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Table 1 Chemical composition of of leachate from pumping wells in C6 mining area
L pCatT)/ p(Mg?t)/ p(XFe)/  p(Fe?™)/ p(HCO: )/ p(Cl7 )/ p(SOT )/ oUW/ HFR/ EMA/
5 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ps/cm) (mg/L)
6-0611 116 188 0.079 2930 1207 1079 7.06 5.22 7 510 6.97
6-0612 131 194 0.067 — 2930 1207 979 7.01 6.97 7 650 8. 77
6-0810 126 191 0. 067 — 2 930 1243 1025 6.99 3.83 7 630 13.10
6-0811 131 203 0.146 0.031 2990 1243 1058 7.01 7.93 7770 10. 80
6-0812 121 191 0.376 0.086 2 870 1207 1093 6.96 3.13 7620 6. 85
6-1010 131 203 0.128 0.037 2 870 1207 1199 6.99 7.12 7 700 11. 80
6-1012 131 200 0.092 0.037 2 870 1207 1122 6.97 3. 40 7 650 13. 80
6-1211 131 197 0.043 2930 1243 1231 6.99 5.73 7 700 17.40
6-1212 136 206 0. 049 — 2930 1207 1033 6.98 3.48 7720 14. 20
6-1213 136 209 0.304 0.055 2990 1243 1138 7.00 4.22 7 760 16. 90
6-1411 126 191 0.261 0.079 2990 1243 1082 7.05 4.61 7 610 14. 40
6-1412 126 200 0. 086 0.031 2 870 1207 1023 6.99 7.93 7 590 17.90
6-1413 121 197 0.098 0.031 2930 1207 1122 7.04 5.22 7 570 13.10
6-1611 121 179 0.304 0. 049 2930 1172 1217 7.02 9.33 7 450 11. 20
6-1612 126 197 0. 055 — 2990 1207 1137 7.00 8.09 7 710 12. 80
6-1613 126 197 0.079 2 870 1243 997 6.99 8.17 7 660 11. 30
6-1812 126 200 0. 049 — 3 050 1207 1 081 7.03 8.75 7 760 10. 90
6-1813 126 200 0.073 0.031 2 990 1207 1245 7.03 14.30 7 180 11.90
6-2013 111 185 0.073 — 2 870 1243 1160 7.10 5.84 7 550 10. 20
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Table 2 Characteristics of chemical composition of pumping well 6-1611 over time

o o o pHCOD/ p(CID/ S0P/ p(Catth/ oMt )/ (W) pi Fe)/
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2010-07-19 7.75 113 2 440 504 518 26 47 8.8 0.111
2010-09-16 7.44 246 2620 459 645 34 54 44.1 0.173
2010-10-26 7.36 309 2 590 505 705 37 65 52.9 0.067
2011-06-08 7.26 238 2 600 424 750 46 77 39.7 0.073
2013-05-06 7.16 326 2 840 443 1 160 88 139 22.6 0.043
2015-07-05 7.07 340 2 870 529 1320 120 173 13.5 0.034
2016-04-06 6.98 219 2 870 589 1287 124 180 10. 6 —
2017-04-06 7.04 236 2 930 604 1217 126 176 9.1 —
2019-11-06 7.10 203 2624 592 1 360 110 180 7.3 0.010
2020-05-06 7.10 236 2753 591 1227 102 165 7.2 0.010
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Table 3 The content and proportion of main

uranium species in the leachate

HAE 7T X e/ (mol/L) o b/ %
U0, (COz) L~ 2.13X10"* 95. 45
U0, (COz)35~ 1.02X107° 4,54
U0, CO; 2.21X10°8 0.01
UO, (OH) 8. 711012 3.90X 1076
uos? 1.69X10713 7.54X1078
U0, S0, 5.97X10" 1 2.67X10°8
U0, (S04~ 1.00X 101 4.47X10° 9
U, Clt 1.46X10719 6.55X 10710
(U022 (OH)E" 7.44X 10718 3.33X107 12
(UO») 3 (OH)# 1. 44 X101 6. 45X 101
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UO, (CO; )3~ content and pH in the leachate over time
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Fig. 2 Relationship between the main forms of uranium and pH in the Leachate

3 WHEMBILESE

R4 1,12 1] PHREEQC Hhi Bk fk 27 151 40 2
Ji Xt C6 2R X W 8 4 1) A i 45 R (Satura-
tion Index, & FR SD#EATITA LR ILE 3. SI 2
FIW B W) UUTE 5 M B S H ST =g L/
Kep o 2UH s Tap 2275 B 115 B2 Kop 2278 18 BE FHRUH
K. STAHE #b 7K R G2 b 1 19 0 i DT vE IR

A2 SI>0 B R 120 WA T K i WAL 1 AN
ARAS 52 SI=0 B, RORIZT P AAR K AL T 7
BrRAS s 24 SI<C0 B, IR IZH™ YA AT 7K ¥ WA 3k
FMEFRE"

AT R PHREEQC H' minteq i 4%
P AEER R T 2 $E Simulation] X4 T B SOLU-
TION #J7 R MRS 5 T & BmAZERTF T,
£ Phase B TH5 098 4 28 AU, iy 1 100 26 4% 6 F0



64 A

P %44 K

fE% ST, B AR KWL “CO, + O, "R i
HL R ERER W) O i I A0 2R 1 ST
KT 0.4 F i AR ZS B 5 76 & 072 ™ A
A UUVE . BRERER W) Cf1 8 AT ) Y ST/ T
O+ FE W AL T RS A 2 T8 BB R #h DL TE

a oA 4, A

o A A A
® ® & © 3 o o °© o

<>
= F(Caco,)

= Bz f[CaMg(CO,),]

By K 85 [Fe(OHD, ] 5 857 (FeOOH) |
TRERH (Fe, O) VBB (Fes O B ST KT 0,
b F AR FARAS S 5 78 & 02 7 AR AR A UUTE s 1
ZZERT (FeCOy) AU AN ST /NF 0. FEIE TR AL F
BRRE A SESY R P ETUE,

-~ @A -
s & 3 & &

= WA (CasO,)

2 2 & & &

TFIHE (S

~ Jif#4i(CaCo,) < ZEE(MgCO,) + fiH(CaS0O, 2H,0)
ke k& sk sk sk &k sk ok ok F sk £ sk K ok o sk ¥ %

1 1 1 1 1 1 1 1 1
06110612 0810 0811 0812 1010 1012 1211 12121213 1411 14121413 16111612 1613 1812 1813 2013

HidLgw s
* o e =2 2T e e A e 2D e e e
sp 5o~ = S o~ L a - =« el a -
=) = K [Fe(OH),] < JRERD(Fe,0,) A (FeCO,)
= 10 | =%k (FeOOH) ~ WikE(Fe,0,)
%5-------------------
2 L
E - - - L4 e - - - - - b - - - - - - - -
0
+ + + + F o e 5 o T+ e o T L o e o+
06110612 0810 0811 0812 1010 1012 1211 12121213 1411 1412 1413 16111612 1613 1812 1813 2013
LG5
B3 RHERBIZTY MBET Y. S0 MEMNIEYL
Fig. 3 Saturation Indices of carbonate minerals, sulfate minerals, and iron minerals in the leachate
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Fig. 4 Variation of uranium carbonate mineral saturation index in the leachate over time and pH
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Table 4 Main forms of iron in the leachate
Fe fA1ETE e/ (mol/L) HE/ %
Fe(OH) 7 1.40X10°7 77.50
Fe(OH) 3 1.42X10°8 7.89
Fe(OH) 2.06X107° 1. 14
FeOH?™ 4,23X107 1 0.02
Fe?t 1.96X10°8 10. 87
FeSO, 4,56X107° 2.53
FeOH™ 1.66X10 11 0.01

B ook B [Fe COHD, L 41 8 87
(FeOOH) \ -4 (Fe, O,) (RGBT (Fey O,) B 13
B R T 0, 2288 (FeCO,) 11 A48 BN T
0o THRAIR AR 7= iF (] N K 60 10 1R 0 4 45, 45
W7, WLLE W BEE A 0 AT BT i
B AR SR AR IE S pH 22 L LA
B—F AT 0L pH & I R v A DT TE )
F. B FeCO) MM ANTE B BEE pH (134 i
U/ s LAk A 4 1 RS B B pHL ) 1 K T 4
K= Fe(OH), 7EpH<C5. 81 45148 F » Hiif Fi 48 %
INTFE AL T RIRZS pH 3 K277 42 Fe(OHD,
TUVE . ST IR b Rf 2R 1 B R 45 & Bk W s S AL
Vi AR R AT Fe' ZE M R K b &30
VEAT L AL BN K 2B B, IRk
B Fe(OH); 45 Wg Bt a0, I 5 Al 3t i vE 2 1 5%
i) 32 1 4R R Tl iR

201
AAAAAAAA A
15F AAAA
AL vVYVYVVy
vwvy? v
= 10k~ v?Y v
z v’
R °
dm 5h ........ ®e P
B o ®
g [ ] ° .-...-.-I.I ™
O-- mm "
* ¢ oo
_5_-Fe(0H)3oFeooﬁ”’Oo.,‘
A Fe0, VFeO, L 4 °
_10 .Fecol 1 1 1 L 1 1
50 55 60 65 70 75 80 85 9.0

pH

E7 SupafmEgENEEURES pHX R

Fig. 7 Variation of iron mineral saturation index over time and its relationship with pH
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Table S Main ion concentrations in the solutions
i o p(HCO )/ p(CI7)/  o(SOFT)/  p(Ca)/  o(Mg)/  p(Na)/ o0/  p(Mn)/ o(SD/
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/1) (mg/L) (mg/L)
6-1215B & H & 7.01 2 570 641 1081 100. 0 140 1 580 7.59 0. 346 12.1
6-1412 32 ik 7.01 2 570 628 1 081 106. 0 140 1 600 4.77 0.579 9.6
6-1611 37 K 7.10 2 630 560 1081 95.7 140 1 580 7.43 0.628 10.1
6-1613 2 i ik 7.00 2 650 594 1 081 97.8 140 1610 5.06 0.706 10. 4
6-1812 3= 7.15 2 570 560 1 081 95.7 140 1 540 6.48 0.701 10. 3
B 7.05 2 630 574 1 340 98. 7 140 1 600 7.02 0. 180 11.0
JE R 7.01 2 580 638 1389 100. 0 173 — 10. 20 0. 750 —

6 RHUBPEMEEFELR

Table 6 Main forms of manganese in the leachate

Mn f7EJE X e/ (mol /L) /%
Mn? * 4.27X1076 67.33
MnHCOF 1.06X 107 16. 66
MnS0;, 8.88x107 14.01
MnCl* 1.25X1077 1.98
MnCl, 3.66X10710 0.01
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Fig. 8 Saturation Index of manganese minerals in the leachate and its relationship

with redox potential (pE represents electron activity)
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Fig. 9 Saturation Index of silicon-bearing minerals in the leachate and its relationship with pH
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Simulation Study on Mineral Dissolution and Precipitation During the
“C0O,+0,” In-situ Leaching Process

WENG Haicheng, YUAN Yuan, LIU Zhengbang, HOU Chunru
(Beijing Research Institute of Chemical Engineering and Metallurgy, CNNC, Beijing 101149, China)

Abstract: The "CO,+O," leaching process is an artificially intensified water-rock interaction process
that leads to the dissolution of non-uranium minerals, which enter the leaching solution system and
cause changes in the dissolution and precipitation state of the minerals in the leachate. Geochemical
simulation methods were used to simulate ion species in the leachate and the mineral leaching equilibri-
um studying the dissolution, migration, and precipitation of minerals during the in-situ leaching min-
ing process. For the first time, the conditions and influencing factors for the precipitation of manga-
nese minerals were studied, targeting the characteristics of strong groundwater reducibility and high
carbonate content in the target deposit. The results show that under neutral leaching conditions, ura-
nium in the leachate mainly exists in the form of UQO, (CO;)3~ followed by UQO, (CO;)5 , and the pro-
portions of the two are affected by pH. The saturation indices of carbonate minerals in the neutral
leaching leachate of the study area are all greater than zero, indicating a supersaturated state, and pH
is the main factor controlling the precipitation of carbonates, with the critical pH for calcium carbon-
ate precipitation being 6.7 and for calcium magnesium carbonate precipitation being 6.5. The satura-
tion indices of sulfate minerals are all less than zero, and no precipitation of calcium sulfate will occur
in the formation, and the precipitation of calcium sulfate is mainly controlled by the content of calcium
ions and sulfate ions. Under neutral leaching conditions, iron mineral precipitation is likely to occur
and is greatly affected by pH conditions; at the same time, manganese-containing minerals will precip-
itate in the leachate, and the redox conditions are the main factors affecting their dissolution and pre-
cipitation; some silicon-containing minerals in the leachate are in a supersaturated state, and their dis-
solution and precipitation are greatly affected by pH The research results are of great significance for
the prevention of precipitation in in-situ leaching mining.

Key words: "CO, +0O," leaching; geochemical simulation; PHREEQC; leachate; ion species; mineral

dissolution and precipitation





