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Context

• Mixed Collectors

– Widely used, harnessing the different mechanisms of collectors 
in creating hydrophobic surfaces

– Empirically tested, full potential not necessarily achieved

– As collaborative work has progressed, better understanding is 
being developed

• Two postgraduate studies at UCT

– Lotter 1995: High-Confidence Flotation Testing

– Bradshaw 1997: Synergistic Effects Between Thiol Collectors 

• New collaborative opportunity to develop appropriate 
methodology with improved understanding

 
 



Reported Benefits of Mixtures 

• Optimised mixed collectors 

– Improved flotation rate [Plaskin, 1954; Adkins and 
Pearse, 1992]

– Improved coarse particle recovery [Plaskin, 1954]

– Lower collector dosage requirement [Plaskin, 1954; 
Bradshaw, 1997]

– Best results from an optimised ratio [Critchley and Riaz, 
1991; Valdiviezo and Oliveira, 1993; Mingione, 
1984;Bradshaw, 1997; Deng, 2010]

– Improved concentrate grade [Bradshaw, 1997]

– Improved overall performance / A better grade/recovery 
curve [Deng et al., 2010]



Reasons for Improved Performance

• Single xanthate system cannot span the full 
needs of an ore with different minerals  - both 
sulfide and oxide minerals 

• Rather, a mixed collector system offers several 
potential routes for hydrophobicity

– Combination of adsorption mechanisms resulting in 
more hydrophobic surface layer

– More selective first layer

– Catalysed formation of dixanthogen



Xanthate-Dixanthogen

Xanthate Oxidation

2NaX                 X2    +2Na+

Will be a preferred direction under acidic pH conditions

What about those flotation processes that need 
dixanthogen, but operate at alkaline pH?

Further work required to investigate a sequence of 
xanthate oxidation by chain length



Factors Affecting Choice of Collectors in 
Mixture

• Dixanthogen

– Some minerals need dixanthogen to float

– e.g. Chalcopyrite, Pyrrhotite, Pyrite, Ferroplatinum, Electrum

• Metal Xanthate

– Other minerals need metal xanthate to float

– e.g. Chalcopyrite, Bornite, Chalcocite: CuX, Pentlandite: NiX

• Non-Xanthate Collectors
– DTC, DTP collect consistently across the documented mineral 

set



Example I: Pyrite Flotation : Bradshaw, 
1997

• Laboratory study to characterise flotation 
performance of pyrite at pH= 4 with mixtures of 

DTCs and PNBX

• Measurements of subprocesses to support 

interpretation of mechanisms



Pyrite Flotation : Bradshaw, 1997



Key Findings / Mechanisms

• Increased recoveries and grades 

– were obtained at optimum ratio of collectors at the lower 
overall  dosage 

• Inferred benefits for coarse particles (but no 
mineralogy done !) 

• Thermochemical measurements 

– showed that the presence of dithiocarbamate catalysed
the  formation of dixanthogen from xanthate resulting in 
increased hydrophobicity of surface layer 



• Raglan commissioned on 
PAX 1998

• Changed to PIBX 2008

– Recovery gains in Ni, Cu, 
Pt, Pd

• Further work 2009/10 
[Deng et al]

– Testing PIBX and PEX using 
HCFT

Example II: Nickel Flotation: 
Deng et al, 2010
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Nickel Flotation: Deng et al, 2010

• Mixed Xanthates : Raglan:   PIBX and PEX

 Ni Grade/Recovery Curve
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Raglan : Key Findings / Mechanisms 
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Raglan : Key Findings / Mechanisms 

• Froth characteristics varied with xanthate dosage 
settings

– Implies that part of the mechanism is in the froth 
characteristics

• Interaction between IBX and EX not fully 
understood

– Needs more investigation
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Background to High Confidence Testing 

• Sampling

– Representative 
sample fv < 5%

– Gy’s Ms model

– Crushing and Blending

– Spin-Riffling to Test 
Lots

– External Refdist with 
QC

• Flotation Testing

– Replicate Tests ea 2 kg 
ore

– First Concentrate Quality 
Control to < 5% RSD

– Total Mass Balance

– Relative Standard 
Deviation of Reconciled 
Heads (Internal Refdist) 
<5%

ERD Mean IRD Mean

±
3.27% 
error

Representative 
Samples

Reproducible 
Flotation 
Test Data



• High-Confidence Flotation Testing
– Reduces error level in test data
– Improves the reproducibility

• First Prototype
– Rustenburg Platinum Mines, South Africa 1986-1993
– Rougher Flotation Tests

• Improved Model
– Rustenburg Platinum Mines and University of Cape Town 

1993-1995
– Improved Quality Controls
– Presented to SME in 1995, and again to the SME with 

improvements in 2009
– Rougher and MF2 Tests

• Working Standard
– Xstrata Process Support 1997-2008

Development of HCFT



Impact
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Key Benefits of HCFT

• Uses a representative ore sample

• Uses 3-5 replicate flotation tests with quality 
controls to produce a composite

– Invokes the Central Limit Theorem’s powerful averaging 
effects

– Mass and value balances have minimised errors, tighter 
confidence limits

• Allows demonstration of smaller main effects and 
interactions

• Reduces scale-up risk



Proposed Methodology for Evaluation 

• Characterise the mineralogy

• Select reagents appropriately 

• Design the experimental program with variables 
and their settings (factorial design) 

• Perform tests in factorial at High-Confidence

• Estimate and test main effects, interactions

• Model the response surface

• Identify optimum mixture

• New baseline flotation test to verify



Ongoing Development

• Applying methodology to increasing range of ores

• Developing further understanding of reagents 
and their interactions / mechanisms 
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