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Abstract

Low-grade zinc oxide ores suffer from problems such as low grade, complex mineral composition,
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and dispersed zinc occurrence, making it difficult to achieve ideal recovery results with single ben-
eficiation or metallurgical methods. This paper reviews the research progress on major processing
methods for low-grade zinc oxide ores, focusing on analyzing the process characteristics and appli-
cable conditions of acid leaching, alkaline leaching, beneficiation pre-enrichment, sulfide conversion
and flotation, roasting-leaching, rotary kiln volatilization, combined beneficiation-rotary kiln volati-
lization process, and other enhanced processing methods. The results show that acid leaching is a ma-
ture process with a fast reaction rate, but it is easily affected by high acid consumption, silica gel for-
mation, and co-leaching of impurities. Alkali leaching has better selectivity and is suitable for high-
silica and high-calcium-magnesium ores, but the issues of reagent recycling and industrial scale-up
still need to be addressed. Pre-enrichment in mineral processing and sulfide conversion flotation
can improve the properties of feed materials. Roasting-leaching, and rotary kiln volatilization are
suitable for complex and difficult-to-process ores, but they have high energy consumption and sig-
nificant challenges in dust treatment. Future treatment of low-grade zinc oxide ore should develop
towards precise mineralogical identification, low-consumption selective leaching, integrated bene-
ficiation and metallurgy, comprehensive recovery of multiple metals, and green and low-carbon uti-
lization.
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Figure 1. (a) Results of calcium carbonate pre-neutralization test; (b) Results of sodium carbonate zinc precipitation test [20]
[ 1. (a) PRERESTRHFIRIGLER; (b) MRERIMITERAINLER(20]
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Figure 2. E-pH stability field diagram: (a) Zn-H20, (b) Pb-H20, (c) Zn-Pb; (d) Optical microscopic image of low-grade zinc
oxide ore flotation concentrate; (a) Technical route of metallurgy followed by beneficiation [26]
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Figure 3. Schematic diagram of the leaching mechanism of low-grade silicate zinc oxide ore in NaOH solution [28]
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Figure 4. Structure of the chelation inhibitor and its interaction model with Smithsonian stone and quartz [41]
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Figure 5. Application and mechanism of tryptophan, a biodegradable activator and small organic molecule, in Smithsonian
flotation [42]
5. AIRERRELTIEY NS FAIER & R 7E L B RIFE TR A R EAHI[42]

222 MUFEHSFiE

BRALEEAL - T A O FE Tl SR Th SO M B A EE A, ST /K B i ) SR A B T B A B AL
W IFIRFFAE TV IAE, DT T FUSRCR . BRI S [L8 IR AL A B S i # 5 4b J5 , RI
Z 7 T SR AR IR T B K, 32 G SRk FIOSCR « (HE R R AL pH. B Ak77 = A0
Ve & BB, MAFIA RS FEERATE A, & ATl 7 sl imd RS . higmimtz
Faetk, BALRIRE - IR T MR E e b . 2OV RE R . B SRR — iR R
HEMEET YN, f ZnCOs. ZnO 2554k ZnS B R I B Aa s IBRALIZ, B Bem ik )7
R FLAESE[44] LB B AL R AL BRAK i L F AL B, K5 B8 S5 ZnCOs 5T IETH 2R I R B ZnS AT i
U, Ui SEACER DR A W RAR A A [FIIN, SR RS 2 ALEE, AR T RSB R i
BB AR, BB AE B R . BRI AR R, T B R AL RN, AE R SR N TR
TR 2R, A AT BB DR 51N BRAH I 38 N7 346 7 2 2 B2

& G AR e A 75 B i P AL BT R], REFE S SO HEMURR R s ik, B E WG I
BAEERAT B I N RIS AR, DA UM% B8R I PR SR . Chen S5 [45]42 Hh AL T A0
KRN ZE R BAL A 7, &l 6 iR, 7E 450°C . 25% Ho U4 R RSBE 20 min J&,  DLT 58525 il
FIRT3RAS 89%[KIVFIL RIS WEFEIAA 450 CHY Z25E R IH BB /K N2, it e T 54k

DOI: 10.12677/me.2026.144108 1094 i AR


https://doi.org/10.12677/me.2026.144108

T F

SRAKVELFEEN™, YIRS el BE X BR AL =4 e AR AR 18T 0 B e VR o e A R Joe JUI ) FH a6 42
PANPURETHR A AL, ATERURIR A N R EE R TR Ak . Kang S5 [46] K I R e s 38 BE i S 7
iR ZnO, SN KNI ZnS, FALEF A 400°CHI ZnCOs:FeS, i &t 1:1.5; S5 MERILAHLE,
BB AR b J5 V73 T AR BERE T T AN 50.21%. UK 90.32%, Rl i i o 14 FEUiHA, Tk
AR B R SR A, IS SR 2R 1 TR 3R TG 38 S AT e 5 112 ma 5 o

a
Roa“ing eq“ipment ? "‘ ....'
o
Quartz tube 4 5 e
Samples [ | 300°C_ 350°C X
| o 1 - = 100
s Flottion cell (€ -=-200C----> d -
~ A~ = e
W g i N gop,_— gt
% ® / : ‘g ®
40 € 40
Fluidization 3 [ \ %
Gas cabinet Gas controller roasting furnace § 2 —=25vol%H, ) 5[ 5 5
h —o—WithoutH, * =
90 | e e“”“‘“”’“"“f“:tssreemn
70 12 Roasting temperature ('C) o Pulp pH
< 60 D —
° o 10 £ N/G_C/D——o——e T —
S S0 44.53 < ° E3
& 2
& 38.83 Sos P
5 4 34.64 - E 2o HE .
8 2605 26.37 |2 o8 H 8 :
€ 3 < c 40
8 o 04 K] §
1133 i ~ g ™
1o g 0.2 2 &
o NN RN B W B 0.0 o 0
1 2 3 4 5 6 7 200 250 300 350 200 00 02 04 06 08 10 12 14 00 05 10 15 20 25 30
Sample Wavelength (nm) Concentration of BX (x10™ moliL) Concentration of CuSO, (x10™ moliL)

Figure 6. (a) Schematic diagram of roasting and flotation equipment; (b) Photographs of roasted smithsonite products at dif-
ferent temperatures; (c) Roasting temperature; (d) Pulp pH; () BX concentration; (f) Effect of CuSO4 concentration on flota-
tion recovery of roasted smithsonite products; (g) Contact angle of smithsonite sample; (h) UV-Vis spectrum of filtrate after
adsorption of flotation reagents and minerals [45]

6.(a) EREAFEREREE; (b) TEIRE TIERERT UNRA; () HBRIERE; (d) 73R pHE; (e)BX K
B (f) CuSOs RESTEEFHA KRG IR IR B RAIFN; (0) EHH HMAEMA; (h) FREGTI ST YIRMIERR
HERS - R IS [45]

22.3. ¥k - BETE

FER - B 20l Ak B O A AR T B RAPIRES (MR iR IR R IR £ BERAL
RN G B ENY) . SRR BOLMIE YA, HEKE. BRE. RBER LI, £
IR[ATICAZE PPAR b O S8BT W B, SRR IR o8 — 1= T2 A B B R U, R HH 2R 1A 3] 83.91%,
Ui B RS P TIAL BN B2 A E AR B B B — e A E . SRR BB - KRR T2 PR ARR MM
P2k, HIFIEFIH(NH4)2S04 5 ZnCOs. ZnO. Zn,SiOs SFEEH 1) I M A2 /K 1 ZnSO4, T Siv Ca 55
Jik A7 20y £ EAR R AEIR il . Sun ZR[48]RFFE KM, 1% RNAE 573~723 K Y [l N B AT #1122 ml AT, S
Feid P2 R A S ) N ], ARAk S5 R IR AT IA 92%. Shao S5[49]3F — DM€ T IRk be ) =
TR, IAA(NH)2S04/Zn JBE IR RN RS i 5 o £ SR B W 5 2 25 (1] 7) R4 M BE R EE 1,401
KRR T 440°C . {#I5 60 min.

TR R RS B AR A AMNAE TRt R e m, B E T AR TG R 2 Hr 5 & FIH . Shen Z£[50]
PRI R b - KR - DUE - BRIEBLEA RIS, BE KPR TTIA 96%, F4K Pby Sr. Si. Fe 2541
SN IGEEWR R, I IZ TN ERE BN AR TT. BREREREREBeSr, BEsS A AH
AR et vl FH T3 m AL B I PR o BRS04 IE R F NaOH 5574 Zn. Si. Pb 552053 [ B,
FRA AT EENER, R IEIE KR B AT A0 S50 SR T S R IR AR R S5 [51] 5K ] NaOH i
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Figure 7. TG-DTA curves of (NH4)2SO4 roasted zinc oxide ore: (a) TG, (b) DTA; (c)~(d) Relationship between conversion
rate and temperature corresponding to endothermic peaks TG-DTA peaks [49]

7. (NH4)2SO4 B2 S 1L 55889 TG-DTA BiZ%: (a) TG, (b) DTA; (c)~(d) MRFAUEXT R AL RSB ERM %R TG-DTA
U [49]

23. EFEEFERE

[ e AR R — AT R K A - IRE ISR S e, G TR LR IS . R
BB E IR M ACR I R R E AR . HBEAR JF B R AE SR IE R AT, A1) ZnO. ZnCOs.
Zn;SiOs K7 ZnS WOk JFONE IR EF A8, bR M i ERT E AL E AL R 2, IF el R aehli 4R
SCILEF 5 RO . R e B [10]F8 Y, (R % KikiE F 7E 1000°C~1200°C i X HEAT, ¥4k
EWLE C B CO R BENM, FRAA VR EER A, Y NS5 545 e AT REHE AR A7 i, TITA
& WSS RAEREED . FARESEE3IIEH, FALERT KA T BAR S R I R AL P e AR, TS
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MY, BRIy 85%, R HYEF I Tk AT 474
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KRN SRS A 0 L2 el s IR B . Zeng Z5[58] LMK S AL 8V EALY V3% 77 oSt 2, 0T
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2.5. HpAE7 %

Table 1. Comprehensive comparison of major processing technologies for low-grade zinc ore
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SR ER MR AR RVER T 1), e Bbr s DA 1 5w . PS4 A BE AT A ML 4 5 A
BRE = IR LR . 2R RIEIE AR Zn? Y Bife E TR G, BN AL B VDI AR, [ H)
o> ANV . Yang ZE[63]R A = SBRIEWOR AR M AL 2L EF ™, 7E 0.25 mol/L NTA. 40°C. 2h
AT, BHR RN 91.0%, PZH RN 4.1%, PRI REREE. Sun 25[64] DL H R RRIE NS (IR H
FI AT, K 8 Fir, FRiR L ERIAF] 95.07%, B BRALTTIE IS & AL BRALEE S i, U4
AR S UTE S T E RS A E A B TS S RO T S . A, AL AR R AT TR AR DLC A4 B
A PPN A T S R VR AR T A5 1) L

Figure 8. Mechanism of efficient leaching of zinc from zinc oxide minerals by glycine [64]
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Figure 9. Flowchart for the decision-making process of low-grade zinc oxide ore treatment technology
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Table 2. Economic and environmental constraints of different processes
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