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* A significant quantity of aluminum and chromium are
present in HLW storage in the Hanford tank farm

* Most of this aluminum is insoluble

* Much of the chromium is insoluble as well
* Aluminum doesn’t go into glass well
 Chromium really doesn’t go into glass well

* HLW sludges are to be disposed of in glass
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* Most abundant elements in the tanks include Fe, Al,
P, Ca, SI, and Bi

o Aluminum iIs one of the most prevalent elements
(nearly 70% of the sludge)

e Aluminum is mainly found in the form of:
— Gibbsite {Al(OH),} — as micrometer sized colloidal particles
— Boehmite {AIOOH} — as agglomerates of nanometer sized
particles
e Chromium is a minor component (~ 3%) of the
sludge



* Predominate Al phase Is boehmite
* Gibbsite is easily dissolved by heating with caustic

* Boehmite requires more aggressive conditions
(higher temperatures and longer times)

e Dissolution of Cr is simultaneous with aluminum



 Boehmite Is present to a greater extent than
Gibbsite

* Gibbsite dissolution is very fast in comparison to
boehmite dissolution
* Cr dissolution is controlled by two reaction rates

— 15t — a slow dissolution rate for Cr particles imbedded in
boehmite agglomerates

— 2nd — 3 faster dissolution rate for Cr particles liberated from
boehmite agglomerates



% &

i
d ]
L -
Fast ' +
s B -
[ 1 - -

Dissolved Undissolved

0 R
", L Residual

Undissolved

Dlssolved



« A single order exponential fit was =

applied to the data at each
temperature

* A value of k, was obtained for each

temperature

Lumetta, G.J. et al., Caustic Leaching of Hanford Tank S-110 Sludge.
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Time | 60°C |80°C |100°C 0.50
(hrs) -
4 0.833 | 0.789 | 0.657 0.60
8 0.807 | 0.751 | 0.506 0.50
24 0.768 | 0.565 | 0.235 0.40
72 0.685 | 0.296 | 0.026 030
168 |0.530 | 0.090 | 0.0 2

y(100C) = 0.9exp(-0.05683t)

y(60C) = 0.9exp(-0.00314t)

y(80C) = 0.9exp(-0.015731)
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PNNL-13702; Pacific Northwest National Laboratory: Richland, WA, 2001.
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e Start with 90% boehmite, 10% gibbsite

. .. dA_
* Rate of Al dissolution is - =~ K A

» Solving for A, A= 09exp(- k,t)

* Rate of Occluded Cr dissolution is d;:to =- k. _Co - kyAxFraction

e Rate of Unoccluded Cr dissolution is

dCo __ ke, Cuo +KyAXFraction

dt
t Time Co Concentration of unoccluded Cr
A Concentration of Al Keo Rate constant for dissolution of occluded Cr
Ka Rate constant for dissolution of Al | C,, Concentration of occluded Cr
Fraction | Fraction of Cr still occluded Keyo | Rate constant for dissolution of unoccluded Cr
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UT (VK)

0.00265 0.0027 0.00275 0.0028 0.00285 0.0029 0.00295 0.003 0.00305
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Activation Energy, E, = -slope x R
E,= 30,960 J/mol



e Reaction rate for occluded chrome particles is
relatively slow

e Reaction rate for un-occluded chrome particles is
very fast relative to boehmite dissolution rate

* Fraction chrome dissolved appears to be uniformly
greater than fraction of aluminum dissolved
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* Limited data available
* Air oxidation appears to be slow
* May require use of additional oxidant




%
$ 4-./5

[CrO 4% ] (M)

Room Temp
- >

3

80°C

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

40

60

80 100
Total Time (Hrs)

120

140

160



%
$ 4-./6

[CrO 4% ] (M)

Room Temp
- >

3

80°C

0.14

0.12

0.1

0.08

0.06

0.04

0.02

40

60

80 100
Total Time (Hrs)

120

140

160



4-./5

Mass Fraction of Component

100.0

90.0

80.0 m Bi(OH)3
mSio2

70.0 @ NaMnO4
B FeOOH

60.0 O Ca(OH)2
0 NaNO3

50.0 m AIOOH
@ Cr(OH)3

40.0 O U308

30.0

20.0

Initial 0.1 M NaOH, 3 M NaOH, 0.1 M NaOH, 3 M NaOH, 0.1 M NaOH, 3 M NaOH,
Sample NaMnO4 NaMnO4 02 02 Ar Ar

Treatment Conditions



4-./6

Mass Fraction of Component

100.0 +

)

3

90.0

80.0

70.0

60.0 -

50.0

40.0 -

30.0

20.0

m Bi(OH)3
0 Sio2

m NaMnO4
@ FeOOH
m Ca(OH)2
O NaNO3
O AIOOH
m Cr(OH)3
@ U308

Initial
Sample

0.1 M NaOH, 3 M NaOH, 0.1 M NaOH, 3 M NaOH, 0.1 M NaOH, 3 M NaOH,

NaMnO4

NaMnO4 02

Treatment Conditions

02

Ar

Ar




&

* Cr(lll) is poorly soluble in alkaline media

e Cr(Ill) dissolves In the presence of permanganate
when the Cr(lll) is oxidized to Cr(VI)

e Cr(VD) is highly soluble in alkaline media

Cr(OH), +MnQ, +OH" ® CrO,” +MnO, +2H,0



e Air oxidation appears adequate for treatment of Cr In
Hanford sludge samples

* More aggressive oxidation techniques may be
required to deal with Cr present in saltcake

* Additional testing is planned to further investigate
the use of permanganate to achieve oxidation of Cr
In saltcake samples.

e Successful demonstration will result In dramatic
reduction in the number of HLW canisters and a
concomitant reduction in life cycle costs.



