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Study on the properties of saline HLLW  in China 
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Abstract The properties and the component of HLLW fHigh LeveI LiquidⅥ ste1 were 

studied．The genuine saline HLLW  is a blue—green liquid without ally deposition．Its density 

and acidity are 1．399 g／inl(23~1。C)and 2．1 Inol／L HNO3，respectively．The activities of 13 cs， 
。。Sr

，

。。Tc
，

。”Np
，
239Pu

，

24 Am
， tota1 oL，tota1 tota1 are deternlined．T1le extractabilities 

of actinides in the genuine HLLW were examined with a five—s rage cross extraction experimerlt． 

More than 98％ of Pu is ill Pu species．and nlore than 70％ of NP is in Np species．More 

than 99．97％ eL．nuclides could be extracted by 3O％TRPO．Kerosene in 1 IIlO1／L HN03 fr0111 the 

HLLW ． 
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1 Introduction 

The reprocessing of spent nuclear fuels are 

valuable to recover the fissile materials．but it 

produces a lot of HLL、V．After separating the 

fissile materials．the HLLW  is conditioned ii1 

a glass form for future disposal into an under— 

ground repository． Considering the hazards of 

the vitrified waste，aftcr about six centuries， 

the main potential hazards for the repository 

are the alpha—emitting minor actinide nuclides： 

237Np
．
2 一 43Am

．
。 一244Cm as well as 99Tc

． 

In recent years a P．．T concept has been de．． 

veloped．wtlich involves the partitioning of tile 

long—lived nuclides and the transnlutation of 

them to short—lived nuclides． 

TRPO process is developed for separa- 

tion of the long 1ived nuclides from HLL、V in 

China．1 In tile TRPO process，a trialkyl(C6一 

C8)phosphine oxide is used to extract the ac— 

tinide elements and Tc from ttLLW ． 

The research on applying the TRPO pro- 

cess to treat highly saline HLUⅣ is being car。 

ried out in China．Thc genuine H LL、V has a salt 

conccntration about 380 g／L．The main compo． 

sitions are nitrate of Na，A1．Fe and corrosion 

products．According to the activity of actinide 

elements，the decontamination factor required 

for converting the HL Ⅳ to a non n waste is 

only 10(】for the iotal n activity． This paper 

presents the llot test results of TRPO process 

for the removal of TRU elements from a genuine 
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HLLW  by cross extraction in China． 

2 Exp erim ental 

2．1 Analysis of the density and the acidity 

ofthe HLn V 

Thc samples of tile HLL、V were sanl— 

pled quantitatively with electronic pipettor(1一 

ch，0．020—0．500 ml，Biohit Finland)，and bal— 
anced at 23士1。C．Thc density is all average 

value of six samples． 

The quantitative samples were added to 

30 ml 8％ potassium oxalate solution fad ust— 

i11g pH= 7．0 with 1％ oxalic acid aim 0．1 mol／L 
KOH 1．Thc solution was titrated witl1 standard 

basic solution to pH 7．0． Thc acidity of tile 

HLLW was calculated from the consumption of 

the standard bas ic solution． 

2．2 Determ ining the radionuclides in the 

H Ln V 

2．2．1 UranillIIl 

Uranium was extracted bv 30％TRPO— 

Kerosene fTRPO，trialkyl phosphine oxide， 

Jinan Phosphorous Fertiliser Factory．China； 

Kerosene， 240 ， Jinzhou Refinery Factory， 

China)in 1．0 mel／L HNO3 fronl the HLLW 

twice，and was stripped witt1 5％ Na，C0 ft．onl 

tlle organic phase．The stripping solution was 

qLlantitatively diluted and ad usted to pH 7．0， 

the conccntration of uraniuln was determined 

with Laser fluorimetric analyzer fLMA一1．Bci— 

jing Institute of Nuclear Industry，China1． 
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2．2．2 —nuclides 

Thc activity of total ．nuclides wan de— 

termined with Au．Si surface barrier detector 

(FH445，~2O 111111，Beijing Nuclear Instrument 
Fact0rv，China)．The activities of 037Np， ∞Pu， 
241 Ain were determined after Np， Pu， Aiil 

were separated frOil]the HLLW with HDEHP 

process．[。】 

2．2．3 Thc activity of the total 一nuclides 

Thc activities of the iotal 一nuclides iii 

the HLI were detected with liquid scintilla— 

tion analyzer fTRI—CARB 2200一CA．Parkard． 

USA1． 

2．2．4 T11c activities of the 一nuclides 

The activities of t1le nuclides in the HLLW  

were determined with Ge—Li detector fEG& G． 

USA1．T11c multichannel analyzer was scaled 

with tile standard solutions of the 一nuclides． 

2．2．5 Technetium 

90Tc is extracted by cyclohexenone from 

1 nlol／L H，S04 and is detected with liquid sciI1一 

tillation counting method and activity is ob— 

rained by c衔ciency tracing DPM method． 

2．2．6 Stronium一9() 

Activitv 0f 00Sr ConleS fronl tt1at of 00Y 

that is the daughter of 90Sr．After the RE and 

TRU are removed bv 3O％ TRPO．Kerosene two 

times in 0．5 mol／L HNO3，the HLLw is laid for 
3()days wtten 9”Y grows to equilibrium with 

9OSr．then o0Y is extracted using 30％ TRPO— 

Kerosene again and detected bv LSC．its activ— 

ity is corrected by tsie method． 

2．3 Cross current extracring TRU elements frOlll 

HLI bv 3O％ TRPO—Kerosene 

HLL、V (J 5lll】 

、L 
(Il】tltion(3 t Jlilts1 lth 】5『1]l 3(J％ 

()45Illo】／L HNO 1 TRPO．Kerosenc 

＼ ． ．／  
O pl1ase I 4 nlI 30％ 

sfo red TRPO．Kcrosene 

＼  ／  

aq ‘ rumple 

1) I)OmI o rg phase I l ext r I 3 m】30％ I 
， stored l l 5rain TRPO．Kerosene l 

＼  

aa sam DIe I一 、  ̂ ．／  

(1 I OOml I l org phase I ext r l 1 2 Il1]30#i， l l 
stored 卜 5m Jn I TRPO-Kerosene l 、 

aq samp Fc ’

网 一 0 If}0mi 

．I． 
1 l I I mI 3O％ TRPO．Kerosene 

．  

． 

． 一  -＼ ． ／  
aq samPIe 

0】OOmI l org phase I— I extr l 
I “ r I 2卫 !卫 J 

()I( 】

mp

l ‘。——●—1- _-1 

Fig．1 Flowsheet of the CROSS current extraction 

3O％ TRPO—Kerosene wan washed stepwise 

with 5％Na2cO3，1 mol／L HNO3 and deionized 
water．The genuine HLLW  was diluted 3 times 

and regulated to 1 mol／L HNO3 and the 30％ 

TRP O—Kerosene sohltion was pre—equilibrat cd 

with 1 mol／L HNO3 before use．The flowsheet 
of the experiments is shown in Fig．1．The ex— 

traction experiments were performed by mixing 
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equal volumes of aqueous and orgamc solution 

in a stoppered tube for 5 min at 234-1。C．Two 

phases were separated after centrifuge．The or— 

ganic phase was collected．However，the aque一 

()11s phase was contacted with equal volume of 

a fresh organic phase and the cross extraction 

repeated several times． The activities of the 

actinide elements in the aqueous samples were 

analyzed by spectrometry． 

3 Results and discussion 

3．1 The density and the acidity of the 

H LLW  

The density is 1．39 g／m1，which is consis— 

tent with the result in Ref．[3]．The acidity is 
2．1mol／L HNOa，which is lower than 2．6 mol／L 
HNO3 in Ref．[3]，because some HNOa in the 
HLLW  was decomposed for the irradiation dur— 

ing the ten years storage． 

3．2 The radi0nuc1idcs in the HLLW 

The determined results of the radionu— 

elides in the HLLW are given in Table 1．After 

aeliusted by the half-life of the nuclides，the va1． 

ues of the activities of the radi0nuclides in the 

HLLW were consistent with those in Refs．『4～61． 
The results show that the analytical methods 

are suitable for the HLLW ． 

Table 1 The activities of the radi0nllclidcs in the HLLW 

3．3 The extractability of the Q．nuclides in 

the H LLW  

In the test condition，the distribution ra 

tios of americium varied at diIrerent cross ex- 

trac tion stages fsee Table 2)．In the first three 
stages of cross extractions，the distribution ra- 

tios in americium increased with the increas。 

ing of the stages due to the decrease in the 

extractable element c0nceI1trati0n．such as RE 

and Fe3+．After four stages of the cross extrac． 

tion the concentration of Aill in aqueous sohl— 

tion was very low．At the 5 th stage the ameri— 

cium activity was near to the detection limit 

and very high decontamination factor was ob— 

tained． 

Table 2 The distribution ratios for Np．Pu and Am 

‘The 5 th stage of CROSS extraction was carried out after 10 d 

Table 2 also shows that TRPO has good merized or hydrolyzed species，which were not 

extraction ability for plutonium．After first two extractable by TRPO．In the experiment，the 

stages，the plutonium was nearly completely ex- 

tl·acted． From the 3rd stage the contents of 

plutonium in aqueous phases were not changed． 

The fact means that a few of plutonium(about 
0．05％1 in HLLW  feed solution existed in poly一 

十 ’ ’ 一  ⋯  ’⋯ 。⋯  T ’ ⋯ ⋯ ■ ⋯  

aqlleous phase had been laid aside for 10 d af- 

ter 4 stages． During this period some poly— 

merized or hydrolyzed plutonium depolymer— 

ized and became extractable Pu(IV)，thus at 
the 5th stage some plutonium was fllrther ex— 
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tracted by TRPO (Table 2)． 
The extraction behavior of Np was also in— 

teresting．Although 30％ TRPO has good ex． 

traction ability for tri一．tetra—and hexa．valent 

actinides，its extraction ability for NPfV1 was 

very poor in 1 mol／L HNOa．DNpfIv1，DNpfv1 
and DNprvI、between 30％ TRPO—Kerosene and 

1 mol／L HNO3 are given in Table 3． In the 
experiment at first stage DND is 3．78． It is 

much lower than that for Np4+ and NpO2十
． 

but higher than that for NpO+
． From the 2nd 

to the 4th stage the DN is about 0．5～0．6．It 

is higher than that for NpO+
． These results 

show that more than 70％ of Np is in Np(IV1 
valence state in the HLLW ．However．the others 

were in Np(V)probably．In the first stage，all 
Np4十 species and a few parts of NpO+ species 

were extracted into organic phase． From the 

2nd to the 4th stage not only NpO+ but also 

some tetra—·and hexa—·valent neptuniums were 

extracted．The fact indicates that some Np(V) 
was converted to Np + or NpO22+ at the exper— 

iment condition． 

Table 3 The distribution ratio of neptunium 

between 30％TRPO and 1 mol／L HNOa 

The valence state of Pu i11 the ten— 

uine HLLW  was studied by an extraction 

method with 0．2 mol／L HDEHP．Kerosene and 

0．5 mol／L TTA．Xylene．The results indicated 
that in the genuine HLLW  more than 98％ of PU 

were in Pu4+ species
，
about 0．86％ in pu3+ va— 

lence state，but very small in Pu0 十．It proves 

that Pu¨
，
Pu4+and PuO2+ are in eauilibrium 

in the genuine HLLW based on the dispropor— 

tionate reaction equation： 

3Pu ++2H2O H  2Pu。++PuO~++4H+ 

4 Conclusions ’ 

The density of the HLLW is 1．399 g／m1． 

The acidity of the HLLW is 2．1 1 mol／L HN03， 

it becomes 1ower because the HNO was decom— 

posed by the irradiation．The results of deter． 

mining the activities of the radionuclides show 

that the analytical methods are suitable for tile 

HLLW ． 

The cross extraction of the TRP O process 

with genuine HLLW proves that the TRPO has 

good extraction ability for actinide elements． 

The TRU elements．except 237Np
．

w ere co m — 

pletely removed bv 30％ TRP0一Kerosene with 

four stages of cross extraction in 1 mol／L HN03 
solution and the HLLW became a non— —waste 

solution． The decontami nation factors are as 

high as 3200 18，2100 and 8700 for total ． 

37Np
， 
00Pu and 4 Am

．
respectivelv．Tl1e re- 

sults prove that the parameters selected for the 

TRP O process in the cross ext raction experi— 

ment were quite wel1．The TRU elements in tile 

HLLW could be removed by the TRPO process． 
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