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Characteristics of lithium tailings and evaluation of lithium resource
recovery in Manono, DRC

SHENG Tao', WANG Wuming'?, DAI Ding', LEI Zhilan’, LI Zhijun', SUN Juli'
(1. Zhejiang Huayou Cobalt Co., Ltd., Tongxiang 314500, China;
2. SINOTECH Minerals Exploration Co., Ltd., Beijing 100012, China;
3. Hunan Research Institute of Nonferrous Metals Co., Ltd., Changsha 410100, China)

Abstract: The lithium, tin, niobium and tantalum resources are abundant in Manono, Democratic
Republic of Congo (DRC). During the historical mining activities, the tin, niobium and tantalum
minerals are recovered from the chute flowsheet, and the lithium-containing is discharged and stored
within the tailings. In order to evaluate the lithium extraction potential from the tailings, the process of
mineralogy study and closed-circuit flotation and demagnetization test are carried out on the samples
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from the K and Gec tailings dumps. The K and Gc tailings dumps are composed of fresh pegmatites
clastics, and the available mineral resource is 6.9 million tons with Li,O grade at 0.79%. With the
process of mineralogy analysis, the K dump and G dump granulometry distribution Py=1.194 mm
(coarse tailings) and 9.58 mm (gravely tailings) respectively. The lithium-containing mineral in the
tailing is spodumene with main distribution in medium to coarse grain, the mineral content is 10.32%;
the coltan and cassiterite are with fine to medium grain distribution; the other gangue minerals are
muscovite, quartz, albite, microcline, etc. The feed ore Li,O grade at 0.86% is ground to —0.074 mm
accounting for 75% and processed by closed-circuit flotation test and demagnetization that is “rougher
flotation concentrate is processed third times by cleaner flotation circuit and the rougher tailing is
processed in scavenger flotation, the final cleaner concentrate is demagnetized”, and the lithium
recovery is 70.47% with the concentrate Li,O grade at 6.03% classed as the chemical grade. The
preliminary economic analysis results show the after-tax IRR is 20.31% and the investment recovery
period is 3.91 years. The evaluation work of the Manono lithium containing tailing dumps such as the
geological features assessment, process mineralogy and flotation test could be technical guidance for the

tailings deposits development.
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0 3l &

HLDZAARRAPTRBEMNEBITER, A 18554
TR G T A A R s e, LT N TR
BB W) A AR SR AR, B BT R VR VR4S A
it BE AT B AE ATl B9 & i, T 4R 98 VR Y T oK T A
FUs TRl B, B 56 L BRBE L AR E A () 5]
hy CORERWT T B Mg PR T Y, R R R L
AR, BRI A BRI AR T, (B AR BT BEIRAT Ml Y 4 2
WeshE T, BEVE R “Braedan ™= Al L ™" 4/
I T ST 7 B A T e B A

LCT B a B A m M & e, TESHT
My AR | R A RN s BRSO, R A A
AU (A AL 85 . BHPE R R A S 23 (FF) A ™, 7E
AW N, BT R B R, LCT #44 f
FHHIRZ VIR B ERA SR TR
W) Sk 32, AR A S R R DR 28 U DR R kA
KRG AE, B IR R A B (technogenic)
W PR 8¢ A A 1 A (anthropogenic) & FR, M1 8™ 47 280 T
Ab B S HEAE R, BT R TREA TR A
AR H: —2h TR O 2HARE, N5
T B R AR, SR AR, A B R R e
JER TS WEEAE L, N T A i BRI

HHr, X FHma B &R MR, Z24E 0T
PR35 5% e R0 B N O T, X T R R AR
PR TF R TR o AT 7 %) T 81 5% 5 14 o SR P 48
HE B A I8 0 T, & 481 R 7 i o R B R ) i A R TR 2
—om Sk R AT I R AL BRI T, AR TR
B IR A AR & AR, W aE A R T R IR A
I KPR AT M A 20 28 T 1) K JR 4 i

WIS (42) Hitiit (Manono) R4 7 IR J& 480 i bk

IS HEAE, HAE S0 A TR S5 R AR IE E &
SEARRBEIN, T & B IR AR R Dy s A R
B E R4, BRI, X R A e A AR R A5 O
A DEAT VRGN B30 5, ol ME LA A5 R AR B R
1T K v T e gl A T PE A o A SON B i i R
V5T B 25 0 R AH OC b T RRAE B 45 . B HER SR
FE T A WA 0E 5T . v 56 A e 5 vk I 44 45 T
PE, 44T R rp B R IOt 5, S R B AR B U
MV FE R RS 2%
1 EEHRER

i LCT A dl A 00 T MR (4) B [ Hra 14
WA X g (27°2345"E, 7°19705"S), 1 & & & ) db
7R 40°~60°, {0 [1] 7 7 , {90 30°~50°, 32 ZLIH 45 A4 1
TR A2 MRS, 42 fl 1T A A 1) SR 1 0 X 34
TR R R . R LA Lukushi 7K 78 2 53, 23 AL 36
fi) Manono X &, #1155 %5 1Y Kitotolo X 48 (& 1), ik
T AT IRTE 1919—1980 4E A/ 07 T &, &
BN L H A A AR EA T TR I TR R R e ) A R 4R
WA, DI BT AL B A R LY S 100x10° m’, A=
FEB ARG 140x10° ¢, HRAH R R 4.5%10° ¢, FELE”
Py TS, B T SR A0 AR I HE DR A A

WA AVZ A Rl 5 #%, Dt A i m AVE T R B
HAR AR W 8 AT B A ik 842x10° t, Li,O ¥ ¥y 5 iz
1.61%, 2 H i th A5 R0 A 40707, ity LCT A
il e RO BV A A A T B — R 1) 2
AR, R A0 B0 43 ks A (N A AR B 25 ), BE AT ()
B A AR, Rl (A A R A
W), AL (AN o B A R AR A
F B R o, HJRJE 50~300 m, A oe, B A
KA. A B H R, RSy Mg A, 0y



228 (== I I [T

i 34 4

R B
it

Lukushi

B1 SEETEEYTSHE

Fig.1 Tailing dumps distribution of Manono total area

B DUHDRL A 3 i A R i S ) R A
HAHE 10%~30% (8] 2), F#40FE 5 Al 35 50%. %
A A Ay O B A A R A A
5 dh o R SR A A A = R A Rz e
R AT = B A A AR B G SRR A AR
4 BRI S AR R B b, SOV A T Ak
KB B AR A Li TR RN, B WA
XFFRE, 45 G B i A A T Lis Snooc R HE 0] 4 Al
(I 3) 20 Hr, TR B IRAL (<24 m) B 48 7 45 & AP Li
JCE T AR, AHR AR IR TR ik e, K
B IR 28 AN 1 (RS 0 ) BBUAIR, B oy R TE B A
AN, B UN L DIV R LY VA

100 1310 000
80
s o~
s | =
o I X
N {1000 =
| a0} !-‘ ] 4z
i E | %
L I
20 a §
oL 100
Inom VvV

401
[k R g B AR L) A= B e
NIk b A% —=Li  —4Sn
2 DEEEERGERET YWHIE
Fig.2 Mineral characteristics of Manono spodumene pegmatite
2 EWHREIE
WX 11 R M, S i Xl R T

HESr A ARSI, 535308 AL B, C. D. E. F; Kitotolo
DI AT S A A AR R ST AR B, 23900 GLHL T T
K X AN [ B9 2 4 S, AR Bl HORE JBE AN ] 323 S LR

100 000 f

10 000

/(x107°°)

1000 F
]
4
100 Li
—»—Sn
10 : . . . .
0 50 100 150 200

REE/m

B3 DiEEERE LSt TESETHEE
Fig. 3 Li-Sn element content variation characteristics

of Manono pegmatite

(BORER IR : SCRK [18])

() FNAmks () (1R 4) o R et Jsa (2) iy
EZo J M A L AR di A 0GR ER) KR = ) Tt
ARG AR e o A HE 2 5K 0, 322 A

B 4 Kitotolo XiZ{ B HEH %
Fig. 4 Tailings dumps distribution in Kitotolo Area



55 10 3 W, AF RIER(E) Bk iR R AR S AR B IR O 229

FALGY T A A R B, R UL BT B A8 A R,
Li i s . WABAR & XL 2 4L i R i 2
2O, AR ERE, 220 R, B
WEA A, Li & SR, 122 R HE Y 2 Ik 1
A XA BT A
2.1 HBFRRAE

Kitotolo X 3 K M fl Ge HE i i i, FE K
Sy T G 1 A R T AR, SR X H AR AR R T
PR ER (R 1) o K e AT 5 o N
e AR (K 4 FnE ), Horp w4y
A 6 Bl 670 mx500 m, TR IR 15~ 17 m, %

% 1 Kitotolo XIBEH JZEE

Table 1 Mineral resource of Manono tailing dumps of

Kitotolo Area
- WA R 140 1% Sn fh 7/ Ta fhfir/
(x10°t) (x10°) (x10°)
2 1l 0.29 0.78 579 30
o W7 0.51 0.84 554 29
X R 3.77 0.86 305 25
1 2.33 0.67 652 35

PRI R SCHk [16]0

B B’
710 710

= £

= 670 670

e 2
630} 0 29m 1630

Li,0/% m0.1~<0.5 = 0.5~<1.0 m>1.0

Es KHEFEHRE
Fig.5 Geological map of K dump

CERR IR SCiHk [16])

A 2~ 3 m, BALI A oA, B IR AR AR ] B
40 m=40 m, 2 HI B2 BE B 5 H AL T R AR AL, B
K JER 45 m, BRTIZH 53 R M 38 s ], LAY
RETH BT HE (3 0 A, FE R B 3R . G HEAR B8 Ar
JE AL 43 R HLRE Ge HE AR GE 3, Hoh, i % v
B, WiALACRE U O HE AR HE A s 5 A B T, B
L5 oA (B 4) o 1(Te) HE doRURL Y 5020 B, b iy
i fh A 8 R B R HE s, KU
B HETAE R HE BN (] 4) o FESEBRIEH T B2 o,
T GE HE AN Te HE /Y i A7 8%, AR R TAE B A X GE HE
I HEFETTPEMY

H ur RO HEAb TR RS, {8y 5 25 44 AR
FAHL, B HLAS B 76 RO Bk e il T°F &, Bk, 4L
R TE 30 1 3H 19 057 15 T8 AH X B 11 00 7 M B R A7
WK 4) . RERY ) A TR0y HeA T A% (] iR
4 80 mx80 m, {HJ& 7F K HEFll Ge HE R Il R4 R )5
F W], K HEF Ge HE b £ R A AT Li,O & &= 7F 0.5%~
1.0%, #5453 > 1.0%, 54 B4 R Hr A dn e e, 5
R U RBAS S AT R VE L (181 5) o UL, ZEAR IR B0
ZEATE I R, X K HERT Ge HE 45 900 5% 5 5 )
EES e bR
2.2 WA KRR

by 3R SR A A P AZ AL N T B SR A SR 1
(I 81 45 )2 (R 1~ 1.5m), i J5 85 & ()42 0.5 m,
KRE | m (B AE 2 A HE o (9 4% I B2 A8 AN [R] 7 1 it
ANBW o, SR HORE | HET RS B . SRR
JREA A, R CORERE, G HEAH X K HEROHL, 727247 3
A3 R R BB A (] 6), 3 ad 4 {15 T8 K HER-
A R Py=1.194 mm( B Y ), Ge HE 0 A ki & Py=
9.58 mm( BRI ) . S K HE A Ge 3 7 33 % )
3510 1.62 g/em’ Al 1.60 g/em’,

100 —a— KHE
——Gclf
80
&
'H; 60
&
B 40}
}.L
&
20
O Al 1 J
10 100 1000 10000 100 000

AR/ um
6 FREENEST ML
Fig. 6 Granulometry distribution curves of feed ores
2.3 WYKL o A
XF K HERE v B B AT . = BESE SR AR A



230 (== I I [T

i 34 4

By AR HEAT ST, A R WA 7 R . A5 KRR
A1 R U R BT O R (18] 8) 43 A T 1, BHME A 01
= RERE W LoD i A s PR AR R A A LU
UKL AT R F . BT R ATRE S & iR, DRy
FE S EOR R, BRI, I AR A A R R
1T g 23 L Ge 10 D K o

o1 e

60+ B2 =k

A e v
50 SYBA

—0.010 0.010~0.074 0.074~0.300 —+0.300
K7 FE /mm

B7 KEFTETUHNHRAHNEST

Fig. 7 Particle size distribution of the ore mineral from K dump

24 HAT LR

2o 0t WGBTS LI 0, 45 A X-
TG 43 AT (XRD) 1 MLA ™ ) 1 0 46 00 4 22 o T B (1)
5T, A B A P i S B O R A R s B (B
W) ST YRR A AR kAT
DA =8, A%, kA, MaltkahEk2), 4
G AT, BN A 2o K A R SRR A,
REARAREACIR, A H, HEKA . A%, Bz
S A SO B R X N IR A B S O SR SR
KA B, 7R P8 6 0 28 45 1 i B B et X
M, EEOMRARE . BB kT, AJE &, B
AR LEIR BORDIR = BB, F A KA
E . Ba 2 R HPIR HEARR G, W WL A R
A0/ NRLIR B 2 B kA P B
2.5 fb2E O RE

R Zon R WA 3. MR 3 AT, A

o] R BE AT I ST R R Li, fEAE (BB A Sn.
Ta(Nb) . ZICE /- Hr R, 75 2058 i o HEBR 19 &
ARG 4 2 Si0,. ALO;. K,0 il Na,0 4%, iX $64 43
P 0 ik A0 - ) B o g KA KR s Bk
a7/
3 ®FRE

ShA A 2 R 3 R, B A A AR AR A
R, 7 e 0 MUy & 4 B AR ) o B A,
WE A B T e vk EE A E A Ak
(DMS) R 6 16, 1 1k 22 TR IO B A ot o 10 5% 4k O
o7 e FLA RGP

ASCRH V-0 T AT . AR A
Z-0.074 mm KL 5 75%, 22 M T H =R PRk
P 5% O AR RV RS T — R 2R R R (L 9), Ak S
Li,O % 1 6.03% AL T2 -1 7= i B0 60ORE & RN g 1
PR (R AR S) . W WL, BT ER 4 4k
WEA SR MEVET W A BRI ik ARG TR 7 i, 1 G
PE SRS R
4 ZFETEN

HRAE Ve 3 50 45 51, 8L LL K 3E RN Ge 3 S 15 109 F
K B bR AT AT AT PR o K HE+Ge HE BT A R
6.90x10° t, Li,O “F- 34 i v 4 0.79%, ik iR £ X4 # (LCE)
H13.46 T3 t, B A7 7] R R 99%, Je Ak Witk
SRR R A 1.0x10° t, 3 b 07 58 78 )5 AR A I 226 A 7
WA AR SRR VR-RET T AR, PR R
Li,O & & 6% Wik T AR 0 (SC6) , L 4
P DL K HEBHE o 2RI (R 4) . FIERK Wt
T R FR, BT (SCO) ] M 48 4% 900 3 T /t; 2 L WIS
(&) BRI H B SRl B, 15 AR ik
WRTE N 6580 J1 3T, HEA ™ AR 1a; Z0H
BB B NAN 41.25 Eonw, o, R (F0 X
) PR 5.5 oo, 25 BRHR G A% e B
1372 £ 0/, KA 192 £ I0hm, NI A
2.83 EIUAW; [ 538 E A N 712 £, Hr,

a-#IHEA 1 (Spd) 5 = B (BO A3 (Qtz) S 2L, FRIMAI/ M B AT Hh (IESZ G ); b-SREEAT (Col) B K AT HE (BSE); c-83 41 (Cst) H B4 (BSE) .
B8 KETARMRAETHIFESG

Fig.8 Micrographs and back-scattered electron images of ore sample from K dump



55 10 3 W, SF RIER(E) Bk R R AT AR LA IR PR A 231

*}2 REWIrETYEBREE

Table 2 Mineral composition of feed ore
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Table S Analysis results of the concentrates
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Fig. 9 Flow of closed-circuit test of spodumene
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Table 4 Flotation results of closed-circuit test of spodumene
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