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Pilot Continuous Separation Test on Comprehensive Recovery of Silver,
Iron and Manganese from a Silver-Polymetallic Ore in Heilongjiang
MENG Xianwei', ZHANG Qiang', LIU Diange', FENG Cheng®, SUN Dayong®, LIU Jiayan®
(1.Heilongjiang Geology and Mineral Resources Investment Group Co., Ltd., Harbin, Heilongjiang 150090, China;
2.Changsha Institute of Mining Research Co., Ltd., Changsha. Hunan 410012, China)

Abstract: The silver in a certain silver-polymetallic ore in Heilongjiang Province mainly occurs in sulfide minerals, the iron and
manganese mainly occur in carbonate minerals, and a small amount of iron occurs in magnetite. In order to efficiently recover
silver, iron and manganese from the ore, a combined flotation-magnetic separation process of silver flotation-iron low-intensity
magnetic separation-manganese high-intensity magnetic separation was developed. The beneficiation indexes obtained from the
closed-circuit test of the whole process are as follows: the silver grade of the silver concentrate is 3 287.35 g/t, and the
recovery rate is 85.82%. The iron grade of the iron concentrate is 60.74 % , and the recovery rate of magnetic iron is 79.85%.
The manganese grade of the manganese concentrate is 15.03% , and the recovery rate is 76.65%. By optimizing reagent dosage
and improving the process configuration in the pilot continuous separation tests, a silver concentrate with a silver grade of
4 120.36 g/t and a recovery rate of 88.75% , an iron concentrate with an iron grade of 62.38% and a magnetic iron recovery rate
of 79.42% , and a manganese concentrate with a manganese grade of 15.06% and a recovery rate of 73.97 % were obtained. The
tailings water after flocculation and sedimentation with polyacrylamide is reused in the whole process, and the fluctuation of
concentrate indices is less than 3.0%. The research results can provide a reference for the comprehensive utilization of similar
complex mineral resources.

Key words: Silver-polymetallic ore, Flotation-magnetic separation combined process, Continuous separation test, Silver

recovery, Comprehensive recovery of iron and manganese
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Table 1 Analysis results of multi-element chemical

composition in ore sample %

Ag* TFe Mn Si0O» MgO CaO Au” Cu
452.25 21.13 6.42 27.36 1.25 2.82 0.012 0.003 2
MFe K:O Na,O AHLK 2C S Al, O3 As
2.73 0.28 0.13 0.16 5.62 3.26 1.74 0.036

o Ag Al Au BRIl g/t
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452.25 g/t.21.13% .6.42 % , 7= %23 3 2k 5 B £ 1)
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Table 2 Chemical phase analysis results of

silver in the raw ore

A R/ (g/v Sy A2/ %
B AL 4R 396.85 87.75
B AR 9.27 2.05
AT Py AR 6.11 1.35
TEMR £ 4R 39.03 8.63
AR PR 0.99 0.22
B 452.25 100.00
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Table 3 Chemical phase analysis results of

iron in the raw ore

B /% AR/ %
TE R 4k ik 0.70 3.31
R AT Bk 0.79 3.72
A ik 2.45 11.59
E /IR 2.40 11.36
e Rk v 42k 14.80 70.02

Bk 21.13 100.00
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Table 4 Chemical phase analysis results of

manganese in the raw ore

i AH /% Sy A 2/ %
fire 2 4 v 4 6.34 98.72
T 2 e 7 0.05 0.71
A AL R 0.04 0.57

B 6.42 100.00
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Fig.1 Closed-circuit test flow of silver flotation
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Table 5 Closed-circuit test results of silver flotation

R R Y% Ag i/ (g/v)  Ag IR/ %
A 11.84 3 287.35 85.82
B 88.16 72.92 14.18
Hit 100.00 453.37 100.00
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Fig.3 Test flow of regrinding and re-separation for

rough concentrate of low-intensity magnetic separation
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Table 6 Test results of regrinding and re-separation for

rough concentrate of low-intensity magnetic separation

(=] %/ (=Ryiv] hr 3%/

B & P Z;ﬁu\ F':yf/ Fe L;{\/A/ Fe @Q)(i/
FeK 75.70 57.67 87.53
N th 24.30 25.60 12.47
a1t 100.00 49.88 100.00

""""""""""""""" FeK 7070 6017 85.45
7?503(5)%‘“ 29.30 24.72 14.55
&1t 100.00 49.78 100.00
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Fig.4 Effect of magnetic field intensity in
high-intensity magnetic roughing separation

on indicators of rough concentrate
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concentrate of high-intensity magnetic separation



R FEALER S BT AREESERY KB R REFR[I]F LHFEL FFK,2026,46(4). 269

152 0 2.3 ERBEBRHR
150 — s S PR IF 16 L 7 2 R A 1 IR B I T2
£ s . HEAT T VR R . T 5 HLAT 5
= —way 7Y —0.025 mm (% 90 %4 . 5% i 7 1P R I BN e 4
B0 ‘ % Wl B B U 6 38 UK — [ 3 A
144 |, SRR I, LA ok B L T - R T P B
12t ° WP 7 s R R 7, R T AT, A
75 80 82 81 80 85 00 62 01 86 VLR A B 6 T LA AR A 3 284.78 g/t [l

-0.025 mm 5 k%
6 BEMENBEEHEBT T HERNZN

Fig.6 Effect of regrinding fineness on beneficiation

WE K 85.82 Y B RAE &, kil LN 60.74 % TG
BROM60.04 % JHETERR PR R 79.85 % R ERAE W,

indicators for rough concentrate of DL KCER b A S 15,03 % [T IR Ry 76.65 % 1Y 4R
high-intensity magnetic separation *Tila @" .
By
RHERA: gt <i>§W—MMmm5%%

«

FiB4E 50
TG+ THEG2 W 60+20+30

x dis
THEA+THEZ 30+10

THEE+THREY 1545

7
PR IE
0.15T
-0.025 mm 5 90%
BHREE 1
01T
BREAEE T
01T .
RAKY BRI
1T
\ 4 —-0.025 mm 5 95%
AT
BRI 1
08T
BRGNS I
0.6T |
BRI I

«— | 05T L
v v
By =

B7 REGESESEKET TZRE

Fig.7 Beneficiation process flow for the comprehensive recovery of silver, iron, and manganese
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Table 7 Results of full-circuit closed-circuit test of silver flotation and iron/manganese magnetic separation %
R . ; i 7 : miiEs :
Ag” TFe MFe Mn Ag TFe MFe Mn

WAs 11.76 3 284.78 20.25 0.78 2.24 85.82 11.20 3.34 3.99

it 3.65 126.24 60.74 60.04 2.74 1.02 10.43 79.85 1.52

B 33.64 115.84 31.74 0.69 15.03 8.66 50.22 8.46 76.65

==%n 50.95 39.78 11.75 0.45 2.31 4.50 28.15 8.35 17.84

it 100.00 450.24 21.30 2.73 6.60 100.00 100.00 100.00 100.00

s Ag S LB AN R g/t
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Table 8 Grade analysis results of selected cleaning froth

7 B AL/ (g/0
K — Ik 3125.27
LTI UR7 N 5291.72
K =0k 7 952.47
L RLRIERE 8 635.24
TFIL R 65.14

HH e 8 A A1, A T A M UE P AR A R
5291.72 g/t BB /NMAKE T FE AR 3 284.78 g/t
M 12 DY Je 245 B A RS 0 BR S 62 A 8 635.24 g/t i
B T /N AS B 00 A7, LV A AR S 0 R 65.14
g/t W TN BRI bR 39.78 g/t.
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T /MR TR AR (H 75 T E RS A B9 1] iR AT
T AR TR TSR S P o R R AT ok . R DA
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T /NI R 3 284.78 g/ M7 2 R ARE™ fh (LI T
AMEAEBR (65,14 g/ BT AT L, AL AL IS B9 7 38 3
BN A B
3.3 WERGM
3.3.1  Smk kB AL

TERESRIE N 0.15 T M2 AF T, 55 RERLIE BE™ i
A AL o BT 45 SR L3R 9. 3 9 W, 55 WA A
R4 B8 Bk ot (2 48 g, 7% 18 3] e 2 e L R R T e
7 B AR e LT W AR A7 B9 A8 ROR B, TR Ik
55 B e LRG0 AN PR ELIREAT A 2 . D sE oy el
PR 42 PR B 1] e 5, 4 585 Tl HEL 32 114 1 7 9
FETHE 0.3 T AT 7 ik iKW AR IS 9.

R BREMES RS

Table 9 Grade of products obtained from low-intensity

magnetic roughing separation %

Wiy BECH PR W R Bt St
MR/ ORET K Y N BY B
T TFe TFe TFe MFe TFe MFe
0.15 54.26 59.52 62.75 60.72 20.35 0.72
0.30 53.54 59.06 62.34 60.51 19.47 0.51

MR 9 AIHLFER v EE R 0.15 T 3 M= 0.3
T B, 55 BEAERG 07 2% 5 LB A T B, B 54.26 26 B AR
F53.54% BT 0.72 N E M. 2GRS 1k
KiW TFe fh 7 W BE A TR, 62.750 T B &
62.34 %0 ANLBEAR T 0.41 A EH /. HAREAM T
ARG, BB A& i 20,35 %0 FRAL R
19.47 % FEAR T 0.88 A~ 43w » PR I 55 4 40 326 1Y) 4
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Table 10 Grade of products obtained from

high-intensity magnetic separation %
MRS fif K SRR
Mn Mn TFe MFe Mn
10.25 13.46 33.65 1.03 3.78

Hi 3% 10 W1, SR R AT BB 2 3.78 %0, 7
F/NABYZER 1,47 A F 70w ONR S8R B R0 1 5
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R 895 & i .
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Table 11 Test results of iron removal of manganes rough

concentrate by high-intensity magnetic separation

PIAUA 13.83% , 5 /MREERE B A% S 7 15.03 YA 2255
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Fig.8 Flow of magnetic field intensity test for

cleaning of manganese rough concentrate
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Table 12 Results of magnetic field intensity test for

cleaning of manganese rough concentrate

R 7 Fll AL/ % FEML IR % / %%
A L PR/ % Mn Fe Mn Fe
T MnK 50.13 15.37 31.93  67.21  59.59
0.6 T MnH 2 13.49 10.53 29.15 12.39  14.64
Wi Z%5: Mnth1  36.38 6.43 19.03  20.40  25.77
03T &3F 100,00 11.46  26.86 100.00 100.00
0 MnK 49.01 14.93 31.05 64.52 57.83
0.5 T MnH 2 1281 13.85 30.12 15.65 14.66
WiZ%i#: Mnth1 3818 589 18.96 19.83 27.51
03T A1t 100.00 11.34  26.31 100.00 100.00
T MnK 52.38 15.04 31.31  70.65 63.02
0.6 T Mn ™2 11.18 8.57 23.80 8.59  10.22
K MnH1 36.44 6.35 19.11  20.75  26.76

0.4 T &3F 100,00 11.15  26.02 10000 100.00

A/ % mk R/ %

T AR TR Mn Fe Mn Fe
K 46.14 12.35 36.46 43.34 49.99
=200 53.86 13.83 31.25 56.66 50.01
At 100.00 13.15 33.65 100.00 100.00

FH 28 11 ] 1, 0] 58 358 B R 07 AT — R TR R
BRJG AR A5 00 5 REORS B B9 R L AR Y AL 4 0l R
12.35 % F1 36.46 %0 , 5% i & 1 149 s o7 0 428 7 4
Bk 13.83% F11 31.25% , % i 7 AH 25 1.48 A~ H 41
RUCER DI ARZE 5.21 A 43 A BRI A B AR AT
T 6 1) 4 25 A8 R A 2, TR MG 7 5553 TG 0 2k 00 i e 32
22 V) 80— YK T B 15 L R A 3K B B S R RS
Rk H .

P T FH B O ST A T AL IR 2k 22 U P A A

H e 12 A AT, 1R — RS — 19 39 43 51 oy 0.6
T F1 0.3 T B A kE0 1Ak AL B i, o4 15.37 %0 . H Uik
AF s 1 L [T S 3 B L AR Ol 67.21 06 5 2 K — FIDKS
TRy R 0.6 T A 0.4 T BE, 55 R
15.04 %6 » BE I (4 VAl TR0 B i o O 70,65 %0, 25
B 7% LR LR R BRRE — FURE 1Y 3 58 41 S
0.6 T #10.4 T,
34 FARERRBBESTHEHIER

MALE BB KRR & 9 iR, #ELZE 9 A4
PERAL 72 h IR FE bR TR LK 13, H R 13 1)
Y S ZARAT P ERORS BT AR S 2Dl 4 120.36 g/t [l
Wk 88.75 Vo s BRKE BBk i Al 62.38 %6, WEMEER
60.67 %0 o RGP AR TSR A 79.42 % 5 5 0 50 A B 4
2k 15.06 %0 4 MR N 73.97 % .
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Fig.9 Process of expanded continuous beneficiation test
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Table 13  Average indicators of continuous beneficiation test for 72 hours %
. .. EA EEIE
7 fh 44 B 7 =
Ag” TFe MFe Mn Ag” TFe MFe Mn
AR 9.79 4 120.36 21.20 0.78 2.16 88.75 9.73 2.98 3.22
AT 3.35 79.60 62.38 60.67 2.52 0.59 9.80 79.42 1.28
R 1 17.17 99.87 31.47 0.64 15.08 3.77 25.37 4.30 39.32
HiAED 2 15.18 80.69 31.31 0.63 15.04 2.70 22.30 3.74 34.65
AT 32.35 90.87 31.40 0.64 15.06 6.47 47.67 8.04 73.97
A 54.51 34.96 12.83 0.45 2.60 4.19 32.80 9.58 21.52
S 100.00 456.57 21.17 2.56 6.52 100.00 100.00 100.00 100.00
W Ag WAL AL R g/t
3.5 EKIH KiERIRIEH R0 TN 22368 390 5 D9 07 Tk e » o R T DL R 22 )5 IV W)

TE 1 7K 5 ) BE A b T R 0] K 5 1] R4 o [ P 28 A A I 20 ) BT B AR e 4 O R A 5 5 1l
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Table 14 Comparison of beneficiation indicators under

fresh water and return water conditions
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