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(w=99.9%) 7.9612 g KOH 0.6624 g KNOs, 400 500
2h, , , 95 % 3 mL
RuO, 95 , 8 mol/L HNO;3;
,60 70 NaNO; , 1.5 h, 3 mol/L HNO;3
25mL  (3) TIO(NQs)» (70g/L Ti): 50mL TiCly ( 8.8mol/L)
100 mL , 3.4 mL , 8 mL 12 mol/L NaOH ,
, , 2 3 , 3 mol/L HNOs 10mL  (4)
Pd(NOg) 4 (59/L Pd) : Pd (w=99.9%)0.5014 g, 3 mol/L HNO;
3 mol/L HNO;3 100 mL  (5) K,C,04 (80 g/L) : K2C,04- 2H,0 96 g,
1000 mL, 10g/L pH=7.50
1.1.3 Jarrel Ash 1160 \ ;810Q SA-CP3
X ,Limk ;781
;PHS 10A / ,
1.2
K,C,0s  -pH o1 50 mL , 30 mL
pH 7.50 80 g/L K;C0O4 , 0.1 mL , NaOH
pH 7.50,
, X
1.3
8]
( ) :
U Np Pu Am Cm Tc , ;Y La Ce
Nd Sm , Nd ;Rh
1.3.1 188.4 g AI(NO3)3- 9H,O, 3 mol/L HNO;

, , 52.9 g Fe(NO3) 3- 9H,0, , 118.2 g NaNOs3
44.87 g Ni (NO3) - 6H,0 0.88 g KNO; 0.88 g
Sr(NOs), 9.58 g Cr(NOs) 5- 9H,0 3.04 g NcbOs; 0.47 g Mn(NOs) 2- 6H,0 3 mol/ L
HNO;3 , , 2.12 g (NH,) 6M07024- 4H,0 , ,

0.5 mL TiIO(NOs)» 32 mL 30 g/L Ba(NOs)»
3 mol/L HNO; 500 mL 68
1.3.2 500 mL 100 mL , 85
mL 100 mL 1.24 mL Zr(NOz)4 (10 g/L Zr) 0.8 mL Pd(NOs)4
0.8 mL K3NbOy 2.0 mL RuNO(NOg) 3 0.69 mL 9 mol/L HySO, ,
0.2650 g KoHPO4 3 mol/L HNO; 100

mL 1
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Table 1 Chemicd content of smulated HLL W
-1 -1
(dements) (added compounds) pgL™) (dements) (added compounds) gL
Al Al (NO3) 3- 9H,0 27.1 Mo (NHg) M07024- 4H,0 2.30
Fe Fe(NOs) 3 9H,0 14.6 Nd Nd,03 5.20
Na NaNO3 64.0 Ti TiIO(NO3) » 0.07
Ni Ni (NOg) o 6H,0 18.1 Ru RUNO(NO3) 5 0.80
Ba Ba(NO3) » 1.92 zr Zr(NO3) 4 0.12
K* KNO; 0.68 " Pd Pd(NO3) 4 0.07
S Sr(NO3) » 0.72 Nb KsNbO,4 0.04
Cr Cr(NO3) 3- 9H,0 2.50 Sera H,S0, 6.10
Mn Mn(NO3) - 6H,0 0.18 POS KoHPO, 1.00
(note) ¢ *": KsNbOs  KyHPO, K(Kin KsNbO4and Ky;HPO,is not conddered)
1.3.3 }
) , PUREX
1AW )
[11,12]
250 mL ,
1
20 min 0.3 mL 88% ,
1.05 mol/L , 90 95 ,1h 1
100 mL . 1mol/L HNO; Fg.1 Denitration equipment
of smulated HLL W
100 mL, 68 14 d ,
11— (themogtat) ;
! 22— (thermometer) ;
1.4 33— (three-necked hottle) ;
[3 ,8] 4— (cooling tube) ;
, 2 2 , 5— (iron stand)
Ba2+
, H>SO4 , , 3
1.5
25 68
, 21 42 68 ,
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Table 2 Diswlubility of smulated dudge

(reagents) (displving method) (result)
HNO3 (heating) (part of dislution)
Hd (heating) (part of dislution)
V(Hd) V(HF) =11 (heating) (part of dissolution)
(aquarregia) (heating) (most of disxlution)
V(Hd) V(HNO3) =13 (heating) (mogt of diswolution)
V(Hd) V(HNO3) V(HF) V(HAO,) =1333 (heating) (mogt of diswlution)
V(Hd) V(HF) V(HCO,) =133 (heating) (part of dissolution)
HAO, (heating) (part of dissolution)
2 mol/L NaOH+ 1 mol/L HNO3 (dternately dissolving) (part of dislution)
KOH + KNOz(solid) (mdting) (insolubility)
H,S0O, (heating) (dislution)
2
2.1
Ni?* cré*
(22+1) . ,
NaNOs , 2% 3% AlI(NO3)s, 35
20 % ,NaN O3
( 1.13 mol/L HNO3)

:1.430 g/cm*(25 ) 1.415 g/cm®(68 ) ;

(41.5 ) 2.16cPa(65 )

50 %
3 5 103 105

24 g/ L)
78

2.2

:5.72 cPa(25 ) 3.17 cPa

68 , ,
20 g 103 105
10g 1
(
1. 665 g/ cm®, 2.651 g/ cm®
, 0 40dm,

90 100

1 mol/L HNO;
59

4. 41 m

16



[12] .

2HNOs; + BHCOOH— 2NOt +3C0O, 1t + 4H,0; (1)
2HNO3z; + HCOOH™ 2NO, 1t + CO, 1t + 2H,0 (2)
, 1.27 , (1) 77 %
2.3
, 1 mol/L HCOO, 10 mL
1 mol/L HCIO, 10 mL
, 3
3
Table 3 Compostion of the HLL W and dudge
(dudge) (HLLW) I %
(materia
(lements) m/ mg R/ %  p/(mg-LY m/ mg RI%  p/(mgL ™) pance)
Al 2.1 0.1 20 2.8x10° = 100 2.8x10? 100
Fe 9.5 0.6 90 1.5x10° = 100 1.5x10? 100
Ni <0.1 =0 <0.4 1.89 x 10° = 100 1.8 x102 100
Mn <0.10 0.1 0.19 18.7 = 100 1.87 100
Mo 134.4 60.0 1280 90.0 40.0 9.0 98
Cr <0.1 0.016 <0.4 255 = 100 25.5 100
S 0.35 2.2 3 71 97 7.1 99
Ba 153 83 292 32 17 .2 96
Nd 1.7 0.3 16 513 99 51.3 100
P 12.8 39.6 123 19.5 60. 4 1.95 99
Ti 3 42.8 28 4.6 66 0.46 109
(note) :R;1 Ry (Ryand R;are the persentage of precipi-

tation or HLL W in totd amount , respectivey)

Zr Nb Ru Pd , ,
, Zr Nb Ru Rd 10 20
9% % Zr Nb ,Ru  Pd 5% S ,
, Ba S 30 %

:Ba,80 %;Mo ,55% 63 %:;Zr ,95 %:;
03 ,30 %:P,40 %: Ti ,43 %;Nb ,95 %
2.4
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Fig.2 X-ray energy gpectrum of smulated high-level radioactive dudge
(@) — (dudge) ,(b) — (the phase of BaS0,) ,
(c) — (the phase of heteropole phogphomolybdate) , (d) —— (the phase of nitrate)
(1) , SPBaMo K
1% 3% S a,
JRu Zr Pd Al Mn Ni Nd Ti Nb 0.5%
(2 , :
(3) BaO ,64 %; 303,36 % BaSO,
30% Ba ,S0%”
Fe(NH,S03) »
(4) MoO; 55%,P.0s 7%
PO~ MoO; 186, K, Ba Fe,
Kz (Ba) PO, 6M0Os , 55 %
Mo ,PO3" TBP
(5) Na(Fe) NOs, Al K
Mo 10 %

(6) 5%
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Zr
2.5

TBP

(7) 1 1
[13] [3.,10]
PUREX , ,
\ B vy , TBP
~DBP -MBP —H;3PO, , HsPO4 ,
10
2.6 mol/L HNOs 2.1 mol/L HNO; ,
3 (3] ( 45 g/ L , 2 3
’ :137CS QOSr 99TC 239Pu 241Am
, St Pt ,TcO; Cs*
P AMY , a
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THE PREL IMINARY STUDY OF

HIGHL EVEL RADIOACTIVE S UDGE
. PREPARATION AND PROPERTY STUDY OF
SIMULATED HIGHLEVE. RADIOACTIVE SLUDGE

LIAN GJunfu', SONG Chongli*, PAN Cui-lin?,
DING Gelong®, YANG Wenrjie?

(1. Ingtitute of Nuclear Energy Technology , TSnghua University , Beijing 102201, China;
2. Lanzhou Nudear Fud Factory, Lanzhou 732850, Ching

Abstract :A typica smulated high-level radioactive dudge is prepared according to the anays s da
taof high-levd liquid waste (HLL W) and dudge. The dudgeis got ater a concentration and den-
itration process of the HLL W by formic acid. The physca and chemicd properties of the dudge
are studied. It mainly condsts of BaSO, Kz (Ba) PO,- 6MoO; and Na(Fe) NOs crystds. The
mechanism of the dudge formation is discussed.

Key words: dmulated high-level radioactive dudge; HLLW; dudge



