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Table 1 filter bag mud samples and sediment in the resin layer %
Re w(AD w(Ca) w(Fe) w(K) w(Mg)  w(Mn) w(Na) w(TD) w(Co)
JEW 3 D 48 e B 1.97 2.33 19. 66 0. 44 0. 64 0.023 2. 30 0.071 1.29X10 3
Wit nk 4 e B 1.33 2.06 6. 20 0.44 0.77 0.014 3.41 0.058 1.31X1073
B g2 3. 44 5.19 7.42 1.25 0.48 0. 090 1.34 0. 280 6.35X10"2

1.2 BERAR
1.2.1 AERE HCI AR WIEES

Sy B 4 £y 100 mL ZA A 5 4 A & Bedr
B 5%.10% . 15% .20 % (e & DLAR B B0, F
DB HCL W4 200 mL 48 50 A B A %25 W g
BIREAR R 5129 24 b A R K I 1 TR S .
B EVEK pH k3] 5, WG il 8 o ¥, 40 BT i o
JER AR CL 258, T B AR W B U 25 1 ik 58
(B i 5 W5 o6 D R PR R G 1 2 250, 76 1H il
Vit LR .8 1 h UM AT U R =
WA GRWE 2, aTREE, RHAAR
] Ve B HCL X %% i A 2 7526 I - W B v 38 43k
BRI MR C A& KT 80 mg/mL; #
B 85 40 F0 W% BfE 46 d, SF 4 R0 U O Bk
48.0 mg/mL, B K fift % W B8 19 WK Fff U % &
(37.5 mg/mL) T+ 28% .,

®2 AERE HCI AR WIERSER
Table 2 Resin detoxification results by

HCI with different concentrations

fife 7 WL AR LURSIEp

HCI ¥ i/ o ers ) s
y o(ZFe)/ Cl™ %5 hty i il /d U %/
(mg/L) (mg/mL) (mg/mL)

5 35.3 81.2 45 47.6

10 37.2 82.3 46 48.2

15 37.5 84.5 46 47.8

20 40. 1 86. 2 47 48.2

-4 37.5 83.6 46 48.0

TE AR A & IR I, T,

1.2.2 AR[ERE NaOH AR RS

FHIE /K B B IR R 2 B TCVE W IS 53 ) B 4
#3100 mL FXA BE R A BERR 4% 506.10%6.15% .
207619 NaOH B 45 200 mL, 43 51 A A 7T
BRI B s 2 24 h s, A KK IR T
I8, EZEPEK pH 53] 8, M A5 B 5 565 H 154019
HCL %W B B 2E 47 5% B 5, e Ar 2T BE CL 4%
i IR U & 45 R 0% 3, TR,
SKH 5% ~20% NaOH ¥ 806 1R i 85 I B RIS

o R W B 46 d, SE X MR R U BB R
45. 85 mg/mL, WG T AR S5 HCl Bz,

®3 AERE NaOH AW IEMRSLER
Table 3 Resin detoxification results by NaOH

with different concentrations

NaOH  ##Hg Cl- &H/ % i T FOA B
W/ Y (mg/mlL) it /d - U %4/ (mg/mL)
5 82. 4 46 45.3
10 83.1 16 46. 2
15 83.6 16 45.8
20 85. 2 47 46.1
-1 83.6 46 45.9

1.2.3 NaCl+NaOH B &I K5 iR =

FHE K Ve 200 g R 2 0 DT TE W 5 43 5l B
4 fiy 100 mL Ay 2% B A 2 A B2 A8 Hr BE
5%NaCl+10% NaOH ¥ #& . 10% NaCl + 10%
NaOH ¥ # . 15 % NaCl+ 10 % NaOH ¥ # . 20 %
NaCl+ 102 NaOH # ¥ % 200 mL., 43 5 in A 2%
ARG BAR 12 24 h s H ARKIRE
HUER G . B E Pk pH Ik 5] 8, B IR i 75 ¢ B
FH 150089 HCL WO 18 IR #1756 B S 43 A 204
g CI™ Z84  JF I Fff U 6, 25 W3R 4,
AT LAE L ff ] NaCl+ NaOH 3R 4 X W g f#
L VHCL W W 17 7 RS, 2R IR CL & ik
85 g/ L. W V- Bt Fme Bt 47 d., 7t A B U
N A7T. 3 mg/mL; & M AN [FBC 7 19 NaCl +
NaOH % fif 55 5 A B 19 W BT 14 fi 422 30

%4 NaCl+NaOH BE BRI ELER
Table 4 Resin detoxification results by NaOH
with NaCl and NaOH mixed solutions

it 5 7 ‘iﬁimﬁﬁ Cl ﬂ)}fiﬁ LRI B U
AH/(mg/mL) BFE /d - 24/ (mg/mL)
5%NaCl+10% NaOH 85. 1 47 46. 8
10 % NaCl+10 % NaOH 86. 2 48 47.4
15 % NaCl410 % NaOH 85.8 48 47.2
20 % NaCl+10 % NaOH 87.3 47 47.6
Sy 86. 1 47 47.3
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2.1 WEBAMBERMIZEHR
2.1.1 @B

I AT PR 25 AT 02— b B ek R AL A
P TR M TR A R 55 B M B B8 sc e S (TH-1 B
BB . ZE“CO,+O, 7 ikiz i, %W B 3= 28w Bt
WHH UO, (COHE A UO, (COL L B T35
TR B P70 A AR, 20 RARS B I BRI ok B R
PEWRBE B HE W B 5 1A e O, i — 20 ik
TS - 3 483k BB 04 147 A5, 52 BB TR i e
e H Y 78 U R R B R AR A R e A
& rh % ER R b R RN Y Bl BR AR L A2 B CO, X
(S NIy R SN AP A )
U0, (CO;); B8 Ao far 2% JE 1) UO, CIT L /T
TR i R 5 A W BRI S 2 B R AR Y A

U FRD
W o0 285 Tl T2 S P e 5 R %) 2 R S Y
R, (COy) 3 +6HCl—
6R" +-3CO, # +3H,0+6Cl ,
6R"+3U0,ClL,> —3R,UO,Cl,,
TP T 5 T 285 T A8 R A 1 P B SN
R, UO, (CO,), +4HCl —
R, UO,Cl, +2C0O, A +2H,0,
R, UO, (CO;), +6HCl —
2R" +R,UO,Cl, +3CO, » +3H,0,
2R +UO,Cl} —>R,UO,Cl,,
2.1.2 EFNERHHIE
B3 iy 100 mL JH-1 4 F0 8 (i Fn 25 &
54. 77 mg/mL) 73 B 3 ASHEIE IR b, 1543 00 n
A 100, 200, 300 mL FR ¥ & # W [(p (U) =
24.28 g/L.p (HCl) = 14. 32 g/L.p(Cl" ) =
16.36 g/L.pH=0. 79 ], & T-# J) P+ &% L5 +F
WeRE 2. 5 hy KNS 43 AT W B R v BT MR R
HCl it e B pHL S5 R L3R 5. AT LLFE L 78
b 0 P O o o A v A VAR A R L A i e A
IR U 25 5 AH D38 005 8 A R LG A 3 B A A
WG A& IK 121. 76 mg/mlL,

R 5 JH-1 {EF0R RS 0% B X 38 % B iR o3 A

Table 5 Analysis of adsorption tailing liquid of JH-1 saturated resin readsorption test

I AR L W B A i) / b B p(U)/(mg/L)  RB# p(HCD/(g/L)  E# pH AR U 2545/ (mg/mL)
1:1 2.5 18.91 0 5.15 78.95
2:1 2.5 120. 4 0.18 4,09 91.18
3:1 2.5 3 848 0.72 3.57 121.8

2.1.3 @70 KB L35 A A

B T AN AR B RCR, 2021 4R R AT 2 A
RARFL(BV) G4 W AT IR AN AR B, 3% 6 B0 T
b R0 R B T 25 N R S A R A = AR k. T LA

Bl CRZ T 20 JH-1 MR U W R R A
99 06 14 I W% RS A6 01 ol 2 HEAR TE T 7800, B T
A WA E 1 U R B T A i
PRI W AT Y

F6 JH- 1 WEBMBEMIZWMENEIEE

Table 6 Saturation capacity before and after JH-1 resin saturation readsorption process

i BB EH pn/ (mg/L) WA U AR/ R U AR/ U W
o U HCO5 Ca2t Mg? " cl- SO7 (mg/mL) (mg/mL) BB/ %
2012—2020 18. 14 591. 48 775.66 293.79 2 930 2 500 53.55 0.63 98. 82
2021 17.12 678. 96 762. 39 298. 60 3 070 2 340 95.12 0. 88 99.07
2022 16. 06 626. 31 774. 44 297. 30 3 180 2 860 95.52 0. 81 99. 15
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“CO, +0O, " H PRI H sl K G T2, — ik
F NaCl+ NaHCO, % ¥ % 161 Fn A g 32F 47 ik % .
g PR R Al A BRA R B =) AR NS
3 T Al L 34 SR % T2 R AR A AT K .
Pz R IR A & CUWE . & b
R B VRN o IO R NS e B R NE 13
P2 S, IE B 1k CL U8 bl % 46 0t
EARALME T2,
2.2.1 JH-1 {E50#fS 35 B 75 B — kG ik AL
KRR (12 mol/L) 7 B w} , 32 B WL A [ 0
PR R E R UO,CLE L= W JH-1 M
B A TR B B A Y K R R B, L R B B AIC,
Bt & SF #5 #% w38, UO,CLE # 1k b U0
UO,Cl" \UO,CL e
Tl R R B R -
U0 +4Cl" —>UO,CL
K B S A AL R -
UO,Cl: —UO.Cl,~ +Cl
U0,Cl; —UO0,Cl, +Cl ™,
U0,ClL,—UO,Cl" +Cl
UO,ClT—U0: +Cl -,
2.2.2 {870 FE IR B RS Eh B A B — kO IR I
SEUH AW B R S 100 mL, il A2 80 mL R
AW o(U)=13. 46 g/L.p(HCD=6.09 g/L.
p(Cl")=7.82 g/L.pH=1. 34 | fE#E 1 i FE 4 LR
EFEER 6 h 5. H Tl HCL 38 45 #R B Ry 13, 0~
18.0 g/L. &MU E B )5, FEA7 K Wk il 5,
4 55 mL B AR AT 15 mL FRAE [o(U)=48. 58 g/L.
p(HCD=14. 52 g/L.p(Cl" ) =16. 82 g/L,pH =
0.86], % AH 1 mm, 100 mm Ay LB 5
rh L bRk ) 5 R B 4 Ak B ) 4 ) AE 30 min, 78
W 0. 73 mL/min 250 T R FHAS [R) ik 8 790 %
ER TR e R R i R AT VR . IR R A R B
0.5 BV ¥t W HC— N FE  HIER 43 H 3l BURE 4 Wi 2
FESh . TR A AR IRES UL 1. 4% 4 43 ik Uk 71
WRVE IS 5044 B ol ik Ay 2 i & L Jo & Wk L 3R
7. ATLAE 3 bk vk 790 6 A6 AR A 1% 9k O e
WP 52 W /N, Uk B R Eh R B U IS L AU EEE Kk
AT LLX AR i ol ok B ok vk, R 7 AT E
L TH-1 RUA B 28 30 1R i ) 5 4% Ik 8 751 24 ] 5 3
AR U AT 1 mg/mL., % 83 2 5% M F
5 e ) 1, B 373 TS K LR

ke dh, E . CO, +0," P rZ R A — R IL T LR 37
oor —=-10 g/L NaCl+0.1 mol/L HCI
i —=— {F7k+0.1 mol/L HCI
50 —— ik
SRS
S 40
=)
< 30f
&
B,k
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O 1 A l i
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IREREE/ BV
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Fig. 1 Elution curves of JH-1 saturated resin

transformed with HCI

R7T AEIKSEF RS BT
Table 7 Comparison of resin parameters

after eluenting with different eluents

ot RN U A/ BRI o(Cl )/
o 2

(mg/mL) (mg/mL)
10 g/L NaCl4-0. 1 mol/L HCI 0.22 144
7K +0.1 mol/L HCI 0.48 105
K 0.72 115

2.3 —kx{LITEHRHRE

EENE LR LR TSRS, R
RFEFE A IR Tl i 58 K T B« AR B W
T R R MR R 1R A8 TR« AT 2R 0 Y R PR
MR — K — e TR, iR
F A Wi L3R 8,

R8 JH-1 WA AMBERM —HREMFE—
KME—FURBEEFEL
Table 8 Equipment list for the integrated test of JH-1
resin saturation readsorption-HCI transformation

regeneration-water elution

B 45 T FAk # S e/ G
B $2 500 mmXx7 500 mm 3
e TR YR At R }
- $2 500 mm X5 000 mm 2
CHL 1 5 R S8 i e )
G A VR A R $2 500 mm x5 000 mm 3
T3 15 m®/h, ## 30 m 2
FL G T DN32,10 m®/h 1

2.3.1 JH-1 % f5 {6 0 B 0 Bt
TEB I E A7 o B L 2 W B B 3 o b o
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e B = vk o ek R A R R VR A o i Ik R
=1 mg/L B, WA B HR AR AT, DI 2 8 5 58 05 R
WO B RS HEAT S o e S K AR 2 T TE W b e 2 U
R TC IR Y G - HE S I R AR W5 1 A2 36 m’
B [p(U) <25 g/L, p(HCD < 18. 0 g/L,
pH 1. 10~1. 40, il i & 18 % M\ B8 T3k ¥4k | 25 i%
R CEE TR O P8 PR MR s & 2 h A I vl BT
HWRE . HE W p(U)<0. 1 g/L. 45 110 A%
REF S H 5 9 8 TCHE 22 DR L I R AR .
2.3.2 BERAEBREINELE

> VR R -F I BRE AR i 3 HE 8 WU L DL 0.9 BV
FIWRPE TN 0. 3 BV Y Tk 5 B8 k5 U572k
LT R R AT R IR R AR L Y
PR B2 <T13. 0 g/ L B, 3 et 4P i Tk 6 R -4k 2L 06 20
2 h, B2 FAHE AR EAE 13.0~16.0 g/L, 5%
FHA G5, VR R PR AR i ) R R A Y Ol 1 B
G AT 1.2 BV,
2.3.3 ZERBEGHIE

56 SV R P W B AR B R R B A S e — A
TR MORE AT =R AR B e (& 2) . it
A6 T KI5 7K IRV 3 35 TR A S DI It i1 5 AR IR
S EE PR . MEMBIEIL 2.0 BV
F, TR R WO — IR B0 S — IR FTHA 1. 0 BV (i
PRLL Sl BT W <C0. 5 g/ L) B, 45 1k bkt , P 4
ARV . RER — T R B 5 1 RN A
W Bt — b R A U P A 5 2 L IHE AT =0 AR IR
Ve AN SRR IR

VERFIGEK)

-

— R HiE

H (1.0BV)
okt
(2.0 BV)

B2 ZHBEBEKKERE
Fig. 2 Flow chart of water elution in series

with three towers
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— Rk T2 5 1% 5 T2 Gl Fi A B NaCl+
NaHCO, # 1k 1 L 55 2 i W00 2044 Hig e 71 L3 7K
BV 1 B 3 1N 2R W (3R 9) A R P I R 5
PR 2 U P A — KR R — L T2 T — ik S 4R

T4 i 1 R 25 i B i kR e R A 7 TR RO g
KR E . — R T 20 T 3R B AR T
A E L EEAER 45 T 58. 3% (N 6 d FEE
2.5 ) IKIGRUARREMR T 6.17 J7o0/tU;s Al )iz #fE
JREF T HAR < CO, + O, ” v M= Bl K 9B
i,

k9 BFUIZEREIZIIL
Table 9 Comparison of integrated process

and traditional process

WiH g T —R T
R TR/ (mg /1) 28. 60 16. 50
R 40 F1 25 it/ (mg/mLL) 42,48 94. 72
HAEmE ]/ d 6. 00 2.50
NaCl #F&/ (t/tU) 42.00 0
NH, HCO; H4E/(t/tU) 3.85 0
NaOH H#&/(1/1U) 3.00 0. 60
HCI BF8/ (1/tU) 10. 60 5.80
K I3/ % 93. 20 95. 00
KiG WA/ 778 /t0) 6. 60 0.43

3 i

FXFCO, + 0,7 i k= i K iG T2, I e
T PR L P R B — R 1R B AL A —oK
MW" — L T2 AR 2T 248 .

DAE“CO, + O, " h 3 ik & v, [ IR
JETS Y £ E AL & Ca Fe Al %, L AU
UM i WL RS A BHLZE B il 156 TC 45 15 28 4T 4
B SR Tl £ R 7 (M BE =15 Y0) RE A 2k e
i 2 T K fLIE N Y 6 R ARk W/ SR AR DR
J2 s AT ARY i W A PR RE B T 2804 .

2) BIF 4 B4 e 0P A o — R 2 A A — K Ik 1
— R T2 G P MR AR R pH R R
AL BEAH UO, (COyE 11 UO,Cl TEA R4k .
8 AR Bl W BEE A AR O O EE R 10006 (ML
42.48 mg/mLIE %E 94. 72 mg/mL) , Ik e 3L K i
Tt 37 % LR BRI A Ll A I K TS g kR Y
P IF] b 3

3038 it = B HR IBC IR Uk 5 BB A B IR R ) A R
T4 A A 45 F T 300 4 0 58. 390, AR 7R AR R B
6.17 J7oo/tU, fl I R 2 2 95. 000, W E AL
BT CO, +0O, " B R R 1 Tl ALk RE
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Integrated Process of “CO,+0,” Neutral Leaching and Uranium Hydrometallurgy
SHEN Hongwei, SHI Zhenfeng, REN Huaping, XIE Xiliang, LAI Lei
(Xinjiang Tianshan Uranium Co. . Ltd. , CNNC, Yining 835000, China)

Abstract: A uranium deposit in Xinjiang adopts the “CO; +O,” neutral leaching process. When trea-
ting the leachate with a fixed bed, the resin’s adsorption capacity is reduced with the increase in oper-
ating time, and there are problems such as long leaching and transformation operation cycles, and
poor process connection. To solve this problem, the research has been conducted on the integrated
process of resin saturation readsorption, hydrochloric acid transformation regeneration and water elu-
tion. The analysis reveals that resin pollutants mainly contain elements such as Ca, Fe, Al, etc. , and
industrial hydrochloric acid can effectively detoxify them. This integrated process utilizes low concen-
tration acidic qualified solution to disturb ion exchange equilibrium, promoting the conversion of
UO, (CO3)% to UO,Cli and achieving saturation readsorption; the resin is transformed into chlorou-
ranyl type and activated with hydrochloric acid transformation; during water washing, as p(Cl™ ) de-
creases, UQ,Cli™ gradually dissociates into UOZ". The results show that this process increases the
resin capacity by more than twice, improves the leaching efficiency by 37%, shortens the operating
time by 58. 3%, and reduces the cost of hydrometallurgy by 61 700 yuan per ton of uranium., achie-
ving the synergistic operation of resin detoxification, regeneration transformation, and uranium leac-
hing. The integrated process provides an efficient solution for the “CO, + O,” neutral leaching and
uranium hydrometallurgy.

Key words: “CO, + O,” neutral leaching; uranium hydrometallurgy; resin; saturation readsorption;

hydrochloric acid transformation and regeneration; water elution; integrated process



