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ENHANCEMENT OF COAL FLOTATION BY ULTRASOUND

ULTRASON YOLUYLA KOMUR FLOTASYONUNUN IYIiLESTIiRILMESI

Safak Gokhan OZKAN
Istanbul University, Engineering Faculty, Mining Eng. Dept., 34320, Avcilar, Istanbul, Turkey

ABSTRACT: Ultrasonic treatment is widely used for surface cleaning during physical, chemical and physico-chemical processes
in mineral processing. In this study, coal flotation with newly developed ultrasonically assisted flotation cells was investigated in
detail. Representative hard coal slime samples from Prosper-Haniel Coal Preparation Plant located in Bottrop, Ruhr Region of
Germany were used for this purpose. Ultrasonic flotation with variable frequency and power levels was carried out using Wemco
type flotation machine with an impeller speed of 1200 rpm and 1.3 litre capacities. The reagent for coal flotation was Ekofol-440
with variable dosages during conventional and ultrasonic flotation experiments. The results of the release analyses showed that
ultrasonic coal flotation yields more combustible recovery and lower ash values in concentrates than conventional flotation at
similar reagent dosages.
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0Z: Ultrasonik islemler cevher hazirlamadaki fiziksel, kimyasal ve fizikokimyasal siirecler esnasinda cogunlukla yiizey
temizleme icin kullanilmaktadir. Bu caligmada, yeni gelistirilen ultrasonik dalga iiretecli flotasyon seliillerinin kullanimiyla
gerceklestirilen komiir flotasyonu detayli olarak arastirilmistir. Bu amagla, temsili tag komiirii slam numuneleri Almanya, Ruhr
Bolgesi’ndeki Prosper-Haniel Komiir Hazirlama Tesisi’nden temin edilerek kullanilmistir. 1200 dev/dak pervane doniis hizi ve
1,3 litre hacim kapasitesine sahip Wemco tipi flotasyon makinasinin kullanildigi ultrasonik donamimli flotasyon deneyleri,
degisken frekans ve gii¢ seviyelerinde gergeklestirilmistir. Konvansiyonel ve ultrasonikli flotasyon denemelerinde komiir
flotasyonu reaktifi olarak degisken oranlarda Ekofol-440 isimli ticari kimyasal kullanilmistir. Release analiz sonuclar1 ayni
miktarda reaktif kullanimiyla ultrasonikli komiir flotasyon deneylerinde konvansiyonel komiir flotasyonuna oranla daha yiiksek
yanabilir verimle ve daha diisiik kiil icerikli konsantreler elde edilebilegini gostermistir.

Anahtar Kelimeler: komiir flotasyonu, ultrason, ultrasonik islem, tag komiiri, komiir slamlar1

INTRODUCTION can modify the surface properties of minerals, leading to

Froth flotation process can be influenced by a
large number of material, chemical, equipment and
operational variables. Changing one of these variables
certainly affect the results of flotation, such as grade and
recovery significantly. Ultrasound is one of the
important treatment methods used to advance the
flotation process, (Stoev et al., 1992; Ozkan, 2002).

Chemical effects of ultrasonic treatment in a
flotation system are characterised by cavitation and are
accompanied by a local increase in pressure and
temperature. As solid/liquid interactions are weaker
than liquid cohesion forces, solid/liquid interfaces are
more amenable to the formation of cavitation. The
unsettled conditions caused at a solid/liquid interface

changes in the adsorption of collectors on minerals and
accordingly in their flotation responses. However,
dispersive effects are realised when ultrasound is
applied to a pulp containing a stabiliser such as a
surfactant; this phenomenon concludes with the
formation of an emulsion. Ultrasonic treatment can
improve the effectiveness of a reagent due to more
uniform distribution in the suspension and also in
enhancement of the activity of the chemicals used,
(Jordan, 1991; Letmahe et al., 2002; Harrison et al.,
2002; Mitome, 2003; Vargas-Hernandez et al., 2003;
Ozkan and Kuyumcu, 2005; Yu and Yalcin, 2005;
Ozkan and Kuyumcu, 2006a-b).
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In this study, hard coal flotation was optimized
by conventional evaluation methods and the results
were compared with ultrasonic flotation data in order to
categorize the effects of ultrasonic waves on various
phases of flotation.

MATERIAL AND METHOD
Hard coal slime samples in pulp form from the

Preparation Plant were provided by a coal mine situated
in Bottrop, Ruhr Region of Germany. Coal preparation
flow-sheet of Prosper-Haniel Plant is shown in Figure 1
in detail and the place (SAMPLING) where the current
samples taken is illustrated on the figure, (Kuyumcu,
2004).

Original size distribution, calorific value, ash and
sulphur contents of the slime samples on dry basis are

flotation feed section of Prosper-Haniel Coal given in Table 1.
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Figure 1:  Flow-sheet of Prosper-Haniel Coal Preparation Plant
Sekill: Prosper-Haniel Komiir Hazirlama Tesisi Akim Semast
Table 1: Original Size Distribution, Calorific Value, Ash and Sulphur Contents of the Sample (Dry Basis)
Cizelge 1: Numunenin Orijinal Tane Boyut Dagilimu, Isil Degeri, Kiil ve Kiikiirt I¢erikleri (Kuru Bazda)
Particle Size Weight Ash Sulphur Calorific Value
mm % % % kJ/kg
> 0.500 3.20 2.12 0.84 34 136
0.500-0.315 9.89 5.10 0.90 33286
0.315-0.250 5.94 13.41 0.86 30311
0.250-0.100 17.32 20.73 0.87 27 259
0.100-0.050 9.82 29.21 0.93 23708
0.050-0.025 8.90 28.71 1.04 23 666
<0.025 4493 57.57 1.19 12721
Total (Feed) 100.00 36.25 1.04 21 056
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Batch flotation tests were conducted with a
Wemco type machine with an impeller speed of 1200
rpm. Ultrasonically assisted flotation tests were carried
out using a newly designed and developed stainless steel
flotation cells with a volume of 1.3 liters for each
different frequency. The new flotation cells were

(a)

flotation machine

equipped with ultrasound transducers with different
frequency and power levels. A 600 W power generator
was used with variable power levels. A schematic view
of the newly developed ultrasonic flotation system cell
is shown in Figure 2.

(b)

impeller nEERLE

flotation cell

transducers

Figure 2: Technical Drawings of the Newly Developed Flotation Cells with Ultrasonic Transducers, (a) Schematic View of the
Flotation Machine and Cell, (b) Close and Upper View of Newly Developed Flotation Cell with Ultrasonic

Transducers
Sekil 2:

Yeni Gelistirilen Ultrasonik Uretegli Flotasyon Seliillerinin Teknik Cizimleri, (a) Flotasyon Makinasi ve Seliiliiniin

Sematik Goriiniimii, (b) Yeni Gelistirilen Ultrasonik Uretecli Flotasyon Seliiliiniin Ustten ve Yakindan Gériiniimii

The ultrasonic power generator, transducers and
other related equipment were supplied from Bandelin
Electronic GmbH&Co. KG in Berlin, Germany.
Connection between flotation cells and the ultrasonic
equipment was performed at the laboratories of Berlin
Technical University. Ultrasonic transducers have a
power capacity of 50 W with different dimensions for
each frequency. Frequency levels were arranged for
various batch flotation tests as 25, 40 and 25-40 kHz.
Ultrasound generator was run at 50% of total output
power during all stages of flotation, i.e. conditioning
and aeration.

The provider of the ultrasonic equipment
reported that the overall energy loss is approximately 10
% and the electro acoustic overall efficiency per cell is
approximately 65 %. The losses are independent of the
frequency. According to these assumptions, the unit
ultrasonic power intensity was estimated to be 1.146
W/em® for 40 kHz frequency, 0.801 W/cm® for 25 kHz
frequency and 0.943 W/cm® for 25-40 kHz multiple

frequencies. These data can be transformed to 60
Watt/litre for each flotation cell independent of the
frequency.

During the bacth flotation experiments, Bottrop
mine site local water as sample was in original pulp
form with a solid-liquid ratio of 10 %, ambient
temperature, natural pH, electrical conductivity and
oxidation-reduction potential of the slurry. Flotation
times were selected as 5 minutes for conditioning and
aeration separately. Ekofol-440 was used as coal
flotation reagent. This is commercially known as
basically a combination of aliphatic alcohols in the C¢ to
C, range with free of phenols and phenol derivatives.

RESULTS

Experimental studies can be grouped according
to conventional and ultrasonically assisted flotation tests
using similar variable parameters for comparison and
evaluation of the concentration results.
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Release analyses (Laskowski, 2001) were
performed for evaluation of the continuous flotation
data obtained at optimal batch flotation parameters
obtained from a previous study. According to release
analyses, tailings can be evaluated either separately and
collectively, however the products can be grouped in
terms of different time intervals. Concentration tables
were constructed to calculate cumulative and fractional
batch flotation data. The calculated cumulative flotation
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data in terms of ash and combustible recovery values of
floated products for comparison against variable
ultrasonic frequencies were given in Figure 3.

The purpose of these tests is in order to
demonstrate and to clarify the yield and combustible
recovery differences between conventional and
ultrasonic flotation tests by taking the ash content of
each product into account.

Combustible Recovery (%)
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—o— Ultrasound (25-40 kHz)

Figure 3: The Comparison of the Cumulative Product Ash Values against the Cumulative Combustible Recoveries at Different
Ultrasonic Frequencies according to the Results of the Release Analyses Method

Sekil 3: 1
Igeriklerinin Karsilagtirilmasi

From Figure 3, it seems that there is a similar
positive trend between frequency change of ultrasound
in terms of product ash and combustible recovery
values. Therefore, the results of the release analyses
certainly support more positive effect of ultrasonic
treatment than in conventional flotation conditions.

DISCUSSION AND CONCLUSIONS
According to previous studies, ultrasonic
flotation may be performed during the different stages

Release Analiz Yontemine Gore Farkli Ultrasonik Frekanslarda Kiimiilatif Olarak Yanabilir Verim ve Uriinlerin Kiil

of flotation, such as before flotation for conditioning
only, or during flotation-aeration or after flotation for
destruction of the coal and reagent loaded froths.

This study investigates the overall effect of
ultrasound during every stage of flotation. A newly
designed and equipped flotation cells were also
introduced into coal flotation. This new system enables
using ultrasonic power and frequency which could be
easily controlled during the experiments.



Some of the positive observations
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can be

outlined as;

Conditioning and aeration, therefore total
flotation times are certainly shortened,

Froth or air bubble sizes are uniformly
distributed inside the flotation cell and tend
to become finer,

Temperature certainly tend to increase by
time, however coal flotation does not
continue more than 5 min, therefore increase
in temperature did not necessarily affect the
results,

Effect of breakage of the particle size of the
products was observed, however it was not
effective as it was previously thought,
Reagent consumption drastically decreased
by use of ultrasound due to thorough contact
between collector-frother and coal particles,
Although the quality of the floated coal
seems to be not affected under ultrasonic
treatment, tailings do not seem to contain
coal particles, this may lead to improved
recovery of coal flotation by ultrasound.
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GENIS OZET

Son yillarda yapilan arastirmalar gostermistir
ki, flotasyon isleminin farkli asamalar1 baz1
durumlarda mekanik titresimler, ses dalgalar1 ve bu
iki fiziksel davramigin ortak etkisiyle olumlu olarak
etkilenebilmektedir. Cevher hazirlama-zenginlestir-
me ve iiretim metalurjisindeki bazi ultrasonik islem
uygulamalari, akustik ortamlarin verimler tizerinde
pozitift ~ etkiler olusturdugunu  gostermektedir.
Gecmiste yapilan caligmalarin biiyiik bir kisminda
flotasyon reaktiflerinin emiilsifiye edilmesi ve
minerallerin adsorbe olmus reaktif tabakalarindan
uzaklagtirilmasi gibi ultrasonun flotasyon
oncesindeki etkisi iizerinde durulurken, son
yillardaki aragtirmalarda ultrasonik islemin flotasyon
esnasindaki ve/veya sonrasindaki etkileri
incelenmistir. Genel olarak, ultrasonik titresimlerin
etkinliginin minerallerin dogal yapilar1 ve ultrasonun
uygulama yontemine bagli oldugu bulunmustur.

Flotasyon prosesi islem goren cevhere,
islemde kullanilan kimyasallara, islemin uygulandig:
tesise ve isletme kosullarina bagli olarak c¢esitli
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degiskenlerden etkilenebilir. Bu degiskenlerden
sadece bir tanesinin degistirilmesi flotasyonun
basarisinda, drnegin iiriin kalitesi ve miktar1 gibi cok
etkin rol oynar. Ultrasonik islemler giiniimiizde
flotasyonu gelistirmek i¢in 6nemli bir islem olarak
kabul edilmektedir. Bu etki kavitasyon ile olugur ve
ortamin basinct ve sicakliginin artmasi olaya eslik
eder. Kullanilan kimyasallarin etkilerinin
artirtlmasinin  yan1 sira bu reaktiflerin flotasyon
ortaminda tiniform bir halde yayilmasi da bu etkiyi
destekler.

Bir flotasyon sisteminde ultrasonun davranis
etkisi genellikle kavitasyonla nitelendirilir ve buna
sicaklik ve basinctaki bolgesel artig eslik eder. Kati-
stv1 etkilesimleri siviy1 bir arada tutan i¢ kuvvetlerden
daha zayif oldugu ig¢in, kati-sivi arayiizeyleri
kavitasyon olusumuna daha yatkindir. Zayif kati-sivi
etkilesimlerinde dahi ultrason yardimiyla bir flotasyon
piilpiinde hidrofobik taneler kolaylikla olusturulabilir,
clinkii kavitasyon bu tip ara yiizeylerde daha etkindir.
Ultrason flotasyon ortamindaki reaktiflerin daha
homojen dagilimini temin ederek, etkinliklerini
gelistirir ve ayrica kullanilan kimyasallarin daha aktif
olarak sistemde yer almasini saglar.

Bu calismada, yeni gelistirilen ultrasonik dalga
tiretecli flotasyon seliillerinin kullanimiyla
gerceklestirilen komiir flotasyonu detayli olarak
aragtirilmigtir. Bu amacla, temsili tag komiirii slam
numuneleri Almanya, Ruhr Bolgesi’ndeki Prosper-
Haniel Komiir Hazirlama Tesisi’nden temin edilerek
kullanilmustir. 1200 dev/dak pervane doniis hiz1 ve 1,3
litre hacim kapasitesine sahip Wemco tipi flotasyon
makinasinin ~ kullanildigi  ultrasonikli ~ flotasyon
deneyleri, degisken frekans ve giic seviyelerinde
gerceklestirilmisgtir. Konvansiyonel ve ultrasonikli
flotasyon denemelerinde komiir flotasyonu reaktifi
olarak degisken oranlarda Ekofol-440 isimli ticari
kimyasal kullanilmigtir. Sonuglar gostermistir ki,
ultrasonikli komiir flotasyon deneylerinde
konvansiyonel komiir flotasyonuna oranla daha
yiiksek yanabilir verimle ve daha diisiik kiil icerikli
konsantreler aynt miktarda reaktif kullanimiyla elde
edilebilmistir.
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