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PreConceptual Design for Separation of Plutonium and Gallium 
by Ion Exchange 

1.0 ABSTRACT 

The disposition of plutonium from decommissioned nuclear weapons, by incorporation 
into commercial U0,-based nuclear reactor fuel, is a viable means to reduce the potential 
for theft of excess plutonium. This fuel, which would be a combination of plutonium 
oxide and uranium oxide, is referred to as a mixed oxide (MOX). Following power 
generation in commercial reactors with this fuel, the remaining plutonium would become 
mixed with highly radioactive fission products in a spent fuel assembly. The radioactivity, 
complex chemical composition, and large size of this spent fuel assembly, would make 
theft difficult with elaborate chemical processing required for plutonium recovery. 

In fabricating the MOX fuel, it is important to maintain current commercial fuel purity 
specifications. While impurities from the weapons plutonium may or may not have a 
detrimental affect on the fuel fabrication or fuelkladding performance, certifying the effect 
as insignificant could be more costly than purification. Two primary concerns have been 
raised with regard to the gallium impurity: (1) gallium vaporization during fuel sintering 
may adversely affect the MOX fuel fabrication process, and (2) gallium vaporization during 
reactor operation may adversely affect the fuel cladding performance. Consequently, 
processes for the separation of plutonium from gallium are currently being developed 
and/or designed. In particular, two separation processes are being considered: (1) a 
developmental, potentially lower cost and lower waste, thermal vaporization process 
following PuO, powder preparation, and (2) an off-the-shelf, potentially higher cost and 
higher waste, aqueous-based ion exchange (IX) process. While it is planned to use the 
thermal vaporization process should its development prove successful, 3X has been 
recommended as a backup process. This report presents a preconceptual design with 
material balances for separation of plutonium from gallium by IX. 

2.0 BACKGROUND 

Tens of metric tons of plutonium from decommissioned weapons may be dispositioned as 
MOX fuel. Weapons-based plutonium can have a significant quantity of gallium (up to 1- 
wt %), which is introduced during nuclear material fabrication. The possibility exists that 
gallium can have a deleterious affect on the MOX fuel fabrication process, or the fuel 
cladding performance during reactor operation. Therefore, the prudent approach is to 
develop and/or design processes which can separate the plutonium from gallium prior to 
fuel fabrication. While thermal vaporization has been selected as the primary process for 
removal of gallium from plutonium in the oxide form, aqueous based processing is being 
maintained as an off-the-shelf contingency. In fact, aqueous based processing by IX was 
the plutonium purification reference process in the Data Report for the MOX Fuel 
Fabrication Programmatic Environmental Impact Statement (PEIS) (Reference 1, Section 
4.2). Since preparation of the PEIS Data Report, it has been determined vaporization may 
separate gallium from plutonium with less waste, less risk of criticality, and ultimately less 
cost (this process is referred to as Thermally Initiated Gallium Removal or TIGR). 
However, since the TIGR process is currently under development such that its 
effectiveness has not yet been completely demonstrated, consideration of aqueous based M 
processing for gallium separation from plutonium is being maintained as a contingency. 

In-light of this rationale, a preconceptual flowsheet has been prepared for off-the-shelf IX 
separation. All equipment required for this =-based flowsheet is currently available from 
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commercial vendors, and the necessary unit operations (Le. dissolution, separation, and 
product preparation) have been previously demonstrated at U.S. Department of Energy 
(DOE) facilities (Reference 2). 

3.0 PROCESS DESCRIPTION 

The principal unit operations required for separation of plutonium and gallium by ion 
exchange (E) are shown in Figure 1. By the use of nitric acid and water recycle, the 
waste products are limited to TRU waste, mixed waste, and emissions. The TRU waste is 
essentially due to the americium present in the weapons-based plutonium, the mixed waste 
consists of the plutonium contaminated organic ion exchange resin, and the emissions are 
due to NO,, CO, and water vapor. 

Figure 1. Process Block Diagram 

Figure 2 shows the feed conditions for the detailed M flow sheet to be used as the basis for 
this preconceptual design. The basis for selecting the feed conditions is described in the 
following text. The basis for determining the overall material balances, including waste 
which results from the various feed streams, is detailed in the following Material Balances 
section. 
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Figure 2. Overall Process Flowsheet with Feed Characteristics 

3.1 Oxidation of Metal 

The ARIES/HYDOX process (Reference 3) has been selected as the means for converting 
Pu-metallic weapon pits to plutonium oxide. This processes has been selected based upon 
the need to disposition relatively-complex plutonium metal configurations. In producing 
plutonium oxide, the ARIES process essentially involves changing metallic plutonium to a 
plutonium hydride powder, converting the hydride to a nitride, and then converting the 
plutonium nitride to plutonium oxide. The intermediate nitride step avoids the direct 
oxidation of hydride, which eliminates the presence of hydrogen with oxygen in potentially 
explosive combinations. If the baseline thermal vaporization process is used to remove 
gallium, the gallium is essentially vaporized from the PuO, following partial reduction of 
G%O, to G%O by hydrogen at a very low pressure (this avoids explosion concerns). The 
gallium depleted plutonium oxide is then ready for MOX fuel fabrication. 
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3.2 Dissolution of Oxide 

In general, the dissolution of plutonium metal with moderate acids such as nitric acid 
(HNO,), is much more difficult than dissolution of plutonium oxide. While plutonium 
metal can be satisfactorily dissolved with strong acids such as HCl, the stronger acids tend 
to excessively corrode separations processing equipment (Reference 4, Chapter 4 - Section 
4 and Chapter 6 - Section 8). For this reason, plus the fact that plutonium oxide 
preparation from metallic plutonium pits is being developed as part of the ARIES/HYDOX 
process, plutonium/gallium oxide rather than metal is the feed form of choice for aqueous- 
based processing. 

In keeping with a heconceptual Design based upon off-the-shelf technology, it is desired 
to use either nitric acid alone, or nitric acid with a small amount of HF, for dissolution of 
the plutoniudgallium oxide feed. If nitric acid alone is used, while the waste is less the 
design must be based on the French Electrolytic Dissolution process (Reference 5), which 
is currently the only industrial based process for plutonium oxide dissolution with only 
nitric acid. In order to be conservative with waste estimates, plutonium oxide dissolution 
with a small amount of HF added to the nitric acid will be the basis for this design. Typical 
conditions for dissolution are those which result in 7 M HNO, and 0.05 M HF as feed for 
the M operation (Reference 1). 

3.3 Ion Exchange (IX) 

The technical basis for ion exchange separation of plutonium from gallium has been 
described in Reference 6. Anion rather than cation exchange has been selected as the basis 
for this Preconceptual Design due to currently existing plutonium anion exchange 
operations (see Reference 1). 

The IX process is essentially divided into three steps: (1) loading of plutonium nitrate on 
the anion exchange resin while gallium and americium remain in the original feed solution, 
(2) washing of the resin following completion of the loading step to remove interstitial 
liquid which contains gallium and americium (which results from decay of 241Pu), and 
finally (3) elution of the resin to remove the plutonium and regenerate the resin for repeat 
loading. 

During the loading step, the plutonium nitrate solution resulting from the dissolution of 
plutonium oxide by nitric acid with a small amount of HF, tends to form plutonium nitrate 
anion complexes at nitrate concentrations greater than 5 to 6 h.I (Reference 7, Section 13- 
3.2.d). If the resulting dissolved plutonium nitrate conditions are carefully controlled, the 
PuW+ oxidation state will predominate, and is highly exchangeable with an anion exchange 
resin as a nitrated anion complex. In contrast, the gallium and americium ions are 
essentially nonexchangeable with the anion exchange resin for these conditions (Reference 
6, Chapter 8 - Figure 8). Consequently, plutonium will preferentially exchanged under 
carefully controlled conditions. 

As described in Reference 6, the PUN+ species in nitric acid is more extractable on anion 
exchange resins than the other plutonium oxidation states (such as Pum+ and PuW+). 
Consequently, following dissolution a pretreatment step is required to prevent fluoride 
loadin of the resin , and another pretreatment step is required to maintain predominance of 
the Pu oxidation state. The formation of Pum+ can be minimized by maintaining the free 
nitrate (NO;) concentration at 7 I$ but for PUN+ to predominate, hydrogen peroxide (H202) 
must be added to prevent formahon of PuVk (Reference 7, Section 13-1.4). Addition of 
HF to enhance PuO, dissolution in nitric acid (HNO,) will tend to form PuF, complexes 

i%+ 
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which can compete and interfere with the exchange of the plutonium nitrate anion 
complexes (Reference 7, Section 13-3.2). Consequently, aluminum nitrate can be added 
so that the F anion will complex with the AI3+ cation and minimize the formation of PuF,. 
It is important to note that complete formation of the most exchangeable form of plutonium 
(i.e. ~N'(N0;)6]=) is not necessary because as the most exchangeable species is 
exchanged from solution to resin, the species in solution will maintain an equilibrium mix 
which implies continued formation of the most extractable species. 

A wash step follows the plutonium loading in order to remove interstitial liquid bearing 
gallium and amercium, prior to the elution step. This interstitial liquid is actually the 
plutonium feed solution which remains in the column once loading is discontinued. Two 
wash steps are used in order to prepare the column for elution with hyrdoxylamine 
(H,NOH). The first wash is 7 M HNO, which is concentrated in NO; in order to prevent 
Pu oxidation state change on the resin, or plutonium nitrate anion decomplexation, which in 
either case will cause the plutonium to leave the resin. This wash solution is routed to the 
waste since it has significant quantities of gallium and americium. The second wash is 1 M 
HNO, which prepares the resin for elution with hydroxylamine, since hydroxylamine can 
react and form gases with more concentrated HNO, (such as 7 M). Since the second wash 
is more dilute in NO;, some plutonium may leave the resin, but since it should have little 
gallium or americium present, this wash can be routed to the plutonium product collection. 

And finally, the elution and resin regeneration can be combined in a single step. The 
elution (plutonium removal from resin) is achieved by two mechanisms. The fust is 
passing dilute nitric acid through the column which decomplexes the plutonium nitrate 
anion in accordance with Equations 1-3. 

PuW+ + 6(NO;) = Pu(NO,),= Equation 1 

Equation 2 

[h(NO,),'] = K,[PU'~+] [N0;l6 Equation 3 

Equation 1 is simply the stociometric chemical reaction for the formation of the doubly 
charged plutonium nitrate anion complex. Equation 2 represents the idealized equilibrium 
expression where square brackets define concentrations. And finally, Equation 2 is 
rearranged to yield Equation 3 which indicates the affect of the free nitrate anion (NO;) 
concentration on the fomtion of the plutonium nitrate anion complex. From Equation 3 it 
is apparent that reducing the free nitrate anion concentration (or nitric acid concentration as 
shown by Equation 4) will also reduce the plutonium nitrate anion complex. 

HNO, = H' + NO; 

and since [H+] = [NO,] 

[NO,] = K,q[HN03]1'2 Equation 4 
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If the plutonium does not exist as a nitrated anion, it will not remain on the IX resin. 
Similar behavior occurs for the single charged plutonium nitrate anion complex 
[Pu(NO,),'], and triple charged or greater anion complexes which exist at only very small 
concentrations, if at all. The second mechanism used to affect removal of plutonium from 
the IX resin is the use of hydroxylamine (H,NOH), which can be used in conjunction with 
the dilute nitric acid. Hyrdoxylamine acts as a reducing agent for the Pu"' nitrated anion 
complex. The PUN' is reduced from the +4 oxidation state to the plus three (PU"'), which 
does not readily form nitrated anion complexes (Reference 7, Section 12-7). By doing 
this, the plutonium decomplexes from the nitrate on the IX resin and then enters solution. 
Typical conditions for the elution are 0.5 M HNO, and 0.5 @%NOH (Reference 1). The 
free nitrate in solution also serves to recharge (or replace) the anion sites which were 
consumed by the plutonium nitrate anion complexes. These recharged sites are then 
available to repeat the plutonium loading step. 

It is important to charge the fresh (never before used) resin with nitrate anions the initial 
time prior to loading. 

3.4 Plutonium Product Preparation 

Precipitation of Pum+ oxalate may be accomplished from solutions containing as little as 1 
g - M  and not more than 4 a HNO, (Reference 7, Section 15-1.4). Oxalic acid may be 
added as a solid or liquid, at a rate not particularly important. After approximately a thirty 
minute digestion period, the precipitate is washed with water and dried. 

Calcination of plutonium oxalate precipitate versus direct calcination of plutonium nitrate 
has the advantage of forming less dense plutonium oxide particles (Reference 7, Section 
15.1-6). The less dense particles can be more suitable for follow on operations such as 
MOX fuel pellet formation by sintering. 

3.5 Recycle Operations 

There are numerous places in the proposed Flowsheet shown in Figure 2 for which recycle 
operations could significantly reduce waste streams. Since this is a preconceptual design, 
the details of recycle will not be produced here; but rather, it is assumed classical 
evaporation and distillation unit operations will be used to separate nitric acid and water for 
recycle from the salts. 

3.6 Waste Generation 

As noted in Section 3.5, much of the nitric acid and all of the water water will be recycled, 
while the salts will be separated as waste. Additionally, following the specified number of 
regenerations, the IX resin will become waste as well. HF was selected for dissolution of 
PUO, rather than electrolytic dissolution developed by the French; however, the use of 
electrolytic dissolution would eliminate the need for Al(NO,),. 



4.0 MATERIAL BALANCES 

4.1 Dissolution of Oxide 

The following conditions were assumed for dissolution of the plutonium oxide in nitric acid 
(HNO,) and hydrofluoric acid (HF). 

(1) 10-MT Pu metal feed 
(2) PuO, formation per the Pit Disassembly and Conversion Facility (PDCF) 
(3) Conditions following feed dissolution shall be approximately 150 g - M  at 

approximately 7 M free nitrate (NO,'), i.e. not complexed with plutonium. The 
plutonium concentration has been selected as one-half of 300 g-Pu/L which is the 
approximate maximum concentration without formation of plutonium polymer in nitric 
acid solution (Reference 8, Pg 59). The ion exchange column diameter will be selected 
for sub-critical operation. The free nitrate anion concentration following dissolution, 
and entering the ion exchange column, is based upon achieving maximum resin loading 
for a strong-base anion-exchange resin (Reference 9, Chapter 8, Figure 8). 

(4) The plutonium-nitrate anion complex following dissolution will consist of essentially 
100% double charged anion, Pu(NO,),' (Reference 10). While some Pu(NO,), will 
exist as well, the equilibrium determination is difficult at best, such that assummg 
100% Pu(J40?),= will conservatively estimate nitrate consumption and hence nitrate 
waste. Addibonally, as PU(NO,),= is preferentially exchanged over Pu(NO,);, the 
single-charged anion will convert to the double-charge anion in solution in order to 
maintain equilibrium. 

Section 16-1.2.b.l). Feedstock for HN03 and HF, shall be -15 M HNO,, and 52 
wt% water for HF. These are typical concentrated acids which can be readily purchase 
from most chemical suppliers (Reference 11). The use of concentrated acids minimizes 
water waste. 

(5) 0.05 &i HF will be added to the HNO, to enhance PuO, dissolution (Reference 7, 

(6) Dissolution chemistry for G%03, Am,,O,, and other minor constituents can be ignored 
due to their low concentrations. 

Figure 3 highlights the materials balances for the Dissolution and pretreatment steps shown 
in Figure 2. The bold italics of Figure 3 are the given values from the previous steps (1)- 
(3, which are used to establish the complete material balances. The material balance 
calculations are shown in the text following Figure 3. 
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670 Kg-0, 
10,OOO Kg-Pu as Pu02 
100 Kg-Ga as Ga2O3 
2 Kg-Am as Am203 -150 g-P& - 7 M H N 0 ,  

-0.05 a HF 
Dissolution PreTreatment . 

25,565 Kg-Pu(NO,),' 

52,267 Kg-H,O 
93 Kg-AlF, 

29,610 Kg-HNO, 

A 
- 

100 Kg-Ga3+ 
2 Kg-Am3+ 

45,216 Kg- HNO, 
67 Kg-HF 
47,652 Kg-qO 
669 Kg-02 

417 Kg-AI(N03)3.9H,O 
1423 Kg-H202 
1423 Kg-H,O 

Figure 3. Material Balances for Oxide Dissolution and IX Pretreatment 

Dissolution Reaction: 

PuO, + 6HN0, -> Pu(NO,),' + 2H20 + 2H' 

The dissolution can be made fumeless, as the Europeans do (Reference 4, Chapter 10, 
Section 4.4), by the addition of oxygen. 

PuO, + 6HN0, + 1/2(0,) -> Pu(NO,),' -I- 3H20 

Approximate (assume 239Pu) moles of plutonium per 10,000 Kg: 

Amount of nitrate complexed with plutonium during dissolution for Pu(NO,),': 

(4 1,84 1 gmole-Pu) (6 gmole-Noi) = 2.5105~10~ gmole-NO; 
(1 gmole - Pu ) 



Nitric acid required for complexation: 

= 15,816 Kg-HNO, (0.063 Kg - HNO,) 
(1 gmole - NO;) 

(2.5 1 0 5 ~ 1 0 ~  gmole-NO;) 

Total volume of feed solution required for IX based on 150 g-PuL: 

Amount of free nitrate/nitric acid required for 7 M NO; following dissolution: 

(7 gmole-NO;/L)(66,667 L) = 4.6667~10' gmole-NO; 

(0'063 Kg - HN03) = 29,400 Kg-mO, (4.6667~105 gmole-NO;) 
(1 gmole - NO;) 

Total nitric acid required for dissolution/IX: 

(15,816 + 29,400) Kg = 45,216 Kg-HNO, 

Water present with concentrated nitric acid used as feed stock (15 M at p =1.4, Reference 
11): 

H20) (45,216 Kg-HNO,) = 19,378 Kg-H,O 
(0.70 HNO,) 

Amount of water present in the 7 M nitric acid following dissolution can be approximated 
as 64 wt% (Reference 12, pg D-238): 

H20) (29,400 Kg-HNO,) = 52,267 Kg-H,O 
(0.36 HNO,) 

Amount of oxygen required for fumeless dissolution: 

(0.5 gmole - 0,) 
(1 mole  - Pu) 

(4 1,84 1 gmole-Pu) = 20,920 gmole-0, 

(20,920 gmole-0,) = 669 Kg-O, Kg - '2) 
(1 gmole - 0,) 

Water produced per fumeless dissolution: 

3 gmole - H,O 0.018 Kg - H 2 0  
1 gmole - H,O 

(4 1,84 1 gmole-Pu) = 2259 Kg-H,O 
1 gmole - Pu 
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Hydrofluoric acid required at 0.05 M: 

(0.05 gmole-HF/L)(66,667 L) = 3333 gmole-HF 

= 67 Kg-HF 0.020 Kg - HF (3333 gmole-HF) 
1 gmole - HF 

Water present with concentrated hydrofluoric acid (HF) used as feed stock (48 wt% HF, 
Reference 11): 

(67 Kg-HF) = 73 Kg-H20 (0.52 H,O) 
(0.48 HF) 

Table 1 sunmaizes conditions for the Dissolution step of Figure 4. 

ComDonent Mass (Kp) Input(i) or Output(0) Unit Operation 

PU(NO,),'~"' Y dissolved PuO, (0) pretreatment 
HNO, 15,816 complexed Pu feed (i) 

HF 67 0.05 a feed (i) 

PUO, 11,339 feed (i) PDCF~ 

29,400 7 M feed (i) 

19,378 HNO, feed (i) 
73 HF feed (i) 

H2O 

28.201 feed (i) 
47.652 

2259 fumeless dissolution (0) pretreatment 
49,9 1 1 

0 2  669 feed (i) 

aY=[(239+62~)/239]( 10,OOO Kg) 
bPDCF=Pit Dissassembly & Conversion Facility 

Table 1. Dissolution Summary 

4.2 IX Feed Pretreatment 

The following conditions were assumed for pretreatment of the plutonium nitrate anion 
prior to ion exchange. 

(1) Aluminum nitrate [Al(N0,);9H2O] will be added as a solid (Reference 2, pg. 10) 
to complex the free fluoride anion (F) following feed dissolution, so that the 
fluoride does not form the less exchangeable species PuF,. ~(N0,) , '9H2O will 
be added at a stoichiometric amount such that the Al" cation consumes all the 
available fluoride. 
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(2) While the -7 ha nitric acid resulting from dissolution should promote the formation 
of the desired, more exchangeable PUN" oxidation state over Pum+, the addition of 
hydrogen peroxide (KO2) is necessary to inhibit the formation of the less 
exchangeable Pu"'. Hydrogen peroxide as a reductant for hVk has the advantage 
of not contributing to solid waste. A stoichiometric amount of H,O, should be 
adequate for Puw" reduction, for conditions of moderate HNO, concentration and 
non-dilute plutonium concentration (Reference 7, Section 13- 1.4.b). Com lete 

order to maintain equilibrium in the liquid, as the Pu' exchanges onto the resin. 
This will slow the kinetics of exchange as the conversion must first occur. This 
can be dealt with by increasing the IX column residence time. H202 will be added 
as a 50 wt% water solution (Reference 11). 

elimination of Pum+ and Puw+ are not necessary as the will convert to Pu 2 in 

Fluoride/aluminum complexation reaction: 

3HF + A1(NO3)i9H2O -> AlF, + 3H" + 3NO; + 9H20 

Aluminum required for fluoride: 

(1 gmole - AI,") 
(3 gmole - F-) 

(3333 gmole-F) = 11 11 gmole-Al" 

- - [l gmole - Al(NO3),.9H,O] (0.375 Kg - A1(NO,),.9H2O) 
[ 1 gmole - Al(NO,), .9H,O] 

(1 1 1 1 gmole-~l~+) 
( 1 gmole - AI,+ ) 

4 17 Kg-Al(N0,),.9H2O 

(1 gmole - AlF,) (0.084 Kg - AE,) 
(1 gmole - AI,") (I gmole - AIF,) 

( 1 1 1 1 gmole-A13+) = 93 Kg-AlF, 

Water produced from decomposition of aluminum nitrate nanohydrate: 

9 gmole - H,O 0.018 Kg - H,O 
[ 1 1 1 1 gmo1e-Al(NO3)~9~0] = 180 Kg-HZO 

1 gmole - ~(N0 , ) , , 9H20  1 gmole - H,O 

Nitric acid produced by decomposition of aluminum nitrate nanohydrate and H" from HF 
dissociation: 

- - 3 gmole - HNO, 0.063 Kg - HNO, 
1 gmole - A1(N0,),.9H20 1 gmole - HNO, 

[ 1 1 1 1 gmole-Al(N0,),~9H20] 

210 Kg-HNO, 

Reaction for hydrogen peroxide reduction of Pu''": 

pun" = hV'+ + 2e- 

Puv'+ + 2e-+ $02 -> PuN+ + H,O + 1/2(0,) 
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Hydrogen peroxide required: 

(10,000 Kg - Pu) 
(0.239 Kg - Wgmole - Pu) (1 gmole - PU) 

(1 gmole - H20,) (0.034 Kg - H,02) 
(1 gmole - H202) 

= 1423 Kg-H20, 

Oxygen produced from reduction reaction: 

(1423 Kg - H202) (0.5 gmole - 0,) (0.032 Kg - 0,) 
(0.034 Kg - H,O,/gmole - H,02) (1  gmole H,O,) (1 gmole - 0,) 

= 670 Kg-0, 

Water produced from reduction reaction: 

(1423 Kg - H,O,) (1 gmole - H,O) (0.018 Kg - H,O) 
(0.034 Kg - H,02/gmole - H202) (1 gmole H,02) (1 gmole - H20)  

= 753 Kg-H,O 

Water produced from 50 wt% hydrogen peroxide solution: 

Table 2 summarizes conditions for the Pretreatment step of Figure 3. 

Component Mass (Kg) Input(i) or Output(o) Unit Operation 
Pu(N0,),'4") Y Pu feed (i) dissolution 
Pu(NO,),= 25,565 pretreated IX feed (0) loading 
4(NO3),9H.@ 417 feed (i) 

1423 feed (i) 
210 AW33)39H,O (0) loading 

29,400 dissolution feed (i) dissolution 
29,610 

F 64 HF dissociation (i) dissolution 

49,9 1 1 dissolution feed (i) dissolution 
753 H20, rxn (0) loading 
180 kd(N0,)39H20 rxn (0) loading 

670 H,02 rxn (0) disposal 
93 A1(N03)3;9H20 rxn (0) loading 

100 PU feed (I) dissolution 
100 pretreated IX feed (0) loading 

Amh 2 Pu feed (i) dissolution 
2 pretreated IX feed (0) loading 

H202 
HNo3 

1423 H202 feed (i) H20 

52,267 
0 2  

3 

aY=[(239+62x)/239](10,000 Kg) 

Table 2. Pretreatment Summary 
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4.3 IX Resin Loading 

Figure 4 highlights the materials balances for the M Loading step shown in Figure 2. The 
material balance calculations are shown in the text following Figure 4. 

36 Ke-drv resin 

Interstitual Liquid 
5188 Kg-NOi 

13,204 Kg-HNO, 
6838 Kg-NOi 
656 Kg-NH20H+ 
58,947 Kg-H20 
37 Kg-AlF, 
40 Kg-Ga3+ 
0.8 Kg-Am3+ 

1252 Kg-HN03 
1650 Kg-NOY 
656 Kg-NH20H+ 
37,848 Kg-H20 Ix 

Loading 
36 Krr-drv resin 
25,565 Kg-PU(N03)< 
Interstitual Liquid 
17,658 Kg-HN03 
3 1,168 Kg-HZO 
56 Kg-AF, 
60 Kg-Ga3+ f 1.2 Kg-Am3+ 

25,565 Kg-h(NO,),= 
29,610 Kg-HNO, 
52,267 Kg-HZO 
93 Kg-AlF3 
100 Kg-Ga3+ 
2 Kg-Am3+ 

Figure 4. Material Balances for IX Loading 

Plutonium loaded on IX resin: 

10,000 Kg-Pu 

The minimum resin required assuming e uilibrium loading, and based upon a typical 
strong-base anion resin such as Reillex’HPQ (Reference 13), is determined as follows: 

- (10,000 Kg-Pu) (1 gmole - Pu) [2 meq/gmole - Pu(NO,),=] [ 1 gmole - Pu(NO,),=I - 
(0.239 Kg - Pu) (4.1 meq/Kg - dry resin) (1 gmole - Pu) 

20,410 Kg-dry resin 
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This is not the total amount of resin consumed, because the ability to regenerate and recycle 
greatly reduces the resin consumption as shown in the following. 

However, the author’s discussions with personnel who have experience operating similar 
processes indicate the resin loading should not exceed -65 g-M-resin. This is based on 
the following criticallity concern. While the IX column can be easily designed as subcritical 
for most aqueous solutions of plutonium, the presence of an organic resin replaces aqueous 
hydrogen atoms with carbon. These carbon atoms may not moderate differently than 
hydrogen, but carbon does not capture neutrons as does hydrogen. 

The resin interstitial liquid can be determined as follows. The maximum packing factor for 
identical size spheres is defined as face-centered cubic, and corresponds to 74 vol% 
(Reference 14, Chapter 4, Section 3). This implies the liquid volume between IX resin 
particles consumes a minimum of 26% of the total combined volume. Based on Table 16-3 
of Reference 15, the moisture content for a tygical strong-base anion exchange resin in use 
is - 50 wt%, and the wet density is - 45 lb/ft (721.5 Kg/m3). 

The total column volume required for exchange, independent of regeneration, is: 

- 76,455 L 1 
(0.74) 

x-- 20,410 Kg - dry resin 1 
(1 Kg - dry resid2 Kg - wet resin) (0.7215 Kg - wet resin/L) 

-- - 130 g-PU/L-COlUmn (10 MT-Pu) (lo6 g) 
(76,455 L -Column) (1 MT) 

Since the criticallity limit is 65 g-Pu/L-resin, and it is assumed the entire column is loaded 
with resin, the resin will be loaded to only 50% capacity. This will not increase resin or 
reagent consumption, but it will double the number of operating cycles. This is based on 
resin regeneration, and the recycle of nitric acid and water. 

The liquid interstitial volume can be determined as follows: 

0.26[2(76,455 L)] = 39,756 L-liquid volume 

The total resin consumption can now be determined as follows. Based upon the author’s 
conversation with those who have processed plutonium with similar anion exchange resins, 
it is estimated based upon utilizing resin regeneration, that one column volume of resin (6 
in. I.D. by 6 ft length) can process 2.5 MT plutonium. 

(10 MT-Pd2.5 MT-h) = 4 column volumes of resin consumed 

3 0.0254 m 
1 in 

= n(3 in)’(72 in) ( ) = 0.033343 m3 
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Resin mass = (resin fracti0n)pV 
(1 Kg - dry resin) 
(2 Kg - wet resin) 

(1000 L) 
(1 m3> 

= 0.74(0.72 15 Kg-wet resin/L) (0.033343 m3) 

= 8.901 1 Kg-dry resin 

(8.901 1 Kg-dry resirdcolumn volume)(4 column volumes) = 35.604 Kg-dry resin 

The composition of interstitial liquid in equilibrium with the resin following loading can 
then be determined as follows. 

(39,756 L/66,667 L)(29,610 Kg-HNO,) = 17,658 Kg-HNO, 
(39,756 L/66,667 L)(52,267 Kg-H,O) = 3 1,168 Kg-H,O 
(39,756 L/66,667 L)(93 Kg-AlFg = 56 Kg-AlF3+ 
(39,756 L/66,667 L)( 100 Kg-Ga ') = 60 Kg-Ga 
(39,756 L/66,667 L)(2 Kg-Am3') = 1.2 Kg-Am3' 

In order to complete the material balances shown in Figure 4, it is necessary to estimate the 
composition of interstitial liquid and of the resin prior to loading, i.e. following 
regeneration. The composition of interstitial liquid in equilibrium with the regenerated resin 
entering the loading cycle, and forced out of the resin upon loading, is determined in the 
Section on ElutiodRegeneration later in this text. The results are summarized in the 
following. 

Recharged resin: 
5 188 Kg-NO; on resin and replaced by plutonium during loading 

Interstitial liquid from ElutiodRegeneration: 
39,756 L liquid 
1650 Kg-NO; in liquid 
1252 Kg-HNO, in liquid 
656 Kg-NH,OH in liquid 
37,848 Kg-H,O in liquid 

The composition of the effluent from which the plutonium has been removed is simply (1) 
the interstitial liquid in the recharged resin, and (2) the resin nitrate displaced by the 
plutonium nitrate anion, and (3) the pretreated dissolved feed minus the plutonium and 
minus that left in the interstitial resin space upon completion of loading. 

The summary of Loading conditions is shown in Table 3. 
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ComDonent Mass USE) 
PU(NO,),= 25,565 - 

NH,OH+ 626 
626 

PU(NO,)6= 25,565 

HNO, 

NO3- 

A1F, 

Ga3' 

Am3+ 

resin 

13,204 
29,6 10 
17,658 

1252 
1650 
6838 
5188 
5188 

58,947 
52,267 
31,168 
37,848 

37 
56 
93 
40 
60 

100 
0.8 
1.2 

2 
36 

~~ 

Inuut(i) or Outputt(0) 
feed(i) 
resin(o) 
interstitial liquid(i) 
waste(o) 
waste(o) 
feed(i) 
interstitial liquid(0) 
interstitial liquid(i) 
interstitial liquid(i) 
waste(o) 
resin(i) 
resin(o) 
waste(o) 
feed(i) 
interstitial liquid(o) 
interstitial liquid(i) 
waste(o) 
interstitial liquid(o) 
feed(i) 
waste(o) 
interstitial liquid(o) 
feed(i) 
disposal( 0) 
interstitial liquid(d) 
feed(i) 
feed(i) 

~~ ~~ 

Unit Operation 
pretreatment 
wash 
regeneration 
recycle 
recycle 
pretreatment 
wash 
regeneration 
regeneration 
recycle 
regeneration 
wash 
recycle 
pretreatment 
wash 
regeneration 
disposal 
wash 
pretreatment 
recycle 
wash 
recycle 
recycle 
wash 
recycle 

Table 3. IX Loading Summary 

4.4 IX Pre-Elution Wash 

Figure 5 highlights the materials balances for the IX Wash step shown in Figure 2. The 
material balance calculations are described in the text following Figure 5. 
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t 
35,190 Kg-HNO, 
62,336 Kg-H20 
56 Kg-AlF, 
60 Kg-Ga3+ 
1.2 Kg-Am3+ 

36 Kg-drv resin 

Interstitual Liquid 
17,658 Kg-HNO, 

25,565 Kg-Pu(NO,)< 

3 1,168 Kg-H20 
56 Kg-AlF, 
60 Kg-Ga3+ 
1.2 Kg-Am3+ IX 

Wash 
36 Kg-drv resin 

Interstitual Liquid 
25,565 Kg-Pu(N03),= 

7 M HNO, wash 
17,532 Kg-HNO, 
31,168 Kg-&O 
1 M HNO, wash 
2504 Kg HNO, 
39,230 Kg-50  

2504 Kg-HNO, 
39,230 Kg-H,O 

Figure 5. Material Balances for IX Wash 

Conditions for the IX wash are (1) one interstitial column volume (39,756 L) of 7 M HNO, 
to rinse the interstitial volume remaining from the Loading step, and (2) ) one interstitial 
column volume (39,756 L) of 1 M HNO, to rinse the 7 M HNO, prior to addition of the 
hydroxyl amine during elution. Hydroxyl amine will react vigorously with concentrated 
nitric acid. 

One-interstitial column volume (39,756 L) at 7 HNO,: 

7 gmole - HNO, / L 
(1 gmole - HN0,/0.063 Kg - HNO,) 

(39,756 L) = 17,532 Kg-HNO, 

The amount of water with 7 M HNO, (64 wt% H20) is: 

(0.64/0.36)(17,532 Kg-HNO,) = 31,168 Kg-H20 

One-interstitial column volume (39,756 L) at 1 M HNO,: 

1 gmole - HNO, / L 
(1 gmole - HNOJO.063 Kg - HNO,) 

(39,756 L) = 2504 Kg-HNO, 
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The amount of water with 1 M HNO, (94 wt% H20 - Reference 12, pg D-238) is: 

(0.94/0.06)(2504 Kg-HNO,) = 39,230 Kg-KO 

The final 1 &J HN03 wash remains as interstitial liquid for the ElutiodRegeneration step. 
See Table 4 for a summary of the Wash step. 

Component Mass (Kg) Inputli) or Output(o) Unit Oueration 
Pu(NO,),= 25,565 resin(i) loading 
Pu(NO;)i= 25,565 resinid) 
HNO, 17,532" 7 M feed(i) 

2504 1 Mfeed(i) 
2504 

17,658" 
35,190 
31,168 
39,230 
39,230 
31,168 
62,336 

56 
56 

Ga3+ 60 
60 

Am3+ 1.2 
1.2 

H2O 

AF3 

interstitid liquid(o) 
interstitial liquid@ 
waste( 0) 
7 M feed(i) 
1 Mfeed(i) 
interstitial liquid(0) 
interstitial liquid(i) 
waste(o) 
waste(0) 
interstitial liquid(i) 
waste(o) 
interstitial liquid(i) 
waste(o) 
interstitial liquid(i) 

elutioi 

elution 
loading 
recycle 

elution 
loading 
recycle 
recycle 
loading 
recycle 
loading 
recycle 
loading 

"these values should be identical, but differ due to round-off error 

Table 4. IX Wash Summary 

4.5 IX ElutiodRegeneration 

Figure 6 highlights the materials balances for the Tx ElutiodRegeneration step shown in 
Figure 2. The material balance calculations are described in the text following Figure 6. 
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10,000 Kg-Pu3+ 
9127 Kg-HNO, 
8726 Kg-NO,' 
3469 K g - w O H +  
239,382 Kg-H20 t 

36 Kg-dry resin 

Interstitual Liquid 
25,565 Kg-Pu(NO,)C 

2504 Kg-HNO, 
39,230 Kg-H20 Ix 

ElutiodRegeneration 
36 Kg-dry resin 

Interstitual Liquid 
1252 Kg-HNO, 

5188 Kg-NO3- 

1650 Kg-NO,- 
656 Kg-NHzOH+ 
37,848 Kg-H20 

Eluant I 
7875 Kg-HNO, 
41 25 Kg-NHZOH 
238,000 Kg-%O 

Figure 6. Material Balances for IX ElutionRegeneration 

Elutioflegeneration conditions are specified by Reference 2 as 0.5 M NH,OH, and 0.5 M 
HNO,. 

The Pu3+ will elute at approximately 40 g-Pu/L, so that the following amount of NH20H 
and HNO, will be required. 

10,000 Kg - PU 
0.040 Kg - Pu/L 

= 2 . 5 ~ 1 0 ~  L 

0.5 gmole - NH,OH/L 
(1 gmole - NH20W0.033 Kg - NH20H) 

( 2 . 5 ~ 1 0 ~  L) = 4125 Kg-NH,OH 

0.5 gmole - HNO, / L 
(1 gmole - HN0,/0.063 Kg - HNO,) 

( 2 . 5 ~ 1 0 ~  L) = 7875 Kg-HNO, 

Water present in 0.5 M HNO, and 0.5 

Since pure water is approximately (l-Kg/L)/(O.Ol8-Kg/gmole) = 55.6 M, 

NH,OH: 

P H 2 0  - P0.5 M (NH20H,H20) 

23 



Therefore, the amount of water present in a mixture of 0.5 &I NH20H and 0.5 &I HNO, 
will be approximately: 

(250,000 - 4125 - 7875)Kg = 238,000 Kg-H20 

Following reduction of the PUN+ to Pu3+, hydroxylamine will be assumed to exist in an 
oxidized form according to: 

PuIV+ + NH,OH -> Pu3+ + NKOH' 

Nitrate anion released during hydroxylamine reduction: 

Nitrate anion consumed by resin upon release of Pu(NO,)~=: 

(2 gmole - NO,-) (0.062 Kg - NO;) 
[(l gmole - Pu(NO,),=] (1 gmole - NO,-) 

[41,84 1 gmole-Pu(NO,),'] = 5 188 Kg-NO,' 

Interstitial liquid following ElutionRegeneration: 
39,756 L liquid 
(39,756 L/2.5x105 L)(7875 Kg-HNO,) = 1252 Kg-HNO, 
(39,756 L/2.5x105 L)(15,564-5188) Kg-NO, = 1650 Kg-NO, 
(39,756 L/2.5x105 L)(4125 Kg-NKOH') = 656 Kg-NH,OH+ 
(39,756 L/2.5x105 L)( 238,000 Kg-qO) = 37,848 Kg-H,O 

See Table 5 for a summary of the ElutionRegeneration step. 

Component Mass Kg; )  Inputci, or Output(o) Unit Operation 
Pu$FO,),= 25,565 resin(i) wash 
Pu 10,000 eluate(0) precipitation 

7875 feed(i) 
9127 eluate(0) precipitation 
1252 interstitial liquid(o) loading 
2504 interstitial liquid(i) wash 

HNo3 

HN,OH 4125 feed@ 
HN,OH+ 3469 eluate( 0) precipitation 

656 interstitial liquid(o) loading 
238,000 feed(i) 
239,382 eluate( 0) precipitation 
37,848 interstitial liquid(o) loading 
39,230 interstitial liquid(i) wash 

resin 36 waste(o) disposal 

H2O 

Table 5. IX ElutiodRegeneration Summary 
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4.5 Plutonium Oxalate PrecipitatiodCalcination 

A number of precipitation processes are available; however, oxalate is one of a few which 
produces essentially no solid waste (Reference 4, Chapter 9, Figure 9.8). 

2Pu3+ + 3H2C204 + 9H20 -> Pu2(C2O4),’9H2O + 6H’ 

Figure 7 highlights the materials balances for the PrecipitatiodCalcination steps shown in 
Figure 2. The material balance calculations are shown in the text following Figure 7. 

5520 Kg-CO, 
3390 Kg-H,O 

17,035 Kg-HNO, 
944 Kg-NO; 
3469 Kg-NH20Ht 
235,992 Kg-H,O 

10,000 Kg-Pu3+ 
9 127 Kg-HN03 16,900 Kg-pU2(C20,);9~O 
8726 Kg-NO? 
3469 Kg-NH,OH+ 
239,382 Kg-H20 

11,339 Kg-PuO, 

Oxalate Calcination 
Precipitation 

3640 Kg-H,C,O, 2678 Kg-0, 

Figure 7. Material Balances for Precipitation/Calcination 

Oxalate required: 

= 3640 Kg-H2C204 (10,000 Kg - Pu) 
(0.239 Kg - Pdgmole - Pu) 

(3 gmole H2C202) (0.058 Kg H2C202) 
(1 gmole H,C202) (2 gmole Pu) 
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Water consumed by plutonium oxalate formation: 

= 3390 Kg H,O (10,000 Kg - Pu) (9 gmole H,O) (0.018 Kg H20)  
(0.239 Kg - Wgmole - Pu) (2 gmole Pu) (1 gmole H,O) 

Nitric acid produced by H+ released by oxalate reaction and existing nitrate: 

(3 gmole H,C,O,) 
(2 gmole 1) 

(2 gmole - H') (1 gmole - NO,-) 
(1 gmole - H,C,O,) (1 gmole - H') 

(4 1,841 gmole-Pu) 

(0.063 Kg - NO3-) = 7782 Kg-NO, 
(1 gmole - NO;) 

(7782 Kg-NO,) = 7908 K g - m 0 3  Kg - m03) 

(0.062 Kg - NO,) 

Plutonium oxalate formed: 

(10,000 Kg - Pu) 
(0.239 Kg - Pdgmole - Pu) 

[0.5 p o l e  Pu,(C202),.9H,0] [0.808 Kg Pu,(C202)3.9H20] 
[l gmole Pu2(C,0,),.9H,O] (I gmole ~ u )  

= 16,900 Kg h,(C,04)~9H,0 

Plutonium oxalate calcination to oxide: 

Oxygen consumed by calcination: 

= 2678 Kg-0, (10,000 Kg - Pu) (2 gmole 0,) (0.032 Kg 0,) 
(0.239 Kg - Wgmole - Pu) (1 gmole Pu) (1 gmole 0,) 

Plutonium oxide product produced: 

(0.271 Kg PuO,) 
(0.239 Kg Pu) 

(10,000 Kg-Pu) = 11,339 Kg-PuO, 

Carbon dioxide produced: 

(10,000 Kg - Pu) (6 gmole CO,) (0.044 Kg CO,) 
(0.239 Kg - Pu/gmole - Pu) (2 gmole Pu) (1 gmole CO,) 

= 5520 Kg CO, 

Water produced 

= 3390 Kg H,O (10,000 Kg - Pu) (9 gmok H,O) (0.018 Kg H20) 
(1 gmole H,O) (0.239 Kg - Pu/gmole - Pu) (2 gmole Pu) 
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See Table 6 for a summary of the PrecipitatiodCalcination steps. 

Component Mass (Ke) Inputci) or Ou@ut(o) Unit Operation 
Pu3+ 10,000 eluate($ elution 

HNO, 

NO,' 

HN20H+ 

PUO, 

H2O 

11,339 
9127 

17,035 
8726 
944 

3469 
3469 

239,382 
235,992 

3390 
3640 
2678 
5520 

final product(o) 
eluate(i) 
waste(o) 
eluate(i) 
waste( 0) 
eluate(i) 
waste(o) 
eluate( i) 
waste(0) 
waste(0) 
feed(i) 
feed(i) 
waste( 0) 

product 
elution 
recycle 
elution 
recycle 
elution 
disposal 
elution 
recycle 
recycle 

disposal 

Table 6. PrecipitatiodCalcination Summary 

4.6 Recycle and Disposal 

The recycle concepts will be defined only in general terms for this PreConceptual Design. 
Figure 8 shows the recycle and disposal concepts, along with the associated materials as 
calculated in the following text. 

It is assumed that free nitrate can act as a reducing agent, and oxidized hydroxyl amine can 
act as an oxidizing agent, such that at the appropriate temperature they can react and form 
NO,. 

2NO<+ 2NH20H+ -> NO2 + NO + 3H2O 

(4125 Kg - NH,OH+) 
(0.033 Kg/gmole) 

= 125,000 gmole-NH,OH+ 

(7782 Kg - NO;) 
(0.062 Kg/gmole) 

= 125,5 16 gmole-NO; 

It is assumed for these calculations that the amount of NH,OH+ and NO,' available are 
identical within round-off error. The nitric acid consumption is due to (1) preloading of the 
resin with nitrate anion and (2) reaction with oxidized hydroxyl amine, and consequent 
production of NO, and water. 
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(1 meq/gmole - NO;) 
(4.1 meq/Kg - dry resin) 

(36 Kg - dry resin) = 148 gmole-NO, 

[( 125,000+ 148)gmole-N0,](0.063 Kg-HNO,/gmole) = 7750 Kg-HNO, consumed 

(1 gmole NO,) 
( 2  gmole - NH,OH+ ) ( 125,000 gmole) (0.046 Kg-NO,/gmole) = 2875 Kg-NO, produced 

(1 gmole NO) 
( 2  gmole - NH,OH+) 

( 1 25,000 gmole) (0.030 Kg-NO,/gmole) = 1875 Kg-NO produced 

(3 gmole H,O) 
(2 gmole - NH,OH+) 

(125,000 gmole) (0.018 Kg-H,O/gmole) = 3375 Kg-H,O produced 

Based upon the difference in vapor pressures, the separation and recycle of nitric acid and 
water is straight-forward. 

The TRU waste can be reduced to essentially salts as follows. 

(100 Kg - Ga3+) (3 gmole - NO;) 
(0.070 Kg/gmole) (1 gmole - Ga3+) 

= 4286 gmole-NO,' 

(100 Kg - Ga3+) [l gmole - Ga(NO,),] [0.256 Kg- Ga(NO,),] 
[ 1 gmole - Ga(NO,),] 

= 366 Kg-Ga(NO,), 
(0.070 Kg/gmole) (1 gmole - Ga3+) 

(2  Kg - Am3+) (3 gmole - NO;) 
(0.243 Kg/gmole) (1 gmole - Ga3+) 

= 25 gmole-NO,' 

(2 Kg - Am3+) 
(0.243 Kglgmole) 

[l gmole - Am(NO,),] [0.429 Kg - Am(NO,),] 

[ 1 gmole - Am( NO,),] 
= 4 Kg-Am(NO,), 

(1 gmole - Am3+) 

Since the nitrate resources for Ga3+ and Am3+ were not included in those of the Dissolution 
section due to their small requirements, the consumption is neglected in this section as well. 

The water requirements and effluent are equal to the water present in the feed reagents, 
which includes HNO,, HF, A1(NO3),.9$O, and NH,OH. Assuming the following 
concentrations for feed reagents: 

HNO, @ 15 M = 30 wt% H,O 3321 Kg 
HF @ 52 wt% H,O 73 Kg 
AI(N0,),.9H20 @ 43 wt% H,O 180 Kg 
NH,OH @ 76 wt% H,) 17 187 K 
Total 22,181 Kg 
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65,429 Kg HNO, 

2875 Kg-NO, 
1875 Kg-NO 

65,429 Kg-HNO, 

357,653 Kg-H2O 
4 125 Kg-NH,OH+ 

7782 Kg-NO? 

93 Kg-AlF3 r L  100 Kg-Ga3+ 

Emissions =Y L 
L 

-b 

335,472 Kg H20 

sr 

effluent 

TRU waste 

366 Kg-Ga(NO,), 
4 Kg-Am(N03), 

93 Kg-ALF3 

Figure 8. Recycle and Disposal Unit Operations 
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5.0 SUMMARY 

Figure 9 shows the material balances which were developed based on the previous 
assumptions and calculations. 

n n I 

20,036 Kg HNO, 
1423 Kg %Oz 
1423 Kg H 2 0  

. .  

AcidWater 4 
Recycle & 

65.429 Kg-HNO3 
Efluent ' 357,653 Kg-HZ0 

4 
47.652 Kg H2O 

45.216 Kg HNO, 
67 Kg HF 

10,000 Kg Pu 
LOO Kg Ga 
2 Kg Am 

Dissolution r 
1 

36 Kg 

rem 9 

11,339 Kg PUO, 

Mixed- 

- 17,035 944KgNO; Kg HN03 2 
235992 Kg H 2 0  

3469 Kg NH2OH+ 

Figure 9. Overall Material Balances 
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Figure 10 is a reproduction of Figure 2 with a complete set of material balances added. 

1 1,339 Kg-PuOZ 

10,000 Kg-PU t 
7750 Kg-HNO, 
67 Kg-HF 
417 Kg-AI(N032J.9HZO 
1423 Kg-HzO2 
4125 Kg-NH20H 
3640 Kg-H,C20, 
22,18 1 Kg-H20 
3347 Kg-02 
36 Kg-dry resin 

670 Kg-0, [emissions] 
5520 Kg-C02 [emission] 
2875 Kg-N02 [emissions] 
1875 Kg-NO [emissions] 
22,181 Kg-H20 [effluent] 

36 Kg-dry resin [mixed] 

366 Kg-Ga(NO,), ITRUI 
4 Kg-Am(NO,), VRUl 

93 Kg-AIF, mu] 

Figure 10. Feed, Product, and Waste Quantity Summary 

This study was concerned with the amount of reagents used and waste generated, not the 
throughputs (rates) and consequent equipment size. Throughputs and equipment sizing 
will be left to future more detailed design efforts. However, at this point limited 
information is availbale based upon subcritical equipment configurations. 

Based upon the results from the Loading Section of this report: 

(33.34 L/column-loading)(65 g-Pu/L) = 2.167 Kg-Pdcolumn-loading 

= 46 14 column-loadings 10,000 Kg - Pu 
2.167 Kg - Wcolumn - loading 
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Based upon the author’s discussions with those who have operated plutonium IX 
processes, the superficial liquid velocity through the column (2.75 cdmin) can be used to 
estimate the number of processing lines required. 

(6 ft/column)(l2 in/ft)(2.54 cm/in) 
(2.75 cdmin)  

=67 min/column 

Assuming operations for 5 days/week and 6 hrs/day (1 hr startup and 1 hr shutdown), and 
four column passes per column-loaded (i.e. 1 -loading, 2-wash, & 1 -elutionhegeneration): 

(4 column-passes/column-loading)(67 minkolumn-pass) = 268 midcolumn-loading 

= 349 column-loadings/yr possible with one process line (6 hr/day)[5(52)days/yr] 
(268 min/column - loading) 

(60 min/yr) 

Therefore one line can process: 

(349 column - loadingdyr) 
(4614 column - loadings/lO MT - Pu) 

= 0.75 MT-Myr for one process line 

32 



6.0 REFERENCES 

1. Data Report for the New MOX Fuel Fabrication Facility , Prepared in support of the 
Fissile Material Disposition Program Programmatic Environmental Impact Statement 
(PEIS), Los Alamos National Laboratory, 1996. 

2. Review of Current Nitrate Anion Exchange Recovery and PuriJication Processes for 
Plutonium at DOE Production Facilities, The Materials Management Executive 
Committee Working Group for Nitrate Anion Exchange, LA- 11593, Los Alamos 
National Laboratory, Limited Access - Not for Public Dissemination, August 1989. 

3 C Colmenares, Y. Zundelevich, J. Lawson and M. Bronson, Evaluation of 
HydrideOxidation and HydridehIitride/Oxidation Processes to Produce PuO, Powders 
in the HYDOX Module, ARIES Review at Lawerence Livermore National Laboratory, 
4 November 1996. 

4 M. Bendict, T.H. Pigford, and H.W. Levi, Nuclear Chemical Engineering, 2nd Edition, 
McGraw-Hill Book Company, 1981. 

5 C. Bernard, et al., Advanced Purex Process for the New French Reprocessing Plants, 
Global ‘93 Conference: Future Nuclear Systems - Emerging Fuel cycles and Waste 
Disposal Options, CEA Centre d’Etudes de la Vallee du Rhone, CEA-COW-11678, 
1993. 

6 S.F. DeMuth, Technical Basis for Separation of Plutonium from Gallium by Ion 
Exchange, Los Alamos National Laboratory, LA-UR-97-685, 10 March 1997. 

7 Plutonium Handbook, Edited by O.J. Wick, Gordon and Breach Science Publishers, 
New York, 1967. 

8 H.C. Paxton and N.L. Pruvost, Critical Dimensions ofsystems Containing 235U, 
239Pu, and 233U, 1986 Revision, Los Alamos National Laboratory, LA- 10860-MS, 
Los Alamos, NM, July 1987. 

9 Ion Exchange, Vol. 1,  Edited by Jacob A. Marinsky, Marcel Dekker, 1966. 

10 3 J.L. Ryan, Species Involved in the Anion-Exchange Absorption of Quadrivalent 

11 Aldrich Chemical Company, On-Line Catalog, 

Actinide Nitrates, Journal of Physical Chemistry, 64: 1375 (1960). 

http://www .sigma. sial.com/aldrich/ald-e. htm 

12 Handbook of Chemistry and Physics, 56th Edition, CRC Press, 1975. 

13 Reilly Industries, Inc., 1500 South Tibbs Avenue, Indianapolis, IN 46242, Internet 
address - http://www.reillyind.com/crx-hpq.htm 

14 L.H. Van Vlack, Material Science for Engineers, Addison-Wesley Publishing 
Company, 197 1. 

Hill Book Company, 1973. 
15 R.H. Perry and C.H. Chilton, Chemical Engineer’s Handbook, 5th Edition, McGraw- 

33 

http://www
http://www.reillyind.com/crx-hpq.htm

	1.0 ABSTRACT
	2.0 BACKGROUND
	3.0 PROCESS DESCRIPTION
	3.1 Oxidation of Metal
	3.2 Dissolution of Oxide
	3.3 Ion Exchange (IX)
	3.4 Plutonium Product Preparation
	3.5 Recycle Operations
	3.6 Waste Generation

	4.0 MATERIAL BALANCES
	4.1 Dissolution of Oxide
	4.2 IX Feed Pretreatment
	4.3 IX Resin Loading
	4.4 IX Pre-Elution Wash
	4.5 IX ElutiodRegeneration

	4.5 Plutonium Oxalate Precipitation and Calcination
	4.6 Recycle and Disposal

	5.0 SUMMARY
	6.0 REFERENCES
	Process Block Diagram
	Overall Process Flowsheet with Feed Characteristics
	Material Balances for Oxide Dissolution and IX Pretreatment
	Material Balances for IX Loading
	Material Balances for IX Wash
	Material Balances for IX ElutionRegeneration
	Material Balances for PrecipitatiodCalcination
	Recycle and Disposal Unit Operations
	Overall Material Balances
	Feed.Product and Waste Quantity Summary
	Table 1 Dissolution Summary
	Table 2 Pretreatment Summary
	Table 3 IX Loading Summary
	Table 4 IX Wash Summary
	IX Elution/Regeneration Summary
	Table 6 Precipitation/Calcination Summary

