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Fig.1 Effect of extraction time on uranium extraction rate
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extraction rate
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Fig.3 Effect of phosphoric acid concentration

on uranium extraction rate

P P 3 AT el A R I e R vk B T R R
ET RS, Xk BE B R TR, HOW
BEHE R, S B A RN IE 8] E AT 5 e Ab Bl R
WeEE T+ R AR B TR K. &5 U0 B
LZRRE TG . RGN UOST ™, 4
i UOsT 5 P204 BL & . #F Tk A4 7= v, 8 vk
WA Ve B3 M 3.5 mol/LY, 5 AR 6 4% 11 A1
A, R B A o e A ¥ VR IR Ve B2 0 3. 5 mol/ L,
2.1.4 EHRMARWENLEE

AR B R ) 2% LTS Ak R 2 1 7 2 s il i
RIS 2 — , R W& fL BE v] 3 i3 Arrhenius J5
FETTE, P [R] B B $075

In k:—lf—ffﬂn A (6
AP b — VR HGA— 8RN 7 E,— R MiGE 1k
fi kJ/mol; R—HAR UM %, 8. 314 J/ (mol + KD
T—#J L K,

FEIR B 303, 15~333. 15 K. Vo /Va=1/1 %
T AT BRI, X In k-1 000/ T #E47 4 1140
LR WAE 4 Fros,

0.0 -

—0.4

—0.8 |

Ink

=12 y=4.148 79x—13.954 11
R?=0.943
_1.6 1 1 1 1 1 1 ]
3.00 3.05 3.10 3.15 3.20 3.25 3.30 3.35

T7'/1073K™!

B4 $HEFEIH In k-1 000/T % F M &
Fig. 4 Relationship curve of In k-1 000/T for uranium

WHE GO T . E, <21 k]/mol A, 5 it 72 &
LY WAER s E. =42 k] /mol W, J b it F2 3 %
Z Ak N 521 k] /mol<<E,<42 kJ /mol i,
DO sz 7 3t A 7 ORI AR 27 By R [l 4 it . H
4 a] S, BER N 4,148 79, B HAUA R (6) k15
E,=34.76 kJ/mol, i W% I 1 [6] B 32 1k 27 I i
5y i I R, A2 IO A PR A ORI AR
[ i B Ak 2 5 0 Sk WU 98 R 40 B« AH L /N
UO5" AR ™ 80 28 -3 5 1o i) 2ok A o 2 2 pH
F1 FEPH N FE R 5 A0 HE S R 6 &R 5 AR U R
it 6 min J5 ARG G 127 B 3k B3 g 2 8- 17
FPCRE TR B E 1 58 b i R e AR B



5545 B 3 M

SRAET, 45 . P204 P[] A€ OB R A 5T rh Bl ) TS 5 30 o .+ 395 -

(B RLRE () A BEPE . SR A, 25 A A /N B ) AR G
AZ YRR, HAE 3R CT A L KR Y 25 HL
PR HE— R T AL
A 2 (L) AT Wl 1 v il 2 Y P Al R A K
FRikAX N
:I:U()ZAZ:I ° [H+]2
[H,A, - [UO ]
R it o, [HLA, 1o, B 0.5 mol/L,
[H" ], 2~ 0. 17 mol/L, ¥ 7 2 & T K N T 75
GRS O ARG T SO T G QT =

Ky (D

. [UOA T
Kv=Tuor 1, )
$52E () AR (D
., E
K U*I_E (9)
AG 5K RRTHETH
AG=—RTIn K/U (10)

M Gibbs-Helmholtz 5 #2,K'y 5 T Z 8] ) &

_AH
RT—!—(/ (1)

Kb AH—ZE U RS 72 . k] /mol ;s R— LA S 44
W, 8. 314 J/(mol « K); T—# 2=l E, K;
C— 5 BETC R H 2L

Wit In K'v-1/T fEEIE R AH 4552 i E
5 FfT7N .

In K/U:

y=4.490x—11.57
R?=0.993

~¥D
= 2.6
2.2
[
1.8 1 1 ]
3.0 3.1 3.2 3.3
T-Y/1073K™!

B5 SMENMInK,-1/TXRHE

Fig.5 Relationship curve In K u-1/T for uranium extraction

HE 5 Al A, In Ko-1/T 8 HERE N

4.490, 1= (11 3k AH=—37. 32 kJ]/mol, ¥
AH RART #IH R A

AG=—RTIn K'y=AH—TAS (12)

4 AG=—6. 767 kJ/mol, AS=96 J/(mol » K), #

J12R 45 B2 W, P204-TOPO B % 14 & % W W2

gl 1) 5 A A 9K Bl IR A & R (AH <20,
AG<<0,AS=>0) , it BE T i A F| T 26 5, M2 45 4y 5
R 51 B TR T 2 T )l R TR AR 1) G 5
4,5 UO B R 9 h-wf IR AR B 5 9 » iF —
REARIE B UOST W B, il A s i, [
A, A6 B R A AR 1 A BB L B A KA R
B 2 AN, B A A TG 1 5 AR OGR4 T
NS U N =R S PR (RS N E S5 D) [T WA 2N
AR AR R BRI N (AS=>0) .
P204+TOPO K & 7E 298. 15 K T bl % Bt
K ik 99.30%, 1 TR A — P204 K R E
313.15 KR Aa # BCR 85 %, 3B it A TOPO
B BEMDRAETER . B, if e 4 5BUE B
/N 303,15 K BIAT, & 98 T BD AT [/ & &6, T
AAM A
2.2 THIEFEREFERERFRERKRE
2.2.1 KZEEGE E IR 8 X5 R 2 B R 59 320G
AR 5 mol/L B IR S 10 £ Bt H & 1)
T A Ry I A B TR P K S U, AE AR LA L
Vo/Va=1/1 M4 T, 6 & E R 303. 15 ~
333.15 K, 4 2 min BURE 43 B A HLAH 5 7K A1 4l ik
B, TRV BE TR AR B ) o Al 2 K B 14 5 1
L5 6 PR,

100

—=— 303.15K
—e— 313.15K

80

60

40

B R B /%

——323.15K
—4&—333.15K

2 4 6 8 10
JR ZE B ] /min

20

B 6 AERET &3 EUATE X h R ZEBUE A %
Fig. 6 Effect of strpping time on stripping rate of uranium

at different temperatures

KO8 T R A B % 0 ] A Fet ™ il Ji
Ui, it fd, Fe’" & H ¥ &, il il h
W JEAAS PR S B XT U0 Al R — s
Xof IO B8 AR E 3 53 3 38 05 A Oy

v:d[U()iﬁ' ]
dr

A, o— 7 W 3, mol/(L « min); — /% W i
] ,min;k&*—'é&?\%yﬁfi@iﬁ%ﬁﬁﬁyminﬂ R

=kg « [UO;" ] (13



+ 396 -

1k

& 2026 4 6

ot (14

AP .S, — [ ¢ B Z0 B G Al S ZE R Y5
FE BR8], min,
1

DA AE BB T3] 24 8 A A In = S AR A

XF 6 HEAT— AR 005 S5 R AR 7 B .
S LA RER Y kg

#1#%=0.19 R>=0.96

v
) *
L #=0.169
R=0.97
F#=0.083
R?=0.99

#1%=0.049 R>=0.98

4 6 8 10
t/min
1
E7 In —t KR
1—S,

Fig. 7 Relationship curve of In ﬁ—t
t

X In k-1 000/ T #AT&ERLG . 45 LA 8
Fis. Al A BB R =0. 95, F S B4R R R
Jp—4. 846 78, WA A RARA KX (6), KR
E.z =40. 289 kJ/mol, ZH K TP Hd L B
FMIEILRE 21 kJ/mol, W& AR T 1k 2% [z N 4% il (1)
TG ALHE 42 kJ/mol, U6 W 1% 2 N [F] B 52 4k 2 2 g
SR Cck A B A= rA R oY A RN

—14
—1.8
~e
= —2.2
% =—4.846 78
—2.6 #HEE=13.017 2
R*=0.95
_30 L L ®
3.00 3.10 3.20 3.30
T-'/107* K™!
B8 $KRZFEBA In k-1000/T %R
Fig. 8 Relationship curve of In k-1 000/T for

stripping of uranium

i 2 (3) 15 I A B B B K L i B A R
mr.

K B [U1+]|:Fe.'%+:|

“[H J'[U0i J[Fe' T (15)

fiﬂjﬁﬁ* s [FGH ](m &[H+ ](m ﬁjlil@ﬁ
Ll MR B, U (3) AT AR [Fe' G, =
2« (U], BB RGOMEM MR K
THEA
. A 2
K'x=" (EES)] :
R (2% In Kz-1 000/ T #4105 457 an &
9 BRI In Ky -1/ T AERIZSRE R AH,

(16)

y=—11.24x+35.4
R=0.93

_2 1 1 o
3.0 3.1 3.2 3.3

T7'/1073K™!

9 $RFEH In Kg-1000/T X R £
Fig.9 Relationship curve of In Kg-1 000/T

for stripping of uranium

B89 AT A AR — 11, 24, B
(DR AH; = 93. 45 kJ/mol, =X (12) Af sk 1%
AGg = —1.66 kJ/mol, ASg = 294. 20 ]J/(mol * K),
P E s R Fed 3 JBR2 AE BUh 1) 52 197
H R WA B2 (AH ; =0, AG; <<0.ASg =>0),
AHy; =93.45 kJ/mol s U B2 52 I8 Ay 53 W RS 07 o Ui
AT A A #8456 E, iz =40. 289 kJ/mol
HE AL BE R AIE , Ud IR BE T AT R Fet™ 5 U0y
B L T L RS R R UORT i858 U, 6] B i pe
H™ 5G4 35 6 (3) 1E [ R 455 T A3
F12E RN Bl 3 2 P 7 T Y8 6 AR B A R A T
Fer " iR Jit UOS™ J& 500 S A B N -1 55 s I i
B IR L 2o B AL RS i B A JLC G A IR
T MK ft i R T IR e e 22

T T v e A Wl R AR B IR A O AT
U I8 i 1 Bl TR AR I & 40 - A1 i 6 B
B AE w47 [ B P204 5 U BLE Y. MR
B FE s, 2 (30 W] J AR B i v A AR L
1B B 7 s b 2 Ao T, DR R e e
B H5EBGNFE G R R G TR
(NI T 1B VA R NNl S O N R N T
(AS>0), WRE#IT 323.15 K J&, [ i il R 33T
AR B 20k 232 3R X i 2 A6 R B THE T AT BR .



5545 B 3 M

SRAET, 45 . P204 P[] A€ OB R A 5T rh Bl ) TS 5 30 o . 397 -

2.2.2  TEER VK FE X S EE BN R B 0

BT 0 A [ e BE Wi R 55 10 % B T 4 i
JEUBR By C ] 09 B R I BR IR W TR SRS IROAR L
Vo/Va=1/1, Z B [E] 10 min, 5z A8 HUild B
323. 15 K Z&MFTF 25 B0 TR I B 0F il 2 2 IO 119
S S5 RN 10 Fros .

100

80 -

Bl R R %

60 -

40

BEER IR FE/(mol = L™Y)

Bl10 FBAEREXHEENENZMN
Fig. 10 Effect of phosphoric acid concentration

on stripping rate of uranium
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conditions of ore particle size —300 pm— 4150 um proportion = 95 %, sulfuric acid concentration of
5.5 mol/L,reaction temperature of 60 °C,each cycle leaching time of 30 min, liquid volume to solid
mass ratio of 4 ¢ 1, and 4 extraction cycles of leaching, the average leaching rate of manganese is
98.35% ,and the mass concentration of manganese in the leaching solution is 101. 62 g/L. The
proportion of manganese and impurities in the leaching solution is coordinated, and the solution
composition is equivalent to the solution composition obtained by the leaching of imported manganese
carbonate ore, which can provide qualified feed solution for the next step of manganese deep
processing.

Key words: low-grade manganese carbonate ore; leaching; enrichment; manganese; sulfuric acid;

cyclic leaching
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Process and Kinetics of P204 Synergistic Extraction of Uranium in
Phosphoric Acid Medium

ZHANG Jiayu,NIU Yuqing, KANG Shaohui, YE Kaikai,REN Yan,CAO Linghua,
ZHOU Zhiquan,SHEN Haonan

(Beijing Research Institute of Chemical Engineering and Metallurgy ,CNNC,Beijing 101149,China)

Abstract: A P204-TOPO-sulfonated kerosene synergistic extraction-Fe ([ ) reduction stripping system
was constructed. The effects of extraction reaction time, phosphoric acid concentration, extraction
temperature,amount of iron powder and stripping temperature were investigated, and the optimal
process conditions were determined. The results show that the extraction-stripping of uranium
conforms to the law of diffusion control-in-phase reaction. The apparent activation energy of the
extraction reaction is 34. 76 kJ/mol,and that of the stripping reaction is 40. 289 kJ/mol. The system is
controlled by both mass transfer and chemical reaction. The optimal extraction conditions are room
temperature, extraction time of 6 min,phosphoric acid concentration of 3.5 mol/L,and V,/V,=1/5.
The optimal stripping conditions are temperature of 323. 15 K, stripping time of 10 min, phosphoric
acid concentration of 5 mol/L, reduced iron powder amount of 10 times the theoretical amount, and
V/Va=5/1. Under the optimal conditions,the uranium extraction rate is 96% and the stripping rate
is 81. 3%.

Key words: wet-process phosphoric acid;extraction; P204 ; uranium;ferrous reduction stripping



