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Central Composite Design

Each numeric factor is varied over 5 levels: plus and minus alpha {axial points), plus and minus 1 (factorial points) and the center point.
If categorical factors are added, the central composite design will be duplicated for every combination of the categorical factor levels.

Numeric Factors: |5 | (2 to 30}

Factorial
Combined
Mixture

Response Surface

- Categoric Factors: |1 | (0to 10}
Box-Behnken Name ‘ Units -1 Level +1 Level -alpha +alpha
One Factor
Miscellaneous AlUltrasonic power 30 80 30 80
D-optimal — — :
Distance-Based B|Ultrasonic time (min) 8 20 8 20
User-Defined . )
Historical Data E Collector (g/t) 200 300 200 300
D{Sodium sulfide (g/t) 2000 4000 2000 4000
E{Frother (g/t) 10 20 10 20
T | CCD Options ® |

Replication
{* Enter factor ranges in terms of +/- 1 levels

Replicates of factorial points: | 1
(" Enter factor ranges in terms of alphas

Replicates of axial (star) points: | 1
Type: | Small hd Blocks: |1 hd

Center points: | 3
Points

Mot center points 21

Alpha
£ : " Rotatable (k <8) 1.82116
e | 24 Ry " Spherical 2.23607
| " Orthogonal Quadratic 151989
{" Practical (k = 5) 1.49535
{* Face Centered 1.0

" Other: 1.49535

For Help, press F1
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Design-Expert® Software Pel’turbation

Recovery (%)
® Recovery (%) 92.0 =

Actual Factors

A: Ultrasonic power =55.0

B: Ultrasonic time (min) =14.0

C: Collector (g/t) =250.0

D: Sodiumsulfide (g/t) = 3000 .
E: Frother (g/t) =15.00 86.0 D
F: Frequency (kHz) =37

m

Categorical Factors
F

80.0 =

Recovery (%)

74.0 =

68.0 =

I I I I I
-1.0 -0.5 0.0 0.5 1.0

Deviation from Reference Point (Coded Units)
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Design-Expert® Software

Recovery (%)
® Recovery (%)

Actual Factors

A: Ultrasonic power =55.0

B: Ultrasonic time (min) =14.0
C: Collector (g/t) =250.0

D: Sodiumsulfide (g/t) = 3000
E: Frother (g/t) =15.00

F: Frequency (kHz) =80

Categorical Factors
F

Recovery (%)

Perturbation
92.2 = A
E
86.1 =
A
80.1 =
74.0 =
68.0 =
1 1 1 1 1
-1.0 -0.5 0.0 0.5 1.0

Deviation from Reference Point (Coded Units)
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Design-Expert® Software

Interaction
Recovery (%) Ultrasonic time (min)
= B-8.000 94 =
A B+20.000

X1 = A: Ultrasonic power
X2 =B: Ultrasonic time (min)

Actual Factors 87.5=
C: Collector (g/t) =250.0

D: Sodiumsulfide (g/t) =3000.0
E: Frother (g/t) =15.00

F: Frequency (kHz) =37

Recovery (%)
X
1

T -\_/

68 —

I I I I I
30 43 55 68 80

Ultrasonic power (%)
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ABSTRACT
Ultrasonic waves are an advanced oxidation process that can have a significant effect on

flotation efficiency by changing the nature of the pulp surface and the surface of mineral
particles. Hence, in this research, the influence of ultrasonic was investigated on flotation
efficiency of Bama carbonate soil sample. In this regard, response surface methodology was
used to design the experiments and to investigate the behavior of effective important
parameters such as ultrasonic frequency, time and power and consumption value of reagents
including collector, sodium sulfide and frother. The results indicated that parameters had a
similar behavior at both frequency of 37 and 80 kHz and the value of recovery increased with
increasing ultrasonic time and power. Also, the increase of the dose of collector, frother and
sodium sulfide up to a certain value had the positive effect on the improvement of recovery. In
addition, among parameters, the consumption of frother, ultrasonic time and the interactive
effect of ultrasonic power with the amount of collector had the greatest influence on lead
flotation recovery. Optimization of lead ultrasonic flotation was performed and the maximum
efficiency rate (about 92%) was obtained under desirable conditions of parameters including
ultrasonic time of 17 minutes, ultrasonic device power of 80% (1 kW), collector dose of 259
g/ton, sodium sulfide dose of 3867 g/ton, frother dose of 11 g/ton and frequency of 37 kHz.

Keywords: Flotation, lead carbonate, recovery, ultrasonic waves, Response surface
methodology.
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