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Experimental study on Comprehensive Recovery of Low Grade Associated Mixed Tungsten Ore and Fluorite Resource
Zheng Hailei' , Gong Minghui'*, Yang Kaizhi®
(1.Yunnan Gold Mining Group Co., Ltd., Kunming, Yunnan 650299, China;
2.Faculty of Land Resources Engineering, Kunming University of Science and
Technology. Kunming, Yunnan 650093, China;3.Institute of Resources Utilization and Rare Earth Development,

Guangdong Academy of Sciences, Guangzhou, Guangdong 510650, China)

Abstract: To address the comprehensive utilization of low-grade associated tungsten-fluorite resources in skarn-type copper-
polymetallic tailings in southeastern Yunnan, based on an analysis of mineral liberation (==94%) and identification of mineral
forms (85.39% scheelite), a three-stage serial process consisting of “room-temperature mixed flotation of black and white
tungsten ores, heated concentration and fluorite flotation” was proposed. At room-temperature, the pulp was adjusted using
Na, CO; and Na, SiO;. In the heating concentration stage, separation was enhanced at 90 ‘C using NaOH as the adjusting agent.
For fluorite flotation, a combination of modified oleic acid GY4 and acidified water glass was used. The results show that the
closed-circuit test produces a tungsten concentrate with a WO, grade of 62.17% and a recovery rate of 81.30%, as well as a
fluorite concentrate with a CaF, grade of 96.13% and a recovery rate of 89.47%. Compared with traditional processes, the new
method increases tungsten recovery by nearly 4 percentage points and raises the CaF, grade of fluorite concentrate by 2.75
percentage points. Preliminary estimates indicate that this initiative could generate at least 550 million yuan in economic benefits
annually and reduce tailings discharge by approximately 151 900 t/a. The research findings can provide technical support for the
efficient utilization of low-grade associated tungsten-fluorite tailings.

Key words: Strategic mineral resource, Mixed flotation of black and white tungsten ores, Heating flotation, Fluorite flotation

ﬁ,xe@* G 5 R A AZ 0 JRURE Tl 9 2 A
GG A (8 T AR A B A S A
HE e BE L i B 7t\ o BT R G B U A A AR T R

il

0 3

z?\ﬂ

BEA

]11

4

x Wi HH8:2026-01-21
BHETB ) AE RN A1 E 8 8k e 2 Mk I H (25501-09) ; = B A KR £ 3 %130 3 (202302A0370002)
PEZ B BT (1985—) B, DU I A4 N0 o G TR U, 32 2 N 30 42 2% P A W IR 26 5 U O 1T O BF 9 . E-mail : 297165714 @
(q.com

BEIEE FEWINE1984—) I, Z R KRB P AR L IE e G AR, B8 A SRR IR LA 5 AT 07 YT SY . E-mail : 88082201 @qq.com



REF FERBEEFERSBLT - R T ROEESEKRBHR[]]F LHFRE K ,2026,46(5). 269
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Table 1 Chemical composition analysis results %
Cu WO;  CaF, Ag* Au* S Pb Zn
0.037 0.26 32.60 3.72 0.02 0.86 0.002  0.007
As Bi Fe Si0;  CaCO; MgO Al O;

0.03 0.054 8.43 35.12 7.19 2.05 7.65

Hex TREBEPNN g/t

x2 BHUHESITER

Table 2 Analysis results of tungsten phases %
AR5 SHEAE TR i R
H T 0.222 85.39
B 0.029 11.15

fig Ak 0.009 3.46

it 0.260 100.00

x3 TETYAHARRENESE

Table 3 Major mineral composition and relative content %

A s REE MEBRE ek N B

0.286  0.10  0.042 178 0.10  0.113 0.01
g o ] mhy Jifgdn MO &4
31,82 12.64  20.012  10.10  9.43 7.48 2.47

a1 =L 3 a2, JFR b 2 A M0k
WO, .CaF, , f 7 7% 550 3 0.26%.32.60% » 4 |
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Fig.1 Principle flow chart of the test scheme
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3.1 EASERESZERKR

HRIR A TR AR —H —H R
3.1.1 Na,SiO, H&EiK%

Na, SiO, & 5 F ) Rk 55 5T ik A 0 6l 0. 6Pk
M T, Na, SiO, K= A K SIOCOH) ], 0%
o 5 3 EE M A T AR RN AR R 2R K PR P
CaSiO; , Wt T 4y 2% 1 ol I 1 A2 2040 = . w5
W, B E A T A = R CaSio, 1
W B it A7 A B 25 S 0 0RO Ch
AR AL BT AR KR RIR ATk
Na, SiO; Al 5 55154 Na, CO; Al 2 000
g/t.GXY Fl & 160 g/t, H & & GXY 20 g/t.
Na,SiO, H il 25 R & 4,

Fz4 NaSio, A=ilR4ER
Table 4 Test results of Na,SiO; dosage

\I;ﬁl%(/)? 7 Fr L/ %% [/ %
/ o
(&/0) AR wo,  CaF, WO,  CaFs
MUKEH- 18.37  1.20  45.77  84.78  25.71
e 2.80  0.11 32.65 1.18 2.80

2 000
==Y0n 78.83  0.05 29.66 14.04  71.49

ik 100.00  0.26 32,70 100.00 100.00

i 3.46  0.86 33.10 11.44 3.51
==X0n 91.01  0.07 32.35
At 100,00 0.26 32.58  100.00 100.00

4 000

M1 4 AT B Na, SiO, FI 800, #5067
CaF, fh L [ICR B BB 8T B 3 WO, b %
W T AR A 3 200 g/ Ja DRSS Il il
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BEAK . W] L, Na, SiO, X £ 40 i s o 3% 5 i
) Na, SiO; X 45 5 #) B A — % 0 # ZOR - Na, Sio;
AR E R 3 200 g/t,
3.1.2 Na,CO, F&i{5%

F A5 1 18 5910 4 AE pH R 8~ 10 Y 55 Tl 4%
PR #AT, Na, CO; AMUAT LU T8 3 pH, if g 47
B K IFUET Ky Ca” Mg F &8+, 01
XG0 B (S BB R, Na, CO4 + Na, SiOy 4 A
FH25  HOK M= HE g COS T 3k 488k W B 71 83
FEVET  FRATG Tl PR A X S T VR A R R B e, A
M3 Ak Na, SiO; X 58 F1 . J5 i A (0 e B M i
E HAAR B 4518 . Na, CO, FHR RIS R % 5,

F&5 Na,CO; AEKRER
Table 5 Test results of Na, CO; dosage

Nﬂ?i()ﬁ 7 fes ) s/ % [ %/ %
MRS e % 5 .
(g/©) WO;  CaF, WO;  CaF,

MKT 24.23 0.810  46.51 75.49  34.67
0 e 10.20  0.190  29.15 7.45 9.15
(pH=7.00  RE#" 65.57 0.068  27.84 17.06  56.18
4H 100.00  0.260  32.50  100.00 100.00

S MUK 22.67  0.910 45.21  79.35  31.33
1 000 e 10.61  0.160  36.21 6.53  11.75
(pH=7.5)  RE#" 66.72  0.055  27.91 14.12  56.92
AW 100.00  0.260 32.71  100.00 100.00

S MR- 1997 1120 43.05  82.84  26.31
1 500 LRk 6.94 0.120  32.51 3.08 6.91
(pH=8.5) E#"  73.09 0.052 29.85 14.08  66.78
o 100.00  0.270  32.67  100.00 100.00

S UK 1156 1.910  40.69  84.92  14.38
2 000 e 5.91  0.130  33.68 2.96 6.09
(pH=9) B 82.53  0.038  31.52 12.12  79.53
4 100.00  0.260 32.71  100.00 100.00

S MRS 8.49  2.460 4251 80.33  11.01
3 000 g 4.90  0.200  35.12 3.77 5.25
(pH=9.5)  RE¥§" 86.61 0.048  31.68 15.90  83.74
5% 100.00  0.260  32.77  100.00 100.00

FH 5 Al 50, b Na, CO, FHEHE 2 3 000 g/t,
BT WO, SOz Lo, bR 25k EAE
TR, CaF, S AL S BEAR S T, [l 32 5 4 3
TREEH . A5 A O AF TR S PR R
B Na, CO; X8 A pg 30 il 7 8 3%, 38 & i m
Na, CO, AJ A &% 400 il 52 41, [ A1 3L mT 92 M 5 {3 2 i
Na,CO; 2%F WO, B E ™= A RN R, 254
&, Na,CO, FHEMEN 2 000 g/t,

3.1.3 GYX HERK%

FEAR Z R g Bl b AR Yo g0 18 5 5 A il IR

GYX fE Rk il i) . 25570t 1 7R 48 BF 2 B

GEIRA S - F Rk 5T B A E A R AT X R A
PIRGH B ROGN . HRUER BRI GYB
ERAWOR  GYR S5 B i 5 R A S il B 4l e 59
eI 5 A7 MACR e o 9 P ) [ I ) 50 7 TR Y
I IR] A5 0 5 B A AT A TR S iR e . T E A
FAF R ARG GYX a2 R LK 6,
®6 GYXHAERBHER
Table 6 Test results of GYX dosage

GY'X pEE imL/ % s/ %
FHE/ K H EE/ Y - -
(g/v) WO;  CaF, WO;  CaF,
AR 6.65 2.660  45.01 68.03 9.19
100 e 2.93  0.510  34.06 5.75 3.06
BH 90.42  0.075  31.62  26.22  87.75
5% 100.00  0.260  32.58  100.00 100.00
- MU 10.96  2.010  40.69  84.73  13.66
LiR0N 5.54  0.150  33.68 3.20 5.72
160 By 83.50  0.040  31.51 12.07  80.62
W 100.00  0.26 32.64 100.00 100.00
S HKEE 1753 1.270 4012 85.63  21.55
210 e 5.47  0.160  34.62 3.37 5.80
R 77.00  0.040  30.74 11.00  72.65
4% 100.00 0.260 32,58  100.00 100.00

6 AT GYX X 88 5 A WA —E W
FSCHOR (0 8 A W CRE 555 . B GYX H
I, MR R WO, 502 A AR [ R )
B LT CaF, S8 TR A B TR AR, i
LT, A ORIE ARSI 5 DR E o R e
AW P .GYX F & R 160 g/t,

3.2 BHEBEY MRFERE

TRRE 28— P 4 KGR TR R IS AR5 1 B HLRG
W= %N 1.84%, WO, ,CaF, ,CaCO; , SiO, & 4>
14 8.80%,30.63%.13.96% .8.43% , k1 £ E K
REEERW 4 . A U0 2 BRSO EL 3 U I & 4 fb
KBRS TE R (90~95 °C) /K ¥ 1H iR 4140 T B bk
fif W, B HEAT VR R . BRSO AR 1R I 5R
K —H—H R,

3.2.1 hmi b a a5

I FL A I A B R T e 5 A 2k
T R W R T TR S 1 A SR R B W 3 Y 25 AL A
W o ] Ak A ) T 8 8 15 8 1) AR 23R B AR A 7 A
FLE £ 14 4 : NaOH F & 800 g/t. Na,SiO; F &
1800 g/t, /KIBER 90°C,GYX H 4t 800 g/t, ik
W GYX 100 g/t g i A L5045 51 W3k 7.
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Table 7 Test results of heating and stirring time

Jonigg b J / 7 b WO
min 2R FER /% L/ % AR R/ %
itk 17.92 44.69 90.70
10 ha 5.12 13.12 7.61
Jn i R 76.96 0.19 1.69
s 100.00 8.83 100.00
"""""""""""" MRS 1449 5801 95.41
60 iy 2.31 10.51 2.76
S 2 83.20 0.19 1.83
HH 100.00 8.81 100.00
"""""""""""" WURET 13.92 59.67  94.39
90 GRS 2.88 12.01 3.93
hn i 83.20 0.18 1.68
B 100.00 8.80 100.00

I AR AR IR R RE . 255 % L NaOH
F A S 800 g/t
3.2.3 GYX HmiAH
el 7 Al 2% i i L B il U 5R) GY X s
e R IR 9,
x99 GYXAERKLER
Table 9 Test results of GYX dosage

12 7 AR IR ) AS 2 L BR AT JC A L
0] RS B0 A AR DR ot S Al AR 5 i s 1]
it 60 min 5, f8 45 THRE . 455 5 IE, IR
[ & %€ 29 60 min,

3.2.2  NaOH &%

NaOH 2 H # 7% & % 8 94 8 5. & F
Na, CO, , H I /)N HBE PR3 R 15 43K pH {E . 38 1
T A R T O SRR BT, ik —
SR P X B RELDRG A7 T 8 A O A A S R DK A ) A
il P T NaOH F 43l 56, 18 52 Al i 46 2% 1
NaOH H &5 45 0 WL 3% 8.

#8 NaOH AERBHER
Table 8 Test results of NaOH dosage

GYX JHi+/ 7 b el WOs;
(g/v A FER/W @/ Y% AR MR %
RS A 12.52 63.17 89.57
100 h 2.65 13.12 3.94
B 84.83 0.68 6.49
% 100.00 8.83 100.00
"""""""""""" HAH 1451 57.63  95.02
800 th 2.48 10.91 3.07
==Y0n 83.01 0.20 1.91
BH 100.00 8.80 100.00
"""""""""""" WURST 1513 55.61  95.39
1 200 LR 2.18 12.36 3.05
B 82.69 0.17 1.56
e 100.00 8.82 100.00

NaOH fl#/ FE Pl WOs;
(g/v) B PRV /Y% Ml % %
btk 16.50 50.57 95.03
200 b 2.55 12.39 3.60
SRR 80.95 0.15 1.37
2308 100.00 8.78 100.00
"""""""""""" HAH 1574 5310 95.08
100 b 2.41 13.12 3.60
i B 81.85 0.14 1.32
B 100.00 8.79 100.00
"""""""""""" MRS 15.00  56.25  95.66
500 b 2.26 10.69 2.74
JIlIR Y 82.74 0.17 1.60
[2308 100.00 8.82 100.00
"""""""""""" KA® 13.56  60.21  92.67
1 200 EPB‘ 2.64 12.01 3.60
n i R B 83.80 0.39 3.73
5B 100.00 8.81 100.00

29 Al AL BE GYX &R, &R 5 WO,
s 57 2 W e AT S T A [l e 328 28 b T 5 fE AR
800 g/t J& » Ml R HE MR A8 /N, BB UL FH ' N 2307 )
B AT A R R B E GYX R 800 g/t
3.3 J|AFIEKE

TR EHERF R TR T AR,
AT S I SR ] — UM S T R
3.3.1 Bzl

FE B A IR TR L R R B 3K R gk B R R G R R
B K B 3 A0 e A BAT SR ELM R TR R 2 R . N
S i 245 %) 3 A ML TR S R T TR R (N2 5
WARIR 20 s . Wiz Iy KON ki 2R EC ~
50%  FEINATE K IEFE IR K Z IR IE C,~30% ., #WAH
PRI 25 g 14 70 B Ak /K BB FH A 2 500 g/ t, W A7
TGN GY4 FE 400 g/t, BEZ5IRE045 R W3k 10,

F10 BRAKEER

Table 10 Results of reagent removal test

A28 A4, f NaOH H &3 hn. B Mo W
AL b T e AR 8] i R AR AR N A N
800 g/t sk, /b [T KR H BRI A 95.66 %0 5 ifF— A 18

W2 7 b CaF,

Il Eis PERSV EL/ % AR N B/ %

bitki2on 32.50 79.27 78.45

BRI ha 7.18 40.16 8.78

CRIBLZ5) =200 60.32 6.96 12.77

HH 100.00 32.84 100.00
"""""""""""" MRS 3449 8497 90.06

b 3.45 39.16 4.15

e ] B 57.33 2.01 3.55

ik it 4.73 15.42 2.24

e 100.00 32.54 100.00
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i 10 AAL, (R H ML IR R 0 R AT
FLEERS B0 CaF, [IUSCEE Ny 12,77 %6 5 i 48 W 46 it
25 A LR T A RLE , BT Cal, SRR E2.01% .
B - AT RN 5.79% . BT UL L v 46 i 245 AT
i 3 PR AR 3K K B B T R A T A OAS FRE
W % A R O 3 A T I 4 B 2 Ak B
3.3.2 VHEEFRBh 2 K R

AT 5 77 i A DR AT I R T T 43 PR ) R
7 B TR Ak 7K B B Bl 2 A 24 R0 A fig 3 R 4 o O A
Ao H I TEHLAN R0 K BB B A A HL R
DA B R AR R L E MY VKRG B B TR AR . AR IR
TR0 43 0l N B TR R Ak 7K B B+ A R R B R Ak K B
SE AT VR R0 B 2 B e g LAt K 56 2% 1 T
AR RIS R LR 11,

11 PHEFHMEERASKESER
Table 11 Test results of types and dosages of regulators

A A B8 TR ¥ 23 KA B s 5 3 A 5 SR TR £k
IK B B - AL TR R T K B I B 4 o, RLRS
07 CaF, by A2 Th 0 100 Ml [0 i 3R 32 ¥ I A8 L 4 & XF
AT B PR OR B B . R SE A R
T BR A K BIHE X Tk A7 4 38 5 1 400 o] A0CR A T IR Ak
IKBEHE HBRAR G . I Ve 4% IR A K BERE AR D g
PF LA R L B E AR 2 500 g/t
3.3.3 Al WA i 28 B T R i B

JIE 3 1R 484 A i I DL R o i i R 45 B i 1
SO 7 A 3 2 Tl AR B et . Herpr s i
1 Xk A1 B s ok, RO R A T J0 R BN AT A
ALV 7R o LA AS 32 40 ) 790 ik 1R A ) R o R AT T
AT R AR e TR () 43 S A A
FRYCPEINIR GY4 J2 A Al A Wi e JT Ji 2 A 41l o)
Foft 26 K 4R, A 28 PR AR o A MR R 2
LA 25 R L& 12,

12 HEHNHERAELEER
Table 12 Test results of collector types and dosages

R R/ R fel ——

ot PO, i el I
BE (g0 KB R/% }/ 41;%/%
AR 32.83 86.21 86.58
300 R 67.17 6.53 13.42
e 100.00 32.69 100.00
bicki20n 35.98 84.29 92.63
GY4 400 B 64.02 3.77 7.37
450 100.00 32.74 100.00
ik 20n 37.67 81.67 94.31
500 =20n 62.33 2.98 5.69
En 100.00 32.62 100.00

"""""""""""""""""" HRH- 36.27  80.21  88.89
300 R 63.73 5.71 11.11
45 100.00 32.73 100.00
- HAE T 41.39 74.29 93.60
parren 400 =270 58.61 3.59 6.40
L0 100.00 32.85 100.00
HAE 45.26 69.21 95.39
500 R 54,74 2.77 4.61
LN 100.00 32.84 100.00

Gpo R/ R R o
i b AR iz )
P TN S 1 ﬂ} / Wff%k/%
HAE 34.55 82.60 87.22
0 ==%n 65.45 6.39 12.78
e 100.00 32.72 100.00
bk XN 37.66 80.29 93.09
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Fig.2 Open-circuit flow chart of fluorite flotation
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Fig.3 Flowsheet of the full process closed-circuit test
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