
K. Wandelt S. Thurgate (Eds.) 

Solid-Liquid Interfaces 

Macroscopic Phenomena -
Microscopic Understanding 

With 228 Figures 

ö Springer 



Contents 

Part I. A d s o r p t i o n in P r o c e s s i n g Techno log ie s 

Surface A n a l y t i c a l S t u d i e s of O x i d a t i o n 
and Col l ec tor A d s o r p t i o n in Sulf ide Minera l F l o t a t i o n 
Roger S. C. Smart, Jolm Amarantidis , William M. Skinner, 
Clive A. Prestidge, Lori La Variier and Stephen R. Grano 3 

1. Introduction 3 
1.1. Techniques 6 
1.2. Surface Oxidation 7 

2. Case Studies of Oxidation Mechanisms 8 
2.1. Metal-Deficient Sulfides, Polysulfides and Elemental Sulfur 8 
2.2. Oxidized Fine Sulfide Particles f 6 
2.3. Colloidal Metal Hydroxide Particles and Flocs 18 
2.4. Continuous Oxide/Hydroxide Surface Layers 20 
2.5. Sulfate and Carbonate Species 22 
2.6. Patchwise and Face Specific Oxidation 23 
2.7. Actions of Collector Molecules 27 

3. Actions of Collectors: Case Studies 28 
3.1. Adsorption to Specific Surface Sites 28 
3.2. Precipitation from Solution 30 
3.3. Detachment of Oxidized Fine Sulfide Particles 32 
3.4. Detachment of Colloidal Oxide/Hydroxide Particles 40 
3.5. Removal of Oxidized Surface Layers 40 
3.6. fnhibition of Oxidation 44 
3.7. Aggregation and Disaggregation 45 
3.8. Patch-wise and Face-specific Collector Interaction 46 
3.9. Implications for Flotat ion Practice 47 

4. Remaining Research fssues 48 
4.1. Oxidation Mechanisms 48 
4.2. Collector Adsorption and Reaction Mechanisms 51 

Refcrences 53 



XII Contents 

M e t a l s froni Sulfide Minera l s : T h e R o l e of A d s o r p t i o n 
of Organic R e a g e n t s in P r o c e s s i n g Techno log ie s 
Alan N. Buckley, Gregory A. Hope and Ronald Woods 61 

1. Adsorption at the Solid-Solution Interface 62 
2. Flotat ion 63 
3. Interaction of Thiol Collectors with Metal 

and Sulfide Mineral Surfaces 63 
3.1. Electrochemical Approaches 64 
3.2. Potential Dependence of Hydrophobicity and Flotability 68 
3.3. Spectroelectrochemical Studies 70 
3.4. Electron Spectroscopy 75 
3.5. Static Secondary Ion Mass Spectrometry 84 

4. Electrowinning and Electrorefining 86 
5. Adsorption of Thiourea on Copper Cathodes 87 

5.1. Electrochemical Techniques 87 
5.2. Raman Scattering Spectroscopy 89 

6. Concluding Remarks 92 
References 92 

S X P S a n d X A N E S S t u d i e s of Interface R e a c t i o n s 
of Organic M o l e c u l e s o n Sulf ide S e m i c o n d u c t o r s 
Dirk Mayer, Karl Heinz Hallmeier, Dominic Zcrulla 
and Rüdiger Szargan 97 

1. Introduction 97 
2. Experimental 98 
3. Results and Discussion 99 

3.1. Chemical Composition of the Adsorbate 99 
3.2. Orientation of the Adsorbed Molecules 102 
3.3. Thermal Activation of the Adsorption 104 
3.4. Photooxidation of the Adsorbate 107 

4. Conclusions 110 
References 111 

R e c o v e r y of G o l d froni I t s Ores: 
A n S T M Inves t i ga t ion of A d s o r p t i o n of t h e A u r o c y a n i d e 
onto H i g h l y O r i e n t a t e d P y r o l y t i c G r a p h i t e 
Eddy Poinen and Steve M. Thurgatc 113 

1. Overview 113 
2. Applications of Gold 114 
3. Gold in Nature 115 

3.1. Gold in Austral ia 116 
4. Processing of Gold 116 

4.1. The Cyanidation Step 117 



Contents XIII 

4.2. Concentration 118 
4.3. The C I P / C I L Process 119 

5. Activated Carbon 120 
5.1. Activated Carbon in the Gold Industry 120 
5.2. Physical Propert ies of Activated Carbon 121 
5.3. Chemical Propert ies of Activated Carbon 123 

6. Investigations of Gold Adsorption on Activated Carbon 123 
6.1. Kinetics Loading Capacity Studies 124 
6.2. Spectroscopic Investigations 124 
6.3. Mössbauer Spectroscopy 124 
6.4. Infrared Spectroscopy 125 
6.5. X-ray Photoelectron Spectroscopy 125 

7. Influence of Graphitic Structure 126 
8. Scanning Tunnelling Microscopy of Graphi te 127 
9. Experimental 128 
10. Results and Discussion of In Situ STM Investigations 128 

10.1. K A u ( C N ) 2 / K O H / H O P G 128 
10.2. KAu(CN) 2 K O H / C a C l 2 / H O P G 129 

11. Discussions 133 
11.1. In Situ STM Findings in the Presence of Ca2+ 134 
11.2. Probable Mechanism of Interaction 135 

12. Concluding Remarks 135 
References 136 

Part IL A n i o n A d s o r p t i o n 

Atomic S truc ture of C u ( l l l ) Surfaces 
in D i lu te Sulfuric A c i d S o l u t i o n 
Peter Broeckmann, Michael Wilms, Mat thias Arenz. 
Alexander Spänig and Klaus Wandelt 141 

1. Introduction 141 
2. Experimental 143 
3. Sulfate Adsorption 147 

3.1. Electrochemical and Spectroscopic Characterization 147 
3.2. Atomic Structure of the Bare C u ( l l l ) Electrode 151 
3.3. Atomic Structure of the Adsorbate Layer 153 
3.4. Adsorption Site Configuration 164 
3.5. Adsorption/Desorption Kinetics 167 
3.6. Surface Morphology 172 
3.7. Anodic Corrosion 183 
3.8. Cationic Structures 184 
3.9. Metastable Structures 191 

References 195 


