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SUMMARY 

Isotopes of the platinum metals--ruthenium, rhodium, and palladium--are 

produced during uranium fuel fission in nuclear reactors. The strategic values 

of these noble metals warrant considering their recovery from spent fuel should 

the spent fuel be processed after reactor discharge. A program to evaluate 

methods for ruthenium, rhodium, and palladium recovery from spent fuel reproc

essing liquids was conducted at Pacific Northwest Laboratory (PNL). 

The purpose of the work reported in this document was to evaluate several 

recovery processes revealed in the patent and technical literature. Beaker

scale screening tests were initiated for three potential recovery processes: 

precipitation during sugar denitration of nitric acid reprocessing solutions 

after plutonium-uranium solvent extraction, adsorption using noble metal selec

tive chelates on active carbon, and reduction forming solid noble metal depos

its on an amine-borane reductive resin. Simulated reprocessing plant solutions 

representing typical nitric acid liquids from defense (PUREX) or commercial 

fuel reprocessing facilities were formulated and used for evaluation of the 

three processes. 

To precipitate noble metals during sugar denitration of the acidic process 

solution, sugar (sucrose) was added incrementally to a refluxing, simulated 

process solution in a stirred flask. The minimum amount of sugar used was 

16 g/100 ml of solution. Precipitates formed and were filtered from the test 
solutions. Analyses of the filtrates using ICP(a) showed that over 70 wt% 

of the palladium was removed with the precipitates. Rhodium and ruthenium 

recoveries were usually poor (about 3 wt% and 9 wt% maximum, respectively). 
However, one test using 32 g of sugar/100 ml demonstrated that higher recov

eries (29 wt% of the rhodium and 44 wt% of the ruthenium precipitates) are 
possible. The results of these tests demonstrate that noble metals can be 

removed from acidic spent fuel reprocessing solutions during sugar denitration. 

Because these results sha# promise, further work is needed to optimize the 

process. 

(a) ICP - Inductively coupled argon plasma atomic emission spectrometry. 
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Between 43% and 100% of the palladium in a simulated reprocessing solution 

was removed using carbon adsorbents containing the chelates dimethylglyoxime 

and phenylthiourea. The amounts were about 100 wt% from a defense-type solu

tion and 43 wt% from a commercial type. These adsorbents removed only small 

percentages of rhodium and ruthenium (maximums of 11 wt% and 19 wt%, respec

tively) from the simulated commercial reprocessing solution. 

Although recovery of palladium using an amine-borane reductive resin also 

showed promise, rhodium and ruthenium were not recovered using this resin. 

Between 46% and 68% of the palladium in the simulated process solution was 

removed in the resin. The performance of the amine-borane resin for rhodium 

recovery needs more study because the resin manufacturer's literature indicates 

that rhodium recovery should occur. Ruthenium recovery was not expected 

according to this literature. 

The reliability of the screening evaluations of the three processes was 

limited by the procedure used for analysis of solids from each test. The pro

cedure requires steps involving solid fusion, redissolution, etc., where lost 

material could result in errors. Because the solid analyses were suspect, 

material balances could not be closed. 

The screening evaluations of the three processes are preliminary. More 

definitive work is needed to: 1) improve solid sample preparation procedures 

for ICP analyses; 2) optimize operating conditions for maximum noble metal 

recoveries; 3) demonstrate the methods using actual radioactive waste solu

tions; and 4} evaluate alternative unit processes for the needed separations. 
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INTROOUCTION 

Isotopes of the noble metals ruthenium, rhodium, and palladium are byprod

ucts of nuclear fuel burnup in reactors that produce plutonium at defense 

facilities or generate electricity at commercial power plants. Noble metals 
have strategic value sufficient to warrant their recovery from nuclear fuel 

reprocessing wastes. A lead extraction process, coupled to the high-level 

liquid waste (HLLW) vitrification process, has been developed and demonstrated 

for noble metal recovery from HLLW (Mellinger and Jensen 1982). Use of this 

process depends on the decision to vitrify waste and on results of further 

developmental studies. 

Additional exploratory work is needed to 1) establish where noble rretals 

concentrate in PUREX process streams and in what quantities, 2) determine the 

chemical reactions of these noble rretals in PUREX process streams, and 3) eval

uate alternative methods for recovery. The identification and screening evalu

ation of three alternative recovery processes is covered in this report. 

Three potential processes have been identified to date through patent ano 

other technical literature searches. The first process is based upon a patent(a) 

(Campbell and Buxton 1981) granted to Oak Ridge National Laboratory (ORNL).(b) 

In this process, palladium precipitates are produced during mixing of a deni

trating sugar solution with acidic spent fuel reprocessing waste solution 

heated to reflux temperature. The second process is based on a patent(a) 

(Moore 1974) granted to Pacific Northwest Laboratory (PNL).(c) In this proc

ess, liquid acidic spent fuel reprocessing solutions are contacted in sequence 

with columns of activated carbon that have adsorbed different chelating agents 

specific for the metal to be recovered. The third process uses a highly porous 

amine-borane reductive resin placed in columns to selectively remove noble 

metals from pregnant liquids. 

(a) Patent assigned to the U.S. Department of Energy (DOE). 
(b) Operated for OOE by Martin Marietta Company. 
(c) Operated for OOE by Battelle Meroorial Institute. 
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PUREX flowsheets (Allen, Jacobs, and Reberger 1983) were examinea to 

select the liquid waste streams that appear to offer the best opportunity for 

recovery of fission product noble metals. The candidates selected were lWW 

(concentrated first-cycle solvent extraction acid waste), ZAW (zirflex acid 

waste) forrred by sugar denitration of lWW, and ZAW following neutralization. 

The choice of a specific process stream would depend on the specific recovery 

process used. One sillK.Ilated process solution formulation based on the lWW 

stream was selected as representative of PUREX operations; this formulation 

was doped with noble rretal compounds and nitric acid to flEet specific test 

needs for evaluating the three processes. Another formulation was devised to 

represent typical cotTrnercial spent fuel reprocessing waste. 

The purpose of this report is to present results from beaker-scale screen

ing tests perforrred to provide an initial evaluation of the three processes. 

The remainder of the report is divided into five sections: 1) conclusions and 

recommendations, 2) simulated acid waste solution formulations, 3) sugar deni

tration process evaluation, 4) chelate-impregnated carbon adsorbent process 

evaluation, and 5) amine-borane reductive resin process evaluation. 
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CONCLUSIONS AND RECOMMENDATIONS 

This screening study was conducted to establish whether a few selected 

methods and materials could extract noble nEtals from simulated nuclear fuel 

recovery process solutions in the laboratory. No optimization work was done. 

Further work with nonradioactive simulated process solutions using these 

materials, chemistries, and possible unit process alternatives is needed to 

develop operating criteria to maximize noble metal recoveries. Examples of 

alternative unit processes that could be evaluated are fixed carbon beds (or 

ion-exchange resin beds) and counter-current, pulse flow of adsorbents and 

waste solutions in columns. This work would initially continue to use beaker

scale glassware and then, when sufficient data are developed, move on to using 

bench-scale or pilot-scale equipment. 

All solutions used in these screening experiments were simulated spent 

fuel reprocessing solutions. Wlen cold pilot-scale process evaluations using 

simulated process solutions including wastes are completed, proof-of-principle 

tests should be performed using PUREX lWW or other actual waste materials. 

The following major conclusions and recorrmendations are based on the 

beaker-scale screening tests and analyses: 

• Palladium can be recovered by sugar denitration of spent fuel reprocessing 

solutions if sufficient quantities of sugar are used. Palladium recover

ies above 70 wt% were obtained from 3 !:! and 9 !:! HN03 simulated PUREX and 

commercial spent fuel reprocessing waste solutions using various amounts 

of sugar. In four tests, maximums of only 3 wt% of the rhodium and 9 wt% 

of the ruthenium were recovered; ho.oJever, in one test using 3 Ji HN0
3 

simulated commercial reprocessing solution, about 29 wt% of the rhodium 

and 44 wt% of the ruthenium were precipitated. This result was achieved 

by doubling the amount of sugar used from about 16 to 32 g/100 mL of 

solution over that of other tests using 3!:! nitric acid so-lutions. These 

results shCM that all three of the platinum group metals could be recov

ered from acidic spent fuel reprocessing solutions during sugar denitra

tion. Issues to be resolved before scale-up of the process to bench- or 

pilot-scale are optimal sugar usage, test result validation and reliable 

3 



material balances, and determination of optimal operating parameters to 

maximize noble metal recoveries. 

• Palladium was removed from the simulated waste solutions by activatea 

carbons containing dimethylglyoxime {DMG) and [ilenylthiourea {PTU). As 

the ratio of chelate-impregnated carbon adsorbent-to-waste solution was 

increased, palladium recovery was enhanced. Analyses of test filtrates 

sh0111 that 100 wt% of the palladium in simulated PUREX waste solution and 

about 43 wt% of the palladium in simulated commercial waste solution were 

recovered when the maximum of 2.5 g of carbon adsorbent/per 100 mL of 

waste solution was used. The commercial solution contains about 200 times 

the noble !TEtal content than the simulated PUREX waste. Although a much 

larger amount of noble metals was adsorbed from the commercial waste than 

from PUR EX waste, the percent recovery was less because the adsorbent may 

have reached its loading capacity. Only small percentages of rhoaium and 

ruthenium (11 wt% and 19 wt%, respectively) were rerroved from the simu

lated commercial waste solution by carbon adsorbents at their maximum 

level of use (2.5 g/100 ml of waste solution). 

• For screening purposes, the batch methods were convenient and useful to 

establish minirrum recovery, equilibrium, and other factors but should not 

be considered as a complete test of the unit process. Absorption columns 

offer a lower cost processing alternative and higher loadings and, thus, 

need to be evaluated before a specific processing method is selected. 

Evaluation of specific chelates other than DMG and PTU may also be 

necessary to maximize recovery if rhodium and ruthenium are not removea. 

• Recoveries of palladium by an amine-borane reductive resin from simulatea 

PUREX waste solutions were satisfactory for the screening tests, but those 

of rhodium and ruthenium were not. Based on resin analyses, the palladium 

recovery from simulated PUREX waste solution was 68 wt% at the highest 

resin usage (1.5 g/100 ml of test solution), whereas recoveries of rhooium 

and ruthenium were negligible throutjlout the resin usage range. Poor 

ruthenium recovery was not unexpected; more work is needed to identify 

reasons for the lack of reactivity by rhodium. Palladium recovery 

increased progressively with higher reductive resin-to-waste solution 
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ratios. An increase in the contact time between the resin and the waste 

solution reduced palladium recovery. In this process, palladium was 

quickly reduced by the amine-borane resin. As the amine-borane was 

removed from the reaction, the reducing environment could not be main

tained and palladium was oxidized off the resin. Increasing the concen

tration of noble metals in the test waste solution dia not significant-ly 

affect the percentage of noble metal recovery. Further work should oe 

conducted to evaluate the resins. Such work should include studies of 

the effects of the reductive resin upon waste solutions naving nigner 

noble metal content and the use of resin oeas in aasorption columns. 

• A factor affecting the reliability of test results for the three processes 

is the precision of analytical methoas on nob-le metal contt:!nt of tne so-liu 

residues. Uncertainties arising from preparation of the sol iu matenal 

for instrumental analyses may have lea to difficulties in closing materia-l 

balances and making good comparisons or interpretations. The causes of 

the analytical uncertainties should be resolvea for future process evalua

tion, both for analyzing actual PUREX process waste streams and for eva-l

uating noble metal recovery processes. 
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SIMULATED ACID WASTE SOLUTION FORMULATIONS 

Reference nonradioactive (cold) formulations for two simulated aqueous 

nitric acid waste solutions were devised: the first to simulate PUREX lWW; 

the second, a typical commercial HLLW. (a) The reference formulations are 

given in Table 1. The key chemical canpounds used for the formulations were 

primarily nitrates. Preparation of the simulated solutions was aifticuH; some 

ccrnpounds only partially dissolved, or precipitation occurred following aisso

lution when the sirrulated waste solution cooled to room temperature. A simi-lar 

precipitation of solids may occur with solutions from actual spent fuel reproc

essing operations. 

Slight variations were made from the target reference formulat10ns aunng 

makeup of test solutions for ease of laboratory measurement ana preparation of 

the complex mixtures. Identifying code numbers are presenteu in the tables 

for each test along with the noble metal content for a test solution. Nob-le 

metal compounds were added to each aliquot of simulated waste so-lution to 

ensure that the appropriate noble metal content was used and to avoid poten

tial precipitation losses in a stock solution. The nitric acia content was 

adjusted wnen necessary to give a 3!:! or 9!:! solution, which approximate typi

cal acid normalities for acid waste solutions described in the literature 

(Moore 1974; Mendel et al. 1977; Campbell and Buxton 1981) or that requireu 

for optimal noble rretal recovery by sugar denitration (Campoell ana t3uxton 

1981). 

{a) Forrrulations based on compositions predicted for Hanford-site PUREX opera
tions (A. C. Coroneos, RocKwell International, letter to distribution, 
"Compos it ion of CAW to B-Plant," September 30, 1981; J. L. Swanson, 
Pacific Northwest Laboratory, letter to J. E. Minor, "Sulfate and Iron in 
CAW," January 6, 1982) and corrmercial operations (Mellinger ana Jensen 
1982; Mendel et al. 1977). 
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TABLE 1. Reference Fornulations for SirTUJlated Acid Waste Solutions(a) 

--~PU~R~EX 1WW~---------- ____________ CQ_m_m_er_cj_~l.__ ______ _ 

Element or Ion Con cen tr ati o~L9.(~_ Element or Ion Con centr a~i_o_n_~ _g_(.L_ 

H+ 1.12 P0- 2 
4 2.4 

NO} 215 Cr 0.62 
F- 3.43 Fe 2.79 
Na+ 2.24 Ni 0.29 
A1+3 22.5 Rb 0.85 
P0- 2 0.022 Sr 2.36 4 
so- 2 16 .0 Zr 9.67 4 
Cr 0.80 Mo 11.22 

Mn 0.092 Ru 5.96 
Fe+3 5.67 Rh 1.03 
Ni 0.47 Pd 3.40 
Rb 0.022 Ag 0.22 

Sr 0.061 Cd 0.22 
Zr 0.29 Te 1.54 

Mo 0.16 Cs 7 .18 

Ru 0.089 Sa 3. 71 

Rh 0.024 Ce 14 

Pd 0.017 Nd 14 

Ag 0.0009 
Cd 0.0011 

Sn 0.0013 

Te 0.018 

Cs 0.13 

Ba 0.068 

Ce 0.25 

Nd 0. 25 

{a) Formulations based on published information in references given on p. 7. 
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SUGAR DEN!TRAT!ON PROCESS EVALUATION 

A palladium c001pound can be precipitated from a strong nitric acid spent 

fuel reprocessing waste by adding sugar to partially denitrate the waste 

(Campbell and Buxton 1981; ORNL patent). A large amount of sugar is required 

to ensure that the precipitation occurs along with the denitration. The ORNL 

patent gives the empirical fornula for the compound as Pd
1

_
1
c

2
_1H4 •1N

2
0. 

However, the mechanism of reaction or the intermediate chemical forms of the 

palladium, rhodium, and ruthenium are unknown. 

The sugar denitration process used as a basis for the ORNL work was devel

oped by Bray and Martin (1962). In this latter process, sugar (sucrose or 

other sugars) added to a nitric acid spent fuel reprocessing waste solution 

decomposes the acid, originally at about 5 to 10 !i• to give a residual free 

acid concentration of about 0.5 M. The reaction proceeds at 85 to l05°C; 

nitrogen and carbon oxide gases evolve to give a nearly sugar-free partially 

denitrated solution. This process is incorporated in the flowsheet of the 

Hanford-site PUREX plant to denitrate the lWW stream. 

As a part of the PNL program, sugar (sucrose) denitration tests similar to 

those described in the ORNL patent were conducted, using waste solutions simu

lating those predicted for Hanford-site PUREX operations (a) and corrmercial 

operations (Mellinger and Jensen 1982; Mendell et al. 1977). The key variaoles 

in the tests were the two reference waste solutions, nitric acid normality 

(adjusted before testing to 3 !i or 9 !iL and the amount of sugar added. 

About 100 to 115 mL of simulated waste solution was added to a reaction 

flask and heated while stirring to a refluxing temperature near l00°C. A 

50 wt% aqueous solution of sugar (sucrose) was added incrementally until 20 ml 

was used; the mixture was then refluxed for 4 h and allowed to cool overnight. 

The following day, the mixture was filtered; and the precipitate and a sample 

of filtrate were retained for analysis. Sugar was added to the remainaer of 

the filtrate in the reaction flask and the mixture was again refluxed for 4 h, 

cooled, and filtered. In some cases, the process was repeated a third time in 

(a} References given on p. 7. 
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an effort to maximize the sugar-induced palladium precipitation. (This proce

dure follows the patent test program.) The precipitates and supernatants were 

submitted for ICP(a) analysis (lautensleger and Hara 1982). Only selected sam

ples were analyzed because of funding 1 imitations. 

Table 2 gives test and available analytical aata. Problems in preparing 

representative liquid samples from the precipitates for ICP analyses led to 

uncertainties in the analytical results; thus. closing material balances wen: 

not possible. This was also the case with the chelate-impregnatea carbon 

adsorbents and amine-borane resins discussed in following sections. Although 

material balances were not possible. the following inferences can be made from 

the data available. 

Based on filtrate and precipitate analyses. over 70 wt% of the pallaoium 

was removed with the precipitate from the simulated PUREX waste solution of 

both 3 Nor 9.!! HN0
3 

by sugar denitration. Little rhodium (about l wt%) was 

precipitated; only 2 to 7 wt% of the ruthenium was precipitated. Both rhoa1um 

and ruthenium were identified in the precipitate. 

As shown in Table 2. palladium was also effectively removed from simulateu 

corrmercial spent fuel reprocessing solutions when a sufficient aoount of sugar 

was used. About 83 wt% of the palladium was precipitated from 3 _!:! HN03 com

mercial waste solution by the addition of 32 g of sugar/100 ml of solution; 

only about 22 wt% was re100ved by 16 g/100 mL solution. These recoveries were 

determined by the differences between the amount of palladium in the original 

test solution and that in the filtrate following reaction. The precipitate 

analyses support the magnitudes of the palladium recoveries. Nearly complete 

rermval of palladium was achieved by using 62 g of sugar/100 mL of solut10n 

with the 9.!! HN03 corrmercial waste solution. 

Generally, rhodium precipitation in the 

than 4 wt%) except when the aoount of sugar 

was doubled from 16 to 32 g (see Table 2). 

sugar denitration was poor (less 

added to a 3.!! HN03 test solution 

Based on the precipitate analy-

ses. rhodium precipitation increased to about 29 wt% in the latter test. The 

quantity of rhodium precipitation was affected by analytical uncertainties but 

(a) ICP - Inductively coupled argon plasma atomic emission spectrorretry. 
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TABLE 2. Noble Metal Recovery from Simulated Spent Fuel Reprocessing Wastes by Sugar Denitration 

Pd 1.911 428.3 1.911 428.3 428.3 

" 2.587 103.5 2.587 103.5 103.5 ,, 10.0 600.0 10.0 600.0 600.0 

Feedstock a.c\d level JN HM03 JN HM03 9N HN03 
9N HN0

3 3N HNOJ 

Sugar, lst addition, g 12.3 12.3 12 .) 12.3 12.3 
2nd addition, g 4.0 4.0 4.0 40 20.0 
Jrd addition, g 35.0 10.0 
Tohl, g 11>.3 16.3 51.3 b2.3 .U.J 

Koble REhl distribution(b) "" _.......!!!.'?.f.!.~..!!.. _____ lll9. ____ .u: of feed ______ lll'l~;~~e_l! ______ lll9. ____ ~~~-'?.f feeo rna__ ____ wtS of _fee'!_. 

Pd, in precipitate 

'" .. .. 37.7 8.8 1.5 78 51.5 12.0 " lb ,ij 
2od .. .. 29.8 7.0 (d) .. 260.0 6() .7 450 '"' Total recovered 1.4 73 67.5 15.8 J.!)(e) 78 311.5 72.7 S22 12~ 

Pd, in f1ltrate 
1" 1•1 .. 389.5 90.9 1•1 .. 379 .!:I 88.7 )b).b "'·' 2od 1•1 "" 336.1 78.5 1•1 .. (<) nil 75.0 17 -~ 
3•d 1•1 nil 1•1 nil 

Rll, In precipitate 
1" .. .. 0.23 0.2 0.03 1.0 0.50 O.> <0.3 <0.3 

"'' .. .. 0.4 0.4 {d) . . 3.0 2.9 30.0 ('f.O 
Total recovered 0.03 1.0 0.63 0.6 0.03 1.0 ).5 l.4 30.3 l'f.3 

Rh, in filtrate 
1" 1.98 104 104.9 101 2.40 9l 109.l 106 ~0.!:1 1:17.1:1 
2od 1.87 98 106.1 lOl 2.12 82 100.9 97 <1£ .5 <1£ 
l•d 2.64 100 86.0 83.1 

Ru, In precipitate 
l>t .. .. 22.3 3.7 0.16 1.6 12.0 2.0 a.o 3.7 
2od .. .. 29.0 4.9 (d) .. 13.0 2.2 240 40.0 
Total r&overed 0.65 6.5 51.3 8.6 0.16 1.6 25.0 4.2 262 43.7 

Ru, In filtrate 
1" 6.20 62.0 554.3 92.4 7.19 71.\1 617.0 5V <17 .11 
2od 6.13 61.3 539.5 89.9 6.8!:1 "·' 553.7 92.3 l75 b£.~ 

3•d 7.56 75.6 565.7 '04.3 

1•1 
{6) 

1•1 
{d) 

Weights deterllllned frDill analytical balance and volumetric transfer measurEIIII!nts. The number of decimal places shown are for future oata 
tracking 111d do not indicate accuracy of ,.easure-ents. 

1•1 

Weights determined frOill ICP analyses. 
Analysis ..ade; elEIIII!nt content beiOii detection level, about 0.05 ~>g/ml. for each noble .-etal. 
No analysis made oo slllllple. 
No anal :flieS made on third_precipltate resulting frOill third sugar addition. 



is supported directionally by the low amount of rhodium (less than 12 wt%) 

found in the fi1 trate. 

The pattern for ruthenium precipitation was somewhat similar to that for 

rhodium. Doubling the amount of added sugar to a 3!! HN03 simulated commer

cial waste solution increased the precipitation from 8.6 to 43.7 wt%. The 

aroounts of ruthenium in the filtrates were, respectively, 89.9 wt% and 

62.5 wt% of that in the feedstock. 

The test results for sugar denitration show that palladium can be recov

ered from spent fuel reprocessing wastes if sufficient quantities of sugar are 

used. Campbell and Buxton (1981) identified this condition for palladium 

recovery in their patent; the addition of excess sugar is necessary because 

almost all of it reacts with nitric acid, leaving only a fraction to form the 

insoluble ccrnpound with palladium. 

Several issues will need to be resolved before scale-up of the process. 

Further studies are needed to validate the test results on simulated and 

actual process solutions and to establish optimal operating parameters, sucn 

as the amount of sugar, rate of addition, and reflux temperature for process 

optimization. The inability to close material balances is believed to be due 

primarily to difficulty in redissolving precipitate samples from the tests 

obtained for analysis, not to inaccuracies in analyses of liquid feedstocks or 

filtrates. Analyses of solutions similar to the feedstock and filtrates were 

proved to be accurate by Lautensleger and Hara (1982) during development of 

the ICP method. In this earlier development, solutions prepared from a noble

metal-spiked calcine representative of corrmercial reprocessing waste were 

analyzed. The analytical accuracy for liquids was further demonstrated to be 

good in this previous study; comparisons of feedstock makeups and ICP analyses 

are given in Appendix A. Analyses of filtrate samples should also be accurate. 
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CHELATE-IMPREGNATED CARBON ADSORBENT PROCESS EVALUATION 

Moore (1974} describes a process for recovering noble metals from fuel 
reprocessing waste solutions in which a solution is passeo through an adsorp

tion colurm containing a series of three chelate-impregnated carbon adsorbent 

beds that selectively remove specific noble metals. Each chelate-impregnatea 

carbon adsorbent is prepared by mixing activated carbon with an ethyl alcohol 

solution containing a chelate at 20 to 25 wt% concentration and then evaporat

ing the alcohol to leave the chelate adsorbed on the carbon. The chelates used 

(in Moore's work) were DMG for palladium recovery, diacetyldithiol (DAD) for 

technetiLrn, and PTU for rhodium and ruthenium. All of tnese chelates form 

stable complex coordination compounds with platinum group metal ions and, thus, 

are co 11 ected in the carbon. For ex amp 1 e, the DMG camp 1 ex P d (DGMH} 2 is capa

ble of forming chains of Pd atoms (Cotton and Wilkinson 1966). For details on 

the coordination chemistry of these materials, the reader is referred to 

standard texts on the subject. Following a serial contact with the waste 

solution, the carbon adsorbents are washed and then calcined in a closed 

system. The noble metals are leached from the resulting ash for recovery and 

eventual purification for reuse. 

In screening work using a serial batch contact method, only DMG and PTU 

were evaluated for recovery of noble metals; no radioactive metals (e.g., 

technetium) were used. Carbon adsorbents were preparea as described in the 

PNL patent; a 14 x 60 mesh(a) (Moore 1974) carbon was used. For testing, 

quantities of chelate-impregnated carbon adsorbents (0.5 to 2.5 g) were placed 

into Erlenmeyer flasks along with 100 mL of simulated waste solution. The 

materials were mixed for 1 hat room temperature and filtered. Filtrates from 

each DMG carbon adsorbent contact were used as feedstock for the second contact 

using the PTU carbon adsorbent. The filtrates and residual carbon aasorbents 

were submitted for ICP ana 1 yses. 

Not all the ICP analyses of the filtrates and residual carbon adsorbents 

were cc:mpleted. As was the case with sugar denitration precipitates, the 

(a) Tyler mesh sizes given by the activated carbon manufacturer; equivalent 
sieve openings are 1.00 mm and 0.250 rm1. 

l3 



analyses of the solid carbon adsorbents that were made are uncertain. Never

theless, in the absence of adsorbent analytical data, feedstock and filtrate 

analyses can be used to determine the rerooval of noble rretals from solution oy 

the carbon adsorbent. The difference in noble metal content between that of a 

feedstock and that of a filtrate is the aroount collected in the carbon adsor

bent. Use of this technique appears to be valid because the accuracy of solu

tion analyses is good (Appendix A). Since the noble ~Tetals disappeared from 

solution, they had to be in the solids. 

Filtrate analyses, shewn in Table 3, indicate that, with the serial adsor

bent contact, palladium was increasingly removed from both test waste solutions 

by using increasingly larger carbon adsorbents-to-waste solution ratios. Fig

ures l and 2 illustrate this trend for PUREX and commercial wastes. At the 

lowest carbon adsorbent ratio of 0.5 g/100 ml of test solution, palladium 

appears to have been only slightly removed from the simulated commercial waste 

solution; palladium remaining in the filtrate was 97.6 wt% of that in the feed

stock. However, using a ratio of 2.5 g/100 ml decreased tne pallaaium content 

of the filtrate to 56.9 wt% (a 43 wt% rerroval of palladium from the feed-stock 

by the carbon adsorbent). 

When the simulated PUREX waste solution was used for adsorbent testing, 

palladium was found in only one filtrate, that obtained from the first adsor

bent (DMG) contact using a ratio of 0.5 g/100 ml of feedstock. None was found 

in the filtrate from contacting the second adsorbent (PTU) or in any of the 

filtrates when higher adsorbent ratios were used. The aroount of palladium in 

this feedstock is small (1.9 g/100 ml) compared with that in the simulatea 

collll1ercial waste (428 g/100 ml). Palladium may have been re100ved oelow the 

limit of analytical detectability. 

Recovery of rhodium from either solution by carbon adsoroents was small; 

ruthenium recovery appears to have been a slightly larger percentage. These 

poor recoveries are rrost apparent from the results of tests using simulateD 

commercial waste ...tlere maximum recoveries of 11 wt% for rhodium ana 19 wt% for 

ruthenium were obtained when 2.5 g of aasorbent/100 ml of waste solution was 

used. Analytical results are given in Appendix B (Tables B.l and 8.2) for 

simulated PUREX and commercial wastes. 

14 
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TABLE 3. Palladium in Filtrates Following Contact of Sirrulated Fuel 
Reprocessing Wastes with Che 1 ate- Impregnated Carbon Adsorbents 

Palladium in Feedstock 

Sirrulated coiTJilercial waste: 428.3 mg/lOOml 

Simulated PUREX waste: 1.911 mg/lOOml 

Carbon Adsorbent Used , 
_g of Ad~~r-~~n_V_l~O m'=.~!._!:_~e-~s tock 

0.5 1.0 2.0 2.5 

Pd ~~~~nin[ in Filtrate , wt%( a) 
Treatment Commercia 1 Waste ------

Carbon/OMG(b) 106(d) 98 90 83.2 
C arbon/PTU( c) 97 .6 80.2 70.5 56.9 

Treatment PUREX Waste --- --- ----------------- · - - ---

Carbon/DMG 106 (d) o(e) o(e) 0( e) 

Carbon/PTU o(e) o(e) o(e) o(e) 

(a) 

(b) 
(c) 
(d) 
(e) 

Residua 1 ch e 1 ate- i mpr egna ted carbon adsorbent an a 1 yses uncertain ; 
therefore, not listed. 
DMG- dimethylglyoxime used as chelate. 
PTU - phenylthiourea used as chelate. 
High value a result of analytical imprecision. 
Element content belett/ analytical detection level (the limit of 
reliable measurement), about 0 .05 JJg/mL for each noble metal. 

Further work needs to be conducted using chelate-impregnated carbon aasor

bents to optimize operating conditions for maxirrum noble metal recoveries using 

adsorptioo columns and to prove the principles of the method using actual, 

radioactive waste solutions. 

In batch flask-shaking tests of activated carbons, equilibrium conditions 

are soon reached between the absorbable substance attached to the carbon ana 

that in solution; and no more will be removed. The advantage of using adsorp

tion columns packed with carbon is that a solution partia11y depleted of tne 

adsorbable substance is continuously exposed to a fresher carbon adsorbent as 

it flows through the bed. This distribution relationship favors the caroon 

adsorbent, allowing it to become more fully loaded than in batch contact. 

17 



This condition exists until the carbon becorres exhausted and breakthrough of 

the adsorbable substance occurs into the colum effluent . Significantly more 

noble rretal should be rerooved from a test solution using adsorption columns 

rather than flasks. 

18 
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AMINE-BORANE REDUCTIVE RESIN PROCESS_~VALUATION 

The use of hydride-cootaining reagents to reduce precious metals is well 

documented. CXle of the roost co111110n reagents used is sodium borohydride. 

Another reagent receiving attention is a class of compounds known as amine

borCfles. Manziek (1982) states that amine-boranes are milder reducing agents 

and generally more selective than borohydrides and reports the potential of 

amine-bor<fle reductive resins for rerroving palladium and other noble metals 

from solutions of their salts. The reducing reaction for the process can be 

ill us tr a ted as fo 11 ows: 

nR3NBH3 + 6M+n + 3nH
2
0 ~ R NH+ 6M0 5 H+ B (OH) ~ n3 + + n + 3 

Amine
borane 

Metal 
ion 

Ammonium Reduced Acid 
ion meta 1 

Boric 
acid 

The specific res in eva 1 ua ted in our screening tests was Ant or ane® 345, which 

was sh~n by Manziek to be reactive to palladium and rhodium. Details on the 

chemistry of these reactions are presented in Manziek (1982). 

Small aroounts (0.25 to 1.50 g) of the reductive resin were mixed in flasks 

with about 100 ml of simulated PUREX waste. The materials were shaken for 1 h 

at room temperature (-25°C) and filtered. The used resin and filtrate were 

then analyzed by ICP. Approximate noble metal recoveries from the .simulated 

PUREX waste are sh~n in Figure 3 and Table 6.3. No tests were made using 

simulated commercial waste. Recoveries of palladium from solution were satis

factory for the screening tests. but recoveries of rhodi urn and ruthenium were 

not. The poor ruthenium recovery was not unexpected (Manz iek 1982), but more 

work is needed to identify reasons for the poor rhodium recovery. It is evi

dent from the data that palladium recovery progressively increases with 

increase of the resin-to-waste solution ratio; these data are summarized in 

Table 4 and Figure 3. 

®Airibor<fle is a registered trademark of Rohm and Haas Company, Philadelphia, 
Pennsylvania. 
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Further testing with the amine-borane r eductive resin focusea on deter

mining whether equilibrium had been reached and whether a longer contact time 

would result in rrore complete palladium recovery. Two simulated PUREX-type 

feedstocks were used. One had a palladium content nearly identical to that 

20 



TABLE 4. Palladium Recovery Using Amine-Borane Resins 

Amine-borane resin, g/100 mL of feedstock 

Pd recovery, wt%(a) 

------------

0.25 

46 

(a) Percent recovery based on feedstock makeup weight. 

0.50 

57 

1.10 

6B 

used for the tests reported above; the second had a five-fold increase in tne 

noble rretal content. Amine-borane was used at 1.5 g/100 mL of waste so-lution. 

The tests revealed that increasing the contact time from 1 to 24 h reaucea the 

recovery percentage rather than increased it (Table 5). With the rrore concen

trated waste solution, the recovery decreased from about 50 wt% to 10 wt%. 

With the less concentrated waste sol uti on, the recovery decreased from 68 wt% 

to 52 wt% (Table 8.3 data are included in Table 5 for comparison). Tl1is 

decrease corresponds to the decrease in Pd recovery from nitrate and HN0
3 

solutions by amine-boranes over time reported by Manzie!< (1982; Figures 3, 5, 

and9). 

Palladium was quickly reduced and deposited on the amine-borane resin in 

this process. As the amine-borane is removed from the reaction, the reducing 

environrrent cannot be maintained and palladium is oxidized off the resin. 

Manziek also provides insight on the oxidation of palladium metal on the resin 

and shONs the reaction to be a function of pH as well as tirTIE! (Manziek 1982; 

p. 9-17 and Figure 5). Increasing the palladium concentration five-fola in 

sirrulated PUREX waste solution did not appear to have a substantial effect on 

the recovery fraction (5 mg from 9.96 mg Pd in the more-concentrated feedstock 

or 50 wt% recovery compared with 1.20 mg from 1.75 mg PO in the less

concentrated feedstock or 68 wt% recovery). 

A factor affecting the reliability of the amine-borane testing (as in the 

sugar and chelates testing) was the uncertain precision of the results on noble 

rretal content in solid residues. This factor led to difficulty in comparing 

one test result with another and in interpreting the test results. It is 

speculated that the analytical difficulties may be due in part to representa

tive sampling. The cause of these difficulties should be identified auring 

future noble rretal recovery process evaluation work. 
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TABLE 5. Noble Metal Recovery from Simulated Spent Fuel Reprocessing Wastes by Amine-Borane 
Reductive Resin- Test 2 (1 to 24 h shaking) 

_________ -~~ ll_l!. ~~~~I!-~'!.~~~ _l~l!~_<!_f'!.~ -~~~~s_ ~~?.~k- -~ !?.(]_~-Nu~~r- ______________ _ 

PUREX PUREX PUREX PUI<EX 
----- _____ ------- _ ----- _____ --~~~~~-~~ ~q~~ -~- ---- -~!.~~k__2_ -~~ iq~!?.!. -~-- ____ ~!.l?_~k__? __ A_~ ~q ~~! _l ________ ~!!!Cit_! _____ _ 

Feedstock noble metals, mg 
Pd 

Rh 

'" 
Shake tirre, h 

Amine-bor<Wle resin, g 

Noble metal distribution 

Pd in resin 
Pd in filtrate 

Rh in resin 
Rh in filtrate 

Rll in resin 
Ru in filtrate 

9.96 
10.35 

9.':16 

10.35 
I .911 
2.!>87 

(from Table A.3J 
l .753 
2.5ll7 

--- ----~q_:~--- ----------------5:<!.:QQ. __ --- -- -- ----- __ !!!:Q ------------------- ~q_ ~qQ __ ------

1.5 

24 

1.5 

24 

1.5 l.5 

___ --~L ______ -~! __________ .11!.9. _______ "!_!!_____ ___ --~--- ____ w_t_% ___ ---~g_ _______ '!_~~--

5 .00 

<0.05 
9.66 

0.45 
41.9 

50.2 

< 0,5 
97 .0 

0.9 
83 .8 

1.00 10.0 
6.25 62 .a 
0.070 0. 7 
9.66 Y7 .0 

0.63 1.3 
38.6 77 .i' 

1.00 51::'. 3 1.200 b8.4 
-- -- 0.724 41.3 

0.070 2.7 < 0.06 • 2 
2.42 Y3 .5 '.42 o8 

O.ZtlO 2.8 <0.07 < 0.7 
0.~0 oY .0 IL/2 8l 
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APPENDIX A 

PRECISION OF ICP ANALYSES FOR NOBLE METALS 
IN SIMULATED WASTE TEST FEEDSTOCKS 

Table A.l compares the noble metal contents of simulated waste test feed

stocks determined by analytical balance and volurretric transfer rreasurerrents 

with the results of ICP analyses. The ranges, means, and standard deviations 

for the percent differences of the ICP analyses from the feedstock noble rretal 

makeup values are given below; 

Range, Difference Standard 
from Makeup Deviation, 
Value,% Mean, % % 

Pd -12 to 20 0.87 8.6 

Rh 0.6 to 5.5 4.0 1.9 

Ru -0.25 to 15 4.56 4.7 

A. 1 



TABLE A.l. Comparison of Feedstock Makeup(a) and !CP Analyses 

Simulated Waste 
Type and F~~~stock ~q~~ No. Pd, mg/'!!l-----~~t_'!!~/m~- Ru, _r~9.Z".!l:._ 

Makeup ICP Makeue__ ICP __ ____!:!ak eup ICP 

PUREX l, blank 0 0 0 0 0 0 

PUREX 2, blank 0 0 0 0 0 0 
Cormercial 1, blank 0 0 0 0.0026 0 o.oos 
PUREX 2, Aliquot 1 o.o 182 0.016 0. 02464 0.026 0.09524 0.096 

% difference (b l -12 5 .5 0.80 

PUREX 2, Aliquot 2 0.09846 0.096 0.09855 0.104 0.4702 0.475 

% difference -2.5 5.5 -O.t-:5 

PUREX 2, Aliquot 3 0. 1897 0.186 0. 1971 0.200 0. 9524 0.900 

% difference -2 .o 1.5 2 .9 

Commercial 1, Aliquot 3. 747 3.575 0. 9053 0.911 5. 249 5.5 10 

% difference -4.6 0.63 5 .o 
PUREX 1 0.01669 0.020 0.02464 0.026 0.09!)24 0. 110 

% difference 20 5 .5 15 

HNOJ & PUREX Aliquot 
noble rretals 0.0182 0.018 0.02464 0.026 0.09524 O.OY9 

% difference -0.1 5 .5 3., 

HNOJ & PUREX Aliquot 2 
noble rretals 0.09486 0.097 0.09855 0.102 0.4762 0.485 

%difference 2 0 3 3 .5 l.ti 

HN03 & PUREX A 1 iquot 3 
noble rretals o. 1897 0.194 0.1971 0.204 O.Y524 O.Y84 

% dl fference 2.3 3.5 3.3 

HN03 & Commercial 
Aliquot 1 noble rretals 3. 74 7 3.920 0.9053 0.953 5.249 5 .700 

% difference 4.6 5.3 8.6 

% Difference 

Mean 0.87 4.0 4.& 

StiJldard deviations 8.6 u 4.7 

(a) Weights determined from analytical balance and volurretric transfer rreasurerrents. 
(b) % dlfference of ICP analyses from makeup values. 

A. 2 
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APPENDIX B 

DATA FDR CHELATE-IMPREGNATED CARBON ADSORBENT -------------- --------------------
AND AMINE-BORANE REDUCTIVE RESIN TESTS 

Tables B.l and 8.2 shCM" data for recovery of noble metals by chelate

impregnated carbon adsorbents from simulated PUREX and corrmercial spent fuel 

reprocessing wastes. Table 8.3 shows similar data for noble metal recovery 

using an amine-borane reductive res in. 

B. l 
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TABLE 8.1. Noble Metal Recovery from Simulated Spent Fuel PUREX Reprocessing Wastes by Selectea 
Chelates Deposited on Activated Carbon 

Pd 

Rh 

'" 

"" 1 .911 
2.587 

10.0 

I. !Ill 
2.587 

10.0 

I.~ 11 
2.~tl7 

10.0 

1.~11 

! .51:17 
IO.U 

Activated carbon <r~d chelate, g 0.5 1.0 1.5 2.~ 

Noble lll!tal distribution(b) 

lst Chelate: DMG 
Pd in filtrate 

Rh in filtrate 

Ru in filtrate 

2nd Chelate: PTU 
Pd in filtrate 

Rh in filtrate 

Ru in filtrate 

mg ____ 10tl__ mg wtl mg wt% ___ mg 

2.03 

2.34 

5.63 

(c) 

2.05 

4.89 

106 

90.5 

56.3 

79.2 

48.9 

(c I 

2.24 

4.64 

(c) 

2.02 

4.21 

86 .6 

46.4 

78.1 

42.1 

(c) 

2.00 

4.01 

(c) 

1.94 

3.72 

77.3 

40.1 

74.9 

37.£ 

(c I 

I .91;1 

J. 1/ 

(c) 

I .bb 

3.12 

•" 

16 -~ 

31./ 

04.2 

31.! 

(a) Weights determined frO!II analytical balance and volurretric trilllsfer rreasurerrents. The nuJJDer of O<!cimal pldces s11own are fur 
future data trading and do not indicate accLwacy of measurements. 

(b) Weights determined frO!II ICP analyses. 
(c) Analysis made; element content be1CM detection level. 

Activated carbon: Norit 14 x 60 granular carbon, American Norit Co., Jacksonvillt', Florioa. 
DMG (dirrethylgloxirre), J. T. Baker Chemical CO!IIpany, Ptiillipsburg, New Jersey. 
PTU (1 phenyl 2 thiourea). Eastman KodaK Company, Rochester, Ne10 York. 
Code nwrters are sho~<K~ in tables of this report to permit easy return to original oata for use in future worK. 
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TABLE 6.2. Noble Metal Recovery from SiiTM.Jlated Spent Fuel Conmercial Reprocessing Wastes Ly 
Selected Chelates Deposited on Activated Carbon 

Commercal 
SiiWlated Waste Tl!!e and Feedstock CQ(]e Nulltler 

C OOlller c 1 a I Coomer c Til CommtOrcldl 
------~~ l Aliquot 1 Stock l AI iquot l Stock l AI iquot I StoCk. I AI iquot I 

Feedstock noble I!Etals, mg 
Pd 428.3 428.3 428.3 4ll::l.3 
Rh 103.5 103.5 103.5 IOJ .5 

'" bOO 600 600 bOO --
Activated carbon Mid dlelate, g 0.5 1.0 I .5 2.5 

Noble netal distribution mg '" mg '" mg '" ·~ "' 
lst Chelate: DMG 

Pd in fH trate 453.0 106 419.8 98.0 385 .5 'JO.O J5b .~ 83.2 

Rh in filtrate 114.4 110.5 111.9 108 .I lCI'J .4 105.7 111.0 107.2 

Ru in Filtrate 596 .o 99 .3 583.0 97 .2 547 .I 'j 1.2 :,J4. 2 89.0 

2nd Chelate: PTU 
Pd in filtrate 418.2 97 .6 343.3 00.2 302.0 7o.:, 243.0 :,b.'ol 

Rh in filtrate 104.6 101.1 110,2 106 .5 107.4 103 ,!l 104.1 100.6 

Ru in filtrate 601.2 100.2 561.2 !:13.5 523.3 87 .2 487.2 l:j 1.2 
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TABLE B.3. Noble Metal Recovery from Simulated Spent Fuel Reprocessing Wastes IJY Amine-~orane 
Reductive Resin- Test 1 (1 h shaking) 

Sirrulated Waste Type and Feedstock Code Nuuoer 
PURE X ----------- .PURE X --------- ------PiJR{i 

Stock l Stock l Stock 1 -----
Feedstock noble rretals, mg 

Pd 1.753(a) (2.100)(b) sanE sanE SanE sanE 
Rh 2.587(a) (2.730)(b) sanE sanE saore saore 

"" lO.oo(a) j1_1.55)(b) sanE sane saore sanE 

Amine-bar ane res in, g 0.25 0.50 1.50 
-------------

Noble rretal distribution(b,c) mg wt% m wt% ~ wt> 

Pd in resin 0.800 1.00 1.£00 45.1 
(38) d) (~~j~a) aB.( 

(57) a) 
Pd in filtrate 1 .365 77.9 1.029 58.7 0.724 41.3 

Rh in resin <0.06 <2 <0.06 <2 <0.06 <2 
Rh in filtrate 2.52 68 2.52 68 2.42 68 

Ru in resin <0.06 <0.6 <0.06 <0.6 <0 .07 <0.7 
Ru in filtrate 8.61 86 8.72 87 8.72 87 

(a) Feedstock makaJp weights determined by analytical balance and volurretric transfer rreasurerrents. 
(b) Weights determined from ICP analyses. 
(c) Percent recovery based on feedstock makeup wei~t. 
(d) Percent recovery based on ICP analyses of feedstock. 
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