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Removal of Uranium by an Alkalization and an Acidi-
fication from the Thermal Decomposed Solid Waste of
Uranium-bearing Sludge
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This study has been carried out to elucidate the characteristics of the dissolution for Thermal Decom-
posed Solid Waste of uranium-bearing sludge (TDSW), the removal of impurities by an alkalization in a
nitric acid dissolving solution of TDSW, and the selective removal (/recovery) of uranium by an acidifi-
cation in an carbonate alkali solution, respectively. TDSW generated by thermal decomposition of U-
bearing sludge which was produced in the uranium conversion plant operation, was stored in KAERI as
a solid-powder type. It is found that the dissolution of TDSW is more effective in nitric acid dissolution
than oxidative-dissolution with carbonate. At 1 M nitric acid solution, TDSW was undissolved about
30wt% as a solid residue, and uranium contained in TDSW was dissolved more than 99%. In order to
the alkalization for the nitric acid dissolving solution of TDSW, carbonate alkalization is more effective
with respect to remove the impurities. At the carbonate alkali solution controlled to about 9 of pH, Al,
Ca, Fe and Zn co-dissolved with U in dissolution step was removed about 98+1%. On the other hand, U
could be recovered more than 99% by an acidification at pH about 3 in a carbonate alkali solution, which
was nearly removed the impurities, adding 0.5M H20:. It was found that uranium could be selectively
recovered (/removed) from TDSW.

Key words: Uranium Sludge, Solid waste, Nitric acid dissolution, Carbonate dissolution, Akalization,
Acidification
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Removal of Uranium by an Alkalization and an Acidification from the Thermal Decomposed
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Table 1. Composition and concentration of TDSW

Element wt (%) Element wt (%)
Na 3.22 Mn 0.15
Mg 0.22 Fe 4.63
Al 1.21 Ni 0.06
Si 3.32 Cu 0.02

P 0.56 Zn 0.11
S 0.17 As 0.002
K 0.66 Sr 0.04
Ca 12.4 Zr 0.27
Ti 0.08 0] 13.5
Cr 0.06 C, H, O etc. 59.3
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Solid Waste of Uranium-bearing Sludge
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Fig. 1. Dissolving concentration of each element with concentration of
nitric acid.
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Fig. 2. Dissolving concentrations of each element with concentration of
H;0; in 0.5 M NapCO3-xM Hz0; system.
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Fig. 3. Dissolving concentrations of each element with concentration of
Hy0, in 0.5 M NaHCO3-xM Hz0; system.

Removal of Uranium by an Alkalization and an Acidification from the Thermal Decomposed

ehirel galgol 2
Hele & 5 glek,
Fig. 49} Fig. 5% 212} TDSW ] 2% §:3) A H2] 9]
A2 % 9 m/v | (<TDSWe] F/ole] 32))g A%
a17] glg A=, A4 FE 8 v/m o] e TDSWe]

22k gal7} @arel gt o

F

&3l & B TDSW W 3Hf U] &3l &5 I%EMJ Ak, At
Ex o] ke 1 M 7R TDSWe| 4318 2 Ue] 43
&o] F43] F718h 1 M o)l A dA3H H

A =3 gJct, BhHel m/V H] 2] &d3Fe oF m/V=0.08 7}#|
= 719 44 (TDsW W] U<} &3l& 99% ©]’F, TDSW &

-2 70w o) Srhrt ol F FA radta ek,
o] ZRE TDSWe| A%k g3l ARt SR 1M, m/V ¥

l

100 A \
iy 80 A dissolution yield (%) of U in TDSW
(2
=] —0
2
> 60
s
s dissolution yield (wt %) of TDSW
2
8 40 A
[m]
20
0 T T T T
0 2 4 6 8

Concentration of nitric acid, [mol/L]

Fig. 4. Dissolution yields of TDSW and U with concentration of nitric
acid.
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Fig. 5. Dissolution yields of TDSW and U with ratio of the weight of
TDSW to volume of dissolving solution.
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Fig. 6. Precipitation yields of each element with change of pH of the
solution by a NaOH alkalization in the 1 M nitric acid dissolving solution
of TDSW.
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Fig. 7. Precipitation yields of each element with change of pH of the
solution by a Na,COj alkalization in the 1 M nitric acid dissolving
solution of TDSW.
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Fig. 8. Precipitation yields of each element with change of pH of the
solution by an acidification with HNO3 in NapCOs alkali solution (pH
about 9) adding H2O».
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Fig. 9. XRD spectra (a) and SEM photography (b) of the precipitate
formed by an acidification of pH 3.1 from a NaxCO; alkali solution (pH
about 9) adding HO».
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Table 2. Decontamination factor of each element with respect to uranium

Removal of Uranium by an Alkalization and an

Acidification from the Thermal Decomposed
Solid Waste of Uranium-bearing Sludge

U Al Ca Fe Mg Si Zn
1 1,477 1,539 849 68 20 36
Na2003 NaOH
Recycle of <
@ carbonate salt
‘_
HNO; CcO, HNO;
l v A
Dissolution of TDSW » Alkalization > Acidfication Recycle of
with nitric acid with carbonate T with nitric acid Used salt
H9 H3
l Lo
Fig. 10. Schematic diagram for selective removal (/recovery) of uranium from TDSW proposed by this study.
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Fig. 11. Dissolving concentrations and precipitation yields of each
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