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FineFuture is an HZDR lead research project, the main objective of which is
to enhance the competitiveness of the European industrial minerals industry
by developing new technologies to valorize fine particles from waste into
valuable materials.
The FineFuture Consortium is led by the Helmholtz-Zentrum DresdenRossendorf (HZDR) research institute and consists of 16 partners from 10
different European countries. Key contributors to this multidisciplinary
platform include several universities, specialized SMEs & corporations,
industry associations, as well as applied technology and research institutes.
The project will run until May 2022.
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What are the latest
developments?
by Lev Filippov - WP4, WP3, WP5 Leader & Researcher
The latest results concern three main topics: the magnesite hyper project, the intensive flotation machines
and the optimisation and validation of the results at a semi-industrial scale.
The magnesite hyper project flotation experiments on the Hallimond tube and small flotation cell were
performed to optimise the selective flotation between dolomite and magnesite on pure materials. A wide
range of parameters was taken into account: The collector dosage, the frother dosage, the pH, the cocollector type and dosage, the depressant dosage and the particle size.
Screening tests determined a maximum recovery of 97 wt.% of dolomite and 77 wt.% of magnesite and the
addition of non-ionic reagents significantly improved the separation contrast with a higher magnesite
flotation using an alkoxylate ramified alcohol. No selectivity between dolomite and magnesite for ultra-fine
particles (< 25 µm) was demonstrated probably because entrainment mechanisms lead to fine particles
flotation. Thus, sodium hexametaphosphate was added as a depressant to depress the dolomite in an
alkaline medium (pH 9.5). A beginning of selectivity zone was found with a very low depressant dosage.

A more theoretical study is ongoing to understand better the mechanism leading to these poor results for
fine particles flotation. Zeta potential, contact angle, and tensiometry measurements are in process. In-situ
Raman spectroscopy has been used to understand better the surface interactions between particles,
collectors and phosphoric depressants. It was concluded that the appearance of new carbonate peaks
accredited to calcium carbonate, among 0.001 and 0.01 M phosphoric acid concentration, and their
decrease/disappearance at higher concentrations. Generally, the special peaks for both dolomite and
magnesite have been obtained. Proton consumption on dolomite or magnesite is maximum at 10-3 M and
then decreases at 0.1 M followed by sharp minimisation owing to surface passivation for fine particles both
for dolomite and magnesite. This passivation of fine particles could explain the low flotation selectivity for
this fine fraction.
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All these relevant results raise the issue of the lack of
selectivity concerning the fine particles flotation.
(Farrokhpay, et al., 2020) have described the main problems
associated with fine particle flotation and the main
approaches, each with its advantages and limitations.
Surface hydrophobicity, hydrodynamic effects, the effect of
fine particles on the froth phase, and rheology's role are
described as the phenomena where solutions can be found.
In the frame of development of innovative technologies, the
University of Lorraine has participated in the production of
peer-reviewed publications where the microbubbles
approach is developed.
In the frame of secondary resources beneficiation, slimes of
two different iron ores have been studied by the team.
Minerals present in the material such as hematite, goethite,
kaolinite and quartz often present coating in their surface.
Dispersion and ultrasound pre-treatment offered a solution to
this problem and focused on some of the team's test work.
Different reagent types of dispersion had been tested,
including ANTIPREX produced by the consortium partner
BASF. Effects of the dosage, pH and sonication have been
tested.

MB generator + Flotation cell at Labscale
(IMN, Poland)

The conclusions of the works highlight that these techniques improve the final product as detachment of
colloidal species reduce the slimes coating issue (Fe-hydroxides or impurities in the surfaces of both kaolinite
and quartz). Reverse flotation is beneficiated, and a reduction of iron losses is observed. Good results are
specially provided using the sonication pre-treatment with about 50 W of power amplitude in fractions below
20µm where most of the iron is present.
In partnership with Turboflotservice, the setup of an innovative technology able to combine microbubbles with
conventional bubbles has been tested. In the papers by (Rulyov, et al., 2020) the joint team involved in the
WP3 have studied the influence of different frother concentrations on the size of microbubbles and their
influence on flotation kinetics. The main findings suggest that the size of microbubbles depends on the frother's
concentration, which, in turn, influences the flotation rate and the ultimate recovery for 50-80 µm size fraction of
glass beads. The results presented at (Rulyov, et al., 2020) concluded that the combined microflotation
technique produced by a Microbubble generator with a conventional flotation machine generates improvements
in terms of both grades (67.63% Fe) and recovery (91.16% Fe) of iron concentrates. Most precisely, when the
total collector dosage is added in different stages of the flotation process in the form of pure and microbubbles
mixed collector. The approach also reduces losses of valuable minerals by entrainment in a reverse flotation
process. The introduction of microbubbles in conventional machine cells enabled by the described setup of
technology has also proved an increase in recovery of quartz particles in size fractions <50µm with a reduction
of the consumption of collector and a higher attachment efficiency and flotation rate constant as described in the
paper by (Farrokhpay, et al., 2020).
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Finally, the implementation of innovative technologies at the
pilot scale has been tested by the University of Lorraine Fine
Future's team to recover Manganese from the fine fractions
of a processing waste product. A pilot plant test with
Manganese ore provided by ERAMET was developed to test
the efficiency of the described technology. For optimal
collector dosages, introducing microbubbles in conventional
flotation machines enhances the quality of the manganese
concentrate in terms of both Si% and Mn% in a reverse
flotation process when compared to conventional flotation.
The approach of reducing bubble size at an industrial scale
has been tested recently at the installations of IMN at
Gliwice in Poland. A multidisciplinary team conformed by
Turboflot, IMN and the University of Lorraine has tested the
lab-scale device in a copper sulfide sample from KGHM.
The capacity of the lab device allows the setup of the
combined microbubble flotation in a pilot 140L flotation cell.
Following tests are coming, but a visit to Polkowice
concentrator by the team has concluded an initial prefeasibility at the industrial scale of this device.
MB generator + Flotation cell at Pilot scale
(IMN, Poland)

In WP1, the University of Lorraine is leading the tasks devoted to molecular modelling to deduce the adsorption
mechanism of the depressants and collectors for carbonate minerals separation, i.e. magnesite et dolomite.
To unravel the role of phosphorous compounds on the dolomite/magnesite separation, we are considering
combining spectroscopy experiments with state-of-the-art atomistic simulations. The adsorption of model
collectors has been simulated at 0 K through DFT relaxations and at 300 K by ab initio molecular dynamics
(AIMD) and the IR / RAMAN spectra of the stable adsorption configurations have been calculated by density
functional perturbation theory (DFPT). Overall, we set up a computational strategy involving three steps
[Foucaud et al. 2021]:
Selection of the most visited configuration(s) in vacuo by running 20 ps (including 10 ps of thermalisation)
AIMD simulations and in water by running 50 ps (including 10 ps of thermalisation) AIMD simulations with an
explicit water solvent;
Full DFT geometry relaxations of the selected configuration(s) to calculate the adsorption or the reaction
energies;
Calculation of the IR / RAMAN spectra for each optimised configuration using the Born charges and the
density functional perturbation theory (DFPT).
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FineFuture
presented at ProcessNet
Specialists
from
Multiphase
Flow
(MPH)
and
Computational Fluid Dynamics (CFD) meet and exchange
in Paderborn (Germany) during ProcessNet's annual
meeting that took place on 9-10 March 2021. ProcessNet’s
addresses the needs of the chemicals sector (DECHEMA
and VDI) by providing a forum where researchers from
various German institutions exchange on developments in
their respective fields.
Sacha Heitkam represented the HZDR team during the
ProcessNet virtual 2021 event by presenting a paper:
‘Convective instability in sheared foam’ dealing with
Multiphase flow. The contribution presents the results from
testing and numerical modelling simulations for various
materials in the scope of the FineFuture project. This
contribution has been recently published in the Journal of
Fluid Mechanics (2021), vol. 911, A54.
Anna-Elisabeth
Sommer
presentation
‘Collision
phenomena of fine particles with bubbles using 4D particle
tracking velocimetry’ at the (online) meeting of the
ProcessNet specialist group Multiphase Flow on 9 and 10
March 2021 received the prize for the best lecture *by a
young scientist. The contribution was coauthored by:
Sascha Heitkam; Kerstin Eckert all from HZDR (HelmholtzZentrum Dresden-Rossendorf). The results presented
were developed and illustrate the progress made in the
frame of the EU FineFuture project that has received
funding from the EU under H2020.
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FineFuture
presented at Society and Materials (SAM)
For more than 15 years, Society and Materials (SAM)
conferences have been an international forum for
exchanging new methodologies, concepts, and issues that
connect materials, products, environment, and society
from different perspectives, ranging from social to
engineering sciences. Like Material Flow Analysis or Life
Cycle Assessment, some particular disciplines have been
at the meetings' core, addressing new directions and
innovative methodologies. More scientific approaches,
driven by social science, economics or materials science,
have also been presented. During the virtual event SAM15
10-11 May 2021, Politecnico di Milano experts Giuseppe
Cecere and Lucia Rigamonti, on behalf of the FineFuture
project, presented a paper entitled 'Social Life Cycle
Assessment of Novel Flotation Technology.' In the
presented study, the Social Life Cycle Assessment is used
to analyse the social performance of future technological
implementation and not one already developed and
implemented. For each specific scenario, the stakeholder
categories, and corresponding sub-categories (i.e., the
social themes), have been shortlisted after collecting the
feedback by the consortium partners, which will be directly
affected by the implementation of the new technology. The
following steps will focus on selecting indicators for each
sub-category based on each specific scenario, the first
case study will analyse the KGHM production chain. Data
collection will be carried out through questionnaires
regarding the current and future scenarios. The event took
place virtually and was attended by a total of around 200
LCA experts.

Events
05-08 SEPTEMBER 2021
10th International Conference on Life
Cycle Management
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