55 5 4] R 58 A No. 5
2024 4F 10 A Conservation and Utilization of Mineral Resources Oct. 2024
w5

BFREELT RBGIBEE FN&E T MERERETH
R
RIE B R, R, R R IR, A

1. VLVG BT R %R SEREE TR, TI06 # M 3410005

2. VLG TR 4% b & J8 - 7= W R T 5 R VI PE 48 B 05 S0 %2, V194 81 341000
3. VLV IREE TR 4Bt A I 5 I B Ry 4B, YLVE 8 3410005

4. EEERHEEBE A SRR TR ARG, TLVE B 341000

FESHES:TDISS XEFRIZEE:A X E4S:1001-0076(2024)05-0001-08
DOI: 10.13779/j.cnki.issn1001-0076.2024.05.001

WE BFUH L0 BB R TR R, X oG B2k 4 TR FISAR, I s L3k . T IR L si?
HH 1 ) e U/ 2 B AR S R R (R Sl 8 U 0 € 3 A50R IR I s R BRI T &, ISR B T & (SO;. CI'. NOy-
H1 CH;COO") Y i £ R £E S IR LA, 2588 T 50— 12 IO R 2 90 T b A0 3 2 2 45 2 300 % s = 2 AR R B AT R A S i
S5 IR B R IOR M L VR bE A 3G LA B R BRI i S A B AL, A - IR BRI K, AN R B B 1 XA 3R R AR i R
1 SO > Cl' > NO; > CH;COO, HEEh e R BCR R T3k . IR IGH AP A7 R 2R B 5 AT LA S R HE T P A 2% o
FRWREE, TERIREE 5 CIRBEL G 2570 53 2L N W e AR 45 F T, AIARIS AR R I 97.36%. i+ 2 F BTt e &l 706.34 mg/L.

FRES T BT RV BEN 17.8 me/L (IR I R

KGR TR A ARG R BRI 1 A8 R

il

5

Fis S T ) ) RN PR R R, L B
B 2072 A ARG | fR RSP E R LAY, A
HEM RS RS FT A R B IR
SRRSO, AEMUR . R [ 7 OB AR A R R
HA R AT I, 2 ) R 28 5% R [ B 48 4 1) o 2L
PrpEs, R BT AR 0 h A7 0 AR R e
BRE B b S R0 66.92% 25 A7, HE T A Bk ot
90% 4 EE i 10, AE R AT 2 LR A M . B
T RUF 4 R R 0 & (60%~95%) T LLES T M Y
TE 2 B 7E i 0 7 25 2 i R T, e R
P FFR O VR AR T L R Ok, A9 B0 IR

SR, FEH B Fac it B rh, B0 R
Al, Mg, Ca, Fe %7 Jfi 5 1, JLH R4 040, & 5% +
B [ I A W A BB 2 e R T DR

Y FE B HA: 2024 — 09 — 26

35 VR 2R BT RR O e A TR) R, A R PSR R
FE1 5% e 8012 SR RN 232 500 T Rt 550, L3 3k i i Sk
HERAS 9 B R, B0, Xiao %M i 1 it PR 7 1%,
L 0.20 mol/L 14 it i B S =2 WU, W] LLARAS 95% LA I
M £ R BOR, B 5600 5 M L, 24 558 10 1R BUR FE
X7 10 B3 Ao T IEHE S8 FEAT IR BUSE 38 v, DAOS
ST FF B DU e A 1 2 3R, R e Sk 9 BRI, G 43 B
FRR B, B IR BURT] 3K 92% LA b, 2% 5 22 B R 1t
94%, FT 592 TG 5 bR 4% o1 H#EUT0E . Guan 450 LA
B B B IV R 0 R 12 BRG0G0, R IR
T % I TR R0 Y 1) A TR 23240 3 A 93.1% F1T 88.6%,
X T AP T S AL A L R H G T N
(B T4 . A ST R BIN, UK [A BH &S X5 76 =
fiE 71 B9 M. Fe > Fe*'/Mg*/Zn*/Mn* > NH, /K'/Na',
BEAb, AFFE N B3 R FH B T 6 -+ TR S k00 i R B+t
R R A T 3 ORI A R AT T v B R BUR,

HEEWMB: FEXEARBERES (52274262); TLVEE HH R A SR (20232BCI23005); TLTEE A 5 4E 5L 4 (20232ACB214008); TT.7444 A %K
2Bk 4r (20224BAB204036); (%% 42 @ 1 7 T IRAR AN T 5 1) F VL VG 45 5 5 9550 %5 (2023SSY01041)
TEEBN: EA (1962—), B, wmaE Eht A, A S0, UF5 05 0 8 g @R 09 & 00 B . R R IR L5 B R 9, E-mail:

qiutingsheng@163.com,

BASIEE: I (1990—), 5, TTVG#EM A, -, Rl UF5807 NG R4 P2 i, SC8 4 @ 07 7= /0%, E-mail: jxustyhs@163.com,


https://doi.org/10.13779/j.cnki.issn1001-0076.2024.05.001
https://doi.org/10.13779/j.cnki.issn1001-0076.2024.05.001
https://doi.org/10.13779/j.cnki.issn1001-0076.2024.05.001
mailto:qiutingsheng@163.com
mailto:jxustyhs@163.com

* 2 LA S AES RV

2024 4F

HAR A G, EiRiiy E R T AR HE
T2 F1 25 5 BE PRI G, KR BRI BH B A4 52
KRR, AR EHAEHSRBGI R, 85
Fis - B8 T2 W R 1 KA AR 1 B s 3 A R
i AR, WA s SR BGE RE P, B IR BRI S
BRI E BB . TN 5T & B SO,
5+ 81 2 B A B AE AR T CL, Nk R 3
SR (1 #4 += H BE 1 . Moldoveanu 5™ TA A i iR
s 145 5 W B e w80 T AR R4 A&,
O R £ AL D AR IR BURIFAE 22 H . Xu ™
AR A 25 T R 19 SO5 B8 25 B W B 3 2 = 4 1 I
faf X 38, B 22 09 ORI BH B AP HOZ, A iF
Fis £ o Wi BTN R A IR, R AR
ZAER, AS[E] B B X6 i 12 BUR 52 Ik NO, >
Cl > S0, AR BA B 712 BOR 135 15 /e ) Al R
AN FER L RPCRN 25 . LR, # L6 5%
HATVET XA )38 B BH B - % #5825
PEDL B ER L . A ALY . i IR AR XA R AT R R
M) FFJ& T Rt TAE . (A XA TR BB X5 76 + 88 1
2R R B = AT M AR ST SR N8 4T

A SR AR 5, LL MgSO,. MgCl,. Mg(NO,),.
Mg(CH,CO0),.  (NH,),SO,. NH,Cl. NH,NO, fil
CH;COONH, } & F %I + 0" B R BRI, %A H =
BONAEASR pH . R HGRIBA B R0 26 MR . W& HE
T S A A R R 5 A SRR S aS AT
(520, TR A9 I 48 7 15 BRI BF 5 1 o) 25 1 20 7 £
Wb HE 5 24 B0 AT R B2 B, Sk s E
RUFS 1 e 2 15 B2 79 ) sl 2

1 SRR S i

1.1 SERER RS

S 56 BT 5T R A BB AR YT 2 A
o BB I, R LD RN B R . R EDTA(Z %

TUZ R —4M) . MgSO,. MgCl,, Mg(NO,),. Mg(CH;C00),.

(NH,),SO, 5534 R 4 M4, W 1 P e k2 B 03 A B
o [ 25 48 b 2E R A R A A .

R X B2 56 61 A (XRF) T RS & 45 5
TR % 51615 (ICP), X JE A REUEFT R AE, 2 Hr 45 58 I
FUME 2, L2, ZMm TP S EREN
2+ La0y 15y 45.18%, &/ + Y,0, & & 2
H 9.91%, J& THAIR) “ S 8”7 51 0,

12 BFREBLIVHERIE

BRI RS AN E 1 s, BU1000 g
TRA SR 0 B AR BOR: 3% FH MgS0,. MgCl,,
Mg(NO,),. Mg(CH,CO0),. (NH,),SO,. NH,Cl, NH,NO,

R 1 WL EZ TR TSR 1%
Table 1 Chemical multi—element analysis of rare earth ore
samples

L&Y REO, ALO, TFe K,O CaO Na,0 MgO SiO, TiO, MnO,

FH 0074 1921 1.67 525 027 0.15 032 7024 032 0.67

F 2 HHMLES 1%

Table 2 Rare earth partitioning of ore samples

REO La,0, CeO, Pr0, Nd,O, Sm0; Eu,0; Gd,0; Tb0,

& HE 4518 10.60 235 7.95 208 045 398 1.03

REO Dy,0; Ho,0; Er0, Tm,0, Yb,O, Lu,0, Y,0, Mif

O 6.61 1.37  3.83 0.58 354 054 991  100.00

F1 CH;COONH, JJy i3 U, K i3 B 4% — 5 bb i i T
B F K CBC R BT RO R R i W, O
0.01 mol/L i) NaOH i# ¥ #1 0.01 mol/L i ¥ W MR
(H,SO,. HCI, HNO, il CH,COOH) i %5 pH, 3 1 &% 5
S B T B 1 92 BB s VR A — o T T A IR BT
M A HE S, Fie i 3 5 TS 0 — g 1 B TIOK, vh sk
IR AR B B A ORI LB T, IR
T 0= H A

S 4
% @) r 1—i B i
=7 | —5 22—
~—s |7 _—s AR
2 | 4—iZ R4
5—I& 4%
el _—7 e
Gt T—
8—H AT

/
T\;/"’ 1 i 8

< O 0 Mg

Fig.1 Flow chart of rare earth column leaching test

2 FRETE

21 BARBEBRBABERZFPHEFNHLE
HETFRBITHIHE MW

211 BREBAKENHELIEEEFRETHID

5 m

B 1 A L R IR IR e S N A4 5 i A
FIZ% JBUAE B3Rt ROR () I 1 24 352 JOR) 7 W R 3
R AT g, AT 2 ) 5 1~ B L YR BT 200 . 2
52 G e P2 B AR, T3 BRI A 3 HiCRE
55, TIEITBY R B 7 8 L b &AM, i
TR WG VA W B 5 i e B B S 4 S RE g 55 R
SR BN 58 4y 241 ORI VR BE B ), 4 1R K
T T A HRE 7, DA O s g 1 U A -4



o540

EAEAT, A5 81 B 1 AR G B 2 1 0 i b R B IR AT A B S © 3

HP A R IR O (ELRTIN B O T 0 A TR 9 S 4 fiE
filt i HROh AR T R R . IR B 48 T AN TR A

100
(a)
90
£
=
™
E 80
—u— TR
SR
—A— AR
—— LR
70
0.0 0.1 0.3 0.4

0.2
BHGIKIE / (mol- L)

& 2

Fi IR /%

FR e JRE X 8 TR A T R R R BUER R R Y
SO, SCYR AR e 2, P 3 R

100

(b)

©
S
T

%
S

=
S
T

60

. . . .
0.0 02 0.4 0.6 0.8
RIGTIAREE / (mol L)

AT B e o o s 132 R R SR 2 i (IR BRI pH = 6, IR BBGRIMRIE 1 1 - 1, FETIZK WA L 0.1 ¢ 1, %i3# 0.4 mL/min)

Fig. 2 Effect of different leaching agent concentrations on the leaching of rare earths (leaching agent pH = 6, leaching agent liquid—solid

ratio 1 : 1, top water liquid—solid ratio 0.1 : 1, flow rate 0.4 mL/min)
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Fig. 3 Effect of different leaching agent concentrations on the leaching of aluminium ions
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Abstract: The leaching process of ionic rare earth ores is often accompanied by the leaching of impurity aluminium,
which will increase the subsequent decontamination process and cost, and cause the loss of rare earths. In order to ensure
the efficient leaching of rare earths while reducing the leaching of impurity aluminium ions and provide a solution for the
selection of green and efficient leaching agents for ionic rare earth ores. In this paper, the effects of single leachant
concentration, liquid—solid ratio and flow rate, and combined agent on the leaching behaviour of rare earths and impurity
aluminium were investigated using ammonium and magnesium salts with different anionic systems (SO,”, Cl', NO, and
CH;COQ) as leaching agents. The results show that with the increase of leaching agent concentration, liquid—solid ratio
and the decrease of leaching agent flow rate, the leaching efficiency of rare earths gradually increases, the promotion effect
of different anions on the leaching of rare earths is as follows: SO, > CI" > NO, > CH,COO" and the leaching rate of rare
earths from magnesium salts is higher than that of ammonium salts, and the presence of acetate anion in the leachant can
significantly reduce the concentration of impurity aluminium in the leaching solution. Under the optimal leaching parameter
conditions of magnesium sulfate and magnesium acetate combined agent, a leaching mother liquor with a rare earth
leaching efficiency of 97.36%, a rare earth ion concentration of 706.34 mg/L, and an aluminium ion concentration of 17.8
mg/L could be obtained.

Keywords: ionic rare earth ores; column leaching; leaching agent anion; impurity aluminium; step—by—step leaching
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