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Abstract: Flotation equipment is an important gas—liquid reaction device in the field of mineral processing engineering.
Flotation equipment has been used for one hundred years. With the rapid development of society, flotation equipment
has gradually developed towards automation and large-scale. In recent years, more and more researches and analysis
of hydrodynamic characteristic parameters in flotation equipment have been carried out, which has further promoted
the reasonable enlargement and optimization of equipment. This work briefly introduced the current development and
application status of flotation equipment, then summarized in detail the detection methods, principles and the current
research status of three important hydrodynamics characteristic parameters in flotation equipment: bubble size, gas
holdup and bubble velocity. According to the current development direction of mineral processing equipment, it was
pointed out that how to accurately detect the parameters of the flotation bubble and improved the adaptability of the
detection device, and widely applied in the industry to improve the flotation index are still a key issue that researchers
faced at present. Image processing technology which can detect multiple characteristic parameters in the flotation
equipment had been widely used, but bubble image processing methods which the majority of research scholars had
put forward at present have limitations, and failed to involve many complicated details and the actual environment of
concentrator, leading to the poor stability and low accuracy of bubbles when bubbles feature was extracted. Therefore,
it was necessary to develop machine vision technology that was used in a variety of complex environments and had a
strong ability to sort complex problems. At the same time, some sophisticated intrusion detection equipment such as
conductivity probes still had certain defects in complex flotation environments. How to design and develop intrusive
devices that are more conducive to complex flotation environments was one of the current research direction.
Key learning points:
(1) The development status of domestic flotation column and flotation machine was briefly described.
(2) The detection methods and research status of three important hydrodynamics characteristic parameters of bubble
size, gas holdup and bubble velocity in flotation equipment were summarized.
(3) The problems of hydrodynamics characteristic parameter detection in mineral processing and its development
direction in the future were put forward.
Key words: mineral processing engineering; flotation machine; flotation column; bubble size; bubble velocity;
gas holdup
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Flotation column installation
area distribution
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Fig.2 Flotation column installation area distribution in every
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Table I Comparison of the working principles and characteristics of FCSMC and BGRIMM flotation columns!!?

Flotation column

Working principle Characteristic
name
FCSMC The column consists of three parts: a column separation device, a  Flotation and cyclone force field are used together with
cyclone separation device and a tube flow mineralization device. The  stable operation, good sorting selectivity, high efficiency,
slurry is fed from the upper middle part of the column separation section,  large processing capacity, low energy consumption and
interacts with bubbles which enter the flotation column tangentially, and  strong adaptability.
is mineralized and sorted in the cyclonic force field.
BGRIMM With counter—current flotation, the ore pulp is evenly dispersed through 1. The bubbles in the column are of suitable size and evenly

the reflective disk and enters the flotation column. It acts in the collection  distributed. The chance of them colliding with ore particles
area with micro-bubbles generated by the bubble generator below by increases.

gravity. Hydrophobic minerals float with the bubbles and are washed by 2. Flotation processes including aeration, dosing, water
flushing water, forming concentrates and tailings being discharged from  replenishment and liquid level adjustment have been

the bottom. automated.

Hh BGRIMM Wikt TN &) 72, 4 30 5600 mm!'l, FCSMC VFIEAEAE 1994 E3HT R HE) IF
ZHEIIANER AN, FEREEAA 400~5600  NHTTAMAERE, T 1999 FEIRGER], ASYILEEE
mm ANE5, H R MM KYZ-B IFgE BRRN, & ] N, ZEEEFIEARY K, ok BERET 5000
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Table 2 Application of FCSMC flotation column in domestic dressing plant!'3]

Enterprise name and scale

Flotation process

Type and number of flotation column

Production index of flotation column

Guangdong Cloud Pyrite Iron Ore
Enterprise Group Co. Ltd.
Zhongzhou branch of Aluminum

corporation of China
Jinduicheng Molybdenum Industry
Co. Ltd.
Sanshandao Gold Mine

8000~10000/d

Shizhuyuan Nonferrous Metal

Mining*

Shizhuyuan Chaishan Lead—Zinc
Mine*

Benxi Iron and Steel (Group) Co.

Ltd. Nanfen Concentrator

Two roughing—one concentrating—
one scavenging

One roughing—one scavenging

Rough stage: one roughing—one
scavenging
Concentrate stage: three
concentrating—one scavenging

One roughing—one concentrating

One roughing—two concentrating

Flotation lead by one roughing—one
scavenging, then flotation zinc by
one roughing—one scavenging
Reverse flotation process with one

roughing—one scavenging

FCSMC type: @5200 mmx8000 mm,
1 set
Cyclonic static microbubble flotation

column

Cyclonic static microbubble flotation

column

FCSMC type: @5200 mmx8000 mm,
3 set
@4000 mmx7000 mm, 2 set
Rough stage: @400 mm>4000 mm
Concentrate stage 1: @250 mmx=4000
mm
Concentrate stage 2: ©200 mmx=4000
mm
Swirl-static microbubble flotation

column

FCSMC type: @75 mmx2000 mm,
1 set

Sulfur-containing grade: 46%,
recovery rate: 94.05%
Alumina recovery rate increased by
2.58% compared with flotation
machine
Molybdenum grade: 34.32%,
recovery rate: 73.97%;
copper recovery rate: 16.83%,
recovery rate: 67.48%

Flotation index is stable

Tungsten concentrate grade increased
by 11.45%, recovery rate increased
by 3.52%

Lead grade: 62.79%, recovery rate:
89.81%; zinc grade: 52.24%,
recovery rate: 90.46%

The anti-flotation iron concentrate
grade: over 65%, the tailing grade:
below 16%

Note: * represents semi-industrial experiment.
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Table 3 Examples of bubble size measurement method

Researcher Measuring method Bubble sampling feature Bubble generation method Bubble diameter range/pum
Unno et al?! Image analysis Viewing box Orifice plate 300~2000
Rijk et all??! Cuvette cell DAF 10~300
Chen et all?3] Bubble viewer IAF 350~1750
Zhou et al?4! Viewing chamber IAF 1500~3600%
Tucker et all?] Porous plate Drawing bubbles into a IAF 390~22307
capillary tube
Biswal et all?®] Optical (optical sensor) Drawing bubbles into a Synthetic filter cloth 300~2000
capillary tube
Saberi et all?”) Optical fibre Perforated plate 3700~4100"
Han et all?® Particle counters (laser) DAF 15~85
Yoon!?’! Drift flux analysis Calculated by measuring gas Porous tube 320~770%
Filippov et al3% velocity and gas holdup Ventury static mixer 350~1100"
Dobby et all®!] Ventury static mixer 420~900"

Note: # represents the average bubble diameter.
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