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Abstract: The Manono region of the DRC is rich in pegmatite-type lithium, tin, niobium and tantalum resources.
In the historical production process, only tin and niobium tantalum minerals were recovered, while lithium-
containing minerals were discharged with tailings and stored until now. To determine the occurrence characteristics
of lithium-containing minerals in tailings, the process mineralogy of lithium-containing minerals in tailings samples
was studied by particle size analysis, X-ray fluorescence spectroscopy (XRF), chemical multi-element analysis,
X-ray diffraction, scanning electron microscopy, and other comprehensively methods. The results indicate that the
Li, O grade of the lithium-containing tailings sample is 1. 05%, and 95. 04% of the lithium element in the ore is
distributed in spodumene. The mineral content of spodumene in the raw tailing ore sample is 13. 1%. Spodumene is
mainly distributed in medium-coarse grains and has a simple association with other minerals, with low weathering
degree. The Li,O content in spodumene is 7. 9%. Through the study of process mineralogy of lithium-containing
minerals, it has been determined that the lithium-containing tailings belong to the spodumene-type (tailings) deposit,
with good mineralogical indicators for mineral processing, providing a technical basis for the recovery of spodumene

from tailings.
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Fig. 2 Granulometry distribution curve of the tailing raw ore
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Table 1 X-ray fluorescence analysis of the tailing raw ore

g = Sn0, Zn0 BaO Fe, 04 MnO Rb,0 K,0 Na, O

i 0.01 0.0102 0.021 0.9763 0. 0695 0. 0503 3.062 4.37

I & TiO, Sio, AL O, Ca0 MgO P,0; S0, al

G 0.0583 72.76 15.28 0. 142 0.16 0.16 0.019 0. 009
*k2 EBUEVEREZTELERSE w,/%

Table 2 Chemical multi-element analysis of the tailing raw ore

JLHE Li,0 Nb Ta Sn Fe Ti F Sio,

T 1.05 0.005 87 0.005 01 0. 035 0.60 0.031 0.12 72.74

JLHE Al, 04 Ca0 MgO K,0 Na, 0 S C

e 15. 46 0.091 0.11 3.04 3.82 0.018 0.038

3.2 WATYHES

K A A AT X BHERAT S (XRD) 7047, HF45
T EEMZ TR, A T8 A A
7/ RS- C i PRI /R MR /R TN R S
IR )RR R AR B R AR KA
YU R A A5 E, A DR RS T
R ) R R B A B BT A F(F ),

it b a e - 4 - 1H (LCT) R s R R
A HAMA N A e E  H st KA el

AN A B AT A e (1Y) (Dewaele
et al. , 2016; Brzdley et al. 20175 Fip R 4
2024) ez B A - S v i e B Y S S
=y i S ENY/SEEENE = 3 SRR A5 P IR IS
£ H BRI, & SRR M A, Rk A
bl B AR RAR 0.5~ 10 em ANEE, E 1 HE
S, BN 10% ~30% , f i AT 3k 50% VA L Dhikve
ST i S B A S A Y X SR AT S B 5 2R L
#4,

*3 EvETHERNIZETYENREE w,/ %
Table 3 Mineral composition and content of the tailing raw ore
Fap =tk ) A B mes B BB WS e BT CiRawel L xa
35.9 25.2 21.2 2.6 13.1 1.2 0.56 0.2 0.04
P BT A B LA Wi WA WY Gt
D3 il i i i i [z 100
SRRSO SN (AT R AR R b)) RARE HERE,
* 4 DiFEEEET A X FEITHINER w0,/ %
Table 4 XRD analysis results of the hard rock lithium ore in Manono
5 A1 N E) RH A Hz=hk PR U B il KXy Li,0
I 32.9 4.6 0 3.3 0 53.9 0 0 5.3 4.32
I 29.8 22.1 9.7 6.2 0 28.6 0 0.4 3.2 2.26
I 38.1 23.9 4.2 10.1 0 20.4 0.1 0.5 2.7 1.65
v 26.9 42.5 0.7 12.1 0 15.9 0.1 0.2 1.6 1.27
\Y 26.2 29.9 22.3 7.8 0 9.5 0.1 0.7 3.5 0.75

FER A (4 32 200 W) 2H 5 B A BB 4 4
AT (R 3.3 4) K BLRH A i 0)  i
ALUT R Ao d BB RmS TR, obk
FRULR R TREH, B RIS AT,

3.3 EZH YT

PR AR Th i B E Y, 8 A E R
FERST, AR ACIR , 2 0K A R sk
o M R EE MRIEET B UL N R
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Fig. 3 Micrographs and back-scattered electron images of the tailing ore
a—HIME A7 AL FEANRLAY 3 5 BRI 3K (IESS D) 5 b—8E R BB SR AR A (IEZSiDE) 3 o— Rk B A1 FE (BSE) 5
d—FRDRB AR (BSE ) 5 B—R 2Bk Cst—8 41 ; Col—8REHET ; PI—RHAT; Ms—H =) Qu—A 9% Spd—AiEA

a—fine grains biotite and quartz are included in the spodumene ( CPL ) ; b—flaky muscovite intergrows with plagioclase (CPL) ; c—fine coltan

grain is included in plagioclase ( BSE ) ; d—individual medium granular cassiterite exists in the raw tailing ores ( BSE ) ; Bt—biotite;

Cst—cassiterite ; Col—coltan; Pl—plagioclase; Ms—muscovite; Qtz—quartz; Spd—spodumene

3.4 $#(Li) tEHNTEEHES

PR R RS P i R EMA M TR, Eat
X R TTER W B Y T SR Y Pk e Ak 2R 4 bt
TAE, FEAR A A A v = 2 Wy AR B i DA e )
oL, 0 B T 1O SR (R 5) R
PR B T R BB AR T A T, B R

95. 04% , TEHAG 4 v 73 B R AR M P Li, 0
RN 7.9% , AL T HLE 1i,0 & i (Sahoo et al.
2024) ,
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Table 5 Balanced distribution of lithium in different

T HRLRLZ (+0. 294 mm) 5 FHK 55. 5% , kKL

minerals Y4(+0.074~-0.294 mm) (547K 19. 9% ; 7%
" 0] Li,0 Li,0 B4y T LARDRL R AR R 32, MURERZ 2 (+0. 294 mm) gy
/% wH SRk W% BN 49. 1% , FORDEL (+0. 074~ 0. 294 mm) (&
B 13.1 7.90 1.035 95.04 H =M 18, 5% HREH 25 LA EF‘?HEI*ﬁﬁ'Mﬁ%Jﬂ‘Z, w7
Zh 25.2 0.20 0. 050 4.63 N ,
v SYAA ~— 32 v
o g 0,01 0,00 o2 *%Ji( +0. 074~ -0.294 mm) 58 FH 27. 0%, ki
i 35.9 - - - K& (+0.01~-0.074 mm) 5HFH 61. 6% ; By LA
GieA B 1.2 0.1 0.001 0.11 HrdiRLR A o 3 ORI (+0. 074 ~ ~0. 294 mm)
Hfes™) 0.8 - - - A %R 30. 6% , ARDRI % (+0. 01 ~—0.074 mm) (5
A‘ . LY Ry
ait 100 LOS 100 A H354. 8% , i FRE SR W BEFERE | HA 34T
xo6 TEBMHTYMNBRARESITER %
Table 6 Particle size distribution of the ore mineral
RN ~hEZ PRk B
B2/ mm 7
FAiES it FAiES it ARk it R it
>1 15. 1 15. 1 10.2 10.2 N - - -
~1~+40.5 23.3 38.4 16,5 26.7 7 - 4.9 4.9
~0.5~+0. 294 17.1 55.5 2. 40 4= 4.5 8.4 13.3
~0.294~ +0. 152 10.2 65.7 10. 4 NN 10. 1 14.6 12.1 25.4
-0.152~+0.074 8.7 74.4 8.1 67.6 16.9 31.5 18.5 43.9
~0.074~+0. 037 8.4 82.9 — 75.4 20.2 51.7 21.3 65.2
-0.037~+0.019 7.8 90.6 8. 1 83.5 25.6 77.3 25.4 90.6
~0.019~+0. 010 6.9 97.5 7.6 91.1 15.8 93.1 8.1 98.7
<0.010 25 100.0 8.9 100.0 6.9 100.0 1.3 100.0

PR =0 AR SN E I Y SN HE P

Frwe (& 2)  AE AR A8 41 o 3220 Bk Ae LEAR IR
GEHEM K,

4 AlEMESHT

il R RN R i Y K, )
WA R IR 4G XA R AR AL 0 (b ) FnE
SHE R (R A E) | FRFARVE Hh T A4 7E
HFRIB AR AT A D AE N =
B B 0 ) 45 S EE R K (Dewaele et al.
2016; 24K\ %5, 2023; W ERIRAE, 2024) , 1 Bl A
B B E A R T A2 XA R B R R AR A D AR
fe, EBRREN T EEGET Y, BV A8
ZER T TR AR VR SR AL, i R B = B A
XPTE T, Ff ™ Py 4 5 v v OV A A A A
(F3), WS HH A AT Y T AR EE
WA bR (BF 55, 2022; BRIRTSE, 2023) , 5200
== RN S A Wb TV 0 B A ) 2% = v e -

Ay R H B A 0B SRR R RRAE A
B =2 m ey Y o B A, B A T R
95. 04% Loy THUE A, KA o bk g A L Eh+
WA VR, (BN 23 6 %) [l AT s 1 K B 5
el 5 B AT DAOoRDRL R AT o 3 B 1Y Li, 0 &
K 7. 9% ENFAT S H AW 010 3% A 06 R L, A A
TR A T A B RN o 5 0 0 R A P A
A LA R K A R B A 1Y ™ ( Wilson,
2004 ; Karrech et al. , 2020) B % £y fift BRFN 24 B %
BHEHNRTRESXEY B — i (E 3a) .
R F LT Y YRR S (£ 7)), BEA
RV Tl 260 7 i = B A R0 f i ik
B TR 2 T SR AR RS 0 b i 2 A T
HoAth # £ 5 ¥ (4% 4 1L %, 20225 Sahoo et al.
2024) , EAFEG /DR R, BHEY Li,0
G 1.05% 1 3~0. 5 mm KR 7, % 115 35 4%
IR 2.75 ¢/em® F12.95 g/em’ W E A E T —HL
— KB E R R, R L, 0 fi 6. 5% | i %
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Table 7 The physical properties of the primary minerals

in raw ore
g T WBRRERC ey s
(grem”) (107 em” - g ')

WA 3.03~3.22  4.86~0.43 8.4 6.5~7
PRERERET  5.37~7.85 48.3~50.9 26.8 4.2~7
A 6.8~7.0  2.16~0.42 24~81 6~7
IRERA 5.0~5.3 30.91~18.91 19.5~25 5~6
£ 2.65  -0.41~-1.03 6.53 7
il 2.62~2.76 -0.25~-0.61 6.02 6~6.5
M=tk 2.76~3.10 2.18~7.68 6.2~8 2.5
MRl 3.02~3.12 57.81~52.60 10.3 2.5~3
SeH 2.7~3.4 46.19~12.24 8.63 2~3
g sval 2.6~2.9  7.14~4.29  3.9~7.7 7.5~8

63% FIEE#E A G W ( Goncealves, 2023) , Kf Li,O i
1 1. 01% M B R D 2 -0. 074 mm 2 YR}
dit 75% (200 H P75) R —M —H =K +K58
T B P BRI I R, RARAE T Li, 0 A3 5. 47%,
ISR 73% 3 48 550 0k 0 VR 28 19 /N L S 56
T A R R IR RO
AR A B o A SRR R
Pekn™ AER Aarh (K 3) , S EER 0 Pt
YN 6) NGB A% T = REE A T I

5 4

(1) Bt G i En o Py e Ah s B 0 H ik
JEHEAFIE L, B TR (Fyy = 1. 035 mm) , B~
FEH Li,0 &80 1.05% , A7 it 4 3 2
AR BT HE N 95. 04% , BRKE A7 Y Li, 0
FENT. 9%,

(2) B R R A DL oRD R A o 32
A SRR, A R F H B0 W0 0 B Fn 4y 18 5 B
A Z A E AN (RN i P Bk & N
KA WAL B A AE T RE S XHE R — 2 5,
AT FNF NN EE R R R B &R
A SRS B i AL FE AR, A WEE A R ANA

(3) BATREE 8 A AR HA Pk AR
XU/, BN T2 T AR 28 B R 25 A % S J 15 4%
A ik,
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