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Pre-treatment of the low-grade oxidized zinc ores to overcome leaching and

filtration operational problems and using it as zinc plants feed with technical and
economical approach
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Armac C 99 Akzo Nobel Collector
Armac T 99 Mzo Nobel Collector
Flotigam SA 9 Akzo Nobel Collector
Flotigam TA ] Akzo Nobel Collector
Armeen TD 99 Akzo Nobel Collector
Oleic acid ] Merck Collector
Sodium sulphide 15 Merck Sulfidizing reagent
Sodium silicate 97 Merck Depressant
Starch 99 Merck Depressant
Sodium fuoric 99 Merck Depressant
Sodium hexa methaphosphate 9% Scharlau Depressant
Hd - Merck pH adjuster
NaOH - Merck pH adjuster
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Factor 1 Factor 2 Factor 3 Responze 1

Std Run Block |4 percent solid B-Acid Cons. |C:Temperature] R(Zn)

kL % oC %

7 1 Block 1 30.00 24.00 75.00 82.92
9 2 Block 1 28.23 18.00 §0.00 77.65
6 3 Block 1 40.00 12.00 75.00 52
2 4 Block 1 40.00 24.00 75.00 76.26
16 3 Block 1 35.00 18.00 §0.00 &0.69
12 6 Block 1 35.00 26.12 60.00 76.15
3 7 Block 1 30.00 24.00 45.00 7914
14 8 Block 1 35.00 18.00 80.30 78.12
1 5 Block 1 30.00 12.00 45.00 83.18
2 10 Block 1 40.00 12.00 45.00 55.79
5 11 Block 1 30.00 12.00 75.00 82.4%
11 12 Block 1 35.00 9.28 §0.00 7139
17 13 Block 1 35.00 18.00 60.00 78.88
4 14 Block 1 40.00 24.00 45.00 71.64
13 15 Block 1 35.00 18.00 39.70 83.52
15 16 Block 1 35.00 18.00 60.00 &3.69
L 17 Block 1 .77 18.00 60.00 76.12

b3k sl DXT )58 05 oolering Joe V-0 Joo

Sequential Model Sum of Squares [Type 1]

Source

Mean vws Total
Linear vs Mean
2Flws Linear
Cuadratic vs 2FI
Cubic vs Cluadra
Residual

Total

Sum of

Squares

§7832.09

630.06
260.31
205.50
216.13

15.99

§9161.18

df

It

e B N

Mean
Square
§7832.09
210.02
8577
68.87
54.03
.33
5833.01

Value

L
L=]
=

1.58
2.08
10,14

p-value

Prob>F

0.0344

Suggested

0.1813
0.1518
0.0433

Aliased
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Lack of Fit Tests

Sum of

Source Squares
Linear 687.23

2FI 42682
CQuadratic 220.32
Cubic 418
Pure Error 11.80

Mean F p-value
Square Value Prob>F
52.48 10.59 0.0894 Suggested
3337 5.04 01034
4408 74T 01223
418 0.7 04882 Aliased
550

SOl Jowo il ylg 3JGT Y-1-11-0

. & p 1 . v . . ‘—
23 1 eyl g Jaw gog Jlogine ol pind Ggesl » (e (bl SILDAYE0 Jgoo

ool ool eolaiwl p byl 9 Fojlse 5l Lo yeiS18 ogr jlo s (gl cams oo LS 59, 2L3L
ol ool a8 )5 1a5 10720 sledel o b ,blie a0 =70 g0l (pl jo 45 04 ax g

Jso ANOVA cledl A\ Y-0 Jsis

Source
Model
A-percent zolid
E-Acid Cons.
AE
Re=idual

Lack of Fit

FPure Error

Cor Total

Sum of
Squares
868.01
470.96
158.11
238.93
451.08
443 28
11.80
1325.09

ANOVA for Response Surface Reduced 2F1 Model

Analysis of variance table [Partial sum of squares - Type IlI]

df

Mean F p-value
Square Value Prob>F
28834 8.16 0.0025 significant
470.96 13.28 0.0030
158.11 446 0.0547
23893 £.74 00222
3547
40.54 .52 0.1329 not significant
590

Lol ailoe Joe 50 55516 cpl ol b Kks a5 col (A) sal> woys 5l 4 bgy e Jga o

" ANOVA

Kloads byl Joe d)m Glodla VY- Joax> jo .l 52U (C) Lo 36
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Joe s,beT sl Lne NY=0 o

Std. Dev. 5.96 R-Squared 0.6531
Mean 75.86 Adj R-Sguared 0.5730
CM. % 7.85 Pred R-Squared 0.4030
PRESS 7593.50 Adeq Precision 8.343

“’ ................... Om@))Mds))@ébW‘deju)lﬁ&ﬂ

—0ad bl yrd o o Adj R-squared (ools (o o o ) Sko R-squared O\ Y-0 Jgu> o
ol il Joe i oo WW-0 Jgux b gillas ol ai> polie 4 Cod Joo polie ¢
JOVY  w Adj R-squared a4 oy Lo, g +/F-¥+ .l (Pred R-squared) Ll a
Pred R-squared ;Lo M| jlade a5 cowl caslin (Jow il oo gllae cdlcpl aS wil
B adke Cpizmen el NV 4] Jlade 0590 ol jo a5 il /Y 5l 505 Adj R-squared
S polie (godguse aS el plizel 4 LS coed [ Sile Adeq-Precision L Sl
F 5l ST ol Jake g a8 oo duslie 1) o jin lawgie slhas 4 sauibs nSojlasl bla ,o eod
g Sl Canslio Jlaws a5 el AIVEY ol S5 Cds e benl jo ol Gollae il 555

Lol Joe Loy osls caslio (531 2 ge

R2—1— SSyesidual
(ngndel + Ssres.dual)

Az 0 45 3gd oo Jol> ke 4 Lo Bzl pdd 1 a5 cenl Ol poks (oo Jlaas CV

- Ui soaile S sl Sl e ggeme jlcwl &)le PRESS .ol g ail 55 o jlade
Joges b3 guy of, 511, PRESS  jlade wcunl o il 565 o] Jlode az, a5 ool o
Cawds Glgi oo 3 (Actual)  Bas Jlade 4 ol (0l i S5 4 S8 ) bowsledl

.Q)BT
PRESS
SS‘tDtEI.l.

5 oad o5 6lysSh e bl Gl ly lpdle s Lawgi sad ) Jae wule o

PredRI=1-—

ol 00 LIV O-0 5 VF-0 gz o i

b Jow dobee NO-0 Jgux 0als S Jow alolre N0 Jgo

Final Equation in Terms of Actual Factors: Final Equation in Terms of Coded Factors:
R(Zn) = R(Zn) =
+Z24. 06347 +75.86
-4.54598 = percent solid 535 T4
-5. 756214 *Acid Cons. +368 *B
+0.18217 * percent =solid * Acid Cons. 547 TA*H
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DFFITS vs. Run Box-Cox Plot for Power Transforms
9 o 6.89 —|
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; m " 2 656 |
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Run Number
Lambda
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One Factor
Warning! Factor involved in an interaction.

M
A .
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A: percent solid
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Humber percent solid Acid Cons. Temperature* Ri{Zn) Desirability
1 30.03 1260 51.66 83.7582 1.000
2 30.08 12.34 50.22 83.7056 1.000
3 30.04 1251 59.23 83.7183 1.000
4 30.00 12.20 68.00 83.9346 1.000
5 a0z 1212 50.49 83.6925 1.000
6 30,03 1277 7248 83.702 1.000
7 30.03 12.05 66.89 83.9046 1.000 Selected
] 30.04 1215 7287 83.8877 1.000
9 30.01 12.64 74.93 83.7213 1.000
10 30,07 12.34 69.93 83.733 1.000
11 30.05 12,55 5667 33.7193, 1.000
12 30,03 1265 53.89 83.7454 1.000
13 30,07 12.34 61.46 33742 1.000
14 30,03 12.32 74.39 83.8297 1.000
15 30.10 1222 46.25 83.6982 1.000
16 30.10 1220 55.69 83.7103 1.000
17 30,07 1218 B4.77 83.7752 1.000
18 30.01 1288 45.94 83.7056 1.000
18 30.00 13.43 75.00 83.572% 0.996
20 30.19 12.00 45.00 83.5507 0.996
el 30.00 14.18 45.00 83.3389 0.959
22 30.00 14.48 75.00 83.2571 0.986
23 30.00 14.81 75.00 83.1629 0.983
24 30.00 14.91 75.00 83.1325 0932
25 30.00 21.28 74.96 81.241 0.923
26 30.00 21.74 75.00 81.10585 0.918
27 30.00 2287 75.00 20.8291 0.910
28 30.00 2277 75.00 80.7981 0909
25 30.00 2374 58.60 80.5081 0.900
30 3187 24.00 45.00 20.1531 0.2388
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Abstract

In the studied sample, the Zn percentage of low grade zinc silicate from Mahdiabad lead-zinc mine
is 9/79 percent. The minerals in the sample contains Hemi morphite, Chalcophanite,Hematite,
Goethite, Ankerite, Pyrolusite and Dolomite. Degrees of freedom for zinc minerals is 100 micron.
With quality survey of sample was predicted that it’s not possible to pre-concentrate by gravity
separation, but it’s possible to preconcentrate by high intensity magnetic separation methods (dry-wet).
Magnetic separation method with high gradian magnet (18,000 G) increases the concentrate grade but
recovery is low. Conventional flotation methods (direct and reverse) did not produce the desired
results. The sample was calcinated at 500 °C temperature for 1 hour to break the silicate structure, and
filtration pulp Leach easily be done. Design leaching tests were conducted by CCD and the optimal
conditions were as follows: concentration of pulp: 30%, sulfuric acid concentration: 22.5, leaching
temperature: 45 °C. Under these conditions, a solution of zinc sulfate concentration with 8.3 g/l and
83.81 % recovery was obtained. The obtained zinc sulfate solution containing impurities such as iron
and manganese with concentrations of 0.16 and 0.58 g/ respectively, which is the upper limit for entry
to electrowinning unit, so using solvent extraction (SX) analysis by organic solvents D2EHPA (2-
ethylhexyl phosphoric acid) and diluent kerosene (kerosene) with 30% by volume, pH=2.5 and organic
volume ratio of water to 2 to 1 and 2-step extraction. in this condition zinc recovery was 88.5% for
extraction phase. with 2-step Washing of organic solution by sulfuric acid, 93% of zinc sulfate
solution was recovered. The technical and economic calculations have shown that the production of
5500 tons of ingots per year can be expected to produce ingots with a grade of 99/97% of the territory
of the Mehdiabad mine be effective.

Keywords:Low grade zinc oxide, Pre-treatment, Leaching,Calcination and Solvent Extraction
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