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Table 1 Chemical multi—element test results of raw ore

WAy W% L% % | My SE%
Zn 1.60 ALO, 1.66 S 1.09
Cu 0.08 Sio, 37.66 As 27.8
Pb 0.01 Ca0 5.56 cd 50.60
TFe 3.38 K,0 0.36 Au <0.10

MgO 34.47 Na,0 0.28 Ag 3.96

1 Cd Au Al Ag 5 B PR AX107°
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Table 2 Zinc phase test results of raw ore

BRI % S A%
ivEe 0.01 0.62
AALEE 0.07 435
TALEE 1.51 93.79
HAWIE S5 0.02 1.24
At 1.61 100.00
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Table3 Test results of mineral composition and its content

7] /% 7] /%
BRINEF 1.81 AR A 0.40
Lz ee) 69.31 Haztk 0.33
AT 11.15 BRI 0.20
faRA 2.58 T B 0.15
£ 3Ina) 2.55 A 0.11
Ji A1 243 HafA 0.09
RHCAT 1.95 W 0.06
A 1.36 e 0.05
e Stpa) 1.22 WA 0.04
Fag 1.11 HLA A 0.02
A 0.93 [ o 0.02
Btk 0.67 IR 0.98
37> 0.48

A GV T A, RN 4R 69.31% |
11.15% .2.58% .2.55% f12.43% . P 1(a) Al %0, 4%k
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e Sieara UM ooE R F, SiEA axilefa il
R =ou ML B . B T(h) AT BEar
A FESReA T iRa GRINEET FE A S5
e A MR NERT A oo 8 3, 507
fife A VAT DL =TT S VA A
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Fig.1 Symbiotic relationship between minerals in marmatite and serpentine
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Table 4 Test results of chemical multi—element

of serpentine
g /% % R %
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Fig. 3 XRD pattern of serpentine
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Fig. 6 Test flow of roughing zinc recovery
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Fig. 8 Effect of citric acid dosage on flotation indicators
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Fig. 9 Effect of sodium hexametaphosphate dosage on
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Table 5 Test results of closed circuit flotation

zinc—cadmium

i p— /% [ /%

AR Zn  Cd  Mg0  Zn Cd MgO
BORETT 2.89 4852 1400 192 8947 8420  0.16
BH 9711 0.17 7.82 3547 1053 1580 99.84
JFAT 100.00 1.57 48.00 34.50 100.00 100.00 100.00

TE: Cd ShRLEAL Ry %1070

ORI . 5P A (2021) X 2 B 2L PR B
BERT B M B, AR TRk T2 7 R A
H18.36 4~ A 4 A RIS B 41 B A HL A I 0 T, HiUAS
THE RS 85
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Sk — I ST RS BR + 7 D A TR M 7 e 60
TG A AR FHAILBEL, 3 SR F7AGE R 7 i 19l R ik LA B —
FAE R AR AE RS 0 e S0 T R 2L AT A
Mo, 55 i 13 FfE 14 0 .

A P 13 AT, A A6 R 41 A1 61 7F 3 495 em!
1743 em™ .1 699 em™ .1 139 em™ F1 934 em™ &b H F
SANFRIEE , 23550 %F . —OH 4 4 8l L C=0 4
N C=0 M5 3R ENE | CH, 1Y 1 A MTATIR shik L) K
OH -« - 0=/ [ FME LR 516 (Liu et al,2021a; # B
7,2022) s FEANTRBE R AN LT AMEIE T, 1 254 em ™ 4k
F BRSNS Y P=0 {45 PR shi , 1 085 cm™
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Fig. 14 Infrared spectrum of serpentine before and after

inhibitor treatment
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Table 6 Elements content of the marmatite surface
before and after inhibitor treatment
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Experimental Study on Flotation Recovery of Zinc and Cadmium from
Refractory High—Magnesium Low—Grade Zinc Ore

GE Yangyang"?, ZHANG Kaixi"?, TIAN Jiangtao"’>, WANG Yaxuan', WANG Su"?, WEI Gang"?,
CAO Yueming"?
1.Hebei Research Center for Geoanalysis, Baoding 071052, Hebei, China;

2. Hebei Key Laboratory of Mineral Resources and Ecological Environment Monitoring, Baoding 071052, Hebei,
China

Abstract: A refractory zinc ore, distinguished by its high magnesium content and low grade, was found to
contain valuable elements, primarily zinc and cadmium, with concentrations of 1.60% and 50.60 g/t,
respectively, predominantly hosted within marmatite. The principal impurities in the ore were identified as SiO-
and MgO, with concentrations of 37.66% and 34.47%, respectively. The gangue minerals were primarily
composed of serpentine, pyroxene, amphibole, and chlorite, with marmatite exhibiting a complex paragenetic
relationship with these magnesium-bearing gangue minerals. To effectively mitigate the adverse effects of high
serpentine content on zinc flotation performance, a series of systematic single-factor flotation condition tests
were conducted. The interaction mechanism between a combined reagent of C,H;O,+(NaPO,), and serpentine
was analyzed using infrared spectroscopy. Additionally, changes in the elemental composition and
morphological characteristics on the surface of marmatite, both before and after treatment with C,;H;0,+(NaPO,),,
were meticulously examined using scanning electron microscopy and energy dispersive spectroscopy(SEM-
EDS). The optimal technical parameters for the roughing flotation stage were ascertained through experimental
investigations. These parameters comprised a grinding fineness of 75.23% passing 0.075 mm, a C;H,O, dosage
of 600 g/t, a (NaPO,), dosage of 800 g/t, a CuSO, dosage of 500 g/t, a butyl xanthate dosage of 120 g/t, and a
No.2 oil dosage of 24 g/t. Utilizing a closed-circuit flotation flowsheet characterized by “one roughing, two
scavenging, and two cleaning stages, with middlings sequentially returned to the preceding stage”, a final zinc
concentrate was effectively produced. This concentrate exhibited an assay of 48.52% Zn, 1 400x10° Cd, and
1.92% MgO, with respective recoveries of 89.47% for zinc, 84.20% for cadmium, and 0.16% for magnesium
oxide. Infrared spectroscopy analysis indicated that the interaction with the C,H,O,+(NaPO,), reagent system
resulted in the emergence of two new distinct absorption peaks on the serpentine surface. The observed
spectroscopic features were identified as the C=0 and P=O stretching vibration peaks. Simultaneously, the Mg-
O out-of-plane vibration peak exhibited a shift from its initial position at 567 cm™ to 546 cm™. These
spectroscopic alterations suggest that the reagent combination likely adsorbs onto the serpentine surface through
complexation. Further corroboration was provided by SEM-EDS analysis, which revealed that post-treatment
with C;H,O,+(NaPO;),, elements such as O, Mg, and Si were no longer detectable on the marmatite surface.
Notably, the marmatite surface was predominantly devoid of adhering serpentine particles. This compelling
evidence indicates that the application of C;H,O,+(NaPO,), effectively mitigates hetero-coagulation between
serpentine and marmatite, thereby significantly enhancing the selectivity of the flotation process.

Key words: high-magnesium; marmatite; serpentine; citric acid; hetero-coagulation; cadmium
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