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Table 1 Ion phase RE distribution of rare earth minerals
Mass fraction/%
Rare earth oxide
CCOZ DY203 EI'203 Eu203 Gd203 H0203 L3.203 Lu203
Sample P 3.66 0.79 0.35 0.47 2.11 0.18 41.77 0.11
Sample X 0.66 2.42 1.10 0.66 3.52 0.44 40.75 0.22
Mass fraction/%
Rare earth oxide
Nd203 Pr601 1 Sm203 Tb407 Tm203 Y203 Yb203
Sample P 29.71 9.09 3.78 0.16 0.1 7.40 0.32
Sample X 24.67 7.49 3.96 0.44 0.22 1.10 12.33




2529 B 8 W

ZF H S BTN R R R 1783

FEFLBRLE A 1.0, BUERIAHXT 2B d=2.71, FHRE =
Tt PRI 3725 g.

PN M: R EEIEIEHT FERENZ AL
WIE T, B PR R T 4, B)E S em,
WREALTE 35 em &y, FEAER AR N GE K A KRR,
PERE G S LER R T B T DB AR

TR SRR GONPANTRE, 7R 3 kT, 4
XTI 80%- 85%1 90% 3 A AN ] T e A 1 2 IR HL
2, MEAHNPREREHE, % 20g/L IKERHITRER
HOZ R B IR IR IR, S i AR
BRI 2 pH=5 BITH/K. 3 ZHS2ib 35K % K Sk i A
NiB, HELEE 1.5 cmo 4036 3 N RGN R B
JEERIR MR R T IR T, HESE TR
FEBIRZNE, A% 1B

1.4 HE*E

[i] A AV HP O B IR FE IR A ICP-MS
L (XB/T619-2015), 3 2% A H JEoH & &5 B 4K i it
(Agilent 8800); [l 44 AR A 11 B8 AR 1 IR B AR
R4 66 B (HG535-2009), {#8 T] 4066
FEH (LR RS B IR A R A 77).

2 ZER5THE

21 RERZERERESHITE
2.1 PR AL

B0 IR PR R 8 AR o [ S L
B NE T REAT AR S, e AR A A A,
WO P 2P SR R . Ak BRI, R
TAER PR B A T 3O AN T B ) = A0 B TR
X, WAAERESFNHE PG R, £EET
AR 75 RS I T A A 8 1 R AR SN,
A R B TS O BAR B T A S A .
RS FE R IR A

RE" + nNH} === RE"" + nNH (5)

s n NRMEERE; RE™ . NH, RoREAET
AT IR B TS A% B T AR B 75 RE™ , NHj &
AN AR T AR L T AR 1.

W2 (5) ) B 7P 4 i A S AR I K RIE S

A
A~—-B
+ TRE"™
R ©
RE™ T NHj

B

Robs KOWRIRAET: A A B

RE" NHj
43 S N FE AR AR FE NH A RE™ (24 84050
Hordr, [l AH 2 &5 2] DL () A8) R, TRAH
Mo 0nT UL (9 F(10) K 7R :

A = [NH}]/N (7
A = n[RE"" /N (8)
B g =n[RE"™]/N 9)
By =INHI/N (10)

s [NH; FI[RE™ ] 7300 J9 [ AH NH A1 RE™ 195
B, mollg; N BB T7E AR E 4 &, mol/g;
[NH; ] AT [RE"] 43 7 J9 A NH;, AT RE™" 1) & &,
mol/g; N NPBHE FEBAHRE Y&, mol/g.

R~ ANR(O) T3 B AR K, 3%
(1)

[NH;]"-[RE"']/(N" - N)
[NH}]"-[RE"]/(N" - N)
s N A P TR S B, R S A
o, T PR B TSR, WA e (R B S
TRCR RS, B RIS 4 F AR T
RS . FEE, N OARSIE R T B L
WL BTSRRI R G R R A

N =[NHj], (12)

K, =

(11)

N =[RE" ]y =t/ My (13)

s [NHyJo 9 5 2 AT 46 e 20 9 00 NH R B
mol/g: [RE""], ARG IS Z| [E 44 |- RE"™ & &,
mol/g; o AL JEIGML, ge; Mg AR LR
W BE R &, g/mol.

TEE T NS FE T, NH AT RE™ SR45)i0 &
SPAE, PR, SONCPETE, [EA B [NHE ] AT [RE™]
SEAhRAH MR 15)F R,

[NH; 1= BN - BINH;]=np[RE""] (14)

[RE"™]=N - B[RE"] (15)

Ab: N L E TR LML, %.
B RAHMRASHIRNR(1), AT EIER R
FiA(16):

_ {B(NHZ], ~[NHD}"[RE™1/([RE™]," -[NH )

K,

[NH;"{[RE""], - BIRE"" [} ([RE"" ], -[NH} ")
(16)



1784 hEA O RYR

2019 £ 8 H

Fof Z0(16) P 32 3R 5 B ] 45
[RE”+]'[RE”+ ]0 _
(IRE"™" ]y — BIRE""])-[NH} ],

B(INH; ], ~[NH3 ] /[RE""],
[NH; 1/[NH;],

B ER(U7) AT %, B B2 A8 e WL ER 1) SR A FH 7
KAGFI S S BE IR LG n A, 75250 I S0 e S S ke ik
N [ A A B8 9 B RV R B AR B T I Ik
FE s CASROSESP 188 Ja Vi A - B R AR B 1 IR
FE, AR S es 1k B (1 7) AT R LA
212 ZHfiE

AR 1.4 795 SE58 74653 R A PRI #E X 34T
MRS, RESEIEE R, N7 R P A
FE X BTN S, WA 2 F1 3 Fios.

lg

lgK, —nlg (17)

)/[RE™ ],

Y=-1.954X-0.192
R?>=0.987

+
4
NH

lp —[NH
"

+
4
[
|

s,

o

A(NH

2050 025 0 025 050 075 1.0
[RE""]-[RE""],

(IRE" |, BRE™])- [NH

B2 HF PRI LB TRASR

Fig. 2 Fitting result of ammonium sulfate leaching of rare

Ig

earth ionsfor sample P

0
-3

m

Bl o -05

i
s

rTI _: _10 [

o T
o5& ¥=-1.912X-0.0084
Z| -isth R=0.993
g

L

-2.0

012 0.I4 0‘.6 0i8 1.0
[RE" - [RE™ ],

(IRE"], - S[RE™ )+ [NH, ],

3 FRE X R L T A

Fig. 3 Fitting result of ammonium sulfate leaching of rare

lg

earth ions for sample X

HIE 2 13 IS, ZRPEILG I R KT 0.985, Ut
HAAULA G5 ST R PRI A X n A 3R L
2, VIR T RM TR TRl R, 1
BTN 2 AN TR S RN, B R SO
BRI PR EE TS MRS T4
B2 IR AER, AR ST e, S
R AEAER) 2 DR 7 R A TSR . iR AT
M KAERABRZER], EER BT WA HERE T
PEBAN R it -

22 MEREBEFETE

T I i L FE EU#WihDﬁﬁ’]ﬁ?Mﬁilﬁs
FIT e L AR 0 B R [ A B it . mT LA S (15)iE AT
AXHET R

A (1S) AR 1 RE™ 14 5 8 T DLE o o~y
SEHE, HIRIUE e MR E AR [RE™ ] 1) & ERR:

[RE""]= Be[RE""], (18)

X e MR LE TRIE, %
A1) [ AH Y[R E”*]E mikkfﬁi%%ﬂhﬂ 1
K18, ATLLHIRBUER ¢ AERGAE A [RET IS ER

3

[RE""]=[RE""], - BRE""] =

ST o A B N 6 i3 T e i o R
19, T LL ph AR A SO TR ) RE™ Ao, AT BA R
VBELE & FIACAG A T [RE ] (5 e 7

(1-8)[RE"" ] (19)

[NH;]=n([RE"" ], —[RE""]) = nS[RE""] = en[RE""],

D) AR ) NH, (97 5 mT DU I o & 7 e e
9 R RS AR VRORE N, 1) 52 R0 P-4 i [ AH [NHG ] &
2R, KRR AITERE2D

[NH}]=[NH}1, - SINH}1=[NH; ], — enS[RE"*],
(21)
W bk 4 A ARRARAD) AT
n+1 " Arp it
K, = " ARE” L (22)

(1-&)([NH} ], —ngB[RE""],)" /[NH} 1,"
R4 CA IS E 50 R OSCHIRIGE , RIURE TS,
VP AR B IR FE AN K, W LAy HE AR
&, ATHA3)ER

[NHZ]=[NH;] (23)



2529 B 8 W

ZF H S BTN R R R 1785

B2 (22) 15
_ £n+1nnﬂ[REn+ ]0
(1-&)[NHy ],
B2 AT A L3015 B NH, IR IG K E R IA
{(25)

(24)

e"“n”ﬂ[RE'” ]0
(1 _5)Kt
X (25) NH BEAT 807 e i T AAS 216 2 44 H
EHFERIEA(Q26)

_INHZly Mu,) 50,
Mmwu,),s0, = ) =

[NH}], = (25)

8"+1n",[)’[RE”+ ]OM(NHA)ZSO4 ~
2(1-9)K,

1
e nnﬂM(NH4)zso4
2(1-&)KMggo

K mog,) 50, + Mreo 739 H(NH.),SO0, 1 REO (K]
TS g5 Mw,)s0, M Mygo 7351 (NHL),SO4 Fil REO
(EEIR 73T &, g/mol.

Qo) R A, R F LR —E WA F, 3o [HR
KAE—5E, BB SRICRA R, HRARTN
Bl 4, RAFAFES LB 7 IR 2 IEAOER
R, HARIRIEF—EHZ )G, R RS
Bl ETE, B, BRTha ke, B REIE R
MR BT BRI B 2R LA B B L

*MREO (26)

23 HERIELER
BEXTES 7ML HEIR L JEHUIRE R R T
AR SEI WAL BRI R, KA RIRSLE

Unit consumption of ammonium sulfate

Leaching rate of rare earth

El4 Mt R SHRE AN KR
Fig. 4 Relationship between leaching rate of rare earth ions

and unit consumption of ammonium sulfate

B IIRTTR A —ENR S E L, #RAENE
B SEIGHEATIRAE AT BT IUE 1.3 45, 4
XHRE P AN RE X AT AEIR 6, ARIEHE LA T
TR S8 I 58 8RR b L, i S AR T
BT R, JREE Qo) AR T
Tt R i ] A Jr e, R LR [ A P A1) B 20 /L BRI
FIE . AFER SR, S TBERBCR AT T R
HHELNR 2 Prr.

F’2 HRERIBCRT FIH &
Table 2 Preset amount of ore leaching agent in column

leaching experiment

Pres-e ! Group Dosage. of Grade of ionic
leaching  Sample ammonium rare earth/%
rate/% sulfate/g ’
1 8.50 0.036
P 2 8.26 0.035
3 8.50 0.036
80
1 29.86 0.205
X 2 29.71 0.204
3 29.86 0.205
1 13.56 0.036
P 2 13.56 0.036
3 13.94 0.037
85
1 47.26 0.204
X 2 47.72 0.206
3 47.26 0.204
1 24.75 0.037
P 2 23.41 0.035
3 24.08 0.036
90
1 84.63 0.204
X 2 83.80 0.202
3 84.63 0.204

FEANRBOE RGBT, 78 P AW FE X
LRI SR R A M2 W S FIE 6,
BRI R MR 3.

5. B 6 J3k 3 mra, Zi26) 1Tz 7l
FFEMEIS T, Hoal g A s il AR5
WE, RIS TR HCR AR (80%) FITE L T, 124 715
FER SRR, T FE P A RE X 1 SERR-F- 592 B 433l
N 79.65%F1 79.46%, BEAKT Fl(E; PRI HCE
BE(90%) FITE LT, B FIRFEHEROR, R P
R X B SE P 3592 BUER 73 30l 9 90.42%41 90.36%,
W& v T TREARL s TEAR T TAR S AL R (0 FE PRS2 &1 i
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Table 3 Result of column leaching experiment

Preset leaching Sample Group Unit consumption of Content of RE in  Actual leaching ~ Relative
rate/% P No. ammonium sulfate/(g-g ") lixivium/g rate/% error/%

1 1.07 79.86 0.18
2 1.03 79.42 0.72

P 6.34
3 1.07 79.66 0.43
<0 Average 79.65 0.44
1 6.10 79.89 0.14
2 5.98 78.65 1.69

X 391
3 6.10 79.83 0.21
Average 79.46 0.68
1 1.14 85.35 0.41
2 1.13 84.84 0.19

P 10.11
3 1.17 85.22 0.26
o5 Average 85.14 0.16
1 6.48 85.27 0.32
2 6.55 85.41 0.48

X 6.22
3 6.45 84.90 0.12
Average 85.19 0.23
1 1.25 90.57 0.63
2 1.18 90.42 0.47

P 17.96
3 1.21 90.26 0.29
% Average 90.42 0.46
1 6.93 90.35 0.39
2 6.87 90.41 0.46

X 11.03
3 6.93 90.31 0.34
Average 90.36 0.40
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1.69%, 31/NF 2%, ULHZIRA I RFEI 1T 5 5 IATE
S

24 TASERERYAIITIERT R

HAT, %20 PR IR 5256 = B B
B—0 BT T, 0T I A B SE e A7 AR
e B L BET SRR, WA s
BB SIS AR R, R BRI R Z AR
— 5 JEFE IO XA EE A A X3, Tl E— A
THR, WA ST E T e B R E N E
F2 S AFAE — 58 R A

X T OB I AAAE B e /A SN R
TrFEA LR LA

1) EFX R AR SO o 7R SR 5 A BT

e, WM ADAFRES BRI FEEAT A IR
X, B5E KAEA 0 A, DO BT dh AL T A
K ARQO)TH SR TR PR KA T IR IR
2) AR R LR BT XIS R A L X 35 AR
P R 4w TERSLIREENBEADT)R 0.5~1 m,
PRl R BRI T ZEHE 8], R FIWRASE LR
T XS, A A SO SRERE .
3) BEXHTR TR AT DX A L X 3 4%
MEA SIS i, R BT AR A - BT
B RS, B4 BHRAE BT 2 3G XAk
BB (R R B AR T2 —E, 51 B}
AP RO T B TR TR B, SR LR CR
fEAZ R T EA A 1) TR B FEITE A
FUALESOR TR B R, @O EMIE 492
Fho WA R RO BAR AT X 1) X
PRFSOR CRE 2 RV AT B b A X 3t 34T B



1788

hEA O RYR

2019 £ 8 H

PRI, R H B B S R A, R AL
WtsEIE, it 5.

3 &g

1) TPl R A, #e TR s 7R
B R P A MR N S BUR AR K AR
NLEEIREL n, FFEEARRARIEAECE S, B8 TR
SRR K AR BLEEIR G n B 7715

2) LNk A R A RS, AT
i LR HCRE SR I 2 R R .

3) JEIEXHRE PORIERE X AR, XHRET
U S 7 SGHAT IR R, ARSI =4, o
B (17 B2 BUCR 5 B IR BCR AR 2N F 2%, H
A SRV S ST A R, B AR A A —
S ELA R A SR AT

4) 3 M TIREH RS S Tk b e REAE
TERIIAIAR, FRERHE T AR T S, W TTIEY)
AT .

F-EU

|

REFERENCES

[1] JING Qing-xiu, CHAI Li-yuan, HUANG Xiao-dong, TANG
GUO Huan, WANG Wei. Behavior of
halloysite[J].
Transactions of Nonferrous Metals Society of China, 2017,
27(7): 1627-1635.
2] gz, HOE. RASSHR A E L T M), b
H BEE R, 2006.
CHI Ru-an, TIAN Jun. Chemical metallurgy of weathered

Chong-jian,

ammonium adsorption by clay mineral

crust rare earth ore[M]. Beijing: Science Press,2006.

[3] HUANG Xiao-wei, LONG Zhi-qi, LI Hong-wei, YING

ZHANG  Guo-cheng, XUE
Development of rare earth hydrometallurgy technology in
Chinal[J]. Journal of Rare Earths, 2005, 23(1): 1-4.

[4] TIAN Jun, CHI Ru-an, YIN Jing-qun. Leaching process of

Wei-juan, Xiang-xin.

rare earths from weathered crust elution-deposited rare earth
ore[J]. Transactions of Nonferrous Metals Society of China,
2010, 20(5): 892—-896.

[51 ZMF, BREE, ™ B, T7AM. RALSTMAU G £
B AL 2 SR IBCH R AT S0t Jig B R 77 Tl 0], VL 1 TR
224, 2002, 23(5): 1-6.

LUO Xian-ping, QIU Ting-xing, YAN Qun, FANG Xi-hui.
Research progress and developing orientation of chemical

extraction technology of weathering crust strain amass-type

(6]

(7]

(8]

(9]

[10]

(11]

(12]

[13]

rare earth ore[J]. Journal of Jiangxi University of Science
and Technology, 2002, 23(5): 1-6.

AEER, B, 7 A LT R T2 R BRI
Fit, 2016(3): 129-133.

DENG Guo-qing, YANG You-ming. A review of the mining
technologies of ion--absorbed rare earth mineral[J]. Chinese
Rare Earths, 2016(3): 129-133.

XIAO Yan-fei, CHEN Ying-ying, FENG Zong-yu, HUANG
Xiao-wei, HUANG Li, LONG Zhi-qi, CUI Da-li. Leaching
characteristics of ion-adsorption type rare earths ore with
magnesium sulfate[J]. Transactions of Nonferrous Metals
Society of China, 2015, 25(11): 3784-3790.

KRG, Tk ¥, BEIOR. BT TR L i RIR A
RIS, B, 2010, 31(2): 80-85.

LI Yong-xiu, ZHANG Ling, ZHOU Xing-mu. Resource and
environment protected exploitation model for ion-type rare
earth deposit in southern of China[J]. Chinese Rare Earths,
2010, 31(2): 80-85.

DAY, . BT R AR L R A R AT R[]
LA 571 K, 1997(2): 1-4.

TANG Xun-zhong, LI Mao-nan. In-situ leach mining of
ion-absorbed rare earth mineral[J]. Mining Research and
Development,1997(2): 1-4.

Wik, R, EIEVE. PN L ROR 0 T BT
BT[], PR R PR, 1991(2): 142-148.

CHI Ru-an, LI Rong-feng, WANG Dian-zhuo. Stay of ion
exchange equilibrium in clay minerals of adsorbed rare
earth[J]. Journal of Zhongnan Institute of Mining and
Metallurgy, 1991(2): 142—148.

% &, XA, RIRS, P, & P BTFEML
J 2 TR R &= TE 5 7 V5. CN107190144A[P].
2017-05-24.

QIN Lei, WANG Guan-shi, DENG Zhen-xiang, LUO Si-hai,
LONG Ping. Calculation method of ammonium sulfate in
situ leaching of ionic rare earth: CN107190144A[P].
2017-05-24.

B, EWA, Buch], AR, S, e oF R
R B AL R AR R T AR ], A R
%, 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.

FIAE, R, W, BB, EEY. AR
F R AL S BT AG L S @R L], T E A SR
%, 2018, 28(5): 1043—-1049.

YIN Sheng-hua, QI Yan, XIE Fang-fang, CHEN Xun,



2529 B 8 W %=

# %

BT IR R R R T S

1789

[14]

[15]

WANG Lei-ming. Permeability characteristic of weathered
crust elution-deposited rare earth ores under different pore
structures[J]. The Chinese Journal of Nonferrous Metals,
2018, 28(5): 1043—1049.

K. BT A L BRSSO I M) Jba:
TV H AL, 2014,

LI Yong-xiu. Ion adsorption rare earth resources and their
green extraction[M]. Beijing: Chemical Industry Press, 2014.
XIAO Yan-fei, FENG Zong-yu, HU Gu-hua, HUANG Li,
HUANG Xiao-wei, CHEN Ying-ying, LI Ming-lai. Leaching

[16]

and mass transfer characteristics of elements fromion-
adsorption type rare earth ore[J]. Rare Metals, 2015, 34(5):
357-365.

RE, B, TEUIME. XL IR R R
PRI F[I]. 0 =255 FIH, 2007(3): 24-27.

ZHU  Chang-luo, LI Hua-lun, SHEN Ming-wei.

Experimental research on the leach ability of a

semi-weathered ion-adsorption type rare earths mineral[J].
Multipurpose Utilization of Mineral Resources, 2007(3):
24-217.

Calculation model of leaching agent dosage in
ion-type rare earth ore

QIN Lei, WANG Guan-shi, LUO Si-han, PENG Chen-liang, QI Jin, SONG Chen-xi

(School of Architectural and Surveying & Mapping Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China)

Abstract: The RE leaching efficiency of ion-type rare earth ore is mainly affected by the dosage of leaching agent. The
process of leaching is a reversible chemical equilibrium reaction. Based on the theory of chemistry balance, a model was
built to calculate the relationship between RE leaching efficiency and the dosage of ammonium sulfate ore leaching agent
by theoretical derivation. Samples P in low grade ore and samples X in high grade ore were taken as research objects,
respectively. First, the related parameters were determined via the cup leaching experiment, and the relationship between
the leaching efficiency of the ore type and the dosage of the leaching agent was deduced. Second, the indoor column
leaching experiment was done under the condition of setting preset leaching efficiency. Last, the feasibility for industrial
application of computational model was analyzed. It is found that, when the preset leaching rates are 80%, 85% and 90%,
the actual average leaching rates of sample P are 79.65%, 85.14% and 90.42%, the actual average leaching rates of
sample X are 79.46%, 85.19% and 90.36%, the relative error is less than 1 %. The results show that the error of the
calculation model is small, and it can provide technical support for determining the amount of ore leaching agent in
different properties.

Key words: ion-type rare earth ore; ion exchange equilibrium; quotient of quality; dosage of leaching agent; RE leaching

efficiency
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