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INTRODUCTION

The 54th Annual Meeting of the Clay Minerals Society, held June 2–8, 2017, at the Northern Alberta
Institute of Technology in Edmonton, Alberta.

The Clay Minerals Society began as the Clay Minerals Committee of the National Academy of Sciences—
National Research Council in 1952, in response to the need for a formal way to hold national clay conferences.
By 1962, the Clay Minerals Committee had become strong enough to stand on its own, and The Clay Minerals
Society was incorporated. From 1952 to 1964, Proceedings of the annual conferences were published. The
journal was first published in 1964.

The primary purpose of The Clay Minerals Society is to stimulate research and to disseminate information
relating to all aspects of clay science and technology. Through its conferences and publications, the Society
offers individuals a means of following the many sided growth of the clay sciences and of meeting fellow
scientists with widely different backgrounds and interests.

The primary activities of The Clay Minerals Society consist of publication of the bi monthly journal
organization of the annual conference, workshop, and field trip, student research grants,

publication of a workshop lecture series, slide sets, and special publications, the providing of clays for research
purposes through the Source Clays Repository, and publication of the society newsletter in the bimonthly

Various committees within the Society deal also with such matters as regulatory issues, liaisons with
other countries, and nomenclature.

Awards given by the Society include Distinguished Member, the George W. Brindley Lecture, the Pioneers in
Clay Science Lecture, and the Marion L. and Chrystie M. Jackson Mid Career Clay Scientist Award. Awards are
also presented for student papers and posters at the annual conference. Student research grants totaling at
least $10,000 per year are awarded.

The membership of The Clay Minerals Society is a diverse group because the study of clay touches upon so
many fields. Members include clay mineralogists, crystallographers, physicists, chemists, geochemists, soil
scientists, agronomists, ceramic scientists, civil engineers, petroleum geologists and engineers, and industrial
scientists in fields involving products ranging from catalysts to cat litter. The Society has about 700 members,
one half of whom represent countries outside the United States.

The CMS Workshop Lectures Series include

and

The Society has other publications listed on
their website at www.clays.org.

The Society contact information is: The Clay Minerals Society, 3635 Concorde Pkwy, Suite 500, Chantilly, VA
20151 1110, Phone: 703 652 9960, Fax: 703 652 9951 and E mail: cms@clays.org.
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CONFERENCE PROGRAM AT A GLANCE
June 2, 2017 June 3, 2017 June 4, 2017

8:00 Continental Breakfast Continental
Breakfast

Continental Breakfast

8:30
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CMS Council
Meeting

10th Canadian
Powder

Diffraction
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CMSWorkshop
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10th Canadian
Powder
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10:00

10:30
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11:30
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12:30
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14:30
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16:30
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Clay and
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Quality
13:30

14:00 General
Session

14:30

15:00 Break

15:30

Clays in Oil and
Gas Clays in Mining
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Properties of Clays

Clays in Geotechnical
Engineering

16:00

16:30

17:00

18:00

Poster Session & Student Reception
18:30

Conference Banquet
19:00

20:00

21:00
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PROGRAM

FRIDAY, JUNE 2, 2017
8:30 am – 5:00 pm 10th Canadian Powder Diffraction Workshop | Room X107

6:00 pm – 9:00pm CMS Executive Dinner | CAT 312

SATURDAY, JUNE 3, 2017
9:00 am – 5:00 pm 10th Canadian Powder Diffraction Workshop | Room X107

8:30 am – 5:00 pm CMS Council Meeting | Room X203

6:00 pm – 9:00 pm Editorial Board Dinner | CAT 202

SUNDAY, JUNE 4, 2017
8:30 am – 5:00 pm 10th Canadian Powder Diffraction Workshop | Room X107

8:30 am – 5:00 pm CMS Workshop Series: Introduction to Oil Sands Clays | Room X111

6:00 pm – 8:00 pm Welcome Reception | CAT 200

Conference Registration & Trade Show Set Up

MONDAY, JUNE 5, 2017
8:00 am – 5:00 pm REGISTRATION | Main Foyer
8:00 am – 8:30 am CONTINENTAL BREAKFAST | North Lobby
8:30 am – 9:00 am Welcome & Message | | Shaw Theatre

9:00 am – 10:00 am Pioneer Lecture | | Shaw Theatre

10:00 am – 7:00 pm TRADE SHOW | X Wing Hallway
10:00 am – 10:30 am BREAK | North Lobby

MORNING TECHNICAL SESSIONS |Shaw Theatre

10:30 am – 11:00 am Integrated Reservoir Characterization for Enchanced Oil Recovery, Tar Springs Formation, Illinois
Basin, USA |

11:00 am – 11:30 am
Intercalation of COS and H20 in Na Hectorite under Geological Carbon Sequestration Conditions
using GCMD Simulations |

11:30 am – 12:00 pm Synthesis, Spectroscopy, and Molecular Modeling of Metal Ligand Tracers for Characterization
of Subsurface Fluid Flow |

MORNING TECHNICAL SESSIONS | Room X107

10:30 am – 11:00 am
Probing Intermolecular and Surface Forces of Minerals, Oil, Water, Bubble, and Polymers in
Complex Fluids |

11:00 am – 11:30 am
The Synthesis Approach for the Intercalation of Photoactive Molecules into Kaolinite and
Layered Zirconium Phosphate |

12:00 pm – 1:00 pm LUNCH | North Lobby
1:00 pm – 1:30 pm SUSTAINING MEMBERS’ LUNCH | CAT 202
1:00 pm – 4:00 pm TOURS OF U OF A
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AFTERNOON TECHNICAL SESSIONS | Shaw Theatre

1:00 pm – 1:30 pm
Separation and Characterization of Clays and Ultrafines from Commercial Streams of Naphthenic
Froth Treatment Process |

1:30 pm – 2:00 pm
Modification and Characterization of Nigerian Clays for Improved Rheology in Water Based
Drilling Fluid |

2:00 pm – 2:30 pm The Effects of Removing Bitumen and Organics on the Methylene Blue Index |

2:30 pm – 3:00 pm
Structure and Minerology of Hydrophilic and Biwettable Sub 2 micrometer Clay Aggregates in Oil
Sands Bitumen Froth |

AFTERNOON TECHNICAL SESSIONS | Room X107

1:00 pm – 1:30 pm
Surface Tailored Organoclays Alter Bacterial Community and Metabolic Activity in Hydrocarbon
Contaminated Soil |

1:30 pm – 2:00 pm
Enchancing Aflatoxin Adsorption in Simulated Gastric Solution with Organic Nutrients Modified
Montmorillonite |

2:00 pm – 2:30 pm The Effect of Exchangable Potassium on K Ar Age Values of Illite Smectite |

2:30 pm – 3:00 pm Surveying Clay Mineral Diversity in the Murray Formation, Gale Crater, Mars |

3:00 pm – 3:30 pm BREAK | North Lobby
AFTERNOON TECHNICAL SESSIONS | Shaw Theatre

3:30 pm – 4:00 pm
Assess the Stability of the Methylene Blue Solution and the Properties of Various Filter Media for
Methylene Blue Titration |

4:00 pm – 4:30 pm XRF Elemental Analysis for Prediction of Clay related Process Variables in Oil Sands |

4:30 pm – 5:00 pm
Advanced XRD Analysis of Clay and Ultrafine Solids Separated from Oil Sands Ore |

5:00 pm – 5:30 pm
The Effects of Mineral Components and Pore Structures on Methane Break Through Pressure |

AFTERNOON TECHNICAL SESSIONS | Room X107

3:30 pm – 4:00 pm Effect of Gangue Minerals on Mineral Floatation of Valuable Phosphate and Silicate Minerals:
Characterization and Modeling Studies |

4:00 pm – 4:30 pm Origin of Clays in Kiruna Type Iron Ore Deposits, Sweden |

4:30 pm – 5:00 pm
Northstar Clay Mines: Ore Characterization with Regards to the Pozzolan and Portland Cement
Industry |

5:00 pm – 5:30 pm Optimized Natural Gamma Ray Spectroscopy of the McMurray Formation |

5:00 pm – 7:00 pm Poster Session and Student Reception | North Lobby
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TUESDAY, JUNE 6, 2017
8:00 am – 5:00 pm REGISTRATION | Main Foyer
8:00 am – 8:30 am CONTINENTAL BREAKFAST | North Lobby
8:30 am – 9:00 am Opening Remarks & 2018 CMS Announcement | Shaw Theatre

9:00 am – 10:00 am Brindley Lecture | | Shaw Theatre

10:00 am – 5:00 pm TRADESHOW | X Wing Hallway
10:00 am – 10:30 am BREAK | North Lobby

MORNING TECHNICAL SESSIONS |Shaw Theatre

10:30 am – 11:00 am Modelling Disorder in Soil Kaolinite |

11:00 am – 11:30 am
Illite Polytype Quantification and K Ar Illite Age Analysis: A revisit to the Illinois Basin |

11:30 am – 12:00 pm
Wet Supercritical CO2 Smectite and Wet Supercritical CO2 Smectite Natural Organic Matter
Composite Interactions at the Molecular Scale |

MORNING TECHNICAL SESSIONS | Room X107

10:30 am – 11:00 am Fe(II) Fe(III) Electron Transfer at Clay Minerals and its Implications for Organic Contaminant
Degredation |

11:00 am – 11:30 am
Influence of Layer Charge on Cesium Desorption Process from 2:1 Swelling Clay Minerals |

11:30 am – 12:00 pm Molecular Dynamics Study of Influence on Vacancies on the Dissociation of Kaolinite in Alkali
Media |

12:00 pm – 1:00 pm LUNCH | North Lobby
12:00 pm – 1:30 pm PAST PRESIDENTS’ LUNCH | CAT 202
1:00 pm – 4:00 pm TOURS OF U OF A

AFTERNOON TECHNICAL SESSIONS | Shaw Theatre

1:00 pm – 1:30 pm From Interlayer to Interparticle Diffusion of Water in Swelling Clay Porous Media |

1:30 pm – 2:00 pm Rietveld Refinement of Realstructure Parameters of Disordered Kaolinites |

2:00 pm – 2:30 pm
Characterization of Two Australian Smectite Clays for Possible Submission to the CM Source
Clays Repository |

2:30 pm – 3:00 pm Computational Molecular Modeling of Dry CO2 Intercalation in Smectite Interlayers |

AFTERNOON TECHNICAL SESSIONS | Room X107

1:00 pm – 1:30 pm Contaminant Oxidation During Oxygenation of Fe(II) Containing Clay Minerals |

1:30 pm – 2:00 pm
Assesing the Combined Redox Reactivity of Iron Bearing Clay Minerals and Organic Ligands |

2:00 pm – 2:30 pm Co Adsorption of Cd(II) and Phosphate on Hydroxyl AluminumMontmorillonites |

2:30 pm – 3:00 pm Magnetic Clay Nanocomposites Derived from Australian Palygorskite for Pb(II) Removal from
Contaminated Water |

3:00 pm – 3:30 pm BREAK | North Lobby
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AFTERNOON TECHNICAL SESSIONS | Shaw Theatre

3:30 pm – 4:00 pm Stacking Fault Modeling of Clays in GSAS II |

4:00 pm – 4:30 pm
Improvement of Yield and Phase Purity on Hydrothermal Synthesis Smectite using Taguchi
Method |

4:30 pm – 5:00 pm Hydrothermal Alteration of Feeder Dykes of the 1990 1995 Erruption at Mt. Unzen, Japan |

5:00 pm – 5:30 pm
Examples of Different X ray Diffraction Optical Configurations to Clay Minerals Analysis |

AFTERNOON TECHNICAL SESSIONS | Room X107

3:30 pm – 4:00 pm
A Sedimentary Record of Coal Strip Mining at Lake Harris, Tuscaloosa County, Alabama |

4:00 pm – 4:30 pm
Use of an Innovative Geocomposite (Paradrain) to Build a Reinforced 2H:1V Slope Using Clay and
Silty Soils for Stormwater Management Pond |

4:30 pm – 5:00 pm Relation of Clay to Water Ratio with Yield Stress |

5:00 pm – 5:30 pm Aggregate Stability of Chemically Modified Clays |

6:30 pm – 9:00 pm Conference Banquet | Coast Edmonton Plaza Hotel

WEDNESDAY, JUNE 7, 2017
8:00 am – 12:00 pm REGISTRATION| Main Foyer
8:00 am – 8:30 am CONTINENTAL BREAKFAST | North Lobby

MORNING TECHNICAL SESSIONS |Shaw Theatre

8:30 am – 9:00 am The History of Mudstone Investigations |

9:00 am – 9:30 am Modified Technique of Mass Balance Calculation for Paleosols Applied to the Ediacaran Basalt
Weathering Crusts |

9:30 am – 10:00 am
Quantitative Analysis of Clay Minerals in Soils by Prior Measured Full Pattern Fitting |

MORNING TECHNICAL SESSIONS |Room X107

8:30 am – 9:00 am
Studying the Surface Charging and the Amount of Water at Silica Surfaces in the Presence of
NaCl and CaCl2 |

9:00 am – 9:30 am
Polymer Treatment of Oil Sands Tailings: Confocal Rheology Study of the Consolidation Process |

9:30 am – 10:00 am
Effect of Lime Coagulation on Strength and Atterberg Properties of Clays in Oil Sands Tailings |

10:00 am – 12:00 pm TRADE SHOW | X Wing Hallway
10:00 am – 10:30 am BREAK | North Lobby
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MORNING TECHNICAL SESSIONS |Shaw Theatre

10:30 am – 11:00 am
The Possible Source of Hardpan Cap Topping Loose Ajali Sand, Anambra Basin, Nigeria |

11:00 am – 11:30 am
Manganese Oxides and their Incorporation of Heay Metals in Bentonite Deposits, Central Texas,
USA |

MORNING TECHNICAL SESSIONS |Room X107

10:30 am – 11:00 am Optimizing the Flocculation of Clay Based Tailings from Mineral Processing |

11:00 am – 11:30 am Utilization of Nanotechnology for Mature Fine Tailings Treatment |

11:30 am Closing Remarks | Shaw Theatre

12:00 pm – 1:00 pm LUNCH | Room X111
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Anton Paar develops, produces and distributes highly
accurate laboratory instruments and process measuring
systems, and provides custom tailored automation and
robotic solutions. It is the world leader in the measurement
of density, particle characterization, concentration and CO2
and in the field of rheometry. Every year Anton Paar invests
more than 20 percent of the annual turnover in the R&D
department. Our R&D team develops new measuring
principles, sensor generations and technologies which
contribute in the long term to expanding our market
leadership and achieving this position in other fields. Using
state of the art production technologies, Anton Paar
produces high precision measuring instruments which are
designed to meet the requirements of customers.

ConeTec is a full service geotechnical, geoenvironmental,
and mining site investigation contractor. Through a
combination of geophysics, CPTu, in situ testing, drilling,
instrumentation, and final data reporting, ConeTec provides
the data required for your project. ConeTec operates a large
fleet of high quality equipment stationed throughout the
America's. All field investigations are performed by specially
trained personnel and supported by experienced site
investigation professionals in order to provide the highest
quality site investigation.

Safely solving site investigation problems by generating high
quality information, collected by expert personnel, using the
best equipment.

Better Information, Better Decisions.



Theme: New Visions in Clay Science 
Workshop on Medicinal Applications of Clay Minerals , Professor Jin-ho Choy, Ewha Womans 

University, Seoul, Korea.  

Thematic sessions will also be organized on a variety of topics, including but not limited to: Clay Interactions 
with Contaminants: From Molecular Mechanisms to Environmental Fate (Jeff Catalano, Washington Univ., St. 
Louis; Nik Qafoku, Pacific Northwest Lab.); Clays and Isotopes (Fred Longstaffe, Univ. of Western Ontario); 
Abiotic Redox Processes Related to Clays and Clay Minerals (Yuanzhi Tang, Georgia Tech.); Molecular Model-
ing (Jeff Greathouse, Sandia National Lab.); Phyllosilicate-microbe Interactions and Fe(oxyhydr)oxide-microbe 
Interactions (Eric Roden, Univ. Wisconsin; Jinwook Kim, Yonsei Univ., Seoul, Korea); Phyllosilicates in Meteor-
ites and Other Planetary Materials (Michael Velbel, Michigan State Univ.); Clays Applicable to Petroleum For-
mation and Migration (David Cole, Ohio State Univ.); Structures and Reactivity of Clays and Nanoparticles in 
Soils (Youjun Deng, Texas A&M Univ.; Mengqiang Zhu, Univ. of Wyoming; Yuji Arai, Univ. of Illinois); Teach-
ing & History of Clay Sciences (Steve Altaner, Univ. of Illinois). 

Next CMS Meeting  
University of Illinois at Urbana-Champaign 



Organization 
 

Organizing Committee 

Yuji Arai: General Chairman   

Joe Stucki: Social program/workshop coordinator 

Steve Guggenheim: Science program coordinator 

Steve Altaner: Field trips chairman 

Scott Randall: Conference program director 

Nancy Simpson: Conference program associate 

Gretchen Wieshuber: Graphic design and webmaster 

 

Important Dates  
June 11, 2018 – June 14, 2018 

March 1, 2018: Registration & abstract submission open 

April  6, 2018: Deadline for abstract submission & early registration 

March 1 – June 10, 2018: Online registration  
 

Saturday, June  9, 2018: Workshop on Medicinal Applications of Clay Min-
erals by Professor Jin-ho Choy from Ewha Womans, Seoul, Korea.  

 

Sunday, June 10, 2018: Field Trip to Starved Rock State Park,  

Oglesby, Illinois 

Thursday, June 14, 2018: Field Trip to the Fithian Illite, Fithian, Illinois 

  

Monday, June 11, 2018, & Wednesday, June 13, 2018, Social Program: 
Abraham Lincoln Sites, Springfield, Illinois, & Amish Tour, Arthur, Illinois 



ABSTRACTS | Clays in Oil and Gas

1

CONFERENCE ABSTRACTS

CLAYS IN OIL AND GAS

Integrated Reservoir Characterization for Enhanced Oil Recovery, Tar Springs Formation, Illinois
Basin, USA

Johnston, CT, PhD, Purdue University; Ridgway, KD, PhD, Purdue University; Clayton, BJ, Pioneer Oil Company

The Illinois basin contains many mature Mississippian aged reservoirs that are potential targets for enhanced oil
recovery (EOR). In this study we integrate sedimentology, petrography, quantitative X ray diffraction (XRD), Fourier
transform infrared analysis (FTIR), thermogravimetric analysis/evolved gas analysis (TGA/EGA), and scanning electron
microscopy (SEM) combined with energy dispersive X ray spectroscopy (EDX) to characterize the physical and chemical
properties of the Tar Springs Formation in a producing field. This reservoir characterization research will provide a
geological framework as part of a larger ongoing chemical enhanced oil recovery project at Purdue University.

Reservoir cores of the Tar Springs Formation have been analyzed on a foot by foot scale, identifying lithofacies with
unique textures, sedimentary structures, and mineral content. Additional Tar Springs Formation cores were analyzed
at the Indiana Geological Survey (IGS) to provide supplemental data from around the southeastern Illinois basin. Thin
sections were processed from multiple core intervals and impregnated with epoxy to study porosity and permeability
relationships with respect to modal mineralogy. Quantitative XRD of reservoir samples determined crystalline mineral
components and was performed using corundum as an internal standard and corundum normalized library patterns
obtained from the Source Clays Repository. Residual oil and other non crystalline phases were identified and
quantified utilizing FTIR and TGA. To investigate pore mineralogy and geometries influencing flow parameters, SEM
combined with energy dispersive X ray spectroscopy (EDX) diagnosed minerals on the basis of morphology and
elemental abundance. Surface exposures of the Tar Springs Formation were visited and described in Indiana and
Kentucky to provide a 3D assessment of lithofacies distribution and lateral continuity.

Five distinct lithofacies serve to categorize the studied reservoir: F1 – fine to medium grained, horizontally stratified
sandstone with consistent porosity but large variations in permeability; F2 – very fine to fine grained flaser bedded
sandstone with consistent porosity and permeability; F3 – very fine grained wavy bedded sandstone with reduced
porosity and permeability; F4 – fine grained sandstone and mudstone with little porosity and permeability; and F5 –
medium grained sandstone with calcite cement that occludes all porosity and permeability. Lithofacies F1 represents
the highest quality reservoir interval but thin section observations show millimeter scale heterogeneity as a function of
calcite cement and clay rich horizons. XRD analyses identify quartz, illite, kaolinite, chlorite, and calcite as primary
constituents in F1. SEM work has revealed pore mineralogy variations that can significantly influence flow distribution
as it relates to porosity, permeability, and possible polymer degradation. TGA and FTIR quantitatively assess residual
oil saturations of well cores and aid in the forensic analysis of post coreflood materials.

Collectively, all of our data sets are internally consistent with identifying framework grains, cement types, and clay
minerals that help define flow parameters such as compartmentalization by permeability barriers and pore space
constituents. We will also discuss how these integrated data sets are being used by other members of our research
team to determine the optimal surfactant polymer pairs and reservoir simulation modeling needed for EOR.
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Intercalation of CO2 and H2O in Na hectorite under geological carbon sequestration conditions
using GCMD simulations

Loganathan, N, Department of Chemistry, Michigan State University, East Lansing, Michigan 48824, USA; Yazaydin, AO,
Department of Chemical Engineering, University College London, London WC1E7JE, UK; Bowers, GM., Department of
Chemistry and Biochemistry, St. Mary’s College of Maryland, St. Mary’s City, Maryland 20686, USA; Kalinichev, AG,
Laboratoire SUBATECH, Institut Mines Télécom Atlantique, 44307 Nantes, France; Kirkpatrick, RJ, College of Natural
Science, Michigan State University, East Lansing, Michigan 48824, USA

Disposal of carbon dioxide (CO2) in deep geological formations is a potential pathway for reducing carbon accumulation
in the atmosphere. Storage of CO2 in deep saline formations and depleted oil and gas reservoirs occurs in the
supercritical state (> ~31ºC and 73 bar), and the interaction between cap rocks and CO2 will substantially control its
long term confinement. Clay minerals are major components of most cap rocks and contribute significantly to their low
permeability. Smectite clays readily intercalate water in their interlayer galleries resulting in their swelling behavior in
contact with ground water. Their swelling properties are affected by the hydration energy of the interlayer ions, the
mineral composition, and the structural location of the charged sites. Smectite minerals also intercalate CO2, but the
partitioning of H2O and CO2 between clay interlayers and mixed H2O/CO2 fluids remains incompletely understood.
Recent experimental IR and NMR spectroscopic and X ray diffraction studies have indicated that CO2 intercalation in
smectite interlayers requires at least a sub monolayer of intercalated H2O molecules and the maximum intercalation
occurs at low water contents and at monolayer interlayer spacings.

We report here computer simulations using grand canonical molecular dynamics (GCMD) methods to understand the
intercalation of CO2 and H2O at different combinations of temperature and pressure relevant to petroleum reservoirs
and geological carbon sequestration. The simulations are based on the smectite mineral hectorite, which is commonly
used in NMR studies of CO2 and H2O intercalation and has swelling properties similar to montmorillonite, with Na+ as
the charge compensating cation. In the GCMD simulations the interlayer spacings were fixed at values from 9.5Å (dry
state) to 18.0Å (3 layer hydrate) at intervals of 0.2Å. The partial fugacities of CO2 and H2O in binary mixtures were fixed
in virtual reservoirs and computed using Peng Robinson equation of state which were allowed to exchange with the
interlayers. The interlayer mole fractions were quantitatively analyzed using equilibrium adsorption isotherms. The
results agree well with experiments and confirm the notion that the presence of H2O aids CO2 intercalation, which is
inhibited under dry conditions. Maximum CO2 adsorption occurs at 12.2Å which is in the range of monolayer distance.
The adsorbed CO2 molecules exhibit parallel orientations with respect to basal hectorite surface at all water activities
and are coordinated to the basal surface. The interlayer species exhibit significant redistribution between different
coordination as the temperature and pressure changes. The orientation of the structural hydroxyl groups plays an
important role in determining the interlayer CO2/H2O content. The variation in adsorption structure, nearest neighbour
coordinations, residence time correlation functions, and diffusional mobility of H2O and CO2 as functions of interlayer
spacing are consistent with available experimental and simulation data and provide a detailed structural and dynamical
understanding of CO2 and H2O intercalation on a molecular scale.
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Synthesis, Spectroscopy, and Molecular Modeling of Metal Ligand Tracers for Characterization
of Subsurface Fluid Flow

Greathouse, JA, Geochemistry Department, Sandia National Laboratories, Albuquerque, NM, 87185, USA;
Sears, JM, Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque, NM, 87185, USA;
Staples, O, Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque, NM, 87185, USA;
Perales, D, Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque, NM, 87185, USA;
Wyss, KM, Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque, NM, 87185, USA;
Boyle, TJ, Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque, NM, 87185, USA;
Kemp, RA, Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque, NM, 87185, USA

Elucidating the flow of fluids in underground reservoirs is critical to the development of efficient
geothermal/hydrocarbon energy recovery. For this effort, we have designed a series of metal ligand (M L) molecular
complexes that possess select solubilities in either aqueous solutions or hydrocarbon fluids, and that are suited to the
harsh environmental conditions found in reservoirs. Results will be presented for a series of M L complexes based on
the organic salen ligands. These ligands can be synthesized rapidly, in high yield, and can easily bind to a variety of
metals, including alkaline earth, transition metals, and main group metals. Structural characterization has been made
with single crystal X ray diffraction and quantum chemical calculations of isolated complexes, with good agreement
between the two. In these complexes, the metal ion is tightly bound by the salen ligand and additional solvent
molecules (e.g., pyridine), resulting in a cage like metal coordination environment that results in little or no exchange
with metal ions in the surrounding solution. Vibrational spectra of these complexes indicate a unique spectral signature
for each M L combination, resulting in a library of complexes that can be used as ideal tracers for subsurface fluid flow
characterization. The adsorption of these complexes on mineral surfaces – particularly clay minerals common to oil and
gas reservoirs – would hinder their use as effective fluid tracers. Therefore, the interaction of representative
complexes with clay mineral surfaces has been studied by molecular simulation. The coordinated organic ligands
greatly reduce the effective charge of the metal ion, resulting in weak interactions of these complexes with hydrophilic
or charged clay mineral surfaces.

This work was supported by the Laboratory Directed Research and Development program at Sandia National
Laboratories. Sandia National Laboratories is a multi mission laboratory managed and operated by Sandia Corporation,
a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy’s National Nuclear
Security Administration under contract DE AC04 94AL85000.
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Separation and Characterization of Clays and Ultrafines from Commercial Streams of
Naphthenic Froth Treatment Process

Mercier, PHJ, PhD, National Research Council Canada; Tyo, DD, National Research Council Canada; Zborowski, A,
National Research Council Canada; Patarachao, B, National Research Council Canada; Kingston, DM, National Research
Council Canada ;CCouillard, M, PhD, National Research Council Canada; Kung, J, National Research Council Canada;
Robertson, G, National Research Council Canada; McCracken, T, National Research Council Canada; Ng, S, PhD,
Syncrude Canada Ltd.

For the first time, the absolute amounts and compositional properties of <2 μm clay and <0.2 μm ultrafine solids were
quantified in commercial streams from the naphthenic froth treatment (NFT) process used at commercial mined oil
sands operations. The sample suite studied comprised seven representative NFT streams including: one bitumen froth
feed (F1), two naphtha diluted bitumen products (P1, P2) and four tailings (T1, T2, T3, T4). As the isolation of solids
with such small particle size from NFT streams had never been attempted previously, it was necessary to develop and
optimize a quantitative separation technique to do so. Using this elaborated technique, the solids present in each of
the seven NFT steams were fractionated quantitatively into four distinct particle size fractions: coarser solids (CS), >2
μm; total clays (TC), <2 μm; coarse clays (CC), 0.2 2 μm; and ultrafines (UF), <0.2 μm. The resulting 28 solids fractions
were characterized fully by XRF (X ray fluorescence) spectrometry and CHNS analyses to quantify their elemental
compositions and by powder X ray powder diffraction (XRD) to determine their mineral contents. The mineralogical
compositions of the 28 solids fractions were determined using the SVD QPA (singular value decomposition quantitative
phase analysis) methodology developed at the NRC. Laser scattering measurements on solids suspensions were used
to demonstrate the particle size distribution (PSD) of solids achieved in the separation of TC and UF fractions. The main
results and conclusions from this work are as follows. On a weight percent (wt%) per total solids basis, the TC, CC and
UF contents are respectively: 14(1), 13(1) and 0.6(1) wt% in F1; 32(1), 29(2) and 10.3(6) wt% in P1; 38(1), 24(2) and
11(1) wt% in P2; 10 14, 8 11 and 2 4 wt% in T1, T2 and T3; and 62(1), 50.6(5) and 12(1) wt% in T4. As expected, K
and Al concentrations are highest in the TC, CC and UF fractions, which are the size fractions where clay minerals are
typically predominant in any soil and sediment samples. The mineralogical composition results observed for TC and CC
are similar for a given stream and consist mostly of clay minerals. The clay minerals (illite+kaolinite+chlorite) contents
measured ranged from ~41 wt% in P2 to ~76 wt.% in T4 for TC fractions, and from ~51 wt% in P2 to ~81 wt% in T4 for
CC fractions. The UF fractions contained the highest Na concentrations measured in this work, ranging from: ~8 9 wt%
in UF from F1, P1 and P2; ~7 9 wt% in UF from T1 and T2; ~4.7 wt% in UF from T4; and up to ~11.5 wt% in UF from T3.
For each of the seven NFT stream samples, we note as well that Ca and S concentrations are systematically significantly
higher in UF fractions compared to those measured in corresponding TC and CC fractions for a given sample. We
attribute the higher proportions of Na, Ca and S in the UF fractions to the presence of soluble salts dissolved in the
aqueous phase within the original samples (froth, products and tailings). This assertion was supported by a UF fraction
separated from froth F1 using a slightly different procedure, which prevented the water component to be dried along
with UF solids upon isolating the latter. Using this modified procedure, we were able to separate a UF fraction with
associated XRD pattern showing that all diffraction peaks belong to either illite or kaolinite.
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Modification and Characterization of Nigerian Clays for Improved Rheology in Water Based
Drilling Fluid

Jimoh, MO, MTECH, Ladoke, Akintola University of Technology; Salawudeen, TO, PhD, Ladoke Akintola University of
Technology; Arinkoola, AO, Phd, Ladoke Akintola University of Technology

Nigeria is one of the major oil producing countries in the world and as a result, embarked on substantial deep well
drilling activities. Presently, there is no significant exploitation of Nigerian clays especially bentonitic clay for drilling
fluid production despite its proven large deposits at different locations in the country. Several researches have shown
that most Nigerian local bentonite samples are not suitable for drilling mud production. Hence, bentonite samples are
imported into the country to produce drilling fluids. Importation of materials and additives add to the cost of drilling
which is undesirable. Improving the qualities of Nigeria clay is therefore imperative for them to serve as substitute for
the imported bentonite.

Three Nigerian clay samples obtained from different locations (Uturu 1, Uturu 2 and Ubakala) in Abia state were
beneficiated using alkaline based chemicals to improve their suitability for drilling fluid production. Response Surface
Methodology (RSM) was adopted to design the experiment using two factors and three levels Central Composite
Design (CCD). Clay samples were beneficiated using NaOH, Na2CO3, NaHCO3 and KOH at various concentrations and
beneficiation time. The raw and beneficiated samples were tested for rheology, pH and mud weight. Raw and selected
beneficiated samples were analyzed using X ray Diffractometer (XRD) and X ray Fluorescence (XRF).

Viscosities of the three samples increased with increasing shear rate which shows that the investigated samples
exhibited shear thickening properties. pH values of the clay slurry increased in all the beneficiated samples compared
to the raw samples. Na/Ca ratios and rheological properties were significantly increased after treatment. Mineral and
chemical compositions of the beneficiated samples were significantly improved Uturu 2 and Ubakala
samples. However, modification did not have significant effect on rheological properties of Uturu 1 clay sample.

Uturu 1 sample can be used for water based drilling fluid development without prior chemical treatemnt. Uturu 2 and
Ubakala samples require chemical treatment for improved suitability in water based drilling fluid production. Further
investigation on the use of the investigated samples for the production of drilling fluid that will conform with the
stipulated American Petroleum Institute standard (API) using locally sourced additives is recommended.
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The Effects of Removing Bitumen and Organics on the Methylene Blue Index

Li, Y, PhD, NAIT Applied Research Centre for Oil Sands Sustainability; Kaminsky, H, PhD, NAIT Applied Research Centre
for Oil Sands Sustainability; Sedgwick, A, NAIT Applied Research Centre for Oil Sands Sustainability; Qureshi, T, NAIT
Applied Research Centre for Oil Sands Sustainability; Gong, Y, NAIT Applied Research Centre for Oil Sands Sustainability;
Selani, H., B.E, Dip C.T, NAIT Applied Research Centre for Oil Sands Sustainability; Gong, Y, NAIT Applied Research
Centre for Oil Sands Sustainability

The clay found in oil sands ores and in tailings significantly affect bitumen extraction efficiency and consolidation of the
solids within tailings pond. A major tool in monitoring clay activity is the determination of the methylene blue index
(MBI). Higher MBI values are associated with greater clay activity and are indicative of potential issues with virtually all
oil sands operators. In the MBI test method, the most critical step to determine the MBI is the dispersion of the
sample. The residual bitumen and organics in oil sands tailings are one of the most important factors that contribute
the difficulty of the sample dispersion. This study is to explore the effects of removing bitumen and organics on clay
activity by measuring the methylene blue index (MBI) in the mature fine tailings (MFT). The MFT containing high
bitumen and organics contents is chosen in this study. The MFT are cleaned using a Dean & Stark (D&S) or cold wash
procedure with the extracting solvents of toluene, toluene:isopropanol (76:24, Unisolv), tetrahydrofuran (THF) and
10% hydrogen peroxide. A centrifuge exhibiting a high relative centrifugal force (RCF) will be used to ensure fines are
not being lost during the washing procedure. The study focuses on the effects of dispersion time and energies required
to disperse the clays within uncleaned and cleaned samples by different cleaning method. The effectiveness of the
removal of organics will also be monitored by assaying the uncleaned and cleaned solids by Thermalgravimetric
analysis (TGA) under nitrogen and oxygen atmospheres (nitrogen to assess heat removal of weakly bound organics,
oxygen for total organics).
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Structure and Mineralogy of Hydrophilic and Biwettable Sub 2μm Clay Aggregates In Oil Sands
Bitumen Froth

Couillard, M, PhD, National Research Council Canada; Tyo, DD, National Research Council Canada; Patarachao, B,
National Research Council Canada; Kingston, DM, National Research Council Canada; Zborowski, A, National Research
Council Canada; Kung, J, National Research Council Canada; Robertson, G, National Research Council Canada;
McCracken, T, National Research Council Canada; Ng, S, PhD, Syncrude Canada Ltd.; Mercier, PHJ, PhD, National
Research Council Canada

A major concern in the bitumen froth treatment used in oil sands operations is the formation of water in oil emulsions
associated with water and solids contaminants present in the bitumen products. In particular, phyllosilicate clays
coated with organic matter can stabilize water in oil emulsions by accumulating at the bitumen water interface. The
extent to which bitumen droplets are covered by fine particles is commonly referred to as slime coating. Water and
various other mineral solids can be entrained through the emulsions into the solvent diluted bitumen products, which
then lead to corrosion and fouling problems in downstream upgrading operations. The stability of solid stabilized
water in oil emulsions will depend on several factors, such as the wettability, morphology, size and density of the
mineral particles.

For bitumen extraction operations, particles of about 2 mm or less may be responsible for the stabilization of water in
diluted bitumen emulsions. In this study, we separate and analyze the clay (<2 μm) fraction of contaminant solids
present in the commercial bitumen froth feed to the naphthenic froth treatment process used at a mined oil sands
operations. Minerals identified from a quantitative bulk mineralogy analysis, are also directly observed in transmission
electron microscopy (TEM) imaging, and the mineralogy is confirmed with spatially resolved energy dispersive X ray
spectroscopy (EDX) and electron energy loss spectroscopy (EELS). Kaolinite and illite are found to be the predominant
minerals. Two distinct types of clay aggregates are observed: (1) large clay platelets with smaller clay platelets stacked
face to face on their surfaces; and (2) micron sized aggregates of ultrafine clay platelets (<200 nm) in random
orientations. In addition, larger metal bearing minerals, such as pyrite, are observed, and nanoparticles containing Fe,
Ti and Ca are also found dispersed on the clay particle surfaces.

The analysis also contrasts the difference in morphology and composition between mineral aggregates (<2μm) with
two different wettability characteristics: hydrophilic biwettable. A toluene/water interfacial separation method was
used to separate the solids from the bitumen froth. Upon applying this technique, two distinct types of solids are
obtained: hydrophilic solids (HPS) accumulate in the aqueous phase, whereas biwettable organic rich solids (ORS)
remain strongly held at the toluene/water interface. The clay fractions (<2 μm solids) were then separated from each
of the two solids type, HPS and ORS, and the resulting clay aggregates were subsequently characterized analytically by
TEM. Interestingly, most of the clay aggregates with large clay platelets described above, observed in the clay
fraction separated from the bitumen froth, were found in the HPS fraction, whereas the aggregates with randomly
oriented ultrafine clay platelets were found predominantly in the ORS fraction. Mapping the carbon coverage using
EELS on ultrafine clay platelets reveals a patchy organic coating on the clay particles from the ORS. In contrast, clay
platelets from the HPS are intermixed with a much lower amount of carbon, which was found primarily at edges and
steps, and correlated with the presence of Fe nanoparticles.
Preliminary analysis has also demonstrated that while more hydrophilic solids are preferentially removed by naphtha
froth treatment processes, organic rich clay minerals continue to present challenges. Their biwettable characteristics
may be related to the formation of stable water in oil emulsions that make water and solids contaminants difficult to
remove in bitumen froth treatment processes. We discuss the implications of our findings in terms of bitumen
production.
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Assess the Stability of the Methylene Blue Solution and the Properties of Various Filter Media
for Methylene Blue Titration

Li, Y, PhD, NAIT Applied Research Centre for Oil Sands Sustainability; Kaminsky, H, PhD, NAIT Applied Research Centre
for Oil Sands Sustainability; Sedgwick, A, NAIT Applied Research Centre for Oil Sands Sustainability; Qureshi, T, NAIT
Applied Research Centre for Oil Sands Sustainability; Gong, Y, NAIT Applied Research Centre for Oil Sands Sustainability

The methylene blue index (MBI) is an index test to provide an indication of clay activity, which has proved to have a
significant impact on oil sands ores and tailings behavior. The MBI test has been routinely employed by oil sands
operators and commercial labs. The MBI test method involves a series of key steps: methylene blue (MB) solution
preparation (0.006 N), MB titration of the tested sample on a filter paper, determination of end point by visually
observing a blue “halo”, and calculation of the MBI. It is desirable to find options that minimize the number of
procedural steps and accurately determine the MBI simultaneously. This study looks at two key aspects of the MBI test
method and gives recommendations for best practice.

Preparing the MB solution is a time consuming process due to the slow dissolution rates and the need to titrate a clay
standard to confirm its concentration. The ability to store MB solution for even a few days could increase the number
of tests that can be completed. This study monitors the stability of the MB solution over 20 days by completing a
kaolinite titration using the stored MB solution. Three types of storage bottles were used to test the effect of light on
MB storage solution: glass bottle covered with aluminum foil – dark condition; clear glass bottle under light – light
condition; and amber glass bottle under light – a condition between light and dark. Two storage temperatures, room
temperature and 4�C, were adopted during the 23 day storage period. The kaolinite MBI/calculated MB solution
concentration ratio will be plotted compared to a control. The trend showing a correlation with the storage time will
indicate a lack of stability in the MB solution.

The determination of MBI involves detection the endpoint by the observation of a light blue halo of non adsorbed MB
spreading out from the sample droplet on the filter paper. The halo observation has proven to be very subjective, and
thus can contribute to variation in the end point volume for different operators. It is desirable that the “halo” on a
filter paper can be well removed from the central spot and exhibit the characteristics of a tight band. The filter paper
currently used by most of oil sands operators is Whatman 42 ashless filter paper. The “halo” on Whatman 42 filter
paper, however, is difficult to be visually observed in many cases, for example, dark sample solution and droplet. In this
study various filter media covering a range of properties, especially their composition, are chosen to compare the
“halo” observation with Grade 42 filter paper.
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XRF Elemental Analysis for Prediction of Clay related Process Variables in Oil Sands

Zhang, M, PhD, InnoTech Alberta; Garver, T, PhD, InnoTech Alberta; Daugela, D, MBA, Syncrude Canada Ltd

Bitumen separation in oil sands surface mining and processing is induced by mixing ore with warm water and sodium
hydroxide, a process aid. The amount of sodium hydroxide added to condition the slurry is the major parameter used
to maximize bitumen recovery. Fines content, clay content, and methylene blue index are commonly used as clay
indicators at oil sands operations. These variables are related to clay minerals, which is the key factor responsible for
poor processability. Good estimates of the clay related variables and the bitumen content are important for
determining the ore blending strategies and optimizing caustic addition rate to improve operational efficiency.

The prospect of using X ray fluorescence (XRF) spectrometry to predict oil sands process variables was investigated in
this study. XRF can provide a rapid analysis of many constituent elements of both solid and slurry samples, and can also
be potentially applied for online analysis. In this study, samples from the Athabasca oil sands were examined. These
samples were of various types, including estuarine and marine ores and wastes with varying bitumen contents. There
was also a large variation in the fines and clay contents. In these samples, quartz was the dominant detrital mineral,
followed by K feldspar. Clay minerals consisted primarily of kaolinite and illite.

The peak intensities of 29 elements were determined from XRF spectra. Statistical analysis showed strong inter
relationships between Al, K, Ti, Rb, Ga, Y, Th, Pb, Zn, and S. These elements were well correlated with the process
variables (kaolinite, illite, total clay, MBI, and the content of fines, clay, and bitumen). In oil sands, aluminum is
primarily associated with clay minerals, and can be used to indicate the process variables reasonably well. Potassium is
distributed mainly between illite and K feldspar. Strong correlations were observed between K and the clay related
variables in this set of samples. Various mechanisms are likely responsible for the distribution of trace elements in oil
sands, such as isomorphic substitution and adsorption onto mineral surfaces. In addition, some of the trace elements
also occur as heavy minerals.

Although each of these elements alone can be used to indicate the process variables, it is advantageous to use a suite
of elements given that each process variable correlates well with many elements. In this study, process variable models
were built through multiple linear regression analysis to improve the accuracy of prediction. The predicted values
agree well with the laboratory measurements. However, it should be pointed out that good correlations between the
process variables and XRF elemental peak intensities observed in this study were based on a limited number of
samples. Clay mineralogy and the related process variables are known to vary not only across the Athabasca oil sands
deposit but within ore bodies at the same location. It is unlikely that the models derived in this study can be directly
applied to the entire Athabasca oil sands deposits. Extensive sampling and analyses are required at each mine site in
order to build site specific models. With these models, the elemental concentrations measured by XRF can be used to
predict the bitumen content and clay related parameters.
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Advanced XRD Analysis of Clay and Ultrafine Solids Separated from Oil Sands Ore

Patarachao, B, National Research Council Canada; Zborowski, A, National Research Council Canada; Tyo, DD, National
Research Council Canada; Davis, K, National Research Council Canada; Ng, S, PhD, Syncrude Canada Ltd.; Mercier, PHJ,
PhD, National Research Council Canada

Previous work by various groups has demonstrated that the presence of clays in oil sands ore has an adverse effect on
bitumen recovery. In a previous study1 by our group, higher clay contents were found in marine ore compared to
estuarine ore, leading to poor bitumen recovery in batch extraction unit tests. To further investigate the properties,
mineralogy and characteristics of these clays under various treatment conditions, two estuarine ores (E3 and E7) and
two marine ores (M13 and M18) were selected for this study. Separation of the clay size fraction (<2 μm solids) was
first accomplished by using centrifugation technique based on Stokes’ law. Clay content (wt% of oil sands) values
determined here for M13, M18, E3 and E7 ores are respectively 6.6, 5.5, 3.5 and 2.4 wt%. These values agree to within
0.3 1.1 wt% with our previous work, thus showing excellent reproducibility in the quantitative separation technique.
The ultrafine fraction (<0.2 μm solids) was subsequently separated from clay suspensions of M13 and M18 ores, which
yielded ultrafine contents of respectively 0.41 and 0.67 wt% of oil sands ore. By contrast, in our previous study1, the
ultrafine contents of these two ores were not determined using the quantitative separation technique applied here.
Rather, the ultrafines contents were inferred based on a combination of XRD analysis on separated clays and laser
diffraction determination of the clay contents. Here, laser scattering measurements on clay and ultrafine solids
suspensions confirmed that particle sizes mostly <2 μm and <0.2 μm were achieved for the separated clay and ultrafine
fractions. Powder X ray diffraction (XRD) and Wavelength Dispersive X ray Fluorescence (WDXRF) analyses were used
to compare as received ores and their corresponding separated clay and ultrafine fractions. This confirms that clay
minerals were successfully isolated from each ore. Illite and kaolinite are the main clay minerals observed for all clay
and ultrafine fractions. Significant amounts of chlorite are detected only in the clay fractions separated from marine
ores, as was previously pointed out. All separated clay and ultrafine fractions show broad and asymmetric illite 001
diffraction lines at ~10 Å, particularly on the low angle side of the peaks where higher, broader shoulders are clearly
noticeable. Oriented mounts of the clay size fractions separated from M13, M18, E3, and E7 ores were prepared and
compared to corresponding measurements on source clays IMt 2, ISCz 1 and SWy 2 distributed by the Clay Mineral
Society (CMS). Both sets of oriented mounts were then subjected to various treatments in order to identify swelling
clays and mixed layer clays. These treatments included: calcium saturation, air drying at controlled 54% relative
humidity, ethylene glycol solvation, and heat treatments at 375°C and 550°C. XRD powder patterns were recorded
following each treatment. Ethylene glycol solvation altered the illite 001 diffraction peak shape, causing it to sharpen
and become more symmetric, while other kaolinite and chlorite diffraction peaks remained unchanged. However, after
heat treatment at 375°C, the illite 001 peak resumed back to the same broadness and asymmetric shape. Comparing
this behavior to those of the source clays, the presence of smectite or illite/smectite mixed layer clays is ruled out.
Similar changes in illite 001 peak shapes were observed by Kaminski2 in different sets of clays from oil sands ore and
process streams, and it was suggested this behavior could be due to loss of some cation species ( K) during
ethylene glycol solvation. Further work is required to understand the cause of this observed behavior in changes of
illite 001 peak shape.

1. P. H. J. Mercier, B. Patarachao, J. Kung, D. M. Kingston, J. R. Woods, B. D. Sparks, L. S. Kotlyar, S. Ng, K. Moran, and T.
McCracken (2008). X ray diffraction (XRD) derived processability markers for oil sands based on clay mineralogy and
crystallite thickness distributions. Energy & Fuels, 22: 3174 3193.

2. H.A.W. Kaminsky (2008). Ph.D. thesis, University of Alberta, Edmonton, Alberta, Canada.
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The Effects of Mineral Components and Pore Structures on Methane Breakthrough Pressure

Cheng, Z, China University of Geosciences (Beijing); Yu, QC, China University of Geosciences (Beijing); Lu, X, China
University of Geosciences (Beijing)

Breakthrough pressure plays an important role in shale gas flow, mining, and caprock evaluation. A water saturated
rock is a mixture of solid phase, liquid phase (the wetting phase), and gas phase (non wetting phase). It is a complex
process for the non wetting phase to permeate through a water saturated shale sample. A series of breakthrough
experiments were conducted under different water saturation conditions for four shales taken from the Carboniferous
Hoit Taria Formation in the eastern Qaidam Basin, China to investigate the influence of water saturation on
breakthrough pressure. Relevant geochemical tests and microstructural characteristics of micro pores were also
conducted on the shale samples using various techniques.

Microstructural characteristics and the main mineral compositions (quartz, clay, and total organic carbon (TOC)
content) were analyzed. Relationships between water saturation and breakthrough pressure were obtained by
breakthrough experiments. We found that breakthrough pressure increases exponentially with water saturation. After
water saturation reached about 60%, breakthrough pressure increased rapidly from connectivity reduction, caused by
the sealing off of smaller pores and partial water saturation of the macropores. Clay minerals are hydrophilic minerals
with a small particle size. After being saturated with water, the clay minerals will hold water and swell, and then
become barriers to water flow resulting in the porosity reduction and the swelling capacity of clay increases with the
increase of water saturation. The decrease in effective pore diameter caused by both the bound water films and the
swelling of the clay minerals resulted in the increase in the breakthrough pressure. By analyzing the correlation
between breakthrough pressure and pore structure characteristics, breakthrough pressure is inversely related to
porosity, and is primarily affected by macropores. After analyzing the microstructures of the samples, we found that
the proportion of micropores had a positive correlation with breakthrough pressure; however, the proportion of
macropores was inversely related to breakthrough pressure. Micropores (pore diameter<2nm) are easily sealed by
water under interfacial tension, while macropores (pore diameter>50nm) consist of many microfractures with lengths
of up to dozens of micrometers that provide many pathways for gas migration. Correlation analysis between the
mineral compositions and breakthrough pressure showed that TOC content exhibits a positive correlation with
breakthrough pressure, but neither quartz content nor the clay mineral content exhibits a correlation. Using the Field
Emission Scanning Electron Microscope results, we found that where the TOC distribution was concentrated the
microfractures are easily created and these microfractures substantially contribute to the number of macropores.
These macropores play a decisive role in the porosity of a sample and provide gas migration pathways. However,
dissolution pores that mainly exist in the quartz and clay minerals are rare. Therefore, the correlation between TOC
content and breakthrough pressure is primarily the result of the microfractures that are dozens of micrometers in
length. The effects of both water saturation and mineral composition on breakthrough pressure are achieved by
influencing the pore structures. This study provides practical information not only for further study of shale gas
migration but also for shale gas mining and caprock evaluation.
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CLAY / ORGANIC INTERACTION AND CLAY POLYMER INTERACTION

Probing Intermolecular and Surface Forces of Minerals, Oil, Water, Bubble, and Polymers in
Complex Fluids

Ling, Z, PhD, University of Alberta; Lei, X, PhD, University of Alberta; Shuo, Z, MSc, University of Alberta

The intermolecular and surface interactions at clay mineral/oil/water/bubble interfaces play critical roles in many
industrial processes. For example, stable water in oil (W/O) and oil in water (O/W) emulsions and fine mineral solids
are undesirable in oil production. Adsorption of asphaltenes at mineral/oil/water interface is believed to be a main
stabilizing factor for these emulsions and fine solids. The interactions between polymer flocculants and fine solids
determine the flocculation and dewatering performances in the treatment of mineral tailings and oil sands tailings.
Understanding these interaction mechanisms is of both fundamental and practical importance.

In this talk, we will first introduce the basics of intermolecular and surface force measurements, and then report our
recent progress in probing the intermolecular and surface interaction mechanisms of clay minerals, oil, air bubbles,
emulsions and chemical additives (e.g., polymers) in complex fluids. Nanomechanical tools such as surface forces
apparatus (SFA) and droplet/bubble probe atomic force microscopy (AFM) have been employed to directly quantify the
interaction forces as a function of the separation distances. Several examples will be provided on how we elucidate the
fundamental intermolecular and surface forces among clay minerals, oil, air bubbles, emulsions polymers in complex
fluid environment, and correlate these interaction mechanisms to practical engineering applications, including bitumen
liberation and froth treatment in oil sands production, stabilization/destabilization of emulsions, and polymer
flocculation of both mineral tailings and oil sands tailings.
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The Synthesis Approach for the Intercalation of Photoactive Molecules into Kaolinite and
Layered Zirconium Phosphate

Matusik, J, AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental Protection,
Department of Mineralogy, Petrography and Geochemistry, al. Mickiewicza 30, Krakow, 30 059, Poland; Koteja, A, AGH
University of Science and Technology, Faculty of Geology, Geophysics and Environmental Protection, Department of
Mineralogy, Petrography and Geochemistry, al. Mickiewicza 30, Krakow, 30 059, Poland; epko, A, AGH University of
Science and Technology, Faculty of Geology, Geophysics and Environmental Protection, Department of Mineralogy,
Petrography and Geochemistry, al. Mickiewicza 30, Krakow, 30 059, Poland

Natural and synthetic layered structures are perfect candidates to serve as building blocks for the construction of
nanomaterials with desired properties. The functionality of the new derivatives greatly depends on the layered host
phase and the introduced organic molecules. The latter may be intercalated or grafted depending on their structure
and applied experimental conditions during synthesis. Apart from layered mineral based adsorbents and catalysts
which are widely known the synthesis of photoresponsive materials is also of great interest [1]. Photoactive molecules
have the ability to absorb specific energy and this leads to their conformational changes. Subsequently their shape and
size is affected. When such molecule is intercalated into layered structure the interlayer space of the new organo
derivative can be remotely controlled by UV Vis radiation. The already tested host layered structures included e.g.
smectite minerals, synthetic micas and layered double hydroxides [2,3]. The goal of presented research was to design a
synthesis protocol in order to intercalate azobenzene (Az) and aminoazobenzene (pAz) into the structure of natural
kaolinite and synthetic layered a zirconium phosphate, respectively.

The raw kaolinite (M) of high structural order was collected from Polish Maria III deposit. The a zirconium phosphate
(ZrP) was prepared by refluxing 10 g of zirconyl chloride (ZrOCl2 × 8H2O) with 9 M aqueous solution of phosphoric acid
at about 100ºC for 24 h. It was not possible to directly intercalate Az into kaolinite. Thus prior to its intercalation the M
sample was functionalized. The kaolinite in a methoxy form was intercalated with 3 different benzylalkylammonium
chlorides having 12, 14, and 16 carbon atoms in the alkyl chain. Afterwards, the Az was co intercalated in a vapour
form at ~120ºC using a closed teflon vessel. The ZrP phase has highly reactive hydroxyls directed towards the interlayer
space connected with PO4 tetrahedra. It was shown that the hydroxyls having an acidic character show reactivity
towards NH2 groups which act as a base. Therefore, pAz was selected and intercalated from a 0.32 mol/L ethanol
solution (5 ml) using 100 mg of ZrP. The obtained materials were characterized using X ray diffraction (XRD) and
infrared spectroscopy (FTIR). The obtained intercalation compounds were irradiated with UV (365 nm wavelength, 1 h,
15 mW/cm2).

Regardless, of the type of intercalated ammonium salt, the co intercalation of Az caused an increase of the initial
kaolinite basal spacing to ~50.0 Å. The broad basal spacing peak and corresponding second and third order reflections
as well as methoxy kaolinite peak of high intensity (8.7 Å) and 7.2 Å kaolinite peak suggested mixed layered character
of the derivative structure. In the FTIR spectra, the co intercalated Az led to an appearance of bands at: 3060 3030 cm
1 (C H ring stretching) and 780, 690 cm 1 (C H ring bending). The research revealed changes of basal spacing by about
1 3 Å induced by alternate exposure to UV Vis radiation. Such shifts of basal spacing reflection corresponded to a
change of Az dimensions which take place during its to isomerization. The experiments suggested that the
type, content and arrangement of intercalated benzylalkylammonium chlorides mainly affects the magnitude of
photoresponse. The most significant changes were observed for the intercalation compounds with the highest ratio of
benzylalkylammonium chloride to Az. The research results suggest that the structure of the studied kaolinite
intercalation compounds is hard to reproduce which subsequently prevents obtaining photoresponsive nanomaterials
which show regular basal spacing shifts.
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The intercalation of pAz into ZrP increased the initial basal spacing from 7.6 Å to 30.0 Å. The XRD pattern of the
intercalation compound revealed an integral series of high order reflections (15.0 Å, 10.0 Å, 7.5 Å and 6.0 Å). This
suggested high ordering in stacking of ZrP layers. The FTIR did not show changes of position and/or intensity of bands
attributed to OH hydroxyls of the ZrP. Thus it is suggested that acid base reaction between OH and pAz did not take
place. This was also indirectly proven by washing the sample with ethanol, 2 propanol and methanol. Regardless of the
used solvent the pAz was easily deintercalated. Despite the interesting structure of the characterized ZrP pAz
intercalate it does not show significant photoresponsive behaviour in the applied conditions.

This project was funded by the National Science Centre, Poland under research project no. 2014/13/B/ST10/01326.

[1] Klajn, R. (2010) Immobilized azobenzenes for the construction of photoresponsive materials. Pure and Applied
Chemistry, 82.
[2] Yan, D. and Wei, M. (2015) Photofunctional Layered Materials. Springer.
[3] Ogawa, M. and Kuroda, K. (1995) Photofunctions of Intercalation Compounds. Chemical Reviews, 95, 399 438.
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Controlled Loading and Release of Quercetin by Natural Halloysite Nanotubes

Li, RC, master, Zhejiang University; Chen, Y, master, Zhejiang University; Chen, X , PhD, Zhejiang University

Halloysite is a natural mineral with nanotubular structure. It can be used as a carrier for biologically active molecules.
The encapsulation and controlled release of hydrophobic drugs by Halloysite nanotubes can effectively improve the
bioavailability of quercetin. However, the interactions between halloysite surface and quercetin were controlled by ion
exchange, hydrogen bonding, and van der Waals forces. The quercetin loaded on the surface of lumen will quickly
diffuse outward under such a weak interaction. In this study, we enhanced the loading and release of quercetin from
halloysite by organic modification, which increased the binding force between halloysite lumen and quercetin
molecules. The Al OH at the inner surface of halloysite nanotubes and Al OH and Si OH at the edges or surface defects
exhibit a high chemical affinity for many organic compounds. Therefore, six reagents with N donor ligands were
selected for the surface modification of halloysite nanotubes under severe condition (e.g., preintercalation of dimethyl
sulfoxide, high temperatures, N2 atmosphere and pure organic liquid).

Controlled release is conducive to the absorption of quercetin and can effectively solve the problem of low
bioavailability. In grafted halloysite, the loading of quercetin was promoted and its complete release from halloysite
could extend to one week or half a month. For part of grafted halloysite whose loading was ca. 3.5 %, 80 percent of
quercetin were released within 12 h, and the method of polymer coating could be used to achieve the purpose of
controlled release of quercetin. For another, its loading was ca. 0.9% and 80 percent of quercetin were released after a
week at a slow release rate. The content of quercetin in modified halloysite can also be determined by X ray
photoelectron spectroscopy, X ray fluorescence spectrometer and thermogravimetric analysis. At the same time, the
peak position of quercetin in the buffer solution was changed by analyzing the release results of the sample in the
phosphate buffer solution, which could be proved by high performance liquid chromatography and UV
spectrophotometry. The change in peak position was due to the fact that phenolic hydroxyl groups of quercetin could
form strong hydrogen bonds and electrostatic interactions with the N donor ligands of the modifying reagents. This
kind of reaction could also effectively enhance the solubility of quercetin in phosphate buffer solution and improve its
bioavailability. According to the different release time and loading of quercetin of the sample, halloysite has great uses
as a host for the loading and controlled release of hydrophobic drugs and its surface functionalization products loaded
with quercetin have a wide range of application prospects, such as anticancer drugs, antioxidants, and antibacterial
materials.

* Corresponding author: chenxg83@zju.edu.cn, Tel: + 86 580 2092328.
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Surface Tailored Organoclays Alter Bacterial Community and Metabolic Activity in
Hydrocarbon Contaminated Soil

Biswas, B, MSc, University of South Australia; Sarkar, B, PhD, University of South Australia; Rahman, MM, PhD, The
University of Newcastle Australia; Naidu, R, PhD, The University of Newcastle Australia

Natural attenuation of polycyclic aromatic hydrocarbons (PAHs) using soil native microorganisms may be a potential
remediation technology but the scope is limited in the metal(loid) mixed PAH contaminated sites due to the potential
metal toxicity to the degrading microorganisms1. In order to minimize the effect of toxic metal(loid)s by immobilizing
them on a solid support and consequently to increase the microbial activities and biodegradation, a multifunctional
organoclay (fatty acid tailored Arquad® grafted smectite, ABP) was synthesized2,3. The technology showed remarkable
compatibility to microorganisms in PAH contaminated soil and water. However, the question remains unanswered
whether the organoclay and its parent clay mineral would enact any effect on the native microbial community
structure and their metabolic profile (active . inactive cells). Therefore, this study investigated the soil metagenomics
and redox potential profile of bacterial community in an organoclay amended field PAH contaminated soil.

The smectite clay mineral (B), organoclay (AB) and surface tailored organoclays (ABP) were characterized using
multiple surface and microscopic image analyzing tools3. From the clay products amended soil (70 day incubation, 1
5% loading rate), bacterial diversity was analyzed using the 16S rRNA gene amplicons, and the metabolic activities of
the total microorganisms were assessed flow cytometrically using Light™ RedoxSensor™ CTC Vitality Kit.

The surface tailored organoclay (ABP) increased bacterial growth by 5 to 7 fold relative to the control and parent clay
materials (B and AB). It also increased the metabolically active bacterial growth but the effect was slightly lower than
for the unmodified smectite (B). The 16S rRNA profile indicated that the major taxa were potential PAH degraders

(median 39%, highest in ABP mixed soil), (median 34%, highest in AB mixed soil), and
(median 22%, highest in the control soil (without clay, NC)). Also, some distinct taxa appeared in relation to

the loading of the clay products, for example [ ] and were highly dominant in the higher loading
(5%) of smectite (B) (Fig. 1).

In conclusion, the surface tailored organoclay increased bacterial growth and metabolic activity in PAH contaminated
soil. Also, the bacterial composition was changed to a certain extent (e.g., higher in surface tailored
organoclay amended soil) without any major shift in the bacterial abundance (e.g., extinction).

Fig. 1 A correspondence analysis (CA, performed using PAST version 3.14) of the bacterial taxa (phylum) in relation to
the clay and clay modified clay mineral amendment soils. Only major taxa are indicated in the figure.
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1 Vig, K., et al., (2003). Bioavailability and toxicity of Cd to microorganisms and their activities in soil: a review.
8, 121 135.

2 Biswas, B., et al., (2015). Heavy metal immobilizing organoclay facilitates PAH biodegradation in mixed contaminated
soil. 298, 129 137.
3 Biswas, B., et al., (2016). Specific adsorption of cadmium on surface engineered biocompatible organoclay under
metal phenanthrene mixed contamination. 104, 119 127.
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ENHANCING AFLATOXIN ADSORPTION IN SIMULATED GASTRIC SOLUTIONWITH ORGANIC
NUTRIENTS MODIFIED MONTMORILLONITE

Barrientos Velazquez AL, PhD, Texas A&M University; Deng, Y, PhD, Texas A&M University

Smectites have shown to effectively adsorb aflatoxins in the gastro intestinal tract when incorporated into an aflatoxin
contaminated feed. Yet, a complete animal recovery has not been observed. Smectites’ adsorption capacity for
aflatoxin was significantly reduced by the presence of large protein molecules, such as pepsin in simulated gastric fluid.
The proteins restricted the adsorption sites on the smectite available for aflatoxins. The objective of this study was to
enhance the aflatoxin B1 adsorption of smectites by restricting the influence of proteins such as pepsin. Organic
nutrients were selected to occupy part of the interlayer space of smectites to achieve a more desired environment for
aflatoxin adsorption but not for the large protein molecules.

The interlayer of a Ca montmorillonite was exchanged with five organic nutrients respectively: arginine, histidine,
choline, lysine, and vitamin B1 (thiamine). To confirm the intercalation of the organic compound on the smectite, X ray
diffraction patterns of the organic montmorillonite complexes were recorded. The samples were heated from 50 to
300 ºC at 25 ºC intervals and a XRD pattern recorded at each temperature. Aflatoxin adsorption isotherms in pepsin
solution were performed for each organic montmorillonite complex. X ray diffraction patterns and FTIR spectra were
recorded for the organic montmorillonite plus aflatoxin samples.

The variable temperature XRD patterns of vitamin B1 montmorillonite and choline montmorillonite showed a constant
interlayer of 14 Å and 13 Å, respectively, up to 250 ºC. Arginine montmorillonite and histidine montmorillonite had an
initial d value of ~13 Å at room T, after heating to 150 ºC the interlayer was reduced to ~11.5 Å, and collapsed to 11 Å
at 250 ºC. At 300 ºC, vitamin B1 montmorillonite was the only sample that maintained the expanded interlayer at 12.7
Å. The FTIR spectra of the organic montmorillonite complexes showed bands of the organic compounds and some
band shifts due to the interaction of the organic compounds in the smectite. The FTIR spectra of the aflatoxin pepsin
organic montmorillonite complexes showed distinctive bands of aflatoxin, but there was also presence of a broad band
at 1640 cm 1 attributed to pepsin. This band appeared to be narrower in the vitamin B1 montmorillonite complex,
indicating that less pepsin was present in the interlayer. The XRD results also indicate that less pepsin was adsorbed in
the vitamin B1 modified clay as the d value only expanded to 14.5 Å in the presence of pepsin, compared to ~17 Å as in
arginine and lysine clay complexes. The aflatoxin adsorption capacity of the unmodified montmorillonite in a pepsin
solution was 0.2 mol/kg. Vitamin B1 montmorillonite complex showed a significant improvement in the affinity and
increased the aflatoxin adsorption to 0.56 mol/kg. Choline montmorillonite and histidine montmorillonite also
improved the affinity and showed a maximum AfB1 adsorption of 0.41 mol/kg and 0.36 mol/kg, respectively. Arginine
montmorillonite and lysine montmorillonite showed a slight increase in the adsorption capacity but the affinity was
still low.

The results indicated that intercalating polar organic nutrients into the interlayer space of montmorillonite improved
the AfB1 adsorption by restricting the adsorption of pepsin. Yet, pepsin was not completely blocked. Among the five
tested nutrients, vitamin B1 was the most effective in blocking the adsorption of pepsin and increasing the adsorption
capacity and affinity of aflatoxin in the simulated gastric solution.
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The Effect of Exchangeable Potassium on K Ar Age Values of Illite Smectite

Wampler, JM, PhD, Georgia State University; Shata, S., PhD, Suez Canal University; Gilg, HA, PhD, Technische Universität
München; Crawford, EW, PhD, Georgia State University; Rieger, P, MSc, Technische Universität München

Conventional K Ar dating requires several assumptions about the origins and behavior of potassium and argon in the
material to be dated (Dalrymple and Lanphere, 1969). It is remarkable that K and Ar commonly have been held within
very fine particles of diagenetic illite smectite (I S) sufficiently well to meet the ‘closed system’ assumption of
conventional K Ar dating. Exchangeable K on fine I S can be a significant fraction of the clay’s total K. It is not to be
expected that exchangeable K or any Ar formed by decay of exchangeable 40K will have been part of the closed system
in which radiogenic Ar is the key to K Ar dating of diagenetic illite. Radiogenic Ar from 40K on external surfaces will not
be retained, and that formed from 40K in expanded interlayers almost certainly will diffuse out of I S. Consequently, it is
important that exchangeable K either be removed from the clay before K Ar measurements or accurately accounted
for before calculation of K Ar age values. During pre treatment of clay samples by the methods of Jackson (1979) to
remove carbonates and iron oxyhydroxides, Na replaces virtually all the exchangeable K. Sodium hexametaphosphate
solutions and weak acid solutions, sometimes used in pre treatment of clays, may also remove exchangeable K.

In some investigations, clays have been dispersed in deionized water before size separations (to avoid pre treatments
that would have changed the chemical composition of the clay and modified the arrangement of layer structures in
stacking sequences). In such cases, it is to be expected that most of the exchangeable K, but not radiogenic Ar formed
from exchangeable 40K, remained with the clay; K Ar age values and 39Ar/40Ar total gas age values obtained from such
clay will be too small if the clay had a significant amount of exchangeable K. The amount of exchangeable K in clay size
fractions separated with no chemical pre treatment may be assessed by measuring the K released by reaction with
aqueous Na, and the effect on K Ar age values may be assessed directly by measuring K and the Ar isotopes in the clay
before and after such reaction. Study of illitic clay from two sources—Ordovician sedimentary rocks of the Gaspé
Peninsula, Quebec and altered gneiss from Malmberget, Sweden—shows substantial amounts of exchangeable K (from
6% to 39% of the total K) in the very fine fractions (<0.1 μm or <0.2 μm). K Ar age values for the untreated fine
fractions were correspondingly low compared to age values obtained after exchangeable K had been replaced by
Na. Amounts of exchangeable K are relatively less for coarser size fractions, but there can be enough exchangeable K
in these also to substantially affect age values. K Ar dating, particularly of very fine clay fractions, has played a major
role in interpreting the history of diagenetic I S. Reconsideration of such interpretations may be needed in cases where
exchangeable K was not removed before K Ar measurements.

References cited:
Dalrymple, G.B. and Lanphere, M.A. (1969)

. W.H. Freeman and Company, San Francisco.
Jackson, M.L. (1979) . Published by the author, Madison, Wisconsin, 895 pp.
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Surveying Clay Mineral Diversity in the Murray Formation, Gale Crater, Mars

Bristow, TF, PhD, NASA Ames Research Center; Blake, DF, PhD, NASA Ames Research Center; Vaniman, DT, PhD,
Planetary Science Institute; Chipera, SJ, PhD, Chesapeake Energy; Rampe, EB, PhD, NASA Johnson Space Center;
Grotzinger, JP, PhD, Caltech; McAdam, AC, PhD, NASA Goddard Flight Center; Ming, DW, PhD, NASA Johnson Space
Center; Morrison, SM, PhD, Carnegie Institute; Yen, AS, PhD, JPL/Caltech; Morris, RV, PhD, NASA Johnson Space Center;
Downs, RT, PhD, University of Arizona; Treiman, AH, PhD, Lunar and Planetary Institute; Achilles, CN, University of
Arizona; Craig, P, PhD, Lunar and Planetary Institute; Des Marais, DJ, PhD, NASA Ames Research Center; Moorokian, JM,
JPL/Caltech; Crisp, JA, PhD, JPL/Caltech; Hazen, RM, PhD, Carnegie Institute

The CheMin XRD instrument aboard Mars Science Laboratory (MSL) has documented clay minerals in various drill
samples during its traverse of Gale Crater’s floor and ascent of Mt. Sharp. The most recent samples, named Marimba,
Quela and Sebina were acquired from the Murray Formation in the Murray Buttes region of lower Mt. Sharp. Marimba
and Quela come from a ~30 m package of finely laminated lacustrine mudstones. Sebina comes from an overlying
package of heterolithic mudstone sandstones.

Clay minerals make up ~15 25 wt.% of the bulk rock with similar contributions to XRD patterns in all three samples.
Broad basal reflections at ~10° 2q CoKa indicate the presence of 2:1 group clay minerals. The 02 clay mineral band lies
at ~22.9° 2q, a region typically occupied by Fe bearing dioctahedral 2:1 clay minerals like nontronite or Fe illite. The
low humidity within the CheMin instrument, which is open to the martian atmosphere, promotes loss of interlayer H2O
and collapse of smectite interlayers making them difficult to distinguish from illites. However, based on the low K
content of the bulk samples, it appears that smectitic clay minerals are dominant. Peak dehydroxylation of the
Marimba sample measured by the SAM instrument on MSL occurred at 610°C and 780°C. Fe bearing smectites are not
consistent with these dehydroxylation temperatures. Thus, we suggest that a mixture of dioctahedral and trioctahedral
smectite phases are present giving the appearance of intermediate octahedral occupancy in XRD.

Dioctahedral smectites have not previously been reported in Gale Crater by MSL. Earlier in the mission, relatively clay
mineral rich samples (~20 wt.%) from lacustrine mudstones in Yellowknife Bay (YKB) were found to contain ferrian
saponites. It is proposed that YKB saponites formed via isochemical aqueous alteration of detrital olivine close to the
time of sediment deposition, under anoxic to poorly oxidizing conditions.

In terrestrial settings where alteration sequences of basaltic rocks or sediments are observed, first stage alteration clay
minerals are typically trioctahedral smectite species, as reported from YKB. In later alteration stages trioctahedral clay
minerals are replaced by dioctahedral clays as a result of removal and/or oxidation of Fe2+ and Mg. Observed changes
in clay mineralogy between YKB and Murray Buttes samples correspond with differences in bulk mineralogy, including:
1) a transition from magnetite to hematite as the main Fe oxide, 2) increasing abundances of Ca sulfates and 3) a
reduction in the quantity of reactive mafic minerals. This mineralogical change indicates an increasing degree of
aqueous alteration and oxidation of mafic detritus in the upper part of the Murray Formation.

These results broaden the spectrum of mineralogical facies documented by MSL. Together sedimentology and
mineralogy indicate a long lasting, dynamic fluvial lacustrine system encompassing a range aqueous geochemical
processes under varying redox conditions. Future work is needed to unravel the influence of global and local controls
on the range of ancient conditions observed at Gale Crater.
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CLAYS IN MINING

Effect of Gangue Minerals on Mineral Flotation of Valuable Phosphate and Silicate Minerals:
Characterization and Modeling Studies

Ponnurangam, S, PhD, University of Calgary; Chernyshova, I, PhD, Columbia University; Rai, B, PhD, Tata Research
Development Design Center; Pradip, PhD, Tata Research Development Design Center; Patra, P, PhD, Columbia
University; Somasundaran, P, PhD, Columbia University

Complex silicates minerals such as muscovite, feldspar, and serpentines are ubiquitous in nature and often occur
together with valuable minerals (for e.g., phosphates, sulfides, and lithium containing minerals). The gangue silicate
minerals often end up in the valuable concentrates during the separation processes in significant quantities. This
results in low grades of the concentrates which in turn increases the downstream processing cost and exacerbates the
rejection of valuables in the tails. In this study, we explore the influence of gangue silicates on the flotation of two
important mineral systems: 1) lithium containing minerals (spodumene) 2) phosphate minerals from Florida. To explain
the observed differences in the flotation performance of various ore bodies and surface modifying reagents
(collectors), we use different bulk and surface characterization (XRD, zeta potential), adsorption, spectroscopic (SEM
EDS, FTIR) and molecular modeling methods. In particular, we report the effect of the mineral distribution and the
nature of surface functional groups on the flotation performance. We also delineate the adsorption mechanisms of
reagents that lead to their selective adsorption and hence their effectiveness as flotation collectors. Specifically, we
show the importance of the surface distribution of adsorption sites. The insights reported here can form a molecular
basis for developing more efficient strategies for rejection of gangue silicates during mineral flotation processes.
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Origin of Clays in Kiruna Type Iron Ore Deposits, Sweden

Rieger, P, Technical University of Munich; Wampler, JM, Georgia State University; Andersson, UB, LKAB

The largest iron ore deposits of Europe are hosted in Paleoproterozoic supracrustal rocks of the Fennoscandian Shield
in the northern Norrbotten province, Sweden. Significant clay alteration zones have been encountered in the Kiruna
type magnetite( hematite) apatite deposits, which are hosted in weakly to strongly metamorphosed intermediate to
acid volcanic and subvolcanic rocks. These up to 50 m thick soft alteration zones occur within ores and within the
country rocks along the ore contact of the southern Kiirunavaara ore body, at various levels to depths of at least 1200
m below surface, but also in zones further into the hanging wall and footwall lithologies of the deposit. There are also
few meter thick clay alteration zones in the Gruvberget, Malmberget and Mertainen deposits. These clay rich zones
have significant influence on the rock mechanical properties and the design of drifts and ore passes in the deep
underground mines (Kiirunavaara, Malmberget). Additionally, they may negatively influence the recovery of the ore
during processing as the clay minerals might stick to ore minerals. A detailed mineralogical, geochemical and
geochronological study aims at a better understanding of the nature and genesis of this unusual argillic alteration in
the Fennoscandian shield. The predominant clay mineral in the alteration zones of all deposits is a dioctahedral Fe
poor montmorillonite, but locally interstratified illite smectite minerals are observed at Kiirunavaara and Malmberget.
The expandable clay minerals have variable exchangeable cation compositions including significant Ca and in part Na
and K. The clays are locally associated with a distinct stilbite/stellerite mineralization that is characteristic for formation
temperatures between about 50 and 120°C. Very low boron contents of most smectites and stilbites (< 10 ppm)
determined by prompt gamma activation analysis indicate that most alteration minerals formed from rather B poor
probably meteoric hydrothermal waters, consistent with stable hydrogen and oxygen isotope data. Stellerites and
some illite smectite samples have higher boron contents suggesting either distinctly more B rich fluids or effects of
higher temperature. K Ar data of various Na exchanged size fractions from two soft altered gneiss samples from the
Johannes ore body, Malmberget, which are dominated by R3 ordered illite smectite, yield age values ranging from
837Ma to 941Ma. Illite smectite formation at Malmberget appears to be significantly younger than previously reported
Paleoproterozoic U Pb ages of stilbites.
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Northstar Clay Mines: Ore Characterization with Regards to the Pozzolan and Portland Cement
Industry

Tabinski, JE, MS, New Mexico Institute of Mining and Technology

Northstar Mines LLC is headquartered in Mammoth, Juab County, Utah and operates a clay mine within the historic
Main Tintic District. Northstar owns the former Black Jack mine, which was a gold and silver producer from fissure
veins. Surface exposures comprise an oxidation zone of bleached white clays with black and red staining from
manganese and iron minerals. Iron ore was formerly mined from an open cut near the Black Jack mine. In 2007, an
exploration program of trenching and drilling uncovered a sizable high alumina clay deposit, and by 2009 Northstar
began exploitation of the clay deposit by open pit. The former open cut near the Black Jack mine was further exploited
for clay and iron ore, however the clay proved to be low grade and uneconomic. A second pit has been developed to
the southeast of the Black Jack mine and has provided a resource of high alumina clay that is marketable to the local
pozzolan and Portland cement industry of Utah.

In 2013 2014, an investigation commenced into characterizing the high alumina clay and associated minerals found
within each pit and the surrounding areas as a means of grade control and expanding the known clay resource.
Minerals were identified by hand specimen examination, X Ray Diffraction analyses, and Scanning Electron Microscopy
analyses. Grade and impurities within the ore were determined by a calculated weight percent that accounted for the
abundance of the identified minerals within a given sample. Alumina assays have also been provided by Northstar
Mines LLC, which can be compared to the calculated weight percents.

This study shows that the high grade clay ore currently being mined comprises of halloysite; however, lenses and
irregular pods of gibbsite are identified in close association with the halloysite and may in part account for the elevated
alumina content of Northstar clays. Kaolinite and montmorillonite are identified from lower grade clay materials.
Associated gangue minerals consist of alunite, residual microcline, muscovite, and silica, all of which are severely
detrimental to ore quality.
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Optimized Natural Gamma Ray Spectroscopy of the McMurray Formation

Nikitin, A, PhD, Shell International Exploration and Production Inc.; Hofmann, R, PhD, Shell International Exploration
and Production Inc.; Mahood, R, Shell Canada; Hillier, S, PhD The James Hutton Institute; Mertens, G, PhD, Qmineral
bvba

Clay mineral diversity in the McMurray Formation was recently explored in the context of stratigraphic occurrence by
bulk X ray diffraction (XRD), cation exchange capacity (CEC) measurements, elemental analysis (XRF, and ICP), clay size
fraction (<2 micrometer) XRD analysis, reflected light microscopy, and cryogenic scanning electron microscopy (cryo
SEM).

Throughout the McMurray Formation discrete clay minerals (chlorite, muscovite, and kaolinite) were quantified in both
bulk and clay size XRD, along with mixed layered illite smectite (I S). Lower and Middle McMurray Formation
sediments were dominated by I S with a low expandability, estimated to be 20 30%. Upper McMurray Formation
sediments by contrast had higher expandability (60 70%). In flood plain sediments of the Lower McMurray Formation
an additional mixed layer mineral has been variably identified and quantified as kaolinite smectite (K S) or in some
case kaolinite vermiculite (K V) with a high smectite or vermiculite content. The associated CEC values of this phase are
10 times the baseline for the McMurray Formation.

By combining mineralogy and elemental measurements with laboratory acquired natural gamma ray spectroscopy
(NGS) spot measurements a custom workflow for logging tool NGS calibration was developed. The NGS spectra of
cores showed that yields of potassium (K), Uranium (U), and thorium (Th) had a distinct facies association, and
therefore, clay mineral signature. Deposition or in situ mineral formation appears to dictate elemental partitioning,
and as a result an indicator was developed that can highlight zones within the ore body that are empirically known to
process poorly through the extraction plant. The NGS laboratory learning was extended to a borehole study using a
pulsed neutron generator tool (PNG based, two gamma ray detector). With the inelastic capture of carbon yield, a
standard output from this tool, a bitumen indictor was developed that when combined with NGS spectra allows a
continuous clay and bitumen understanding. The developed clay and bitumen indicators can be compared to geologic
descriptions of core material.

Identification and characterization of the highly charged mixed layer clay phases in the McMurray Formation can lead
to both an improved understanding of clay interaction in bitumen processing as well as tailings settling behavior, and
eventually an evaluation of how to best capture this data for mine and tailings models.
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STRUCTURES AND PROPERTIES OF CLAYS

Modelling Disorder in Soil Kaolinite

Fashina, B, Texas A&M University; Deng, Y, Texas A&M University

Structural defects, primarily stacking disorder, in kaolinite have been investigated extensively. In the last ~70 years
several models have been proposed in an attempt to describe the nature and degree of stacking disorder in kaolinites
of industrial and geologic importance1. Despite the intensifying efforts in establishing and understanding disordering in
geologic kaolinites there is little information on disordering in soil kaolinites as well nor the possible implications of
these defects on soil functionalities. The probable reasons, amongst several, for the paucity of information on
disordering in soil kaolinites includes (a) small crystal size of soil kaolinite, (b) high density of stacking disordering and
(c) of soil kaolinites due to its low reactivity. Despite all these, a better understanding of soil kaolinite is
imperative because (a) kaolinite dominated soils are abundant in the wet tropics and high proportion of the world's
population relies on these soils for the agriculture, (b) their high specific surface area is important for cation and anion
retention capacities (i.e. plant nutrients) in high rainfall condition of tropical soils, (c) reduction in the mobility of toxic
ions and harmful synthetic organic molecules in soils thereby moderating contamination of food crops and water
resources and (d) sorption of water in tropical soils that are often low in organic matter2. Hence the objective of this
study is to investigate disordering in soil kaolinites.

The methods to be employed in achieving the research objective are infrared spectroscopy (IR), X ray powder
diffraction (XRD) and high resolution transmission microscopy (HRTEM). Simulation and refinement of the structures
will be done using the FAULTS3 program which allows for simulation and refinement of layered structures combining
the power of the Rietveld method with the recursive calculation scheme4. Oxisoils from Brazil and Hawaii with high
content of kaolinite will be used for the study. Iron oxides and aluminum hydroxide will be removed to simplify the
mineral composition of the soils. The soils will be size fractionated to harvest the clay fractions < 0.2, 0.2 0.5, 0.5 1.0,
1.0 2.0 micrometers. The XRD patterns of each fraction will be recorded on a Bruker D8 Advance diffractometer. High
resolution TEM will be conducted on a field emission FEI Tecnai G2 F20 ST FE TEM. Stacking sequence of the 1:1 layers
will be tracked based on HR TEM fringes and simulations.

The findings from this study will give more information about disordering in soil kaolinites and better understanding of
functionalities of kaolinite in soils, especially tropical soils, since structure relates to function.

1Kogure T, Inoue A. Determination of defect structures in kaolin minerals by high resolution transmission
electron microscopy (HRTEM). . 2005;90(1).

2Gilkes RJ, Prakongkep N. How the unique properties of soil kaolin affect the fertility of tropical soils.
. 2016;131:100 106. doi:10.1016/j.clay.2016.01.007.

3 Casas Cabanas M, Rodríguez Carvajal J, Palacín MR. FAULTS, a new program for refinement of powder
diffraction patterns from layered structures. Zeitschrift für Kristallographie, Suppl. 2006 Jan 1;23:243 8.

4Treacy MMJ, Newsam JM, Deem MW. A General Recursion Method for Calculating Diffracted Intensities from
Crystals Containing Planar Faults. . 1991;433(1889).
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Illite Polytype Quantification and K Ar illite Age Analysis: A Revisit to the Illinois Basin

Grathoff, GH, Department of Geography and Geology, University of Greifswald, Greifswald, 17489, Germany; Freiburg,
J, Illinois State Geological Survey, Prairie Research Institute, University of Illinois at Urbana Champaign, 615; Peabody,
E, Champaign, IL 61820, USA; Henkel, K, Department of Geography and Geology, University of Greifswald, Greifswald,
17489, Germany; Peltz, M, Department of Geography and Geology, University of Greifswald, Greifswald, 17489,
Germany; Warr, LN, Department of Geography and Geology, University of Greifswald, Greifswald, 17489, Germany;
Wemmer, K, Geoscience Center, University of Göttingen, 37077 Göttingen, Germany

Illite is one of the few clay minerals formed diagenetically in sedimentary rocks that can be dated by the K Ar or Ar Ar
isotopic age technique. Illite age determinations are particularly useful in establishing the age of illite growth formed
within sedimentary basins and provide constraints on burial time temperature history. In the common case the
diagenetic and detrital illites are present as mixtures of the different polytypes, the being detrital and the
being diagenetic in origin.

In the 20 years since Grathoff and Moore (1996) published their paper on illite polytype quantification, methods of clay
mineral quantification have advanced significantly, particularly by the use of the Rietveld method, which today can also
be applied to mixed layered illite smectite structures (Ufer et al. 2012). Whereas the absolute errors of polytype
quantification was originally determined by Grathoff and Moore (1996) to lie between 2.5 and 5%, more recently
applied quantification methods (e.g. by Haines and van der Pluijm, 2008) stated lower errors, which approach the
accuracy achieved by the winners of the Reynolds Cup (see e.g. Omotoso et al.; 2006). In the study, we compare the
results of three methods that are currently available for illite polytype quantification. 1. The original peak ratio method
of Grathoff and Moore (1996), which quantifies by correlating diagnostic peak ratios of measured patterns against
those of calculated patterns (e.g. by WILDFIRE). 2. The overlay approach that mixes the measured XRD patterns of
three “end member” illites ( , and 1) to best fit the sample pattern (Haines and van der Pluijm (2008). 3. The
Rietveld refinement method using BGMN (e.g. Ufer et al. 2012) that involves refinement of the complete XRD pattern
by selection of the appropriate crystallographic parameters. The similarities and differences revealed in these
quantification approaches are discussed in terms of their application to illite age analysis of the lower Paleozoic shales
and sandstone in the Illinois Basin. This assessment study reveals some caution is encouraged when applying different
methods of illite polytype quantification for the purpose of extrapolating end member illite ages, i.e. errors need to be
included in the illite polytype quantification as well as the extrapolation method.

References:
Grathoff, G., and Moore, D. (1996) Illite Polytype Quantification Using WILDFIRE Calculated X ray Diffraction Patterns:
Clays and Clay Minerals, 44, 6, 835 842.
Haines, S.H. & van der Pluijm, B. (2008), Clay quantification and Ar–Ar dating of synthetic and natural gouge:
application to the Miocene Sierra Mazatán detachment fault, Sonora, Mexico, Journal of Structural Geology 30,525
538.
Omotoso, O., McCarty, D.K., Hillier, S., and Kleeberg, R. (2006) Some successful approaches to quantitative mineral
analysis as revealed by the 3rd Reynolds cup contest: Clays and Clay Minerals, 54, no. 6, p. 748–760
Ufer, K; Kleeberg, R.; Bergmann, J. & Dohrmann, R. (2012): Rietveld refinement of disordered illite smectite mixed
layer structures by a recursive algorithm. II: Powder pattern refinement and quantitative phase analysis. Clays and
Clay Minerals, 60, 5, 535–552.
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Wet Supercritical CO2 Smectite and Wet Supercritical CO2 Smectite Natural Organic Matter
Composite Interactions at the Molecular Scale

Bowers, GM, PhD, St. Mary's College of Maryland; Schaef, HT, Pacific Northwest National Laboratory; Loring, JS, PhD,
Pacific Northwest National Laboratory; Hoyt, DW, PhD, Pacific Northwest National Laboratory; Burton, SD, Pacific
Northwest National Laboratory; Loganathan, N, Michigan State University; Yazaydin, AO, University College London;
Kirkpatrick, RJ, Michigan State University

The injection of supercritical carbon dioxide (scCO2) into the subsurface is an important component of many CO2

sequestration strategies and approaches to enhance oil and gas recovery from non conventional reservoirs. Smectite
minerals are significant constituents of both frackable brittle shales and sealing type shales critical to both
applications. While much is known about the molecular scale behavior of wet smectite interfaces, less is known about
the interaction of variably wet scCO2 with smectite clays or the interfaces between organic material and clays found in
shales. In this presentation, we present the results of powder X ray diffraction (XRD), infrared (IR) spectroscopic
titrations, and nuclear magnetic resonance (NMR) spectroscopic studies of smectite (hectorite) and smectite natural
organic matter (NOM) composites in contact with variably wet scCO2. We find that hectorite containing ions with large

radii and low charge densities, such as Cs+, interacts favorably with wet scCO2, adsorbing CO2 into interlayers and on
external surfaces and incorporating CO2 into the ion coordination shell under wet and dry conditions. Such smectites
have a mixture of CO2 and H2O present in the interlayer at all humidities up to the saturation point of the scCO2

phase. In contrast, ions with smaller radii and larger charge densities, such as Ca2+, tend to scavenge H2O from the
scCO2 phase and have significantly less interlayer adsorbed CO2. In these samples CO2 does not directly coordinate the
cations. We also find that there is a critical basal spacing required to initiate interlayer adsorption of CO2 (~11.5 Å). The
specific binding sites for CO2, the distribution of CO2 among the binding sites, and the dynamic behavior of CO2 in those
adsorption sites is controlled largely by the hydration energy of the interlayer cations and the humidity of the
scCO2.

13C NMR data shows that CO2 molecules adsorbed in a smectite with a one water layer type (1WL type) basal

spacing (~12.5 Å) experiences rapid reorientation about an axis perpendicular to the surface normal at a rate >105 Hz, a
signature diagnostic of interlayer CO2 adsorption. The presence of NOM appears to have little influence on CO2 or ion
binding or the interlayer dynamics, but does appear to reduce the total amount of adsorbed CO2 and introduce a small
degree of structural disorder.
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From Interlayer to Interparticle Diffusion of Water in Swelling Clay Porous Media

Ferrage, E, PhD, CNRS/University of Poitiers; Tertre, E, PhD, University of Poitiers; Hubert, F, PhD, University of Poitiers;
Levitz, P., PhD, CNRS/Sorbonne University; Michot, LJ., PhD, CNRS/Sorbonne University; Poirion, P, PhD,
CNRS/University of Orléans; Delville, A, PhD, CNRS/University of Orléans

The anisotropic properties of water migration in natural systems containing swelling clay minerals (smectite or
vermiculite) is most often driven by (1) the bidimensional diffusion in interlayer space of the particles and (2) the
mutual arrangements of these lamellar particles in the porous media, which induce additional pathways for water
transfer.

At the crystal scale, combination of experimental diffraction/scattering techniques and molecular simulations can be
used to unravel the details in the organizational and dynamical properties of the fluid confined in the interlayers of
swelling clay minerals [1 2]. In addition, such a collation procedure provides key quantitative information about the
validity of the semi empirical atomic interaction parameters used in theoretical simulations.

In order to connect the diffusion of water obtained at the scale of the interlayer nanopore with macroscopic property
of diffusion, representative porous media for swelling clay minerals are crucial. For montmorillonite, the determination
of particle morphology is delicate due to its osmotic crystal swelling in water saturated conditions. To tackle this
problem, our efforts have focused in the experimental characterization of swelling clay porous media composed of
vermiculite minerals which display similar particle size and shape once immersed in water [3 4]. An algorithm, similar
to the one proposed by Coelho et al. [5], was used to mimic the three dimensional organization of swelling porous
media for particles having elliptic disk morphology [6]. The obtained virtual porous media are used to perform
Brownian Dynamics simulations. Based on the consideration of water diffusion in both interlayer and inter particle
porosity, the obtained results are found to be in fair agreement with experimental data. This allows getting additional
insights onto the role played by particle organization on the overall macroscopic diffusion of water.

[1] Ferrage, E., Sakharov, B.A., Michot, L.J., Delville, A., Bauer, A., Lanson, B., Grangeon, S., Frapper, G., Jiménez Ruiz,
M., Cuello, G.J. (2011) Hydration properties and interlayer organization of water and ions in synthetic Na smectite with
tetrahedral layer charge. Part 2. Toward a precise coupling between molecular simulations and diffraction data. Journal
of Physical Chemistry C, 1867 1881.
[2] Michot, L.J., Ferrage, E., Jiménez Ruiz, M., Boehm, M., Delville, A. (2012) Anisotropic features of water and ion
dynamics in synthetic Na and Ca smectites with tetrahedral layer charge. A combined quasi elastic neutron scattering
and molecular dynamics simulations study. Journal of Physical Chemistry C, 16619 16633.
[3] Hubert F., Bihannic I., Prêt D., Tertre E., Nauleau B., Pelletier M., Demé B., Ferrage E. (2013) Investigating the
anisotropic features of particle orientation in synthetic swelling clay porous media. Clays and Clay Minerals, 397 415.
[4] Reinholdt M.X., Hubert F., Faurel M., Tertre E., Razafitianamaharavo A., Francius G., Prêt D., Petit S., Béré E.,
Pelletier M., Ferrage E. (2013) Morphological properties of vermiculite particles in size selected fractions obtained by
sonication. Applied Clay Science, 18 32.
[5] Coelho D., Thovert J. F., Adler P.M. (1997) Geometrical and transport properties of random packings of spheres
and aspherical particles. Physical Review E, 1959.
[6] Ferrage E., Hubert F., Tertre E., Delville A., Michot L.J. & Levitz P. (2015) Modeling the arrangement of particles in
natural swelling clay porous media using three dimensional packing of elliptic disks. Physical Review E, 062210.
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Rietveld Refinement of Realstructure Parameters of Disordered Kaolinites.

Ufer, K, U, Bundesanstalt für Geowissenschaften und Kleeberg, R, Institute of Mineralogy, TU Bergakademie Freiberg

Kaolinite is one of the three polytypes of the kaolin group. The other members are nacrite and dickite. These polytypes
have a common composition Al2Si2O5(OH)4 and consist of layers of linked SiO4 tetrahedra sheets and AlOOH octahedral
sheets. These layers occur with structural modifications according to the position of the vacant octahedral site or
enantiomorphic layers. One or more of these layer types are stacked in a regular way to form the ordered polytypes,
but mixed forms with different degrees of disorder occur frequently in nature.

A common method to identify and characterize stacking disorder is the comparison of observed X ray diffraction (XRD)
powder patterns with calculated patterns derived from structural models. The principle of these examinations is the
systematic variation of structure parameters to minimize the misfit of observed and calculated patterns. Recently the
three kaolinite reference samples KGa 1, KGa 1b, and KGa 2 from the Source Clays Repository of The Clay Mineral
Society (CMS) were characterized by a disorder model consisting of three different layer displacement translations in a
random sequence (Sakharov et al., 2016). Accordingly, the differences in the degree of disorder of the three reference
samples are expressed by different probabilities of the occurrence of the translations. In addition, all three samples
were described as a physical mixture of two different phases, one with a high degree and one with a low degree of
ordering.

The results of this study, especially the derived translational vectors, were implemented in structure models which are
compatible with the Rietveld method. It was shown recently that the Rietveld software BGMN (Bergmann et al., 1998)
can be applied for the characterization and quantification of kaolinite bearing samples (Ufer et al., 2015). Disordered
kaolinites in samples from a gold deposit in Peru were described as stacking of layers with different vacant octahedral
positions and additional b/3 translations. The model of Sakharov et al. (2016) was tested as a start model to
characterize the KGa 1b and KGa 2 reference samples in an automatic, user independent Rietveld refinement. The
general applicability of the model of Sakharov et al. (2016) was confirmed and similar disorder parameters could
reproduce the diffraction patterns equally well. However, the automatic refinement procedure improved the quality of
fitting further and slightly different probability parameters of stacking faults were obtained. It will be demonstrated
that a structurally based Rietveld model allows the automatic and objective refinement of disorder parameters and the
quantification of mineral contents of variously disordered kaolinites in mixtures.

Bergmann, J., Friedel, P., and Kleeberg, R. (1998) BGMN _ a new fundamental parameter based Rietveld program for
laboratory X ray sources, its use in quantitative analysis and structure investigations. CPD Newsletter, Commission of
Powder Diffraction, International Union of Crystallography, 20, 5 8.
Sakharov, B. A., Drits, V. A., McCarty, D. K. and Walker, G. M. (2016) Modeling Powder X Ray Diffraction Patterns of the
Clay Minerals Society Kaolinite Standards: KGa 1, KGa 1b, and KGa 2. Clays and Clay Minerals, 64(3), 314–333.
Ufer, K., Kleeberg, R. and Monecke, T. (2015) Quantification of stacking disordered Si–Al layer silicates by the Rietveld
method: application to exploration for high sulphidation epithermal gold deposits. Powder Diffraction, 30(S1), 111–
118.
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Characterisation of Two Australian Smectite Clays for Possible Submission to the CM Source
Clays Repository

Raven, MD, MSc, CSIRO; Self, PG, PhD, CSIRO; Gomez Comacho, R, CSIRO; Gates, WP, PhD, Deakin University; Hillier, S,
PhD, James Hutton Institute

Australia has many interesting and unique clay minerals that have the potential to be of great value to the wider
international clay science community. For example, approximately 120 kg of each of two distinctly difference
specimens of nontronite NAu 1 (yellowish green) and NAu 2 (dark brown) were collected, characterised and shipped
to the CMS Source Clays Repository for inclusion into the Special Clays collection (Keeling, et. al., 2000). Only 19% of
NAu 1 and 42% of NAu 2 remain of the original 120 kg, highlighting the ongoing demand for new ‘type’ clay specimens.

Two currently mined industrial clay mineral deposits from Western Australia and New South Wales produce several
moderate to high grade bentonite products. Both clays have been characterised for mineralogy, chemistry, particle
size, exchangeable cations and cation exchange capacity.

The Watheroo bentonite deposits are located approximately 200 km north of Perth, the capital city of Western
Australia in playa lakes and claypans (Fetherston, et. al., 1999). Three of these playa lakes: A, B and E are under current
mining leases producing varying industrial grades of bentonite. The mineralogy of the bulk raw products range
between 50% and 95% saponite. Other minerals present in the raw materials include; quartz, albite, microcline,
anatase, rutile, mica, kaolinite, calcite, dolomite, halite and gypsum. The fine clay fractions (i.e. <0.2μm) show high
purity saponite, however, Lake B and Lake E also contains trace sepiolite.

The Arumpo bentonite deposit is located in New South Wales, near the regional city of Mildura on the Murray River
and approximately 400 km east of Adelaide, the capital city of South Australia. There are two large deposits under
current operations, derived from ash falls from two separate volcanic events (Gardam et. al., 2008). Smectite content
of the bulk material runs at greater than 95% montmorillonite with trace amounts of quartz, and anatase determined
by XRD. The bentonites are characterised as interstratified illite smectite with approximately 10% illite layers, however,
more recently mined products also shows trace discrete, fine grained illite.

References
Fetherston, J. M., Abeysinghe, P. B., Jiang Shanqing, and Wang Guowu, 1999, Six industrial mineral deposits of
significance in Western Australia: bentonite, feldspar, kaolin, micaceous iron oxide, talc, and tourmaline: Western
Australia Geological Survey, Report 67, 5 14.
Gardam, M., Mason, A.J., Reid, A.F., Churchman, G.J. and Raven, M.D. 2008. Arumpo bentonite deposits: distinctive
indicators of past volcanic events in the Murray Basin, southeastern Australia. Australian Journal of Earth Sciences.
55(2), 183 194.
Keeling, J.L., Raven, M.D. and Gates, W.P. 2000. Geology and characterization of two hydrothermal nontronites from
weathered metamorphic rocks at the Uley graphite mine, South Australia. Clays and Clay Minerals. 48(5), 537 548.
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Computational Molecular Modeling of Dry CO2 Intercalation in Smectite Interlayers

Kirkpatrick, RJ, College of Natural Science, Michigan State University, East Lansing, Michigan 48824, USA; Loganathan,
N, Department of Chemistry, Michigan State University, East Lansing, Michigan 48824, USA; Yazaydin, AO, Department
of Chemical Engineering, University College London, London WC1E7JE, UK, and Department of Chemistry, Michigan
State University, East Lansing, Michigan 48824, USA; Bowers, GM, Division of Chemistry and Biochemistry, St. Mary’s
College of Maryland, St. Mary’s City, Maryland 20686, USA; Kalinichev, AG, Laboratoire SUBATECH, Institut Mines
Télécom Atlantique, 44307 Nantes, France

The interactions between clay minerals and CO2 have become of increasing interest in recent years, primarily due to
the need to understand the behavior of CO2 in petroleum reservoirs and the potential of storing CO2 in deep geological
formations. The cap rocks required to prevent long term CO2 leakage normally contain a high fraction of clay minerals.
The two dimensional structure of clay minerals permit CO2 intercalation in the interlayers of swelling clays (smectites)
as well as in external pores between particles. Many previous studies have shown that the properties of the
exchangeable cation in smectites greatly influence their swelling, dispersion, diffusion, and ion exchange behavior in
the presence of H2O, but their effects on CO2 intercalation are not as well understood. We present here the results of
computational molecular simulations using grand canonical molecular dynamics (GCMD) methods to understand the
intercalation of dry CO2 in the smectite mineral hectorite. Hectorite develops negative structural charge as a result of

isomorphic substitution of Li+/Mg2+ in the octahedral structural sites, which is compensated by metal ions in the
interlayers and on the surfaces. The hectorite models contained a range of charge compensating alkali and alkaline
cations. In the GCMD simulations, the basal spacing was held constant at values from 9.0Å (the dry state) to 18.0Å
(corresponding to the 3 layer hydrate) at intervals of 0.2Å. Dry CO2 was allowed to exchange into the interlayers from a
virtual reservoir, for which the chemical potential is calculated using the Peng Robinson equation of state. The results
show that under dry CO2 conditions hectorite with divalent cations adsorbs more CO2 molecules than that with
monovalent cations, principally because the interlayers with divalent cations contain only half the number of cations.
The results also suggest that the amount of intercalated CO2 decreases with increasing cation radius. CO2 coordinates
to the cations weakly compared to H2O, but interacts more strongly with the monovalent ions and is more clustered
with divalent cations. The simulations reveal the presence of an energy barrier for CO2 intercalation at low basal
spacings for cations with small ionic radii. The magnitude of this barrier decreases with increasing cation radius, and no
barrier is observed for Cs+ and Ba2+. The adsorbed CO2 molecules exhibit two different structural arrangements: slipped
parallel and T shaped for all the systems, as observed in previous studies. The near surface adsorption structure,
coordination environments, and residence times of CO2 with ions and surface oxygen are quantitatively analyzed as
functions of increasing interlayer spacing. These results are compared with experimental and simulation data at very
low relative humidity conditions.
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Stacking Fault Modeling of Clays in GSAS II

Von Dreele, RB, Advanced Photon Source, Argonne National Laboratory, Lenomt, IL 60439 USA

One of the goals in developing GSAS II was to expand from the capabilities of the original General Structure Analysis
System (GSAS) which largely encompassed just structure refinement and post refinement analysis. GSAS II has been
written almost entirely in Python loaded with graphics, GUI and mathematical packages (matplotlib, pyOpenGL, wx,
numpy and scipy). Thus, GSAS II has a fully developed modern GUI as well as extensive graphical display of data and
results. One recently implemented extension is simulation of powder diffraction patterns arising from planar stacking
faults within the crystal structure. This implementation is based on a python wrapped FORTRAN core taken from the
DIFFaX (M.M.J. Treacy, et al., Proc. Roy. Soc. Lond. 433A, 499 520, 1991) computation package with a highly visual GUI
front end for the required model parameterization and structure visualization. The implementation and some example
results for kaolinite clays will be discussed.
Supported by US DOE/OS/BES under Contract No. DE AC 02 06CH11357.
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Improvement of Yield and Phase Purity on Hydrothermal Synthesis Smectite using Taguchi
Method

Liu, YY, MD, National Taipei University of Technology; Yu, BS, PhD, National Taipei University of Technology

Due to the development of technology, the smectite group mineral is widely used in many fields of industry and
material. The pursuit of high phase purity and yield in synthesized smectite is getting more important. In this work,
trioctahedral smectite was synthesized by the hydrothermal method based on the structural formula of smectite
Na2x(Al2(1 x)Mg2x )Si4O10(OH)2 and Taguchi method was first used to optimize the phase purity and yield of the
synthesized smectite. The yield of synthesized smectite is also first time be estimated by both quantitative phase
analysis using X ray diffraction and Rietveld Method Software in this work. The effect of synthesis factors was also
discussed.

The Na2O MgO Al2O3 SiO2 H2O system was reacted for smectite synthesis at temperatures 200 and 220 , duration
time from 48 to 96 h, and with pH of 7, 9 and 11. The results indicate that the duration time, starting material and type
of mineralizer are the three most important factors affect the phase purity and yield of synthesized smectite. The yield
and phase purity of the synthesized smectite can reach up to 90% on the condition optimized by Taguchi method.
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Hydrothermal Alteration of Feeder Dykes of the 1990–1995 Eruption at Mt Unzen, Japan

Yilmaz, TI, Ludwig Maximilians Universität München; Wallace, P, University of Liverpool; Kendrick, J, University of
Liverpool; Lavalee, Y, University of Liverpool; Hess, KU, Ludwig Maximilians Universität München Setsuya N, University
of Tokyo; Dingwell, DB, Ludwig Maximilians Universität München

Mt Unzen is an active andesitic to dacitic stratovolcano located on Shimabara Peninsula, western Kyushu, Japan, with a
last eruption phase in 1990 1995. A scientific deep drilling project in 2004 (ICDP/USDP 4) succeeded to transect the
conduit zone and encountered several hydrothermally altered coherent dacitic dykes with temperatures just below
200°C. A combination of optical microscopy, hot cathode CL, SEM, QEMSCAN, EMPA, XRD, XRF, FTIR and stable oxygen
and carbon isotope analysis led to new insights concerning the intensity, types and complexity of hydrothermal
alteration of the porphyritic conduit rocks as well as the origin of involved fluids. The secondary phases include Mg Fe
chlorite, interstratified illite smectite, kaolinite, calcite, various, in part ferrous dolomites and pyrite indicating a weak
to moderate propylitic to argillic hydrothermal alteration. The clay carbonate sulfide alteration occurs mostly as
pseudomorphs after hornblende phenocrysts or zonal replacements of oscillatory zoned plagioclase phenocrysts, as
well as small veinlets crosscutting phenocrysts and groundmass. Colloform banded fillings of dissolution vugs or
fractures have also been observed. The earliest but volumetrically minor alteration phase is represented by thick
kaolinite stacks mostly as zonal replacements near the rim of plagioclase. This first, probably acidic hydrothermal
alteration stage seems to be replaced by R1 ordered illite smectite with illite contents of about 70 to 75%. The last and
volumetrically dominant alteration phase involves Mg Fe chlorite in late veinlets with minor pyrite crosscutting illite
smectite as well as in a zonal replacements of hornblende with carbonates and minor pyrite. Pyrite is predominately
present in the matrix. The clay alteration style of dyke C16, however, is distinct with the absence of calcite and late
chlorite veinlets. Carbon and oxygen isotope values of the carbonates indicate a magmatic source of carbon, but a
mixed meteoric magmatic source for the aqueous fluids. Geochemical alteration indices and quantitative phase
analysis using XRD corroborate petrographic analysis. They indicate that the degree of alteration of the feeder dykes is
variable and that dyke C16 suffered the weakest and a distinct alteration and is, thus, considered to be possibly the
youngest.
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Examples of Different X ray Diffraction Optical Configurations to Clay Minerals Analysis

Gobbo, L , PANalytical

X ray diffraction (XRD) is the main tool for the identification and quantitative analysis of clay minerals. Although
effective techniques for randomizing clay particle orientation have been developed, oriented clay mounts are
commonly used as they enhance the diagnostically important basal reflections. Techniques commonly used in sample
preparation are (in order of increasing preferred orientation of the clay particles): dry pressing, suction on a millipore
filter, smearing on a glass slide, gravity sedimentation, and centrifuge assisted sedimentation. In conventional
diffractometers with Bragg Brentano parafocusing geometry, reflections occur only from the crystallographic planes
approximately parallel to the sample plane. Consequently, if the 001 crystallographic planes is oriented predominantly
parallel to the sample plane, enhancement of the corresponding 001 reflections for the clay sample is achieved.

The aim of this work is to present results of data collection of clay minerals by XRD obtained using different
configurations in the difractometers: (1) optical goniometer radius of 240 mm in a multipurpose diffractometer and
with 145mm radius in a benchtop; (2) use of fixed divergent slit settings and also a different incident beam optic with
monochromatization properties (BBHD); and (3) using 3 sizes of divergent slits in both of the previous optics. To
perform the data collection, samples were prepared trying to achieve randomly distributed crystals over the sample
holder, with the backload preparation. Certified samples of Illite, Sepiolite, Nacrite, Montomorillonite, Attapulgite,
Kaolinite, Beidellite, Halloysite and Dickite were using, trying to cover the most common clay minerals.

Also with lower power used in the short radius diffractometer (600 watts), the achieved peak intensities was very high
when compared with a multipurpose difractometer (1800 watts), due to the shorter way from the window of the tube
to the sample and also from the sample to the detector, reducing the scattering effects. The divergence slits was used
to control the irradiated length on the sample, ideally this should be matched to the size of the sample. Using wider
divergence slits increased the diffraction intensities and has only a small effect on the peak resolution. Otherwise,
using wider slits can lead to a higher background at low angle (from 3 10 degrees 2 ), that represents the effect of a
direct X ray beam in the detector window. Scans obtained with shorter slits showed a better resolution and also a
lower background. The use of the BBHD as an incident beam optic showed as a very interesting device to achieve lower
background without affecting the peak intensities.
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CLAY AND ENVIRONMENTAL QUALITY

Fe(ii) fe(iii) Electron Transfer at Clay Minerals and its Implications for Organic Contaminant
Degradation

Rothwell, KA, MSc, School of Civil Engineering and Geosciences, Newcastle University, Newcastle upon Tyne, NE1 7RU,
United Kingdom; Latta, DE, PhD, Department of Civil and Environmental Engineering, The University of Iowa, Iowa City,
USA;. Premaratne, WAPJ, PhD, Department of Chemistry, University of Kelaniya, Kelaniya, 11600 Sri Lanka; Scherer,
MM, PhD, Department of Civil and Environmental Engineering, The University of Iowa, Iowa City, USA; Neumann, A,
PhD, School of Civil Engineering and Geosciences, Newcastle University, Newcastle upon Tyne, NE1 7RU, United
Kingdom

Clay minerals are ubiquitous in the environment and most clay minerals contain Fe in their structure, with Fe contents
ranging up to 30 wt%. In reducing subsurface and sedimentary environments, structural Fe in clay minerals can
become reduced and the resulting clay mineral Fe(II) can reductively transform organic contaminants such as
nitroaromatic compounds or halogenated hydrocarbons. Most studies, to date, have focussed on investigating the
redox reactivity of chemically or biologically reduced Fe(II) bearing clay minerals. We have, however, recently shown
that aqueous Fe(II), an abundant reductant in anoxic environments, is also capable of transferring electrons to
structural Fe in clay minerals, resulting in the formation of clay mineral Fe(II) and an Fe(III) oxidation product1, 2. It is
unclear (i) how reduction with Fe(II) and the presence of an formed solid Fe(III) oxidation product will affect the
reactivity of clay minerals towards organic contaminants, and (ii) whether the clay mineral reactivity will differ for clay
minerals with high and low Fe content.

To assess the reactivity of Fe(II) containing clay minerals, we monitored the transformation of nitroaromatic
compounds in suspensions of Fe(II) reduced and dithionite reduced clay minerals. We determined the extent of Fe(II)
Fe(III) electron transfer as well as the clay mineral Fe(II)/Fe(III) ratio resulting from dithionite reduction using
Mössbauer spectroscopy. For Fe rich clay mineral NAu 1, we produced 5 95% structural Fe reduction with dithionite,
whereas a maximum of 10% of clay mineral Fe was reduced in the presence of aqueous Fe(II). Despite the low Fe
reduction extent, we found biphasic reduction kinetics for both dithionite and Fe(II) reduced NAu 1 with the same
Fe(II)/Fe(III) ratio. We previously assigned the presence of highly reactive Fe(II) sites in Fe rich smectites to clustering of
Fe(II)3, which should only occur at Fe(II)/Fe(tot) ratios higher than observed here (>50%) and we are thus currently
testing for alternative reactive sites such as Fe(II) Fe(III) pairs4. Our results further suggest that the biphasic reduction
kinetics are caused by the same mechanism, i.e. the presence of different structural Fe(II) sites, rather than the
presence of the Fe(III) oxidation product. Interestingly, at Fe(II)/Fe(tot) ratios of 5% and lower, Fe(II) reduced NAu 1
outcompeted the reactivity of dithionite reduced NAu 1, presumably by regeneration of reactive clay mineral sites via
electron transfer from remaining dissolved Fe(II).

To further evaluate whether the formed solid Fe(III) oxidation product was contributing to the biphasic
reduction kinetics, we are conducting similar transformation experiments with Fe poor clay mineral SWy 2. Because
contaminant transformation with dithionite reduced SWy 2 was consistent with the presence of one reactive Fe(II)
site5, observation of biphasic contaminant transformation kinetics in the presence of Fe(II) reduced SWy 2 would
suggest the involvement of the oxidation product. In contrast to limited clay mineral Fe reduction in NAu 1, extensive
amounts of Fe(III) were reduced in the low Fe clay mineral SWy 2. We observed Fe(II)/Fe(III) ratios ranging between
12% and 78% over a pH range of 4.0 to 7.5 and Fe(II) concentration from 0.4 to 2.2 mM. The surprising high extent of
structural Fe reduction despite the spatially isolated Fe atoms in the structure of SWy 26 and in combination with
results from selective sequential extractions suggests that Fe(II) Fe(III) electron transfer occurs through the basal
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planes of SWy 2. Our results from Mössbauer spectroscopy collected over a range of temperatures further supports
the absence of electron conduction or hopping between neighboring Fe atoms. Due to the high Fe(II)/Fe(III) ratios
observed in Fe poor clay mineral SWy 2, Fe(II) reduced clay minerals might play in important, yet currently
underestimated role for contaminant transformation in subsurface environments.

1 Neumann, A.; Olson, T. L.; Scherer, M. M. 2013, , (13), 6969 6977.
2 Schaefer, M. V.; Gorski, C. A.; Scherer, M. M. 2011, , (2), 540 545.
3 Neumann, A.; Petit, S.; Hofstetter, T. B. 2011, , (9), 2336 2355.
4 Komadel, P.; Madejova, J.; Stucki, J. W. 2006, , (1 4), 88 94.
5 Neumann, A.; Hofstetter, T. B.; Lussi, M.; Cirpka, O. A.; Petit, S.; Schwarzenbach, R. P. 2008, ,
(22), 8381 8387.
6 Vantelon, D.; Montarges Pelletier, E.; Michot, L. J.; Briois, V.; Pelletier, M.; Thomas, F. 2003, ,
(1), 44 53.
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Influence of Layer Charge on Cesium Desorption Process from 2:1 Swelling Clay Minerals

Dzene, L., PhD, University of Poitiers and University of Mulhouse; Verron, H., MD, University of Poitiers; Tertre, E., PhD,
University of Poitiers; Hubert, F., PhD, University of Poitiers; Robert, JL., PhD, CNRS/Sorbonne University; Delville, A.,
PhD, CNRS/University of Orléans; Michot, LJ., PhD, CNRS/Sorbonne University; Ferrage, E., PhD, CNRS/University of
Poitiers

Long term soil pollution by radionuclides such as 137Cs is one of the main problems after nuclear power plant accidents.
Among various soil components swelling clay minerals interact strongly with Cs+. Soil swelling clay minerals commonly
display a wide range of layer charges ranging from low charge (smectites) to high charge (vermiculites). Previous
studies showed that Cs+ adsorption on high charge vermiculites was poorly reversible (Kogure et al., 2012), while Cs+

adsorption on low charge montmorillonite was reversible (Iijima et al., 2010). Because soil swelling clay minerals
commonly display a wide range of layer charges, analysis of the influence of this parameter on cesium retention is
crucial for the prediction of cesium fate in polluted environments.

In this study, a series of synthetic saponites inter[Cs ]oct[Mg6]
tet[Si8 Al ]O20(OH)4 with well defined layer charge varying

from 0.8 to 2.0 were used (Michot and Villiéras, 2002). The Cs+ extractability measurements with 1 mol L 1 CH3COONH4

showed that the fraction of exchangeable Cs+ decreased gradually for samples with a layer charge 1.4/O20(OH)4.
Structure analysis of samples in water saturated conditions using wide angle X ray scattering, indicates a gradual
decrease of layer to layer distance from 12.5 Å to 11.6 Å from low to high charge samples, respectively. Quantitative
structure analysis by modeling of XRD 00 reflections suggests that the amount of exchangeable Cs+ can be correlated
with the amount of layers with one or two water layers in the interlayer, whereas fixed Cs+ in these conditions
corresponds to the amount of collapsed layers (zero water layers in the interlayer). To describe the coexistence of
exchangeable and fixed Cs+ as a function of layer charge, a toy model accounting for the presence of heterogeneous
charge distribution evidenced for these samples by experimental data (Vantelon et al., 2009) was used. This toy model
is based on the consideration of (i) a normal distribution (with standard deviation sigma) of layer charge impacting
different layers of a given sample and (ii) a limit charge value lim such that for > lim the layer collapse and associated

Cs+ remains fixed. This model is consistent with the coexistence of both collapsed and hydrated layers and the
associated two populations of Cs+ for a given mean sample layer charge and may contribute to an improved
description of cesium mobility in contaminated soil environments.

Réferences:
Iijima, K., Tomura, T., Shoji, Y., 2010. Reversibility and modeling of adsorption behavior of cesium ions on colloidal
montmorillonite particles. Appl. Clay Sci. 49, 262–268.
Kogure, T., Morimoto, K., Tamura, K., Sato, H., Yamagishi, A., 2012. XRD and HRTEM evidence for fixation of cesium
ions in vermiculite clay. Chem. Lett. 41, 380–382.
Michot, L.J., Villiéras, F., 2002. Assessment of surface energetic heterogeneity of synthetic Na saponites. The role of
layer charge. Clay Miner. 37, 39–57.
Vantelon, D.; Belkhou, R.; Bihannic, I.; Michot, L. J.; Montargès Pelletier, E.; Robert, J. L., 2009. An XPEEM Study of
Structural Cation Distribution in Swelling Clays. I. Synthetic Trioctahedral Smectites. Phys. Chem. Miner. 36 (10), 593–
602.
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Molecular Dynamics Study of Influence of Vacancies on the Dissolution of Kaolinite in Alkali
Media

Naderi Khorshidi, Z, PhD candidate, University of Alberta; Tan, X, PhD, University of Alberta; Qi, L, PhD, University of
Alberta; Choi,P, PhD, University of Alberta

The geopolymerization process proceeds in two steps. It starts with the dissolution of aluminosilicates source
materials in an alkali solution followed by the polymerization of the dissolved aluminate and silicate oligomers to form
an amorphous geopolymer. It is generally accepted that the properties of the resultant geopolymer is greatly
determined by the oligomers formed during the dissolution step. Kaolinite is a commonly used aluminosilicate source
material for the geopolymerization process. In several studies, it has been shown that the (001) plane is the most
active sites of the kaolinite; therefore, the initial stage of dissolution process that takes place at its two basal surfaces
(partially deprotonated octahedral and tetrahedral) in alkali media is of main interest. In reality, point defects,
particularly vacancies, are abundantly existent in the structure of clay minerals, which significantly influence the
physical/chemical characteristics of the minerals. The presence of vacancies in kaolinite structure facilitates the
dissolution of kaolinite in alkali solution. Accordingly, in the current research, a series of molecular dynamics (MD)
simulations were conducted in the isothermal isobaric (NPT) ensemble at 298 K and 1 atm to study the influence of
structural vacancies (i.e., Al and Si vacancies) on the dissolution of two basal surfaces of kaolinite in alkali media. Two
different alkali media containing sodium cation (Na+) and potassium cation (K+) were modeled at 3 M and 5 M
concentrations. The MD results showed that there exists a maximum in the release of aluminate groups to the solution
as a function of the concentration of Al vacancies on the octahedral surface. On the other hand, the presence of Si
vacancies in the tetrahedral surface did not show significant effect on the release of silicate groups to the
solution. However, such Si vacancies increase in the adsorption of alkali cations to the tetrahedral surface. Radial
distribution function and structural analyses indicated that the crystallinity of the octahedral surface of kaolinite
decreased as the number of Al vacancies increased.
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Contaminant Oxidation During Oxygenation of Fe(II) Containing Clay Minerals

Zakaria, K, PhD, School of Civil Engineering and Geosciences, Newcastle University, Newcastle upon Tyne, NE1 7RU,
United Kingdom; Neumann, A, PhD, School of Civil Engineering and Geosciences, Newcastle University, Newcastle upon
Tyne, NE1 7RU, United Kingdom

Clay minerals play an important role for the fate of organic and inorganic contaminants. In addition to contaminant
sorption, clay minerals also contribute to contaminant transformation, for example of organic contaminants such as
nitroaromatic compounds or halogenated hydrocarbons, in the presence of structural Fe(II) in clay minerals. Most
studies so far have focussed on investigating contaminant reduction with Fe(II) bearing clay minerals and clay mineral
Fe(II) oxidation reactions have received increased attention only recently1,2.

In analogy to the reaction of aqueous Fe(II) with oxygen, the oxidation Fe(II) containing clay minerals can produce a
series of reactive oxidizing species during the reaction with oxygen. Of these reactive oxidizing species, hydroxyl
radicals and/or ferryl iron are the desired reactive species for contaminant transformation. Hydroxyl radicals are also
the main reagent produced in advanced oxidation processes, which mostly refer to oxidation reactions with ozone,
hydrogen peroxide, and/or UV light; all of which require intense chemical and/or energy input. Thus, using an
abundant and low cost natural material such as clay minerals might offer an avenue to designing innovative and low
cost advanced oxidation technologies. In order to develop a sustainable application of clay mineral oxidation reactions
for contaminant transformation, it is important to unambiguously determine (i) the reactive oxidizing species
contributing to contaminant oxidation and (ii) the effect of clay mineral structural parameters on contaminant
degradation.

In our experiments, we monitored the oxidation of model organic contaminants (phenol, benzoic acid) under diffusion
limited addition of oxygen to our Fe(II) bearing clay mineral systems. The model organics were removed from solution
and, in the case of benzoic acid, the formation of the oxidation product 4 hydroxybenzoic acid was observed,
suggesting that oxidizing species were formed. Organic compound removal was absent in the presence of Fe(III)
bearing clay minerals and increased with increasing Fe(II) containing clay mineral concentration, indicating that clay
mineral Fe(II) was a main contributing species in the observed contaminant oxidation. In addition, no organic
compound removal was detected when radical scavenger ethanol was added, demonstrating the formation of reactive
radical species, presumably hydroxyl radicals, during clay mineral Fe(II) oxidation with oxygen. To unambiguously rule
out additional contributions of ferryl iron in our system, we are currently investigating other systems known to
produced only hydroxyl radicals and will compare the resulting contaminant transformation rates.

The organic compound removal in the presence of clay minerals followed a second order relationship with respect to
probe compound and clay mineral Fe(II). From the kinetic analysis, we determined a stoichiometric efficiency for Fe(II)
oxidized in clay mineral NAu 1 to probe compound oxidized of 15; a value that is much lower compared to the
theoretical value of 3 Fe(II) oxidized per hydroxyl radical produced. Interestingly, different clay minerals resulted in a
range of overall organic contaminant removal yields, which were not directly correlated to the total Fe(II) present in
suspension and thus reflect different stoichiometric efficiencies. We are currently investigating possible causes linked
to clay mineral structure and are investigating structural parameters such as total Fe content and amount and location
of excess charge.

1 Tong, M.; Yuan, S.; Ma, S.; Jin, M.; Liu, D.; Cheng, D.; Liu, X.; Gan, Y.; Wang, Y., Production of Abundant Hydroxyl
Radicals from Oxygenation of Subsurface Sediments. 2016, , (1), 214 221.
2 Zeng, Q.; Dong, H.; Wang, X.; Yu, T.; Cui, W., Degradation of 1, 4 dioxane by hydroxyl radicals produced from clay
minerals. 2017, , 88 98.
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Assessing the Combined Redox Reactivity of Iron Bearing Clay Minerals and Organic Ligands

Graham, DW, PhD, Newcastle University; Neumann, A, PhD, Newcastle University

Iron bearing clay minerals and organic ligands are both ubiquitously present within natural environments. Under
reducing conditions, iron reducing bacteria such as are known to produce aqueous Fe(II) and organic
ligands1, which may form redox active complexes that can directly reduce a range of environmentally relevant
contaminants2. Similarly, previous work has shown that aqueous Fe(II) can reduce structural iron in clay minerals3 and
the resulting structural Fe(II) is capable of facilitating the reduction of contaminants4. However, in anaerobic aquifers
and soils, it is likely that combined systems of redox active mineral phases and organic ligands exist, yet little is
currently known concerning their reactivity.

Here, we used nitroaromatic compounds (NAC) as reactive probe molecules to assess the reactivity of aqueous Fe(II)
complexed with the organic ligands citrate, salicylate, tartrate and tiron (4,5 dihydroxy 1,3 benzenedisulfonate). We
compared the reduction kinetics of the NAC in the presence of the Fe(II) complex alone to batch reactors also
containing nontronite NAu 1, either in its native (oxidized) form or pre reduced using dithionite or aqueous Fe(II) to
produce a range of structural Fe(II)/Fe(tot) ratios. We used 57Fe Mössbauer spectroscopy along with wet chemical
methods to monitor changes in the structural Fe(II) content of NAu 1 and to identify and identify changes in the
reactive Fe(II) phase.

Our results show that aqueous Fe(II) complexes were capable of reducing structural Fe in the NAu 1 and the resulting
structural Fe(II) was capable of reducing the NAC. In agreement with previous work2, we observed a linear relationship
between the reduction potential ( ) of the aqueous Fe(II) complexes and the NAC reduction rate constant ( ) in
the mineral free experiments. In the combined mineral Fe(II) complex system, we observed only slightly slower NAC
reduction kinetics compared to Fe(II) complexes only, suggesting that the aqueous Fe(II) complexes were the
dominant reactive species rather than clay mineral Fe(II). However, the previously observed linear relationship
between and did hold in the presence of the native mineral, although values were corrected for the
measured partial oxidation of the Fe(II) complexes due to electron transfer to clay mineral Fe. Interestingly, in the
presence of fully reduced NAu 1, biphasic NAC reduction kinetics were observed, similar to NAC reduction by reduced
NAu 1 alone, yet the overall reaction rate of the combination of Fe(II) complex and reduced NAu 1 was much higher
than NAu 1 alone. We are currently working on integrating these complementary results into a comprehensive
framework to assess the reactivity of both Fe bearing clay minerals and organic ligands in complex biogeochemical
systems. However, already our preliminary results highlight the potential of Fe bearing clay minerals acting as a
renewable source or sink of electron equivalents in anaerobic environments5.

1 Taillefert, M. (2007) produces an Fe(III) solubilizing organic ligand during anaerobic
respiration on insoluble Fe(III) oxides, J. Inorg. Biochem., 101: 1760–1767
2 Strathman, T, J and Stone, A.T. (2002) Reduction of oxamyl and related pesticides by Fe(II): influence of organic
ligands and natural organic matter. Environ. Sci. Technol., 36: 5172 5183.
3 Schaefer, M. V (2011) Spectroscopic evidence for Interfacial Fe(II) Fe(III) electron transfer in a clay mineral.
Environ Sci Technol, 45: 540 545.
4 Rothwell, K.A. (in prep) Assessing the redox reactivity of Fe(II) reduced clay minerals.
5 Stucki, J. (2011) A review of the effects of iron redox cycles on smectite properties. C R GEOSCI, 343(2): 199 209.
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Co Adsorption of Cd(II) and Phosphate on Hydroxyl AluminumMontmorillonites

Ma, LY, PhD, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences; Zhu, JX, PhD, Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences; Zhu, RL PhD, Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences; Liang, XL, PhD, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences; He, HP, PhD, Guangzhou
Institute of Geochemistry, Chinese Academy of Sciences.

Montmorillonite, a kind of natural abundant clay mineral, is able to efficiently adsorb heavy metal cations from water
through cation exchange of its original cations in the interlayer space. But it has a very poor affinity for
phosphate. Interestingly, hydroxyl aluminum (Al13) pillared montmorillonite exhibits a strong affinity for both heavy
metal cations and phosphate due to the high reactivity of the surface hydroxyl group. As a low cost adsorbent, the
adsorption capacities of Al13 pillared montmorillonites (AlPMts) toward heavy metal cations or phosphate have
received a great deal of attention, whereas a simultaneous adsorption of these two contaminants on AlPMts has
received much less attention. Therefore, in this study, single/simultaneous adsorptions of Cd2+ or/and phosphate on
AlMts were investigated.The intercalated of Al13 cations not only increase the basal spacing and specific surface area of
AlPMts, but also change the surface reactivity. In the single adsorption system, with the increase of loaded Al13 cations,

the adsorption of phosphate on AlPMts increased but that of Cd2+ decreased. Significantly enhanced adsorptions of
Cd2+ and phosphate on AlPMts were observed in a simultaneous system. For both contaminants, with the increase of
the AlPMt's Al13 content and the initial concentration of the other one, the removal of phosphate and Cd2+ increased

from 64.25% and 3.33% to 83.74% and 93.31%, respectively. The enhancement of the adsorption of Cd2+ was much
higher than that of phosphate on AlPMt. This suggests that the intercalated Al13 cations are the primary co adsorption

sites for phosphate and Cd2+. The XPS results suggested that the formation of P bridge ternary surface complexes was
the possible adsorption mechanism for promoted uptake of Cd2+ and phosphate on AlPMt.
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Magnetic Clay Nanocomposites Derived from Australian Palygorskite for Pb(II) Removal From
Contaminated Water

Rusmin, R, MSc, University of South Australia, University Teknologi MARA; Sarkar, B, PhD, University of South Australia;
Naidu, R, PhD, University of Newcastle, CRC CARE

Palygorskite is naturally abundant in Australia. However, its utilization for research purposes and industrial applications
are very limited in this country. In this research we aim to investigate the potential of an Australian palygorskite for the
effective removal of heavy metal Pb(II) from aqueous solution by using laboratory synthesized magnetic palygorskite
iron oxide (PIO) and palygorskite biopolymer iron oxide (PCIO) nanocomposites.

The palygorskite iron oxide (PIO) nanocomposite was prepared through the co precipitation of Fe3+/Fe2+ in alkaline
solutions. The palygorskite chitosan iron oxide (PCIO) nanocomposite was prepared in a novel one pot synthesis
procedure where both the co precipitation and solvent methods were combined. The structural characteristics and
chemical properties of the nanocomposites were studied using various spectroscopic and micro analytical techniques
(e.g., Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), X ray Photoelectron Spectroscopy
(XPS), and Vibrating Sample Magnetometer (VSM) measurement). The Pb(II) adsorption capacities of the
nanocomposites were evaluated by conducting isothermal, kinetic and thermodynamic studies using both simulated
and real contaminated water samples.

The PIO had a greater specific surface area (99.8 m2 g 1) than the pristine palygorskite (49.4 m2 g 1) and iron oxide (72.6
m2 g 1). In contrast, the PCIO showed a much smaller surface area (18.3 m2 g 1). Iron oxide (magnetite) nanoparticles
were deposited along the planar surface of palygorskite in PIO. The bright and dark field TEM images of PCIO
demonstrated that the palygorskite acted as a structural support for the magnetite nanoparticles which were
encapsulated within the chitosan matrix. The isoelectric point (IEP) of PIO and PCIO was 3.5 and 4.8, respectively. The
PCIO showed a higher Pb(II) adsorption capacity (58.5 mg g 1) than PIO (26.6 mg g 1). The adsorption profiles of both
the nanocomposites were in good agreement with the Langmuir isothermal model, thermodynamically spontaneous
and endothermic in nature. A magnetic susceptibility (Ms) of 20.2 and 14.3 emu g 1 was recorded by PIO and PCIO,
respectively. The PIO and PCIO were capable to sustain three and four regeneration cycles, respectively, having 64%
and 82% Pb(II) removal efficiencies in the final cycle.

In conclusion, the incorporation of magnetic nanoparticles (magnetite) in palygorskite composites has enhanced
structural properties of the materials, influenced their Pb(II) adsorption capacities, and assisted in the recovery and
regeneration of the spent adsorbent. Thus, utilization of these novel palygorskite nanocomposite materials might
provide an affordable solution to cater heavy metal contamination of the environment in many countries including
Australia.
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A Sedimentary Record of Coal Strip Mining at Lake Harris, Tuscaloosa County, Alabama

Donahoe, RJ, PhD, University of Alabama; Hawkins, PD, University of Alabama; Dimova, NT, PhD, University of Alabama

Lake Harris, constructed in 1929 by the damming of Yellow Creek, currently serves as a source of industrial water and
tertiary water supply for Tuscaloosa County, Alabama. Between 1969 and 1976, coal strip mining was conducted in the
Lake Harris watershed. The mined area was abandoned in 1976 and the spoil left exposed to weathering and leaching
for a decade. Despite partial reclamation in 1986, a first order stream that drains the mined area and discharges into
Lake Harris is still affected by acid mine drainage (AMD). The lake water chemistry shows little to no impact from AMD
input.

Using a Vibracorer, two sediment cores were collected from the lake to a depth of approximately 70 cm. The cores
were frozen and cut into 2 3 cm sections for analysis. One core was sacrificed for sediment density measurements,
porosity calculations, % water content measurements, pore water extraction/analysis, sedimentation rate calculations,
and 210Pb dating by gamma spectroscopy. The second core was used for microwave assisted acid digestions to
determine the environmentally available major, minor and trace element composition of the sediment sections, X ray
diffraction analysis to determine sediment mineralogy, and 210Pb dating of selected sections for correlation with the
first sediment core.

Sediment chemical signatures interpreted to correspond to AMD impacts are seen at approximately 40 cm
depth. Above 40 cm depth, sediment iron concentrations increase from approximately 1 wt. % to 3 wt. %, with
corresponding increases in sediment Co, Mn, Ni and Pb concentrations. Peaks in Ca, Mg and Cr concentrations also
occur at a depth of about 37 cm; Ti and Zn concentration peaks occur at 40 43 cm depth. In contrast, sediment Al
concentrations, which are interpreted to represent a proxy for sediment clay mineral content, remain relatively
constant throughout the core. The sediment record indicates that Lake Harris receives periodic inputs of highly mobile
sediment, which creates a non linear excess 210Pb depth profile, but the increased sedimentation rate and higher
sediment porosity values correspond to the strip mining time period.
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Use of an Innovative Geocomposite (Paradrain) to Build a Reinforced 2H:1V Slope Using Clay
and Silty Soils for Stormwater Management Pond

Nag, R, Maccaferri Canada Ltd.; Nikodinoska, J, P.Eng. Maccaferri Canada Ltd.

The use of clayey and silty soils (marginal fill soils) in reinforced soil slopes and walls is usually avoided due to the low
shear strength of these soils and the buildup of excessive pore pressures within the reinforced soil mass during
compaction operations. This paper presents examples of vegetated, reinforced 2H:1V slopes constructed as integral
parts of the storm water management ponds for a large industrial facility in Southern Ontario. The vegetated
reinforced slope structures have been constructed using on site soft soils. The reinforced steep slopes were designed
and constructed at 26° from the horizontal and are up to 7m in height.

An innovative geocomposite reinforcement grid (ParaDrain) has been developed that combines reinforcement and
drainage characteristics into a single geocomposite geogrid that allows for marginal fill soils to be used in reinforced
soil applications.

The geocomposite material, ParaDrain™, consists of high tenacity multifilament polyester yarns that are placed in
tension and then co extruded with a polyethylene sheath into strips. The combination of polyester and polyethylene
polymers in a single strip provides high tensile strength and superior creep performance of the polyester while having
the superior installation damage resistance of the polyethylene.

The polyethylene sheath is profiled to provide a shaped drainage channel. The drainage channel is oriented parallel to
the load bearing axis of the polyester yarns, providing drainage along the direction of tensile loading in the reinforced
soil zone. The profiled element has a thermally bonded nonwoven geotextile strip bonded on the shoulders of the
drainage channel. The geotextile allows excess pore water pressure to dissipate while retaining the cohesive soil.

Significant cost savings were realized by using readily available marginal fill soil for the construction of an earth
embankment in a large urban area in Southern Ontario. This paper will discuss the use and cost benefits of this
innovative geocomposite in North America.
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Relation of Clay to Water Ratio with Yield Stress and Influence of Methylene Blue Index on
Source Clays

Selani, H., B.E, Dip C.T, NAIT Applied Research Centre for Oil Sands Sustainability, Edmonton, Alberta, Canada; Li, Y.,
Phd, NAIT Applied Research Centre for Oil Sands Sustainability, Edmonton, Alberta, Canada; Kaminsky, H., Phd, P. Eng.,
NAIT Applied Research Centre for Oil Sands Sustainability, Edmonton, Alberta, Canada; Sedgwick, A., M. Eng., P. Eng.
NAIT Applied Research Centre for Oil Sands Sustainability, Edmonton, Alberta, Canada

The models and formula used to describe the behaviour of materials vary based on the history of the individuals and
groups who defined the area of study. Process Engineering dominates the descriptions for tailings materials in their
suspended solids or liquid slurry state. Based on various incarnations of rheology, including terms such as viscosity or
yield stress, as well as material and chemical descriptors such as clay content, pH, and ionic concentration, all
contribute to a well defined behaviour model.
Geotechnical Engineering dominates the descriptions for the same materials, once they have dewatered sufficiently to
be described by the Terzaghi principle. Terms such as effective stress, pore water pressure, permeability, and
coefficients of consolidation are used to monitor and predict the behaviour of these materials once deposited.

One area which could bridge the gap for clay dominated tailings is through the methylene blue index (MBI)
measurement and its clear correlation to rheology / strength, as well as correlations to liquid and plastic limits.

The study focuses on standard clay such as Bentonite and Kaolinite, three different types of mature fine tailings in the
oil sands resembling different geotechnical behavior to show relationship between MBI and the gradual transition from
slurry to soil. Yield stress comparison using different dilutions (process water and deionized water) on clays. Results on
stress gain over time and present solids are key parameters explained.
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Aggregate Stability of Chemically Modified Clays

Ploetze, M, PhD, ETH Zurich

In geotechnical work, the boundary condition of the load bearing safety and the usability is of great importance. The
ground must meet the requirements arising from the load on the construction stage and the future use after
completion of the construction project. If the pending soil does not meet these requirements, certain measures can be
taken. Such soil improvement measures include physical and chemical methods. Minder et al. (2016) explored the
concept of enhanced delivery of chemicals for soil improvement applications based on clay treatment by guanidine salt
solutions. During the chemical modification, a granular, non plastic behavior of the clay was observed. Investigations
showed a strong tendency of aggregation of the clay minerals during the treatment leading to silt like materials. As a
result, a significant increase in shear strength and decrease in the swelling potential of clayey soils was achieved. The
question is how efficient the modification is depending on the used cation and clay mineral as well as its sensitivity to
saturation/humidity and mechanical impact.
In the presented work the aggregate stability of different clays (kaolin, bentonite, silty soil) after different chemical
modifications (mainly calcium and guanidine) has been investigated by conducting sieving/dipping tests (DIN 19683
16), laser diffractometer measurements (sensitivity to ultrasonic treatment), by an ultrananoindenter (uniaxial strength
test on single aggregates) and by one dimensional consolidation oedometer test (strength measurement on powder).
The certain enhancing effect on the aggregate stability was visible for all clay minerals after treatment with guanidine
and calcium. A strong improvement of aggregate stability has been reached by modification of smectite with
guanidine. With the ultrananoindenter the particle failed at a load of more than 20 mN (sigma > 6 N/mm2 which relates
to an overburden load of appr. 200 m). A high strength in the one dimensional consolidation of at least 10 MPa was
found for the dry aggregates. In saturated state the increased permeability was maintained even under high confining
stresses of up to 800 kPa. These increased permeability and strength even under high confining stresses are very
important, they allow the practical applications not only at the surface but even in depth.

DIN 19683 16. (November 2014). Bodenbeschaffenheit Physikalische Laboruntersuchungen Teil 16: Bestimmung der
Aggregatstabilität nach dem Siebtauchverfahren (Entwurf). Berlin, Deutschland: Beuth Verlag GmbH.
Minder, P., Puzrin, A.M., Plötze, M. (2016) Enhanced delivery of chemical agents in soil improvement applications.
Géotechnique 66, 469–480.
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CLAYS AND SOIL FORMATION

The History of Mudstone Investigations

Huff, WD, PhD, University of Cincinnati; Potter, PE, PhD, University of Cincinnati; Maynard, JB, PhD, University of
Cincinnati

In 1556, Agricola published the first detailed description of a mudstone posthumously, but it was not until 1747 that
one of them (a black shale) was formally defined by William Hooson. A review of the world literature since Hooson’s
time shows a slow, steady activity in the study of mudstones in the 1800s, a sharp break to more frequent activity in
the early 1920s, a decline during World War II, followed by a return to the pre war level, but then followed in the
1990s by a possible decrease in activity. The trends are similar for both conceptual advances and for new techniques.
The break in the 1920s was led by new technologies that expanded observations down to the angstrom level with X ray
diffraction and up to the formation scale with down hole geophysical logging and seismic reflection. A comparison with
a similar compilation for igneous and metamorphic rocks shows the same three phases: early slow phase, intermediate
rapid phase punctuated by the Second World War, and a final slower phase. But in the case of the crystalline rocks, the
rapid phase begins much earlier, in the 1880s. It is suggested that the common techniques of that time, including the
petrographic microscope and wet chemistry, were well suited to the investigation of crystalline rocks, but the
breakthrough for mudstones had to wait for new technologies.
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Modified Technique of Mass Balance Calculation for Paleosols Applied to the Ediacaran Basalt
Weathering Crusts

Srodon, J, PhD, Institute of Geological Sciences, Polish Academy of Sciences; Liivamagi, S, PhD, Institute of Geological
Sciences, Polish Academy of Sciences

Paleosols are fossil soils, remnants of ancient weathering crusts. They are unique recorders of the terrestial
environmental and climatic conditions. Quantitative XRD allows tracing the mineral changes during weathering. From
geochemical perspective, the key aspect is the chemical budget of the weathering process: gains and losses of
individual elements and the entire rock mass. Since Brimhall and Dietrich (1987) and Brimhall et al. (1988) these
budgets have been studied via the mass balance equations for strain and mass transport, developed by these authors.

Strain ( iw) is the fraction of original rock volume lost ( ) or gained (+) during the weathering process, and it is
calculated using mass fractions of an inert (immobile) element in the parent (Cip) and weathered (Ciw) rock and grain
densities of the parent (rp) and weathered (rw) rock:

iw = (rpCip/rwCiw) – 1 (1)

Mass transport function ( jw) is the fraction of original mass of a mobile element lost or gained during the
weathering process, and it is calculated using the strain ( iw), mass fractions of this mobile element in the parent (Cjp)
and weathered rock (Cjw) and grain densities of the parent (rp) and weathered rock (rw):

jw = (rwCjw /rpCjp)*( iw + 1) – 1 (2)

The direct application of these equations to paleosols is not practical, as the volume loss is the sum of
weathering and burial compaction processes. Instead, a mass strain function (miw; fraction of rock mass lost or
gained), independent of volume changes thus insensitive to compaction, can be offered:

miw = (Cip/Ciw) – 1) (3)

Alternatively the mass strain can be referred not to the whole rock but to the sum of mobile elements:

m*iw = miw /(1 Cip) (4)

These calculations yield negative numbers if mass is lost during weathering and they are applicable only to the
components considered to be inert. Further, combining (1) and (2) demonstrates that the mass transport function is
also independent of densities, so it can be used for paleosols:

jw = (Cjw Cip/Cjp Ciw) – 1 (5)

Ediacaran weathering profiles, developed on Ediacaran basalts of the East European craton (ca. 140 000 km2), will be
used to demonstrate the application of this new approach to mass balance calculation for paleosols. The calculations
based on Zr and Hf as inert elements indicate ca. 50% mass loss of the parent basalt rock, turning during weathering
into a mixture of kaolinite and hematite, via dioctahedral smectite stage. Al is conserved in the process, while over 90%
of Ca, Na, Mg, Mn and P are lost. These data document a significant input of P from the weathering basalts into the
Ediacaran ocean, perhaps a factor in the Ediacaran life explosion.
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Quantitative Analysis of Clay Minerals in Soils by Prior Measured Full Pattern Fitting

Hillier, S, The James Hutton Institute, Craigiebuckler, Aberdeen, AB15 8QH / Department of Soil and Environment,
Swedish University of Agricultural Sciences, Box 7014, Uppsala SE 750 07, Sweden

Many of the properties and functions of soils are related to their mineralogy and it is therefore often desired to obtain
quantitative mineralogical analyses of soil samples. Soils and palaeosols are, however, amongst the most difficult of
any materials to analyse. This is because, as well as containing a wide variety of minerals often of various origins, many
of the minerals found in soils such as the clay minerals are poorly crystalline, highly disordered and they are frequently
intimately admixed with variable amounts of soil organic matter. X ray diffraction methods based on full pattern fitting
of prior measured patterns have proved to be simple, versatile and promising methods for the quantification of clay
and other disordered minerals in soils. The application of these methods to a number of different soil profiles with
distinctly different mineralogies will be used to illustrate the potential of this method to quantify clay and other poorly
ordered minerals in soils and ultimately to understand how mineralogy relates to the properties of soils and their
genesis.
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The Possible Source of Hardpan Cap Topping loose Ajali Sand, Anambra Basin, Nigeria

*Ajidahun, EJ, Department of Geology, University of Benin, Faculty of Physical Sciences, Benin City Edo State,
34000012, Nigeria; Adeniran, KO, Department of Geology, University of Benin, Faculty of Physical Sciences, Benin City
Edo State, 34000012, Nigeria; Rammlmair, D, Mineral Residue, Federal Institute for Geosciences and Natural Resources
(BGR), Stillweg 2, Hannover, 306955, Germany

Hardpans in tropical environment can serve a number of useful purposes such as exploration medium, environmental
studies, paleo climatic studies and complex history of its formation.

Hardpan samples capping Ajali sandstone in a road cut at Fugar were primarily studied for geochemistry and SEM
image analysis with a view to determining whether they have composition similar to the underlying sands which may
form the basis for artificial simulation of such hardpan in sand below.

The Ajali sands are locally covered by centimetric to decimetric thick Fe rich hardpans. Samples were mapped by
EDXRF in 50 μm steps and polished subsamples in 4 μm steps. The hardpan consists of highly weathered rock
fragments, mainly volcanogenic, verified by SEM he fragments showed alteration rims with Cr enrichment and are
embedded in an agglutinated sand matrix with large erosion channels. Only few minerals namely quartz, rutile and
zircon were large enough to be identified by SEM. The open channels were filled by series of lamina rich in Cr, Si, Ti, Al,
and Fe, being precipitates from leachates of the volcanic fragments. Each precipitation hiatus is marked by sand or soil
rich zones trickled or washed in episodically. Open pores rims are enriched in Al, Ti or Mn.

The chemistry was calculated for areas selected from fragments, sandy matrices and colloidal zones to highlight
development of the hardpan formation. Layers were analyzed in detail by EDXRF, along profiles to visualize the
chemical development of mobilized and precipitated material over time. The loose Ajali sands will not be able to
develop the hardpans sampled because of not enough reactive material and clays within the sands. The observed
hardpans are sandstone, diagenetically or even metamorphically consolidated and therefore older than the Ajali sands.
This may be due some horst/graben structure; therefore thrust fault related and put into a position probably close to
the Ajali sands. The real hardpans are basically related to volcanic rocks either volcanic ejecta or river gravel remnants
of an older river system.

Key Words: Hardpan Cap, Volcanogenic, Agglutinated, Clays, Fragment, Alteration.
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Manganese Oxides and Their Incorporation of Heavy Metals in Bentonite Deposits, Central
Texas, USA

Deng, Y, PhD, Texas A&M University Barrientos; Velazquez AL, PhD, Texas A&M University

Manganese oxides are important minerals in soil and sediments due to their strong oxidation power and their high
capability of fixing micronutrients and heavy metals in their structures. Yet, the structures and the properties of
manganese oxides in soils and sediments are poorly understood, mainly due to the low abundance of Mn in soils and
sediments. The objectives of this study were to characterize the Mn oxides formed in bentonite deposits, and to
investigate the incorporation of heavy metals during the formation of the Mn oxides.

The Mn oxide specimens were collected in two commercial bentonite deposits developed from the Upper Eocene
volcanic ash in Gonzales county, Texas. The bentonites themselves are low in Mn and heavy metals, but Fe and Mn
oxide coatings are common in the cracks of the bentonites. They stain the white bentonite to the red or black color. In
certain places, Mn oxide coatings with a few tenths of millimeter thickness and several millimeters of width can be
found along the cracks. During the site visits, three Mn oxide enriched pockets were observed at the bottom boundary
of the bentonite deposit and its bed sandstone. These pockets of materials contained Mn oxides as high as 290
g/kg. The Mn oxide coatings were hand picked. The Mn oxide rich pockets were sampled in large quantity. The
chemical compositions of the specimens were analyzed with X ray fluorescence, and the mineral composition were
analyzed with X ray diffraction, scanning electron microscope, and transmission electron microscope.

The Mn oxides are enriched in several heavy metals: e.g., ~18,000 ppm BaO, ~7,000 ppm Zn, 1,700 ppm Y, 800 ppm
Co, 600 ppm, Ni, 600 ppm Sr, and 300 ppm Sn. Where these values in the hosting bentonite are much lower or close to
zero. The elemental composition difference and occurrence location of the Mn oxides suggested they formed after the
diagenesis of the bentonite. The X ray diffraction and electron microscope analyses revealed the mineral compositions
of the coatings were different from the Mn oxide pocket deposits, and the three deposit pockets had different Mn
mineral compositions too. Mn mineral identified include birnessite, rancieite, hollandite, todorokite, and possibly
lithiophorite. These minerals showed different incorporation of the heavy metals. Energy dispersive spectroscopy
analysis indicated that Ba and the rare earth elements were mainly associated with the tectomanganate minerals.
Washing the specimens with Mg and K solutions indicated that the heavy metals and Ca in the Mn oxides were not
responsive to the cation exchange reactions, suggesting the stability of the cations in the structures of the Mn oxides.

The observations indicated the bentonite deposits recorded the various transformation stages of the Mn oxides and
the associated heavy incorporation and fixation in their structures. The complexity of mineral composition within such
a small spatial distance suggested the sensitivity of Mn oxides to their forming chemical environment. Under the dry
conditions, the heavy metals are incorporated in the tectomangante minerals. As those heavy metals are relatively
scarce in the bentonite deposits themselves, the origins of the heavy metals were attributed to ground water, which in
turn, might be influenced by sediments from a much large spatial and temporal ranges.
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CLAYS IN WATER / SOLID SEPARATION PROCESSES

Studying the Surface Charging and the Amount of Water at Silica Surfaces in the Presence of
NaCl and CaCl2

Darlington, AM, PhD, University of Alberta; Jarisz, TA, BSc, Univerisity of Victoria; DeWalt Kerian, EL, PhD,University of
Alberta; Sthoer, A, BSc, KTH Institute of Technology; Azam, MS, PhD, Bangledesh University of Engineering and
Technology; Sikder, MD, PhD, University of Alberta; Hore, DK, PhD, University of Victoria; Tyrode, E, PhD, KTH Institute
of Technology; Gibbs, JM, PhD, University of Alberta

In the Athabascan oils sands tailings ponds, the interactions between clay, sands, salt, water, and organics determine if
the tailings waste will settle. Understanding the molecular interactions between all these components will allow better
strategies for tailings densification to be designed. One important parameter to understand in tailings densification is
the extent of surface charging. Using the laser technique known as second harmonic generation (SHG), we can
measure the surface charging at mineral oxide interfaces. We observed significant differences in the overall shape
of the SHG titration curves when we started our pH titrations at neutral pH (pH 6 or 7), pH 12 or pH 2. Because SHG
can be related to surface charge density, these results suggested that the surface charge on the silica surface was
changing based on what pH our titrations were initiated at. Another laser technique that is of interest for tailings
densification is sum frequency generation (SFG), which can be used to study the amount of water that is associated
with a silica surface. The amount of water that is ordered at a surface is often dependent on the surface charge, and
the concentration and identity of the electrolytes present in the aqueous phase. Monovalent NaCl, at high salt
concentrations (0.1 0.5 M), caused the ordered water at the surface to do something unexpected. As the pH of the
solution was increased, the amount of ordered water decreased until a minimum was reached between pH 5 8,
dependent on the salt concentration. As the pH was increased further past neutral pH, more water became ordered at
the silica surface. The water molecules, in the presence of 0.1 M divalent CaCl2, behaved in a completely different
manner when compared to the NaCl. Starting at a neutral pH and increasing the pH, the amount of water at the
surface decreased until no water signal was observed at pH 10.5. At this pH value we found spectral evidence that a
CaOH species forms at the silica surface and that the amount of this CaOH species increases as the pH is further
increased to pH 11.5. Understanding the molecular interactions at a mineral oxide surface is important in being able to
predict and screen what further chemicals that will increase the dewatering of the oil sands tailings.
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Polymer Treatment of Oil Sands Tailings: Confocal Rheology Study of the Consolidation Process

Govedarica, A, PhD, University of Calgary; Trifkovic, M, Assistant Professor, University of Calgary

This work aims at providing fundamental insights into the polymer treatment of oil sands tailings, specifically structural
changes of clay suspensions and the extent of polymer clay bitumen interaction during the consolidation process.
While it is understood that evolution of the flocs microstructure is at the core of rheological behavior of the tailings,
little is available to correlate and quantify the two, and to extrapolate it to the settling behavior. In this study, we utilize
confocal rheology to correlate micro structure, that arises from clay bitumen polymer interactions, with rheological
behavior of these systems. This state of the art setup allows us to acquire high resolution 3D image data that enables
calculation of specific floc parameters (e.g. structure functions such as void ratio, surface coverage, and their fractal
dimensions) as a function of the consolidation time. Specific working conditions of this setup allows for detailed study
of the microstructural changes with minimal disturbance of the system where all important structural characteristics
remain intact. The obtained structural and rheological parameters indicate polymer efficiency and the degree of the
interaction between tailings components, and their implications to the settling behavior. These results provide
significant new insights into the details of clay bitumen polymer interactions and the flocculation mechanism of oil
sands tailings that can lead towards improved tailings management.
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Effect of Lime Coagulation on Strength and Atterberg Properties of Clays in Oil Sands Tailings

Romaniuk, NA, BSc, Nikolas Romaniuk Consulting Gandhi, S, Apex Engineering Inc. Ozum, B, PhD, Apex Engineering Inc.
Fox, J, BSc, Graymont; Leikam, J, BSc, Graymont; Tate, M, BSc, Graymont

The mining and processing of Athabascan oil sands in Alberta result in a clay dominated fluid fine tailings (FFT) that
resists settling and consolidation and is a serious and ever growing environmental liability. The Clark hot water
extraction process uses caustic sodium hydroxide as an additive to aid bitumen liberation and provide clay dispersion;
however, the resulting tailings quickly segregate upon deposition forming sand beaches and fine tailings run that run
off into tailings ponds where the fines slowly settle over the course of years reaching approximately 30 to 40 percent
solids by weight. The FFT contains nearly all particles sized 45 microns or smaller and is mostly composed of quartz,
kaolinite, illite, and a smaller quantity of interstratified smectites, although the exact ratio is dependent on the geology
of the oil sands ore. The clay fraction of FFT, with increased swelling due to sodium exchange from the caustic
extraction, is responsible for the poor dewatering and geotechnical properties, such as low shear strength, high liquid
limits and high plasticity index.

Current technologies, generally focused on mechanical dewatering and atmospheric drying, have shown little success
for FFT remediation and necessitate the investigation of different types of technologies, such as chemical modification
by coagulation. The majority of process additives recently explored are long chain organic polymer flocculants, which
can enhance the speed of mechanic dewatering, but have poor long term performance, since polymer flocculants will
not change the chemical activity and surface properties of the FFT clays responsible for troublesome properties like
swelling and high plasticity. Multivalent inorganic coagulants, such as lime, react directly with clay surfaces through ion
exchange, ionic bridging of clay particles and cementitious bonds due to pozzolanic reactions and can thus modify FFT
clay properties to develop better performance.

Experimental results demonstrate that coagulation with lime can be shown to increase the strength, reduce the liquid
limit and decrease plasticity of two oil sands FFT with different minerologies and pore water chemistries. Lime, unlike
gypsum or alum, critically can increase the pH above 12 enabling pozzolanic reactions that appear responsible for the
development of strength and transition of the FFT soil fabric from clay to lower plasticity silt. The fundamental changes
in clay surface chemistry by lime coagulation are highlighted by a significantly improved water release.



ABSTRACTS | Clays in Water / Solid Separation Processes

58

Optimizing the Flocculation of Clay Based Tailings fromMineral Processing

Fawell, PD, PhD, CSIRO Mineral Resources, Australia; Costine, AD, PhD, CSIRO Mineral Resources, Australia; Yang, T, BE,
CSIRO Mineral Resources, Australia; Grabsch, AF, BSc (Hon), CSIRO Mineral Resources, Australia, Bellwood, JG, BSc
(Hon), BASF Mining Solutions, Great Britain

Hydrometallurgical processing of minerals invariably involves at least one stage of solid liquid separation, with
purposes ranging from liquor clarification through to high solids suspension dewatering, usually having downstream
processing needs in mind. Gravity thickeners are employed to treat dilute suspensions when high volumetric
throughputs are expected, but other unit operations (e.g. filtration, centrifugation) can be applicable at higher solids.
The performance of these units benefits from pre aggregation when fine particles are present, in particular clays. The
use of high molecular weight water soluble polymers (flocculants) to induce aggregation is well established within
tailings thickening, and dosing similar reagents to high solids suspensions for additional dewatering is now considered
advantageous in some tailings deposition applications.

Clay suspensions are often utilized in generic studies of flocculant performance or aggregate properties. Although the
body of literature dealing with clay flocculation is immense, this is often done without a proper appreciation of
flocculation issues specific to minerals processing or even how to properly study fragile aggregate structures.
Consequently, much of the literature is either irrelevant or misleading.
The terms “problematic clays” or “poor settling clays” are frequently used when discussing declining flocculation and
thickener performance resulting from shifts in mineralogy (e.g. an increased presence of smectite relative to kaolinite).
Making this conclusion from such observations may be inappropriate, as declining thickener performance does not
necessarily imply poor flocculation. Many so called problematic feeds actually flocculate very well

, but expectations on what can be achieved must be revised.

Flocculation performance will be determined by particle size, number, shape and the proportion of surface area
available to flocculant adsorption. This is not to say that mineralogy is irrelevant, as it clearly influences surface charge
distribution, particle shape and the extent of dispersion. Knowing the clay mineralogy can provide a qualitative
indication of likely trends, however, it currently remains impossible to adequately predict flocculation responses from
this alone, and therefore comprehensive physical characterization is still required.

Work within our laboratories related to clay and clay based tailings will be outlined, covering the following:

Feed particle characterisation with sensors that are more sensitive to particle number than volumetric contributions to
the particle size distribution. It will be shown that number is potentially a better guide to likely flocculation
performance. The shear sensitivity of clay suspensions will also be demonstrated, with the release of additional
particle counts on extended slurry agitation reflected in higher flocculant dosage requirements and reduced settling
fluxes.

Continuous flocculation of clay slurries in a flow through Couette reactor (the Shear Vessel) provides tighter control
over flocculation conditions than in conventional cylinder/jar testing, thereby enabling much better capture of trends
in response to different variables. By then applying seven polymer flocculants of the same anionic character but
different molecular weights (provided by BASF), new insights were gained on how flocculant solution properties impact
upon flocculation performance.

Given the scarcity of fresh water in northern Chile, copper ore processing in seawater is practiced by one major
producer and remains of interest to others. However, the flocculation of clay containing tailings can then become
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problematic. The method and polymers described above were extended to clay flocculation in seawater, showing very
distinct responses to initial solids fraction, applied mixing and molecular weight. The results imply a change in
flocculated aggregate density, examined further by microscopic imaging of free settling individual aggregates and
plotting settling rates as a function of size. The implications for thickening at an industrial scale are discussed.

Enhanced dewatering of clay based tailings can be achieved through the application of elevated polymer flocculant
dosages to high solids streams; if done correctly, substantial and rapid water release can be achieved on deposition.
This process remains poorly understood, in part because mixing the polymer solutions is highly inefficient and rarely
done reproducibly. A bench scale topological mixer was developed within our laboratories to ensure uniform and
controlled mixing could be applied to high solids suspensions prior to laboratory simulations of deposition. This
approach not only produced the same dewatering effect at much lower dosages, but also helped identify some of the
key factors towards optimising the aggregation process.
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Utilization of Nanotechnology for Mature Fine Tailings Treatment

Shamim, S, MSc, University of Calgary; Govedarica, A, PhD, University of Calgary; Trifkovic, M, Assistant Professor,
University of Calgary

Current practices and various studies for accelerated consolidation and subsequent dewatering of the oil sand tailings
involve the addition of inorganic and organic additives to reduce the solid content in the process affected water.
However, application of nanoparticles for treating the tailings system has been studied but the mechanism of
flocculation is poorly understood. This experimental study is focused on understanding the effect of the addition of
commercially available monodisperse nanoparticles on the tailings flocculation process. More specifically, the
mechanism of destabilization of MFT by the addition of these particles and subsequent network formation in the
sediment are of particular interest. Using laser scanning confocal microscopy (LSCM) and cryogenic transmission
electron microscopy (cryo TEM), we investigated the structural changes in MFTs as a consequence of the addition
protocol and concentration of particles. LSCM enabled acquisition of high resolution 3D image data that gave the
opportunity for the in depth quantification of structural characteristics of different flocculated layers formed in the
sediment. Using oscillatory rheological measurements, the correlation between the microscale morphology and bulk
viscoelastic and flow properties, which dictates the strength evolution in the sediment, was obtained. These results
give significant new insights into the mechanism and efficiency of tailings flocculation using nanoparticles that applied
alone or in combination with other flocculation techniques can lead to better tailings management.
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A FULL RANGE OBSERVATION ON SOL GEL SYNTHESIS OF IMOGOLITE USING ATOMIC FORCE
MICROSCOPY

Du, P, PhD student, CAS Key Laboratory of Mineralogy and Metallogeny/Guangdong Provincial Key Laboratory of
Mineral Physics and Materials, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences; University of
Chinese Academy of Sciences; Yuan, P, PhD, CAS Key Laboratory of Mineralogy and Metallogeny/Guangdong Provincial
Key Laboratory of Mineral Physics and Materials, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences;
Deng, L, PhD student, CAS Key Laboratory of Mineralogy and Metallogeny/Guangdong Provincial Key Laboratory of
Mineral Physics and Materials, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences; University of
Chinese Academy of Sciences; Liu, D, PhD, CAS Key Laboratory of Mineralogy and Metallogeny/Guangdong Provincial
Key Laboratory of Mineral Physics and Materials, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences;
Song, Y, Postgraduate, CAS Key Laboratory of Mineralogy and Metallogeny/Guangdong Provincial Key Laboratory of
Mineral Physics and Materials, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences; University of
Chinese Academy of Sciences

Imogolite (Imo) is a nanosized tubular clay mineral. Its ideal structural formula can be presented as (OH)3Al2O3SiOH.
Imo is composed of a rolled gibbsite sheet with isolated orthosilicate group (O3SiOH) attached to the inside of the
cylinders, each group bridging three oxygen atoms over the vacant octahedral site of gibbsite sheet. Due to its unique
tubular structure (with lengths ranged from several hundred nanometers to several micrometers and inner/outer
diameter of 1/2.5 nm) and special functional groups on surfaces (Si OH on the interior and Al OH on the exterior), Imo
holds great promises in composite materials, liquid crystal, catalysis and gas adsorption, separation and storage.

Imo mainly occurs in soils of volcanic origin and is closely associated with allophane and halloyiste. Up to now, only a
few natural Imo ores have ever been reported. High graded Imo is mainly synthesized by sol gel method. However,
because of its too small size to characterize, full range observation on Imo synthesis and growth process has rarely
been reported. In this work, Imo was synthesized by heating a diluted acidic solution containing a mixture of aluminium
chloride hexahydrate as Al sources and sodium orthosilicate as Si sources at 98oC for as long as 120 h. The time
dependent changes in their morphology and structure during the synthesis process were monitored by atomic force
microscopy (AFM), combined with X ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR).

As shown in AFM images, the lengths of Imo fell in a broad range while their diameters remained almost constant. The
precursors obtained before heating step appeared as nanoparticles with an average size smaller than 1 nm. This size is
smaller than that of proto imogolite (proto Imo), a rooftile like fragment with Imo like local structure (ILS, a curved
gibbsite sheet on the outer surface and Si tetrahedral monomers linked to six Al octahedral inside the vacancies) and a
size of several nanometers. This result showed that proto Imo had not formed at that point, contrary to the results
previously reported. Combined with the XRD and FTIR results, the precursors were proved to be small fragments with
allophane like local structure, i.e., spherical ILS.

Based on the results in this study, the whole process of Imo synthesis could be described as follows. In an acidic diluted
solution, the Al and Si hydrolysate of varied sizes precipitated. The attachment of Si tetrahedron to gibbsite sheet
makes them curl to form precursors with spherical ILS. The precursors transformed into proto Imo (with tubular ILS)
via further aggregation and internal reconstruction, during which time temperature rise played a key role. This might
constitute experimental evidence for the hypothesis, proposed by Thill et al. (2017), that a transition from spherical to
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tubular shape occurs as the sizes of precursors increased due to edge stress. Once formed, proto Imo assembled into
Imo by their own edge edge aggregation or by attachment to the active end of already formed Imo. Meanwhile, the
short Imo assembled together into long Imo via orientation aggregation, i.e., tip tip collision; it required not only a
collision between two nanotubes but also relative rotation until a thermodynamically favorable configuration was
achieved. In an early stage (e.g., the first 12 h of reaction time), the fast formation of proto Imo and its transformation
into Imo occurred simultaneously, resulting in increases of both of their quantities. However, as the precursors being
consumed, the formation of proto Imo slowed down while the formation of Imo was fast due to the accumulation of
proto Imo. The growth of Imo slowed down over time as the proto Imo being largely consumed. At a certain reaction
time (maybe 72 h of reaction time), the proto Imo was almost used up, whereas the length of already formed Imo
increased further by their orientation aggregation.

These findings deepened our understanding of how Imo form and grow and provided us fundamental data for helping
optimizing the Imo synthesis procedure.
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A Size Dependent Phase Map and Phase Transformation Kinetics for Iron(III) Oxide
Nanominerals

Lee, S, MD, University of Wisconsin Madison; Xu, H, PhD, University of Wisconsin Madison

Nanometeric iron(III) oxide has been of great interest in a wide range of fields due to magnetic properties, eminent
biochemical characteristics, and the potential for technological applications. To date, five crystalline polymorphs of
Fe2O3 are known: (i) Fe2O3 (i.e., hematite), (ii) Fe2O3, (iii) Fe2O3 (i.e., maghemite), (iv) Fe2O3, and (v) Fe2O3, all
of which have different morphologies, various size, and magnetic properties. Among the iron oxides, Fe2O3 is
considered as a remarkable phase due to its giant coercive field at room temperature and ferromagnetic resonance
capability. The natural Fe2O3 (luogufengite) is discovered from vesicles’ surfaces of basaltic scoria.

Here we present the first size dependent phase map for Fe2O3 via a pathway together with the activation
energies for the phase transformations, based on X ray powder diffraction (XRD) and high resolution transmission
electron microscopy (HRTEM). HRTEM images of Fe2O3 nanocrystals show the inversion and pseudo hexagonal twins,
which are fundamentally important for understanding the correlation between its nanostructure and magnetic
properties. Two activation energies for Fe2O3 and Fe2O3 phase transformations are 186.37 ± 9.89 kJ mol 1 and

174.58 ± 2.24 kJ mol 1, respectively.

The results provide useful information about the size, crystal structure, and transformation of the nanometric iron
oxide polymorphs for applications in areas such as designing engineered materials. Combining the phase map with
their kinetic properties predicts that stability regime of the nanosized Fe2O3 as the function of crystal size,
temperature, and annealing times. As it is the challenge to synthesize pure phase Fe2O3 nanocrystal the proposed
size dependent phase map will help to improve the controlled synthesis of Fe2O3 nanocrystal, a promising material
for many future applications. The luogufengite nano mineral can be enriched from nature and used for enriching and
collecting toxic and heavy metals in polluted waters.



ABSTRACTS | Posters

64

ADAPTED PROCEDURE FOR CHARACTERIZATION OF CLAY MINERALS IN SHALES FROM
MOUNTING DISORIENTATED BY XRD

Angelica, CP, Msc, Ecopetrol SA

Analysis and real time on site control in an exploratory well or a production well allows us to reduce the response time
during operational decisions drilling or recovery and get a more accurate correlation of lithostratigraphy units. Given
the need to optimize the processes of exploration and production in the oil industry, portable analyzers technology
promise to be easy to operate in on site well locations.

At the present the oil and gas industry use for chemical characterization the XRF technology and for mineralogical
characterization use the combination of XRF and XRD technologies in on site well drilling perforation from cuttings
and side wall core samples, but the will these analysis of 2 microns fraction of clay minerals is not
analized. Mineralogical characterization of < 2 microns sizes is very important because helps to identify clay minerals
as smectite and Mixed layer clay minerals in order to reduce the understimation of the diagenetic minerals, which have
a higher reactivity when are in conduct with drilling fluids because of its higher specific Surface are and exchange
capacity.

This methodology proposed using a diffractometer X ray portable Olympus brand model Terra 441 under test
conditions 30 kV and 350 μA energy intensity. An evaluation of the relative concentration of the mineral phases,
expressed in percentages is carried out. These percentages are based on a semiquantitative study taking into account
the height of the main peaks, the area under the curve and reflectivity that the different minerals have respect to X
rays, which have been defined in the X ray Diffraction Laboratory of Colombian Petroleum Institute, without reference
Material. The validation of this methodology was developed with reference samples and Colombian rocks from
conventional and unconventional reservoirs. Twelve reference mixtures and four samples of shale with different
mineralogy for the implementation of the proposed methodology were used. Inside the validation of the methodology
obtained relative concentrations differ between 2% and 5% concentrations of reference, without considering the
contribution of the amorphous content within samples.
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ADSORPTION OF POLYHYDROXY FULLERENE ON POLYETHYLENIMINE MODIFIED
MONTMORILLONITE

Zhu, RL, CAS Key Laboratory of Mineralogy and Metallogeny, Guangdong Provincial Key Laboratory of Mineral Physics
and Material, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou; Chen, Q, CAS Key
Laboratory of Mineralogy and Metallogeny, Guangdong Provincial Key Laboratory of Mineral Physics and Material,
Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou and University of Chinese Academy of
Sciences, Beijing; Zhu, JX, CAS Key Laboratory of Mineralogy and Metallogeny, Guangdong Provincial Key Laboratory of
Mineral Physics and Material, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou; He, HP,
CAS Key Laboratory of Mineralogy and Metallogeny, Guangdong Provincial Key Laboratory of Mineral Physics and
Material, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou

Fullerene and its derivatives have gained immense attention due to their remarkable properties and potential
applications in many areas, including environmental remediation, biomedicine, and materials science. With the ever
increasing production and wide applications of fullerene based carbon nanomaterials, they will inevitably enter into
the environment. As such, significant concerns have arisen in terms of their influences on human health and natural
environment. Indeed, the cytotoxicity of water soluble fullerenes to both bacteria and human cell has been confirmed
by a number of studies. Consequently, proactive researches on effective removal of water soluble fullerenes from
aqueous solution is critical to controlling the potential risks and ensuring a sustainable carbon nanomaterials industry.
Being regarded as the main products of fullerenes in the environment, polyhydroxy fullerene (PHF) needs significant
concerns in terms of their pollution control.

This work attempts to develop an adsorbent for the effective removal of PHF from aqueous solution, which was
synthesized by modifying montmorillonite (Mt) with a branched polymer polyethylenimine (PEI). The adsorption
results showed that the obtained adsorbent (i.e., PEI Mt) could effectively remove PHF over a wide range of solution
pH; both the electrostatic attraction and hydrogen bond interaction between PHF and PEI Mt contributed to the
strong adsorption. Decreasing solution pH and rising PEI loading amount on Mt could both increase the adsorption
amounts of PHF on PEI Mt. The adsorption isotherms could be well fitted with the Langmuir model, and the calculated
maximum adsorption value of PHF on 10%PEI Mt reached ~213 mg/g, much higher than that on the original Mt (~16
mg/g). The adsorbents after PHF adsorption were further characterized using Fourier transform infrared spectroscopy,
X ray diffraction, and transmission electron microscopy. The results suggested that the adsorbed PHF primarily existed
on the outer surfaces of PEI Mt. This work showed that PEI Mt can be a potentially efficient adsorbent for the removal
of PHF from aqueous solution.
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ADVANCES IN QUANTIFYING SMECTITE COMPOSITION BY TEM EDX MAPPINGWITH
APPLICATIONS FOR MONITORING BENTONITE ALTERATION

Podlech, C, Institute of Geography and Geology, University of Greifswald, F. L. Jahn Strasse 17a, 17487 Greifswald,
Germany; Grathoff, GH* Institute of Geography and Geology, University of Greifswald, F. L. Jahn Strasse 17a, 17487
Greifswald, Germany; Kasbohm, J, Jörn Kasbohm Consulting, Erich Böhmke Strasse 4a, 17489 Greifswald, Germany;
Warr, LN, Institute of Geography and Geology, University of Greifswald, F. L. Jahn Strasse 17a, 17487 Greifswald,
Germany

Transmission electron microscopy (TEM) combined with energy dispersive X ray spectroscopy (EDX) is a useful way of
quantifying the chemical composition of clay minerals on a particle by particle basis, but the accuracy of the method is
a question of debate. Such compositions are used to calculate stoichiometric formulas, and in the case of smectites, to
estimate layer charge and the sum of interlayer cations (e.g. Herbert et al. 2004). One difficulty in producing accurate
compositional results by the TEM EDX approach is the migration of selective cations that often occurs during electron
beam damage (e.g. van der Pluijm et al. 1988). This effect is particularly evident during point analyses and worsens
with measurement time. In this study, we explore the EDX element mapping approach to quantifying smectite
compositions by investigating a selection of bentonite samples. The measurement accuracy of the TEM microscope
was controlled by using a delaminated muscovite flake and comparing the elemental concentrations of various EDX
mapping procedures with XRF analyses. The accuracy of determining smectite composition was investigated by using a
fine fraction of the Wyoming bentonite source clay (SWy 3), whereby the small amount of quartz contamination was
quantified by XRD Rietveld refinement. Here, comparisons with the XRF composition was used as a basis for developing
an appropriate EDX mapping procedure. In addition to these standard samples, our analytical procedure was tested on
a set of 15 bentonites that were reacted in laboratory batch experiments with two different aqueous solutions that
simulate i) shale pore waters and ii) saline solutions at varying temperatures (25 120 °C). These study samples form
part of a BMWi financed project (PTE Nr. 52) to characterize the mineral stability of industrial bentonites under
expected repository conditions. All samples were investigated using a JEOL microscope JEM 1210 (120 kV, LaB6

cathode), which was used for observing particle morphology and thickness, and selecting areas appropriate for EDX
mapping. The areas selected showed a well dispersed distribution of particles of similar thickness (i.e. similar
brightness) with minimal overlap of grains. To minimize cation migration a short dwell time per pixel was used and the
number of maps increased to enhance the number of counts appropriate for quantification. During measurement, we
assume that some cation migration still occurs using these conditions but that all cations will stay within the mapped
field and be included in the compositional analyses. An important feature of the mapping procedure was also to avoid
access dead times that prolonged the time required for data acquisition.

Overall, our study highlights the advantages of elemental mapping over that of conventional point analysis and
emphasizes the usefulness of TEM EDX for determining the chemical composition of smectites measured at the
particle scale.

Herbert, H.J., Kasbohm, J., Moog, H.C., Henning, K.H. (2004). Long term behavior of the Wyoming bentonite MX 80 in
high saline solutions. Applied Clay Science, 26, 275 291.
Van der Pluijm, B.A., Lee, J.H., Peacor, D.R. (1988). Analytical electron microscopy and the problem of potassium
diffusion. Clays and Clay Minerals, 36, 498 504
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ANTIBACTERIAL ACTIVITY OF FABRICATED COPPER AND SILVER BENTONITE COMPOSITES

Olegario Sanchez, EM, PhD Student, University of the Philippines; Dahonog, LA, MS Student, University of the
Philippines

Metal and metal oxide nanoparticles have attracted attention because of their high surface area to volume ratio and
currently, these materials are being used as antibacterial agents against common microorganisms [1]. In general, metal
ions can interact with the membrane of the bacteria and the nucleic acids preventing them for further replication [2].
Among others, copper (Cu) and silver (Ag) metals are the most studied materials in terms of their antibacterial
properties. Due to the risks of using these nanoparticles alone, it is economical and environmental friendly to
incorporate these nanoparticles into a filler [3]. Clay minerals, such as bentonite are excellent supporting materials due
to its high cationic exchange capacity and surface area [2]. In this case, antibacterial composites were fabricated by
introducing Cu and Ag in the bentonite matrix.

Cu and Ag bentonite composites were fabricated via simple ion exchange method. Bentonites were collected from
SAILE Industries in Mangatarem, Pangasinan, Philippines. These powders were stirred in copper chloride and silver
nitrate solutions separately. After stirring, powders were collected via centrifugation and washed with deionized water
to remove excess copper and silver. The as prepared composites were dried at 60 °C. Composites were characterized
using X ray diffraction to determine the structural and phase composition. Inhibition zone method was used to
determine the antibacterial activity of the composites against and .

After the ion exchange, no significant changes were observed between the XRD patterns of pristine bentonite and
fabricated composites. On the other hand, an improved antibacterial activity was observed from the treated
bentonites compared to pristine bentonites which showed no antibacterial property. This proves that Cu and Ag were
diffused in the matrix of the bentonite.

Keywords: Cu Bentonite, Ag Bentonite, Antibacterial

[1] M.A. Mekewi, A.S. Darwish, M.S. Amin, Gh. Eshaq, H.A. Bourazan, “Copper nanoparticles supported onto
montmorillonite clays as efficient catalyst for methylene blue degradation”, Egyptian Journal of Petroleum 25 (2016),
269 279.
[2] H. Pouraboulghasem, M. Ghorbanpour, R. Shayegh, S. Lotfiman, “Synthesis, characterization and antimicrobial
activity of alkaline ion exchanged ZnO/bentonite nanoconposites”, J. Cent. South Univ 23 (2016), 787 792.
[3] S.C. Motshekga, S.S. Ray, M.S. Onyango, M.N.B. Momba, “Microwave assisted synthesis, characterization and
antibacterial activity of Ag/ZnO nanoparticles supported bentonite clay”, Journal of Hazardous Materials 262 (2013),
439 446.
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Apparent Permeability and Gas Flow Behavior in Shales: An Experimental Study

Lu, X, PhD, China University of Geosciences (Beijing); Yu, QC, PhD, China University of Geosciences (Beijing)

Shale can act as an unconventional gas reservoir with low permeability and complex seepage characteristics. Study of
the apparent permeability and percolation behavior of shale gas is important in understanding the permeability of
shale reservoirs, to evaluate formation damage, to develop gas reservoirs, and to design wells. This study simulated
methane percolation at 298.15K under inlet pressures ranging from 0.2 to 4MPa and a constant outlet pressure of
0.1MPa to investigate shale gas percolation behavior and apparent permeability. Five representative shale cores from
the Carboniferous Hurleg and Huitoutala formations in the eastern Qaidam Basin, China, were analyzed. Each
experiment measured the volume ow rate of methane and the inlet pressure. Pseudopressure approach was used to
analyze high velocity ow in shale samples, and apparent permeability at different pressures was calculated using the
traditional method. A nonlinear apparent permeability model that considers diffusion and slippage is established from
theory and experimental data tting, and the shale gas ow characteristics affected by slippage and diffusion are
analyzed. The results indicate that the pseudopressure formulation that considers the effect of gas properties on high
velocity ow produces a more accurate linear representation of the experimental data. The apparent gas permeability
of shale consists of contributions from Darcy permeability, slippage, and diffusion. The apparent permeability and gas
ow behavior in the studied shales strongly depended on pressure. The diffusion contribution increased greatly as

pressure decreased from 2 to 0.2MPa, and the smaller the shale permeability, the greater the relative contribution of
diffusion ow. At pressures greater than 2MPa, slip ow contributes 20% of the total ux, Darcy ow contributes up
to 70%, and diffusion makes only a minor contribution. This study provides useful information for future studies of the
mechanism of shale gas percolation and the exploration and development of Qaidam Basin shale gas speci cally.
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CHARACTERIZATION OF COPPER OXIDE NANOPARTICLE SUPPORTED PHILIPPINE NATURAL
ZEOLITE

Olegario Sanchez, EM, PhD Student, University of the Philippines; Osonio, AP, MS Student, University of the Philippines;
Dahonog, LA, MS Student, University of the Philippines; Nakajima, H, PhD, Synchrotron Light Research Institute,
Thailand

Philippine natural zeolite was used as a cost effective template for anchoring copper oxide (CuO) nanostructures for a
targeted anti bacterial application. Zeolite, along with other microporous and mesoporous materials, has been used
and advertised as a cost efficient adsorbent and catalyst. It is an alumina silicate network that contains extra
framework (EF) cations and zeolitic water. Its thermal and chemical inertness, high ion exchange capacity, and natural
abundance make it an ideal subject in several disciplines and applications [1].

CuO nanowires were grown within the zeolitic framework by a facile thermal oxidation route. Cu and its compounds
are of great interest for biomedical applications and sewage disposal systems [2] due to their potent antibacterial
activity [3], wide antibacterial spectrum, relatively high safety, and low cost. In this study, natural zeolite samples
preconditioned in 3M hydrochloric acid and 4M sodium chloride solutions were immersed into a 0.5 M CuSO4 solution

at ambient conditions for the introduction of the Cu2+ ions into the framework. Thermal oxidation at 550°C was
subsequently carried out to obtain the CuO nanoparticles.

Physical changes were initially noted before subjecting the samples to further characterizations. Thermal oxidation of
the Cu(II) exchanged zeolite led to a change of color from white to light gray, signifying the presence of CuO
nanostructure. Samples were further examined using X ray diffractometry (XRD) for purity and phase composition
analysis, scanning electron microscopy (SEM) for morphological studies, X ray photoelectron spectroscopy (XPS) and
cyclic voltammogram (CV) of the CuO modified zeolite matrix for the assessment of the redox species.

The XRD patterns of the zeolite samples suggested the presence of multiple components including clinoptilolite,
mordenite, and calcite. Based on the match of the low angle peaks and their corresponding relative intensities,
clinoptilolite was identified to be the major component of the mined zeolite sourced from Mangatarem, Pangasinan,
Philippines. The diffractogram of the thermally annealed sample at 550°C exhibited a decrease in the crystallinity of
zeolite template, based on the broadening and reduced intensities of major clinoptilolite peaks between 5° to 80°
2theta. Peaks for Cu nanometals, however, were not prominent in the same XRD pattern; possibly due to the low
concentration of the nanometal relative to the zeolite template. SEM was performed to examine the effect of the
treatment to the morphology of the material. It is apparent from the micrographs that zeolite has a porous and
layering surface features. After thermal oxidation, CuO nanowires of diameters in the range of 50 to 210 nm and
lengths ranging from 2 to 7 microns were found present within the framework. CV curves for the Cu exchanged zeolite
showed an anodic peak at 0.12 V and cathodic peak at 0.17 V. These could be attributed to the oxidation and
reduction of copper species present in the matrix of zeolite, respectively. The peaks also indicate partial reversibility.
After calcination at 400°C, the anodic peak of the curve was lost while the cathodic peak at 0.09 V was observed. This
could be explained by the amorphization of the material after annealing, wherein some of the active species were not
able to fully participate in the redox reactions. XPS analysis, on the other hand, proved the presence of Cu(II) species.
Characteristic peak of the ion at 933 eV for the uncalcined sample was detected, while a shift to a higher binding
energy of the peak was observed for the sample calcined at 550°C.

Keywords: Philippine Natural Zeolite, Clinoptilolite, CuO supported zeolite, CuO nanoparticles
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[2] A. Goswami, P.K. Raul, M.K. Purkait, Chem. Eng. Res. Des. 90 (2012) 1387 1396.
[3] M. Ahamed, H.A. Alhadlaq, M.A.M. Khan, P. Karuppiah, N.A. Al Dhabi, J. Nanomater. (2014) 1 4.



ABSTRACTS | Posters

71

Clay minerals in hydrothermal alteration of a shallow dipping epithermal Au Ag Pb Zn Cu
deposit Banská Hodruša Slovakia

Uhlík, P, PhD, Comenius University in Bratislava, Slovakia; Kod ra, P, PhD, Comenius University in Bratislava, Slovakia;
Biro , A, PhD, Slovak Academy of Sciences, Banská Bystrica, Slovakia; Kuba , A, MD, Comenius University in Bratislava,
Slovakia; Ba a, B, BD, Comenius University in Bratislava, Slovakia; Osacký, M, PhD, Comenius University in Bratislava,
Slovakia

The intermediate sulphidation precious and base metal deposit Banská Hodruša at the Rozália mine is hosted by the
central zone of a Miocene andesite Štiavnica stratovolcano, located in the Central Slovakia Volcanic Field on the inner
side of the Carpathian arc. The characteristic features of the stratovolcano include an extensive caldera, a late stage
resurgent horst in the caldera center and an extensive subvolcanic complex (Kone ný et al. 1995). The gold
mineralization occurs 400 650 m below the surface in the Rozália mine, hosted by pre caldera andesite, near to the
roof of a pre mineralisation subvolcanic granodiorite pluton. Nowadays, the deposit is being mined with the annual
production of about ~30 45 kt of ore at 14 g/t Au, 17 g/t Ag, 0.6% Zn, 0.45% Pb, 0.15% Cu.

The major distinct feature of the deposit is a complex multi stage vein system with a subhorizontal orientation, which
is probably related to an underground cauldron subsidence and development of a low angle normal shear zone,
probably corresponding to the base of a sector collapse in the hosting volcano (Kod ra et al., 2017). The unusual
structural setting of the deposit resulted in a specific distribution of alteration patterns. Based on the obtained mineral
composition of altered rocks, schematically it was possible to define five major types of alteration that occur within the
deposit and its vicinity: 1. Silicification with predominant quartz; 2. Strong adularisation with substantial presence of
adularia and illite; 3. Weak adularisation with minor presence of adularia and illite accompanied by chlorite and
plagioclase, usually affected by albitisation; 4. Strong argilisation with predominant presence of illite and quartz and
with increased concentration of pyrite; 5. Propylitisation equally represented by chlorite, illite, quartz, with plagioclase
still present, but without adularia. Alteration patterns occur in a zonal arrangement at the deposit.

Strongest argillisation apparently corresponds to the stage when the hydrothermal fluids entered the shear zone
structures, however, it is likely that some of the illite has already originated during the formation of silicites (in their
hanging wall), perhaps later affecting preferential location of shear zone structures. The argillic alteration dominantly
contains just illite with no smectite neither mixed layered illite smectite component. This indicates that alteration
temperatures were always higher than 200 240°C, which is the lower limit of crystallisation of illite and adularia,
respectively. 2M1 and 1M illite polytypes were determined in ten samples from different parts of the mine without any
apparent relationship to the vein systems at the moment. The ratio of both polytypes is variable. Sometimes 1M is
dominant; however, in general 2M1 is more significantly represented. The "Kubler index" method was also applied and
measured data refer to the temperature corresponding to equivalent of anchizone (200 250 °C). All these values
correspond to fluid inclusion microthermometry data, suggesting the origin of veins in the temperature range from
250 to 310°C from boiling fluids, which caused precipitation of gold and adularia at high fluid/rock ratios (Kod ra et al.
2005). Predominantly subhorizontal flow of fluids and their extensive boiling can explain the location of argillites in a
continuous horizon in the roof of the deposit, which most likely represents a space where condensation of escaping
vapour has occurred.

Mafic minerals (mostly biotite) are typically replaced by chlorite, however, chloritisation has probably occurred during
several stages. Chlorite is most abundant in relatively less altered rocks, including regional propylitisation. Chemically,
chlorites belong to the clinochlore – chamosite series, close to the clinochlore end member. Their Mg/Fe ratio is
variable and it does not correlate with the type of veins in their vicinity, neither with the distance to the veins.
Interestingly, chlorite in rocks hosting earlier vein systems have increased MnO content (up to 5.4 wt% and 4.9 wt%,
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respectively), which corresponds to the presence of Mn rich minerals in these veins, including Mn rich chlorite (up to
10.2 wt% MnO). Chlorite in rocks hosting other vein systems or no vein systems have significantly lower MnO content
(up to 2.5 wt% or up to 1.6 wt%, respectively).

This work was supported by the grants VEGA No. 1/0560/15, APVV 15 0083 and the company Slovenská banská, spol.
Ltd.
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Dehydration of perlite

Uhlík, P, PhD, Comenius University in Bratislava Slovakia; Varga, P, ED, Comenius University in Bratislava Slovakia; Lexa,
J, PhD, Slovak Academy of Sciences, Bratislava, Slovakia; Bizovská, V, PhD, Slovak Academy of Sciences, Bratislava,
Slovakia; Šurka, J, MD, Slovak Academy of Sciences, Banská Bystrica, Slovakia; Pálková, H, PhD, Slovak Academy of
Sciences, Bratislava, Slovakia

Perlite is an acid volcanic glass with water content between 2 5 wt%. The water is one of the most important factors
allowing production of expanded perlite – the main commercial perlite product. The most important deposits in Slovak
Republic – Jastrabá and Lehôtka pod Brehmi are related to rhyolite volcanism of the Jastrabá formation of the Upper
Sarmatian age.

The purpose of this study is to determine amount and kind of water in raw perlite from the major Slovak deposits as
well as the dehydration of the perlite at the different time and temperature.

The studied perlites contain 90 95 wt% of volcanic glass and very small amount of clay minerals. Rarely up to 3 wt% of
kaolinite in Jastrabá perlite and traces of smectite in Lehôtka pod Brehmi perlite. The smectite was identified only in
clay fraction. At the Lehôtka pod Brehmi deposit exploited perlite occurs as coarse breccia with fragments of pale and
dark grey color. The ratio of matrix and fragments is variable. Based on macro and micro observations and water
content (loss on ignition, thermal analyses TA) two types of perlite fragments have been confirmed: pale perlite with
significant porosity, and dark perlite with low porosity. Pale perlite has average water content about 4 wt%, dark
colored perlite contains about 3.5 wt% of water. Light, fine sand matrix has higher water content ~ 5.5 wt%. Higher
water content is caused by water adsorbed at the surface of grains, because 35 % of total water was lost after drying at
105°C, while adsorbed water content was only 9 % in dark perlite and 13 % in light perlite. Perlites from the Jastrabá
deposit (glassy lava flow) comprise two types of pores – oval in micrometrics scale (~1 μm) and elongated (~100 μm
long). The amount of total water is approximately 5.1 wt% with 14 % of adsorbed water. A significant open porosity
was determined for pale perlite by X ray computed tomography.

In addition to TA, the infrared (IR) spectroscopy in the near IR region is also a useful method for observation of water
present in perlite because the area of combination vibration band of water (~ 5240 cm 1) reflects the amount of water.
This band was normalized on the combination vibration band of Si OH groups (~ 4500 cm 1) and also to the ratio of
stretching vibration bands of OH groups (~ 3600 cm 1) and Si O (~1050 cm 1) in the middle IR region. Both methods, TA
and IR spectroscopy, demonstrated that the molecular water dominates in studied perlites and the content of hydroxyl
water is only a few tenths of percent.

Process of water release from perlite glass was investigated in a broad range of temperatures (from 150 to 900 °C), at
different durations of treatments (from 1 minute to 72 hours), on three different grain fractions. The dehydration of
perlite was slow at 150 °C but the process of water release was still in progress after 72 hours. About 30 % of total
water was released. The highest increase of molecular water loss was observed between 150 and 250 °C during 3.5
hours of dehydration. A rate of released water was sluggish and stabilised at about 70 % of total water at 250 °C and
over 15 hours of dehydration. Almost entire molecular water was released after 15 hours of treatments at 550 °C. The
released of water is very quick at 700 °C. 30 50 % of total water was escaped after 1 minute of heating and almost total
water was released during 5 minutes of heating.

The authors are grateful to the Slovak Research and Development Agency for the support of the project APVV 0339 12
and LBK PERLIT, s.r.o. for help and providing of samples.
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ENHANCED AFLATOXIN B1 ADSORPTION BY ORGANO SMECTITES IN CORN FERMENTATION
SOLUTIONWHERE PROTEINS MIGHT BE THE MAJOR INTERFERING COMPOUNDS

Alam, SS, Department of Soil Science, Chittagong University, Chittagong, Bangladesh; Deng, Y, Department of Soil and
Crop Sciences, Texas A&M University, 370 Olsen Blvd, College Station, TX, USA

Aflatoxin B1 (AfB1) is the carcinogenic secondary metabolites of fungi. Consumption of aflatoxin contaminated food and
feed appeared to be a concern in many parts of the world. Using aflatoxin contaminated corn in biofuel industry to
produce ethanol results in increased toxicity in the co product, which is used as animal feed. Feeding the animal toxic
stuff is dangerous as it affect public health.

Smectites were proved to be highly efficient as aflatoxin binders in aqueous, glucose and ethanol solution, the later
two are major components in corn fermentation solution (FS) (Alam et al., 2015). Due to interlayer fixation of mostly
corn proteins, AfB1 adsorption was much low in FS (Alam and Deng, 2017). To inhibit the access of interfering
compounds and thus to achieve greater AfB1 adsorption, modifying smectites with small, nutritive organic cations
might be an effective strategy. The objective of this study was to enhance AfB1 adsorption by nutrients modified
organo smectites in corn FS.

Organic nutrients choline chloride (CC), carnitine (Car), arginine (Arg), histidine (His), lysine (Lys), and tryptophan (Trp)
were mixed with a smectite extracted from a Mississippi bentonite (3MS) to synthesize the organo smectites. The
organo smemcites were denoted as CC 3MS, Car 3MS, Arg 3MS, His 3MS, Lys 3MS, and Trp 3MS, respectively.
Smectite’s interlayer fixation was analyzed by XRD (Bruker D8), and FTIR (spectrum 100, Perkin Elmer). For FTIR, clays
on ZnS discs were analyzed in a dewar accessory. AfB1 absorbance was measured by UV Vis spectrometer.

FTIR spectra indicated that CC and Car intercalated the smectite after mild reaction but Arg and His required much
higher amounts of the nutrients and longer time to get into the clay mineral. However, Lys and Trp were not
intercalated. Common IR bands of the organic cations were found at ~1474, 1455, 1420, and 1401 cm 1. Greater d
spacing of organo smectites than the smectite itself revealed the interlayer fixation of cations to various degrees. At
200 ºC, 3MS collapsed to ~9.8 Å, whereas d(001) spacing ranged from 10 Å (Trp 3MS) to 12.8 Å (Arg 3MS) among the
organo smectites. AfB1 adsorption was confirmed by organo smectites in aqueous solution by IR bands of AfB1 (1740,

1635, 1595, 1550, 1462, 1443, 1389, 1304, 1272, 1205 cm 1). The maximum adsorption capacity (Qmax) of the organo

smectite for aflatoxin was 0.51 mol kg 1.

When was mixed with corn FS, the 3MS had a d(001) spacing of 18.2 Å due to the intercalation of protein in the
interlayer of the smectite. After reacting in FS revealed that at ~25ºC, d(001) spacing reduced for CC 3MS (13.0 Å), Car
3MS (13.8 Å), His 3MS (13.2 Å), and Arg 3MS (13.9 Å). These d(001) spacing changes suggested water expulsion plus
protein exclusions from the FS. After heating at 300 °C, d(001) spacing reduced to varying degrees (12.1 Å for Car 3MS,
and 13.4 Å for Arg 3MS) compared to 3MS (14.8 Å). Decreased in basal spacing was also observed for organo smectites
after reacting in contaminated FS.

AfB1 adsorption was tested in simulated fermentation solution (SFS) containing 10% ethanol, 10% glucose, and pepsin.
Pepsin was used to simulate protein due to its negligible interference with UV. Results showed adsorption was lower in
SFS than aqueous solution. Encouragingly, Car 3MS significantly (Tukey’s HSD, p=<0.001) increased adsorption in SFS,
however, yet still below adsorption in aqueous solution. This study suggested protein molecules reduced AfB1
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adsorption. Again, in real FS, Langmuir adsorption isotherm (pH 5.0, 25 ºC) revealed that the four organo smectites
had greater adsorption than 3MS. The Qmax of 3MS increased from 0.22 to 0.45 mol kg 1, when Car 3MS was used.
Evaluating adsorption in pepsin confirmed that Car 3MS and CC 3MS significantly (p = <0.05) increased AfB1 adsorption
compared to that of 3MS at different pH and pepsin concentrations. However, the existence of IR bands of amides at
~1653, 1532, 1451, 1235 cm 1on organo smectites suggested a complete elimination of protein adsorption was not
achieved. In conclusion, organo smectites, especially choline or carnitine smectites may be an effective agent to
remove aflatoxins from FS during bio fuel production.

References:

Alam, S.S., Deng, Y., Dixon, J.B., 2015. Minimal interference of glucose and ethanol on aflatoxin B1 adsorption by
smectites. Appl. Clay Sci. 104, 143–149.
Alam, S.S. and Deng, Y. 2017. Protein interference on aflatoxin B1 adsorption by smectites in corn fermentation
solution. Submitted after moderate revision on Feb 8, 2017 to the 'Applied Clay Science'.
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Microstructural study of acid activated vermiculite

Su, X, MD, Guangdong Provincial Key Laboratory of Mineral Physics and Material/CAS Key Laboratory of Mineralogy
and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences; Jingdezhen Ceramic Institute;
University of Chinese Academy of Sciences; Ma, LY, PhD, Guangdong Provincial Key Laboratory of Mineral Physics and
Material/CAS Key Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences; Tao, Q, PhD, Guangdong Provincial Key Laboratory of Mineral Physics and Material/CAS Key Laboratory of
Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences; He, HP, PhD,
Guangdong Provincial Key Laboratory of Mineral Physics and Material/CAS Key Laboratory of Mineralogy and
Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences

Vermiculite is a most naturally clay minerals and have been used widely in industrial and agriculture field. Acid
activation is one of the most common chemical modifications of vermiculite for extensive application, which not only
improves its surface area but also increases surface acidity. The main goal of this paper was to investigate the
microstructural evolution of vermiculite during activation, understand the process of acid dissolution and the
formation mechanism of surface acidity on the properties of the activated vermiculite. For this purpose, vermiculite
were treated at various acid concentrations. The obtained products were characterized by using XRF, XRD, FTIR, TG,
and 29Si and 27Al MAS NMR. XRF results indicated that acid treatment of vermiculite leads to the gradual removal of the
aluminum, magnesium, and iron from the structure layer and the residual of silica. XRD patterns of acid activated
products display characteristic basal spacing of 13.8 – 14.0 Å at low acid concentration blow 1.0 M. With the increase
of acid concentration (> 2.0 M), a broad reflection of about 26° appears, indicating the formation of amorphous silica.
This is consistent with chemical analysis. FTIR spectroscopic analyses demonstrated the formation of active groups
(SiO H groups) on the acid activated vermiculite. 29Si and 27Al MAS NMR showed that significant changes of the
microstructure of Si and Al occurred. In the course of activation, two new types of structural units of Si atoms were
formed: acidic Si OH+ Al proton sites at 100 ppm and Q4 (Si(OSi)4) sites of amorphous silica like regions at 110

ppm. For Al atoms, peak at 54 ppm corresponds to Al OH+ Si in tetrahedral sheet, which is usually observed on
zeolites and alumina silica as acidic catalytic sites. Therefore, during acid treatment, H+ penetrate into vermiculite
layers and attack the structural OH groups and Si O Al linkages. The resulting is connected with the successive release
of Al, Mg, and Fe from the octahedral as well as with the removal of Al from the tetrahedral sheets and the formation
of active groups. The findings of this study provide novel information for understanding structure and application of
acid activated vermiculite.
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Mineralogical changes induced by distinct plant species in remineralized soils

Görgen CA, MD, Instituto de Geociências, Universidade de Brasília; Guimarães EM, PhD, Instituto de Geociências,
Universidade de Brasília

With the addition of fertilizers and soil amendments, extensive areas of Central Brazil have now been used to
agricultural production. Soils comprising these areas are defined as oxisoils characterized by low base content and
abundance of Fe and Al oxy hydroxides, despite some compositional and textural variations, inherited from different
substrates to them related. Those singularities may cause productivity variations to the same crop, regardless of the
addition of conditioners. Commercial areas treated with the same remineralizing rock powder show distinct
productivities as well, however remaining within a sustainable boundary. In order to evaluate the determinants of
these differences, experiments are been carried out in pots, with different Oxisoils and addition of mica schist powder
as remineralizer. To achieve that, three oxisoil types were chosen from sedimentary sandstones (Bauru soil B),
mudstones (Montividiu soil – M) and igneous basic rocks (Serra Geral soil SG). The samples were taken from plowed
soil layers up to 20cm deep, with textures of 80% sand, 17.5% clay for the Bauru soil, 47.5% sand, 50% clay for the
Montividiu soil and 27.5% sand, 70% clay for the Serra Geral soil. The soil compositions were defined by X ray
diffraction (XRD) analyzes performed at the IG / UnB Laboratory, in Rigaku diffractometer, operating with copper
anode and nickel filter, under 40Kw, 20 mA, 2o per minute. Bulk sample analyses showed quartz as the main mineral in
the three oxisoils, but in the clay fraction it occurs in minute quantities in B and M, disappearing in SG. Other
constituents identified by XRD in bulk soil analyses were gibbsite and kaolinite, variable amounts of anatase in M and
SG soils, hematite at samples B and SG, goethite in M and maghemite in SG. CTC (cmolc/dm3) and pH (CaCl2) values for
B were 4.51 and 6.33, respectively, 3.28 and 4.78 for sample M, 4.16 and 5.14 for sample SG. The mica schist dust had
grain size between 3.3mm and 0.3mm, abrasion pH of 9.28 and main oxides: 62% SiO2, 16% Al2O3, 7.5% Fe2O3, 3.5%
MgO, 2.7% Na2O, 2% CaO, besides trace elements. Its mineralogy, observed by petrography and XRD comprises quartz,
biotite, muscovite, chlorite and albite, besides trace amounts of garnet, epidote, tourmaline, pyrite, chalcopyrite and
pyrrhotite. The mixture of mica schist powder with soils on a ration of 5ton/hectare was packed in 4kg capacity pots in
three different settings: 1) plant free soil, 2) soil seeded with soybeans ( (L.) Merril), and 3) soil with corn
( ). All pots were left on a covered ambiance at room temperature (~25ºC) and ~50% humidity for 41 days
(until plain flowering) between January and March 2016 This work concerns which minerals, derived from the mica
schist, would be identified by XRD as mica, chlorite or smectite reflections in each soils. Mineralogical variations were
observed according to whether or not there were plants on the pots and in relation to the different plants. As a result,
mica was identified on all bulk composition XRD and smectite was observed on soil with corn, whereas chlorite could
only be noticed on plant free sample M, as a low intensity peak. Regardless of the treatment applied, micas on bulk
composition samples are resultant of their abundance in mica schist and on 0.33 mm grain size, while the chlorite peak
is absent due to its small proportion in the remineralizing rock powder. Clay fraction XRD analyses show variations for
residual mica schist minerals: whereas plant free soils present no remnants, mica and smectite can be found on soy
and corn samples in variable amounts. Mica remained on M samples with soy, also along with smectite on B and M
samples with corn. The lack of mica schist mineral reflections on SG soil can be related to its high amount of clays (up
to 70%). Another noticeable result was that the existing mica reflections in clay fraction indicate breaking by plant
action. Also, smectite can be interpreted as resulting from the interaction of corn rizosphere with mica schist dust. The
ongoing research shows that the relationship between soil and remineralizing minerals are influenced by: 1) soil
characteristics, especially the composition of the clay fraction; 2) presence or absence of plants, that may cause some
mineral fragmentation or transformation; 3) plant species, whose rizosphere acts in different ways on minerals.
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Mineralogy, chemistry and surface properties of Alberta oil sands: implications for non
aqueous bitumen extraction

Osacký, M, University of Alberta, Comenius University in Bratislava; Geramian, M, University of Alberta, Uhlík, P,
Comenius University in Bratislava; aplovi ová, M, Comenius University in Bratislava, Slovak University of Technology;
Pálková, H, Institute of Inorganic Chemistry, Slovak Academy of Sciences; Danková, Z, Institute of Geotechnics, Slovak
Academy of Sciences; Ková ová, M, Institute of Geotechnics, Slovak Academy of Sciences; Liu, Q, University of Alberta;
Ivey, DG, University of Alberta; Vítková, M, Czech University of Life Sciences Prague; Etsell, TH, University of Alberta

With 166 billion barrels of oil the Alberta oil sands deposits have the third largest proven reserves of oil in the world. In
commercial operations, shallow Alberta oil sands ores are mined by open pit mining techniques and bitumen is
extracted by hot water with caustic addition. For deeper oil sands ores, in situ methods such as cyclic steam
stimulation and steam assisted gravity drainage are employed. Typically, over 90% of the bitumen is recovered from
the oil sands using the open pit mining and hot water extraction process, whereas the in situ methods can only recover
up to 80% of the bitumen in place.

Applying organic solvents for bitumen extraction from the oil sands (i.e., non aqueous extraction) is an alternative to
the current commercial hot water extraction process. Non aqueous solvent extraction is currently undergoing
intensive research and development due to its potential for high bitumen recovery from low grade ores, a significant
decrease in water and energy consumption, and the elimination of tailing ponds, which are the major environmental
problems associated with the water based bitumen extraction process.

To predict the bitumen recovery and processability of Alberta oil sands, comprehensive characterization of mined oil
sands is essential. In the present work, we have examined the different types of oil sands (clay rich and sand rich) from
Syncrude’s Aurora and North Mines. Currently, both Syncrude’s mines account for 30% of the open pit mining crude oil
production from the Alberta oil sands. The main goal was to characterize the mineralogical/chemical composition and
surface properties of the bulk samples as well as the different size fractions of clay rich and sand rich oil sands in order
to find relationships among these parameters, which in turn will help establish a better understanding of their impact
on non aqueous solvent bitumen extraction.

Quartz, clay minerals, feldspars and carbonates were the main mineral constituents of the studied samples. Distinct
extractability of bitumen using toluene was observed for different types of oil sands, which is due to their distinct
mineral composition and surface properties. Significant correlations were found between mineral composition and
surface properties (cation exchange capacity and specific surface area) of oil sands with residual organic carbon
content after bitumen extraction by the Dean Stark procedures. The mineralogical data and pore structure
characteristics revealed that the efficiency of non aqueous bitumen extraction was significantly higher for coarse
grained, quartz rich oil sands in which the organic matter was distributed mainly at a scale of greater than 200 nm
compared with fine grained, clay rich oil sands where organic matter occurred as meso macropore filling material
within clay mineral aggregates.
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Monitoring and understanding the UV induced structural changes for functionalized smectites
and kanemite

Koteja, A, PhD Student, AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental
Protection, al. Mickiewicza, 30 30 059 Kraków, Poland; Góra ,K, MsC Student, AGH University of Science and
Technology, Faculty of Geology, Geophysics and Environmental Protection, al. Mickiewicza, 30 30 059 Kraków, Poland;
Matusik, J, PhD, AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental
Protection, al. Mickiewicza, 30 30 059 Kraków, Poland

Combination of inorganic layered structures with photoactive organic molecules leads to formation of new hybrid
materials with potential use in nanotechnology. Organic molecules which are sensitive to UV radiation include mainly
azobenzene and its derivatives. The azobenzene molecule upon UV changes its conformation from stable isomer
to metastable isomer, which is accompanied by the change of the molecules shape. Previous attempts to
incorporate azobenzene into the layered structures proved that this type of modification was possible. This lead to the
expansion of the interlayer space, and in some cases enabled the basal spacing control with the UV light [1, 2]. The
presented study aims to produce a series of azobenzene intercalated natural and synthetic layered minerals and to
indicate the most effective host guest combination in terms of the magnitude of d001 basal spacing shifts.

The starting minerals were: montmorillonite from Wyoming deposit (SWy), beidellite from Idaho deposit (BId) and
kanemite synthesized by the authors (Kan). The minerals were modified in a two step procedure: (1) ion exchange with
a series of alkyltrimethylammonium ions (Cn) and alkylbenzyldimethylammonium ions (BCn), where n=12, 14, 16 and
stands for the number of carbon atoms in the alkyl chain; (2) co intercalation of azobenzene (Az) from a vapour phase
using a teflon autoclave. Materials were thoroughly characterized with XRD, FTIR and elemental CHN analysis. The
samples were exposed to alternating UV (15 mW/cm2, 1 h) and Vis (sunlight) radiation. Photoactivity was monitored
with the XRD and FTIR methods.

Intercalation of ammonium surfactants resulted in the increase of basal spacing of all reacted minerals. In case of the
SWy and BId samples the d001 values varied from 16 to 26 Å, depending on the length of the molecule. The molar
content of surfactants corresponded to the CEC value of the smectites. Kan intercalates showed d001 values in a range
of 25 34 Å and no correlation with the organic cation length was observed. The presence of alkylammonium ions in all
samples was confirmed with FTIR spectra, where characteristic bands were visible at 3000 2800 cm 1 region (C H
stretching) and 1500 1450 cm 1 region (C H bending). Az intercalation caused further increase of the basal spacing of
smectites by 6 12 Å, where the d001 values reached up to 32 Å. In the case of Kan sample the interlayer distances
increase was less pronounced and reached 2 to 5 Å.

UV induced isomerization of azobenzene was confirmed in all samples by the IR spectroscopy. The 760 cm 1 spectral
band is sensitive to the presence of or –Az form. The intensity of this band increased significantly after UV
treatment and decreased to the initial state after Az relaxation. This was observed up to 3 cycles of alternating UV Vis
treatment. The Az isomerization influenced the basal spacing of intercalated materials, which was observed as a shift
of the d001 reflection in the XRD pattern. In the SWy intercalates the shifts were relatively small (up to 0.6 Å) and
irregular. Similar observations were made in the case of Kan intercalates, where only one sample showed a d001
decrease as large as 1.8 Å, while the rest of samples showed shifts up to only 0.3 Å. Most promising results were
obtained for the BId derivatives, where an evident d001 decrease was visible and it varied from 0.6 up to 2.1 Å. The
reaction was reversible upon Vis radiation and the d001 shifts occurred up to 3 cycles. The magnitude of photoresponse
depended on the type of pre intercalated ammonium salt. Larger effects were observed for derivatives with short
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chain surfactants (C12, BC12), which might be due to the lower surfactant density and thus enough space was provided
for the Az isomerization.

[1] Fujita, T., N. Iyi, and Z. Klapyta,
Materials Research Bulletin, 2001. 36: p. 557 571.

[2] Fujita, T., et al., Materials Research
Bulletin, 2003. 38(15): p. 2009 2017.
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Nano secondary ion mass spectrometry of kerogen nanopores in oil shale

Williams, LB, Ph.D., Arizona State University, School of Earth & Space Exploration, Tempe, AZ 85287 1404; Bose, M,
Ph.D., Arizona State University, School of Molecular Sciences, Tempe, AZ 85287 1604

Secondary ion mass spectrometry (SIMS) using a Cameca (Ametek) NanoSIMS 50L was used to map elemental and
isotopic variations in kerogen and clays in oil shale. Nanopores in kerogen are generally <200 nm in diameter, and
comprise up to 50% of the total pore volume of black shales1. The pores represent capillary sized channels through
which mature oil and gas leave the source rock, therefore one may determine if pores contain evidence of mature or
overmature products. NanoSIMS, with spatial resolution as low as 25nm, is the most sensitive method for analyzing the
composition of organic residues present in nanopores. The ability to measure isotopic compositions of hydrocarbons in
nanopores related to mature oil and gas may help to define productive intervals and can enable mapping directions of
oil and gas migration in shales.

Core samples were taken from immature, mature and over mature black shales of the Lower Bakken shale, from the
Williston Basin, North Dakota, USA. Samples were Ar ion polished to reveal nanopores in kerogen that increase in size
with increasing thermal maturity. Using a Cs+ primary ion beam, the distribution of C, H, and O in kerogen nanopores
showed that O/C ratios were 2.5 in pores >50nm and 1.25 in pores <50nm. The H/C ratios of pore hydrocarbons were
constant and matched the kerogen matrix. These results show that pore size relates to the chemical evolution of
generated hydrocarbons. However variations of C, H and O are affected by complicating variables and may be
misleading. Therefore we studied light stable isotopes not affected by redox changes.

Boron and lithium are heteroatoms associated with organic matter (plants, plankton), with distinctly light isotopic
ratios, compared to most minerals and natural waters2. They are released from kerogen at temperatures of
hydrocarbon generation, and they migrate in the associated fluids in abundances of 10’s to 100’s ppm. Here we show
that B and Li are associated with C in the kerogen matrix, not the clays intermixed with the organic
matrix. Furthermore, d11B and d7Li values measured in mature kerogen (Ro ~1%) are 20 30‰ lighter than the
immature (Ro ~0.5%) and overmature (R ~3%) kerogen. Isotopically light B and Li might be used to trace extractable
‘live carbon’ through kerogen nanopores. This information could lead to maximizing hydrocarbon return while
minimizing the number of wells drilled, which will reduce costs, reduce the use of water resources in the recovery
process, and reduce atmospheric impacts.

References
1Passey et al., (2010) Soc. Pet. Eng. paper 131350; 2Williams et al., (2012) GAC MAC Short course 42, Chapter 4.
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SYNTHESIS AND PROPERTIES OF IMPREGNATED ZNO SUPPORTED PHILIPPINE NATURAL
ZEOLITE

Olegario Sanchez, EM, PhD Student, University of the Philippines; Osonio, AP, MS Student, University of the Philippines;
Dahonog, LA, MS Student, University of the Philippines; Nakajima, H, PhD, Synchrotron Light Research Institute,
Thailand; Chanlek, N, PhD, Synchrotron Light Research Institute, Thailand

The growth of fungal pathogens during the postharvest of fruits and crops poses as a major problem in the farming
sector since several specie of fungi have already developed resistance against common anti fungal agents. To address
this issue, nanostructured materials were incorporated in packaging materials [1] due to their unique physical,
chemical, oligodynamic properties and thermal properties [2]. In particular, zinc oxide ZnO has attracted significant
attention in the past decade, attributed of the oxide’s biocompatibility at low concentrations. Moreover, studies have
shown that zinc oxide works as an efficient antibacterial agent due to the formation of free radicals leading to cell
death [3][4].

The challenge in the use of nanostructures, such as ZnO, is its efficiency that is limited by agglomeration. To improve
their applicability, fabrication of composites by incorporating these nanostructures in porous materials with large
surface area is explored. Among all matrices present, zeolites are considered the most favorable candidate as
supporting material because of its large surface area, thermal stability [2] and high ion exchange capacity. In this study,
zeolite was used as a carrier of zinc oxide nanoparticles for antifungal applications [5].

Natural zeolite samples from SAILE Industries, Mangatarem, Pangasinan, Philippines were preconditioned in a 3M
hydrochloric acid, soaked in 6h and a 4M sodium chloride solutions, soaked in 72h. The preconditioned zeolite is
washed several times with deionized water to remove Cl ions. It is then immersed into a 0.5 M ZnCl2 solution at room

temperature for the introduction of the Zn2+ ions into the framework. Thermal oxidation at 550°C was subsequently
carried out to obtain the ZnO species. The characterization of the composite was done using X ray diffractometry (XRD)
for purity and phase composition analysis, scanning electron microscopy (SEM) for morphological studies, X ray
photoelectron spectroscopy (XPS) and cyclic voltammetry (CV) for the assessment of the redox species encapsulated
within the matrix.

Inspection of the powder XRD patterns of the samples confirmed the stability of the zeolite framework exchanged with
Zn2+ ions. No shifts nor changes in the zeolite peaks were observed except for the change in intensity which can be
attributed to the change in crystallite size due to thermal annealing. Peaks for Zn nanometals, however, were not
prominent in the same XRD pattern; possibly due to the low concentration of the nanometal relative to the zeolite
template. It is apparent from the SEM micrographs that zeolite has a porous and layering surface features. After
thermal oxidation, Zn nanowires were found present on the within the framework. No anodic and cathodic peaks were
observed on the cyclic voltammogram curve of the uncalcinced Zn exchanged zeolite in Na2SO4. Specie such as Zn

2+ ion
is difficult to reduce unless a mercury based material was used as the electrode. On the other hand, cathodic peak at
0.12 V was observed after calcination at 550°C. XPS analysis showed the characteristic peak of Zn(II) at 1020 eV for the
uncalcined sample while a shift at lower binding energy after calcination which indicates reduction [6].

Keywords: Philippine Natural Zeolite, Clinoptilolite, Zinc Zeolite, ZnO supported zeolites

[1] H. Dogan, M. Koral, T.Y. Inan. “Ag/Zn zeolite containing antibacterial coating for food packaging substrates”,
J Plast Film Sheeting, 25 (2009), pp. 207–220
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[2] H. Pehlivan, D. Balköse, S. Ulkü, F. Tihmmlioglu, “Effect of zeolite filler on the thermal degradation kinetics of
polypropylene”, J Appl Polym Sci, 101 (2006), pp. 143–148
[3] O. Yamamoto, Int. J. Inorganic. Materilas, 3 (2001), pp. 643–646
[4] W. Jiang, H. Mashayekhi, B. Xing, Environmental Pollution, 157 (2009), pp. 1619–1625
[5] Andrea M. Pereyraa, Maximiliano R. Gonzalez, Vilma G. Rosato, Elena I. Basaldellaa, “A type zeolite containing
Ag+/Zn2+ as inorganic antifungal for waterborne coating formulations’, Progress in Organic Coatings 77 (2014) 213–
218
[6] Ting Gong, Lijun Qin, Jian Lu and Hao Feng, “ZnO modified ZSM 5 and Y zeolites fabricated by atomic layer
deposition for propane conversion”, Phys. Chem. Chem. Phys., 2016, 18, 601
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The Effect of HCl and NaCl Treatment as Preconditioning Techniques for the Philippine Natural
Zeolite

Olegario Sanchez, EM, PhD Student, University of the Philippines; Taaca, KL, MS Student, University of the Philippines

Various products of natural zeolites have been developed for industrial applications. These microporous crystalline
aluminosilicates are utilized in applications such as nanotechnology, heterogeneous catalysis, ion exchangers and
sorbents due to their rigid and stable structures [1][2]. Prior to the application of these natural zeolite to industrial
applications, it will require functionalization, doping and cation exchange to improve its properties [3]. Since the
natural zeolite has some impurities and contain ions that are needed in its industrial application, a pre conditioning
step is essential before subjecting these minerals to functionalization treatments. Some of the preconditioning
techniques being used are treatment of the natural zeolite with HCl, NaCl and heat treatment.

Natural zeolite granules, 3 5mm in size, from SAILE Industries, Inc. sourced from Mangatarem, Pangasinan, Philippines
were used in this study. Two pre conditioning techniques were done on the zeolites; namely, HCl treatment followed
by NaCl treatment. Zeolites were soaked in HCl solution, with varying concentrations of 1M and 3M, for 6h and 12h.
The zeolites were washed several times to remove chlorine ions, and dried, at 80°C for 5 hours. The acid treated
zeolites were then activated with sodium by suspension of zeolites with 1M, 2M, and 4M NaCl solution for 24h, 48h,
and 72h. It is and then washed several times with blue litmus paper until a neutral pH was achieved and no chlorine is
detected using a chlorine strip test. Drying as done afterwards at 110°C for 5 hours. After each acid treatment, the
Si/Al ratio of the zeolites are examined to determine the optimized parameters. Similarly, after each Na treatment,
the sodium treated zeolite is tested for its adsorption capacity with some metal. For this, AAS is used to determine the
metal content in the eluate ion exchanged with the sodium treated zeolite. Characterization techniques such as XRD,
XRF, and SEM were utilized to investigate the effect of pre conditioning treatments, to the mineral structure, chemical
composition, and morphology of the treated zeolites. The AAS, FTIR, and BET were also used to further examine the
metal content, functionalities, and surface area improvement of the preconditioned zeolite.

XRD revealed that the natural mineral has a phase composition predominantly of clinoptilolite. XRF showed that the
granules contain 67.21% silica, 13.61% alumina, 9.61% FeO, 2.51% CaO, 1.53% Na2O and some trace minerals.
Moreover, SEM images exhibited porous and plate like structures of zeolites. The acid treatment with HCl was
observed to increase the Si/Al ratio from 5.9 to 7.9 by de aluminizing the sample. Zeolites modified with 3M HCl with
12h soaking exhibited significant increase in the surface area. Thus, this condition was considered the optimal
parameter for acid treatment. Furthermore, acid treated zeolites modified with NaCl were shown to improve the
adsorption capacity of the minerals. It was observed thru AAS that zeolites treated with 4M NaCl and 72h soaking time
yielded the highest adsorption against the Cu metal.

Based from the results, the potential of Philippine natural zeolites can be maximized by conducting pre conditioning
steps prior to processing for industrial application. The acid treatment of zeolites was shown to be essential especially
in improving the porosity and surface are of zeolites thru dealumination. In addition, NaCl treatment of zeolites was
also observed to be significant as this treatment increases the potential of the mineral to adsorb metal ions by
replacing the Na+ ions inside the zeolite lattices as well as the outer channels of zeolite. Thus, this study considers the
3M HCl solution with 12h soaking time and 4M NaCl solution with 72h soaking time as optimal parameters for pre
conditioning the Philippine natural zeolites, without significant alteration on the phase composition, chemical
structure, and porosity, before subjecting them on other modifications
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The LDH based magnetic nanocomposites for the removal of As(V) and Mo(VI) anionic species

Maziarz, P, PhD student, AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental
Protection, Department of Mineralogy, Petrography and Geochemistry, al. Mickiewicza 30, Krakow, 30 059, Poland;
Matusik, J, PhD, AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental
Protection, Department of Mineralogy, Petrography and Geochemistry, al. Mickiewicza 30, Krakow, 30 059, Poland

In recent years, the synthesis and application of novel magnetic nanocomposites became an issue of intense studies in
the field of environmental remediation. Such nanocomposites are hybrids consisting of functionalized mineral based
materials and metal oxides nanoparticles. They are technologically attractive due to magnetic properties which
facilitate their separation from working medium. Among transition metal oxides nanoparticles, magnetite (Fe3O4)
gained considerable attention. In the present study synthetic layered double hydroxide (LDH) which is an anionic clay
was chosen as supporting mineral phase for Fe3O4 nanoparticles. This was to synthesize magnetic adsorbents that
exhibit anion adsorption properties.

LDH of Mg2+/Al3+ (2:1) type was synthesized using co precipitation method. The procedure of Fe3O4 nanoparticles
loading on LDH surface involved preparing a solution with Fe(III):Fe(II) ratio equal to 2:1. The prepared solution was
dropwise added to LDH water suspension, under vigorous stirring and pH controlled in the range of 9 10. The
composites were characterized using X ray diffraction (XRD) and infrared spectroscopy (FTIR). The mass ratio of Fe3O4

to LDH was set to 5% (LFe5), 10% (LFe10), 25% (LFe25) and 50% (LFe50). Additionally, the LDH Fe3O4 nanocomposites
were calcined at 400°C for 3 h (LDHK, LFe10K, LFe25K). The sorption properties were evaluated by measuring
equilibrium isotherms. These were determined towards As(V) and Mo(VI) for initial concentrations (Cin) range from 0.1
to 25.0 mmol/L. The initial pH were set to 5.0.

The XRD pattern of as prepared LDH revealed its characteristic reflections at 7.7 Å, 3.82 Å, 2.6 Å, 1.53 Å, 1.49 Å. After
coating the LDH with Fe3O4 nanoparticles additional diffraction peaks were observed. The d values confirmed that
magnetic Fe3O4 nanoparticles were successfully synthesized on the surface of LDH. The FTIR analysis allowed to identify
CO3 anions which occupied the interlayer space of LDH. In case of LDH supported Fe3O4 nanocomposites, CO3 and SO4

anions were identified. The presence of SO4 anions is connected to reagents used in Fe3O4 synthesis. For thermally
treated LDH Fe3O4 nanocomposites, the XRD pattern revealed the destruction of the typical LDH lamellae structure.
The appearance of broad peaks at 2.54 Å, 2.1 Å and 1.48 Å, indicated formation of mixed Mg/Al oxides. After reaction
of the LDH Fe3O4 nanocomposites with aqueous solution of As(V) or Mo(VI), the reappearance of basal reflection
indicated LDH structure reconstruction with intercalated As(V) or Mo(VI) anions.

The LDH Fe3O4 nanocomposites revealed very high efficiency of As(V) uptake. The values of adsorption capacity
measured for the Cin of 25 mmol/L were the highest for LDH and LFe10K and equal to 1295 mmol/kg and 1208
mmol/kg, respectively. The lowest but still satisfying adsorption capacity of 907 mmol As/kg was determined for the
LFe25 sample. It is worth to underline that for Cin of 10 mmol As/L the removal efficiency did not decrease below 90%.
In case of Mo(VI) the highest adsorption capacity was obtained at 25 mmol Mo/L, equal to 911 mmol Mo/kg, 880
mmol Mo/kg and 825 mmol Mo/kg for the LDHK, LDH and LFe10K, respectively. The lowest sorption was noticed for
the LFe25 sample. The removal efficiency was similar like in the case of As(V). For the Cin of 10 mmol/L, more than 92%
Mo(VI) anions were adsorbed. The exception was for LFe25, where the efficiency was much lower. In the case of
uncalcined samples the final pH (pHeq) decreased with increasing anion concentration. This results suggested
deprotonation of anions during ion exchange. For thermally treated samples the opposite trend was observed. The
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pHeq increased along with adsorbates concentration, as a result of structure reconstruction and uptake of H
+ from

aqueous solution.

The above results allowed to conclude that novel LDH based nanocomposites can be successfully applied as As(V) and
Mo(VI) adsorbents, with magnetic properties facilitating their separation from aqueous solution after use.
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Underestimation of smectite in clay minerals characterization by XRD due to the reaction of
dispersion agent with specimens containing pyrite

Stefani, VF, MSc, Argile Analytica Inc.; Ahmadi, Z, PhD, Argile Analytica Inc.; Younis, A, GIT, Argile Analytica Inc.; Iqbal, A,
PGeo, Argile Analytica Inc.

Proper identification and further quantification of clay minerals by X ray diffraction (XRD) requires an effective and
efficient means of de flocculation of clays. Clay minerals such as montmorillonite could coat larger particles due to the
charge attraction. Therefore, the extraction of clay minerals by separating particle size with less than 2 microns would
be compromised. Moreover, XRD analysis of oriented clays requires that the particles are well dispersed to avoid
aggregation and consequently poor orientation (Moore and Reynolds 1997).

To address this effect, specimens are exposed to dispersion treatment. The most commonly used dispersant,
NaHCO3 reagent with a mild basic pH, is capable to provide the sufficient negative charges required for dispersion to
occur and repealing of the crystals (Chorom et al. 1994).

Montmorillonite is one of the bad actors in oil and gas extraction practices. Even a minimum amount can drastically
reduce the permeability and hence the productivity of a reservoir. Therefore, its identification is extremely important
for oil producers (Buryakovsky et al. 2005).

Nevertheless, we have found that the presence of high amount of pyrite (˜10% or more) reduces the dispersion
efficiency when NaOH and NaHCO3 are used as the dispersing reagents. Consequently, inconclusive result for
montmorillonite has been obtained in some XRD diffractograms. Alternatively, dispersion by Na hexametaphosphate
(NaHMP) shows improved de flocculation effect resulting the appearance of montmorillonite in XRD diffractograms
even at lower pH compared to NaHCO3. The cause of this effect is under investigation. Chemistry of pyrite in aqueous
media is complex and various speciations could happen at different pH.

Moore, D. M. and Reynolds, R.C., Jr. (1997 , 2nd
ed. Oxford, New York: Oxford University Press.
Chorom, M., Rengasamy, P. and Murray, R. S. (1994), Clay dispersion as influenced by pH and net particle charge of
sodic soild. Aust. J. Soil Res, 32, 1243 52.
L. Buryakovsky, N.A. Eremenko, M.V. Gorfunkel, G.V. Chilingarian (2005), Geology and Geochemistry of Oil and Gas.
Elsevier. P 24.
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