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Table 2 Chemical principles of uranium and scandium leaching by acid in-situ leaching and CO,+0, in-situ
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Fig. 1

Comparison of the effects of NTA and H,S0, on the leaching rate of uranium, scandium and pH, Eh of the

system

2.2 SERREEMERRET R H G

TEBRRRVKREE 2. 0 /L 45T T, 5 48 e R T 15 P
FICHERE 0. 5~2. 0 /L) XHEIETIR H 5200 5 XF b oA
PR TS I 0T ) I 2% 5 g Bk 9 D T P ) (e i
0. 5~2. 0 ¢/L) Pl 7. /E X Bl e i R s ), 3 56 25
AN 2 firR

100 120
90} 118
80+ 4116
. 70k {14
I 8
ﬁ\ﬂ' 60F .——.—/‘/./4 112 ﬁ\ﬂ'
H 50L 1103
B 50 10 1%
= 400 /\ﬁ/ﬁ‘ﬂ s &
30k =1 2 | 3257 16
iR 2R iz %
20F —=H,80,20gL —— H,S0,20gL 14
0F —— REMMR  —o— RISz 12
1 — 4 h 4 ﬁg
0 0.0 ()TS 1.0 1.5 2.0 0

BRI LR /(g L)
2GR TR TG P 0 o X il i L S e 4 SR
Fig. 2 Effect of fluorocarbon surfactant
concentration on uranium and scandium leaching

results

H P2 AT, AR R VR B2 R 2. 0 o/L I, Bl 5 3R
e 2 VT T35 P TR VR B T o, IR HH 2R AE 56% /N IR JE 42
THZE 61%, 112 1R i 5% 12T+ 2 8% ; 4 A3 Ik
i B, 6 9 THT ¥7% A R0 B A Y Bl iR o R AR
i, 412 R 2 2%, 511 R 20 1%, Ul Y AT 58
SAF T SRR 2 TV MR S A B RS B3
{H T SEBr 2 25 B Ak b 2 FL B L B A% 7 38 1k
SRR IR R ILE7-9) (PN R/ & SJTR Y ol
2.3 SE=SZBERBRZENHIIZHAZMm

B X6 BB 2 T 3% PR VR B (A) 2 2 = TR ik
JE(B) BRIRMEE (C) 3= HEHE (D) PY R 7, X143
% E Z K42 (0,0.5).(0,2).(0,2) .(1,6),
BT P P Z KA 1E A8 8 S i A7 i, i
SERLILER 3,
2.3.1 N HRSHr
2.3. 1.1 BRI R EE 53 by

R4 2 3 ah = R s iR R R, R
Minitab 3PFXF 35 2 K7 580 B0R R @ ey
FE el [ o X R SR e PR 43 AT, 45 SR A
FARMFES,



90 - v E R & & 4 BBETE

R3 HHET AR IESE R BT

Table 3 Four—factor two-level orthogonal experimental design
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Table 4 Analysis of factors affecting uranium leaching

A F HE(DF) Adj SS* Adj MS* F i P1f*

A 8 6997.47 874.68 12.43 0

Eqs 4 6 144.55 1536.14 21.84 0
A FRURER TR 0T 14 550 v 1 101.39 101.39 1.44 0.255

B KL = LRk 1 1.839.04 1.839.04 26.14 0
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2HF2EHAEH 3 328.27 109.42 1.56 0.256
B = LR TR R VR S 1 214.87 214.87 3.05 0.108
FHE = SRR S I ] 1 22.2 22.2 0.32 0.586
T PR Ve J8 32 I ) 1 91.21 91.21 1.3 0.279
i 1 524.65 524.65 7.46 0.02

BRIEVRIE 11 773.87 70.35
At 19 7771.34
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Table 5 Summary of uranium leaching rate response

model
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8.39 82.8% 60.6%
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Fig. 3 Pareto chart of standardized effect on uranium leaching rate and residual plot of uranium leaching rate
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Table 6 Uranium leaching rate response encoded coefficients

It BN B4 FEARER 22 T{H P Ty 2ERE M
W 39.95 2.1 19.05 0.000 1.00
SRR % T ) v -5.03 -2.52 2.1 -1.2 0.255 1.00
HIE= LR 21.44 10.72 2.10 5.11 0.000 1.00
TR 30.31 15.16 2.1 7.23 0.000 1.00
B Ta] 115 5.75 2.1 2.74 0.019 1.00
G = LR B TR RV -7.33 -3.66 2.1 -1.75 0.108 1.00
IE = SRR R I ] -2.36 -1.18 2.1 -0.56 0.586 1.00
T P e i 32 4 i [i] -4.78 -2.39 2.1 -1.14 0.279 1.00
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Table 7 Analysis of factors affecting scandium leaching rate

IR H HE (DF) Adj SS Adj MS Iy P1H
LAY 7 691.26 98.75 21.11 0
At 3 544.2 181.40 42.53 0
A Fe e TR PR ok 1 31.99 31.99 5.64 0.098
B &M= LR 1 40.54 40.54 7.15 0.075
C BRI e i 1 695.23 695.23 122.57 0
D i3 i [E] 1 197.1 197.1 34.75 0.005
2T HAEM 3 22.37 7.457 4.66 0.022
U = LRk BT R vk 1 16.57 16.57 10.36 0.007
G = LRk R ] 1 5.24 5.24 3.28 0.564
T P v i 32 14 k[ 1 0.563 0.563 0.35 0.564
Y 1 124.69 124.69 77.94 0.000
B 2R 2 12 19.20 1.6
it 19 710.458
R8  Hriz A AR S HH A 2 R 0 e IR S ) 1 B e S AL
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Synergistic leaching of uranium and scandium enhanced by aminotriacetic acid
YI Aifei"*?, XU Guolong'*, TAN Yuhan'?, LIAO Wensheng'*, SU Xuebin'?
(1. Beijing Research Institute of Chemical Engineering and Metallurgy, Beijing 101149, China;
2. National Key Laboratory of Uranium Resources Exploration-Mining and Nuclear Remote Sensing, Beijing 100029, China;

3. State Key Laboratory of Nuclear Resources and Environment, China Uranium Co. , Litd-East China, Nanchang 330013, China)
Abstract: Taking the northern by-product scandium sandstone uranium ore as the research object, this study
addresses the problem of low uranium leaching rates caused by pore blockage in high-acid leaching systems. An
innovative method is proposed using the organic chelating agent nitrilotriacetic acid (NTA) under low acid
concentration to enhance the co-leaching of uranium and scandium, aiming to improve the co-leaching of uranium
and scandium. Research on the NTA-enhanced co-leaching of uranium and scandium was conducted using
northern by-product scandium sandstone uranium ore as the subject. The effects of single factors on leaching were
examined, including sulfuric acid concentration, nitrilotriacetic acid concentration, fluorinated surfactant
concentration, and leaching time. Based on this, a four-factor two-level orthogonal design experiment was carried
out. Through linear regression analysis and standardized effect Pareto chart analysis, the factors significantly
affecting the uranium and scandium leaching were identified, and a linear regression equation model correlating
leaching with each factor was constructed. The results indicate that, taking P<0. 000 1 as the criterion, sulfuric
acid concentration has a significantly greater effect on uranium leaching than leaching time and NTA concentration ;
the important factors affecting scandium leaching are sulfuric acid concentration and leaching time. Based on the
identified significant factors (P<0.000 1) and significant quadratic factors (0. 01<P<0. 05) , the equation model
for uranium leaching as a function of the factors was established: Uranium leaching /% =-0. 46 + 14. 39 [NTA
concentration | + 7. 46 [ Sulfuric acid concentration] + 3. 11 [Leaching time |]. The equation model for scandium
leaching is: Scandium leaching /% =14. 35 + 6. 59 [ Sulfuric acid concentration] + 3. 51[ Leaching time] + 2. 62
[ Sulfuric acid concentration] X [Leaching time] -4. 6 [NTA concentration| X [Sulfuric acid concentration ].
Through response optimizer analysis, the optimal process level within the experimental range was obtained. Under
conditions of 2. 0 g/L. amino tricarboxylic acid concentration and 2. 0 g/L sulfuric acid concentration with a leaching
time of 6 hours, uranium leaching reached 66. 9% and scandium leaching reached 18.7%. The equation model
constructed in this study can be used to evaluate the impact of different parameter factor levels on uranium and
scandium leaching rates. When guiding practical applications, it is also necessary to consider the effect of amino
tricarboxylic acid on uranium extraction from water-based resin.

Keywords: scandium sandstone uranium ore; uranium; scandium; synergistic leaching; sulfuric acid + amino

triacetic acid; fluorocarbon surfactant Orthogonal experiment; Response optimizer



