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A nest of 150 mm cyclones at the Century Zinc mine, Australia (Courtesy JKMRC and JKTech Pty Ltd)
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Heavy liquids used for sink-float separations. Group 2A is a probable carcinogen; Group 2B
is a possible carcinogen; Group 3 is an unclassifiable carcinogen. [14.15]

Heavy liquid S.G.  Dilution Health
Tri-chloro-ethylene 1.46 - group 2A carcinogen
Carbon-tetrachloride 1.5 Most group 2B carcinogen

organic
liquids
Bromoform, 2.87  Alcohol, liver damage, group 3
Tribromomethane CCly
Tetrabromoethane (TBE) 2.95 Alcohol, suspected carcinogen
CcCly
Chloroform
Di-iodo methane 331 CCly, moderate toxicity-
(Methylene iodide) Benzene central nervous system
Clerici solution (thallium 4.2-  Water highly toxic,
malonate/thallium 5.0 cumulative poison.
formate)
lithium LimXa(W204) 2.95 Water Low to moderate
heteropolytungstate (LST)
sodium polytungstate 3.1  Water Low to moderate
(SPT)
lithium metatungstate 3.0 Water Low to moderate

(LMT)
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(a) (b)

Wemco cone separator. (a) Single-gravity, two-product system with torque-flow-pump sink
removal; (b) Single-gravity, two-product system with compressed-air sink removal
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Drum separator: (a) side view, (b) end view
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Heavy liquid test results alé als ‘_S ‘SI)'" S) l"") ,u“:’ J k9)": 6[.@‘;._\[.9).[

(H @ 3 # ) ©®)
Specific gravity % Weight Cumulative Assay Distribution Cumulative
Jraction % Weight (% Sn) (% Sn) distribution
(% Sn)
~2.55 1.57 1.57 0.003 0.004 0.004
2.55-2.60 9.22 10.79 0.04 0.33 0.37
2.60-2.65 26.11 36.90 0.04 0.93 1.30
2.65-2.70 19.67 56.57 0,04 0.70 2.00
2.70-2.75 11.91 68.48 0.17 1.81 3.81 |
2.75-2.80 10.92 79.40 0.34 3.32 113
2.80-2.85 7.87 87.27 0.37 2.60 9.73
2.85-2.90 2.55 89.82 1.30 2.96 12.69
+2.90 10.18 100.00 9.60 87.34 100.00

Il 3l g0 %68/48 s giis sl 2/75 inlas amsls )51 39 50 038bie 6 9 3 sbg g

D @8 J1%3/8L s 5 35 9b (50 Iaa pame S jl o Yol i & JUansl b 9 35 518w 2/75
Shsa 039 JNN3L/52 a5 398 5o LIL osub G & s & @8 JU96/19 L .55) o s
Sols ) adsl

wd )8 a5 )3 b eobaidl wlbade Sl diue Ginlaa aisls bkl )s

A

oS wlale Glulaa LTI
(Efficiency of Dense Medium Separation)

8

Real
------------ . JSioo ‘L)‘&“” wlule \—‘LW-\LO)T PRl
LT aimils a5 cunl (F)H3 4 bgyye
0 wawl )KM P) sl &vLc EVITERY ‘—{"‘))"
o9l Jguaze 4y (S plo) w39 Y
w3 obuubl 4y aAzals ) 9 4SS [y ol
bus gs Gilas 95 ol VS il RT

~
(4]

Partition coefficient, %

Q=

Eoctvs dRsitly chapiion]
ive density of separation iglaa Sleisl slaa

Partition or Tromp curve

Ep=(A—B)/2
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Swdle s S gbitandy =aalsls (S )

(H @2 3 ) (&3] (6) (7) (8) 9 20y (i)
Sp.gr. Wt % Ash%  Ashk  Separating Cumulative float Cumulative sink
[fraction product  density (Clean coal) (Discard;
Wt % Ash Ash % Wt % Ash Ash %
product product
~1.30 077 44 139 130 0.77 .36 4.4 99.23 221376 223
1.30-132 073 356 4,09 1.32 1.50 7.48 5.0 98.50 220067 224
1.32-1.34 126 65 8.19 134 276 15.67 5.7 97.24 220148 226
1.34-136 4.01 72 2887 1.36 6.77 44.54 6.6 93.23 207261 233
1.36-1.38 892 92 5206 138 15.69 £26.60 8.1 84.31 2090.55 24.8
1.38-1.40 1033 110 113.63 1.40  26.02 240.23 9.2 7398 197692 26.7
1.40-142 9.28 12.1 112.29 142 3530 352.52 10.0 64.70 1864.63 288
1.42-144 900 14,1 12690 144 443D 479.42 10.8 5570 173773 312
144-146 838 160 13728 146 288 61670 117 47112 160045 340
146-148 7.79 179 139.44 148 60.67 75G.14 12.5 19.33 1461.01 7.1
148-150 642 915 133.03 150 67.09 ' 5 ) '
4150 3291 209 132298 - : 894.17 13.3 3291 132298 402
. 402 13229 = 10000 2217.15 22 0.00 0.00 0.0
Total  100.0 259 2217.15
7O = Y s orand A Gt = FY
AR ¥ Ose =YxY YV osie= ¥ osiu e
dlé)' 6)313 & - & - .
100+ 10
L Yield (ash)
80 - q20 2
2 z
- «»
£ E
g eor 40 @
R et TR TRy <4 == —d45 5
@ Yield e
2 T (sp.gr) %
=
|
§ 40 : 60 3
|
|
20 I -180
I
|
{
0 L L. 1 E 100
1.3 1.34 1.38 1.42 1. 1.50
. Sp.eciiiclgravity
§ 5 11z 15 % 35
Cumulative ash % float
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Froth Flotation Cell
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J water
e
Clean glass surface
Spreading of water over a hydrophilic clean glass surface.
hydrophobic J water oil film
O Q o
oiled surface
Beading of water on an oiled hydrophilic surface.
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Air
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Rotating Shaft
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o/ 4 Hydrophobic Particle

/ @ Hydrophilic Particle
9/ o () Air Bubble

Sub-Aerated Mechanical Froth Flotation Apparatus.
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Non-polar hydrocarbons that do ¥ ¥
noi dissociate in water

i

| Anionic | | Cationic

Based on
pentavalent
nitrogen cation

Oxyhydryl

Sulfhydryl

#

L v
| Carboxylic ‘ ‘ Sulfates | | Sulfonates | | Xanthates | | Dithiophosphates
&~ 1] "
R=cZ p-0-§—0 R=5—0 R—o—cffs g4
0 o o S R=O0 s
Sodium oleate Less-used than fatty acids. Less  Carbon is tetravalent, has four bonds; phosphorus is
and fatty acids collecting power, higher pentavalent with five bonds. Sulfur atoms
with this polar  selectivity chemically bond to sulfide mineral surface.
group oceur in
vegetable oils.
Collector for
hematite and
other metal

oxide minerals.

Strong
collector, low
selectivity /
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Structure of sedium ethyl xanthate
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Cationic amine collector

C — Non-polar group
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Collector adsorption on mineral surface
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A: Collector dissolved in the aqueous phase, B: Adsorption onto a mineral surface and C:
attachment of an air bubble onto the hydrophobic surface.
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4 Isoelectric Point of Various Minerals h
Minerals PZC or IEP
Quartz, SiO, pH2-3.7
Rutile, TiO, pH 6.0
Corundum, Al,O4 pH 9.0
Magnesia, MgO pH12.0
Fluorapatite (natural), Ca,(PO,); (F, OH) PpH®6
Fluorapatite (synthetic) pCa4.4, pF 4.6, pHPO,5.22
Hydroxyapatite, Cas(PO,)3(OH), Synthetic pH 7 - 7.15, pHPO, 4.19 - 4.48
Calcite CaCOg, pH 9.5
Barite BaSO, pBa6.7
Silver iodide, Agl pAg 5.6
Silver Sulfide Ag,S pAg 10.2

o J

( Lesls” 5 jbwpslid )s PH casoal N
50393 gl i35 e (il 03 S5 5o pll IS bz VS 5wl sld Vgeso
Do 508 Sl la algd ) (F3)ea

Do 5o o3l ) 5al us Sl 5 ST I PH eubsis sl
2ol U5 0T 15V a8 3,18 39a9 il o PH ) oisls eadale s i U 0 (8l 0
Sois o olish g pu oIS 9 3o e Dol (I A Sl i PH )3 Mo 39 (5o

Chalcopyrite

JuenS 90348 Sl g wuld) yol oyl wle

s PH ax 58 36l (oo wlis 35 L
ol 38l e @ Tl el sl

Concentration of collector (mg/litre)
g 888883

2 3 4 5 6 7 8 9 10 11
pH value

Relationship between concentration of
sodium diethyl dithiophosphate and critical pH value /
(after Sutherland and Wark, 1955)
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Feed, f L Tailings
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Final concentrate

Simple flotation circuit

Feed
Roughers Scavengers P Tailings
Cleaner tailings
Final concentrate
\. Rougher—-scavenger—cleaner system
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Feed

- Tailings
Re-cleaners| Cleaners Roughers Scavengers ——

Final concentrate

Circuit employing recleaning

wash water
feed (0.05 - 0.3 cris)
(1 cmis)
—#= concentrate
frath
zone, Hr
interface
collection
zone, He
bubbles
(dia. 0.5 - 3 mm)
gas
(0.5 < Jg <3 cmis)
sparger
tails
(~1 cmis)

o




Removable
froth baffie

"'Opan'"' type —
tank design oy
"

Puilp and air meet a
mix in open throat of
, fotating impelier

Retating impalier

Pulp s,
Puip recirculation well-
o draws large volumes of
pulp from uppar zone
10 break up any
concentration of sands
at the bottom of the cell

Pulp-air mi
.

Diffuser

iture
impeliar

i Denver D-R flotation machine
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Mineral Magnetic susceptibility (Xm x 106 emu/g)
Magnetite 20 000 - 80 000 Ferromagnetic (strong magnetic)
Pyrrhotite 1500-6100
Hematite 172- 290 Paramagnetic (weakly magnetic)
limenite 113-21
Siderite 56-64
Chromite 53-125
Biotite 23-80
Goethite 21-25
Monazite 18.9
Malachite 8.5-15.0
Bornite 8.0-14.0
Rutile 20
Pyrite 0.21
Cassiterite - 0.08 Diamagnetic (repelling)
Fluorite - 0.285
Galena -0.35
Calcite -0.377
Quartz - 0.46
Gypsum -1.0
Sphalerite -1.2
Apatite - 2.64
\/
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