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Table 1 Rare earth partitioning of ores, sludges and cerium
fluorocarbon ores

%4 % LREO MREO HREO Ce0; Euw,0; Y,0,

el 97.62 1.83 0.55 4420 0.19 048

ke 96.83 2.29 0.88 4540 0.26 0.76

FEREIT  98.83 1.08 0.09 4743 0.094 0.064
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Table 2 Rare earth partitioning of ores, sludges and cerium
fluorocarbon ores

TREO La Ce Nd Th SrO SiO, S CaO
281 081 1.13 027 0.024 10.86 18.08 1.95 29.31
MgO TFe TiO, ALO, K,0 Na,O BaO F

030 322 020 13.04 263 0.12 724 7.3
RLEEIN E S5 R« 0 A h T W AL B S R x5 0
R3 AERMIAT R L ZRENESER
Table 3 Process particle size determination results of cerium lanthanum fluorocarbon ores
Fif%/ mm >0.5 0.5~0.2 0.2~0.15 0.15~0.074 0. 074~0.04 0.04~0. 02 0.02~0.01 <<0.01
TE/ % 27.17 27.02 9.25 8.37 14.10 10.42 3.38 0.29
Rt/ % 27.17 54.19 63.44 71.81 85.91 96.33 99.71 100.00
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Table 4 Mineral composition and relative content of ores

/B B8 % WA FR T %
R 3.82 J7 A 10.75
MEA 0.03 e 19.10
[ava) 0.01 SPaei 1.80
TRIRERH™ 7.60 HARE 1.32
REA 1.50 FBE 7.45
HihA 221 LiokoR 2.85
N E N Y] 17.10 HAw 9y 6.77

il 17.69 Mt 100.00
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Table 5 Results of chemical composition analysis of test

materials used in Kunming University of Science and

Technology tests
REO La Ce Nd Th SrO  SiO, S Ca

501 148 183 073 0058 7.55 2668 425 10.80
ALO, K,0 Na,0 BaO F
2.60 691

Mg Fe Ti
1.45 259 022 738 284 0.80
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Table 6 Comparison results of Kunming University of
Science and Technology tests

TERE WA % W% HURCE%
K- 6.15 50 .39 60 .96
Rl 64 .11 2.59 32 .66
EikE .
N 29 .74 1.09 6.38
e 100 .00 5.08 100 .00
K- 7.50 50 .35 74 .04
, - W 14 31 4 .88 13 .69
R
B 78 .19 0.80 12 .27
B 100 .00 5.10 100 .00
Uit 7.13 50 .51 71 .12
) T 4 85 6.38 6.11
T30 e X
=t 88 .02 1.31 22.77
EH 100 .00 5.06 100 .00
it 7.77 51.08 78 .11
. HFE 32 41 2.01 12 .82
T— R )
Ey 59 .82 0.77 9.07
EH 100 .00 5.08 100 .00
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Fig.1 Kunming University of Science and Technology test process
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Table 7 Indicators of continuous industrial tests of magnetic -
heavy separation process

REOM /%
e W% R %

B RN ORI R
>7.00 7.35 55.67 4.09 5.94 45.04
6.00~7.00 642 5259 3.66 5.64 46.19
4.00~6.00 5.13 5039 3.04 4.40 43.26
4.00~7.00 6.44 53.07 3.73 5.49 45.22
JEH 250 F AL g/t

BEY C>—74 pm 84.07%
37 KBEES 3000
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Fig.2 Float-magnetization process and armaceutical system
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Table 8 Test results of combined float-magnetic process

S/ Y% [ /%

=z 1 /( ;</0/
PR A% REO Sr REO Sr
Wik 278 60.41 467 66.18 1.36
. X 42.1 71.73
Wik 154 9.14 32.03 5.5 5.14
FIEEN 95.68 0.75 9.37 28.27 93.50
JRE 100.00 2.54 9.59 100.00  100.00

AR, Rtk

4 fEEM L F 5 E R

i (D) WA R A R4 PRE T H
R Je TR Uk 23 ) ik 48 B 4 ik A AT T S5
Fi, BAF 7RISR S R . LRy A EH RS
JEh A LA R A FEN ) A, AR
EE-1 mm. BB J5-0.074 mm 60% /£ 45 . L6 J5
MIRAR WL 5, FF% SeaeH0m SR WK 6.

SEIG BT A AE REO fi b 1.09%, JE A% &AL
WA M. CLAKIES vy pHAE B 7, R ¥F
FCF R A, TEmME 2% N — R =k, A
RHIRIFRAET REO M AN 5.64%, FFEEA/E ML [H11L
K 83.88%, JRIFEN REO fifi N 0.21%; B
NSAT. A MERR R RS B R E I, A RE
53] REO fhfir 60% LA ERIFG - KEW", THt—PAE
R e S TRk 2 2% . B H,S0, & pH H A% 7,
Zy57 BC-2 AW, FEBRME KA T — M M K ik
S, TS LS REO ST TH3 14% 24 s
% B ME VR IEAE L U 3R 88.61% (X245 K
74.33%) o R BF Ik TS M TS T R Rk
Z—f—HiEn, vL4FE] REO ffr 60% LA F )
B EAEW, SRR RIS 2 84.93% (XTVR 45 N
63.13%)

SEUGLE BIA R T W 607 FabR, BN BEHREET
REO {7 60% LA I, #i L [Ffic# 60% LA L.

LA A IE I KRR RS, X TEER
TIEHA T AR

(1) SEEEI X B f L R ik AU 2, IF
H BT R AR 7 i R = BRI, &
— BB ML ), TRWLRS T REO A 52 T AN B
1%; SREGFEISCRAR, sUbRSEy FEm S, —B
SEAEAE Y RS T 50%. KIINA, SREGIE AR
REAE 18 B0 3k i i 47 Sk 1 T SR R AR .
11 R B L R SRR I S I £

(2 RS HEMyTA, 16 R
PEAES, WInEEeh. 2Tk v 7R 3% A4
MIBRAL PIRLARS; 3K ORIk, R4
KA N R, #ENRFRED R
YIRD . SZHEAYRIE] I SR, AR AR T
FZAE, FALLS T BRI REO fAL, N
1.45%, UiWARRALYITR LIS, B LB RS B
HIF R —ERRE R A, TR G M
Pk, SLIHRRLWRA, BB, X
M AN REO S ALsemi /. Rk, # HXT
B R T TR A - R AKX =¥ i e i (M W)
NIFBRAEA

(3) B PEVR VR BT S B LA RS, REO &b
I 5%~6%; ZAKEN EE i, —M—. —
WK . £ %2 — M =K ¥ AR 15 2] REO & 7
60% LA ¥ SR ARG RS LI BRI VR IR AE B



5 1

2024 4£ 10 A hEH. wlEg

KA LTy T e 8% e8] -

JH

B _Cio.zs mm

B | i
i % 1 Ak 1
[ —
)3
—
H|i& 3
| RERLIE 1.3T
Bk BBRRE| WA 1 13T
1
N BB B 2 13T
IR I R0 A2
RN
gl 4 R 1
d=0.15 mm R
C) B
R

PRI R

e

Uik 1.0T

FH” 2

70

W1 1. 2T

TR | WERSIE 11T

LR LR 1

T3k W RS

BB HEFT 2 1.3T

l

i%ﬁﬁifﬁﬁiﬁil.w w3
PR

TR L RED 2

T

3 RLERNET TZRE

Fig.3 Optimized beneficiation process flow
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Table 9 Process optimization test results
o 210
e o 2% 0 fn i/ % Eqﬁﬁ/ﬂ)
B2 FEE % TREO S TREO S
TRAEH 2.60 0.99 43.63 0.75 84.03
P AEH 3.52 61.48 0.12 63.10 0.31
i L™ Gl [ B B AR 2D 1.50 24.15 / 10.58 /
FEV1 GhRERED 54.46 0.90 / 14.29 /
B2 (Fi-LipEzEy) 33.81 0.58 / 5.72 /
W3 GRS I R 4.11 4.64 (SEI3.87) / 5.56 /
RN (BH 1R 24283 92.38 0.95 / 25.57 /
B 100.00 3.43 1.35 100.00 100.00
L0
BERT 274 pm 60%+
iitvsn
Tt 7 3% I BH 1
bk A
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Fig.4 Dechang continental tank rare earth beneficiation plant beneficiation process flow
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Table 10  Production indicators of Dechang Houdi plant during the research period
e o PNt M 137 1% /NS .
—BIR N AL (B /% o . X . . . SUR/%
TR A WEL% R K% R RE 6% ’
1.75 1.12 2.70 11.11 1.36 57.70 9.18 1.44
1.94 0.94 2.73 29.57 0.92 46.26 20.54 1.26
2.01 1.02 3.14 21.80 1.13 45.12 11.21 1.02
1.56 0.82 2.92 25.81 0.98 53.58 8.63 1.28
1.77 1.20 2.59 24.44 0.73 54.70 13.42 1.31
1.87 0.89 2.37 29.05 0.81 61.47 14.48 1.21
1.75 1.30 2.51 24.36 0.81 58.02 13.22 1.24
1.87 1.33 2.36 27.88 0.89 60.31 9.98 1.30
T 1.82 1.08 2.67 24.25 0.95 54.65 12.58 1.26
AL, RV 2 R By B 2L I, SEME IR R IR T, RORR LT

(6) Tk b —MR 1 i 1t — o Wb e P A2 E
T8 E R Ly P HR R IR, BA &R 4R
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Fig.5 Sinochem-Qionglai Company test principle
process flow
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Fig.6  Test results (open circuit) of Sinochem-Qionglai Company Technology
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Table 11  Test results of Dechang rare earth raw ore strong

magnetic separation pre-enrichment

T4um  EENGL REETERAL RHTAAL AET 2 REOEIL

4H REO/%  REO/%  REO/% 1% K%
Yot

50 1.10 1.65 0.83 3251 48.76
60 1.08 1.87 0.79 2668  46.19
70 1.13 1.69 0.91 28.46 4256
80 1.10 1.28 1.02 30.80  35.84
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eliminating or avoiding the passivation, robbing or secondary wrapping of gold by harmful substances, are
the key and bottleneck problems to determine the gold recovery rate in refractory gold ores. Understanding
the phase transformation and reconstruction evolution of gold-bearing minerals during pre-oxidation process
is critical for inclusions destruction directly and gold leaching. In this article, the typical characteristics of
refractory gold ores and existing pre-oxidation techniques were outlined, and the research advances in phase
transformation and reconstruction of gold-bearing inclusions in roasting oxidation, hot-press oxidation,
biological oxidation, chemical oxidation and other pre-oxidation processes were summarized. The result
shows that the gold-bearing sulfides are mainly transformed into Fe oxides (or As oxides) and sulfate (or
arsenate) by pre-oxidation. However, due to the coupling effect of multiple factors such as oxidation
temperature, atmosphere or oxygen concentration, pH value, redox potential, Bacterial characteristics, etc.,
sulfides may also be converted into elemental sulfur, sulfur oxide, thiosulfate, jarosite and scorodite. In
addition, jarosite, iron oxide and calcium sulfate are the main solid matters leading to the secondary package
of gold. Pre-oxidation process and microscopic mechanisms, such as neutral thermobaric oxidation with low
temperature and pressure, bacteria domestication with thermophilic, alkalophilic and arsenic-resistant
properties, process enhancement of bacterial oxidation under multi-factor coupling, green and efficient
oxidant screening, and chemical oxidation based on multi-field coupling, etc., still need to be deeply
researched. The coupling relationship and regulation among ore characteristics, process reaction of pre-
oxidation, phase transformation and reconstruction of gold-bearing materials and gold recovery rate are the
research hotspots and difficulties in the green and efficient pre-oxidation field for refractory gold ores in the
future.

Keywords: Mining engineering; Refractory gold ores; Pre-oxidation; Gold-bearing inclusions; Phase
transformation; Phase reconstruction
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Sichuan Dechang Continental Trough Rare Earth Ore Beneficiation Process

XU Jianxin
(China Rare Earth (Liangshan) Co., Ltd., Xichang 61500, Sichuan, China)

Abstract: This is an article in the field of mineral processing engineering. The Mianning-Dechang rare-earth
mineralization belt in Sichuan is an important hard-rock-type rare-earth mineralization belt associated with
Late Oligocene-Middle Miocene carbonatites in China.Within this metallogenic belt, there are Yakpeng
super-large, Continental Trough large, Muluo and Lizhuang medium-sized light rare earth deposits closely
associated with nepH 1H eline quartz orthoclase-carbonate heteroliths; the identified rare earth resource
reserves (REO) in this metallogenic belt amount to several million t, which account for 8.73% of the
identified resources in the country, and it is an important hardrock-type rare earth resource base in China.
The advantage of rare earth resources in the continental trough over the Maoniuping is that the ore body is
thick and large, easy to mine, the average grade of REO is 1% ~2% higher than that of Maoniuping, and the
rare earth distribution rate in the ore endowed with cerium fluorocarbon (CeFc) mineral pH 1E ase is high,
and the amount of ThO, in Cerium Fluorocarbon (CuFc) is small (Maoniuping 0.18%~~ 0.43%), which is
very favorable to the deep-processing and environmental protection. This article is based on rare earth
beneficiation production practice, summarizes the different periods of production process on the recovery
and utilization of rare earth resources, the continental trough rare earth beneficiation process puts forward
new thinking and insights, for the rational use of rare earth resources to provide reference basis.

Keywords: Mineral processing engineering; Continental trough mine; Rare earth; Magnetic separation - re-
election - flotation joint process



