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Fig.1 Polarized light microscopic image of gravel

quartz sandstone

2 WRBEERERHIE

Fig.2 Petrographic characteristics of ore debris
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Fig. 3 Petrographic characteristics of White

mica in ore samples

2.2 HAEERS

K T IREF BRI T 1% 52 2R 20 0 R Al
OB R AR OCHRAIE . S5 SRR WL 0 4 b A4 il
R 7/NU% PN RIRVS IR SR I S sy R A
R B S B R AL C R 7/ BRI EE N ]
KA Tl A7 VIR A7 VBERET B AL 5

b A8 B AT R AR AR PR 4 TR

Py—#8H ; Usi—Hli 4 Q— A,

4 B E R F R

Fig. 4 Occurrence characteristics of uranite minerals
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Fig. 5 Occurrence characteristics of ilmenite
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Fig. 6 Characteristics of occurrence of pitchblende
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mineral samples %
3 WAEHIZHSR U ust Si0, CaO MgO  ALO;
0.182 0.073 66.79 4. 64 4.03 7.25
3.1 LS Fe, O CO; Cu S be ki
) 2. 50 2.98 3. 63 0.71 9. 40
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3.2 EBEEHILE
3.2.1 ERBRFIMERF

TEA TSI AR A F T 5 20 501 JH B 1R 0 4 iR
XA REREAT IR M 5 AN [ R S ke B o ik 15

MR, g LWk 2.3, B KM 0 #
50 g YRR AUR B EL 5/1. i 18 °C L2 A
48 h, Bt HEHE B 200 r/min, HE 2 F WL .0 41
FE&R L L 30 g/L H, SO ME KR H I, 32 H i
TR AR R s Ho SO, BT Wk B2 M 30 g/L 38 & 60
g/L B, i i1 Sl 25. 28 W HEFH & 82.48%,

%2 FREWBRERRE TR H RS R

Table 2 Results of stirring leaching tests with different sulfuric acid mass concentrations

o(H.S0) /(g+ L™  pH  Eh/mV  p(U)/(g+ L p(&Kf) /(g L) #EM/ %  #EiFRBE/ % Bt/ (kg t D
30 5.20 98 0.023 — 0.14 25.28 143. 45
40 <1.0 366 0.271 5.62 0.07 62.99 165. 28
50 <1.0 375 0. 346 5.50 0. 04 78. 80 167. 87
60 <1.0 380 0. 354 23.70 0.03 82. 48 178.91

%3 FRABRERETOREIHREER

Table 3 Results of stirring leaching tests with different hydrochloric acid mass concentrations

o(HCD /(g + L) pH Eh/mV  o(W/(g+ LY oRKED /(g L™ WAL/ %  EIFRBER/% BRFE/ (kg D)
30 <1.0 379 0.181 2. 66 0.108 51.55 120. 05
40 <1.0 371 0. 284 11. 94 0.052 76.77 121. 99
50 <1.0 372 0. 305 20. 22 0.048 78.57 125. 25
60 <1.0 358 0. 334 19. 34 0.036 83. 94 176. 23

3 & 30 g/L HCL E RiR HF ),
B R B AR 51. 55 % 5 B HCL i
VR RS K TR R B T L AR HCL i
WEEHE 2 60 g/L W, TR 1%k 83.94% .

Zx Ll DL R RN AR R AE R R R R
HROCR B 2 8  E B UAS, DL e SR T
1A B A JE ol A DR, B kR R A R
=
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P14 Pl 2 5% AR R B AIC, T BB S e L AE R 2R
R ) BN BRI A3 I A B 30 60 HLL O,
BOER AT (MnO,) V8 Sy S AT 8 DU A il Ak ok oK
Yl o 2 5 25 5 G i R 12 HE RO I 5 i 45 SR AL
Fa5, KM T FE 50 g, AR R & L
5/1,F W18 °CH BN 50 g/L B lg » S i if
i) 48 h,

&4 B/ AR H, O, X 2 /8 A

A gl A s 60 00 LA b H T DO A il
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Table 4 Results of stirring leaching tests with different H, O, addition amounts

BHEAEHEERH O MARER 1.5 g/L i,
IR R I5 85.47%,

HyO: A /(g+ L™  pH Eh/mV  p(W) /(g L™ o(&KM) /(g L7 @M/ %  EIFREE/ Y BE/ (kgD
0.0 <1.0 375 0.284 15.50 0. 040 78.57 167. 87
0.4 <1.0 359 0. 300 14. 65 0.033 83. 04 171. 33
0.8 <1.0 367 0.307 14. 74 0.034 82.54 171.57
1.0 <1.0 377 0. 310 14. 75 0.032 83.52 171. 45
L5 <1.0 483 0.313 14.75 0.028 85.47 171.67
2.0 <1.0 488 0.312 14.75 0.029 85. 47 171. 61
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Table S Results of stirring leaching tests with different MnO, addition amounts

MnO AR /(g+ L™  pH Eh/mV  p(U)/(g+ L™ oA /(g L7 MO/ % EiFEBE/ % BREE/ (kgD
0.0 <1.0 375 0. 284 15.50 0. 040 78.57 167. 87
0.4 <1.0 428 0.333 12.10 0. 040 79. 37 183.03
0.8 <1.0 465 0.333 12.10 0. 040 79. 45 182. 65
1.0 <1.0 482 0.328 11.56 0.037 80. 82 187.19
1.5 <1.0 497 0.323 12.10 0.038 80. 04 184. 22
2.0 <1.0 510 0.323 10. 68 0.032 83.22 190. 78

2 5 & AR MnO, , #1112 1 %
AT H2 5 s MnO, AR 2.0 g/L B L i 1THiR i
K Hy 83.22%.,

Z& AL, DL H, O, il MnO, /5 R 33 2
SRR R 3T H % B8 B 00 R P B AR S
DR 2 Ll R 3 B AR B (MnO,) 1R S R 570

3.3 BEUEHERHIKE
3.3.1 EHEEMEHMENZM

A Al EARIR R AR R L Ay
— A R R TR PRI . H—60 H
WA 100 g, FERR A 180 kg/t EKEE A A
i 15 kg/t AT E I 1. 5/1 B B [E] 24 h
ZAFF L 5205 I RE IR R B L 45 S
F 6. ATLAF . B R T AR R T R
FETEZ 60 C R, i 1 %3k 89. 8%, UL

JE XI5 R e A A L T I R A R T R R
3.3.2 BURHIZMER

WK 1.0 —60 H# 41 100 g, £ A 18 g Fi
M, s ) AR BB R LG 0. 24 ke /1 L, 80 B
TR (18 °C) F Ak 96 h, A iE 7k (5 6 W [ 14
BUS R L 1.5/ D HEFE 30 min, i J8 2R,

R 2. FAMIA 1.5 g B4R, Kb &5
I 1 —5.

I 3. F 60 °C F ¥k 6 h, Al 4 ik 5
2 —3,

PR IZ B2 R W 7, TR .
KPR AR 1 T2 Re A A58 o fl iR R,
BHZ R AT A 87 % DL b T SV R L R
AR AR — DR L8 94,240,

6 RHEEMNSHBRNZMW
Table 6 Influence of leaching temperature on leaching effect
= ek . )
iR/ C WAL/ Y EITRIR/ % REE/ (kg t D)
V/mL Eh/mV oUW /(g+ L") V/mL  p(U)/(g+ L")
40 88 411 0.983 193 0.218 0.037 80.7 195. 39
50 90 407 1.16 197 0. 215 0.032 83.4 198. 89
60 87 420 1.27 195 0. 280 0.020 89. 8 212. 32
F7 HBAALRULRER
Table 7 Results of acid mixing maturation and leaching tests
LRI ek ) -
W75 AL/ % BIFE R/ Y%
V/mL Eh/mV o(U)/(g+L™H) V/mL o(U)/(g+L7H
1 90 355 1.07 190 0.325 0.025 87.10
2 90 426 1.09 190 0.355 0.018 90. 96
3 87 472 1.17 192 0.375 0.011 94. 24
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Y33 4R U B 10 D e A A T
AL S, AR PR, &K RK, 5 THEE
Ab P FEFR A A AT L AR BTz W L R TR
REET L2,

R R o T BEUIHE R A 7 S0 BRI AT Y &
RS . A A R I A R AR AR S B R AT
Mir# 8. HEKXERHABRERE TZ,
15 SR AE e or 1l v O A 2 T A IS AR A

25 TR TR

R G 6 g At 17 AR Wl ok
50 g/L H,SO,+ 1.0 g/L H, 0,327 #:8 th # 2k
30 g/L H,SO, 4+ 1. 0 g/ H, O,; 37 #E & N
10 g/L H,SO, ;47 #7250 g/L H, SO, ;57 4
BHFIN 40 g/ H, S0, +1.0 g/L H,0, ;67 Hi= H
FIk 50 g/L H,SO, +1.0 g/L H, Oy, 67 H:H" 47 KL
#29—10 mm, HABAE K —5 mm, RE45 )5, B
el s AL, TR 3 IR A5 R LR 8.
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Table 8 Column immersion test results

i H 17 # 27k 3% ke 47 B 5% H 67 H:

WAL % 0.170 0.170 0.170 0.170 0.170 0.170

W AR R b /(L s kg™ D) 7.98 9.50 12.6 9.16 9.48 8.18
WITR R/ % 93.5 83.5 40. 4 93.1 91.8 93.0

AL/ % 0.009 0.036 0.110 0.012 0.015 0.011
iR R/ % 92.3 81.1 39.2 91.6 91.1 91.2
MRKE/ (kg + t1) 162.8 148.2 112.2 170. 3 158. 8 156. 6

H 2% 8 B0 A= FEZE M H H, SO, i
EIR K UL 10 g/L H, SO, ME M3 157 it
(37 HEE IR B R R 39. 2% 4% H, SO, i it
W2 50 g/L WF (47 ), kE i 1132 SR a] 48 T
% 91.6% ;M 40~50 g/L H, SO, /E A A,
R R KT 90%, AT DL 2 A 7m g R 4
A0 A K8 S8R R T A B 5 5 4
FE(—5 mm 5 — 10 mm) % & H %508 5 50N

L7 FES 67 FEAY TR R IRFEAR W2
JELA R i 5 85 AR A 23 B8 A 22 00 B 4

W9, ATLLE W BE EEMFERY RS 1%
FE TR W) J5 AT P Bt ol 9 952 1 2 A R S I ML A
BRI =T Y > s>k Aa>K A, ®Rib
R AR B A R B R TR R 4 R T AR L AE
= M R OR ARG B L T A A L BE LR LB RO T ) AR
IIBOHAE .

R RyBRSRHERNEEXLERS

Table 9 Main chemical composition of raw ore sample and leaching slag sample %
FE dh U CaO MgO Al Oy Fe; O CO; ek
JE A 0.182 4. 64 4.03 7.25 2.50 2.98 9. 40
67 H A 0.011 2.63 2.08 6.32 1.33 0.00 5.22
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DR I 4y 10 55w o ol s 07 55, Gk
0.018% , Hr 7S #r 4 25 i 40265 Ca, Mg, Al Fe
T R 0 A v T R v 13 HH PR FE A 5

2) FRIEBEFER I R AL B PR R A R R
SRR TR TR OR A X B, R R T R
BRI R 90 % DL L,

DELERFTRAHMHEE, TALIFEMEH T

ZUCR T —10 mm KB E R L IR Rk
10 g/L H.SO, .
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Optimization of Leaching Process for Complex Component Sandstone Uranium Ore
YANG Runsheng, YUAN Yuan

(China Nuclear Mining Science and Technology Corporation ,Beijing 101149,China)

Abstract: Complex component sandstone-uranium deposits are mainly composed of conglomerate,
sandstone and Slate. The uranium minerals are mainly uranite and titanium-uranium ores,including a
small amount of pitchblende. The process mineralogy of complex component sandstone uranium ore
was studied,and the leaching process was optimized. The results show that most of the uranium in the
ore exists in the tetravalent form, and it contains a relatively large amount of calcium, magnesium,
aluminium, iron and carbonate. The test results of acid leaching, enhanced leaching and column
leaching show that the acid leaching process has a better effect. When 40~50 g/L. H, SO, is used as
the leaching agent, the slag leaching rate of the acid column leaching is all greater than 90%.
Comprehensively considered,it is recommended that the heap leaching process of —10 mm particle size
ore be adopted in industrial production, and the mass concentration of the leaching agent H, SO, is
preferably 40 g/L.

Key words: uranium ore;complex components;sandstone;acid leaching;column leaching;heap leaching





