
------------------.......... ~t.N1 I3Y:LANL 5U50054251;# 31 3 

LA.UR- 9 ~ - 1 9 0 4 

Extended abitred for lubmiasion to the 
Spacc Tecbnolou & Applications International Forum (STAIF-97). 

To be beld i~ Albuquerque, NM on January 26a )(), 1991. 
Full Paper due October 21. 1996. 

Development Program to Recycle and Purify 238pu02 Fuel from Scrap 

Louis D. SchuJre. Jacob Espinoza. Ellzaberh M. Poltyn, Gary H. Rinehan, Larry R. Avens, Gordon D. 
Jarvinen. Nuclear Materials Technology Division. Mail Stop E510. Los Alamos National Laboratory. 
Box 1663 Los Alamos. NM 87545. 

Nuclear Materials TeChnology (NMn Division has initialed a development program to recover 
& purify plutonium-238 oxide from impwc feed sources. A glove box line has been designed and a 
chunislI)' tlowsbcet developed to pcrfOMl this recovery wk a'l large scale. Our initial effort has focused 
on purification of 238PU02 fuel associated with Radioisotope Thcrmoel~tric Generators (RTO) slated 
for the Cassini space mission, but which fliiled to meet General Purpose Heat Source (GPHS) 
specifications due to impuritics. The most notable non-actinide impuritics were silicon and phospho1\l!\, 
bUI aluminum. chromium, iron and nlckel also were near or in excess of thresholds specified by GPHS 
fuel powder specifications. Among actinide impuritle~ uranium is of paramounr concern, as 23AU is the 
daughter product of 238Pu alpha decay, and the largest impurity observed. 

An aqueous method based on nittic acid was selected for purification of the 238Pu02 fuel. All 
~ueous processing used high purity reagents. and was performed in PTfE apparatus to minimize 
introduction of new contaminants. ImpUle 238PuOz WIl!i fll'St di!lso]vcd in ref1u.xing HNO)/HF and then, 
fiJlered. The dissolved 238Pu was adjusted to the trivalent srate by an excess of reducing reagents to 
compensate for radiolytic effects. precipiUlted as plutonium(1D) oxalate. and recovered by filtration. The 
plutoniurn(llI) oxalate was subsequently calcined to convert the plutonlum to oxide form. 

Decontamination faclors for silicon. phosphorus and uranium attained by the described 
purification scheme were excellent. Detonta.mination foctors for aluminum. ctuomium, iron and nickel 
were also very good. 1lIe purity of the 238pu(h recovered from thjs operation was significantly better 
than chat specified by OPHS fuel powder spcci.flcations. 

Efforts continue on this projecl to develop the capability for efficient, safe. cost-effective, and 
environmcnt.a1Jy acceptable methods 10 recover and purify 238pu02 fuel in II ~lovebox environment. 
Sources of 238J»u02 feed wgetcd for recovery include relatively impure oxide and scrap residue items 
thai are more lean in 238Pu values. 
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. Jon-Actinide Impurities (~g/g) in Plutonium-238 FueL 

AI B Be Ca Cd Cr Cu Fe Mg Nln Mo Na ~i Pb P Si Sn Zn Sum non­

Actinides 

GPHS poo 5 5 300 SO 500 200 800 100 50 250 250 500 ] 00 25 750 50 50 2550 

Rev A 

Feed #1 !145 5 1 9 10 390 1 830 18 13 20 50 120 20 710 560 5 5 2203 

Feed #2 1155 5 1 95 10 820 13 1500 10 18 20 50 455 20 20 850 5 23 4051 

Actinide Impurities (~g/g) in Plutonium-238 Fuel. 

Sample JAm-24 1 Np-237 Pu-236 U-234 Th Sum of 
Actinides 

GPHS Rev A 000 5000 2 5000 5000 10,000 

Feed #1 978 1 14000 1600 16952· 

Feed #2 637 1 6960 530 8231 

r 



1. Approaches to Pu-238 purification- HN03/HF dissolution 
a. Pu(III)/pu(IV) oxalate ppt 
b. Pu hydroxide 
c. Pu peroxide 
d. IX followed by ppt 

2. Pu(III) oxalate ppt 
a. High purity reagents 
b. All P'fFE or PE apparatus 

3. REDOX control of Pu-238 a challenge 
a. Mound: sulfamic acid/ascorbic acid. 
b. SRS: sulfamic acid ,or hydrazine/ascorbic acid. 
c. LANL: hydro,xylamine alone is insufficient. 
d. Katz & Seaborg: discussion of radiolytic effects on Pu 

REDOX control of Pu-238. 



Present Pu-238 Process Flow Diagram 

Pu 
DISSOLUTION 

Amb. Pressure HNOJHF I ~{ '. . .':;' ~' =:. _ .. ". . . ~ I 

PuO POWDERED IN A 
HIGH-~NERGY BALL MILL 

Anal.ytical 

UncflSSOOed Sorns 
eets'" are recycled 

.. Oxides (feed & product) have full suite of anaJys:is. 

.. Solutions quantitated for dissolved plutonium-238. 

KIEV 

- °u VJaste S:"aal"!"\s 

Pu Product Streams 

Reagent Streams 

COHTROL_LED 
HYDROXIDE PRECIPITATION 

Preap1ta!e • ; Lean CMe 

Disc.a soIuuon 
Cautic fine to T ~ 
< 4.5 mCiIl alpha 



Dissolution Results 

Feed Treatment 

DIS-I RH U's Hand Crushed 

DIS-2 RH U's Hand Crushed 

DIS-3 GPHS None 

DIS-4 GPHS SPEX 

DIS-5 GPHS SPEX 

DIS-6 I GPHS SPEX 

Dissolution Conditions 
15.8 M HN03 
0.05 - 0.50 M HF 

Pu-238 
% Dissolved Comments 

< 1 0/0 Reflux stopped after minutes 

95% Heel from DIS-l 

34 

99% + Heel from DIS-3 

90% SPEX "overloaded" with 65 g Pu02 

990/0 + Heel from DIS-5 

Ambient pressure reflux with stirring (-110°C) 
7-8 hours of reflux 



238pu Chemistry Equations: 

1. Dissolution. 

2. Dilution to 1 M [H+] . 

3. R DOX adjustment. 

Pu+6 + 2 H2NS03H ... 2 NH20H . HN0 3 

4. Plutonium (III) oxalate precipitation . 

Pu+3 ... 3 H2C 04 

5. Plutonium (III) oxalate calcination . 

+ CO" + CO 
I , 

6. Treatment of plutonium (III) ox late filtr teo 

pu+3 + KOH Pu(OH)x 



Autoradiolysis of 23Hpu HNOJ Solutions: 

The observed behavior of Pu in HN03 with significant alpha 

radiolysis is that it moves to a higher valence steady-state 

condition (prcucHninately Pu+6). Observed for 23Hpu and also 

for 239pu in the presence of 244Crn. 

I. Reducing agents. 

4 Pu+6 + 6 NH20H 

4 Pu+4 + 2 NH20H 

--....... ~ 4 Pu+3 + ~ N')O + 12 1'1+ + 3 H () - -

Ascorhi' acid 

N1I2()H . IIN()3 

2. Val nee SLabilizers/Holding Agents. 

Function by rcactiing quickly with nitrous acid (and prcsuI11ahly 
with oth r oxidizing NOx c0l11pounds (~ radicals generated). 

----;.~ 3 Pu+4 + NO + 2 H,)O 
~ 

SLOW 
:~ IINO.., 

-' 

6 Pu+3 + 2 N02- + R .-j+ -~~ 6 Pu+4 + 4 HI")O + N2 
"" 

NH2 ONH2 (urea) 

H2NSO. H 

RAPID oxidation of Pu+ 1 

alnines, imides, ilnines , atnid s 

N2H4 



Non-.-\ctin ide Impurities (Ilg/g) in Plutonium-238 Fuel. 

.-\ I B Be Ca Cd Cr Cu FeMg ivtn Mo 1\a Ni 
iI...,.. -

Pb P Si Sn Zn Sum non-

.-\clinides 

GPHS 500 5 5 300 50 500 200 800 100 50 250 250 500 100 25 750 50 50 2550 

Rev A 

Feed #1 145 5 1 9 10 390 1 830 18 13 20 50 120 20 710 560 5 5 2203 

Pdt. # lAI200 5 1 4 10 285 1 335 10 9 20 5 10 20 5 5 5 

Pdt. # 1 B I 34 5 1 65 10 19 1 67 10 2 20 50 9 10 20 53 5 5 377 

Feed #2 1155 5 1 95 10 820 13 1500 10 18 20 50 455 20 20 850 5 23 4051 

Pdt. # 2.-\ 1185 5 3 40 10 15 20 39 10 2 20 50 8 10 20 7 5 5 436 

Pdt. # 2B 1155 5 3 40 10 19 18 78 10 3 20 50 14 10 20 5 5 5 453 

r 



Actinide Impurities (~g/g) in Plutonium-238 Fuel. 

San1ple IAm-241 Np-237 Pu-236 U-234 Th Sum of 
Acti'nides 

GPHS Rev A booo 5000 2 5000 5000 10,000 

Feed #1 73 978 1 14000 1600 16952 

Pdt # lA 42 936 1 2460 1600 5339 

Pdt # IB 51 237 1 580 1700 2869 

Feed #2 103 637 1 6960 530 8231 , 

Pdt. # 2A 5 891 1 540 560 2057 

Pdt. # 2B 8 603 1 500 530 1732 



soln results-Sum 11196 

These columns corrected 
for the isotopic puri ty of 
the parent lot of Pu-238 . 

Volume [H+J Pu-238 alpha Actual Pu Actual Pu Process Overa)) 
(L ) (M) (gIL) (mCiIL) (gIL) total (~ ) Recovered % Recovered 

DISFLT-l DAD 8.96E-02 1574.1 1.12E-OI 4.50E-0 ... 
-~ 

DISFLT-2 ].4D 6. 67E+OO 11 7175.9 8. 37E+OO 1. 17E+O l -
OXFLT- 2A 1.22 0.57 3.26E-02 I 572.7 4.09E-02 4.99E-02 99. 15 
- -
HXYFLT-2A 1.59 3.13£-0-1 5.5 3.93E-04 6.25E-~ 98.75 99.989 
OXFLT-2B 1.05 1.04 2.87E-Ol 504 1.9 3.60E-Ol 3.78E-Ol 93.55 

.~ -
HXYFLT-2B 1.4-l. -t32E-0-I 7.6 5.42E-04 7.81 E-()...1 9979 99.987 

~ - -
OISFLT-3 1.80 7.68E+OO 1349 19.2 9. 59E+OO 1. 73E+O 1 
OXFLT-3 1.90 1.33 2.51 E+OO 44094.7 3.05E+OO 5.80E+OO 66.4D -- -
HXYFLT-3 2.30 1.62E-0-I :!.8 1.97E-04 -t53£-0-I 99.99 99.99-

~ -- -
OISFLT -4 0.96 8.00E+OO 140540.8 9.73E+OO 9. 34E+OO 
OXFLT-4 1.74 1.39 6. 28E-O1 ] 1032.5 7.64E-0] 1. 33E+OO 85.77 

~ 

HXYFLT--+ 2 10 8.85E-~ I 15.5 1.08E-03 2.26E-03 99.83 99.9-
-+ -

OISFLT-5 1.68 2.35E+O I 412838.6 2.86E+Ol 4.80E+OI 
OXFLT-5A 1.90 1.1-+ 1. 72E-Ol 302 1.6 2.09E-Ol 3.98E-Ol 98.34 -
HXYFLT-5A 2.20 8.68£-04 L 15.2 I.06E-03 2.32E-03 9942 99. - c.. 

OXFLT-5B 1.90 1.14 1.73E-Ol I 3039. 2 2.10E-Ol 4.00E-Ol 98.33 - .. -
HXYFLT-S8 220 -+.53E-04 8.0 5.51E-04 ' 1.2]E-03 99.70 99.995 

-
OISFLT-6 0.73 2.61E+OO 45851.4 3. 18E+OO 2.30E+OO - - . . - - - -- - -
OXFLT-6 0.86 I 1.19 2.25E-Ol 3952.7 2.74E-OI 2.35E-Ol 89.77 

7.30E-04 r --- - -
HXYFLT-6 1.00 I 12.8 8.88E-04 8.88E-~ 99.62 99.961 

-- f OXFLT Average 90. 19 - -
H.XYFL T Average 99.59 99.9~ -

Page 1 



Pu0 2 alL Waste Etfirio 

. "Waste Efficiency" 
"-• I 
,-

f 

I 
I 

,-
I 

"Waste Efficiency" 
I Pu02 I Waste Sol. Pu02/L waste 

I 

I (g) (L ) (gIL) I 

PuOXPDT-2A 9.0 
, 

1.59 5.7 I 

PuOXPDT-2B 7.8 I 1.44 5.4 
PuOXPDT-3 17.0 

I 

2.30 7.4 I 
I I 

PuOXPDT-4 9.4 
I 

I 2.10 4.5 
PuOXPDT-5A 28.9 2.20 • 13.1 , 

,PuOXPDT-5B 27.7 I 2.20 , 12.6 I 

PuOXPDT-6 5.0 
I 

1.00 I 5.0 ! I 

Summation 104.8 I 12.83 
I 

8.2 
I I 

- -- - - -

Page 1 



E 

Pu 
DISSOLUTION 

1) PrHsuri:zed HN03 

2) Amb. Pressure HN0:/HF 

Ptr Nitrate 
ANION EXCH.ANGE 

Pu-238 Process Flow Diagram 

KEY 

- u " \Alaste StrearJ"ls 
Pu'l OXALATE PRECIP. 

"elf: 

'1 Clllu re" 
Lean Feed 

t KO 
CONTROLLED 

HYDROXJDE PRECIPITATION 

Discard solution 
Cautic line to TA-50 
< 4.5 mCiIL alpha 

Disca:rdso 
bela. limit 

Pu Product Streams 

Reagent Streams 

CALCINATlON 

CONTROLLED 
HYDROXmE PRECIPITATION 

Discard solution 
C8ut:1c One 10 T A.w50 
< 4·.5 mCiIL alpha 

,. 

PUle 
Plutonium 

Oxide 

n 



Neutron calc Pu·238 

I ~ 
I I I I I -

I I , I I Worker exposure rates 
I 

I I I I r 
I 

I I 

I I I I mRE\t'hr of 
Distance in -t MeV ~eut . mRE\1jhr of SISCO Exposure at 

Pu·238 inches from Neut./s/g Neut./s l\eUl. Ru x Dos imi try Exposure Inches of shielding shield contact 
(g) scource pt Pu-238 in r\/cm2/hr REMft"lcm2 (no shielding) shielding coefficient (v." shielding 
108 20 25000 2.70E+06 3.00E+05 3.63E-08 10.8802 0 0.400 10.8802 
108 20 25000 2.70E+06 , 3.00E+05 3.63E-08 I 10.8802 2 , 

0..+00 I -t8888 
108 20 25000 2.70E+06 3.00E+05 3.63E-08 I 10.8802 -t. I OAOO I 2.1967 I 

108 20 25000 2.70E+06 3.00E+05 3. 63E-08 I 10.8802 I 5 I OAOO I 1.4725 I 

108 20 25000 2.70E+06 3.00E+05 3.63E-08 I 10.8801 8 I 0.400 I 0.+0 5 I 

108 40 25000 2.70E+06 7.49E+04 3.63E-08 I 2.7200 0 I OAOO 1.7200 I 

108 40 25000 2.70E+06 7.49E+04 3.63E-08 I 2.7200 2 I 0.400 1.2122 I 

108 40 25000 2.70E+06 I 7.49E+04 3.63E-08 I 2.7200 ! 4 I 0.400 05492 I 

108 40 25000 2.70E+06 I 7.49E+04 3.63E-08 I 2.7200 , 5 I 0.400 0.3681 I 

108 40 25000 ' 2.70E+06 I 7.49E+04 3.63E-08 I 2.7200 8 I 0.400 0. 11 09 
108 60 25000 2.70E+06 , 3.33E+04 3.63E-08 I 1.2089 0 I OAOO 1.2089 
108 60 25 (XX) 2.70E+06 I 3.33E+04 3.63E-08 I 1.2089 2 I 0.400 05·0 2 
108 60 25000 2.70E+06 3.33E+04 3.63E-,08 I 1.2089 4 , . 0.400 02~1 

108 60 25000 2.70E+06 3.33E+04 3.63£-08 I 1.2089 5 I 0.400 0.1 636 
108 60 25000 2.70E+06 3.33E+04 3.63E-08 I 1.2089 8 I 0.400 0.0493 

I 
4" Shielding I 5" Shielding 

hrs/day at Exposure Assume I hrs/day at Exposure Assume 
distance mRJday 170 days ! distance mRJday 170 days 

20" 2 4.39 747 I I 20- 2 2.9.1 501 
40" 2 I 1.10 I 187 I I 40" 2 I 0.7.1 I 125 I 
60" 4 I 0.98 1 166 I I 60" 4 I 0.65 I III I 
Sum 6.47 1100 I I Sum • 4.3.1 I 737 I I 

Page 1 



Conclusions 

a. Good dissolution efficiencies of high-fired PuO? with 
milling of feeds. 

b. Pu(III) oxalate ppt purification adequate for this feed. 

c. Other feeds may require other methods. 

d. Worker exposure not prohibitive. 

e. Good efficiency in regards to liquid waste generated per 
gram processed. 



Future 

a. Repeat experiments & increase scale in 0251. 

b. Demo IX capability for lean residues. 

c. Additional SPEX Mill demo in the glovebox. 

d. Elevated pressure HN"03 dissolution. Avoids HF. Even 
better efficiency. 

e. Waste treatment technologies. Actinide extractants. 
Ultra-filtration. Polymer Filtration. Organics destruction. 

f. New glovebox line designed. LANL aqueous GB 
specifically engineered for Pu-238 processes. New 
Materials. Better N Shielding. Fiber optic UV -vis for 
process control. DI water delivery system. 


