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The purpose of the Transguranics Program iz to develop separation
procezees for the transuranic elaments, primarily those produced by long
tern weutron lrradiation of Pu-239. The program includes lsboratory
process development, pilot plant process testing, processing of 10 kg
of Pu-239 irradieted to greater than 99% burmp for plutonium and
americiim-curium recovery, end processing the reirradiated plutoniwa
and smericivm-curium fractions. The proposed method for processing
highly irrediated plutonium 3e: (1) plutonium-alupminem alloy dissolution
in HND3; (2} plutonium recovery by TEP extraction; (3} americium, curium,
and rare sarth extraction by TEF from peutrsl nitrate solutiom; {U) partial
rare esrth removal (primarily lanthermm) by americium-curium extraction
into 100% TEP from 15 M ENQ3; (5) additicnal rere earth removal by extraction

' In Q.48 M mone-2-ethylhexylphosphoric acid from 12 M HC1; and (6) emericium-
. eurium purification by chloxide anion eachange. Processing through the
: 100% TEP--15 M ANO3 cycle can be carried cub in the Power Reactor Fuel
Reproceeeing Pllet Plent. Kew facilitics are proposed for lsberstory

procese development studiea and the final proceseing of the iranaplutorni
elements., )

. \\‘ r—'-'"“"l

. NOTICE

Thiz document contains lnformation of a preliminary noture
and was preparad primcily for imterngl uas of the Dok Ridge
HNational Labaratary. H ia subjest 1o raviaion or correctlon
and therafors do#s not represend o final raport. The information
3 not to ba cbatracked, reprinted or ctherwise given publis
dinnaminatlon without tha approvs] of the ORNL patent braneh,
Legal ond Informayion Contrel Depariment, )

RELEASE AFPRCYED

BY PATENT BAs
R gt gl




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, aor
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thersof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



-

TRANSURANIC STUDIES STATHS AMD PROBLEM STATEMENT

Objective and Scope

The purpose of the Transuranic Btudies Program is to develop snd s
test peparation processes for the transuranic elements. At present
primary emphasls is placed on development of pilot plant scale proceeees
for recovering plutonium and the transplutonic elements from highly
irradiated plutonium. These methods are needed to process 10 kg of
plutonim scheduled for irradiation to greater than 99% burmup. The
Chemical Technology Division Program lacludea: (1} laboratory scale
development and testing of the process chemistry; (2) pilot plant
dewonstretion apd processing of 10 kg of highly irradiated plutonium;
and {3} laboratory scale purification and isolation of the trapeplutonic
elemants,. Asecciated with this program are the irrediation of plutonium
fuel elements in the Oak Ridge Rescarch Reactor o provide development
material, development of handling and operating technigues for laboratory
acals proceseing of thess hezardous materials, snd deplign and construction
of &, Transuranic Facllity in which procsss development and product isocla-
tion will be carried out.

2.0 Posaible Prucessiﬁg Methods

Considerable knowledge of actinide chemistry i5 availeble. ™2 Processes

fnr recﬂvering gram amounts of Am-24%1 from kilogram gquantities of plutonium
pactive lanthampe have been nstrated at ORNL¥~7 end at Los

Alam:-s. Iaboratory scale techniques™ are available for recovering
gram qunnt.ities of americium and curium Lrom irradiated Am-2bl, and trans-
plutonic elements have been recovered from gram quantities of hi
irradiated plutonium.’* From this and other available informationles13
methods for processing 10 kg of highly frradiated plutonfum can be outlined. :
Al thongh the radiation scheduls haeg not been definitely determined, for .
discugsion of the methods it can be asgsumed that =99% of the Pu-239 will ’
te burned out and that at leamst & months will be allowed for decsy. The
approvimate composition of the highly irradiated plutoniim-alumioum s1loy
iz given in Table l. Considering the present knowledge, the tlwe schedule,
ana the awllable processing facilities, the following processing methods

are suggested: (1) dissolution of the plutonium-aluymizum alloy in 6 M HNOg; v
Ee) extraction of the plutonium with 30% TBP from the acid nitrate solutioh;
3) extraction of amerieium, curium, and rare earths with 30% TEP from the
nentralized nitrate solution; () partial séparation from rare earths .
(primarily lanthanum) by extraction of amerieium and euriom with 100% TEP
frem 15 M HNO3; (5) other rare earth removal by extraetion from 12 M HCL
with 0.48 M mm-E-ethylhe:quphnspharic seld; and (6) americium snd curium
final purificetion by anion exchange. A schematic outline of these methods
with approximate conditions ia given im Filg. 1. Many alternative methods
are poseible, and as development proceeds the flowshest will be modified
to make use of the hest comditions. For example, & single cycsle in whiech
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Table 1. Approximate sition p¥f Plutonium-Aluminum Allo
Irrediated to Pli=

Basis: 10 kg of plutoniuws as 6% plutonium alloy
Rlenanta wt, kg
Al 157
Pn 1.6%
Am + Cm 0.05%

Rare sarth fisslon products

Geseous

fizzion produsta

Other fission products

2.3

1.1

®Longer irrediation will convert the higher plutonium isctopes
to anericiuwm and eutium.
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plutopium, americium, curium, snd rere earths are extracted in the first
colum and americivm, curdum, and rare esrths are separated from plutonium
in the second column {see Fig. £) may replace the first two extraction
eycles shown in Fig., 1,

A detelled flowsheet for the plutonlum recovery cycls must be
prepared for pilot plant gperation. There is no 4ifficulty in obteining
good plutonium recovery, but careful adjostinent of conditions is required
to give high decontemination factora. It has been suggested by Hart
that 5% THP be used and that conditions be set to approsch saturstion of
the organic phaee at the feed plate, thus improving decomtamiration. An
alternative procedure is to use more concentrated TEF but to add urenium
to the feed in order to saturate the organie phase. These variables will
be considered in prepering and testing the flowsheet.

The americium send curlum recovery cycle was demonstrated in the
Matal Recovery Piloi Plant during proceselng of plutonium metallurglesl
waete? and the Clementinel’ fuel elements, However, optimm conditions
for this particular application should he determinesd. Since these con-
ditions will also quantiiatively exiract the rare earths, there will be
ne need to set optimm conditions for deconfeminstion of cother fission
products.

The lantheamm removel cycle was tested in the Metal Recovery Pllot
Plant? in separating gram quantities of Am-241 from kilogram quantitics

of nonradioactive lanthammm. Pome operationsl difficulties were encountered,

and salts precipitated from the concentrated nitric acid feed. These
Aifficulties met be reeolved, ani the effect of the presence of other
rars earths ouet be determined. Celculetions based on the distribution
coefficients in Fig. 3 indicate thet laothamm can be effectively removed
and cerium and prasecdymium can be partially rempoved by procesaing in
existing equipment. The Power Reactor Fuel Reprocessing Pllot Flant has

a aclvent column that provides for 17 £t of extraction apd 17 £ of scrub.
This ie equivalent to spproximately & scrub and & extractlon stages. For
the flowsheet condltions given in Fig. i, it can be calculeted that this
column will extract 99.5% of the amertcium and »99.5% of the curium, with
only 0.82% of the lanthaoum, 15% of the cerfum, and 75% of the praseodymium.
All the other rars carths will be guantitatively extracted. Actusl teosts
and determipation of optimum conditions sre needed. Theee can be started
in the laboratory with syntehtic fecde and tested later in the Pilot Plank
with irradiated plutonium feed. The use of Al-Z-ethylhexylrhosphoric acid
as an extractant wlll alzo be tested.

The rare earth removal cyele with mono-Z-ethylhexylphosphoric acld
for extracting rare earths from concentrated hydwochlovic acid reguires
g great deal of irnvestigatior and development. The flowsheet conditions
in Fig. 1 are ha.sac_]L on distribution cosfficients reported by Peppard,
Mason, and SironeniZ Distritution coefficlents (OfA) between 12 M HC1
and .43 M mono-2-ethylhexylphosphoric acid are; americium, 0.07%;
curlum, 0.11; lanthamme, .17; cerium, 0.30; prascodymium, 0.40;
necdymium, 0.50; and promethime, 0.58. OCalculations based on these data
imlicate that extraction of rare earthes from smerlelut and cuarium ia

<
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feasible. The curvea in Fig. 4 indicate americium and curium losses

as a funciion of the number of scrub stages, and the curves in Fig. S
indicate the fractions of various rare earths that will remain with the
americivwm and curimm. Ir 18 scrub stages are used, the curium loss will
be 1% and the americium loss <0.01%., With 9 extraction stages, 5.5% of
the ceriun and 0.8% of the praseodymium fed to this cycle will remain
with the americium and curium. Since only 19% of the total fission
product cerivm and T9% of the fissicn product prasecdymium was assumed

to enter this cycle, only 1% of the cerium and 0.6% of the prasendymium
will remain with the product. Thia eycle gives very little ssparation from
lanthannm, so that mbout 0.2% of the original fissien product lanthanum
will remein within the americium-curimm. Leez than 0.1% of all other rare
sarthe will remain with the americlum and curium. At present egulipment
and facilities are not sawallable for this cycle using concentrated hydro-
chloric acid, Inring process development, emphasia will be placed on the
nae of mindmm volumes. I the acsle of operstion can be kept smail, a
mixer-gettler unit can e instslled in the proposed Transursnic Facility.
The use of lithium chloride az a salting-agency may be helpful since
higher distribuytion eoefficientz and larger aeparation factore can be
obtained.

Information on chlorids anion exchangs 18 amilable; 3,10 however,
considarsble investigation in the laboratory is planned in order to set
optimmn conditions, to design and test equipment to be used in @-y-n
Bhlelded cells and to familisrlze pereonnel with the technligues.

3.0 Equipment end Facilities

Much of the development work can be ecarried ont in glove boxes now
available in the Isclation Building {3508}. However, boxes with only
light gamma shielding are available, and handling of soluticons with high
alphe and high gamme activity ls not fameible in the present facilitias.
A limited amount of this work may be done in the High-Lesvel Facility
(Building 4507} by ueing speeially designed glove boxes in the cells.
All the proceseing steps through the lantharm removal cyele {Fig. 1)}
can be carried out in the Power Reactor Fuel Reprocessing Pilot Plant.
The major modifications required for this procesaing are installation of
a corrosion resistant evaporator for feed ad)ustment and design and
Tabrication of equipment for removing and transporting the americium-
eurium concentrate,

Fadilities are not now available for sarrying out the rare carth
removel cycele with concentrated hydrochloric acld or for handling the
decagran quantities’ of americium and curium produced by irradiating
10 Xz of Pu-239. The Cm-242 iactope mﬁs handling difficult because
of its high specific activity (7.4 x 10 4/m/mg} epnd its high-energy
alpha {6.1 Mev), which produces neutrons by 7-n reaction. Work with
Cr-252 in present facllitles is out of the question becauses of 1te high
spontaneous fission rate {4.8 x 1010 fissions/m/mg),
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The Transuranic Facilities proposed for addition to the Isolation
Building will provide laboratories for work with alpha-active materials
and cells for work with alpha-, gamma-, and neutron-active materials.

A floor plan of the present and proposed btuilding is shown in Fig. 6.
This building will house essentially all the laboratory ecale alpha
work of the Chemical Technology Division and the principal Analytiecal
Chemlstry Division laborstories for highly alpha-actlive samples. The
building will be designated as a conteminsticn zone, and personmnel will
be required to enter and leave through change rooms.

Detailed design of the Transuranic Fecility will begin July 1959,
Construction will start March 1960 and should be complete by March 1961.

A cell mockup will be conmstructed in the attic of Building 3508
during the latter part of FY-1959. This mockup will be used to test
designs of the cells for the Trensuranic Facility. Later it will be
used for assembling and testing equipment to be used in the cells.

L.0 Trradiated Plutonium for Process Testing

Before the 10 kg of highly irradiated plutonium is processed, the
processes Wwill be tested in the Pilot Plant. Irradiated plutonium for
this testing will be availlsble from several sources. Table 2 lists the
material that will be available and gives the approximate processing
dates.

The processing date for 10 kg Pu given as July 1962 is not definite
but will be dependent upon the i tion schedule. This is discussed
in a secret supplement to this memo. L
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Table 2. Irredinted Plutonium Scheduled for Proceegeing at OENI,

Flutsnim Irradisation

Procees Procesaing Original Pu-239 Febrication Buriug, Material
Batch Date Content, g 3ite Reactor % Allocation
1 10-59 516 ORNL HTR T0-90 Cross-section
S w MTR TO-00 mesaurcment
2 1-51 300 ORNL - MTR 70-00 {rosa-gection
or 3000 AW MTE TA-% measurement
2000 i SER TO-20
3 1-62 150 ORNT, ORR 99 Transuranic
450 ;1 ORR 299 element
process
development
4 T-62 10,000 i SER 09 Transplutontc
elememnt
production
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