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Table 1 Main cation content in mine

Cationic species Content/(mg-g™")

RE 0.58
Al 0.103
Na 0.082
K 0.056
Mg 0.033
Ca 1.79
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Table 2 Distribution of ion-phase rare earth minerals

Ion Mass Ion Mass
species fraction/% species fraction/%
Y,0, 14.71 Tm,O, 0.19
La,O, 33.79 Lu,0O, 0.17
Pr,0,, 7.20 Tb,0, 0.49
Nd,0, 23.39 Eu,0, 0.63
Sm,0, 4.12 Yb,0, 1.23
Gd,0, 3.26 Er,0, 1.43
Dy, 0, 2.54 Ho,0, 0.44
CeO, 6.41
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Table 3 Summary of liquid injection conditions at different leaching intervals

Leaching rate

Average leaching

Average current consumption

Unit number

interval/% rate/% q,/(kg'kg™)  gq/kg'm™) g /(kg:cmol™)
<50 37.94 6.54 3.90 8.24 2, 3, 4 and 75 units
50-60 53.85 7.94 4.65 10.39 5, 14, 20 and 20 units
60-70 65.91 8.40 4.76 10.69 97, 108, 116 and 22 units
70-75 72.65 9.74 5.45 12.25 98, 109, 122 and 33 units
75-80 77.74 9.81 6.16 16.29 110, 111, 123 and 46 units
80-85 81.92 10.15 6.61 18.06 112, 125, 126 and 33 units
85-88 86.50 12.63 9.30 23.60 208, 209, 226 and 10 units
>88 89.64 13.01 10.17 27.62 227,228,230 and 11 units
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Fig. 4 Fitting results of chemical equilibrium model



HREHIH

ik, S EARBUA AR LR AR R R 2 R 2769

T =AM AR T IR, B P A
FE R AR BA WL R — M, SRS =R AF T
&
232 fZIEDED A& L5 R

JAAE IE. DED 45 8 (J 3(5)) X AR 5 Ko 32 A7 41
B BARERIE S fos.

HIE s AT &1, R (0.91)>R; (0.90) >R; (0.86)-

RN 40~50% I LG 2 B 7R, R

14
(a)
R?=0.90 .4
121 4, =0.66-8.2¢"-333
F,
30 101
<
=
>
8 °
® Statistic
3 Fitting curve
6 1 | 1 !
30 45 60 75 90
Leaching rate/%
12
(b)
R?=0.86
10} ™
g, =&-14.16"* +52.9
o 8
g
&0
)
\; 6 L
>
4r = Statistic
Fitting curve
2 | 1 1 L
30 45 60 75 90
Leaching rate/%
36+ (c)
R?=0.91
01 e =3.16-43.16"2 +158.2 .
5 24}
g
2
5n
< 18}
O
>
12+ .
= Statistic
6l Fitting curve
30 45 60 75 90

Leaching rate/%

5 fZIEDEDMAI S LR
Fig. 5 Fitting results of modified DED model

HE SN 2 1E DED BB FE TSRS (5 1L PR
P, ERHIRHRAS, R RAE, TN
BRIE TR AAEP. #E12IE DED B, B 74
s B R SRR
233 ZEBREER

&% 2 XA HREIR AT, B
PR& RN 6 Pz o

M 6 7%, R:(0.99)>R] (0.96)>R. (0.94),

14

(a)
R?*=0.94
12r g, =1195.4¢° —545.5¢" +
— 9.3¢ -1000.9
@
20 10}
<
=
>
8 -
® Statistic
Fitting curve
6 1 | 1 !
30 45 60 75 90
Leaching rate/%
12
(b)
R?*=0.96
10+
q, =1815.85° —830.25° +
— 14.16 -1517.9
T 8r
g
)
)
\; 6 L
S
ar = Statistic
— Fitting curve
2 | 1 1 L
30 45 60 75 90
Leaching rate/%
36 (c)
R?*=0.99
30T 4o =4894.76° —2243.26% +
= 38.36 -4076.3
S 24}
g
2
0
< 18}
O
>
121
= Statistic
6 Fitting curve
30 45 60 75 90

Leaching rate/%

Ele ZIilasiR
Fig. 6 Fitting results of empirical model



2770 T A e E SR

2022 £ 9 H

=S AR YE 512 H 26 2 [A) 35 2 T HA 0 o PR A OR
Y. IR SEBAUELE, RS b PR
A, TR RMEE . BARSREAEERZE
THI B S T G5, LN E S B IR R R S A i
2, BefE— R LRI & Z IR, Bk,
AT LAIE I B R R BT 2 R A U FTIR HH 26 (R AH D%
o WIREZERE, MHE 788 & RFEAH G
B o

234 Wik

B R g WnT 5, Geit 5 i SO s iR 4
PR

HRATH, ELIHERT, [HE 7 E
FFEMI S i, RY50.99; fEHBHR, fhag
S 45 R F14E IE DED B AR SGHE S5 IR BoR, BHE
T A B AR AR G RE Y B, R 430015 0.82
091, ZRE=MERIMACES R, KIHE T
A e S5 B KR 5 0 T & AR AN L AR R B RE AR
b, HEREZ R EAGE M. LN
=MSIRIRIERIMN S -

1) UL BRI H &S K, 1+
AN 0, 455 3 4 B A e 2 e 1) Y FE (PR L B A
JRSLEFE), 2B T HAd 2% 5T B B R,
AL e S RUKIE A IR B PR
BRI TR R E 7 AR A, K
A B R IR, SR RUR, Bl
E R E TSR IR . ARk
8% BT A5 17 1 B AR A RS 1 A A 11 22%
WK A LR NRE R E SRR, st
52 2R AR 2

2) LI LARRVE R 7 & S Kk, AR5
BN R — A B, TR LR BT
LKA [ ESFUKIES RS SHLiER

x4 HEAMAILE
Table 4 Summary of mathematical fitting

FEAHLE, 7 R EFE SR R 2 (R A SR B
JE KR TH B AC R A N, BT AR TR
WRIREAE, GRS A TRES
KIS (BT R S AFAEAL R, Hf
R AIRY TR FE R L AN S FLR AR RE
AR LRI BURIALER R, [ S MUKE S
Gt S LR EAH LUAAAE e 2=, ok e 4k
BUAZIRGEAAEA L -

3) LLSH S 752 e AR MR FIH &S K
o AE TSR 45 B S 2 M [ E A B I
(B 7 A BOR 2, BEE TR
AN 7 A5 B BH S T, R T KA A
Feo MHLLRS L BURIAE, ATNEHIE T ARETH
FEIEL e [ e A, SR AR Z IR A s A 5%
Pho SUTHAEFRBRFEMLL, BARSIKIRSEN S
vy BRI R KIE S BiD, =M
BE B 10% AT HART i ] DAMERf iR 25
LA ARG Wi L FEPE A R oS, &
T AR e A AT o R RS R 80%! TR E, AR
SRR R OB = T K A B, BRIk, FHE
TR B R SR R R B AR A O

gibprik, VR NS Mk, FHEIRE
TERIET S G RN T IR a0
WREMK; D HABUAZ kS, HEiREEH
RIE T AR A S, R0 A28 R RHIE B
B RIZINERER R DHETZHERENS
MEcHE, M EIRZE EEORIR T KIS, EEUKE
U ERD, Hb R KIS T A #S T B
WG, Bz ik skebrirEZ b SEHF4
TR R AR T, AR, BOERRR
1770 R 2 d /N (R B T St i AR DR IRAT 7
RIS

Relevancy
Formula Source

qu qy dc

3
g= 1"8 Chemical equilibrium model 0.16 0.71 0.82

—&
g=ac+be'"+c Modified DED model 0.90 0.86 0.91
g=ae" +be"* +ce+d Empirical model 0.94 0.96 0.99




HREHIH

ik, S EARBUA AR LR AR R R 2 R 2771

3 Zig

1) 8 T SESS, Soit VA 90 0 & e
W AR ERRE AT PH B a0 e o B R A, IR
50 P T SRR DR = Fh BRE RO 192 R 2 (]
MR FZ. AP ERER: NEREAE,
R} (0.99)>R] (0.96)>R; (0.94); MITIHIHE: 1b
EPHIBALE, R (0.82)>R2 (0.71)>R? (0.16);
IEDED BB %, R; (0.91) >R; (0.90) >R; (0.86).
A AT AN B A e s B AR SR R 2 A%
PERAT -

2) JE I 0T = Fh 2 BRAK R 1 S o AT 4 B R R
DA Ll NS AR, HEREEERET 40
BT DWW R ABCAS IR, HsERZEEERIE
TR Tk DARHE A0 i 2o A 2 IR K
M ERZE R ECRIE T KIS EmERAGT,
KA By R FH R 22 /N T R AR S5 1 R 2 Jo 25
T, RIEPARH & FAS s i S BRI = AL R
FIFH AR ZE /N o G5B = iR 2 R AR 5 ME DR A 5
B EUCERHE A S B E N m AT LR
A2 B .

3) AR SEEAN Ge vt I 2% o AT HRR R
AR TRREAER, ARMIZIEY LA 3SR
A B IIANE, 3 AR AN 7 T — 20 R A X
PERE S . WL G IR R R S R IKHE, 0
WET AR, AL ETREE

B X

REFERENCES

[1] HUANG K H, JIA'Y, WANG S, et al. A novel method for
synthesis of styryl phosphonate monoester and its
application in La(IIl) extraction[J]. Journal of Rare Earths,
2020, 38(6): 649-656.

[2] BERN C R, YESAVAGE T, FOLEY N K. Ion-adsorption
REEs in regolith of the liberty Hill pluton, South Carolina,
USA: An effect of hydrothermal alteration[J]. Journal of
Geochemical Exploration, 2017, 172: 29-40.

[3] B Z,EELLIRIRT, S5 w08 I R A TR B
FEE AR R (D). M 41, 2017, 91(12): 2814-2827.
ZHAO Zhi, WANG Deng-hong, CHEN Zhen-yu, et al.

Progress of research on metallogenic regularity of ion-

adsorption type REE deposit in the nanling range[J]. Acta
Geologica Sinica, 2017, 91(12): 2814-2827.

[4] TIAN J, CHI R A, YIN J Q. Leaching process of rare earths
from weathered crust elution-deposited rare earth ore[J].
Transactions of Nonferrous Metals Society of China, 2010,
20(5): 892-896.

[5] bitcgz, Xt XA 7E AR B LT T R I BIR & R
I, E M AR, 2019, 37(2): 129-140.

CHI Ru-an, LIU Xue-mei. Prospect and development of
weathered crust elution-deposited rare earth ore[J]. Journal
of the Chinese Society of Rare Earth, 2019, 37(2): 129-140.

[6] KRR, 2 &, SIHEEN, &5 57200 L B0 B BOR X

LU[I]. P15 T2, 2019, 13(4): 969-976.
SONG Chen-xi, QIN Lei, HU Shi-li, et al. Comparison of
ammonium removal effect in ionic type rare earth tailings[J].
Chinese Journal of Environmental Engineering, 2019, 13(4):
969-976.

[71 32 #& ATHEG, KICM, & Bi M L TR XAESH B RE
JRBNZS 5 VAL [T]. AEAS2EHK, 2016, 36(6): 1676-1685.
PENG Yan, HE Guo-jin, ZHANG Zhao-ming, et al. Eco-
environmental dynamic monitoring and assessment of rare
earth mining area in Southern Ganzhou using remote
sensing[J]. Acta Ecologica Sinica, 2016, 36(6): 1676-1685.

(8] i, 2k, M B T A b R MR AR S A

PR IE I FT[T]. B Tk RS 23Rk (H AR B2 TR), 1999,
30(2): 133-136.
TANG Xun-zhong, LI Mao-nan, YANG Dian. The research
of indoor simulation experiments of the ion absorbed rare
earth mineral in situ leach mining[J]. Journal of Central
South University of Technology(Natural Science), 1999,
30(2): 133-136.

[9] XIAO Y F, LIU X S, FENG Z Y, et al. Role of minerals
properties on leaching process of weathered crust elution-
deposited rare earth ore[J]. Journal of Rare Earths, 2015,
33(5): 545-552.

[10] %= B, &= &, LW A, 5. BT oo P id s 2y (v & 7

TR L2 S ST EL]. T E A B4 R SR, 2021,
31(1): 132-140.
LI Qi, QIN Lei, WANG Guan-shi, et al. Calculation method
of leaching agent dosage in ion-adsorption type rare earth
using DED model[J]. The Chinese Journal of Nonferrous
Metals, 2021, 31(1): 132-140.

[11] HEZY, ZHANG Z Y, YU J X, et al. Process optimization of
rare earth and aluminum leaching from weathered crust
elution-deposited rare earth ore with compound ammonium
salts[J]. Journal of Rare Earths, 2016, 34(4): 413-419.

[12] CHIR A, IAN J, LI Z J, et al. Existing state and partitioning



2772

T A e E SR

2022 £ 9 H

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

of rare earth on weathered ores[J]. Journal of Rare Earths,
2005(6): 756-759, 643.

IR, ARG R, PhARER, A6 R TR XA RR R A
A7 47 A P32 BRI 92 (7). vP R 23R, 2017, 35(2):
253-261.

HUANG Wan-fu, ZOU Zhi-qiang, ZHONG Xiang-xi, et al.
Occurrence characteristics and leaching rules of different
weathering rare earth ores[J]. Journal of the Chinese Society
of Rare Earth, 2017, 35(2): 253-261.

Tk, AT, XA, B TR L IX I S A
IERS AT )], L, 2018, 39(3): 108-116.

ZHANG Jun, HU Fang-jie, LIU Zu-wen, et al. Study on the
migration of ammonium nitrogen in the soil of the ionic type
rare earth ore area[J]. Chinese Rare Earths, 2018, 39(3):
108-116.

VEAKAE, BT S, dk N, & R TR B pH AR 1 B
W B TR 93 T e BOR MU VED]. TEHUL 42441, 2018,
34(1): 112-122.

XU Qiu-hua, YANG Li-fen, ZHANG Li, et al. Classification
and high efficient leaching of ion adsorption rare earth based
on Its pH dependence[J]. Chinese Journal of Inorganic
Chemistry, 2018, 34(1): 112-122.

& &, B0, B, SR AN TR B
FETRD). wb AT 8 4 244, 2019, 29(8): 1781-1789.

QIN Lei, WANG Guan-shi, LUO Si-hai, et al. Calculation
model of leaching agent dosage in ion-type rare earth ore[J].
The Chinese Journal of Nonferrous Metals, 2019, 29(8):
1781-1789.

KRG T TG B R S BRI M. b A2
Tolk A, 2014: 172-174.

LI Yong-xiu. lon adsorption rare earth resources and their
green extraction[M]. Beijing: Chemical Industry Press, 2014:
172-174.

DENG Z X, QIN L, WANG G S, et al. Metallogenic process
of ion adsorption REE ore based on the occurrence regularity
of La in kaolin[J]. Ore Geology Reviews, 2019, 112: 103022.
LA, 45, FZAME, 55 PO E R LS A
B [J]. #it, 2017, 38(2): 93-99.

DU Ye-jian, LI Jing, JIANG Yu-juan, et al. Rapid
determination of ammonia nitrogen content in rare earth
products[J]. Chinese Rare Earths, 2017, 38(2): 93-99.

NF X31-440-2011, F| Fi] = 573248 B i 52 A 2 25
TR B (CEC) AT AT A2 4 H 5 741 22 48 i B[S

NF X31-440-2011, The effective cation exchange capacity

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(CEC) and exchangeable cations were determined by
hexammine cobalticchloride solution to determine the soil
quality[S].

X8R A BT A R AR R
mi[D]. ¥ YLFEHEE T K%, 2016: 14-18.

LIU Jian. Effect of leaching agent concentration on the
leaching rate of migmatite ionic rare earth ore[D]. Ganzhou:
Jiangxi University of Science and Technology, 2016: 14-18.
AR, B R, M, A B T IO YA L B I R
=38 R R R (0], b A e R 22 4R, 2019, 29(6):
1289-1297.

GAO Guo-hua, YAN Jun, LAI An-bang, et al. Intensification-
reduction leaching process of ion-adsorption type rare earths
ore with ascorbic acid[J]. The Chinese Journal of Nonferrous
Metals, 2019, 29(6): 1289-1297.

Wik a2, 2R, EUEVE . WS L BORG L A BS T A T A
WEFE[I). R 1A S B4k, 1991, 22(2): 142-148.

CHI Ru-an, LI Long-feng, WANG Dian-zuo. Studies of
ion exchange equilibrium in clay minerals of adsorbed
rare earth[J]. Journal of Central South Institute of Mining
and Metallurgy, 1991, 22(2): 142-148.

ERAT, WO 05, B, & E R A I T R
Hi % A R B[], P A B R A, 2020,
30(6): 1454-1465.

WANG Guan-shi, XIE Fang-fang, LUO Si-hai, et al. Law of
ionic rare earth leaching and ammonia-nitrogen residue
under in-situ leaching empirical injection[J]. The Chinese
Journal of Nonferrous Metals, 2020, 30(6): 1454-1465.

HE Z Y, ZHANG Z Y, YU J X, et al. Column leaching
process of rare earth and aluminum from weathered crust
elution-deposited rare earth ore with ammonium salts[J].
Transactions of Nonferrous Metals Society of China, 2016,
26(11): 3024-3033.

JEI TR T T By i T R i A SR S [D].
N TLPGEL TR, 2020: 10-12.

ZHOU Yi-ming. Research on reserve estimation method of
ionic rare earth ore[D]. Ganzhou: Jiangxi University of
Science and Technology, 2020: 10-12.

IRAFIHE . BT T S Y B S B AR AT ST (D).
VLV TR, 2017: 31-34.

XU Chun-yan. Study on adsorption law of ammonium and
nitrogen in ionic rare earth soil[D]. Ganzhou: Jiangxi

University of Science and Technology, 2017: 31-34.



>

HREHIH ik, S EARBUA AR LR AR R R 2 R 2773

Reference basis of ammonium sulfate dosage during leaching
process of high impurity ionic rare earth

ZHANG Shuo', QIN Lei', WANG Guan-shi', LUO Si-hai"-?, PENG Chen-liang', DENG Guo-giang®

(1. School of Civil and Surveying and Mapping Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China;
2. School of Civil Engineering and Architecture, Nanchang Hangkong University, Nanchang 330000, China;
3. Longyan Rare Earth Development Co., Ltd., Longyan 364000, China)

Abstract: The amount of leaching agent for ionic rare earth ore is an important factor affecting the leaching rate,
its reference basis determines the difference of estimated results. In the leaching process, the consumption of
ammonium ions is related to the mass of rare earth, the volume of ore and the total amount of cation exchange, so
these three factors can be used as a reference for the dosage of leaching agent. At present, the selection of
reference basis in the industry relies more on traditional experience and lacks of evaluation of reference. In view of
this problem, this paper adopts mathematical statistical method to the original leaching data, and studies the
relationship between different reference basis and leaching rate: taking a ore block in Fujian Province, China as the
experimental object, the experiment of injection with different dosages of leaching agent was carried out. Using
the calculation model of leaching agent dosage, such as chemical equilibrium model, the modified DED model and
experience model, the correlation between different reference basis and leaching rate were evaluated. The results
show that, from the empirical model, R; (0.99) >R (0.96) >R; (0.94), from the modified DED model, R;_

(0.919) >R‘21M(0.90)>R31V(0.86)‘ Thus, it can be assumed that the correlation between the total cation exchange and

leaching rate is the best. On this basis, the error causes of the amount of leaching agent produced by the three
reference bases were analyzed. It is found that the relative error produced by the total cation exchange as reference
basis is the smallest in the high impurity environment. Therefore, based on the correlation evaluation results and
theoretical analysis, it is suggested to choose the total cation exchange as the reference basis for leaching agent
dosage of high impurity ionic rare earth ore.

Key words: ion-absorbed rare earth; mathematical statistics; calculation model of leaching agent dosage; rare

earth content; ore volume; cation exchange capacity
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