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NaOH
Mn(NO,), Fe(NO;), Solution 0.001 M NaOH
Solution Solution (metered) 0.001 M NaNO,
Semi-Batch
MnO, ' Batch
Precipi- > Hydroxide R

0.001 M NaOH
— 0.001 M NaNO,
+ NaNO, + KNO,

tation

Precipitation Washing
(Fe, Ni) \/

KMnO, Ni(NO,),
Solution Solution
Soluble and Insoluble Trim Chemicals
A 4
Al(OH)4 Mg(OH), NaOH
cB;ai% mamgz ma3cp:oo4 Incorporate Waste
atYs alNVs Q204 > Final Trim — Simulant
Caso, Na,CO; PbSO, Chemicals Slurry
Cr,0O4 NaF Sio,
CuO NacCl ZnO
KOH Nal ZrO,
(insoluble solids < 10 /7m avg. diameter)
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Solution of Metal Nitrates NaOH
Al, Ba, Ca, Ce, Cu, Fe, La, i
Mg, Mn, Ni, Pb, Zn, Zr Solution Na,CO,
e R A (metered) Solution
Semi-Batch )

MnO, Hydroxide Sodium

Precipi- Precipitation > Carbonate
tation (Multi-Element) Strike

' 0.001 M NaOH
: a
KMnO,  Cr(NO,) 0-00LMMaOH____J —— 0.001 M NaNO,
. 4 3/3 0.001 M NaN02 Batch
Solution : + NaNO; + KNO,
Washing
Soluble and Insoluble Trim Chemicals
NaOH NacCl Nas;PO, | ¢
NaNO, Nal Na,C,0, gl e Waste
NaNO, NaF KNO, clr?a . ”rln — Simulant
Na,CO,  NaAlO, emicals Slurry
SiO, (i) TiO, (i) SnoO (i)
‘” (insoluble solids < 10 //m avg. diameter)
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KMnO, Feed at 40 °C

Multi-element Precipitation
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Volume %
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| ——Traditional Recipe MnO2 N
—— Coprecipitation Recipe MnO2 [ \
1 —— Quick Mix MnO2 / \ /{(\

Particle Diameter, microns
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Mn(NO;),
Solution

MnO,

Precipi-
tation

KMnO,
Solution

O: H#

Solution of Metal Nitrates NaOH
Al, Ba, Ca, Ce, Cr, Cu, Fe, Solution Na,CO,
La, Mg, Mn, Ni, Pb, Zn, Zr (metered) Solution
> Semi-Batch .
Hydroxide > Ci?t()j(;l:lr;te
Precipitation i Strik
(Multi-Element) ke
v
0.001 M NaOH
— > 0.001 M NaNO,
Batch + NaNO, + KNO,
Washing
Soluble and Insoluble Trim Chemicals
NaOH NaCl Naz;PO, Incoroorate
NaNO,  Nal Na,C,0, o Waste
NaNO,  NaF KNO, 1 e [ Sidlant
Na,CO,  NaAlO, Slurry
SiO, (i) TiO, (i) SnoO (i)

(insoluble solids < 10 /7m avg. diameter)
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—— Traditional Recipe MnO2 Hybrid
| ——Coprecipitation Recipe MnO2 Recipe
—— Quick Mix MnO2 /\
| ——Hybrid Recipe MnO2
0.1

Particle Diameter, microns
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Mn(NO;),
Solution

MnO,
Precipi-
tation

KMnO,
Solution

Solution of Metal Nitrates

Al, Ba, Ca, Ce, Cr, Cu, Fe,
La, Mg, Mn, Ni, Pb, Zn, Zr

Feed
Stream
1

Continuous
Stirred Tank
Precipitator

\4

NaOH Solution i
Feed Stream 2 pH
(pH control)

4551

Soluble and Insoluble Trim Chemicals

NaOH NaCl Nas;PO,
NaNO, Nal Na,C,0,
NaNO, NaF KNO,
Na,CO, NaAlO,

SiO, (i) TiO, (i) SnO (i)

(insoluble solids < 10 /mm avg. diameter)

\ 4
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Na,CO4
Solution
Sodium
Carbonate
Strike
v
0.001 M NaOH
> 0.001 M NaNO,
Batch + NaNO; + KNO,
Washing
Incorporate Waste
Final Trim — Simulant
Chemicals Slurry
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FEEDS

PRODUCT

PRECIPITATOR
Large simulant batch size capacity

from small volume equipment.
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e : / Radioactive Sludge
2 Batch 3 Sample
5 1

01 T I I I T ' T

6 8 10 12 14 16 18 20
Wt % Insoluble Solids
——Test 1 (AI2O3 Trim) —=Test 7 (ppt Al) —— Test 9 (gravity wash)

—— Test 10 (CUF washed) e Radioactive Sample

SB3 Data From: R. E. Eibling, WSRC-TR-2004-00578, WSRC-TR-2005-00543
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B 120-L Batch,, SB4 Real Waste

")

0

L 10

n . |
9 :
D
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e

8 .

= SB4 Simulants, 3-L and 16-L scale

@ 91 ‘ ‘ ‘ ‘ ‘

8 10 12 14 16
Wt % Insoluble Solids

—— Sludge Batch 4 - 0.96 M Na, 3-L —— Sludge Batch 4 - 1.2 M Na, 16-L
—— SB3-SB4 Blend, 0.92 M Na, 16-L —e— SB3-SB4 Blend, 1.34 M Na, 3-L
—+— SB3-SB4 Blend, 1.34 M Na, 3-L e SB3-SB4 Blend, 1.34 M Na, 120-L
—— Sludge Batch 4 - Radioactive Sample
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) . - Coppt. / '\
s 0\ \
> : CST Precipitator ~ SB3 Real Waste
0 1 1 1 1 1 1 1 1
I 8 9 10 11 12 13 14 15

W1t % Insoluble Solids

16

+ SB3 Radioactive Sample
—=— SB3-SB4, Hybrid
—o— SB3-SB4, CST Precipitator

X SB3-SB4, 120-L
—0— SB3-SB4, Coppt

—o— SB3-SB4, Hybrid
—— SB4 Radioactive Sample
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Equiv. Diameter, microns

‘ —o— After caustic—o— After carbonate—— Final SIurry‘

0 :
0 1000
Equiv. Diameter, microns
‘ —o— After caustic—— Final Slurry‘
Coprecipitation, SB3-SB4 Blend
12
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2 Al,—?j
0 ey M —
0.1 1 10 100 1000

Hybrid, SB3-SB4 Blend

Volume %

0.1 1 10 100 1000
Equiv. Diameter, microns

‘ —— After caustic—— After carbonate—— Final Slurry‘

Hybrid, SB3-SB4 Blend

Volume %
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0.1 10 100 1000
Equiv. Diameter, microns

‘ —o— After carbonate—— After Wash—— Final Slurry‘

Coprecipitation, SB4
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100 1000
Equiv. Diameter, microns

‘ —o— After carbonate—— Final Slurry —— After Boiling/Concentratind

Coprecipitation, SB3-SB4 Blend, 16-L

Equiv. Diameter, microns

0.1 1 10 100 1000
Equiv. Diameter, microns
‘ —o— After caustic——— After carbonate—— Final Slurry‘
Hybrid, SB3-SB4 Blend, 16-L
18 7
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0.1 1000

‘ —o— After carbonate—— After Wash(A) —— After Wash(B) —— Final Slurry|

24
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16
12
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4
0
0.1 1 10 100 1000
Equiv. Diameter, microns
‘4} Final Slurry by CSTF{

Coprecipitation, SB4, 16-L
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