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Sludge Compositions and Simulant Analyses
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Observations and Correlations
Stage 1 Studies
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Baseline  sludge  was h res ults  in incomple te  r

Chela ting agents a lte r specia tion of actinides in 
strong bas e 

S pecia tion of U, Np, Pu oxide /hydroxides  a re  not identica l in 
strong bas e

Uranium s pecies  in sludge  simulants  a re  different 

emoval of Cr, P , 
Al from sludge  simulants  - Diffe rent re s ults  for diffe rent 
sludge  types

P u and Am diss olution low in ba se line  sludge was h - U and 
Np diss olution not negligible  in bas e line

S ymmetrica l oxy-hydroxides domina te  Np s pecia tion in 1-5 M 
base  - 

Cr, P , and Al removal can be  increased with acid contact

Oxida tive  scrubs (e .g., to enhance  Cr removal) like ly to shift 
actinides to higher oxida tion s ta tes



Four Tasks Being Pursued to Extend Previous Results 
Ρ

Ρ

Ρ

Ρ

 Might it be  more  
advantageous to employ an ac id s ludge  wash (using  reducing conditions ) 
followed by cleanup of the  actin ides  from the dissolva te?  

 Expand the previous  effort 
to a s se ss  the  impac t of powerful che lating  agents like  edta  on the solubility 
and spec iation  of reduced  actin ides.  Inves tiga tion of the  ra te s  a nd 
mechanis ms  of actin ide  in teractions  of redox active  s ludge  compone nts  and 
radio lys is  products  will a ls o be  pursued optimize contact time .

 Our first s ta ge re sults  
sugges t a n acidic sc rub e mploying actinide oxidation  sta te  control (e .g., to 
maintain PuO (s) a s  the  s olubility controlling s pecie s ) followed by cleanup of 
the minor amounts  of diss olved  actin ides using  standard s epa ra tions  
te chnique s is  a n approach worthy of cons ide ra tion.

 le ading  to dis cove ry of “guid ing principles” a nd a  use ful de sc riptive  
model for sludge pe rforma nce  during sludge  s crubbing.

2

To de termine  the po tentia l imp act o f oxid ative  leac hing  (e.g ., with 
permang anate  or fe rrate ) on actinide s pec iatio n.

To de ve lop new ins ig hts  into  the impact of chelating ag ents  on 
s pe c iatio n of actinide  io ns  in alkaline  media .

To de termine  the impact o f pro cedures  for enhanc ing Al dis s olution 
from s ludges  on the s pe ciation of actinide  io ns .

To co ntinue development of meaningful corre latio ns  of experime ntal 
res ults



Rapko, Lume tta and coworke rs (P NNL) have  conducte d the  mos t exte nsive  
se ries of s tudies of oxidative  leaching for Cr remova l from a ctua l Hanford ta nk 
sludges  and simulants . They obse rve  that:

 is  ineffective  in concentrated alka li 
 is rap id and e ffective  but e nhances diss olution of TRU e le ments and  is 

corrosive
 is effe ctive  and s elective , but s low - no enhance ment in d iss olution of 

radionuclide s noted  - two wee ks  contact would be  needed for prac ticality
 is  e ffective  for s everal Cr minera l phase s, bu t oxidizes  TRU’s and 

introduce s sulfate  in  LAW stre am
 is rapid and  e ffe ctive , mobilize s  little  TRU, but is  uns table  and 

difficult to  use
is rapid a nd e ffective, exhibits  little  TRU diss olution a t low 

hydroxide  concentration, but produces  MnO , which can  impa ir gla ss  
s tab ility

1 hour contact adequate  for Cr oxidation /dis s olution

 “Only pe rmangana te tre atme nts  remove d sufficien t Cr to reduce  the  Cr 
concentra tion of the  leached s ludge s as  the limiting factor in was te  oxide 
loading of the  ILHW gla s s.” 
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Ferrate

Permang anate 

Rapko obs erves  that with permanganate ... 

and concludes  that of the  s everal ox idants  co ns ide red .....
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Complete Oxidation (mineralization) of Organics

glycolate: 

glycolate: 

C H O - + 5 OH-   2 CO  + 4 H O + 6 e -

C H O - +  2 H O + 3 MnO -   2 CO  + 7 OH- +  
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2 3 3 2 4
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c itrate : 

c itrate : 

C H  O -  + 15 OH-  6 CO  + 10 H O + 18 e -

C H  O -  + 8 H O  + 9 MnO -  6 CO  + 21 OH- + 
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 C H O -  + 21 OH-  6 CO2 + 16 H O + 22 e-

C H N O -  + 30 OH-  10 CO  + 18 H O + 2 NH  + 34 e -

 C H O -  + 6 H O  11 MnO -  6 CO  + 23 OH- +  

C H N O -  + 16 H O + 17 MnO -   
10 CO  + 38 OH- + 2 NH  +  

Oxidation reactions may produce  organic inte rmedia tes re sistant to 
comple te  oxida tion (e .g., oxa late )

Kine tic fea tures  can inte rfe re  with reaction progress
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gluco nate :

gluco nate :

edta:

edta: 

Net Reac tions  (Mn(VI) as oxidant):

3 MnO2

9 MnO2

11 MnO

17 MnO

2

2
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Conditions  o f experiments :
Obs ervations :

 , 60k cpm/ml Pu

edta , glucona te  @ high conc does not redis solve  Pu from MnO
Neither citra te  nor oxa la te  are oxidized under these  conditions

238
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No s ludge



Total Am(init) on BiPO  sludge simulant: 5x10  Bq @ [K S O ] = 0.2 M

    I 3 M NaOH, 100°C 
  II in supernatant simulant (pH 9), 100°C
III 3 M NaOH, 20°C
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Observations Am Oxidative Leaching

• Different sludges, different leaching 
patterns observed

• Effectiveness of oxidants: KMnO4 ~ K2S2O8 
>> Na2FeO4

• Increased NaOH concn (1-5 M), more Am 
leached from solution: 

Am3+ + 4OH- → AmO2
+ + 2H2O + 2e-

• Increasing temperature increases Am 
leaching



Summary Oxidative Leaching
!
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P e rmanganate /manganate  equally powerful oxidants
They oxidize  everything - Cr, actinides, organics, but oxa la te  and 
citra te  a re  res istant in a lka line  s olutions  (they do oxidize  in acid)

P roduct MnO  appea rs  to a s sist with control of actinide  solubility 
(was te  glass  limit for Mn is  4%)
Diffe rent performance  with respect to actinide  mobiliza tion in 
diffe rent sludge  types, i.e .,  corre lates  with Cr conte nt
Ca ution needed to ass ure  tha t the  manganate /permangana te  
a re  not applied in exces s of the  amount needed for Cr(III) 
oxida tion

S ome readily oxidizable  organics (e .g., gluconate ) might be  
judiciously applied to control actinide  solubility if excess  
pe rmangana te /mangana te  is  applied in oxida tive  s ludge  was hing

2



[Np(V)] =1.12 x 10  M0
-3

 Np(V) spectra in LiOH 
solutions soon after 

preparation
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Cyclic voltammogram of Np(VI) in 3.1 M LiOH on
the Pt electrode, first scan. Scan rate 20 mV/s
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I(
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)

E (mV) vs. Hg/HgO/1 M NaOH

Electrochemical reve rsibility 
become s le ss  common

 as the  carbona te  
concentra tion increa ses

Np(V)-Np(VI) couples 
quas i-re ve rsible  in bas ic 

1 M NaOH sodium oxa la te 
s olutions  (

)

More  complex s pecia tion
indica ted in EDTA

conta ining basic s olutions 
(

)

thermodynamic 
data in the literature  do not 

explain this  obs ervation

thermo dynamic  data in 
the  literature  do no t 

explain this  obs ervations



Pu(VI) in alkaline media:

Study motivated by the treatment of the alkaline 
radioactive wastes at the Hanford Site.

Identification of Pu(VI) species in alkaline media 
is not straightforward and literature still presents 
some discrepancies among the data.

Species accepted in the OECD database[1]: 
PuO2CO3(aq), PuO2(CO3)2

2-, PuO2(CO3)3
4-, 

(PuO2)3(CO3)6
6-, PuO2(OH)+, PuO2(OH)2(aq) and 

(PuO2)2(OH)2
2+. 

• [1] OECD-NEA, Chemical Thermodynamics of Np and Pu, Elsevier publisher, Vol. 4, 
2001.



Experiment 1: PuO2
2+ + OH- :

- Init. Species: PuO2
2+

- [Pu(VI)]t = 0.35 → 0.34mM

- [Na2CO3] = 0M
- pHi

meas= 2.98 / pHf
meas= 9.99

- I = 0.05m
- Precipitate at end? : YES
(8 to 14 % of total Pu)



- Init. Species: PuO2(CO3)3
4-

- [Pu(VI)]t = 2.15 → 1.90mM

- [Na2CO3]t = 0.83 → 0.73M
- [NaOH]t = 0.00 → 0.36M
- pHi

meas= 11.59 / pHf
calc= 13.76

- I = 3.27 → 3.26m
- Precipitate at end? : NO

{[CO3
2-]t/[OH-]t}f

N = 2.0

Experiment 5: PuO2
2+ + CO3

2- + OH- :



Results: log10β*(0) and associated spectral parameters

-(7.5 ± 0.5
1.5)

n.a.

n.a.

≤ -33 (Np/U)

≤ -19 (Np/U)

-(13.2 ± 0.5
1.5) 

-(5.5 ± 0.5) 

0.70 ± 0.13

Literature 
(OECD)

224015848.7-7.6 ± 0.1(PuO2)2(OH)2
2+

811019869.0-23.4 ± 0.7PuO2(CO3)(OH)3
3-

814518852.3-9.7 ± 0.3PuO2(CO3)(OH)2
2-

8Non absorbing-36.6 ± 0.9PuO2(OH)4
2-

814014861.6-22.4 ± 0.3PuO2(OH)3
-

(fixed)18012851.0-13.0 (fixed)PuO2(OH)2

213010843.6-5.3 ± 0.3PuO2(OH)+

219410837.60.6 ± 0.1PuO2Cl+

Nb 
expts

ε
(M-1cm-1)

FWHM
(nm)

λmax

(nm)
log10β* ± σspecies

Give best results with Specfit/32

What about polymeric species ?



Experiment # 4
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Experiment # 5 
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{[CO3
2-]t/[OH-]t}f

N = 1.6 {[CO3
2-]t/[OH-]t}f

N = 2.0

Pu(VI) speciation (2)
Effect of: I(m) or MINOR polynuclear 
species (hydroxide and/or carbonate 
and/or metastable) …?



Sludge Washing Observations III
(What about Al and P?)
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From BiP O  s ludge  s imula nt, about 10 % of P (each) is  
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Complexation of U(VI) with HEDPA in 
acidic and basic media

• Potentiometry used to obtain formation constants:
– U(VI):HEDPA (M:L ratio 1:1, 1:2, 1:4) titrations
– Focus on complexes in alkaline solutions

• Calorimetry used to obtain enthalpy and entropy 
of complexation

• Spectroscopic techniques (e.g. EXAFS, P-31 
NMR) used to obtain structural information



Four Tasks Being Pursued to Extend Previous Results 

Permanga na te  does  oxidize Pu , 
Am, but MnO  he lps  control “so lubility”. Oxidiza ble  organics ca n a ss ist in  
solubility control, bu t ba la nce  betwe en pe rmangana te consumption and 
actin ide  complexa tion ma y be  delica te. Othe r “consumables” to conside r?

Mixe d complexes a re  formed that could 
impa ct Pu s olubility . Additional 
studies of Pu s pecia tion in a lka line  citra te  or oxala te  planned

 Prelimina ry U-s pecia tion work 
unde rway with  che la ting a gent HEDPA in  alka line  solutions.  S epa ra tions  (by 

 of oxidized An from acidic Al(NO )  s olutions  (to decontamina te  Al) 
next ma jor thrust.

Rapko/Lume tta  work connects  the s e  da ta  to re al world. The  ro le of organics  in  
oxidative  scrubbing needs  further explora tion. How important can mixed 
complexe s become  (inte rfering  with  oxide /hydroxide  solubility contro l)?

2

3

and the va lidity of the rmodynamic modeling

3
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To de termine  the po tentia l imp ac t o f oxidative leaching  (e.g ., with 
permang anate ) on ac tinide  s pec iation.  

To de ve lop new ins ights  into  the  impact of chelating  ag ents  on s pec iation 
of ac tinide ions  in alkaline  media.  

To de termine  the impact of pro cedures  for enhanc ing Al dis s o lution from 
s ludges  on the s pe ciation of ac tinide  ions .

To co ntinue development of meaningful correlatio ns  o f experime ntal 
res ults leading to  dis co very of “g uidin g principle s ” and a us e ful 
des criptive  mode l for s ludge  performance  during s ludge  s crubbing.  

SX/IX)
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