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Abstract: Preparation of nuclear power grade UO, by TBP solvent extraction technology is
studied using impure uranium concentrate as raw material. In the uranium concentrate
pretreated, the moisture is reduced effectively, and organic impurity is removed, forms of
impurities easy to generate colloid are rectified. Uranium can be extracted from water phase
of uranium mass concentration 300-400 g/L using ¢= 307 TBP-kerosene as organic phase.
The impurities in loaded organic phase are removed out in two stage scrubbing. Uranium in
loaded organic phase is stripped using dilute nitric acid. High purity uranyl nitrate solution
can be obtained. After precipitating, transfer crystallization and calcinning, nuclear power
grade UQ; is produced.

Key words: uranyl nitrate; solvent extraction; TBP; UOQO,

R OR G5 LA 2 Bl K LA = dh ) RZORE N VAR LA AR B 22 i AR K 1R 7 il B Al o e
Aoy G EoR . RIE O™ AR GO 07 5 A R A A AR R L R IR A I

s BH#:2010-04-29; &7 HH#H :2010-12-02
YEE B 4 BN (1967—), B IR A Wil WF 9% L s 4 T RR O Ak S50 T %0l



5 33

F 5 A T TBD 35 A Ok ] 4 4% r Al — Ak Al 137

U A S I WS v DS as T8 Y SR i
JCEANG R Wkl A AV T R 21 4E A Mo,
FAERTG AR AT KZ A Ti.Cr Zr
S UTRURD A R A K 2 P4 V. Se.Sc %, iX
TG RE N K T KSR A 2l A 1) e

AT B A A A 2 e 4 ) A 7 A R 7
T — SOBE MRS A R R AT A
BLTEREE. 2T aifb EiNERITRETR
ZHFFE TAES EER B Tl Ak Al 22 L3 . 1 [
SN AL S A MR 7 Tolk b L H &
B . R HAS (BT AR ZE SR FH i S AR IR Al Ak, 355
(14 2% 4 B A 07 2R F T 2 2k A, 79 O 45 [ R
SR FH OGS ol BE 4l ) TBP 250 L2, e ok B Al
TBP ¥ 71 26 O I DA 4l Ak 2% vk 45 4 o J kL, i
1t TBP % % 2 Mgl Ak, 2B 7= i gl iy U0, ., B
T 58 DA Ak 2 e g o RORE S A e vk B A
VW8RG T TBP ZE ML, 1 80H MU S U % )G
SR P R B A8 B 3R A5 25 40 2 i T A 10k V5 VL
ZUUTE B R Bl e B 48 b B R IR RS )T B
L1 gl U0, .,

1 REEBH

L1 RXFFa e ss

721 R4y 606 B I, 1 OGS A A A A
A) s A 57 25000 B IS . B A B LA
A 5 JB-2 BYUNE R WG ) Bk g . b SRR T s
CS101-1AB B g $4 5 XU T B 48 . 8 DK S2 00 I 4%
J7sFATOO4AN BUHL + KF K5 B 0. 1 mg, FiR
SALER T 5 SX-A-10 R T 3 4, b 5% B B 7 (X AR
T~ 5 ik o 57 A 25 ($50 mm X 10 000 mm) » [ il 5
EH-E45FC-20EE6 %! 1 4 11 & % . H A Iwaki
NEIR

Bl g, R D, 2 R Ol AR AN
N B KR T s AR B Tk B
SEREAAL T4 B2 f) ;s TBP. L 2% 4, K HE T 46 2
fR2E ). SR EUK RS ER BN R S A AR
el AR, 3 Fral, Jb i fb T s BRIR B, o BT
gl 25 B AR R AL A M Al KL
T BRER B 43 B 4l T 25 RS A4k 2 5 A BR
2 ) 5 b o B i R A R A T A o T A
T
1.2 REAHE

T PRI AR A ) T 2R R I
JEE T S hreh TR 4 R BRI

BB 10 ~15 min $iE ¥ 1 U, ik £ 2R B[R] J5 )
VAR LR AT .

JBehe PRI — € 1 TR S A E W 4 T
KA BT e h Tl P — 2 iR
B 10~15 min HEHE 1 U0, 4 7] B 4%, 1K B 2R
[ J5 B V2 A PR R AR AT

V0 < B S D A A S T A A — E Y
TR » BEFE VR » — 5 I 1) i o 8

AL M — 5 PR AR B A HLAR ALK A BT
ol <1 SR JE R e IR 5 AL _E AR5 5 min,
i 120 A1 20 min, BUPY AR 247 A & 0 2 FITRR B 19

AT
PEUR 0 A LR TS ) 8 2 R0 R 47 Uk 0% L 4
pRCER IS

1.3 A%k

VA TR v A R A P R - Ak L R A A vk
T 52 5 AR v B il F = o 3% 40 1B 25 B, Br-PADAP
B I 5 I T 2 R R D A A T
T3 U R FH 0 - W -1 R e 25 o ik 0 5 5 SO
S JH BE b 0 5 5 CL SR B AR R W i v 0l o

2 MBS

2.1 S ERBMH TR

H . B & fl K G T 3 Y e 2s W 4a
WHG— M &R ARE. mHEEh
KA TK 4y DL A 8 T8 i T AR R A B A ML 4
JT 2ok DR R R AL 2% L XN I SR A R ™ E
SR o PR O 0 50T o R IR G S8R H P R L i 5
A S A 1Y) A BT AR O A L B 25 R R R B
AHLFE T, LBRER 4/ SO F1 CL L 8se 9kt
OB VEVE BE - LA i L U8 B2 4 B8 WA AT .
BHAE T AL E g Y. TS K &
—JBEAE 3090 ~T70% » PR L 4B b 2 AT 6 20 T 0
N N w3 W T DO = A P
1,

B & 1 A DU s AR il A 27 v 46 ) 1Y) K G
HEB& 98% . FAE 110 CF T4 4 h 5{fF 140 CF
T4 2 h,

2.2 HULERBY R

— kU HUA KL AR 24 (ADUD JB I vE
ol Ak 22 W 4g W 7R 700~800 C R 4 beA & A=
TR

3(NH,)», U, 0,

700~800 C

2U, 04 +



138

BeAe o 5t e

f=3
f=4

0
(=1
T

(=N
(=}
T

S
o

o3
(=1
T

JIit 7K #% (Dehydration rate) /%

(=1
[
[3S)
w2
PN n
w
[o)}
3

K1
Fig. 1

AN T Q5 BE T T e e () % 58 7K 6 114 52 W
Influence of drying time on dehydration
rate at different temperature

® — 110C,l—140C,A—1707C

6NH, + 0, +3H,0
il f6 7 A ADU 3R I3 fift LA BK A1 19 BR 5 3

kAT
ADU —UO; » H,0 —>UO,—U, 0;
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Table 1 Influence of calcining temperature on mass percentage of U, SOi , and Cl~ in calcined products
w/ %
6/°C
0 min 20 min 40 min 60 min 90 min 120 min

550 U 59.7 62.3 63. 4 62.5 61.9

SOF~ 4. 65 3.25 3.48 3.71 4. 35

Cl™ 2.99 2.77 3.28 2.79 2.59
650 U 59.7 63.9 63.8 63.9 62.9 63.2

SOF~ 4. 65 2.98 3.17 3.83 3. 56 4.54

Cl 2.99 2.58 2.47 2.25 1.78 1. 81
750 U 59.7 65.5 63.5 65. 2 64.9 64. 6

SO? 4. 65 2.83 3.12 3.32 3.63 3. 60

Cl 2.99 1. 69 1. 28 1. 11 1. 05 0. 855
850 U 59.7 64. 3 64.9 64.9

SOF~ 4. 65 3.79 4.19 4.03

Cl— 2.99 1.51 1. 22 0. 897

2 ORRBRBRIRBE T B WV R JS S R W Y 32 B A
Table 2 Main composition of solution of calcined products at different calcining temperature
p/(g+ L)
9/°C W 72 # (Yield of residue) /%
18] SO7~ Cl SiO,

110 262.0 22.2 18. 6 0.121 0. 88
650 321.8 22.0 13.9 0.110 3. 10
750 284.3 26.8 7.3 0. 080 3. 50
850 290. 0 12. 1 6.0 0.137 3. 80
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Table 3 Influence of calcining temperature on extracting performance

ZEHL Sy AH 1% I (Phase separation phenomena)

G AIARAG 5 43 AR 2 2 /N T 508 19 W9« YR LA IR o WAC i 8 108 5 SR TG 5 95 00 5 5 B T B 40 BRI V7 L 0 0 o
I Ja] % < 7 5% 4 3 FL i Ak (Very slow phase separation velocity; too much small droplets in phase separation zone, liquid

membrane shrink slowly; existing interphase crud; there are suspended substances in organic phase, which accumulate

Sy RS s ST A TS s A HUAE R A A0 R VR T U A B R R ) JEE K TG 58 4 B AT A (Slow phase separation velocity;

existing interphase crud; there are suspended substances in organic phase, which accumulate at interphase after long

G AR 5 43 A0 T2 Sy SR TT 68 A ) VLT, VSO 0 A T 5 SR TR 35 00 5 /A WL v A A Y7 T U 0 » I e BT (1) S8 < T 2R 4R
| FL1H 4b ( High phase separation velocity; few big droplets in phase separation zone, liquid membrane shrink fast;

existing interphase crud; there are suspended substances in organic phase, which accumulate at interphase after long

53
0/°C
110
at interphase after long time standing)
650
time standing)
750
time standing)
850

G RS 5 ST V5 10 s A HLAR A A0 TR DL TE W) - B Th) 48 4 17 5% 48 5] AL T AL (Best phase separation phenome-
non; existing interphase crud; there are suspended substances in organic phase, which accumulate at interphase after

long time standing)
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Table 5 Composition of uranium

concentrate after pretreatment

F4 o OWEARBB R (VL me) X WA W4
IV 8 R i 7 3R 1 5 (Composition) /% (Composition) W/
Table 4 Influence of liquid-solid ratio U 62. 81 SO 2 37
on uranium dissolution rate and residue quantity Fe 3 75 al 0. 42
Vi s Bl R e A SiO, 0. 24 Mo 0.01
(Dissolving rate)/ % (Yield of residue)/ % POI- 0. 80 T 0. 194
11 79.5 23.0
e v 108 AEJFHOR 6 mol /L A RRVE MR 5 BT m ik
1.5 99.5 3.8 AP A VAU 9 TR Mk R D 300 ~400 g/ L
1.75 99.7 3.2 TV T2 o 5 v L vl %) A T2 R e 5 7 VT )
2.0 99.9 3.3 ML 52 g% 225K FH e HNO, %, H HLAH [

¥ (Note) ;: % Jit (Room temperature) ; % ffi i [f] 1 h (Dissol-
ving time 1 h),c(HNO3)=6. 1 mol/L

B3 4 nJ LB IV ms=1. 5 B Bl ¥ %
A S R v TV 2R N . R U A R e
il Vi /ms =1, 5, 3 5022 5K Mk 4 ) D ek v gl i) o 1
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2.4 SHE9EEER
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30 %6 TBP-J4E 3 ¥ W o ZE AT T 1 mol/ L il R 1 ik
DA HUAH/ KAEAELEE V, 2 V=10 = 1 TR 1E
2.4, 1 BRI R AR B 2 ] TBP %
HUh B AR &l k5 TBP BB P A9 -
U0, + 2NOjy.,, + 2TBP,, =
[UO,(NO,), « 2(TBP) ], (1)
S5 - H R K AT LS
K = ¢,(UO,(NO,), « 2(TBP))/ (¢, (UO3") X
Z(NO;) 2 (TBP)) (2)
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Fig. 2 Uranium extraction equilibrium curves

at different nitric acid mass concentration
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Fig. 3 Uranium extraction equilibrium curves
at different nitrate mass concentration
o0 (NO; ) g/L:1—420,2— 380,

3 320, 4—#AEZ (Operation line)
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Fig.4 Influence of nitrate mass concentration in pregnant
solution on uranium mass concentration in organic
phase and uranium distribution ratio

00(NO3z ) ,g/L:1——420,2——380,3——320
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Uranium extraction equilibrium curves

K 5
Fig. 5
at different temperature

@ —16C.,l—40°7C,

A 50 °C ,— — 4 4{EZk (Operation line)
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i S AT BILAE 1A % 7K AR B R JEE 2 A 4 AT LUR
H AR Sl i E] 150 s, AR ORI AT K B, T 5
H TR R B i A U B S A A SR W RLE L 4R
5 30 s RT3k B A P i 10 HL /K AR Fb il 9 57
YR S BATR - ()

HIBA VAR K 1 B0 T . =30% TBP-
RV I B Bl R R IR OR A R 2 R 130 g/ L,
AL hREEE AT AR IR B B8 . H — @R
A HLAE 5 2 R0 22 Ok T il 6 &5 R R
W1, o=30% TBP-ME ith i W 1 16 7 75 4 20 Wy
120 g/L. SCHR[9JRiE . 24 ¢=40% TBP [y 1f
FEE S 90 20 B, 671 A HLAR o gl i) o ok B oA
145 g/ L. 4% I 85 R, =302 TBP Bl it A1
2R 120 g/L A M.

2.4.6 Ry ARG Oy TR b Ay IR
B 48 L L I 2 Sk A R R ) A TR 4 ) A
A B 7 I AT IR 45 R TR 8. A8
ZEAT LA W PR AR A AL Al A
Sk 85% .93 % F 95 %0, 2 A YA B ] i FE Ay ok
FH H 0. (U)<C20 mg/L,

2.4.7 ABEFWEX ARSI L Zm
T 5 CL e X 4l A8 A3 T b (9 5 i L R A7 T
ZA R K., B 6 S Cl W B 5 8l 4 B4 L L
DR FR. MK 6 fJLEH . & RB S Cl
R AR B0 S Al B4 40 T LU AT 3 AL X R T CL
L UO, (NO,)Cl » 2TBP 8 UO,ClL, + TBP =t
BEARIR ZR . PR P A AR R R ) CL Mk
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Table 6 Extraction equilibrium of high uranium concentration

PR 37 i [a] o (HNO3) / ¢, (HNO3) /
(Shaking time) /s oo (D (e 17D oD/ e+ L7 (mol » L™ 1) (mol « L™ 1)

20 100. 0 160. 0 0. 27 1. 17

40 105.0 131.5 0. 26 1. 20

60 108. 0 123.0 0. 26 1. 20

90 108.0 117.0 0. 26 1. 20

150 108. 0 115.0 0. 26 1. 20

240 109.0 115.0 0. 27 1.17

360 109. 0 115.0 0. 26 1. 19

7 (Note) ;: % JE % P (In pregnant liquid) oo (U) =409 g/L;co (HNO;3) =2.00 mol/L;V, : V,=3: 1

FT R Gl B A HOF-

Table 7 Extraction equilibrium of low uranium concentration

$i% 7% I 18] (Shaking time) /s 00 (U) /(mg+ L1 1§ 7% W 18] (Shaking time) /s 00(U) /(mg + L b
10 124 120 18. 6
30 17.7 240 18.1
60 18.9 420 19.4

¥ (Note) : Z£ J§i ik b (In pregnant liquid) po (U) = 3. 17 g/L;¢o (HNO3) =2. 19 mol/L;V, : V,=3 : 1
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Table 8 Uranium mass concentration at different stages in counter current extraction

p(U)/(g+ L1

No.
1 2 3 4 5
A HLAH (Organic phase) 103. 00 11. 10 0.11 <0.010 <20.010
JKH (Liquid phase) 47. 90 0.31 0.015 0.013 0. 010
A LA (Organic phase) 112. 00 28. 50 0. 40 <0.010 <0.010
7K #H (Liquid phase) 86. 90 1. 00 0. 050 <20.010 <20. 010
£ HLAA (Organic phase) 114.0 31.25 0.543 0.102 0. 054
7k 41 (Liquid phase) 108. 00 0.392 <0.010 <0.010 <0.010
7 (Note) : 1) # Bt (In pregnant liquid) po (U) =350 g/L; 00 (NOz ) =380 g/L;co (HNO3) =2. 00 mol/L;
2) No. 1,V, + V,a3.4 + 1,4 PLHHAIHF B (Organic phase uranium saturation) 85 % ;
3) No.2,V, : V,a3.1: 1, 4P FE (Organic phase uranium saturation)93 % ;
4) No. 3,V, + V,&2.55 + 1,4 HLAHAIEF1 ) (Organic phase uranium saturation)95 %
10°g 10°g
107k . \
;5/ —— " S
Q Q
10 10 k
— '\.\A
10° - - L | 10° L L L L . )
0 5 15 20 25 0 5 10 15 20 25 30

10
p(CI) /(gL

6 SEE U B Tl A3 B b 0 5 )
Fig. 6 Influence of chloride concentration
on uranium distribution ratio

o0 (U) . g/L. A—197, —4.19.@—3.2

2.4.8 SOT WEEXTHZEBFEC LA Z I T
4 SO Vi BE Xl 28 B4y BE LU B R AT T
ZAIREG . B 7 R SO R Rk E 5 4h A B
R, BB 7 AT LA H L, SOT it ik B I
SR 1) 2 B BE G L oo (SOF ) 384, 4l 11 4 iE
Fb T R o J0 G A Al 5T o 3 AV R 3 ol 5 ) 1 Ry
B, X2l T SO 5HEMR TS E T
U0, (SOZ MAKE LB Sl PR 8 1) 26 D
W SO W, FEERTHEIURNEIE.
2.5 HiEBNHENEE

2.5.1 HELVEIE b TR LK Uk Ul i
JE R BRI AT TR R B A 1R TR I RLK
VeGR4 R TR 9, ik 9O AT IE K. KBk
Tk Rl R AR RS AL R U I A A B AT O
W 55 Pk B R A HUR AR R R A 5E . PR

p,(SO%) / (g+L™)
&7 i R ARG d k B i 43 FC LG 4 5
Fig. 7 Influence of sulfate mass concentration

on uranium distribution ratio

(U .g/L:A—197, @ 3.2

Y L D R vy R RS AR R R R BRI OR . AR
PRI V, + V.=10 = 1 KT gk, i
FEEFRE 1020 LA b BRSS9 67 2804 HILAH 1 18 Fn
JE L BELE R AE 8000 ~ 85%0 ., FALLYEUIT, YK
oUW ~150 g/ L, X i} c(HNO;)=0. 8 mol/L, K T
RRAUN 30 i K e i R AT T 3 R i K Uk UK
55 H AR T3 10, N 10 /] LIE L K Uk %
Ja B HLAR Bl RN B LA 78, 6 0 R 82. 104,43
BIREE T 13. 9% 1 14. 6 %6 X B 5 K H o(U) =
210~220 g/L,c(HNO;)=1.5~2.0 mol/L, 10
SR TR 1 2 W AE IR 7 A HLAR G P A IR
I3 2R BT T EL 3 5 3R 43 KR ) 35 5 7K Hh 2 B
S AR R 5 () IR il o A0 RE YRR A AR R R R Y
F 5T A T RE BT B AR IR A LR b B g1 AL
HZ R e DL IR B e BE A4 H oY .
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Table 9 Conventional water scrubbing at different phase ratio

WE R 4l 7 A1 (Uranium saturation
before scrubbing) 89 %

VR0 401 A1 (Uranium saturation
before scrubbing)92 %

VR HT 401 A1 (Uranium saturation
before scrubbing) 95 %

VR AR A EE T R YEJE KA G Bl AR AR TR B WE )G K AR V5 S iR R R VeI KA
Vo:V (Decreased (Liquid phase (Decreased (Liquid phase (Decreased (Liquid phase
percentage of after percentage of after percentage of after
uranium saturation scrubbing) uranium saturation scrubbing) uranium saturation scrubbing)
after scrubbing) /% p(U)/(g+ L™!)  after scrubbing) /%  o(U)/(g+ L™") after scrubbing )/%  o(U)/(g+ L™1)
10+ 1 11.25 133. 0 12.17 146. 0 13. 25 160. 0
15: 1 8.08 14.5 8. 33 150. 0 9.17 165. 0
20+ 1 6.25 150. 0 7.50 180. 0 7.50 160. 0
25+ 1 5.67 170. 0 5.83 175.0 6.67 162.5
#10 SURA LI K R T KA R R T S,

YV 25 Rl 1 ot vk
Table 10 Uranium mass concentration at different stages

in loaded organic counter current scrubbing

p(U) /(g+ LD

No.
1 2 3
1 A PLAH (Organic phase) 111.0 107.0 94. 3
JKAH (Liquid phase) 210.0 178.0  129.0
2 A HLAH (Organic phase) 119.0  115.0  101.0
JK 4 (Liquid phase) 219.0 187.0 135.0

7 (Note) : 1) No. 1 it b 71 3% A HLAH H (In loaded organic phase)
o(U) =114 g/L,V, + V, =10 : 1, ¢, (TBP) =

30% ;
2) No. 2 J& 1 171 3 4 PLAH (In loaded organic phase)

o(U) =122 g/L.V, + V., =12 : 1, ¢, (TBP) =
30.8%;

3) Pk % F 4 S (Scrubbing detergent) 0. 02 mol/L
HNO;

2.5.2  FEANAHER KA YRR Kk
W In g REW R VR V, ¢ V. =0 D~
(12 DIEMT Bk p(U) =210~220 g/L,
c(HNO,) =1.5~2.0 mol/L, 405 F i A i i iz
(8 T0 i o 57K T 4 7K H i TR 1Y) 3 B2 4 %8 4 mol /L,
I IS 7K 5 A 7K el ) o S R B A BRI AEAT)
K170 g/L. W TR AT S B, 1 HA Pl
R et e R B T kK L B R AR IO I R E i
o U A BGS B . 3R 11 B T R AR G
PR A IO R B 5 AR O 6 R . R
11 B A BOH P B TR B2 2 5 52 Wikl il 1) s 2 T
RO S Wy ifk TR 1 R O A% Ok 1189 S 2 IR0V 1R B ey X

BRK 2 W PE I  TE DR 15 A LA 5 40 A RE I BR T
A WU A 19 A SR 7 il AR A AR 5Bk T A
BUAR et 9 8 R 7 PR AIE R 2% SO A [] I o ol 5 2
14 S5 25 R A1 DUTR 347

F 11 REBORERE 5 R ZERA I L 1 26 &
Table 11  Stripping solution acidity vs

stripping distribution ratio

S AU
(In stripping liquid)
c(H")/(mol « L™ 1)

KB4y B L (Stripping
distribution ratio)

02 (U /0o (L)

0.185 1.134

0. 247 1.020

0. 607 0.676

1. 05 0. 459

1. 50 0. 355
2.6 REFEE

I s A HCAR) JR R 0 il P S 4 JBCAT 52 0k A1
JE X AL A — RE R R B 56X — R, AT
TR AR R T 9.

B9 B A7 AL A Al v B2 A0 B o 3 R IR T
65 °C . JUJ 4l Fy Sz 2K B 43 I LU AR HL A Ak G218 L R
E 65~70 C Z W 73 EE LL AR AL R . ZRa %08 .
i 5 AP il £E 70 °C 22 ML

oY 3k — A S AR S L BE X B AR BB
KO 52 R A RTIR KOH » 22 ) 1 AN R EE R B
FPAFRL I 2 T HRAEL (B 100 RUG A
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FLE PR A E A | - g 1 i 1o
(Pregnant liquid) .
1 (Acid after
TBPZ I | | scrubbing) =~ 10
(TBP solvent extraction)| n
o0
AT HLAH ) = 10
Wil (Loaded organic phase) = =)
o =
(Concentrated 3 1 o N 10°
nitric acid) W% MG g
(Acid sclrubbing) o %’) } . : . . .
TR (Scrubbing watef) E 1010 2 10" 10° 10 10° 10°
i
Ve G KR [B] (Water scrubbing) g p.(U)/(g+L")
(Water after scrubbing) 1 2 ) ‘
S LA x P10 AN [ I T il Y A B 4 L
1 =
(Loaded organic phase) & Fig. 10  Uranium stripping isotherms at
— & .
PR 3 different temperature
(Stripping)
@® —65°C.,l—70°C,— —#2/F£k (Operation line)
& E

(High pure stripping liquid)

K8 AR HLARER /K P IR Uk i i P2
Fig.8 Two stage scrubbing process of loaded

organic phase with acid and water

251
2.0F
2
Q
1.5F
10 . . . ,
40 50 60 70 80
0/C
B9 S EE B BE Tl 43 TE LG A9 5 i
Fig. 9 Influence of temperature

on uranium distribution ratio

UL, AT SR 24 30 HLAR bl o v AR T
0.2 g/LIt,65 CH1 70 C B i 75 4 Sz 26 L 4% %k 4>
BTG 6 G,
2.7 RENHEEBE

R ZE UG 19 2348 HLAH Je 7 A 5 40 28 OB
TR BB LA, K B B AL R

Je P A 8] 54 1 B2 A AR HE AP AT 3 — 5
AN TBP (R = P o e — T M W R — T i
XH I A A R B R AU B 2R
BURH » b A 3 P2 R 25 W Al ™ W) S 2% T » A
AE IR ] A8 T 4k S T

Xl R R O 200~ 300 mg/L 95T
PLAH L 5 g/ L 19 Na, CO, 3 FEMEL V, 2 V., =
10+ 1 AP UEH R BR AR T 9020,

3 Wy Rk

T B UE /N R B 25 SR I g Tl AR e SR T
SRR ESEL AT T @MY KR, P
FAR 5 14 P 25 A 55 4 R B4 B L 450 mm Jik of i A
BEHE B, B3R A ML AR BR-K P BB A R R R R
L,
3.1 EFERBRMAHNERNE
B OB AN R T 284 77 1) ADU #1 SDU,
—H i m (SDU) = m (ADU) =1 [ H iR & 2
Jei s MBI BB b R, F 700 C TR R THBBR
B E) 40 min, 75 F0EBE =10 . JBERE 7= ) A R 15
fift S s D IAS T 2 P i PR A » 7ok DB 15 30 AR ) 401 K
1 2 TR 25 SR8 T 3% 12,

# 12 RO A0 PR R E

Table 12 Composition of pregnant solution

# o/(g+ L7
(Pregnant
solution) U Cl SOi~ PO~ SiO, Fe Mo Ti NO; HNO;
1 299.5 0.49 29.43 2.73 0.28 8. 15 0.038 0.593 354.0 184
2 307.5 0.22 34. 68 2.58 0. 044 5. 50 0.048 0.433 427.7 173

H: (Note) : I35 HLAH ko= 30. 8 % TBP-%¢ il 7 #i ( The organic phase is ©=30. 8% TBP-OK)
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3.2 $HE9ZEEL
EPIEHME S $50 mm, AL A FE 50 mm, G B

fLA%E 4 mm, JFFL 3 2500, 35 BE B T O A5 L 3% 55

TAEX & 10 m,

3.201 JKohus EE XSz EEE s UK A &

275 2 R PR E ik o 4 S 2l AR S TR] A 4 T AR

2% 13
Table 13

FRAN T 19 ko ik 52 T € AR EE O g0 ¢ g0 =
2.6+ 1,0 1 A W £ e P A R ok WL 56 2 1Y
AR AR TR 130 WK 13 ALz
R 3 fok o s BE 5 M AR, X5 AR U Bk Y 5
a7 TN NN E Rl =N 3 St
REMmEA K.

Jok B 2 0 09 3 L Y 2 )

Influence of pulse intensity on flooding velocity

Jik o i B (Pulse intensity) / W12 3 B (Flooding velocity) /

Wik v i (Pulse intensity) / W 1Z ¥ (Flooding velocity) /

(mm * min~ 1) (me+h 1) (mm * min~ 1) (me+h1)
750 19 1 050 24
900 19 1 200 22
3.2.2 Jpkoolsm BE XS A MR R 3 5 7E Bk oo 3.3 AHBEVHEEB-KHEEKESEE

BEEEE 1 050 mm/min fl 1 200 mm/min . &t H &
RWZ HBE 800 WY 4 F i AT . 45 R A F 3k 14,
ER BN AEAK Al BRI /N T 10 mg/ LA
HLAR A 0 40 A EE 95 % ~ 96 %0, 4l Y A B K Gk
99.99% LA bo ZEJFIR 2 1 2 BORCR AR F 28 IRl
I ZEIOR X 2 th THE NO, ¥ m TE#
MRS, Ry T 4 e B 8 A TR i T 4 ) A it
WP oo (NOy D TE 380~420 g/L Z ], X 5/NEY
IR 2 R AT

14 Jkomiam B X A IR 52 R
Table 14  Influence of pulse intensity

on uranium extraction

IR I 28 5 1 po (D /(g 17D

(Column height) /m 1 Il m
9.6 <0.010 <C0.010 <<0.010
8.6 0.014
7.6 0. 030 1.52 0. 044
6.6 60
5.6 190
4.6 106 234
0.12 266.5 123
0 299.5 299.5 307.5

HE(Note): T IT——# W 1, Bk vb 32 B2 43 5124 1 050 mm/
min Al 1 200 mm/min ( Pregnant solution 1; pulse intensity is
1050 mm/min and 1 200 mm/min respectively) ; [ —AEJFiK 2.
Bk w5 B2 ok 1200 mm/min(Pregnant solution 2, pulse intensity is
1200 mm/min)

IR B A A K A A B Dy 1Cr18Ni9 T
AW IEE5H HZE ISR . ERAE B3 10 m
oy BF BB, H R B oK UE B, & R
5.1m, FEBCHBRUEE , i N 4. 6 m, YA IR 7E 15
AR R IR B S AR A

T A HUAR Bl Y BT vk B O 12005 /L. it
R 420 mL/min, iz 7B KA 22, Ik whois B ol
900 mm/min, K PEE A I o * . =10 ¢ 1,

B Wk i Ja . A HLAE el BT e EE
117. 8 g/ L AR AN F 2y 2. 2% K Pk JE - fi 2k
A ALAH gk BT & v O 1030 1 /L Bl R0 B R
RE2y 12% . FR Uk A /K vl T i vk B2 ok 160 g/ L,
c(HNO;)==4. 5 mol/L, A= F= i # /i, X 340 R vk

A 7K AR B R TR
3.4 REH

S5 2 R ot 7 ik e i A B b AT L B R AN
SRS RR ZE IO TAE R BE R 10 my, [ A BRI
Jy 0.02 mol/L Hi fiff BR . /K AH % 2. i By 65~
70 °C. Bk B S0z M W R F & 15,

P& Bk rh s B2 1050 mm/ min, 51 20A HLAH
B 420 mL/min, Ji bR g0+ qo =1+ 1 #HA71K
. 45 R R W, A HLA h BT & W E b
103. 1 g/LFFEZ 0. 245 g/L i, REE B (U H
106. 8 g/L.c (HNO,) 2} 0. 60 mol/L, # 4 HLAH
ZEOK VR AR UE ST o ol o vk BE IR T 0. 2 g/ L, Al IR
[HES
3.5 U0, %%

V5 I 2 BROPR YU A1) 1S TR ‘o T V2598 o 0K T UE
ADU, F ADU H A4 o fin A i B8 % 15 W E 47 5 7Y
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LR 13 E] AUC iR, XA AR T T4 B haR 16 AT LUR . 97 B i A7 i 8 2 7 G %

B B R B AR TR UO, AT 45 B3] T % 16, L4l UO, bR E

F 15 Fkobom B S5 W2 HEE LR

Table 15 Pulse intensity vs flooding velocity at stripping stage

ik w5 BF (Pulse intensity) / W17 M JEF (Flooding velocity) / ik #p o & (Pulse intensity) / W12 JF (Flooding velocity) /
(mm * min~ 1) (me+h1) (mm * min~ 1) (me+h1)
600 51.1 1050 49.9
750 54.9 1200 47.9
900 49.9

F£ 16 UO, = & 43 b 45 5

Table 16 UOQO, product quality analysis results ng/g
JG % (Elements) #% 3 4l AR #E (Nuclear grade standard) 728 1(Product 1) 77 2(Product 2) 77 3(Product 3)

Ti <2.0 <0.5 0.5 0.5
Mo <2.5 0.7 <1.0 <1.0

<3.5 1.0 1.0 1.0
\ <2.5 <0.1 <0.1 <0.1
Cr <15 5.6 6.7 3.5
Sb <1.0 <0.5 <0.5 <0.5
Nb <1.0 <<0.5 0.5 0.5
Ru <1.0 <0.5 <0.5 <0.5
Ta <1.0 <0.5 <0.5 <0.5
S <400 <10 <10 <10
B A5 (Uncertain) <1.0 <1.0 <1.0
Si 23590 33.3 98.7 70.1
P <10 <10 <10
C <100 <100 <100
Cl <70 <70 <70
Br <5 <5 <5

21<0239.2 >1<C306. 0 21<C275.2

Al 21<<500 4.1 6.0 2.6
Ba <0.5 <0.5 <0.5
Be <<0.5 0.5 0.5
Bi <0.1 0.1 0.1
Cd <0.5 <0.5 <0.5
Ca 93.9 88. 8 94. 6
Cu <0.5 0.5 0.5
Fe 38.0 41.5 21.1
Pb 1.0 1.0 1.0
Li <1.0 <1.0 <1.0
Mg 2.4 2.8 2.9
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2% 16
JE % (Elements) F% W3, 407 i (Nuclear grade standard) 7 1(Product 1) 7 2(Product 2) 7 3(Product 3)

Ni <0.5 <0.5 <0.5

K 1.9 2.6 2.1

Na 21 22.5 26.9

Ag <1.0 <1.0 <1.0

Sr <0.1 0.1 <0.1

Th <0.5 <0.5 <0.5

Sn <1.0 <1.0 <1.0

Zn 0.3 0.4 0.9

Zr <0.5 <0.5 <0.5

21<C169. 8 21<C170. 2 2<C159. 3

4B B S 23k

(1) 77 i UO, 7k 31 4% v 2 b o 158 W] i ok B2
i TBP A B & 4% 4l — A b il T2 A 2l
THY

(2) EF= 82 T8 JBRE A SRR T K
Era BB T A HLA T AR T 5 A R AR ) 4
JRIEZS - T bR 7 H 5 £ T % i T4 AR E 4
LR AT

(3) XF#4 300 g/ iy Jot o ke Bl v v A A7 25
YR A 4 KRR e B U BE AR T 10 mg/ L, AR
Rk 99.99% LA b, [ i 25 S 7K HE AR B 2
) 3.3 m’/t(Lh U LUF 3 T X 58 115 4
FE KA HE R

(4) K @ =302 TBP-4E i % W 1E Ry % B
AL AP A ZS 4R & B T 120 g/ L, 22 U AN
JELERFAE 90 20 LA b, 75 B8 55 il 9 e 19 S 2 O 4t
JE B [R) B A 3 ey 1 S 2R OB Sk B L b T
TE B HE RO

(5) RFHBR /K W B XA PR 30 LA L A%
KSR T ZEALBR A4 RIOR 2 AL B LA A LA
B R — RPN — B A SE TR AR A T B

(6) Jok v G Al 3 T T abi AL i FE . 38 1 3
REHCHN AREIEE 50 mm, fERFLIE 4 mm, JFFLER
250 . FEMCHE TAF @ B 10 m, FRVERS TAF @ B
5m, K PRI TAE @ B 5 m, S A OB A &
10 m,

L] wfeot, i, A defl. E W Ahai e T 2R 0L,
6, 1998,17(1) :31.
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