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Fig. 6 Distribution of rare earth leaching rate and ammonia-nitrogen content at hilltop (H1): (a) Rare earth leaching rate;

(b) Ammonia-nitrogen content
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Table 1 Maximum and average values of rare earth leaching and ammonia-nitrogen residue near exploration holes

Rare earth leaching amount

Ammonia-nitrogen residue at

Ammonium residue Rare earth leaching rate at

Exploration . - . .
hole Maximum/ Average/ ~ Maximum leaching an}f)unt of  Maximum/ Average max1mum amznoma-
(mg-g ") (mg-g ™) rare earth/(mg-g ) (mg-g ") [(mg-g ™) nitrogen/%
H1 1.005(9) 0.594 0.814 1.384(3) 0.910 75.584
H2 0.889(6) 0.381 0.890 1.104(4) 0.784 94.358
H3 0.265(5) 0.154 0.719 0.771(9) 0.650 69.586
H4 0.553(9) 0.295 0.814 0.936(6) 0.799 75.153
H5 0.392(15) 0.197 0.900 0.911(16) 0.736 77.205

Note: Value in () after maximum indicates depth, m.
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Fig. 13 Leaching process in ore-body under ideal and non-ideal conditions: (a) Ideal case; (b) Non-ideal case
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Table 2 Analysis of rare earth leaching rate and r=n+1 (5)
ammonia-nitrogen residue near exploration holes
: , (@) T H AN
Proportion of samples ~ Proportion of samples
Exploration with rare earth with ammonia- 1-p"
. . . = 6)
hole leaching rate nitrogen residue O=a, 1—p (
>94.358/% >0.827 mg-g /%
Hi 62.745 58.824 A O TR E R ) TR RT SALH IR L8
H2 43.000 35714 &, Mt a=1; r RoRENBALRGEAARF S BT RE R
H3 16.667 1111 AR B
H4 19.718 40.260 Hl@4). G)IfF, HBER o oK, OBk,
H5 1.389 32.673 ro WK BIEEE RS AARRR G N, B R K

tb, HI>H2>H4>H3>HS, RERH E: LI+
W AR TR A T R AR R >0.827 mg-g ' [HUFE
mdiEl, H1>H4>H2>HS5>H3, HIHREERCR: LT
ZE TN Ha 2 T L2 TE0A 5 HS H3; %
PRI A Ll T 22 T L 22 i o ot

IR A4S 3 LU TR LB R e R Bk B B T A
BHESEITIER, MVERL S R Rk B B AL S
Ko WPRIERE, WERTERTE K BERs A4 K A A
BB T A IR R . B R N BEE RIS
B, BB T 1,2,3, -, ro R
S AER L, SIS RN 1 WK Eh
WA, BRIEN 1A PURBERT, 2SR 4
(i OO e oY I L Sl e LT 23 e s o LW Y
BT 7 BN p(0<p<<1), MIHGE n D Ptk A
&, WHERER SRR 3.

% 3 PR p=0.5 AANTHE AL EN AL
IR G BT Re S I B ORI B b4 & B ok, HgRik =

n+l

O=q, 4

l1-p

®/3I WK A

Table 3 Distribution of ammonium in ore pillar

FEULHREE AL . 2 iR R s R KR T
FEAL B BN (T I8 73 BT R W] 3 X A AN i), A
NE RN B TR L B R B2 e, LT
L T0T L BRI VA S Rt K B T A Ao L HE
TEWA SR B e e 23, B L T e 78 7

£

1) BRI FHRE AR N, B LA
AL BT R 0 5 3= A AN [+
i 132 R Eh: (T < LB <JEROA T e
Fis B3R A 1I0T0(95%) > L B (92%) > VR (<
90%). I HRCH: TR F BB TR A, L
PRI IR 2 R AR S

2) ZWVEWR T, B WAEAREMEQLT, (1 fE
AL TR Rk B AN o AR R
RO L5138 mgrg )> 1L BE(1.10 mg-g ) >
BONFH(<1mg-g "), FIEREE: LT3 m)<ilfE4 m)
<VEWRIALFH(=9 m)o WRBEROR : ERIA B0 5
LR L TR 57

Ammonium distribution at different eluent volume number

Ore block

No. 0 1 2 3 4 n

1 1 I-p (1-p)’ (1-p)’ (1-p)* (1-p)'

2 1 ltp  (I-p)(2pt1) (1-p)’(3p+1) (1-p)’(4p+1)

3 1 1 Lptp’ (1-p)(3p*+2p+1) (1-p)*(6p™+3p+1)

4 1 1 1 1+p+p*p’ (1-p)(4p*+3p*2p+1)

5 1 1 1 1 l+p+p*+p*+p*

1 1 1 1 1
r 1 1 1 1 1 1 I+ptp*+ee-+ptD+pt D




2530 B 6 W

EAA, S5 JRMIRE IR T BT R IR AN Rk B A

1463

3) UEMALEMFE A A SE A 02 5+

PEL ARBUE T AR R R A A e

R

SO, ZRBTEMCT M R S R RS B R AR

SIME, TR BN R BB R AR A . PRI, AR
YRR DN 2L XA R iR R, BEEde
TEBRA EERIELE L.

REFERENCES

(1]

(2]

(3]

(4]

LIUW S, GUOM N, LIU C, YUAN M, CHEN X T, HUOT
H, ZHAO C M, TANG Y T, MOREL J L, QIU R L. Water,
sediment and agricultural soil contamination from an
ion-adsorption rare earth mining area[J]. Chemosphere, 2019,
216: 75-83.

XIAO Y F, LIU X S, FENG Z Y, HAUNG X W, HUANG L,
CHEN Y Y, WU W Y. 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.
ALSHAMERI A, HE H P, XIN C, ZHU J X, HU W X, ZHU
R L, WANG H L. Understanding the role of natural clay
minerals as effective adsorbents and alternative source of
rare earth elements: Adsorption operative parameters[J].
Hydrometallurgy, 2019, 185: 149—-161.

XIAO Y F, FENG Z Y, HU G H, HUANG L, CHEN Y Y, LI
M L. Leaching and mass transfer characteristics of elements
from ion-adsorption type rare earth ore[J]. Rare Metals, 2015,
34(5): 357-365.

HUANG L, GAO G H, WU R, ZHANG Q, LAI F G, XIAO
Y F. Non-ammonia enrichment of rare earth by magnesium
oxide from rare earth leaching liquor in magnesium salt
system[J]. Journal of Rare Earths, 2019, 37(8): 886—894.
TIAN J, TANG X K, YIN J Q, CHEN J, LUO X P, RAO G
H. Enhanced leach ability of a lean weathered crust
elution-deposited rare-earth ore: Effects of sesbania gum
filter-aid reagent[J]. Metallurgical and Materials Transactions
B, 2013, 44: 1070-1077.

XIAO Y F, FENG Z Y, HU G H, HUANG L, HUANG X W,
CHEN Y Y, LONG Z Q. Reduction leaching of rare earth
from ion-adsorption type rare earths ore with ferrous
sulfate[J]. Journal of Rare Earths, 2016, 34(9): 917-923.
QIUTS, YANH S, LIJF, LIU Q S, AI G H. Response
surface method for optimization of leaching of a low-grade
ionic rare earth ore[J]. Powder Technology, 2018, 330:
330-338.

ZHANG ZY,HE Z Y, YU J X, XU Z G, CHI R A. Novel

(10]

(11]

[12]

[13]

(14]

[15]

[16]

(17]

solution injection technology for in-situ leaching of

weathered crust elution-deposited rare
Hydrometallurgy, 2016, 164: 248—256.

HEZY,ZHANG Z Y, YU J X, XU Z G, CHI R A. Process

earth ores[J].

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.

YANGLFE,LICC,WANGD S,LIFY,LIUY Z, ZHOU X
Z, LIU M B, WANG X F, L1 Y X. Leaching ion adsorption
rare earth by aluminum sulfate for increasing efficiency and
lowering the environmental impact[J]. Journal of Rare Earths,
2019, 37: 429-436.

LUOXP,ZOULP, MAPL, LUO C G, XU J, TANG X K.
Removing aluminum from a low-concentration lixivium of
weathered crust elution-deposited rare earth ore with
neutralizing hydrolysis[J]. Rare Metals, 2017, 36(8):
685—690.

mEE, B8, B, &M, B BT
Wi LA U MR SR -8 R UL AR [T]. T E A 88 %
%, 2019, 29(6): 1289-1297.

GAO Guo-hua, YAN Yun, LAI Aa-bang, WU Ran, XIAO
Yan-fei. Intensification-reduction leaching process of
ion-adsorption type rare earths ore with ascorbic acid[J]. The
Chinese Journal 2019, 29(6):
1289-1297.

FIAE, 5755, BT Green-Ampt FLALE -7 A L HIR
RIENBIK L I E )], A SR SR, 2016, 26(12):
2668—-2675.

YIN Sheng-hua,

of Nonferrous Metals,

XIE Fang-fang. Infiltration head of
ion-absorbed rare earth with column leaching experiment
determined based on Green-Ampt model[J]. The Chinese
Journal of Nonferrous Metals, 2016, 26(12): 2668—2675.
FENG X J, TAO T, ZHUY C. Transport kinetics of pollutants
in in-situ leaching of ionic type rare-earth ore[J]. Procedia
Environmental Sciences, 2012, 12: 917-925.

W75, FIHE, KM, 7 R, B, RER, &
M. RO T A L LRSS M LI 0], B,
2018, 39(6): 48-56.

XIE Fang-fang, YIN Sheng-hua, YUAN Chang-lin, QI Yan,
LIANG Jian, ZHU Zhi-cheng, LI Gang. Study on the
influence mechanism of leaching solution on pore of ionic
rare earth ore[J]. Chinese Rare Earths, 2018, 39(6): 48—56.
ZHANG Z Y, HE Z Y, ZHOU F, ZHONG C B, SUN N J,

CHI R A. Swelling of clay minerals in ammonium leaching



1464

hEA O RYR

2020 £ 6 H

(18]

[19]

[20]

(21]

[22]

(23]

[24]

of weathered crust elution-deposited rare earth ores[J]. Rare
Metals, 2018, 37(1):72-78.

Me o @, 5% K, FIHE, B, WIEOT, X, BR
B, FEARE. WRAEH TR L AR )],
PR (E SRR AR, 2019, 50(4): 939-945.

CHEN Xun, QI Yan, YIN Sheng-hua, LI Xi-wen, XIE
Fang-fang, LIU Jia-wei, CHEN Wei, YAN Rong-fu. Law of
weakening mechanical properties of rare earth ore with
leaching[J]. Journal of Central South University(Science and
Technology), 2019, 50(4): 939-945.

RS, A, B B BT IR L SRR R
B 0 0 %o SR [D]. R Tl oK 22254, 1998, 29(6): 13-16.
TANG Xun-zhong, LI Mao-lan, YANG Dian. The problem
of reabsorption of ion-absorbed rare earth mineral in situ
leaching mining and the measure to overcome it[J]. Journal of
Central South University of Technology, 1998, 29 (6): 13—16.
WANG L, WANG C, LI L, YANG Y M. Readsorption of rare
earth elements during

leaching process of

ion-adsorption-type rare earth ore[J]. Rare Metals, 2018.
https://doi.org/10.1007/s12598-018-1162-3.

A B, WM. BT R L R A R PR 1 A 1
BRIT[). MLV &R, 2001(4): 5-8.

LI Chun, SHAO Yi-sheng. The study of anti-adsorption in
the in-situ leaching of ionic RE mine[J]. Jiangxi Nonferrous
Metals, 2001(4): 5-8.

MR, Tk W, BREST, SO MR TR LT
SR MR K SR B ). RHCSR, 2015, 33(18):
23-27.

WANG Jiong-hui, ZHANG Xi, CHEN Dao-gui, MA Chong.
Influence of during south ion-absorbed-type rare earth
deposit mining on groundwater and it’s monitoring[J].
Science and Technology Review, 2015, 33(18): 23-27.

BeOAR, B, kB, RiEE, B BT ML
JE MR R 7 T SRR AE B B 4R B AT T[], M, 2016,
37(6): 26-31.

RAO Rui, LI Ming-cai, ZHANG Shu-biao, RAO Yun-zhang,
ZHONG Jian-min. Experimental study on landslide features
and countermeasures of in-situ leaching stope of ion-type
rare earth mines[J]. Chinese Rare Earths, 2016, 37(6):
26-31.

PR, D, A, EWA. 2SR LY
L b S Y B T L), R A (g R Rk, 2019,
29(7): 1509-1518.

HONG Ben-gen, LUO Si-hai, HU Shi-li, WANG Guan-shi.

Calculation of critical liquid injection range in full clad

[25]

[26]

[27]

(28]

[29]

[30]

[31]

ion-absorbed rare earth mine[J]. The Chinese Journal of
Nonferrous Metals, 2019, 29(7): 1509—1518.

CHI R A, TIAN J. Weathered crust elution-deposited rare
earth ores[M]. New York: Nova Science Publishers, 2008.

5, ENA, BeEW], AR, I, P it
B R SLE RS I R R R T AT, T EA SR
%, 2018, 28(5): 1050-1058.

GUI Yong, WANG Guan-shi, LAI Yuan-ming, HONG
Ben-gen, HU Shi-li, LONG Ping. A calculation model of
influence radius of single-hole injection in in-situ leaching[J].
The Chinese Journal of Nonferrous Metals, 2018, 28(5):
1050—-1058.

WA, Bz, Je oF, $ItEE, AR, B 5. 8T
TR L R WAL & KR AR EAR L] A
T TAEER, 2018, 40(5): 910-917.

WANG Guan-shi, LAI Yuan-ming, LONG Ping, HU Shi-li,
HONG Ben-gen, GUI Yong. Calculation moisture content
distribution around injection hole during in-situ leaching
process of ion-adsorption rare earth mines[J]. Chinese
Journal of Geotechnical Engineering, 2018, 40(5): 910-917.

OB ETRM LSRR ERAN S S TSR
FHERHD]. B LI TR, 2018,

GUI Yong. The law and applications of infiltration and solute
transport in situ leaching of ionic rare earth deposits[D].
Ganzhou: Jiangxi University of Science and Technology,
2018.

K & OH O E R BEL. AT E2ESBEBKL
HOKIAEX SIRB BT [I]. KEHFER, 2009, 20(3): 392-397.
ZHU Lei, ZHOU Qing, WANG Kang, YANG Jin-zhong.
Analysis of the heterogeneous soil water flow based on the
multifractal theory[J]. Advances in Water Science, 2009,
20(3): 392-397.

By, & %, WA, X 8, S, kx BT
TR LAk IR AR S PR B IE R IR I sg i ], L
1, 2018, 50(2): 421-427.

LUO Si-hai, LUO Tao, WANG Guan-shi, LIU Jian, HU
Shi-li, ZHU Dong-mei. Effect of heterogeneity of leaching
solution on leaching rate in ionic rare earth ore body[J]. Soils,
2018, 50(2): 421-427.

B . TR LT R R R R AT
FED]. dbnt: PEHR KL ED), 2015,

YANG S. Study on the adsorption and desorption behavior of
ammonium in the mining process of ion-absorbed rare-earth
mineral[D].

(Beijing), 2015.

Beijing: China University of Geosciences



530 B4 6 EAA, S5 JRMIRE IR T BT R IR AN Rk B A 1465

Law of ionic rare earth leaching and ammonia-nitrogen residue under
in-situ leaching empirical injection

WANG Guan-shi®, XIE Fang-fang"**, LUO Si-hai?, PENG Chen-liang®, QIN Lei?, HONG Ben-gen', YAO Kang®

(1. School of Resources and Environment Engineering,
Jiangxi University of Science and Technology, Ganzhou 341000, China;
2. School of Architectural and Surveying& Mapping Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China;
3. Mining Research Laboratory, Jiangxi Ionic Rare Earth Engineering Research Co., Ltd., Ganzhou 341000, China;
4. National Engineering Research Center for Ionic Rare Earth, Ganzhou 341000, China)

Abstract: In-situ leaching process of ion-rare earth is mostly based on experience and lack of theory guide, which leads
to low resources recovery rate and heavy ammonia-nitrogen residue. An in-situ leaching injection experiment was
conducted to unravel the law of ion-rare earth leaching and ammonia-nitrogen residue under empirical injection. The
results show that: 1) Judging from the fluctuation rate of leaching rate and variation of leaching rate with depth, the
leaching effect on the hilltop is better than hillside than injection boundary. 2) Based on the maximum residual
ammonia-nitrogen amount and the depth it occurs, elution degree in injection boundary is higher than the hillside than
hilltop. 3) Under the influence of different radiation degrees from injection hole, ore-body permeability spatial variation,
et al, leaching rate and residual ammonia-nitrogen amount in empirical injection process present unevenly. Thus,
sectional equilibrium injection model was established based on leaching influential factor to instruct scientific injection is
of importance.

Key words: in-situ leaching; ionic rare earth; ammonia-nitrogen; injection; elution
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