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Table 1 Chemical multi-element analysis results of raw ore
BeO Li,O Nb,O; Ta0O; Sn  SiO, MgO ALO, Fe0, KO N30 (a0 Rb,0  Cs,0
0.089 0.037 0.0052 0.0040 0.079 74.90 0.042 13.45 0.29 5.30 3.70 0.16 0.17 0.0092
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Table 2 Mineral contents of ore
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Fig.1 Process of flotation exploration test
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Table 3 Test results of flotation exploration

IR ES P pezep,  BeO BeO[a[x
LIRS (gt P B %

Na,CO5 1000 HUESY 12,97 0.34 49.84
NaOH 700 -
CaCl, 80 F’%ﬁr 87.03  0.051 50.16
T3+ EEIRE 1000 BT 100.00  0.088  100.00
Na,CO5 1000 RS 9.87 0.31 33.63

NaOH 700 AT 9013 0067 6637

CaCl, 80 v
THERAN 1000 JE4T 100.00  0.091 100.00
Na,CO, 1000 FUEER 1181 031 43.00

NaOH 700 .
FeCl, 200 Jew™ 8819 0055 57.00

T3HFREER R 1000 BT 10000 0.085  100.00
Na,CO, 1000 KUK~ 1185 048 6748

I\gfc}ll ;%0 A 8815 0.0311  32.52

ST_8 1000 JEHT 100.00  0.084  100.00
Na,CO, 1000 HIKsH™ 1075 066 7871

NaOH 700 -

MD-2 150 Eﬁr 89.25  0.0215  21.29

ST-8 1000 JRAT 100.00  0.090 100.00
Na,CO; 1000 HUREH 1120 071 91.89

NaOH 700 .

MD-2 150 J%ﬁr 88.80  0.0079 8.11

ST-12 1000 JRHT 100.00  0.086  100.00
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Fig.2 Process of roughing condition test
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Fig.3 Effect of grinding fineness on grade and recovery
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Fig4 Effect of Na,CO, dosage on grade and recovery
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Fig.5 Effect of pH value on grade and recovery
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Fig.6 Effect of MD-2 dosage on grade and recovery
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Table 4 Test results of flotation time

0.8 180 IFIER A /min P25 AAFR PEE /% BeOM{/% BeOlRII /%
4 K1 8.13 0.98 89.85
g 06 100 & 1 T 0.19 3.19
& Z; 1 63 122 0.12 1.68
04 o= 1 K4 104 0032 0.37
ozl e mti 12 1 U5 0.64 0.026 0.19
e FlfE Eﬁf 87.46  0.0048 472
0 AT 100.00  0.089 100.00
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Fig.7 Effect of MD-2 dosage on grade and recovery
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Fig.9 Process of cleaning condition test
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Table 5 Test results of cleaning condition
ARG (gl pH{E EY S FENV= /% BeO M A7/% BeOTEMK R %/%
KBRS 30.25 2.17 88.73
FiE T : Na,CO, 300 FELE T 10.6 T3 7.00 0.43 4.09
itk 11 : Na,CO, 200 FSYEIL: 103 Hig2 10.08 0.17 236
HHIEIL: Na,CO, 100 RSEENT: 100 T 52.67 0.068 482
FHRED 100.00 0.74 100.00
AEIDR 24.31 2.89 91.58
Fii% 1 : Na,CO; 500 KT 109 T3 742 0.30 2.87
FHIE L= Na,CO; 400 K1 107 g2 10.23 0.13 1.78
HIENL: Na,CO, 300 REEIT: 105 T 58.04 0.050 3.77
Gkt 100.00 0.77 100.00
FETIURG ™ 22.55 291 87.04
Kk I : Na,CO, 700 kT 112 3 8.74 0.45 5.26
ik 11 : Na,CO, 600 FEETL: 11.0 a2 12.83 0.18 3.08
FHIEIL: Na,CO, 500 FEIENL: 10.7 I 55.88 0.062 4.62
HRED 100.00 0.75 100.00
. RIS 27.17 2.63 90.16
ik II\ZIDN?&)% 200 FE T 110 g3 7.56 0.36 3.44
KTk 11 Na2C63 400 MD-2 60 LT 107 2 9.24 0.21 2.45
FSENL: Na,CO,300MD-240  Ti&lll: 104 b1 56.03 0.056 3.95
FRED 100.00 0.79 100.00
LU
Na,CO;, 800

255 B AL g/t

( ; —0.074 mm 89.1%
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2" % ST-12 1000
| %k
o
2 {Na,CO, 500 2’ ¥ST-12 200
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Fig.10 Process of flotation open circuit test
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Table 6 Test results of flotation open circuit = N VT y N
-10 N AN ’ éx \ - /_’ AY - /_’ AY
PRG A% BeOML%  BeORIA% 89.1% MAAT T o D{ﬁ*ﬂﬁ f\f -
MRS 1.52 432 72.15 I~ R I 19 37 18 JF B SRR SE B, 1T 3K 45 BeO
6 0.34 1.83 6.93 i AL 4.32% BV EBRE T, RS0 I B R 2R
s 0.41 0.84 3.75 72 15%
4 0.49 0.53 2.87 S
H153 1.04 032 3.69 232 VI PR S
j';%’i? 1.30 0.12 1.76 TEVFIETF % SR iR Al b, WEAT T VR IE i
7.14 0.053 4.18 . e T 25 35 1 B S T 4o BEL 1T
kR 114 0.042 0.52 SEHG . SR WA 11, ﬁ;“%/ﬂ%)bﬁ 7, Hih
R 86.62 0.0043 4.15 ABihaE CEL. . 8D LRI B 0 E L
JR B 100.00 0.091 100.00 %38,
R
‘ Na,CO, 800
SR AL gt S
Q ~0.074 mm 89.1%
5"+ NaOH 950
2% MD-2 180
274 ST-12 920
H |
6/
2% Na,CO, 500 ZYST12150
| 1 )ik
N 5/ |\|) 3’

A R
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Hii | 3% 101
; L 4
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il LAY
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>
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Fig.11 Process of flotation closed circuit test
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Table 7 Test results of flotation closed circuit . N .
- A )
PEATS AP BeoWlin%  BeoWlfcgne 0 AIL-0.074 mm 89.1% HYAFE R, HELL A TR
R 1.98 4.09 89.60 R e A T 7 1L 257 MD-2 A ST-12, 28— HH—
o 98.02 0.0096 10.40 TSR IRFE M S50, R4S T BeO Wiz 4.09%-

J5 5 100.00 0.090 100.00 BeO [A1Iit% 89.60% [KIEKEH .
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Table 8 Trends of other valuable metals in closed circuit products
L fo7 /0 %0,
ottty e o i L/% I3 /%
PR PR Li,0 Nb,O; Ta,0, Li,0 Nb,0, Ta,0,
iz 1.98 0.16 0.21 0.19 8.69 77.23 83.96
R 98.02 0.034 0.0013 0.0007 91.31 2277 16.14
J5 A 100.00 0.040 0.0055 0.0045 100.00 100.00 100.00
H 8 vl 4, JRA ) Li,0 & &K, HAX B 9 WA, — KRG v ¥ L B RS B BeO

10% AFI) Li,0 FEN TIFIERTH T, AL
L0 & HIE AR T 1.80% M 2% i & PR . ik

Ah, 80% ZEA e T WIHEN T iF kR
THH W AT 9 RaPE, W S ) 2
TFIEREO R IRy Y, R, Al
BeO ft g3 Bt — U4 o
24 FEHEIRRSLE

P % 7 3 15 B I B RS 5 BeO S ALl

o,
LN
BRI

4.09%,

RIEBIEHARH H AL ESK,  H T I SO B

I RE P R A D S REPET . Ik,

T

AN TR B 37 988 5 1) SR B AR S o SR AR L 12,

SEGEE R LR 9,
T T
Y Bt A
%R ik
R R i 2
(1) RS

12 FESKIIRIE
Fig.12 Process of magnetic separation test
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Table 9 Test results of magnetic separation

Bk 50.82 5.79 71.12

1.2 oy 49.18 243 28.88
e 100.00 4.14 100.00

BRED 65.63 5.47 87.08

0.8 AN 34.37 1.55 12.92
e 100.00 4.12 100.00

RS 76.14 4.96 92.19

0.4 SN 23.86 1.34 7.81
e 100.00 4.10 100.00

i 4% PR R 5% UL L, IE B ARSI Sh A
Bk, b, BN, BeO dh A HE Rl
K, (HEMCRBERIH . 258 KG, s
PLO.8 T AE, UbES, K5i™ BeO mfi&BE, HAE
MR B, K F) T 87.08%, 4k SRR I 0 A
e/ AR S [P, (EURE AT A0 3 DA ERAIE o

25 @Y ERESXR

15 LR SLRR I FE M Bl b, BEAT T IR

LR AR R WA, LR AR
FEWE 13, THHEE R K 10,

250 B g/t Na,CO, 800
x/..

(_)=0.074 mm 89.1%

5'x NaOH 950

2'xMD-2 180

2/xST-12 920
ik | MLk
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I |13 (1 1R)
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_—
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x08T
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=

-

i
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Fig.13  Entire process of mineral processing test

F 10 ERMIELWHER
Table 10 Test results of entire process

Bk

LB S FEH/% BeOMAi/%  BeOlRI /%
RS 1.30 5.47 78.09
oy 0.68 1.55 11.57
B 98.02 0.0096 10.34
SR B 100.00 0.091 100.00
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Table 11 Chemical multi-element analysis results of concentrate

BeO Nb,O; Ta0, Li,0O SiO, Fe,0, ALO,

Ca0 MgO KO NaO Rb0 GCs,0  Sn

5.47 0.21 0.19 0.16 50.16 3.05 14.71
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Table 12 Mineral composition of beryllium concentrate

gMA BAa st BERA A WRA sk BERR ERA BA AR RERERDT  BMEET
49.86 6.74 10.02 8.81 6.98 4.41 2.68 2.26 1.28 1.26 0.07 0.02 0.01
R13 BV UESTRESNER%
Table 13 Chemical multi-element analysis results of tailings
BecO  Nb,O; Ta,0; Li,0O  SiO, Fe,0; ALO, (a0 K,0 NaO Rb0  Cs,0 Sn
0.0096 0.0013 0.0007 0.034 74.99 0.30 14.10 0.037 5.48 391 0.17 0.00788 0.0045
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Table 14 Mineral composition of tailings
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Mineral Processing of Low Grade Beryllium Ores in the Jiulong Area of
Western Sichuan

Deng Wei, Xu Yanbo

(Institute of Multipurpose Utilization of Mineral Resources, CAGS, Technology Innovation Center for
Comprehensive Utilization of Strategic Minerals Resources, Ministry of Natural Resources, Chengdu,
Sichuan, China)
Abstract: This is an essay in the field of mineral processing engineering . Beryllium is known as "super
metal" and "cutting-edge metal", and is listed as a key and strategic mineral resource in China. Beryl is an
important source of beryllium, but due to the low grade of the raw ore and the limitations of beneficiation
technology, the problem of the availability of low-grade beryl has not been solved yet. Therefore, this article
conducts beneficiation experiments on extremely low-grade beryllium ore in western Sichuan. Self-
developed new and efficient inorganic combination activator MD-2 and chelating collector ST-12 are
developed and employed. For the raw ore with a BeO grade of 0.089% in the Jiulong area, under the
condition of grinding fineness of -0.074 mm content of 89.1%, a beryllium concentrate with a BeO grade of
4.09% and a BeO recovery rate of 89.60% was obtained through a flotation closed circuit experiment of "one
roughing, one scavenging, and six cleanings". After a stage of high intensity separation with a magnetic field
strength of 0.8 T, the BeO grade of the closed circuit flotation of beryllium concentrate can be increased
from 4% to over 5%, meeting the requirements for qualified beryllium concentrate grade. The BeO operation
recovery rate reaches 87.08%, and the technical indicators are good. The overall beneficiation technology of
"flotation enrichment-magnetic separation upgrading" developed in this experiment obtained concentrate
with a BeO grade of 5.47% and a BeO recovery rate of 78.09%. The research findings of this study can
provide important technical support for the development and utilization of this mine and similar mineral
resources.

Keywords: Beryllium; Beryl; Mineral processing; Process technology; Comprehensive utilization

L

(E#F 102 1)
Research and Industrialization Status of Recycling of Waste Lithium Iron
Phosphate Batteries

Zhang Xiaotian', Xu Lu', Huang Bin®>, Li Weisi', Ji Chengqing', Yang Yaohui'

(1.Institute of Multipurpose Utilization of Mineral Resources, Chinese Academy of Geological Sciences,
Technology Innovation Center for Comprehensive Utilization of Strategic Minerals Resources, Ministry of
Natural Resources, Chengdu, Sichuan, China; 2.Guangxi Key Laboratory of Electrochemical and Magneto-
chemical Functional Materials, College of Chemistry and Bioengineering, Guilin University of Technology,

Guilin, Guangxi, China)

Abstract: This is an essay in the field of material engineering. In recent years, the new energy has been
growing fast than ever. Apparently, in the upcoming future, a large number of lithium iron phosphate
batteries will be retired. Out of the need to protect China's strategic mineral resources and reduce
environmental pollution, research and development of a green, efficient and sustainable recycling process of
spent lithium iron phosphate batteries is urgent. This essay takes the main components and general recycling
process of waste lithium iron phosphate battery as the research object and introduces the principle,
advantages and disadvantages, and research status of various recovery processes such as pretreatment,
cathode material, negative electrode material and electrolyte. On this basis, future perspectives of lithium
iron phosphate battery recycling are presented, aiming to provide support for the industrialization and
development of the spent lithium iron phosphate battery recycling technology in China.

Keywords: Material engineering; Lithium iron phosphate battery; Positive electrode; Negative electrode;
Electrolyte; Pretreatment; Recycle
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