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Pneumatic flotation - a modern alternative 

Summary: 

Pneumatic flotation, a development of the past 10-15 years, is 

fundamentally different to pneumatic systems already known, particularly 

to column flotation. The basic principle, process kinetics, technique of 

the apparatus and economic advantages are presented. Results from two 

operating units for coal are supplemented by results of pilot tests with 

petrol coke, graphite, fly ash and oil-contaminated effluents. 

1. General 

Pneumatically operated equipment has been known since the early days of 

flotation. For a long time, this was not able to succeed against the 

simple and relatively reliable operation of agitation type units. 

This was primarily because the devices which produced simple, large 

bubbles tended more to worse metallurgical results than better; the use 

of complicated devices which produce finer bubbles were easily clogged by 

material depositing from the flotation pulp. 

All in all, agitation type units remained more economical. 

Declining prices on mineral resource markets in the seventies led to 

increased efforts to improve flotation techniques. 
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This resulted in the large size cell of up to 50 m3. 

This development boom also led to important new concepts in the field of 

pneumatic equipment: Here to be mentioned is column flotation with its 

important processing characteristic of the countercurrent principle and 

also a flotation which is also new with regard to processing technique: 

the subject of this paper. 

2. Kinetics of Agitation Froth Flotation 

The major feature of the AFC (agitation - froth - cell) is the 

agitator-stator unit in a so-called ideal vessel, with three important 

tasks: 

to sus pen d particles, t ran s p 0 r t pulp and pro d u c e 

extremely fine air bubbles. 

Every optimisation of this agitator-stator system always represents a 

compromise which must take into account all of these tasks equally. A 

good suspension effect with a quiet pulp surface requires slow agitator 

speeds, producing very fine, reactive bubbles requires microturbulences 

with high shear force gradients, i.e. high relative speeds between 

agitator and stator blades. 
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In addition, the unfavourable retention time characteristics of an ideal 

reactor vessel permit some of the pulp volume segments entering the 

vessel reside considerably shorter than the calculated mean retention 

time, other volume segments correspondingly longer. 

For this reason, an AFC flotation system always comprises several vessels 

connected in-line, in which the pulp is consecutively subjected to the 

same flotation treatment. 

The most important parameter of the AFC process is the total retention 

time, better known as flotation time. The flotation time determined in 

laboratory flotation cells is a basis for design and construction of 

plant operating units. For coal, these times are between 5 and 10 

minutes, these are known to be longer for ores and industrial minerals 

and for rougher flotation of difficult minerals can even be up to one 

hour. 

Long flotation times mean: large vessels, many agitators i.e. high 

investment costs and high consumption of electric energy. 

Kinetically, agitator units cannot be regarded as concurrent reactors 

since air is continuously fed along the cascade. Thus, from the point of 

view of process kinetics, the column units should lead to highly pure 

concentrates and extremely clean tailings. 
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With regard to the concentrate, the column fulfills this expectation, 

particularly because an extra wash zone with fresh water - also in 

countercurrent - improves the quality of concentrate even more. 

However, with regard to yield, the column is only adequate for minerals 

which are easy to process by flotation, since microturbulences rich in 

energy barely occur in the column; these are an absolute requirement for 

minerals where it is difficult for bubbles to adhere to. 

For this reason, it is known on that on plant scale the column is used 

primarily as cleaner stage for Cu extraction for separation of Cu - Mo 

and hardly for rougher or scavenger flotation. 

3. Processing Technique of Pneumatic Flotation 

The concept of pneumatic flotation led to an alternative way. The various 

tasks mentioned above are not solved by one, but by several successive 

units connected in-line. Thus each unit is able to be optimised for its 

specific task independent of the others. 

Pulp is transported by pump, reactors are used for aerating and producing 

high-energy microturbulences and a so-called separating vessel is used to 

obtain concentrate and tailings. 

- 5 -



- 5 -

A sketch of the process flow sheet of pneumatic flotation is shown in 

Figure 3.1. For cases with short reaction times for reagents, it is 

sufficient to feed the reagent into the suction line between pump feed 

tank and centrifugal pump. The pump presses the flotation pulp 

symmetrically through the closed distributor onto the reactors located 

peripherally around the separating vessel. After aeration, the pulp is 

pressed secantially into the separating vessel. 

Both large granules (e.g. salts) and extremely fine granules can be 

floated successfully in pneumatic flotation units. 

4. Kinetics and Technique of Equipment 

4.1 Flotation pump: 

The major part of the energy required for pneumatic flotation is needed 

in the reactors for producing microturbulences and fine bubbles. 

Centrifugal pumps have proved reliable for producing the required 

hydraulic pressure of 1.8 to 2 bar at the reactor entry. 

4.2 Reactors: 

A schematic cross-section of a reactor is shown in Fig. 4.2. The pulp is 

accelerated to 6 - 10 m/s in the ring channel. 
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Air flows under pressure (1 - 2 bar) into the rapidly flowing pulp, 

through perforations located transversely to the channel and is dispersed 

into extremely fine bubbles. In this channel, the Reynolds numbers are 10 5 

to 10 6. The high degree of turbulence, the large difference in velocities 

between bubbles and particles and the fact that considerably more air can 

be finely dispersed in comparison to agitator-stator systems, results in 

a almost total adhesion of hydrophobic particles to the bubbles in the 

reactor zone. Suitable for aeration are either extremely narrow slots 

less than 100 ~ thick or porous media which do not become clogged when 

using modern organic materials. 

The width of the channel is limited to 10 to 12 mm, otherwise the 

conditions for formation of extremely reactive bubbles described above is 

impeded which would result in yield losses of concentrate. 

4.3 Separating vessel 

The reactors are located above the pulp level and are distributed 

symmetrically around it. The aerated pulp (Figure 4.3.) enters the vessel 

secantially and horizontally at the zone of its largest diameter. Entry 

velocity varies between 2 and 3 m/s and is adjusted resp. optimised by 

variing the dia~eter of the entry channels. 
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In the external cylindrical section of the vessel, the mineralized air 

bubbles rise in the turbulent flow solely because of their buoyancy in 

the froth. Hydrophilic gangue materials are not drawn into the froth 

phase. Thus the purity of the froth product already corresponds to 

qualities which are first able to be achieved by AFC flotation after one 

or several cleaner stages. The froth rotates at a velocity of 1 - 2 m/s 

and enters the central froth pipe without any additional mechanical 

device. 

A deflection plate located above the completely opened tailings discharge 

valve allows 60 to 70 % of the volume of tailings pulp to flow out, 

depending on the size of the plate. The remainder is disposed of by being 

discharged from the vessel at the concentric overflow weir hidden in the 

interior of the vessel and converges with the main flow. 

Thus the level of flotation pulp in the separating vessel remains 

unchanged in this simple but elegant manner. Fluctuations of volume do 

not affect it. All electric measurement and control systems are 

eliminated. 

Since the process of loading the air bubbles is already concluded prior 

to entry into the vessel, the size of the vessel, i.e. the retention time 

of the pulp has virtually no effect on the flotation result. 
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Vessel sizes with retention times between 2 and 3 minutes are considered 

to be optimal. Increasing retention time in excess of 3 min does not 

improve yield. Operating with times less than 2 min, i.e. even smaller 

vessels, would risk yield losses, since very fine loaded bubbles could be 

lost in the very fast discharge flow of tailings. 

5. Technical processing parameters 

5.1. Addition of reagents: 

The consumption of reagents for pneumatic flotation is similar to those 

for conventional agitator froth flotation. Although an over-feeding does 

not cause a significant deterioration of quality, the yield is improved. 

For two-staged flotation, approx. 70 % of the quantity of reagents should 

be fed at the first stage and 30 % during the second stage. 

A modification of reagents used for conventional flotation - frothing 

agents, tens ides - is inevitable for achieving an optimum operating 

efficiency. 

5.2. Air-pulp ratio: 

The supply of air is adjusted to the technical requirements of flotation. 

Coarse grain ranges and low contents of usable products require less air 

than for fine grain ranges and large quantities of usable products to be 

floated. 
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Ratios of 1 part by volume of air m3 (STP) to 1 part by volume of 

suspension are common. Reducing the amount of air improves the purity of 

concentrate at a cost of a lower yield. 

5.3. Solids content of the flotation pulp: 

Pneumatic flotation is not dependent on specific solids content of the 

flotation pulp, both extremely thin and very thick media can be 

processed. In most cases, however, it is recommended to use suspensions 

which are 20 - 30 % thinner than for conventional flotation. 

Low solids content represent a higher precision of separation: the extra 

investment costs frequently payoff as volume of vessel and required 

space of pneumatic flotation are only 30 - 50 % of conventional 

flotation. 

5.4. Size of the particles to be floated: 

Due to the first large-scale application in coal, it has been wrongly 

assumed that pneumatic flotation is only suitable for finest grain sizes. 

It has been clearly proved that pneumatic flotation, particularly in 

coarser critical grain ranges, will achieve results which are at least 

just as good. The use of reagents modified to suit pneumatic flotation 

yield better results for all grain ranges with regard to enrichment and 

yield in the concentrate than that of an agitator froth flotation. 

(Table 5.1.) 
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6. Capacities and Economy 

Even the smallest unit able to operate with an aerator can process 

approx. 1 m3 suspension per hour. The size of separating vessels is 

determined by the retention time of the slurry; a minimum of 2 minutes 

and maximum of 3 minutes. 

A flotation unit for 1000 m3/h has a diameter of 6 metres, with 9 

aerators. For diameters in excess of 1.5 m, at least 3 aerators are to be 

installed. (Figure 6.4.) 

In comparison to conventional flotation, equipment resp. machinery costs 

decrease by 30-60 % depending on the number of stages. 

Of the same order is the cost reduction for construction of the enclosure 

required. 

The consumption of electric energy ranges between 0.1 and 0.4 KWh/m3 

pulp, thus clearly below the values for agitator units. For extremely 

long flotation times in conventional units, e.g. this applies frequently 

to oxidic ores, up to 70 % of energy required can be conserved. 

With regard to reagent consumption, no difference can be noted to 

agitator flotation. Slight modifications of frothing agents are able to 

improve the selectivity. 
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7. Results of plant units 

Two EKOF plant-scale pneumatic units with horizontal feed exist at this 

time. Both units are used for coal slurry treatment. In 1987, two 

flotation units operating parallel with a total capacity of 1600 m3/h 

wash water were put into operation at Pittston Clinchfield Coal Co. in 

Virginia (USA) 

Table 7.2. shows that, even at contents in excess of 50 % ash in feed, a 

highly purified concentrate of 8 - 9 % ash content can be obtained. The 

separating vessels are operated with 9 reactors respectively and have a 

net diameter of 4.85 m. 

Another plant-scale unit was put into operation in the Ruhr area in 

spring, 1989, for treatment of old tailings ponds. The particles +0.5 mm 

are cleaned in spirals, the screen underflow - 0.5 mm is floated in two 

serial stages. The two-stage process enables the production of two 

concentrates of different qualities - Table 7.3. The first concentrate 

with 10 - 12 % ash content can be marketed as coking coal: the second 

concentrate with 20 - 25 % ash content can be marketed as steam coal for 

power stations. 
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The efficiency of separation in the various grain ranges during the phase 

of starting up operation is described in Table 7.4. The selectivity, 

which is not quite completely satisfactory in the grain range + 0.315 mm, 

can be improved by means of modified reagents. Even in the finest grain 

ranges - 0.04 mm, pneumatic flotation still operates with a good 

precision of separation when surplus flocculants from backwater are 

present in the feed pulp. The shear force gradient in the ring channel of 

the reactors is higher than for agitator-stator systems and results in a 

thorough breaking up of particle aggregates agglomerated by flocculants 

which would otherwise have flotated unselectively. 

The separating vessel with pump sump for collecting tailings discharge is 

shown in Fig. 7.5. A throughput of 800 m3 pulp per hour with 60 t solid 

requires a vessel diameter of only 5.1 m. 

8 Results from Pilot Tests 

8.1 Separation of Petrol Coke - TiO 2 

For extraction of TiO 2 through TiC\, dust is formed which cannot be led 

back directly into the process, since otherwise an accumulation of Si02 

would take place in the fluid bed reactor. Besides, the recirculating 

dust would be discharged relatively rapidly from the reactor and be 

separated again in the dust cyclone. 
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The aim of the investigations was to design a pneumatic flotation unit 

for extracting petrol coke with max. 2 % ash content and a Ti0 2-Si0 2 

product with min. 95 % ash content. 

Two of the pilot units with a capacity of about 6 m3 suspension per hour 

can be recognized in Fig. 8.6. The raw material is described in Table 8.5 

The mean ash content is 43 %. The size analysis of ash enables a 

relatively uniform distribution of petrol coke to be recognized. The 

substance suspended in water is extremely acidic - pH 2.5 - and causes 

corrosion problems due to the chloridic acidic medium. 

Fig. 8.7. reflects the effect of pulp velocity in aerator on efficiency 

of flotation: 

The partition ratio increases with increasing velocity. The same effect, 

i.e. improved selectivity is achieved by flotation in strongly diluted 

pulp, as can be recognized in Fig. 8.8. 

Extensive investigations led to layout for an operating unit where three 

stages are interconnected. The concentrates from the first stage are 

cleaned, the tailings scavenged. In the volume flow sheet - see Fig. 8.9. 

the individual substance flows have been balanced. The middle products 

from cleaner and scavenger are fed back. 
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8.2 Extraction of Graphite 

In supplement to a feasibility study already conducted for extracting 

graphite from a low-content Canadian deposit, tests were conducted with a 

pneumatic pilot unit at a commercial research institute in Ontario. The 

positive results led to a complete re-design of the layouts based on the 

conventional flotation originally intended. Table 8.6. reveals some 

results: for a conventional system, rougher concentrates with approx. 

45 % C are obtained with a graphite yield of about 95 %. Using 4 cleaning 

stages with intermediate grinding, a final concentrate of 92 % C is 

obtained. 

Using a pneumatic system, concentrates in excess of 80 % C were able to 

be floated even in the rougher stage. Owing to the more favourable 

selectivity of pneumatic flotation, 2 cleaner stages are sufficient, 

which leads to a substantial simplification of the unit and to a 

reduction of investment costs. 

8.3 Cleaning of Fly Ash 

In order to reduce the NOx emission on coal power stations, it is now 

common to lower the combustion temperature. This frequently leads to an 

incomplete combustion with relatively high residual carbon contents in 

fly ash from dedusting. 
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FIGURE 7.5 



FIGURE 6.6 
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According to German regulations, this fly ash which is much sought-after 

in the concrete industry is permitted to have a C content of max. 5 % for 

use as additive to improve flowability and ultimate strength. 

Dry cleaning processes such as dedusting can scarcely reduce the C 

content. 

Based on fly ash with 5 - 10 % C, the carbon content can be reduced to a 

residual content of less than 3 % or even 1 % in one stage and for 10 -

20 % C in two stages. 

8.4 Cleaning of Effluents containing Oil 

In the field of environmental processing, pneumatic flotation has very 

good chances to replace the established dissolved air flotation, since 

the investment and operating costs of the latter are relatively high. 

Particularly when treating larger quantities of industrial effluents of 

several 100 m3/h, the investment costs for a dissolved air flotation unit 

are hardly affordable. 

Pilot tests for treating effluents containing oil were conducted on three 

different locations. Emulsions which are not able to be separated by 

static separators are split with organic polymers known as oil breaks, 

then flocculated and pneumatically floated. 
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In all three cases, hydrocarbon content of water was able to be reduced 

from 100 - 300 ppm to the required 20 ppm and partially even to less than 

10 ppm. 

The water content of the froth is reduced by filtration, the filtrate is 

fed back into the process. 
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Vessel diaMeter 1.2-2M 
2 aerators DN 100 or DN 125 
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MediuM size units 
Vessel diaMeter 2-3M 
3-4 aerators DN 125 
CapaCity. 100-200 M3/h 

Vessel dla.Meter 3-4M 
4-6 aerators DN 150 
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Vessel diaMeter 4-61'1 
6-9 aera.tors DN 150 
CapaCity. 500-1200 M3/h 

Fig. 6.4. SIzing of PneUMo. tic Floto. tlon Plo.nts 



Tab. 5.1.Results for pneum. flat. In comparison to mech. flot. for apatite (1) 

Particle size Flotation feed Flotation concentrate 

Pneum. Flot. Mechan. Flot. 

mm weight P20S weight P2 0 S P2 0S rec. P2 0 S rec. *) 
% " % % % % 

+ 0.500 19.6 2.11 6.3 31.0 60-75 25-40 

0.300 12.9 4.87 9.6 37.0 88-91 75-90 

0.150 31.8 7.25 37.5 37.6 90-95 90-95 

0.044 24.3 7.14 33.0 33.1 90-95 90-95 

- 0.044 11.4 6.08 13.6 18.7 72-90 50-70 

100 5.71 100 33.5 

*) recovery of P2 05 of the particle size fraction 

Tab. 7.2.0perating results of pneum. flot. of wash water of the 

Moss No.1 Plant of Pittston Coal Co. in Virginia (USA) 

Feed Concentrate Tailings Selectivity 

*) 
weight ash weight ash weight ash '1.NG 

% % % % % % 

5.26 37.51 53.83 6.67 46.17 . 73.47 76.60 

5.17 27.30 62.25 5.06 37.75 63.98 70.25 

7.95 54.55 28.27 8.45 71.73 72.72 64.71 

"') solid concentration of feed pulp 

i'i 



, Tab. 7.3. Typical results of a tailings pond flotation plant 

Feed Conc.1 Conc.2 Tailings 

ash weight ash weight ash weight ash 
% % % % % % % 

45.0 32.9 11.0 17.7 21 49.4 76.3 

40.0 37.7 9.5 17.5 18 44.8 73.2 

36.5 40.3 9.0 19.7 16 40.0 72.5 

Tab. 7.4. Sieve ash analysis of feed and tailings 

Flotation feed Tailings 

particle weight ash weight ash 
size 
mm % % % % 

+ 0.5 3.41 13.62 6.47 30.04 
0.315 6,21 17.85 5.34 49.41 
0.063 27.85 30.72 20.82 72.05 
0.040 5.81 40.34 4.08 75.96 

- 0.040 56.71 58.47 63.29 78.46 

100 45.64 100 72.34 



Tab. 8.5. Description of raw material 

Chemical assay Particle size distribution 

.C 56.7 % mm % ash-% 
TiOz 29.9 + 0.5 0.99 18.60 
SiOz 11.7 0.315 1.16 50.48 
Fez 03 0.6 0.200 5.96 39.97 
Alz 03 0.34 0.100 20.20 31.39 
CaO 0.15 0.083 19.54 59.42 
MgO 0.08 0.040 23.68 47.49 

0.020 9.44 35.22 
CI- 0.48 - 0.020 19.04 40.25 
SOi- 0.08 

100 x543.34 

Mal 89 Pneu Flot Petrol Coke-Ti0 2 EKOF 

Tab. 8.6. Pilot tests with a low graded graphite ore 

Feed Air Solids Assays %C Recovery % 
mo/h mo/h m-% Feed Cone Tails Mass Graph. 

6.0 6.0 19 2.17 82.9 0.33 2.2 85.1 
4.0 At:::. 21 1.16 83.9 0.4.0 no ~&; A ......... '"' • ov """'L.I.""" 

1st cleaner 

6.0 9.0 5 51.5 73.4 8.86 65.4 94.0 

2nd cleaner 

6.0 9.0 5 74.2 87.5 47.5 66.4 78.3 

3rd cleaner 

6.0 7.5 5 85.5 92.6 54.4 81.4 88.2 

Mal 891 PNEU FLOT Graphite Bisset Creek I EKOF 



Fig. 8.7. Influence of pulp speed in aerator 
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Fig. 8.8. Influence of pulp density 
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