46" Annual Conference
September 21 — 25, 2014




CMA 2014 Saskatoon Conference

46th Annual Conference

Table of Contents

2014 ConferenCe OrQANIZEIS ........cieeei i e e e e e e e e e e e eaees 3
g (0T | =T o RSP 4
LA o 1 16 o] o 1 SRR 5-6
Technical Presentations — Tuesday — September 23, 2014 ........coovviiiiiiiiiiiiininninnns 7-8
Technical Presentations — Wednesday —September 24, 2014 ........ccccooeeeeeeiviiiiveeieinnnnnns 9
ADSTITACES ... e e e e e e e e 10-24
B0l QT 71 (o] £ OSSR 25-27
0T oo =T ] SRS URRR 28

Page 2



CMA 2014 Saskatoon Conference

46th Annual Conference

2014 Saskatoon Conference Organizing Committee

Conference Chairperson
Jocelyn Allard

Conference Co-Chairperson
Clare Glennon

Administration
Chalcey Scopick

Website
Suzanne Johnston

Photoqgrapher
Eric Thiessen

Communications Advisor
Jocelyn Leung

Conference Assistance
Dinah Buhl

Behind the Scenes-Go to Person
Tangy Epp

Page 3



CMA 2014 Saskatoon Program

7 wiky

Sunday, September 21
5:00 - 7:00 p.m.

Registration Opens

Conference Foyer

7:00 - 10:00 p.m.

Pre-Conference Mixer

Terrace Lounge

Monday, September 22

8:00 a.m.

Breakfast

Adam Ballroom

Sponsored by Perkin EImer

8:30 a.m. - 12:00 p.m.

Workshops

Meeting Rooms

10:00 a.m. Coffee Break Meeting Rooms
12:00 - 1:30 p.m. Lunch Adam Ballroom Sponsored by VWR / Anachemia
1:30 - 5:00 p.m. Workshops Meeting Rooms

. . Sponsored by
3:00 p.m. Coffee Break Meeting Rooms Standards Council of Canada
5:00 p.m. Tradeshow Opens Convention Foyer

6:00 p.m. - 10:00 p.m.
Tuesday, September 23
8:00 a.m.

Opening Reception

Breakfast

Adam Ballroom

Adam Ballroom

Sponsored by Perkin Elmer

8:45a.m. - 12:00 p.m.

Technical Presentations

Adam Ballroom

10:00 a.m. Coffee Break Adam Ballroom

12:00 - 1:30 p.m. Lunch Adam Ballroom Sponsored by Inorganic Ventures
1:30 - 4:30 p.m. Technical Presentations | Adam Ballroom

2:30 p.m. Coffee Break Adam Ballroom Sponsored by LAVAL Lab

5:30 p.m. Shuttle to Gala Dinner Main Lobby Sponsored by Agilent Technologies

5:45 p.m. - 10:00 p.m.

Wednesday, September 24
8:00 a.m.

Gala Dinner:
(Keynote: Engin Ozberk)

Breakfast

Adam Ballroom

Western Development Museum

Sponsored by PerkinElmer

9:00 a.m. - 12:00 p.m.

Technical Presentations

Adam Ballroom

Thursday, September 25

9:30 a.m. - 12:00 pm

10:00 a.m. Coffee Break Adam Ballroom Sponsored by Agilent Technologies
12:00 - 1:30 p.m. CMA Business Lunch Adam Ballroom Sponsored by PANalytical

12:00 p.m. Tradeshow Closes Convention Foyer

1:30 p.m. CMA Business Meeting | Adam Ballroom

3:30 - 5:30 p.m. goefjvtvhog;ns?(aotgr:gsvan g;iii;iz i |t Sponsored by Thermo Fisher Scientific
6:00 - 10:00 p.m. Casual Networking g:g;:{;son Sponsored by Hudsons Saskatoon

Canadian Light Source Tour
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Workshops

MORNING WORKSHOPS - 8:30 a.m. - 12 p.m.
1. X-ray Analysis Workshop- Hosted by Bruker

Course content:
e Qualitative evaluation of matrix effects - quick and easy way to predict and apply
inter-element corrections.
e New online XRF analyzer for real time analysis mining.
e Multielement and sequential XRF instruments in complete automation laboratory for
analysis of mining samples.
e Quantitative XRD analysis using Topas software.

2. Making the Most of Internal and Management Reviews in Accredited Laboratories -
Hosted by CALA

Course Content:
e Overview of an internal audit
Selecting an effective audit team
Preparing for an audit
How to use the information from the audit
Overview of a management review
Connecting the management review to business results
Collecting data for the review
Presenting data (graphs, charts, reports, etc)
Creating an executive review

AFTERNOON WORKSHOPS - 1:30 - 5 p.m.
1. Process Mapping in an Accredited Laboratory - Hosted by CALA

Course Content:
e Overview of process mapping
Diagnosing a process
Process mapping
Constructing flowcharts
Process metrics
Implementing process improvement
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2. Solving Your Real-world Atomic Spectroscopy Challenges - Hosted by PerkinElmer

Course Content:

Optimizing your graphite furnace and flame AA

Used oils analysis

Characterization of coal and its by-products using borate fusions and ICP-OES analyses
Speciation applications update

FAST FIAS ICP-MS. High throughput analysis of high dissolved solids samples with
excellent detection limits and low carry-over

Techniques for creating robust ICP-MS conditions to accurately analyze complex
matricies

Full Day Workshop

An Introduction to Fire Assaying Workshop - Hosted by Quality Analysis Consultants

Course Content:

A Fire Assay Overview

Fluxes and their Application
- Introduction
- Flux and Reagent Properties and Uses
- Basic Fluxes
- Acid Fluxes
- Neutral Fluxes
- Oxidizing Fluxes
- Desulfurizing Fluxes
- Fluxing, Fusion and Cupellation
Fluxing Procedures
Roasting
The Fusion Process
Cupellation
Gravimetric and Instrument Finishes
e Gravimetric Finishing
instrumental Finishing
Platinum Group Elements
Units and Reporting
Trouble Shooting
Quality Control in the Fire Assay Process
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TECHNICAL PAPER PRESENTATIONS
Tuesday, 23™ September 2014

Time Presenter Title
8:45 am Russ Calow SGS Au and Ag FAS Gravimetric Study
' SGS Mineral Services
lan T. Campbell The Automatic Soft Press (ASP100) Revolutionary Improvement
9:05 am i P for Quantitative X-ray Diffraction of Heterogeneous Mineral
FLS Smidth .
Mixtures
_ Pamela Wee Quantitative Elemental Analysis of Geological Samples by ICP-
9:25 am . .
Agilent Technologies MS
_ Ryan Wilson A Case Study on the Improvement to Health and Safety Through
9:45 am . .
IMP Automation Automation
10:05 am Coffee Break
10:25 am Dr. E Post Characterization of a Crude Oil and a Green River Sample by
' NETZSCH Geratebau Gmbh | TGA-GC-MS
lan T. Camobell The Mammoth (Intelligent Powder Dosing System), a Significant
10:45 am i P Advancement in Sample Preparation for High-through-put
FLS Smidth .
Laboratories
Jeffrev Bown High Throughput, High Sensitivity Quadrupole ICP-MS Analysis
11:05 am ye of Geological Samples After Preparation by Lithium Metaborate
ThermoFisher .
Fusion
11:25 am Andrew Piotrowski Instrumentation for Mineralogy; Methods Include XRF, NR, XRD,
' Northern ANI and LIBS
11:45 am Dr. _Edgar PaSk.' Selection and Use of Calibration Algorithms in Assay Laboratories
Analytical Innovations
12:05 pm Lunch
Maureen Leaver Observations on the Data from Certified Reference Materials and
1:30 pm Proficiency Testing Program - Mineral Analysis Laboratories
CANMET, Canada (PTP-MAL) at CCRMP
1:50 pm Jeffrey Bown Developments in ICP-OES Spectroscopy: Exceeding Productivity

ThermoFisher

Through Proven Performance
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TECHNICAL PAPER PRESENTATIONS
Tuesday, 23™ September 2014 (Continued)

Wavne Blonski The Determination of Major Metal components in Sulphide Ore
2:10 pm A ilentyTechnoIo ies Matrices via the Agilent Microwave Plasma - Atomic Emission
9 9 Spectrometer (4200 MP-AES)
2:30 Coffee Break
2:50 pm Al Martin Mine Site to Laboratory: Geological Analysis Using Wavelength
U P Thermo Scientific Dispersive X-ray Fluorescence (WDXRF)
. Jennifer Anderson Sample Preparation for Quantitative X-ray Diffraction Analysis: A
3:10 pm : . . ,
Panalytical Comparison of Milling Techniques
. . Introducing Polarography and Hyphenated lon Chromatography
3:30 pm Dr. Parviz Shahbazikhah Techniques for Quantitative Analysis of Heavy Metals, Anions and
Metrohm Canada :
Cations
Coldblock Technology for the Determination of Gold in Ores:
350 pm Dr. lan Brindle Rapid, Accurate, and Reliable Method for Acid dissolution of
~UP Brock University "Difficult" mineral Phases. Elimination of Wash-In and Wash-Out
Problems for Glass- and Silica- based Introduction Systems
4:10 pm End of Day
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TECHNICAL PAPER PRESENTATIONS
Wednesday, 24™ September 2014

Time Presenter Title
9:00 am Pamela Wee The Determination of Trace Nobel Metals by the Unique ICP-
' Agilent Technologies MS/MS
9:20 am Wayne Blonski Dual View Minus the Wait - Introducing the Agilent 5100 ICP-OES
' Agilent Technologies with Synchronous Dual View Technology
9:40 am Ruiping Wang Method Development and Validation for the Determination of Fe,
) CANMET, Canada NB, and Rare Earth elements in Various REE Bearing Minerals
10:00 am Coffee Break
10:40 am Allan Ball Using X-rays to Optimize Efficiency in Mining Applications
' Panalytical
11:00 am Dr. Steven Creighton Improvements and Outstanding Issues In Quantitative Mineralogy
' SRC Minerals by XRD
11:20 am Lisa Van Loon Synchrotron Based Techniques for Mineral Exploration: Examples
' Canadian light Source from Trace Element Fingerprinting of Gold Mineralization
11:40 am Charles-OIiv'ier Arsenaut Back to the Basics of Fusion
Claisse
12:00 End of Presentations

Page 9




Technical Papers Presentations - Tuesday 234 September 2014

8.45 a.m.

SGS Au and Ag Gravimetric Method Study

Russ Calow

VP Global Geochemistry, SGS Mineral Services
Marika Labushagne

Technical Manager, SGS Geochemistry North America
Russ.Calow@sgs.com

A laboratory round robin study consisting of eight AMIS CRMS in Explorer Packs and one blank
material was carried out in March 2014 to assess the Geochem laboratory industry’s proficiency
with the Fire Assay Au/Ag gravimetric finish methodology. Five SGS labs and four outside labs
participated in the study. The study was designed to assess the quality of FAS Gravimetric
Au/Ag in the industry across a wide concentration and sample mineralogy range and to
determine what Au and Ag detection limits SGS should ultimately adopt for SGS’s Fire Assay
gravimetric methods, GO_FAG303, GO_FAG313 and GO_FAG333.

The round robin study clearly demonstrates that the analysis of Ag below 10 g/t and Au below
0.5 g/t is not viable by Fire Assay Gravimetric methods due to significant deterioration in quality
compared to wet analytical methods for Ag and Fire Assay wet analytical methods for Au.

9.05a.m.

The Automatic Soft Press (ASP100), a Revolutionary Improvement for
Quantitative X-ray Diffraction of Heterogeneous Mineral Mixtures

lan T. Campbell, Roger Meier, Lukas Bruzenak (FLSmidth)
Detlev Gotz (PANalytical B.V.)
lan.tcampbell@flsmidth.com

As the mining and mineral process industries trend towards quantitative mineralogy they are
becoming more dependent on the quantitative knowledge of the mineralogical phases present,
where X-ray diffraction (XRD) is in many cases the most efficient method . The increased
dependency on XRD has resulted in a higher demand for more quantitative full pattern XRD
analysis at different stages of the process. The indispensible preconditions for a reproducible,
repeatable and accurate result are the ‘perfect’ sample preparation, where the highest focus is
required to minimize the human factor and to eliminate/reduce as much as possible the
preferred orientation of the crystallites of different mineralogical phases during sample
preparation. The last one of the most critical steps in the process of sample preparation is the
pressing of the powder into a sample holder. There are various methods available to compact
the sample in the predefined space of the XRD sample holders and these include:
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e Front loading
e Back loading
e Side loading

e Transmission(glass capillaries) holder loading

The majority of these methods, with the exception of back loading, are not automatable and
therefore introduce highly variable and pronounced human factors into the process. Although
readily automatable the back loading method can cause pronounced preferred-orientation-
effect particularly when dealing with plate or stick shaped crystals. Thus analysts are
subsequently struggling with the compromise between repeatability and data quality.

The recent development of the automatic soft press machine (ASP100) opens an opportunity to
combine optimal reproducibility, user-friendly operation and lowest preferred orientation,
resulting in the best analytical results. The unique soft press applies a four core step approach
consisting of holder and bottom presentation, pouring of a defined sample amount, leveling
including random crystal orientation and soft pressing of the sample. This approach results in a
very statistical oriented presentation of the sample with a perfect defined surface and sample
height. The subsequent XRD measurement shows the perfect data for a full pattern quantitative
data analysis with the highest obtainable repeatability, reproducibility and accuracy, the ideal
precondition for a reliable analytical result.

This article will demonstrate the revolutionary method and its advantages based on examples of
different complex samples by comparing the various, in XRD mostly used, sample preparation
methods. The in-depth data interpretation of the achieved results clearly proves the capabilities
of the soft press in science, quality and process control.

9.25a.m.

Quantitative Elemental Analysis of Geological Samples by ICP-MS

Pamela Wee
ICP-MS Application Scientist, Agilent Technologies Canada Inc.
Pamela.Wee@agilent.com

The development of a rapid ICP-MS method for 58 elements in geological samples prepared by
a four-acid digest procedure will be discussed. For optimum detection capabilities and spectral
resolution, a collision reaction cell was used in the collision, reaction, and unpressurized
“standard” modes.

Practical considerations such as analytical run stability (i.e. tolerance to dissolved solids),
memory effects from “sticky” elements, detection limits, sample-to-sample throughput, are inter-
related. The more dilute the sample, the more stable the run, less carryover, and less
maintenance. The maximum dilution factor, however, is limited by the required detection limits.
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Hence, a system with combined excellent sensitivity and low background characteristics would
be most favorable for analyzing these types of samples.

Pure inert helium is used as a collision gas for the kinetic energy discrimination (KED) of
polyatomic interferences on most elements, such as “°Ar*°CI*, “Ca*ClI*, and *°Co'°0"* on mono-
isotopic "°As*. KED will reduce signal intensities but this can improve the signal-to-background
ratio. Although useful for the attenuation of intense signals from major elements such as mono-
isotopic Al and Mn, the optimization of KED for most trace elements is a balance of interference
reduction without sacrificing too much analyte signal.

Doubly-charged ions also interfere on many elements (such as *°Zr** on *°Sc*, "*°Nd** and
¥0Sm?* on "®As", °Gd?* on "®Se*), but they are not resolved by KED. In some cases such as
Se, a reaction mode using pure hydrogen was more successful than helium in resolving '**Gd*,
BKr*, Ca®Ar*, and *°K," from "®Se”.

Benchmarks for this study performed on the Agilent 7900x ICP-MS were accuracy, precision,

detection capability, and productivity. Results from the analysis of routine samples and
geological certified reference materials will be presented.

9.45 a.m.

A Case Study on the Improvement to Health and Safety through
Automation

Ryan Wilson
Technical, Engineering and Sales Manager, IMP Automation Ltd
Ryanw@impgroup.com.au

Automation is the future of laboratories and is being quickly adopted by the leading mining
companies, particularly in the Southern Hemisphere. This paper, drawing from information from
industry leading laboratories, will demonstrate that automated systems improve health and
safety. Focussing specifically on the difference automation made at the BHP Newman mine site,
this paper will demonstrate that the improvements in safety came hand in hand with
improvements to quality, throughput as well as operational costs.

At IMP we challenge conventional sample processing. Using cutting edge technology, the best
equipment available in the world, and collaboration with our customers, IMP consistently
delivers products and systems that improve health and safety for laboratory personnel while
also improving precision and accuracy of results produced and improving laboratory efficiency.
This passion for technology, innovation and change, together with forward thinking customers
has made IMP world leaders in our field.

To this end IMP Automation in conjunction with Herzog have developed many automated
systems that have been implemented around the world in every mining application. This
includes end-to-end systems that automate the entire process from sampling to analysis.
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10.25 a.m.

Characterization of a Crude Oil and a Green Kerogen Sample by TGA-
GC-MS

Dr. Ekkehard Post
Senior Scientist, NETZSCH-Geratebau GmbH
Ekkehard.Post@netzsch.com

A crude oil standard and kerogen samples from Green River formation were investigated by
TGA-GC-MS. The instrument configuration allows 4 different measurement modes, as event-
controlled, continuous, cryo and single mode. The advantages of the different GC-MS
measurement modes will be explained.

The measurement results show the thermal cracking products of a crude oil standard and the
Kerogen samples. The aliphatic and aromatic compounds as well as the sulfuric and inorganic
compounds were identified and will be depict versus mass loss and temperature.

10.45 a.m.

The Mammoth (Intelligent Powder Dosing System), a Significant
Advancement in Sample Preparation for High-through-put
Laboratories

lan T. Campbell

FLSmidth Automated Analysis Tecnology
Russ Calow

SGS Mineral Services
lan.tcampbell@flsmidth.com

The Mammoth is a versatile and robust sample dosing system that can significantly reduce the
reliance on laboratory sample preparation personal, increase method reproducibility and
improve sample turn-around-time. It is designed for accurate sample batch preparation for a
variety of analytical techniques including the most common geochemical applications such as
ICP, AAS, LOI, and Leco and can accommodate up to 7 different container types
simultaneously. Designed to meet the most stringent quality control procedures, complete batch
profiles can encompass a full suite of analytical blanks, standards and replicates.

New and patent protected technologies include an in-feed mechanism for bag samples, a
certified-reference-material dispensing system designed for minimal cross-contamination, two
parallel automated sample dosing and cleaning systems, and a multiple drawer out-put
mechanism for sample container exchange

This presentation will demonstrate the usefulness of the Mammoth and its advantages including
reduced labour-time savings, enhanced laboratory-safety, and overall enhanced quality control.
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11.05 a.m.

High Throughput, High Sensitivity Quadrupole ICP-MS Analysis of
Geological Samples after Preparation by Lithium Metaborate Fusion

John Schmelzel
ThermoFisher Scientific
kristina.johnston@thermofisher.com

The preparation of geological samples by lithium metaborate fusion offers a series of
advantages for applications in routine analytical geochemical applications such as exploration
geochemistry. In subsequent ICP-MS analysis of the fusion samples however, earlier ICP-MS
designs suffered from sample deposition on the interface cones that required frequent
maintenance and therefore limited sample throughput. Further dilution of the sample can be
used to limit deposition but only at the expense of worsened method detection limits.

In this presentation a new method will be described for the ICP-MS analysis of geological
samples after lithium metaborate fusion. Through a series of advances, including interface
design, analysis periods are on the order of days not hours, allowing for >1000 fusion analyses
to be processed per day without any downtime for maintenance. By prolonging periods between
maintenance, sample throughput is improved, especially important in price sensitive commercial
applications of ICP-MS such as exploration geochemistry.

11.25a.m.

Instrumentation for Mineralogy; Methods include XRF, NIR, XRD, and
LIBS

Andrew Piotrowski
Technical Geologic Consultant, Northern ANI
sophie@northernani.com

Purpose:

Outline the fundamentals of various non-destructive testing methods and applications for
analytical methods and quality assurance programs and services. The methods that will be
covered include: X-Ray Fluorescence (XRF), Near-Infrared (NIR), X-Ray Diffraction (XRD), and
Laser Induced Breakdown Spectroscopy (LIBS). Attendees should leave with a wider
perspective on how these different analytical instruments are operated, and how they are
utilized today.

Topics:
The main topics covered include X-Ray Fluorescence, Near-Infrared, and X-Ray Diffraction.

X- Ray Fluorescence will determine elemental concentration of a mineral generating a real time

assay, making mineral identification much easier. By knowing the elemental concentration we
can calculate our empirical formula for minerals with ease

Page 14


mailto:kristina.johnston@thermofisher.com
mailto:sophie@northernani.com

Near Infrared technology is being utilized today to determine mineralogy by matching near
infrared spectrum in the field to extensive mineral libraries supplied by such groups as the
U.S.G.S

X- Ray Diffraction is a non-destructive analytical technique used to identify crystalline phases,
orientation, and structural properties. Our XRD is currently on the mars rover determining
mineralogy of the red planet as we speak. XRD will also give us highly accurate quantitative
mineralogy.

Laser Induced Breakdown Spectroscopy is the newest technology on the market. LIBS has the
capability to determine light element concentrations such as carbon, boron, lithium, etc.

11.45 a.m.

Selection and Use of Calibration Algorithms in Assay Laboratories

Dr. Edgar F. Paski
Analytical Innovations
ed@edpaski.com

The majority of assay methods using instrumental detection assume a simple linear y =mx + b
type relationship between analyte concentration and either instrument response or a
mathematical transform of instrument response (e.g. pH, Beer-Lambert law). This assumption
ignores commonly encountered second and third order effects that may result in significant
departures from the simple linear model and may induce significant bias in assays. Examples
of higher order effects and calibration algorithms that provide workable solutions will be
discussed.

Specific topics covered:

e Evaluation of calibration algorithms during method validation for goodness of fit,
“linearity”.

o Why the correlation coefficient is not appropriate for assessing “linearity”, goodness of
fit, or acceptability of a calibration.

e Residuals: what they are, the important information contained in residuals plots, why
they should be used routinely in assessing calibration curves.
Handling outliers in calibration curves.

e Dangerous software features such as “slope update”, “force zero”.
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1.30 p.m.

Observations on the Data from Certified Reference Materials and
Proficiency Testing Program — Mineral Analysis Laboratories (PTP-
MAL) at CCRMP

Maureen E. Leaver

Coordinator, Canadian Certified Reference Materials Project, CanmetMINING, Natural
Resources Canda

Maureen.Leaver@nrcan-rncan.gc.ca

For the last 41 years, CCRMP has received data from laboratories worldwide for the preparation
of certified reference materials and for the last 17 years from the Proficiency Testing Program —
Mineral Analysis Laboratories (PTP-MAL). The amount of data is statistically large enough that
trends in methods, accuracy and precision become evident. Various examples from recently
released materials, the interpretation of data, and cycles of PTP-MAL will be discussed.

1.50 p.m.

Developments in ICP-OES Spectroscopy: Exceeding Productivity
Through Proven Performance

John Schmelzel
ThermoFisher Scientific
kristina.johnston@thermofisher.com

Innovation in ICP-OES spectrometer instrument design should not only produce an instrument
with best performance in sensitivty, stability and resolution but also one that is easy to learn and
use. Even in the most up to date laboratories there are significant roadblocks to productivity.
Inefficient software and traditional or unproven instrument designs increases cost and realibility
of analysis. This presentation will focus on sophicated and market tested technology that aid the
analyst achieve the desired result quickly, simply and efficiently. From the sample introduction
system, the solid state RF plasma generator, the optical design and the detector technology. All
this encompassed in an intuitive common software platform that can harness these hardware
developments to maximize productivity and simplify ease of operation.
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2.10 p.m.

The Determination of Major Metal Components in Sulphide Ore
Matrices via the Agilent Microwave Plasma - Atomic Emission
Spectrometer (4200 MP-AES)

Wayne Blonski
Application Engineer/Product Specialist, Agilent Technologies
Wayne.Blonski@agqilent.com

The range of concentrations in geochemical analysis can vary from major elements that are
present at percent levels, to trace elements that are present at sub ppm levels.

Flame Atomic Absorption Spectrometry (FAAS) has long been the instrument of choice for
geochemical analysis but with current trends in the market for lower detection limits, lower cost
of analysis, improved ease of use and improved safety, the Agilent 4200 MP-AES is shown to
be the ideal replacement for FAAS.

The Agilent 4200 MP-AES produces a robust and stable nitrogen plasma using magnetically
coupled microwave energy. This system provides superior detection limits, extended working
range and improved time of analysis for multi element determination compared to flame atomic
absorption. A nitrogen gas generator can be used to feed the plasma and source lamps are not
required. This significantly reduces operating costs while improving laboratory safety by
eliminating flammable and oxidizing compressed gases. The design and operation of this new
instrument for elemental determinations will be discussed. Methods developed and results
obtained for the multi-element determination of metals in sulfide ore certified reference materials
will be presented and compared.

2.50 p.m.

Mine Site to Laboratory: Geological Analysis Using Wavelength
Dispersive X-ray Fluorescence (WDXRF)

Al Martin
Thermo Scientific WDXRF Applications

Successful mining operations (e.g. open pit or shaft) need to maintain a quality production while
performing rapid sample analysis turnaround in a cost efficient manner. XRF has been shown
to be a viable instrumentation option, producing comparable results for various test methods by
ICP. XRF also offers a safer, faster, and easier sample preparation and handling than wet
chemistry methods.

XRF systems come in a variety of power levels, capabilities, and can report from the low ppm to
100%. This diversity offers the mining industry the ability to staff a facility with a simple
instrument to deliver the required analytical testing or, using individual instruments, to perform
specific analytical tasks. Actual ‘at the mine’ site testing can be accomplished through the use
of a small low powered XRF allowing screen analysis of daily excavation material and
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expansion samplings. The low powered XRF can characterize materials and in turn reduce the
number of ‘interest’ samples sent to the central facility. The central facility laboratory requires a
more versatile, high powered unit for lower limits of detection, a wider elemental range and a
more detailed analysis potentially with additional capabilities such as micro analysis and

mapping.

Examples of the versatility and capabilities of analysis using WDXRF systems for mining
applications will be discussed in this presentation.

3.10 p.m.

Sample Preparation for Quantitative X-ray Diffraction Analysis; a
Comparison of Milling Techniques

Jennifer Anderson
Application Specialist — XRD, PANalytical
Jennifer.Anderson@panalytical.com

State-of-the-art X-ray diffraction technology, including high-speed detectors and advanced
software allow for fast, reliable data collection and quantitative mineral analysis. However,
quality of results determined, depend as much on the sample preparation, as they do on the
hardware and software used for the analysis. It is not possible to correct for poor sample
preparation in the data analysis. Prolonged or excessively aggressive grinding may create heat
and large surface areas and lead to phase transitions, loss of crystallinity and chemical
reactions. A pyrrhotite bearing ore was powdered by different grinding methods and data was
collected on a PANalytical X'Pert Powder X-ray diffractometer. Phase identification and
quantitative Rietveld analysis were performed in the analysis package HighScore
4.0. Examples of differences in data quality and quantification accuracy are presented and
discussed. Slurry grinding in a micronizing mill with ethanol and agate grinding elements is the
preferred method observed in this study. The unique milling action of the micronizing mill
reduces particles to submicrometer sizes required for quantitative X-ray diffraction analysis
without damaging the crystalline material.

3.30 p.m.

Introducing Polargraphy and Hyphenated lon Chromatography
Techniques for Quantitative Analysis of Heavy Metals, Anions and
Cations

Dr. Parvix Shahbazikhah
Vincent Kennedy

Metrohm Canada
vkennedy@metrohmca.com

Apart from the determination of the total concentration, which is normally obtained with
spectroscopic methods, voltammetry is highly suitable to distinguish the different oxidation
stages of metal ions or differentiate between free and bound metal ions. This allows statements
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to be made about the availability and toxicity of heavy metals and makes voltammetry an
essential tool for environmental analysis. Comparable results can only be achieved by
spectroscopy after complicated separation of the metal species. Due to their compact size VA
instruments can also be used in mobile laboratories. Samples with high ionic concentration are
no problem for voltammetry. Not only metals but also various organic compounds can be
determined by voltammetry. VA techniques are used in organic chemistry. A substantial range
of anions can also be determined by voltammetry. The determination of environmentally
relevant anions like cyanide, sulfide, nitrite or nitrate is of particular interest. Some of the
advantages are: has extremely low detection limits, works in the presence high salt
concentrations, allows metal speciation and can differentiate between free and complexed metal
ions and can also analyze non-metals such as anions or organics.

Combustion lon Chromatography is the modern combination of pyrolysis and ion
chromatography. Combustion IC enables fully automated analysis of solids and highly viscous
samples. In contrast to previously employed methods, no time consuming manual steps are
needed in Combustion IC. Combining IC with an electrospray ionization mass spectrometer
(ESI-MS) or an inductively coupled plasma mass spectrometer (ICP-MS) solves even complex
separation problems while achieving outstanding sensitivities and selectivities. These so-called
hyphenated techniques provide valuable information for unambiguous peak identification and
are less prone to matrix influences than IC with conductivity detection.

3.50 p.m.

ColdBlock Technology for the Determination of Gold in Ores: Rapid,
Accurate, and Reliable Method for Acid Dissolution of “Difficult”
Mineral Phases. Elimination of Wash-In and Wash-Out Problems for
Glass- and Silica-based Introduction Systems

Yong Wang, Laura Boudreau, lan D. Brindle
Chemistry Department, Brock University
ibrindle@brocku.ca

Acid dissolution of gold-containing ores has been plagued by poor recoveries. G.E.M. Hall,
comparing agua regia (AR) digests with Instrumental Neutron Activation Analysis (INAA) noted
that AR results run, typically at levels that lie between 24 and 42% lower than INAA. In this
paper we will present results obtained, using the ColdBlock technology, with a novel mixed acid
digestion, that delivers results comparable to INAA, and close to certificate values, for a number
of certified reference materials with varying silicate and sulfide mineralogies. With processing
times of less than 15 minutes, that eliminate the need for perchloric acid and minimize the need
for hydrofluoric acid, this process should find application in contract labs and labs at gold mines
and mills. In addition, we present a convenient method to treat gold samples and standards that
stabilizes gold in solution, making samples stable for several weeks, and that do not exhibit the
prolonged wash-in and wash-out times that often characterize the silica- or borosilicate glass-
based sample introduction systems, commonly used in inductively coupled plasma
spectrometers.
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Technical Papers Presentations - Wednesday 24th September 2014

9.00 a.m.

The Determination of Trace Noble Metals by the Unique ICP-MS/MS

Pamela Wee
ICP-MS Application Scientist, Agilent Technologies Canada Inc.
Pamela.Wee@agilent.com

This paper explains how spectral interferences in ICP-MS measurements of the noble metals,
Ag, Au, Ir, Os, Pd, Pt, Rh, and Ru, are overcome by tandem mass spectrometry with chemical
resolution. The Agilent 8800x ICP-MS/MS consists of a collision reaction cell between two
quadrupole mass spectrometers, Q1 and Q2. A reactive cell gas is used to either react with the
analyte to be measured as its product ion (termed “mass-shift’), or it is used to react with the
interfering ions and the analyte is measured at its elemental mass (termed “on-mass”). In this
work, an ammonia/helium (1:9) mixed gas was chosen, yielding single-digit parts-per-trillion
detection limits.

Many potential interferences were investigated. Some of these interferences require mass
resolutions (M/DM) greater than 10,000, such as ZrO" on both Ag” isotopes, HfO" and TaO" on
Au® and Pt’, rare earth chloride ions on Ir' and Os®*, RbO", SrO*, and YO" interferences on Pd",
Cu”" and Zn" on Rh" and Ru".

Q1 is set at the analyte mass to stop all ions # the analyte mass within unit mass resolution from
entry into the reaction cell. This eliminates production of more interferences produced from the
reaction of co-existing elements with the cell gas. For e.g., in the on-mass determination of
'%pgd* using ammonia, Q1 rejects *°Zr" ions from entry into the cell, thereby eliminating all risk of
0Zr"NH* production. In an example of mass-shift determination, '*®0s* is measured as
'880s'NH"* at mass 203. Q1 stops plasma-generated **TI" from interfering with the Os adduct.

Q1 is unique to the Agilent 8800x ICP-MS/MS: it is a full mass spectrometer, operated under
vacuum, and precedes the reaction cell. This configuration is vital to the successful and simple
implementation of chemical resolution in ICP-MS. Results for the reduction of several
interferences down to sub parts-per-billion levels and less will be presented.

9.20 a.m.

Dual View Minus the Wait — Introducing the Agilent 5100 ICP-OES with
Snchronous Dual View Technology

Wayne Blonski
Application Engineer/Product Specialist, Agilent Technologies
Wayne.Blonski@agilent.com

The Agilent 5100 ICP-OES revolutionizes ICP-OES analysis. It is designed to run samples
faster, using less gas, without compromising performance on difficult matrices. The 5100 SVDV
features unique Dichroic Spectral Combiner (DSC) technology that selects and combines axial
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and radial light from a robust vertically oriented plasma, in a single measurement covering the
entire wavelength range. This capability, together with the high speed VistaChip 1| CCD detector
and the innovative SVS 2+ switching valve, provides the fastest sample throughput and the
lowest gas consumption per sample of any ICP-OES. Additional technologies such as the
vertical torch with axial viewing and Cooled Cone Interface (CCI) also contribute to the 5100’s
ability to analyze high Total Dissolved Solids (TDS) samples with an excellent linear dynamic
range. Both of these performance benefits minimize the need for additional sample dilutions or
multiple readings of the same sample, further improving sample throughput.

Data will be presented to demonstrate the unique and robust capabilities of this new instrument
with examples of geochemical analysis.

9.40 a.m.

Method Development and Validation for the Determination of Fe, Nb,
and Rare Earth Elements in Various REE Bearing Minerals

Ruiping Wang, Katherine Casey, Yvonne Boucher, Duane Palmer, Barry Joyce, and Ceferino
Soriano

Analytical Services Group, Laboratory Services, CanmetMINING, Natural Resources Canda
Ruiping.Wang@nrcan-rncan.gc.ca

An analytical method has been developed for the determination of Fe, Nb, and rare earth
elements (REEs) in the materials containing ankerite, barite, cebaite, monazite, and Ba-Ca-Sr-
Mg carbonate etc. minerals.

Three commonly used digestion techniques, including fusion, open-vessel acid digestion and
microwave-assisted acid digestion, were evaluated in order to establish an effective, rapid and
simple dissolution procedure for these samples. The resulting solutions were analyzed by
inductively coupled plasma - atomic emission spectroscopy (ICP-AES) and inductively couple
plasma - mass spectrometry (ICP-MS). The accuracy of the analytical approaches was
assessed with a wide range of certified reference materials such as GRE-02, MP-2a, REE-1,
SY-4, and WPR-1a. In addition, the validity of the results was verified using a material balance.

10.40 a.m.

Using X-rays to Optimize Efficiency in Mining Applications

Allan Ball, Uwe Konig, Jennifer Anderson
PANalytical
Jennifer.Anderson@panalytical.com

The mineralogical composition and not the elemental composition, determine the quality of the
ore. Detailed information of the mineral phases and fast online analysis lead to a better control
of processes and optimized efficiency. This paper demonstrates the benefits of laboratory X-ray
diffraction (XRD) and online pulsed fast and thermal neutron analysis (PFTNA). Four mining
case studies are presented: mapping of gold ore bodies; sorting of goethitic ore grades;
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quantification of magnetite iron ore and the analysis of nickel ores. Valuable information is
obtained using state-of-the-art technology, including high-speed detectors and advanced
software. Data analysis methods include the Rietveld approach and cluster analysis. Rietveld
analysis will provide an exact and reliable quantification method for simultaneous quantification
of all phases. Cluster analysis greatly simplifies the analysis of large data sets acquired in drill
core studies and can be used to map certain mineral assemblages within an ore deposit. This
paper illustrates the advantages of direct mineral analysis in the mining industry, from geological
prospecting, ore grading and blending to emission control and energy consumption.

11.00 a.m.

Improvements and Outstanding Issues in Quantitative Mineralogy by
XRD

Dr. Steven Creighton

Research Scientist

Saskatchewan Research Council, Minerals
Creighton@src.sk.ca

Quantitative analysis of mineral abundances using X-ray diffraction (XRD) has been in
development for many decades but there still a lack of standardized methodology for XRD
analysis. The introduction of whole-pattern fitting methods (e.g. Rietveld) lead to a significant
improvement in mineral abundance quantification by allowing for correction of peak-overlap
interferences and eliminating the need for extensive calibration curves and the complexity in
obtaining suitable standard suites required. Despite these major advancements, there is still a
need for more research into XRD data interpretation methods in order to overcome outstanding
obstacles to accurate and repeatable mineral quantification. The sources of errors in XRD
analysis extend down to the fundamental problem of mineral identification, often hampered by
peak overlaps in complex rocks, and up to the selection of appropriate reference diffraction files
and relative intensity ratios.

The quantification routine now being used for interpreting XRD data at SRC involves a second,
or sometimes a third, method to assist in the identification of minerals present. These secondary
methods can include bulk-rock analysis by XRF, qualitative mineral identification by SEM EDX
or even electron probe microanalysis, when deemed necessary. Using this additional
information, minerals can be identified that are appropriate for the bulk composition and
consistent with known mineral associations (e.g. the mutual exclusivity of quartz and nepheline
in granitoids). Quantification is completed using a whole-pattern fitting method with internally
consistent, empirically-derived relative intensity ratios. Using this method, reproducibility, as
demonstrated using sample duplicates, is typically between 1-2% and inter-operator
consistency is better than 5%, absolute.

Future goals for XRD analysis should include a focus on standardizing methods for quantitative
analysis and clarifying the role of standard reference materials in mineral abundance
quantification.
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11.20 a.m.

Synchrtron-based Techniques for Mineral Exploration: Examples from
Trace Element Fingerprinting of Gold Mineralization

Lisa L. Van Loon

Industrial Staff Scientist, Canadian Light Source Inc.

Neil R. Banerjee, Jessica Stromberg, Liana Stammers
Department of Earth Sciences, Western University, London, ON
Lisa.VanLoon@lightsource.ca

Synchrotron-based experimental techniques including X-ray fluorescence (SR-XRF)
micropropbe, X-ray absorption near-edge structure (XANES) spectroscopy, and Laue X-ray
diffraction (XRD) are useful non-destructive tools for mineral analysis and exploration. The low
natural abundance of trace elements in naturally occurring systems often precludes more
traditional geochemical analyses. The high photon flux from a synchrotron provides the
chemical sensitivity required for identification of trace elements dispersed within a host matrix.
In addition, the beam brilliance enables spatial mapping of small-scale heterogeneity in element
abundances.

Trace element associations in gold bearing sulphide minerals provide important information
regarding the nature of mineralizing fluids. Using synchrotron-based uXRF mapping, micron
scale growth halos, and correlations between gold and other trace metals can be resolved.
From XANES analysis, the oxidation states and chemical speciation of these elements can be
elucidated. This information provides insights into fluid evolution, mineralization conditions and
depositional history as well as controls on mineralization and gold remobilization that can be
applied to a myriad of deposit types.

11.40 a.m.

Back to the Basics of Fusion

Charles-Olivier Arsenault
Claisse
carsenault@claisse.com

After presenting a new and universal sample preparation method for iron ores and iron ores
exploration materials in 2012 and 2013, Claisse is back with the basics of sample preparation
by borate fusion.

The first part of this year's presentation will cover the basic science regarding sample
preparation by fusion and the chemistry behind this method used for oxidized samples. The
second part will be about the chemistry surrounding the semi-oxidized or non-oxidized samples.
Some additional information such as the selection of fluxes for different applications, the
conditions that cause cracking in beads, and the oxidation techniques for different types of
materials will also be discussed in this part of the presentation.
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Finally, the keys to properly do sample preparation method by fusion will be presented. This
third part will cover important factors to consider while developing a new method of sample
preparation by fusion. It will help to solve any issues in laboratories and will help avoid problems
regarding sample preparation by fusion.
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