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Abstract: The oxalate precipitation of lanthanide and actinide by oxalic acid was investigated in the simulated radioactive liquid waste, which was
composed of 17 elements of alkali, alkaline earth(Cs, Rb, Ba, Sr), transition metal(Zr, Fe, Mo, Ni, Pd, Rh), lanthanide(La, Y, Nd, Ce, Eu) and
actinide(Np, Am) in nitric acid solution. The effect of concentrations of nitric acid and ascorbic acid on the precipitation vield of each element in
the simulated solution was examined at 0.5 M oxalic acid concentration. The precipitation yields of the elements were usually decreased with nitric
acid concentration, nevertheless, the precipitation yields of lanthanide and actinide were more than 99%. Palladium was precipitated due to the
reduction of Pd(II) into Pd metal by the addition of ascorbic acid in the oxalate precipitation and then, the precipitation yields of Mo, Fe, Ni, Ba
decreased by 10~20% with concentration of ascorbic acid. The reductive precipitation of Pd(Il) into Pd metal by the addition of ascorbic acid into
the simulated radwaste occurred at below 1 M nitric acid concentration and its yield showed maximum at the ascorbic acid concentration of 0.01~
0.02 M. The hydrazine suppressed the reductive precipitation of Pd by the ascorbic acid.
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Table 1. Composition of the Simulated Radioactive Liquid Waste

Elements Concentration (g/L)

Fe - 1.392

Ni 0.249

Ba 342

Rb 071

Cs 486

Sr 201

Mo 0137

7r 0.0046

Rh 0.49

Pd 0.748

Y 0.738

La 432

Ce 5.1

Nd 769

Eu 0172 -
Np-237 653x10™

17x10" (Bk/L)
Am-241 489x107
62x10" (Bk/L)
H1] 02 M

Hol o F#Y U4 942 R4ED god Np& &&stix
e A7E s AdEn ok ek 29 SN FAHE
FE Am, Cm 53 87 Npx #Ze] @857 TAAAIN 1A 3
td 248 23 437 Ag"n Qs o278l £ dT78
ANE SAAAAS o] 43 TRU dF £3 A7F15-19]19 48
o2M Am3¥ Nd9 44 FRAANA Cs, Sr, Fe, Ni, Pd, Ru,
Mo, Zr 9459 Ao |79 ¥ 3lem316], £F Np# Nd,
Cs, Sr, Fe, Ni, Pd, Ry, Mo, Zr 9450°] ¥3d ZJL&AS AL
st olx@E AL A7l G g AFE vk ATH20]

ol ArdXE £ ATHA Mdetan e TREFAR21Y
AeFHoza 2% tri-butyl phosphate(TBP) &wi3&3 7)
nAdgd e AR F Ame EE Npg SAld £33 177 94
2 T8 B WAL SAaate] A 7+ z2AAY o
w53 FEEdre AAEH ou BEFERA V|HILEY
FALE 2A8IE T, Np9 €S Folux & A% AHeH
ojxzulAba} stoj=etal Abr L4tk AA viAE 9EgS

e B g

fF ok o

N
>

.

2.1, 2ojgY Xz Y 24

2 490 AHE mogde U Tc 5 Z88 19 JEo=
TAE §do2Re TBP £W%&% /jvjaagae AX U Tc
of AAY 174 4Eoz FAHUL. S ALY Agd
RogA ZHL Table 17 2ou, Andgad I ANEE=
02 Me] H3ith. 2 Ao Rolgoe AWsEE gd ¥ ¥
ggdo) 121 MY ANS Arlstd 58 23 F ARG &
o 22 ZuAPoEH 2I18doA Z Q229 FE: YA
A SAHEE ST AN | MEAL Axstd oz A}
$3t4ct ohzzulae 7 FEurEe) e Hyste] 2ejgdo
AN Frlsglen, solmaae 53%AE S g

£d Fo FHE d& vWAIAA(Fe, Ni, Ba, Rb, Cs, Sr,
Mo, Zr, Rh, Pd, Y, La, Ce, Nd, Eu) & ZgtAnpi}iAy 9
AEFF BA7E o] gstd BAggod, Am®, Np¥ 59

-
8
1
-
o
S

[ H——A\Zr‘ :_J;

Alkali and Alkali Earth Metals

]
T

: =

Sr
Rb

3
T
Z
)
[
°

Precipitation yield(%)
3 8
T T
[ [

L Rh c
o'ﬁ'@!%;ﬂdo P R R S
100 |- YN 00| Am
§ Ce ':.." :
§ L Eu | Np
2
)
[
299 99 |-
s
£
o
:1_)’ Lanthanides La Actinides
[

B o, By

00 02 04 o086 08 1.0 00 02 04 06 08 1.0
Nitric acid concentration(M) Nitric acid concentration(M)

Figure 1. Precipitation yields(%) of the various elements with
nitric acid concentration at oxalic acid concentration of 0.5 M.
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Table 2. Precipitation Yields (%) of Elements with Time and Ascorbic Acid Concentration at 0.5 M Oxalic Acid Concentration and at
Various Nitric Acid Concentration

Nitric acid | Ascorbic acid | Time Precipitation yields of elements (%)
) M min) [ pe [ Ni [Ba|Rb|Cs| Sr Moz |[Rh|[Pd| Y |La| Ce|Na|Eu/|Np]|Am
15 | 437 | 232 [140] 70 | 33| 104 | 610 | %7 | 6.1 | 97.7 | 1000] 996 | 100.0] 1000 | 999 | 9.7 | 99
0.0025 60 | 434 | 224 |146] 70 | 33| 95 | 615|957] 102 | 994 | 1000] 996 | 1000 1000 | 999 | %98 | %99

120 | 4281224 1146]70 | 41| 95 | 628 | 95.7] 102 | 100.0 { 100.0 | 996 | 100.0 | 1000 | 999 | 9.8 | 99
15 | 376[1841105[42 29| 95 | 601 [97] 61 | 999 [100.0] 996 | 100.0 | 100.0 | 999 | 996 | 999
0.012 60 3791192 {11.7) 70 | 41 | 95 | 615 |95.7] 10.2 | 100.0 | 100.0 | 996 | 100.0 | 100.0 | 999 | 99.7 | 9.9
120 13821200 |111/70 ]33] 104 |615|9.7]102 |100.0|100.0| 996 | 100.0 | 1000 | 999 | 99.7 | 99
15 12961136 |76[70]29 | 85 1527]957]102 | 9.8 [100.0| 996 | 100.0 | 100.0 | 999 | 994 | 9.9
0.25 0.06 60 (305128887041 | 85 {553[9.7]143 | 99 |1000{ 996 |100.0 | 1000 | 99 | 95 | 99
120 | 369 (144 {8842 |29 | 95 | 562 [9%.7]|102 | 999 [1000| 996 |1000] 1000 | 99 | 995 | 99
15 2411041417029 85 149697102 ] 9.1 [1000] 96 [100.0 | 1000 | 999 | 993 | 99
012 60 260112147 |70]29| 95 1531[9.7]143 | 988 |100.0} 996 | 100.0 [ 1000 | 999 | 994 | 99
120 |250(112 474233104545 |%.7]102 | 999 [1000]| 996 | 100.0| 1000 | 999 | 994 | 99
15 3791208 |11.7] 70 | 29 | 85 | 553 |9%.7]102 | 262 [ 1000 | 995 |100.0| 1000 | 99 | 96 | 98
0.0025 60 13881200 1123|70[29] 95 [52|%HB7] 61 | 537 |1000| 95 |100.0 | 1000 | 999 | 9.7 | 9.8
120 | 3941192 [135] 4233 | 85 | 566 |P7| 61 | 99 -100.0 | 94 [100.0 | 1000 | 99 | 9.7 | 938
15 13251160 {82]42 |33 85 |531 %7 61 | 998199994 ]1000] 999 | 99 | 95| 98
0.012 60 1345168 | 88|42 ]25] 95 [523[9.7] 61 |1000] 999 | 994 {1000 1000 | 999 | 996 | 98
120 [348 1176 194170 [ 21 | 11453697102 {1000} 999 | 99.3 | 1000 | 1000 | 999 | 996 | 938
15 12271120 |58|70]25| 85 48397 61 | 981999 ]|994]1000] 99 | 99 | 93| 938
05 0.06 60 (2471128 |64[42[25] 75 [501]97]102}]1000( 99.9 | 993 [ 100.0 | 1000 | 9.8 | 994 | 9938
120 1256120 )76]42[33|114 |514]97| 102 [1000| 999 | 99.3 | 1000 | 1000 | 9983 | 994 | 9.8
15 |216] 88 187029 75 [435]9%.7{102| 998 | 999 | 994 |1000] 99 | 95 | 90 | 98
0.12 60 120196 [18)42[29| 85 |448|9%7/102[1000| 99 {993 [1000] 999 | 993 | 9.1 | 98
120 [210] 88 |12|42(33| 85 {48397 61 |100.0| 999 | 9.2 [100.0 | 1000 | 99.7 | 9.2 | 9.3
15 1322[184 11114221 | 65 [483|79.1| 20 | 120 | 995 | 934 | 100.0 | 1000 | 999 | 9.7 | 9.8
0.0025 60 |353]|1841105|70|29| 65 [492 86| 61 | 120 |99 | 984 | 96| 93 | 98 | 95| 938
120 1362176194142 [29| 75 |51.8 85| 61 | 120 /1000|983 | 998 | 99 | 98 | 96 | 9.8
15 12441144 |188[70(33]| 75 [457[783| 20 | 120 | 994 [ 983 ] 96 | 98 | 99 | 94 | 938

0.012 60 1250152 (8214233 75 470|796 61 [ 118 | 95 979|997 | 999 | 93 | 95| 98

120 | 233|168 |82 (42 {37]| 65 [4741813] 20 | 11.8 [ 995979 98 | 99 | 99 | 95| 938

1.0 15 221196 [64[70]29| 65 [347[770] 61 | 1369931983 | 96 | 98 | 95 | 92 | %938
0.06 60 |216)104 534229 | 75 |366|778] 61 | 144|995 978 | 9.7 | 98 | 95 | 9.2 | 938

120 |213] 96 |47 (4233 | 65 | 343 778] 61 | 166 | 995 | 976 | 9.7 | 98 | 994 | 993 | %98
15 |184] 64 |12]42 (33|75 |343[739/102 | 142 | 93 [980 [ 96 | 98 | 9.0 | 9.2 | %98
60 1190 72 [12]14)29] 75 [339 77| 61 | 155|995 |97.7] 9.7 | 98 | 987 | 989 | 98

0.12
120 1190 ] 80 [ 06|42 (33| 65 |347{765| 61 | 171 | 95 | 976 | 997 | 999 | 987 | 9.0 | 998
- Time = 15 min Time = 60 min Time = 120 min Table 3. Reduction Potentials of the Various Ions by Ascorbic
i K X . . Acid
EXd . : Reduction chemical reaction Potential, V
c
fu i R 2NpO; + 6H' + HoA <— 2Np™ + A+ 4HO | 03
t a O05M
g s 10M UQ:2 + 2H + HoA <> U* + A + 2H:0 -0.07
Q1oL L L
£ 2Fe” + HoA <> 2Fe” + A + 2H' +0371
35
2 1ot . SN Pd? + HoA <—Pd + A + 2H' +0515
o
goel vl v U d el L i i 2Rh" + 3ILA 2Rh + 3A + 6H' +0.34
10° 102 104 103 102 10 102 102 10 +4 43 +
Ascorbic acid concentration (M) ZRu” + HA ZRu” + A + 2H +0.508
Figure 2. Variation of palladium concentration with ascorbic 2Ag + A 2Ag + A+ 2H +0.3994
acid concentration and reaction time at oxalic acid concentration 2TcOs + 16H™ + HoA <— 2Tc? + A + 8H:0 +0.1
of 0.5 M. +2 + +3
2MoQx“ + 2H + HhA <— 2MoO” + A +0.08
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Figure 3. Species of L-ascorbic acid.
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Figure 4. Precipitation yields (%) of the various elements with
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