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@ Why are OSA Systems required

HEATH & SHERWO0OD

« Mineral Processing industry processes ore
* Ore contains metals of interest (Cu, Zn, Ag, ...)

* Ore Is upgrade to a concentrate in several
stages, different circuits

« Each stage requires precise control to maximize
a plants profitability (grade vs recovery)

« XRF measures element content (%Cu, %Zn, Ag
ppm, ...) at different stages which is used for
process control

Heath & Sherwood
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Why are analysis's required

HEATH & SHERWO00D

* To control grade and recovery in a flotation
circuit (Quality Control)

— Grade - is the total element content in a sample ( feed, conc.,
tails)

— Recovery - % of element recovered from the ore

« Some flotation control parameters

— Assay based control can be implemented for plant optimization
— Air addition and level controls on flotation cells

— pH (acidity) of the slurry

— Density of slurry

— Amount of flotation chemicals, collectors, frothers, etc.

Heath & Sherwood
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Sampling Systems

'«7 d required for Analyzers
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Sampling Points

HEATH & SHERW00D

Concentrate

Heath & Sherwood
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HEATH & SHERWO00D

Decide Type the of Samplers Required

« Metallurgical Samplers

Metallurgical reconciliation (Feed, Concentrate, Tails)
Requires samples that represent actual metal grades
Composite samples for laboratory analysis

 Process Control Samplers

Concentrate and tailings of each stage of the flotation process
Requires sampling to verify tendencies in the process
Important for maximizing metal recovery

Feed for On Stream (OSA) and Patrticle Size (PSM) Analyzers
Requires 8 to 12 m3/ hr continuous sample

Metallurgical Samplers can be used for Process Control but NOT
VISA VERSA

Heath & Sherwood
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Process Control Samplers -Bias Note

HEATH & SHERWO00D

 Process Control Samplers
— These kinds of samplers contain a bias

— This bias changes over time due to changes in feed tonnages,
particle size, densities, flow rates, pressure, etc.

— There can also be a constant bias plus a fluctuating bias

— There was paper (Measurement Issues In Quality “Control”)
presented by Brian Flintoff in1992 at a CMP conference which

stated: “Clearly, no bias can be accepted” as it pertains to OSA
composition measurements

— If the sample feed to the OSA is biased, the result is biased!!!
— Not sure where the idea of PCS came from!

Allowing that the scenario described above is reasonable, and in particular the
grade (~*+1%) and recovery (~+0.5%) changes could be typical, it is possible to
comment on the allowable noise in the OSA composition measurements. Clearly,
no bias can be accepted (a most difficult condition to meet in view of matrix,

particle size and pulp density effects). Heath & SherWOOd
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@ Decide Type the of Samplers Required

HEATH & SHERWO00D

 Proper sampling engineering is required ensure
samples are readily available to the OSA and are
representative

« Sampling systems require periodic maintenance
« Sampler cutters can get plugged
« Sampling lines and pumps can sand out

Heath & Sherwood
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HEATH & SHERW00D

Linear Sampler

Cutters and Cutter Caps

Very Easy to Install = designed to suit each application
= no special 10ols required = gnsures correct increment delimitation
= ensures high operating time and exdraction

= construction materials
- carbon or abrasion resisfant steel
Process In - molded polyurethane
Cas - stainless steel
-others on request

with low maintenance

— Continuous Electric Drive System

= ensures uniform cutter velocity
through the material stream

= non-reversing motors last fonger

= intermittent and continuous operation

Drip Rings

seliminates
contamination

B, Of sample

& winside and

outside of

Low Profile Extra Heavy Duty
Carriage and Frame

= culter carriage mounled on rail supported
by steel rollers and urethane thruslers

Arsts Concegt

ICE™ Integrated Cutter Enclosure
= £asy inslallation into circuit piping
= available with open or transition bottom outlels  Inspection Doors
= saves time with sampler installation
= madular rubber lined steel design

Sample Outlet

= convenient location for  wfeed to secondary sampler or
cutter cap replacement sample pumy for analyzer feed

= protects sampler mechanism from splashing and maintenance

sampie launder

Metallurgical Samplers

They cut completely across the stream

Rotary Vezin

Slhurry flow in

—4— Cutter Cap Technology

i = latest improvements

= easily replaceable one-
piece cap is always

Rotating installed correctly
Sample Cutter £

= independent cuiting

= radial openings with Extra Large

minimurm 1.5% 3 .- f
cuter apening -oon_w[ement for cutter
. : maintenance
1 1o 4 cutters available = hinged with laiches for
£asy a00ess
Multiple Installation Rubber Lined Inner Surface

Configurations
= can be open bottom for
mounting on pump box

= nalural rubber and neoprene malerial
= other special lining materials
available on request

AY
v
sarmgle out

arlists
cancept

Transition Connection
= pipe flange also available

W
Slurry flow out

Heath & Sherwood
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HS Process Control Samplers

HEATH & SHERW00D

Thief cutters

Pressure Pipe Sampler
%

Sample Out

Sample Connectors
wreplaceable rubber lined

sample nozzle Process Flow Out

» computer modelling for to Next Stage
sizing each nozzle 1o the
application
Process Connections
= installs on a vertical
process line near pump
discharge
Slurry Mixing Rods Rubber Lined
= furbulence rods promote Inner Surface
proper mixing = prevents wear
= replaceable UHMW = special lining materials

are available
= hot vulcanized process
= prevents separation of
rubber from mefal
surface

polymer covers

Typical Applications
» middling streams in

concentrate
sclek Cicapt Process Connections
= installs on a verlical
process line near pump
discharge
= gvailable connections
- ANSI150#
- victaulic
Process Flow In
from Pump

Gravity Flow Sampler

Cutter Cap
Inspgcﬂon Door =replaceable while process
=positive seal is flowing

=lhreaded handle nuts wavailable with various
= Cutter openings
Process Connections Sk fow eSS
= installs on horizontal
process lines
= {langed or victaulic

connections

Cutter Body

= ;emoved from top

= jnterchangeable cutler cap

= replacement withoul

it Cuncent stopping process

Sample Exit

= non-festricted tlow
Rubber Lined Inner Surface = backwashing is eliminated

= prevents wear by allowing all slurry

= special lining malerials are available entering cutter body to exit

= hot vulcanized process eliminates the = fakes parl of the stream
problems associated with cold vulcanizing all of the time

Heath & Sherwood
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Poor Samplers
Home Made

HEATH & SHERW00D

« OSAanalyzes what it is
presented

» Biased samples produce . ==

biased assay results f;m‘ .1

« “Garbage In - Garbage
Out’

Coarse Particle HBias

Heath & Sherwood
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OSA System Overview

HEATH & SHERWO00D

Layout

« Samplers provide sample to
the MXA's

* Return lines go back to the
process

« MXA's direct a single
sample to the probe to be
measured

« CSA Sampler for calibration

 Assay results generated J
and sent to plant's DCS and 1 g
displayed locally

Ethemet/Serial link

Heath & Sherwood
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S Interlocking safety

Electromagnetic/Mechanical
Visual Indication

Reference control

Reference position detect

g

o
S Cell closed Cell closed
= detect by detect by
O electromagn ic mechanical
HV control

Probe electron Set

Com with main
controller

Heath & Sherwood
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Radiation safety

. RadiationSafety
Certified By Institute of Canada

Institut de radiepretection du Canada

HEATH & SHERW00D
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Al Electrical safety

HEATH & SHERW00D

Intertek AUTHORIZATION TO MARK

This the of the C: Mark(s) shown below to the models described in the Product(s)
Covered section when made in ac with the ¢ i set forth in the Certification Agreement and Listing
Report. This authorization aiso applies to multiple listee model(s) identified on the correlation page of the Listing
Report.

This document is the property of Intertek Testing Services and is not transferable. The certification mark(s) may be
applied only at the location of the Party Authorized To Apply Mark.

Beljng General Research Institute of Beipng General Research Institute of

Applicant: Mining & Metalurgy Manufacturer: Mining & Metasurgy
. Builaing 23, Zone 18 of ABP, N0.188, . N0.22 Bexing Road(east), Daxing
Address: 5o gth Ring Road West, Beijing Addrass; District, Beijng
Country: China Country: China
Contact: Ms. Wang Shiran Contact: Ms. Wang Shiran
Phone: (86) 10-59069798 Phone: (86) 10-59069798
FAX: (86) 10-59069791 FAX: (86) 10-59069791
Email: wangshiran@bgrimm.com Email; wangshiran@bgrimm.com
Party Authorized To Apply Mark:  Same as Manufacturer
Report Issuing Office: Intertek Testing Services Shanghai Limited - (
Control Number: 5002247 Authorized by: \ {
Thomas J. i Manager
ETL CLASSFIED
c us
Intertek

This document supersedes all previous Authorizations to Mark for the noted Report Number.

This Acthcrzaton & AR 13 4 1N ERCUSRE U2 f IREnt's CAERE 3N 3 SrOVIORd PUrTLant IS the CAMSCHNON D5REmant Setenes Imteriek 3nd 3 Mt Interiek's RsponTiiy and danety e
TGRS 1 e RreS SN COMBIOAS O Ihe STEEAL FIRIEN Btumes B FODST) 10 887 S0%. SIS AR I e SHEAL I BCOIASINGE WIR The BOREREnL Y 3% 015, XDerse O SI0E SCCISRARS
By P te of T AdRorzaton 10 Man. Ony e Cient & ® 53 ntety. U3 of mtmers Cowtcaton man 3
IS 1 B CONSIAND 6 S e DFTEmEnt 060 I INT AUROFRINON 1o LS. Aty W’ iie o Ihe et A9ee B Ihe S0 & BIVErIEnt of Phe lelied Malens, Sraduct of Servee must

7350 MOSTEVRS M WFENG By ML SN FICIy ASMSETANT 303 FODR 4 SANAIRE 9 1 T DUDOR O JEENG SCIISTNR VEAGE O e SATACHION MR I BCCOREINGE W T
arvemere. vy sucses e 3 esgect

Intertek Testing Services NA Inc.
545 East Algonquin Road, Arfington Heights, IL 60005
Tedephone 800-345-3851 or B47-439-5667 Fax 312-283-1672
3 - alety requirements Jor Slecincal equipment 1or meast 1
Part 1: General requirements
UL 61010-1, Ed. 3, Rev. 91172012,

Standard(s): for Safety for for control, and laboratory use
Part 1: General requirements
CAN/CSA C22.2 No. 610101, Ed. 3, Rev. 51172012

[Product: On-stream X-ray TROTESCence analyzer

lelandhlame: @
W S A e EORTS Heath & Sherwood
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What iIs XRF

HEATH & SHERWO00D

« X-Rays are part of the electromagnetic
S p e Ctru m Energy (keV) 175 0.1|25

| Xy [ OV [
[ N N N

Wavelength (nm) 0.001 0.01 0.1 1.0 100 100 200

* They interact with matter — ionizing.

O Characteristic photon

P A

Incoming photon
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¢ e C"AQ/
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Expelled electron
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What iIs XRF

HEATH & SHERWO0OD

* The basic principles

— Excite the characteristic x-rays of the elements
— Measure their intensities
— Calculate concentrations from intensities

* The energy (or wavelength) -> the element

— FEach element’s (Cu, Zn,...) energy is unique

* The element intensity -> the assay of
element

— The higher the intensity, the greater the % of element

* Equations are derived to calculate assays
from intensities. This is called calibration.

Heath & Sherwood
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Measuring Range
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Periodic table of elements
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HEATH & SHERW00D

50 p thick

Imm sensitive layer

Controlled turbulent flow in the sensitive
Layer provides a representative
Sample and prevents scaling

Sample in 25L/min

Sample out

ANALYZER PROBE

ED & WD Measuring Principle

LOCAL USER INTERFACE

WDX+EDX CHANNEL(up to 5)
Semiconductor

detector

Spectrometer

Cu | Fe pensitr
ook 8.00% 000 =

SAMPLING CONTROL

Cylinder EDX CHANNEL(1 for a total of 6)

[Reference actuator

COOLING AND TEMPERATURE CONTROL

Rittal A/C

Data bus

Heath & Sherwood
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Amptek Detector

HEATH & SHERW00D

« Compact integrated system

« Used for XRF Instrumentation

« Si-PIN and SDD types used

« 2-stage thermoelectrically cooled
« Energy range 1keV to 40 keV

*  Si-PIN resolution 145-260eV FWHM @ 5.9keV X-Ray Fluorascence from Cd
* Si-PIN Maximum count range 200,000 cps " e Mo o

Counts

« SDD resolution 125eV FWHM @ 5.9keV
« SDD Maximum count range 100,000 cps

o 2 4 6 8 10 12 14 16 18 20 22 24 26
Energy (keV)

Heath & Sherwood
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Spectrum Displays (ED & WD)

HEATH & SHERW00D

* Photons go into a detector and are converted to an electrical pulse, where the amplitude of
the pulse is proportional to the photon’s energy

* Thousands of pulses produce a spectrum
* Energy dispersive channels have a continuous spectrum of all energies
* Wavelength dispersive channels have a filter to reject unwanted energies

ED Channel WD Channel

Heath & Sherwood
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XRF - Calibration

HEATH & SHERWO00D

* From the spectrum results, the count rates (intensities) of each element are
calculated. At the same time a sample is taken from the analyzer and assayed
by the lab.

« These count rates and lab assays are then used to calculate the element
content in the slurry based on a derived formula
— %Cu=A + B* Cu Counts
- %Zn=A+B*ZnCounts + ..........

« Formulas are derived using a regression analysis program

S (e

1546.845
1650.881

738251
6 894369 571926 1511161
7 8 593,848 1524.012
s 921812 564,402 1716818
9 89 1733.073
10 902243 548295 1489.777
5715917 1151015
“ 959.987 842323 2201488
15 871795 593,350 1560.160
16 877431 542012 1325.146
1242.42

Heath & Sherwood
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Channel Sets and X-Ray Tube

HEATH & SHERW00D

Heath & Sherwood
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Dedicated Channel Processor

HEATH & SHERW00D
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Probe Electronics

HEATH & SHERW00D

 Houses XRF excitation and
detection electronics, control
electronics, calibration
sampler and slurry flow cell

.....

.
. 0

. -~
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@ usrnigk (
o Heath &
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Probe Control Set

HEATH & SHERW00D

* Houses controllers for MXA's, main controller and a display for operators

Heath & Sherwood
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Multiplexers

HEATH & SHERW00D

+ Used for sample preparation, de-aeration of sample, and feeding sample to the probe
« MXA and probe flow cell are flushed with water after each sample is measured
« Used for composite / shift samples

Sample in port

Flexible
Flush Water Rubber hose

h
N ! /7

e

!1 1\ " \,

i \

Filter screen ——t - Cylinder

14
1L
Stcam\kl

Level switch '\ TP Components sample
o Distributor box
Sample export
4\ Bypass exprot

Heath & Sherwood
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HEATH & SHERWO00D

Type
Floati
Address Data D? e
Decimal
(F)
30001
¥ 1 of SN F
30002
30003
MV 2 of SN F
30004
30005
MV 3 of SN F
20006
30007
MV 4 of SN F
30008
30009
¥ 5 of SN F
20010
30011 0 & of SN F

38

DCS Modbus — Assay Data

Heath & Sherwood
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DCS Modbus — Assay Data

HEATH & SHERWO0OD

Alarm tvpe Value
Address flarm information Inteze
ID 0 1
ril)
=110l 1 [1]Cauticn light for ¥—rav failure I normal abnormal
21102 2 [2]Meas cell open failure I normal abnormal
31102 2 [3]Meas cell close failure I normal abriormal
31104 4 [4]¥-ray tube not on the right position I normal abneormal
31105 5 [5]3{—1"3?,? ’Euhe inner temperature over I normal abnormal
upper limit
31106 B [6]Meas cell film broken I normal abnormal
21107 T [T]Insufficient air pressure I normal abnormal
21108 a [.B]}i—ra}f tube surface temperatire too - normal abnormal
hizh
31109 g [3]4nalvser temperatire too high I normal abriormal
21110 10 [10]E-ray tube current lower than the set I nornal Abrornal
value
91111 11 [11]%-rav tube voltage lower than the set I nornal hnormal
value
21119 12 [12]%-rav tube current upper than the set I noral ahnornal
value
31117 i3 iifﬂl}é—ray tube voltage upper than the set I nornal abnornal

Heath & Sherwood
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HEATH & SHERW00D

Installation Example

Doe Run - Fletcher Mill

40 The legend continues
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BOXA Benefits & Advantages

HEATH & SHERW00D

e New construction

e Majority of critical electronics' parts are from proven US
suppliers

e Cabinet is large enough to allow easy access for maintenance,
not cramped - Rittal

e SI-PIN / SDD detectors output spectrum to ARK PC, no
requirement for separate HV, Pre-amp, and pulse processing —
Amptek (they have a detector on the mars probe)

e Reference is outside and mechanism is air driven, easier
maintenance, no springs (fatigue), more reliable, no extra
openings in x-ray tube housing (radiation and tlght tolerances)

e System is air cooled
e X-ray tube is oil cooled, oil is air cooled, one unit - Varian

e Database is SQL, open to customer, not proprietary

Heath & Sherwood
The legend continues



BOXA Benefits & Advantages

e 50+ yrs of XRF experience within H&S (Minexan
151, Beltcon 200,Courier 10/20/30/300/30XP/6/61)

e Economical Investment with comparable quality
e Easy to install, calibrate and maintain
* Reliable system operation
e stability of measurement cabinet & internal reference
e Improved calibration software BCRggrimm
e power regulation - UPS
e solid construction
e current hardware & software

e Service & Engineering network to assist with

measurement and sampling problems  yeath & Sherwood
The legend continues




@)  Next Generation BOXA-II]

BN

HEATH & SHERWO00D

« Designed in collaboration ﬁ
between BGRIMM and H&S J

« PCS Control panel is removed

 Replaced with adjustable
display

« MXA Controls moved into
Probe set.

- Digital 1/0 wiring to MXA's N Sl
replace by communication line . |

* Reduces installation foot print

* Redesigned MXA/CSA by
H&S

Heath & Sherwood
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Benefits of OSA Systems

HEATH & SHERW00D

e Daily reconciliations and balances are accurately
calculated (shift composite samples)

» Mass balancing can be done online (requires 3" party
software)

* Reagents can be adjusted online to control grade and
recovery efficiently. Reagent consumption and their cost
IS reduced

* Process upsets can be quickly noticed and corrected

* Areas In the plant where losses are occurring can be
identified and the required changes made

Heath & Sherwood
The legend continues
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Benefits of OSA Systems

HEATH & SHERW00D

e Improved process production/recovery and quality/grade.
e Reduce process variability
e Economic optimization

e A small 1% process improvement in a $100M/yr. (small
plant) production plant is $1M/yr. OSA system and
Installation is paid for in one year

e Think about $500M/yr. or more.

Heath & Sherwood
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Some $ Numbers

HEATH & SHERW00D

» $250K reagent savings — Kidd Creek [Thwaites,1983]

e $1.5M improved grade and recoveries — Buick
[Deister,1985]

e Non-Optimal control effect of analysis cycle speed,
Pyhasalml Mlne [ElseV|er article, 2007]

© MTIME‘10
E o MTIME=15
S ¢ MTIME=20
- 4 MTIME=40
L 15} ‘¢  MTIME=60 -
o ; :
5 : 0 .
= £ < . With no OSA, measurement
Q () . : i .
e 2 14 : \:\\ | delays are in hours or days!!!
n o : ‘8\
2 2 TN
@
Z 13} - 2 PR TIPS
| 2
oc el
%
=z
Heath & Sherwood
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