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Table 1 Conditions of single-factor static tests

75 FAISES 150 20 51 X5 5 5 Rtz /H FRRE /(g L7D [P Ve I AR
1 1-1 20~30(H) 5 1:20
2 [ic3E 1 1-2 20~30CHD 10 1:20
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5 B 2 2-2 40~50(H) 10 1:20
6 2-3 60~80(4M) 10 1:20
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8 [f VL I AR L 3 3-2 20~30CHD 10 1:10
9 3-3 20~30CHD) 10 1:20
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Schematic diagram of sampling setup
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Fig. 2 Variation curves of various indicators with time under different acidities
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Fig.3 Variation curves of various indicators with time under different particle sizes
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Fig. 4 Variation curves of various indicators with time under different solid mass to liquid volume ratios
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BYBCh IR B Rl A5, S B AR E B B
T2 G T 3 A 9 YR IR & S B B R Y
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R 2 FENRE M T BER §5- T B8 & B2 By B Y B 18] %1 43

Table 2 Time division of reaction stages for
CaCO;-H, SO, system

56 4 g 5 1B 52 BB 53 B
1-1 0~6 h 6~84 h 84 h ZJ5
1-2 0~6 h 6~144 h 144 h ZJ5
1-3 0~6 h 6~192 h 192 h ZJ5
2-1 0~6 h 6~144 h 144 h ZJ5
2-2 0~1h 1~264 h 264 h ZJ5
2-3 0~5 min 5 min~312 h 312 h ZJ5
3-1 0~1h 1~96 h 96 h ZJ5
3-2 0~1h 1~120 h 120 h ZJ&
3-3 0~6 h 6~144 h 144 h ZJ5
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Fig. 5 Schematic diagram of shrinking nucleus model
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time under different acidities
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Fig.7 Fitting curves of reaction kinetics under different acidities
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Table 3 Fitting parameters of shrinking core model

5 R 2 LER
iR 56 4 s o e
R g R BB
5%
k/107"  R? k/1074 R? k/1075  R?
1-1 6.61 0.892 2.32 0. 896 1.02  0.994
1-2 4,10  0.844 1. 60 0. 883 1.62  0.988
1-3 22.40 0.954 70.70 0.962 12.90 0.997

2.3 WHEEBMT YRS
2.3.1 REBIERTMRHEENSREIERE

S NE T 7 A7 SEM-EDS 5347 45 5 4
Bl 8 fizn, ATLAE - 69 8 1A 5 Bk 2 mi ik og
A AN VB S 2 B 3 B M R R SR T
JRy T RS 3 ek bR s AR /N FURE  HE 0 S R A A AL
A T4E 5 B S e 5 P AR ) B S e S 5 LA L it T
b AT B 2 A% A BN P A 23 A B4 B B IR T B
45,

LR FHEASW/% FHTHS /%

C 22.38 34.29
[¢] 43.51 50.05
Ca 34.11 15.66
&t 100.00 100.00
Ca
i 1 1 1 |
4 8 12 16 20
455 fk/keV

a—SEM.JH K 210 4% ;b—SEM, it K 6 000 1%
c—EDSCH I b & s 4t 50k X 35

E 8 FfEAREER SEM-EDS 5 # 4R
Fig. 8 SEM-EDS analysis results of original calcite sample
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Fig. 9 SEM-EDS and SEM images of sample after reaction
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Fig. 10 XRD patterns of static reaction residue samples under different conditions
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Abstract: During the acid in-situ leaching of uranium, sulfuric acid readily reacts with calcite to form

calcium sulfate precipitate and release CO,, which causes pore blockage and permeability reduction in

the ore-bearing layer, thereby hindering the efficient and green extraction of uranium resources. To

reveal the reaction characteristics and blockage mechanism of calcite in acid in-situ leaching, single-

factor immersion experiments were conducted under varying acidity, particle size, and solid mass to

liquid volume ratios. The variations of pH, saturation index (SI), and concentrations of Ca’" and

SO%~ during the reaction were analyzed, dissolution kinetics were examined based on the shrinking

core model, and the microscopic morphology and phase composition of minerals before and after the

reaction were investigated by SEM-EDS and XRD. The results show that the reaction between calcium

carbonate and sulfuric acid exhibits distinct stages. In the system, pH generally increases, Ca®"
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concentration initially rises and then declines before stabilizing, while SO}~ concentration continuously
decreases and then stabilizes. Increased acidity and reduced particle size both enhance the early-stage
reaction intensity and prompt the system to reach CaSO, supersaturation earlier, thereby intensifying
precipitate formation and blockage effects. A higher solid mass to liquid volume ratio increases the risk
of supersaturation in the system. Kinetic fitting indicates that the reaction process better conforms to
the internal diffusion control model. Microscopic characterization reveals that a flaky calcium sulfate
precipitate layer forms on the mineral surface after the reaction, corroborating the above chemical
analysis results. The findings provide a theoretical basis for blockage risk identification and process
optimization in acid in-situ leaching of uranium.

Key words: acid in-situ leaching of uranium; calcite; dissolution; blockage; shrinking core model

UV A ORI e O O O O O O O O O O O I O O O O O O O N N O O O A A N N O

WRIMIT ] 2027 £GREIEE)

GRFBEVAFDAF T 1982 F, 2B FLHSHA) P EHZ T LERARNGTTF BTk
CFNLEEHREED ERNETRACEE HALRE GRER BLERE XEEGLT ZE
EAEI L HEMM(ERAN . BETXHEMBE AWM EEANSONERIE . AT RAFIEHNERL,
FEBALBNEGTFEBER MR T ik, Z BB ZRFTREAEKAE, A —ABEELEHKRE
SR M TARAR R AR R A FARESRIFAELA,

(BFEBE)VEANL—F L B HFT CN 11-3012/TF, B FRA4F £ % 4 B sa 4 5 ISSN 1009-2617, 7
A E ARG A FE T AT 20190002 5, WO FED)VBERBE B, 2027 FZM25.00 /4,
A4 150,00 T, 4 B &R ¥R By 3 T 9T M, ¥R A AR 5 80-181., %430 F F 4 Tk 55,

WA H B b K T A K SRR 145 5 (IR % A ) % B3R

BRH %5 AL 101149

TP RAT . TAT T IUARME T AT

F P & HEILbFATEEMAR

i3 5 :0200 0498 0900 8800 221 GL & & & : (R & % 2 )iTF )

Bt % w,4%5.010-51674124,51675321

%, ¥8 44 ; shifayejin@cnmstc. com

F A5 M 3k https://sfyj. cbpt. cnki. net

JT 4B A 13911227093 (FR & 4)




