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Energy-saving ability and highflotation efficiency are two important factors in the flotation process. In this inves-
tigation, a new concept for the flotation process design based on energy input and distributionwas proposed, low
energy was inputted early to recover easy-to-float materials, whereas high energy was inputted late to recover
difficult-to-float materials. The flotation tests were conducted in an XFD 0.75 L laboratory-scale flotation
machine. A comparison of flotation performance using constant power input and gradually increased power
input was investigated. The flotation results indicated that low ash content, high flotation efficiency index, and
energy-saving ability could be obtained by increasing power input step by step in the flotation process. The
flotation process design based on different shaft speeds (1500, 1500, 1800, 1800, and 2400 r/min in different flo-
tation periods) and an energy consumption of 1720.8 J is suitable for flotation performance of the coal samples in
this study.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Coal flotation is one of themost efficientmethods for improving fine
coal quality and reducing impurity contents, such as ash and sulfur
[1–3]. Flotation columns and flotation cells are widely used as primary
flotation equipment. With advances in technology, the developments
of high efficiency, energy-saving, large-scale flotation equipments
have become a hot topic [4–6]. High energy input and distribution re-
quirements in the flotation process, which are primarily reflected in
the energy consumption per unit handling capacity and the efficient se-
lective recovery of coarse and micro-fine coal particles, should be paid
enough attention. Therefore, the study of the relationship between en-
ergy consumption patterns and fine coal floatability in the flotation pro-
cess is essential.

Numerous studies have been carried out in the field of flotation be-
havior and energy consumption in the flotation process, and a number
of important conclusions have been obtained. The floatability of floating
materials becomes poor along with the flotation process, and the flota-
tion rate constant of floating materials found to be reduced gradually
[7–10]. Materials with a good flotation index can be obtained with a
low energy input. However, difficult-to-float materials, such as micro-
fine, intergrowth, and coarse particles with low ash content, are usually
recovered with a high energy input [11–13]. The main factors affecting
coal flotation include coal floatability, size, density, flotation reagents,
process parameters, machine performance and operational factors
[14]. Energy input has been considered to be an important role in

promoting collision and adhesion of micro-fine particles and bubbles
[15]. Mohanty and Honaker [16] studied the role of stirring intensity
in the flotation process and found that a suitable mixing intensity can
promote the suspension of mineral particles as well as the uniform dis-
persion of air and particles. The fine coal particles cannot attach to air
bubbles and be floated from the pulp effectively in a low mixing inten-
sity environment. By contrast, the probability of fine coal particles fall-
ing from the bubble increases, combustible recovery decreases, and
stability of the froth layer is negatively affected when stirring intensity
is extremely high. Zeng et al. [17] measured pulp velocity in a flotation
cell using the Particle Dynamic Analyzer (PDA). It indicated that a low
ripple frequency in the mixing zone could deliver a powerful energy.
Moreover, it demonstrated that the ripple frequency of the separation
zone was suitable for separating mineral particles. The linear relation-
ship between energy input and flotation rate constant was obtained
through an energy input experiment conducted in an oscillating grid
flotation cell [6,18].

These previous studies were conducted in a conventional flotation
process. A strong recovery capacity was obtained using the multi-cell
stirring process in a flotation machine. However, the flotation power
input remained at the same level throughout the entire flotation pro-
cess. The floatability of the materials remaining in the flotation cells
gradually worsened, and these materials were separated under the
same power input during the flotation process. The advantage of flota-
tion column is better separation selectivity. For example, a cyclonic static
micro-bubble flotation column consists of three kinds of mineralization,
namely, countercurrent, pipe flow, and cyclone, which overcome the
weakness of low recovery caused by low efficiency mineralization in
conventional flotation columns [19–21]. The flotation process of mate-
rials with different floatabilities is strengthened bymultiplemineralized
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manners, which gives a balance in the contradiction between ash con-
tent and combustiblematter recovery offlotation concentrate. However,
further improvements of separation efficiency are limited by the short
flotation process in conventional flotation columns with single-stage
column flotation.

In this study, energy input and distributionwere combinedwith var-
ious characteristics of material floatability in the flotation process based
on conventional flotation process characteristics. The flotation process
was divided into five stages. The energy input in each stage was
changed, whereas the energy input value in the entire flotation process
was invariant. Easy-to-float materials with higher flotation rate con-
stants were recovered during the early stage of the flotation process
with a lower energy input. Difficult-to-float materials with lower flota-
tion rate constants were recovered during the later stage of the flotation
process with a higher energy input. Power input increased with the
progress of flotation process. A concept of the flotation process design,
which was based on energy distribution and input, was proposed by
the comparison of separation efficiency of different energy inputmodes.

2. Experiment

2.1. Flotation energy consumption test system

A flotation energy consumption test system was established for
adjusting power input in different flotation stages. The system consisted
of an XFD 0.75 L flotation machine and an energy test equipment. The
power test system consisted of a data acquisition, data conversion, and
a data processing equipment. A TQ-662-type dynamic resistance strain
torque sensor was used to measure agitation power in this experiment.
The torquewas converted intoflotation energy byusing the data conver-
sion and processing equipment after data acquisition was finished. The
torque value of the shaft would be determined by the strain bridge

sensor when the strain gauges were attached to the shaft. The torque
value was converted into a frequency value by voltage/frequency. The
torque sensor was fixed between the power and the load using two
couplings (Fig. 1).

The main energy inputted into the flotation system was used up by
the agitator shaft. The power consumption of the agitator shaft in the
flotation process was obtained using Eq. (1):

P ¼ 2πMn
60

ð1Þ

where P is the power consumption,M is the torque value measured by
the torque sensor, and n is the speed of the shaft. Torque and power data
with different flotation shaft speeds are shown in Table 1.

First, the torque value was measured without slurry in the flotation
cell. The slurry suitable for the test requirement was added to the flota-
tion cell, and a new torque value was obtained. The power values of
each shaft speed in idling and loading conditions were calculated
using Eq. (1). Loading power minus idling power resulted in effective
power. The energy input of the flotation system was calculated using
Eq. (2):

W ¼ P � t ð2Þ

where W is energy input, and t is flotation time.

2.2. Experiment design

2.2.1. Energy input with constant power
A flotation rate test of five minute flotation time was designed, and

the flotation process was divided into five stages. Five flotation concen-
trate products and final flotation tailings were obtained throughout the
entire flotation process. The flotation times of each stage from the

Fig. 1. Connected chart of flotation energy input measurement system.

Table 1
Torque and power data with different flotation shaft speeds.

n, r/min 300 600 900 1200 1500 1800 2100 2400 2700

M, N·m 0.0054 0.0046 0.0056 0.0060 0.0082 0.0185 0.0337 0.0406 0.0674
P, W 0.17 0.29 0.53 0.75 1.29 3.49 7.41 10.20 19.06
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