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A study on the pre-concentration and experiment of pulsating high
gradient magnetic separation of chalcopyrite and arsenian pyrite
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Abstract: To address the challenges of low separation efficiency and high reagent consumption in the flotation of high-
arsenic copper ores, in this study, we proposed a copper-arenic ore pre-conentration technology by using the Pulsating High
Gradient Magnetic Separation (PHGMS), and systematically revealed the mechanism of magnetic susceptibility differences
between chalcopyrite and arsenian pyrite. Crystal field theory analysis revealed that Fe** and Fe** ions in chalcopyrite
occurred in the tetrahedral fields whose low crystal field splitting energy (A,) resulted in the significant high-spin magnetic
moments (4.90-5.92 B.M.). In contrast, Fe’* in arsenian pyrite, occurred in the octahedral fields whose high splitting energy
(A,) resulted in zero magnetic moment under a low-spin state. These foundings provided a theoretical basis for selective
magnetic separation of chalcopyrite and arsenian pyrite. The experimental results for the separation of a certain kind of
high-arsenic copper ore by using the SLon-100 magnetic separator show that under the optimal separation conditions
including the grinding fineness of 60% passing 200 mesh, magnetic wire diameter of 2.0 mm, magnetic induction intensity
of 1.5 T, pulsation frequency of 200 r/min, and slurry flow rate of 3.0 cm/s, through a PHGMS roughing-scavenging of the
SLon-100 PHGMS separator, the obtained copper concentrate has the increased copper grade of 0.93% from 0.71% at a
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copper recovery of 93.30%, while the obtained copper concentrate has the decreased arsenic grade of 0.61% from 0.95% at
an arsenic removal rate of 35.79%. The separation efficiency of 33.31% has been achieved for the separation of the high-
arsenic copper ore by using this technique. The concentrate of the copper-arsenic separation through the intensified
magnetic separation of the PHGMS technique has relatively high copper grade at high copper recovery, offering reduced
environmental impact. It provides an innovative solution for the green and efficient utilization of complex high-arsenic
copper ores.

Keywords: copper-arsenic separation; pulsating high-gradient magnetic separation; magnetic pre-concentration;

separation mechanism
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Fig. 1. Structure of the SLon-100 cyclic PHGMS separator
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Table 1. Chemical compositions of the high-arsenic copper ore

TR Cu As S Bi Pb WO,
TR/ % 0.71 0.95 8.46 0.0155 0.040 0.046
JCH Zn Au* Fe Sio, CaO MgO
T Y% 0.011 0.011 15.18 32.18 13.75 4.24
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Table 2. Copper phase analysis results of the high-arsenic copper ore

Wi YAEBRAHRICu i & B AHICu H B LA Cu JEAERRAL SR Cu A ACu
% 0.016 0.016 0.027 0.651 0.71

I L3 /% 224 2.24 3.83 91.69 100




1008 VI /= S 2025 4

SR NE, HEIX93.93%, HAEASH 52.24%, HHSENH 53.83%. BIAENLEN
6.07%, KIEENFRbriE, Z0 8 TR MRS . XL RIS (H2) Bx, FETY
BIAA A AYE. 3R, DU BEEEY 5SS, 24 RS nw AR
= — 3

5 1-FeS,
2-FeAsS
3-Sio,

30000 4-CaMg(CO,)
5-CaCo,
6-CuFeS,

4
el
- 20000 |-
1
10000
51 2
L oaMllizh o S e
Olguj ‘EEI.MAM A f‘n’dll i‘_ﬁ‘hﬂ] Ao i o
20 30 40 50 60 70 80 90

26/(°)

P2 B X AT 20 b i
Fig. 2. The XRD pattern of the high-arsenic copper ore
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Fig. 3. Coordination structures of iron ions
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(@ 1 I [ (b) ] l L.
d‘w d}'! d'n;\. - du d}'{ d“ =
| 1 e o S . e

d2,2 dp2 de2p2  dp

a. Fe**; b. Fe*',

K5 SEERTFe ) H g 5 Hi A
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Fig. 7. Effect of the magnetic induction on the separation performance
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Fig. 10. Effect of the magnetic matrix wire diameter on the separation performance
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Table 3. Results of a PHGMS roughing-scavenging process
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Al 100.00 0.71 0.95 100.00 100.00
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PEM PHGMSE AR i 7 B Fh (KPR RE, AWFFEIN T A KRS E: ST P58 (Ry) Aoy
BERE (SE) ), XEeSHOTE IR

RA _ ﬁF,As _ﬁCu,As

* Br 4s @
. ﬁCu,Cu : (ﬁF,Cu _ﬁAs,Cu) : (ﬁF,As _ﬁCu,As)
SE= ﬁF,CuﬂF,As . (ﬂCu,Cu _ﬁAs,Cu) (3)

Kt BecMBrcur Buis.cMBeuas? NG FETRED FICuM A AL Be oy Bas.cu I TFHENEF 1
PICuf i MRHEX)AKG)IHE, RAFSESD HIN35.79%F133.31%, iXLesh KB, PHGMSIEN
—FREAOR . IR T 3 B ik A T R R A5
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1 WIS P 2 e (A B, BT HTFEEE (P . B TFe T\ A,
F s s Ao 5 4R = A B TS RS R RR A 0008, S EF e TR B HOIRE, A hew
FONZE, R UL TCVATE bl B R 1 R P A G R 3R . AHLEZ R, BRI F e T R0 ) DU T
W, R HEEA<H T T REP, BUEFeIdPIE B0 S HELPUIE, M E a1 &
HHECRAS, WAEARNE ., XA AT B0 78 5B R Rl ik o R b g A R A R 3
2) RIS REW, KA W87 MmO BRI IRAR, AR AT XU E ERIE RS
AR A, SRS R SRR, A TIA£10.93%, [FIREH93.30%; it
A PEA0.61%, R NA5.74% . [FIRT, Al 23R 3 A5 B R0 73 5l N 35.79%R133.31%, PRI T
34 0 Ak A - 43 5 R F PR AR
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