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Table 1 Chemical analysis results of sample (mass

fraction, %)

Cu Zn Pb Sn Cd In TFe FeO

0.16 4.43 0.0065 0.088 0.015 0.0025 22.93 20.42

F6203 SIOZ T102 A1203 CaO MgO MnO NaZO

049 30.11 029 6.00 1080 4.83 0.62 0.053

Ignition  Ag/
K,O P As S .
lost (gt))

030 012 030 680 6.70 430 12.76

w(Fe* )/w(S*H)=6.72.
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Table 2 Chemical phase analysis of zinc in sample

Zinc phase Grade/% Distribution rate/%
Zinc sulfide 4.29 96.84
Zinc carbonate 0.09 2.03
Zinc sulfate 0.02 0.45
Zinc ferrite 0.03 0.68
Total zinc 4.43 100

1.2 WA S
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TR IR 3. FRN T e A A a8
IRAPIRAS, R B BT N R 1) RE T X B 23 3F
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B 3 el s, WA B ) LA TR 3
TEE S BN 5.61%, HAth H 0 Y 8 E 40 3 & 0.35%
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BLRWEEN 8.53%, /DEMWE . N BT,
ZE LB, R AR AT R B RS
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TR HrhRlea g T BT Y, BN, Fisd
T2 v 7 LR G T R TR X e i b s i 0,

FHER 4 S B el i, N B T2 [ e ik
O R R TR N BT BT, RN IE A D
S AR, THE Zn 55.12%. Fe 12.58%. Cd
0.14%-+ In 0.04%- Cu 0.31%, XRIAEN 5%y 44

Table 3 MLA analysis results of mineral composition (mass fraction, %)

Chalcopyrite Covelline Sphalerite Galena Pyrrhotite Pyrite Arsenopyrite Cassiterite
0.35 0.01 5.61 0.01 8.53 1.57 1.05 0.41
) Magnetite, K-feldspar, o o ) Calcite,
Schwatzite Quartz Biotite Sericite Chlorite
limonite Plagioclase dolomite
0.00 2.87 11.51 6.27 10.32 4.59 9.90 12.91
Pyroxene Hornblende Garnet Iron talc Fluorite Rutile, sphene Apatite Other
6.39 8.03 5.54 1.97 1.20 0.50 0.17 0.29
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Table 4 Results of energy spectral composition analysis for
sphalerite (mass fraction, %)
Zn Fe Cd In Cu Mn S
55.12 1258  0.14 0.04 0.31 0.15  31.66
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Table 5 Liberation degree of sphalerite in products
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Liberation degree of intergrowth/%

Product Liberation degree of monomer/%
>3/4 3/4-1/2 1/2—-1/4 <l1/4
Zinc concentrate K 91.56 4.76 2.36 0.93 0.39
Regrinding overflow 90.34 5.24 247 1.27 0.68
Zinc tailings X2 82.08 3.17 3.99 5.03 5.73
Feed 85.97 7.27 2.75 1.83 2.18
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Fig. 1 MLA color maps of original flotation process products: (a) Zinc concentrate K; (b) Regrinding overflow; (¢) Zinc tailings X2;

(d) Feed
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Table 6 Proportion of sphalerite intergrowth and mosaic mineral
Proportion/%
Mosaic mineral
Zinc concentrate K Regrinding overflow Cleaner-scav tailings X2 Zinc feed
Chalcopyrite 5.83 4.26 0.87 1.10
Pyrrhotite 42.68 37.99 22.79 35.24
Arsenopyrite 0.87 2.67 5.21 2.18
Iron mineral 2.13 1.04 2.15 1.99
Pyroxene 2.93 2.95 4.88 4.94
Hornblende 7.00 8.75 9.59 8.31
Calcite / Dolomite 2.93 2.95 4.88 4.94
Quartz / Feldspar 1.73 243 7.67 2.74
Garnet 4.64 6.52 7.70 2.36
Mica 6.85 3.83 441 4.87
Chlorite 11.95 12.94 13.83 23.19
Serpentine 0.90 1.10 1.08 2.24
Other 2.94 4.13 5.25 4.88
Total 100.00 100.00 100.00 100.00

RS RN T S AT R L A B . MHEE T2,
KB R L2 nT SEIEER D RE U R kAR
PEEERT o B0 L2 AE SEBR R A H A A v AR R
F PR BN BRI, BAA LT B
&I

1) IEEELEH e B R RV L ) N B B
PR RR o3 A S B ARG IR, e b | B
WA EARE B R AR B, DB MRS
R ISR R, SEm BRI E .

2) FREELAT FREn AR LU N, 43 18 i
R & B I ARSI AT FE B, PR BSEE X MRS B3R =
AT R A AR D RS, TG TR AN 784 A B
i P38 FGRZ I o

3) PREUCHERE T, KR I BERT AT R4 AR 2K
7, {RBETRANRLEER M)A R,k — A AR
LR IR

3 #IZABEIWIRE

3.1 RS

It RGHIEAT T 256G, BiE T Ps
TR TR IR APk T2 0 M S50k k. K
B LZiEd AR R B A E R R
a3 sUNZ 3R S R RS, BB <

37 um Kig & & 79.30%, i LZNERARMRN T 25
o MRS YIS HE T8 L2 e 4 4 B
FE 1 ARSI A I IR RS RE 45 0
PO RS I ANEIE TE . AFFE T 25404
T 2xf bR I &5 e ank 7 Frdl, W &R iRresE
R A Sl 8 s,

P BRI E5 3R 7 bl g, AHELIR T2, R
HUFE R TR AL S 0.90%, IR IE A
0.38%. HFR 8 /rHral%, RAPEFEN LZ)5,
Fifs & B BRI & 4.31%. fiidem 51.24 git,
TS AT T 5 TN BT B A A 5 P v R A o T
BN TP RA S B ECEE . A, iR Ag
EEERT TR ERENS, I LEWE LR
1.76%, fhide s 2.85%.

3.2 MmN RAREERRKE ST

N T HTIRIF IR T2 T 2% E, R MLA
F RN T2 BRI = R SR H RN 4 4
P it R R ) B R AT T E, AR ILER 9,
P IR 1) MLA U 2 Fis

2 9 Ml an: B L SR T EERET ThIN e
) BAAA AR 5 243 )N 95.10% 11 92.61%, 41 KF 92%
BB 2R Rt G, ULER L 20& 4 m 7B )
KRR . TOHT L 2R R B R AR N
EAG AR, 1Y 65.33%, 1M HEA AR iR 2 K



2528 B 9 W

WM, S KBLE FH TE R TZ0 W b

xR7 LEABKAEN S

Table 7 Comparison results of closed circuit test

1871

Process conditions Product Productivity/% Zn grade/% Zn recovery/%
Concentrate K 5.19 47.23 90.26
Tailings X1 90.69 0.16 5.34
New flotation process
Tailings X2 4.12 2.90 4.40
Feed 100.00 2.72 100.00
Concentrate K 5.26 46.33 89.88
Tailings X1 92.27 0.19 6.47
Original flotation process
Tailings X2 2.47 4.01 3.65
Feed 100.00 2.71 100.00
*8 Mifw)E In MBStE)E Ag FEEHREH 1 73 A 15 100
Table 8 Distribution of In and Ag in zinc concentrate
Grade/(gt™") Recovery/%
Zinc concentrate Productivity/%
In Ag In Ag
Original flotation K 5.19 692.12 42.38 48.65 21.61
New flotation process K 5.26 743.36 45.23 52.95 23.37
Feed 100.00 73.84 10.18 100.00 100.00

RO VIHARIG ™ i P N BRI A 28

Table 9 Liberation degree of Sphalerite in closed circuit test products

Liberation degree of intergrowth/%

Product Liberation degree of monomer/%
>3/4 3/4-1/2 1/2—-1/4 <l1/4
Original flotation process concentrate K 92.61 4.77 1.53 0.65 0.44
New flotation process concentrate K 95.10 2.80 1.25 0.54 0.31
Original flotation process tailings X2 79.30 4.86 4.35 4.06 743

New flotation process tailings X2

65.33

13.44 9.63 6.52 5.08
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Fig. 2 MLA color maps of different flotation process products: (a) New flotation process concentrate K; (b) Original flotation

process concentrate K; (c) New flotation process tailings X2; (d) Original flotation process tailings X2
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BB S b . S5 AR 2 AR, BT 2R IER
WO INEERT . RARERET . BRNIRLE AR A,
LIH T A F R et 1 Bt WD L)
WIS, fRm 1B AR, EXSHGEY I L
FEEAMATEILS, M AIE AR, X RE P

PR N B HE T TR DA R 1 [

34 TAlRig

PR PR VT35 8 T 2/ MR A R T &
FEHTHIE] BT 7 A 46 KA TalkikEe , 78 Tl b5t
PO T 2T AT IR E . IR0 43 Bk AT T4k
SR PR IS IE T MEL T2, Pk P
FLRED IMREIEN TZ AR FIRATFETZ 3 AN L
SRR SGRE, AT 28T 7 K, Tl se e &
T2LE1RRILE 11,

12 11 A b 25 SR n] 1, PRI 85T L 2AN
WA PR AS IR 1 T VLI RS IR, 4L
JR L 2R U i tadn. MLETZ, Hrbpig
FELIEREH IR TR T2 RS0 A KT 48%. [8]

Table 10 Proportion of sphalerite intergrowth and mosaic mineral
Proportion/%
Mosaic mineral Original process New process Original process New process
concentrate K concentrate K tailings X2 tailings X2

Chalcopyrite 6.68 12.22 0.95 1.31
Pyrrhotite 49.80 46.70 29.50 50.69
Pyrite 5.43 6.54 7.64 1.73
Arsenopyrite 0.61 0.71 12.60 231
Iron mineral 3.02 1.01 3.50 0.93
Pyroxene 4.61 1.47 5.35 2.33
Hornblende 6.08 4.60 9.66 8.09
Calcite/Dolomite 0.49 0.86 1.37 0.74
Quartz/Feldspar 0.95 0.90 3.35 2.80
Garnet 4.50 1.95 3.98 2.79
Mica 9.60 14.48 422 13.72
Chlorite 5.08 5.88 12.44 6.43
Serpentine 1.17 0.21 1.17 1.87
Other 1.98 2.47 427 4.26

Total 100.00 100.00 100.00 100.00
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Table 11 Comparison results of industrial test

Zinc grade/%

Recovery rate/%

Flotation process type

Feed Concentrate K Tailings X1 Tailings X2 Concentrate K
New process - I cleaner 3.43 48.39 0.152 2.064 92.16
Original flotation process 3.63 48.49 0.153 3.602 91.29
New process- I cleaner 3.55 48.46 0.165 2.237 92.36

New process- Il cleaner: quick rough concentrate plus cleaner Il operation; New process-I cleaner: quick rough concentrate plus

cleaner I operation.

WeRm 0.87%. LZWMEH R PUETFE T 25
e BRI . RS PR RN AR AL R,
EASETT T R A P TR . PRSI T ARk T
SHTAEEREARE, AR

4 Z5ip

1) MLA 2553, MR INER SRR AR 25
N 85.97%, EFEREH RN RN R B AK AR B RN
82.09%, H K73 AMIE<10 pum Figk, UEHEN )
TEJR T2 AAAE B 1) F 3 & SR A R AE R, &
&SN T} W AL A TR A

2) RIS BBV TEMELR T2, Feksn
a1 0.90%, [EIREEIEE T 0.38%. F7 i MLA
SERRW, B L SR T S R R i B
e AR R RS AN T8 4 1 1

3) TMiRIGgE KR, B LEME T2, Bk
W EALRT 48%, RIS T 0.87%, WEHRS
WAL ke bn, ST IR ORI o (R
E 7 PR I B T2 TN AT AT, A
MLA i ARLE % T 255 N R %
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Flotation process and process mineralogy analysis of
certain zinc sulfide ore

ZENG Ling-ming,0U Le-ming

(School of Mineral Processing and Bioengineering, Central South of University, Changsha 410083, China)

Abstract: Zinc sulfide ore bulk flotation process samples were investigated for mineralogy studying by using
MLA(Mineral liberation analysis) to confirm the dissemination properties of sphalerite and intergrowth minerals. The
MLA results indicate that the liberation degree of sphalerite in copper tailings is 85.97%, the minerals would be recovery
by quick flotation rather than regrind for dissociation. Furthermore, the liberation degree in tailings is 82.09% and the
minerals are mostly distributed at <10 pum particle size. Based the MLA studying, the quick flotation process is
proposed to reform the original bulk flotation process. The closed circuit test results illustrate that compared with original
process the zinc grade and recovery rate of concentrate in new process increase by 0.90% and 0.38%, respectively. The
test products are investigated by MLA indicated the new process can solve problems of sphalerite overgrinding and
intergrowth minerals dissociation insufficient during regrinding. The industrial test result indicates that compared with
original process the zinc grade of concentrate is greater than 48% and the recovery rate increases by 0.867%, which
proves the feasibility of quick flotation in industrial application.

Key words: MLA; zinc sulfide ore; mineralogy; liberation; sphalerite; flotation process
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