more tllan ont' con
tainer Jlt'l' t'llhir foot of stomgt> spat'<'. 

b. No mor!" than 'iOO g of plutuuium in 
solution in any one container; no more than 
2'50 g of phtto"nimn in solution Jl<'l' cnhir fool 
of stcll'age spare. 

All shPlves and floors of stcn·ngc- areas at't' 

divid<'d h)' pm·litions iulo units I ft "JIInl'f'. A 
miuinnm1 tlislillll'<' of 2 ft is l't'(jllirf'd ht'IWN'll 
-;ltpJvcs fo1· stUJ·age of liquitl residues unJ 1 ft for 
metal residues. 



Chapter 3. DISSOLVING PLUTONIUM METAL, ALLOYS, AND CASTING SKULLS 

3.1 Development of Equipment and 
Procedures 

Experimenti:ll work from March to August 
1944 showed that plutonium metal could be dis
solved in the common mineral acids HCl, HL 
HBr. and HNO:,-HF mixture.':;' Of these, HCl 
was then considered to be the best for the dissolu
tion of plutonium metal and was used almost ex
clusively during 19+5 and 1946, until research 
~uggested that either HI or HNO .• -HF would be 
most suitable for a plant procedure.·~. 10> 

Attempts were made in 1946 to recycle metal 
turnings and scrap by direct hydrofluorination. 
but the products obtained did not give good plu
tonium metal yields with bomb reduction by calci
um metal. '20 > 

The method selected for large-scale process
ing. which started in 1947, used HI as the dis
solving medium since the process for the prepara
tion of plutonium metal was based on the precipi
tation of the plutonium trioxalate. 121J By using 
an excess of HI, it was expected that the dissolu
tion would be complete and that the resulting 
solution would have the plutonium in the trivalent 
state. ready for precipitRtion without n valence 
adjustment step. 

The main steps in the procedure were the 
addition of enough water to cover the plutonium 
metal in the dissolution vessels. the slow addition 
of 47% HI. und a 2-hr reflux. The disadvantages 
of this method. including the severe corrosion of 
equipment and frequent violent reactions asso
ciated with ignition of the plutonium metaL led 
to further investigations and eventually to the de
cision in 1951 to use the HNOa· HF system. ' 221 

The dissolution of plutonium metal in HCl pro
ceeds much more smoothly than in nn HNOa·HF 
mixture. but HCl has the disadvantages of corrod
ing the stainless steel equipment and being un
able to dissolve the PuOe formed during storage 
or by exposure to air. 

Experiments with other acids f01 the dissolu
tion of metal resulted either in incomplete re
actions or uncontrollable reactions in which the 
plutonium often ignited. such as when HI was 
used. For example, attempts to dissolve plutonium 
metal in 85% H,PO, resulted in only 34% and 
94% of the plutonium in solution after 5 hr at 
1 oooc and 200°C. respectively. 1231 

Equipment for the dissolution of plutonium 
metal by refluxing in an HNOa·HF mixture has 
been the subject of much development work. Up 
to January 1953, dissolutions were made in glass 
vessels of various design, ranging from a 3-in.
diameter tube to a standard S-liter round-hottom 
distilling flask. 

Because the dissolving procedure included a 
time-consuming step for cooling and filtering the 
product. it was suggested that the time required 
to complete this operation might be reduced by 
the use of a combination filter and dissolver. The 
first combination unit was a 3-in.-diameter Pyrex 
glass tube with a sintered glass filter disk sealed 
in the tube near the lower end. t2fl In this equip
ment the metal to be dissolved was charged in the 
upper chamber and a flow of carbon dioxide was 
introduced into the lower chamber. The dissolving 
acid was added to the upper chamber and kept 
there by the co" pressure in the lower chamber. 12~ 1 

After the dissolution cycle had been completed. 
the flow of co" could be stopped and the valve 
leading to the vacuum system opened, thus im
mediately converting metal dissolution equipment 
to vacuum filtration apparatus. 

The main disadvantages of this system were 
the corrosion of filter elements by the acid media 
for dissolving Pu metal, and the plugging of the 
filters by insoluble fines. Experiments with various 
rna terials, such as stainless steel. 12~> fluoro
thene, 126> chromium nitride, 127 > and platinum 128 > 

did not result in an acceptable design. Therefore. 
it was decided to return to the use of the modified 
5-liter round-bottom flask heated by a glass-col 
mantle. 

3.2 Dissolution of Plutonium Metal 

The dissolution of plutonium metal by HNO,; 
HF is now accomplished in the equipment shown 
in Fig. 15. These vessels are made by adding a 
102/75 ground-glass ball joint to a standard 5-
liter round-bottom flask. The large ball-joint open· 
ing allows the easy loading of tangled plutonium 
turnings c-md the ensy removal of all residues af
ter the dissolutiou cycle has been completed. These 
glas~ vessels nre normally used for at least 40 
dissolvings before con-osion by vapor phase fluor
ide necessitates replnr.ement. 

The glove box in which these vessels are used 
Is divided into four chambers by stainless steel 
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Reavent 
~ddillan paruuons. A cutaway drawing is shown in Fig. 

16. With this compartmentation, an accident or 
explosion in one chamber should have little effecl 
on the equipment in other chambers. 

Because the 5-liter vessels have a poor 
geometry as far as criticality is concemed. Jll'O· 
cedural control is relied on to prevent nuclear in
cidents. These procedural controls require that no 
more than 500 g of material (gross weight) may 
be loaded into any one vessel and that no more 
than two such -500-g botches may be present at the 
same time in any one dissolving chamber. Thus, 
even if hath batches were released to tlw flour 
of the glove box. the resulting Jnyc1· of o;oluliou 
would be subcritical because the solution would 
form a slab that would be thinner than the ever
safe dimension. If additional water was added 
accidentally. the plutonium concentration would 
be diluted to a value less than th{' minimum a
mount which can be made to go critical before 
the ev('r-safc slab dimension could he excecd{'cl. 

Fig. 15. Vessl.'l for routinl' ml.'tal dissolution . 

The process using HNOa·HF in glass ves~clo; 
has many advantages: reaction ran be observed. 
oxides will be dissolved, resulting solutions arc 

Negative Cl111ed Circulating 
Water Supply end Return, City 
Water, Air, Helium end Electrtcol 
Services Supplied Through Front 
of Glove Box ___ ;___ _ __} 
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Fig. 16. Design of skull dissolver glcve box. 
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compatible with stainless steel equipment. and the 
equipment can be easily cleaned to permit fre
quent changes from one type of residue to another. 

The procedure for the dissolution of unalloyed 
plutonium is given in the flow sheet shown in 
Fig. 17. The addition of 1250 ml of 15.6M HNOJ 
and adding the 47% HF in milliliter increments 
can usually be accomplished in less than 2 hr. 
No external heat is applied to the vessel during 
these additions. The solution is sparged through
out the dissolving procedure with 10 psi of helium 
at a flow rate such that any oxidized material is 
kept suspended. This flow of helium also provides 
a partially inert atmosphere in the dissolver. Be
cause fine plutonium turnings may be very pyro
phoric, the danger of fire is always present. The 
inert atmosphere aids in the control or prevention 
of fire. 

The rate of addition of the HF is governed 
by the physical state of the plutonium metal; that 
is. the finer the turnings, the slower the rate of 
addition. For example, if the plutonium is in mas
sive chunks. all the HF may be added at once. 
When the HF is added to fine turnings, however, 
exothermic dissolution of plutonium metal starts 
almost immediately and the rate of addition must 
be slow enough to control the rate of dissolution. 
After all of the HF has been added, the reaction 
will slowly subside. When dissolution of the plu
tonium metal has stopped. external heat is ap
plied to bring the mixture to a reflux temperature 
of about 105°C and the solution is refluxed for 2 
hr to dissolve any massive plutonium metal re
maining as well as any plutonium oxide present. 
At the end of that time the water-cooled condenser 
is moved from the reflux position to the distillation 
position and the solution is concentrated to 600 
mi. The solution is then cooled, filtered through a 
medium sintered glass frit. stirred. and sampled 
for analyses. 

The solution. containing between -370 and 
390 g of plutonium, is then transferred to a 2-liter 
polyethylene bottle using the transfer device 
shown in Fig. 18. The transfer device allows the 
external surfaces of the bottle to remain uncon
taminated. and the product can be transferred to 
metal preparation with less rif'k of spre.arling con 
tamination. 

The residue from the filtration of the product 
is weighed and stored until 400 g of residues have 
been collected. These residues are leached three 
times with 12M HN0,.-0.05M HF and transferred 
to the F- fusion system (see Sections 4.4 and 6.5) 
for further processing. The filtrate and wash solu-

tions are transferred to an anion-exchange system 
for purification. The distillate is sampled for plu
tonium analysis and transferred to the crucible 
processing system for removal of plutonium by 
cne of the ion-exchange systems. 

3.3 Dissolution of Plutonium Costing 
Skulls 

Casting skulls remaining after pouring molten 
plutonium into molds are composed of some plu
tonium metal, its oxides, and many impurities. 
These skulls often tend to be extremely pyro
phoric. The early practice of packing these pyro
phoric residues in sealed containers made the 
handling of casting skulls even more difficult. 
Varying amounts of water vapor sealed with the 
skulls during the canning operation led to oxida
tion of the plutonium metal remaining in the 
skull. This oxidation resulted in the formation of 
a black powder, often referred to as a suboxide of 
plutonium, which would ignite almost explosively 
when the can was opened. This problem was solved 
by either burning the skulls to the oxide or by 
sealing the cans under an inert atmosphere. How
ever. even skulls that were stored in an inert at
mosphere have sometimes ignited after the final 
HF has been added and the initial exothermic re
action has completely subsided. Those skulls that 
lend to ignite readily are deliberately ignited in 
Al20J boats under controlled conditions. The re
sulting oxide can be processed without risk of fire. 
The procedure for the dissolution of PuO~ is given 
in Section 4.4. 

If the skulls appear to be relatively stable to 
air oxidation and self-ignition, they are processed 
in the same manner as the alloy from which they 
originated. The disposition of the resulting product 
is governed by the type of impurities present. For 
example. if the skull came from the casting of 
unalloyed plutonium, the dissolution product can 
be filtered and sent to metal preparation for neces
Silry pur·ifir.Rtion hy the precipitation of plutonium 
peroxide. 

3.4 Dissolution of Plutonium-Cerium Al
loys 

Included in the category of plutonium-c-e1·ium 
alloys are ternary alloys such as plutonium-cer
ium-cobalt alloys. If the cerium content is less 
than 1 wt %. the alloy can be dissolved using the 
procedure for unalloyed plutonium (Section 3.2) 
or for plutonium-iron alloys (Section 3.7). If tlw 
cerium content is greater than 1 wt %. the pre· 
fen-ed method is to convert the alloy to the oxide by 
heating it in an Al20j or stainless steel crucible in 
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PLUTONIUM METAL 

1250 m.Jl--16M HN03 

6 to 12 ml 47%HF 
rote dependent upon 
state of metal; amount 
dependent on impurities 
present. 

400g 

HN03 

HF 

Charge 

750m.a H20 added to 
dissolver before Pu i s added , 

ADDITION 

After any reaction has 
subsided 

~ 

ADDITION 

DISSOLUTION 
reflux for 2 hr at 105• C. 

FILTRATION Residue 
Recyled 

Filtrate 

To purifica1ion or to metal preparation 
Fig. 17. Flow sht•t•t uf procl'ss for dissolving plutonium m('tlll. 

" muffle funliln! 111 'i00°C. The unpackaging. 
weighing, and transfer of alloy residues is done in 
an inert atmosphere. The alloy may have been 
packaged in large enough pieces or in an inert at
mosphere sufficient to preyent oxidation. but it 
..,huuld h<' lt·eutcli a" if it were in it~ most pyro· 
phoric- condition until it is definite!)' known to be 
otherwise. 

Ouce tht• alluy ha.; been placf'<l in lhc con
laillet' fur burning and lht• rontainer plan~J in lh<' 
fur11acc. air ran lw inh·o<lurcd at such n rate as to 
111aiutuiu thP desit·f'd •·ate of rJ.xidation. The oxide 
'•Ill tiJen Ul.' ~afe!y JissoJ\'eU llsing the jH'OCedure 
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giv<'n in Sertion 4.·k Complete dissolution is not 
usually attained in one cycle and the residue must 
be recycled. The second leach, ho,..,·ever, results in 
complete dissolution. The dissolver solutions arc 
filtered. nnalyzed for plutonium, and purified by 
Pither precipitatiou of plutonium peroxide or hy 
sorption of plutonium on a nitrate nnion·exrlumgc 
··olumn. 

A ln~s preferahlf' process is In ;Hid thl' nlloy 
in 2.0-g inrremcuts It) 11500 ml of 4M HNO. that 
has heen !Jentet! to -90°C. Thi!-. dissolution 
liiPthod uses thc same "i-liter gla~s vessel with 
heating mantle as described in Section 3.2. The 
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Fig. 18. Device for removing plutonium solutions from glove boxes. 
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"Jlutiou is spargecl continuously \Yith 10 psi of 
helium during the addition of the 20-g increments 
of ullo,\·. ThE' additiUJr of the next increment of 
alloy is 110t mad!' until the exothermic reaction 
foll<.Jwiu~ the prPvious addition has subsided. Con
n•utratcd HNO,. i~ added as necessary to keep the 
HNQ., concentration near 4/'1! tu disperse the foam 
that forms if the H concentration drops below 
ll.~M. If the arid concentration exceeds 4M, the 
reaction will become so violent that the metal may 
ignite. 

After all the metal has been added in 20-g 
inrreml'nts, the applied heat is increased so that 
the mixtw·e will reflux at a solution temperature 
of ~ 1 05 °C. When the mixture has refluxcd for 
-I hr. nil the cer·ium will have dissolved but only 
part (.-10-20%) of the plutonium will have gone 
into solution. Since the dissolving solution is. at 
this point, <4/\1 HNO. and since it does not con
tain any F-. longer· reflux periods will not ap
preciably increase the dissolution of the plutonium 
because. n I this point in the process. the plutonium 
is pt·esent mainly as the oxide. The condenser is 
then turned to the distillation position and the 
:-.olution is concentrated to .-700 ml. When the 
solution has cooled to ~80°C. 800 ml of 1 '5.6M 
IINO, and '5 ml of 47% HF are added. The con
denser is then rotated to the reflux position. ex
temal heat is npplied. ancl the mixtute is refluxed 
for 2 to 4 ht·. 

Aftet· this .reflux period. the mixture is al
l~wcd to cool to room temperature. The slurry is 
fll!ered through a medium sintered glass frit. 
usmg t>.tl\1 HNO, as the wash solution to mini
mize peptization of the oxide in the residue. The 
filtrate is transfcned to either a nitrate anion-ex
change system or to a peroxide precipitation sys
tem for separation of the plutonium and cerium. 
Roth processes give satisfactory products in which 
the cerium l'Ontl'nt is <20 ppm. based on plutoni
um. These prorrsses at'<' clisrussed in SPctions R.4 
••wl H.fi. 

3.5 Dissolution of Plutonium-Aluminum 

If the. ah~minum content is less than 1 wt %, 
til(' materml ~~ processed as if it were unalloyed 
plut•nlium; that is, it is clissolved iu 1oM HNO .-
0.011\1 HF. 1 ~!11 If tlw aluminum conlt'Ht is in tl~~ 
t·angt• of 1 In 1 ll wt o/.,. til(' alloy is t!isso!vf'd iu 
ltl/\1 HN0.,-0.1/H HF. If the Hluminum rontcllt is 
> 10 wt %. the alloy is either dissolved in 101\1 
IINO,.. with oy'5M mer~urir nitrate ns a catalyst, 
~u· the plntnmum-alunnnum residues nre placed 
111 the basket of the slag and crucible dissolvers 
whl'J'<' they will be slowly dissolved during normal 

:.W 

crucible processing cydes (see Section 5.4 for 
greater detail). Since n fluoride slag is being pro
cessed, the fluoride concentration is more than 
ample to accomplish dissolution. 

The dissolution of aluminum by HNO~ with 
mercury present proceeds rapidly and may be
come violent if the quantity of mercury is too 
great. A series of experiments showed. for the 
equipment concerned, that a satisfactory rnte of 
dissolution could be obtained with 1OM HNO.,
O.O?M Hg!!•. 

. The insoluble r~sidues are separntcd by filtra-
tiOn and stored unlll a hulk weight of ·WO g has 
been accumulated; they are then leached with 
10M HNO:~·O.OSM HF. After this leach. the resi
dues are transferred to the bulk fusion system for 
recovery of the remaining plutonium. The filtrates 
are transferred to a purification system, such as 
soh·ent extraction, oxalate precipitation. or ion ex
chnnge. for final processing. 

3.6 Dissolution of Plutonium-Uranium 

The method of dissolution depends upon the 
amount of uranium present; that is, if the urani
um content is less than 1 wt %, the metal is pro
cessed as if it were unalloyed plutonium. If the 
u.ranium content is greater than 1 wt %, the dis
solution may proceed quite rapidly in 4-l\.f HNOa. 
especially if the feed metal is in the form of a 
powder or fine turnings. The higher the uranium 
content of the feed, the more the alloy to be dis
solved acts like pure uranium metal. Thus with 
an a~loy containing 85 wt % uranium, rapid dis
solutiOn of the uranium will take place in 4A1 
~NO,. about 5 to 20% of the plutonium will be 
chssolved, and the rest of the plutonium will be 
C(lllverted to Pn02 • 

To dissolve the PuO~. the HNO,, concentra· 
tion must be increased and HF must be added. 
Recause large volumes are not desired. it is not 
practical to add the required amount of 15.61\.1 
HNO, ami. hence, the HNO,. concentration is in· 
neased by distilling some of the wuter. Thc 
resulting concentrate . .--700 ml, will be -8M 
HNO". HN0.1. HF, and H~O are then added to 
bring the solution to a finn! volume or 1500 ml. 
to 1 0/l·~ HNO,.. and to 0.05/lf _HF. The high ncid 
shll'l')" 1s rPfluxed for 2 hr to chssolve all the PuO~. 

Plutoui~llll·trr~nium re~iducs may nlso be pre
pared fm· <hssolutJon by the burn method used 
fot· plu toni um-rcrium nlloy described in Section 
~.4. The resulting mixtur(' of oxides <"llll be dis
~olv_c? in HNO~·HF mixture without danger of 
1gmhon. 



\•\'hen the dissolution is complete, the solu
tion is cooled and filtered through a medium sin
tered glass frit. After sampling the solution for 
plutonium analyses, the solution is transferred to 
H nitrate anion-exchange system for the separation 
of plutonium and uranium discussed in Section 
8.6. The filter residues are recycled. 

3.7 Dissolution of 
with Zirconium, 
Thorium 

Plutonium Alloyed 
Hafnium, Iron, and 

The method for dissolution of these alloys is 
the same as for unalloyed plutonium except that 
if the cation impurity is greater than 3 wt %· 
the F- concentration must be increased to com
pensate for the effective loss in F- caused by the 
formation of fluoride complexes or precipitates 
with the cation impurities. For example, iron 
forms soluble fluoride complexes. analogous to 
aluminum. Thorium. however, will precipitate as 
ThF.. once the solubility product is exceeded, 
rather than form a soluble anionic complex. Thus. 
on an equal molar basis, the formation of the 
soluble ferro-fluoride complex would consume 
more F- than the fom1ation of ThF,. 

The resulting solutions are filtered. using a 
medium sintered glass frit, and sent to the appli
cable purification system. The solutions containing 
only iron are transferred to an oxalate precipita
tion system. those with thorium to the chloride 
anion-exchange or the ThF. precipitation system, 
and the other solutions to a nitrate anion-exchange 
system. 

3.8 Dissolution of Plutonium·Copper 

The dissolution of plutonium-copper alloys 
can be readily accomplished using the method for 
unalloyed plutonium. These alloys are listed 
separately here only because they have been 
known to ignite under solution in the same man
ner as plutonium skulls. Therefore, the weight of 
alloy per batch is reduced to 200 g to reduce the 
severity of a possible fire. 

3.9 Dissolution of Plutonium·Osmium 

The dissolution of plutonium-osmium alloys 
proceeds ~moothly using the HNO,-HF procedure 
for unalloyed plutonium. The reflux period. how
ever, must be lengthened to 6 hr to permit the 
osmium to form the volatile oxide which can then 
be removed by the flow of helium used to spargE' 
the solution. Analyses of the distillate and the pro
Juct from this process show an osmium content of 

< 10 ppm. based on plutonium. Thus both solu
tions can be treated as though they were from the 
dissolution of unalloyed plutonium. 

3.10 Dissolution of Miscellaneous Alloys 
Plutonium alloyed with manganese, titanium. 

indium. chromium, platinum. the lanthanides. 
gallium, and similar cations(30 · 31 · 32

> have all been 
found to dissolve in HNO,-HF. Although various 
separation methods can be used. satisfactory pro
ducts ( < 300 ppm metallic impurities. based on 
plutonium) can be obtained using the nitrate 
anion-exchange process. 13=~· al, ~3 > This method and 
other processes used to purify plutonium are dis
cussed in Sections 8.4. 8.6. and 8.9. 

3.11 Conversion of Plutonium Metal to 
Oxide 

The pyrophoric nature of plutonium metal 
and its alloys makes all liquid dissolutions sus
ceptible to uncontrolled self-ignited fires. Because 
the oxide is very stable, procedures were developed 
for converting the metal and its alloys to the oxide 
which then could be handled safely in any atmos
phere. The conversion to oxide can be accom
plished safely by ignition in any furnace in which 
the oxygen and moisture content of the atmos
phere can be controlled. 

The ignition is usually performed in MgO or 
Al~08 crucibles but certain alloys may, under 
special conditions, be ignited in Type 316 stain
less steel beakers. For example, coarse turnings or 
massive pieces of the ternary alloy, plutonium
cobalt-cerium. may be safely ignited in a stainless 
steel beaker on a hot plate in the normal glove box 
atmosphere. but the powder form of the ternary 
alloy is extremely pyrophoric. It must be loaded 
under an inert atmosphere and the ignition must 
be controlled by regulating the flow of argon or 
cxygen over the heated alloy. 

The off-gases from the ignition of all pyro
phoric alloys and compounds, except plutonium 
deuteride, are allowed to escape to the process air 
exhaust system. The off-gases from the ignition 
of plutonium deuteride are passed through a cold 
trap. (30, an 

At Los Alamos, only the plutonium-cobalt
cerium alloys and certain skulls are routinely con
verted to the oxide as the first step in the recovery 
of the plutonium involved. If the ignition tem
perature does not exceed 600°C, the resulting 
PuO, can be readily dissolved by refluxing with 
1OM HN0~-0.05M HF. The procedure for the dis
solution of Pu01 is given in Section 4.4. 
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Chapter 4. DISSOLVING PLUTONIUM COMPOUNDS 

4.1 Dissolution Policy 

A large fractiou of the plutonium sell! to re
co\·ery opet·ations is in the form of impure com
pounds. The first step in recovery is to dissolve 
the compounds so that the various plutonium 
separation systems in the plant can be used. 
Once a solution has been obtained it is sent to a 
separation system that is compatible with the type 
of acid used to dissolve the compound, the metal
lic impurities in the compound, and the anionic 
radical f01·med or put into the solution during the 
clissoh·ing procedure. 

All plutonium-bearing compounds can be dis
solved in at least two different media. Although 
some of the dissolutions proceed smoothly in a 
certain medium. the introduced anion is often in
compatible with the equipment to be used later in 
one of the processes. or the anion will make the 
separation of the cations more difficult. There
fore. a compromise has to be made. The policy at 
Los Alamos is to select the medium for dissolution 
that will give the easiest solution to process. even 
though longer dissolving times may be required. 

4.2 Dissolution of Plutonium Hydride 

In 1944. Pittman e/ al. reported UH that HCl 
was the best medium for dissolving plutonium 
hydride. Further work with this compound. some 
as late as 1961. 18111 confirmed this finding, but the 
handling and dissolution must be done under an 
inert atmosphere of at least 70% He, <6% 0,. 
and <24% N, to prevent spontaneous ignition. 
\Vith this system. the flow sheet for which is 
shown in Fig. 19. nearly complete dissolution is 
obtained. hut the resulting solution is not compati
ble with stainless steel without prior chemical 
treatment. This process was used for several 
months and the HCl solutions were processed in 
the cation-exchange system discussed in Section 
8.5. Later, after experiments had confirmed that 
large amounts of HCl could be tolerated in 7M 
HNO, systems (see Section 8.2), these solutions 
were processed in n nitrate anion-exchange sys
tem employing many stainless steel components 
after dilution to ,_. 1M HCI with 7M HNO:. 

Even though the HCl solutions could be pro
cessed easily in the 7M HNO,. anion-exchange 
system. the dissolution of plutonium hydride in 
HCI in an inert atmosphere was not considered to 
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be an ideal process. Experimental work by 
Reavis 1 ~c, resulted in the deYelopment of a pro· 
cedure to convert the hydride to metal. By con
vet·ting the hydride to metal and dissolving the 
metal in an HNO~-HF mixture, both the cmTosion 
of process equipment and the probability of spon
taneous ignition of the material are reduced. This 
method has been used since 1961 for processing 
plutonium hyd1;de, using the procedure for the 
dissolution of the resulting metal discussed in Sec
tion 3.2. 

4.3 Dissolution of Plutonium Oxalate 

The solubility of plutonium oxalate increases 
very rapidly with increasing acidity; howevet·. 
the plutonium will not stay in solution when water 
is added unless the oxalate ion is destroyed by oxi
dation. 

Experimental work prior to 194-1- indicated 
that an HNO.-H~SO, mixture was the best medium 
for the dissolution of plutonium oxalate. <5> This 
process involved fuming with HNO, and H2SO, 
until the oxalate was completely destroyed. The 
plutonium sulfate that was formed could then be 
dissolved in water and HCI.tiS> 

After 1944 the Recovery Section turned more 
and more to solvent extraction in which the 
presence of large amounts of sulfate interferred 
with the extraction of plutonium and a new 
method for the dissolution of plutonium oxide was 
desired. Other methods of treatment then in use 
to dissolve plutonium oxalate used nitric or hydro
chloric acid along with a strong oxidizing agent 
such as NaBr(}, or KMnO,. Such methods could 
he used only when the extraneous cation intro
duced was compatible with succeeding processes. 
A method using NaBrO," for example. would 
evolve large quantities of corrosive bromine that 
\\·ould preclude the use of stainless steel equip
ment. 

The need fm· a process for dissolving plutoni
um oxalate that would require or yield only cationc; 
or radicals common to succeeding processes led 
to the investigation of dry conversion methods. In 
1947 and 1948. experimental work shmvedt811 > that 
1lehydration and clirect hydrofluorination of plu
tonium oxalate would yield a plutonium fluoride 
that could be dissolved in HNO.-Al(NO~). or 
even be bomb-reduced to plutonium metal. 



FEED 
Introduced to dissolver drybox 

Helium FLOW 
_a_t_3~.:..:..c:;:;fm _ ___..--1 of Helium continued unt\1 drybox 

225 m.4 12M HCI 

Fig-. 19. 

atmosphere > 70% He 

PREPARATION 
weighed portion of plutonium 
hydride. no more than 100 g .• 
placed In 51iter pyrex dlssover 
equipped w\th dip tube, 
(see Fig. 15) 

, 
DISSOLUTION 

HCI added in 5 miL Increments 
after reaction from previous 
addition has subsided. Helium 
flow continued so as to sweep 
hydrogen from reaction vessel 
and drybox 

FILTRATION 

50 mil 
~...-=B.:..::Ia..::.ck::..:......:S:.:o~lid=s=---112 M HCI I-

Tan or White Tan 
Solids ·~ Sol\ds 

Filtrate 

To Anton- ex.change systems 

HN03-HF 
Leaching 

i 
Flow sheet for dissolution of plutonium hydride in HCI. 

HCI 
Solution 

By 1954, experimental work had shown'"0 ' 

that although there were many methods that would 
dissolve plutonium oxc-tlate or convert plutonium 
lo <mother rompounrl that was more solublE' in a 
common medium. cnch of tllE'!>C methllds had a 
sC'rious drawhrnck. Boiling in concentrnted HNO". 
fuming with H"SO,. NaOH metathesis. or 
Al(NO:c):c·H20" metnthesis required far too much 
time for dissolution nnd filtration. Boiling in 
HNO:c·KMnO. or HNO:,-Na,CrO. introduced un-

desirable impuritiE's that would lall'r havf' to he 
I'E' IIIOVf'CI. 

Nancl!' 40
' found thn I the simple~ I methocl was 

to iguitf' thf' oxalnlt' to th<' oxicle al 11 low tempt>ra
ture ( -IJOO"C) ancl lh<•n dissolve th<' oxide iu 
1OM HNO::-lJ.llSM HF. This method was con
sidered to lte suit11hle for· a phllll procf'ssiug sys
tem; a Jllillillllllll or f'quipmE'lll ami gluvf' hox 
space was requireJ_ the oxalate was completely re-
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moved, no cations or anions ''"ere introduced that 
would make the purification of the plutonium 
more difficult, and the resulting solution was 
compatible with stainless steel equipment. This 
method is now used on all plutonium oxalates. 

The ignition is done in stainless steel beakers 
on a hot plate or in any furnace capable of reach
ing ,....,500°C. The resulting oxide is dissolved, us
ing the procedure shown in Fig. 20, in the stand
ard metal dissolving equipment shown in Fig. 14. 
The iron pick-up from ignition in stainless beakers 
is less than 0.1 g per batch and is easily removed 
in the precipitation of the plutonium peroxide in 
the metal preparation facilities. 

4.4 Dissolution of Plutonium Oxide 

The ease with which plutonium oxide can be 
dissolved depends upon the temperature at which 
the oxide was formed or to which it was subse
quently heated. Oxides that have been heated to 
less than 600°C are generally considered to be 
relatively easy to dissolve; oxides heated to temper
atures between 600 and 1 000°C require somewhat 
more stringent procedures; oxides that have been 
fired at temperatures greater than 1 000°C require 
extreme measures. 

In 1944. Pittman ct al. reported 15 ' that fusion 
with K2S,O, was the best method for dissolving 
PuO, using a weight ratio of 8 parts K:S,07 to 1 
part PuO~. If complete dissolution was not ob
tained. the residues were treated with a Na:O,-car
bon spontaneous fusion. HNO:s· HF had been used 
but the fusion methods were preferred. 

Bjorklund cu' made an extensive study of the 
dissolution of plutonium oxide by HCl-KI mix
tures and showed that the oxide could be dissolved 
by this method but that this system had the dis
advantage of causing severe corrosion of stainless 
steel equipment. thus requiring special purifica
tion systems. 

Other dissolution mixtures were tried, 142 ' such 
as 85% HaPO. and HNO,-HI,'~2 ' but none were 
os generally satisfactory as the HNO,-HF method. 
Experimental evidence in 1951 C431 showed that 
complete dissolution was not obtained until the 
HF concentration reached 0.05.'\1. Continued work 
showed that the most efficient dissolution was 
obtained with 1OM HN0.-0.05M HF. The pre
ferred procedure is shown in Fig. 20. 

Because the origin of oxide residues is so 
varied, and in many instances the ignition temper
ature is unknown, the processing of oxides at Los 
Alamos has evolved into the practice of trying 
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2000 ~ 
10M HN03 

4mll 
27M HF 

PLUTONIUM OXIDE 

to purification or metal 
preparollon foclnlies 

Residues 
Recyled 

Fig. 20. Dissolution of plutonium oxidt.' rcsidul:'s. 

HNO.,-HF first. If a major portion of the oxitltt 
dissolves in the first HNO.-HF leach. a second 
leach is used on the filter residue. If very little 
oxide dissolved in the first leach, a more drastic 
procedure than a second HNO,·HF leach is u~ed. 

In 1951. Johnson and Pritchard 1w developed 
a fusion procedure that was much mo,·e quantita
tive than the process devised by Pittman et a/.' 61 

in 1944. The experimental work by Johnson and 
Pritchard ~howed that the fusion efficiency could 
be greatly enhanced by the addition of a small a· 
mount of NaF. Therefore. if the oxide is sparingly 
soluble in HNO.-HF, the residue is dried and 
mixed with n flux made of 10 parts K~S~O, to 1 
part NaF by weight, using 7 parts flmc to t part 
oxide. This mixture is heated in a platinum boat 
or a Hastelloy "C" cylinder at 550°C for approxi
mately 2 hr. The melt is cooled. removed from the 
fusion vessel. and transferred to u dissolution ves· 
sel. To this vessel i~ added tOM HN0.·0 . .:3M 
AI (NO,h and the mixture is heated at tlu.• boiling 
point for 1 hr. The solution is then rooled ami 
filtered. Many different filters have been used 
(such as graphite. stainless steel, porous plastics. 
and sintered glass. all of medium porosity) but 
the preferred method is to place diatomaceous 
emth filter aid on a sintered glass filter to in
rrease the filtration rate. The filter 1·esidues orC' 
washed with several portions of water or dilute 
HNO, and ait· d1·ied by pulling air through the 
cake fo1· about 1 hr. If measw·emenl of the {J-y 
emission indicates that the solids contain little 01· 

no plutonium. they are dried at 300°C in a muffl(' 
furnace and sampled for plutonium analyses. If 



an appreciable plutonium content is indicated. the 
~olids must be recycled. If desired. the diatomace
ous earth can be removed from the dried residue 
by converting the SiO" to the volatile SiF. as dis
cussed in Section 6.4 so that only a minimum a
mount of residue need be fused with K,S,07-NaF. 

The solutions resulting from the dissolution of 
oxides are transferred to an applicable separation 
system. The purification system is selected on the 
basis of what types of cations are present. 

Included in the category of oxides are PuO"· 
molybdenum pellets that have been fired at tem
peratures in excess of 1600°C. These have proved 
to be difficult to dissolve. Development work has 
shown that the best results are obtained by using 
alternating leaches of 8M HN0,-0.25M Fe(NOa), 
and 1OM HN0,.-0.05M HF. The dissolution rate is 
slow and a large number of leaches are required 
to eventually dissolve the pellets. At present the 
quantity of such residues is so small that further 
development work is not justified. PuO"-stainless 
steel pellets dissolve best in HNO,.-HF. 

4.5 Dissolution of Plutonium Fluoride 

Small amounts of PuF~ or PuF. can be dis
'olved by boiling in concentrated HNO,.; the rate 
of dissolution depends upon the rate of escape of 
F- from solution. This method is very slow and is 
used only when aluminum cannot be tolerated in 
the resulting solutions. 

The preferred method is to add 1OM HNO,. 
to the fluoride and then add a mole of aluminum 
for each mole of fluoride believed to be present 
and the mixture refluxed for 1 to 2 hr. The solu
tion is then cooled and filtered. The residue is re
cycled. either through another HN03 -Al(N03), 
leach or through the bulk fusion process described 
in Section 6.5. The filtrate is transferred to an 
npplicable purification system. 

4.6 Dissolution of Plutonium Peroxide 

In 1944 Pittman et a/. reported cs> that HNO,. 
was the best reagent for the dissolution of plu
tonium peroxide. This dissolution method is so 
complete, even without adding external heat. that 
it is still used to dissolve plutonium peroxide. The 
reaction between plutonium peroxide and HNO,. 
can be quite violent; one of the most dangerous 
features is the variable lapse of time required for 
the dissolution to start. It has been the prnctice at 
Los Alamos to place 500 ml of 15.6M HN03 in n 
2-liter beaker and then add the solid plutonium 
peroxide in small increments. The first addition 

of peroxide results in a bluish-green solution in
dicative of the presence of both trivalent plutonium 
and a high HN03 concentration, and the rate of 
dissolution is rather slow. The reaction is exo
thermic and in time the peroxide will dissolve 
nearly as rapidly as it is added. With a sufficient
ly high temperature and the proper nitric acid 
concentration, the trivalent plutonium is oxidized 
to the tetravalent state. The rate of addition of the 
peroxide to the HNOa must be slow until the 
valence transition is indicated by the sudden re
lease of NO. fumes and a change in color from 
the bluish-green of a trivalent plutonium-highly 
concentrated HN03 solution to the greenish-brown 
of the tetravalent plutonium-HN03 solution. The 
plutonium peroxide can then be added rather 
rapidly. The solution will be green if the acidity is 
greater than 5M and brown if less than 5M. 

Delay in the start of dissolution can be over
come by heating the 15.6M HNO:s before adding 
the first irtcrement of plutonium peroxide. Since 
the temperature of the solution need be only 50°C, 
a hot plate can be used to warm the HN03 and 
the plutonium peroxide can then be added rather 
rapidly. With warm 15.6M HN03, the first addi
tion of plutonium peroxide results in the evolu
tion of N02 gas as a sign that the trivalent plutoni
um formed is being oxidized to the tetravalent 
state. This situation is applicable only if the per
oxide has been freshly precipitated. If the peroxide 
has been stored for several days since precipita
tion. or if the peroxide has been heated for more 
than 1 hr in a furnace at 300°C, an appreciable 
quantity of residue. mainly a low-temperature 
oxide, is left after HN03 treatment. The insoluble 
residue is returned to a HNO,.-HF dissolution pro
cess. The filtrate is sent to an appl!cable purifica
tion system. 

4.7 Dissolution of Plutonium Carbide 

Pittman et al. reported in 1944<a> that fusion 
with K~S20, was the best method for the dissolu
tion of plutonium carbide. Additional work showed 
that plutonium carbide will dissolve by refluxing 
in 10M HN0,.-0.05M HF, although the rate of 
dissolution is rather slow. em Another method is 
to dissolve the carbide in HCI. The dissolution 
proceeds at an ncceptable rate but is much slower 
than the dissolution of plutonium peroxide in 
HNO::. With 1 to 6M HCI. the reaction proceeds 
without the npplication of heat and thus the dis
solution equipment usually consists of a plastic or 
gl<~ss beaker and A mechanical stirrer. The result
ing solutions are transferred to an applicable 
separation system. 
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The preferred method for the dissolution of 
mixed carbides of plutonium and uranium starts 
with the conversion of the material to oxide by 
heating nt -'I-00°C for 2 hr in air. The low-tempera
ture oxide material is then lenrhed in an HNO., 
medium. Experiments and plant-scale dissolution~ 
ha,·e shown that > 90% of the plutonium ran be 
di.;~nh·ed by refluxing for 2 hr in 1OM HNO" 
only. Reflux times as long as 2·1- hr do not greatly 
increase the amount of plutonium dissolved. A 
satisfactory dissolution rate f01· the remainder of 
the pluto~ium requires the a1ldition of 3 ml of 
28/\1 HF after the reflux in HNOJ has been com
pleted, followed by another reflux period of 2 hr. 
The dissolution of the plutonium has been quanti
tath·e in every instance in which this method hns 
heen u~ed for -the mixE'd carbides. 

4.8 Dissolution of Plutonium Silicide 

Plutonium silicide is dissolved in HNOa al
though it may also be dissolved in HCL The HNO., 
method is preferred because as the silicide dis
soh·es in HCl a gas is given off which bursts into 
flame when it comes into contact with air. It is 
bclie,·ed that this gas is a ~ilane. 14 0 1 The HNO" 
dissolution is somewhat slower. but is preferred to 
a\·oid the release nf the flammable gas. 

Dissolution of the silicide in 1OM HN0,-
0.05.'\/ HF requires reflux periods of 4 hr and 
filtration and recycling of insolubles. The filtrate 
is sent to the proper anion-exchange system for 
purification. the choice of system depending upon 
plutonium concentration and type of cation im
pm·ities present. 

4.9 Dissolution of Plutonium Chloride 

PuCL is very soluble in water if the forma
tion of PuOCl can be prevented. If the mAterial 
rontuins PuOCI. an HNO.,·HF leach will be re
IJUil·ed to dissolve the water-insoluble portion. 

At Los Almnos. PuC!, is dissolved in dilutE' 
acid. either HCl or HNO". so that the h:vdrogen
ion concentration can be kept high enough to pre
,·ent formation of a plutonium polymer and the 
fonnntion of PuOCI. The corrosion of the stain
less steel in suh~eqnent processing equipment by 
HCl ran he pre\·ented by adding HNO" to a con
centmtion of > 1.1\1. n.~ Wil!' shown when stainless 
.;tee! coupons were tested with HNO,-HCl mix
tures. This work is discussed in Section R.2. 
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4.10 Dissolution of Electrorefining Resi
dues 

The routine dissolution of unalloyed plu· 
Ionium was diseontinued at this lnhoratory when 
a successful electrm·efining system and process wns 
developed by i\Jullins. Leary. Bjorklund, i\lor~an. 
and i\.Yaraman. ' 47 ·r.1 ' This process not only requires 
fewer man-hour~ per gmm of purified plutonium. 
but results in a purer product than ran be obtained 
by the bomb reduction method. The m·erage yield 
of this process is - 9"5%. The metal product. con
taining < 100 ppm total impurities (cationic and 
gaseous). is sent directly to costing operations. and 
the anode residue is directly recycled until the im
purity level in the anode causes such a high back 
emf that the anode must be purified in aqueou~ 
recovery operations. The remaining plutonium i~ 
lost to the chloride melt. which must be processed 
in aqueous recovery operations. 

Because of their chloride content. these resi
dues require special treatment to prevent corro
sion of the stainless steel equipment. The chloride 
melt from electrorefining can be dissolved in 0.51\1 
HCl, but almost im·ariably a black residue is left 
on the filter. This residue apparently containc; 
both PuO~ and PuF •. which can be dissolved in 
HNO:,-HF. However, since ti\1 Cl- can be tolerated 
in stainless steel equipment. if the HN03 content 
is > 3/\f, the melt can be dissolved directly in 
HNO:.·HF instead of using 0.5/\1 HCl as n final 
step. The dissolution is essentially complete in 
one step and the residue generally contains far 
less than 0.5% of the original amount of plutoni
um. The filtrate is transferred to one of the anion
exchange systems where the solution is diluted 
with 1M HNO,. until the plutonium concentration 
i~ less than 25 g/liter and the chloride conct>n
trntion is less than 1M. This solution is then ready 
to be fed to a nitrAte anion-exchange column, Tl{~ 
equipment used for this dissolution is the standarcl 
1-liter flask and relat£'cl «>quipment ~hown in Fig. 
15. 

The preferred method. however. is to leach 
the chloride melt with 2M NaOII. This method 
dissolves the chloride salts of sodium. pota~~ium. 
and lithium. and precipitates the plutonium as 
the hydroxide. The supernatant. nfter a clccnn t 
filtration. can he disca1·ded if its plutonium con
centration is <1 X 10-'1 g ·liter. thus disposing of 
the corrosive chloride ion. 



The slurry, consisting of the insoluble hy
droxides of elements such as magnesium and 
plutonium and the MgO pieces from the anode 
cup. are transferred to a wash apparatus made of 
a coarse mesh screen placed in a stainless steel 
beaket· (Fig. 21). With this device, the hydroxides 
can be readily washed from the pieces of MgO 
crucible so that the MgO can be dissolved in the 
crucible dissolvers (discussed 1n Chapter 5), while 
allowing the major portion of the plutonium to 
pass through the screen with the fines. The plu
tonium hydroxide at times is held very tightly to 
the surface of the MgO, and the water jet wash 
may not be sufficient to remove the desired a
motJnt of plutonium. A wash with 3M HNOa. 
which starts to dissolve the surface of the MgO, 
may then be necessary to reduce the plutonium 
concentration to the desired level. 

The fines. consisting mainly of hydroxides 
of plutonium and other cations, are transferred to 
a dissolution apparatus similar to that shown in 
Fig. 15. Approximately 500 ml of water is used 
to rinse the hydroxides and other residue out of 
the stainless steel receiver into the dissolution ves
sel after which 1 liter of 16M HNO,. is added to 
start the dissolution of PuO". The dissolution is 
then completed following the procedure given in 
Fig. 20. 

Fig. 21. Screen for washing crucible. 

4.11 Dissolution of Plutonium Sulfate 

Since plutonium sulfate is soluble in water. 
any solids containing this compound are leached 
first with water or very dilute HNO, and the 
residue is then leached with HN03·HF as if the 
solids were PuO". The water leach solution may 
then be acidified with HN03 so that it can be 
used as a feed solution for a nitrate anion-exchange 
column. Extremely high sulfate or a combination 
of high sulfate and high fluoride concentrations 
interfere with the sorption of the plutonium in an 
anion-exchange system. as discussed in Section 
8.6. 

4.12 Dissolution of Plutonium Hydroxide 

If the plutonium hydroxide has been freshly 
precipitated, the dissolution of this solid can usual
ly be accomplished by the addition of HNO~ to 
about 2 or 3M H , .. If the hydroxide has been 
stored or exposed to air for more than a few hours, 
complete dissolution cannot be obtained by addi
tion of HNO,.. To dissolve this material, which is 
mainly a hydrated oxide of plutonium, the HNO,: 
HF procedure (Section 4.4) is used as if the com
pound were Pu02 • 

4.13 Dissolution of Cupferrates 

Since the cupferrates of some metallic ions 
are explosive when dried and since the cupferrate 
residues received from the analytical section are 
of unknown composition, the ignition to oxide 
method was rejected. As an alternative. the cup
ferrate residues received from the analytical sec
tion rAn be dissolved in 15.6M HNOa. This solu
tion can then be safely added to the feed solution 
being put on one of the nitrate anion-exchange 
columns. Since the feed to these columns is 7M 
HN03 • the acidity is sufficiently high to keep the 
cupferrates from reprecipitating. The presence of« 
small amount of cupferrate in the feed solution 
does not impair the sorption of plutonium onto the 
resin in a nitrate anion-exchange column. 
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Chapter 5. DISSOLVING REDUCTION AND CASTING RESIDUES 

5.1 Early Development Work 

During the development of the bomb reduc
tion method for the preparation of plutonium 
metal. Bnker ct al., 15!!-501 working with uranium 
as a stand-in for plutonium, found that an ap
preciable quantity ( > 1%) of uranium was lost 
to the reduction slag and the Mg0-2% Si02 liner 
in the reduction bomb. Later work 11171 showed that 
plutonium behaved in a similar manner. 

Because of the scarcity of plutonium in 1944 
and 1945. an immediate effort was made to re
covez· and purify the metal lost to reduction resi
dues. \Vhen this work was started it was assumed 
that the reduction residues should be divided into 
three fractions for processing: the MgO packing 
sand. the reduction slag, and the MgO crucible 
serving as the liner for the reduction bomb. It was 
thought that the MgO packing sand would con
tain so little plutonium that it or its leach solutions 
could be discnrded. Later work proved this not to 
be the case, mainly because of plutonium con
tamination of the packing sand during unloading 
rather than during reduction. The reduction slag 
would. it was belie .. ed, contain nearly all of the 
plutonium that did not appear in the metal slug 
and would have to be completely dissolved. The 
choice of which acid or solution to use for the dis
solution of this material after the iodine had been 
removed would be based on experimental vvork on 
the MgO liners. It was thought that the MgO liner 
could. by sorting_ be isolated relatively free of 
slag and that what contamination followed could 
be removed by a surface leach. Therefore, at
tempts were made to remove plutonium and 
uranium by a surface leach of the crucible with 
HCI or HNO ... leaving the refractory crucible es
s<.'ntially undissolved. It was found. however. that 
leaching would not extract all the uranium and 
plutonium and that the entire c-rucible would have 
to be dissoh·ed to ohtain complete recov
er·y.'n. ~. 1. r.BJ 

In the preparation of plutonium metal using 
the bomb reduction method developed by Baker,C571 

iodine i~ used as a booster to increase reduction 
yields. Recause of the corrosiveness of iodine on 
~tainless ~teel components. the fir~t efforts were 
directed toward !<.'aching the crucible with HCl 
rather than HNO .•. thus R\'Oiding the oxidation of 
the iodide to iodine. 1r. 1 or toward igniting the 
crucible in a muffle furnace. thus subliming the 
fr<'e iodine so that the c-rucible could be dissolved 
in HNO.,.•:.dl Attempts to use NaOH for removing 

iodine from the reduction slag and liner were a
bandoned because of the large volumes of solutiom 
and solids involved. Most of the iodine was re
moved by boiling the residues for 1 hr in 5M 
NaOH, but this step was considered to be too 
lengthy. 101 It was found that the iodine could be 
removed by treating the chunks of liner with solid 
Na~s~o, and enough water to dissolyc the added 
salt, but this method resulted in high plutonium 
losses. 181 

By 1945, the procedure for dissolving uranium 
reduction slag employed an 8-hr chlorination at 
400°C to remove the iodine. 158l Once the iodine 
had been removed, the dissolution of the slag was 
accomplished in HN03 or in a mixture of HNO.
Al (NO~) 3 • !fiBJ The crucible that had been separated 
earlier was dissolved in HNO~-Al(N03 ) 3 • 

Fusions with pyrosulfate and with sodium 
peroxide-carbon were tried, but these methods 
were rejected because the pyrosulfate fusion re
sulted in only partial recovery and the sodium 
peroxide-cflrbon reaction was so violent that the 
material was often sprayed from the reaction 
vessel. 

5.2 Dissolution of Reduction Residues 

The development work that led to selection of 
the present method for recovery of plutonium 
from reduction residues was started by Maraman 
in t 946. 1501 This work showed that equipment 
could be designed for a method in which the three 
fractions of the reduction residues could be pro
cessed wjthout sorting. Corrosion by fluoride was 
avoided by using HNO~-Al (N03)a as the first 
dissolving medium and corrosion by iodine was 
prevented by suhlimRtion of the iodine from the 
heated high nitrate solution nnd scrubbing the 
off-gases with 2M KOH. 

Continuation of the experimental program by 
Mara man et ol .. enol Lowe and Magness, cell l\1'ul
lins and Winchester. 1021 and Mullins et az.,cosl re
sulted in the development of a dissolving procedur<' 
using an HN03-Al(N03)3 solution as the dissoh·
ing media. 

The steps in the p1·ocedure used in 1949 were: 

1. The slag. cmcible. and packing sand were 
placed i11 a 12-liter reaction vesse1. 

2. The Al (N03 ) a solution ( ,.....Q,Sl\1) was 



then introduced. (The total amount of salt added 
was six times the slag weight.) The surface of the 
liquid in the vessel was swept with air to rapid!~· 
remove the hydrogen gas liberated during the re
action of calcium and water. 

3. After all the calcium had reacted with 
the water and the liberation of hydrogen gas had 
ceased. 1 '5.6M HNO., was added slowly. Hot water 
was passed through the condenser during the 
HNO,, addition to prevent the liberated iodine 
from condensing on the walls of the condenser. 
After all the iodine had been removed. cold water 
was pas~ed through the condenser and the reac
tion mixture refluxed for 6 hr. Sufficient HNO. 
was added to render the slag and crucible solution 
-5M in free acid. 

4. Upon completion of the reflux period, the 
solution was filtered through a medium porosity 
sintered glass funnel or through glass cloth. The 
solids were washed with 6M HNO" and the wash
ing solutions were combined with the filtrate. The 
~elution was then diluted with 6M HNO,, so as to 
give a solution that had a density of -1.38 
g/ml at 25°C. The solids remaining on the filter 
were saved for leaching with acid. The solutions 
were transferred to an applicable purification sys
tem such as plutonium extraction with tri-n-hutvl 
phosphate or R cation-exchange system. · 

Tests of this procedure by several pilot-plant 
runs during the next few months were so success
ful that the procedure was adopted for large
scale processing of slag 11nd crucible. In 1950. the 
design of a large-scale dissolving system. having 
ns its dissolver a 50-gal. Pfaudler glass-lined kettle. 
was completed. This equipment was instnlled and 
pul into operRtion in early 1951. 11H' The '50-gal. 
kettle had a special lid with three flcmged open
ings arranged so that one opening could be bolted 
to the floor of a glove box. the second could be 
holted to a water-cooled condenser (connected to 
a down pipe which ended in a caustic scrubber 
used to trap th~ iocliue in the off-gRsses). nnd the 
third nmld receive pipes for intrnducing solutions. 
fo1· air sparging. aud for withdrawal of the final 
p~oduct. A sketch of this equipment is shown in 
F1g. 22. The gasket m«terial at all connections was 
solid Teflon or Teflon-wrapped asbestos envelopes. 

ThP slag and crucible mnteriRI to he 
dissolved was put in the kettle th1·ough the opening 
iu the glove box floor. The opening VI as then seal
Pel hy H stainless steel cover fitted with a TE'floll 
gasket. The AI (NO::):: ancl HNO., were adele(! 
thi'Ougl• the fill tulJe. following the steps of th<' 
procec!urp shown in Fig. 21. OfteJJ the exothermic 
dissolution of the MgO sand would become so 

CONTAMINATION BARRIER WALL 

GLOVE BOX 

FLOOR LEVEL 

Fig. 22. Installation of slag and 
1951. 

l\<c I PS UNE FOR 
I --~INT_RODUCTION OF 

LIQUID REAGENTS 
8 REMOVAL OF 
PllOOUCT 

GLASS LI~D 

t..---';;~;:-:C~~:;::EI~~LAG 
DISSOLVER 

WATER JACKET 

violent and the solution so viscous that the result
ant foam would be forced up the reflux condenser 
and over into the caustic solution in the off-gas 
scrubbers. The plutonium carried over to scrubbers 
by the foam necessitated recycling the caustic 
scrub solution, a task that was extremely dis
tasteful since all of the iodine that had been re
moved now had to be removed again. Therefore, 
special efforts were made to add only enough heat 
to start the reaction, with operators staying alert 
to the possible requirement of introducing chilled 
circulating water to the dissolver annulus to slow 
the reaction and thus stop a "foam-over." 

After the reflux step. the solution was with
(lrawn to au overhead tank from which the slurry 
could he gravity-fed to the filters in the next 
glove box. The filters used were either a 7-in. 
graphite cylinder, installed as shown in Fig. 24. 
or n woven glass bag, installed as shown in Fig. 
25. 

The filtrnte wns transferred to the stabili7.fl
tion step of the tri-n-butyl phosphate extraction 
system for· removal of plutonium and americium. 
The valence ~tabiliz.ation procedure is discussed in 
Se('tim1 R.1 anrl the solvent extraction in Section 
H.9. 

Several other methods were investigated f(•r 
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FEED 32.5 lb reduction residue 
"-' 40g Pu (from 10-360g. 

reductions) 

751b AO( N03)39H20 
charqed to dissolvers 

In H2 0 to make 9 gal DISSOLUTION of Mg 0 SAND 
off- gas air sparge at rate of 2 cfm. 

5 gal. 15.6M HN03 heated to 100° C. 2.5 gal. H20 

scrubbed 
in KOH tank 

SUBLIMATION of IODINE 
off-gas 

air sparge at rate of 2 cfm. 
i 
scrubbed 

n KOH tank 
heat maintained at 100° C. 

1.5 gal H20 DISSOLUTION of Mg 0 CRUCIBLE FirES 
4 gal 15.6 M HN03 

2 hours at 105°C 

1 gal 15.6 M HN03 DlSSOLUTION of Mg 0 CRUCIBLE CHUNKS 
2 hours at 105° C 

6 gal H~ FILTRATION 
Residue s I i~ removal 

Filtrate 

Aqueous processing 

Fig. 23. Dissolution proe<>clurl' fur rt'<lut·tiun r<>"hhl<>.: in l!l!il. 

the recovery of plutonium from these solutiom. 
such as oxalate or hydroxide carrier-precipitations. 
cation exchange, low-acid anion exchange. and 
solvent extraction with organics such as thenoyl-
1 rifluoro acetone (IT A). tri-n-butyl phosphate 
(TRP). and hexone. with the final choice in 19#)0 
IH"!ing the selection of a TBP-in-keroscne extraction 
iu packed columns. 

5.3 Dissolver Residues 

Th<> residut> from the filtration discussed in 
Section 5.2 was dried by pulling air through 
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th(' solids foc· sew•c·al hours. Th<> clrying was t'Oill· 

pleted by heating the solids from the grnphitt• 
filter (or the solids and the glass filter hag) in n 
pot furnace at !10°C for 1 to 2 hr or until un 
further <"Onrten~ute was obtained iu tht' off-gn~ 
condenser·. Renmse HNO:: would rorr·otlt> till' 
Hastelluy "C" furnarc tuhes used in the hydro· 
fluorination syst<'IIJ, the nitrates wer(' decompos<'ll 
hy heating them at ~W0°C for-t- tu 6 hr or until11o 
more NO" fuml's wet'<' evoh·etl. Th<' solids tllll" 
lll'epm·etl wer£> r·pa•l.Y for· prm·essing i11 tht• SiO. 
removal system described in Sectiou GA·. 



TO 
FIURATE-
RECEIVER 

AIR CYLINDER SHAFT 

BLANK GASKET 

ACRYLIC PLASTIC 

CASE 

7"0.0. GRADE 60 

CARBOCEL ROO 

POLYETHYLENE 
GASKET 

Fig. 24. Graphite filter for removal of SiO, from 

1\NNUWS, COOLING 
OR HEATING WATER 
ORGU.ATED AS 
NEEDED 

TO FILTRATE 
RECEIVER 

Fig. 25. Glass cloth filter for removal of Si02 from 
dissolved crucible solutions. 

5.4 Geometrically Favorable Dissolvers 

The diameter of the dissolvers used prior to 
1958 was such that the presence of > 1000 g of 

plutonium could have led to a criticality incident. 
especially if the presence of an unsuspected large 
quantity of plutonium was accompanied by the 
addition of water instead of the HNOs·Al(N03)~ 
solution. Even though the crucible material was 
visually inspected before loading into the dis
solvers, there was always the possibility that far 
more plutonium could be loaded than desired. The 
amount of plutonium credited to the crucible ma
terial was from "by-difference" numbers and 
therefore was far more suspect than if the plu
tonium value had been set on the basis of an 
actual analysis. 

Therefore. in 1958, the decision was made to 
clesign, fabricate, and install geometrically favor
nble dissolvers. The shape of the dis!'olver selected 
for plant installation is shown in Fig. 26. The dis
solving chamber is 8-in.-o.d. Type 316 stainless 
steel seamless tubing, with a commercially avail
able weld cap serving as the bottom of the dis
solver. The dissolver is 6 ft high and has been 
judged to be safe to a plutonium ronrentmtion of 
16 kg in solution or 4 kg n~ solids. 

The dissolving chamber is surrounded by n 
10-in.-i.d. stainless steel pipe, thus giving an an· 

CON'IliM<NATION BARRIER WALL 

GLOVE BOX 

OPERATOR WORKING 
HEIGHT 50• 

STEAM 6 CIRCULATING 
WATER INLET 

SLAG a CRUCIBLE 

DISSOLVER 

FLOOR LEVEL 

FOR OPERATOR 

WATER COOLED 

CONOENSER 

8" TUBING, TYPE 316 

STAINLESS STEEL 

10' PIP£ SIZE JACKET 

STEAM 6 CIRCULATING 
WATER OUTLET 

REAGENT ll'lffiODUGTION 
6 WITHDRAWAL 

PT OOR 
LEVEL 

Fig. 26. Geometrically favorable l·rucible dissolver. 
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nulus of 1 in. to serve as the steam jacket. In 
calculating the amount of plutonium that would 
be safe in these dissolvers, it was assumed that 
the annulus would always be filled with water 
(either as coolant or as steam condensate) and 
that. therefore. the dissolver would always have 
nominal reflection. The crucible material charged 
to the rlissolver for· each dissolution represents the 
residue from four 400-g plutonium metal reduc
tions. Assuming the worst situation-that no re
duction had occurred and that this fact had not 
been noted-the maximum amount of plutonium 
that could be loaded would then be 1 ,600 g. If an 
operator were to inadvertently run a double batch, 
the dissolver would contain 3,200 g which would 
still be less than the amount needed to form a 
critical mass. Because this would require more 
than two unrelated e\·ents to occur before a critical 
mass could be formed, it was deemed that the 
R-in.-diam dissolvers would provide an adequate 
-:afety margin. 

These dissolvers were installed in the same 
manner ns the 50-gal. dissolvers (Section 5.2). 
Because the height of the 8-in.-diam dissolvers was 
so much greater than that of the 50-gal. dissolvers. 
and because it was preferred that the dissolvers be 
loaded through the bottom of the glove box, the 
area hack of the dissolver glove boxes wa!': exca
,·ated and rebuilt a~ shown in Fig. 26. 

The crucible material is loaded into a 
screened bucket, the bucket is lowered to the bot
tom of the dissolver. the lid is bolted in place. and 
the first addition of solution is made through the 
dip tube. If the dissolution of the MgO sand by 
the HNO,. does not start immediately, then steam 
is sent through the annulus to heat the reaction 
mixture enough to start the dissolution. Other 
residues. such as incinerator a~h. Al-1 0% Pu al
loy. and iron lids from reduction bombs. are 
loaded with the crucible material. 

Foaming. which at times had been quite se
\'ere when using the 150-gal. clissolvus. was ex
pected to be more severe in the 8-in.-diam dis
solvers. In actual operation. however, it was found 
thnt foaming was much easier to control in the 
new dissolvers. 

After the initiAl addition of solutions. air is 
introduced through the dip tube to spArge the 
solution and to aid in the oxidation of the I- to 
free r~ nnd to carry it through the condenser 
(heated by the reaction) to the NaOH snubbing 
towers. The design of the snubbing towers is 
shown in Fig. 27. The procedure for opcmting 
these dissoh·cr~ is shown in Fig. 28. Experimental 
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from Condennt 
~ 

of 3 Platea 

lo Bottom of 
DUilllc:Gto T;jftk' 

(See Flv 29) 

_ ___,S~cn.tJI>o= d Goon to Plonl 
venrtanon ~JIIIm 

sllc: f'oU Uno 

Fig. 27. Caustic scrubbing towers for crucible dis· 
solvers. 

runs showed that ....... 3 hr were needed for the load
ing and intr-oduction of the first solutions and for 
the initial exothermic reactions to subside. These 
runs also showed that ....... 2 hr were needed to re
move all the iodine and that the heat evolved dur
ing the exothermic portion of the reaction would 
heat the condenser enough to prevent condensa
tion of iodine, as long as no chilled water was 
flowing through the condenser or dissolver. After 
determining that 2. hr of reflux were needed to 
dissolve all of the crucible chunks, it was deemed 
best to run the dissolvers on a 24-hr cycle. Thus, 
the removal of the iodine could he accomplished 
during the night by air-sparging and the dissolver 
would be ready in the morning for the next reflux 
step. A flow sheet of the process is shown in Fig. 
28. The rate-controlling step is the r«:moval of the 
iodine. This removal is accomplished in mu<·h less 
time than the 16 hr allowed for this step, but be· 
cause iodine removal occurs during the nigh(. the 
extra air sparge time was used to mnkc the pro
cedure cyclical. 

After the slurry is refluxed for 2 hr the next 
morning. the solution is pulled through the clip 
tube to overhead tanks behind the bulkhead. as 
shown in Fi~. 29. These tanks enable the operator 
to feed the solution by gravity to the dntm filter 
~howu in Fig. 10. The filter medium is a double 
layer of ~7 X 37 thread rount, 1/1 plnin wenve. 
spun-staple Dyne] with a weight of 6.75 oz per 
sq yd. With the me of this drum filtet·, which was 
designed iu cooperation with Eimco Filter Co. of 



FEED 
15 lb Reduction Residue -209 
Pu (from 4 -360g Reductions) 

Charged to Dissolver 

DISSOLUTION of MgO SAND 
Air sparge at rate of 2cfm. 

9.£ 2.2 M AR (N03~ Heat with steam until steam 

12 .a 156 M HNO condensate reaches 105°C 
4a. · H-o 3 (approx. 3mtn, no chilled water 

2 
flowing through condenser ) 

Proceed after exothermic reoc1ion begins 
to subside 

SUBLIMATION of IODINE 
14..Q. 15,6M HN0

3 Scrubbed in 3hour air sparge before addition Off- Gas 
of acid. then continue air sparge 
for at least 2 hours. 

No OH towers 
No OH discorded 

DISSOLUTION of Mg 0 CRUCIBLE 
Solution heated to I05°C for 
2 hours. air sparged at 2 cfm. 

Cool to between 5089o•c 

FILTRATION Solids with a high Pu content 

H 2 0 added during transfer of 
solution to filter feed tanks. 

, Filtrate I Leached 51~ 
Residues 

Anion- E xchonQe System 
Removal 

Fig. 28. Flow sheet for geom~trically favorable slag and crucible dissolvers. 

Salt Lake City, Utah, all solutions from the three 
dissolvers can be filtered in less than 1 hr. The 
filtrate is clear and is immediately ready for the 
feed treatment step where the plutonium is 
stabilized in the tetravalent state by the uren
NH~OH-NaNO, method discussed in Section 8. ~. 
High plutonium content residues from the filtra
tion are put back in the dissolver or a '5-liter dis
solution vessel and leached by ref!uxing with 12M 
HNO" at 1 05°C for 2 hr. After filtration the 
leached residues are transferred to the hydro-

fluorination system for removal of the SiO". de
scribed in Section 6.4. 

The filtrate is combined with the initial 
filtrate and tnmsferreu to the feed treatiug sttttiou 
of the nitrate-exchange system. The amount of 
acid and AI (NO~):. solution added during the dis
solution process is so selected that the fluoride 
from the reduction material is complexed to pre
vent corrosion of the stainless steeL and so that the 
final filtrate is .--2M in free acid. If the acidity is 
greater than 3M, the stabilization of the tetra-
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Vacuum Fill Line 

Pit Floor Level (see fig. 26) 

~----------~------

Fig. 29. Installation of t>rut>ible dissolver, filt£'r {l"('cl tanks, and St>rubher tow"r. 

vnl~nt plutonium becomes difficult with the re
agenh mentioned ahO\·e. (See Section 8.3.) After 
digestion. the solution is brought to 5.5M in HNO" 
by the ad clition of I ?.61\1 HNOa. This HNO" con
t:~ntratimJ is satisfactor.r for feed to n nitrate 
nnion-cxclumge column. provided that the total 
NO.- concentt·ntion is near 12M because of the 
AI (NO,h that has been added. This solution is 
thf'n sampled for plutonium accountability and 
transfen-cd to n stor-age tank pending receipt of 
the annlytirnl cluta. When the <~nalyticnl data arE' 
r!'r<>iYed. th!' solution is fed to the nitrnte ;mion
l'xdwu~e cohmHI~ in this s_yst~>m. 

S.S Dissolution of Casting Residues 

The Mg0-2% SiO" casting o·ucibles are pro-

.H 

cessed in the dissolving equipment clescribed nbove, 
using a modified procedure because no iodine is 
present in these residues. These residues do not 
contain fluoride and, therefore, no Al(NO,)~ i~ 
added. Thus the weight of MgO crucible that cnn 
be dissolved in each step can be greater th<m the 
weight of reduction residues in the previous pro
cess without exceeding the solubility limit of ni
trate ~nits. The procedure for thr.'ic residues i~ 
shown in Fig. ~ 1. The dissolution procedure ran 
he cydintl if dissolution of the cnarihle fines i.; 
slat·tecl early enough in the aft~rnoon so thnt th<' 
exothermic reaction will begin to subl'idc ht>fol'l' 
the encl of the working nny. The solution can then 
be air-~rmrged dming the night, nrcompli~hin~-t 
C'ltnllgh clissolution with the residual heat of 1'<'· 
action so that all the crucible chunks will be dis-



solved during the 3-hr reflux the next morning. 
This method permits the maximum time for load
ing and unloading the dissolver. the most critical 
periods in the procedure. Usually, an attempt to 
shorten the procedure by continuing to apply heat 
during the dissolution of crucible fines will re
sult in such a violf'nl reaction that solution will 
be forced over into the caustic scrubbers with the 
resultant task of reprocessing a large volume ot 
solutions. 

Fig. 30. Drum filter for Si02 removal. 

After dissolution, the slurry is transferred to 
the overhead filter feed tanks, along with the last 
addition of 17 liters of water. for filtration in the 
same manner as for solutions obtained from re
duction residues. The filtrates are transferred to 
the plutonium stabilization step of anion-exchange 
systems described in Section 8.6. The residues are 
transferred to the hydrof!uorination system de
scribed in Section 6.4 for conversion of the SiO" 
to the volatile SiF •. 

FEED 
20 lb Mg 0 crucible 

Charged to dissolvers 

DISSOLUTION of CRUCIBLE FINES 
36.Q 15.6 M HN03 air sporged at I cfm. heated until off-gas 

solution temperature reaches 

105°C 

NaOH 

Scrubber 

No further external heat applied 
until exothermic reaction subsides 

off-gas NaOH 
DISSOLUTION of CRUCIBLE CHUNKS Saubber 
heated at 105° C for 3 hours 1--

Snlid~ with a high Pu 
FILTRATION content 

dyne! cloth on rotary drum fllter Leached 
~------------r--------------~Re~dues 

Si 0 2 Removal 

, Filtrate 

Aqueous processng 

Fig. 31. Procedure for dissolution of MgO casting crucibles. 
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Chapter 6. PROCESSING NONCOMBUSTIBLE RESIDUES 

6.1 Classification of Residues 

At Los Alamos, the noncombustible residues 
are arbitrarily divided into two classes: those that 
can be decontaminated by an acid leach of the 
surface, and those that must be decontaminated by 
an acid dissolution of plutonium salts, mainly 
PuO,; the latter are usually intimately mixed with 
similar sized particles of nonradioactive materials 
such as silicates. 

6.2 Surface Contaminated Items 

Items such as tantalum molds and crucibles. 
sintered glass frits, stainless steel filters, and 
Al 20 3 crucibles are generally cleaned of plutonium 
by refluxing with a solution of 10M HN0,·0.06M 
HF for 2 to 4 hr. The acid is drained from the 
reaction vessel through a filter, usually a Buchner 
funnel with medium sintered glass frit, and the 
leached items and solids on the filter are rinsed 
with water or dilute HN03 • The rinsed items are 
then monitored with a {3-y meter of the Victoreen 
variety and discarded if little or no radioactivity 
is detected. or recycled to reduce the radioactivity 
to acceptable levels. Items to be discarded are 
monitored again for plutonium content by meas
urement of the neutron emission before disposal. 
Equipment for the leaching process generally con
sists of a 5-liter round-bottom glass flask modified 
as shown in Fig. 15. 

Contaminated media from the absolute filters 
used in the air exhaust system are leached once 
with 1OM HNOa and then transferred to the hy
drofluorination system discussed in Section 6.4 
for SiO~ removal. 

The remaining items that require a surface 
leach. such ns metal dies, containers, and plastic 
hags, are processed in equipment that is com
patible with the shape. weight, and size of the 
item being processed. Items such as cast iron re
duction bombs or metal dies can often be quickly 
decontaminated by dipping them into BM HNO, 
until the surface reaction is general and then 
rinsing them with water to stop the reaction. Large 
items that are too unwieldy for dipping are cleaned 
in a plastic tray by scrubbing them with 8M HNO" 
or, in rare cases. 6M HCL As with other processes. 
the leach solutions are assayed for plutonium con
tent and transferred to a recovery system that is 
compatible with the anion present. The leached 
items are monitored for plutonium contamination 
and either recycled or discarded. 

36 

Plastic items yary in size from the small 
metallurgical mounting blocks to large ( >26 in. 
diam by 6 ft long) plastic bags. The metallurgical 
mounting blocks are usually so deeply contami
nated that they must be burned rather than 
leached. By heating the blocks in a muffle furnace 
at that temperature at which the vapor pressure 
of the plastic approaches atmospheric pressure. 
and with a large flow of air passing 0\·er the 
beaker. the plastic can be removed, leaving only 
an impure oxide of plutonium to be leached. 

Plastic bags are monitm·ed for plutonium con
tamination and discarded if the {3-y emission is 
trivial or they are cut into strips and leathcd 
either with hot 10M HNO,·O.lOM HF using nn 
air bubbler to provide agitation in equipment 
similar to that shown in Fig. 15 or with 1OM 
HNO,. at room temperature with the equipmt'nl 
shown in Fig. 32. The plastic strips are agitated 
by the flow induced by the high-speed discharge 
of the recirculating acid pump. After treatment of 
a batch of plastic strips. the basket is rniscd, 
drained dry, and then rinsed with water in n 
second unit. The leach and rinse solutions arc 
periodically filtered. analyzed, and processed in 
one of the ion-exchange systems. The leached 
plastic is rinsed with water and monitored for 
/3-'Y radiation as an indication of plutonium con
tamination to determine whether to discard or re
cycle. If the contamination is localized, as de
termined by monitoring, such a spot is cut out and 
burned in the incinerator. 

Rubber items. particularly dry box gloves. 
generally can be adequately decontaminated by 
wiping them with a cloth wetted with water or 
dilute HNO,. The sooner this operation is per
formed after removal of the items from servke. the 
easier is the decontamination operation. Items that 
havP been compressed in storage for· 11 long period 
will generally require leaching in the agitator 
(Fig. 32) or monitoring and removaJ of hot spots 
for incineration. (Routine incineration is not 
practiced because all incinerator systems investi
gated volatilized far too many tars that woulcl 
escape with the off-gases before complete ignition 
roulcl ocrur. thns rapidl}· plugging any filter sys
t<>m that may he placed clown stream.) 

The training of operators to wi11e the surfaces 
of rubber giO\·es immediately after removnl has 
resulted in the discarding of >99% of such items 
on the basis of both {3-y and neutron monitodng. 



Wire Basket Handle for Basket Removal 

Inlet 

Fig. 32. Equipment for leaching plastic strips. 

6.3 Incinerator Ashes 

Ashes from the incineration of rags, paper, 
wood, and other combustibles contain appreciable 
quantities of plutonium varying from 0.2 to 
57% by weight. For this reason, considerable ef
fort has been spent to determine the optimum re
covery method. 

In 1953. investigative work showed that the 
fishes. even though heated to ,_,350°C in the in
cinerator·, contained an Rppreciable quantity of 
water-soluble carbonates. 10~ 1 It was shown that the 
reactive carbonates could he removed by a water 
or· acid leach or by heating to 600°C for 1 to 2 hr 
in a stream of ai1·. Since it was usually difficult 
to obtain good air contact with each particle of 
ash without the construction of special furnaces, 
it was decided to use a water or acid leach as the 
first step in the process. 

Various reagents were then tried in an effm·t 
to dissolve the PuO" that was formed during in
cineration. Solutions of HCI-KT were found to 
dissolve a considerable portion of the PuO,. but 
were abandoned because of corrosion by the 
chloride ion and the free iodine, formed rapidly 
by air oxidation of the iodide. The experimental 

study of the reaction between various HCl-KI 
mixtures and PuO, was reported by Bjorklund in 
191)4.Ul) 

Other solutions were tried in 1953, including 
NaOH metathesis, HBr. HNO,, HNO,·HF, H~so •. 
HF. and HNO,-Al(NOah(G~l The experimental 
data showed that even though all these solutions 
would solubilize the plutonium to some degree. 
only two, HN03 -HF mixtures and HF, showed 
promise for a production process. The corrosion 
problems involved in handling 47% HF solutions 
were. as expected. severe; subsequent develop
ment work was therefore limited to the HNOa-HF 
system. 

By 1954, experimental data as well as pro
duction data had firmly established that the best 
procedure involved successive leachings with fresh 
portions of 1OM HNO:c-0.5M HF. 111111 Dissolution 
rilles could be improved for particular batches by 
vnrying the molarity of the constituents of the 
leach solution. hut not enough improvement was 
achieved to warrant the expenditure of manpower 
to determine optimum concentrations for each 
small batch. Therefore. the process selected for 
routine production leaching of incinerator ashes 
was based on a water or acid leach to remove 
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carbonates. successive leachings v•,ith 1OM HN03 -

0.5M HF until the plutonium concentration of 
the leach solution had decreased to less than 1 
gtliter, and a final water leach to remove the 
IINO, prior to hydrofluorination to remove the 
SiO~. 

Thi!> leaching procedure was used in 1960 
with a cascade dissolver to process several hun
dred kilograms of ashes at the rate of 500 g/hr. 
The cascade dissolver, a line drawing of which is 
shown in Fig. 33, was based on the design of a 
unit that was operated at Rocky Flats Division of 
the Dow Chemical Co. <661 The point and rate of 
introduction of the various solutions are also 
shown in Fig. 33. The ashes were not leached 
with water or dilute acid before introduction to 
the cascade dissolver. because this would involve a 
tedious drying step before the ashes or residue 
could be introduced at a continuous uniform rate. 
By adding the 1OM HN0#·0.5M HF in the first 
section. dissolution of PuO .. would start immediate
ly. Because of the large q~antity of acid-consum
ing components in the ashes, it was found that 
some of the acid had to be replaced to maintain 
an appreciable dissolving rate in each of the cham
bers. The large amount of F- present continued to 
corrode both glass and stainless steel equipment 
after leaving the dissolver. This corrosion was pre
\'ented hy adding an AI (N03 ). solution at the 
l'ith stage. 

Maintenance of the dissolver has been limitccl 
to replacement of the stirring rods and propellers. 
which wore away rapidly when the ashes con
tained carborundum. Dtiring continuous opera
tion over a 12-month period. the corrosion ratt' 
was so low that the dissolver remained inviolate. 
The resulting slurry wa!> filtered through grnphill• 
cylinders. The filtrate contained from 1 to ~0 g 
of plutonium per liter and was tram.ferred to an 
ion-exchange system for removal and purification 
of the plutonium. The solids were transferred to 
the hydrofluorination system for removal of the 
SiO~. 

The quantity of a~hes produced hns dec-1·ensed 
to the point where it is not practil'nl to operatt' 
the cascade dissoh·er nnd. hence, nshes are now 
being processed on a batch basis. The procedure 
consists of a dilute HNOa leach to remove the 
more soluble items. a water leach to remove the 
HNO~, a hydroflu~rination to remove the SiO~. 
and. finally, a fusion with K~S,O,-NaF to removt' 
the remaining plutonium. The fusion process is 
discussed in Section 6.5. 

6.4 Silica Solids 

The need for a method to remove SiO~ be
came appnrent with the first dissolution of MgO 
reduction crucible in which SiO~ was used as n 
binder. Silica also enters the process stream as a 
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Fig. 33. Cascade dissoh•er for leaching solid,., 
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result of widespread use of vRrious IlNO::-HF mix
tures in glass equipment. As is well known. there 
is a considerable amount of postprecipitation of 
silica from acid solutions. especially when the 
acid or salt concentrations are adjusted. Even if a 
method could be devised to completely remove the 
SiO" from the solutions obtained from dissolving 
reduction crucibles by dehydration and filtration, 
for example, SiO" would still appear in other areas 
because of the large-scale use of glass equipment 
in the presence of HF. 

Investigation of various methods and con
sideration of the extremely varied types of solu
tions that arc encountered led to the decision to 
remove the SiO, by filtration, a method that is 
compatible with every conceivable recovery solu
tion. In-line filters placed just ahead of ion-ex
change columns, for example, would protect the 
resin while collecting a residue which would be 
similar to the solids from filtration of reductiou 
crucible dissolver solutions. In this manner. silica 
removal could be treated as a single problem 
rather than as a variable changing with ea<'h type 
of feed solution. 

Because the silica was now in the form of n 
solid residue, the known reaction of HF V\;th 
SiOe to form the volatile SiF, appeared to be a 
promising line of investigation. 1 ~7> Experimental 
work showed that the SiO" could be removed by 
hydrofluorination with only an insignificant lass 
of plutonium. 167 · cal The process in 1951 consisted 
of heating the SiO~ to 400°C for 12 to 18 hr to 
drive off water and HNO,. and then passing 
gaseous HF through the solids at the rate of 500 
g of HF per hour for 15 hr with the furnace under 
a vacuum of 1 to 2. in. of Hg to aid in volatilizing 
the SiF, that was formed. C68 l 

The design of the first production-scale 
furnace was completed in 1952; the furnace was 
installed shortly thereafter. This system employed 
a large-diameter. shallow tray as the reaction 
chamber. Operation of this unit showed that it 
was difficult to seal against the upper lid when 
the tray was lifted into position by an air cylinder 
and that the method of passing the gaseous HF 
over the surface of the solids gave such poor con
tact with the solid particles that only a small por· 
tion of the SiOe wa$ removed. 

In 1953. the design of the furnace was 
changed to that shown in Fig. H, a unit that 
employed a small-diametet· tube and end plate 
system that allowed the gaseous HF to be passed 
in at the bottom. through the residue bed, and out 
the top. carrying the volatile SiF, with the off-gas 

stream.••m• The SiF, and excess HF were scrubbed 
from the off-gases by the caustic scrubber shown 
in Fig. 35 before the off-gases came in contact 
with the stainless steel pipes and pump. Corrosion 
beyond the scrubber has been trivial, as evidenced 
by the maintenance-free operation of the pump for 
an average of 2 runs per day over a 12-year 
period. 

Although this furnace so improved the ef
ficiency of SiO" removal by hydrofluorination that 
hy 1954 the process had been shortened to an 8-hr 
run at 150°C. the operation still was not satisfac
tory. Therefore, an experimental program was 
started in 1954 to determine the water content of 
silica solids that would result in the most rapid 
reaction rate. 170 ' It soon became apparent that 
temperatures of ;;::: 150°C during hydrofluorina
tion reduced the rate of removal of Si02 • Experi
ments were made on silica cakes containing 23 to 
92% moisture with various drying and hydro
fluorination temperatures and various flow rates 
of gaseous HF. The data from these runs showed 
that silica solids with an apparent moisture con
tent of -60% resulted in the most rapid and 
complete removal of Si02 and, by starting the hy
drofluorination at room temperature and not add
ing heat other than that provided by the heat of 
reaction, that the reaction would be complete in 
20 to 30 min. The present equipment consists only 
of the reaction tube and caustic scrubber system. 
The flow sheet for this process is shown in Fig. 36. 

The residues to be processed are leached with 
water to remove all the HNO. and nitrate salts 
that may be present because Hastelloy "C" is cor
roded quite rapidly by HN03 • The leached resi· 
dues are dried to -60% water content by heating 
them in a tray on a hot plate until the solids just 
lose their gummy quality. Analyses of the dried 
product from several runs showed a water content 
ranging from 58 to 71% by weight. 

The dried residues are placed in the 4-in.
dimu tube reaction chamber made of Hastelloy 
"C" shown in Fig. 34. The bottom filter is a porous 
platinum frit and the top filters may be either a 
screen woven with 3-mil platinum wire, 80 to the 
inch. or a Kel-F porous plastic frit. The filters 
keep plutonium particles in the tube. The plati
num filters can be readily cleaned, and reused. 
whereas the Kel-F filters must be discarded after 
n few runs because of plugging. The reaction 
chamber is positioned in the main tube and bolted 
in place. and the lids are installed to make the 
system ready for hydrofluorination. Gaseous HF 
is introduced at a rate of -650 g/hr to the re
action chamber, which is at room temperature 
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Fig. 34. Hydrofluorinator for silica rt-moval. 

when the run is started but soon wanns to ,....,gooc 
because of the heat of reaction. The hydrofluorina
tion is normally complete in 20 to 30 min, thus 
consuming only 325 g of HF. 

B<>nmse the reaction chamber i~ kept under 
10 in. Hg WICUUm. the gaseous re3ction products 
and the excess gaseous HF are swept out of the 
chamber through the caustic scrubber to the 
vacuum pump. Caustic solution is pulled from the 
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caustic storage tanks to the top o.f the scrubber. 
along with the off-gases from the fluorinator. Ar; 
the caustic and off-gases flow down over the baf
fles, the corrosive F- is removed from the gas 
stream by dissolving in the caustic phase. The 2/\f 
KOH scrub solution is also used to seal the 
vacuum pump. This solution is recycled until thC' 
plutonium concentration t·eaches 1 X 10·4 g;liter. 
at which time it is discarded. 
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Fig. 35. Caustic scrubber for removing hydroflouric 
acid from off-gases. 
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Fig. 36. Hydrofluorination systl'm for silica removal. 

After the hydrofluorination has been com
pleted. the reaction chamber is immediately un
bolted and removed from the fluorinator. The re
action residues, mainly carborundum solids and 
some water. are filtered using a graphite cylinder 
so that the residues can be leached with HNO.
Al(NO,.)~ to dissolve any PuF. that may have 
been formed. This leach solution often contains 
as much as 3 g of plutonium per liter of solution. 
The leached residues are transferred to the bulk 
fusion system for final processing. 

When feed to the crucible dissolver system 
consists solely of standard reduction residues, the 
fluorination residue will amount to .-1% of the 
leached residue and the leached residue wi11 be 
nbout 0.1% of the weight of original reduction 
residues di~solved. All leach and scrub solutions 
that contain more than 1 mg of plutonium per 
liter are transferred to an ion-exchange system 
for processing. 

6.5 Acid Insoluble Residues 

During early work with plutonium, it was 
realized that a method other than leaching with 
ncids would be needed for refractory oxides ancl 
residues for which leaching was uneconomical or 
infeasible. Incinerator ash residues fall into this 
category because, after 3 or 4 leachings with fresh 
portions of HNO.-HF, the amount of plutonium 
dissolved with each successive leach decreases to 
less than 1 gjliter or about 5% of the plutonium 
that was in the solids. Other residues difficult to 
leach to the discard level were Al~O,, tubes and 
crucibles, carborundum solids. etc. 

In 1944, Pittman ct al. (51 reported that the 
most efficient method for dissolving plutonium 
oxide or carbide involved a fusion with K~S,O, at 
a ratio of 8 parts flux to 1 part oxide or carbide. 
The mixture was heated at .-800°C until the 
molten material solidified. After cooling the mass 
to room temperature. it could be readily dissolved 
in water or dilute HCI. However, this fusion be
came less effective as the impurities in the ma
terial to be dissolved increased. Work showed that 
this fusion method could be used on many plu
tonium- or uranium-contaminated residues, even 
reduction residues, by increasing the flux-to-resi
due ratio. Work on this topic was not resumed 
until 1950, when experiments involving fusions 
with either pyrosulfate or NaOH were made. 1111 

Development continued sporadically during 
the next year, trying various salts as a flux for 
the fusion, including Na"CO", K,CO,, NaOH, KOH. 
NaHSO., NH.F. (NH.)~S20., and mixtures of 
K"S"O' and NaF. In 1951, Johnson and Pritchard 
reported' 441 that the best solubility was obtained 
with a flux of 10 parts K~S"O' to 1 part NaF. using 
G parts of this mixture to 1 part plutonium resi
due and heating at '550°C for 2 hr. This melt 
readily dissolved in an HNO:~·Al(NO"):. mixture. 
Fusion with NI-LF also resulted in the conversion 
of the plutonium to an HNO,-solublc form, but 
the problems caused by the volatility of the NH,F 
led to its abandonment. This K,S,O,-NaF fusion 
procedure wa<; used <luring the next few years 
mainly as an analytical tool in refractory Pu02 
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analyses or in the recovery of a few refractory 
PuO, pellets in platinum crucibles. 

In 1959. the accumulation of acid-insoluble 
residues reached such proportions as to force at
tention to the need for a large-scale fusion pro
cess. It was felt that the chemical problems in
\'oh·cd in the scale-up would be insignifica:l)t, but 
that the container would possibly be a limiting 
factor. To be sure. large size platinum crucibles 
~ould be fabricated, but their cost would greatly 
reduce the economical advantage of the fusion 
process over a leaching process. An exploratory 
program to find a satisfactory container resulted 
in the selection of Hastelloy "C'' for the construc
tion of the fusion crucibles. Process data accumu
lated since then have shown that this material is 
resistant to corrosion by the K,S,O,-NaF fusion 
mixture. ' 1~ 1 With such information available_ 
equipment including a 5-in.-diam pot furnace. 
was installed in 1961 for handling Hastelloy "C" 
fusion crucibles. The crucibles ,,·ere made by 
welding a %-in. thick plate on one end of a 10-in. 
piece of +~-in.-o.d. tubing (~-in. wall thickness) 
and drilling two holes near the open end for in
~ertion of a lifting bail. The volume of these cru
cibles was sufficient to allow the processing of 250 
g of residue per batch and still allow ample free
board for the foaming that sometimes occurs dur
ing fusion. 

After the fusion melt hao; cooled to room 
temperature_ it is loosened with the aid of a ~-in. 
pistol-grip air hammer and transfezTed to a 6-in.
diam glass tube dissoh·er equipped with a stain
less steel steam coil. VVith this equipment. shown 
in Fig. 37, the melt is readily dissolved in 10M 
HN03 -0.3M Al(NO.) •. leaving only solids such as 
carborundum undissolved but nearly quantitative
ly free of plutonium. Analyses of residues from 
175 batches have shown that the solids will con
tain <0.05% plutonium by weight; since the resi
dues are less than 10% of the original hulk 
weight, the plutonium loss is insignificant. 

This pr-ocess. shown in the flow sheet in Fig. 
38. has been used for over 750 batches of add
insoluble residues. yielding discnrdable residues in 
every instance. The fluoride content has not im
paired the sorption of plutonium on anion-ex
change columns mainly because the fluoride has 
been tightly complexed by the added aluminum. 

6.6 Graphite 

Graphit<' residues such as filters used in the 
filtration of acid solutions and as molds in the 
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fabrication of plutonium metal pieces crt>aterl thC' 
neecl for· a graphite clecontamin<tlion Ill('lhocl. 

Prior to 1955. the decontamination of graph
ite residue was accomplished either by ll'nrlting 
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Fig. 37. Equipment for dissolving melt from K,s.o,
NaF fusions. 
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Fig. 38. Flow slll't>t for large-scale fusions of add in
soluble residues. 



the crushed or broken pieces of graphite with 
HNO,-HF or by ignition in a muffle furnace. Both 
of these methods were rather slow. As the quanti
ty of graphite residues rapidly increased during 
1951 and 1952, it became apparent that a more 
efficient method of plutonium recovery would be 
needed. Since leaching methods did not appear to 
offer much hone because of the deep penetration 
of grnphitc residues hy plutonium. attention was 
turned to various methods of ignition. In 1955, 
experiments showed that large amounts of graphite 
rould be burned in the same incinerator used for· 
rags and paper. C 7~ 1 This process is discussed in 
g-reater detail in Section 7.2. This method resulted 
in the ability to burn -10 liters of broken graph
ite pieces inn stream of oxygen in about 00 min. 
:vie! ding only -40 cc of ash. em 

While this method was being used to process 
graphite residues, another experimental program 
had been started to find a coating for graphite 
residues that would reduce the depth and amount 

of plutonium penetration. In 1960. Pritchard and 
Anderson published detailsm. ;co of a cakium 
fluoride coating method that dramatically reduced 
the plutonium penetration. As a consequence. 
leaching processes appeareJ to offer a much faster 
method for removal of what was now actually 
only surface rontaminRtion. This was substantiated 
by experimental work that showed that refluxing 
with BM HN0.,-0.05M HF would remove all the 
contamination. By segregating the graphite resi
clues according to the amount of {3-y emission, the 
bulk of the graphite could be discarded without 
leaching. 

Rased on this information, thP process for de
contaminating graphite residues was established 
to include monitoring of large pieces for plutonium 
contamination, leaching of contaminated pieces 
and all fines with BM HN0::-0.05M HF, and in
cineration of graphite pieces that could not be 
decontaminated by leaching. The flow sheet for 
this process is shown in Fig. 39. 
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Chapter 7. PROCESSING COMBUSTIBLE RESIDUES 

7.1 Development of Incinerator for Con
taminated Material 

The cost per gram of plutonium recovered is 
\"ery dependent upon the plutonium concentration 
in the residues. The more dilute the plutonium. 
the more the nonradioacth·e material that has to 
he processed to obtain a gram of plutonium. The 
t·utio of the weight of the nonradioactive material 
to the weight of plutonium is often very much 
greater in solid residues, such as rags, than in 
solutions. The plutonium can be rather easily 
~cavcuged from solutions by ion-exchange or pre
cipitation methods to the designated minimum con
centration level. The plutonium in solid residues 
such as rags. paper, and wood, however, cannot 
be economically scavenged by a single method. At
tempts were made to leach rags that were relative
ly rich in plutonium with various nitric acid solu
tions. Although leaching often reduced the plu
tonium content essentially to zero, the leach pro
cess required about three times more man-hours 
per gram of plutonium than incineration. r7 i 1 

One of the most common methods for volume 
reduction of residues such as rags is ignition, thus 
removing components that are volatilized while 
burning or· heating to a few hundred degrees 
centigrade. The resulting ashes can then be pro
cessed as <m impure PuO,. Therefore. develop
ment work was started in 1951 on the design of 
an incinerator for combustible residues, <iBJ in
duding paper. rags, wood, emery paper, rubbet· 
gloves. graphite, and plastics. The incinerator was 
installed during early 1952 and the first cold run 
was made in September 1952. Alter a few minor 
modifications, the incinerator was u~ed for con
taminated rags in December 1952. The design and 
operation of this incinerator has been reported by 
McNeese, Mamman, and Chronister(701 and by 
McNeese and Maraman. rso> A sketch of the burn
mg chamber is shown in Fig. 40. 

Operation of the incinerator soon showed that 
the fi,·ing pin and ignitor holder had to be cleaned 
after e\·ery three runs; l71l the procedure was later 
modified to permit igniting the combustibles with 
n match. 'Vhen a new glove box was installed and 
the opening of the incinerator was moved to the 
flam· of the box. the opportunity was taken to de
.;ign n new incinerator lid, shown in Fig. 41, in
corporating n venting system to prevent buildup 
of dangerous pressures in the incinerator due to 
rapid. combustion. The vented gases are carried 

through the relief duct to the unloading section of 
the box where the gases could safely be allowed to 
expand. The remaining portions of the incinerator 
arc the same as those reported by McNeese and 
i\'laraman in 1960. <SOl 

The procedure for the operation of the in
cinerator is given in Fig. 42. With this procedure_ 
12 liters of dry rags can be processed in about 2 
hr. yielding 100 to 150 ml of ashes. The incinera
tor off-gas scrub and the vacuum seal solutions arc 
filtered after every three to five 1·uns and analyzed 
for plutonium content to determine if the solutionc: 
sbould be recycled or discarded. 

When the incinerator was designed it was 
thought that rubber gloves and plastics would also 
be burned in this system, but operation showed 
that incineration of large amounts of rubber gloves 
cmd plastics resulted in such large quantities of 
tars in the scrubber and off-gas lines that the filter 
would be plugged after only one or two runs. In 
addition, the off-gas lines were quickly coated with 
tars. necessitating steam cleaning after every few 
runs to prevent buildup of a hazardous nmount of 
combustible tars. 

Corrosion of the incinerator was markedly in
creased when polyvinyl chloride bags were burned 
because the chloride that was released during 
burning formed HCl whenever it came in contact 
with water. Therefore. the decision was made to 
severely restrict the amount of plastic or rubber 
that could be burned to only those pieces that 
monitoring indicated still contained appreciable 
quantities of plutonium after leaching with HNO •. 
As a result. the operation of the incinerator has 
become routine and the frequency of steam clean
ing has declined to once for every 400 runs. Cor
rosion has been minimal. with the bubbler tube 
being the only item replaced in nearly five years 
of operation. Approximately 1,800 runs were 
made in this period. 

Another source of potential trouble is the 
processing of cotton rags that have been used to 
wipe up after nitric acid spills. If the rags have 
been stored in that condition, a considerable 
quantity of nitrocellulose ·will have been formed. 
The explosiveness of the nitrocellulose is well 
known. During early operation of the incinemtor, 
nearly all the rags were nitrated to some degree 
and, as a consequence. several minor explosions 
occurred, some severe enough to dislodge a port
cullis-type door but not so violent as to breach 
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Fig. 40. Burning chamber for incinerator used through 1960. 
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Fig. 42. Operation of contaminated residue incinerator. 

glove box integrity. This problem has been al
leviated by requiring that cotton rags be rinsed 
with H~O immediately after being in contact with 
HNOa. 

The ashes are collected after each run nnd 
reduced in a ball mill to particles that will pass 
through a 20-mesh screen. The ashes are sampled 
for plutonium. using the normal analytical 
quf'rtering method. The samples are fused with 
NaF-K,S,07 and dissolved in HNO,.-Al(NO~),. 
The plutonium content of the resulting solution 
is determined by routine radioassay methods. Such 
analyses have shown plutonium contents ranging 

from 0.2 to ?7.0 wt %. The processing of these 
nshes and similar procE.>ss solids is discussed in 
Section 6.3. 

7.2 Ignition of Graphite 

The incinerator (Fig. 41) has been modified 
to burn graphite residues '72 · 7~> by use of a smaller 
burn basket. The operating procedure consists. of 
covering the bottom of the 6-in.-diam basket with 
charcoal to a depth of approximately Yz in. and 
then adding the graphite residues to within 1 in. 
of the top. The graphite residues are covered with 
a Yz-in.-thick layer of charcoal. followed by n 
Yz-in.-thick layer of cheesecloth. The material is 
then ignited, lowered into the burn position, and 
subjected to a stream of oxygen at a rate of 1.2 
cfm. The electrical resistance heaters are used in 
whatever combinations are necessary to maintain 
n chamber temperAture of 450°C. · 

With this basket and burn procedure. up to 
'160 g of graphite can be consumed in about 2 hr. 
leaving a bum residue of less than 10% of the 
original residue weight. rial This weight can be re
duced by igniting the residues at 600°C in n 
stream of oxygen in fl muffle furnace. 

The Advent of CaF" coated graphite molds and 
crucibles made it possible to quantitatively remove 
the plutonium by leach methods. as reported in 
Section 6.6. and hence the incineration of graphite 
residues js performed only when several leach 
cycles have proved to be unsuccessful. 
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Chapter 8. PROCESSING PLUTONIUM SOLUTIONS 

8.1 Development of Procedures 

Prior to July 30. 1945, the recovery of plu
tonium from solutions was accomplished by Pro
cess "A". consisting of oxalate and acetate pre
cipitations and two ether extractions as shown in 
Fig. 1. After July 30. 1945, the acetate precipita
tion was omitted and the modified process, Pro
cess "B" (Fig. 3). was used until September 1945, 
when the ether extraction was discontinued. Thus, 
after September 1945 only an oxalate precipita
tion was used to purify plutonium prior to con
version to metal until 1947, when experimental 
work with ion-exchange resins, both anion and 
cation. and with solvent extraction led to the in
stallation of packed columns for use with tri-n
butyl phosphate (TBP) and cation-exchange 
columns for separation and purification of plu
tonium. 

The use of TBP in the packed columns and 
in mixer-setter columns and pump-mix trays for 
processing filtrate from the dissolution of slag and 
crucible and for processing miscellaneous solutions 
wns continued until 1959. 

Use of cation-exchange columns was aban
rloned in 1952 to avoid the undesirably large 
volumes that had to be created by diluting solu
tions of high salt content with H"O or 0.5M HNO~ 
at a ratio of 10 volumes of diluent to each volume 
of solution in order to sorb the plutonium on the 
resin. 

In 1958 and 1959. the investigation of the 
use of a nitrate anion-exchange column was re
sumed. based on data published by Ryan and 
Wheelwright of Hanford,r81 l the method used by 
Pringle and Williams of Rocky Flats, rs2l informa
tion published by Durham and Mills of Chalk 
River. Canada, rss, and information obtained at 
Los Alamos. rR~. 85• so. R?l The investigation showed 
that nitrate anion-exchange columns could be 
used at room temperature. if the flow rate was 
slightly reduced, to obtain adequate loading rates 
1md decontamination factors. 

On the hnsis of distribution data from trace 
loading experiments. impurity elements of interest 
may be divided into three groups. rss, The first 
group (magnesium. aluminum. iron. cobalt, cop
per. tantalum. americium, gallium. chromium. 
nickel. and manganese) exhibits no sorption on an 
nnion-exchange column and hence quickly passes 
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through the column, leaving purified plutrmium on 
the resin. The second group (molybdenum, zir
conium. mercury, bismuth, uranium, the rare 
earths. osmium, ruthenium. and rhodium) shows 
weak sorption and thus can be removed from the 
column without disturbing the plutonium by 
washing with 1M HNO,. The volume of wash re
quired for each of the impurities varies from 6 
column volumes for zirconium to >20 column 
volumes for bismuth. 

Elements in the third group (thorium. nep
tunium, platinum. palladium, and iridium) arc 
strongly sorbed by the resin. 133> Of these, only 
thorium and neptunium follow the plutonium dur
ing the elution cycle, thereby giving good separa
tion of plutonium from platinum, palladium, and 
iridium. These elements act as a poison to the 
resin; when appreciable quantities of these ele
ments have been processed, the resin must be dis
carded because of decreased efficiency. The normal 
degradation of resin, however, is caused by alphn 
radiation and high concentrations of nitric acid. 

Thus. only thorium and neptunium cannot 
be separated from plutonium by the ordinary ni
trate anion-exchange method. At Los Alamos, the 
thorium is removed either by precipitation of 
ThF. from a Pu0~2+ solution or by a chloride 
anion-exchange method in which the thorium 
passes through with the effluent. These methods 
are discussed in Section 8.4-.4 and Section 8.7, re
spectively .. 

The neptunium may be removed by either n 
nitrate or a chloride anion-exchange system with 
special conditions. In one method, the neptunium 
and the plutonium are sorbed on the column and 
the plutonium is selectively eluted by using a 
strong reducing agent in a solution with a high 
enough nitrate concentration to keep the neptuni
um on the column. In the other method, the 
plu Ionium is kept from being sorbed on the 
column by reduction to the trivalent species prior 
to the loading step and thus the plutonium passes 
through the column with the effluent. The Pu3 t 

species is easier to obtain and maintain in the HCI 
media and chloride anion-exchange is thus the prt.!· 
ferred method for plutonium-neptunium separa
tions. 

Since the rlccontnminntion factors nrc suf
ficient for nll elements except neptunium nnd 
thorium. thP nitrate anion-exchange system. with 
a sufficient number of column washes. can be 



used as a one-step purification process. Therefore, 
the use of solvent extraction columns and pump
mix trays was discontinued and the entire plant 
was converted to ion-exchange processes. The types 
of ion-exchange columns, type of resin. and 
separation made in each are: 

1. Nitrate anion, Dowex-1X4 (50 to 100 
mesh) for normal processing of all solutions that· 
do not contain thorium. 

2. Nitrate anion, Dowex-1X4 (100 to 200 
mesh) for the separation of plutonium in process 
areas where the column is gravity fed. 

3. Chloride anion, Dowex-1X4 (50 to 100 
mesh) for the separation of plutonium from 
thorium. 

4. Cation exchange, Dowex-50W, X-8 (50 to 
100 mesh) for separation of plutonium and other 
cations from anions such as chloride, sulfate, ci
trate, tartrate. fluoride, and from water-soluble 
organics such as acetone and Pthyl alcohol. 

Duplicate columns for some of the above 
categories were set up so that solutions with a 
high plutonium concE'ntration could be routinely 
sent to one column and solutions of low plutonium 
concentration to another and thereby maintain 
some degree of uniformity in feed treatment. 
acidity, and feed flow rate. With these ion-ex
change systems, the impurities in the feed solu
tion determine to which system the solutions are 
sent. The use of anion-exchange columns is dis
cussed in Section 8.6. 

8.2 Chloride Solutions 

The use of the cation column for the removal 
of plutonium from solutions containing chloride 
proved to be very advantageous. Prior to the use 
of such a column, the chloride was removed by 
distillation of the HCl from HN03 solutions. The 
solution containing the chloride was transferred to 
a glass-lined dissolver. An equal volume of 15.6M 
HN03 was added and the volume was reduced to 
about half by distillation. More 15.6M HN03 was 
added and the distillation was repeated. Mter 
three or four such distillations, the chloride con
tent of the evaporator bottoms was usually less 
than that which could be detected by the silver 
chloride method. This distillation method required 
the use of glass- or plastic-lined equipment. 

Even with lined equipment, the downtime for 
maintenance was high and the slurry that was 

left after the last distillation contained a large 
amount of solids. These solids had to be removed 
by filtration before processing of the solution could 
continue and the solids had to be leached with 
HN03·HF before they could be discarded. This 
process was very time-consuming and the solids 
often proved to be very difficult to dissolve. 

Experimental work had shown that the cat
ion -exchange system could be used to obtain 
chloride free solutions. This system was installed 
in 1957 and used until 1960, when experiments 
were made to determine the amount of chloride 
that could be tolerated in various nitric acid con
centrations in stainless steel equipment. Since 
chloride, at low concentrations, does not complex 
piutonium, the amount that could be tolerated 
would be determined by the rate of chloride cor
rosion of stainless steel. Experiments with Type 
316, 304, and 347 stainless steel showed that when 
the HNOa concentration was >3M, 1M chloride 
could be present at roc-m temperature without 
causing corrosion of the stainless steel equipment. 
At the end of 12 months' immersion, the weight 
loss was only 0.4 mg from a 4 g coupon of stain
less steel. Since this amount of chloride could be 
tolerated at room temperature, the solutions con
taining chloride could be diluted with 1M HNOs 
until the chloride was < 1M and then be handled 
as if they were HNO~-solutions. These solutions 
could then be processed in the nitrate anion-ex
change systems that had stainless steel components 
because evaporation is not used at any point in 
the processing of dilute plutonium solutions. The 
only evaporation used is in the dissolution of PuO, 
1nd plutonium metal. 

8.3 Stabilizing Plutonium Valence 

As is now well known, plutonium, in aqueous 
solutions. can exist in four valence states, either in 
a single state or in nearly any combination of all 
£our valences. The potential required to change 
from one valence state to another is small enough 
so that a particular valence can be obtained by 
proper selection of type and sequence of addition 
of various oxidizing and reducing agents. It is this 
property of plutonium that has permitted or great
ly eased the task of separating plutonium from 
all other cations. 

Many oxidizing and reducing agents have 
been used during the years of investigation of 
plutonium chemistry at Los Alamos. From this 
work has evolved the preference for ferrous am· 
monium sulfate. HNO,, hydroxylamine, sulfite, 
nitrite, permanganate, and dichromate as the 
standard reagents, reserving HI, bromate, hydra-
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zine. and others for the special occasions when 
either a more powerful agent is needed or when 
the end products cnn he tolerated by the process 
and the equipment. 

At Los Alamos, certain procedures have been 
established as the routine methods of com·erting 
plutonium to a desired valence. 

For a nitric acid medium. trivalent plutonium 
is obtained by reducing the H•· concentration to 
<3M and then adding, at room temperature. 1.5 
moles of NH~OH·HNO:c per mole of plutonium. 
The HNO, concentration must be less than 3M to 
prevent the violent HNO~·NH~OH reaction. The 
reduction to trivalent plutonium is usually com
plete in 1 hr. F01· large volumes of solution, the 
addition of hydroxylamine is often preceded by 
addition of urea to remove any nitrite that would 
ronsume some of the reducing agent before it could 
react with plutonium. If the solution contains 
complcxing agents such as oxalate, sulfate, citrate. 
and tartrate. it mny be necessAry to increase the 
1ligestiou time as well as add a stronger reducing 
:tgent such as ferrous ammonium sulfate to qmmti
latively reduce the plutonium. 

Trivalent plutonium has been obtained on a 
semi production basis by electrolytic reduction, c:u 
but this method was abandoned when chemical 
reagents proved to be satisfactor:y. 

The oxidation of trivalent plutonium by 
HNO, can be delayed by the addition of a small 
amount of sulfamic acid. a procedure often used 
to prevent gas evolution during the elution of 
trivalent plutonium from a cation-exchangE' 
column with GM HNO:c. The length of time for 
which the trivalent plutonium is stabilized by the 
~ulfamic acid is. of course. dependent on the rate 
of formation of NO~ by light, heat. and radiation. 
Tf trivalent plutonium is desired in >3M HNO::. 
1·educing agE>nts such as hydra?:ine or semicarba
zone must he used. ln n HCI medium. trivalent 
plutonium may he obtained with hydroxylaminE> 
at much hi~o~her acidities than in an HNO" medium. 

The preferred procedure for obtaining tetra
volent plutonium involves reducing all the plu
lonium to the tr·ivalent state with NH"OH·HNO:: 
nnd the subsequent oxidation to the tetravalent 
stale with NaNO". The standard procedure for ob
taining telnlvalent plutonium solutions for solvent 
extmetiou ot· ion exchange is shown in Fig. 41. 
ThP qua11titative reduction to trivalent plutonium 
i.; required to assure that PuO} • will not be pres
<'111 in the final solution. 
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of solution 
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! 
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operations ln any seporollon 
system 

emporoh.we 

Fig. 43. Stabilization of tetravalent plutonium. 

As early as 1944, Pu0~2 1 was being obtained 
by oxidation with NaBrO~ by heating to 85°C for 
·1- hr. or by heating with Na~Cr~O, to 85°C for 10 
hr. cs, The Na~Cr¥0, method proved to be trouble
some during later acetate precipitations and was 
abandoned in favor of the bromate method.cs. 11 

For certain recovery separations, Pu0.2 ' is 
now obtained by adding 50% excess Na~Cr20• and 
heating at 90°C for 2 hr. The excess chromate 
>erves not only to assure complete oxidation of the 
plutonium but also to provide a holding oxidant 
during subsequent precipitations or extractions. 

8.4 Precipitation Methods 

Many plutonium-bearing solutions contain 
only those cations which can be removed by n 
precipitation method. This section discusses the 
rrecipitation methods that have been used, the 
types of solutions sent to these precipitation pro
cesses. and the effectiveness of each process. 

8.4.1 Precipitation of Plutonium Oxa
late 

The separation of plutonium and uranium 
was accomplished in 1044 by the precipitation of 
plutonium oxala te.'~ 1 The procedure. whose flo.,.,· 
sheet is shown in Fig. 44. involved oxidation of 
uranium to UO} ~ state, reduction of plutonium 
to the trivalent state with HI. and precipitation of 
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! Dloest 30 ta 60mln. 

FILTRATION 
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Fig. 44. Flow sheet for s-eparation of plutonium and 
uranium by precipitation of plutonium oxa
late. 

the plutonium tri-oxalate by addition of H~C"O.· 
2H"O. The dissolution of the oxalate cake was ac
complished by fuming with HN03-HzSO. until 
the oxalate was completely decomposed and the 
red sulfate was formed. This was readily dissolved 
in dilute HCI. 

The preoprtation of plutonium oxalate. 
either trivalent or tetravalent. is used with solu-

cipitation of tetravalent plutonium oxalate in that 
the reagents may be added rapidly and a large 
excess of oxalic acid may be ::~dded without ap· 
preciably increasing the filtrate losses m· the fil
tration time. The flow sheet for this process is 
shown in Fig. 45. 

One disadvantage of this system. when used 
for a solution with a large amount of iron, is that 
if the mixture in the precipitation vessel is stirred 
for a long time during the plutonium valence re
duction step, some of the iron is reduced to the 
ferrous state by the NH"OH·HNO,, and may then 
precipitate because ferrous oxalate is not as solu
ble as ferric oxalate. The time required for iron 
reduction. however, is sufficient ( >45 min) to al
low a reasonable digestion time for the reduction 
of the plutonium and complete filtration and 
washing of the filter cake without exceeding the 
mn:ximmn pC'rmissible iron concentmtion nf the 
product. 

The preCJpJtation of the trivalent oxalate is 
also used as the concentration step of the nitratt> 
anion-exchange columns and was used as the con
centration step in the solvent extraction work. The 
11itrate anion-exchange columns are eluted with 
0.3M NH~OH·HNO., and therefore the plutonium 
in the eluate is already in the trivalent state. 
Thus. only oxalic acid need be added to precipitate 
the plutonium oxalate. The resulting oxalate is 
ignited to the oxide and the oxide is dissolved in 
HNO.,-HF to produce a plutonium nitrate product 
that is ncceptable in the metal preparation line. 

fEED 
400g Pu 
10to20g Fe 

3ld H• 
Volume 4 L lters 

tions that contain iron, aluminum. or other cations l.ll 1.2 14 N~oH • HNo, 

thnt rlo not form insoluble oxalates. The precipita-
tion of the tetravalent oxalate results in better 
purification from iron, hut requires careful acldi- 400g ~C:!~ · 2H20 

I ion of reagents to produce a filterable precipitate. 
When the oxalic acid is added too rapidly, the 
precipitate particles are very fine and the filtra-
tion requires much time. In addition. enough 
oxalic acid must be added to precipitate the maxi-
mum amount of plutonium but. if this amount of 
•)Xtllic acicl is appreciably exceeded. the plutonium 
hegins to forrll soluble complexes with the oxalate 
anion and l'cclissolves, thus increasing the filtrntn 
losses. 

0.$1olved on HN03-HF 

to Anion 

Exchono• 

The conditions for prec1p11ation of trivalent Fig. 45. Flow sheet for plutonium oxalate precipita-
plutonium are not nearly as critical as for pre- tion. 
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ThP filtrnte from the precipitation of the 
tt·ivalent oxalate hal' an avemge plutonium con
centration of '5 X 1 o-~ g/liter. This can be lowered 
~omewhat by careful control of acidity and an 
extended digestion time, but e\·en so the plutonium 
concentration of the filtrate cannot be reduced to 
the discard level of 1 X 10-1 gjliter and must 
therefore be reprocessed. Thus. there is no purpose 
in striving to reach the discard level for each of 
these precipitations. Since we do not seek to reach 
the discnrd level. the precipitation can be finished 
quickly, thus keeping the iron content of the cake 
lower. and much time need not be spent in setting 
:tp or attaining special conditions. 

The purity level of the cake depends. natural
!\•. on what cations were present in the feed and 
~t what concentration. For the cake obtained from 
the processing of eluate from the nitrate anion-ex
change columns, the plutonium is fairly pure 
( < 1000 ppm impurities, based on plutonium). If 
the cake was obtained from the precipitation of 
plutonium from other solutions, the cake will con
tnin all of the insoluble oxalates and a certain 
amount of iron. depending on the length of diges
tion time. Normally. the products from the pre
ripitation of batches containing 2 . .5% iron, based 
on plutonium_ will contain <100 ppm iron, based 
on plutonium. if the digestion time is less than 45 
min. 

The tetravalent oxalate precipitation is usual
ly used only when it is desired to make a gross 
separation of the major portion of the plutonium 
from uranium. Two disadvantages of this precipi
tation are the frequency of occurence of a pre
cipitate that is hard to filter. and the need for 
careful control of the amount of oxalic acid added 
for the precipitation. The solubility of tetravalent 
plutonium 0xalate goes through a minimum as 
the concentration of the oxalic acid is increased. 
This precipitation also gives high decontamination 
fartors for iron nnd aluminum. 

8.4.2 Calcium Oxalate Carrier Precipi
tations 

Early in 1952, it was found that plutonium 
could be scavanged from many types of solution 
by the homogeneous precipitation of certain oxa
lates. One of the most promising procedures in
,·olvcd the use of calcium as the carrier. The labo
ratory and plnnt development work was described 
by Mara man and othc>r,.; in 1 9'54. r~R, The finn] 
p;·oredure r·cquir·ed the addition of Ca(NO .• L to 
the solution to be processed. t·edur.tion of hydrogen 
ion conrentmtion by clilution or neutralization to 
....... tl\1. cooling to room temperature. the addition 
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of reducing agents such as NH"OH·HNOa to ob
tain trivnlent plutonium. the addition of H~C~O,· 
2H~O to ....... 0.11\1 uncomplexed C~O,Z-, and, finally. 
the addition of NaOH to 0.11\1 H:. After the white 
CaC"O' had been allmved to settle, the supernatant 
was decant-filtered and analyzed for plutonium 
content. If the desired uncomplexed C~O,!!- con
centration had been obtained, the plutonium con
centration would always be below the discard 
level of 1 X 1 O-~ gjli ter. based on total a <malysi~. 
:;o that the solution could be discarded. 

The solids and supernatant remnining in the> 
precipitation tank were slurried to a 250-gal., 
glass-lined, steam-jacketed, Pfaudler kettle wht>re 
the solids were to be dissolved in HNO~. Plant 
uperating experience soon showed that it was 
difficult to maintain the acid strength that would 
oxidize the oxalate. If all the oxalate wns not de
stroyed in this step, then both plutonium and 
calcium oxalate would precipitate when the solu
tion was diluted in the next step of the process. 
Destruction of the oxalate could be assured by 
the addition of strong oxidi?.ing agents such ns 
KMnO,, but it was felt that the additional steps 
then required to get rid of the oxidizing agent and 
the resulting reduced components made the process 
unattractive. and it was therefore abandoned in 
1954 in fnvor of soh·ent extraction or anion-ex
change. 

8.4.3 Precipitation of Plutonium Per
oxide 

A peroxide precipitation is used to separate 
plutonium from elements such as ceritml. cobalt. 
lanthanum, and magnesium, and relatively small 
amounts of aluminum. iron, and bismuth. A sum
mary of the separation data is given by Leary and 
others. rsn. ~0 1 In the Recovery Section at Los 
Alamos. plutonium solutions containing up to 2.5 
wt % of iron are routinely processed in the batch 
equipment in this system. This amount of iron 
can be tolerated if the system is adequately cooled. 
The equipment used for precipitation!l on the 400 
g plutonium scale is shown in Fig. 46. 

The rate of addition of the H;O» is dependent 
upon the type and amount of impurity present. 
The procedure for the routine precipitation of 
plutonium peroxide is given in Fig. 17. The filter 
cake is washed with '5% H~0,-0.5/\f HNOa to re· 
move the last tmces of the impurity. The acid is 
added to the wash solution to prevent the cake from 
breaking into smaller particles which then dras. 
tically slow the rate of filtration. Arter the cnk<' 
has been washed with five 150- to 300-ml por
tions of the wash solution. the cake is air dried for 
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Fig. 47. Procedure for precipitation of plutonium 
)l!'roxiclc>. 

a few minutes. The cake is then slowly added 
to 500 ml of 15.61\1 HNO;o. The initial portion of 
the peroxide cake dissolves rather slowly and the 
initial plutonium in solution is mainly in the 
tr·ivalent state. After about one-third of the cake 
has been added and the temperature has increased, 
the plutonium is rapidly oxidized to the tetraval
c>nt ~tate hy the nitrite and high nitric acid con
centration. As soon as this point has been reached. 
~ignificd by the sudden release of large amounts 
•)f NO" fumes. the remainder of the cake can be 
adclecl rapidly to the arid mixture. After all the 
peroxide cake has been dissolved, the solution is 
cooled to room temper·ature and filte•·ed. This solu
tion is then tramferred to the metal prepa1·ation 
line for conversion to metal. 

The excess H"O" in the> filtrate must be Je. 
,.,troyed immediately nfter filtration cllld especially 
before tmnsferring the solution to one of the ion
l'Xchange 'Y~tcms for recovery of plutonium. Of 
the many methoJs avnilnble for this destruction. 
two wer~ selected for use in this plant. The pre
ferred method is to slowly add the filtrate to a 
volume of 9M NnOH. For ·a filtrate obtained from 
the precipitation of a ~70-g batch of plutonium. 2 
liters of <J/\1 NnOH nrP sufficient. After all the 
II~Oe has been destroyed nnd the solution cooled 
to room lempPrature. the mixture is acidified with 
HNO., lo completely cli~solve the hydroxides and 
provide> a rlem· solution as feed for nn ion-exchange 
or solvent-extJ·action column. This method is used 
fnr all filtt·ates except those that contain cobalt. 

"When filtrates contammg cobalt are added to 
caustic. the H"O" is readily destroyed but the co· 
halt precipitates as cobaltic oxide, This precipitate 
is insoluble in HNO .. and hence must be removed 
by filtration before putting the solution on an ion
exchange column. Cobaltic oxide is soluble in 
H"SO. but such a medium is unde~irable AS fnr 
as an ion-exchange system for the recovery of 
plutonium is concerned. 

Therefore. for peroxide filtrates containing 
cobalt, the filtrate is added to 2 liters of 15.6M 
HNO". containing 0.5 mole of ferric nitrate, where 
the high HNO" and the Fe2

L - Fe"· couple de
stroy the peroxide. Plant experiments have shown 
that the destruction is complete and that no ex· 
plosion would be likely even if the entire volume 
of filtrate were dumped into the acid-iron mixtut·e 
if the reaction is performed in an open \"esse!. The 
reaction is violent and the large volume of gas 
generated must be released ns it forms. Because 
c;o much gns is formed during peroxide destruction. 
the reaction is carried out in open vessels. nllow
ing ample freeboard to accommodate the foam 
caused hy the generation of this large volume of 
gas. 

After the destruction of the H"O" by caustic. 
the solution is brought to 7M H 4 with concen
·,rated HNO~. This solution is then filtered and 
~ransferred to nn anion-exchange system for fur
ther processing. The plutonium is not stabilized 
with the usual NH"OH-NaNO" treatment be
cause experiments and plant exp<.'rience have 
shown that. normally. the plutonium concent•·a
tion in these solutions can be reduced to the clic;
cnrd level without this treatment. 

The solutions from the destruction of the 
H"O" in HNO" are essentially ready for the ni· 
trate anion-exchange columns. The acidity is 
checked by titration with 0.1M NaOH using KF 
to complex any cnustic.consuming catirm presPut. 
These ~olutions nn~ also filtered and ~nmplecl he· 
fore tmnsferring to the iou-cxchnngc system. 

8.4.4 Precipitation of Plutonium Fluoride 

PuF~. PuF •. and K"PuFa precipitations were 
used only briefly in the recovery process at I.o~ 
Alamos. Other methods were favored becausa 
fluoride precipitation usually gave vet-y low o1· 
small decontamination factors, and often n pre· 
cipitate that was difficult to filter or that required 
special handling to he of use in successive steps. 

The tetrafluoride precipitation method was 



used in 1944 to separate plutonium and urani
um. 15 > After oxidizing all the uranium lo UQ/-t 
by heating the nitrate solution, 6 moles of HF 
per mole of plutonium were added so that the gray 
potassium plutonium fluoride was prec:ipitated. 
following the procedure shown in Fig. 48. This 
procedure was never used on a production scale. 
even though the decontamination achieved was 
satisfactory. 

1M 
FEED SOLUTION J 
HN~- I g/.L U- IOg/..lPu 

J 
OXIDATION of ulll 1o u~·>+ 

by heotlno for 2 hrs ot eo• c 

~ 
SOLUTION PREPARATION 

KN03 odd KN03 to 2moles K' per 

mole of Pu plus an additional 

3 moles of K+ 

1 
FLUORIDE PRECIPITATION 

28M HF add 6 moles of HF per mole 
of Pu plus on additional lto2 
mole /liter excess 

Jm11est 30 min. 

CENTRIFUGAnON 

wo$hed wilh several portions I Liquid.- Recycled 

of H2o 

!solids 

DISSOLUTION 
solids fumed willl ~ S04 to 

remove H F. red Pu sulfate then 
dissolved in H2 0- HCI 

~Solution 
Hydroxide precipitation 

Fig. 48. Separation of plutonium and uranium by 
precipitation of potassium plutonium tetra
fluoride. 

A variation of this procedure was used in 
1944 to separate plutonium and cerium. 15 ' In this 
procedure the plutonium was oxidized to Pu022+ 

with NaBrO, in an HNO,. solution and the cerium 
wa5 precipitaterl as the fluoride by adding excess 
HF. 

The fluoride prec1p1tation has been used ex
tensively in the separation of plutonium and 
thorium. In this procedure the plutonium is oxi
dized in Pu0~2 + and held there with Na~CrO •. 
Then either KF or HF is added to precipitate 

ThF •. The precipitation conditions are given in 
the flow sheet shown in Fig. 49. The precipitate 
obtained is difficult to filter, but its volume is so 
small that a poor filtration rate can be tolerated 
as long as the product is pure. The thorium con
tent of the filtrate is low, but it ran be reduced 
even furthe1· by the addition of La (NOa):. which 
act~ as a carrier for ThF, when it precipitates as 
LaF3 • ca. 9 " Analytical data show that the product 
generally contains less than 50 ppm of thorium. 
H202 can then be added slowly to the filtrate to 
reduce the chromate to chromous and the PuO)!+ 
to Pu4 +. After the reduction is complete and the 
solution made 0.15M 50~2-. continued addition of 
H~O~ results in the precipitation of plutonium 
peroxide. Afte1· washing with 5% H20~-0.5M 
HN03 , this compound is dissolved in HN03 to pro
vide a nitrate feed for the metal preparation line. 

10 mt 28M HF 

FEED 
400 g Pu, lOg Th 

2M H. 
Vclumo 4111ors 

Tc Porcxldo Proclplkltlon 

Fig. 49. Flow sheet for separation of plutonium and 
thorium by fluoride precipitation. 

In 1962, it was found that a good separation 
of plutonium and thorium could be obtained by 
converting the solution from a nitrate medium to 
a chloride medium and the solution passed through 
a chloride anion-exchange column. 102 > If the HCI 
content was ,.._, 7M and the nitrate content was 
<3M, then the plutonium would be sorbed on the 
column while the thorium passed on through with 
the effluent. The effluent generally contained less 
than 1 mg Pujliter. At this level the solutions 
could be discarded. Because the solutions were 
7 M HCl. they could not be handled or transferred 
to waste disposal facilities in stainless steel equip
ment. Laboratory tests showed that if the solution 
was made >3M HNO, and 0.5M Al(NO:c),.. 
chloride concentrations of up to 2M could be 
stored or transferred in stainless steel equipment 
without corrosion. A safety factor was provided 
by limiting the chloride concentration in plant 
solutions to a maximum of 1M. The handling of 
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chloride solutions in this manner was acceptable 
as long as the solutions \Yere not heated. Solutions 
of this nature have been processed and tramferred 
iu stainless steel (Type 304, 31 G. or 347) for three 
year~ without causing any more corrosion than 
nitric ncid solutions alone would haYe cau~ed. 
This method of handling chloride ~olutions is nis
cussed further in Section 8.2. 

The chloride effluents could be processed in 
normal plant equipment with no detectable cor
rosion. but the equipment for the 7/11 HCl sorption 
of plutonium exhibited severe corrosion. This cor
rosion also extended to the walls of the drybox 
even though the walls had been coated with a 
thermoset!ing plastic. Wherever bonding of plastic 
to stainless remained intact. corrosion was pre
Yented. In areas whet·e the plastic layer was sub
jected to se,·ere mechanical abrasion or flexing, the 
plastic was generally so brittle that it would crack. 
thus nllowing HCl vapors to contact metal. As 
corrosion progressed. more plastic would be 
loosened arljacent to the crack and corrosion would 
,;pread. 

Therefore. since an acceptable separation of 
plutonium and thorium can be obtained with the 
fluoride precipitation method and since corrosion 
problems are much less severe. it was decided to 
abandon the chloride anion-exchange method in 
favor of the fluoride precipitation of thorium. 
This method is now used with a dilute HF wash 
of the ThF. precipitate. which results in leaving 
less plutonium with the residuc. 103l Products con
taining <50 ppm of thorium are routinely ob
tained in the present equipment. 

8.4.5 Precipitation of Plutonium Hy
droxide 

The low solubility of plutonium hydroxide 
o;uggested that this precipitation might be useful 
in the recovery of plutonium. Small-scale experi
ments in 1944 sho\\·ed that the plutonium con
centration of the ~upenwtant would be low 
( <1 X 10-ll g/liter), even if strong complexing 
agents such as citrate were present. Further work 
~howed that the plutonium concentration could be 
reduced further if cations. such as iron or nlumi
Jlum. were present tu net as carriers. en. 7 1 VVith 
such n method supernatants containing <1 X 10-" 
g/liter of plutonium were routinely obtained. Thi-; 
method has several disadvantages, however, that 
prevent it from being used as a routine recovery 
process. Among the disadvantages are poor filtra
tion rate. poor purification factors, and sometimes 
incomplete dissolution of precipitate by acidificn
tion alone. 
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Plutonium hydroxide is a gelatinous pre
cipitate having many of the filtration character
istics of aluminum or ferric hydroxide. The filtm
tion rate can be increased by the use of a di· 
atomaceous earth filter, but the ,-olume of in· 
soluble residue which must be subsequently pro· 
cessed is then increased. The diatomaceous earth 
can readily be disposed of by formation and vola
tilization of SiF, (see Section 6.·1-), but such n 
second step should be aYoided if a more suitable 
one-step method can be found for the recovery of 
l ,1 u Ionium. 

Such a one-step method was the nitrnte anion
exchange columns discussed in Section 8.6. \Vith 
ion-exchange. not only could satisfactory plutoni
um recoyery be made, but satisfactory purification 
could also be obtained from all elements except 
neptunium and thorium in a one-step process. 

The hydroxide precipitation method can be 
used to remove certain impurities by selection of 
either NnOH or NH.OI-I i:IS the precipitating agent. 
\Vith NaOH. amphoteric or acid clements such as 
aluminum or chromium could be redissolved by 
increasing the pH to > 8. If the hydroxide cake 
was dissolved in HNO, and the hydroxides pre
cipitated with excess NH,OH, elements such a~ 
~ih·er. copper. and zinc would form ammoniacal 
complexes and remain with the supernatant. If 
alkaline earths were present. the addition of 
NH,OH could be stopped at pH '>·6. thus pre
\'Cnting formation of alkaline enrth hydroxide-; 
and the ulk<lline earths could he removed with the 
supernatant by filtering heforl" adding execs<; 
NH,OH. 

Even though early procedures for the puri
fication of plutonium. such as those listed by 
Pittman in 1947. 17 • 91 employed successive hy
dmxide precipitations. the recovery operations at 
Lus Alamos now use_ fen:ic hydroxide cnrril"r pre· 
cipitations only fur those solution.; fmm which 
plutonium cannot he sorbed on a nitrate uniou
-:-xrhange column. A variation of this mcthocl i.; 
employed in the processing of the chloJ·idc melt 
from the elcctrorefiuing process nnd is clisnt~secl in 
Section -t-.10. The procedure for the fcn·ic hy
droxide carrier precipitation proccs!' shown in 
Fig. 1)0 is clisnbsl"cl iu tltl" u<>xt scctiou. 

8.4.6 Ferric Hydroxide Carrier Precipi
tations 

Hy 19-52, mnny solutions had hc<'n rccci\'C(( 
or created that contained large amouuts of com
plexing ions such as citrntcs and phosphates from 
which recovery of the plutonium proved to he 



Solutions con1oinlng large 
quantities of Citrate, I 
Alcohol, Acetone, etc. 

9 M NaOH 

1.2 M NH20H·HN03 

Fe (N03)3 ·9H2 0 

Ag_ (N03)3 ·9H2 0 

9M NaOH 

FEED 

i 
ADJUST [Hjto-IM 

cool to room temperature 

~ 
REDUCTION of PLUTONIUM 

to trivalent state 
>I hour digestion 

l 
ADJUST Fe+ 3 CONCENTRATION 

to-- 0.03M a the Al-t- 3 

concentration to- 0. 02 M 

J 
PRECIPITATION 

continue to odd the caustic 
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hyroxlde redissolves. 

i 
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stir for 2 hours 
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3 . Estimation of Fe 
a AI content by 
OH- precipitation 

J Stirrer turned off 

SEDIMENTATION 
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J 
FILTRATION 

withdraw clear supernatant through a dip tube that 
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y ~ Filtrote 

Discord 

~Siurr 
acidified fi It ered, transferred to 
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Fig. 50. Flow sheet for scavenging of plutonium by ferric hydroxide carrier precipitation. 
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I 

difficult by ordinary solvent extraction methods. 
Although the addition of a large amount of a salt
ing agent such as Al(N03 ) 3 would aid the ex
traction of plutonium by tri-n-butyl phosphate, a 
large number of batch equilibrations or passes 
through a packed column were still necessary to 
reduce the plutonium content to the then existing 
discard level of 1 X 10-4 gjliter. Such processing 
consumed so much time, often days, to complete 
as many as 20 batch equilibrations on the 150-
gal. scale that a scavenging method was sought 
to decrease man-hours required. Calcium oxalate 
carrier precipitations were rejected because of the 
difficulty in destroying the oxalate ion during the 
precipitate dissolution step. 

A process that seemed to offer the advantage 
of easy dissolution of the precipitate while still re
moving nearly all the plutonium was hydroxide 
precipitation. Experimental work showed that the 
solubility of plutonium hydroxide in these phos
phate and citrate solutions was higher than desired. 
Therefore. a carrier would be needed as a scaveng
er. such as the addition and precipitation of 
AI (OH) ~ used in 1945. m To be effective, how
~ver. the addition of NaOH must be carefully con
trolled so that the hydroxide concentration does 
not reach that point where the amphoteric 
AI ( OH) 3 begins to redissolve. 

Further experimental work showed that the 
precipitation of Fe(OH)s would scavenge plutoni
um efficiently while still yielding a precipitate 
that could usually be dissolved by acidification 
alone. 

The flow sheet for the procedure used on a 
plant scale is shown in Fig. 50. After the reduc
tion of plutonium to the trivalent state by NH20H· 
HNO., the required amounts of Fe8 + and AJS + 
are added as the nitrate salts. The iron is added 
to serve as the carrier when precipitated as the 
hydroxide and the aluminum is added to serve as 
n visual indicator of when sufficient NaOH has 
been added. To be sure. this indicator allows one 
to add far more caustic than is needed to pre
cipitate the iron, but such an excess is trivial in 
comparison to the total amount of NaOH needed 
nnd the ease with which operators can recognize 
the end point without expending effort in taking 
and nnnlyzing samples throughout the process or 
trying to maintain in-line instruments. By adding 
NaOH until the amphoteric Al(OH) 3 has just 
redissolved. a pH of ....... 10 is routinely reached and 
the plutonium is consistently reduced to <1 X 
10-5 g/liter in the supernatant. 

This process is used only when solutions are 
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recei\·ed that are not compatible with soh·ent-ex
lraction or ion-exchange methods because of the 
presence of complexing agents such as citrate or 
tartrate, or the presence of organics such as ace
tone or ethanol that will react with high nitrate 
systems. The dissolved hydroxide filter cake 
.;erves as acceptable feed for either solvent-extrac
tion or ion-exchange systems. 

8.4.7 Miscellaneous Precipitation Pro
cesses 

Many precipitations were investigated on a 
laboratory scale but were never instituted on n 
plant scale because other methods were avnilnblc 
that would allow recovery of the same quantity of 
plutonium with a much higher degree of purifica· 
lion. Examples of such methods are the precipita· 
tion of sodium plutonyl acetate, 18• 11 ferric plu
tonyl acetate, 104 ' sulfate, double salts of the ni
trate series, iodates, 15 , Al(OH) 3 carrier precipita
tions, m and p-bromo mandelic acid for plutonium
zirconium separation. 130l 

8.5 Cation-Exchange Processes 

In 1945, Duffy and others suggested ttot that 
a cation-exchange column could be used to remove 
plutonium from the supernatants from peroxide 
and oxalate precipitations. Research continued by 
Mullins and others 18~· o~. 00> led to the installation 
of 16-in.-diam columns using Dowex-50 cation 
resin for the recovery of plutonium from slag f\nd 
crucible dissolver solutions and from solvent ex
traction raffinates. 1071 The procedure for this 
operation is given in Fig. 51. Data collected from 
further experimental work as well as from the 
16-in. production columns showed that the dis
solver solutions and raffinates would have to be 
diluted to ~1 cation equivalent per liter before 
plutonium sorption would occur to the degree de
sired. Since the dissolver solutions and ralfinnt~s 
contained large amounts of magnesium, calcium. 
and aluminum nitrate.; (sp gr of 1.4 g/ml), the 
dilution would have to he done with more than 10 
volumes of water per volume of solution. Such 
large volumes led to equipment problems and 
eventually to the selection of a batch solvent ex
traction method for the scavenging of the plutoni
um from column raffinates (see Section 8.9.3). 

A small (3-in. diam by 24-in. long) cntion
exchange column was installed in 1960 for pro· 
cessing HCl solutions. 1081 Since the column was 
on a small scale. it was relatively easy to usc glass 
and plastic for those par·ts which would be wetted 
!:ty the solution. A line drawing of the column is 
shown in Fig. 52. 
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order listed, to a concentration 
of 0-00I.M.. 

3· NH20H• HN03 

I hour digestton 

SORPTION 
solution pumped through Dowex- 50X8, 20 to 30 mesh, 
at a rote of 20 gal/hr/sq ft. feed activity of 
34,800 c/m/m.L 

Loaded resin/ ~ffluent 
ELUTION Discorded with on overage actrvlty 

No Citrate eluate was 0. 25M No citrate 
0. OOIM No N02 
adjusted to PH 5 

Recycled 
Resin! 

of 40 elm lrn..e, _7 
or~5XIO g/£ Pu 

Evaporation followed 
by solvent extraction 

Fig. 51. Flow sheet for absorption of plutonium on cation-exchange resin from slag and crucible dissolver 
solutions. 

The procedure for handling the HCI solutions 
consisted of dilution with H20 to < 1 cation equiv
alent per liter, addition of NH20H-HNOa to ob
tain trivalent plutonium, and sorption on the 
Dowex-50W X8. 50 to 100 mesh resin. 

The plutonium concentration in the effluents 
was consistently <0.05 mglliter, even with flow 
rates as high as 5 mljminjcm2 • These solutions 
were discarded, thus removing the chloride from 
the plant stream. Plutonium that had been sorbed 
on the resin was eluted with 6M HN05·0.3M 

HS03 NH2 (sulfamic acid), thereby changing from 
a chloride to a nitrate medium. A flow sheet for 
this process is shown in Fig. 53. Very little puri
fication of the plutonium was expected or attained 
with this process and, hence, the eluate was trans
ferred to a nitrate anion-exchange column for re
moval of impurities. 

When laboratory experiments showed that up 
to 1M chloride could be tolerated in 7M HNO. 
solutions without corroding stainless steel equip
ment (see Section 8.1), this process was a ban-
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Fig. 52. Ion-exchange column for HCl media. 
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H 0 

2 Column volumes 

FEED 
Cl -> 5g IJJ. 

DILUTION 
odd sufficient H2 0 to reduce 
H+to ~ o.5M, there by 
normally reducing Cation 
equivalent to ~ l M. 

REDUCTION 
of Pu to trivalent state 

SORPTION 
of Pu on Dowex 50w-X8, 
50 to 100 mesh resin at a 
flow rote of 511\4 Anin/cm2 
at room temperature. 

WASH 
of column to remove of the C I : 

ELUTION 
flow rote of 3 m.l/min /cm2 

Eluate 
To precipitation or nitrate onion-exchange 

Fig. 53. Flow sheet for cation-exchange column used 
for chloride removal. 

cloned and all HCl solutions were merely diluted 
with 7 M HNO. until the chloride was ~ 1M. 
These solutions were then processed routinely in 
any of the several nitrate anion-exchange colwnns. 

Laboratory experiments to investigate the 
separation of plutonium and uranium by use of a 
cation-exchange resin were started. but, even 
though the work showed promise. it was discon
tinued when washing experiments with a nitrate 
anion-exchange column showed that uranium 
could be removed by increasing the volume of 
7M HNO~ wash to 30 column volumes (see Sec
tion 8.6). 

8.6 Anion-Exchange Processes 

After 1959, the recovery operation at Los 
Alamos employed nitrate anion-exchange columns 
as the primary mode of scavenging. purifying, 
and concentrating plutonium. The general pro
cedure for any residue then became: get the plu
tonium into solution, sorb the plutonium on nitrate 

anion-exchange resin, wash with enough 7M 
HNOs to remove impurities, elute the plutonium. 
and then determine which, if any, additional pro
cess should be used to remove remaining im
purities. For example, if the eluate contained 
> 1 00 ppm of thorium, based on plutonium, the 
solution would be transferred to either the ThF, 
precipitation process or the chloride anion-ex
change system. If the eluate merely needed to be 
concentrated, the next step would be precipitation 
of the trivalent plutonium oxalate, as described in 
Section 8.4.1. Experimental work on this system 
has been reported in a series of papers by James 
and Cooper. 134 • 99•104 1 The analytical aspects of this 
system were reported by Kressin and Water
bury. 135 1 The processing of plutonium metal
lurgical scrap by anion-exchange was reported by 
James and Christensen at the 1964 meeting of the 
Nuclear Fuel Processing Committee of AIM£.1!131 

The basic steps of the standard procedure 
used at Los Alamos are to stabilize the plutonium 
in the tetravalent state, bring the feed solution to 
the desired HN03 concentration, sorb the plu
tonium on Dowex 1X4, 50 to 100 mesh resin, 
wash with the proper volwne of 7M HN03 , and 
elute the purified plutonium with 0.3M 
Ni-IzOH·HNO,.. The details of the procedure are 
,;hown in the flow sheet in Fig. 54. A schematic 
of the columns and column heads is shown in Fig. 
55. After the downward-flow loading and washing 
steps. the acidity is reduced by an upward flow 
of 10 liters of 1M nitric acid in preparation for 
elution of the plutonium by 10 liters of 0.3M 
NH"OH·HNOs. If any plutonium remains on the 
columns at this point. the elution is completed 
using 0.3M NH,OH·HN03-0.5M HN03 • The acid 
is added to the second eluate to prevent polymer 
formation. but is not needed in the first eluate 
since enough HN03 will also be eluted to keep 
the acidity at >0.5M. Although a low HN03 con
centration is sufficient to destroy the sorbable 
tetravalent plutonium complex, it is our experience 
that the desorption times for dilute HN03 alone 
are unfavorable at room temperature for the non
uniform plant-loaded columns. Reduction to triva
lent plutoniwn improves the desorption rate. in
creasing the efficiency of the operation. 

The selection of the proper HN03 concentra
tion in the feed solution and the proper volume of 
wM:h solution are. of course, the most vital parts 
:>f this procedure. The HNO:~ concentration of the 
feed solution may vary from 4M to 9M, depend
ing upon the amount of nitrate salts present and 
the amount and type to anions in the solution 
which may complex the plutonium and decrease 
its sorption by the resin. For example, experi-
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SORBED Effluent 
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1 

7 M. HN03 
WASHED 
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lM HN03 CONDITIONED Wash 
flow rate of 3 ml/min/cm2 Recycled 

IO£of 0.3M NH20H· HN05 
ELUTED Resin Recycled throu 

flow rate of lm.J2. /min/em 2 IM HN03 wash 
if needed, eo.e. of 7M HN0

3 0·3M NH20H • HN03-· 
Eluate 

regeneratron 

Then, 

To Oxalate Precipitation 
Fig. 54. Flow sheet for general procedure for nitrate anion-exchange processing oC plutonium. 

ments at Los Alamos have shown that the scaveng
ing of plutonium from 0.3M Al(NO.). solutions 
can be done efficiently at 4M HNO~ if no com
plexing anions such as sulfate, fluoride, or oxalate 
are present. James has shown°02> that the sorp
tion of plutonium by Dowex-1X4, 50 to 100 mesh. 
increases with increasing Al(N03 ) 3 concentration 
at a constant H+ concentration. Wheelwright has 
shown °051 that plutonium can be successfully re
covered from oxalate supernatants by increasing 
the HNO, concentration to 91\-1. Data from pilot
plant experiments at Los Alamos have shown that 
u wmbination of high fluoride and sulfate con
centrations interfere with the sorption of plutoni
um. This effect can be minimized by addition of 
Fe(N03 )~ or Al(N0~) 3 • but the preferred method 
is to process the solution with a high fluoride con
centration (for example, a solution from the dis-

62 

<;olution of reduction residues) by itself without 
mixing it with a solution that contains a high sul
fate concentration (for e.'Cample, the supernatant 
from a peroxide precipitation). 

Laboratory experiments have shown that 
large amounts of oxalate (at least up to 0.41\.1) 
can be tolerated in normal plant solutions (1M 
HN0,-0.2M A1 (NO~)~ if the stabilibation pro
cedure for obtaining tetravalent plutonium is fol
lowed, allowing at least 24-hr digestion for the 
NH20H·HNOa reduction step. At Los Alamos, we 
obtain the desired reco\·ery efficiency by using n 
lengthened reduction step rather than hy greatly 
increasing the Al (NO a) • concentration, which 
may not be consistently successful, or by increas
ing the HNOs concentration, which may accelerate 
degradation of the resin. Wheehvright0°5> did not 
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Fig. 55. lon-Pxchange column for plant operation. 

detect any increase in resin damage by increasing 
the HNO,. concentration to 9M, but the presence 
of impurities such as chromate might change the 
damage rate. or at least decrease the safety factor 
of operating at 7M HN03• 

Jamesc9Dl measured the distribution coeffici
ents of several elements from 7 M HN03 on Dowex 
1 X4. These data are reproduced in Fig. 56. It can 
be seen that the probable impuritie£ can be di-

vided into three groups based on the degree of 
~orption by the resin. namely, those elements 
that are apparently not sorbed. those elements 
that are only weakly sorbed. and those elements 
that are strongly sorbed. This division of elemenh 
is listed in Fig. 57. 

After all the 7 M HNO:: feed solution has 
been pumped through the 6-in. column, the resin 
bed is washed with 7M HNO,. Normally, the 7M 
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DISTRI3UTION COEFFICIENTS 

AM QUilT of SPECIES /mi. of RESIN BED 
Dv = AMOUNT of S?ECES /mi. of SOWTION 

13 AI 15 p 

Ill- 0.0 V-0.18 

ROOM TEMPERATURE, 7M HN03 , DOWEXI-X4(50-IOO)N03_,LOW-LEVEL LOADtiG 
cc CI 

21 Sc 22 Tl 23 v 24 Cr 25 Mn 26 Fe 27 Co 28 Ni 29 Cu 30 Zn 32 Ge 33 As 34 Se 

Ill- 0.23 IV-0.0 tv-o.o 111-0.0 
II- 0.0 111-0.0 II- 0.0 II- 0.0 11-0.0 11-0.0 IV- 0.0 111-0.34 IV-0.16 cv 

CI cc cv Vl-8.6 cc Cl cv cv cv CI cc CI Cl 
cv V-0.27 

39 Y40 Zr 41 Nb 42 Mo 44 Ru 45 Rh 46 Pd 47 Ag 48 Cd 49 In 50 Sn 51 Sb 

Ill- 0.0 IV- 0.38 

cr cc 

57 Lo 72 Hf 

Ill- 1,4 IV-024 

CI CI 

58 Ce 

Ill- 1.2 

CI 

90 n 

IV-102 

BE 
I --

V-OJ9 VI- 0.25 IV-0.15 

cr CI cv 

73 To 74 w 75 Re 76 Os 

v-o.o Vl-1,6 Vll-1.6 IV-1.7 

CI CI cr CI 

59 Pr 60 Nd 62 Sm 

Ill- 0.67 Ill- 0.59 Ill- 0.24 

cv cv Cl 

92 u 94 Pu 

Vl-3.9 IV- 978 

cv BE 
L__ __ -- - -

Ill- 0.94 II- 5.2 1-0.23 II- 0.09 Ill- 0.0 

BE cv Cl CI CI 

71 lr 78 Pt 79 Au 80 Hg 81 Tl 

IV -74 

cv 

63 Eu 

Ill- 0.18 

Cl 

IV-47 Ill- 116 II- 1,3 1- o.o 
cv BE CI CJ 

ATOMIC SYMBOL 
NUMBER 

VALENCE=Dv 
METHODS 

Cl- COLU~ -ISOTOPE 
CC- COLUMN- CHEMICAL 
CV-COLUMN-VISUAL 
BE- BATCH- EQUILIBRATION 

Fig. 56. Distribution coefficients {or certain elements in a nitrate anion-exchange system. 
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CI 
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ERROR: 
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ELEMENTS 

NO SORPTION WEAK SORPTION STRONG SORPTION 

Distribution Coefficient Distribution Coefficient Distribution Coefficient 
=0 <4 >5 

Mg Sc Pd 
AI As lr 
Ti Se Pt 
v Zr Au 
Cr Nb Th 
Mn Mo 
Fe Ru 
Co Ao 
Ni Cd 
Cu La 
Zn Hf 
Go w 
Ge Re 
y Os 
In Ho 
Sn Pb 
Sb Bi 
To Ce 
Tl Rare Earths 

u 
Am 
Rh 

Fig. 57. Clasgification of elements by degree of sorption on Dowex.IX4 resin from a nitrate media. 

HNO~ does not significantly disturb the sorbed 
plutonium but it noes remove enough plutonium 
~o that the wash must be discarded as hot waste. 
Only one or two column volumes (where volume 
is defined as void volume) of wash are !':ufficient 
to remove from the column those elements thnt 
are not sorbed hy the resin phase. This is a matte\' 
of ~olution displacement rather than desorption of 
the impurity elements. 

The removal of the weakly sorbed elements is 
more complex. One might expect the weakly 
;orbed elements to be forced out of the resin 
phase during the loading step by the advancing 
wave of sorbing plutonium. Howevet·, investiga
tions lwve shown that this is not the rase. cS!Il The 
prc~enre of the plutonium decreases the rate of 
cliffusion within the resin phase. Since this is the 
rate controlling mechanism. the impurities are 
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~omewhat "trapped" by the plutonium. Thus. 
much greater amounts of wash are needed than 
would be predicted by a simple, no-interaction 
model, using the distribution coefficients shown in 
Fig. 56. For example, zirconimn with a distribu
tion coefficient of 0.38 should be readily removed 
by 3 or 4 column volumes of 7M HN03 wash, yet 
6 to 8 column volumes are required before the 
zirconium content of the eluate will be reduced 
to <50 ppm. based on plutonium. 

Similarly, elements such as Hg2 "'. Ce8 +, 
UO,~ t, and Bi8 + require much more wash for 
their removal than do elements such as Zr4 ·t, 

La8 +. and Am8 + even though the distribution 
coefficients vary only from 0.38 to 3.8. For ex
ample, Ce8 +, with a D,. of 1.2, can be quantita
tively removed with 40 liters of 7M HNOa wash. 
while Hg2 +, with a D, of 1.3, has been observed to 
remain on the column even after 70 liters of 7M 
HNO, wash. At Los Alamos, several runs have 
been observed in which mercury was not removed 
by 14 column volumes of 7M HN03 , but was re
moved during the elution of the plutonium. Thus. 
when the plutonium was precipitated as the oxa
late. the mercury also precipitated. During the 
ignition to oxide, the appearance of a red com
pound indicated the formation of mercuric oxide. 
Therefore, when mercury is a known contaminant, 
the volume of 7M HNO. wash is increased to 20 
column volumes to assure complete removal of 
the mercury. A smaller volume may sometimes be 
sufficient, but the volume saved is negligible com
p<~red to time spent in analyses or in recycling the 
rlutonium if the mercury content is high in the 
Jli'Oduct solution. 

If the feed solution contains mercury but the 
plutonium concentration is low enough so that 
additional solutions will be passed through the 
column until -4-00g of plutonium have been 
sorbed, then the volume of 71\'/ HNOa wash may 
be reduced if the final feed solutions are free of 
mercury since they will. as far as mercury con
tamination is concerned, serv(' as wash solutions. 

If molybdenum is present as molybdic acid, 
it will be sorbed on the column with a D, = O.Z5. 
The molybdic acid can be removed with 4 to 6 
column Yolumes of 7M HNO", provided that the 
molybdate has not been allowed !o form. If it is 
not removed pr·im· to the elution step, then molyb
date will he formed, for· which, at dilute acid. 
the distribution coefficient becomes very large 
and at <0.5M H+ approaches infinity.C1°Rl Thus, 
if molybdic acid is present it must be completely 
r·emoved by washing or it will act somewhat like 
the platinum metals in that it will stay on the 
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resin during the elutiou cycle. During lht• ~uc

ceeding loading and washing steps. howe,·er-, the 
molybdenum oxy-anion will be converted to 
molybdic ion and wash«:'cl off th(' column hy thC' 
7M HNO~. 

The procedure used for the separAtion o£ 
plutonium and uranium is basically the same a<: 
for other solutions; howe,·er. for solutions with a 
high uranium-to-plutonium ratio. up to G to 1. n 
longer resin bed is needed. The feed solution is 
fed to the top of the column at a flow rntc of 10 
liters/hr. which is equivalent to ,...... 1 ml.'min_'rm:!. 
The distribution coefficient of uranium (VI) 
(D .. = 3.9) is sufficiently high to cause the plu
tonium band to spread down the column mort' 
rapidly than if a cation with a smaller di~tribu
tion coefficient was present. Consequently. th(' 
length of the resin bed must be considerably 
longer for a given quantity of plutonium than 
would normally be allowed. This is accomplished 
at Los Alamos by installing a second ~2-1--in. long 
column in series if the plutonium in the batch to 
be'processed exceeds 200 g. The second or bnckup 
column is not eluted at the end of the run. but i<: 
disconnected at the end of the washing cycle to be 
used as the lead column for the succeeding batch. 
The columns are washed with 1M HNOJ. Evnlun
tior. of process data has shown that 30 column 
volumes ( ...... 150 liters) must be used to reduce tht' 
uranium content to < 100 ppm based on plutoni
um. The flow rate of the wash may be increo~ed 
to ...... 20 liters/hr without significantly affecting 
the desired uranium and plutonium concentration 
of the effluent. If the uranhun content of the 
eluate exceeds 100 ppm. then the final sep11ration 
is accomplished by either recycling the eluate 
through ion-exchange or by precipitating plutoni
um peroxide or plutonium oxalHte. 

The separation of plutonium and cerium hn.; 
hecome n subject of great interest hccamc of thE' 
selection of the ternary Pu-Co-Cc alloy a!; thC' 
fuel for the LAMPRE program. I.aboratm-y CX· 
periments have shown that Ce4 ' is vcr·y strongly 
sorbed by the anion-exrhange resin, so that the 
first assumption is that cerium will follow the 
plutonium stream through all stages. Fortunntely. 
however, the Ce~ • is reduced to Ce3 1 by thE' 
plutonium present. As shown in Fig. 16, Cc~' 
has 11 D, of only 1.2. This would them intlimiE' 
that the cerium could hC' wa~o;hcd from the rolumn 
without disturbing tlw plutonium nud. iwle<'cl. 
plant E'xperiencE' has shown that the ('erium cou
tent of the product is reduced to <50 ppm, based 
on plutonium. with only 40 liters of 71\1 HNO ,. 

The fraction of impurity remaining ou the 



column as a function of wash volume (in column 
volumes) for elements that have a distribution 
coefficient of 4 is shown as the curve in Fig. 58. 
This curve represents numerical calculations 
which have been verified by experiment. The 
tailing due to kinetic trapping is apparent. For 
elements with distribution coefficients of less than 
4, the curve would be shifted to the left and would 
~how less tailing. 1841 For elements with higher 
distribution coefficients, the removal of impurities 
by washing with 7M HNO, becomes inefficient. 

Although the three platinum metals are 
strongly sorbed by the resin and therefore cannot 
be efficiently removed during the washing step, 
they can be separated from the plutonium be
cause they are not removed by the hydroxylamine 
nitrate solution used to strip the plutonium. The 
decomposition of the nitrate complexes of the 
platinum metals is kinetically inert, so that the 

.:;orbable anionic complexes remain, even in the 
presence of the lower nitrate concentrations. taa, 

Thus, since these metals are not removed by 
either the washing or stripping steps as successive 
runs are made with same column, they will poison 
the resin and lower its capacity for plutonium. 
Therefore. using the loading, washing, and eluting 
procedures discussed above, plutonium can be 
separated from all elements except thorium and 
neptunium. 

8.7 Chloride Anion-Exchange Systems 

Thorium can be separated from plutonium by 
use of a chloride anion-exchange system. 1921 

Thorium does not form sorbable anionic chloride 
complexes in a strong hydrochloric acid solution, 
whereas plutonium behaves much the same way 
as in nitric acid. The flow sheet for the procedure 
for separating these two elements by anion-ex-
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Fig. 58. Fraction of impurity remaining on column dw·ing wash cycle. 
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change from 1M HCl using Dowex 1X4 (50 to 
100 mesh) chloride form is shown in Fig. 59. 

7M HCI 
O.ltJl HN03 

0.5M. HCI 

FEED 
HCI 7 to BM, HN03 0.1 to 0.3M 
Pu (•vl 10 to 25 g(l, Th ony amount 
Volume 16 Liters 

To Oxolole Precipilollon 

Oi..:ord 
-3 

Pu<IXIO gil 
oil of the Th, 
48 Liter& 

Fig. 59. Flow sh<>t-1 for chloride anion-exchange pro· 
cess. 

The separation of neptunium and plutonium 
can be achieved by reducing the plutonium to the 
trivalent state (with HI or NH20H·HCI, _for ex
ample) and sorbing the anionic chloride complex 
of neptunium from strong HCl solutions onto 
Dowex 1X4 (50 to 100) chloride. letting the 
plutonium pass through with the effluent. The 
separation of neptunium and plutonium can also 
be achieved in a nitrate anion-exchange system; 
however, since strong reducing agents such as 
hydrazine or semicarbazone are required to re
duce the plutonium to the trivalent state in high 
NO-x systems, we prefer to make the separation in 
the chloride anion-exchange system. 

Several cations interfere with the efficient 
operation of a chloride anion-exchange column. 
such as Fe3 "', Sb(V), Sn(IV), Hg2 ;. and 
Tl5 +. Therefore, a nitrate anion-exchange column 
is used to remove these elements before the plu
tonium-thorium or plutonium-neptunium separa
tion is attempted in a chloride anion-exchange 
system. 

8.8 Organics 

Organics that have been contaminated with 
plutonium often require special recovery proce
clm·es becAuse of the incompatibility of organics 
with routine separation processes. The organic 
may be undesirable in solvent extraction systems 

68 

because of the dilution of the organic phase, the 
creation of stable emulsions that will interfere in 
phase separation, or the formation of a nonex
trRctable species by complexing with the plutoni
um. The organic may be undesirable in ion-ex
change systems because of the possibility of re
acting violently with the 7 M HNOs used in anion
exchange procedures, reducing plutonium sorption 
by coating the resin beads, or forming nonsorbable 
species with plutonium. Special recovery methods 
are employed on a batch basis for such organics 
whenever the addition of the organic to the pro
cess stream will have an undesirable effect on the 
routine separation process. 

Organics such as methanol, ethanol, and ace
tone react violently with high nitric acid systems 
such as are found in the nitrate anion-exchange 
processes. For many years the plutonium in these 
reactive, volatile chemicals was recovered by dis
tillation of the volatile component in a high air
flow system to prevent accumulation of an ex
plosive vapor mixture. If only a small amount 
(several hundred milliliters) of such a volatile 
organic had to be processed, the solution was often 
placed in a beaker in a glove box having a high 
air flow and allowed to stand, at room tempera
ture. until the organic had evaporated. The resi
due was mainly a room-temperature oxide of plu
tonium which could be readily and safely dissolved 
in <m HNO.-HF mixture. 

Such methods were undesirable when the 
volume of such residues became appreciable. Con
;ideration of other available recovery methods 
suggested that the high nitric acid problem could 
be avoided by using a hydroxide precipitation 
method for the recovery of plutonium. Experi
mental and production data indicated that thi!' 
could be done routinely, reducing the plutonium 
concentration to < 1 X 10-• g/liter using the 
Fe(OH). carrier precipitation described in Sec
tion 8.4.6. 

Ethanol and methanol may be disposed of by 
adding them dropwise to a nitric acid solution that 
had been heated to ....... 105°C. However, such n 
method requires close control because the reaction 
may become violent. These volatile organics arc 
now being pl'Ocesscd with the elec-trorefining resi
dues during the NaOH dissolution and precipita
tion step disc-ussed in Section -1-.10. 

Another way in which these alcohol ami nee· 
tone residuPs have heen snfely processed is to 
combine them with the low ncid feed to the cat
ion-exchange column that is used to com·ert 
chloride solutions to nitrate solutions. The flow 



sheet for this method is shown in Fig. 53 and de
scribed in Section 8.5. This method is satisfactory 
for the nearly quantitative recovery of plutonium 
but no more so than the hydroxide method used 
in processing electrorefining residues. Therefore, 
these volatile organics are processed by whichever 
method is in operation at that moment because of 
the nature of the other residues in the recovery 
system. 

Hydrophobic organics are not compatible 
with ordinary precipitation methods for the re
covery of plutonium, nor is the use of an aqueous 
cation-exchange system particularly amenable. 
Experimentation showed that the most promising 
recovery methods would involve direct filtration 
of the organic or equilibration of the organic with 
an aqueous solution of some plutonium complex
ing agent, followed by filtration and phase separa
tion. 

The direct filtration method is used on inert 
organics such as cutting or lapping oils. The lap
ping oil used during grinding operations is a mix
ture of mineral oil and lard; plutonium particles 
of metal or oxide can be removed by filtration 
through a sintered glass frit of fine porosity. 
Equilibrations of the lapping oil with aqueous 
solutions result in extremely stable emulsions that 
can be broken by heating but not by filtering or by 
standing for several days. The plutonium content 
of the lapping oil is routinely reduced to <10 
mg/liter by this method. 

8. 9 Solvent Extraction 

Between May 1943 and March .1 944, experi
ments demonstrated the feasibility of purifying 
plutonium by precipitating sodium plutonyl ace
tate, dissolving the precipitate in nitric acid, and 
extracting plutonyl nitrate with diethyl ether. lSI 

This system was used from March 1944 to July 
1944 for purification of plutonium on the gram 
scale. employing two sodium plutonyl acetate pre
cipitations and two diethyl ether extractions of 
plutonyl nitrate. This process did not, however, 
separate uranium from plutonium. Other elements 
also followed the plutonium and could not be 
brought below the maximum permissible level 
even with repeated cycling. 

Research showed that after the reduction of 
the plutonium with HI, the precipitation of plu
tonium tri-oxalate would leave uranium in the 
supernatant. The combination of this precipitation 
with two sodium plutonyl acetate precipitations 
and two diethyl ether extractions was called 
Process "A" (see Fig. 1). This process was used 

until July 1945 when experiments showed that 
the acetate precipitations could be eliminated be
cause the nitrate feed from Hanford contained 
less zirconium and niobium than anticipated. 
Therefore, when purification operations were 
transferred to DP Site in September 1945, the 
acetate precipitations were eliminated and the re
sulting process of two ether extractions and an 
oxalate precipitation was called Process "B" 
(see Fig. 3). 

After a few months, the purity level of the 
feed had increased to a level that permitted the 
omission of the ether extraction. Therefore the 
use of Process "B" was terminated and Process 
"C", consisting only of an oxalate precipitation 
of the plutonium, then became the only step in the 
purification process (see Fig. 4). This process was 
sufficient for the nitrate feed received from Han
ford but was not sufficient for removal of im
purities from the recycle streams. After considera
tion of various separation methods, it was decided 
that some type of solvent extraction would be 
needed as part of the recovery process. Solvent 
extraction would allow many otherwise difficult 
separations and also provide a method for reduc
ing the plutonium content of waste solutions to be
low the established discard level of 0.1 mgjliter. 
Solvents that were considered included Hexane, 
di-butyl carbitol, penta-ether, tri-n-butyl phos
phate, and thenoyl-tri-fluoroacetone. 

Solvent extraction experimentation was be
gun in December 1947, looking first at thenoyl
tri-fluoroacetone (IT A) as a plutonium extract
ant. <107> By April 1948, it became apparent that 
TT A would be most difficult to use with plant 
solutions. One of the many problems was the 
formation of the red solids when iron was present; 
these collected at the interface and interfered 
with phase separation. 

Since other methods appeared more promis
ing, such as ion-exchange and certain precipita
tions, work on solvent extraction was suspended 
until mid-1950. A survey of the literature then 
available led to the selection of the tri-n-butyl 
phosphate system for recovery of plutonium from 
slag and crucible solutions. Using the procedure 
developed at ORNL, <1081 experiments were made 
to determine the behavior of plutonium in the 
solutions obtained by dissolving reduction crucibles 
in HNO~·Al(N03) 8 • These experiments showed 
that .- 95% of the plutonium was extracted in 
the first equilibration. The next four extractions, 
using fresh solvent each time, removed an addi
tional4.5%. leaving 0.5% of the original a activity 
still in the effluent. Analytical data showed that 
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a large portion of the residual activity was due to 
americium. which experiments showed would ex
tract into the organic phasp with low arid-high 
salt feed solutions.nou. 1101 

8.9.1 Packed Columns 

Consideration of these data led to the in
.;tallation of 14-ft packed columns for the extrac
tion of plutonium from dissolved crucible solu
tions at high acid (5 to 6M HN03 ) concentrations. 
This process. whose flow sheet is shown in Fig. 
riO. extracted >98% of the plutonium and almost 
111111e of the americium. Solutions with high oxa
latf' m· fluoride content could also be processed in 
these columns if AI (NO,.)" was added. The com
plex of oxnlate or fluoride with aluminum is 
~tronger than with plutonium. thus freeing the 
plutonium for complE>x formation with the TRP. 

A schematic of the solvent extraction columns 
is shown in Fig. 61. The columns were packed 
with stainless steel Raschig rings that were 0.5 in. 
n.c:l .. 0.4oR in. i.d .. and 0. ~ in. long. The solutions 
were pumped through the columns with Milton· 
Roy piston pumps. The composition of a typical 
feed solution is shown in Fig. 62. 

VVith a free acid concentration in the aqueous 

phase of 5 to 6M and flow rates of 17 gal./hr for 
the aqueous feed and 16 gal.jhr for the solvent 
phase. the plutonium was routinely reduced to the 
milligram per liter range in the raffinate. 

The loaded solvent was pumped to the next 
column where the plutonium was stripped by a 
0.05M NH20H-HN03·0.1M HN03 solution. Other 
methods of stripping the plutonium from the 
solvent were tried but were deemed unsatis
factory for this system for various reasons. A 
dilute acid (HNO~) solution would not remove 
enough plutonium during a single pass through 
this column. A solution such as 0.15M NH .. OH· 
HNOa·0.01M Fe2 '·0.1M HNO, effici~ntly 
stripped the plutonium from the solvent, but the 
iron created new problems during suhscqut'nt 
P.vaporation. Electrolytic stripping rlid not hnvc 
the desired efficiency. A dilute oxalic acid solution 
efficiently removed the plutonium. but plutonium 
oxalate precipitated in the column. canting all sur. 
faces. The removal of this precipitate was difficult 
and could have led to n nuclear excursion. under 
.:ertain conditions. Therefore, 0.05M NH~OH· 
HN0 .• -0.1M HNO., wns chosen as the routine 
.;tJ'ip solution. 

This strip solution. after leaving the bottom 
of column number 2 (Fig. 61), was pumped to 

FEED 
H+ = t to 3M 
sp. gr.= 1.41 g/me, 

! 
Urea to 0.002 M . 

NH2 0H·HN0 3 to 0.005M VALENCE ADJUSTMENT 

NoN02 to O.OtM Room temperature, 3 hr. 

J 
15.6 M HN03 AClD!FlCATlON 

H + adjusted to 5 to 6 M 
cooled to room temperature 

17gph T 60Dh 

! Solvent Recycled ! Aqueous Solvent 
., 

I S~vent -1 f I STRIPPING SOWTION I 
[EXTRACTION COWMN I jsTRtPPING COLUMN I I WASHING COLUMN l dilute NH20H • HN03 

16 gphf LJ L_ !Aqueous 

li SOLVENT 

I 
EVAPORATION l L...f KEROSENE DIUA::NT I 

15% TBP In Kerosene Effluent J Concentrate I gph 1 (GULF BT) 

Final PurificatiOn 

Botch Extraction-Discorded 

Fig. GO. Flow sheet for ~xlraction of plutonium by tri-n-butyl pho~ph:lte using packed columns. 
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Fig. 61. Solvent extraction system used from 1950 to 1959. 

AVERAGE 
CONSTITUENT 

CONCENTRATION 

Mg 1.9M 

Co 0.3 

Fe 0.1 

A~ 0.3 

F 0.38 

I TRACE 

N03 5-6_M 

Pu >2XI0
2
g/L 

Fig. 62. Composition of typical feed solution for the 
so)vpnt extraction system. 

the top of column number 3. Fresh kerosene was 
introduced at the bottom to scrub any traces of 
~olvent that may have carried over from the strip 
column. After passing through this column. the 
aqueous strip was transferred to glass-lined 
evaporators for concentration. The concentrate 

from this process was purified in other smaller 
scale solvent extraction equipment which will he 
discussed later. 

8.9.2 Solvent Purification 

The solvent that was used in the columns ond 
in the batch extraction systems was constantly 
being degraded by the high acid concentrations 
and hy radiation. The degradation products, mono
nncl di-butyl phosphate. were kerosene-solubl£> 
and formed such a tight complex with plutonium 
that the NH20H·HNO, could not extract the plu
tonium from the organic phase. Therefore, as the 
concentration of these degradation products in
creased, the plutonium concentration of the sol
vent afte1· stripping would increase and. ns the 
plutonium concentration of the solvent increased. 
it became more and more difficult to reduce tlw 
plutonium concentration of the raffinate to th£> 
desired milligram per liter level. To reduce the 
plutonium content of the solvent phase. the mono
::tnd eli-butyl phosphate contaminants would have 
to be removed. It was found that the degradation 
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products could be remo\'ed by extraction into a 
lM NaOH phase where the plutonium would pre
'ipitate ns the hydroxide. By filtering the mixture 
(solids. aqueous phase, and organic phase). the 
phases could be separated and enough of the plu
tonium could be removed so that we could dis
card the aqueous phase; the organic phase, which 
was now essentially free of degradation products 
and plutonium. could be acidified and recycled. 

8.9.3 Batch Extraction System 

The raffinates, containing nearly equal 
amounts of plutonium and americium at the milli
gram per liter level, were transferred to another 
process where, after neutralization of most of the 
acid. they were equilibrated with fresh TBP on a 
batch basis until the total a activity was reduced 
to a value equivalent to no more than 1 X 10-4 g 
of plutonium per liter. The first extraction in this 
~ystem was made in July 1953. Until then at
lemJlts had been made to use the cation-exchange 
mr:thod mentioned in Sec;::m 8.4-. 

The equipment for the batch extraction sys
tem consisted of a large-diameter tank equipped 
with n stirrer for the equilibration and settling 
stages and large-diameter tanks for strip make-up 
.md for holding 1·affinate, solvent, and strip solu
tions after phase separations had been completed. 
These Are shown schematically in Fig. 63. The 
process consisted of putting 25 gal. of 35% TBP-
65% Gulf BT in the equilibration tank and adding 
75 gal. of column raffinate. This mixture was 
equilibrated for 5 min by the stirrer; the stirrer 
wa~ then stopped And the phases were allowed to 
sepm·ate. The aqueous phase was then withdrawn 

H2C204 ·2H20 

l 

to the raffinate holding tank, leaving the .;olvent 
in the equilibration tank. 

During the equilibration, 25 gal. of dilute 
(0.011\1) oxalic acid strip solution was prepared 
and, after the raffinate had been withdrawn, thi~ 
solution was pulled into the equilibration tank to 
be mixed with the loaded solvent. After equilibra
tion and phase separation. the aqueous strip solu
tion was transferred to an evaporator for con
centration. The stripped solvent was then ready 
to receive another charge of raffinate for batch 
extraction of the plutonium and americium. 

Each raffinate was recycled until the alpha 
activity was reduced to an equivalent of 1 X 10-4 

g of plutonium per liter. So much americium was 
present in all of the raffinates that the extractions 
were carried out at a feed acidity of 0.11\1 H' to 
get the americium to extract. Even at high salt 
concentrations, the extraction of >tmericium and 
plutonium to the discard level of 10-4 gjliter re
quired many extractions. When large quantities 
of strong complexing agents such as oxalate, cit
rate. or phosphate were present. as many a!; 20 
extrnctions were necessary to renrh the fliscnrd 
concentration. 

Solutions with a high sulfate or phosphate 
content also required a large number of equilibra
tions before the plutonium could be extracted to n 
concentration equal to or less than the established 
discard level. The extraction performance was 
markedly improved when ferrous ammonium sul
fate was added until only Pu3 + was present nnrl 
nt the same time. adding Al(NOJ) 3 to complex 
tht> so.2- and to increase salting strength of the 

Roffinate from 
Extraction columns 

STRIP EXTRACTION Recycled 
RAFFINATE 

MAKE UP TANK until RECEIVER 

Pu<I0-4g/£ 

Strip 

EVAPORATOR 

~Concentrate 
Extraction columns 

Fig. 63. Batch extraction system. 
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solution, and adding NaOH until the H+ had been 
reduced to <0.1M.!39• 73> Many other methods 
were investigated, both on the laboratory and the 
pilot-plant scale, for the scavenging of plutonium 
from column raffinates. Mixer-settler columns, 
calcium oxalate carrier precipitations, ferric hy
droxide carrier precipitations, cation-exchange, 
anion-exchange, and other solvent .extraction sys
tems were tried, but not until the discard level 
was raised to 1 X 103- g of plutonium per liter 
was it possible to successfully replace the batch 
extraction system with an anion-exchange column. 
Discussions of the various substitute systems are 
given in Sections 8.1, 8.4.2, 8.4.6, 8.5, 8.6, and 
8.9.4. 

8.9.4 Pump-Mix Trays and Mixer-Settler 
Columns 

The concentrated strip solution from the 
packed extraction columns required purification 
before it ~as compatible with the peroxide pre
cipitation step in the metal preparation system. 
Several precipitation methods were investigated 
hut none gave the degree of purification required. 
Thus, at first, the concentrated strip solution was 
purified by batch extraction of the plutonium 
with TBP. The equipment was simple in design 
and included the extractor shown in Fig. 64 and 

Air M"":olo:c:.r..,.--...._ 
1200 RPM 

0 :: 

Glo.. V:.::.•ss::::•::..l -~ 

Fig. 64. Batch extractor for purifying concentrated 
column strip solutions. 

standard cylindrical stainless steel tanks for the 
various receiving and storing stages in the process. 
This operation was time-consuming as is evident 
from the many steps given in the flow sheet shown 
in Fig. 65. In 1952, a 12-stage pump-mix unit 
similar to the two-stage unit shown in Fig. 66 
was put in operation, greatly increasing the pro
cessing rate in the purification of plutonium from 
the concentrated strip solution. The aqueous feed 
was fed to this unit at the rate of 9 liters/hr. 
Other operating conditions are shown in the flow 
sheet shown in Fig. 67. This unit was operated 
with fair efficiency until 1955, when a continuing 
experimental program showed that greater ef
ficiency and a purer product could be obtained 
with a York-Scheibel column. A sketch of a typical 
column is shown in Fig. 68. The feed solutions 
were treated for stabilization of Pu4 + using the 
NH20H NaN02 method discussed in Section 8.3. 
With such treatment, overall distribution coef
ficients for plutonium of >20,000 were routinely 
obtained using the procedure shown in the flow 
sheet given in Fig. 69. The plutonium in feed 
solutions of 4M HN03 - 0.5M Al(N08 ) 8 was 
readily separated from impurities such as lantha
num, americium, iron, calcium, magnesium, and 
aluminum but not from elements such as zirconi
um, uranium, thorium, cerium, and bismuth. 
Since this column was used for the concentration 
of the plutonium in the strip solution from the 
packed columns, where considerable purification 
had already been accomplished, the decontamina
tion factors listed in Fig. 70 were acceptable. 

As more experience was gained in the opera
tion of these columns, it was found that any 
~olids present in the feed, or solids that might 
precipitate during extraction, such as Si02 when 
the acidity of the aqueous phase was being changed 
by the extraction of H+ by the TBP, would ac
cumulate in the packed screen section and event
ually block the column or cause poor phase sepa
ration. Once the solids lodged in the screened sec
tion, it was almost impossible to get them out. 
Therefore a new column design was sought. The 
experimental design and pilot plant work resulted 
in the column shown in Fig. 71. This column, us
ing multi-layer Teflon settling areas instead of 
screens, was used for several years with TBP as 
the extractant for the purification of the plutoni
um in the concentrated strip solution from the 
packed columns. The operating conditions that 
were selected for normal operation are shown in 
the flow sheet in Fig. 69. Analytical data for the 
impurity content of a typical plutonium nitrate 
product are given in Fig. 72. 

The plutonium was stripped from the solvent 
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HOOD STILL PRODUCT 

4 liters 12.M. HN03 Pu IV 
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FILTRATE AND WASH 
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IM HN03, 211ters SOLVENT, 30% TBP, 70% 

GULF BT, ( Kerosene) I liter 

BATCH EXTRACTOR 

Roffinote, 8 M HN03 4.5 liters 

Aqueous !Solvent I STRIPPING SOWTION, 4 M 

I I FIRST STRIPPING I NH40H' 0.1 M NH20H • HN03 
20011\1. 
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maKe up 

16M. HN03 100 11\.Q. 

Solvent 
STRIPPING SOUJTION, O.ltJ! 

COMBINED STRIPPING SOLUTION, 

2.2 liters, o.5M HN0
3

, 0.1 M 

NH20H· HN03, 0.4 M NH4N0
3 

I SECOND ~TRIPPING '""'I ----iiNH20H. HN03 200 rnQ. 

HEAT LAMP at 10• C, NH2 OH 

Des1royed 

ACIDIFIED PRODUCT, I M HN03 
0.4 M NH4N03 2.3 liters 

EVAPORATION, Heat lamp, 70•c. 

Solvent 

THIRD THROUGH TENTH STRIPPING 1.- I 

STRIPPED SOLVENT 30% TBP, 
70% GULF BT, (Kerosene) 

Sample 

Recycled 

CONCENTRATED PROOLCT, 300 
mt 7 u HNO 7u NH NO I 1 

" To Metal Prepototlon 
rJ.!! 3'1!!43 

Fig. 65. Ftow '!beet o£ process used in 1950 and 1951 Cor cont't!ntration of column product. 

STRIPPING SOLUTION, 0,1 M 
NH20H · HN03 each 200mQ. 



Solvent Outlet ,--
Drive Shofl 

Cover for Mixing Chamber 
to Support Stirrer and Bearing 

Settling Chamber -------------l 

Fig. 66. Two-stage pump-mix unit. 

FEED 
Vol= 72..£ 
Pu = 5 g/R O.lM HN03 SOLVENT HN03= 5M 

35% TBP in Kerosene 5.5 ll./hr 
9./J/hr 

Solvent J ! 4.2/hr STRIPPING l J 
UNIT I PUMP MIX UNIT I 

I Solvent 

Rec 
Roffinate Aqueous t Pu = 0. 07 g/l., 

ycled 

Recycled Evaporated to yield 
nitrate product for 
Metal Preparation line 

Fig. 67. Flow sheet for pump-mix solv!!nt extraction unit used in 1952-1955. 

with NH.OH·HNO,.. At the flow rates shown for 
solvent and strip solution. the strip solution con
tained from 10 to 20g of plutonium per liter as it 
was leaving the column. This solution was too di
lute to serve as feed for the metal preparation sys
tem; hence, the plutonium was concentrated by 
the precipitation of the trivalent oxalate. Afte1· 
filtering. washing. and air-drying for 30 min, the 
cake was transferred to a pot furnace where the 

plutonium was converted to oxide by heating in a 
stream of air at S00°C for several hours. The rf'
sulting oxide was dissolved in 1OM HN0,-0.05M 
HF to form a concentrated feed. -400 g of plu
tonium in 900 ml of solution, for the metal prepa
ration system. This method had the advantage of 
giving an additional purification, especially from 
iron and aluminum, whereas evaporation of the 
strip solution would merely concentrate the im-
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Solvent Outlet 
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Mixing Section 

Settling Section of PackAd, 
Rolled, Stainless Steel Screen 

Perforated 
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__ __,\........_ ___ _ 
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to Drive Motor 
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Head 
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Fig. 68. York Scheibel mixer-settler extraction column. 
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FEED 
H+ = 5 M 
Pu = 360g 

0.2 M NH20H • HN03 
Strip Solution I SOLVENT I 8.Q/hr 

35% TBP in Kerosene 4~/hr Solvent Solvent 
I t ! 4.Q/hr 

EXTRACTION COLUMN I STRIPPING 
Stirrers of 600 R PM COLUMN Recy cled 

j Raffinate 
-2 

Stirrers at 650 R PM 
Pu= 2XIO g/.(? Aqueous 

~~~~n Recycled 

To Oxalate precipitation 

Fig. 69. Flow ~heet for mixer.set.tler column. 

ELEMENT 

Ni 

Fe 

Cu 

Cr 

Ce 

Th 

Zr 

u 

DECONTAMINATION 

FACTOR 

>5 X 104 

7 XI04 

>5 XI03 

6X 104 

6 XI03 

32 

39 

0.6 

separation of plutonium and zirconium. He found 
that Amberlite LA-1 was satisfactory for the 
separation and that by adding 10% n-decyl alcohol 
this secondary amine could be used to extract the 
plutonium from concentrated solutions without 
fear of third-phase formation. This method wall 
used for several years for the plutonium-zirconium 
<;eparation. being replaced only when the ion-ex
change technology had advanced to the state where 
an ion-exchange resin under proper conditions 
would give the desired product purity. 

Other solvents have been used. such as 
thenoyl tri-fluoroacetone. but none seemed to 
offer the process conditions that were deemed de
sirable for processing plutonium at Los Alamos. 

Fig. 70. D~contamination (actors obtained upon ex· 
traction of plutonium in six-stage mixer-set· 8.9.6 Solution Storage 
tier column. 

purities. The solvent was recycled in this system 
with periodic NaOH scrubs to remove any dis
solved degradation products. 

8.9.5 Other Solvents 

Planl systems using TBP as extractant wer!' 
usually unable to give complete separation of plu
tonium and all other elements. One of the ele
ments that tended to follow along with the plu
tonium was zirconium. Other extractants. such as 
tri-n-octylamine, Primene JMT, Armeen 2-12. 
9D-178, tri-lauryl amine, and Amberlite LA-1, 
were investigated by WinchesterClll. 11 2) for the 

Tn all of the processes discussed in this re
port. I h~ solutions are treated in 6-in.-diam glass 
tanks cmd stored in 6-in.-diam stainless steel tanks 
as shown in Figs. 73 and 74. respectively. The 
stainless steel tanks are standard 6 in .. IPS type 
304. schedule 10 pipe equipped with see-through 
sight pnds on each end of the horizontal tanks and 
on the sides of the vertically mounted tanks. These 
tnnks in ou1· instnllation are geometrically fnvor
<~ble to >500 g plutonium per liter. ms, The move
ment of any plutonium mRteriRI is documented on 
a computer program that gives the location. vol
ume or bulk weight. the plutonium content, the 
type of matel'ial. nnd the location for each con
tainer or batch of material in the plant. Ul4l 
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Sholl 

Glove Bo~~. Floor ____ -_ --~~--

Fig. 71. Mixer-setll'<'r column with Teflon disks in settling sections. 

CONCENTRATION 
ELMENT in PPm, 

based on Pu 
Be <0.1 
MQ <10 
AL 160 
Si <10 
Co 250 
Cr 25 
Mn 2 
Fe 60 
Co < 10 
Cu 20 
Nl 30 
Zn <10 
Zr <15 
Mo <25 
Ru < 25 
Sn 10 
La <15 
Ce < 100 
Pb 2 
81 25 
Am 4 

Fit:. 72. Averagl' conc-c>ntration of impurities in tht' 
final nitrate product. 

lnlorloc:o Ho!Qhl Controlled 
by Jaclt 119 on Aq.,tou1 Outlet 



Fig. 73. View of current feed treating tank. 
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Fig. 74. View of typical solution storage tanks. 
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