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Experimental study on the recovery of a gold-bearing pyrrhotite
flotation tailings in Shandong by using magnetic separation technique
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3. School of Mining Engineering, University of Science and Technology Liaoning, Anshan 114001, Liaoning, China)

Abstract: A gold-bearing pyrrhotite ore in Shandong contains 1.60 g Au/t and 1.86% sulfur, belonging to
gold-bearing pyrite. The research results of ore properties show that in some part of the ore gold is trapped
in pyrrhotitein as the carrier with a mineral content of 0.96%, a gold grade of 8.25 g/t, and a gold
distribution rate of 5.25%. The production process still has room for improvement in the recovery of gold
minerals with pyrrhotite as the carrier. Thereforefore, a comparative test of recovering gold in pyrrhotite
from raw ore and tailings was carried out. The results show that magnetic separation is not suitable for raw
ore while gravity separation is not suitable for the recovery of gold-loaded pyrrhotite in tailings. However,
for gold-bearing pyrrhotite, effective enrichment can be realized by using the magnetic separation process.
Based on the results, the full-size magnetic separation process was selected and tested, producing a
gold-bearing pyrrhotite with a gold grade of 1.52 g/t and a sulfur grade of 2.87%. The recovery rates of
gold and sulfur were 52.09% and 62.93% from the tailings, respectively, and were 12.27% and 18.56%
from the raw ore, suggesting the full-size magnetic separation is an effective process for comprehensive
utilization of gold minerals with pyrrhotite as carrier.
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Tab.1 Analysis results of main elements of the ores (mass fraction)
J&ar Au’ S Cu Pb  Zn As
e JFH 1.60 1.86  0.07 0.02 1.60 0.01
[===N

By 039 061 003 002 039 001
D% Ca0 MgO SiO2 ALOs Fe
JFF” 1274 751 3125 1026 5.03
By 1474 951 3317 1226 6.03
7 Au S REEATA gty AR

K2 AN WERNESERTEDE)

Tab.2 Determination results of mineral composition of the ores
(mass fraction) 1%

el ERET WMISEERDT WIBTT WiKA Asf AR

JFE" 2.40 0.96 0.38 1127 898 1746

RA 020 1.51 0.39 12.12 5.68 2638

Fedh IEKA SEREA TTa RSRS fikh HE

W 8.20 3.04 12.19 4.68 5.08 2536
B 13.52 2.00 7.18 4.60 3.86 22.56

R 3 RN EEYWBRATHLE
Tab.3 Particle size distribution of main minerals in the raw ore
TR /% WESERD /%

A IERR MR ADal ERERMR RN

+0.25 / / / / / /
-0.25+0.15 / / / / / /
-0.15+0.10 4.24 / 100 / / /
-0.10+0.074 14.82 19.06 95.76 4.64 / 100
-0.074+0.043 19.51 38.57 80.94 18.09 22.73 95.36
-0.043+0.020 25.79 64.36 61.43 2531 48.04 7727
-0.020+0.010 17.83 82.19 35.64 27.15 75.19 51.96

-0.010 17.81 100 / 2481 100 /

FLZ/mm
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Tab.4 Determination results of gold occurrence state distribution

in the raw ore

. ; R /N
Rk =% AumE/(gt) F/%
BT S W) / / 46.44

(BRE. &R %)
HUVEE ALY #o ik 4 0.23 45.12 6.88

LSRN 2.40 19.25 30.65
TP B A 0.96 8.25 5.25
AR B 0.38 0.03 0.01

JikA O il S BRTR 2 12.19 0.85 6.87
Helks 83.84 0.07 3.89
a1t 100 1.51 100

A fLEIE 8.25 gty A RESEILX AR WL B BRAT 1Y [1]
W, AT ERCR PR

2 REES
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TR LASE, MFHEHEHGEIE . BT, B
A 20 P R 6 A G A R VP 58 4 o V7 326 R — L
—HREE, 27 ARG IR B 2 E N 120
g/t, ARV 2 SR 40 g/t RIS —UCH
RIS, RAKICH VA HEFC B F R IR o
JEHL(CRIMM DCIB70-200)/E ARG L%, BN
BRFEN 0.40 T, BEEAN TN 2 mm, 5045 R W 1.

B 15 RR, XFrmaEfell, BEE B g0
MBI, 4. BRESALSIEEIRAG, AN A
-0.074 mm 5 80%}, 4. BRAMALCEIRE| T RE
B B, XFFrrdielr, &5 BT 405 -0.074
mm 7 80%, (HIIHH T RFABEEMER, HATm
BRI N-0.074 mm (7 67%, R G S5 5 (Al
WORE BRI, B ) A FIR PN AL T R
BERAT RSO D

SFFRGEIE, 4. BRSO3 B 4
S R IEET T FErES, BT BEIE IR A R,
TEEEN 20 8-0.074mm (5 67% 1A= 4 B, 7]
CLBEUT (1 [T SCREE R P . 555 5 08, TE VAT [RTUR
WL, O FHEE, RN SN B 408N
-0.074 mm 5 67%HI T,
3.2 R HEEERY IR B

NT MR SRR R T REYE,
SeEAT 1 R SRAG SR B R T T, BT
WL B — e T, 5 RERE AR X M E
TSGR EISCRE S ™, 43 S0l R P A A7 126 7
o7 AT .



3 M PR (RS SRR R R ROE RSG5 25
0.6 0.6
o‘~~
- ) (b)
0.5 ~~~~~ O O o 0.5 —0— Au/(g/t)
---0--- /%
04 r 04 |
yuy =y
=03 ) =03 |
MJ [ M | Oemecmmeee_
02 —0— Au/(ght) 02 + 0 TTTTTTees “O-==-ue O-mmeee o
---0--- /% o— N
0‘1 Il 1 Il Il 1 0.1 1 Il 1 1 Il
65 70 75 80 85 90 65 70 75 80 85 90
-0.074 mm gy tb/% -0.074 mm g5 Eb/%

(a). IFiEfE k. (Flotation); (b). H4iZ1E N (Magnetic separation)
B 1 By AR RS R

Fig.1 Experimental results on the influence of grinding fineness
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Tab.5 Magnetic separation test results of the raw ore

BCARREER ) & S A TR SRR A, B
SRR RE 70%. LZAFR, HTEhEEE
NEREMEWY EML &Y, HEREE
46.44%, BUBSTEH VRN A 8 i s 1 & S0
(1D 73 i BB 78 L VIR rd R/ B =1 1 Ly s AN 24
P, ARITREMIEFEIL. GEHE,
DA A A0 1 B s B RST & 0 AR A, 25 RIS B
BARKI & SRR, 19K, T, AW
KR s 77 %

-0.074 mm 5 67%

-0.074 mm & 80%

=z
B e FER/%  oad@t)  ws/%  Rad% Rs/%  TER%  oa(@t)  ws/%  Rad% Rs/%
0.15 Bt 1 8.55 1.15 1.23 6.15  5.66 7.48 1.05 1.35 491 543
020 BV 2 9.35 1.65 2.10 9.64  10.55 8.81 1.55 2.05 853  9.71
0.40 WM 3 8.81 1.02 1.20 562  5.68 8.40 1.23 1.10 6.46 497
0.60  HiMEH ) 4 8.45 1.21 1.30 6.39  5.90 8.19 1.07 1.20 548 528
0.80 WM S 8.19 1.30 1.01 6.65  4.45 7.53 1.35 1.05 6.35 425
1.00  HiYET ) 6 3.38 1.15 0.99 243 1.80 3.76 1.26 0.83 296  1.68
AT 53.27 1.90 230  63.13 6596 55.83 1.87 229 6531 68.68
JEH™ 100 1.60 1.86 100 100 100 1.60 1.86 100 100
3.2.2 [ iR ZIHEHN 120 g/t, 2 SUHIE N 40 g/t, HILHER

X FRETERAT, LB RN Cu LA Ek7E
B 0 SR T AT SR A RN BTk, R
HEEA TN A R A T IR R s, 4y
A% PRI R R AR B RS A7), AT TR P B
beiaas, K —H . —H0AE, B 405 4-0.074 mm
5 80%, VFIRZAFIN: IINBRERAFIBRER, I

FHGE R 1/3, BlIRas RILE 2. & 2 555K,
TEVR BRI L L BRI M0 77, P A A 4
it s S ARA WP, X EEAR SR AR,
S WA T 2 WA A T B R e R
0 CREHRE, ANEVCREE MR 155 6
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Fig.2 Test results of the activator type and dosage
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Tab.6 Reselect exploration test results

FERAFR PI%  oadght)  o©s/% Ra/%  Rs/%
HYYL O 214 0.86 122 471 436

HY2  8.04 0.65 1.05 1339 14.06
Ay 17.05 0.55 0.95 2405 27.00
=t 72.77 0.31 045 57.84 54.58
ey 100 0.39 0.60 100 100

iy AT HE RN RNOX o AR 2R B R
IRGEOR, BT T AR gk 5 oy gk T L
WG, A TRHE R AR RS ROENL, 539
SR 0.15 T, SRELIER KD YR ST ) H i e
IR REEHL(CRIMM DCIB70-200), 4335 A 58 b
IR TEREN 02 mm, AR 3R b % R 5 45
RO 7. % 8 fiAl.

£ 7 EREE AR SR

Tab.7 Full-grade magnetic separation test results

BIT WA Pl% wad(ght) ws/% Ra/% Rs/%

0.15 ®WMT 1 214 045 071 247 249

020 WMT Y2 1576 135 236 5449 61.02

040 WMT 3 950 027 037 6.58 5.76

0.60 WMT P4 945 020 035 4.85 542

0.80 WMT PS5 691 018 024 3.19 2.72

1.00 ®WMT¥e6 402 016 031 1.65 2.04
Wit 5221 020 024 26.78 20.54

LERRM, EH W1 2 &MU 0.86 git.
0.65 g/t, EHEMBIFAWNE, SE0 AR, FE
& T R & WML TR B AT R FE 4E-0.020 mm Fi
G, XFFIXER A WARARRL R, et T
IR ECHIRE FIR. FET I, ANEUCRHEER
WA I SR .

3.4 BN HhERER

N MR SR ST T ReE, DA
WA B AE RGN, AT T R Ak R g
B (1B A
3.4.1 ARLNE S o G s

WA R g R, 74 LA-0.020 mm 3
YIRL AR AT T AL R R S mil 51%/4

RTERKRY, WNTAeRNYHE, &, Tt
w2 P EABCHHER EEBS, & s
A 1.35 gty 2.36%, &[EICRA 54%, ST &
BERRAT 1 NSO B

R8BI EN, WNTHgRGE, & BAESH
RIREIET W) 2 P HAEBCHHER S EBH . h
NF, (£+0.020 mm FIEH & & B %, 1
-0.074+0.043 mm FLHIRTFHI 4 B it AL dpe iy, AL
R A EE, +0.074 mm F1-0.043+0.020 mm F% % %F
B ESCR B s XEF-0.020 mm FRIERT X Rk
Wi, W) 2 4 AL 2 & 1+0.020 mm
Kigle, XL B R ZRAN 4.96% A 2.71%.
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Tab.8 Classification-magnetic separation test results
FEES% e RIAET &7 SR RIS %
fiZ/mm B/T G
Puwe Puar  oadgh ws/% Rau Rs R’ au R’s
0.15  WHET Y1 3.19  1.08 0.20 0.43 2.13 3.27 0.56 0.75
020 WA 2 17.66  5.98 1.18 1.34 69.51 56.88 18.26 13.10
0.40  WMET ) 3 3.70 125 0.15 0.55 1.85 4.89 0.49 1.13
0,074 0.60 W) 4 830 2.8l 0.12 0.23 3.32 4.66 0.87 1.07
0.80 WML S 6.14  2.08 0.12 0.21 2.46 3.04 0.65 0.70
1.00  HiMERH 6 402 136 0.13 0.29 1.74 2.79 0.46 0.64
- ERENER ) 56.98 19.29 0.10 0.18 18.99 2447 4.99 5.64
- B 100  33.85 0.30 0.42 100 100 26.27 23.04
0.15 T 1 342 054 0.65 0.97 6.17 4.95 0.91 0.86
020  WEIERY) 2 11.14  1.76 2.06 3.72 63.85 61.63 9.40 10.73
0.40  WETERY) 3 8.44 133 0.20 0.69 4.69 8.61 0.69 1.50
-0.074 0.60  WEMET 4 1175  1.86 0.18 0.43 5.88 7.44 0.87 1.29
+0.043  0.80  HEMEHWS 745 118 0.15 0.25 3.10 2.74 0.46 0.48
1.00  HiVER 6 468  0.74 0.12 0.23 1.56 1.62 0.23 0.28
- E[RALRIEY) 53.13  8.40 0.10 0.16 14.76 13.01 2.17 227
- B 100 15.81 0.36 0.67 100 100 14.73 17.41
0.15 WY1 335 054 0.45 0.92 2.56 2.01 0.63 0.81
020 T 2 33.17  5.34 1.43 4.00 80.16 86.40 19.71 35.03
0.40 WM 3 7.68 124 0.27 0.74 3.51 3.70 0.86 1.50
-0.043  0.60  HEMETW 4 879 142 0.25 0.43 3.72 2.43 0.92 0.99
+0.020 0.80  FHMEH WS 728 117 0.19 0.29 2.34 1.36 0.58 0.55
1.00  HMEwT 6 436  0.70 0.15 0.22 1.11 0.62 0.27 0.25
- AT 3538  5.70 0.11 0.15 6.60 3.47 1.62 1.41
- ey 100 16.11 0.59 1.54 100 100 24.59 40.55
0.15  WHET Y1 043  0.08 0.72 0.69 0.74 0.98 0.15 0.09
020 WA 2 235  0.44 4.33 2.81 24.22 21.91 4.96 2.04
0.40 WML 3 413 0.78 0.50 0.78 4.91 10.69 1.01 1.00
-0.020  0.60  HEMETW 4 536 1.01 0.25 0.38 3.19 6.82 0.65 0.64
+0.010 0.80 RS 427  0.80 0.21 0.30 2.13 4.27 0.44 0.40
1.00  HiVERHD 6 407  0.77 0.25 0.36 2.42 4.81 0.50 0.45
- ERENER ) 79.40  14.97 0.33 0.19 62.38 50.53 12.78 471
- B 100 18.85 0.42 0.30 100 100 20.48 9.32
0.15 WY1 028  0.04 1.35 0.96 1.08 0.70 0.15 0.07
020  WETERY) 2 1.16  0.18 5.88 3.18 19.47 9.61 2.71 0.93
0.40  WEATERY) 3 270 0.42 0.25 0.69 1.93 4.83 0.27 0.47
0010 0.60 I 4 351 054 0.22 0.37 2.21 3.39 0.31 0.33
0.80  WETEW 5 3.44 053 0.23 0.29 2.26 2.58 0.31 0.25
1.00  HiVER 6 270 0.42 0.21 0.27 1.62 1.93 0.23 0.19
- E[RALRIEY) 86.20 13.26 0.29 0.34 71.42 76.97 9.95 7.45
B 100 15.38 0.35 0.38 100 100 13.93 9.68
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4223 8 (Tab.8 continued)
FEHS% e PRV R /% YR RIS/ %
$iZ/mm B/T LG
P iy Py wad(glt)  ws/% Rau Rs R’ Au R’s
- +0.074 / 33.85 0.30 0.42 / / 26.27 23.04
- -0.074+0.043 / 15.81 0.36 0.67 / / 14.73 17.41
2% - -0.043+0.020 / 16.11 0.59 1.54 / / 24.59 40.55
a1t - -0.020+0.010 / 18.85 0.42 0.30 / / 20.48 9.32
- -0.010 / 15.38 0.35 0.38 / / 13.93 9.68
- B / 100 0.39 0.61 / / 100 100
0.15 WY1 / 2.28 0.41 0.69 / / 2.40 2.59
020  WEIERY) 2 / 13.70 1.55 2.75 / / 55.05 61.84
0.40  WETERY) 3 / 5.02 0.26 0.68 / / 3.32 5.59
Wik 0.60  RETERW) 4 / 7.63 0.18 0.35 / / 3.61 4.32
a1 0.80  HEMERW S / 5.76 0.16 0.25 / / 2.43 2.38
1.00  WiVER 6 / 3.99 0.16 0.28 / / 1.68 1.81
- ERENER ) / 61.61 0.20 0.21 / / 31.51 21.47
- B / 100 0.39 0.61 / / 100 100

g5 BRI, WLETTCASRILRE S SR kA
A RCE S, PIMELILETT RIS MAL 1.5 git
T RETER 1, XA RO 55% 47, T
BLAIRERSRIEDY 0.2 To X EUMRITT 58, BRI
WA RO XA PR =, HARS 2R
SR EHL IS, o3 PR L A JR R 32k BT 75 R 3
#RZ, TEREBMANESR, BRBEARAER

3.4.2 WLEN AL

TERGIE R b, N T Ak — it md it
FEIA AL AT e, HEAT T REE A SRR,
RIERE 91.5. 22 3 mm FISEMSRILIEN BT, R
R FHARRRGE TR, WIRIERREESE M, 45
RYITR 9. RERY, MEEMENRERNIZD
B, BT 2 AL BFG, EANTEH

%, ik, BVCKH SR RETT 5. BHEIRAN T, & EHIRGEREANTUEAN ¢1.5 mm.
R 9 RN RARRE SR
Tab.9 Effect of magnetic separation medium on test results
WA e Y FEMVF=2/% oad(g/t) ws/Y% Raw/% Rs/%
WM 1 2.08 0.45 0.71 2.40 242
TR 2 13.38 1.52 2.87 52.07 62.93
pl.5 mm . .
AEREE W 84.54 0.21 0.25 45.52 34.65
A 100 0.39 0.61 100 100
HEHE ) 1 2.08 0.45 0.71 2.40 2.42
W) 2 15.35 1.35 2.64 53.14 66.45
®2 mm . .
AEREE W 82.56 0.21 0.23 44 46 31.13
A3 100 0.39 0.61 100 100
HEHE ) 1 2.08 0.45 0.71 2.40 2.42
W) 2 15.65 1.33 2.59 53.30 66.55
»3 mm . .
AEREE W 82.27 0.21 0.23 4430 31.02
o 100 0.39 0.61 100 100
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Tab.10 Comprehensive test indexes of the whole process
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Fig.3 Whole process flow
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