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Table 1  Analysis results of chemical composition in ores

CaF, CaCO, Sio, Fe,0, BaSO, St0 MgO Mo REO K,0
18.22 237 58.44 1.42 3.61 2.87 0.62 0.035 1.53 0.82
Al O, S TiO, Mn P,0O; Pb Zn Na,O Au* Ag*
1.06 1.52 0.041 0.27 0.19 0.36 0.05 0.54 0.10 1.965

* AT Hg/to

1.2 JRU T HERK

K AMICS 14 H Al 28 G800 J5l 3E47 42
Wk, 25 SRR, R E BRI R
HYERIREAT, 30 65.92% F1 15.84%, ILAMNEE
HAORMWRET Y. A, RiFA-ERak
SRR G RPN W55, M 004 0 S Al 1
SBRKES R, SR 2.05% A1 0.36% I8
0.35% Mt A, HeAh, s & oA i i A
A ST T SR
1.3 FEFYIERBAE RFHE

KH AMICS 23 M iRV E g vt T L 50 Y 1)
KEFEA R, 25 REW], o b RG24
NG LAY, HikAn S, KR, R
7 H1-0.02 mum Rz 2= A v A R o SR
AR T 10%,  JEH7-0.02 mm 725 7= 4 sk
G R OR A T A R g )k 3R R
50% £ 20%.

B b rh SR Bl 32 5 A G R e RORL T
WA, JFEH ARG R AE N R T, K
BlR BARAR B N 25% Fe Ay, BREES AR )
WHA, WA, nbE WA B E B
TR, T4 AR B RE N 35% Aoty Tl
AEESAIE, WA b FBRESEN .
A7 SR GE A

JE B RE v 2 82.43% (1) A7 kAT kL E K T
0.02 mm, /N 0.02 mm FRHEERIZ HLE R 17.57%;
H & 1 BB 40 -0.074 mm 85.8% I, 144
23% AT IEAAR fERRET, AY 8% I
AW RIORL, AR AR AR S AR 30%,  HoRESE
Z/NTF 0.02 mm, £ 70% 1 A7 BURLATY 5 A 5 2%
JOK AT UL 5 B R AT T % AR AR, B IR () A
TOURE 5 JA RORE [41 2R T B & 1
14 HETHBERS

R RN i g0 o o S o 2 )
F 2. SEREW, EAFERY, WA R
TR R R, S A RMBT A, W

TR AL R 2.76% A7, I H REO 75 Uik
R RN GRS AT PR o AT R R 94.79%. PRIt
5 G BB e b B, N DS A R S Al
Sh E B[RRIk H AR .

%2 RUATHIEBETLEHITHE

Table 2 Equilibrium calculation of REO metal
content in raw ore

v S0 RO REO - REO
SE/% S JEhtg % A%
VEES 65.92 0.007 0.005 0.25
A 15.84 0.020 0.003 0.17
IR 61 4.14 0.060 0.002 0.14
EER R 2.05 75.810 1.554 82.16
FeO 1.03 0.018 0.000 0.01
SIS Bl 0.36 66.340 0.239 12.63
Ry A A1 0.35 25.050 0.088 4.64
ToAth 10.31 0.000 0.000 0.00
&t 100.00 167305 1.891 100.00
2 ERHR
A S A i T2 it g R, 456 W

o AR R AR, SRR UK W
T EAARGTRE-M L A ET LA
AR L AT R E SRR L
BATFIE R WA, SRHT A 0] A Fe G IR 2R A
WAEFH) RE AR 7 RS HR MYY'S A DAy 8 45 ¥ S 4l
WETR], 3 R R B R R A AT Bl 1 1K Ak
P LD RIRLE R, R RERRAN AT B AT
IR YB-1, BB ISR K, 752
Wit SATRGRY s FARMM . ARk
LR, WdFEE., MESE TENM . #A
SEi e 1B i 2 SO 11K 21w R T
KGR
2.1 SEIE/NELER KRR

FEAAF S RGP SR WA 1L
P % S0 PR R, SR S 0 T 20 A - P
R AT IR, PR T Al ke D se g, LA
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H IR B0 A AR R R RS IR SR . SR = S
3R1E T REO Fh{ 52.46%. A1 51.78% Iti# +
K& R CaF, fhi A7 95.11%- IR 61.45% (17 A1
R, SEObah RO AR, SEBL T R RN AR
AR EEE R, 2% 08 LR o SRRl T R g
RS
22 REZXW
221 ORELLE IR f v % i

PR 2 S R DA S0 S /N S0 R AR N
Sont, SRR MR ATRIE . IR S A
M =AM 7y, HARAIFIE AR R -
W -IF e AR TR A VR IE ,  AH B S0 = /N 0 T
AR, SRR LR, BRAR F 0F
R IR R W A BRI
s TG - I s " ATRIE RS RR-HA T
o WEEALFEREY 60 kg/h.
222 WA FEEL T ZSH0K

PR S0 Y DUR AR PR 1K 7 58, X R
HATFRE . 0T, o 5 R 2 R Rl
R, VHASE AR RS, AP KSR S R
PR o POHFE SR S A # 7 2 BRI
1 min 73, PEHET EARE, DURAAb B T 5
FEE, FENRE S AT AR B A A, DUIEAT A B A
F e E

(1) B4 iR

BT JE AL A0 AT 4045 3 70 o il 2 1 A
F B, WA NIRRT FR AR BRI R,
TR D A0 R R R R R AR I AT S . B
40 S 50 PR I FE R AR . VRS RS DL A
FEHTIAR, PRSI A R WA 3. Horh, B

185
341 -
%'\ 1™
L]
s 32t 175 N
= 70 &
02 =
3.0} o
8 165 8
A ~
60
2.8 —e— REO f#fir i
—=— REO [l 193
2.6 50

65 7.0 75 80 85 90 95
pH{E

VEMVAR WO T 3 s 2 70 T 4 JE 24 (B R 5:1 i
T ) FIALE 2, ARAUE T 7 B A AR e v,
i 0 180 g/t

#*3 BUEEFLER

Table 3 Result of grinding fineness adjustment

B N A% IR %
-0%7@; iﬁ% FURERE UHS% LEO CaF, REO CaF,
e 208 123 1326 1.62 181

» MY 559  15.64 1532 5533 5.61

%0 e 565 118 1565 427 5.73
AR 3.80  24.56 15.97 59.83 3.93

05 e 7.87 169 15.83 8.64 7.88

i LMD 2.03  28.33 15.18 37.34 1.95

WS R Bos, B RO, e =
K, SURBAN, AH R REW A7 Ae Bl e 2 35 B
I, A3 HT B R A ) AR il B FE AN s > B A
FERR AN, Wide 3G, RS B m, AR
RAAR, A0 BT SRR D Ik 4 1 B A 40 R e A T O B
WG, ARTAHRAT YRR SZE%1E, B
A0 FE LL-0.074 mm 80% A 'E .

(2) % pH Ak

W3 pHAE N W)v7 i /b &2 ¢ ) 4 A
p HAH BB S0 o e 35O P AR 2 . %
ANIE] p HAE A AR A VR SR bR 050, RN
FESAACENE Dy pHAE AT K pH IR,
SER K 1. WK pHAEM 6.5 LJHR] 8.5 B, Vi
HIFHERE T REO K CaF, I fi A S 36 hika %, |7
W 5 ETFas, 2 pH{E T 9.0, REO K&
CaF, S A7 S [P IR B34, ff e TR 5T Ik
FIEH % pHAE A 8.5,

38 e {90
_— . —
p—— 185
36 |
< 180 ¢
234 175 %
i =
o 4 7( =
%32 - 70 o
{65 ©
30
—e— CaF, fhfi 160
b —=— CaF, [Fll{ % 155

65 70 75 80 85 9.0 95
pH{H

B 1 #¥pHEEIER
Fig.1 Results of pH value of pulp adjustment

(3) 7K FergH =R
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AW EZ AT FEk RS Y. T
AVMVE AT, SR K SRR 8 AT W 1) 40 61 571
YB-1 {9 R 7 kIR, KRR, ha
N, SH A G0 P R E REO A CaF, 1)
(I3 AT B ELGS I A 4 4 I PR B A o KB
A2 A P AR 1 R AN B Ak I R S ) T
A, T ARAYEAR SR Y HSIO 1 FIEERR 7)1~ ¢
IR AR it b, A RK AT i S IR
IKVE, AR LR R A2 B R, T
B LR PR JBORE A HSIO, W B AE e & 1T, fi X 4%

. 190
32+ - / ]
— 80
170 &
sas) 5
& . 60 =
o =
50 =
% 24 9
{40 ~
20L —e— REO /i 30
—=— REO g% .
T 120
1.6 . . . .
600 1200 1800 2400
IKBEIE &=/ (g/t)

WA M A AT O ek, HARHER, TR
(97 BOIRAS o A I 38 119 7K 3% 388 () A 25 4 il A7 A
W by, Bk, BEAT IR AT I K B RS
W, ZRUE 2. MWE 2 LURIL, /K35 H &
M 600 g/t HT1F] 2400 g/t, K5H™ CaF, 1 REO fh{v
W4, (HM KBS F sl 1800 g/t J5, Bl
KR RN, FHE RS REO £ 2k =48 i
R FE R, ik PR K B B S A ARG L 4
TR B S, G B A TR A P A
GO, PRSI K PR DL 1800 g/t A H .

42t

— e 1490
40 T — A\
38+ 80
o &
g or / 70 %
B2 o34t =
S o
S 32t 160 5
o
30T e CaF, $h 50
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Fig.2 Results of sodium silicate dosage adjustment

(4) G R
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W= S5 R FHBETUIT B AT WIE R 1938 M I 28 4 el
RF LI 10 2 Al 501 MY'S 1R 4045 T 24 56 s =
W ATHRE IR, L RE R A R4
EREERI M, RERE T TR A, BRI
TR TR AT RS A A LTI . BRI, P
KOG S92 56 [F FEREFE RF A1 MYS A 1E WiRA VT

AR, AR AT IR 1 A b, B EE R
RF fIMYS S, @R WE 3. 459 KM, bE
FCH RE AT MYS & (B TR A& 17 B RURs 8
REO Al CaF, [n[r 52 di i i 4 Ao i
HilEd 1350 g/t J5, MRS REO 1 CaF, [HIfic g
IASBE G, HRS & — RS R T REO I CaF, /i
PRI R, SREHIE, IRGTHERIE RFHMYS
FHELL 1350 g/t AH .
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o —* REO fifi 175
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4.8 170
< S
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8 4.4 + 5
o 160 @
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155
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Fig.3 Results of collector dosage adjustment
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(5) k5 YB-1 F &R

e E T RTOR H S AR B, REAT
5 YB-1 &, 25 R WK 40 P ILRE S
57 YB-1 JH &8 M 100 g/t 39 0 %) 250 g/it, HATF
Pk AT REO M1 CaF, (i Ar 32 i Fh s, i 7]
AT R T ARG 24 YB-1 ] 200 g/t ),
R 1k — X JE 43 RS 7 REO I CaF, [RIIi0 2% T %

4.6
45t \\ ® 176
< M4 1728
= 43 o
og =
) o 68 =
g 4.2 Q
~ o
4.1 104
—e— REO iz —_—
401 ¢ —=— REO % {60
100 150 200 250

YB-1 H&/(g/t)

W FEAOR, ) Wk 5 ()97 YB-1 S04 A
HATEAE TIEIER . Ik, TR AT AL
) YB-1 JH B EFF 200 gt oA Aif. 5K w
R 600 g/t P~ B K ZER], HIBRIREEY K
LRSI RO E TR A S8 K YB-1 25K
FEE 34 N 52

56 88

/

184
s 2 ) <
fE‘ 50 —e— CaF, fhi{iL \;
o —=— CaF, FlleR | o) &
=) s
5 F
O 48 &

i

x 176

44
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Fig.4 Results of YB-1 dosage adjustment
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—=— CaF, [l
: {85
72+
& 80 &
= . )
=6 175 E
&) T«
9] . '3
ol . {70 ©
/ 165
L]
60} =
1 1 1 1 60
300 450 600 750

USRI =/ (g/t)

5 WAFEBYGIAZEKER
Fig.5 Results of collector dosage adjustment for fluorite
flotation
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"~ —=— CaF, [l Z
68 | \
. . 1860 =

& 66 f po
= ol . 84
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S &

62 | 182 ©
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Fig.6 Results of sulfuric acid dosage adjustment for fluorite
flotation
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(3) FRA/K s F =K

76 R SR L, O TS AR
K B3 (SSB) X 5 A1 A Wy HNSC IR g iy, 64T T
BN K BB (SSB) &I, RAZHE A%
Ko o Hr ik, 45 R 7. 45 5 7R b 2 R 2L 7
SSB (3G 0, VRIENGH ) CaF, w7 & BT,
[ ) 5 R B, W] SSB & LA 600 g/t
HH .

(4) FHIF] A-1. YB-1 &R

LR R B, T A IEIF A-
1 S A BRI J7 il A 35 A S5 kA T 4
A YB-1 0w A8 Py B, BEAT T U A 5
A-1. YB-1 &I, 25 R WK 8. s gf Ak
B, BEAESDEIF AL FHE W I, FERE M
CaF, fhfr 2 MRy, BRI R ETHEH: b
FHHIR . PR YB-1 =8 n, ks
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" .\ o 84
L //
. - 182
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oz 667 {183
= 65t o~
S 176 5
64| o
el e CaF, i 174
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Fig.7 Results of acidified sodium silicate dosage adjustment
for fluorite flotation
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Fig.8 Results of A-1. YB-1 dosage adjustment for fluorite flotation
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Wi R W& 5. 6.

TS HHL, KSETR REO WALk 52.54%, Wl fE
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MApREA A7 [ - 2 DR 32

* 6K, HAKGW R CaF, dh ok 94.76%,
REO # 7 h 1.12%, SiO, &&= 4 1.53%, #5475
AR 2 E K bR UE YB/T 5217-2005 CIE b
JITRLE 1) FC-93 S5 908 ARG b, BATEGS 1Y
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3 % #®
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Fig.9 Flowsheet of extended continuous test
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Table 4 Test results of extended continuous

o /% [ /%
ILTE L S
REO  CaF, REO CaF,
e 5.33 1.40 15.18 4.66 5.10

ARG 10.18 .12 94.76 7.12 60.80
it 1.56 52.54 1588  51.15 1.56

A1 52.45 0.23 5.39 7.53 17.82
JEH2 23.63 1.01 5.31 14.90 7.91
RT3 2.24 801 1564 1120 2.21
e 4.61 120 1584  3.44 4.60
R4 100.00 1.60 1587 100.00  100.00

(3) DA 2024 0 7R 52 5 = /Nl O
fith, F RS E T A5 B 2577 ] B A HE A
RIE AL . SER 2 1) T 2R 0 A5 T A I ik

RS BIBE EREFZTOH %
Table 5 Multichemical analysis of REO concentrate
REO CaF, MgO ALO, SiO, PO, s KO

52.54 1588 042 050 6.17 020 034 0.18

Fe,0; SrO BaO Mo Pb ThO, MnO
2.72 1.00 1.72 0.83 2.61 0.31 0.52

B BT -BE VR I R TR A e
O 5 Wb mlbBe: Mt wa 0 Rk
SUORE M T ROE SR R (R D s A
VRGBT BL: BR-nE AR (AN o iR
4 S d 243K 15 T REO Wb A7 52.54%.  [n] iy %
51.15% 8% KB F CaF, dh A7 94.76%. [ %
60.80% FIH ARG, 7= ihdRbs RaF, HAREK
VN, BT W AR A I LR AT
FH, AT AR BR S, AT
O () S TR R = R FEA A A B U IR ) T AR
P .

*o6 WAOBY TRUFEZIMAN/%

Table 6 Multichemical analysis of fluorite concentrate

REO CaF, MgO AlO, SiO, P,0; S

Fe,0;, SrO BaO Mo Pb K,0 MnO

1.12 94.76 0.06 0.09 1.53 0.14 0.11

0.12 0.18 0.07 0.02 0.07 0.03 0.04

& Wk
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Lithium, Rare Earth and Gallium-Rich Layers Found in the Lower
Permian Liangshan Formation, Panzhihua, Sichuan

Yue Xiangyuan', Jia Zhiquan®, Luo Shaoqiang’, Tan Honggi', Liang Bing’, Luo Linhong®
(1.Institute of Multipurpose Utilization of Mineral Resources, Chinese Academy of Geological Sciences,
Chengdu, Sichuan, China; 2.The Third Geological Brigade of Sichuan Province, Chengdu, Sichuan , China;
3.The Tenth Geological Brigade of Sichuan Province, Mianyang, Sichuan, China)

Abstract: This is an essay in the field of earth sciences. With the opening of a new round of mining
breakthrough strategic action, the search for key mineral resources such as lithium and rare earth is the core
and key to national energy resource security and is crucial to the development of the national economy,
national defense and strategic emerging industries. The profile measurement and comprehensive study of the
Lower Permian Liangshan Formation (P11) clay rock system in the Panzhihua area, Sichuan Province are
carried out. The key metals such as lithium, gallium and rare earth may come from the weathering products
of the underlying layer (ancient weathering crust), which are widely distributed in the area from Panzhihua to
Ya 'an. The aluminous clay rock of the Liangshan Formation, which is related to weathering, is a rich layer

of lithium, gallium and rare earth metals, which has good prospecting prospects.

Keywords: Earth Sciences; Lithium; Rare earth; Permian system; Liangshan formation; Panzhihua Area
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Expanded Continuous Test for Comprehensive Utilization of a Rare Earth
and Associated Fluorite Resources in Henan

Zhou Zheng, Ouyang Anni, Xiong Wenliang, Zhang Lijun, Chen Da, Lin Huijie
(Institute of Multipurpose Utilization of Mineral Resources, CAGS, Sichuan Rare Earth Technology
Innovation Center, Technical Innovation Center of Rare Earth Resources, China Geological Survey,

Chengdu, Sichuan, China)

Abstract: This is an essay in the field of mineral processing engineering. In this paper, a rare earth and
associated fluorite resource in Henan Province was studied. Based on the results of process mineralogy and
small beneficiation experiments, an extended continuous test with a capacity of 60 kg/h was carried out.
Through chemical analysis and AMICS microscopic identification, it was found that the content of REO and
CaF, was 1.53% and 18.22%, respectively. The target minerals for REO separation were hamartite and
parisite. The process of "mixed flotation - separation flotation of REO and fluorite " was used to recover
REO and fluorite from ores. On this basis, the extended continuous test was carried out, and finally obtained
the rare earth concentrate with REO grade of 52.54% and recovery rate of 51.15%, and the fluorite
concentrate with a CaF, grade of 94.76% and recovery rate of 60.80%. The concentrate product index was
good, and comprehensive recovery and utilization of REE associated fluorite were preliminarily realized. It
is helpful to provide technical support for the production of enterprises and provide a basis for the
comprehensive development and utilization of the same type of rare earth and co-associated resource
deposits.

Keywords: Mineral processing engineering; Rare earth; Fluorite; Beneficiation process; Comprehensive
utilization
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