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ABSTRACT

Much research has been reported on the development of a new collectors that possess strong
selectivity to specific minerals; most of the research is oriented to investigating via either
combining pre-existing collectors or transforming a functional group of a collector. Some
research has shown an intriguing outcome. Nevertheless, in most cases the approaches in the
research are still based on chemical collectors that are mostly persistent when they are released
to the environment. Given the most urgent mission, Carbon Neutrality by 2050, and the
corresponding change of companies’ business plan to environmental, social, and governance,
developing eco-friendly collectors is inevitable. Until now, bio-based collectors are regarded as
one of the most promising alternatives, and relevant works have sporadically been reported. In
this presentation, the research trend on the bio-based collector flotation will be introduced, and
the limitations and future challenges will be discussed.

1 Introduction

The separation of valuable minerals from nonvaluable minerals is essential to produce various
materials such as cellphones, batteries, and construction materials. Flotation is a widely used
separation process in which collectors are employed to modify the surface properties of valuable
minerals, increasing their attachment to bubbles. The main mechanism through which
collectors accomplish this is by inducing hydrophobicity on the mineral surfaces. However,
because collectors can be toxic to organisms and the environment, it is important to consider
cleaner alternatives when developing mineral processing industries. Quaternary amines, sodium
isopropyl xanthate, sodium di-ethyl dithiophosphate, and alkyl hydroxamate are commonly used
collectors, but are toxic and hazardous in nature [1]. Microorganisms and their extracellular
polymeric substances have been explored as alternative collectors in flotation experiments [1] as
they can adhere to mineral surfaces, modifying them and influencing their attachment to
bubbles. In this review, we will examine the current trends and state of biocollector-based
flotation as a means of achieving selective, environmentally friendly, and economically viable
mineral separation.

2  Materials and methods

In December 2022, a search was conducted on the SCOPUS database using the keywords “bio

29 ¢

collector” “flotation” “mineral”. The search yielded a total of 33 documents, of which 20 were
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relevant to the topic of interest. The selected articles were then analyzed using text analytics
algorithms with the R software.

3 Results and discussion

Figure 1 shows a word cloud of the words that appeared at least 20 times across the articles.
Figure 2 presents a bar chart of the 20 most frequently repeated words in the word cloud.
According to the figures, pyrite and chalcopyrite were the most frequently mentioned minerals,
while ferrooxidans was the most frequently mentioned microorganism species name.
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Figure 1. Word cloud of terms with a frequency of 20 times (data from 2000 to 2022).
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Figure 2. Word cloud of terms with a frequency of 20 times (data from 2000 to 2022).

Figure 3 illustrates the average particle size range used in flotation tests. The particle ranges of
30-78 um and 78-126 um were the most frequent. This suggests that intermediate size ranges
were predominantly used in flotation tests, while fine and coarse sizes were under-represented.
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Figure 3. Average particle size range used in flotation tests (data from 2013 to 2023).



Figure 4 shows the pH range in flotation tests. The distribution appears to be roughly normal.
Most flotation tests were conducted in the range of 6.4-8.1.
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Figure 4. pH range in flotation tests (data from 2013 to 2023).

Figure 5 shows the collectors used in flotation tests. Most of tests were conducted without the
addition of any conventional collector. This indicates that microorganisms, including their
extracellular substances, were likely used to modify mineral surfaces. In fact, the role of
microorganisms in flotation was found to be primarily as a collector, rather than as a depressant
(data not shown in this document).
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Figure 5. Collectors used in flotation tests (data from 2013 to 2023).

Figure 6 presents a topic modeling of the articles in which four distinct topics were generated.
Figure 7 illustrates the probability that the articles used in this review belong to one of the four
topics. According to the figures, stibnite, barite, chalcopyrite, and magnesite flotations were



frequently studied. Ferrooxidans was the microorganism most frequently used. Additionally,
topics 3 and 4 were the most repeated among the articles.
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Figure 6. Grouped terms using topic modeling from articles (data from 2000 to 2022).
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Figure 7. Articles per topic probability from topic modeling (data from 2000 to 2022).

Figure 8 displays a bigram of the correlation between words found across the articles. As
shown, PIPX (potassium isopropyl xanthate) was often used to contrast biocollector-based
flotation (which uses microorganisms and their extracellular substances are amphoteric) [2, 3].
Additionally, biocollector-based flotation was primarily studied at a laboratory scale, and its
performance was found to be related to chemical and conditioning factors. The authors
Priyanka Dhar (Norwegian University of Science and Technology) and A J Davis (North
Staffordshire Polytechnic) were also frequently cited, likely due to their early significant
contributions to the topic.
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Figure 8. Co-occurrence network analysis based on Spearman’s correlation displaying words
with a frequency of 20 having a correlation coefficient equal or more than 0.25 (data from 2000
to 2022).

4 Conclusions

It is important to clearly identify in article tittles whether microorganisms and their substances
are being used as biocollectors or biodepressants. Stibnite, barite, chalcopyrite, and magnesite
have been frequently used in biocollector-based flotation. Ores were rarely used for flotation
tests.  Similarly, (Acidithiobacillus, Leptospirillum, Thiobacillus) ferrooxidans 1is the
microorganism species name that has been most used. However, future research should also
explore the use of other minerals, ores, and microorganisms. Additionally, it is important to
study the physicochemical aspects of the interactions between microorganisms and minerals, as
well as the impact of pulp conditions on biocollector-based flotation.
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