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ABSTRACT

The surface chemistry of most minerals is affected by pH. In general most minerals develop a positive
surface charge under acidic conditions and negative charge under alkaline conditions. Since each
mineral changes from negatively charged to positively charged at some particular pH, we can
manipulate the attractions of collectors to their surfaces by adjusting the pH.

pH Control is very critical in the flotation plant operations. Proper pH control will result in higher
product yield, reduces reagent consumption and reduces operating cost. The condition of the froth is
directly depended on the pH and it is controlled by regulating the flow of lime slurry to maintain the pH
within the acceptable range.

In most of the sulfide flotation systems the pH is controlled by regulating Calcium hydroxide flow
into the process. It is very critical to have a good quality and consistent lime slurry to have proper
control of the pH in the flotation process. The quality of Ca(OH), depends on the slaking process and
hydration parameters like water/lime ratio, slaking temperature and agitation rate. A proper slaking
process will cause an increase in particle surface area and create uniform particle distribution. This will
result in higher reactivity and slower settling rate than Ca(OH), generated by “Drowning”.
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INTRODUCTION

The effect of pH on the froth flotation is well
known; the pH controls reagents or chemicals
like calcium hydroxide also acts as modifiers. pH
has very complex effects on the flotation
process, particularly the way it changes how a
particular collector adsorb on the mineral
surface. Hence it is possible to manipulate the
attraction of collectors to mineral surfaces by pH
control. When Ca(OH), dissolves it contributes
calcium ions that adsorb onto the mineral
surfaces. It is also a strong alkali, hence most
widely used in controlling the sulfide flotation
process. It is paramount that high quality and
consistent density lime slurry is required for
proper control of flotation process.

TEXT

Froth flotation is one of the most widely used
mineral separation methods. It is also one of the
simplest, economic methods to concentrate and
separate valuable minerals from the ore. This
process depends on the hydrophobic nature of
the mineral. When air is bubbled though the
slurry, hydrophobic minerals will attach to the
bubbles and rise to the surface and form the
Froth. The Froth is then removed for further
treatment.

In sulfide ore flotation the efficiency of the
process is mainly controlled by adding certain
chemicals known as “Collectors” and by
controlling pH (modifiers). Collectors are added
to increase the hydrophobicity of the minerals.
Collectors are organic compound that render
selected minerals water repellent by the
adsorption of molecules or ions on to the mineral
surface. This reduces the stability of the
hydrated layer separating the mineral surface
from the air-bubble to such a level that
attachment of the particle to the bubble can be
made on contact 4y Xanthates are the most
common Collectors used in the recovery of metal
sulfides.

pH plays a very important role in the flotation
process. At lower pH, Xanthates will
decomposes back to its reactants. Also the
surface chemistry of most minerals is affected by
pH. Most minerals develop a positive surface
charge under acidic conditions and negative
charge under alkaline conditions. Since each
mineral changes from negatively charged to
positively charged at some particular pH, we can
manipulate the attractions of collectors to their
surfaces by adjusting the pH. The adsorption of
the Xanthate ion to the mineral surface is also a
function of pH.

pH Control is very critical in the flotation plant
operation, proper pH control will result in:

- Increase in product yield
- Reduces reagent consumption
- Reduces the operating cost

In most of the sulfide flotation systems the pH
is controlled by regulating the Calcium hydroxide
(Modifier) addition into the process. Since pH
measurement is logarithmic in nature, a unit
change in pH will cause tenfold change in the
load (ion Concentration). It is very critical to have
a good quality and consistent lime slurry density
to have proper control of the pH in the flotation
process.

Several factors affect the proper functioning of
a pH Control system, major factors are:

- Reactivity/Neutralization
Ca(OH),

- Density of Ca(OH), slurry

- Ability of the system to supply Ca(OH),
quickly on demand

- Reliable pH Measurement

Flotation System Capacity & mixer design

capacity of

Reactivity and the density are the two major
issues that affect the day to day system
operation. The other issues are mainly system
design issues that are to be looked at during the
design phase.

Air and Water Pollution Control Solutions



Chemco Systems, L.P.
1500 Industrial Drive
Monongahela, PA 15063

Factors affecting Reactivity/Neutralization
capacity of Calcium hydroxide are:

- Quality of Lime (CaO)
- Slaking Process
- Storage & Handling of Ca(OH), slurry

Quality of Lime

The three primary factors that determine the
quality of CaO are percentage of CaO available
vs CaO content, soft or hard burnt lime and
quantity of air slaked lime. Impurities and lower
CaO content reduces the efficiency per ton of

lime wused. CaO produced from calcium
carbonate of different composition, and
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Calcination method, will have different heat

content.

They are generally classified as High reactive
lime, Medium reactive lime and Low reactive
lime.

Assuming that we need a 76.7°C (170°F)
slaking temperature, we will require incoming
water for slaking to have:

- 1.7 °C (35°F) for high reactive lime
- 10°C (50°F) for medium reactive lime
- 21.1°C (70°F) for low reactive lime

The heat content of these limes are indicated in
the graph or chart below.

Minimurm slaking water temperature
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Above presumes minimum slaker throughput fo be at least 50% of the slaker's

maximum rated throughput.
Fig. 1 Heat content of various limes
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Slaking Process

“Slaking” is a hydration process in which
excess water is used for hydration of CaO and
results in a slurry form.

Ca0 + H,O - Ca(OH), + Heat (1)

Slaking process affects the surface area of
calcium hydroxide particles formed and the
surface area determines the rate of reaction. The
higher the surface area correlates to higher
capacity and efficiency.

High surface area is paramount because
Ca(OH), must dissolve to form hydroxyl ions
before reaction. Such ionization takes place only
at the solution interface on the particle ) Higher
surface area will result in less lime consumption
when compared to lime with lower surface area
or larger particle size.

The factors in the slaking process that affect
the surface area of the crystals formed are ratio
of CaO to water used for slaking, and the slaking
temperature. Research has shown that slaking
with excess water will result in a finer particle
size of hydrates).

CaO hydration is an exothermic reaction. 1lbs
of CaO will generate approx. 480 BTU of heat.
Adding excess water can result in a drop in
slaking temperature. Since temperature is the
most important factor affecting the specific
surface area, temperature control is essential for

a uniform quality product). Slaking temperature
can be maintained by controlling the slaking
water inlet temperature or controlling the ratio of
CaO to water. Proper agitation of the lime slurry
during slaking process is also very important. A
well designed mixer would ensure vigorous and
continuous mixing at all the times during the
slaking process. This enables the system to
maintain a homogeneous mixture inside the
slaker, breaking up lumps of fine agglomerated
solids and improving heat & mass transfer. This
will prevent localized overheating which will
reduce the reactivity of lime. This also enables
the system to maintain a higher uniform
temperature during the slaking process.

Too little agitation will result in an uneven
temperature within the slaking chamber resulting
in hot and cold spots. The hot spots will result
when slaking temperature gets over 100°C
(212°F). Slaking at these temperatures will result
in hexagonal crystals (5 of a large size and
reduce surface area.

Once lime slurry is properly slaked it should
be cooled below 48.5°C (120°F) to prevent the
hydrate crystals from agglomerating with other
fine particles of hydrates. Agglomeration of fine
particle of Hydrates will reduce the surface area;
hence the residence time in a slaker has to be
optimized for the type of lime and slaking water
quality.

The particle size distribution analysis of a
properly slaked lime and regularly slaked lime is
shown below.
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1086 h H .00 57.0€ 100.00 € 15.50 5.31 0. 0.
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80.70 100. 0.0 4.241 5£3.30 11.23 .22 - 0.0
Distribution: Volume RunTime: 30 seconds Fluid: DISTILLED WATER Analysis Mode: S3000
Progression: Geometric Root8 Run Number Avg of 3 runs Fluid Refractive Index: 1.33 Sample Cell Id: 0309
Upper Edge: 1408 Particle: Loading Factor: 0.0086
Lower Edge: 0.021 Particle Transparency: Trans Transmission: 0.98
Residuals: Enabled Particle Refractive Index: 1.81 Above Residual: 0.00 Flow Rate: 40
Number Of Channels: 128 Particle Shape: Irregular Below Residual: 0.00 Ultrasonic Power: 25 watts
Ultrasonic Time: 80 seconds
Eilter: On Database Path: UAMICROT~1\092903-1.DB

Fig. 2 Patrticle size distribution analysis of properly slaked lime
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Summary Percentiles Bla__VoRe width
mv = 23.83 | 10% = 4.648 60% = 15.66 218.8 % 99.71
mn = 4.637 | 20% = 6.941 70% = 20.456 | 11.67 98% 25.26
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sd = 14.09 | 50% = 12.04 956% = 82.72
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704.0 100.00 0.00 80.70 84.84 0.60 9.280 39.48 3.7. 1.060 0.00 0.00
645.8 100.00 0.00 74.00 94.24 0.68 8.482 35.74 3.82 0.972 0.00 .00
6§92.0 100.00 0.00 67.86 93.66 0.76 7.778 31.92 3.B8 0.882 0.00 0.00
B542.9 100.00 Q.00 62.23 92.80 0.86 7.133 28.04 3.86 0.818 0.00 0.00
497.8 100.00 0.00 657.06 91.96 0.95 6.541 24.18 3.77 0.750 0.00 0.00
466.6 100.00 0.00 &2 33 91.00 1.07 5.998 20.41 3.69 0.638 0.00 0.00
418.6 100.00 0.00 47.98 89.93 1.20 5.500 18.82 3.31 0.830 0.00 0.00
383.9 100.00 0.00 44.00 B8.73 1.34 5.044 13.61 2.98 0.578 0.00 0.00
352.0 100.00 0.00 40.35 87.39 1.49 4.825 10.63 2.60 0.530 0.00 0.00
3228 100.00 0.00 37.00 85.90 1.87 4.241 7.83 2.21 0.486 0.00 G.00
296.0 100.00 0.32 33.93 84.23 1.87 3.889 6.72 1.80 0.446 0.00 0.00
271.4 99.68 0.4z 31.11 82.36 2.09 3.5688 3.92 1.40 0.409 0.00 c.o0
248.9 99.26 0.33 28.563 80.27 2.33 3.270 2.62 1.03 0.376 0.00 0.00
228.2 98.93 0.29 26.18 77 2.69 2.999 1.48 0.72 0.344 0.00 0.00
209.3 98.64 0.28 23.99 75.35 2.81 2.7650 0.77 0.E0 0.3156 0.00 0.00
181.9 98.36 .26 22.00 72.64 3.02 2.522 0.27 0.27 0.289 0.00 Q.00
176.0 98.10 0.26 20.17 69.52 3.16 2.312 0.00 0.00 0.266 o.00 .00
161.4 87.84 0.Z7 18.650 66.36 3.26 2.121 0.00 0.00 0.243 0.00 0.00
148.0 97.67 0.28 16.96 63.10 3.31 1.945 0.00 0.00 0.223 0.00 ©.00
136.7 87.29 0.30 16.668 63.79 3.30 1.783 0.00 0.00 0.204 0.00 0.00
124.6 $6.99 0.33 14.27 &56.49 3.31 1.836 0.00 0.00 0.187 0.00 ©.00
114.1 96.66 0.38 13.08 53.18 3.32 1.499 0.00 0.00 0172 0.00 0.00
104.7 © 96.28 0.42 12.00 49.86 3.37 1.3786 0.00 0.00 0.188 ©0.00 0.00
96.96 95.86 0.48 11.00 46.49 3.46 1.261 0.00 0.00 0.1456 0.00 0.00
88.00 95.38 0.54 10.09 43.03 3.67 1.1866 0.00 0.00 0.133 0.00 0.00
Distribution: Volume RunTime: 60 seconds Fluld: Water ASVR Flow Rate: 25
Progression: Geometric Root8 Run Number Avgof 2 runs Fluld Refraotive Index: 1.33 Ulrasoniec Powaer: 26 watts
Upper Edge: 704.0 Particle: DefaultParticle Loading Pactor: 0.05863 Ultrasonic Time: 60 seconds
Lower Edge: 0.122 Particle Transparency: Trans Transmission: 0.35
Reslduals: Enabled Partivle Refractive Index: 1.81 Abova Resldual: 0.00
Number Of Channels: 100 Particle S8hape: Irregular Below Residual: 0.00
X100 Extended Range: No
Fliter On: _ On Databasa Path: C:\MTWIN\WMTWIN.DB

Fig. 3 Particle size distribution analysis of “Drowned” lime slurry

Two slaking tests were performed using the
same lime and water. On test “A”, the slaking
water was heated to 24.9°C (76.8°F) and
temperature rise was 48°C (118.4°F) which
indicates a highly reactive lime. The second test
“‘B” was done with same lime and water with
initial temperature of 35.2°C (95.3°F) and
temperature rise was 52.9°C (127.2°F). The

second test showed an increase in temperature
of 4.2°C (39.6°F) when compared to test “A”.

The lime sample was run according to method
ASTM C110. The lime was pulverized to a top
size near 6 mesh (3.35 mm), 100 grams of
material was slaked with 400 ml of well water for

15 m

inutes.
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ASTM C110 Slaking rate
Starting Temperature 249°C
Temp Rise at 0.5 min. 196°C
Temp Rise at 1.0 min. 29.6°C
Temp Rise at 3.0 min. 48.7°C
Total Temp Rise 522°C
Total Time 5.0 min
' Net Slope (C/min) 104
_Residue /per 100 g lime 0.64
C110 Slaking Rate of Lime
using Well Water
100.0
90.0
~ 800
© 700 s
D an L
o 600 7
2 500 7
g- 40.0
o 300
=200
10.0
0.0 T !
2 4 6 10
Time (minutes)

Fig. 4 Slaking rate of lime — Test A.
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ASTM C110 Staking rate
| Starting Temperature | 352 |
| Temp Rise at 0.5 min. 212 |
TempRiseatiOmn. | 332 |
TempRiseat30min. | 529 |
Total TempRise | 47
Total Time 45 |
Net Siope (C/min) f22 |
Slaking Rate of Lime
using Well Water starting at 35C
100.0

900

O 800 e

. 700 —/ -

o 60.0 /

T 500 7 —

o 400 i - —

£ 3001 —

20.0 —
= 100 _
0.0 : . .
0 2 4 6 10
Time (minutes)

Fig. 5 Slaking rate of lime — Test B.

Even though the temperature rise was not  The D50 particle size of test “A” was 10.24 ym
great, the impact on the particle size was and D50 for test “B” was 8.32 ym. The above
noticeable. The graph “C” shows the particle  test proves that by slaking lime at higher

size of hydrate particles for test “A” and “B”.
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reduced, thus the specific surface of hydrate
particle is increased which will result in a higher
efficiency of neutralization and hence reduction
in lime consumption.

- Size{um)| %Chan | % Pass | Size{um) | %Chan | % Pass
~FLEX - 'é‘m_e slurry t’_’md“fe‘: 9956 | 0.00 |100.00| 2.750 | 3.01 | 9.37
a
gpoirac BTG EnEEER e 8372 | 0.00 | 10000, 2.312 | 2.29 | 6.36
@ e g ey 0 0.00 | 100.00| 1.845 1.69 4.07
e | J 704. . E . . .
> a2 © WATER TemP
ﬁ" o 06/25/2909 15:47 24.9%9¢ 592.0 0.00 | 10000 1.635 1.20 2.38
10.4.2 $3000/S3500 S/N:S4192 . ) 497.8 0.00 [ 10000 1.375 0.77 118
418.6 0.00 | 10000 1.156 0.41 0.41
Diveloulon) Volume | RunTimej 30dec | ___Faf P4 3520 | 0.00 100,00/ 0.972 | 0.00 | 0.00
Standard Run Num Avgof3 Fluid Ref. Index:! 1.333 Loading Factor: 0.1212
Up Edgefum); 9958 Paricle]  LME £ a Transmission]  0.426 296.0 0.00 | 10000 0.818 0.00 0.00
Low 0.687 3t E‘ Ti Below o RMS Residual: 1.053% 248 s 0 00 1oo oo
Disabled | PartRelindexi 156 Flow] 5% = : >
Nurm Channale: a2 Part, Shaped  krequiar UsonicPower! 40 Walis 209.3 | 0.00 |100.00
Analysis Mode: $3000/3500 #ul ti-Run Delay:! 0 Min. Usonic Time: 80 Sec. 176.0 0.00 100.00
Fiker; Enabled DB Record: 488 Recalc Status:  Original Serial Num: 83192
Analysis Gain;|  Default DatabaseiC: Programt FLEX 104.7\Databases\System Start Up.MDB 1480 | 0.22 |100.00
1245 0.47 | 99.78

1046 | 0.71 | 99.31
; 1 | 88,00 | 1.09 @ 98.60
7400 | 1.83 | 97.51
62.23 2,33 | 95.88
52.32 | 3.13 | 93.55
4400 | 3.89 | 90.42
37.00 | 4.48 | 86.53
= 31.11 | 4.82 | 82.05

cg 26.16 | 4.97 | 77.23
Size(microns) 22.00 499 | 72.26
18.50 | 4.97 | 67.27

% Channel

*.Passing

15.56 | 4.99 | 62.30
Dataftem| Value | %Tile | Sizeum) | Diaum} | Vol% | Width

it L 10‘:’ o g 13.08 | 511 | 57.31
Mvium): | 17.96 | 1000 | 2.838 J J 3 T
MN(um):| 2428 | 2000 | 4.19 St | t77
MA(um): 6.61 30.00 5.67 7.78 6.10 | 41.04
cs: | 9.07E-01 | 4000 | 7.55 6.54 | 6.00 | 34.94
SD: 14.92 50.00 10.24 5.50 | 5.86 | 28.04
suzd | Tenu 462 | 530 | 23.08
Mz: | 1679 | 7000 | 2034 | UDefName | UDefData 3.89 | 460 | 17.78
3.27 | 3.81 | 1318

e 1592 | 8000 | 2888

ski: | 0633 | 90.00 | 43.13

Kg: | 1485 | 9500 | 67.92

Fig. 6 Effect of slaking water temperature — Test C1.
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lime slurry Lime Test Initil water
teniperature 35 deg C Size(um)| %Chan | %Pass | Size(um) | %Chan | % Pass
-FLEX- |_ 9956 | 0.00 |100.00{ 2.750 | 3.46 | 10.94
‘g;ﬁ'mc% ) 837.2 0.00 | 100.00| 2.312 2.64 7.48
ﬁv. % 704.0 0.00 | 100.00| 1.945 1.98 4.84
vzﬁqﬂ ar"? 06/29/2009 14:23 | §92.0 0.00 | 100.00| 1.635 1.44 2.86
10.4.2 S$3000/S3500 S/N:S4192 I 497.8 0.00 |100.00{ 1.375 0.93 1.42
418.6 0.00 | 100.00| 1.156 0.49 0.49
= rolme RunTime, 30%ec Rk WATER 352.0 | 0.00 |100.00| 0.972 | 0.00 | 0.00
Run Num Avg of 3 Fluid Ref. Index 1.333 Loading Factor: 0.1413
Up Edge( 995.6 Parficle;  LME Ab 0 T oss ||| 296.0 | 0.00 |100.00| 0.818 | 0.00 0.00
Low 0,687 parency Below : 0 RMSResiduali  1.017% || 2489 | 0.00 |100.00
Residuals] _Disabled | Part RefIndexi 158 Flow]  35%
Num. 42 Part. Shape:  kregular UsonicPower; 40 Watts 209.3 0.00 |100.00
Analsis Mode: $300073500 Multi-Run Delay: 0 Min. Usonic Tima 60 Sec. 176.0 0-11 100.00
Filter; _Enabled DBRecord| 512 Recalc Status: __ Original Serial Numi  S#192
Analysis Gain:{  Default Database:C:Program File sWicrotrac FLEX 10.4.2\Databases\System Start UpMDB 148.0 0.37 | 99.89

1245 | 045 | 99.52
1046 | 0.55 | 99.07
88.00 | 0.69 | 98.52
7400 | 0.92 | 97.83
62.23 1.25 96.91
5232 | 1.72 | 95.66
44,00 | 231 | 93.94
37.00 | 2.98 | 91.63
3111 | 3.65 | 88.65
| | 26.16 | 4.25 | 85.00

*sChannel

%Passing

0.1 1 1 100 1,000
size(microns) | | 22.00 473 | 80.75

18.50 | 5.08 | 76.02

Val %Tile | Si Dia(um) | Vol% | Width e L
ze(u
Dats rena Vaile e i ize ey g 13.08 | 5.63 | 65.60
MV(um): | 14.90 10.00 2.634 8.32 100.0 : 9100 | sas | 8897
MN(““\): 2.103 20.00 3.82 9.25 6.53 53.94
MA(um): | 5.88 30.00 5.04 7.78 | 6.98 | 47.41
cs: 1.021 40.00 6.47 6.54 | 6.95 | 40.43
sD: 10.85 50.00 8.32 5.50 | 6.78 | 33.48
20.00 11.01 462 | 812 | 26.70
.89 ; i
Mz: 12.24 70.00 15.09 UDefName | UDefData - L
3.27 | 4.36 | 15.30
ou 12.50 80.00 21.39
Ski: 0.635 90.00 33.51
Kg: 1.424 95.00 48.67

Fig. 7 Effect of slaking water temperature — Text C2.
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Storage & handling of Ca(OH)2 slurry

Calcium hydroxide should not be exposed to
an atmosphere high in CO,. High CO, will cause
spontaneous carbonation of calcium hydroxide
suspension ).

Ca(OH), + CO, — CaCOj; + H,0 (2)

Solubility of Ca(OH), in water is very low and
Hydrate crystals are suspended. Proper mixing
should be provided in the storage tank to prevent
agglomeration and settling. Fluid velocity should
be high enough to prevent any settling in the

pipes.

Consistency and/or density of lime slurry must
be constant for proper pH control. Varying the
density of the slurry will upset the pH and the
control loop will never be able to attain steady
state. This will result in the control loop to
oscillate, which in turn will result in either
overfeeding or underfeeding of lime. The slaker
must be designed to maintain a constant slaking
temperature between 76.6°C to 82.3°C (170°F to
180°F) and produce lime slurry with a constant
density of 1.15 (20% solids). To achieve this,
CaO and water must be added at a constant
ratio and the temperature of the incoming slaking
water must be controlled to maintain a desired
slaking temperature. Further to compensate for
the variation of lime bulk density and variations
in the volumetric feed of quick lime, the lime
feeder must be a galvanometric feeder with an
accuracy + 0.05%. A lime slurry density monitor
is used to measure the density and control the
ratio to maintain desired slurry density.

CONCLUSION

In most of the sulfide flotation systems the pH
is controlled by regulating Calcium hydroxide
flow into the process. It is very critical to have a
good quality and consistent lime slurry to have
proper control of the pH in the flotation process.
The quality of Ca(OH). depends on the slaking
process and hydration parameters like
water/lime ratio, slaking temperature and
agitation rate. Proper slaking process will cause
an increase in surface area and create uniform
particle distribution which will result in higher
reactivity, less lime consumption and a slower
setting rate than Ca(OH), generated by
“Drowning”.
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