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Interactions in Multi-Component Mineral Systems
Justification: Understanding on these interactions is important for optimizing processes and 
quality of products Knowledge of surface speciation and chemistry of interfaces isquality of products. Knowledge of surface speciation and chemistry of interfaces is 
essential.
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Flotation chemistry of complex sulphide ores-

 

Flotation chemistry of complex sulphide ores
Recycling of process water
Ikumapayi Fatai Kolawole   (Ph.D student)
Prof. Kota Hanumantha Rao (coordinator)

The effects of major components of calcium (Ca2+) and j p ( )
sulphate (SO4

2-) ions in process water on sulphide mineral 
flotation have been investigated through:

1. Hallimond flotation of single pure sulphide minerals using 
tapwater and water containing SO 2- and Ca2+tapwater and water containing SO4 and Ca

2. Bench scale flotation of complex sulphide ores using 
tapwater and process water and with tapwater in thetapwater and process water and with tapwater in the 
presence of Ca2+ and SO4

2-

3 Zeta-potential measurements3. Zeta potential measurements
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Zeta-potential measurementsZeta-potential measurements
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Molecular scale approach towards behaviour

 

Molecular scale approach towards behaviour
of collectors on sulphide surfaces

Dr Anna-Carin Larsson (coordinator)( )
Prof. Sven Öberg

What happens to a collector when it adsorbs to aWhat happens to a collector when it adsorbs to a 
mineral surface?

13C CP/MAS NMR combined with 
Quantum Mechanical DFT Q
calculations can provide an 
answer on a molecular level



Different carbons give signals in different positions 
depending on the electronic environment 

( h i l hif )(chemical shifts)

Potassium iso-propylxanthatePotassium iso propylxanthate
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sidebands give 
additional 
information which 
can be used tocan be used to 
identify different 
species on a 

i l fmineral surface
Spinning sidebands = “s”

s
δiso = (δxx + δyy + δzz)/3 

δaniso = δzz - δiso

η = (δ - δ ) / δ i

s s
s s

s s
s s s

η  (δyy δxx) / δaniso

Ω= |δzz - δxx|

|δzz - δiso| ≥ |δxx - δiso| ≥ |δyy - δiso|



Data for relevant xanthate species and products of their 
decomposition, which can form in a flotation 

pulp or on a mineral surfacepulp or on a mineral surface

A few examples of data for the most interesting carbon -CS2

K iso-propylxanthate
exp DFT

     δiso 231.6 231.6

Dixanthogen
exp DFT

     δi 206.8 205.3

 
     δaniso 154.4±4.6
164.3
     η 0.60±0.05
0 60

     δiso 206.8 205.3
     δaniso 140.6±4.2
161.8
     η 0.15±0.15
0 060.60

     Ω 278.2±8.2
295.7

Pb iso-propylxanthate
exp DFT

     δiso 226.4 224.7

0.06
     Ω 222±12 237.4

iso
     δaniso 142.8±4.1
154.4
     η 0.73±0.04
0 76

There is a good agreement between 
experimental and calculated data

0.76
     Ω 266.0±7.0
290.1

Substitution K → Pb/Cu/Zn decreases δiso

It is possible to distinguish different 
f i i 13C CP/MAS NMR!surface species using 13C CP/MAS NMR!



Xanthate adsorption/decomposition on PbS 
(Larsson, Öberg, Lindberg, Sun, unpublished)

Decomposition productsCS2-carbon 13C-enriched to provide stronger NMR signals

3 mM Heptylxanthate (HX) pH 8

 

p y ( ) p

3 A l h (A ) 83 mM Amylxanthate (AX) pH 8

3 mM Ethylxanthate (EX) pH 7.5

+ S

Surface adsorbed xanthate

O2 +

OH- +

Eventually, the alkyl chain decomposes into 
hydrophilic PbCO3 through intermediate steps

Surface adsorbed xanthate 
stays more stable the 
longer the alkyl chain is 
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Iftekhar Uddin Bhuiyan (PhD student)
3D Data for Iron Ore Pellets3D Data for Iron Ore Pellets

Dr Johanne Mouzon
Prof. Jonas Hedlund (coordinator)

LKAB’ ll t l t fLKAB’s green pellets are complex arrangements of:
• iron ore particles with a broad size distribution
• a binder (e g bentonite)a binder (e.g. bentonite)
• additives (e.g. olivine)
• water
• porosity

It is this complex arrangement and interactions 
b diff h d i hbetween different components that determine the 
wet and dry strengths of the pellets and 
subsequently the final porosity for oxidization and 
reaction in blast furnaces ⇒ 3D data are valuable!

Extreme High Resolution Scanning electron microscope (XHR-SEM)
Magellan 400 (installed at Division of Chemical Engineering, LTU, Oct 2009)



Cryogenic-SEM Images of Green
Iron Ore Pellets (with and without
Cryogenic-SEM Images of Green
Iron Ore Pellets (with and without

 

Iron Ore Pellets (with and without 
flotation reagent ATRAC) 

Iron Ore Pellets (with and without 
flotation reagent ATRAC) 

AFRA R fAFRA Reference

With ATRACWith ATRAC Without ATRAC

Correlations? 3D Porosity Mechanical strength of pellets?



Image analysis
Spherical Porosity Distribution

Image analysis
Spherical Porosity Distribution

 

Spherical Porosity DistributionSpherical Porosity Distribution

Correlations? 3D Porosity Mechanical strength of pellets?



Image analysis
Spherical Porosity Distribution
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Spherical Porosity DistributionSpherical Porosity Distribution
According to analysis 
f SEM iof SEM images 

flotation reagent (Atrac) 
entrapped more air 
bubbles and the size 
fraction between10 and 
150 µm is increased by µ y
the flotation reagent. 

This method is a useful tool for quality tests of green pellets 
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