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ABSTRACT. The rapid development of the flotation technique, which began in the first quarter of the twentieth century, led to the development of a large number of 
flotation machineryconstructions, a small number of which had come into practice. In the middle of the previous century, great attention was paid to hydrodynamic 
processes in the flotation machines design and operation. Column flotation is a physical improvement in the flotation separation process. Due to the excellent results, 
column flotation was studied on raw materials containing fluorite, manganese, platinum, palladium, titanium and other minerals. The paper presents the trends of 
column flotation machines use according to the model, processed raw material and distribution area. 
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РЕЗЮМЕ. Бурното развитие на флотационната техника, започнало през първата четвърт на XX век, довежда до разработването на голям брой 
конструкции флотационни машини, малка част от които са навлезли в практиката. В средата на предходното столетие при конструирането и оперирането с 
флотационните машини е обърнато голямо внимание на хидродинамичните процеси в тях. Колонната флотация се явява физическо усъвършенстване в 
процеса на флотационно разделяне. Поради постигнатите отлични резултати колонната флотация е изследвана на суровини съдържащи флуорит, манган, 
платина, паладий, титан и др. минерали. В настоящата работа е направен преглед на тенденциите в използването на колонните флотационни машини 
според техния модел, преработвана суровина и област на разпространение. 
 
Ключови думи: колонни флотационни машини 
 
 
Introduction 
 
   In 1980s the column flotation was patented for first time. This 
led to numerous studies and subsequent publication of the 
obtained results in specialized scientific literature. Originally, 
the column flotation machines have been developed for 
application in flotation cleaning stage and expected to be 
adopted in both rougher and scavenger flotation operations, as 
well as completely displace the mechanical cells. (Willis, 2010). 
 
   According to a number of authors, the column (“columns”) 
flotation machines represent a non-mechanical or non-sub 
aeration flotation cells, a definition popularized during the 
1990s (Rubinstein, 1995; Sastry, 1988; Agar et al., 1991; 
Gomez and Finch, 1996; Finch, 1995). The term ‘‘tall columns” 
refer to counter current columns, with a height generally 
greater than twice the diameter, and they are often referred to 
as ‘‘conventional” columns. Short ‘‘columns” refer to other non-
mechanical flotation cells, variously referred to as novel 
columns, pneumatic cells and high intensity cells (Harbort, 
Clarke, 2017). 
 

Development of column flotation 
 
   The development of column flotation machines can be 
divided into six stages: 
 

 Early columns (1905-1925) 
   This period covers the time from the initial stage of the 
development of the flotation process by 1905 to 1925. The 
majority of the installations were what are now referred to as 
short columns, the most popular being the Callow machine, the 
MacIntosh machine and the Forrester machine. Tall columns 
were also tested, with a notable installation being that of 
Inspiration (Lynch et al., 2010). 
 

 The long decline (1926-1960) 
   In 1926 the Minerals Separation Company launched its 
subaeration mechanical flotation cell, which was considered to 
have significant advantages over the non-mechanical short 
and tall columns. This was to start a long decline in the 
popularity of flotation columns that continued to 1960 (Harbort, 
Clarke, 2017). 
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   Flotation column capacity in iron ore is also significant, 
representing 9% of the installed total. The majority of this is in 
Brazil (67% of installed iron ore column flotation capacity), with 
other countries utilizing columns for iron ore flotation including, 
at various times, China, Peru, USA, Russia, India, Mexico, 
South Africa, Venezuela and Chile. Rounding out the top four 
column flotation commodities is phosphate, representing 4% of 
total installed column flotation capacity. An assortment of 
commodities including zinc, molybdenum, potash, gold, 
niobium, lead and fluorite represent a further 10% of installed 
capacity. The remainder of column flotation capacity includes 
more than sixty other commodities. Flotation columns installed 
in the 1960s were overwhelmingly in base metals, with 45% in 
lead, 25% in zinc operations and 20% in copper operations. 
The remaining 10% of flotation columns were installed in coal 
operations (Harbort, Clarke, 2017). 
 

   During the 1970s there was a major transition away from 
column flotation use in both zinc and lead, and a minor 
increase in use in copper. Flotation column use in coal 
operations increased dramatically during the decade, 
representing 30% of the capacity of those installed. Increased 
use in both phosphate and molybdenum is also apparent, with 
each amounting to approximately 5% of the decade total. 
During the 1980s the popularity of flotation columns in North 
America witnessed major increases in the use for copper and 
molybdenum (to 30% and 20% of the decade total, 
respectively). Phosphate use also increased to approximately 
10% due to the use of flotation columns in both the USA and 
Brazil phosphate operations. A significant rationalization of the 
flotation columns distribution capacity occurred in the 1990s 
with coal increasing to 35%, due to increased use in Australia, 
USA and China. Copper maintained its proportion, due largely 
to use in the South American porphyry copper mines. This 
decade also represented the first significant use of column 
flotation in the iron ore industry, for the removal of silica. 
Largely in Brazil, iron ore composed approximately 10% of 
flotation used installed flotation column capacity. In comparison 
with the 1980s the distribution of column use in other 
commodities decreased significantly, with the most apparent 
decline being in molybdenum. Phenomenal growth in the use 
of column flotation in China’s coal industry during the 2000s 
distorts the distribution for this entire decade, with coal 
representing 60% of capacity. During the last six years the 
trends have returned to more normal levels, with coal and 
copper representing the two most popular commodities for 
column flotation use (20% and 30% of installed capacity 
respectively). Considering the current market price of iron ore, 
this commodity with 20% of installed capacity is surprising. 
(Harbort, Clarke, 2017). 
 
 

Conclusion 
 

   Over the years, flotation column machines have undergone 
various modifications. Since 1961, the flotation column 
machines have passed through three development and 
implementation periods, largely related to the variations in 
commodity prices. In addition, the following secondary causes 
for the growing interest in flotation column machines 
development and implementation could be mentioned: specific 
raw materials requirements, market needs, spare  parts, 
auxiliary equipment, etc. Flotation column machines are widely 

used in Australia, China and the United States for coal 
production, as well as for iron ore processing in the United 
States and Brazil. In the world practice of non-ferrous metals 
treatment, the flotation columns are mainly used in the 
cleaning flotation stage. Furthermore, column flotation 
machines have been successfully implemented in Bulgaria. 
Examples are Dundee Precious Metals Chelopech and 
Rudmethal JSC, Rudozem. The interest in column flotation 
machines has been growing quickly and over the years 
different modifications for various raw material processing have 
been installed. 
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